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I.Pac diém , tinh nang ( Features) :

+ Hiéu suit cao , tiét kiém dién
+ Hoan thién cau triic RISC
- 133 1énh hiéu qua - thyc thi tat ca cdc chu ki dong hod don
- 32 *8 thanh ghi chung da ning + céc thanh ghi diéu khién ngoai vi
- Pay du céc qud trinh diéu khién tinh
Nang Ién 16 MIPS dir li¢u tai 16 MHz
Chip 2 nhéan
+ Do bén , stic chiu dung cao , khong thay d6i phan viing nhé
- 128 K Bytes bo nho Flash c6 thé 1ap trinh duoc trong hé théng
- 4K Bytes EEPROM
- 4K Bytes b nhd SRAM bén trong
- Chu ki ghi/x6a : 10000 Flash / 100000 EEPROM
- Do bén dir liéu 20 nam ¢ 85 do / 100 nam & 25 do
- Poan ma lya chon ché do khoi dong véi cac bit khéa doc 1ap trong
chuong trinh hé théng boi chuong trinh khai dong doc that trong khi
qua trinh ghi dién ra
- Téi da 64K Bytes khong gian nh¢ bén ngoai Iya chon
- Lap trinh khéa cho phan mém bao mat
- Giao dién SPI cho lap trinh trong hé théng
+ giao dién JTAG ( phi1 hop véi tiéu chuan IEEE 1149.1
- Kha nang quét bién theo tiéu chuan JTAG
- HOb tro ché do stra tam ( debug ) trén chip
- Lap trinh cua Flash , EEPROM , b0 bao v¢ ( FUSE) va Bit khoa (
Lock Bits) thong qua giao dién JTAG
+ Piac diém ngoai vi
- 2 bd Timer /counter 8 bit v6i bo dém gdp trudc riéng biét va ché do
so sanh mau
- 2 bd timer /counter 16 bit m¢ rdng véi bd dém gop trudc ché do so
sanh mau va ché do thu thap ( bat dit liu )
- B0 counter thoi gian thuc véi b dao dong ( oscillator ) ri€ng biét
- 2 kénh PWM 8 bit
- 6 kénh PWM véi kha ning lap trinh chinh xéc tir 2 dén 16 bit
- B0 diéu ché so sdnh tin hiéu ra
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- 8kénh, 10 bit ADC : 8 kénh d4u cudi don , 7 kénh khac nhau ( vi
phan ) , 2 kénh khéc nhau véi bo khuyéch dai lap trinh duoc tai 1x ,
10x ,200x
- Bitdinh huéng véi 2 day giao dién ndi tiép
- Lap trinh kép cdc USARTS nbi tiép
- Giao dién nbi tiép SPI chu t&
- Lap trinh timer Watchdog véi b dao dong trén chip
- B0 so sanh tuong ty trén chip
+ céc tinh nang dac bi¢t cia bd vi xu li
- thiét 1ap bat lai ngudn va 1ap trinh lai khi phét hién ngudn yéu
(brown-out)
- hi¢u chinh bo dao dong RC bén trong
- Ngét ngudn trong va ngoai
- 6.¢ché dd cho (sleep ) : Idle nghi , giam 6n ADC , tiét kiém dién (
power — saver) , ngét dién , ché do cho ( standby ), ché d6 chd mé
rong
- Phan mém Iua chon tan sb xung nhip
- Luwa chon ché do so sanh Atmega 103 bdi bo cau chi Fuse
- VO hi€u hoa dung lai toan bo
+ cong vao ra va dang déng géi
- 53 duong vao ra lap trinh duoc
- 64 chan TQFP va 64 khéi QFN/MLF
+ Di¢n dp hoat dong
- 2,7-5,5V Atmega 128L
- 4,5-5,5V Atmega 128
+ Mirc téc d6 xung nhip
- 0-8 MHz Atmega 128L
- 0-16 Mhz Atmega 128
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II . Cau hinh chén ( pin configurations )
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Hinh 1 : chan ra cua Atmega 128
Atmega 128 12 mot bd vi xtr Iy CMOS dién 4p thap dua trén nén kién tric AVR RISC
nang cao . Bing cdch thi hanh cdc 1énh mot cich manh mé& trong mét chu ki déng hd
duy nhit , Atmegal28 c6 thé cho phép tdc d6 dat duoc 1a 1 MPIS trén 1 MHz tir d6 né
gitip nguoi thiét ké hé théng c6 kha nang t6i uu hod dién ning st dung so véi toe do s
ly.
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So' dd khdi ( Block Diagram)
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L5i AVR bao gom 1 tap hop cdc 1énh cai dat voi 32 thanh ghi chung da nang .
Tat ca 32 thanh ghi thi duoc ndi truc tiép v6i khdi sb hoc va logic (ALU ) né cho phép
2 thanh ghi dgc 1ap dugc truy cap trong 1 1énh thyc thi trong mét chu ki quét xung dong
hd . ket qua cua cau tric nay la co nhiéu kiéu ché do hiéu qua hon trong khi van dat
duoc tdc d6 t6i da nhanh hon 10 14n cic bd vi sir Iy CISC thong thudng .

Atmega 128 ciing cung cap cdc tinh ning sau day : 128K bytes cta bd nhé lap
trinh Flash trong hé thong véi kha ning doc trong khi dang ghi , 4 K bytes EEPROM
4 K bytes SRAM , 53 dudng vao ra da nang , 32 thanh ghi chung da nang , bo dém thoi
gian thuc , 4 bo timer /counter tién dung véi kiéu so sanh va PWM , 2 USART, 1 bit
dinh hudng 2 diy giao dién ndi tiép , 8 kénh , 10 bit ADC véi cic lua chon céc cong
vao riéng biét véi kha ndng 14p trinh khuyéch dai , 1ap trinh timer Watchdog véi b tao
dao dong bén trong , 1 cong SPI nbi tiép , phix hop voi chuan IEEE 1149.1 , giao dién
kiém tra JTAG , cung su dyung dé truy cap vao ché do sua tam hé théng trén chip va hd
trg 14p trinh , va 6 phan mém c6 thé lya chon ché d6 tiét kiém dién . Ché do roi IDLE
dung CPU trong khi cho phép SRAM , Timer/counter , cong SPI, va cdc ngat hé théng
tiép tuc van hanh . Ché d6 tit ngudn tlet kiém dung luong cua thanh ghi nhung no lam
dong bang bo tao dao dong (oscillator ) bén trong , v6 hi¢u hoa tat ca cdc chirc ning cia
chip cho den khi c¢6 ngat ké tiép hodc 1a reset lai phan cing (reset hardware ) . Trong
ché d¢ tiét kiém dién timer di bd van tiép tuc chay , diéu nay cho phép nguoi sir dung
bao dudng trong mot thoi gian trong khi phan con lai cia thlet bi dang trong qua trinh
nghi ( ngl ) sleeping. Kiéu giam nhleu ADC dimg CPU va tat ca cdc modul vao ra tru
cac timer di bd va ADC , 1am cyc tiéu nhidu chuyén mach trong sudt qua trinh chuyén
d6i ADC . Trong ché do cho Standby b tao dao dong thach anh va cong huong dang
chay trong khi phan con lai cua thiét bi dang trong trang thai ngt . Piéu nay cho phép
rat nhiéu cdc khéi tao nhanh duoc dong thoi tiéu thu dién thap Trong ché d6 chd mo
rong , ca hai bd tao dao dong chinh va cédc timer di bo van tlep tuc chay

Thiét b nay duogc san xuét dya trén cong ngh¢ chip nhé do dac cao cia ATMEL .
B6 nhd flash ISP trén chip cho phép bo nhé chuong trinh dugc 1ap trinh lai trong hé
thong thong qua 1 giao dién ISP nbi tiép , bang mot chuong trinh 14p trinh bd nhé cd
dinh théng thudng hodc bang mot chuong trinh khéi dong dang chay trong 16i cta
AVR . Chuong trinh khoi dong c6 thé sir dung bat ctr giao dién nao dé tai cic chuong
trinh ing dyng vao trong bo nh¢d cac chuong trinh tng dung ( Flash ) . Phan mém trong
phan viing khoi dong cia bo nhd Flash s& tiép tuc chay trong khi céc Ung dung trong
phén vung nay dugc cép nhét , cung cap hoat dong doc trong khi ghi . Bang viéc két
hop 1 CPU- cau tric 8 bit RISC voi bo nho flash 1ap trinh hé thong trén 1 chip don ,
Atmega 128 12 mot vi st 1y manh , n6 cung cap 1 su linh hoat cao va méi trudng 1am
viéc ¢6 ich cho rat nhiéu céc tng dung diéu khién nhing .

Atmega 128 dugc hd tro voi 1 su thich hop day du ctiia chuong trinh va cic cong
cu phét trién hé thong bao géom : trinh bién dich C , cdc macro Asemmbler , cic chuong

Duykhanh8x1311 @ gmail.com S




Hanoi University of Industry Datasheet ATMEGA 128

trinh chay thir va m6 phong , 1 b0 md phong mach dién , va cac cong cu danh gia so
sdnh

Sw twong thich véi Atmega 103 va Atmega 128

Atmega 128 1a mot vi xir 1y ¢6 do phtic tap cao ma & d6 sd dau vao ra dugc tich
hop rat nhiéu 1én dén 64 dia chi vao ra dugc duy trir sin trong céc Iénh cai dat . Pé dam
bao tuong thich véi Atmega 103 thi tat ca céc dia chi vao ra hién nay trong Atmega 103
déu gidng dia chi cia Atmega 128 . Tét ca cdc dia chi I/O thém vao thi duoc thém vao
trong mot khong gian dia chi I/O mo rong bat dau tir $60 dén $FF ( trong Atmega 103
thi chtra trong khong gian ciia RAM trong ) . Nhiing dia chi nay c6 thé duoc goi bang
viéc chi sir dung cdc 1énh LD/LDS/LDD va ST/STS/STD , khong phai str dung céc
1énh IN hodc OUT . Viéc dat lai cdc dia chi trong RAM cua Atmega 103 ¢6 thé van la
mot van de cho nguoi su dung . Ngoai ra , sy gia tang vé sd luong cdc vecto ngat c6 thé
12 mot van dé néu cic ma st dung 1a dia chi tuyét d6i . Dé giai quyét van dé nay , mot
sy tuong thich cua Atmega 103 c6 thé dugc Iva chon boi viéc 1ap trinh cho Fuse
M103C . Trong ché d6 nay , khdng c6 chirc ning nio ¢ trong khéng gian /O md rong
dugc str dung , vi vdy RAM trong dugc dit dia chi nhu cia Atmega 103 . Ngoai ra , cac
vecto ngat mo rong dugc gd bo .

Atmega 128 thi thich hop 100 % véi Atmega 103 , va c6 thé thay thé cho Atmega
103 trén ciing mot bo mach in hién hanh . chd y Gng dung ” su thay thé Atmega 103
bang Atmega 128 ” mé ta cdi ma nguoi sir dung nén nhan biét su thay thé cia Atmega
103 bang Atmega 128 .

Ché d¢ twong thich ciia Atmega 103

Bang viéc 1ap trinh M130C , Atmega 128 s& twong thich v6i Atmega 103 dé y &
RAM , chin I/O va cdc vecto ngit dugc miéu ta nhu & dudi day . Tuy nhién , mot vai
dic diém & Atmega 128 thi khong c6 ich trong ché d6 tuong thich nay , nhimg dic
diém d6 dugc liét ké dudi day .

- Mot USART thay vi 2, chi trong ché @6 di b . Chi c6 8 bit ¢ nghia
nho nhat cta thanh ghi Baud Rate 12 ¢6 ich .

- Giao dién 2 day ndi tiép thi khong dugc hd tro .

- Cong C chi la cong ra

- Cong G chi phuc vu chitc ning xoay chiéu ( lun phién )

- Cong F phuc vu chi nhu 12 mot dau vao ki thuat s6 thém vao dau
vao tuong ty toi bd chuyén d6i ADC

- B0 tai khoi dong ( Boot Loader ) khong dugc hd tro

- Khong thé diéu chinh tin sb ctia bo hiéu chinh dao dong ké RC (
oscillator ) bén trong .
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- Giao dién b nhd bén ngoai c6 thé khong giai phéng bat ctr chan dia
chi cho cong 1/0 chung , khong phai cdu hinh céc ché d6 chd khic
nhau dén cdc khu vuc dja chi nhé bén ngoai .
Thém vao d6 , c6 mot vai diém khéc biét nho dé 1am nén kha ning twong thich
vo1 Atmega 103
chi EXTRF va PORF ra trong MCUCSR
két qua thoi gian thi khong can thiét cho timer vWatch dog chuyén
d6i thoi gian cho
chan ngat ngoai 3 — 0 phuc vu chi cdc mic ngat
USART khong c¢6 bd dém FIFO , nhung dit liéu van vuot qua dén
som hon
Nhitng bit I/O khong sir dung & trong Atmega 103 nén duogc viét 1a
O dé bao dam rang hoat dong gidng nhu Atmega 128

Mo ta y nghia cac chan ( Pin descipsions )

- VCC : chan cép ngudn

- GND : Chan nbi dét

- Port A (PA7..PA0) : Cong A 1a mot cong vao ra hai huéng 8 bit vdi dién tré
ham ¢ bén trong (dugc lya chon cho moi bit ). B4 dém dau ra ctia cong A c6
dic tinh dbi xtmg véi ca 2 tan nhiét nguon cap.

- Port B (PB7...PB0) : cong B 1a mot cong vao ra 2 huong voi dién tré ham (
lya chon cho moi bit ). B§ dém cong B c6 tinh d6i xtg véi 2 tan nhiét va
ngudn cp .

- Port C (PC7...PCO) : cong C 12 mot cong vao ra 2 huéng . Bo dém dau ra cia
cong C c6 tinh d6i xtmg

- Port D (PD7...PDO0) : cong D twong tu nhu cong D

- Port E twong tu nhu cong E

- Port F : tro giip giong nhu nhing cong vao tuong tr analog cho b chuyen
d6i A/D . cong F ciing 12 mot cong vao ra 2 huong néu nhu bo chuyén d6i
A/D khong dyoc st dung . Cac chin cta cong ndy c6 cic tré khang ham dyoc
Iwra chon cho mi bit. Chan TDO Ia chén c6 3 ché d6 trir khi ché do TAP xudit
tin hiéu ra duogc bat. . Cong F cling tro gitp chure nang cua giao dién JTAG

- Port G (PG4..PGO) : cong G 1a mot cong vao ra 5 bit 2 hudng voi dién tro
ham ( dugc lya chon cho tung bit ). B§ dém cong G ¢6 tinh ddi xtng véi tan
nhiét va nguon cap . Cong G cung cung cap nhiing tinh ning dic biét . Cic
chén cua cong G la cac cong ¢6 3 ché do khi ma diéu kién reset dugc kich
hoat du 1a dong ho khong chay

- RESET: déu ra reset . cap cho phép trén chin nay thi dai hon do dai xung t6i
thiéu s& phat ra tin hiéu reset , cho du dong hod khong chay .

- XTALI : dau vao bo khuyéch dai dao dong va dau vao cho cdc ddng hd dém
bén trong mach di¢n diéu khién
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- XTAL2 dau ra cho bd khuyéch dai dao dong

- AVCC : 12 chan ngudn dp cip cho cong F va cdc bd chuyén doi A/D . N6 nén
12 chan ndi voi VCC , dir 1a ADC khéng duge str dung . Néu ADC duoc st
dung , n6 nén dugc ndi véi chan VCC théng qua 1 bd loc thap tan

- AREF : 1a chan tham khao cho bd chuyén ddi A/D

- PEN : 1a chan duoc kich hoat trinh cho kiéu 1ap trinh n6i t1ep SPI, va cac tin
hi¢u vao duoc kéo 1én cao . Bang viéc giir chan nay 0 muc thap trong sudt qud
trinh khoi dong lai ngudn ( Power — on Reset ) , thiét bi nay s& nhap vao cong
1ap trinh ndi tiép SPI . PEN khong c6 chirc ning gi trong qud trinh diéu khién .

Su duy tri dir liéu

Két qua cua sy tham dinh do bén chi ra rang téc d6 hong dit liéu thi nho hon 1
PPM trén 20 nam & nhiét do 85 do C hoac 100 nam & 25 @6 C
Vé céc vi du mau : datasheet nay bao gom cdc vi du code mau theo mot céch ngin gon
chi ra cdch st dung cdc phan khéc nhau cua thiét bi nay. Cdc doan code mau nay gia
thiét ring cdc phan xdc dinh tiéu dé cua file thi duoc cai dat san trude khi duoc bién
dich . Dé nhan biét rang khong phai tit ca céc trinh bién dich C duoc cung cip bao
gdm cdc bit duoc xdc dinh ¢ tiéu dé cua file va cdc qué trinh ngit trong C thi phu thudc
vao trinh bién dich .xem thém trong tai liéu cua trinh bién dich C dé biét thém chi tiét.

Su xdc dinh céc vi tri ciia céc thanh ghi vao ra trong ban dd /0, IN, OUT,
SBIC , CBI, va SBI cdc 1énh phai duoc thay thé véi cdc 1énh duoc cho phép truy cap
trong phan I/O mé rong . Thong thuong , LDS va STS duoc két hop voi SBRS , SBRC,
SBR , CBR.
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IIT .AVR CPU core : Loi CPU cua AVR

Gioi thiéu :

Phan nay gi6i thiéu vé cau triic chung cuia 16i AVR . Chirc nang chinh cia 16i
CPU la dé dam bao thyc hién dung chuong trinh . CPU vi vay phai c6 the truy cap ,
quan 1i bo nhd , tién hanh tinh todn , diéu khién ngoai vi va xt If cdc ngét

Tong quan cau tric : hinh 3 1a so d6 khoi cau tric cia AVR

o Dig
Fas |, T bR
Fragram Counia md Contra
Marmary -
Insiruc ion
Fagsiar
_[ -
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[ -i ;
i o
Conirod Lines :E I-::
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Dé c6 duoc hiéu ning cao nhét va kha ning 1am viéc song song , AVR sir dung
cAu tric Harvard — véi su phan chia by nh¢ va cac bus cho chuong trinh va dir li¢u .
Céc I¢nh trong bd nhd chuong trinh thi dugc thyc thi voi 1 cép st 1i lién 1énh don .
Trong khi 1énh duoc dang duoc xt 1 thi 1énh tiép theo dugc nap tiép tir bd nhG chuong
trinh . Khéi niém nay kich hoat 1énh dé thuc thi trong mdi chu ki xung nhip dong ho .
B6 nh¢ chuong trinh 14 bo nhd flash ¢6 thé 1ap trinh lai dugc ¢ trong h¢ thong .

Su truy cap nhanh vao file ciia thanh ghi thi bao gdm 32+#8 bit thanh ghi da ning
v6i 1 chu ki xung nhip dé quan 1f thoi gian . Piéu nay cho phép diéu khién trong mot
chu ki don ctia don vi sit 1i s6 hoc ALU . Théng thudng trong hoat dong cua ALU , 2
todn hang dia chi duoc Xut ra tir file thanh ghi , qua trinh diéu khién duoc thuc thi va
két qua dugc luu trit lai trong thanh ghi file — trong mdi chu ki xung nhip .

6 trong 32 thanh ghi ¢6 thé dugc str dung nhu 1 3 dja chi 16 bit gidn tiép cho
vung dir liéu dia chi - kich hoat dia chi ¢6 hi€u luc trong tinh todn . 1 trong nhitng con
tro dia chi nay c6 thé duoc st dung nhu 1a mdt con tro dia chi cho viéc tim kiém céc
bang trong bo nhd chuong trinh Flash . Céc thanh ghi chtic nang dugc thém vao la
thanh ghi 16 bit thanh ghi X, Y , Z s& duoc miéu ta sau trong phan nay .
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Don vi st 1y s hoc va logic ALU hd tro qud trinh diéu khién sb hoc va logic gitta
cdc thanh ghi hodc giita céc dai lugng khong doi va céc thanh ghi . Cdc thanh ghi diéu
khién qud trinh don c6 thé ciing duoc thi hanh trong ALU . Sau mét qud trinh diéu
khién s6 hoc , trang thdi ctia cdc thanh ghi dugc cip nhét dé phan 4nh thong tin vé két
qua ctia qué trinh diéu khién .

Dong chuong trinh thi duoc cung cip boi cdc 1énh nhay cé diéu kién va khéng c6
diéu kién va cdc 1énh goi (call instructions ) , c6 thé 1a cdc dia chi truc tiép trong toan bo
khong gian dia chi . HAau hét cdc 1énh cia AVR déu c6 dinh dang 12 16 bit tir don . Mdi
bo nh¢ dia chi chuong trinh thi bao gdm 16 hodc 32 bit 1énh

Khong gian nhé Flash duoc chia ra 1am 2 phan ., phan chuong trinh khoi dong va
phan chuong trinh tng dung . Ca 2 phan nay déu c6 cic bit khéa riéng cho su bao vé
ghi va doc/ghi . Lénh SPM dugc viét vao trong bd nhé tmg dung Flash phai duoc
thuong chu trong khu vyc khoi dong chuong trinh .

Trong sudt qué trinh ngit va goi cdc chuong trinh con, sy hoan tra dia chi cua by
dém chuong trinh dugc luu & trong ngan xép (Stack ) . Ngan xép ( stack ) duge céch
g4n hiéu qua trong SRAM dit liéu chung , va hiéu qua ctia ngan xép ( stack ) thi chi bi
gid1 han béi @6 16n cia SRAM va su st dung cia SRAM . TAt ca céc chuong trinh sur
dung phai dugc khaoi tao SP trong chuong trinh con reset ( trude khi chuong trinh con
hoic céc ngat dugc thuc thi ) . Con tré ngan xép ( SP- stack pointer ) 1a qua trinh truy
cap doc/ghi ¢ trong khong gian dia chi /0. SRAM dit liéu c6 thé d& dang dugc truy cap
dén thong qua 5 kiéu dia chi khdc nhau duoc hd trg & trong cAu tric cia AVR .

Khong gian nhé ¢ trong cau tric cia AVR thi déu tuyén tinh va déu 12 cic viing
nh¢ thong thuong . Mot module ngét linh hoat ¢6 cdc thanh ghi diéu khién ciia né &
trong khong gian I/0 voi 1 bit ngit kich hoat chung dugc thém vao ¢ trong thanh ghi
trang thai . Tat ca cac ngat déu c6 mot véc to phan chia ngit & trong cac bang vecto ngat

. Cac ngit thi ¢6 quyén uu tién phit hop véi vi tri cdc vecto ngét ciia ching . céc vecto
ngat muc thap céc vecto ngat muc cao dugc uu tién hon .

Ving khong gian dja chi nhé I/O bao gém 64 dia chi cdi ma c6 thé dugce truy cap
tryc tiép ,hodc céc vi trf luu dit liéu theo céc thanh ghi tir $20- $5F ,. Thém vao d6
Atmega 128 con ¢6 thém khong gian dia chi I/O mé rong tir $60 - $FF ¢ trong SRAM
noi ma chi cé cac 1énh nhu ST/STS/STD hoac LD/LDS/LDD c6 thé duoc str dung .

ALU - don vi sit I s6 hoc va logic

Hiéu suét cao ctia don vi sir If logic cua AVR diéu khién mot céch truc tiép viéc
két nbi voi tat ca 32 thanh ghi da nang chung . Trong vong mot chu ki xung nhip dong
hd , qud trinh diéu khién sb hoc gitta c4c thanh ghi da nang tong hop hodc giita cic
thanh ghi va 1 su kién dang duoc thuc thi ngay lic d6 . Qud trinh diéu khién ALU thi
duoc chia ra lam 3 nhom — sb hoc , logic , va bit chirc nang ( bit functions ) . Vai cai dat
ctia cdu tric ciing cung cip nhitng sy tro gitp da nhiém manh mé& cho ca 2 loai tin
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hiéu/khéng tin hiéu phép nhan va dinh dang phan s6 . xem thém phan cai dit 1énh dé
duoc miéu ta chi tiét hon .

Thanh ghi trang thai — status registers

Thanh ghi trang thdi bao gdm nhiing thong tin vé két qua cua tat ca céc 1énh s6
hoc duoc thuce thi gan nhat . Thong tin nay c6 thé dugce str dung cho su thay d6i céc
dong chuong trinh dé ma thyc hién cdc diéu kién cua qua trinh diéu khién . Chid ¥ rang
thanh ghi trang thdi duoc cap nhat sau qud trinh diéu khién ALU nhu 1a duoc xéc dinh
& trong phan tham khdo cai dit 1énh . diéu nay s& dugc g& bo trong nhiéu truong hop
khi can thiét phai sir dung cdc 1énh so sanh riéng , két qua ctia viéc nay 14 ta ¢ céc doan
ma nhanh hon va chat ché hon .

Thanh ghi trang thai khong tu dong luu khi nhép vao 1 chuong trinh con ngat va
s& khoi phuc khi phan hoi tir 1 ngét . diéu nay phai duoc diéu khién boi phan mém

Thanh ghi trang thdi — SREG- dugc xdc dinh nhu 1a :

Bi T = 5 4 3 2 ¥
| I T H 5 V M z C | SREG

Read Write R RW RW RW RW R R RW

Inftial Value 1] 1] 1] 1] 1] 0 0 0

- Bit 7- I Bit ngét kich hoat chung:
phai duoc cai dat cho cac ngét dugc kich hoat . Su diéu khién kich hoat céc ngét
riéng 1¢ sau d6 dugc sir dung trong 1 thanh ghi diéu khién su phén chia . Néu
toan bo thanh ghi kich hoat ngat bi x6a , thi khdng c6 bat cir ngat nao duoc kich
hoat doc 1ap trong s6 cdc ngit riéng 1€ duoc cai dat kich hoat . Bit I bi x6a bang
phan ctmg sau khi 1 ngat gap su cb, va dugc cai dat bang lénh RETI dé kich hoat
lai c4c chuong trinh con phuc vu ngat Bit I cling c6 thé duoc cai dit hodc bi
x6a trong phan mém voi 1énh SEI va CLI nhu 13 duoc mo ta trong phan tham
khao 1énh cai dat
- Bit6 —T : bit sao chép kho dit li¢u
Bit Iénh copy BLD (bit LoaD ) va BST ( bit STore) sir dung Bit T nhu la
ngudn hodc dich dén cua bit diéu khién . Mot bit tir mot thanh ghi trong file
thanh ghi c6 thé dugc sao chép vao trong Bit T bang 1énh BST , va mot bit
trong T c6 thé duogc sao chép vao trong mot bit & trong thanh ghi ctia thanh
ghi file bang 1énh BLD
- Bit5—H : cobdo 1 ntra ( half carry flag )
Bit cd bdo 1 nira H hién thi 1 nira s6 nhé trong vai qué trinh tinh toan s6 hoc .
bit nay thi rat 1a hitu dung & trong dai s6 BCD ( xem phan md t cai dit 1énh
dé bict thém chi tiét )
- Bit4 — S : bit bdo hi€u (signbit),S =N+V
Bit S thi ludn 1udn 12 riéng biét hodc giita 2 ¢ Am N va dong tran bd sung cua
cd V . xem phan md ta 1énh cai dit dé biét thém chi tiét .
- Bit3 -V : cd bdo tran bo sung cia 2
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Co bdo tran bd sung 2 V hd tro phan bi sd hoc ctia 2 . xem phan mé ta 1énh dé
biét them chi tiét

- Bit2—-N:cobdoam
Co bdo 4m N hién thi 1 két qua Am trong mot qud trinh tinh todn sd hoc hoic
logic . xem thém phan md ta 1énh dé biét thém chi tiét .

- Bit1—-7:co khong ( zero )
Co khong Z hién thi mot két qua zéro trong mot qué trinh tinh toan logic hoic
s6 hoc . xem phan md ta cai dit 1énh dé biét thém chi tiét

- Bit0—-C cOo mang :
Co mang C hién thi mdt sé mang trong 1 qud trinh tinh todn logic va s6 hoc

File dang ki da nang dung chung ( general purpose register file )

File dang ki dugc t8i wu héa cho AVR duoc tdng cuong nho viée cai dat 1énh
RISC. bé dat dugc hiéu suat va do linh hoat can thiét , cédc gian dd dau vao ra
(input/output ) sau day dung dé hd tro file dang ki :

- 1 to4n hang dau ra 8 bit va 1 két qua dau vao 8 bit

- 2 to4n hang dau ra 8 bit va 1 két qua dau vao 8 bit

- 2 toan hang d4u ra 8 bit va 1 két qua dau vao 16 bit

-1 toan hang d4u ra 16 bit va 1 két qua dau vao 16bit

Hinh 4 chi ra cdu tric cta 32 thanh ghi da ning diing chung trong CPU

T o AOdr.

RO 00
A1 S0
Rz 02
R13 200

Generz R14 S0E

Purpoas RS S0F

Warking Ri& 0

Rz gters R17 311
R25 A x-reqlater Low Byle
Rz7 1B X-regiater High Byte
Rz 10 ¥-reglaier Low Byle
RE3 1D ¥-reglaier High Byte
R30 S1E Z-reqlater Low Byle
R31 s1F Z-reqlater High Byie

Hau hét céc 1énh diéu khién trong file ddng ki déu c6 thé truy cap truc tiép vao tt ca
thanh ghi va hau hét cdc 1énh trong ching déu thuc hién trong mot chu ki xung nhip.

Nhu 12 duoc chi ra trong hinh 4 mdi thanh ghi ciing duoc gan dia chi viing nhé
dir liéu , su sap xép truc tiép vao trong 32 vi tri du tién ctia khong gian dir liéu ngudi
diing . Mic du thiét bi vat 1i nhu 1a duoc dinh vi trong SRAM , sy t6 chitc viing nhé nay
cung cip su linh hoat trong truy cép vao céc thanh ghi , Nhu 12 céc con tré thanh ghi X,
Y ,Z c6 thé dugc cai dit trong bang cta bat cir thanh ghi nao trong file
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Thanh ghi X, thanh ghi Y , thanh ghi Z

Thanh ghi R26...R31 c6 mot vai chtic nang dugc thém vao cidc ving nhd da nang
cua chung . Céc thanh ghi la céc con tr6 dia chi 16 bit cho viéc dét dia chi mot cach
gidn tiép trong vung dit liéu . C6 3 thanh ghi dia chi gidn tiép X, Y, Z thi dugc miéu ta
trong hinh 5

15 KH KL 0
X - regiater |7 o] 7 o]
ReT (31B) R25 [31A)
15 ¥H YL 0
¥ - regater T of 7 )
REs (z10) Rzs (51C)
15 ZH 2L 0
2. regiater |7 of 7 o
R31 (31F) R0 (31E)

Trong cic kiéu dit dja chi khéc nhau c¢6 nhiéu thanh ghi dia chi c6 cdc chirc ning
nhu 1a sy thay thé c6 dinh , tu dOng gia tang ,va ty dong gidm ( xem thém phan tham
khao cai dat 1énh dé biét thém chi tiét )

Stack pointer : con tré ngin xép

Ngén xép thi dugc sir dung chinh cho viéc luu trir dit liéu tam thoi , cho viéc luu
trir cac blen dia phuong va viéc luu trit cdc dia chi phan hoi sau khi goi cdc chuong
trinh ngét va cic - chuong trinh con. Thanh ghi con tr6 ngan xép ludn ludn ghi 6 trén
dinh cta ngin xép (Stack ). Chd ¥ ring Ngin xep dugc cai dat nhu la phat trién tu
nhtng vi tri nhd cao hon dén cac vi tri nho thap hon Diéu nay goi ¥ rang Ngan xép day
céc 1énh da dugc rit ngan xudng con tro ngan xép

Con tr6 ngan x&p chi vao ngan xép dit liéu SRAM noi ma cac chuong trinh con
va cdc ngan xép ngat dugc dat . Khong gian ngan xép trong SRAM phai duoc xédc dinh
bang chuong trinh trude khi bét cr 1énh goi chuong trinh con nao dugc thyc thi hodc la
cac ngat dugc kich hoat . Con tr6 ngan x€p phai dugc cai dat ¢ diém trén $60 . Con tro
ngin xé&p bi suy giam bang 1 khi dit lidu bi day 1én ngan xép khi dung lénh PUSH , va
suy giam bang 2 khi su phan h01 dia chi bi day vao trong ngan xe€p voi su goi cac
chuong trinh con hodc céc ngat. Con tro ngin xép ting 1én bang 1 khi dir liéu bi tran ra
khoi ngan xép v6i 1énh POP , va né tang 1én 2 khi dit liéu bi tran khéi ngan xép voi sy
phan héi tir chwong trinh con RET hoic phan héi tir ngat RETI

Con tro ngan xép cua AVR duoc cai dit nhu 1a 2 thanh ghi 8 bit trong khong gian
vao ra I/O . S céc bit thuc sy duge dung thi phu thudc vao sy cai dat trude . Cha y
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rang khong gian dir liéu trong mot vai su cai dit trude cla cau tric caa AVR thi nho
dén noi ma chi can SPL. Trong truong hop nay , thanh ghi SPH s€ khong duoc trinh
bay

Bi 13 14 13 12 11 10 8 ]

5P15 S5P14 SP13 g2 SP11 SP10 ] 5P8 SPH
SFT P& 58PS 5P4 5P3 5Pz 5P SP0 SPL
T 5 5 4 3 2 1 o
Fead Write AW AW AW AW AW AW AW AW
RAW RAW RAW RAN RAW RAK RAK RAW

Initiiad Value i) 0 0 ] ] ] ] ]

Thanh ghi lya chon RAM page Z - RAMPZ

B T &

RaMPZo | RAMPZ
RW

]

Read Write

kil Value ]

=T ] | o

= BN B

(ST I S

=] B N

o g1 QR
]

- Bit7...1 =RES : bitdu trit ( Reserved Bits )
C6 céc bit dy trit va sé ludn ludn duge doc 12 0 . Khi viét vao céc vi tri dia chi
nay viét nhirng bit d6 12 khong cho sy twong thich véi cdc thiét bi trong tuong
lai.
- Bit 0 — RAM PZ0 : extended RAM page Z — pointer
Thanh ghi RAMPZ thudng dugc sir dung dé chon Iwra cdi ma 64K RAM page
duoc truy cap bang con trd Z . Vi Atmega 128 khong hd tro nhiéu hon 64K cua
bd nhd SRAM , thanh ghi nay chi duoc st dung dé lya chon cdi trang ma trong
bo nh¢ chuong trinh dugc truy cap vao khi ma 1énh ELMP/SPM duoc st dung.
Su cai dat khac nhau cua Bit RAMPZO0 cho ta cic hi€u ing dudi day :
B RAMPZO0 = 0 dia chi nh chuong trinh 12 tir $0000 - $7FFF ( thip hon
64K bytes ) duogc truy cap boi ELPM/SPM
B RAMPZ0 = 1 dia chi nhé chuong trinh tir $8000 - $FFFF ( cao hon
64K bytes) thi dugc truy cap boiELPM/SPM
Chd y rang LPM thi khong c¢6 anh huong bang viée cai dit RAMPZ

Lénh thuec thi dinh thoi (instruction execution timing)

Phan nay miéu ta khdi niém vé su quan 1y truy cap bd dinh thoi cho su thuc thi
cdc 1énh . CPU cua AVR dugc diéu khién bang bd dinh thoi ¢ trong CPU | né duoc
sinh ra tryc tiép tir ngudn phét xung dong hd di duge chon dén chip . Khong c6 sy chia
bd dém thoi gian bén trong nao duogc sir dung .

Hinh 6 chi ra c4c 1énh truy cap dé)ng thoi va cac 1énh thuc thi duoc kich hoat
bang céu tric Havard va khéi niém file dang ki truy cip nhanh . Py 1a khdi niém xtr If
lién 1énh co ban thu duoc trén 1 MIPS trén MHz véi két qua duy nht twong thich véi
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cho churc nang trén gid thanh , chirc nang trén 1 xung nhip va chirc nang trén don vi
nguon dién
Hinh 6 : 1énh truy cap dong thoi va 1énh thyc thi

SRR S N o W e W S
ta Instruction Fetch E{:‘t} I :
131 Inatruction Execute i i
2nd Inatruction Fetch
2nd Ingtruction Execute
d Inaraion Exeauas i i i E
dth Inatruction Fetch i i H ‘<7
Hinh 7 chira khal niém bo dinh th01 bén trong cho file dang ki . Trong mot chu ki
xung nhip don cua lqua trinh tinh todn ALU thi ¢6 2 thanh ghi dugc thyc thi , va két

qua duoc luu lai trong thanh ghi dich dén

e e e
Total Exscution Time ! L i i

Register Onerands Fetch r b

ALL Operation Execute

Feault Write Back ' S

Qui trinh diéu khién ALU trong mot chu ki don
Khéi dong lai va diéu khién ngit

AVR cung cép da dang cdc ngudn ngit khic nhau . C4c ngit nay va mdi vecto
phan chia ngit c6 mot vecto chuong trinh ngét ¢ trong viing nhd chuong trinh . Tat ca
cdc vecto ngat déu duoc gén voi céc bit riéng ré cai ma phai duoc viét 1a mac logic 1
cung voi céc bit kich hoat ngat chung trong thanh ghi trang thai dé ma kich hoat céc
ngat . Phu thudc vao gid tri cia bd dém chuong trinh , cic ngit c6 thé tu dong vo hiéu
héa khi ma bit khéa khoi dong BLB02 hoac BLB12 dugc 1ap trinh . Bac diém cai thién
tinh bao mat ctia phan mém . xem thém phan bo nhd chuong trinh & trang 286 dé biét
thém chi tiét .

Mirc dia chi thap nhat trong vung nh¢ chuong trinh thi dugc dat la mac dinh nhu
12 RESET va céc vecto ngit . Mot danh sach day du cua cdc vecto ngit dugc chira &
trang 60 . Danh séch ciing xdc dinh o cdc cdp uu tién ctia cac ngat khdc nhau. Cic dia
chi thap hon cdc dia chi cao thi 1a cdc cdp uu tién . RESET c6 mirc uu tién cao nhat va
tiép theo 12 INTO — truy van ngit ngoai . Céc vec to ngat ¢ thé dugc di chuyén dé bit
dau cho vung Flash khai dong bang viéc cai dat bit IVSEL trong thanh ghi diéu khién
MCU (MCUCR) . Tham khao phan ngat ¢ trang 60 dé biét thém thong tin . Vecto reset
c6 thé ciing dugc di chuyén dé bat dau ving Flash khai dong bang cach 1ap trinh
BOOTRST fuse , xem thém phan hd tro tai qué trinh khoi dong trang 273

Duykhanh8x1311 @ gmail.com 15




Hanoi University of Industry Datasheet ATMEGA 128

Khi mot ngét xuét hién , Bit I kich hoat ngét chung bi x6a va tat ca cdc ngét bi vO
hiéu héa . Phan mém ngudi st dung 6 thé viét muc logic 1 vao bit I dé kich hoat khéi
ngat . TAt ca cdc ngat da kich hoat c6 thé ngit chuong trinh con phuc vu ngét hién hanh
. Bit I tu dong cai dat khi c6 mot phan hdi tir 1énh ngat RETI duoc thuc thi .

Day 12 co s& cua 2 loai ngét . Loai thi nhat thi dugc khdi dong bang mot su kién
cdi ma cai dit cd bdo ngat . Véi nhitng ngat nay , bd dém chuong trinh dugc vecto héa
dén cdc vecto ngat thuc sy dé ma thuc thi viée diéu khién cac chuong trinh con phuc vu
ngat , va phan cimg x6a cic cd ngat tuong tng . Co ngat clng ¢6 thé dugc x6a bang
viée viét muc logic 11€n bit vi trf co ngit bi x6a . Néu 1 diéu kién ngat xuat hién trong
khi bit kich hoat ngat tuong tmg bi x6a ,c ngit s& cai dat va dugc ghi nhé cho dén khi
qué trinh ngat dugc kich hoat , hodc cd ngat bj x6a bang phan mém . Tuong tu , néu
mot hodc nhiéu diéu kién ngét xuét hién trong khi bit kich hoat ngét chung bi x6a, co
bdo ngét twong tmg s& dugc cai dit va ghi nhé cho dén khi bit kich hoat ngit chung
duoc cai dat va s€ thuc thi sau d6 bﬁng th{r tu vu tién .

Loai thtr 2 cua cdc ngit s& khai dong chi can diéu kién ngét dugc dua ra . Nhing
ngit nay khong can thiét phai c6 ¢ bao ngit . Néu diéu kién ngit bién mét trude khi
cdc ngat nay duoc kich hoat cic ngat nay s¢ khong khoi dong .

Khi AVR thodt ra tir mot ngét , né sé lu6n ludn phan héi tir chwong trinh chinh va
thue hién 1 hodc nhiéu Iénh trude khi bat cir ngat dang tri hodn nao duoc xir 1y

Chd ¥ rang thanh ghi trang thdi thi khong tu dong luu trit khi nhap vao mot
chuong trinh con phuc vu ngét hodc dugc khoi phuc lai khi sy phan héi tor mot chuong
trinh con phuc vu ngat . Piéu nay phai duoc diéu khlen bang phan mém .

Khi st dung 1énh CLI dé 1am bién mat cic ngat , cdc ngat s& bién mat ngay lap
tuc . khong c6 ngat nao sé duoc thyuc thi sau khi ¢6 1énh CLI , dit 12 né xuét hién dong
thoi voi 1énh CLI . Vi du duéi ddy chi ra céch nay c6 thé str dung dé tranh cic ngat
trong sudt ddy ghi thoi gian cia EEPROM

Assembly Code Example
in rls, SREG ; gtore SREG walus
cli interrupts during timed segquence
sbi gtart EEPROM write
sbi
oukt SREZ, rls + regtore SRES wvalue (I=bit
C Code Example
char cSREG:
cSREGC = SREG * gtore SREGZ value *
FE g ahla e FRIT LTROR. g Eimed seguence *
e o i —— e Tk e’ i i [—— = __'1_1_ ——
digable_interrupt
EECR |m [l4<EEMWE * gtart EEPROM write *
EECR |m [1le<EEWE
SREGZ = CcBREG * restore SREG value (I=bDat 2
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Khi viéc sﬁ’, dung léph SEI dé kich hoat cac ngét , cac lIénh SEI dudi day s€ thuc thi
trude khi bat ctr ngat bi tri hoan nhu 1a duoc chi trong vi du nay

Assembly Code Example

sel

C Code Example

_enable_interrupt(); /*
slespil: /¥ =nter slss=p,

f* note: will enter sleep !

Thoi gian dap Gng cdc ngit

Dép tmg céc ngit thyc thi cho tit ca cdc ngit cuia AVR téi thiéu trong 4 chu ki
xung nhip ddng hd . Sau 4 xung nhip dong hd , vec to dia chi chuong trinh cua cic
chuong trinh con phuc vu ngit duoc thyc thi . Trong sudt 4 chu ki xung nhip nay , bo
dém chuong trinh bi dy vao trong ngan xép . Vecto nay thudng duoc nhay trong cic
chuong trinh con phuc vu ngat , va cdc 1énh nhay nay tao ra 3 chu ki xung nhip. Néu 1
ngat xuat hién trong suot qua trinh thyc thi cia mot 1énh nhiéu chu ki , 1énh nay s¢ hoan
thanh sau trudc khi ngat duge xtr If . Néu 1 ngat xuat hién khi MCU ¢ trong ché do ngu
Sleep mode , thoi gian ddp tng thuc thi ngit thi duoc gia ting bang 4 chu ki xung nhip .
Su gia ting nay dan dén thém vao thoi gian khoi dong tir qué trinh nga Ira chon Sleep

mode

MGGt sy phan hé)i tir viéc diéu khién chuong trinh con phuc vy ngit tao ra 4 chu ki
xung nhip . Trong sudt 4 chu ki xung nhip, bo dém chuong trinh ( 2 Bytes) duoc tran ra
tir ngan xép , con tro ngan xép dugc gia ting bang 2 ,va Bit I & trong SREG dugc cai

dat .
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IV . Cac by nhé ciia AVR Atmega 128

Phan nay miéu ta cdc b nhd khéc nhau & trong Atmega 128. Ciu triic AVR c6 2
khong gian nhd chinh , bd nhé dir li¢u va bd nhd chuong trinh . Thém vao d6 , dac diém
cua Atmega 128 1a mot bo nh¢ EEPROM cho kho luu trit dir li¢u . TAt ca 3 vung nho
thi déu dai va 6n dinh

B6 nhé chwong trinh flash co thé lap trinh lai trong hé thong

Atmega 128 bao gébm 128K bytes bo nhé chuong trinh ¢6 thé 1ap trinh lai trén
chip diing dé luu trit chuong trinh . Tir khi tat ca cdc 1énh ctia AVR ¢6 d6 rong 1a 16 va
32 bit , bo nhé Flash duogc to chitc nhu 12 64K*16 .Dé bao mat phan mém , khong gian
bo nh¢é chuong trinh Flash dugc chia thanh 2 phan , 1a phan chuong trinh khoi dong va
phan chuong trinh tng dung

B6 nh¢ Flash c6 mot d6 bén 1au 1a trén 10000 chu ki ghi x6a . B dém chuong
trinh (PC )cua Atmega 128 1a 16 bit dai , viéc dat dia chi nay cho 64K dugc dinh vi
trong by nh¢ chuong trinh . Hoat dong ctia khu vuc chuong trinh khoi dong con dugc
két hop voi cac bit khoa qua trinh khoi dong vi su bao vé phan mém dugc mé ta mot
cdch chi tiét & trong phan ho tro tai qud trinh khoi dong 6 trang 273 va 1ap trinh bo nho
& trang 286. & d6 bao gdm nhitng mé ta chi tiét vé& 1ap trinh cho bd nhd Flash trong SPI

,JTAG , hoic kiéu 1ap trinh song song.

Bang hang s ¢6 thé duoc gan bén trong khong gian dja chi bd nhé chuong trinh(
xem thém LPM - load program memory va ELPM — Extended load program Memory
instruction description )

Gian dd thoi gian cho viéc cai dat 1énh va thuc thi 1énh dugc gidi thiéu trong
phan 1énh thuc thi thoi gian o trang 14 .

Hinh 8 : ban db b nhd chuong trinh

Pragram Meamary

Application Flash Seaction

%

Baat Flash Saction
SFFFF
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B0 nh¢ dir liéu SRAM : SRAM Data Memory

Atmega 128 ho tro 2 cAu hinh khéc nhau cho bd nhé dir liéu SRAM nhu duoc liét
ké trong bang 1

Configuration Internal SRAM Data Memory | External SRAM Data Memory

MNormal mode 40596 up to 64K

ATmegal03 Compatibility

mada 4000 up to 64K

Hinh 9 : chi ra cdch ma b nhd SRAM cua Atmega 128 duoc td chiic

Atmega 128 12 1 vi xur 1y linh hoat véi rat nhiéu don vi ngoai vi hon nén c6 thé
ho trg 64 vi trf du trit & trong ma hoat dong cuia cic 1énh IN va OUT . Vi khong gian dia
chi I/O mé rong tir $60 dén $FF trong SRAM , chi cdc 1énh ST/STS/STD va
LD/LDS/LDD méi c6 thé dugce str dung . Khong gian dia chi /O khong thé xuét ra khi
ma Atmega 128 ¢ trong trang thai tuong thich vo1 Atmega 103

Trong ché d6 thong thuong dia chi vi trf dit liéu dau tién 4352 & ca hai file dang
ki , bd nh¢ dau vao ra I/O va dit liéu trong SRAM . 32 vi trf dia chi dau tién cua thanh
ghi file , tiép theo 1a 64 vi tri bd nhé I/O tiéu chuén , sau d6 1a 160 vi trf cua cdc viing
nhé I/O mé rong va tiép theo 1a 4096 vi tri dia chi cia SRAM dir liéu .

Trong ché d6 twong thich véi Atmega 103 , dau tién 14 4096 vi trf dia chi viing di
liéu ¢ ca hai file dang ki , viing nhé I/O va SRAM dit liéu bén trong . Pau tién 12 32 vi
tri dia chi cta file dang ki , tiép theo 12 64 vi tri cua ving nhé /0 chuan , va tiép theo 1a
4000 vi tri dia chi cia SRAM bén trong .

Mot tiy chon SRAM dit li€u bén ngoai nira c6 thé dugc st dung voi Atmega 128
. SRAM nay s& chiém mét viing trong vung dia chi con lai ciia khong gian dia chi 64K.
Ving nay bat dau ¢ dia chi bén dudi trong SRAM . Thanh ghi file , I/O , I/O m& rong
va SRAM trong chiém céc bit thip nhat 4352 bytes & ché do binh thudng , va chiém
4096bytes thap nhit & trong ché d6 twong thich voi Atmega 103 (I/O md rong khong
duoc dé cap ¢ day ), vi vay khi sir dung 64KB(65536 Bytes ) cua by nhd ngoai , 61184
Bytes ctia bd nhd ngoai s& du trong ché d6 binh thuong , va 61440 Bytes trong ché do
tuong thich voi Atmega 103. xem phan giao dién b nhd bén ngoai ¢ trang 26 dé thém
chi tiét

Khi sy truy cap dia chi trong b nhd SRAM vuot qué vi tri by nhd dir li€u bén
trong , SRAM dit liéu bén ngoai duoc truy cap str dung cdc 1énh giéng nhau vé phan
truy cap bo nh¢ dit liéu bén trong . Khi cdc by nh¢ dit li¢u bén trong dugc truy cap , cac
chan phan tich qu4 trinh doc va ghi (PGO va PG1) thi khong hoat dong trong khi tat ca
truy cdp 1 chu ki . Qud trinh diéu khién SRAM ngoai thi duoc kich hoat bang viéc cai
dat céc bit SRE trong thanh ghi MCUCR

Su truy cap SRAM ngoai tao ra 1chu ki xung nhip thém vao trén 1byte dugc so
sanh vai su truy cap vao SRAM trong . C6 nghiala caclénh LD, ST, LDS, STS,
LDD, STD, PUSH, va POP tao thém 1 chu ki xung nhip nita . Néu ngin xép duoc dit
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trong SRAM ngoai, cdc ngit , su goi cdc chuong trinh con , va cdc phan hdi tao ra 3
xung nhip bd xung , boi vi bd dém chuong trinh 2 bytes bi ddy 1én va tran ra , va viéc
truy cap vao bd nhé ngoai khong tao ra su thuan 1¢1 cho su truy cap bo nho pipe-line
bén trong .Khi giao di¢n SRAM ngoai duogc st dung vai trang thai cho ( wait- state ),
su truy cap 1 byte ngoai taora 2, 3, 4 xung nhip thém vao cho 1, 2, 3 trang thai cho
tuong ung . Cac ngit , cac chuong trmh con , va phan hoi sé& can 5 7 9 xung nhip
nhiéu hon 14 duoc xdc dinh ¢ trong huéng dan cai dat 1énh cho 1,2, 3 trang thadi cho .

Nam kleu dat dia chi cho by nh¢ dir li¢u bao gom tryc tiép , gidn tiép kem thay
thé , gidn tiép , gian tiép keém tién giam bét , va gidn tiép kém post — increment . Trong
Bo ghi file , thanh ghi R26 va R31 c6 dic diém 1a thanh ghi con trd dia chi gidn tiép .

Cach danh dia chi truc tiép hudng toi khdng gian dia chi tron ven

Cach danh dia chi gidn tiép kem theo thay thé hudng toi 63 vi tri dia chi tir cic
dai chi co s& dugc dua ra boi thanh ghi Y vaZ

Khi sir dung kiéu ddnh dia chi thanh ghi gidn tiép keém theo tuy dong thay thé va
post — increment , dia chi thanh ghi X, Y , Z duoc gia tang hodc gidm bdt

32 thanh ghi lam viéc da nang chung , 64 thanh ghi I/O va 4096 Bytes cia SRAM
dir liéu ngodi & trong Atmega 128 déu dugc truy cap thong qua tat ca cdc kiéu dat dia
chi trén . by ghi file dugc mi€u ta trong “bd ghi file da nang dung chung trang 12 *

Hinh 9 ban d6 bd nh¢ dit liéu

Memory Configuration A Memery Configuration B
Data Memory Data Memaory
32 Regicters | 50000 - S001F 32 Reqgisters | 50000 - S001F
64 /O Begisters | 50020 - 3005F B4 I'C Begisters | 50020 - S0O5F
160 Ext /0 Rag. t=C“E.. SOOFF S0060
$0104 Intemal SRAM
Intarmal SRAM 4000 x 8) _
{4096 x 8) SOFFF
$1000
$10FF
$1100
Extarnal SRAM Extarnal SRAM
(0 - B4K x 8) {0 - 64K x 8)
. ; |
: - A
L= B S L= =
- - 1 - =
! | :
' i ;
P | SFFFF b SFFFF
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Thoi gian truy cap dir liéu by nhé : Data memory Access Times

Phan nay miéu ta khdi niém thoi gian truy cap noi chung cua sy truy cap bo nho
trong . Sy truy cap b nhé dir liéu trong SRAM duoc bi€u thi trong 2 xung cklcpy nhu
12 dugc miéu ta trong hinh 10

e T2 -5

s, N\

1
Addrass T ot A i+, ol o

- N TRy i ;.-rq - | L
B§ nhé dir liéu EEPROM

Atmega 128 bao gém 4K bytes ctia bo nhd dir liéu EEPROM . N6 duoc t6 chic
nhu 12 sy phan chia khéng gian dit liéu , trong d6 mdi bit don c¢6 thé dugc doc va ghi .
B6 nhé EEPROM c¢6 d¢ bén 1a trén 100000 chu ki ghi x6a . Qud trinh truy cip giita
EEPROM va CPU dugc miéu ta dudi day , viéc xac dinh dia chi thanh ghi dia chi
EEPROM , thanh ghi dit liéu EEPROM , va céc thanh ghi diéu khién EEPROM

Lap trinh bo nhd trang 286 bao gdm nhitng miéu ta chi tiét vé 1ap trinh EEPROM
trong SPI , ITAG , hoic kiéu 1ap trinh dong thoi .

Truy cap doc va ghi cia EEPROM

C4c thanh ghi quan 1i viéc truy cap EEPROM dugc quan 1i trong khong gian 1/0 .

Thoi gian truy cap ghi cho EEPROM dugc dua ra trong Bang 2 . chirc nang tu
dinh thoi , tuy nhién , phan mém ngudi ding tu do khi byte ké tiép duoc ghi . Néu ma
mad nguoi dung bao gém cdc 1énh ma dugce viét vao EEPROM , thi mét vai sy phong
ngua phai dugc dua ra . Trong bd nguon cung cap da duoc loc k1 Vcc c6 kha nang tang
hodc giam cham khi bat hoic tat nguon . Vi nguyén nhan nay nén th1et bi trong vai chu
trinh thoi gian dé chay ¢ 1 dién dp thap hon da duoc x4c dinh vi tan sé xung nhip da
duogc su dung . Xem thém phan gioi thiéu sy sai hong EEPROM ¢ trang 25 dé biét thém
chi tiét dé trdnh cdc van dé c6 thé xay ra trong céc truong hop do.

Pé ma trdnh sy ngan can vo tinh EEPROM viét , 1 bién phép viét xdc dinh phai
duoc tuan theo . Tham khao phan miéu ta vé thanh ghi diéu khién EEPROM dé biét
thém chi tiét .

Khi ma EEPROM duoc doc , CPU tam dung trong khoang 4 chu ki xung nhip
trudc khi 1énh duoc thuc thi
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Thanh ghi dia chi EEPROM - EEARH va EEARL

oit 13 14 13 12 11 10 9 8
= = = = EEAR11 | EEARID | EEARS | EEARE EEARH
EEART | EEARE | EEARS | EEARd | EEAR3 EEARZ | EEAR1 EEARD EEARL

T & ] 4 3 Z 1 1]
ReadWrits R R R R RW RW R RW
AW RwW RwW RW RW RW R RW

Inflial Valus 1] 0 1] 1] A A A X
£ £ £ A £ £ £ ke

Bit 15...12 — Res : bit dy trix
Pay la cdc bit va ludn ludn duoc doc 12 0 . Khi viét dén cac vi trf dia chi nay , viét
c4c bit nay 12 0 dé twong thich véi céc thiét bi trong twong lai
Bit 11...0 — EEAR11..0 : dia chi EEPROM
Thanh ghi dia chi EEPROM — EEARH va EEARL — x4c dinh céc dia chi cua
EEPROM trong khong gian 4K bytes EEPROM . Bytes dir li¢u cia EEPROM dugc
danh dja chi thudc trong khoang gitra 0 va 4096. Gi4 tri ban dau ciia EEAR thi khong
duoc xdc dinh . Gid tri chinh xdc phai duoc viét trude khi EEPROM c6 thé dugce truy
cap .

Thanh ghi dir licu EEPROM - EEDR

B 7 & 5 4 3 z 1 i)
| m=s L6 | Eeom
FeadWrite AW RW RN RN RN RN RN W

Initial Valus i) i) 0 ] 0 o i i)

Bit 7...0 — EEDR7.0 . du liéu EEPROM

Pé phuc vu cho qua trinh ghi EEPROM , thanh ghi EEDR bao gém dit liéu dugc
viét vao EEPROM 6 céc dia chi duoc dua bai thanh ghi EEAR . bé phuc vu qué trinh
doc EEROM , thanh ghi EEDR bao gé)m cac dir liéu dua ra tr EEPROM tai dia chi
duoc dua ra boi EEAR.

Thanh ghi diéu khién EEPROM - EECR

81 7 5 5 4 3 z 1 o
| = = = EERIE | EEMWE | EEWE EERE | EEcR

FesdWrita R R R R RAW RAW RAW RW

hiial Value o 1) 1) 1} 1} X o

Bit 7...4 — Res : cac bit du trir
Cac bit nay 1a cac bit duy trir trong Atmega 128 va s&€ ludn lu6n dugc doc 1a 0 .
Bit 3 — EERIE : san sang kich hoat cac ngat EEPROM
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Viéc viét EERIE dé kich hoat mot ngét san sang cua EEPROM néu bit I cta
SREG dugc cai dit . Viét EERIE 12 0 dé vo hiéu héa ngit . thanh ghi ngit sin sang cua
EEPROM sinh ra 1 ngit khong d6i khi EEWE bi x6a
Bit 2 — EEMWE : bit kich hoat viét chinh cia EEPROM

Bit EEMWE quyét dinh c6 cai ¢it EEWE 1a Inguyén nhan gdy ra EEPROM
duoc ghi dir liéu vao. Khi ma EEMWE duoc viét1a 1, viéc viét EEWE 1a 1 trong vong
4 chu ki xung nhip s& viét dir liéu vao EEPROM ¢ cdc dia chi dd duoc lua chon . Néu
EEMWE 12 0, viéc viét EEWE 1a 1 s& khong ¢6 hi¢u lyc . Khi EEMWE da duoc viét
12 1 boi phan mém, thi phan ciing s& x6a bit vé 0 sau 4 chu ki xung nhip. Xem thém
phan miéu ta ctia bit EEWE cho 1 quy trinh viét vao EEPROM
Bit 1- EEWE : Kich hoat viéc viét EEPROM

Tin hi¢u EEWE kich hoat viéc ghi vao EEPROM thi dugc phan tich & trong
EEPROM. Khi dia chi va dir li¢u da duogc cai dat chinh xac , bit EEWE phai dugc cai
dat dé viét gid tri vao trong EEPROM . Bit EEMWE phai dugc cai dit khi mirc logic 1
duoc viét vao bit EEWE , theo cdch khdc thi viéc viét vaio EEPROM khong xay ra .
Quy trinh du6i day nén dugc tuan theo khi ghi vao EEPROM ( th ty cua budc 3 va 4
12 khong can thiét )

Doi cho dén khi EEWE tr& thanh 0
Doi cho dén khi bit SPMEN trong thanh ghi SPMCSR tr¢ thanh 0
Viét dia chi méi cia EEPROM t6i EEAR ( lya chon )
Viét dir liéu méi cia EEPROM t6i EEDR ( lya chon )
Viét mirc logic 1 t&i bit EEMWE trong khi viét mirc logic O t&i bit
EEWE ¢ thanh ghi EECR

6. Trong 4 chu ki xung nhip sau khi cai ¢at EEMWE , viét mic logic 0

vao EEWE

B nhéd EEPROM khong thé bi 14p trinh trong sudt qué trinh ma CPU ghi vao

trong bo nh¢ Flash . Phan mém phai kiém tra xem chuong trinh trong b nhé

Flash dugc hoan thién trude khi khéi dau 1 1an ghi EEPROM . Budc 2 chi thuc

su can thiét néu nhu phan mém bao gdm 1 bd tai qué trinh khoi dong (boot loader

) dang cho phép CPU l4p trinh vao trong bd nhé Flash. Néu nhu bo nhé Flash

khéng bao gid dugc cap nhat bai CPU thi budc 2 ¢6 thé duoc bo qua . xem phan

hd tro tai qué trinh khoi dong o trang 273 dé biét thém chi tiét vé su 1ap trinh
khéi dong

Canh bédo : mot sy gidn doan gitra budc 5 va bude 6 s€ lam hong 1 chu ki ghi , tir
khi bit kich hoat qua trinh ghi chinh cia EEPROM s& bi hét thoi gian chd . Néu nhu
1chuong trinh con phuc vu ngat dang truy cdp vao dang dugc ngit boi mot su truy cap
vao EEPROM khic , thanh ghi EEAR va thanh ghi EEDR s& bj sira d6i , nguyén nhan
clia qué trinh ngat EEPROM bi hong . N6 thi duoc dé nghi phai ¢6 cd bdo ngit chung
duoc x6a trong sudt 4 budce cudi dé tranh cdc van dé trén .

Khi thoi gian truy cap viét troi qua , bit EEWE bi x6a boi phan ctng . Phan mém
ngudi ding c6 thé tham do bit nay va doi dén khi 12 0 trudc khi viét byte ké tiép . Khi

SNhE N
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EEWE da dugc cai dat , CPU bi dung lai trong 2 chu ki xung nhip trudc khi 1€nh tiép
theo duoc thuc thi.
Bit 0 — EERE : kich hoat qué trinh doc EEPROM

Tin hiéu EERE kich hoat vi¢c doc EEPROM thi dugc qua trinh doc phéan tich ¢
trong EEPROM . Khi dia chi chinh xdc dugc cai dit trong thanh ghi EEAR , bit EERE
phai duoc viét 1a muc logic 1 tdi bd kich hoat trong qua trinh doc EEPROM . Qua trinh
doc EEPROM tao ra mét Iénh , va dugc truy van dit liéu c6 gid tri ngay lap tirc . Khi
EEPROM duoc doc, CPU bi dimng lai trong 4 chu ki xung nhip trude khi 1énh ké tiép
duoc thuc thi

Nguoi st dung nén tham do bit EEWE trudc khi bat dau qud trinh doc . Néu 1
qué trinh viét dang dugc tién hanh , né cling khong thé dugc doc boi EEPROM , va
cling khong thay doi thanh ghi EEAR

Sy diéu chinh b tao dao dong thuong duge sir dung trong qud trinh truy cip
EEPROM . Bang 2 li¢t ké c4dc thoi gian chuong trinh thong thudng cho su truy cap
EEPROM tu CPU

e} -

Mumber of Calibrated RC
Symbol Oscillator Cycles'" Typ Programming Time

EEPROM Write (from CPU) G448 8.5 ms
Mote: 1. Uses 1 MHz clock, independent of CKSEL-fusze settings.

Cic doan code mau dudi ddy chi dung cdc ham ciia C vi ASSEMBLY dé viét vao
EEPROM.

Cic vi du nay thira nhan rang cc ngat da duoc diéu khién ( vi du bang céch vo hiéu
héa cdc ngit 1 cach chung )vi thé ma khong c6 ngat nao xuat hién trong sudt qud trinh
thye thi cac ham trén . Cdc vi du nay cing thira nhan rang khong c6 b tai qua trinh
khoi dong nao bi ngan can trong phan mém . Néu nhu doan code bi ngan can , thi ham
viét EEPROM ciing phai doi trong khi bat cir 1énh SPM nao dang dién ra hoan thanh

Assembly Code Example
EXPRON rite
; Wait for completion of previous write
ghie EECR, EEWE
rijmp EEPROM write
Sat up address (rif:ri7) in address register
out EEARH, rls
out EEARL, rl7
Write data (rlé) to data register
out EELDR,rls
Write logical one to EEMWE
sbi EECR, EEMWE
; Start egprom write by setting EEWE
sebi EECR,EEWE
rat
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C Code Example

void EEPRCM write(unsigned int uizddress,

{* Bait for completion of previous write *
hile (EECE & (l<<EEWE

et

unaigned char uclzatz)

Céc vi du mau ké tiép chi ra cac ham C va assembly diing cho qua trinh doc EEPROM .
Céc vi du nay cling thtra nhan rang cic ngat da duoc diéu khién vi thé ma khong c6 ngat

nao xuat hién trong sudt qud trinh thyc thi ciia cdc ham trén.

Assembly Code Example

EEPROM_read:

ret

C Code Example

* Set up address register */
EEAR m uilddress;
f* Btart read by writing EERE *

EECE |m [l<<EERE
/* Return data from data regigter *
return EEDR;

At

unaigned char EZEPROM_read{unsigned int uilddress)
'® Wait for completion of previous write *
while (EECR & (l<<EEWE))
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Qua trinh viét trong sudt ché d9 ngi ngit dién (EEPROM Write During Power-
down Sleep Mode )

Khi dang nhap vao trong ché do ngu ngit dién trong khi 1 qud trinh viét
EEPROM dang hoat dong , qué trinh Viét EEPROM vin tiép tuc va s& hoan thanh trudc
thot gian sy truy cép ghi dugce chuyen tiép . Tuy nhién , khi qua trinh viét duoc hoan
thanh , bd tao dao dong Van tiép tuc chay , va nhu 1 hé qua , thiét bi nay khong truy
nhap vao ché do ngat ngudn mot cach tron ven . Vi vay né dugc dé nghi kiém tra lai
rang qua trinh viét EEPROM di duoc hoan thanh trude khi ¢6 sy truy nhap vao ché do
ngat nguodn .

Sw ngin can viéc sai hong EEPROM

Trong sudt qua trinh Ve 0 mic thap dit liéu cia EEPROM c6 thé bi hu hong
boi vi dién 4p ngudn cip thi qua thap de cho CPU va EEPROM lam vi¢c binh thuong .
Nhtng két qua nay thi glong nhu 12 vé phan EEPROM st dung cdc béc trong bo mach
hé théng , va giai phap thiét ké nén duoc 4p dung .

Mot su hur hong dir liéu cuia EEPROM ¢6 thé bj gy ra trong hai truong hop khi
ma dién dp qua thap . Bau ti€n , mot qua trinh ghi lién tuc thong thuong toi EEPROM
can c6 1 dién 4 ap cuc tiéu de diéu khlen ding . Thtr 2 , ban than CPU thyc hi¢n cic 1€nh
khéng diing , néu nhu ngudn cung cip qud thap .

Su hu hong dir liéu cia EEPROM c6 thé dé dang trdnh dugc bang cdc khuyén
céo trinh bay dudi day :

Gilr cho hoat dong RESET (low) cua AVR trong sudt giai doan thiéu dién
4p ngudn cap Piéu nay c6 thé lam duoc bang viéc kich hoat bo dod sut ap bén trong
(BOD) . Néu 1 tin hiéu RESET xuét hién trong khi 1 qua trinh ghi dang tién hanh , qud
trinh ghi s& dugc hoan thanh véi diéu kién 1a dién dp ngudn cip dang bi thiéu hut .

Bo nh¢ vao/ra : /O Memory

Ving nhd /O xéc dinh trong Atmega 128 thi dugc chi ra trong phan “chi tiét
thanh ghi “ ¢ trang 362

Tat ca céc cong vao ra va cac ngoai vi cua Atmega 128 déu dugc dat trong ving
khéng gian nhé 1/0 . Tt ca céc vi tri /O ¢6 thé duoc truy cap bang 1énh LD/LDS/LDD
va ST/STS/STD , su chuyén dit liéu giita 32 thanh ghi da ning lam viéc chung va khong
gian I/O . Thanh ghi I/O trong pham vi céc cap dia chi $00 - $1F déu 1a cdc bit c6 thé
truy cap truc tiép bang viéc sir dung 1énh SBI va CBI . Trong cdc thanh ghi d6 , gi4 tri
ctia cdc bit don c6 thé duoc kiém tra bang cach sir dung cic 1énh SBIS va SBIC . Tham
khao phan cai dit 1énh dé biét thém chi tiét . Khi st dung I/O dé xdc dinh 1énh IN va
OUT thi cac dia chi I/O $00 - $3F phai dugc stir dung. Khi viéc dat dia chi thanh ghi
cling nhu 1a vung dir li€u su str dung cac 1énh LD va ST, $20 phai dugc thém vao cac
dia chi d6 . Atmega 128 1a mot vi st Ii linh hoat véi rat nhiéu don vi ngoai vi can duoc
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ho trg trong pham vi 64 vi tri du trit trong ma hoat dong (opcode )cho céc 1énh IN va
OUT . Cho phan viing nhd /O mé rong tir $60 - $FF trong SRAM, chi cdc 1énh
ST/STS/STD va LD/LDS/LDD méi c6 thé duoc st dung . Viing khong gian I/O mo
rong thi dugc thay thé véi cdc vi tri cia SRAM khi ma Atmega 128 ¢ trong ché do
tuong thich véi Atmega 103

Pé tuong thich véi cdc thiét bi trong tuong lai , cic bit du trit nén duogc viét 12 0
néu duoc truy nhap. Céc dia chi I/O duy trit khong bao gio nén viét vao

Mot vai trang thai cua cO bédo bi x6a bang viéc viét muc logic 1 1én ching . Chu'y
rang céc 1énh CBI va SBI s& diéu khién tat ca cdc bit trén thanh ghi 1/0, su viét 1 lui
vao trong bat ctr c& duoc doc nao nhu 1a da duoc cai dit , do d6 c6 su x6a cdc co. Cac
1énh CBI va SBI chi lam viéc vdi céc thanh ghi tir $00 dén $1F.

Cic thanh ghi ngoai vi va céc thanh ghi diéu khién ngoai vi thi duoc dién giai
trong c4c phan sau .

Giao dién b§ nhé ngoai : External Memory Interface

Vi tat ca cdc tinh ning ma bd nhé ngoai cung cap , nd thi rat phit hop dé diéu
khién nhu 13 mot giao dién dén cc bo nhd thiét bi nhur 12 SRAM ngoai va bo nhé Flash
, Vi c4c ngoai vi nhu 12 bo hién thi LCD , chuyén doi A/D , D/A . Céc tinh ning chinh
la

- Cai dat 4 ché d6 chd khac nhau ( bao gém No wait — state )

- Khong phu thudc vao viéc cai dat cac trang thai cho cho céac phﬁn bd nhd

ngoai ( cAu hinh céc ¢& cua sector )

- SO cua céc bit riéng dén céc dija chi caa cdc bit cao duoc lya chon

- B0 gilt cac bus trén duong dir liéu t6i sy triét tieu cac dong dién cuc tiéu (luva

chon)

Tong quan : Overview

Khi c4dc b nhé ngoai (XMEM ) duoc kich hoat , khong gian dia chi bén ngoai
cua SRAM trong tr¢ thanh viéc str dung c6 ich céc chan riéng cua by nhé ngoai ( xem
hinh 1 & trang 2 , bang 27 & trang 73 va bang 33 ¢ trang 77 , bang 45 & trang 85 . Cau
hinh bd nhé thi duoc chi ra trong hinh 11 >
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Memory Configuration A Memory Configuration B
Te0000 De0000
Imtarmal mamary Int&mal mamarny
Ox0FFF
A Ox1000
0x10FF
A 0x1100
Lowar sactar
SRWO1
SAWOIO
———————— IEFsz..:uj SRW1D
Extarnal Mamary] Lkmoar sachar Extarnal Mamary
[0-80K x B) [0-80K x B)
SAW1 1
SAW10
¥ 0xFFFF ¥ (uFFFF

Chd ¥ : Atmega 128 khong & trong ché do twong thich véi Atmega 103 : cau hinh bo
nhd A 1a kha dung ( cu hinh bd nhd B N/A )

Atmega 128 & trong ché do tuong thich v6i Atmega 103 : ciu hinh bd nhé B 1a
kha dung ( cAu hinh bo nhg A N/A)

Ché d¢ twong thich véi Atmega 103

Ca hai thanh ghi diéu khién bd nhé ngoai ( XMCRA va XMCRB ) déu duoc dit
& trong khong gian I/O mé rong . Trong ché do twong thich v6i Atmega 103 , cdc thanh
ghi nay khong dugc kha dung , va tinh ndng nay dugc lya chon bdi cac thanh ghi
khong kha dung . Thiét bi ny van ¢ trong ché d6 twong thich voi Atmega 103 , gidng
nhu nhitng tinh ning nay di khong thodt ra trong Atmega 103 . Sy gidi han & trong ché
do tuong thich vdi Atmega 103 1a
- chi c6 cai dat 2 trang théi cho ( wait — state ) 1a kha dung (SRW1n =0b00 va
SRWIn = 0b01)
-S4 cia céc bit ma duoc truy cap dén céc dija chi byte cao dugc stra chira .
- Phan bo nhd bén ngoai khong thé bi phan chia vao trong céc phan nho sector
véi sy cai dat cac trang théi cho khac nhau
- Bus —keeper thi khong kha dung
Cic chan RD, WR va ALE chi 12 diu ra ( cong G trong Atmega 128 )
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Viéc str dung giao dién by nhé ngoai : Using the External Memory Interface

Giao dién bao gom :

- AD7:0 nhiéu bus dja chi thap va bus dit liéu

- A15:8 Bus dja chi cao ( ¢6 thé cAu hinh tht tu cua bit )

- ALE : kich hoat dia chi then chdt

- RD : Phan tich su doc

- WR: phan tich su ghi

Bit diéu khién cta giao dién bd nhd ngoai dugc dit trong3 thanh ghi , thanh ghi

diéu khién MCU — MCUCR , thanh ghi diéu khién bd nhd ngoai A —- XMCRA ,

va thanh ghi diéu khién bd nhd bén ngoai B — XMCRB

Khi giao dién XMEM dugc kich hoat , giao dién XMEM s¢€ ghi de 1én qua trinh
cai dat & trong thanh ghi dinh hudng dit liéu cdi ma twong tmg voi cdc cong riéng toi
giao dién XMEM . Dé biét thém chi tiét vé& phan cong ghi d& xem phan chirc ning luan
phién cta cong 1/0 & trang 86 . Giao dién XMEM sé& tu dong do mot su truy cap 12 vao
trong hay ra ngoai du dugc hay khong . Néu nhu su truy cap nay la bén ngoai thi giao
dién XMEM s& xuét dia chi ra , dit liéu , va céc tin hiéu diéu khién trén cdc cong theo
hinh 13 ( hinh nay chi ra dang s6ng thiéu trang thdi chd vWait — state ) . Khi ALE di tir
cao dén thip c6 1 gid tri dia chi trén AD7:0. ALE thap trong sudt qua trinh truyén dir
li¢u . Khi giao di¢gn XMEM dugc kich hoat cling c6 1 su truy cap vao trong s¢ la gy ra
hoat dong trén dia chi , dir li€u , va céng ALE , nhung sy phan tich RD va WR khong bi
dich chuyén trong sudt qu trinh truy nhap vao trong .Khi giao dién bd nhé ngoai bi vo
hi€u héa , cac chan binh thuong va viéc cai dat bit dinh hudng dir liéu dugc st dung .
Ch y rang khi ma giao dién XMEM bi v6 hiéu héa , khong gian dia chi bén duéi cta
bd SRAM nhi phan bén trong khong dugc vé vao trong SRAM bén trong . Hinh 12
minh hoa cédch két ndi moét SRAM ngoai v6i AVR bang viéce sir dung 1 bit then cai 8 bit
(an octal latch ) ( thuong 12 “74*573” hodc luwong twong duong ) cdi ma trong sudt khi
cong G & mirc cao

Sw can thiét ciia Chét dia chi ( Address Latch Requirements )

Do qua trinh diéu khién cua giao dién XRAM c6 téc do cao , su chdt dia chi phai
duoc Iwa chon can than cho cdc tn s cua h¢ thong dudi 8 MHz @4V va4MHz @
2.7V . Khi qua trinh diéu khién & dudi céc tan so trén , cdc series chét 74HC cii thong
thuong tré nén khdng phit hop. Giao dién bd nhd ngoai dugc thiét ké dé phit hop véi
cac series chot 74HC . Tuy nhién , hau hét c4c latch c6 thé dugc st dung chi can chiing
tuan theo cdc tham sd thoi gian chinh , cac tham sb thoi gian chinh cho céc chbt dia chi
la:

D dén Q lan truyén tré ( tpp)
Cai dit dir liéu thoi gian trude khi G thap ( tgy )
Thoi gian treo dir liéu ( dia chi ) sau khi G thép (TH)
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Giao dién bo nhd ngoai dugce thiét ké dé dam bao thoi gian treo dia chi nho nhét
sau khi G duogc xac nhan ¢ muc thép cua t,= 5 ns . Tham khao thém t;axx 1p
/tuaxx_sttrong phan “ biéu d6 bo nhé dit lidu ngoai “ bang 137 dén bang 144 &
trang 328 -330. Su lan truyén tré tir D dén Q ( tpp ) phai dugc dua vao xem xét
khi ma su tinh todn thoi gian truy cdp 12 can thiét ciia cc thanh phan bén ngoai .
Thoi gian cai dat dir lidu trude khi G thap (tsy ) phai khong dugc vuot qua gid tri
dia chi dé ALE thap (taviLc ) gid tri PCB am cua sy tri hoan qua trinh viét ( phu
thudc vao dung lugng cua tai )

> D[7:0]

=

A[7:0]

SRAM

A15:8 > Al15:8]

+ RD
WR

Hinh 12 : SRAM ngoai dugc két ndi voi AVR

Sw dirng lai va b gitr Bus ( Pull — up and Bus - keeper )

Cic bd ding trén cong AD7:0 c6 thé duge hoat dong néu thanh ghi céng twong
ung dugc viét1a 1. Pé gidm lugng ti€u thu dién & trong ché do Sleep mode , n6 duogc
khuyén cdo dé vo hiéu héa bo dirng pull — up bang viéc viét thanh ghi cong 12 0 trude
khi dang nhap vao ché do ngu sleep .

Giao dién XMEM ciing cung cap 1 bd gitt Bus — keeper trén cdc dudng AD7:0 .
B6 Bus — keeper nay c6 thé bi v6 hiéu héa va kich hoat béng phén mém , nhu 1 dugc
miéu ta trong phan “ External Memory Control Register B— XMCRB “ & trang 33 .
Khi dugc kich hoat , by gittr bus — keeper s€ bao daml cép logic xac dinh (O hodac 1) ¢
trén bus AD7:0 khi ma cdc duong nay s€ khédc 3 trang thai boi giao dign XMEM

B¢ dinh thoi

Cic thiét bi nhé bén ngoai c6 nhitng ddi hoi cdc b dinh thoi khdc nhau . Dé ddp
g céc doi hoi nay giao dién XMEM ciia Atmega 128 cung cap 4 trang théi chd khdc
nhau duoc chi ra trong bang 4 . N6 thi rat quan trong va duogc coi nhu 12 bang dic tinh
ctia bo dinh thoi ctia céc thiét bj nhd ngoai trude khi qua trinh lwa chon céc trang thai
cho . Céc tham sb quan trong nhat 12 thoi gian truy cap cho bd nhé bén ngoai dugc so
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sanh véi thu tuc cai dat cua Atmega 128 . Thoi gian truy cap bo nhé ngoai dugc xéac
dinh bang thoi gian tir ldc chip nhén tin hiéu dén lua chon/danh dja chi cho dén khi dir
liéu cta céc dia chi thuc nay duoc diéu khién trén Bus . Thoi gian truy nhap nay khong
the vuot qud thoi gian tur khi xung ALE phai dugc xdc nhan thip cho dén khi dit liéu
on dinh trong sudt 1 qua trinh doc lién tuc (xem tyy gy + trirH — tpvrn trong bang 137 -
144 trang 328- 330 ) . Cdc trang théi chd khdc nhau duoc cai dit bang phan mém . Nhu
12 mot tinh ning dugc thém vio , né c6 thé phan chia bd nhé ngoai thanh 2 phan nho
vOi sy cai dat cdc trang théi riéng . Diéu nay 1am né c¢é kha nang két ndi voéi 2 thiét bi
nho khac nhau voi cac yéu cau vé dinh thoi khic nhau giong nhu giao dién XMEM .
Dé biét thém chi tiét vé bd dinh thoi cua giao dién XMEM , tham khao bang 137 -144
va hinh 157-160 trong phan bd dinh thoi b nhé dir liéu gin ngoai ¢ trang 328

Chuy rang giao dién XMEM la di bo va dang song trong hinh dudi day thi dugc
lién hé véi ddng hd xung nhip bén trong hé théng . Do 1éch giita xung nhip trong va
xung nhip ngoai (XTAL 1 ) thi dugc bdo dam ( sy khdc nhau gitra nhiét do cua céc thiét
bi va ngudn cip ) . Két qua caa viéc ndy , giao dién XMEM khéng dugc thich hop véi
qué trinh diéu khién di bo .

i T ] = 7 T3 : T4

'
‘ : : : :
5.ﬁ15.1 — i:LK:= -F: M
1 ' 1 ' 1
i i i i
' '
i i i

DATD (XMBK =0}  Prav. dats
T

Read

DATD [XMBK = 1) Pr_d:.:. data )( Acdreas }{m;x::-;xx Data I :( KOURO000E X:

Hinh 13 : chu ki xung nhip bo nh¢ dir liéu ngoai thiéu ché do cho

Mote: 1. SEWn1 = SRW11 (upper sector) or SRWO01 (lower sector), SEWn0 = SEW10 (upper sector) or
SRWOO (lower sector). The ALE pulse in period T4 is only present if the next instruction
accesses the RAM (internal or external).
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Figure 14. External Data Memory Cycles with SAWn1 = 0 and SAWnO = 1'"
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Mote: 1. SRAWN1 = SEW11 [upper zector) or SFEWO01 (lower zector), SEWR0 = SEW10 (upper =ector) or
SRWOO {lower sector).
The ALE pulse in period T5 is only present if the next instruction accesses the RAM (internal
or external).

Figure 15. External Data Memory Cycles with SRWn1 = 1 and SAWn0 = 0'"
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Mote: 1. SAWR1 = SAW11 (upper =ector) or SRWO1 (lower sector), SREWn0 = SEW10 (upper sector) or
SRWOO (lower sector).
The ALE pulze in period TE ig only present if the next instruction accesses the RAM (internal
or external).
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Figure 16. External Data Memory Cycles with SAWn1 = 1 and SAWNn0 = 1!
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Mote: 1. SEWnR1 = SRW11 (upper sector) or SRWO1 (lower sector), SREWn0 = SREW10 (upper sector) or
SEWO0 (lower sector).
The ALE pulze in period T7 ig only present if the next instruction accesses the RAM (internal
or external).

Miéu ta thanh ghi XMEM (XMEM register Description )

Thanh ghi diéu khién MCU -MCUCR ( MCU Control Register )

Bt 7 & = 4 3 2 1 o
| sre SRAW10 &E R T &Mz IVSEL wee | mcuck
FesdWris RAW R'W RAW RMW RMW R RMW RAW

Il Valus i) ] i i) i) i) 0 ]

Bit 7 — SRE : kich hoat SRAM/XMEM bén ngoai

Bang viéc viét SRE 1a 1 kich hoat giao dién bd nhd ngoai . Céc chan chirc ning
AD7:0, A15:8, ALE , WR , va RD duoc kich hoat nhu 1a cic chan chirc nang luan
phién . Bit SRE ghi d& 1&n bat cir su cai dit chan dinh hudng trong céc thanh ghi dinh
hudng dit liéu twong Gmg. Viéc viét SRE 12 0, vo hiéu héa giao dién bd nhé ngoai va
céc chan thong thuong va su cai dat dinh hudng dir liéu dugc st dung .
Bit 6 — SRWI1O0 : bit lya chon trang thai cho

Pé c¢6 mot miéu ta chi tiét khong phai trong ché d6 twong thich véi Atmega 103 |
xem phén mo ta chung cho cic bit SRWn bén duéi (XMCRA miéu ta ) . Trong ché do
tuong thich voi Atmega 103 , viéc viét SRW10 1a 1 dé kich hoat trang thdi chd va mot
chu ki xung nhip duoc thém vao trong subt qud trinh phén tich doc /viét nhu 1a duoc chi
ra trong hinh 14
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Thanh ghi diéu khién b nhé ngoai A - XMCRA

Bt 7 & 5 4 3 i 1 0
I - | SRLZ | SRL1 | SALD | SRWO1 | SAWOD | SRW11 | - | xMCcRa
ReadWrite R RW RMW RMW R R RW R

Inftial Value o o o o o 0 o o

Bit 7 — RES : bit du tri

Day 1a mdt bit du trit va s€ ludn luén dugc doc 1a 0 . Khi viée viét vao vi tri dia
chi nay , viét bit nay 12 0 dé twong thich véi cdc thiét bi trong twong lai
Bit 6..4 — SRL2 , SRL1 , SRLO : gi61 han vung trang thai cho

N6 c6 thé dung dé cau hinh cic trang thai cho khdc nhau cho céc dia chi bo nhd
bén ngoai . Khong gian dia chi bo nhé bén ngoai c6 thé duoc phan chia vao trong 2 khu
vuc cai ma vua phan chia céc bit trang thai cho . Cac bit SLR2 , SLR1 , va SLRO dugc
dat 1a 0 va khong gian dia chi by nhé bén ngoai nguyén duoc sur Iy nhu 1a mét khu vuc .
Khi toan bg khong gian dia chi cuia SRAM duoc cAu hinh nhu 12 mét khu , cdc trang
thdi chd duoc cu hinh bang cdc bit SRW11 va SRW10.

Table 3. Sector limits with different settings of SAL2..0

SRL2 SAL1 SRLO Sector Limits
0 0 0 Lower sector = N/A
Upper sector = 0x1100 - OxFFFF
0 0 1 Lower sector = 0x1100 - 0x1FFF
Upper sector = 0x2000 - OxFFFF
0 1 0 Lower sector = 0x1100 - Ox3FFF
Upper zector = Ox4000 - OxFFFF
0 1 1 Lower sector = 0x1100 - Ox5FFF
Upper sector = Ox6000 - OxFFFF
1 0 0 Lower sector = 0x1100 - Ox7FFF
Upper sector = OxB000 - OxFFFF
1 0 1 Lower sector = 0x1100 - Ox8FFF
Upper sector = OxA000 - OxFFFF
1 1 0 Lower sector = 0x1100 - OxBFFF

Upper sector = OxC000 - OxFFFF

1 1 1 Lower sector = 0x1100 - OxDFFF
Upper sector = OxEQDD - OxFFFF

Bit 1 va bit 6 MCUCR — SRW11 , SRW10 : céc bit lya chon trang théi cho cho cac khu
vuc cao
Céc bit diéu khién SRW11 va SRW10 diéu khién thir ty ctia cdc trang thdi chd
cho cdc khu vuc cao hon trong khong gian dia chi bd nhd ngoai , xem bang 4 .
Bit 3..2 —= SRWO01 , SRWOO : bit lya chon cac trang thai cho cho cac khu vuc thép hon
Céc bit SRWO01 va SRW00 diéu khién th tu cua cac trang thai cho cho cic khu
vuc thip cta khong gian dia chi bd nhd bén ngoai , xem bang 4
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SARWn1 | SAWnO | Wait States
0 0 Mo wait-states
0 1 Wait one cycle during read/write strobe
1 0 Wait two cycles during read/write strobe
1 1 Wait two cycles during read/write and wait one cycle before driving out
new address

Mote: 1. n=0or 1 (lower/upper sector).
For further details of the timing and wait-states of the External Memory Interface, see Figures
13 through Figures 18 for how the =etting of the SRW bits affects the timing.

Bit O — Res : bit du trix
Day 1a céc bit du trtr va s€ luon luén duoc doc 1a 0 . Khi doc céc vi tri dia chi
nay, viét cc bit nay 1a 0 d€ tuong thich vai céc thiét bi trong tuong lai

Thanh ghi diéu khién b nhé bén ngoai B - XMCRB
| ek | |
Fead Write RW

Initial Valus o ] ]

Bit 7 — XMBK : kich hoat bus- keeper bo nh0’ bén ngoai

Viéc viét XMBK 1a 1 dé kich hoat cdc Bus-keeper trén duong AD7:0 . Khi cdc
Bus —keeper dugc kich hoat , n6 s€ dam bao 1 murc logic xac dinh ( 0 hodc 1 )trén
AD7:0 khi chung s& khéc 3 trang théi . Viéc viét XMBK 1a 0 d&é v6 hiéu héa Bus keeper
. XMBK thi khong du diéu kién v6i SRE, vi vay du la giao dién XMEM da bi vo hi¢u
héa , bus keeper thi van hoat dong chi can bit XMBK 12 1
Bit 6..4 — Res : céac bit du trir

Day 1a cic bit du trit va s€ ludn ludn duoc doc 1a 0 . Khi doc céac vi tri dia chi
nay, viét cdc bit nay 12 0 dé twong thich véi cdc thiét bi trong tuong lai
Bit 2..0 - XMM2 , XMM1, XMMO : bo chan mirc cao bd nhé ngoai

Khi bd nhé ngoai duoc kich hoat , tat ca cdc chan cong C thi duoc mic dinh sur
dung cho céc byte dia chi cao . Néu nhu khong gian dia chi 60KB day thi khong can
thiét dé truy cép vao céc bo nhd ngoai , mot vai hodc tat ca , cdc chan cong C c6 thé
duoc giai phéng cho chirc ning cdc chan cong thong thudng nhu 1a duwoc md ta trong
bang 5. Nhu dd dugc miéu ta trong phan “str dung tat ca 64KB vi tri ctia b nhd ngoai
& trang 35 , n6 c6 kha ning dé sir dung céc bit XMMn dé truy cap tat ca 64KB vi tri cla
bd nhd ngoai

4 z 1 0
IEEEEEETINETTTE BCNGE
AW AW AW

a o o

Iyl gm
Ty ju
(=] BN N

3]
a

Duykhanh8x1311 @ gmail.com 35




Hanoi University of Industry Datasheet ATMEGA 128

Table 5. Port C Pins Released as Mormal Port Pins when the External Memory is Enabled

XMMNZ2 | XMM1 | XMMO | # Bits for External Memory Address Released Port Pins

0 0 o] B (Full 80 KB =pace) Mone

0 0 1 7 FCT

0 1 0 i FCT7-PCB
0 1 1 f PCT-PC5
1 0 0 4 PC7-PC4
1 0 1 3 FC7-PC3
1 1 0 2 FCT7-PC2
1 1 1 Mo Address high bits Full PortC

Viéc sir dung tat ca cac vi tri ciia bd nhé ngoai nhé hon 64KB

Ké tir khi bd nhé ngoai dugc vé ban dd sau bd nhG trong nhu la dugc chi ra trong
bangl1 , bd nhd ngoai thi khong dugc danh dia chi khi viéc danh dia chi 4352bytes dau
tién cta khong gian dit lidu . C6 thé xuét hién 4352 bytes dia chi dau tién cia bo nhé
ngoai thi khong duogc truy cap ( céc dia chi cia bd nhé ngoai 1a 0x0000 dén Ox10FF ) .
Tuy nhién , khi két ndi véi 1 bd nhé ngoai nho hon 64KB, vi du nhu 32 KB , cdc vi tri
nay thi dé dang duoc truy cép 1 cich don gian bang viéc danh dia chi tir cdc dia chi
0x8000 dén 0x90FF . Vi rang cdc bit dia chi A15 ctia bo nhd ngoai thi khong dugc két
nbi dén cdc bd nhd ngoai , cdc dia chi tir0x0000 dén 0x90FF sé& xuét hién nhu 12 cic dia
chi 0x0000 dén 0x10FF cta b nhé ngoai . Viéc danh cdc dia chi bén trén dia chi
0x90FF thi khong duoc khuyén nghi., vi rang diéu nay s& xuat hién 1 vi tri bo nho ngoai
cdi ma san sang duoc truy cap boi cac dia chi (thdp hon ) khéc. Pén céc phan mém g
dung , 32 KB bd nhd bén ngoai s& xuat hién nhu 12 1 khong gian dia chi 32 KB tir
0x1100 dén 0x90FF . Piéu nay dugc minh hoa trong hinh 17 . Cau hinh b nhé B tham
khao trong ché do tuong thich v6i Atmega 103 , cau hinh A thi khdng ¢ ché do tuong
thich .

Khi ma thiét bj duoc cai dit trong ché d6 twong thich véi Atmega 103 , céc
khéng gian dia chi bén trong 13 4096 bytes . Diéu nay kéo theo 4096 bytes dia chi dau
tién ctia bo nhé ngoai c¢6 thé bi duoc truy cap céc dia chi 0x8000 dén 0x8FFF . vé
phan Céc phan mém Gng dung , bd nhd ngoai 32 KB sé& xuat hién nhu 1 1 khong gian
dia chi tir 0x1000 dén 0x8FFF

Duykhanh8x1311 @ gmail.com 36




Hanoi University of Industry

Datasheet ATMEGA 128

Figure 17. Address Map with 32 KB External Memory

Mernory Configuration A Merrary Confguraten B
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Sir dung tat ca 64KB vi tri cia bd nhé ngoai

Vi rang Bo nhé ngoai dugc vé ban do sau bo nhd trong nhu 1a duoc chi ra trong
hinh 11, chi c6 6QKB cua bo nhd ngoai thi dugc st dung 1 cach mac dinh (kh@ng gian
dia chi 0x0000 dén 0x10FF dugc du trtr cho bd nhé trong ) Tuy nhién né cé thé tao uu

thé cho toan bd bd nho ngoai bang viéc gidu céc bit dja chi cao 12 0 . Diéu nay c6 thé
thuc hién bang céach st dung céc bit XMMn va diéu khién bang phan mém céc bit c6

gid trj cao nhat cua ving dia chi . Bang viéc cai dat cong C dé xuat ra 0x00 , va su giai
phoéng cdc bit ¢6 gid tri cao nhat cho qua trinh diéu khién chan cong binh thudng , giao
dién bo nho sé 1a dia chi 0x0000 dén Ox1FFF . xem doan ma mau bén dudi dé biét thém

chi tiét
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Assembly Code Example!’

: OFFSET ig defined to 0x2000 to ensure
external memory access

: Configure Port C (address high byte) to
0x00 when the pins are released
normal Port Pin operation
1di rls, 0OxFF
out DDRC, rlé
1di rl1&, 0x00
out PORTC, rls
release BCT:5
1di rle, (l<<3¥MM1) | (l=<<XMMO)
gts XMCEB, rls
; write Ox32 to address 0x0001 of extermal
: Memory
ldi rl&, Oxaa

gte O0x0001+0FFSET, rlé

ldi ri1s,
gtas XMCRR, rls

T

sts Ox0001+Q0FFSET, rls

msigned char *p = (unsigned char *)

MMCEE = (1<=HMM1) {1lo<X¥MMO) ;

Mote: 1. See“About Code Examples™ on page 9.

Phai thuc hanh mdt céch cén than viéc st dung lga chon nay nhu hau hét cdc bd nhd

duoc che chan theo cac cach khac nhau .
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V. Xung nhip hé thong va lra chon xung nhip
Xung nhip hé théng va sw phan bé cia chiing

Hinh 18 giéi thiéu cic xung hé thdng co ban trong AVR va su phan bd ctia ching
. Tt ca cdc xung nhip déu can duogc kich hoat tai mot thoi diém di dugc duara . Bé
giam sy suy giam dién ap_ ngudn , bd dinh thoi va cdc modules dang khong duoc sir
dung c6 thé duoc ding bang cach su dung céac ché d6 ngt khéc nhau nhu 13 duoc mo ta

trong phan ° sy quan li nguoén va cac ché d6 ngu “ ¢ trang 45 bo tao xung nhip hé théng
dugc mo ta chi tiét nhu dudi day :

Figure 18. Clock Distribution

Aayne ] Ganaral 1D Fash and
s AW T — "
T ‘ Tedilas ADC LPU Coro B H EEFRD
I & A A [ ] ' L A
[~}
S AV Cooe e
Coairel Linit
o - .
'y
Ressl Logic Waichdaog Timear
1 I
SoUnoe chock Wiichdog clock
Cloi Walshdog
Mutplemer Oecillaior
} 4 & 4 A
TimarCouniar Exiarnal RC Crysia Lva-Freguancy Calibrated RC
Oecillaior Oecillaior Exiamal cinck Oecillaior Crystal ODssilaier Cecillaior

Xung nhip CPU - clkcpy

Xung nhip CPU thi dugc dinh vi téi 1 phan cta hé thong duoc hoa hop véi qué
trinh diéu khién cua 16i AVR . Vi du ctia nhitng module nay 1a céc file thanh ghi da
nang dung chung , thanh ghi trang thai va b nh¢ dir liéu dang gitr trong con tro ngan
x€p . Viéc dumg xung nhip CPU s€ ngan can 161 khoi qua trinh tinh todn va diéu khién
chung dang dugc tién hanh .
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Xung nhip I/O - clkyo

Xung nhip I/O duoc sir dung boi da sb cdc module I/O , gibng nhu
Timer/Counter , SPI va USART . Xung nhip I/O cling duoc str dung béi cdc module
ngit ngodi , nhung cha y rang 1 vai ngit ngoai duoc dd bdi cdc logic di bd , su cho
phép céc ngat nhu vy duoc tim kiém cho dii cdc xung nhip I/O bi tam du’ng Ciing chu
y rang cdc sy nhan biét cic dia chi ¢ trong module TWI dugc tién hanh mot cich khong
dong bd khi ma clky,o bi tam dung , dang kich hoat sy thu nhéan dia chi TWI ¢ trong tat
ca cic ché do sleep .

Xung nhip Flash — clkgpasn

Qui trinh diéu khién xung nhip Flash cta giao dién Flash . Xung nhip Flash thi
thuong hoat dong cling Iic vadi xung nhip CPU .

Xung nhip cia Timer di b0 - clk,sy

Xung nhip cua timer di by cho phép cac bg timer/counter di by duoc gilt nhip 1
cach truc tiép tor mot bo tao xung nhip thach anh 32 kHz bén ngoai. Vung xung nhip
xéc dinh nay cho phép viéc sir dung Timer/counter nay nhu la 1 bd dém thoi gian thyc
ngay ca khi thiét bj nay ¢ trong ché do ngu .

Xung nhip ADC - clkapc

ADC duoc cung cap véi 1 vung xung nhip riéng . Piéu nay cho phép qua trinh
dung CPU va cdc xung nhip I/O dé ma lam giam nhidu sinh ra boi mach dién ki thuét sb
. N6 dua ra dugc nhiéu két qua ding dén hon trong qua trinh chuyén d6i ADC

Thanh ghi diéu khién chia XTAL - XDIV

Thanh ghi diéu khién phan chia XTAL duoc st dung dé phan chia tan sd xung
nhip ciia ngudn bang 1 so trong khoang 2-129 . Tinh nang nay c6 thé duoc sir dung dé
lam giam sy sut dp khi ma c6 su can thiét cho ngudn dang tinh toén thi thap .

o T 6 ] i 3 2 i 0
I ADIVEN | XDINE ADINE ADIVA ADIN3 ADIVE A0 ADIVD I AON
FeadWits=  RW  RW AW RW RW  RW  RW AW

initial Yalue 0 0 0 0 o 0 0 0

Bit 7 — XDIVEN : Kich hoat phan chia XTAL

Khi bit XDIVEN duoc viét 1a 1, tan sé xung nhip ctia CPU va tit ca cic ngoai vi
( clkyo , clkapc , clkcpy , Clkgasy ) dugce phan chia béng viéc xdc dinh cdc hé sb béng
viéc cai dat cia XDIV6 — XDIVO . Bit nay c6 thé duoc viét trong thoi gian thi hanh dé
1am thay d6i tan s6 xung nhip dé thich hop véi tmg dung .
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Bit 6..0 — XDIVO : Bit 6..0 Iura chon chia XTAL

Cé4c bit nay x4c dinh hé s6 cua su chia cdi ma duoc ap dung khi bit XDIVEN
duogc dat1a 1 . Néu gid tri cua cdc bit duoc ki hi¢u 1a d , cong thirc dudi day xéac dinh
két qua tan s6 xung nhip cua CPU va cdc ngoai vi forx :

forx = xung nhip ngudn
129 —d

Gid tri cta cdc bit nay c6 the chi bi thay d6i khi ma bit XDIVEN duoc dat1a 0 .
Khi ma XDIVEN duoc viét 12 1, gid tri nay dugc viét dong thoi vao trong XDIV6
... XDIV0 duoc chia theo hé sb chia . Khi ma XDIVEN duoc ghi 1a 0, gia tr1 nay duoc
viét d6ng thoi vao XDIV6.. XDIVO dugc loai bo . Nhu vy bo chia di chia xung dau
vao chinh ¢én MCU , téc do cua tat ca cdc ngoai vi dugc 1am giam xudng khi ma 1 qué
trinh chia theo hé sd duoc sir dung

Khi xung nhip h¢ théng bi chia , timer/counter 0 c6 thé duoc chi st dung véi
xung nhip khong dong bo nay . Tan s6 cua xung nhip di bd nay phai thap honl/4 cua
tan sb ctia xung nhip ngudn khi (scaled down ) . Theo céch khéc , cic ngit ¢6 thé bi mat
, Vi su truy cap vao thanh ghi timer/counter 0 c6 thé bi hong .

Xung nhip ngudn

‘ Thiét bi ndy c6 cdc lya chon xung nhip ngudn dudi ddy , c6 thé lua chon bang bit
cau chi Flash (Flash Fuse ) nhu la duoc chi ra ¢ dudi ddy . Xung nhip tir ngudn duoc
lga chon nhdp vao b phat xung nhip cua AVR , dugc dinh huéng dén cac module

tuong thich .
Table 6. Device Clocking Options Select
Device Clocking Option CKSEL3.0W
External Crystal/Ceramic Resonator 1111 - 1010
External Low-freqguency Crystal 1001

Table 6. Device Clocking Opticns Select

Device Clocking Option CKSEL3..0"

External RC Oscillator 1000 - 0101

Calibrated Internal RC Os=cillator 0100 - 0001

Externzl Clock 0000
TOTe: 1. For &l [UEes 1" MEeans unprogrammed wWhile -0 ME&ans programmed.

C6 nhiéu sy Iya chon khéc nhau cho mdi sy lya chon xung nhip khic nhau duoc dua ra
& phan dudi ddy . Khi ma CPU thuc day tir ché 46 ngét dién hodc ché do tiét kiém dién
, nguén xung nhip dugc lya chon thi duoc st dung cho thoi gian khoi dong , bao dam
su hoat dong on dinh cta bo tao dao dong trudc khi 1€nh duoc bat dau . Khi ma CPU
khai dong tir ché do Reset cho phép 1 khoang thoi gian tré thém vao dé ngudn tién dén
cap 6n dinh trudc khi bat dau qud trinh hoat dong binh thudng . B tao dao dong
Watchdog duoc ding dé dinh thoi cho phan thoi gian thuc cta thoi gian khoi dong . SO
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luong clia cdc xung nhip ctia bo dao dong WDT duoc str dung cho mdi khoang thoi
gian chd duoc chi ra trong bang 7 . Tan s6 cta bo tao dao dong watchdog 1a dién dp phu
thudc nhu 13 duoc chi ra trong phan “céc chi sb thong dung “ & trang 333

Table 7. Mumber of Watchdog Oscillator Cycles

Typical Time-out (Ve = 5.0V) Typical Time-0ut (Vg = 3.0V) Mumber of Cycles
4.1 ms 4.3 ms 4K (4,096)
65 ms 69 ms 4K (65,536)

Nguon tao xung mic dinh van chuyén boi CKSEL = “0001” va SUT = 10. Su ci dit
ngudn tao xung 12 mic dinh vi viy bo tao dao dong RC bén trong voi khoang thoi gian
khaoi dong 1a dai nhit . Sy cai dit mic dinh nay bao dam ring ngudi st dung c6 thé tao
ra ngudn tao xung nhip theo mong muédn cta ho bang céch sir dung mot ing dung trong
hé théng (in-system ) hodc 12 mot phan mém 14p trinh song song .

B¢ tao dao dong thach anh

XTALI va XTAL2 la dau vao va dau ra , twong thich , cia mot by khuyéch dai
nguoc cdi ma cé thé duoc cau hinh dé s dung nhu la 1 bd tao dao dong trén chip , nhu
12 dwoc chi ra trong hinh 19 . Mot ban tinh thé thach anh hodc 1 bo cong hudng gbm c6
thé duoc sir dung . Cau chi CKOPT lya chon gitra 2 kiéu khuyéch dai tao dao dong
khac nhau . Khi ma CKOPT duoc lap trinh, dau ra cua bo tao dao dong s€ dao dong va
1 dao dong rail-to-rail & dau ra . Kiéu nay thi thich hop khi diéu khién trong 1 méi
truong nhiéu nhidu hodc khi ma dau ra tir XTAL2 diéu khién 1 b dém xung nhip thi 2
. Ché d6 nay c6 mot khoang tan sb rong. Khi ma CKOPT khéng duogc 1ap trinh bo tao
dao dong c6 mdt bién do dao dong dau ra nho . Piéu nay lam giam murc ti€u thu cua
ngudn c6 thé dugc xét dén . Ché d6 nay c6 mot dai tan sb gidi han va né khong thé
duoc str dung dé diéu khién céc bo dém xung nhip khéc .

V& bo cong hudng , tan sd tdi da 1a 8 MHz véi CKOPT khong duoc 1ap trinh va
16 MHz vé&i CKOPT da duoc 1ap trinh . C1 va C2 nén ludén ludn dugc tinh todn cho ca
hai ,b0 tao dao dong thach anh va bg cong hudng . Gia tri tdt nhét cta tu dién phu thudc
vao bd tao dao dong thach anh va bo cdng huong duoc st dung , dd 16n cua dién dung ,
va nhiéu dién tir cia moi trudng . Mot vai dudng dan ban dau cho su lua chon tu dién
dé sir dung voi céc bg tao dao dong thach anh dugc dua ra trong bang 8 . Vé bo cong
hudng gém , céc gid tri ctia tu dugc dua ra béi nha san xuat nén dugc st dung.

c2
T XTALZ
1
o1
—S 1 | xmL
GND
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céc bo tao dao dong c6 thé duoc diéu khién trong 3 ché d6 khéc nhau , mdi ché
do thi t61 vu cho mét dai tan s6 xac dinh . Cac ché dg diéu khién thi duogc lya chon bang
cau chi CKSEL3..1 nhu 1a dugc chi ra trong bang 8

Frequency Range Recommended Range for Capacitors
CKOPT CKSELZ.1 (MHz) C1and C2 for Use with Crystals
1 o1t 04-0.8 -
1 110 0.8-3.0 12 pF-22 pF
1 111 3.0-8.0 12 pF - 22 pF
0 101,110,111 1.0- 12 pF - 22 pF

Mote: 1. This option should not be used with crystals, only with ceramic resonators.

The CKSELD fuse together with the SUT1..0 fuses select the start-up times as shown in Table 5.
Bang 9

Table 9. Start-up Times for the Crystal Oscillator Clock Selection

Starf-up Time from Additional Delay
Power-down and from Reset (W oo
CKSELD SUT1..0 Powe r-sawe = 5.0W) RAecommended Usage

o oo 258 CK 4.1 ms Ceramic resonator, fast
rising power

o o1 258 S 65 m=s Ceramic resonator,
slowhr ri=simng power

o 10 AR S WY - Ceramic resonator,
BOD enabled

= 11 Tk SR 4.1 ms Ceramic resonator, fast
nsEing power

q oo I SRR 65 ms Ceramic resonator,
slowhr rising power

1 o1 16K CH —-— Crystal Oscillator, BOD
enabled

q 10 16K CK 4.1 ms Crystal Oscillator, fast
rising power

q 11 16K K 65 ms= Crystal Oscillator,
slowhyr rising power

Motes: 1. These options should only be used when not operating close to the maximum fregquency of the

dewice, and onhy if frequency stability at start-up is mot important for the application. These
options are not suitable for crystals.

2. These option=s are intended for use with ceramic resonators and will ensure fregquency stability
at start-up. They can al=o be used with crystals when not operating close to the maximum fre-
gquency of the dewvice, and if frequency stability at start-up i=s mot important for the application.

B6 tao dao dong thach anh tan sé thip

Pé str dung 1 d6ng hd thach anh 32768 kHz nhu 13 bd tao xung nhip cho thiét bi
thi bd tao dao dong thach anh tan sb thép phai duogc lya chon béng viéc cai dit cdc cau
chi CKSEL dén “1001”. B9 tao dao dong thach anh nén dugc két ndi nhu hinh 19 .
Bang viéc 14p trinh cau chi CKOPT , ngudi st dung c6 thé kich hoat cdc tu bén trong
trén XTAL1 va XTAL2 , nhu vy su g& bo cdc tu bén ngoai 1a can thiét . Cdc tu bén
trong ¢c6 mot gid tri danh dinh 1a 36pF.

Khi bd tao dao dong nay dugc lya chon , thoi gian khéi dong thi dugc xéc dinh ro
bang cau chi SUT nhu bang 10
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Table 10. Start-up Times for the Low-frequency Crystal Oscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset (Voo =
SUTL..D Power-zsave 5.0V) Recommended Usage
oo 1K CK 4.1 ms Fast rizing power or BOD enabled
01 1K CKM 65 ms Slowly rising power
10 32K CK 65 ms Stable frequency at start-up
11 Reserved

Mote: 1. These options should only be used if frequency stability at start-up is not important for the
application.

B9 tao dao dong RC bén ngoai

Dé dinh thoi cic tng dung khong nhay , b tao dao dong RC dugc cAu hinh nhu
hinh 20 ¢6 thé duoc sir dung . Tan sé dugc udc lugng mot cach dai khai bang cong thic
f=1/(3RC) . C nén dé trén 22pF . Bang viéc 1ap trinh cau chi CKOPT , ngudi st dung c6
thé kich hoat tu 36pF bén trong gitra XTALI va GND . Vi vay viéc g& bo bo tu bén
ngoai 12 can thiét . Dé biét thong tin vé qud trinh diéu khién b tao dao dong va chi tiét
cach chon R, C, tham khdo chi y img dung bg tao dao dong RC bén ngoai .

I'I.I'I::
&
Hl] NC XTALZ
- XTALY
C—=
. GND

B0 tao dao dong c6 thé hoat dong trong 4 ché d6 khdc nhau , mdi 1 ché do thi t6i wu
chol khoang tan s6 xdc dinh . Ché do diéu khién thi duoc lua chon béng cau chi
CKSELS3..0 trong bang 11

Table 11. External RC Oscillator Operating Modes

CKSEL3..0 Frequency Range (MHz)
o1 0.1-08
oo 0.8- 3.0
o011 3.0-8.0
1000 8.0-12.0

Khi bd tao dao dong nay duoc lya chon , thoi gian khoi dong thi duoc xéac dinh 1o béng
cau chi SUT nhu bang 12
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Table 12. Start-Up Times for the External ARC Qscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset
SUT1..0 Power-save (Voo =5.0V) Recommended Usage
oo 18 CK - BOD ensbled
oM 18 CK 4.1 ms Fast rizsing power
10 18 CK 65 ms Slowly rizing power
11 & CK 4.1 ms Fast rising power or BOD enabled
Mote: 1. This option should not be used when operating close to the maximum frequency of the device.

B tao dao dong bén trong da hiéu chinh

B0 tao dao dong bén trong da hiéu chinh cung cap 1 xung nhip 6n dinh 1.0, 2.0

4.0, 8.0 MHz . Tt ca céc tan s6 1a gid tri danh dinh ¢ 5V va 25°C . Xung nhip nay ¢

thé dugc lya chon nhu xung nhip hé thong bang cach lap trinh cau chi CKSEL nhu
trong bang 13 . Néu dugc chon lua , n6 s& hoat dong ma khong c6 bo phan bén ngoai
nao . Cau chi CKOPT nén ludn ludn khong 1ap trinh khi sir dung lya chon xung nhip
nay . Trong sudt qué trinh Reset , phan cimg tai cdc byte hiéu chinh nay cho 1 bo tao
dao dong 1 MHz ¢ trong thanh ghi OSCCAL va do d6 tu dong hi€u chinh bg tao dao
dong RC . O 5V, 25d6 va tan s6 bd tao dao dongl1.0MHz duogc lua chon, qué trinh
hiéu chinh nay dua ra 1 tan s trong khoang + 3% cuia tan sd danh dinh . Viéc str dung
phuong phép hiéu chinh nay nhu duoc miéu ta trén vWWW.atmel.com 12 c6 thé dat
dugc d6 chinh xdc + 1% & bét ¢t dién ap , va nhiét d¢ nao . Khi b0 tao dao dong nay
dugc str dung nhu 1a mot xung nhip cua chip , bd tao dao dong Watchdog sé& van duoc
st dung cho Timer Watchdog va cho thoi gian chd reset ( Reset Time- out ) . Dé biét

thém thong tin chi tiét vé gia tri hiéu chinh tién lap trinh , xem phan “calibration Byte “

O trang 289

Table 13. Internal Calibrated RC Oscillator Operating Modes

CKSEL3.0 Mominal Frequency (MHz)
o001t 1.0
0o 2.0
0o 4.0
oo 6.0

Mote:

1.

The device is shipped wi

h this option selected.
‘ Khi ma bg tao dao dong duoc lya chon , thoi gian khéi dong dugc xac dinl} ro
bang cau SUT nhu bang 14 . XTAL1 va XTAL?2 nén dugc cho phép khong két noi .
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Table 14. Start-up Times for the Internal Calibrated RC Oscillator Clock Selection

Start-up Time from Power- Additional Delay from
SUT1..0 down and Fower-save Reset (Vo = 5.0V) Recommended Usage
oo g CK - BOD enabled
| ECHK 41 ms Fast rizing power
gt ECK 65 ms Slowly rizing power
11 Reserved

Motes: 1. The device is shipped with this option selected.

Thanh ghi hi¢éu chinh b0 tao dao dong - OSCCAL

Bit 7 5 5 4 3 2 1 o
| caLr CALE CALS CaLd ALl CaLz CAL1 CaLD | oSCCaL
FeadWrite RwW AW AW R AW AW R AW
hilal Value Device Speciic Calloration Value
Chd ¥ : thanh ghi OSCCAL thi khong kha dung & trong ché do twong thich véi
Atmegal03

Bit 7.0 - CAL7..0 : gid tri diéu chinh cta b tao dao dong

Viée viét byte hi¢u chinh vao dia chi nay s€ hoan thién b tao dao dong trong dé
g bo tién trinh bién thién khoi tan s6 bo tao dao dong Oscillator . Trong subt qué trinh
Reset , 1 gid tri hi¢u chinh 1 MHz céi ma dugc dinh vi trong dong ki hi¢u byte cao ( dia
chi 0x00 ) thi dugc tai ty dong vao trong thanh ghi OSCCAL . Néu bo tao dao dong bén
trong dugc str dung tai cac tan s6 khdc , gid tri hiéu chinh phai dugc tai 1 cach thu cong
béng tay . Piéu nay co thé duoc thuc hién trudc tién bﬁng viéc doc cac dong tin hi¢u boi
1 13p trinh vién , va sau d6 luu cic gid tri hi€u chinh & trong bd nhé Flash va EEPROM
. Sau d6 cdc gid tri nay c6 thé duoc doc bang phan mém va duogc tai vao trong thanh ghi
OSCCAL . Khi OSCCAL la khong , tan s6 ¢6 ich thap nhét dugc chon . Viéc viét cac
gid tri khong phai bang khong vao thanh ghi nay s€ lam tang tan sb cua cua bo tao dao
dong bén trong . Viéc viét $FF vao thanh ghi s& dua ra tan s6 kha dung cao nhét . Bo
tao dao dong da dugc hi¢u chinh thi dugc st dung trong thoi gian truy cap bd nhé Flash
va EEPROM . Néu EEPROM va Flash da dugc ghi , khong dugc diéu chinh 16n hon
10% trén tan s6 danh dinh . N6i cdch khac , sy ghi EEPROM va Flash c6 thé bi hong .
Chu y rang bo tao dao dong nham muc dlch diéu chinh 1.0, 2.0, 4.0 , hoic 8.0 MHz .
Viéc diéu chinh sang cic gid tri khac thi khong duoc bao dam , nhu 1a dugc biéu dién &
bang 15

Table 15. Internal RC Oscillator Freguency Range.

Min Frequency in Percentage of Max Frequency in Percentage of
OSCCAL Value Mominal Frequency (%) Mominal Frequency (%)
500 50 100
&7F 75 150
5FF 100 200
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Xung nhip bén ngoai

Qé diéuqkhién céc thiét bi tir mot ngué)n tao xung nhip bén ngoai , XTALI nén
duogc diéu khién nhu dugc chi ra trong hinh 21 . D€ chay thiét bi nay trén 1 xung nhip
ngoai , cau chi CKSEL phai duoc 1ap trinh 1a “0000” . Bang viéc lap trinh cau chi

CKOPT , nguoi st dung c6 thé kich hoat 1 bo tu 36pF bén trong gitra XTAL1 va GND
Figure 21. External Clock Drive Configuration

MG ———— XTAL2

XTALT

L GMD

Khi ma bd tao dao dong duogc lya chon , thoi gian khoi dong dugce xac dinh rd béng cau
SUT nhu bang 16 .
Table 16. Start-up Times for the External Clock Selection

Start-up Time from Power- Additional Delay from
SUT1.0 down and Power-save Reset (Vo; = 5.0V) Recommended Usage
0o 6 CK - BOD enabled
m 6CHK 4.1 ms Fast rizing power
10 6CHK 65 ms Slowly rising power
11 Reserved

Khi dp dung 1 xung nhip bén ngoai , can thiét tranh cdc thay d6i dot ngot trong
qua trinh &p dung tan s6 xung nhip dé dam bao hoat dong on dinh cia MCU . Mot su
thay d6i tan s6 16n hon 2% tir 1 chu ki xung nhip den xung ké tiép c6 the dan dén cdc
trang thdi khong thé tién doén trudc . Piéu nay la can thlet de dam bao rang MCU dugc
giit & ché d6 Reset trong subt qud trinh thay doi trong tan s6 xung nhip .

B¢ tao dao dong Timer/Counter

Vi diéu khién AVR véi cdc chan ctia bd tao dao dong Timer/Counter (TOSCI va
TOSC2) , bo dao dong thach anh dugc ndi truc tiép gifta cac chan . Khong c6 céc tu
ngoai nao la can thiét . B§ tao dao dong thi t8i wu cho viéc str dung véi bo tao dao dong
theo ddi thach anh 32.768kHz . Viéc 4p dung 1 ngudn xung nhip ngoai dén TOSC1 thi
khoéng dugc khuyén cdo .

Chu y : b6 dao dong Timer/Counter su dung bo dao dong thach anh gidng nhu bd
dao dong tan s6 thap va cdc tu bén trong ¢ cling céc gid tri danh dinh 1a 36pF
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VI . Quan li nguon dién va cac che d¢ sleep

Ché d6 cho sleep kich hoat chuong trinh ing dung dé tat cac module khong su
dung trong MCU , so vay tiét kiém duoc nguon dién . AVR cung cAp nhiéu ché do
sleep cho phép ngudi dung diéu chinh sy ton hao ngudn dién ddp tng ddi hoi cua cdc
chuong trinh trng dung .

Dé truy nhap vao bat cir ché d nao trong sb 6 ché do chd , bit SE & trong thanh
ghi MCUCR phai dugc ghi v6i bién logic 12 1 va 1 1énh SLEEP phai dugc thuc thi .

Céc bit SM2 , SM1 , va SMO trong thanh ghi MCUCR Iwra chon ché d6 cho (Idle , giam
nhidu ADC , tit ngudn , tiét kiém dién , cho , hodc ché d6 chd mo rdng ) s& duoc kich
hoat bang 1énh SLEEP . xem bang 17 dé biét thém chi tiét . Néu mot ngat kich hoat xuat
hién trong khi MCU dang & trong ché do chd , MCU duoc danh thirc. MCU sau d6
duoc tam dung trong 4 chu ki xung nhip trong thoi gian khéi dong dugc thém vao , nd
thye thi chuong trinh con phyc vu ngat , va khoi phuc lai qud trinh thyc thi tir cdc 1énh
ké tlep lénh SLEEP . Thanh phan cua thanh ghi file va SRAM thi khong bi thay d6i khi
ma thiét bi dugc ddnh thuc tir ché do chd . Néu nhu tin hiéu reset xuat hién trong sudt
ché do chd , MCU duoc danh thic va dugc thuc thi tir cdc vecto Reset .

Hinh 18 trén trang 36 gioi thi€u cdc xung nhip hé thong khéc nhau trong Atmega
128 , va su phén bd cua ching . Hinh ndy ciing rat hitu dung trong viéc Iwa chon 1 ché
do cho thich hop.

Thanh ghi diéu khién MCU

Thanh ghl diéu khlen MCU bao gom cac bit diéu khlen Cho su quan 1i ngudn dién

3

| &RE |5H1|I'|'1D| &E | &1 | T | CTTH ||'.r5EL| WEE |r1|:uE:H
RezdWris RAW RW RW RAW RAW RW RW RW

Inktial Value 0 0 0 0 i)

Bit5-SE: leh hoat ché do cho

Bit SE phai dugc ghi ¢ muc logic 1 dé truy nhap vao MCU trong ché d6 Cho khi
ma 1énh SLEEP dugc thyc thi . Dé tranh viéc truy nhap vao MCU trong ché d6 cho trir
phi né 12 1 bo 1ap trinh da nang , khuyén nghi dé viét bit kich hoat ché d6 Cho SE 1a 1
trude khi qué trinh thyc hién 1énh SLEEP va x6a n6 ngay 1ap tic khi thuc day

Bit4..2 - SM2..0 : Bit 2,1 ,0 lya chon ché do cho

Cé4c bit nay lya chon gitra 6 trang thai kha dung nhu 1a duoc chi ra trong bang 17

Duykhanh8x1311 @ gmail.com 48




Hanoi University of Industry Datasheet ATMEGA 128

Table 17. Sleep Mode Select

smM2 S sSmMo Sleep Mode
o o o Idle
o o 1 ADC Moize Reduction
O 1 O Powee r-down
o 1 1 Fower-sawe
1 O O Reserved
1 O 1 Reserved
1 1 o Standby '
1 1 1 Extended Standby''}

Mote: 1. Standby mode and Extended Standby mode are only available with external crystals or
resonators.

Idle mode

Khi ma céc bit SM2..0 duoc viét 1a 000 , 1énh ngu 1am cho MCU truy nhép vio
ché 6 Idle , viéc ding CPU nhung cho phép SPI, USART , b6 so sanh tuong ty,
chuyen 601 ADC giao dién 2 day noi tiép , Tlmer/Counter , Watchdog , va cac ngat hé
thdng tiép tuc hoat dong . Ché do ngu nay co ban dimng clkepy va clkp asy trong khi cho
phép cac xung nhip khéc chay .

Ché d6 Idle kich hoat MCU thirc ddy tir cdc bd ngat khoi dong bén ngoai thi tét
nhu 12 1 bo phan bén trong gidng nhu timer tran va cdc ngit hoan thanh qua trinh
chuyén d6i USART .Néu n6 thic day tir cdc ngét ctia bd so sanh twong tu Analog thi
khoéng can thiét , bd so sdnh Analog c6 thé tat ngudn bang cach cai dat céc bit ACD ¢
trong b diéu khién so sdnh analog va thanh ghi trang thai — ASCR . N6 s& giam nhu
cau ding dién trong ché d6 Idle . Néu ADC dugc kich hoat , 1 qué trinh chuyén doi bat
dau tu dongkhi ma ché do nay duoc truy nhap.

Ché d¢ giam nhiéu ADC

Khi ma bit SM2..0 dugc dat 1a001 , 1énh SLEEP 1am cho MCU truy nhap vao ché
d6 giam nhidu ADC , viéc dirng CPU nhung cho phép ADC ,cdc ngét ngoai , bd theo
doi dia chi giao dién 2 day nbi tiép , Timer/Counter 0 va Watchdog tiép tuc hoat dong (
néu duoc kich hoat). Ché do ngu nay co ban ding clkyq , clkcpy va clkpasy trong khi
cho phép cdc xung nhip khac chay .

Diéu nay cai tao moi trudng nhiu cho ADC , va 1am cho d6 chinh xéc cta céc
phép do cao hon . Néu nhu bd chuyén d6i ADC du’Gc kich hoat thi , mét su chuyén doi
bat dau ty dong khi ma ché d6 nay dugc truy nhap . Mot phan ngat bo sung cua bo
chuyén d6i ADC , chi c6 1Reset ngoai , 1Reset Watchdog , 1 Reset tat ngudn ,1 dia chi
giao dién 2 day n01 tiép tuong Gmg voi cac ngit , Ingit Timer/Counter0 1
SPM/EEPROM san sang ngét , 1 cap ngat bén ngoai trén INT7:4 , hodc 1 ngit ngoai
trén INT3:0 c6 thé danh thie MCU tir ché d6 giam nhidu ADC
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Ché d6 ngit ngudn

Khi ma cac bit SM2..0 duoc viét 12 010, Iénh SLEEP lam cho MCU truy nhap
vao ché do Tét ngué)n Power — down . Trong ché do nay , bo tao dao dong bén ngoai bi
dirng lai , trong khi cdc ngat ngoai , dong hd dia chi giao dién 2 diy ndi tiép , va 1
Watchdog van tiép tuc hoat dong (néu dugc kich hoat ) . Chi c6 1 Reset ngoai , 1 Reset
Watchdog , 1 Reset Brown-out , 1 ngat tuong tng dia chi giao dién 2 day ndi tiép , 1
cAp ngat ngoai trén INT7:4 ,hoac 1 ngat ngoai trén INT3:0 co thé danh thirce MCU. Ché
dd nga nay dung 1 cach co ban tat ca cdc ngudn phét xung nhip , chi cho phép céc
module di bo hoat dong

Chua y rang néu 1 ngat khoi dong cap dugc str dung cho viéc danh thirc tir ché do
ngat ngudn Power-down , su thay d6i cap phai duoc gilr trong vai giai doan dé danh
thiec MCU . Tham khao cac ngat ngoai trong trang90 dé biét thém chi tiét .

Khi sy danh thire tur ché d6 ngit ngudn Power-down , ¢6 1 su chdm tré tir trang
thdi d4nh thirc xuét hién cho dén khi sy ddnh thic tré nén ¢d hiéu lyc . Piéu nay cho
phép bo dinh thoi dé khoi dong va trd nén 6n dinh sau khi hoan thanh qua trinh dimg
lai. Chu ki d4nh thirc dugc dinh nghia béi cdc cau chi CKSEL gidng nhau ma x4c dinh
chu ki Reset Time-out , nhu dugc mié€u ta trong ”Clock Sourse” trang 37

Che do tiet kiém dién Power-save

Khi ma céc bit SM2..0 duoc viét1a 011, 1énh SLEEP lam cho MCU dang nhap
vao ché do tiét kiém dién Power save . Ché d6 nay giong voi ché do ngat ngudn Power-
down , v6i 1 diém khac sau :

Néu Timer/Counter 0 bi khéa 1 cich khong dong bo , vi du Bit ASO trong thanh
ghi ASSR dugc cai dit , Timer/CounterQ s& chay trong sudt qud trinh ngt. Thiét bi nay
¢6 thé duoc danh thirc tr 1 sy tran Timer hodc 1 su kién so sanh dau ra tir
Timer/Counter0 néu 1 bit kich hoat ngit Timer/Counter twong tmg duoc cai dit trong
TIMSK , va céc bit kich hoat ngit chung trong thanh ghi SREG dugc cai dit

Néu Timer di bo khong bi khéa di bg ché do ngat ngué)n Power-down duoc
khuyén cdo thay thé cho ché d¢ tiét kiém dién PoWer —save boi vi thanh phan ctia cic
thanh ghi trong Timer di bd nén dugc coi nhu 1a khong xac dinh sau khi danh thic
trong ché do tiét kiém dién néu ASO 12 0.

Ché d6 ngti nay dimg co ban tt ca cdc bo phat xung nhip trir clkasy ,su cho phép
hoat dong chi trong cac module di bd , bao gém céc Timer/Counter 0 néu bi khéa di bo .

Ché d¢ cho Standby

Khi ma cdc bit SM2..0 duoc dat 1a 110 va xung nhip cia céc bo tao dao dong
thach anh Vél,b(f) cong huong bén ngpéi duoc lua chon , 1énh ,SLEEPllém cho MCU dang
nhap vao ché do cho Stand by . Ché do nay tuong tu nhu ché do ngat nguén Power-

Duykhanh8x1311 @ gmail.com 50




Hanoi University of Industry Datasheet ATMEGA 128

down voi ngoai 1¢ la cdc bo phat dao dong Oscillator dugc gilr trong qua trinh chay .
Tt ché do cho Standby , thiét bi dugc dénh thirc trong 6 chu ki xung nhip dong ho

Ché d6 cho mé rong

Khi ma céc bit SM2..0 duoc datla 111 va 1 xung nhip ctua by tao dao dong thach
anh/bd cong huong di dugc Iya chon , 1énh SLEEP 1am cho MCU truy nhap vao ché do
chd mo rong. Ché d6 nay thi gidng nhu ché d tiét kiém dién véi 1 ngoai 1é 1a bo tao
dao dong thi duoc giit trong khi dang chay . Tlr ché d6 chd mo rong Extended Standby ,
cdc thiét bi nay dugc ddnh thic trong 6 chu ki xung nhip.

Table 18. Active Clock Domains and Wake Up Sources in the Different Sleep Modes

Active Clock Domains Oscillators Wake Up Sources
MainClock | Timer TWI SPM/
Sleep Source Osc Address EEFROM Other
Mode Clkcpy| clke azn| Clkig| clkape| €lkagy| Ensbled | Enabled | INTT:O Match Timer 0 Ready ADC| 1D
die X X X X w2 X X X X X X
ADC
Moise x X x wa wa x x x x
Reduction
Power- e ¥
down
Power- 2 w2 Wil % Wil
save
Standby'" X XF X
Extended @) @) al @)
Standoy!" X X X X X X
Motes: 1. External Lrystal of [ES0nator SeleCied &5 CIOCK S0UICE

2. If ASObitin ASSR is set
3. Only INT3:0 or level interrupt INT7:4

Sw toi thiéu hoa ton hao cong suat nguon

C6 rat nhiéu yéu t6 phai xem xét khi c6 gang 1am cuc tiéu ton hao cong suét
ngudn trong 1 hé thong duogc dicu khién bai AVR . N6i chung ,cdc ché d6 ngu Sleep
nén dugc su dung tbi da c6 thé ,va ché do chod nén duge lua chon vi vay mdt vai chuic
nang cta thiét bi dang hoat dong . T4t ca cic chirc ning khong can thiét thi nén bi vo
hiéu héa . Pic biét , cdc module dudi day cé thé can su xem xét dac biét khi cb gang dé
dat duoc su ton hao nguén thép nhét c6 thé

B6 chuyén doi tir Analog sang Digital
Néu duoc kich hoat , bo Chuyén ddi ADC sé& duoc kich hoat & trong cac ché do

ngu Sleep . Dé tiét kiém ngudn , bd ADC nén duoc v6 hiéu héa trude khi truy nhap vao
bat ctr ché do ngu Sleep nao . Khi bd ADC duoc tat va bat tré 1ai , sy chuyén doi tiép
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theo s& 12 1 su chuyén ddi mé rong . Tham khéo phan bo chuyén ddi tir twong tu sang
s0 ¢ trang 230 dé biét thém chi tiét hoat dong ctia ADC .

B so sanh twong tw

Khi truy nhép vao ché do Idle , bd so sénh tuong tuy nén dugc vo hi¢u hda néu
duoc sir dung . Khi truy nhap vao ché d6 giam nhiéu ADC , bd so sanh Analog nén
duoc vo hi¢u héa . Trong céc ché do ngu khac , bo so sinh Analog bi v6 hi¢u héa 1
céach ty dong . Tuy nhién , néu bd so sanh Analog dugc cai dat dé sur dung nhu 1a mot
dién thé trong tham chiéu nhu 1a dau vao , bd so sanh Analog nén dugc vo hiéu hda
trong tat ca cdc ché do ngu . N6i cach khac , di¢n dp trong tham chiéu s& duoc kich hoat
, phu thudc vao ché 6 ngti . Tham khao bd so sdnh Analog & trang 227 dé biét thém chi
tiét vé cdch cdu hinh b so sdnh Analog

B¢ do sw yéu nguon Brown-out

Néu b do Brown-out 12 khong can thlet trong ung dung , module nén duoc tit .
Néu bd do Brown-out dugc kich hoat bang cau chi BODEN , né sé& dugc kich hoat
trong tat ca céc trong tat ca cdc ché d6 nga , va do d6 , ludn luon tieu hao nguon Trong
cic ché d6 ngu sau hon ( deeper sleep ) , diéu nay s& déng gép dang ké vao tong tén hao
cOng suat trong mach. Tham khao thém phan “Brown-out Detector “dé biét thém chi
tiét vé cdch cu hinh bd do sy yéu ngudn

Pién ap chuin bén trong ( Internal Voltage Reference )

Dién ap chuén bén trong s€ duoc kich hoat khi can boi B0 do su yéu ngué)n, bd
so sdnh twong tu , va bd chuyén d6i ADC . Néu céc module nay bi v6 hiéu héa nhu 12
da dugc mo ta trong phan trén , Dién dp tham khao (Internal Voltage Reference ) s€ bi
v0 hi¢u hoa va no sé lam t6n hao ngudn . Khi dugc bat tro lai , nguo1 st dung phai cho
phép truy xuat dé khoi dong trudc khi dau ra duoc sir dung . Néu su truy xuit nay bi giur
lai trong ché do ngu thi du ra c6 thé duoc st dung ngay lap tirc . Tham khao thém phan
‘Internal Voltage Reference “ ¢ trang 54 dé biét thém chi tiét vé thoi gian khoi dong

Timer Watchdog

Néu timer watchdog khong can thiét trong chuong trinh tng dung thi module nay
nén duoc tit . Néu nhu Timer watchdog duogc kich hoat, né s¢ duoc kich hoat trong tat
ca cdc ché d6 ngti , va do d6 n6 ludn ludn tiéu hao coéng suat ngudn , . Trong cédc ché do
ngt siu hon , diéu nay s& gép phan ddng ké vao tong ton hao ctia mach dién . Tham
khao phan Timer watchdog & trang 55 dé biét thém chi tiét vé cdch ciu hinh Timer
watchdog.
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Cac chan cong

Khi truy nhgp vao 1 ché d6 ngu , tat ca cdc chan cong nén duoc Cau hinh dé t6i
thiéu héa cong sudt stir dung . Diu quan trong nhit 1a sau d6 bao dam ring khong c6
chin nao diéu khién céc tai thuan trd . Trong cdc ché do ngu khi ca 2 xung nhip I/O
(clkyo) va xung nhip ADC (clkADc) bi dung lai thi bo dém dau vao cta thiét bi sé bi vo
hiéu héa . Piéu nay dam bao rang khong c6 cong suat nguon bi tiéu hao bai dau vao
logic khi khéng can thiét. Trong mot vai trudng hop, cong vao logic 1a can thiét cho
viéc do tim diéu kién thic day (wake-up conditions) va sau d6 né s€ duoc kich hoat lai .
Tham khao thém phan dau vao sb va cdc ché dd nga ¢ trang70 dé biét thém chi tiét vé
cac chan nao duoc kich hoat . Néu bo dém déu ra dugc kich hoat va céc tin hiéu dau
vao dugc g& bo di dong (floating) hodc c6 1 cAp tin hiéu tuong tu déng vao chin Vee/2

, thi bd dém dau vao s& sir dung ngudn thira .

Giao dién JTAG va hé thong dé 16i trén chip

Néu nhu hé thong do 101 trén chip duoc kich hoat bang cau chi OCDEN va chip
truy nhdp vao ché d6 ngit ngudn (Power down) hodc ché do ngu tiét kiém dién , ngudn
phat xung nhip chinh con lai duoc kich hoat . Trong céc ché d6 ngi khéc , diéu nay s&
déng gép dang ké vao tong hao hut dong dién . C6 3 céch khic nhau dé tranh diéu nay :

- v6hiéu héa Cau chi OCDEN

- V6 hiéu héa cau chi JTAGEN

- Viét 1 vao bit JTD ¢ trong thanh ghi MCUCSR

Chéan TDO thi duoc roi thay doi khi ma giao dién JTAG dugc kich hoat trong khi

bo diéu khién JTAG TAP dang khong chuyén dit liéu . Neu phan ciing dugc ket

ndi véi chan TDO khong dung lai 6 mot mirc logic , su tén hao cong suat ngudn

s& tang 1én . Chd ¥ rang chin TDI cho thiét bi tiép theo trong 1 chudi quét bao

gdm 1 sy dirng lai dé trdnh cdc van dé nay . Viéc viét bit JTD trong thanh ghi

MCUCSR 12 1 hodc di chuyén cau chi JTAG khong duoc 1ap trinh dé vo hiéu

héa giao dién JTAG
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VII . Piéu khién hé thong va Reset ( System Control and Reset )

Qua trinh Reset cia AVR

Trong sudt qué trinh Reset , tat ca cdc thanh ghi I/O duoc cai dat dén céc gid tri
khdi dau ciia ching , va chuong trinh bat dau thuce thi tir cdc vécto Reset ctia ching .
Cac 1énh duoc dat ¢ trong Vecto Reset phai 1a mot JMP — bude nhay hoan toan — chi
dan dén cic chuong trinh con dleu khién qua trinh Reset . Néu nhu chuong trinh khong
bao gid kich hoat mot ngudn ngat véc to ngat khong duoc sir dung , va doan ma
chuong trinh binh thuong c6 thé duoc dit tai cdc vi tri khdc nhau . Pay ciing 1a truong
hop néu nhu vecto Reset dang & trong khu vyuc tng dung trong khi cdc vecto ngit dang
¢ trong khu vuc khéi dong (Boot Section) hodc vice versa . Mach dién & hinh 22 chi ra
muc logic Reset . bang 19 x4c dinh cdc tham s6 dién ctua mach reset

Cic cong I/O cua AVR thi reset ngay 1ap tirc vé trang thai ban dau cua ching khi
ma ngudn reset tién hanh hoat dong . Khong can thiét bt ctr ngudn phat xung nao dé
chay

Sau khi nguén Reset vira dung hoat dong , mot bo dém tré duoc goi ra , kéo dai
Reset bén trong . Piéu nay cho phép ngudn huong toi cap d6 6n dinh trude khi hoat
dong duoc bat dau Chu ki dinh gid cta b dém tré dugc x4c dinh bang nguoi su dung
thong qua céc cu chi CKSEL . Céc lua chon khdc cho cdc chu ki tré dugc gidi1 thiéu
trong “clock Sourse” ¢ trang 37

Cac nguon Reset

Atmega 128 ¢6 5 ngudn Reset :

- Reset bat ngudn (Power On Reset). MCU thi Reset khi ma dién 4p ngudn cip
thap hon ngudng Reset bat ngudn (Power On Reset)

- Reset ngoai . MCU thi Reset khi 1 mtrc thip dugc dwa ra trén chin RESET
dai hon d6 dai xung ti thiéu

- Reset Watchdog . MCU thi Reset khi ma chu ki Timer watchdog hét han
(expires ) va watchdog duoc kich hoat

- Reset Brown-out .MCU s€ reset khi di¢n ap nguon cap Ve 6 dudi ngudng
Reset yéu dién 4p Brown-out (Vgor) va bo do yéu dién 4p (Brown-out
Detector ) duoc kich hoat

- Reset JTAG AVR . MCU thi Reset chi can ¢6 1 mic logic 1 & trén thanh ghi
Reset , 1 trong chudi quét cia hé thong JTAG . Tham khao phan IEEE 1149.1
(JTAG) Boundary —scan & trang 252 dé thém chi tiét
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Figure 22. Reset Logic
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Table 19. Reset Characteristics

Symbal

Parameter

Condition

Min

Typ

Max

Units

Power-on Rezet
Threshold Voltage
(rizing)

1.4

2.3

Power-on Reset
Threshold Voltage
ifalling) "

13

2.3

RESET Fin Threshold
Voltage

0.2 V.

0.85 Ve

Pulze width on RESET
Fin

1.5

us

Brown-out Reset
Threshold Voltage'®!

BODLEVEL =1

2.4

2.6

28

BODLEVEL =0

3.7

4.0

4.5

Minimum low voltage
period for Brown-out
Detection

BODLEVEL =1

BODLEVEL =0

ps

Brown-out Detector
hysteresis

100

mh

. The Power-on Reset will not work unless the supply voltage has been below

Vet (falling)

2. Vggr may be below nominal minimum operating voltage for some devices. For devices where
thiz is the case, the device i= tested down to Vo = Vgor during the production test. This guar-
antees that & Brown-out Reset will occur before Voo drops to & voltage where correct
operation of the microcontroller i= no longer guaranteed. The test is performed using
BODLEVEL=1for ATmegal2BL and BODLEVEL=0 for ATmegal2B. BODLEVEL=1 iz not
applicable forATmegal 28

Reset Power on

I xung reset bat ngué)n (POR) (Reset Power on) s€ dugc phat ra bdi mach do trén
chip . Cap do phat hién dugc dinh nghia ¢ bang 19 . Xung POR dugc kich hoat ¢ bat cir
dauVcc cap do phat hién thap . Mot mach POR c6 thé duogc su dung dé khoi dong Reset
Start-up , nhu 1a dé phat hién 1 su hong héc ¢ dién ap ngudn cap .

Mot mach Reset bat nguon (Reset Power on) (POR) bao dam réng céc thiét bi

duoc reset tir Idc bat ngudn . Khoang ngudng cua dién 4p Reset bat ngudn dugc dua ra

trong bo dém tré , cdi ma xdc dinh khoang thoi gian bao 1au dé thiét bj dugc giit trong
ché do0 RESET sau khi ma V¢ tang 1€n . Tin hi¢u Reset dugc kich hoat tro lai , ma

khong c6 bét ¢t tré nao , khi ma Ve giam dudi mure phat hién (detection level )
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Figure 23. MCU Start-up, RESET Tied to Vae.
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Figure 24. MCLU Start-up, RESET Extended Externally
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Reset ngoai ( External Reset )

Mot tin hiéu Reset ngoai duoc phit ra boi 1 miic thap ¢ trong chan Reset . Xung
Reset thi dai hon d6 rong xung cuc tiéu (xem bang 19 ) s€ phat ra tin hi¢u Reset du 1a
bd dinh thoi khong hoat dong . Cac xung ngan hon thi khong bao dam dé phit ra tin
hiéu Reset . Khi tin hiéu dit tién dan dén ngudng dién 4p ngudng Reset — Vrgr 0 trén
suon duong cia né , bo dém tr8 khoi dong MCU sau khi chu ki thoi gian chod troyr vira
hét han .
Figure 25. External Reset During Operation
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Sw do yéu dién ap

Atmega 128 c¢6 mot mach do yéu dién dp ¢ trén chip dé theo doi mirc Ve trong
sudt qud trinh hoat dong bang viéc so sianh né véi mue khoi dong . Mirc khdi dong cho
BOD c6 thé dugc Iya chon béi cau chi BODLEVEL 12 2,7 V (BODLEVEL khéng dugc
1ap trinh ) hodc 4.0V néu BODLEVEL duoc 1ap trinh ) . Cap khoi dong sé& c6 1 do tré
dé bao dam dau doc 1ap cua bd do dién ap thép . Do tré trén cép do nén duoc dién dich
nhu la Vgor, = Veor + YHYST/ 2va Vgor. = Vpor — Vayst/ 2‘ .

Mach BOT c6 thé duoc kich hoat hodc vo hi¢u héa bang cau chi BODEN . Khi
ma cau chi BOD dugc kich hoat (BODEN dugc lap trinh ) , va Ve giam vé gid tri
bén dudi muce khoi dong (Vpor. trong hinh 26 ) , Reset yéu dién 4p ngay lap tirc duoc
hoat dong Khi ma V¢ tang trén cap khéi dong (Veors trong hinh 26 ) , bo dém thoi
gian tré khoi dong MCU sau chu ki thoi gian chd troyr vira hét han

Mach BOD s& chi do 1 su sut giam dién 4p Ve néu nhu dién dp & dudi cap khai
dong lau hon tgop dugc dua ra trong bang 19

Figure 26. Brown-out Reset During Operation

i |
Ve o = - === NanTs

RESET

TIME-OUT —wmour—{—

INTERMAL
RESET

(

Reset watchdog

Khi watchdog hét thoi gian chd , né sé phat ra 1 xung Reset ngan cua 1 | khoang
thot gian 1 chu ki xung nhip CK.. Trén suon xudng cua xung nay thoi gian tre bat dau
viéc dém chu ki thoi gian cho troyr . Tham khao trang 55 dé biét thém chi tiét vé hoat
dong cua Timer watchdog

Figure 27. Watchdog Reset During Operation
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Thanh ghi trang thai va diéu khién MCU - MCUCSR

Thanh ghi trang théi va diéu khién MCU cung céap thong tin vé nguon xung Reset
nao la nguyén nhan cua mot tin hi¢u Reset
Ba T ] 5 4 3 Z i 0
| JTD | = | = | JTRF | WORF | BORF | EXTRF | FORF | MEUCSR

ReadWrite AW R R RW AW AW AW RwW
iniflal Value il 1] 1] See Bit Deacription

Chd y rang chi EXTRF va PORF la kha dung & trong ché do twong thich v&i Atmega
103
Bit4 — JTRF : co Reset JTAG

Bit nay duoc cai dit néu 1 tin hiéu reset dang bi gdy ra béi mot muc logicl trén
thanh ghi Reset JTAG dugc lya chon béi 1énh JTAG AVR_RESET . Bit nay dugc
Reset bang 1 tin hiéu Reset bat ngudn ( power on ) , hodc bang viéc viét muc logic 0 1én
co
Bit 3 — WDREF : co reset Watchdog

Bit nay duoc cai dat néu tin hiéu Reset Watchdog xuét hién . Bit nay duoc Reset
badil tin hiéu Reset bat nguén (power — on) , hoac viét mirc logic 0 1én co
Bit 2 — BORF co Reset yéu dién dap Brown-out

Bit nay dugc reset néu 1 tin hiéu reset Brown-out xuét hién . Bit nay duoc Reset
badil tin hiéu Reset bat nguén (power — on) , hoac viét mirc logic 0 1€n co
Bit 1 — EXTREF : co Reset ngoai

Bit nay duoc cai dat néu 1 tin hiéu reset ngoai xuét hién . Bit nay dugc Reset
boil tin hiéu Reset bat ngudn (power — on) , hodc viét muc logic 0 1én co
Bit O — PORF : cO Reset bat nguén (Power-on )

Bit nay duoc cai dat néu tin hiéu Reset Power-on xuét hién . bit nay duogc reset
chi bang viéc viét muc logic 0 1én c&

Dé hiéu céch sir dung cua cdc cd Reset voi 1 didu kién Reset giéng nhau , ngudi
sir dung nén doc va sau d6 reset thanh ghi MCUCSR dé dang trong lap trinh . Néu nhu
thanh ghi bi x6a trudc 1 tin hi€u reset khac xuét hién , nguén ctia tin hiéu reset c6 thé
duoc tim thdy bang viéc khao sét cdc co reset

Su tham khao dién ap bén trong

Atmega 128 c¢6 1 vung tham khao ¢ bén trong (internal bandgap reference ) .
Piém chuan nay duogc st dung cho su do yéu dién 4p (Brown-out Detection) , va né c6
thé duoc sir dung nhu la 1 dau vao dén b so sdnh tuong tu hoac bd Chuyén doi ADC .
Moc chuan 2.56 V dén bd chuyén ddi ADC duoc sinh ra tir Viing tham khao bén trong
(internal bandgap reference)

Tin hi€u kich hoat dién 4p tham khéo va thoi gian khoi dong ( Voltage Reference
Enable Signals and Start-up Time )
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Chuan dién 4p c6 1 thoi gian khoi dong cdi ma 6 thé anh hudng dén phuong
phép né nén dugc st dung . Thoi gian khéi dong duge dua ra trong bang 20 . Dé tiét
ki¢m dién , di¢n ap chuén thi khong ludén ludn duogce bat . Dién dp chuén thi duoc bat
trong sudt cdc trudong hop dudi ddy :

- Khi ma BOD dugc kich hoat ( bang cach lap trinh cau chi BODEN )

- Khi ma viing dién dp chuan duogc két ndi téi bd so sanh analog ( bang viéc cai

dat bit ACBG trong thanh ghi ACSR )

- Khi ma bd chuyén d6i ADC dugc kich hoat
Nhu vay , khi ma BOD khong duoc kich hoat , sau khi cai dat bit ACBG hoac kich hoat
ADC , nguoi str dung phai ludn ludn cho phép méc chuan (reference ) dé khoi dong
trudce khi dau ra tir bo so sanh tuong tu hodc bo chuyén d6i ADC duoc st dung . Dé
giam ton hao cong suat trong ché d6 tat nguon ngudi str dung c6 thé tranh 3 dleu kién
bén dudi dé dam bao rang mbc chuan duoc tit trude khi truy nhap vao ché do tit ngudn

Power- down
Table 20. Internal Voltage Reference Characteristics

Symbol Parameter Min Typ Max Units
Vs Bandgap reference voltage 1.15 1.23 1.40 v
teq Bandgap reference start-up time 40 70 ps
lgs Bandgap reference current consumption 10 i)

Timer watchdog

Timer watchdog thi bi khéa tir 1 bd tao dao dong trén chip riéng biét cdi ma chay
o 1 MHz . Bay la gid tri dién hinh tai Voo = 5V . Xem dit liéu md ta dic tinh cho cdc
gia tri dién hinh & cdc mirc Ve khédc nhau . Bﬁng viéc diéu khién bo dém g0p trudc cua
Timer watchdog , khoang Reset watchdog c6 thé dugc diéu chinh nhu duoc chi ra trong
bang 22 trang 57 . Bit WDR — Watchdog Reset — hudng dan reset Timer watchdog .
Timer watchdog cling dugc reset khi ma né bi v6 hiéu héa va khi 1 tin hi€u reset chip
xuét hién. 8 chu ki xung nhip khic nhau c6 thé duoc Iya chon dé xéc dinh chu ki reset .
Néu chu ki reset hét han ma khong c6 tin hiéu Reset watchdog khéc , Atmega 128 reset
va thuc thi tir vecto reset . V& chi tiét bo dinh thoi trén Reset watchdog , tham khdo
trang 54

Pé ngan can sy vo hiéu héa vo tinh ctia watchdog hoic vo tinh thay d6i chu ki
time-out ,3 cap an toan khic nhau duoc Iira chon bang cau chi M103C va WDTON
dugc chi ra trong bang 21 . Mirc d6 an toan 0 twong g dé cai dat trong Atmega 103 .
Khong c6 han ché nao trong viéc kich hoat WDT trong bét cir cdp an toan nio . Tham
khao “timed Sequences for Changing the Configuration of the watchdog Timer “ 6
trang 58 dé biét thém chi tiét
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Table 21. WDT Configuration as a Function of the Fuse Settings of M103C and WOTOMN.

How to
Safety | WDTInitial | Howto Disable | Change
M103C WDTON Level State the WDT Time-out
Unprogrammed | Unprogrammed 1 Disabled Timed Timed
seqUEnce SEQUENCE
Unprogrammed | Programmed 2 Enabled Always enabled | Timed
SEQUENCE
Programmed Unprogrammed 0 Disabled Timed Mo
SeqQUEence restriction
Programmed Frogrammed 2 Enabled Always enabled | Timed
SEQUENCE

Figure 28. Watchdog Timer

WATCHDOG WATCHDOS ‘
OSCILLATOR '_E PRESCALER
TR EERE
1IEHEEEEEE
WETCHOOS 1R R B 1
RESET — ‘r MEIE
WORPD =,
WP =,
WDR2 =

L J

¥
MCLU RESET
Thanh ghi diéu khién Timer watchdog —- WDTCR
Ei 7 = s 4 3 2 1 1]
| - | - | - | WDCE | WOE | WDF2 | WOF1 WDFD | WOTCR
Read/\Write R R R RAW RW AW RAW AW
Initis e o o o 0 0 0 0 Q

Bit 7..5 — Res : cac bit du trix

Cé4c bit nay l1a céc bit du trir trong Atmega 128 va lu6én luén duoc doc 1a 0 .
Bit 4 —- WDCE : kich hoat thay d6i watchdog

Bit nay phai dugc cai dat khi ma bit WDE duoc ghi mirc logic O . N6i cach khac
watchdog s& khong bi vo hiéu héa . mbi 1an viét 12 1, phan cting s& xGa bit nay sau 4
chu ki xung nhip. Tham khao phan miéu ta ctia bit WDE cho vé thii tuc vo hiéu héa 1
watchdog .Trong cdc cip an toan 1 va 2 bit nay ciing phai dugc cai dit khi ma sy thay
d6i céc bit ctia bd dém gop trude (prescaler ) . Xem thém phan “timed Sequences for
Changing the Configuration of the watchdog Timer) trang 58 dé biét thém chi tiét
Bit 3 — WDE : kich hoat watchdog

Khi ma WDE duoc viét 1a 1, Timer watchdog duoc kich hoat , va néu WDE
duoc viét muc logic 0 , thi cc chirc ning ctia Timer watchdog bi v6 hiéu héa . WDE c6
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thé chi bi x6a néu nhu WDCE c¢6 murc logic 1a 1 . Bé v6 hiéu héa 1 Timer watchdog
dugc kich hoat , céac quy trinh dudi day phai dugc tuan theo
1. trong su hoat dong gidng nhau , viét mirc logic 1 1én WDCE va WDE . 1 mtc
logic 1 phai duoc viét 1én WDE cho dit n6 duoc cai dit trude khi hoat dong
vd hi¢u héa bét dau
2. Trong vong 4 chu ki xung nhip ké tiép , viét muc logic 0 1én WDE . Piéu nay
vO hi¢u hoa watchdog
Trong cap an toan 2 , n6 khong thé thyc hién dé vo hiéu héa Timer watchdog ,
tham chi v&i thuat todn dugc mo ta bén dudi . xem ““ timed Sequences for
Changing the Configuration of the watchdog Timer” ¢ trang 58 .
Bit 2..0 - WDP2, WDP1 , WDPO : Bo dém gop trudc 2,1,0 cia Timer watchdog
Cac bit WDP2, WDP1 , WDPO xac dinh viéc dém g0p trudce cua Timer
watchdog khi ma Timer watchdog dugc kich hoat . Gi4 tri viéc dém g0p trude khac
nhau va céc chu ki thoi gian cho tuong ing cua ching dugc chi ra trong bang 22

Table 22. Watchdog Timer Prescale Select

Mumber of WDT Typical Time-out | Typical Time-out
WDP2 | WDP1 | WDPO Oscillator Cycles at Voo = 3.0V at Vgp = 5.0V

0 a a 16K (16,364) 14.8 ms 14.0 ms
0 0 1 32K (32,768 28.6 ms 26.1 ms
0 1 0 G4K (65 536) 58.1ms 56.2 ms
0 1 1 128K (131,072) 012s 0.11 s
1 0 a 256K (262,144 0.24s 0.22 =
1 0 1 512K (524,288) 047 = 0.45 =
1 1 0 1,024K (1,048,576) 085= 0.9=

1 1 1 2, 048K (2,097152) 18s 1.65

Doan code vi du dudi ddy chira 1 ham assembly va C cho viéc tait WDT . Vi du nay
gia dinh ring cic ngit da dugc dleu khién ( vi du bang cdch vo hiéu héa cdc ngit chung
) vi vdy s& khong c6 ngit nao xudt hién trong sudt qud trinh thyc thi cdc ham nay .
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Assembly Code Example

Ressc WDT
wdr
in rl16, WDTCR
rite logical one to WDCE and WDE

rat

C Code Example

void WDT_off(woid)
{
{* Reget WDT*/
_ watchdog_reset() ;

Cac chudi dwge dinh thoi cho viée thay ddi ciu hinh cia Timer watchdog

Céc chudi cho viéc thay ddi cAu hinh khéc biét khong dang ké giira 3 cap an toan
. Phuong phdp phan chia thi dwgc miéu ta cho mdi cap

Cép an toan 0

Ché d6 nay thi twong thich v6i hoat dong cua Timer watchdog dugc tim thay
trong Atmega 103 . Timer watchdog thi bi v6 hiéu héa tir ddu , nhung khong thé duogc
kich hoat bang viéc ghi bit WDE 1a 1 ma khong c6 bat ctr sy han ché nao .Chu ki thoi
gian chd c6 thé bi thay doi tai bat ctr thoi gian nao gidi han . Dé vo hiéu héa mot 1
Timer watchdog da kich hoat , thi quy trinh dugc miéu ta & trang 56 (su miéu ta Bit
WDE) phai dugc tuan theo .

Cép an toan 1

Trong ché d nay , Timer watchdog bi v6 hiéu héa tir ddu , nhung c6 thé dugc
kich hoat bang viéc viét bit WDE 1a 1 dit cho bt ¢t sy ngan can nao . 1 chudi dugc
dinh thoi 12 can thiét khi viéc thay ddi chu ki thoi gian cho cia watchdog hodc viée
vO hi¢u héal Timer watchdog da kich hoat. Pé vo hiéu héa 1 Timer watchdog da kich
hoat,va/hodc thay ddi thoi gian chd watchdog , céc quy trinh duéi ddy phai duoc tuan
theo :
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1. trong hoat dong gidng nhau , viét mirc logic 1 1én bit WDCE va WDE . Mot
muc logic 1 phai dugc ghi bat chap gid tri trudc cua bit WDE

2. Trong vong 4 chu ki xung nhip ké tiép , trong cdc qua trinh diéu khién gidng
nhau , viét cdc bit WDE va WDP nhu y muén nhung véi bit WDCE da duoc
x6a

Cép an toan 2

Trong ché do nay , Timer watchdog Iudn ludn dugc kich hoat , va bit WDE s&
1udn ludn duoc doc nhu 1a 1. mot chudi duoc dinh thoi 1a can thiét khi thay doi chu ki
thoi gian chd ctia watchdog . Dé thay d6i thoi gian chd cia watchdog , céc quy trinh
dudi day phai duoc tuan theo :

1. Trong cdc qu4 trinh diéu khién gidng nhau , viét muc logic 1 len WDCE va

WDE . Cho dit WDE luén dugc cai dit , WDE phai duoc viét 1a 1 dé khoi
dong chudi dugc dinh thoi

2. Trong vong 4 chu ki xung nhip ké tiép ,trong cdc hoat dong gidng nhau , viét

cdc bit WDP nhu gid tri mong mudn , nhung véi bit WDCE da duoc x6a. Gid
tri duoc viét 1én bit WDE thi khong thich hop
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VIII . Céc ngit

Phan nay miéu ta cic dic trung cua viéc sir Iy ngat nhu duoc chay trong Atmega
128 . Bé cho mot su dién ta chung vé viéc st ly cdc ngdt cua AVR , tham khdo phan
“Reset va st 1y ngat “ ¢ trang 15

Céc vecto ngit trong Atmega 128

Table 23. Rasatand Intarrupt Vactars

Vector Frogram
Ma. Address?' | Source

Interrupt Definition

0000 RESET

External Fin, Power-on Reast, Brown-out Reast,
Watchdog Reast, and JTAG AVA Reast

2 S0002 INTD External Imermupt Regueal 0

3 S0004 INTY External Interrupt Regueat 1

d S0005 INTZ External Imerupt Requeal 2

5 S0008 INTZ External Imterrupt Requeat 3

& 0004 INT4 Extemal Imterrupt Regueat 4

T 20000 INTS External Interrunt Regueal 5

] S000E INT& External interrupt Regueal &

= 0010 INTT External interruot Requeat 7

0 0012 TIMERZ COMP TimenCounter2 Compare Maich
50014 TIMER2 OVF TimenCounterz Cnerfiow

12 0018 TIMER1 CAPT TimeriCountert Capiure Event

13 50018 TIMER1 COMPA | TimenCounteri Compars Maich A

14 0014 TIMER1 COMPE | TimerCounier! Compare Maich B

15 20018 TIMER1 OVF TimeriCounart Overflow

18 S001E TIMERDQ COMP TimerCounierd Compare Maich

17 0020 TIMERD OVF TimenCounterd Crverfiow

18 S0l SPl, 8TC 5P| Serisl Trangler Complets

h=] 0024 USARTD, RX USARTD, Rx Complets

i) S0026 USARTO, UDRE | USARTO Data Regigier Empty

-y 0028 USARTD, TX USARTD, Tx Complets

2 20024 ADG ADC Convergion Compleis

23 20020 EE READY EEFPROM Rieady

24 S002E AMALDSG COMP

25 00309 | TIMER1 COMPC G

25 0052 TIMERS CAFT

7 00349 | TIMERS COMPA, A

25 L0035 TIMERZ COMPB | TimerCounter3 Compare Maich B

2 S00EE TIMER3 COMPC | TimernCounter3 Compars Maich G

30 00547 TIMERS OVF TimerCounterd Onerfow
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Table 23. Reset and Interrupt Vectors (Continued)

Vector Prngran?__
MNo. Address'< Source Interrupt Definition
31 %003CH USART1, BX USART1, Rx Complate
32 S003E# USART1, UDRE USART1 Data Register Empty
33 0040 USART1, TX USART1, Tx Complete
34 500425 TWI Two-wire Serial Interface
35 00445 SFM READY Stare Program Memory Ready

Fotes: 1. When the BOOTRST fuse is programmed, the dewvice will jJump to the Boof Loader address at
reset, see ‘Boot Loader Support — Read-While-Write Self-Programming” on page 273.
2. When the INSEL bit in MCUCR is set, interrupt vectors will be moved to the start of the Boot
Fash section. The address of each interrupt vector will then be addresas in this table added to
the astart address of the boot Flash section.
3. The Interrupts on address $0030 - $0044 do not exist in ATmegal03 compatibility mode.

Bang 24 chi rasy bd tri cic vecto ngat va Reset cho sy két hop khdc nhau cua viée cai
dit BOOTRST va IVSEL . Néu chuong trinh khong bao gio kich hoat 1 ngudn ngit ,
cdc vecto ngét thi khong duoc sir dung , 1 doan code chuong trinh thong thuong c6 thé
duoc dit vao trong cic vi tri nay . DAy ciing 12 trudng hop néu vecto Reset & trong
doan chuong trinh tng dung trong khi cdc vecto ngt thi & trong khu vuc khai dong
Boot section hoac vise

versa
Table 24. Reset and Interrupt Vectors Placement
BOOTRST IMSEL Reset Address Interrupt Vectors Start Address

1 o S0000 0002
1 1 50000 Boot Reset Address + $0002
o o Boot Reset Address 0002
o 1 Boot Reset Address Boot Reset Address + 0002

Mote: The Boot Reset Address iz shown in Table 112 on page 284. For the BOOTRSET fuse “17" means

unprogrammed while 0" means programmed.

Céc cai dit chuong trinh chung va thong dung nhit cho viéc dat dia chi cdc vecto ngit
va vecto Reset cua Atmega 128 1a
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Address LabelsCode

Er A gl
O Cizd Jmp
ShD2E Jmm USART O _TIFE !

jm AD
ER e hed R
£002 jmp EE_RDY¥
E003E jap ANA_CTMB  »
SO020 jop TIMI_OOMPC ;
£0022 jmp TIMI_CRPT
E0034 jmp TIMI_CaMEA
EDQDIAE =4=m TIM1 COMER
SOO3E jop TIMI_OOMPC ;
E003a Jjmp TIMI_OVF
=z =
sO03c jmp USARTI_FC: U
SOO03E jap USART1_DRE
jmp USARTL_THC
jmp WI er
sO0dd jmp SEM_RTV
RESET :1dirlf, high{RAMEND]|; Merin progrem stert
out BPH, Tl Set steack pointer to top of RAM
14i rlE, lLow{RAMEND
ocut SFL,xlE
sei Eneble incerrupts

<instrs aooc

Khi ma cau chi BOOTRST khong duoc 1ap trinh , kich ¢ cta khu vuc khoi dong
duoc cai dat 1én 8K bytes va bit IVSEL trong thanh ghi MCUCR dugc cai dét trudc khi
bat clr ngat nao dugc kich hoat, cac cai dat chung va thong dung nhat cho cac dia chi

vecto ngat va Reset 12
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Addresz LabelsCode Comments
£0000 RESET:1d1i rlg, high({RAMEND) ; Main program start
S0001 sut SPH, rla ; Set stack peinter to tep of RAM
50002 1di rlé, low |RAMEND )
0003 sut SFL, rls
50004 zel ; Enable interrupts
50005 <instr> ex
org SF002
SFO02 s EXT _INTO IRQ0 Handler
57004 Jop EXT_INT1 ; IRQ1l Handler
SFO44 s SPM_ ROV ; Store Program Memory Ready Handler

Khi cau chi BOOTRST dugc lap trinh va do 16n k,hu vuc khéi dong cai dit 1én
8K bytes , cai dit chuong trinh chung va thong dung nhat cho céc dia chi cua Vecto

ngit va Reset 12

Address LabelsCode

arg 50002

s000z2 Jop EXT_INTO
50004 o] ZXT INT1

L
L
L
i
i
L. .
m
[
d
"
il
1
[T

[
L]
L

LA
"y

n]

[ T i T i T s T e O
i T s s T s T T

LR T

Uy -
=
o
i
i1
n
I
'
[}

[

[}

H

ey
[}

L
|

out SPL, rlé

sei

L L Ay
o bl ot

<instrs ook

16, high (RAMEND) ;

Comments

; IRQO0 Handler

: IRQ1 Handler

; Store Program Memory Ready Handler

Main program start

; Set stack pointer te tep of RaM

14i rla, low (RAMEND)

: Enable interrupts

Khi ma ciu chi BOOTRST duoc lap trinh , kich c& khu vuc khéi d(f)r}g dat 1én 8K
bytes va bit IVSEL trong thanh ghi MCUCR dugc cai dat trude khi cac ngat dugc kich
hoat , cai dat chuong trinh chung va dién hinh nhat cho céc dia chi céc vecto ngat va

Reset la

Address Labels Code Comments

Lorg SFO0O0

e7000 4 e . .

5Fa00 Jmge RESET ; Reset handler

SFO02 oy =) EXT INTO0 ; IRQO0 Handler

SFO04 Jmp EXT _INT1 ; IRQ1l Handler

7044 oy =) SPM_ERDY¥Y ; Store Program Memory Ready
57046 RESET: 1di rlg, high(RAMEND) ; Main program start
5F047 cut SPH, rls ; Set stack pointer te tep
7048 1l4i rld, low |RAMEND )

cut SPL, rlA

[E]

z=ei

i T i I )

Hi

A

L Ly Aah
TR |

<instr» oo

Enable interrupts

Handler

of RAM
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Viéc di chuyén céc ngit gita cdc chuong trinh tng dung va khong gian khéi dong (
Moving Interrrupts Between Application and Boot Space )

Thanh ghi diéu khién cdc ngét chung diéu khién viéc sép xép vi tri ctia bang cdc
vecto ngét .

Thanh ghi diéu khién MCU - MCUCR
Bit T 6 5 1 3 2 - 0
f SRE | SRWio | SE | sSWmi1 | SMo [ sM:2 IVSEL WCE ]| mecucr
Read Write AW RAN RAW AW RAW RAW RAW AW
Initizl Valua ] 0 0 0 0 0 0 0

Bit 1 —IVSEL : lya chon cac vecto ngét

Khi ma bit IVSEL bi x6a (0 ) , cac vecto ngét duoc dat vao vi tri bat dau cua bd
nh¢ Flash . Khi bit nay dugc datla 1, cac vecto ngét duoc di chuyén dén vi trf bét dau
cua khu vyc tai ché do khéi dong & trong bd nhd Flash . Dia chi hi¢n thoi cua vi tri bat
dau ctia khu vuc khoi dong trong bd nhd Flash (Boot Flash section ) dugc xdc dinh boi
cdc cau chi BOOTSZ . tham khao phan “Boot Loader Support “ va “Read-while- write
Self-Programming ¢ trang 273 dé thém chi tiét . Dé tranh cdc thay ddi vo tinh ctia cic
bang cdc vec to ngat , 1 quy trinh ghi dic biét phai dugc tuan theo dé thay doi bit
IVSEL :

1. Viét bit kich hoat thay ddi vecto ngat (IVCE) la 1

2. Trong vong 4 chu ki xung nhip , viét gi4 tri mong mudn 1én IVSEL trong khi

viét 12 0 1én bit IVCE

Cac ngét s& bi vo hiéu héa 1 c4ch tu dong trong khi chudi nay duoc thi hanh , cic

ngat bi vo hiéu héa trong chu ki IVCE duoc cai dit . va phan du cia ching bi vo

hiéu héa cho dén sau khi 1énh bén duéi duoc viét vao IVSEL. Néu nhu IVSEL

khéng dugc ghi , cdc ngit con lai bi vo hiéu héa trong 4 chu ki xung nhip . Bit I

trong thanh ghi trang thai thi khong bi tdc dong bai viée vo hi¢u hoda ty dong

Chd ¥ rang : Néu cdc vecto ngit dugc dit ¢ trong khu vuc tai qud trinh khéi dong

va bit khéa qua trinh khéi dong BLB02 duoc 1ap trinh , cic ngét s€ b1 vO hiéu

héa trong qud trinh thyc thi tir khu vuc tmg dung . Néu cdc vecto ngat duogc dat

trong khu vuc chuong trinh tng dung va céc bit khéa Boot BLB02 duoc lap

trinh, cdc ngdt bi v6 hiéu héa trong khi qu4 trinh thue thi tir khu vuc tai qud trinh

khdi dong . tham khao thém phan “Boot Loader Support “ & trang 273 dé biét

thém chi tiét vé cdc bit khéa BOOT
Bit 0 — IVCE : kich hoat thay d6i c4c vecto ngat

Bit IVCE phai dugc ghi 1én muc logic 1 dé kich hoat thay doi ctia bit IVSEL.
IVCE thi bi x6a bang phan ctng 4 chu ki xung nhip sau khi né duoc viét hodc khi
IVSEL duogc ghi . Viéc cai dat bit IVCE s¢€ vo hi¢u hda cac ngét , nhu 12 duoc dién ta
trong phan miéu ta IVSEL bén trén . Xem doan code vi du bén dudi
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Assembly Code Example

Move_ _interrupts:

* Ernaple changes of interroppts wveaectors *
MCUCR = le<IWCE)

ve interrupts toe boot flash section
MCOIHCR = 1wsIWS=1)
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IX . Cac cong vao ra ( I/O port)
Gi6i thidu

Tat ca cdc Céng vao ctia AVR déu c6 chirc ning doc-stra d6i-ghi khi dugc su
dung nhu la cac cong I/O digital chung . Diéu nay c6 nghia la huéng cia 1 chan cong
c6 thé dugc thay ddi ma co su thay d6i hudng vo tinh nao cua bat cir chin nao khdc véi
1énh SBI va CBI . Cii gidng nhu vay duoc 4p dung khi thay d6i gid tri diéu khién (néu
duoc cau hinh nhu 12 dau ra ) hodc viéc kich hoat/vo hiéu héa cia dién tré kéo 1én (néu
duoc ciu hinh nhu 12 ddu vao ) . Mdi bo dém dau ra c6 dic tinh diéu khién d6i xtimg véi
ca hai tan nhiét cao va nguén dién dung. Bo diéu khién chan thi ¢4 manh dé diéu khién
bd hién thi LED 1 cdch truc tiép . T4t ca cdc chan céng c6 dién tré kéo 1én c6 kha nang
lua chon riéng biét voi 1 tré khang bét bién ctia dién 4p nguodn cap . Tét ca cdc chan I/0
c6 céc diode bao vé dé ca 2 Ve va chan Ground nhu 1a dugc hién thi trong hinh 29 .
Tham khao “electrical characteristic” ¢ trang 318 dé c6 bang céc tham s6 day du .

Figure 29. |/O Pin Equivalent Schematic

PU

Logic

See Figure
General Digital I/0" for
Details

Tat ca cdc thanh ghi va cdc bit tham khéo & trong phan nay duoc ghi trong 1
mau chung .

Trong mot trudng hop thap hon “x” dai dién cho numbering letter cua cong , va 1 két
dudi (lower case ) “n” dai dién cho sb tht tu bit . T uy nhién khi viéc stir dung cac thanh
ghi hodc cdc bit xdc dinh trong 1 chuong trinh , mau chinh x4c phai duoc st dung . Vi
du PORTB3 cho bit s 3 trong cong B , dugc dan chitg chung chung nhu 1a PORTxn.
Thanh ghi I/O vat Ii va vi tri c4c bit duoc liét ké trong “Register Description for I/O
Ports “ & trang 87.

Ba vi trf dia chi bd nhd 1/0 thi dugc phan phéi cho mdi cong , 1 cho thanh ghi dur
liéu — PORTx , Thanh ghi dinh huong dir liéu — DDRx , va céc chén dau vao cua cong —
PINX. Vi tri I/O ctia dAu vao céc chan thi chi duge doc trong khi thanh ghi dir liéu va
thanh ghi dinh hudéng dit liéu dugc doc va ghi . Thém vao d6, bit vo hiéu héa dung lai
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— PUD trong SFIOR v6 hiéu héa chirc ning pull-up ctia cho tat ca cdc chan trong tit ca
cac cé)ng khi duoc cai dat.

Viéc sir dung céc cong vao ra nhu 1a cdc cong vao ra sé chung duoc miéu ta trong
“Ports as general Digital I/O” & trang 67 . Hau hét céc chan cong 12 da hop voi cdc ham
luan phién (alternate functions) cho céc dac tinh ngoai vi trén thiét bi . Cach ma mdi
ham luén phién gy nhiéu véi cic chan cong thi duoc miéu ta trong “alternate port
functions”trén trang 71 . Tham khao thém phan module riéng biét cho mdi cho 1 su
miéu ta day du ciia cdc ham luan phién (Alternate function)

Chd ¥ rang viéc kich hoat ham luan phién cta vai chan cong thi khong anh
huong dén viéc sir dung céc chan khéc trong cong nhur 1 cdc cong I/O s6 chung .

Cac cong nhw la I/O Ki thuit sé chung ( Ports as General Digital 1/0)

Céc cong 1a cdc cong 1/0 2 huéng voi xung lra chon bén trong (optinal internal
pull-up) . Hinh 30 chi ra 1 sy mi€u ta chttc nang cua 1 chan cong I/O , dugc goi chung
1a Pxn

Figure 30. General Digital /0"

| PUD
—<1 -
[= =1
QDxm
.. 4
I _l— Wh
RESET
2 N
| W
2
|EII_ al T o la
-\-\H"“I FOSTzn - ;ﬁ
B =
| I— WPx a
RESET
SLEEF ﬁ AR
L,,.-"'
SYNCHRONIZER
[ ——— N
o o
L & > = |
— (e
|______| [
) Whx WRITE DORx
PUD: PULLUP DISABLE FOx: READ DDRx
SLEEP: SLEEF CONTROL WP WRITE PORTx
clk . o cLocK R READ PORTx REGISTER
E FPxe RE&D PORTx PIN

Mote: 1. WPx, WDx, RRx, RPx, and RDx are comman to all pins within the same port. elk, ;. SLEER,
and PUD are commaon to all ports.
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Cau hinh cac chan

MBJi chan cong bao gdm 3 bit ding ki : DDxn , PORTxn , PINxn . Nhu 1a duoc
chira trong “° Register Description for I/O ports ¢ ¢ trang 87. Cac bit DDxn dugc truy
nhép tai dia chi /O DDRx , cdc bit PORTxn tai dia chi I/O PORTx va céac bit PINxn tai
dia chi I/0 PINx

Bit DDxn trong thanh ghi DDRx lya chon huéng cuia chan nay . Néu DDxn dugc
viét muc logic O , Pxn duoc cau hinh 1 nhu 1 chan dau vao.

Néu PORTxn duoc viét mirc logic 1 khi chan nay duoc cau hinh nhu 12 1 chan
dau vao , 1 dién tré pull-up dugc kich hoat . Dé tit dién trg pull-up , PORTxn phai
dugc viét 1a muc logic 0 hodc chan phai dugc cAu hinh nhu 13 1 chan dau ra . Cdc chan
céng thi ¢6 3 trang thai khi ma diéu kién Reset tré nén hoat dong , du cho khdng c6 bo
dinh thoi nao dang chay .

Néu PORTxn duoc viét mirc 1 khi ma chan nay duoc cAu hinh nhu 12 1 chan dau
ra , chan cong duoc diéu khién muc cao (1) . Néu PORTxn dugce viét mic logic 0 khi
ma chan duge cAu hinh nhu 12 chan dau ra , chan Céng dugc diéu khién & muc thép (0)

Khi bat tat giita 3 trang thai ({DDxn , PORTxn})=0b00 ) va dau ra cao ({DDxn ,
PORTxn} =0bl1, mdt trang théi trung gian vdi pull-up da kich hoat ({ DDxn ,
PORTxn}=0b01 ) hodc dau ra thap ({DDxn,PORTxn}=0b10 ) phai xut hién . Théng
thuong , pull-up da kich hoat trang thdi thi c6 thé truy nhap day da , nhu 12 mot méi
truong co tro khang cao s€ khong nhan biét su khéc nhau giita 1 b diéu khién manh va
mot pull-up . Neu déay khong phai la truong hop nay , bit PUD trong thanh ghi SFIOR
6 thé dugc viét 1a 1 dé vo hi¢u hoa tat ca cic pull-up trong tat ca cdc cong .

Viéc chuyén d6i gitra cong vao véi pull-up va cong ra thap 1am ndy sinh cic van
dé gidng nhau . Nguoi sir dung phai str dung 1 trong 3 trang thdi({DDxn , PORTxn} =
0b00 ) hoac trang thai dau ra murc cao ({DDxn , PORTxn }=0bl1 ) nhu la cac budc
trung gian

Bang 25 tém tit cdc tin hiéu diéu khién cho gi4 tri cta chin

Table 25. Port Pin Configurations

DDxn | PORTxNn | (in FSIII:I[JOF!} fle] Pull-up | Comment
0 0 X Input Mo Tri-state (Hi-2)
Pwn will source current if ext. pulled
0 1 0 Input Yas vy,
0 1 1 Imput Mo Tri-state (Hi-Z)
1 0 X Output Mo Output Low (Sink)
1 1 X Cutput Ma Cutput High (Source)
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Poc gia tri cac chian

Khong phu thudc vao viéc cai dat cac bit dinh hudng dir 1iéu DDxn , cdc chan
cong c6 thé duge doc thong qua bit thanh ghi PINxn . Nhu dugc chi ra trong hinh 30 ,
bit thanh ghi PINxn va then cai trudc cdu tao 1 cdch dong bo . Pidu nay 1a can thiét dé
tranh tinh nira bén néu nhu cdc chan vat If thay ddi gid tri gin suon cta xung nhip bén
trong (internal clock ) , nhung né ciing gi6i thidu 1 do tré . Hinh 31 chi ra 1 mach bo
dinh thoi cua su déng bd khi vi¢c doc 1 gid tri chan dugc dat & bén ngoai . Gia tri cuc
dai va cuc tiéu cua su tré lan truyén thi dugc ki hiu tuong Gng 1a t,q.max V2 tpdmin

Figure 31. Synchronization when Reading an Externally Applied Pin Value

SYSTEM CLK ' | ' E il

INSTRUCTIONS " 0k X XKX % inr7, PiNx X
SYMNC LATCH i |
PIMNxn E
7 i 000 i X ___OxFF
[ oo, mpx |
| L, m

Coi nhu chu ki xung nhip dugc bat dau ngan sau khi sudon xuéng dau tién cia
xung nhip hé thong . Then cai (latch ) thi dugc déng khi ma xung nhip thap , va trd
thanh trong sudt khi xung nhip & mirc cao , nhu 14 dwoc hién thi bang khoang béng ciia
tin hiéu “SYNC LATCH “ . Gi4 tri tin hiéu thi duoc chdt (latched ) khi ma xung nhip h¢
thong xubng muc thap . N6 bi khéa bén trong thanh ghi PINxn tai vi trf cua suon xung
nhip du’O’ng ké tlep Nhu 1a duoc hlen thi bang 2 dOng tpd max Va thd, min » MOt tin hi€u
chuyén tiép don trén chén sé& bi tré giita ¥2 va 1%2 cta chu ki xung nhip hé théng phu
thudc vao thoi gian trén cua sy xac nhan .

Khi viéc doc lai 1 ph?m mém da xdc nhan gid tri cua cdc chan, 1 1énh nop phai
dugc chén vao nhu 1a duoc hién thi trong hinh 32 . Lénh Out cai dit tin hi¢u “SYNC
LATCH * tai suon duong cua xung nhip . Trong truong hop nay , thoi gian tré tpa thOng
qua bo dong bo héa 1a 1 chu ki xung nhip hé thong .
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Figure 32. Synchronization when Reading a Software Assigned Pin Value

SYSTEMCLK | 8 |

DxFF;

nop ->< inr17, PINx ><

SYNC LATCH

r6

M STHUCT]DNS out PORTx, r1 E

PINxn
17 w00 X 0xFF
i tod i
—

Poan mi mau dudi day chi ra cach dé cai dit cdc chan 0va 1 cao va 2,3 thap cua cong
B, va xéc dinh cdc chan cong tir 4 dén 7 nhu 1 dau vao véi cdc pull-tip dugc gdn vao
céc chan 6 va 7. Két qua cdc gid tri cia chan dugc doc trd lai , nhung nhu 1a thdo luan
tu trude , mot 1énh nop thi bao gém céc gia tr1 hién thoi c6 thé doc tré lai duge gan dén
mot vai chan

Assembly Code Example'"!

MNote: 1. For the assembly program. bwo temporary registers are used to minimize the time from pull-
ups are seton pins 0O, 1, 6, and 7. until the direction bits are correctly set, defining bit 2 and =
== low and redefining bits 0 and 1 a=s strong high drivers.

Kich hoat diu vao ki thuit sé va cac ché d¢ nga ( Digital Input Enable and Sleep
Modes )

Nhu 12 dugce chi ra trong hinh 30 , tin hiéu dau vao s6 ¢ thé dugc kep (clamped
) voi dat & tai dau vao ctua mach khoi dong schmitt (schmitt —trigger ) . Tin hiéu dugc ki
hi¢u SLEEP trong hinh v& , dugc cai dat bang bo dleu khién che d6 ngu MCU (MCU
sleep controler ) trong ché d tit ngudn , ché do tiét kiém ngudn , ché do cho Standby
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mode , va ché d6 chd mé rong Extended Standby , dé tranh ton hao dién 4p cao néu
mot vai tin hiéu dau vao khong dugc ndi dat (left floating ) , hodc ¢6 mot tin hiéu twong
tu analog dong 1€n chan Vc/2

SLEEP duoc ghi @& 1én cdc chan cong di kich hoat nhu 1a cdc chan ngit ngoai
(External Interrupt ) . Néu céc truy van ngit ngoai khéng duogc kich hoat , SLEEP ciing
duoc kich hoat cho cdc chan nay . SLEEP thi ciing dugc ghi dé bang nhiéu ham chic
nang khéc nhau nhu la dugc miéu ta trong “ Alternate Port Function * trén trang 71 .

Néu nhu mtc logic cao (1) dugc dua ra trongl chén ngit ngoai di by dugc ciu
hinh nhu 13 “ sudn 1én trén ngat , suon xudng trén ngat , hodc bat ctr sy thay doi logic
nao trén chan “ trong khi ngat ngoai thi khong dugc kich hoat , sy twong mg ciia céc
co bao ngét ngoai s€ duoc cai dat khi tiép tuc tir cac ché do ngu dugc noi dén ¢ trén ,
nhu 12 kém trong cdc ché d6 ngti gdy ra truy van cdc thay ddi logic

Céc chan khong dwoc két ndi

Néu mét vai chan khéng dugce str dung , né duoc khuyén cdo dé dam bao rang
céc chan nay c6 mot cép xdc dinh . Mic du tt ca cdc dau vao sd bi vo hiéu hda trong
céc ché do ngd nhu 1a dugc miéu ta & trén , viéc ndi dit cdc dau vao nén duoc tranh dé
giam cic dong dién tén hao trong tat ca cdc ché do khac nhau noi ma cdc dau vio so
duoc kich hoat (Reset , Active mode va Idle mode)

Phuong phép don gian nhat dé ¢dam bao 1 cip xdc dinh cta 1 chan khong sir dung
, 12 dé kich hoat pull-up bén trong . Trong trudng hop nay , pull-up sé& bi v6 hiéu héa
trong sudt qué trinh Reset. Néu sy ton hao ngudn thap trong sudt qud trinh Reset 12
quan trong , n6 dugc khuyén cdo dé sir dung 1 pull-up ngoai hoac 1 pull-down . Viéc
két ndi céc chan khong stir dung mot céch truc tiép den Ve va GND thi khong duge
khuyén khich , tir khi viéc nay gay ra dong dién thira néu chin nay dugc cdu hinh ngiu
nhién nhu 12 1 daura .

Chiic niing cong luin phién

Tat ca cdc chan cong déu c6 chirc ning ludn phién bd sung vao dé tré thanh céc
1/0 s6 chung . Hinh 33 chi ra cach 1 chan cong diéu khién céc tin hiéu rit gon tir hinh
30 c6 thé duoc ghi d& bang cc cong chirc nang luén phién (alternate Functions ) . Sy
ghi d& tin hiéu c6 thé khong duoc dua ra trong tit ca cic chan cong , nhung hinh nay
phuc vu nhu 1a mot sy mi€u ta chung c6 thé 4p dung 1én tat ca cdc chan cong trong ho
vi diéu khién AVR
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Figure 33. Alternate Port Functions'”
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Mote: 1. WPx, WD, RLx, RPx, and RD= are common to all ping within the same port. clk,, SLEEP,
and PUD are common to all ports. All other signals are unigue for each pin.

Bang 26 tong két chitc nang cta cdc tin hiéu ghi d& (Overriding signals ) . C4c danh
muc céc chan va cong tir hinh 33 thi khong dugc chi ra trong cdc bang ké tiép . Céc tin
hi¢u ghi de thi duoc sinh ra bén trong cdc module c¢6 chiic nang luan phién ( alternate
Function )
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Tabkla 28, Ganaric Dascription of Owvarriding Signals far Atarnata Funstions.

Slgnal
Name Full Name Description
FLOE Pl H 1hia aignal I3 ast, the pul-up enabls i3 conirodisd by the
Oreerride Enabis PLOW 3ig 3 | T h - i3
W AT: = E
LI Puli-uap
Oresrrids Valus
DOGE D=tz Dirsction
Creerrice Enande
driver i3 enabled by the DDxn Reglaler Dit.
DDO Dtz Dirsction i DDOE I3 3=, the Ouitoul Drlver i3 enandedioiasinied
Oreerride Walues winen DDOAV a3 asticiearsd, repardisas of the aetling of the
D Dxn Reglaier oit.
PWOE Pao
Cir
PO Po =l
e va ola
DIEQE Dipitad |ngrt i tnda it ks 3=1, the Digha! Input Enabde i3 comtrodisd oy the
Enslbis Owverrids DIEOW gignal. If this gignal I3 cleared, e Digial Inpud
Emanie Emafils i determined by MOCU-gtals (Mormal mods, Slesn
misded ).
D EC Digital Impan H DIEGE i3 ast, the Digital Inpud i3 enabded/diasbled wihan
Enslbie Owerrids DIEOW i3 3.51. sarsd, regandiesa of the MCU atate
VaLe [Mormal mods, Sleen modsa).
] Dégitad 1mgpun ternate functona. in the
e oudput of the achmit
zar. Linlsas the Digital
inpust ks uaed aa a clock source, the moduls with the
aliernale functon will was 3 owen gynchronizer
AlD unakog Thia ka3 the Analog Inputioutput tofrom efternate functions.
I ot The algnal i3 connecied directly 1o the pad, and can be
uaed ol-directionalhy.

Vung nho bén dudi miéu ta chirc nang luan phién cho moi cong , va c6 lién quan dén
céc tin hiéu ghi d¢ 1én cac chirc nang luan phién . Tham khdo thém phan mo ta churc

nang luan phién dé biét thém chi tiét

Thanh ghi 10 chir nang dac biét —

SFIOR

Bi 7 & 5 4 3 2 o
| ™= | - | - | - | acmeE | PUD | PSRO | PSRE: | SFIOR

Rezd Write AW R R AW RAW RAN RAW

Initiz] Value 0 0 1] 1] ] 1]

Bit 2 — PUD : v0 hi€u hoa pull-up

Khi bit nay duoc viét 1a 1, pull-up trong cac cong I/O bi v6 hiéu héa di 1a thanh
ghi DDxn va PORTxn duoc cAu hinh dé kich hoat pull-ups ({DDxn , PORTxn }=0b01
). Xem phan c4u hinh cdc chan & trang 67 dé biét thém chi tiét vé dic diém nay .

Chirc nang luan phién caa cong A

Cong A c¢6 1 ham luan phién Alternate Function nhu 12 dia chi byte thap va dong di

liéu cho giao dién by nhd ngoai .
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Table 27. Port A Pins Alternate Functions

Port Pin Alternate Function
PAT ADT (External memory interface address and data bit 7)
PAS ADE (External memory interface address and data bit 6)
PAS ADS (External memory interface address and data bit 5)
A AD4 (External memory interface address and data bit 4)
PAS AD3 (External memory interface address and data bit 3)
Paz ADZ2 (External memory interface address and data bit 2)
a1 AD1 (External memory interface address and data bit 1)
FAD ADO (External memory interface address and data bit 0)

Bang 28 va 29 lién quan dén ham luan phién ctia cong A dén cic tin hiéu ghi d& dugc

chi ra trong hinh 33 trang 71.

Table 28. Overriding Signals for Alternate Functicns in PA7..PA4
Signal
MName PAT/ADT PAG/ADE PAS/ADS PA4/AD4
PUOE SRE SRE SRE SRE
PUCN | ~(WR | ADA™) » ~[WR | ADA) » ~(WR | ADA) » ~(WR | ADA) »
PORTAT » FUD FPORTAE » FUD PORTAS « FUD FORTA4 « FUD
DDOE SRE SRE SRE SRE
DoOV | WR | ADA WH | ADA WH | ADA WH | ADA
PVOE SRE SRE SRE SRE
PVOW | AT =ADA | D7 A= ADA | DS ASeADA | DS Ad » ADA | D4
OUTPUT » WR OUTPUT » WR OUTPUT » WR OUTPUT » WR
DIEQE | O 0 0 0
DIEQY | O o o o
Dl D7 INFUT D& INFUT D5 INFPUT L4 INFUT
AlD - - - -
MNote: 1. ADA is short for ADdress Active and represents the time when address is output. See “Exter-
nal Memory Interface”™ on page 26 for details.
Table 29. Overriding Signals for Alternate Functions in PA3..PAD
Signal
Mame PA3/ADS PAZ/ADZ PA1/ADA PAO/ADD
PUOE SRE SRE SRE SRE
PUCVY | ~(WR|ADA) = ~(WH | ADA) = ~(WH | ADA) » ~(WR | ADA) »
PORTAS » PUD PORTAZ « FUD PORTA1 = FUD PORTAD » FUD
DDOE | SRE SRE SRE SRE
ooowv | WR | ADA WER | ADA WHR | ADA WHR | ADA
PVOE SRE SRE SRE SRE
PVOV | AB+ADA | D3 AZs ADA | D2 A1+ADA | D1 AD+ ADA | DD
OUTPUT » WR OUTPUT » WR OUTPUT » WR OUTPUT » WR
DIECE |0 o o o
DIECW |0 o o o
DI D3 INPUT b2 INPUT D1 INPUT Do INPUT
A - - - -
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Chiic niing luan phién ciia cong B : Alternate Functions of Port B

Table 30. Port B Pins Alternate Functions

Port Pin | Alternate Functions

OC20C1CY (Output Compare and PWM Output for Timer'Counter? or Cutput

Gl Compare and PWM Output C for Timer/Counter )

PBE& OC1B (CQutput Compare and PWM Output B for Timer/Countert)

PBS OC1A (Qutput Compare and PWM Output A for Timern/'Counter1)

PB4 OCO0 (Qutput Compare and PWM Output for Timer/Counterd)

FBE3 MISO (SPI Bus Master Input'Slave Output)

PB2 MOSI (SPI Bus Master OQutput'Slave Input)

PBE1 SCK (SPI Bus Serial Clock)

FBEO 55 (5P| Slave Select input)
Mote: 1. OC1C not applicable in ATmega 103 compatibility mode.
Chan luén phién duoc cu hinh nhu bén dudi :
OC2/0CIC, bit 7

OC2 , dau ra so sdnh ghép véi dau ra : chan PB7 c6 thé phuc vu nhu 1a mot dau
ra bén ngoai cho dau ra so sanh Timer/Counter 2. Chan nay dugc cau hinh nhu 13 mot
cong ra (DDB7 dat1a 1) dé phuc vu chirc ning nay . Chan OC2 ciing 12 dau ra cho
chirc nang timer mode cuia PWM .

OC1C, dau ra ghép voi dau ra C . Chan PB7 ¢6 thé phuc vu nhu 1a mot dau ra
bén ngoai cho dau ra so sanh C cua Timer/Counterl . Chén nay c6 thé dugc cdu hinh
nhu 12 1 dau ra (DDB7 duoc dit 12 1 )dé phuc vu chirc ning nay . Chan OCI1C ciing 1a
dau ra cho chic ning timer PWM .

OCIB, bit 6

OC1B , dau ra so sianh ghép dau ra B : Chan PB6 c6 thé phuc vy nhu 12 1 dau ra
bén ngoai cho dau ra so sdnh B ctia Timer/Counter 1 . Chan nay phai duoc cu hinh nhu
1a 1 dau ra (DDB6 dit 12 1 ) d@é phuc vu chtic ning nay . Chan OC1B ciing 12 chén ra
cho chirc nang PWM mode timer
OCI1A,bit5

OC1A , dau ra so sanh ghép dau ra A : chan PB5 c6 thé phuc vu nhu 12 mot céng
ra bén ngoai cho Timer/Counter 1 dau ra so sianh A . Chan nay phai dugc cau hinh nhu
12 1 cong ra ( DDBS5 dat1a 1) dé phuc vu chirc nang nay . Chan OCIA ciing 1 chin
dau ra cho chitrc ning PWM mode timer .
OCO0, Bit4

OCO , dau ra so sanh ghép véi dau ra : Chan PB4 c6 thé phuc vu nhu 13 1 dau ra
bén ngoai cho dau ra so sanh Timer/Counter 0 . Chan nay phai dugc cau hinh nhu l1a 1
dau ra (DDB4 dit 1a 1 ) dé phuc vu cho chirc ning nay . Chan OCO ciing 13 dau ra cho
churc nang PWM mode timer.

MISO - cdng B , bit 3
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MISO : chan Master Data input , Slave Data output cho kénh SPI . Khi ma SPI
dugc kich hoat nhu 1a mot master , chan nay dugc cAu hinh nhu 12 1 d4u ra ma khong
quan tam dén viéc cai dat cia DDB3 . Khi SPI duoc kich hoat nhu 12 1 slave , sy dinh
hudng dit liéu ctia chin nay dugc diéu khién bai DDB3 . Khi ma chin nay bi ép budc
lam 1 dau vao , pull-up c6 thé van dugc diéu khién bang bit PORTB3

MOSI — Cong B , bit 2

MOSI : SPI Master Data ouput , Slave Data input cho kénh SPI . Khi ma SPI
duoc kich hoat nhu 1a slave , chan nay dugc cAu hinh nhu 12 mdt dau vao bat chép sur
cai dat cia DDB2 . Khi SPI dugc cdu hinh nhu 1 master , sy dinh hudng dit liéu cua
chan nay dugc diéu khién bang DDB2 . Khi chin nay bi ép budc 1am 1 dau vao , pull-
up c6 thé van dugc diéu khién boi bit PORTB2 .

SCK - cong B, bit 1

SCK : Master Clock output , Slave Clock input cho kénh SPI . Khi ma SPI duoc
kich hoat nhu 1a slave , chan nay duoc cAu hinh nhu 12 mot dau vao bat Chép viéc cai
dat cua DDBI1. Khi SPI dugc kich hoat nhu 1a mot master , su dinh hudng dir li¢u cua
chan nay duogc diéu khién bang DDB1. Khi chan nay bi ép budc 1am 1 dau vao , pull-up
c6 thé van duoc diéu khién bang bit PORTBI

SS — cong B ,bit 0

SS : Slave Port Select input . Khi ma SPI dugc kich hoat nhu 1a 1 slave , chan
nay duoc cAu hinh nhu 12 1 dau vao bét chap viéc cai dit cia DDBO . Nhu 1a 1 slave ,
SPI dugc kich hoat khi chan nay bi dong & muc thép . Khi SPI duoc kich hoat nhu 1a
mot master , sy dinh hudng dir li€u cua chan nay duoc diéu khién bsi DDBO . Khi chan
nay bi ép budc 1am mot dau vao, pull-up c6 thé van dugc diéu khién bang bit PORTBO
Bang 31 va 32 ¢6 lién quan dén chire ning ludn phién ctia cong B 1én cdc tin hiéu ghi
de duoc chi ra trong bang 33 trang 71 . SPI MSTR INPUT va SPI SLAVE OUTPUT
cAu thanh tin hiéu MISO , trong khi MOSI bi chia ra trong SPI MSTR OUTPUT va SPI
SLAVE INPUT
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Table 31. Overriding Signals for Alternate Functionsin PE7..FB4

Signal Name | PB7/0C2/0CIC PBB/OC1B PB5/0C1A PB4/0CD
PUOE 0 0 0 0

PLOV 0 0 0 0

DDOE 0 0 0 0

DOOV 0 0 0 0

PVOE OC2/OC1C ENABLE™ | OC1B ENABLE | OC1A ENABLE | OCO ENABLE
POV oczocich OCci1B OC1A OCOB
DIECE 0 0 0 0

DIEQV 0 0 0 0

DI - - - -

AID - - - -

Mote: 1. See

ATmega103 compatibility mode.

“Output Compare Modulator (GCM1C2)" on page 161 for details. OC1C does not exist in

Table 32. Overriding Signals for Alternate Functions in PE3..FED
Signal _
Mame | PB3MISO PBE2/MOSI PB1/SCK PBOSS
PUQE | SPE+MSTR SPE «MSTR SPE «MSTR SPE = MSTH
PUOW | PORTB3 »PUD PORTEZ » PUD PORTE1 » PUD | PORTBO+ PUD
DDOE | SPE*MSTR SPE « MSTR SPE « MSTR SPE =« MSTR
ooov | o o o o
PVOE SPE+MSTH SPE-MSTR SPE»MSTR 0
PYOV | SPISLAVE OUTPUT | SPIMSTR OUTPUT | SCK QUTPUT | O
DIECE |0 o o o
DIECV |0 o o o
ol SPIMSTR INPUT SPI SLAVE INPUT SCK. INPUT SPIBE
A - - - -

Chirc nang luan phién cia cong C

Trong ché d6 tuong thich véi Atmega 103 , cong C chilacongra . Atmega 128

thi van chuyén mic dinh ( default shipped ) trong ché d¢ twong thich . Vi vay , néu cac
phan khong dugc 1ap trinh trude khi ching duoc dat trén PCB , PORTC s¢ l1a cong ra
trong sudt qué trinh bat ngudn dau tién , va cho dén khi ché do twong thich v6i Atmega

103 bi v6 hiéu héa . Cong C c6 ham chirc ning luan phién (alternate Function ) nhu 12

céc byte dia chi cao cho giao di¢n bd nhé ngoai
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Table 33. Port C Pins Alternate Functiocns

Port Pin Alternate Function

PCT A15
PCE Al4
PC5 A13
FC4 Al12
PC3 Al
PC2 A10
PCA AD

] AB

Bang 34 va 35 lién quan dén chirc ning luan phién cta cong C dén viéc ghi de tin hiéu

dugc chi ra trong hinh 33 & trang 71
Table 34. Overriding Signals for Alternate Functions in PC7..PC4

Signal
MName PCT/ANS PCE/A14 PCE/A13 PCa/a12
FPUOE SRE » XMty SRE » (XMM<E) SRE » (XMM<3) SRE » (XMM<4d)
PLOV o o 0 0
DDOE SRE » (XMM=1) SRE » (XMM<E) SRE » (XMM<3) SRE » (XMM<d)
DDow 1 1 1 1
PVOE SRE » (XMM=1) SRE » (XMM<E) SRE » (XMM<3) SRE » (XMM<d)
PO A15 A4 A13 A12
DIEQE o o o 0
DIECH o o o 0
8] - - - -
Al - - - -
Mote: 1. XMM =0 in ATmegal103 compatibility mode.
Table 35. Overriding Signals for Alternate Functionsin PC3..PC0'!
Signal
Mame PCA/AN PC2/A1D PC1/AD PCO/AB
PLOE SHEE » (XMM<5) SHE » (XMM<E) SRE » (XMM<T) SHEE » (XMM<T)
PUCY 0 0 0 0
DCOOE SREE » (XMM<5) SRE » (XMM<E) SFEE » (XMM<T) SREE » (XMM<T)
DD 1 1 1 1
PVOE SHEE » (XMM<5) SHE » (XMM<E) SRE » (XMM<T) SHEE » (XMM<T)
PVOV AT A0 AZ AB
CIECE 0 a 0 0
DIECV 0 a0 0 0
DI - - - -
AlO - - - -
Mote: 1. XMM =0 in ATmegal03 compatibility mode.
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Chirc niing luan phién ciia cong D (alternate Functions oi Port D )

Céc chan cong D voi cdc chic nang luan phién duoc chi ra trong bang 36
Table 36. Port D Pins Alternate Functions

Paort Pin Alternate Function
PO7 T2 (Timer/Counter? Clock Input)
PD& T1 (Timer/Counter1 Clock Input)
PDS XCK1 (USARTT External Clock Input/Output)
PO ICP1 (TimerCounter1 Input Capture Fin)
FD3 INTATXD1 (External Interrupt3 Input or UART1 Transmit Fin)
FD2 INT2/RXD1" (External Interrupt2 Input or UART 1 Receive Pin)
PD1 INT1/SOAT! (External Irnterrupt Input or TWI Serial DAta)
PDO INTSCLY (External InterruptD Input or TWI Serial CLock)

Mote: 1. XCK1, TXD1, RXD1, SDA, and SCL not applicable in ATmegal 03 compatibility mode.

CAu hinh cdc chan luan phién thi duoc chi ra dudi day :
T2 — Céng D, bit7

T2 , ngudn bd dém Timer/Counter 2
T1-Céng D, bit 6

TI1, ngué)n bo dém Timer/Counter 1
XCK1 - Cong D ,bit 5

XCK1 , xung nhip ngoai USARTI . Thanh ghi dinh hudng dit liéu (DDD4)diéu
khién 1 trong hai xung nhip la dau ra (DDD4 duoc dat ) hoac la dau vao (DDD4 bi x6a
). Chan XCKI1 thi hoat dong chi khi UART1 hoat dong trong ché dong trong ché do
ddng bo héa .
ICP1 — cong D ,bit 4

ICP1 — Input Capture Pinl : Chan PD4 c6 thé déng vai tro nhu 13 mot chan thu
thap dau vao cho Timer/Counter 1
INT3/TXD1 — Coéng D, bit 3

INT3 , External Interrupt sourse 3 : Chan PD3 c6 thé phuc vu nhu 13 1 ngudn
ngit ngoai dén MCU

TXDI1 , Transmit Data (chan dau ra dit liéu cho UART1 ) . Khi ma bd Chuyén
phéat USART! dugc kich hoat , chan nay dugc cdu hinh nhu 12 mot dau ra bat chap gid
tri caa DDD3
INT2/RXD1 — cong D , bit 2

INT2 , External Interrupt sourse 2 . Chan PD2 c6 thé phuc vu nhu 12 1 ngudn
ngat ngoai dén MCU

RX D1, Receive Data ( chan dau vao dir liéu cho USART1 ) . Khi ma bé thu
USART!1 dugc kich hoat , chin nay dugc cdu hinh nhu 13 1 dau vao bat chap gid tri ciia
DDD?2. Khi USART bt ép chan nay tré thanh 1 dau vao , pull-up c6 thé van dugc dicu
khién boi bit PORTD2
INT1/SDA - cong D , bit 1
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INT1 , External Interrupt sourse 1 . Chan PD1 c6 thé phuc vu nhu 12 1 ngudn
ngit ngoai dén MCU

SDA , Two-wire Serial Interface Data : khi ma bit TWEN trong thanh ghi TWCR
duoc datla 1 dé kich hoat giao dién 2 day nbi tiép , chan PDI thi bi ngat két ndi khoi
cong va trd thanh chan /O dir liéu nbi tlep cho giao dién nbi tlep 2 day . Trong ché do
nay , co 1 b loc xung nhiéu trén chan dé khir cc tin hiéu ngin hon 50ns trén tin hiéu
dau vao , va chan nay duoc diéu khién boi 1 bod diéu khién kénh mé véi su gi6i han tbc
do quay .
INTO/SCL — Cong D , bit 0

INTO , External Interrupt source 0 . Chan PDO c6 thé phuc vu nhu 14 1 ngudn
ngat bén ngoai dén MCU

SCL , Two-wire Serial Interface Clock : Khi ma TWEN trong TWCR dugc dét
lal dé kich hoat giao dién 2 day ndi tiép , chan PDO bj ngat két ndi khoi Cong va tro
thanh cong 1/0 xung nhip ndi tiép cho giao dién 2 day noi tlep Trong ché do nay , c6
mot bd loc xung nhiéu trén chan dé khir cdc Xung nhiéu ngan hon 50ns trén tin hiéu dau
vao va chan nay dugc diéu khién bai 1 bo diéu khién kénh mé véi sy gidi han tdc do
quay .
Bang 37 va 38 lién quan dén chirc ning luin phién cta céng D dén tin hiéu ghi dé duoc
chi ra trong bang 33 trang 71
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Table 37. Overriding Signals for Alternate Functions PD7..FPD4

Signal Name PDTTZ PD&/T1 FD&XCKI1 PDAICP1
PUOE 0 0 0 0
PLUOWV 0 a 0 0
CDOE 0 0 0 0
Coow 0 0 0 0
PVOE 0 0 UMSEL1 0
PWOM 0 a XCK10UTPUT 0
CIEQE 0 0 0 0
CIEQV 0 0 0 0
3] T2 INPUT T1 INPUT XCK1 INPUT ICP1 INPUT
AID - - - -
Table 38. Overriding Signals for Alternate Functions in PD3..PDO'"
Signal Name | PD3/INT3TXD1 | PD2/INT2/RXD1 PD1/INT 1/SDA PDOINTO/SCL
FUOE TXEM1 REXEM1 TWEM TWEN
PUOV 0 FORTDZ » FUD PORTD1 »FUD | PORTDO»FUD
CDOE THEMA RAEEM1 TWEM TWEN
DDOW 1 0 SDA_OUT SCL_OUT
PVOE TXEM1 0 TWEM TWEN
PWON TxD1 a 0 0
CIEQE INT3 EMABLE INTZ2 EMABLE INT1 EMNABLE INTO EMABLE
DIEOV 1 1 1 1
ol INT3 INFLUT INTZ2 INFUT/RXD1 INT1 INPUT INTO INFLUT
AIG - - SOA INPUT SCL INPUT
Mote: 1. When enabled, the Two-wire Serial Interface enables Slew-Rate controls on the output pins

FDO and PD1. This ig not shown inthis table. In addition, spike filters are connected between
the AIQ outputs shown in the port figure and the digital logic of the TWI module.

Chitc niing luan phién ciia cong E ( Alternate Functions of Port E )

Céc chan cong E véi chure nang luan phién duoc chi ra trong bang 39
Table 39. Port E Pins Alternate Functions

Port Pin Alternate Function

PET INTFACP3Y (External Interrupt 7 Input or Timer/Counter3 Input Capture Pin)

FPEG& INTE/ T3 (External Interrupt 6 Input or Timer/Counterd Clock Input)
INTS/OC3CT! (External Interrupt 5 Input or Output Compare and PWWM Output C

FPES : 2 3
for TimerCounter3)
INT4/OC3B" (External Interruptd Input or Cutput Compare and PWW Qutput B for

FE4 2 .
Timer/Counter3)

FES AlM1/OCEA M (Analog Comparator Megative Input or Output Compare and PWM
COutput A for Timer/Counter3)

PES AlMNOXCKO!! (Analog Comparator Positive Input or USARTO external clock
inputioutput)

PE1 PDCWTXD0 (Programming Data Cutput or WARTO Transmit Pin)

FPEDO FDI/RXDO (Frogramming Data Input or UARTO Receive Fin)

Mote: 1. ICP3. T3, OC3C, OC3B, OC3B, OC3A, and XCKO not applicable in ATmega103 compatibility

mode.
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INT7/ICP3 — cong E , bit 7

INT7 , External Interrupt source 7 : Chan PE7 c¢6 thé phuc vu nhu 12 mot ngudn
ngat ngoai.

ICP3 — Input Capture Pin 3 : Chan PE7 c6 thé d6ng vai trd nhu 12 mot chan thu
thap dau vao cho Timer/Counter 3
INT6/T3 — Cong E ,bit 6

INT6 , External Interrupt source : chin PE6 ¢6 thé phuc vu nhu 13 1 ngudn ngat
ngoai

T3, ngudn bo dém Timer/Counter 3
INT5/0C3C — Cong E , bit 5

INTS , External Interrupt source 5 : Chan PES c6 thé phuc vu nhu 1a mot nguén
ngat ngoai

OC3C, Output Compare Match C ouput ( dau ra so sanh tuong ung dauraC):
chan PES5 c6 thé phuc vu nhu 12 mot dau ra bén ngoai cho dau ra so sanh cong C
Timer/Counter 3 . Chan nay phai dugc cAu hinh nhu 12 mét dau ra (DDE5 datlal) dé
phuc vu chirc ning nay . Chan OC3C ciing 12 chan dau ra cho chtic ning Timer trong
ché 46 PWM
INT4/0C3B - Cong E ,bit 4

INT4 , External Interrupt source 4 : chan PE4 ¢6 thé phuc vu nhu 12 1 ngudn ngat
ngoai

OC3B , dau ra so sanh ghép dau ra B : Chan PE4 c¢6 thé phuc vu nhu 1a mot dau
ra bén ngoai cho dau ra so sanh B ciia Timer/Counter 3 . Chan nay phai duoc cau hinh
nhu 12 mot cong ra (DDE4 dit 1a 1 ) dé phuc vu chire ning nay . Chan OC3B ciing 1a
chan dau ra cho chiic nang timer trong ché d6 PWM .
AIN1/OC3A — cong E ,bit 3

AIN1 — Analog Comparator Negative Input . Chin nay dugc ndi truc tiép dén
dau vao 4m cua bd so sdnh twong tu (analog Comparator )

OC3A , dau ra so sanh ghép dau ra A : Chan PE3 c¢6 thé phuc vu nhu 12 1 dau ra
bén ngoai cho dau ra so sdnh A cta Timer/Counter 3 . Chén nay dugc cdu hinh nhu 1a 1
dau ra (DDE3 dit 12 1 )dé phuc vu chic niang nay . Chan OC3A ciing 1 chn ra cho
chirc ning timer trong ché 46 PWM
AINO/XCKO — cong E , bit 2

AINO — Analog Comparator Positive input (dau vao duong cia bo so sinh
Analog ) : chin nay duoc ndi truc tiép véi dau vao duong cia bd so sanh analog

XCKO , USARTO External Clock ( xung nhip ngoai cia USARTO) . Thanh ghi
dinh hudng dir liéu (DDE2) diéu khién 1 trong 2 xung nhip la dau ra (DDE2 duoc dat )
hoic 12 ddu vao (DDE2 bi x6a ) . Chan XCKO chi hoat dong khi USARTO diéu khién
trong ché o déng b0 hoa
PDO/TXDO0 — Céng E ,bit 1

PDO , SPI Serial Programming Data Output (d4u ra dit liéu lap trinh ndi tiép SPI)
. Trong sudt qu4 trinh tai vé chuong trinh ndi tiép , chan nay dugc st dung nhu 1a 1
dong dau vao dir liéu cho Atmega 128
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RXDO , USARTO Receive Pin ( chan dir liéu dau vao dén USARTO) . Khi bo
thu tin hiéu USARTO dugc kich hoat chan nay duoc cAu hinh 12 1 nhu 12 mot dau vao
bét chip gid tri cia DDREO . Khi USARTO bét chin nay 12 mot dau vao , 1 mirc logic 1
trong PORTEO s¢€ bat pull-up bén trong 1én
Bang 40 va 41 lién quan dén chirc ning luan phién cta cong E toi viée ghi d& tin hiéu

dugc chi ra trong hinh 33 trang 71

Table 40. Owverriding Signals for Alternate Functions PE7. PE4
Signal
Name PET/INTT/ICP3 PEG/INTG/T3 PES/INTS'OCIC PE4INT4OCIB
PUOE o o o o
PLUCV o o o o
DDOE o o o o
Doow o o o o
PVOE o o OC3C EMABLE OC3B EMABLE
PO o o OcsC OC3B
DIEQE INT? EMABLE IMNTE EMABLE INTS EMABLE INT4 EMABLE
DIECW 1 1 1 1
]| INT7 INFUT/ICP3 INT? INFUT/T3 INTS INFUT INT4 INFPUT
IMPUT INFPUT
AlD - - - -

Table 41. Overriding Signals for Alternate Functions in PE3..PED

Signal Name | PEZ/AINT/OC3A | PE2/AINWXCKO | PE1/PDO/TXD0 | PEO/PDI/RXDO
PUDE 0 0 TXEND RXEMNOD

PLIOV o 0 o PORTEO= PUD
DDOE 0 0 TXEND RXEMND

ooow 0 0 1 0

PYOE O3B ENABLE UMSELD TXEND 0

PVON 0OC38 XCKOOUTPUT | TXDD 0

DIECE 0 0 0 0

DIECV 0 0 0 0

n] 0 XCKO INPUT o RXDO

AID AINT INPUT AIND INPUT = =

Chirc niing luan phién ciia cong F ( alternate Functions of port F )

Cong F ¢6 mot chire ning ludn phién nhu 1 dau vao tuong tu cho b chuyén doi
ADC nhu 1a duoc chi ra trong bang 42 . Néu mot vai chan cua cong F duoc cu hinh
nhu 12 nhitng dau ra, diéu nay l1a can thiét vi khong cé bd chuyén mach khi 1 qué trinh
chuyén d6i dang dugc tién hanh . Piéu nay c6 thé 1am hong két qua ciia qud trinh
chuyén d6i . Trong ché d6 twong thich voi Atmega 103 thi chi cong F duoc sir dung.
Néu nhu giao dién JTAG dugc kich hoat , dién tré pull-up trén chan PF7 (TDI) ,
PF5(TMS) va PF4(TCK) s& dugc kich hoat trir khi tin hiéu Reset xuét hién
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Table 42. Por F Pins Alternate Functions

Port Pin Alternate Function
PF7 ADC7/TDI (ADC input channel 7 or JTAG Test Data Input)
FF& ADCE/TDO (ADC input channel 6 or JTAG Test Data Output)
PF5 ADCSTMS (ADC input channel 5 or JTAG Test Mode Select)
PF4 ADC4/TCK (ADC input channel 4 or JTAG Test ClocK)
PF3 ADCS3 (ADC input channel 3)
FF2 ADCEZ (ADC input channel 2)
PF1 ADCT (ADC input channel 1)
FPFO ADCO (ADC input channel 0)

TDI, ACD7 — cong F , bit 7

ACD7 , bd chuyén ddi tuong tu sang s6 , kénh 7

TDI , JTAG Test Data In : dit liéu cong vao ndi tiép dugc shifted trong thanh ghi
1énh cua thanh chi dit liéu ( cdc chudi quét ). Khi ma giao dién JTAG duoc kich hoat
chan nay c6 thé khéng duogc sir dung nhu 12 mot chan /O
TDO,ADC6 — cong F ,bit 6

ADCG6 , bd chuyén doi tuong tu sang sb , kénh 6

TDO, JTAG Test Data Out : dit liéu dau vao ndi tiép tir thanh ghi 1énh hodc
thanh ghi dit liéu . Khi giao dién JTAG duoc kich hoat, chan nay khong thé duoc s
dung nhu la mét chan I/0

Chan TDO c6 3 trang théi trur phi c4c trang thai TAP shift dir li€u ngoai dugc
truy nhap
TMS, ADCS — cong F, bit 5

ADCS5 , bo chuyén doi tuong tu sang sb , kénh 5

TMS , Iira chon ché d6 kiém tra JTAG : chin nay duoc sir dung cho su dinh
hudng thdng qua b diéu khién TAP trang thii mdy (TAP-controller state machine ).
Khi giao dién JTAG duoc kich hoat chin nay khong thé duoc sir dung nhu 13 1 chan I/0
TCK, ACD4 — cbng F ,bit 4

ACD4 , bd chuyén doi tuong tu sang sb ,kénh 4

TCK , xung nhip kiém tra JTAG : qu4 trinh diéu khién JTAG la ddng bo héa 1én
TCK . Khi ma giao dién JTAG duoc kich hoat , chan nay khong thé st dung nhu 1a mot
chan I/0O
ADC3 - ADCO — cong F , bit 3..0

B6 chuyén d6i tuong tu sang sd , kénh 3...0
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Table 43. Overriding Signals for Alternate Functicns in PF7..PF4
Signal
MName PFT/ADCT/TDN PFE/ADCE/TDO PF5/ADCETMS PF4/ADCATCK
PUDE | JTAGEM JTAGEM JTAGEM JTAGEM
PUONV 1 il 1 1
DDOE JTAGEM JTAGEM JTAGEM JTAGEM
DDow | SHIFT_IR + o o
SHIFT_DR
PVOE 0 JTAGEM o o
PO o TDO o o
DIECE JTAGEM JTAGEM JTAGEM JTAGEM
DIECW 0 0 o o
DI - - - -
AlD TDWADCT INFUT | ADCE INPUT TMS/ADCS TCH/ADCA
INFUT INFUT
Table 44. Overriding Signals for Alternate Functicns in PF3..PFD
Signal Mame PF3/ADC3 PF2/ADC2 PFi/ADCA PFD/ADCO
PUOE 0 0 0 0
FLCw o o o o
DDCE | o | o
DDV 0 0 0 0
PVOE O o] O o]
PO o o o o
DIECE | o | o
DIECOV 0 0 0 0
i - - - -
AlD ADCS IMPUT ADC2 INPUT ADCH INPUT ADCO INFPUT

Chirc nang luan phién cia cong G

‘Trong ché d¢ twong thich véi Atmega 103, chi ché d6 luan phién 13 méc dinh
cho cong G, va cong G khong thé dugc st dung nhu 1a cac chan cong s6 chung . Cau

hinh c4c chan luan phién nhu 1a dugc bén dudi :
Table 45. Port G Pins Alternate Functions

Port Pin Alternate Function
PG4 TOSC1 (RTC Oscillator Timer/CounterD)
PGE3 TOSCE2 (RTC O=cillator TimernCounterd)
PGE2 ALE (Address Latch Enable to external memory)
PG RO (Read strobe to external memory)
PGO W(Write strobe to external memory)

TOSCI - cong G, bit 4

TOSC1 , chan bo tao dao dong Timer : khi ma bit ASO trong thanh ghi ASSR
duoc dit1a 1 dé kich hoat bo dinh thoi di bd ctia Timer/Counter 0 , chan PG3 bj ngét
két ndi khoi cdc cong , va trd thanh dau ra cho bd khuyéch dai cta b khuyéch dai dao
dong ké (Oscillator amplifier ) . Trong ché do nay , 1 bd tao dao dong thach anh duoc
két ndi v6i cdc chan ndy , va cdc chan nay khong duoc st dung nhu 12 1 chéan vao ra /O
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TOSC2 - cong G, bit 3

TOSC?2 , chan 2 ctua bg tao dao dong cua Timer : Khi bit ASO trong thanh ghi
ASSR duoc dit 1a 1 dé kich hoat bo dinh thoi di bd ctia Timer/Counter 0 , chan PG3 bj
ngat két nbi khoi cong , va trd thanh dau ra khuyéch dai caa bd khuyéch dai ciia bo tao
dao dong . Trong ché do nay , 1 bd tao dao dong thach anh duoc két ndi véi chan nay
,va chan nay khéng thé dugc sir dung nhu 13 mot chan vao ra .
ALE — cong G , bit 2

ALE 1a b0 nhé dit liéu bén ngoai Address Latch Enable signal
RD - cong G , bit 1

RD 12 bd nhé dir liéu bén ngoai doc diéu khién phan tich
WR — cong G , bit 0

WR 12 bo nh¢ dit lidu bén ngoai viét diéu khién phan tich
Bang 46 va 47 lién quan dén chirc nang luin phién cta céng G tdi viée ghi d& tin hiéu

dugc chi ra trong hinh 33 trang 71
Table 46. Overriding Signals for Alternate Functions in PG4..PG1

Signal Name PG4/TOSC PG3/TOSC2 PG2/ALE PG1/RD
FUOE ASO ASO SRE SRE
PUCV 0 o 0 0
DDOE AS0 AS0 SRE SRE
ooDov 0 0 1 1
PVOE 0 0 SRE SRE
PyVCN 0 o ALE RD
DIECE AS0 AS0 0 0
DIEQY 0 0 0 0

B - - - -
AlD T/CD QSC INPUT T/COOSC OUTPUT - -

Table 47. Overriding Signals for Alternate Functions in PGO

Signal Mame PGO/WR
FUOE SRE
FUOV 0
DDOE SRE
DDow 1
FVOE SRE
FVON WR
DIECE 0
DIECV o

] -
AIO -
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Sw mé ta thanh ghi cho cic cong I/0

Thanh ghi dit liéu cong A - PORTA

Bit ) & 5 4 3 2 1 o

| PORTAT | PORTAE | PORTAS | PORTAY | PORTAI | PORTAZ | PORTA1 | PORTAD | PORTA
Rsad\Writs AW R R R R AW RW R
initial Valus o o o o o o o o

Thanh ghi dinh huéng dit liéu cong A — DDRA

Bt g & 5 4 3 2 1 o
| DOAT | DOAE | DDAS | DDA4 DDAZ DDAZ DDA1 DDAD | DORA

RizadWrite AW RAW RAW RAW RAW AW RW AW

inltial Valse 4] 4] 4] 0 0 o o o

Dia chi cdc chan dau vao cong A - PINA

Eit 7 ] s 4 3 2 1 ]
| FHAT | PINAE | PINAS | PINA4 | PINA3 | PINAZ | PINAT | PINAD | FINA

Read\Write R R R R R R R R

inftial Value  MNA NA NiA NA MiA MiA MiA MiA

Thanh ghi dit liéu cong B — PORTB

Bit T =] 5 4 3 2 1 o

I PORTET PORTES PORTBS PORTB4 PORTB3 PORTBE2 PORTE1 PORTED I PORTE
ReadWrite RAW RMW RMW RMW RMW RAW RW RAW
Initial Walue o o o o o o o o

Thanh ghi dinh huéng dir liéu cong B — DDRB

Bit 7 5 5 4 3 2 1 o
| COET | DDEE | DOES | DDE4 | DDE3 | DoEz | DDB1 | DOED | DORE

RzadWrite RW RAW RAW RAW RAW AW RW AW

Inftial Valse 0 0 0 o o o o o

Dia chi cdc chan dau vao B — PINB

B T 8 =1 4 3 2 1 0

I FINET FINEE FINES FINE4 FINE3 FINEZ FINE1 FINED I FINE
ReadWrite A A A A A A A R
Iniftial Valus WA WA MiA WA MiA WA MiA WA

Thanh ghi dit liéu cong C -PORTC

Bit T = = 4 3 2 1 o

I PORTCT | PORTCSE PORTCS PORTCA PORTC3 PORTC2 PORTCA PORTCO I PORTC
Re=adWrite RAW RAW RAW RAW RAW RW RW AW
Imitial Valuve o o o a a o o o

Thanh ghi dinh huéng dir liéu cong C — DDRC
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Bit 7 & s 4 ] 2 1 o
| ocr | boce | obobes | bobeca | obes | pbez | DDE1 | DOED | DORE

ReadWrhe RAW RAW RAW RAW RAW RAW RW RN

Inftisl Valse 1) 1) 1) o o o o o

Pia chi cac chan dau vao C — PINC

Bit T ] 5 4 3 2 1 1]
| ANCT | FINCE | FINCS | FINC4 | FINC3 | FINCZ | FINCT | FINCD | FINC

Re=adWrite R R R R R R R R

Initial Valus WA WA NiA MNA NiA WA LAY MR

Trong ché d¢ twong thich véi Atmega 103, thanh ghi DDRC va PINC dugc khoi tao
dé day va kéo ( Push — Pull )dau ra Zero . Cac chan cbng gia su O gid tri khoi tao cua
ching , cho du by dinh thoi dang khong hoat dong . Chid ¥ rang cdc thanh ghi DDRC
va PINC thi khong kha dung trong ché d6 twong thich véi Atmega 103 va nén khong
duoc sir dung cho ché d6 tuong thich phia sau .

Thanh ghi dit liéu cong D — PORTD

Bit 7 & 5 4 3 2 1 o
| PORTDT | PORTDE | PORTDS | PORTDS | PORTCA | PORTD2 | PORTDY | PORTDO | PORTD

Rezd/Write AW RW RW RW RW RAW RW RW

Imitial Valus o 0 0 0 0 ] ] ]

Thanh ghi dinh huéng dit liéu cho céng D — DDRD

Bit 7 & 5 4 3 2 1 o
| op7 | oobs | poDs | DDD4 | DDD3 | DDDZ | DODY1 | DDOD | DORD

Read\Write AW AW AW AW AW AW RW B

Initial Valus a a a a a a a O

Dia chi cédc chan dau vao cua céng D

B 7 g z 4 3 z 1 1}
| mno7 FINDE FINDS FIND4 FIND3 FINDZ FIND1 Finpa | FIND
Risad/\Write A A A A A A A A
initial Value A A hIA A, A P PiA M
Thanh ghi dir liéu cho cong E — PORTE
Eq 7 & s 4 i -] 1 1
| FORTE? | PORTES | PORTES | PORTES | POARTE3 | PORTE2 | PDATE1 | PORTED | PORTE
Read\Write RW RAW RAW RAW RAN RAW RW RW
inkial Value 1] 1] 1] 1] o i i i

Thanh ghi dinh huéng dit liéu cho céng E - DDRE

Eit T =] =] 4 3 2 1 o

I DDET DDES DDES DDE4 DDE3 DDEzZ DDE1 DDED I DDRE
Read\Write R R R R R RW RW RwW
Inital Value ) ) ) ) ) ) ) )

Dia chi cic chan cong dau vao cong E — PINE
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B 7 & 5 4 3 -] 1 o
| FINET | FINEE | PINES FINEd FINE3 FINEZ FINE 1 FiNED | FINF

Read\Write R R R R R R R R

Initial Value A A A WA NiA WA Mk MiA

Thanh ghi dit liéu cong F — PORTF

B 7 =] s 4 3 2 1 o
| FORTF? | PORTFS | PORTFS | PORTFA | PORTF3 | PORTF2 | PORTF1 | PORTFD | PORTF

RizadWrite AW RAW RAW RAW RAW AW RW AW

inltial Value ] ] ] 0 0 o o o

Thanh ghi dinh huéng dit liéu cong F — DDRF

Bit T & 5 4 3 2 1 0
| poFr | DoFs | DDFs | DOF4 | DDF3 | DOF2 | DOF1 | DODFD | DODRF

Read\Wris R R R R R R RW RW

inhial Valus 0 0 0 o 1] 1] 1] 1]

N

Dia chi cac chan dau vao — PIN

Bit 7 & 5 4 3 z 1 o
| ruFr | PiNFs | PINFS | PINF4 FINF3 FINFZ FINF1 FiNFo | PINF

Read\Write R R R R R R R R

Initial Valus hA hA h/A h'A h/A hA MIA ey

Thanh ghi dir liéu cong G — PORTG

Ei 7 g z 4 3 2 1 1]
I - [ - [ - | PORTE4 | PORTGI | PORTG2 | POATGH | PORTGI | PORTG

ReadWris R R R RW RW RW RW RwW

inial Valus o o o o o o o o

Thanh ghi dinh huéng dit liéu cong G — DDRG

B 7 g z 4 3 z 1 o
1 - = = DDG4 Doa3 DoGz DOG1 boGo | DORG

RizadWrite R R R R R AW RW AW

inifial Value o o o 0 0 o o o

Dia chi cdc chan dau vao cong G — PING

B 7 & s 4 3 2 1 o
| - [ - [ - [ PNGs | PnG3 | PNG2 [ PINGYT | PINGD | FING

Read\Write R R R R R R R R

initial Value 1} 1} 1} WA hiA hA hIA hiA

Chi y rang PORG , DDRG , va PING déu khong kha dung trong ché d9 twong thich véi
Atmega 103 . Trong ché d6 tuong thich véi Atmega 103 cong G phuc vu ché do luan
phién cia n6 chi c6 (TOSC1, TOSC2, WR,RD, ALE)
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X . Céc ngit ngoai

Cic ngat ngoai dugc khoi dong bang cic chan INT7:0 . Chd ¥ rang , néu duoc
kich hoat , cdc ngat s& khoi dong du cho cédc chan INT7..0 dugc céu hinh nhur 1a cdc dau
ra . Dic diém nay cung cap 1 cich d@é sinh ra 1 phan mém ngit . Cdc ngit ngoai cé thé
duoc khoi dong bang viée do sudn xudng hodc bat sudn 1én hodc 12 mot mirc logic thap

. Diéu nay dugc cai dat nhu da thé hién trong bang dic tinh ki thuat cta thanh ghi diéu
khién cic ngit ngoai — EICRA (INT3:0) va EICRB(INT7:4). Khi cac ngit ngoai dugc
kich hoat dugc cau hinh nhu 1a 1 cap khoi dong , cac ngat s€ khoti dong chi can chan
duogc gilr ¢ murc thap . Chd y y rang sy nhan biét viéc bét suon xudng va bét suon 1én cua
cdc ngdt trén chan INT7:4 can sy ¢6 mit cta 1 bo dinh thoi /O , dugc mifu ta trong
phan Clock System and their Distribution “ ¢ trang 36 . Cac ngat cap thap va cdc sudn
ngat trén INT3:0 dugc do mot cach di bo . Pidu niy ngu ¥ ring cdc ngit niy c6 thé
duoc su dung cho vi¢c budc (walking ) cua phan cling tir cdc ché do ngu khdc hon ché
do Idle . B dinh thoi I/O duoc dung trong tat ca cdc ché do ngi trir ché d6 Idle .

Chua y rang néu 1 mirc ngat da khoi dong duoc sir dung cho viée ddnh thic tir
ché d6 ngat ngudn , muc da thay d6i phai dugc gitr trong 1 khoang thoi gian dé ddnh
thite MCU . Piéu nay 1am cho MCU giam sy nhay cam véi cdc nhidu . Mirc da thay
doi duoc léy mau 2 1an béng bo dinh thoi tao dao dong watchdog . Chu ki cua bd tao
dao dong watchdog 12 1 ps (théng thudng ) ¢ 5V va 25 @6 C . Tan s6 cta bo tao dao
dong watchdog thi phu thudc vao dién 4p nhu 1a duoc chi ra trong phan “electrical
characteristics “ & trang 318 . MCU s& duogc ddnh thirc néu dau vao cé muc can thiét
trong sudt qué trinh 14y mau hodc néu né duoc giit cho dén khi két thiic thoi gian khoi
dong . Thoi gian khoi dong dugc xdc dinh bang cau chi SUT nhu 1a duoc miéu ta trong
phan “Clock System and their Distribution “ & trang 36. Néu nhu mic duoc 1dy mau 2
1an bang b tao dao dong watchdog nhung bién mat trudc khi két thic thoi gian khoi
dong, MCU sé& van dugc ddnh thirc , nhung khong ¢6 ngat nao s& duoc sinh ra . Mirc
can thiét phai dugc giir du dai cho MCU hoan thanh viéc dénh thirc dé khoi dong mire
ngat

Thanh ghi diéu khién ngit ngoai A - EICRA

B 7 & 5 4 3 z 1 1]
| mear | mseso | iscz | sczo | ascn | 1810 | 1sco | 1sCoo | EICRA
RezdWriz RAN RW RW RW RW RW RW RW

Initial Vialue ] o o ] o o o 0

Thanh ghi nay c6 thé khéng dugc hudng téi trong ché do tuong thich v6i Atmega
103 , nhung gid tri khdi dau ciia né xdc dinh INT3:0 nhu 1a cdc ngat mirc thap , nhu
trong Atmega 103 .
Bit 7..0 —ISC31 , ISC30 — ISC00 , ISCO0 : ngit ngoai 3 — céc bit diéu khién d6 nhay 0
Céc ngat ngoai 3-0 thi dugc kich hoat bang cdc chan bén ngoai INT3:0 néu nhu
cd I SREG va ngit trong tng che trong EIMSK duoc cai dit . Muc va cdc sudn trén
cdc chan bén ngoai c4i ma kich hoat cdc ngét duoc xédc dinh trong bang 48 . C4c sudn
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trén INT3..INTO thi dugc dang ki 1 cdch di b . Cac xung trén cdc chan INT3:0 rong
hon d6 rong xung cyc tiéu dugc dua ra trong bang 49 s& sinh ra mot ngat . Céc xung
ngan hon thi khong bao dam dé sinh ra 1 ngét Néu muc ngit thap duoc lua chon
muc thap phai duoc gilr cho dén khi hoan tat 1énh dang thuc thi hién thoi dé sinh ra
mot ngat Néu duoc kich hoat , 1 mirc ngét dd khoi dong se phat sinh ra 1 yéu cau ngat
chi can chin nay dugc gitt & mirc thap . Khi su thay d6i bit ISCn , 1 ngat c6 thé xuat
hién . V1 vay , n6 dugc khuyén cdo dé vo hiéu héa dau tién INTn béng viée x6a bit kich
hoat ngit cua n6 trong thanh ghi EIMSK . Sau d6 , bit ISCn ¢6 thé duoc thay d6i Cudi
cling , co ngit INTn nén dugc x6a bang cach viét murc logic 1 1én bit c& ngét ctia né
(INTFn ) trong thanh ghi EIFR tru¢c khi ngat duoc kich hoat lai.

Table 48. Interrupt Sense Control'”

ISCn1 | ISCn0 | Description
0 o The low level of INTn generates an interrupt request.
0 1 Reserved
1 0 The falling edge of INTn generates asynchronously an interrupt request.
1 1 The rising edge of INTn generates asynchronously an interrupt request.

Mote: 1. n=3, 2, 1or0.
When changing the 1SCn1/SCn0 bits, the interrupt must be disabled by clearing its Interrupt
Enable bit in the EIMSHK Register. Otherwise an interrupt can occur when the bits are changed.

Table 49. Asynchronous External Interrupt Characteristics

Symbol | Parameter Condition | Min | Typ | Max | Units
Minimum pulse width for
v asynchronous external interrupt = ne
Thanh ghi diéu khién ngat ngoai B — EICRB
B 7 & 5 4 3 z 1 i
| wortr [ iscTo | sce1 | 1sCe0 | 1BCs1 | 1SC50 | 1sca1 | 1scad | EICRE
FeadWrits RW RW RAW RMW RMW RMW RW RW

Initial Vialue W] 0 o o o o W] W]

Bit 7..0 — ISC71, ISC70 — ISC41, ISC40 : céc bit diéu khién d6 nhay ngit ngoai 7-4

Cic ngat ngoai 7 — 4 duoc kich hoat bang cc chin ngoai INT7:4 néu nhu co I
SREG va céc ngat tuong ung che trong qué trinh EIMSK duoc cai dat . Mic va céc
suon trén cdc chan ngoai c4i ma kich hoat cic ngt thi dugc x4c dinh trong bang 50 .
Gid tri trén cédc chan INT7:4 duge lay mﬁu trude khi do cdc suon xung . Néu suon hodc
khuyu ngat dugc lya chon , cdc xung cudi ma dai hon 1 chu ki xung nhip s& sinh ra 1
ngit . C4c xung ngan hon thi khong dam bao dé phét ra 1 ngit . Vi vy , tan sb Xung
nhip CPU ¢6 thé thap hon tan s XTAL néu nhu bo chia XTAL dugc kich hoat . Neu
cdc mirc ngit thap hon dugc lya chon , muc thip phai duoc gitr cho dén khi hoan tat
qua trinh thyc hién 1énh hién hanh de smh ra 1 ngit . Néu duoc kich hoat , 1 murc ngit
dd khoi dong s& sinh ra 1 yéu cau ngit chi can né duoc giit & muc thap .
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Table 50. Interrupt Sense Control'"

ISCn1 | ISCnD | Description

o o The low level of INT n generates an irterrupt request.

0 1 Any logical change on INTn generates an interrupt request

The falling edge between two samples of INTn generates an interrupt

1 0
request.

The riging edge between two samples of INTn generates an interrupt
request.
Mote: 1. n=7,6,560r4.
When changing the ISCn1/SCn0 bits, the interrupt must be dizsabled by clearing its Interrupt
Enable bit in the EIMSK Register. Otherwize an interrupt can occur when the bits are changed.

1 1

Thanh ghi che ngit ngoai - EIMSK

B1 7 & z 4 3 ] 1 1]
| wrr | mWTe | NTS | NTa | INTZ | INTZ | INTY INTe | EIMSK
ReadWrits R'W RW RMW RMW R R RAN RwW

Inftial Value o i i i o i

Bit 7...0 — INT7 — INTO : kich hoat truy van ngit ngoai 7 0

Khi 1 bit INT7 — INTO dugc ghi 1a 1 va bit I trong thanh ghi trang thai
(SREG)dugc datla 1, chan ngat ngoai tuong ung dugc kich hoat . Cac bit diéu khién
d6 nhay ngit trong thanh ghi diéu khién ngit ngoai EICRA va EICRB duogc xdc dinh
bang 1 trong 2 cdch , ngat ngoai dugc kich hoat trén sudn 1én hodc suon xudng hoic
muc do nhay ( level sensed ). Hoat dong trén bat cr mdt chan nao s& khai dong mot yéu
cau ngat dut cho chan nay duoc kich hoat nhu 12 mot dau ra . Piéu nay cung cap 1 cich
ctia viéc sinh ra phan mém ngat .

Thanh ghi co ngit ngoai EIFR (external interrupt flag register )

Bt 7 & 5 4 3 2 1 o
| INTF7 | INTFS | INTFS | INTFa | INTF3 | INTF2 | INTF1 | IINTFD | EIFR
FeadWrits R'W RW RMW R RAN RW RMW RW

initial Vatus o o 1] 1] 1}
Bit 7...0 — INTF7 — INTFO co ngat ngoal 7 0

Khi mdt sudn hodc thay doi bién logic trén chan INT7:0 khdi dong mét yéu cau
ngit . . INTF7:0 s& duoc cai dit 1a 1 .Néu bit I trong SREG va bit kich hoat ngit turong
tmg , INT7:0 trong thanh ghi EIMSK duoc cai dit 1a 1 , MCU sé& nhay t6i vec to ngat.
Co bi x6a khi mot chuong trinh con phuc vu ngét duoc thuc thi . Nhu mot su lua chon,
cd ¢6 thé bi x6a bang viéc viét murc logic 1 1én né . Cac co thi ludn duge x6a khi ma
INT7:0 dugc cau hinh nhu 13 mot mie ngit . Chi ¥ rang khi truy nhap vao ché do sleep
V01 cac ngét INT3:0 da v6 hiéu héa , cdc bd dém dau vao trén cdc chan nay s€ bi v
hiéu héa . Piéu nay c6 thé gay ra 1 su thay doi bién logic trong tin hiéu bén trong céi
ma s€ duoc cai dat cac co INT3:0 . Xem thém “’Digital Input Enable and Sleep Modes
& trang 70 dé biét thém théng tin
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XI . 8-bit Timer/Counter 0 voi PWM and Asynchronous Operation (
Timer/Counter 8 bit voi PWM va dieu khién di bo )

Timer/Counter0 1a mot module Timer/Counter 8 bit , kénh don , da ndng dung chung .
Cdc ddc diém chinh 1a :

- B0 dém kénh don

- Xoa Timer trén bg so sanh twong tmg ( ty dong tai lai )

- Khong c6 nhleu soc ngang , diéu ché do rong xung diing pha (PWM)

- May phat tan sb

- B0 dém gop trude xung nhip 10 bit

- Dong tran (overflow) va cdc ngudn ngit ghép so sanh (TOVO va OCFO )

- Cho phép bo dinh thoi tir bén ngoai 32kHz dong ho thach anh phy thudc vao

xung nhip I/O

Tong quan

Mobt so dd khoi da rit gon cua 1 Timer/Counter 8bit dugc dua ra trong hinh 34 . Vé su
sdp dit hién tai cta cdc chan I/O , tham khao phan c4u hinh chén & trang 2 . CPU c6 thé
truy nhdp cdc thanh ghi I/O , bao gdm cdc bit I/O va cdc chan I/O , duoc in dam .
Thanh ghi I/O cua thiét bi x4c dinh va vi tri cdc bit duoc liét ké trong phﬁn “8-bit
Timer/Counter Register Description “ ¢ trang 104

Figure 34. B-bit Timer/Counter Block Diagram
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Cac thanh ghi

Timer/Counter (TCNTO ) va c4c thanh ghi so sdnh dau ra (OCRO ) 1a cac thanh
ghi 8 bit. C4c tin hiéu Yéu cdu ngét ( viét tit 1a Int.Req. ) thi déu dugc nhin thiy trong
trong thanh ghi cd ngit Timer (TIFR) . Tat ca cic ngat déu duoc che riéng voi thanh ghi
che ngat Timer (TIMSK ) . TIFR va TIMSK déu khong dugc chi ra trong hinh tir d6 céc
thanh ghi nay duogc chia sé béng cac bg phan timer khéc .

Timer/Counter c6 thé bi khéa bén trong , nhu bd dém gop trude hodc bi khoa
mdt cdch khdng dong bo khoi cdc chan TOSC1/2 , nhu dugc miéu ta chi tiét trong céc
phan sau . Qua trinh diéu khién di bo duogc diéu khién boi thanh ghi trang théi di bo
(ASSR) . Khdi logic lya chon xung nhip diéu khién c4i ma ngudn xung nhip
Timer/Counter str dung dé 1am ting hodc giam gid tri ciia né . Timer/Counter thi khong
hoat dong khi khong c6 ngué)n phat xung nhip nao dugc lya chon . PAu ra tir bd dinh
thoi lya chon muc logic dugc hudng dan nhu 12 mét xung nhip timer (clkr)

Thanh ghi so sdnh dau ra (OCRO)luu trong bd dém kép thi dugc so sdnh voi gid
tri ctia Timer/Counter tai tit ca cdc thoi gian . Két qua ctia phép so sanh c6 thé duoc sir
dung mdy phét dang séng dé phét ra xung PWM hodc dau ra tan sb bién thién trén
chan so sanh dau ra OC0). Xem thém “Output Compare Unit “ trén trang 95 dé biét
thém chi tiét . BO so sanh ghép su kién cling s€ cai dat co so sanh (OCFO) cdi ma c6 thé
duoc sir dung dé sinh ra 1 yéu cau ngét so sanh dau ra

Cac dinh nghia

Nhicu thanh ghi va cdc bit tham khao trong tai lidu nay duogc viét theo mau chung
. Mot trudng hop thap “n” duoc thay thé cho sd tht tu cua Timer/Counter , trong truong
hop nay 1a 0 . Tuy nhién , khi sir dung thanh hgi hodc bit xac dinh trong 1 chuong trinh
, mdt mau chinh xdc phai duoc st dung ( vi du TCNTO cho viéc truy nhap
Timer/Counter 0 dém gid tri )
Dinh nghia ¢ bang 51 thi ciing dugc st dung mot céch rong rai xuyén sudt tai
li€u nay

BOTTOM | The counter reaches the BOTTOM when it becomes zero (0x00).
WA X The counter reaches its MAXimum when it becomes 0xFF (decimal 255).

TOP The counter reaches the TOP when it becomes equal to the highest
value in the count sequence. The TOP value can be assigned to be the
fixed value 0xFF (MAX) or the value stored in the OCRO Register. The
assignment is dependent on the mode of operation.

Céc nguon xung nhip Timer/Counter

Timer/Counter c6 thé bi khéa béng viéc 1 bo déng bd bén trong hodc mat nguén
xung nhip di bd bén ngoai . Ngudn xung nhip clkr, thi bang sy tinh todn mac dinh 1én
xung nhip MCU , clkyo . Khi ma bit ASO trong thanh ghi ASSR duoc viét muclogic 1,
ngudn phét xung nhip duoc tao ra tir bo tao dao dong ctia Timer/Counter duogc két ndi

Duykhanh8x1311 @ gmail.com 99




Hanoi University of Industry Datasheet ATMEGA 128

v6i TOSC1 va TOSC2. B¢ thém chi tiét vé qué trinh diéu khién di bo xem thém
“Asynchronous Status Register — ASSR ¢ trang 107, d€ biét thém chi tiét v€ nguén phat
xung nhip va bd dém gdp trudc xem phan “Timer/Counter Prescaler “ ¢ trang 110

Pon vi cia by déem

Phan chinh cta Timer/Counter 8 bit thi ¢6 thé dugc 1ap trinh thanh phan bo dém
2 hudng . Hinh 35 chi ra 1 so d6 khoi cua 1 counter va mdi trudng xung quanh ctia nd

Figure 35. Counter Unit Block Diagram
DATA BUS

o TOECA

l - ) e
LT 1) G
TCHNTR ll—— Coniml Lagie Pragsaiar D5z miae
R
- = T - —m=| TOSC2

'

clk .

M@ ta tin hi€u ( tin hi€u bén trong )

Count tang hodc giam TCNTO bang 1

Direction  lya chon gitra vi€éc tang va giam

Clear x6a TCNTO (dat tat ca cdc bit1a 0 )

Clkry xung nhip Timer/Counter

Top dugc cha y rang TCNTO vuon t6i gid tri cuc dai

Bottom dugc chi y rang TCNTO vuon tdi gid tri cyc tiéu

Phu thudc vao ché do diéu khién dugc st dung , bo dém bi x6a , duoc 1am tang
hoac giam tai mdi xung nhip thoi gian (clkrg ) . clky c6 thé duoc sinh ra tirl nguén phat
xung nhip bén ngoai hodc bén trong , dugc lya chon béng céc bit lya chon xung nhip
(CS02:0) . Khi khong c6 ngudn xung nhip nao dugc lya chon (CS02:0=0) timer duoc
dirng lai . Tuy nhién , gid tri TCNTO c6 thé dugc truy nhap bang CPU, bét chip viéc
xung clkry dugc dua ra hay khong . 1 CPU viét ghi de 1én (c6 quyén uu tién trén ) x6a
tat ca cdc counter hodc 1a cdc qué trinh diéu khién sy dém .

Su dém cdc chudi duoc xdc dinh rd bang viéc cai dat cua cac bit WGMOI1 va
WGMO0 dugc dit trong thanh ghi diéu khién Timer/Counter (TCCRO). C6 cdc két nbi
déng gitta cdch cdc bo dém van hanh va cach cc dang séng dugc sinh ra trén dau ra so
sénh dau ra OCO . D¢ biét thém chi tict vé sy dém chudi hoan thién va sy sinh ra céc
dang séng , xem thém phan “Modes oh Operation “ trén trang 98
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Co béo Dong tran cua Timer/Counter dugc cai dat theo ché do diéu khién du’qcl
lya chon bang cac bit WGMO01:0 . TOVO ¢6 thé dugc st dung cho viéc phét ra cac ngat
cua CPU

Céc bd phén so sanh ddu ra (Output Compare Unit )

Mot bo so sdnh 8 bit lién tuc so sinh TCNTO v61 thanh ghi so sanh dau ra
(OCRO). Bét ctt noi nao TCNTO tinh todn OCRO , bo so sdnh bdo hiéu 1 match . Mot
match s& cai dit co bdo dau ra so sanh (OCF0) ¢ chu ki xung nhip timer tiép theo . Néu
dugc kich hoat (OCIEO=1) , c& bdo dau ra so sanh sinh ra 1 ngét dau ra so sanh . Co
OCFO bi x6a 1 cach tg dong khi ma ngét da duoc thuc thi . Nhu mot su lwa chon , co
OCFO c6 thé dugc x6a bang phan mém bang cach viét muc logic 1 1én vi trf bit /O cua
n6 . B phét dang séng st dung tin hiéu ghép dé sinh ra 1 dau vao theo ché do diéu
khién dugc cai dit boi cac bit WGMO1:0 va céc bit ché do dau a0 so sanh (COMO1:0) .
Tin hiéu max va bottom thi dugc sir dung béi mdy phat dang séng cho qua trinh xtr Ii
trong truong hop dac biét cua gia tri cuc bién trong mdt vai ché d6 diéu khién “modes
of Operation “ & trang 98 . Hinh 36 chi ra so do khéi ctia bo phén so sénh dau ra .

Figure 36. Output Compare Unit, Block Diagram
DATA BUS

CCRn TCNTn

1L iy
|

= (B-bit Comparatar ) |

| OCFn (Int. Rag.)
-

¥

tap

SE—

battam A o _
oo :: Waveform Generator _E\
'
WGMn1:0 Cﬂ'hI‘H :0

Thanh ghi OCRO thi duoc luu vao bd nhé dém kép khi st dung bat ¢t xung nao
ctia ché do diéu ché d6 rong xung (PWM) ..Vé céc ché do diéu khién binh thudng va
ché d6 so sanh trén timer x6a , bd dém kép bi vo hi€¢u héa . Viéc cap nhat by dém kép
ddng bo hoéa cta thanh ghi so sanh OCRO hoic 1a trén top hodc 12 bottom ctia chudi
dém . Viéc dong bo héa dir liéu ngan can su xuét hién ctia cic d6 dai 16 ( Odd-length )
va cdc xung PWM khong d6i xtmg , bang cdch tao ra cdc dau ra khdng c6 nhiéu soc
ngang .

Dit liéu Thanh ghi OCRO c6 thé dudng nhu phuc tap , nhung khong phai trong
truong hop nay . Khi ma bo dém kép duoc kich hoat , CPU truy nhap vao bo dém cua
thanh ghi OCRO , va néu bd dém kép bi v6 hi€u hoéa thi CPU s€ truy nhap truc tiép vVao
OCRO
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Pau ra so sanh cwdng birc

trong ché d6 khon phai ché do phat dang song PWM , cong ra ghép ciia bo so
sdnh c6 thé bi cudng ép bang viéc viét 12 1 1én bit so sdnh dau ra cudng bic (Force
Ouput Compare bit — FOCO0). Vi¢c cudng €p so sanh ghép s€ khong cai dat co OCFO
hodc tai lai/x6a Timer , nhung chan OCO s& dugc cap nhat lai nhu 1a 1 ghép so sanh
thuc da xudt hién (cdc bit COMO1:0 cai dit x4c dinh chan OCO dugc cai dit , bi x6a
hoac dich chuyén )

Sw khéa ghép so sanh bang viéc viét bit TCNTO0 — Compare Match Blocking by
TCNTO Write

Tat ca cdc qud trinh viét ctia thanh ghi t&i thanh ghi TCNTO sé& khéa bat ctr ghép so
sdnh ndo cdi ma xuat hién trong chu ki xung nhip ké tiép , tham chi ca khi Timer d3 bi
dirng lai . Bic diém nay cho phép OCRO duoc khdi tao dén cdc gid tri gibng nhu
TCTNO ma khong khoi dong 1 ngét khi ma déng hd Timer/Counter duoc kich hoat

Using the Output Compare Unit : Viéc sir dung b phan so sanh diu ra

Tir khi viéc viét TCTNO trong bat cir ché d6 diéu khién nao s& khéa tat ca cic
ghép so sanh cho 1 chu ki xung nhip timer , ¢6 nhitng nguy co dugc ham chura khi su
thay d6i TCNTO khi str dung kénh so sdnh dau ra , diéu nay phu thugc vao
Timer/Counter dang chay hay khong . Néu gid trj dugc viét 1én TCNTO bang gid tri
OCRO, ghép so sanh sé& bi 15i , két qua 1a sy phat dang séng khong ding. Mot cich
tuong tu , khong duoc viét gid tri cia TCNTO bang véi gid tri BOTTOM khi ma
counter dang dém xubng ( dém 1ui )

Su cai dat OCO nén duoc thi hanh trude khi viée cai dat thanh ghi dinh hudng dir
liéu cho cac chan céng 1én cé)ng ra . Cdch d& nhit cua viéc cai dat gia tr1 cua OCO la su
dung dau ra so sdnh cudng buc (FOCO) phan tich bit trong ché do thuong . Thanh ghi
OCO gir gié tri cua né dr cho khi thay doi giita cdc ché d6 phat dang séng (wareform
generation modes )

Phai nhan thirc rang cdc bit COMO1:0 thi khdng dugc ghi vao bd dém kép cling
nhau véi céc gid tri so sanh . Viéc thay ddi cac bit COMO1:0 s& tao hiéu quéa ngay lap
turc

Thanh phin dau ra ghép so sanh — Compare Match Output Unit

Céc bit ché d6 dau ra so sanh (COMO1:0 ) c6 hai chitc niang . Mdy phat dang
song st dung cac bit COMO01:0 dé xdc dinh trang thdi dau ra so sdanh (OCO ) tai ghép so
sdnh tiép theo (compare match ) - cac bit COMO1:0 cung diéu khién cdc chin ngudn
dau ra OCO. Hinh 37 chi 1a so d0 da rit gon cua cdc bit bi hu hong cua viéc cai dat bit
COMO1:0 . Thanh ghi I/O, c4c bit I/O , va c4c chan I/O trong hinh v€ dugc in dam .
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Chi c6 nhitng phan cua thanh ghi diéu khién cong I/O chung (DDR va PORT ) cdi ma
b1 hu héng béi cac bit COMO1:0 duoc chira . Khi tham khdo trang thdi OCO , sy tham
khao cho thanh ghi OCO bén trong khong phai 1a chan OCO .

figure 37. Compare Match Cutput Unit, Schematic

~
ook _'_j

SOAND Vavaform

SOMnD

EOtn Genarator

:
&
=1
-
Ly

DATA BUS

DDA

Churc nang cua céc chan I/0 chung dugc ghi de béi bit so sanh dau ra (OCO) tur
mdy phét dang séng néu mot trong 2 bit COMO1:0 dugc cai dat . Tuy nhién , huéng cta
chian OCO (d4u vao hodc dau ra thi van duoc diéu khién boi thanh ghi dinh huéng dir
liéu DDR cho céc chan cong . Bit thanh ghi dinh huéng dit liéu cho chan OCO
(DDR_OCO0) phai dugc cai dat nhu l1a dau ra trude khi gid tr1 OCO dugc nhin théy trén
chan . Chtrc nang ghi de cong thi phu thudc vao ché d¢ phat dang séng

Thiét ké ctia chén so sénh dau ra logic cho phép viéc khoi tao cua trang thai OCO
trude khi dau ra dugce kich hoat. Chu y rang vai viéc cai dat cac bit COMO1:0 la du trir
cho cdc ché d6 bién cd da biét cua qud trinh diéu khién . Xem “8bit Timer/Counter
Register Description ¢ trang 104

Ché @) dau ra so sanh va may phat dang séng

Mady phat dang séng str dung céc bit COMO1:0 khéc nhau trong céc ché do binh
thuong , CTC , PWM . Voi tat ca céc ché do , viéc cai dat COMO1:0 no6i cho mdy phat
dang s6ng rang khong ¢6 hanh dong nao trén thanh ghi OCO dugc tién hanh trén ghép
so sdnh ké tiép . V& phan céc anh huéng dau ra so sanh trong céc ché do khong phai
PWM tham khéo bang 53 & trang 105 . Cho cdc ché 46 PWM nhanh , tham khao bang
54 trang 105 , va PWM ding pha tham khdo bang 55 trang 106

Mot thay ddi cua trang thdi cdc bit COMO1:0 s& c¢6 hiéu lyc tai ghép so sanh dau
tién sau khi cdc bit dugc viét . Cho cédc ché do khong phai PWM , hoat dong c6 thé
duoc cudng ép dé c6 hiéu qua ngay 1ap tirc bang viée str dung cdc bit phan tich FOCO
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Cac ché d¢ dieu khién

Céc ché dd cua qua trinh diéu khién , vi du nhu trang théai cua Timer/Counter va
cdc chan so sdnh dau ra thi dugc xdc dinh bang céch két hop ché do phét dang séng
(WGMO1:0 ) va ché d6 dau ra so sdanh céc bit (COMO1:0). Céc bit ché d6 dau ra so
sanh thi khdng c6 anh hudng dén viéc dém cdc chudi trong khi cdc bit ché d6 phat dang
song lam vi¢c . Céc bit COMO1:0 diéu khién diu ra PWM duoc sinh ra nén duoc
khuyéch dai hodc khong (inverted or non-inverted PWM) . Vé céc ché do khong phai
PWM , cdc bit COMO1:0 diéu khién hodc dau ra nén dugc cai dit , bi x6a , hodc bi dich
chuyén tai 1 ghép so sanh ( xem bang Compare Match Output Unit “6 trang 97)

Pé biét thém chi tiét tham khao “Timer/Counter Timing Diagrams * & trang 102

Ché d6 binh thwong

Ché d6 don gian nhét cua qua trinh diéu khién 12 ché do binh thudng (normal )
(WGMO1:0 = 0) . Trong ché d6 nay viéc dém dinh hudng thi luén hudng 1én trén (
Incrementing) , va khong c6 x6a bd dém nao duoc thi hanh . B6 ¢ém don gian tran qua
khi né vuot qua gid tri cuc dai 8 bit cia né (TOP=0xFF) va sau d6 khoi dong tur mirc
bottom (0x00) . Trong qua trinh diéu khién thong thudng cd bdo tran Timer/Counter
(TOVO0) s¢& duogc cai dat trong cac chu ki xung nhip giéng nhau nhu la TCNTO tré thanh
0. Co TOVO trong truong hop nay thyuc hién gidong nhu 1 bit thir 9 , ngoai 18 12 né chi
duoc cai dat , khong bi x6a . Tuy nhién , dugc ndi véi cde cdce ngét tran Timer cai ma tu
dong x6a cd TOVO , d6 chinh x4c cta timer c6 thé dugc tang 1én bang phan mém .
Khong c6 truong hop dic biét nao dé xét dén trong ché d6 binh thuong , 1 gid tri bd
dém moi c6 thé duoc viét vao bat cir thoi gian nao .

Bo phan du vao so sénh c6 thé duogc sir dung dé - phat ra céc ngit tai mot vai thoi
gian dugc dua ra trude . Viée st dung so sanh dau ra dé phat dang song trong ché do
binh thudng thi khong duoc khuyén cédo , tir khi diéu nay s& chiém qué nhiéu thoi gian
cua CPU

X6a timer trén ché do ghép so sanh (Clear Timer on Compare Match Mode CTC )

Trong ché do x6a Timer trong ché d6 so sdnh hoic 12 CTC mode (WGMO01:0=2),
thanh ghi OCRO duoc st dung dé diéu khién d6 chinh xdc ctia bd dém . Trong ché do
CTC bo dém duge x6a 1a 0 khi gid tri ctia bo dém (TCNTO) tuong tng véi OCRO .
OCRO xdc dinh gid trj dinh cua b dém , do do cling la thay d6i d6 chinh xdc cau n6 .
Ché d nay cho phép diéu khién 16n hon cua tan sd dau ra so sdnh . N6 ciing riit gon
qua trinh diéu khién ciia viéc dém céc sy kién bén ngoai

Gian dd thoi gian cho ché 36 CTC duoc chi ra trong hinh 38 . Gia tri cia bg
dém(TCNTO) duoc ting cho dén khi 1 ghép so sénh xuat hién gitta TCNTO va OCRO va
sau d6 bd ¢ém TCNTO bi x6a .

Duykhanh8x1311 @gmail.com 104




Hanoi University of Industry Datasheet ATMEGA 128

Figure 38. CTC Mode, Timing Diagram

RN
TCNTn //['*

OCn ' !
(Toggle)

Period [ 1 I 2 I a I 4 I

{ OCn Intarrupt Flag Sat

[COMNT:0 = 1)

Mot ngét ¢6 thé duoc sinh ra mdi 14n ma gid tri cia bd dém vuon téi gia tri TOP
bang viéc stir dung c& OCFO . Néu nhu ngét duoc kich hoat , cdc chuong trinh con diéu
khién ngit c6 thé duoc st dung dé cap nhat gid tri TOP . Tuy nhién , viéc thay d6i TOP
dén 1 gid tri déng Bottom khi ma bd dém dang chay véi 0 hodc 1 gid tri thap cia bd
dém gop trude phai duoc 1am véi su can than tir khi ché do CTC c6 dic diém 1a bo dém
kép . Néu gid tri méi duoc viét 1én OCRO thap hon gid tri hién thoi cia TCNTO , bd
dém s& bi 15 ghép so sanh . B dém sau d6 phai dém tir gid tri cuc dai cua n6 (0xFF)
va boc xung quanh diém khoi dau 0x00 trudce khi ghép so sdnh c6 thé xuat hién .

Vé viée phat ra mot dang song dau ra trong CTC mode,, dau ra OCO c6 thé duoc
cai dat dé di chuyén muc logic cua n6 trén moi ghép so sanh bang viéc cai dat céc bit
ché d6 dau ra so sanh t6iché do T oggle (COMO1:0=1 ). Gia tri OCO s& khong duoc
nhin théy O trén chan céng trir phi viéc dinh hudng dir li¢u cho ciac chan dugc cai dat toi
daura . Dang séng duogc phét ra s€ c6 mot tan sb cuc dai cia foco = fox vo/2 khi ma
OCRO duoc cai dat 1a 0 (0x00) . Tan s6 dang séng dugc xic dinh bang cong thirc dudi
day : .

P Tel_lio
100 T 9 N ( 1k'+ OCRn)

Bién N duoc trinh bay theo ti I¢ cho trudce (1,8, 32,64,128,256, hoac 1024)

Cho ché d6 thudng cta qué trinh diéu khién , c& TOVO duoc cai dat trong cdc chu ki
xung nhip khic nhau c4i ma bo dém dém tir MAX dén 0x00

Ché @6 Fast PWM : xung PWM c6 dinh

D0 rong xung diéu ché c6 dinh hodc ché do Fast PWM (WGMO1:0 =3 ) cung
cép 1 su lya chon phat dang song PWM tan sb cao . Ché do fast PWM khac cac lua
chon PWM khac béng céc ché do diéu khién suon don . BO dém dém tir muc
BOTTOM dén MAX sau d6 khoi dong lai trt BOTTOM . Trong ché d6 dau ra so sanh
khong dao , bit so sinh dau ra (OCO) bi x6a trén ghép so sanh giira TCNTO va OCRO ,
va dat  BOTTOM . PBé tuong xtmg véi ché do diéu khién sudn don , qud trinh diéu
khién tan s6 ctia ché do fast PWM c6 thé duoc cao gap d6i nhur 12 cdc pha ding cia
ché 46 PWM cdi ma duoc sir dung qud trinh diéu khién 2 suon . Tan sd cao nay 1am
cho ché d6 fast PWM phit hop véi sy diéu chinh ngudn , sy chinh luu va cic tng dung
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DAC . Tan s6 cao nay cho phép céc thanh phan vat Iy ¢& nho (cudn day , tu dién ) va
vi vdy giam gid thanh cta hé thong .

Trong ché do Fast PWM , bd dém duoc 1am tang cho dén khi gid tri cua bd dém
tuong tng véi gid tri MAX . B6 dém thi sau d6 dugc x6a tai chu ki xung nhip timer
bén dudi . Gian dd thoi gian cho ché 4o Fast PWM duoc dua ra trén hinh 39 . Gid trj
ctia TCNTO trong gian do thoi gian chi ra nhu 1a 1 biéu d6 minh hoa cho qu4 trinh diéu
khién suon don . Gian d6 bao gdm céc dau ra PWM déo va khong dao Puong nam
ngang nho danh dau trén céc suon TCNTO duoc dua ra cdc ghép so sdnh gitta OCRO va
TCNTO

Figure 39. Fast PWM Mode, Timing Diagram
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Co bdo tran Timer/Counter TOVO dugc cai dat mdi 1an bo dém tién toi gia tri
MAX néu nhu ngit dugc kich hoat , chuong trinh con diéu khién ngit c6 thé dugc sir
dung cho vi¢c cdp nhat cic gid tri so sanh

Trong ché do Fast PWM , bo phan so sanh cho phép viéc phat ra cdc dang séng
PWM trén chan OCO . Viéc cai dit cac bit COMO1:0 1én 2 s& gdy ra 1 xung PWM
khong ddo val dau ra PWM dao c6 thé duogc phat ra béng viéc cai dat COMO1:0 Ién 3
( xem bang 54 trang 105 ) . Gi4 tri thyc cua OCO s& chi dugc nhin théy trén chan céng
néu dinh hudng dir liéu cho chin cong dugc cai didt nhu 12 cong ra . Dang séng PWM
duoc phdt ra bang viéc cai dat hodc (x6a ) thanh ghi OCO tai ghép so sdnh gitta OCRO
va TCNTO , va viéc x6a (hodc cai dat ) thanh ghi OCO tai thoi gian chu ki xung nhip bo
dém duogc x6a ( thay doi tir MAX dén BOTTOM )

Tan s6 PWM cho dau ra c6 thé duoc tinh bang cong thic sau day:

pe
Lelk 1O

Tocnpwy = o 3eg
Bién N duoc duaratheo ti 1€ xich (1,8, 32,64, 128, 256, 1024 )
Gia tri cuc dai cua thanh‘ ghi OCRO duogc du’q ra trong cac tru’(‘mg hop dac biét khi
ma sy phét ra mdt dang séng dau ra PWM trong ché d§ Fast PWM . Néu nhu OCRO
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duoc cai dat béng gid tri BOTTOM , dau ra s& 1a cdc dinh nhon va hep cho mdi mot chu
ki xung nhip MAX+1 . Viéc cai dit OCRO bang MAX s& 1a hiéu qué trong 1 dau ra c6

gid tri cao hodc thép la hﬁng sb ( su phu thudc vao do phan cuc cua dau ra duoc cai dit
bang céc bit COMO1:0 )

MOt tan sb (v6i 50% tai lam viéc ) cua dang song dau ra trong ché 360 PWM c¢6
thé dat duoc bang viéc cai datOCO di chuyén cdc muc logic ctia né trén mdi ghép so
sanh (COMO1:0 =1) . Dang séng dugc phat ra sé c¢6 1 gid tri cuc dai cua focg = fox yo/2
khi ma OCRO duoc cai dit 12 0 . Bac diém nay thi twong tu nhu su di chuyén OCO trong
ché d6 CTC ., ngoai trur dac diém cua b dém kép cta bd phén so sanh daura duoc
kich hoat trong ché do fast PWM

Ché @6 PWM diing pha

Ché ¢6 PWM didng pha (WGM1:0 =1) cung cap 1 su lya chon phdt céc dang
song PWM dung pha c6 d6 chinh xac cao . Ché d6 diing pha PWM co ban la qua trinh
diéu khién xung don . B6 dém dém lip lai tr BOTTOM dén MAX va sau d6 tir MAX
dén BOTTOM . Trong ché do dau ra so sanh khong ddo , so sdnh dau ra (OCO0) duoc
x6a trén cdc ghép so sanh gitta TCNTO va OCRO trong qud trinh dém 1én , va dugc cai
dit trén ghép so sanh trong khi dém xudng . Trong ché do so sdnh dau ra déo , qué trinh
diéu khién dugc ddo .Qua trinh diéu khién 2 sudn c6 tan sd hoat dong 16n nhat thap
hon qua trinh diéu khién sudn don . Tuy nhién , so dic tinh d6i xtng cta céc ché do
PWM 2 sudn , cic ché d nay dugc wa thich hon trong céc ing dung diéu khién dong
co .

Do chinh xdc cia PWM cho ché d6 PWM diing pha Ia 8 bit bén vimng . Trong ché
d6 PWM diing pha bd dém duoc 1am ting cho dén khi gid tri ciia bd dém tuong Gng
v6iIMAX khi ma bo dém tién t6i MAX , né thay d6i hudng dém . Gid tri TCNTO s&
bang véi MAX cho 1 chu ki xung nhip thoi gian . Gian d6 thoi gian cho ché d6 PWM
dung pha dugc dua ra trong hinh 40 . Gia tri TCNTO trong gian d6 thoi gian chi ra nhu
12 1 biéu d6 minh hoa cho qué trinh diéu khién 2 sudn . Gian d6 bao gdm cdc dau vao
PWM déo va khong dao . Pudng nim ngang nhé ddnh déu sudn TCNTO dugc dua ra
trén ghép so sanh gitra OCRO va TCNTO.
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Figure 40. Phase Correct PWM Mode, Timing Diagram
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Co bdo tran Timer/Counter dugc dat mdi 1an bo dém tién téi BOTTOM . Co ngit
¢6 thé duoc sir dung dé sinhra 1 ngét mdi 1an bo dém tién téi gid tri BOTTOM .

Trong ché &0 PWM diing pha , bd phan so sdnh cho phép phit sinh ra céc dang
song PWM trén chan OCO . Vi¢c cai dat cac bit COMO1:0 Ién 2 s& gdy ra 1 xung
PWM khong dao. Mot daura PWM d4o c6 thé duge sinh ra béng viéc cai dat
COMO1:0 Ién 3 ( xem bang 55 trang 106 ) . Gia tri thuc su cua OCO s€ chi dugc nhin
théy trén chan Céng néu nhu sy dinh huong dit liéu cho céc chan céng duoc cai dat nhu
1a dau ra . Dang séng PWM duoc sinh ra bang céch x6a (hodc cai dat ) thanh ghi OCO
tai ghép so sanh giita OCRO va TCNTO khi ma b dém tiang va viéc cai dat ( hodc x0a )
thanh ghi OCO tai ghép so sdnh giitra OCRO va TCNTO khi ma b dém giam . Tan s6
cia PWM cho dau ra khi viéc str dung ché 406 PWM ding pha c6 thé dugc tinh todn
bang cong thire dudi day :

Tocnpcew = ﬁ%

Bién N duoc dua ra theo ti 18 xich (1, 8, 32, 64 , 128 , 256, 1024 )

Gid tri cuc bién cua thanh ghi OCRO dugc dua ra trong truong hop dac biét khi
ma sy sinh ra 1 dau ra dang séng PWM trong ché 46 PWM ddng pha . Néu nhu
OCRO duoc cai dat bé‘mg BOTTOM , dau ra sé tiép tuc & muc thép va néu né cai dit
bang MAX thi dau ra s& tiép tuc & murc cao cho ché @6 PWM khéng dao . Vé ché do
PWM dao thi dau ra s& c6 cdc gid tri logic d6i lap

O mbi diém bat dau cua chu ki 2 trong hinh 40 Ocn ¢6 sy chuyén d6i tir cao
xubng thap mic dit khong c6 ghép so sdnh ndo . Piém ddnh diu cta sy thay doi nay
duoc dam bao d6i xtmg xung quanh BOTTOM . C6 hai trudng hop duoc duara 1 su
chuyén d6i ma khong ghép so sanh :

- OCRO thay d6i gid tri ctia né tir MAX , giébng nhu hinh 40 . Khi ma gia
tri cia OCRO 1a MAX , gi4 tri ciia chan Ocn thi giéng nhu két qua ciia viéc dém xubng
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ghép so sanh . Bé dam bao tinh d6i xtimg xung quanh BOTTOM , gi4 tri Ocn taiMAX
phai duoc twong tmg véi két qua cua viéc dém lén ghép so sanh .

- Timer bét dau dém tir gid trj cao hon vé gid tri thdp hon trong OCRO , va
vi If do nay céc 16i cta ghép so sdnh va do d6 OCn thay dbi cdi ma s& xay ra trong Chleu
lén .

Gian d thoi gian ciia Timer/Counter

Hinh 41 va hinh 42 bao gdom dit lidu thoi gian cho qu4 trinh diéu khién
Timer/Counter . Timer/Counter thi duoc thiét ké dong bd va cdc xung nhip timer
(clktp) do vay duogc chi ra nhu la 1 xung nhip kich hoat tin hi€u. Hinh nay chi ra chudi
dém 1én céc gid tri MAX . Hinh 43 va 44 chi ra cdc dit liéu thoi gian giéng nhau ,
nhung vai céc bod dém gop trude dugce kich hoat . Céc hinh cling minh hoa khi céc co
ngét duoc cai dat .

C4c hinh bén duéi chi ra Timer/Counter trong ché d6 dong bd , va xung nhip
timer (clkyo) thi do vay duogc chi ra nhu 12 1 xung kich hoat céc tin hiéu . Trong ché do
dibo , clkyo nén dugc thay the bang xung nhip cua bg tao dao dong Timer/Counter .
Cic hinh bao gom théng tin vé khi cdc cd bdo ngat duoc cai dat . Hinh 44 bao gom di
liéu thoi gian cho qu4 trinh diéu khién Timer/Counter co ban . Hinh nay ciing chi ra céc
chudi dém déng 1én gid tri MAX trong tit ca cdc ché do khac hon ché @6 PWM ding
pha

Figure 41. TmerFE‘,Dunter Timing Diagram, Mo Prescaling

J|_|L\_I_

clk-.
iclks/1)

TCNTR _g'l WAK - 1 X e :( BOTTOM :!( BOTTOM +1
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Hinh 42 chi ra céc dit liéu thoi gian giéng nhau , nhung véi cdc bd dém gop trude
da kich hoat
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Figure 42. Timer/Counter Timing Diagram, with Prescaler (f., o/8)
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Hinh 43 chi ra céch cai dit OCFO trong tat ca céc ché do trir ché d6 CTC
Figure 43. Timer/Counter Timing Diagram, Setting of OCFO, with Prescaler (i, ,o/8)
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Hinh 44 chi ra cach cai dat cua OCFO va x6a TCNTO trong ché do CTC
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Figure 44. Timer/Counter Timing Diagram, Clear Timer on Compare Match Mode, with Pres-
caler (fu n/8)
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Su miéu ta cac thanh ghi cia Timer/Counter 8 bit — 8bit Timer/Counter Register
Description

Thanh ghi diéu khién Timer/Counter —- TCCRO

Bt 7 & 5 4 3 2 1 1]
| Foco | weMmoo | comot | COMDD | WGMOD1 | ©S02 | CS01 | cso0 | TCCRO
ReadWrits W RMW RW RW R R RAN RwW

hitial Value i i i i i i 0 o

Bit 7 — FOCO : Force Output Compare ( so sanh dau ra cudng bic )

Bit FOCO chi dugc hoat dong khi ma ciac bit WGM x4ac dinh1 ché do khong phai
12 PWM . Tuy nhién , d¢ dam bao tinh twong thich véi cdc thiét bi trong tuwong lai , bit
nay phai duoc cai 12 0 khi ma TCCRO duoc viét khi hoat dong trong ché 46 PWM .
Khi viéc viét mot mire logic 1 1én bit FOCO , 1 ghép so sdnh trung gian bi cudng birc
trén b phan phat dang séng . Pau ra OCO bj thay ddi theo viéc cai dit cdc bit
COMO1:0 ctia n6 . Chd ¥ rang bit FOCO duoc cai dut nhu 12 1 strobe . Do vdy né 1a 1
gid tri dua ra trong cac bit COMO1:0 cdi ma xéac dinh r6 hiéu lyc cta viéc so sénh cudng
btrc .

1 sy phan tich FOCO s& khong sinh ra bt ¢t ngat nao , hodc né s& x6a cdc timer
trong ché 46 CTC sir dung OCRO nhu 132 TOP .

Bit FOCO thi lu6n duoc doc nhu 1a 0
Bit 6, 3 — WGMO1:0 : ché d6 phat sinh dang séng

Céc bit nay diéu khién cic chudi dém ctia bo dém , ngudn cho gid tri ¢ém cuc
dai (TOP), va loai nao cua su sinh ra cdc dang séng duogc st dung . Céc ché do diéu
khién duoc hd trg bai Timer/Counter 13 : Normal mode , Clear Timer on Compare
match (CTC) mode , va 2 loai cua ché do diéu ché do rong xung PWM .Xem thém bang
52 va “modes of Operation *“ ¢ trang 98
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Table 52. Waveform Generation Mode Bit Description

wano! | wamMoo' | Timer/Counter Update of | TOVD Flag
Mode (CTCO) (PWMD) | Mode of Operation | TOP OCROD at Seton
0 0 0 Mormal OxFF Immedizte MAX
1 0 1 PWM, Phase OxFF TOP BOTTOM
Correct
2 1 o cCTC COCRO | Immediate | MAX
3 1 1 Fast PWM OxFF BOTTOM hAAX
MNote: 1. The CTCO and PWMO bit definition names are now obsolete. Use the WGEMO1:0 definitions.

However, the functionality and location of these bits are compatible with previous versions of
the timer.

Bit 5,4 - COMO1:0 : ché d6 dau ra ghép so sdnh

C4c bit nay diéu khién viéc xir If cdc chan so sanh dau ra (OC0) . Néu 1 hoic ca
hai trong cdc bit COMO1:0 duoc cai dat , dau ra OCO ghi de 1én cong chiic nang théng
thuong cua chan I/0 duge két ndi v6i né . Tuy nhién , chd ¥ rang bit thanh ghi dinh
hudng dir liéu (DDR ) tuong tng véi chan OCO phai dugc cai dat dé ma kich hoat bd
diéu khién dau ra

Khi ma OCO duoc két ndi toi chan , chiic ning cia céc bit COMO1:0 phu thudc
vao viéc cai dat cac bit WGMO1:0 . Bang 53 chi ra cdc bit chttc ning COMO01:0 khi ma
cédc bit WGMO1:0 duge cai dit 1én mot ché d6 normal hodc ché d6 CTC mode ( khong
phai PWM)

Table 53. Compare Output Mode, non-PWH Mode

comMm COMOoD Description
0 0 Mormal port operation, OC0 disconnected.
0 1 Toggle OCO on compare match
1 0 Clear OC0 on compare match
1 1 Set OC0 on compare match

Bang 54 chi ra céc bit chic nang COMO1:0 khi ma cac bit WGMO01:0 duoc cai dat

trong ché do fast PWM
Table 54. Compare Qutput Mode, Fast PWM Mode'"

COomMo1 COMOD Description
0 0 Mormal port operation, OCO disconnected.
0 1 Resened
1 0 Clear OC0 on compare match, set OC0 at BOTTOM,

(non-imverting mode)

Set OC0 on compare match, clear OC0 at BOTTOM,
(imverting mode)

Mote: 1. A special cese occurs when OCRO eguals TOF and COMO1 is set. In this case, the compare
match is ignored, but the set or clear is done &t BOTTOM. See “Fast PWM Mode™ on page 99

for more detzils.

Béang 55 chi ra bit chirc nang COMO1:0 khi ma WGMO1:0 dugc cai dat trong ché do
PWM ding pha
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Table 55. Compare Output Mode, Phase Correct PWM Mode!'
ComMO | COMOD | Description

0 0 Mormal port operation, OC0 disconnected.
il 1 Reserved
1 ] Clear OCO0 on compare match when up-courting. Set OC0 on compare

match when downcounting.

1 1 Set OC0 on compare match when up-counting. Clear OC0 on compare
match when downcounting.

Mote: 1. A special case occurs when OCRO equsals TOFP and COMO1 is zet. In this case, the compare
match is ignored, but the set or clear is done at TOP. See “Phase Correct PWM Mode™ on page
101 for more details.

Bit 2:0 : lya chon ché do khéa ‘
Céc bit lya chon ché d khdéa nguon khéda dugce st dung boi Timer/Counter xem
bang 56

Table 56. Clock Select Bit Description

csoz Cs0 CS00 Description
o 0 0 Mo clock source (Timern'Counter stopped)
0 0 1 Clky,a/(Mo prescaling)
0 1 0 Clky,g/B (From prescaler)
0 1 1 Clky,5/32 (From prescaler)
1 0 0 ClKyss/64 (From prescaler)
1 0 1 Clks,e/128 (From prescaler)
1 1 0 Clkqng/256 (From prescaler)
1 1 1 Clkqng/ 1024 (From prescaler)

Thanh ghi Timer/Counter - TCNT0

B 7 G 5 4 3 2 0

| T NT 0[7:0] | TENTD
Fead'Write RW RW RAW RW RW RwW RwW RwW
Infiiz] Valus o 0 o o o o o o

Thanh ghi Timer/Counter dua ra sy truy nhap truc tiép , ca hai qud trinh diéu
khién doc va ghi , 1én bd dém 8bit ctia Timer/Counter . Viéc viét 1én céc khéa thanh ghi
(g5 bo ) ghép so sanh trén cdc xung nhip timer dudi day . Su thay ddi ctia bo dém
(TCNTO) trong khi bo dém dang chay , dwa ra 1 nguy co cta viéc 18i 1 ghép so sdnh
gitra TCNTO va thanh ghi OCRO

Thanh ghi so sanh ddu ra - OCR0

Bt 7 5 s 4 3 2 o
| OCRO[T:0] | OCRO
adWrite RW RW RMW RMW AW AW AW AW
Inifial Value a a i) a a a i )

Thanh ghi so sdnh dau ra bao gom 1 gid tri 8 bit ma c6 thé tiép tuc dugc so sdnh
vai gid tri cua bo dém ( TCNTO) . Mot su ghép c6 thé duoc st dung dé sinhra 1 ngét
so sdnh dau ra , hodc sinh ra 1 dau ra dang séng trén chan OCO
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Sw hoat dong khong dong bo ciia Timer/Counter

Thanh ghi trang thai khong dong bo - ASSR

3 2 1 o
| aso | TCWOUE | OCROUB | TCROUE | ASSR
R'W R R R

o o o o

Bit T
- |
Fezd Write R

Inftial Valus

o TOf 1 fn
o O e

o DRI m

Bit 3 — ASO : Timer/CounterO di bd

Khi ASO duoc viét 12 0, Timer/Counter 0 bi khéa khoi xung nhip I/O , clky,o. Khi
ASO duogc viét 12 1 , Timer/Counter bi khéa khoi 1 bd tao dao dong thach anh duogc két
ndi v&i chan caa bo tao dao dong timer 1 (TOSC1 ) . Khi ma gid tri cia ASO bi thay
dbi , thanh phan ctia TCNTO , OCRO va TCCRO c6 thé bi hu hong
Bit 2 — TCNOUB : Timer/Counter cap nhat cac trang thai ban (Timer/CounterO Update
Busy )

Khi Timer/Counter0 hoat dong mot cach di bd va TCNTO duoc ghi , bit nay duogc
cai dat . Khi TCNTO duoc cap nhat tir thanh ghi luu trir tam thoi , bit nay duoc xda
bang phan ctng . 1 muc logic 0 trong bit nay hién thi c4i ma TCNTO sin sang duoc cap
nhat véi 1 gié tri moi .

Bit 1 — OCROUB : thanh ghi O cap nhat trang thai ban so sdnh dau ra

Khi Timer/Counter 0 hoat ddong mot cach di bd va bit OCRO duogc ghi , bit nay
duoc cai dat . Khi OCRO dugc cap nhat tir thanh ghi luu trir tam thoi , bit nay dugc x6a
bang phan cung . 1 muc logic 0 trong bit nay hién thi ci ma OCRO san sang duoc cap
nhat véi 1 gié tri moi .

Bit 0 —- TCROUB Thanh ghi0 diéu khién Timer/Counter cip nhat trang thdi ban

Khi Timer/Counter 0 hoat ddong mot cach di bo va bit TCCRO dugc ghi , bit nay
dugc cai dat . Khi TCCRO dugc cap nhat tur thanh ghi Iuu trir tam thoi , bit nay dugc
x6a bang phan cimg . 1 mirc logic 0 trong bit nay hién thi cdi maTCCRO sin sang duoc
cap nhat véi 1 gia tr1 méi

Néu 1 qud trinh ghi dugc tién hanh 1én bat ctr ci nao trong 3 thanh ghi cta
Timer/Counter( trong khi cd cap nhat ché do ban duoc cai dit , gid tri cap nhat c6 thé
c6 hu hong va gy ra viéc 1 ngat vo tinh xuét hién .

B phan cho viéc doc TCNTO , OCRO va TCCRO thi khac nhau . Khi vi¢c doc
TCNTO, gid tri timer thuc dugc doc . Khi doc OCRO hoac TCCRO , gid tri trong thanh
ghi luu trlr tam thoi dugc doc

Qua trinh diéu khién di b ciia Timer/Counter0

Khi Timer/Counter O hoat dong di bd , 1 vai su chu dén phai duoc xem xét
- Canh bdo : khi chuyén mach gitta cdc bd dinh thoi dong bo va khong dong bo
cua Timer/Counter( , thanh ghi Timer TCNTO , OCRO va TCCRO c6 thé hu
hong . Mot quy trinh an toan cho viéc chuyén mach cdc ngudn xung nhip 12 :
1. Vo hiéu héa céc ngit ctia Timer/Counter0 bang viéc x6a OCIEO va TOIEQ
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2. lya chon ngudn phét xung nhip bang viéc cai dit ASO nhu dugce phé chuan

3. viét gid tri m&i 1én TCNTO , OCRO , va TCCRO

4. dé chuyén mach sang qud trinh diéu khién di b6 : doi TCNOUB , OCROUB
, TCROUB

5. x6a cdc co ngit cua Timer/Counter

6. Kich hoat cdc ngat néu thay can thiét

- B tao dao dong thi duoc tbi wu cho viée sir dung voi dong ho thach anh
32.768 kHz . Viéc dp dung mot xung nhip ngoai lén chan TOSC1 c6 thé c6
két qua sai trong qua trinh diéu khlen Timer/Counter O . Tan s6 Xung nhip
chinh cua CPU phai 16n hon 4 lan tan sb cua bo tao dao dong

- Khi viét tdi 1 trong sb cdc thanh ghi TCNTO , OCRO va TCCRO , gi4 tri dugc
chuyén vio trong 1 thanh ghi tam thoi , va duge chdt sau 2 suon duong trén
TOSC]1 . Ngudi sir dung khong nén viét 1 gid trj méi trude khi dung luong
ctia thanh ghi tam thoi dugc chuyén dén dich dén ctua né . Mdi 1 thanh ghi
trong 3 thanh ghi duoc néi dén déu c6 thanh ghi riéng biét ctia ching , diéu
nay c6 nghia 12 vi du : viéc viét 1én TCNTO khong giy nhiéu 1 qud trinh ghi
trong OCRO dang dugc tién hanh . Dé do 1 su chuyén dén thanh ghi dich da
xay ra hay chua , thi thanh ghi trang thai di bd - ASSR phai dugc cai dat .

- Khi truy nhép vao ché d6 Power-save hodc ché d6 Extended Standby sau khi
dang dugc viét 1én TCNTO , OCRO hodc TCCRO ,ngudi sir dung phai doi cho
dén khi thanh ghi dugc viét dugc cap nhat néu Timer/Counter0 dugc st dung
dé danh thic thiét bi . N6i cach khdc MCU sé truy nhap vao ché do ngu trude
khi cdc sy thay d6i c6 hiéu lyc . Piéu nay thi ddc biét quan trong néu nhu bo
ngit so sdnh dau ra 0 dugc str dung dé danh thirc thiét bi nay , tir khi chirc
nang so sanh dau ra dugc vo hiéu héa trong subt qué trinh Viét Ién OCRO hoac
TCNTO . Néu chu ki viét khong hoan thanh , va MCU truy nhép vao ché do
ngu trudc khi bit OCROUB duoc tralaila 0, thiét bi nay s& khong bao gid
nhan ngat ghép so sanh , vi MCU s& khong dugc danh thre.

- Néu Timer/Counter0 duorc st dung dé danh thire thiét bi tir ché do Power-save
hoac ché do Extended Standby , 1 su phong ngtra phai duoc thuc hién néu
ngudi st dung mudn truy nhap lai vao 1 trong cdc ché d6 nay : Mirc logic ngit
can thiétl chu ki xung TOSC1 dé Reset . Néu thoi gian giira qué trinh danh
thirc va truy nhap lai céc ché do ngt nhé hon 1 chu ki TOSC1 , ngit s& khong
xuat hién va thiét bi s& bi 16i khéi dong . Néu nguoi sir dung nghi ngo 1 trong
2 khoang thoi gian trude khi dang nhap lai vao ché do Power-save hoic ché
d6 Extended Standby 12 ché d6 6n dinh hay khéng, thuat todn dudi ddy c6 thé
duoc sir dung dé dam bao rang 1 chu ki TOSCI c6 két thic .

1. Viét 1 gid tri 1én TCCRO , TCNTO hoic OCRO

2. doi cho dén khi c& cap nhat trang thdi ban twong ung trong thanh ghi
ASSR 1a 0

3. truy nhap vao ché do Power-save hoac ché do Extended Standby
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- Khi ma qud trinh diéu khién di bd duoc lua chon , bo tao dao dong 32.768
kHz cho Timer/Counter0 ludn dang chay , ngoai trir trong ché do Power-
downhodc ché do Standby . Sau khi 1 sy Reset bat ngué)n hoac danh thirc tir
ché d6 Power-down hodc ché do Standby , ngudi st dung nén nhan biét 1
cach chinh xac réng bo tao dao dong c6 thé léy di chi can 1s dé 6n dinh .
Nguoi st dung thi dugc khuyén doi trong khoang thoi gian nhé hon 1s trudc
khi str dung Timer/Counter O sau khi bat nguén hodc déanh thirc tir ché d6 ngét
ngudn hoidc ché d6 chd . Dung lugng cia tit ca céc thanh ghi phai duoc xét
dén ton that trude sau khi dugc ddnh thic tir ché do ngét nguén hodc ché do
cho xtmg voi tin hiéu xung nhip khong on dinh trén start —up . Thuc chét chi
mot trong 2 thr 1a b tao dao dong dugc st dung hodc tin hi€u xung nhip
ddng hod duogc dp dung cho chan TOSC1

- Su miéu ta cta viéc ddnh thuc tir ché do Power-save hodc ché d6 Extended
Standby khi duoc khéa di bo : khi diéu kién ngét duoc phit hop , tién trinh
danh thuc dugc khoi dong trén cdc chu ki cia xung nhip timer bén dudi , céi
ma Timer ludén duogc hoan thi€n boi dudi 1s trudce khi bo xur li ¢6 thé doc cac
gid trj ctia bo dém . Sau khi d4nh thirc , MCU bj duing trong 4 chu ki xung
nhip , n6 thuc thi cdc chuong trinh con phuc vu ngét , va ndi tiép cac su thuc
thi tur cdc 1énh dudi 1énh SLEEP

- Qua trinh doc cua thanh ghi TCNTO ngén sau khi duoc danh thire tir ché d6
tiét kiém nguon c6 thé dua ra 1 két qua khong chinh xdc . Tir khi TCNTO bj
khéa trén khéa khdng déng bo TOSC , viéc doc TCNTO phai dugc thuc hién
thong qua 1 thanh ghi dugc ddng bo héa téi cdc viing xung nhip I/0 bén trong

Qua trinh déng bd phai duoc xdy ra cho mdi sudn 1én cia TOSC1 . Khi ma sy
danh thtrc khoi ché d6 Power-save , va céc xung nhip I/0O hoat dong tr¢ lai
TCNTO s& dugc doc nhu 1a gié tr1 trude( trude khi truy nhap vao ché do ngu )
cho dén khi c6 sudn 1én tiép theo cuia TOSC1 . Pha cta xung nhip TOSC sau
qué trinh danh thirc tir ché do tiét kiém ngudn thi khong thé tién dodn trude
mot cich co ban , nhu né phu thudce vao thoi gian danh thirc . Quy trinh duoc
dé nghi cho viéc doc TCNTO thi duoc chi ra duéi day :

1. Viét bat ctr gid tri ndo toi 1 trong 2 thanh ghi OCRO hoic TCCRO

2. doi cho coO cap nhat trang thédi ban twong rng duoc xda

3. Boc TCNTO

- trong subt qua trinh diéu khién di bo, su déng bo hoa cua cac co ngét trong

khoang thoi gian di bo tao ra ba chu ki xung nhip ciia bd vi str Iy nhiéu hon
trong 1 chu ki. BO dinh thoi do vay dugc nang cao bdi mot bo phan trude khi
bo vi str 1y ¢6 thé doc gid trj thoi gian cua viée cai dat cdc cd ngat. Céc chan
so sanh Céng ra dugc thay ddi trén céc bo dinh thoi va khong dugc dé)ng bd
héa tdi cac xung nhip cua bd vi sur 1y
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thanh ghi che cic ngit ciia Timer/Counter — TIMSK

B 7 g z 4 3 z 1 o
| ociez | ToiE: | TICIET | OCIE1A | OCIEYE | TOE1 | OCIED | TOIED | TIMSK
FesdWris RW RW RAW RAN RAN RW RMW R"W

Initisl Value 1] 1] 0 ] ] ] ] ]

Bit 1 — OCIEO : kich hoat cdc ngit ghép so sdnh dau ra Timer/CounterQ

Khi ma bit OCIEO dugc viét 12 1, va bit I trong thanh ghi trang thai duoc dat 1a 1
, ngét ghép so sanh Timer/Counter 0 duoc kich hoat . Ngét tuong ung dugc thuc thi néu
1 ghép so sanh trong Timer/CouterQ xuét hién vi du nhu khi bit OCFO0 duoc cai dat
trong thanh ghi cd bdo ngat Timer/Counter — TIFR

Bit 0 — TOIEO : kich hoat ngit tran Timer/Couter0

Khi ma bit TOIEO duoc viét 1a 1, va bit I trong thanh ghi trang thai duogc cai dit
lal, ngét dong tran Timer/Couter0 duoc kich hoat vi du nhu khi bit TOVO0 dugc cai
dit trong thanh ghi cd bdo ngit — TIFR

Thanh ghi co bao ngit Timer/Counter -TIFR

Bt g & 5 4 3 2 1 0
| ocrz | ToOvEz | ICF1 | OCF1A | OCFIE | Tov | ocFo | TOvD | TIFR
FeadWris RW RW RMW RAW RMW RMW R R"W

Initial Value ] ) ] i) 0 0 0 0

Bit 1 — OCFO : c& bdo so sdnh dau ra 0

Bit OCFO duoc cai dit 12 1 khi 1 ghép so sanh xudt hién gitta Timer/Counter 0 va
dir liéu ¢ trong OCRO — Output Compare Register 0 . OCFO bj x6a bang phan ctng khi
ma su thue thi cdc vec to diéu khién ngét tuong img. Nhu mdt su lya chon , OCFO bi
x6a bang viéc viét 1 murc logic 1 1én co . Khi ma bit I trong SREG, OCIEO (kich hoat
ngat ghép so sanh Timer/Counter 0 ) , va OCFO dugc cai dat 12 1, ngat ghép so sanh
Timer/Counter O duoc thuc thi

Bit 0 — TOVO : co béo tran Timer/CounterQ
Bit TOVO duoc cai dat 1a 1 khi 1 dong tran xuét hién trong Timer/Counter 0. TOVO bi
x6a bang phan cung khi ma viéc thuc thi céc vec to diéu khién cdc ngat twong tng .
Nhu mét sy lya chon , TOVO bi x6a bang viéc viét 1 mirc logic 1 1én cd . Khi ma Bit I
SREG ,TOIEQ (kich hoat co bao ngét tran Timer/Counter ), va TOVO duoc cai datla 1,
ngét tran Timer/Counter O dugc thyc thi . Trong ché 36 PWM , bit nay duogc cai dat khi
Timer/Counter 0 thay d6i huéng dém tai $00
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B¢ déem gop trudc Timer/Counter — Timer/Counter Prescaler
Figure 45. Prescaler for Timer/Counterd
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Nguon phat xung nhip cho Timer/Counter0 dugc dat tén la clkyy . clkry thi dugc
mic dinh két néi toi xung nhip chinh ctia hé théng clkyo . Bang viéc cai dat bit ASO
trong ASSR , Timer/Counter0 dugc khéa 1 cich di bg tir chan TOSC1 . biéu nay kich
hoat st dung cua Timer/Counter0) nhu 1a mot bo dém thoi gian thuc (Real Time
Counter — RTC ) . Khi bit ASO duoc cai dat , cac chan TOSC1 va TOSC2 duoc ngét
két ndi khoi cong C . Mot bo tao dao dong thach anh co thé sau d6 duoc két ni giita
cac chan TOSCI1 va TOSC2 dé phuc vu nhu lal ngudn phat xung nhip doc 1ap cho
Timer/Counter(O . B tao dao dong thi dugc t01 wu héa dé sir dung véi bo tao dao dong
thach anh 32.768 kHz . Viéc 4p dung mot ngudn phat xung nhip ngoai 1én TOSC1 thi
khoéng duge khuyén khich .

Vé Timer/Counter0 |, su lya chon ti 1€ 1a c6 thé : clkros/8 , clkros/32 , clkros/64
, Clkros/128 , clktos/256 , clktos/1024 . Thém nira, clkyog cling nhu O (stop) c6 thé
duoc lua chon Vigc cai dat bit PSRO trong SFIOR kh01 dong lai bo dém gop trudc .
Diéu nay cho phép ngudi sir dung dé diéu khién voi 1 bo dém gop trudc cé thé tién
dodn trudc

Thanh ghi I/0 chirc niang dac biét - Special Function I/O Register — SFIOR

Bit T
| ED
ReadWris AW

Initial Value 0

Bit 7 — TSM : ché d6 dé)ng bo héa Timer/Counter

3 2 1 0
ACME FUD PSRO | PER321 | SFIOR
RMW R'W RW RW

o o i} 0

o o o
o D1
SE | I
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Viéc viét bit TSM 1én 1 kich hoat ché do dé)ng bo héa Timer/Counter . Trong ché
do nay , gid tri ma duogc viét 1én PSRO va PSR321 thi duoc gilt , du cho vi¢c gitr cac bo
dém gop trude twong tmg sé reset cac tin hiéu duoc x4c nhan . Diéu nay ciing dam bao
rang céc bo Timer/Counter twong tmg dugc ding va c6 thé duoc ciu hinh t6i cdc gid tri
gidng nhau ma khéng c6 nguy co hong ciia mot trong sd chiing trong sudt qué trinh cdu
hinh . Khi bit TSM dugc viét 12 0, céc bit PSRO va PSR321 bi x6a bai phan cimg , va
Timer/Counter bat dau qua trinh dém 1 cach lién tuc.

Bit 1 — PSRO : b dém gop trudc reset Timer/Counter

Khi bit nay 12 1, bo dém gop trudc ciia Timer/Counter s& duoc reset . Bit nay thi
thudong dugc x6a ngay 1ap tire bang phan cing . Néu bit nay dugc viét trong khi
Timer/Counter dang hoat dong trong ché do dj bo , bit nay s€ con lai 1 cho dén khi bd
dém gop trude dugce reset xong . bit niy s& khong dugc x6a bang phan mém néu bit
TSM duoc cai dat .
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XII . Timer/Counter 16 bit (Timer/Counter 1 va Timer/Counter 3)

B phan Timer/Counter 16 bit cho phép dinh thoi gian cdc qua trinh thuc thi
chuong trinh mét cdch chinh x4c (quan 1i sy kién ) , phat sinh ra cac séng , va do thoi
gian tin hi¢u .Cic dac diém chinh 12

- Thiét ké 16 bit that (vi du ,cho phép 16bit PWM )

- 3 b0 phéan so sdanh dau ra doc lap

- Céc thanh ghi so sdanh dau ra dugc ghi vao bo dém kép

- B0 phan bat dau vao

- Khda cit nhidu dau vao

- Xoa timer trén ghép so sanh (tu dong tai lai )

- Khéng c6 nhidu soc ngang , diéu ché do rong xung diing pha (PWM )

- Chuki PWM thay dbi

- M4y phat tan sb

- B0 dém su kién bén ngoai

- 10 ngudn ngat doc 1ap (TOV1 , OCF1A , OCF1B, OCFIC , ICF1, TOV3,

OCF3A , OCF3B, OCF3C, ICF3)

Su han ché trong ché d6 tuong thich voi Atmega 103

Chd ¥ rang trong ché do tuong thich véi Atmega 103 , chi c6 1 Timer/Counter 16
bit 1a kha dung(Timer/Counter 1) . Ciing chd y thém rang trong ché dd tuong thich véi
Atmega 103 , Timer/Counter 1 c6 hai thanh ghi so sainh( compare A va compare B )

Tong quan

Tat ca cdc thanh ghi va cdc bit tham khao trong phan nay duoc viét theo dang
chung . 1 truong hop thap hon “n” thay thé cho tht tu ctia Timer/Counter , va mot
truong hop thap hon nita “x” thay thé cho kénh bo phan so sanh dau ra . Tuy nhién , khi
st dung thanh ghi hodc bit x4c dinh trong mot chuong trinh , mot mau chinh x4c phai
dugc str dung vi du nhu TCNTI cho viéc truy nhap vaogia tri bd dém Timer/Counter
1.

Mbt so dd khoi da rit gon cua Timer/Counter 16 bit dugc chi ra trong hinh 46.
V& vi trf that sy cia cdc chan /O tham khao phan “Pin Configurations” & trang 2 . CPU
c6 thé truy nhdp vao céc thanh ghi I/O, bao gdm céc bit I/O , duoc in ddm . Thanh ghi
/O xédc dinh thiét bi va céc bit vi tri duoc liét ké trong “16bit Timer/Counter Register
Description” ¢ trang 133.
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Figure 46. 18-bit Timer/Counter Block Diagram
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Mote: Refer to Figure 1 on page 2, Table 30 on page 74, and Table 39 on page B1 for Timer/Counterl
and 3 pin placement and description.

Cac thanh ghi

Timer/Counter (TCNTn), thanh ghi so sanh dau ra (OCRnA/B/C), va thanh ghi
bat tin hiéu dau vao (ICRn) tat ca déu 1a cdc thanh ghi 16 bit . Cdc quy trinh dic biét
phai duogc tuan theo khi truy nhdp vao cic thanh ghi 16bit. Cac quy trinh nay dugc miéu
ta trong phan “Accessing 16bit Register” & trang 115 . Cdc thanh ghi diéu khién
Timer/Counter (TCCRnA/B/C)la cac thanh ghi 8 bit va khong c6 su han ché d6i véi
quyen truy nhap cua CPU . Céc tin hiéu yéu cau ngit (viét tit Int.Req. ) déu duoc nhin
thdy trong thanh ghi c& bdo ngat Timer (TIFR)va thanh ghi ¢ bdo ngit Timer mé rong
(ETIFR). Tét ca céc ngit déu dugc che riéng biét véi thanh ghi che ngét Timer
(TIMSK) va thanh ghi che ngit Timer mé rong (ETIMSK) . (E)TIFR va (E)TIMSK déu
khong duogc chi ra trong hinh v€ tir khi c4c thanh ghi nay duoc chia sé boi cac bo phan
Timer khéc .

Timer/Counter c6 thé bi khéa bén trong , bang b dém gop trude hodc béngl
nguon xung nhip ngoai trén chan Tn. Khéi logic lya chon xung nhip diéu khién c4i ma
ngudn phat xung nhip va sudn cia Timer/Counter st dung dé 1am ting (hodc giam )
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gid trj ciia né . Timer/Counter thi khong hoat dong khi khéng c¢6 ngudn phat xung nhip
nao duoc lya chon . Pau ra tir logic lya chon xung nhip dugc tham khao nhu 1a 1 xung
nhip Timer (clkr,)

C4c thanh ghi so sdnh dau ra duoc ghi vao b dém kép (OCRnA/B/C) thi dugc so
sdnh voi gid tri cua Timer/Counter & tat ca cdc thoi diém . Két qua cua viéce so sanh c6
thé duoc sir dung boi mdy phat dang séng dé phat ra | PWM hoic 1a 1 dau ra tan sb
thay ddi trén chén so sdnh dau ra (OcnA/B/C)

Xem thém phan “Output Compare Units “ & trang 121 . su kién ghép so sanh
cling s& dat co ghép so sdanh (OCFnA/B/C ) cii ma c6 thé duoc sir dung dé sinh ra 1 yéu
cau ngat so sanh dau ra .

Thanh ghi bit dau vao c6 thé bat gid tri cua Timer/Counter tai 1 vi tri dugc dua
ra bén ngoai (suon khoi dong ) sy ki€n trén chan bét tin hiéu céng ra (ICPn) hoac trén
cic chan cua bd so sanh tuong tu (xem “Analog Comparator’trén trang 227 . BO phan
bét tin hiéu dau vao bao gé)m 1 bd loc sb (bo cit nhiéu ) cho vi€c giam céac thay ddi cua
viéc bit cdc dinh nhiéu .

Gid tri TOP , hodc gié tri cuc dai Timer/Counter , c6 thé trong 1 vai ché do cua
qua trinh diéu khién duoc xdc dinh béng thanh ghi OCRnA ,hoac ICRn , hoac béng viéc
cai dat mot gid tri 6n dinh . Khi viéc sir dung OCRnA nhu 12 gid tri TOP trong ché do
PWM , thanh ghi OCRnA khong thé duoc st dung cho vi¢c phét sinh ra 1 dau ra PWM
. Tuy nhién , gid tri TOP ¢ trong truong hop nay s€ dugc ghi vao bo dém kép cho phép
gid tri TOP duoc thay doi trong thoi gian chay . Néu nhu gid tri TOP 6n dinh 1 can
thiét , thanh ghi ICRn c6 thé duoc sir dung nhu Ia mot sy luan phién , su ty do cua
thanhnh OCRnA duoc sir dung nhu 12 dau ra PWM .

Cac dinh nghia

Cic dinh nghia dudi ddy duogc sit dung 1 cich rong rdi xuyén subt tai liéu ndy .

Table 57. Definitions
BOTTOM The counter reaches the BOTTOM when it becomes 0x0000.

AR X The counter regches its MAXimum when it becomes 0xFFFF (decimal 65535).

TGP The counter reaches the TOF when it becomes egual to the highest value in the
count sequence. The TOP value can be assigned to be one of the fixed values:
Dx00FF, 0x01FF, or 0x03FF, or to the value stored in the OCRnA or ICRN
Fegister. The azssignment is dependent of the mode of operation.

Su twong thich

Timer/Counter 16bit ¢ nhiéu cip nhat va cai tién tir cdc phién ban trudc cla
Timer/Counter 16bit cia AVR . Timer/Counter 16 bit nay c6 thé tuong thich day du vai
céac phién ban sém hon .
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- Tt ca cdc Timer/Counter 16bit déu lién quan dén cdc vi tri dia chi thanh ghi
I/0 , bao gdm céc thanh ghi ngat timer

- Céc vi trf bit bén trong tit ca céc thanh ghi Timer/Counter 16bit , bao gdm céc
thanh ghi ngit Timer

- Céc véc to ngit

Cic bit diéu khién dudi ddy da duoc thay d6i tén , nhung ¢ ciing chirc ning va

vi tri cdc thanh ghi

- PWMnO duoc chuyén thanh WGMnO

- PWMn1 duoc chuyén thanh WGMn1

- CTCn duoc chuyén thanh WGMn2

Céc thanh ghi duoi day thi duoc thém vao Timer/Counter 16bit :

- Thanh ghi diéu khién Timer/Counter C (TCCRnC)

- Thanh ghi so sdnh dau ra C , OCRnCH va OCRnCL , dugc néi véi OCRnC

Cic bit dudi day duoc thém vao thanh ghi diéu khién Timer/Counter 16bit

- COMICI1:0 dugc thém vao TCCR1A

- FOCnA , FOCnB va FOCnC dugc thém vao thanh ghi méi TCCRnC

- WGMn3 duoc thém vao TCCRnB

Co ngét va cdc bit che cho bd phan so sédnh dau ra C dugc thém vao

Timer/Counter 16bit c6 sy hoan thién ma s€ c6 hi¢u lyc tuong thich trong vai

truong hop dac biét

Cac thanh ghi 16 bit truy nhap — Accessing 16bit Registers

TCNTn , OCRnA/B/C , va ICRn déu 1a c4c thanh ghi 16bit cdi ma c6 thé dugc
truy nhap bdi CPU AVR thdng qua bus dir liéu 8bit . Thanh ghi 16bit phai dugc danh
dia chi byte sir dung 2 qua trinh doc va ghi . Mdi Timer 16bit c6 1 thanh ghi don 8bit
cho viéc luu trit tam thoi cua cac byte cao cua viéc truy nhdp 16bit . Thanh ghi tam thot
gidng nhau duoc chia sé giita tit ca cdc thanh ghi 16bit trong mdi timer 16bit . Su truy
nhap cac byte thép khoi dong qué trinh doc va ghi 16bit . Khi byte thap cta thanh ghi
16bit duoc viét boi CPU , byte cao duoc luu trit trong thanh ghi tam thoi , va byte thap
da viét ca hai duoc sao chép vao trong thanh ghi 16 bit trong chu ki xung nh1p giong
nhau . Khi byte thap caa 1 thanh ghi 16bit dugc doc boi CPU , byte cao ciia thanh ghi
16bit dugc sao chép vao trong thanh ghi tam thoi trong chu ki xung nhip giéng nhau
nhu Ifa byte thap duoc doc

Khong phai tat ca cdc sy truy nhap 16bit sit dung thanh ghi tam thoi cho byte cao
. Vi¢c doc cac thanh ghi OCRnA/B/C thi khong bao ham viéc stir dung thanh ghi tam
thoi (Temporary Register)

Pé 1am viéc viét 16bit , byte cao phai dugc viét trudc byte thap . Vé 1 qud trinh
doc 16bit , byte thép phai dugc doc trude byte cao

Doan code mau dudi day chi ra cach dé truy nhép céc thanh ghi 16bit Timer gia
dinh rang khong c6 ngit nao duoc cap nhat vao thanh ghi tam thoi . Nguyén tic gidng
nhu vy c6 thé duoc st dung 1 cich truc tiép cho viée truy nhap céc thanh ghi
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OCRnA/B/C va cac thanh ghi ICRn . Chd y rang khi st dung “C” , trinh bién dich diéu
khién sy truy nhap 16bit

Assembly Code Examples'”

i Set TCNTn to OxUlFF
14irl7, 0x01

141 r16, 0xFF

oukt TCNTnH, r17

out TCNTnL, rls

: Read TCNTn into rl7:rls
in rls, TCNTnL

in rl7, TCHTnH

C Code Examples'"

unaigned int 1;

f* Set TCHNTn to O0x01FF */
TCHNTn = Ox1FF;
* Read TCHNTn into 1 */

i = TCNTo;

Mote: 1. See“About Code Examples” on page 9.
The assembly code example returns the TCNTn value inthe r17:r16 register pair.

N6 thi rat quan trong dé nhan biét ré‘mg viéc truy nhap cdc thanh ghi 16bit 1a qua
trinh hoat dong nguyén tur . Néu nhu mot ngat xuat hién gitta 2 1énh truy nhap thanh ghi
16bit , va ma ngat cap nhat thanh ghi tam thoi bang viéc truy nhap cdc thanh ghi Timer
gidng nhau hodc bat ctr thanh ghi timer nao khéc , sau d6 két qua cta viéc truy nhap bén
ngoai cdc ngat s& bi hu hong . Vi vay , khi ca hai doan ma chinh va sy cap nhat cac ngat
vao thanh ghi tam thoi, doan ma chinh phai vo hiéu héa cic ngit trong sudt su truy
nhap 16bit

Poan ma mau dudi ddy chi ra cach dé 1am 1 qua trinh doc nguyén tir ctia céc
thanh phan cua thanh ghi TCNTn .Viéc doc bét cr thanh ghi OCRnA/B/C hoic ICRn
c6 thé thyuc hién bang cich sir dung cdc nguyén tic giéng nhau .
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Assembly Code Example''’

TIM1&_ FReadTCNTo:

3 S=wve g l interrupt £lag
in rls,2REG
y Digable interrupts

cli

y Read TCHWNTn into rl7:rlé

im rl16,TCHNTRI

im 17 ,TCHNTOH

; Bestore global interrupt £lag
out SREZ, r18

rakt

C Code Example!"!

uneignaed int TIM1S_ ReadTCHNTn( woid )

wmaigned char sre=g;

wmaigned int 1;

-
_digable_interrupti) ;
f* Bead TCNTn into i */f
i = TCHTR;
/* Reatore global interrupt £lag */
SREC = greg;
return i
}
MNote: 1. See “About Code Examples™ on page 9.

Vi du doan ma Assembly tra lai gid tri cua TCNTn trong cap thanh ghi r17:r16
Poan ma mau dudi ddy chi ra cich de lam 1 qud trinh viét nguyén tir ctia cdc thanh

ph;ln cua thanh ghi TCNTn . Viéc viét ba}t cu cac thanh ghi OCRnA/B/C hodc ICRn c¢6
thé dugc thuc hién bang cic nguyén 1i giong nhau .

Assembly Code Example'’

; Reatore global interrupt £lag
out SREG, rlE

rat

C Code Example!’!

unsigned char sreg;

mnaigned int i

f* Bave global interrupt £lag */f
sreg = SREG;

f* Digable interrupta */
__digable interrupt() ;

£ Seit NP Ctn s

TCHNT = i

f* Restore global interrupt £1la

[14]

SREZ = sreg;

woid TIM1S WriteTCNTn( wmesigned int i )

x 7

Mote: 1. See “About Code Examples™ on page 9.

The assembly code example reguires that the r17:r16 register pair conteins the value to be

written to TCNTn.
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Kha ning dung lai cia thanh ghi byte cao tam thoi .

Néu vige viét vao nhiéu hon 1 thanh ghi 16bit noi ma cic byte cao thi glong
nhau cho tét ca cdc thanh ghi dugc Vlet sau d6 cic byte cao chi can duoc viét 1 1an .
Tuy nhién , chd ¥ rdng nguyén tic gidng nhau ctia qud trinh diéu khién nguyén tir dugc
miéu ta trudc d6 cling dugce dp dung trong truong hop nay .

Céc ngudn phat xung nhip Timer/Counter

Timer/Counter ¢ thé bi khéa bang nguén phat xung nhip bén trong hoac bén
ngoai. Nguon phat xung nhip duoc lya chon bang murc logic lua chon xung nhip c4i ma
dugc diéu khién bang céc bit lya chon xung nhip(CSn2:0 ) dugc dt trong thanh ghi
diéu khién Timer/CounterB (TCCRnB) . Dé biét thém chi tiét trén ngudn phdt xung
nhip va cdc bd dém gop trude xem thém “ cic bo dém gop trude Timer/Counter3
,Timer/Counter2, va Timer/Counterl” ¢ trang 144

Thanh phin by dém - Counter Unit

Céc phan chinh ciia Timer/Counter16bit thi ¢6 thé 1ap trinh thanh phan b dém
16 bit 2 huéng . Hinh 47 chi ra 1 so d6 khéi ctia cdc bd dém va céc thanh phan xung
quanh no .
Figure 47. Counter Unit Block Diagram

- DATA BUS jz-on) .

TOVn
(Int. Reg.)

TEMPF [&-bit)

Oiock Select

~

Sount Edos
< il ™
|T|:NTnH |5-:1:|TENTnL|5-n1: Clear gk, Cetector
5 Cointrol Logic [
resctlonmn
TCNTn (160l Counter)

| From Preacaler |
T"'..‘.-P TE&"GM

Count Increment or decrement TCNTh by 1.

3
1
]

Signal description (internal signals):

Direction Select between increment and decrement.

Clear Clear TGNTnN (set all bits to zero).
clkp, Timer/Counter clock.,
TOP Signalize that TCNTn has reached maximum value.

BOTTOM Signalize that TCNTn has reached minimum value (zero).

B) dém 16bit dugc v& ban do vao trong 2 vi tri bd nhé 1/O 8 bit : B dém cao
(TCNTnH) bao gom nhi¢u hon 8bit cua by dém , va bo dém thap (TCNTnL) bao gém
thap hon 8bit . Thanh ghi TCNTnH c6 thé dugc truy nhap mot céch truc ti€ép boi CPU .
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Khi ma CPU thuc hién mdt truy nhéap dén dia chi /O TCNTnH , CPU truy nhap byte
cao trong thanh ghi tam thoi (TEMP) . Thanh ghi tam thoi thi dugc cap nhat vai gia tri
TCNTnH khi ma TCNTnL duogc doc , va TNCTnH thi dugc cap nhat véi gia tri cia
thanh ghi tam thoi khi ma TCNTnL dugc ghi . Diéu nay cho phép CPU dé doc hoic va
ghi gid tri tron ven ctia bd dém 16 bit trong vong 1 chu ki xung nhip thdng qua bus di
liéu 8 bit . NG thi thuc sy quan trong dé nhan biét rang c6 nhiing trudng hop dic biét
cuia viéc viét 1én cdc thanh ghi TCNTn khi ma bd dém dang dém cdi ma s& duara
nhimng két qua khong thé tién dodn trude duoc . Nhitng trudng hop dic biét nay thi
duoc miéu ta trong cdc phan quan trong phia sau .

Phuy thudc vao cdc kiéu diéu khién duoc sir dung , cdc bo dém bi xéa , dugc lam
tang , hodc giam tai moi xung nhip Timer (clkr, ) . clky, c6 thé duoc sinh ra tir 1 nguén
phat xung nhip ngoai hodc bén trong , dugc lya chon bdi céc bit lya chon xung nhip
(CSn2:0) . Khi khong c6 ngudn phét xung nhip nao duoc Iira chon (CSn2:0 = 0) bd
timer dugc dung lai . Tuy nhién, gid trt TCNTn c6 thé duoc truy nhap béi CPU, sy doc
1ap cta clkr, thi duoc dua ra hodc khong . 1 CPU ghi de (c6 quyén uu tién & trén ) 1én
tat ca cdc bd dém x6a hodc céc quad trinh dém .

Cic chudi dém thi dugc xdc dinh bang viée cai dit cua céc bit ché d6 phdt sinh
dang song (WGMn3:0) dugc dat 6 trong thanh ghi diéu khién Timer/Counter A va B
(TCCRnA va TCCRnB). C6 céc két ndi déng gitra cach cdc bd dém duogc xir i (dem )
va cdch ma cédc dang séng duoc phit ra trén cdc dau ra so sdnh dau ra Ocnx . dé biét
thém chi tiét vé chudi dém hoan thién va may phét dang séng , xem thém bang “cdc ché
d6 diéu khién “ trén trang 124.

Co bdo dong tran Timer/Counter (TOVn) thi duoc cai dat theo ché do diéu khién
duoc lva chon béng cdc bit WGM3:0 . TOVn ¢6 thé duoc st dung dé phat sinh ra cic
ngat CPU.

B¢ phén bit tin hiéu diu ra — Input Capture Unit

Timer/Counter thi khong chinh x4c 1a 1 b phan bét tin hiéu dau vao cdi ma co
thé bit cdc sy kién bén ngoai va dua ching vao 1 khudn thoi gian hién thi thoi gian cta
cdc sy ¢b . Tin hiéu bén ngoai hién thi 1 su kién , hodc nhiéu sy kién , c6 thé duogc dp
dung thong qua chin ICPn hoac 1 cach luan phién , chi Timer/Counter 1, thong qua bo
phan so sanh twong ty. Khuén thoi gian c6 thé sau dé dugc str dung dé tinh toan tin sd

, chu ki vong tai duty-cycle , va cic tinh nang khac cia céc tin hi¢u dugc dp dung . Nhu
m(f)t su lua chon , khuén thoi gian ¢6 thé dugc sir dung cho viée tao ra 1 biéu db ciia cic
su kién .

Bo phan bét tin hiéu vao thi dugc minh hoa nhu duoc chi ra trong hinh 48 . Cac
thanh phan cta so d6 khdi cdi ma khong truc tiép 1a 1 phan ctia bo phan bit tin hiéu dau
vao thi dugc bdi xdm . Chit n nho trong thanh ghi va cdc tén bit dugc hién thi trong sd
thir tu cua Timer/Counter .
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Figure 48. Input Capture Unit Block Diagram

DATA BUS (goi)
[ TEMP(zon |
[ icAnH (son [ CANL (8ot | [ TenTnH oty | TeNTRL (soi)
WRITE ICAN (18-0it Register) TENTn (16-0it Counter)
T - |
ACO* acic IENE ICES

o | Lot .

Compars
SATpaEt Moizs Edge

Cancalar - Debachar = ICFn(Int.R=g.)
ICEn -

Mote: The Analog Comparstor Output (ACO) can only trigger the Timer/Counterl ICF - not
Timer/Counter3.

Khi 1 su thay ddi ciia muc logic (1 bién cb ) xuat hién trén chén bét tin hiéu dau
ra (ICPn), nhu mot su Iya chon trén dau ra cua bo so sanh tuong tu (ACO) , va thay doi
nay chung thuc t61 viéce cai dat cia cac bo do suon xung , 1 capture s€ dugc khoi dong .
Khi 1 bo bit tin hiéu duoc khai dong , gid tri 16 bit ctia bo dém (TCNTn) duge viét toi
céc thanh ghi bét tin hiéu dau Vao (ICRn) . Céc cd bét tin hiéu dau vao (ICFn) dugc cai
dit ¢ cac xung nhip hé théng glong nhau nhu la céc gia tri cia TCNTn duge sao chép
vao trong thanh ghi ICRn . Néu duogc kich hoat(TICIEn = 1 ) c& bdo bat tin hiu dau
vao sinhra 1 ngat bét tin hiéu dau vao (Input Capture interrupt ) . Co ICFn s€ dugc x6a
1 cach ty dong khi ma ngét dugc thuc thi . Nhu mét sy lua chon c& ICFn ¢6 thé bi x6a
bang phan mém bang viéc viét 1 mirc logic 1 1én vi trf bit I/O ctia né .

Viéc doc gid tri 16 bit trong thanh ghi bét tin hiéu dau vao (ICRn) dugc thuc hién
trude hét béng viéc doc byte thép (ICRnL) va sau dé la cac byte cao (ICRnH ) . Khi
byte thap dugc doc , byte cao duoc sao chép vao trong thanh ghi dit liéu tam thoi byte
cao (TEMP) . Khi ma CPU doc vung I/O ICRnH n6 s€ truy nhap thanh ghi TEMP

Thanh ghi ICRn c6 thé chi dugc viét khi st dung 1 ché d6 phdt dang séng céi
ma dung thanh ghi ICRn cho viéc xdc dinh gia tri TOP cua bo dém . Trong trudng hop
nay, cdc bit ché d phét dang séng (Wareform Generation mode ) (WGMn3:0) phai
duoc cai dat trude khi gid tri TOP c6 thé dugc viét t&i thanh ghi ICRn . Khi viée viét
thanh ghi ICRn céc byte cao phai duoc viét 1én viing I/0 ICRnH trudc khi byte thap
dugc viét t6i ICRnL

Pé thém thong tin vé cdch truy nhap thanh ghi 16bit tham khao “Accessing 16bit
Registers “ trén trang 115 .
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Nguon chan bat tin hiéu dau vao

Ngudn khéi dong chinh cho bo phan bit tin hiéu dau vao 1a chan bat tin hiéu dau
vao (ICPn ) . Timer/Counter]l c6 thé st dung luan phién dau ra bo so sdnh twong ty nhu
12 1 ngudn khoi dong cho bd phéan bat tin hiéu dau vao . B so sanh twong tu thi duogc
Iya chon nhu 12 nguon khéi dong bang cach cai dit bit bt tin hiéu bd so sanh tuong ty
(ACIC) trong thanh ghi trang thai va diéu khién bo so sdnh tuong tu (ACSR) . Pé nhan
biét ngudn khai dong sy thay doi c6 thé khoi dongl capture . Co bdo bat tin hiéu dau ra
do vay phai duoc x6a sau khi thay doi .

Ca hai chan bat tin hiéu dau vao (ICPn) va dau vao cia dau ra bd so sanh tuong
tu (ACO) thi dugc 1y mau sir dung cac cong nghé¢ giong nhau nhu chan Tn (hinh 59
trang 144) . B6 do suon thi cling giéng nhau . Tuy nhién , khi ma bo khéa cat nhidu
duoc kich hoat , thém vao d6 murc logic dugc cheén vao trude bo do suon xung (edge
detector ) , cai ma tang do tré bang 4 chu ki xung nhip hé théng . Chd ¥ rang dau vao
cua khoa cét nhidu va bo do suon thi luén dugc kich hoat trir phi Timer/Counter dugc
cai dat trong 1 ché do phét dang séng cdi ma sir dung ICRn dé xdc dinh gié tri TOP

Mot bo bat tin hiéu dau ra c6 thé dugc khdi dong bang phan mém bai viée didu
khién cong ctia chan ICPn

Khoéa cit nhiéu — Noise Canceler

Mot bo khéa cat nhidu nang cao viéc giam nhiéu bang viéc sir dung 1 so d6 bo
loc s6 don gian . Pau vao bo khéa cat nhidu thi dugc diéu chinh qua 4 qud trinh 13y
mau , va tit ca 4 1an d6 phai béng nhau dé cho viéc thay ddi dau ra cai ma 1an luot duoc
st dung bdi bo do suon xung .

Bo khéa cét nhidu thi dugc kich hoat bang viéc cai dat bit khéa cit nhidu bat tin
hiéu dau vao (ICNCn) trong thanh ghi diéu khién Timer/Counter B (TCCRnB ) . Khi
kich hoat khéa cét nhidu dua vao 4 chu ki xung nhip hé théng thém vao ctia d6 tré tir 1
thay d6i dugc dp dung 1én dau vao , dé cap nhat thanh ghi ICRn . Khéa cit nhidu sir
dung xung nhip hé thong va vi vy n6 khong bi anh hudng dén bo dém gop trudc .

Viéc sir dung bd phén bét tin hiéu dau vao

Su thir thach chinh cta viéc sir dung bd phan bat tin hiéu dau vao 1a dé gan du
dung lwong cta bd nhd cho viéc didu khién cdc bién cb dén . Khoang thoi gian gitra cdc
bién cd thi c¢6 tinh quyét dinh . Néu bo vi xir 1f khong phai doc gid tri bat dugc trong
thanh ghi ICRn trudc khi bién c6 tiép theo xuét hién , ICRn s& dugc ghi de véi gid tri
moi . Trong trudng hop nay két qua cua viéc truy bat s& bj sai .

Khi sir dung ngit bét tin hiéu dau vao (Input Capture ) , thanh ghi ICRn nén
dugc doc som trong chuong trinh con phuc vu ngat néu c6 thé . D vay ngét ctia bd
truy bt tin hiéu ddu vao c6 quyén vu tién cao 1 cdch twong dbi , thoi gian ddp Gmg ngét
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cuc dai thi phu thudc vao s6 16n nhat cta chu ki xung nhip n6 léy di dé diéu khién bat
ctr 1 yéu cau ngit nao khéc .

Viéc str dung bd phan bét tin hiéu dau ra trong bat ctt mdt ché d6 diéu khién nao
khi ma gid tri TOP duoc thay d6i mot cach chu dong trong sudt qud trinh hoat dong , thi
khong dugc khuyén nghi .

Viéc do ctia mdt chu ki tai ctial tin hiéu bén ngoai cdi ma can thiét dé khai dong
suon thi dugc thay d6i sau mdi lan truy bat. Viéc thay d6i su 14y mau suon (Edge
sensing) phai duoc thyc hién sém nhat c6 thé sau khi thanh ghi ICRn vira duoc doc .
Sau I sy thay d6i ctia suon xung , co bdo bit tin hiéu dau vao (ICFn) phai duoc x6a
bang phan mém (viét muc logic 1 1én viing dia chi bit I/O) . Vé viéc chi do tan s6 , qud
trinh x6a ctia ¢ ICFn thi khong can thiét (néu mot diéu khién ngat duogc sir dung )

Céc bd phén so sanh diu ra — Output Compare Units

B so sdnh 16 bit tiép tuc so sanh TCNTn vé6i thanh ghi so sdnh ddu ra (OCRnx ).
Néu nhu TCNT bang OCRnx , céc tin hiéu ciia bd so sanh ¢6 mot sy tuong tmg . Mot
match s€ dugc cai dat co so sanh dau ra (OCFnx) tai chu ki xung nhip tiép theo . Néu
duoc kich hoat (OCIEnx =1 ) co bao so sanh dau ra sinh ra 1 ngat so sanh dau ra . Co
OCFnx thi tu dong dugc x6a khi ngit dugc thyc thi . Nhu mot sy lya chon , co OCFnx
6 thé bi x6a bang phan mém boi viée viét mot mie logic 1 1én vung dia chi bit I/O cua
no . My phat dang song str dung tin hiéu ghép dé phét ra 1 tin hiéu dau ra theo ché do
diéu khién cai dit bangcac bit ché d6 phat dang séng (vWGMn3:0) va cdc bit ché do
dau ra so sanh (COMnx1:0) . Tin hiéu TOP va BOTTOM duoc sir dung bang may phat
dang séng dé diéu khién céc trudng hop dic biét cua cdc gid tri cuc bién trong mot vai
ché d6 diéu khién ( Xem bang “ché do diéu khién “ trén trang 124 )

Mot tinh nang dac biét cua b phan dau ra so sanh cho phép né xac dinh gia tri
TOP cua Timer/Counter (vi du d§ chinh xac cua bd dém ) . Thém vao do chinh x4c cua
bd dém , gid tri TOP xdc dinh chu ki thoi gian cho dang séng duoc phdt bang mdy phat
dang song .

Hinh 49 chira 1 so d6 kh01 ctia bo phan so sdnh dau ra . Chir “n” nho trong
thanh ghi va cac tén bit hién thi s6 tht ty cta thiét bi (n = n cta Tlmer/Counter n),va
“x” hlen thi bo phén dau ra so sanh (A/B/C) . Thanh phén cta so do khi cdi ma khong
tryc tiép 12 1 phan cia bo phan dau ra so sanh thi duoc bdi xam .
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Fgure 49. Output Compare Unit, Block Diagram
DATABUS (a-si)
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Thanh ghi OCRnx thi dugc ghi vao bd dém kép khi st dung bat ¢t 1 trong 12 ché
d6 diéu ché d6 rong xung (PWM) . V& ché d6 diéu khién binh thudng va ché do so sinh
trén x6a timer- Clear Timer on Compare mode (CTC ), su ghi vao bd dém kép thi bi
v0 hi€u hoéa. Sy ghi vao bd dém kép thi déng bo hdéa viéc cap nhat cua thanh ghi so
sainh OCRnx dén 1 trong 2 gid tri ctia chudi dém 12 TOP va BOTTOM . Su dong bo
héa ngan can su xuét hién ctia odd-length , va cdc xung PWM khong dbi xtng , do d6
tao ra cic dau ra khong c6 nhiéu soc ngang .

Su truy nhap thanh ghi OCRnx c6 thé duong nhu phiic tap , nhung d6 khong phai
1a truong hop nay . Khi bg dém kép (double buffering ) dugc kich hoat , CPU vura truy
cap 1én thanh ghi bd dém OCRnx , va néu bd dém kép bi vo hiéu héa CPU s¢€ truy nhap
vao OCRnx 1 cach truc tiép . Thanh phﬁn cua thanh ghi OCR1x (b0 dém hoac bd so
sdnh ) chi bi thay d6i bang mot qua trinh viét (Timer/Counter thi khong cdp nhat thanh
ghi 1 céch ty dong nhu 1a cac thanh ghi TCNTn va ICRn ). Vi vdy OCRnx thi khong
dugc doc thong qua thanh ghi tam thoi byte cao (TEMP) . Tuy nhién , né 1a 1 sy thuc
hanh tét dé doc byte thap trudc tién nhu khi truy nhap vao céc thanh ghi 16bit khéc .
Qud trinh viét c4c thanh ghi OCRnx phai duoc thuc hién théng qua thanh ghi TEMP tir
khi qud trinh so sdnh clia tat ca cdc thiét bi 16bit thi dwgc thuc hién 1 cdch lién tyc .
Byte cao (OCRnxH) dugc ghi trudce tién . Khi vung dia chi I/O byte cao dugc ghi béi
CPU , thanh ghi TEMP s& duogc cdp nhat boi gid tri dd duoc viét . Sau d6 khi byte thap
(OCRnxL ) duoc ghi 18n céc thap hon 8bit , byte cao s& dugc sao chép vao trong upper
8bit cua 1 trong 2 thanh ghi b0 dém OCRnx hoac thanh ghi so séanh OCRnx trong cling
mdt chu ki xung nhip hé thong .
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Dé thém thong tin vé cdch truy nhap vao céc thanh ghi 16bit tham khao thém
“Accessing 16bit Registers “ trén trang 115
So sanh dau ra cuong birc

Trong cic ché d6 khong phai 1a ché d6 phét dang séng PWM , dau ra ghép
(match output) ctia bd so séanh c6 thé bi cudng burc bdi viée viét mot mirc logic 1 1€n bit
so sdnh dau ra cudng birc (FOCnx ) . Viéc ghép so sdnh cudng buc s& khong cai dit co
OCFnx hoic reload/clear Timer , nhung chian Ocnx s& duoc cip nhat nhu 1a néu 1 ghép
so sdnh xuét hién( cdc bit COMnx1:0 cai dit x4c dinh réng chan Ocnx duoc cai dat , bi
x6a hodc di chuyén )

Quid trinh khéa ghép so sanh bang viéc viét TCNTn

Tat ca qud trinh viét cia CPU 1én thanh ghi TCNTn s& khéa bt ctr ghép so sdnh
nao cdi ma xuat hién trong chu ki xung nhip tiép theo , du cho khi Timer duoc dimg lai
. Bic diém nay cho phép OCRnx dugc khoi tao lai dén gid tri gidng nhue TCNTn ma
khong khoi dong 1 ngat khi ma khéa Timer/Counter duoc kich hoat .

Viéc sir dung by phan so sanh dau ra

Tir khi viéc viét TCNTh trong bt cir ché d6 diéu khién nao s& khéa tat ca cic
ghép so sanh trong 1 chu ki xung nhip timer , ¢6 nhiing nguy co dugc kéo theo khi sy
thay d6i TCNTn khi sir dung bat ctr céc kénh so sanh dau ra nao , su phu thudc cua viée
lua chon Timer/Counter dang chay hay khong . Néu gi4 tri duoc viét 1én TCNTn bang
gid trt OCRnx , ghép so sanh s& bi khong ding , két qua trong viéc phat ra dang séng
khong dung . Khong dugc viét TCNTn bang gid tri TOP trong ché d6 PWM véi cdc gid
tri TOP thay ddi . Ghép so sanh cho TOP s& dugc bo qua va bo dém s& tiép tuc 1én
OxFFFF . Mot cach tuong ty , khong duoc viét gid tri TCNTn bang gid tri BOTTOM
khi ma bo dém dang dém xudng

Su cai dit cua Ocnx nén duoc tién hanh trude khi viée cai dit thanh ghi dinh
huéng dit liéu cho chan cong 1én cong ra . Cach dé nhat dé cai dat gid tri Ocnx 12 st
dung céc bit phan tich so sanh dau ra (FOCnx) trong ché do binh thudng (normal).
Thanh ghi Ocnx giit gid tri ciia né du khi thay d6i giita cic ché d6 phdt dang s6ng

Pé nhén ra rang cdc bit COMnx1:0 thi khong duoc ghi vao bd dém kép ciing
nhau véi gia tri so sanh . Sy thay ddi céc bit COMnx sé tao hiéu luc ngay lap tac .

B6 phén ghép diu ra so sinh

Cic bit ché do dau ra so sanh (COMnx1:0) c6 hai chirc ning . M4y phét dang
song stir dung cac bit COMnx1:0 cho vi¢c xac dinh trang thai so sdnh dau ra (OCnx) tai
ghép so sanh tiép theo . Thir hai 1a cdc bit COMnx1:0 diéu khién chan OCnx ngudn dau
ra . Hinh 50 chi ra so dd da duoc rit gon cua sy hu hong logic béi viée cai dit bit
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OCMnx 1:0 . C4c thanh ghi I/O , céc bit I/O va céc chan I/O trong hinh thi dugc boi
dam. Chi céc phan cta céc thanh ghi diéu khién cong /O chung (DDR va PORT) cii
ma bj hong boi céc bit COMnx1:0 duoc chi ra . Khi tham khao dén céc trang thdi cia
OCnx , su tham chiéu thi cho thanh ghi OCnx bén trong , khong phai cho cdc chan
OCnx . Néu tin hiéu Reset xuét hién , thanh ghi OCnx dugc reset vé 0

Figure 50. Compare Match Output Unit, Schematic
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Chtic ning cta céc cong I/0 chung thi duoc ghi d& bang bit so sanh dau ra (OCnx
) tir mdy phat dang séng néu 1 trong 2 bit COMnx1:0 duoc cai dat . Tuy nhién , su dinh
huéng chan OCnx ( dau vao hodc dau ra ) thi van duoc diéu khién boi thanh ghi dinh
hudng dit licu (DDR) cho chéan céng . Bit thanh ghi dinh hudéng dir li¢u cho chan OCnx
(DDR_OCnXx) phai duoc cai dat nhu cong ra trude khi gid tri cia OCnx dugc nhin thiy
trén chan . Chuc ning ghi d& cong 1a nguyén tic doc 1ap cta ché do phat dang séng ,
nhung ¢6 1 vai ngoai 1¢ . Tham khao bang 58 bang 59 va 60 dé biét thém chi tiét .

Thiét ké cua chn logic so sanh cong ra cho phép viéc khoi tao cua trang thai
OCnx trudce khi cong ra duoc kich hoat . Chd ¥ rang sy cai dat bit COMnx1:0 duogc du
trit cho cdc ché d6 da biét ciia qud trinh diéu khién . Xem “m0 ta thanh ghi
Timer/Counter 16bit trén trang 133

Cac bit COMnx1:0 khong c6 hi€u luc trén bo phan bét tin hiéu dau vao

Ché @) diu ra so sanh va sy phét sinh dang séng

May phat dang s6ng str dung cac bit COMnx1:0 1 cach khac nhau trong ché do
thong thuong , va cdc ché do PWM . Cho tit ca cdc ché do , viéc cai dat céc bit
COMnx1:0 =0 néi cho mdy phét biét rang khong c6 hanh dong nao trén thanh ghi
OCnx duoc tién hanh trong ghép so sdnh tiép theo . Cho cdc hoat dong dau ra so sanh
trong céc ché do khong phai PWM tham khao bang 58 trang 133 . V& ché do fast PWM
tham khao bang 59 trang 134 , va cho ché d6 PWM ding tan s6 va PWM ding pha
tham khao bang 60 trang 134
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Mot su thay doi trang théi‘ cac bit COMnxl :0 s€ c6 hi¢u luc tai ghép so séph dau
tién sau khi céc bit dugc ghi . Vé céc‘ ché d¢ khong phai PWM , hoat dong c6 thé bi
cudng ép co hiéu luc ngay 1ap tirc bang viéc stir dung bit phan tich FOCnx

Cac ché d¢ cia qua trinh diéu khién

Ché do ciia qud trinh diéu khién vi du nhu sy xir If cia Timer/Counter va cic
chén so sanh dau ra , duoc xdc dinh bang viéc két hop ciia ché do phat dang séng
(WGMn3:0) va céc bit dau ra so sanh (COMnx1:0) . C4c bit ché do dau ra so snh thi
khong anh huéng dén cic chudi dém , trong khi céc bit ché do phat dang séng thi anh
huong . Cac bit COMnx1;0 diéu khién lya chon dau ra PWM dugc phat ra nén dugc
dao hay khong ( xung PWM dao hoic khdng dao ) . Cho cic ché d6 khong phai PWM
céac bit COMx1:0 diéu khién dau ra lra chon nén duogc cai dit , bi x6a hay di chuyén tai
1 ghép so sanh ( xem “compare match output unit trén trang 123 )

Dé biét thém chi tiét vé thong tin dinh thoi tham khao “Timer/Counter Timing
Diagrams” trén trang 131 .

Ché d binh thwong — Normal mode
Ché @6 binh thuwong

Ché do don gian nhét ctia qud trinh diéu khién 1a ché d6 binh thudng (WGMn3:0)
= 0. Trong ché d6 nay viéc dinh huéng dém thi ludn ludn 1a 1én trén (ting dan), va
khong c6 sy x6a bd dém nao duoc tién hanh. B4 dém don gian nhét bj tran khi ma né
vuot qua gid tri cuc dai 16 (MAX = OxFFFF ) va sau d6 khoi dong lai tir ché do
BOTTOM (0x0000) Trong ché d6 diéu khién binh thudng cd bédo tran Timer/Counter
(TOVn) s€ dugc cai dat trong cung chu ki xung nhip nhu 1a TCNTn tr¢ thanh 0 . Co
bdo TOVn trong truong hop nay dugc xu i nhu 1a bit thtr 17 , ngoai 1€ 1a n6 chi dugc
cai dat , khong bi x6a . Tuy nhién , dugc két hop voi ngét bdo tran timer cdi ma ty dong
x6a c& TOVn , d6 chinh xdc cta timer ¢6 thé duoc ting 1én bang phan mém . Khéng c6
truong hop dic biét ndo dugc xét dén trong ché do binh thudng , 1 gid tri b dém méi
c6 thé duoc ghi bat cir thoi gian nao .

B phan truy bat tin hiéu dau ra, thi rat dé dugc st dung trong ché do binh
thuong. Tuy nhién viéc quan sét gia tri cyc dai bén trong gitra cdc bién c bén ngoai
phai khong dugc vuot quéa do chinh xédc cua by dém. Néu gia tri bén trong cila cic bién
cd qud dai, cd bdo ngat tran tham mo hodc bd dém gdp trudce cia timer phai duoc sir
dung dé md rong d6 chinh xéc cia bo phén truy bt tin hiéu dau vao.

Cic bd phan so sanh dau ra c6 thé dugc sir dung dé phat ra cdc ngat tai mot vai
thoi diém dinh trude .Viée str dung so sdnh dau ra dé phat cic Xung trong ché d6 binh
thudng thi khéng duge khuyén cdo , do d6 diéu nay s& 1am tiéu ton nhiéu thoi gian cua
CPU
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Ché @9 CTC - Clear Timer on Compare Match

Trong ché d6 CTC (WGMn3:0=4 hoac 12), thanh ghi OCRnA hoac ICRn duogc
st dung dé diéu khién d6 chinh xdc ctia bd dém. Trong ché d6 CTC bo dém bi x6a vé 0
khi ma gid trj ctia bd dém (TCNTn) twong Gng véi mot trong hai bit OCRnA
(WGMn3:0= 4)hoac ICRn (WGMn3:0=12). Thanh ghi OCRnA hodc ICRn xdc dinh gid
tri TOP cho b dem ,va cung la d6 chinh xdc cua no6. Ché d6 nay cho _phép viéc diéu
khién ctia tan s6 dau ra ghép so sanh tot hon. N6 ciing 1a qué trinh diéu khién don gian
nhét cta viéc dém cdc su kién bén ngoai.

Biéu dd thoi gian cho ché 46 CTC dugc chi ra trén hinh 51. Gid trj ciia bo dém
(TCNTn) 1am ting cho dén khi mot ghép so sdnh xuét hién véi mot trong hai thanh ghi
OCRnA hogc ICRn , va sau d6 bd dém bi x6a

Figure 51. CTC Mode, Timing Diagram

OSmA Imermupt Flag Set
| or 1CFn interrupt Flag Set
T {Interrupt on TOF)

v ' v

AN m

oCnA T
(Toggle) )

SOMnA1 D = 1)

Period I 1 1 2 | 3 I: 1 I

Mot ngét 6 thé duoc sinh ra tai mdi 1an ma gia tri cua bo dém dat dén gia tri
TOP béng viéc st dung c& OCFnA hodc ICFn theo thanh ghi dugc str dung dé x4c dinh
gid trj TOP . Néu ngit dugc kich hoat , chuong trinh con diéu khién ngét c6 thé dugc sir
dung cho viéc cap nhat gid tri TOP . Tuy nhién , vi¢c thay doi gia tri TOP dén 1 gia tri
déng 1én BOTTOM khi ma bo dém dang chay voi 1 hodc 0 murc thap ctia bo dém gop
trude phai duge thyc hién voi su can than do ché do CTC khong cétinh nang bd dém
kép .Néu mot gid tri méi dugc ghi 1én thanh ghi OCRnA hodc thanh ghi ICRn thap hon
gid tri hién hanh cia TCNTn , by dém s& bj 16i ghép so sdnh . B6 dém sau d6 sé& phai
dém tlr gid tri cuc dai ciia né (OXFFFF) va vung xung quanh gid tri khoi dong tai
0x0000 trude khi ghép so sanh ¢6 thé xuat hién. Trong nhiéu truong hop tinh ning nay
khong dugc xét dén . 1 su dao nguogc sau do s€ sir dung ché do fast PWM str dung
OCRnA cho viéc xdc dinh gid tri TOP (WGMn3:0=15) do d6 OCRnA sau do6 s€ duoc
ghi vao b dém kép

V& viéc phdt ra 1 dau ra dang séng trong ché dd CTC , dau ra OcnA c6 thé dugc
cai dat dé di chuyén mirc logic ctia né trén mdi ghép so sdnh bang viéc cai dit cdc bit
ché @6 d4u ra so sdnh dé thay doi ché 46 (COMnA1:0)=1 . Gi4 tri cia OCnA s& khong
duoc nhin théy trén chan Cé)ng trr phi sy dinh hudng dit liéu cho chan Céng duoc cai dat
1én dau ra (DDR_OCnA =1). Dang séng duogc phét ra s€ co tan s6 16n nhat cia focua =
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fex vo/2 khi ma OCRnA dugc cai dat 1a 0 (0x0000) . Tan sb dang séng dugc xac dinh
boi cong thuce dudi day :

L Jelk 110
Cn A 2N . (1+0CRnd)

Bién N dugc (}u’a ra ‘theo tiqlé (1,8,64,256,1024)
Nhu trong ch€ d6 diéu khién binh thuong , c6 TOVn dugce cai dét trong cung chu
ki xung nhip ma bd dém dém tur gia tr1 Max vé 0x0000

Ché d¢ fast PWM

Ché do diéu ché d6 rong xung nhanh hay fast PWM (WGMn3:0 = 5,6,7,14 hodc
15) cung cap su mot sy phdt dang séng tan sb cao tity chon . Ché do fast PWM khic
v6i cdc ché 40 PWM khéc boi qud trinh diéu khién sudn don ctia né . Bo dém dém tir
BOTTOM dén TOP sau d6 khoi dong lai tr BOTTOM Trong ché d6 dau ra so sdnh
khoéng dao , dau ra so sanh (OCnx) bi x6a trén ghép so sianh gitta TCNTn va OCRnx ,
va cai dit @ BOTTOM . Trong ché d6 dau ra so sanh 4o duoc cai dat trén ghép so sanh
va bi x6a 6 BOTTOM . Tuong xung voi qua trinh diéu khién sudn don , tan sd hoat
dong cua ché do fast PWM c6 thé cao gip dbi cic ché 30 PWM ding pha dung tan sb
va ché d6 PWM ding pha cdi ma st dung qua trinh dleu khién 2 suon . Tan sO cao nay
1am cho ché d6 fast PWM thich hop t6t voi cdc ngudn thong thudng , ngudn chinh luu
va céc ung dung DAC . Tan sb cao nay cho phép cdc thanh phan vat If ¢& nho bén trong
(cudn day , vatu dién ...) , tor d6 gidm gid thanh hé théng .

Do chinh x4c ctia xung PWM cho ché d6 fast PWM c6 thé 6n dinh ¢ 8,9 hodc
10bit , hodc duge xdc dinh bang thanh ghi ICRn hoic OCRnA . B¢ chinh xédc cuc tiéu
cho phép 1a 2 bit (ICRn hodac OCRnA dat 1a 0x0003) , va do chinh xac cuc dai la 16bit
(ICRn hoac OCRnA dit [a MAX) . Po chinh xdc cia PWM trong céc bit ¢ thé dugc
tinh to4n bang viéc sir dung cong thirc dudi day :

Repwae = = 2;;;: -

Trong ché do fast PWM bo dém thi duoc lam tang cho dén khi gid tri cua bo dém
tuong ng véi 1 trong nhitng gid tri 6n dinh 0x00FF , 0x01FF , hodc 0x03FF (WGM3:0
=5,6,7), gid tri trong ICRn (WGM3:0 =14) , hodc gid tri trong OCRnA (WGM3:0 =
15) . Bo dém sau d6 bi x6a tai chu ki xung nhip timer tiép theo . Biéu do thoi gian cho
ché @6 fast PWM duoc chi ra trong hinh 52 . Hinh nay chi ra ché d6 PWM khi ma céc
bit OCRnA hodc ICRnA duoc sir dung dé xé4c dinh gid tri TOP . Gi4 tri cia TCNTn
trong gian do thoi gian duoc chi ra nhu 1 biéu d6 dé minh hoa cho qua trinh diéu khién
suon don . So dd bao gom cdc dau ra dao va khong dao . Pudng nam ngang danh diu
trén suon TCNTn dua ra trén céc ghép so sainh OCRnx va TCNTn . Céc cd bdo ngit
OCnx s€ duogc cai dat khi 1 ghép so sanh xuét hién .
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Figure 53. Phase Correct PWM Mode, Timing Diagram

OGRnx / TOP Lipdate
CeCnA Imterrupt Flag Set
or | CFn Interrupt Flag Ssat

(Imerrupt on TOP)

TOVn Interrupt Flag Set

(Interrupt on Bottom)

A
TCNTn -

OCnx

OCnx

Period 1 I~ 2 | 3 ] 4 |

Co béo tran Timer/Counter (TOVn) duoc cai dat moi 1an b dém dat dén
BOTTOM . Khi mét trong hai thanh ghi OCRnA hodc ICRn dugc sur dung cho vi¢c xac
dinh gia tri TOP , co ICFn hodac OCnA dugc cai dat tai cung chu ki xung nhip nhu la
cdc thanh ghi dugc cap nhat véi gid trj ciia bo dém kép (TOP) . Céc co bdo ngit c6 thé
duoc su dung dé sinh ra mot ngét mdi 1an b dém dat dén gid tri TOP hoac BOTTOM .

giita Khi thay doi gi4 tri TOP chuong trinh phai dam bao rang gia tri TOP m&i
cao hon hodc bang gia tri TOP cuia tat ca céc thanh ghi so sanh . Néu gid tri TOP thap
hon bat ctr thanh ghi so sdnh nao , 1 ghép so sdnh s& khong bao gio xuat hién TCNTn
va OCRnx . Chi ¥ rang khi sir dung céc gid tri TOP 6n dinh , céc bit khéng dugce sir
dung bi che boi 0 khi bat ctr thanh ghi OCRnx nao duogc ghi . Nhu 1a chu ki th 3 dugc
chi ra trong hinh 53 , viéc thay di gid trj TOP tich cuc trong khi Timer/Counter dang
chay trong ché d6 ding pha c6 thé gy ra trong mot dau ra khong ddi xtmg . Két qua
ctia viéc nay c6 thé dugc tim thiy trong thoi gian cta viée cap nhat cho thanh ghi
OCRnx . Do d6 su cap nhat thanh ghi OCRnx tai gid tri TOP , chu ki PWM bat dau va
két thic tai gid tri TOP . Piéu nay dwa dén chiéu dai ctia suon xudng duoc xédc dinh
bang gia tri TOP trudc , trong khi do dai cta suon 18n dugc xdc dinh bang gi tri TOP
méi . Khi ca hai gi4 tri nay khac nhau trén 2 suon khac nhau ctia chu ki s& khic nhau vé
d6 dai . Sy khdc nhau vé d6 dai dua ra két qua khong ddi xtng trén dau ra .

N6 thi dugc khuyén cdo dé st dung ché do ding pha va ding tan sb dé thay thé
cho ché d6 ding pha khi thay doi gia tri TOP trong khi Timer/Counter dang chay . Khi
st dung 1 gid tri TOP ¢ dinh thyc té khong c6 su khic nhau gitra hai ché d6 cua qua
trinh diéu khién .

Trong ché d6 PWM dting pha , cdc bo phan so sanh cho phép viéc phét ra cic
xung PWM trén céc chan OCnx . Viéc cai dat cac bit COMnx1:0 1én 2 s€ lam giam 1
xung PWM khong ddo va mot dau ra PWM ¢6 thé duoc sinh ra béng viéc cai dat bit
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OCMnx1:0 1én 3 (xem bang 60 trén trang 134 ). Gid tri that cia OCnx s€ chi dugc nhin
théy trén chan Céng néu su dinh huong dir liéu cho chan cé)ng duoc cai dat nhu 12 du ra
(DDR_OCnx) . Dang xung PWM duogc sinh ra béng viéc cai dat (hodc x6a ) thanh ghi
OCnx & ghép so sdnh gitta OCRnx va TCNTn khi b dém tang , va bi x6a (hodc cai dit
) khi thanh ghi OCnx tai ghép so sanh gitta OCRnx va TCNTn khi bo dém giam dan .
Tan s6 xung PWM cho dau ra khi cai sir dung ché 6 PWM diing pha c6 thé duoc tinh
bang cong thire dudi dy

_ Jek o

¥
SO PCEWM T S N.TOP

Bién N duoc duaratheotilé (1,8, 64,256, 1024)

Gid tri cuc bién cua thanh ghi OCRnx dua ra trong truong hop dac bi¢t khi ma sy
phét 1 du ra xung PWM trong ché d6 PWM diing pha . Néu thanh ghi OCRnx duoc
cai dat bang gid tri BOTTOM , déu ra sé& tiép tuc & mic thap va néu cai dit bang gid tri
TOP thi dau ra s& tiép tuc & mirc cao cho ché do PWM khong dao . Cho ché d6 PWM
dao , du ra s& c6 cdc gid tri logic dbi lap .

Néu OCnA dugc sir dung dé xéc dinh gid tri TOP (WMGn3:0 = 11) va
OCMnA1:0=1 ,dau ra OCnA s& di chuyén voi 1 chu ki tai 50%

Ché a6 PWM diing pha va ding tin so

Diéu ché d6 rong xung ding pha ding tan 5O (WGM3:0 =8 hoac 9 )cung cap
dang xung PWM lua chon ding pha ding tan s6 . Ché 46 PWM dung pha ding tan sb
thi gidng ché d6 PWM diing pha , déu dua trén qu4 trinh diéu khlen 2 suon . Bo dém
dém 14p lai tir BOTTO (0x0000) dén TOP va sau d6 ¢ém tir TOP vé BOTTOM . Trong
ché @6 dau ra so sanh khong dao , dau ra so sdnh (OCnx) bi x6a trén ghép so sdnh giira
TCNTn va OCRnx trong khi dang dém 1én , va dit trén ghép so sanh trong khi dang
dém xudng . Trong ché d6 dau ra so sanh dao , qud trinh diéu khién bj dao nguoc . Qud
trinh diéu khién 2 suon dua ra 1 dic tinh dbi xUng cua cac ché do PWM hai suon , cdc
ché @6 nay duogc wa thich dung cho cic tng dung diéu khién dong co

Su khdc nhau chinh giita ché d6 diing pha va ché d6 diing pha, ding tan sd 1a thoi
gian ma thanh ghi OCRnx dugc cap nhat bang thanh ghi bo dém OCRnx (xem hinh 53
va hinh 54 )

Do chinh xdc cua ché d6 ding pha , ding tan sb c6 thé duge xdc dinh bang 1
trong 2 ICRn hoac OCRnA . D9 chinh x4c cuc tiéu cho phép 1a 2-bit (ICRn hoac
OCRnA dit 1a 0x0003) va do chinh xdc 16n nhat 14 16bit (ICRn va OCRnA dit 1a MAX
) . D6 chinh x4c cia PWM trong céc bit ¢ thé dugce tinh todn bang cong thirc dudi diy

_ legiTOP +1)

":"}."'FC FWM |DQ (2
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Trong ché d6 ding pha, ding tan s6 , bd dém dém ting dan cho dén khi gi4 tri
ctia b dém twong tng véi 1 trong 2 gid tri trong ICRn (WGMn3:0 =8 ) hoic gid tri
trong OCRnA (WGMn3:0 =9 ) . B6 dém sau khi vira dat dén gid tri TOP va chuyén
huéng dém . Gid trj cia TCNTn sé& bang voi TOP trong 1 chu ki xung nhip . Biéu do
thot gian cho ché d6 PWM dung pha va ding tan s dugc chi ra trong hinh 54 . Hinh v&
chi ra ché d6 diing pha , ding tan s6 khi ma OCRnA hoic ICRn dugc st dung dé xéc
dinh gia tri TOP . Gia tri cia TCNTn trong gian dd thoi gian dugc chi ra nhu mot biéu
d6 minh hoa cho qud trinh diéu khién 2 suon . Gian d6 bao gom cic dau ra PWM dao
va khong dao . Puong nam ngang nho ddnh dau trén suon TCNTh dua ra trén ghép so
sdnh gitta OCRnx va TCNTn . C& bdo ngat OCnx sé& duoc cai dat khi ma ghép so sanh
XUAt hién .

Figure 54. Fhase and Freguency Correct PWM Mode, Timing Diagram

OCnA Imlerrupt Flag Set
or |GFm Interrupt Flag 5=
A e e R i e e PN

OCRnx / TOP Update
| E":'
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OCnx
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Co béo tran Timer/Counter (TOVn) dugc cai dét tai cing chu ki xung nhip nhu 1a
thoi gian cdc thanh ghi duoc cap nhat vai gid tri b dém kép ( 6 BOTTOM ) . Khi mdt
trong 2 bit OCRnA va ICRnx dugc sir dung cho viéc xdc dinh gié tri TOP , cd OCnA va
ICFn cai dat khi TCNTn dat dén gi4 tri TOP . Céc co bdo ngit sau d6 c6 thé duoc st
dung dé sinh ra 1 ngat mdi 1an ma timer dat dén gid tri TOP va BOTTOM

Khi thay doi gi4 tri TOP chuong trinh phai dam bao rang gia tri TOP m&i cao
hon hodc bang gid tri cta tat ca cac thanh ghi so sanh . Néu gid tri TOP thap hon bat ctr
gid tri so sanh thanh ghi nao , 1 ghép so sanh s& khong bao gid xuat hién giira cac
TCNTn va OCRnx

Nhu hinh 54 d3 chi ra dau ra duoc sinh ra , trong su tuong phan véi ché d6 PWM
ddng pha , sy d6i xtmg trong tt ca cdc chu ki . Do d6 cdc thanh ghi OCRnx duoc cap
nhat tai BOTTOM , d¢ dai cta sudn 1én va xubng s& ludn ludn bang nhau . Piéu nay
dua cdc xung dau ra ddi xtng va vi vay tan sé ding .

Viéc str dung céc thanh ghi ICRn cho viéc xdc dinh gié tr1 TOP tdt khi st dung
gia tri on dinh . Béng viéc st dung ICRn , thanh ghi OCRnA thi tu do dé su dung cho
viéc phét ra 1 xung PWM trén dau ra OCnA . Tuy nhién néu tan sé PWM co ban dugc

COMnxt 0 = 2)
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thay d6i boi bang viéc thay ddi gid tri TOP , viéc sir dung OCRnA nhu 1 gid tri TOP ro
rang la mgt Iva chon tdt hon dit cho dic tinh bd dém kép cuia né .

Trong ché d ding pha va ding tan s , cdc b phén so sdnh cho phép viéc phat
ra cua cac xung PWM trén cac chan OCnx . Viéc cai dat cac bit OCMnx1:0 1én 2 s€ gay
ra 1 1 xung PWM khéng dao va ddo c6 thé duoc sinh ra bang viéc cai dit COMnx1:0
1én 3 (xem bang 60 trang 134). Gi4 tri that cua OCnx s€ chi dugc nhin théy trén chan
cong néu sy dinh huéng dir liéu cho chan cong duoc cai dat nhu 14 cong ra
(DDR_OCnx ) . Dang séng PWM duoc sinh ra béng viéc cai (hodc x6a) thanh ghi
OCnx tai ghép so sanh giita OCRnx va TCNTn khi b dém ting dan , va viéc x6a
(hoac cai dat ) thanh ghi OCnx tai ghép so sanh gitra OCRnx va TCNTn khi b dém
giam dan . Tan s6 PWM cho déu ra khi sir dung ché d6 diing pha , ding tin s6 c6 thé
duoc tinh bang cong thire dudi day :

focnepFepwy = E_ilk'%j

Gid tri cuc bién cua thanh ghi OCRnx dua ra trong truong hop dac bi¢t khi ma sy
phat 1 dau ra xung PWM trong ché 6 PWM diing pha . Néu thanh ghi OCRnx dugc
cai dat bang gid tri BOTTOM , déu ra sé& tiép tuc & mirc thap va néu cai dit bang gid tri
TOP thi dau ra s& tiép tuc & mirc cao cho ché do PWM khong dao . Cho ché d6 PWM
dao , du ra s& c6 cdc gid tri logic dbi lap .

Néu OCnA dugc sir dung dé xéc dinh gid tri TOP (WMGn3:0 = 11) va
OCMnA1:0=1 ,dau ra OCnA sé& di chuyén voi 1 chu ki tai

Gian d6 thoi gian ciia Timer/Counter

Timer/Counter 12 thiét ké dé)ng bd va chu ki xung nhip timer (clkr,0)vi vay duoc
chi ra nhu tin hiéu kich hoat xung nhip trong hinh duéi dy . Hinh v& bao gdm théng tin
khi cac co bao ngét da kich hoat , va khi thanh ghi OCRnx dugc cap nhat vdigia tri bo
dém OCRnx (chi trong cdc ché do st dung bd dém kép ) Hinh 55 chira 1 gian dd thoi
gian cho viéc cai dat cia OCFnx

Figure 55. Timer/Counter Timing Diagram, Setting of OCFnx, no Prescaling

k.. | :
iclk,e /1)
TCMTn :?{ OCHAnx - 1 :li OCHmx ]i{ OCHnx + 1 {‘{ OCRnx + 2
OCRnx OCRnx Value
OCFnx
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Figure 56 shows the same timing data. but with the prescaler enabled.

Figure 56. Timer/Counter Timing Diagram, Setting of OCFnx, with Prescaler (f.._,o/8)

| | | ] |

TCNTn :l{ OCRmx - 1 X OCRnx X OCRmx + 1 ){ OCRMmx + 2
OCRnx . OCRnx Value I
OCFnx

Hinh 57 chi ra chudi dém déng TOP 1én céc gi4 tri thay doi . Khi st dung ché do
PWM ding pha ding tin s6 , cdc thanh ghi OCRnx duoc cap nhat taiBOTTOM . gian
db thoi gian s& gidng nhau , Nhung gid tri TOP nén duoc thay d6i bang BOTTOM ,
TOP-1 va BOTTOM+1 . Sy gidng nhau con lai d4p dung cho cdc ché d6 ma cai dit co
TOVn tai BOTTOM

Figure 57. Timer/Counter Timing Diagram, no Prescaling
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Figure 58 shows the same timing data, but with the prescaler enabled.

Figure 58. Timer/Counter Timing Diagram, with Prescaler (f,_o/8)

TCNTH
[CTC and FPWHM) ]

TOP -1 x TOP x BOTTOM :I{ BOTTOM + 1

:‘-:HE_I

TCNTRH

(PCand PFC PWM) | TOP - 1 TOF K TOP - 1 :l( TOR -2
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TOVn (FPWM)

and ICFn (f used
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Sy miéu ta thanh ghi cia Timer/Counter 16 bit

Thanh ghi A diéu khién Timer/Counter 1 — TCCR1A

Bt 7 1 = 4 3 2 o
III:DM1A1 | COM1 A0 | COMAB1 | COM1B0 | COMACH | COMACO | WGM1 | WGM1D | TCCR1A

R=zad Write RwW AW AW AW RW RW RW RW

Initial Value

Thanh ghi A diéu khién Timer/Counter 3 — TCCR3A

Bit

I COmM3Aa1 COM3IAD | COM3B1 COMIBD | COMIACA | COMACD | WEMT | WGEM3I0 I TCCRIA

Read Wrie RW RW RW RW RW RW RW
Initial Value o il D

Bit 7:6 — COMnAl 0: che do dau ra so sanh cho kenh A

Bit 5:4 — COMnB1:0 : ché d dau ra so sdnh cho kénh B

Bit 3:2 — ComnC 1:0 : ché do dau ra so sdnh cho kénh C

COMnA1:0, COMnB 1:0 , va COMnC1:0 diéu khién cdc chan so sénh dau ra
(OcnA , OcnB , va OcnC tuong Ung ) . Neu 1 hoac ca hai trong s6 cac bit COMnA1:0
dugc ghilal, dau ra OcnA ghi de 1én cong chic nang cua chan /0 ma né duoc két nbi
dén . Néu 1 hoic ca hai trong s6 cdc bit COMnB1:0 duoc ghi 1 1, dau ra OCnB ghi d&
1én cong chirc nang ctia chan I/O ma né dugc két ndi dén . Néu 1 hodc ca hai trong s6
cdc bit COMnC1:0 duoc ghila 1, ddu ra OCnC ghi d& 1én cong chirc ning cia chan I/O
ma né duoc két ndi dén . Tuy nhién , chd ¥ rang bit thanh ghi dinh hudng dit liéu
(DDR) twong tng voi OcnA , OcnB hodc chan OcnC phai dugc cai dat theo thir tu kich
hoat bo diéu khién dau ra
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Khi OCnA , OCnB , va OCnC duoc ndi véi chan chirc nang cua cac bit
COMnx1:0 thi phu thudc vao viéc cai dat cac bit WGMn3:0 . Bang 58 chi ra bit churc
nang COMnx1:0 khi cac bit WGMn3:0 dugc cai dat tdi mot ché do binh thuong hodc
ché 6 CTC (khong phai PWM)

Table 58. Compare Output Mode, non-PWHM

COMRA1/COMNBA/ COMnAMCOMNBOY
COomMnCA comMmnCo Description
0 0 Mormal port operation, OCna/OCnB/OCHC
dsconnected.
o 1 Toggle OCnA/CCHB/OCNHC on compare
match.
1 0 Clear OCnaACCNB/OCHC on compare

match (set output to low lewvel).

Set OCnA/OCNB/OCNC on compare match
(set output to high level).

Béang 59 chi ra céc bit chirc nang COMnx1:0 khi cdc bit WGMn3:0 dugc cai dat

trong ché do fast PWM .

Table 59. Compare Output Mode, Fast PWM

COMRnAT1/COMRPBA/
COMRGCA

COMnAQMCOMNBOV
COMRPCO

Description

o

o

Mormal port operation, OCnA/OCNB/OCNC
d=connected.

WGEMR3:0 = 15: Toggle OCn& on Compare
Match, OCnB/OCnC disconnected (normal
port operation).

For &ll other WGMn settings, normal port
operation, OCnaA/QCnB/OCGNC
d=connected.

Clear OCnA/OCRB/OCHC on compare

match, set OCnA/OCNB/OCNC at BOTTOM,

(non-imverting mode)

Set OCnA/OCNB/OCNC on compare match,
clear OCnA/OCNB/OCNC at BOTTOM,
(imverting mode)

Mote: A special

cCaze oCoCurs

when

OCRMA/OCRNB/OCRNC

eQusls TOP

and

COMPA1/COMRB1/COMRCT is set. In this case the compare match is ignored, but the set or clear
i done at BOTTOM. See “Fast PWNM Mode™ on paoe 125. for more details.

Bang 60 chi ra céc bit chirc nang COMnx1:0 khi cac bit WGMn3:0 dugc cai dat
trong ché d@ PWM ding pha va ding tan so
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Table 60. Compare Output Mode, Phase Correct and Phase and Frequency Correct PWIM

COMnA1/COMRB1/ COMnANCOMnBOY
COMRCA COMRCOD Description

0 0 Mormal port operation, OCnA/OCNB/OCNC
dsconnected.

0 1 WGEMR3:0= 9 or 11: Toggle OCnA on
Compare Match, OCnB/OCnC dizsconnected
(normal port operation).
For &ll other WGEMn settings, normal port
operation, OCnA/QCnB/OCnC
dsconnected.

1 0 Clear OCnA/QOCRB/OCHC on compare
match when up-counting. Set
OCnA/OCnB/OCNC on compare match
when downcounting.

1 1 Set OCnA/OCnB/OCRC on compare match
when up-counting. Clear
OCnA/OCnB/OCNC on compare match
when downcounting.

Mote: A zpecial CESE  OCCUMS when  OCRnA/OCRNB/OCRNC gquels  TOP and

COMRA1/COMRB1/COMNCT is set. See “Phase Correct PWM Mode™ on page 127. for more
details.

Bit 1:0 - WGMn1:0 : ché d¢ phét dang séng

Viéc két hop véi céc bit WGMn3:2 duoc tim thay trong thanh ghi TCCRnB , céc
bit nay diéu khién cdc chudi dém ctia bo dém , ngudn cho gia tri bo dém cuc dai (TOP) ,
va loai dang séng phat ra dugc sir dung , xem bang 61 . Cac ché do diéu khién dugc hd
tro béng céc bo phan Timer/Counter 1a : Ché d6 normal (counter ) , CTC mode (Clear
Timer on Compare match ), va 3 loai cua ché d6 diéu ché do rong xung PWM ( xem
“Modes of Operation “ trang 124)

Table 61. Waveform Generation Mode Bit Description
WGMN2 WGMR WGMNO Timer/Counter Mode of Update of TOWN Flag
Mode WGMN3 (CTCn) (PWMN1) (PWPRINO) Operation'! TOP OCRNX at Set on
u} o o o o Mormal OxFFFF Immediate A
o o o 1 PWhM, Phase Correct, B-bit Cx00OFF TOP BOTTOM
2 o o 1 o PWh, Phase Correct, S-bit Ox01FF TGP BOTTOM
3 o o 1 1 PWh, Phaze Correct, 10-bit OxD3FF TOP BOTTOM
4 o 1 o o cTC OCRnA Immediate IAA
5 o 1 o 1 Fast PWHM, B-bit O D0OFF BOTTOM TOP
=1 o k/ 1 o Fast PWHM, 8-bit OxO01FF BOTTCM TOP
4 o 1 1 1 Fast PWM, 10-bit OxD3FF BOTTOM TOP
B 1 o o o E';;:.;:f‘ hasze and Fregquency ICRn BOTTOM BOTTOM
= | 1 o 8] 1 g';;:.;:tp hase and Frequency OCRRA BOTTOM BOTTOM
10 1 o 1 o PWM, Phase Correct ICRn TOP BOTTCOM
11 1 o 1 1 PWhi, Phase Correct CCRMnA TOP BOTTOM
12 1 1 o o cTC ICRn Immediate A8
13 1 1 o 1 [FRe=zeryed) — — —
14 1 1 1 o Fast PWM ICRn BOTTOM TOP
5 1 1 1 1 Fast PWHM COCRNA BOTTCM TOP
[ {=3 The CTon ard PYeianT 0 DI defintion names are obsolels. Use e SN0 gefinitions. owewer, the Tuncionally ard

location of these bits are compatible with previous versions of the timer.
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Thanh ghi B diéu khién Timer/Counter 1 - TCCR1B

Bt 7 s s 4 3 2 0
| ICHE | ICESA | - |l.-'.'|3r,113 | wur,11z| C812 | CE11 | CE10 |Tr:|:H1E:

Rezad Write RMW RW [3] AW AW RAW RMW RW

Initial Value

Thanh ghi B diéu khién Timer/Counter 3 - TCCR3B

; | enes n:;sl.a i wc:.-ua w;r,uz r::a.z G531 r:s-au | Tceras
Read Wris RW RW [&] RW RW RW RW RW
Indtial Value 0 0 0 0 - - o =
Bit 7 — ICNCn : khéa cat nhiéu bo bét tin hiéu dau vao
Viéc cai dit bit nay (1a 1) s& kich hoat khéa cdt nhidu bo bit tin hiéu dau vao .
Khi khéa cét nhidu (Noise Canceler) duoc kich hoat , d4u vao tir chan bét tin hiéu dau
vao (ICPn) duogc loc . Chirc nang cua bd loc 1a can thiét 4 qua trinh léy mau bﬁng nhau
lién tiép cua chan ICPn cho viéc thay d6i dAu ra ctia né . BO bt tin hiéu dau vao do vay
bi tré badi 4 chu ki xung nhip cua bd tao dao dong khi ma khoa cit nhiu duoc kich hoat
Bit6 — ICESn : lua chon sudn ctia b bét tin hiéu dau vao
Bit nay lya chon suon nao trén chan céng ctia bo bét tin hiéu dau vao (ICPn ) céi
ma duoc str dung dé khai dong 1 su kién truy bat tin hiéu . Khi bit ICESn duoc ghi 12 0
, 1 suon xudng (dm ) duge sir dung nhu 1a dé khai dong , va khi bit ICESn duoc viét 1a
1, 1 sudn Ién (duong) s€ khoi dong bo bét tin hiéu
Khi 1 bd bit tin hiéu dugc khéi dong theo vi¢c cai dat bit ICESn , gid tri cia bd
dém duogc sao chép vao trong thanh ghi truy bét tin hiéu dau vao (ICRn) . Bién c6 ciing
s€ duoc cai dat co bdo truy bét tin hiéu dau vao(ICFn), va diéu nay cé thé duoc st dung
dé gay ra ngit truy bét tin hiéu dau vao , néu ngét nay duoc kich hoat
Khi ICRn duoc st dung nhu gid tri TOP ( xem su md ta ctia cadc bit WGMn3:0
dit trong thanh ghi TCCRnA va TCCRnB ) , ICPn duoc ngit két nbi va do d6 chirc
nang truy bét tin hiéu dau ra bj vo hiéu héa .
Bit 5 — bit du trix
Bit nay duoc dy trit cho viéc sir dung trong tuong lai . Pé dam béao tuong thich
v6i cdc thiét bi trong tuong lai, bit nay phai duoc viét 1a 0 khi ma thanh ghi TCCRnB
dugc ghi
Bit 4:3 - WGMn3:2 : ché d6 phat dang séng
Xem phan mé ta thanh ghi TCCRnA
Bit2:0 — CSn2:0 : Iya chon xung nhip
3 bit Iya chon xung nhip lya chon ngué)n xung nhip dugc st dung boi
Timer/Counter , xem hinh 55 va 56
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Table 62. Clock Select Bit Description
C&n2 C5ni CSn0 | Description

0 0 0 Mo clock source. (Timer/Counter stopped)

Clkyn'1 (No prescaling

clk,~'8 (From prezcaler)

clk, o864 (From prescaler)

clk, /256 (From prescaler)

Clk,o' 1024 (From prescaler)

External clock source on Tn pin. Clock on falling edge

0 0
0 1
0 1
1 o
1 o
1 1
1 1

w2 @ |l=E ==

External clock source on Tn pin. Clock on rising edge

Néu céac ché do chan bén ngoai duoc s dung cho Timer/Counter , sy chuyén tiép trén
céc chan Tn s€ khéa bd dém du cho chan dugc cau hinh nhu 1a 1 dau ra . Pac diém nay
cho phép phan mém diéu khién viéc dém

Thanh ghi C diéu khién Timer/Counter 1 - TCCR1C

Bt rd & 5 4 3 2 o
|F|:H:1n. FOCIB | FOSIC - - - - - |T|:|:H1|:

ReadWrite W W W

Initial Vahse

Thanh ghi C diéu khién Timer/Counter 3 - TCCR3C

i} | Focaa FDZI;.‘-E.EI FD:I;:E.E: j j i - : | Tecrae
Read Write W W W R R R R R
Indtial Vel 0 O O - -
Bit 7 — FOCnA : so sanh dau ra cudng burc cho kénh A
Bit 6 — FOCnB : so sdnh dau ra cudng birc cho kénh B
Bit 5 — FOCnC : so sdnh dau ra cudng birc cho kénh C
Céc bit FOCnA , FOCnB , FOCnC chi hoat dong khi c4dc bit WGMn3:0 xac dinh
1 ché d6 khong phai 1a PWM . Khi viéc viét 1 murc logic 1 1én cdc bit FOCnA ,
FOCnB , FOCnC, 1 ghép so sanh trung gian bi cudng ép trén bd phan phat dang séng .
Dau ra FOCnA , FOCnB , FOCnC bj thay di theo viéc cai dit cdc bit WGMn1:0 ctia
né . Chi y rang cic bit FOCnA , FOCnB , FOCnC dugc cai dat nhu 1a dau do (strobe) .
Vi vay no la gié tri dua ra trén céc bit OCMnx1:0 cdi ma x4c dinh anh hudng cua so
sanh cudng buc .
1 ddu do FOCnA , FOCnB , FOCnC s& khéng sinh ra bat cir ngit nao né sé x6a
Timer trong ché @6 CTC mode bang viéc str dung OCRnA nhu 1a gid tri TOP .
Cac bit FOCnA , FOCnB , FOCnC thi luén doc 1a 0
Bit 4:0 — cac bit du trir
Cic bit nay dugc du trit cho viée st dung trong twong lai . Dé dam bao tuong
thich véi céc thiét bi trong tuong lai, bit nay phai dugc viét 1a 0 khi ma thanh ghi
TCCRnC duogc ghi
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Timer/Counterl — TCNT1H va TCNTI1L

Bi 7 g s 4 ] 2
TECNT 1[15:8] TENT1H
TCNT1[7:0] TCNTIL

Re=ad Wi RWwW RW RW RW RW RW RWwW RW

Initial Valua o

Timer/Counter 3 - TCNT3H -vé TC-NT3L-

Bt T ] 5 4 3 2
TONT3[15:8] TENT3H
TCNT3[7:0] TENTIL
Read Wris RW RW RW RW RwW RW RW RAW

Indtial Value i i i 0 ] ] i i

Hai viing dia chi I/O Timer/Counter (TCNTnH va TCNTnL , duoc két hop
TCNTn) dua ra su truy nhap truc tiép , ca hai déu phuc vu cho qua trinh doc va ghi , téi
bd phan Timer/Counter cta bd dém 16bit . Dé dam bao ring céc byte cao va thip duoc
doc va ghi mét céch dong thoi khi CPU truy cdp vao cdc thanh ghi niy , su truy nhap
duoc tién hanh sir dung 1 thanh ghi byte cao tam thoi 8bit (TEMP) . Thanh ghi tam thoi
nay dugc chia sé boi tat ca cdc thanh ghi 16bit . Xem “Accessing 16bit Register” trén
trang 115 .

Su stra d6i bé dém (TCNTn) trong khi bg dém dang chay s€ dua ra 1 nguy co cua
viéc 18i 1 ghép so sanh gitta TCNTn va 1 trong c4c thanh ghi OCRnx

Viéc viét thanh ghi TCNTn khéa (g8 bo ) ghép so sdnh trén cdc xung nhip timer
dudi day cho tit ca cdc bd phén so sdnh .

Thanh ghi so sanh diu ra 1A - OCR1AH va OCRIAL

Bt T & 5 4 3 =
OCR1A[15:8) GCR1AH
GCR1A[7:0] OCR1AL

Read Wris RW RW RW AW RW RW RW RAW

Initial Vahse

Thanh ghi so sainh diu ra 1B - OCR1BH va OCR1BL

B T g s 4 ] z
OC R1B[15:8] OCRIBH
OCR1B[7:0] OCR1BL

Rezd Wris RW RW RW RW RW RW RW RW

Indtial Value

Thanh ghi so sanh diu ra 1C - OCR1CH va OCR1CL
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B T =] 5 4 3 2
OC R1C[15:8] CCRICH
OCR1C[7:0) CCR1GL
Rezd Wris RW RW RW RW RW RW R'W R
Initial Valus 0
Thanh ghi so sinh dau ra 3 A - OCR3AH va OCR3AL
B T 5 S 4 3 Z
OC RIA[15:8] OCRIAH
OCRIA[T:0) GCRIAL
Read'Wris RW RW RW RW RW RW RW R
Initizl Valus Q i} Q Q ol Q 0 i}
Thanh ghi so sanh dau ra 3B — OCR3BH va OCR3BL
B i 8 5 4 3 2
OCRIE[15:8] OCRIBH
OCR3IB[T:0] CCRIBL
Read ' Wrils RW R RwW RW RwW RW RW R
Initial Valus i O il a a 0 O i
Thanh ghi so sanh dau ra 3C — OCR3CH va OCR3CL
B T =] S 4 3 2
OC RIC[15:8] OCRICH
OCRIC[T:0) OCRICL

Read Wris RW RW RW RW AW AW RW

Initial Value

Cic thanh ghi so sdnh dau ra bao gém 1 gi4 tri 16bit ma dugc so sdnh lién tiép

RW

v6i gid tri dém (TCNTh) . Mot ghép c6 thé duoc sir dung dé phét ra 1 ngit so sanh dau

ra , hodac phat ra 1 dau ra dang séng trén chan Ocnx .

Cic thanh ghi so sdnh dau ra 12 ¢& 16 bit . Dé dam béao rang céc byte cao va thap

duoc doc va ghi mot cach déng thoi khi CPU truy cap vao cdc thanh ghi nay , sy truy
nhép duoc tién hanh sir dung 1 thanh ghi byte cao tam thoi 8bit (TEMP) . Thanh ghi
tam thoi nay dugc chia sé boi tat ca cac thanh ghi 16bit . Xem “Accessing 16bit

Register” trén trang 115 .

Thanh ghil truy bit tin hiéu dau vao — ICR1H va ICRIL

B T =] = 4 3 2
IR 1[15:8]
ICR1[7:0]
Read Witz RW RW RwW R'W RW RW RW R
Initial Value i) 0 ] ] ] i) i) i)
Thanh ghi truy bat tin hiéu dau vao 3 - ICR3H va ICR3L
Bi T B ] d 3 Z
ICR3[15:8]
ICR3[7:0]

Re=ad Wris AW AW AW RW RW AW AW

Initial Value

IER1H
ICR1L

ICR3H
ICR3L
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BO truy bét tin hiéu dau vao dugc cap nhat véi gid tri bd dém (TCNTn) mdi lan
ma bién cd xuit hién trén chan ICPn ( hodc lIuya chon trén dau ra b0 so sanh tuong ty
cho Timer/Counterl) . B§ truy bét tin hiéu dau vao c6 thé duge si dung dé x4c dinh gia
tri TOP ctia bd dém .

Thanh ghi truy bét tin hiéu dau vao 1 c& 16bit . D& dam bao rang cic byte cao
va thap duoc doc va ghi mot cach ddng thoi khi CPU truy cép vao cdc thanh ghi nay ,
su truy nhap dugc tién hanh sir dung 1 thanh ghi byte cao tam thoi 8bit (TEMP) . Thanh
ghi tam thoi nay duoc chia sé bdi tat ca cdc thanh ghi 16bit . Xem “Accessing 16bit
Register” trén trang 115 .

Thanh ghi che ngit Timer/Counter — TIMSK

B 7 & 5 a 3 2 o
[OCEz T 1Oz | Ticier | OCIE1A | OCIETE | TOIET | OCIED | TOED | TimMsK

Read Write RW RW RMW RW RW RMW RW RW

Initial Value

Mote:  This register containg interrupt control bits for several Timer/Counters, but only Timer1 bits are
described in thig section. The remaining bits &re described in their respective timer sections.

Bit 5 — TICIE1 : Timer/Counter 1 , kich hoat ngét bo truy bét tin hiéu vao

Khi bit nay duoc viét1a 1, va co I trong thanh ghi trang thdi dugc cai dit ( céc
ngit kich hoat chung ) , Timer/Counter 1 ngit bo truy bit tin hiéu dau vao duoc kich
hoat . Cic vecto ngat twong Gmg (xem Interrupt trang 60 ) dugc thyc thi khi cd bdo ICF1
,dat trong thanh ghi TIFR duoc cai dat

Bit 4 — OCIE1A : Timer/Counter 1 , kich hoat ngét ghép so sdnh dau ra A

Khi bit nay dugc ghila 1, va co I trong thanh ghi trang théi duoc cai dat ( cac
ngat chung da kich hoat ) , Ngit ghép so sdnh dau ra A Timer/Counter] dugc kich hoat .
Cic vec to ngat trong tng ( xem trang 60 ) duoc thuc thi khi cd bdo OCF1A , dit trong
thanh ghi TIFR duoc cai dat .

Bit 3 — OCIEI1B : kich hoat ghép so sdnh dau ra B , Timer/Counter|

Khi bit nay dugc vietlal,vacol trong thanh ghi trang thai duoc cai dat ( cac
ngat chung da kich hoat ) 1 ngat ghép so sanh dau ra B Timer/Counterl duoc kich hoat
. Céc vecto ngit twong tng dugc thuc thi khi ma cd bdo OCF1A , dit trong TIFR dugc
cai dat

Bit 2 — TOIEI : kich hoat ngit tran , Timer/Counter|

Khi bit nay duoc viét1a 1, va co I trong thanh ghi trang thdi dugc cai dat ( céc
ngat chung da kich hoat) , ngat tran Timer/Counter! dugc kich hoat . Cic vecto ngit
tuong img (xem trang 60 ) dugc thyc thi khi co bdo TOV1 , dat trong thanh ghi TIFR
duoc cai dat .
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Thanh ghi che ngit Timer/Counter mé rong - ETIMSK

Bt T 6 5 4 3 rd 0
I - [ - | TICIE3 | OCIE3A | OCIE3E | TOIE3 | OCIE3C | OCIEIC | ETIMSK
ReadWrite R R RMW RW RW R RW R'wW

Inftial Value

Mote:  This register is not available in ATmega 103 compatibility mode.

Bit 7:6 — cac bit du trir

Cic bit nay dugc du trit cho viée st dung trong twong lai . Bé dam bao tuong
thich v&i céc thiét bi trong tuong lai, bit ny phai dugc viét 1a 0 khi ma thanh ghi
ETIMSK dugc ghi

Bit 5 — TICIES3 : kich hoat ngat bo truy bat tin hiéu dau vao

Khi bit nay dugc vietlal,vacol trong thanh ghi trang thai duogc cai dat ( cac
ngét chung da kich hoat) , ngét truy bét tin hiéu dau ra Timer/Counter3 dugc kich hoat .
Cic vecto ngét twong tmg (xem trang 60 ) duoc thyc thi khi cd bdo ICF3, dit trong
thanh ghi ETIFR duoc cai dat .

Bit4 — OCIE3A : Timer/Counter3 , kich hoat ngit ghép dau ra so sanh A

Khi bit nay dugc ghila 1, va co I trong thanh ghi trang théi duoc cai dat ( cac
ngat chung da kich hoat ) , Ngit ghép so sdnh dau ra A Timer/Counter3 duoc kich hoat
. Céc vec to ngit twong tmg ( xem trang 60 ) duoc thuc thi khi co bdo OCF3A , dat
trong thanh ghi ETIFR duogc cai dat .

Bit 3 — OCIE3B : Timer/Counter3 , kich hoat ngat ghép dau ra so sanh B

Khi bit nay duogc ghi la 1, va co I trong thanh ghi trang thai dugc cai dat ( cac
ngat chung da kich hoat ) , Ngit ghép so sdnh dau ra B Timer/Counter3 dugc kich hoat
. Cac vec to ngét tuong ung ( xem trang 60 ) dugc thuc thi khi co bdo OCF3B , dat
trong thanh ghi ETIFR dugc cai dat

Bit 2 — TOIE3 , Timer /Counter3 , kich hoat ngét tran

Khi bit nay duoc viét1a 1, va co I trong thanh ghi trang thdi dugc cai dit ( céc
ngit chung da kich hoat) , ngat tran Timer/Counter3 dugc kich hoat . Cic vecto ngit
tuong ing (xem trang 60 ) dugc thuc thi khi co bdo TOV3 , dat trong thanh ghi ETIFR
duoc cai dat .

Bit 1 — OCIE3C : Timer /Counter3 , kich hoat ngit ghép so sdnh dau ra C

Khi bit nay duoc viét1a 1, va co I trong thanh ghi trang thdi dugc cai dit ( céc
ngat chung da kich hoat) , ngat ghép so sanh dau ra C ctia Timer/Counter3 dugc kich
hoat . Cac vecto ngét tuong ung (xem trang 60 ) dugc thuc thi khi co bdo OCF3C , dat
trong thanh ghi ETIFR duogc cai dat .

Bit 0 — OCIE1C : Timer/Counter] , kich hoat ngit ghép so sdnh dau ra C

Khi bit nay dugc vietlal,vacol trong thanh ghi trang thai duogc cai dat ( cac
ngat chung da kich hoat) , ngat ghép so sanh dau ra C ctia Timer/Counter] dugc kich
hoat . Cic vecto ngat tuong tmg (xem trang 60 ) dugc thyc thi khi cd bdo OCF1C , dit
trong thanh ghi ETIFR duoc cai dat

Duykhanh8x1311 @gmail.com 150




Hanoi University of Industry Datasheet ATMEGA 128

Thanh ghi co bao ngit Timer/Counter — TIFR

Bt T 6 5 4 3 z o
| ocrz | Tovz [ icF1 | ocFa | OCAE | TOVI | OCFD | TOND I TIFR
ReadWris RW R'W RW RW RAW R'W RW R'W

Initial Valus

Mote:  This register containg flag bits for several Timer'Counters, but only timer 1 bits are described in
this section. The remaining bits are described in their respective timer sections.

Bit 5 — ICF1 : Timer/Counter 1 , cO bdo truy bit tin hiéu dau ra

Co nay duogc cai dit khi 1 bd truy bét bién cd xuét hién trén chan ICP1 . Khi ma
thanh ghi truy bt tin hiéu dau vao (ICR1) dugc cai dit boi bit WGMn3:0 duoc sir
dung nhu 12 gid trf TOP , c& ICF1 duoc cai dat khi bd dém tién toi gid tri TOP

ICF1 bij x6a 1 cdch ty dong khi vécto ngit truy bat dau vao duoc thuc thi . Nhu
mot su lwa chon , ICF1 ¢6 thé bi x6a béng viéc viét 1 mirc logic 1 1€n vung nh¢ bit cua
no .

Bit 4 — OCF1A : Timer/Counterl , c& ghép so sanh dau ra A

Co nay duogc cai dit trong chu ki xung nhip timer sau khi gid tri ctia bo dém
tuong xtng voi thanh ghi so sanh dau ra A (OCR1A )

Chd y rang 1 dau dod so sdnh dau ra cudng buc (FOC1A) s& khong cai dit cd
OCF1A

OCF1A bi x6a 1 cach ty dong khi ma vecto ngat ghép dau ra so sanh A duoc
thue thi . Nhu mot sy Iya chon, OCF1A c6 thé bi x6a bang viéc viét mot muc logic 1
Ién ving nh¢ bit cua né .

Bit 3 — OCF1B : Timer/Counterl , c& bdo ghép so sanh dau ra B

Co nay dugc cai dit trong chu ki xung nhip timer sau khi gid tri bo dém (TCNT1)
tuong tng voi thanh ghi so sanh dau ra B (OCR1B)

Ch y rang dau do so sanh dau ra cudng birc (FOCIB ) s& khong cai dit co
OCFI1B

OCF1B bi x6a 1 cach ty dong khi ma vecto ngat ghép dau ra so sanh B dugc
thuc thi . Nhu mét sy Iya chon, OCF1B c6 thé bi x6a bang viéc viét mot mire logic 1
1én vung nhd bit cua no .

Bit 2 — TOV1 : Timer/Counterl , coO tran

Viéc cai dat co nay thi phu thudc vao viéc cai dat cua cac bit WGMn3:0 . Trong
ché @6 thong thudng va ché @6 CTC , c& TOV1 duoc cai dat khi timer bi tran . Tham
khao thém bang 61 trang 135 vé xtt Iy c& tran TOV1 khi viéc str dung cdc cai dit bit
WGMn3:0 khéc .

TOV1 thi tu dong bi x6a khi ma vec to ngét béao tran Timer/Counterl duogc thuc
thi . Nhu mot su lwa chon , TOV1 ¢6 thé duoc x6a béng viéc viét mot murc logic 1 1€n
vung nh¢ bit cua n6é
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Thanh ghi cé ngit Timer/Counter mé rong —- ETIFR

Bit T & 5 4 3 z o
I - [ - | weF3 | ocraa | ocrae | Tova | ocrac | ocRic | ETIFR
Read Write R'W RW RW RW RAW RW R'W R'W

Bit 7:6 — cac bit du trir

Cic bit nay dugc du trit cho viée str dung trong twong lai . Bé dam bao tuong
thich véi céc thiét bi trong tuong lai, bit ny phai dugc viét 1a 0 khi ma thanh ghi
ETIFR dugc ghi
Bit 5 — ICF3 : Timer/Counter3 , ¢& bdo truy bat tin hiéu dau vao

Co nay duogc cai dit khi 1 bd truy bat bién cd xuét hién trén chan ICP3 . Khi ma
thanh ghi truy bét tin hiéu ddu vao (ICR3) duoc cai dat boi bit WGMn3:0 duoc sir
dung nhu 12 gid trf TOP , c& ICF3 duoc cai dat khi bd dém tién toi gid tri TOP

ICF3 bi x6a 1 cdch tu dong khi vécto ngét truy bat dau vao3 duoc thyc thi .
Nhu mét su lua chon , ICF3 ¢6 thé bi x6a bang viéc viét 1 muc logic 1 1én viing nhé bit
cuané
Bit 4 — OCF3A : Timer/Counter 3 , c& ghép so sdnh dau ra A

Co nay dugc cai dit trong chu ki xung nhip timer sau khi gid tri cia bo dém
tuong xtng voi thanh ghi so sanh dau ra A (OCR3A )

Chia y réng 1 dau do so sdnh dau ra cuong birc (FOC3A) sé khong cai dat co
OCF3A

OCF1A bi x6a 1 cach ty dong khi ma vecto ngat ghép dau ra so sanh3 A dugc
thuc thi . Nhu mét sy Iya chon, OCF3A c6 thé bi x6a bang viéc viét mot muc logic 1
1én vung nhd bit cua no .

Bit 3 — OCF3B : Timer/Counter3 , c& bdo ghép so sanh dau ra B

Co nay dugc cai dit trong chu ki xung nhip timer sau khi gi tri bo dém (TCNT3)
tuong tng véi thanh ghi so sdnh dau ra B (OCR3B)

Chd ¥ rang dau do so sanh dau ra cudng birc (FOC3B ) s& khong cai dit co
OCF3B

OCF3B bi x6a 1 c4dch ty dong khi ma vecto ngat ghép dau ra so sanh3 B dugc
thue thi . Nhu mot sy Iya chon, OCF3B c¢6 thé bi x6a bang viéc viét mot mirc logic 1
1én vung nhd bit cua no .

Bit 2 — TOV3 : Timer/Counter3 , coO tran

Vi¢c cai dat co nay thi phu thude vao viéc cai dat cia cac bit WGMn3:0 . Trong
ché @6 thong thudng va ché 46 CTC , cd TOV3 duoc cai dat khi timer bi tran . Tham
khao thém bang 52 trang 105 veé XU 1y co tran TOV3 khi viéc sir dung céc cai dat bit
WGMn3:0 khéc .

TOV3 thi tr dong bi x6a khi ma vec to ngét béo tran Timer/Counter3 duoc thuc
thi . Nhu mot su lwa chon , TOV3 ¢6 thé duoc x6a bﬁng viéc viét mot murc logic 1 1€n
vung nh¢ bit cua n6
Bit 1 — OCF3C :Timer/Counter3 , c& ghép so sdnh dau ra C
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Co nay duogc cai dit trong 1 chu ki xung nhip timer sau khi gid trj ctia bo dém
(TCNT3) twong (g voi thanh ghi so sanh dau ra C(OCR3C)

Chd y rang 1 dau do so sdnh dau ra cudng birc (FOC3C) s& khong cai dat OCF3C

OCF3C thi ty dong dugc x6a khi vecto ngét ghép so sanh dau ra 3 C duoc thuc
thi . Nhu mét su lya chon, OCF3C c6 thé bi x6a bang viéc viét mot murc logic 1 1én
vung nh¢ bit cua n6é
Bit 0 — OCFI1C : Timer/Counter] , c& ghép so sdnh dau ra C

Co nay duogc cai dit trong mot chu ki xung nhip sau khi gid tri bo dém (TCNT1)
tuong tng véi thanh ghi so sdnh dau ra C (OCR1C)

Chid y rang mot dau do so sdnh dau ra cudng birc s& khong cai dat co OCFIC

OCFIC s& ty dong bi x6a khi ma vecto ngat ghép so sanh dau ra 1 C duoc thuc
thi . Nhu mot sy Iya chon , OCF1C c6 thé bi x6a bang viéc viét mot muc logic 1 1én
vung nh¢ bit cua né .
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XIII . Céc b dém gdp truée ciia Timer/Counter 3 ,Timer/Counter 2 va
Timer/Counter 1

Cac Timer/Counter 3 ,Timer/Counter 2 va Timer/Counter 1 chia sé module by
dém gop trudc gidng nhau , nhung cac Timer/Counter c6 sy cai dat by dém gdp trudc
khac nhau . Sy miéu ta phia dudi dugc dp dung cho tat ca cac Timer/Counter dugc néi
dén .

Ngudn xung nhip bén trong

Timer/Counter c6 thé bi khoa truc tlep bang xung nhip hé thong( bang vigc cai
dit CSn2:0 =1) . Piéu nay cung cap sy diéu khién nhanh nhét , véi 1 tan sé xung nhip
Timer/Counter cuc dai bang véi tan sb xung nhip h¢ thong(fCLK vo) - Nhu mot sy lya
chon, 1 trong 4 dau ra tir bd dém godp trude c6 thé duge sir dung nhur 12 mot ngudn phat
xung nhip . B dém gop . Xung nhip ctia bo dém godp trudc 6 tan sd 1a 1 trong sd
ferk 10/8 » ferk 1o/64 » ferk vo / 256 , ferk vo /1024

Reset bo dém gop truéce

B6 dém g0p trude thi dang chay ty do , vi du nhu qua trinh hoat dong ddc 1ap cua

bién logic lya chon xung nhip ctia Timer/Counter , va bi chia sé bdi Timer/Counter 3
,Timer/Counter 2 va Timer/Counter 1 . Ttr khi bo dém gop trudc thi khong bi hu hong
boi viée lya chon xung nhip cua Timer/Counter , trang thai cua bo dém gop trude s&
phu thudc vao cdc tinh hudng noi ma xung nhip cua bd dém gop trude duogce st dung .
Mot vi du cua viéc dém gop trudc gia tao Xuét hién khi ma timer duoc kich hoat va
dugc khéa bai bd dém gop trude( 6>CSn2:0>1 ) . HE sb cua cdc chu ki xung nhip hé
thong tir khi timer duoc kich hoat dén két qua dém dau tién xuat hién c6 thé 1a tir 1 dén
N + 1 chu ki xung nhip hé thdng, khi N bang b6 chia ti 1& ( 8, 64,256 ,1024 )

Néu c6 thé st dung reset bo dém gdp trude cho vige déng b0 héa Timer/Counter
dén qua trinh thyc thi céc chuong trinh . Tuy nhién , sy can than phai duoc tién hanh
néu Timer/Counter khdc cdi ma chia sé cung 1 bo dém gop trudce cing sirdung ti I¢ . 1
Reset bo dém gop trudce s€ anh huong dén chu ki dém gop trudc cho tat ca cic
Timer/Counter duoc két ndi véi né .

Ngudn xung nhip bén ngoai

Mot ngudn xung nhip bén ngoai dp dit 1én cdc chan Tn c6 thé dugc stir dung nhu
12 xung nhip Timer/Counter (clkrt; , clkt; , clkys ) . Chan Tn thi dugc léy mau 1 1an trén
moi chu ki xung nhip h¢ théng bang chan déng bo héa logic . Tin hiéu dong bd héa
(dugc ldy mau ) thi sau d6 vuot qua sudn cta bd dd xung . Hinh 59 chi ra mét so d6
khéi 1chirc ning twong duong cua b ddng bo héa Tn va may do suon xung. Céc thanh

Duykhanh8x1311 @gmail.com 154




Hanoi University of Industry Datasheet ATMEGA 128

ghi bi khéa & suon duong cua xung nhip hé théng bén trong (clkyo) . Then cai thi duoc
chuyén vao trong chu ki cao ctia xung nhip hé thong bén trong .
B0 do suon phat ra 1 xung clkr; , clkr; , clkps cho mdi suon duong (CSn2:0=7)
va am (CSn2:0 = 6 ) cua né duoc do théy
Fgure 59. Tn Pin Sampling

™ +—D Q D Q

e

m ]

D D Tr_syms
. o Ty Tt
_|>O_ Salaci Lagis)

S ynchranizafior

Bo dong bo héa va cac mdy do suon logic dua ra 1 do tré ctia 2.5 dén 3.5 1an chu
ki xung nhip hé thong tir mot suon cé thé dp dat 1€n chan Tn cua by dém dugc cap nhat

Viéc kich hoat va vo hi€éu héa cua xung nhip bén trong phai dugc thuc hién khi
ma Tn c6 trang thdi 6n dinh trong 1 khoang thoi gian nho hon 1 chu ki xung nhip hé
thdng , néi cich khdc né 1a 1 nguy co cdi ma 1 xung nhip Timer/Counter hong dugc
sinh ra .

MObi mot nira chu ki xung nhip bén ngoai duoc dp dung phai dai honl chu ki
xung nhip hé théng dé dam bao viéc 14y mau chinh x4c . Xung nhip bén ngoai phai dam
bao dé nho hon tan s nia chu ki xung nhip hé thong (fExtak < fclk vo/2) duara 50/50
chu ki tai . Vi rang bo do sudn xung su dung viéc lay mAu , tan s6 cyc dai ciia mot xung
bén ngoai cia n ¢ thé dugce do thy 12 1 nira tan s6 lay mau (nguyén Ii Nyquist ) . Tuy
nhién , sy thay d6i cua tan sé xung nhip hé thong va chu ki tai gdy ra boi ngudn bo tao
dao dong(thach anh , bo cong hudng , va tu dién ) , né duoc khuyén céo rang tan s6 16n
nhét caa 1 nguon phat xung nhip bén ngoai thi nho hon fclk vol2.5

Mot ngudn phét xung nhip ngoai khdng thé dugc dém gop trudc
Fgure 60. Prescaler for Timer/Counterl, Timer/Counter2, and Timer/Counterd

i

KA 1TEM|

Mote:  The synchronization logic on the input pins (T3/T2/T1) iz shown in Figure 59.
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Thanh ghi 10 chirc niang dac biét

B 7 & z 4 3 z o
| mm | = [ = | = | acme FUD PER0 | PER3Z | SFIOR
Read Write RW R R R R'W R'W RW RW

Initisl Value i o ] i

Bit 7 — TSM : ché d6 dé)ng bo héa Timer/Counter

Viéc viét bit TSM 1a 1 kich hoat ché 46 ddng bo héa Timer/Counter . Trong ché
do nay, gid tri ma dugc viét 1én céc bit PSRO va PSR321 thi duoc gilr , do do6 viéc gitr
cdc tin hiéu reset bd dém twong tng duoc gdn . Diéu nay dam béo rang cic
Timer/Counter tuong tmg dugc ding va c6 thé duoc cdu hinh 18n céc gid tri gidng nhau
ma khong c6 nguy co ctia 1 trong s6 ching trong suét qud trinh cdu hinh . Khi ma bit
TSM duoc viét 12 0, cdc bit PSRO va PSR321 bj x6a bang phan cimg , va cic
Timer/Counter bat dau viéc dém 1 cach dong thoi .
Bit 0 — PSR321 : bd dém gop trude Reset Timer/Counter 3 ,Timer/Counter 2 va
Timer/Counter 1

Khi ma bit nay 14 1, b dém gop trude Timer/Counter 3 , Timer/Counter 2 va
Timer/Counter 1 s& dugc reset . Bit nay thong thuong duoc x6a ngay 1ap tirc bing phan
ctimg , ngoai trir néu bit TSM duoc cai dit . Chid y rang Timer/Counter 3
,Timer/Counter 2 va Timer/Counter 1 chia sé bo dém gop trudc gidng nhau va 1 Reset
ctia b dém gop trude nay s& hu hong trong 3 Timer
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XIV . Timer/Counter 2 8bit véi ché a9 PWM

Timer/Counter 2 1a 1 module Timer/Counter 2 da nang dung chung , kénh don .
Cdc ddc diem chinh 1a :

- B0 dém kénh don

- Clear Timer on Compare Match (Auto reload )

- Khéng nhidu soc ngang , diéu ché d6 rong xung ding pha ( PWM)

- M4y phit tan sb

- B0 dém bién cb bén ngoai

- B0 dém gop trude xung nhip 10bit

- Cédc ngudn ngat ghép so sanh va ngit tran (TOV2 va OCF2)

Tong quan

Mot so dd khoi duoc rit gon cua Timer/Counter 8bit dugc chi ra trong hinh 61 .
Vé su cai dat cta cdc chan I/O , tham khao “pin Configurations “ trén trang 2 .CPU c6
thé truy cip vao cic thanh ghi I/0 bao gém cdc bit I/O va céc chan I/O , duoc in ¢am .
Thanh ghi xdc dinh thiét bi va cdc viing bit duogc liét ké trong phan mo ta
Timer/Counter 8bit trang 157 .
Figure 61. 8-Bit Timer/Counter Block Diagram

4

TOVn

- (Int.Req.}
Control Logic
S cliT. Glock Selact
Edge __ -
[ ‘ : Detector -
) ( Fram Preacaler )
=
@
r_t e ]
g (Int.R=q.}
Wavetorm | P
Genaration | OCn

Cac thanh ghi

Timer/Countc;r (TCNTZ) fot thanh ghi so sanh dau ra (OCR?2) 1a céc thaph ghi
8bit .tin hi¢u Y&u cau ngat (viét tat 1a Int.Req trong hinh v& ) thi dugc nhin thay trong
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thanh ghi c& bdo ngét Timer (TIFR) . Tat ca cdc ngit dugc che riéng biét véi thanh ghi
che ngat Timer (TIMSK) . TIFR va TIMSK thi khong dugc chi ra trong hinh v& do d6
céac thanh ghi nay dugc chia sé bdi cac bd phan timer khéc .

Timer/Counter c6 thé bi khéa bén trong , thong qua bd dém gop trude , hoidc
bang mot nguon xung nhip bén ngoai trén chan T2 . Khoi logic lyra chon xung nhip diéu
khién ngudn xung nhip va sudn Timer/Counter sir dung dé tang (hodc giam ) gid tri cua
n6 . Timer/Counter thi khong dugc kich hoat khi ma khdng c6 ngudn xung nhip nao
dugc lua chon . Pau ra tir khdi logic Iya chon xung nhip thi dugc tham khao nhu 1a mot
xung nhip timer (clkr, )

Thanh ghi so sdnh dau ra duoc ghi vao bd dém kép (OCR2) thi dugc so sanh voi
gid tri cua Timer/Counter tai tat céc thoi diém . Két qua cua viéc so sanh cé thé duoc st
dung boi mdy phat dang séng dé phét ra 1 PWM hodc 1 dau ra tan sd thay d6i trén chén
so sanh dau ra (OC2) . Xem “Output Compare Unit” trén trang 148 dé biét thém chi tiét

. Bién cb ghép so sanh cling s€ cai dét co so sanh (OCF2) cdi ma c6 thé duoc sir dung
dé phat ra 1 yéu cau ngét so sanh dau ra .

Cac dinh nghia

Nhiéu thanh ghi va céc bit tham chiéu trong tai liéu nay dugc viét theo mau
chung . Mot truong hop thap “n” thay thé cho sb thi tu cia Timer/Counter , trong
truong hop 2 . Tuy nhién khi sir dung thanh ghi hoac bit xac dinh trong 1 chuong trinh ,
mau chinh x4c phai dugc sir dung (vi du nhu TCNT2 cho viéc truy nhap vao gid tri bo
dém Timer/Counter 2 )

Cic dinh nghia trong bang 63 thi ciing duoc st dung 1 cdch rong rii xuyén sudt
tai liéu nay
Table 63. Definitions

BOTTOM | The counter reaches the BOTTOM when it becomes 0x00.

M1, X The counter reaches its MAXimum when it becomes 0xFF (decimal 255).

TOP The counter reaches the TOP when it becomes equal to the highest
value in the count sequence. The TOP value can be assigned to be the
fixed value OxFF (MAX) or the value stored in the OCR2 Register. The
assignment is dependent on the mode of operation.

Céc ngudn phat xung nhip Timer/Counter

Timer/Counter c6 thé bi khéa bén trong bdi 1 nguén xung nhip trong hodc ngoai
Nguén xung nhip duoc Iira chon bang khéi logic lyra chon xung nhip cdi ma duoc diéu
khién boi cdc bit Iya chon xung nhip(CS22:0) dat trong thanh ghi diéu khién
Timer/Counter (TCCR2) . Dé thém chi tiét vé ngudn xung nhip va bd dém gop trude ,
xem thém phan céc bo dém gop trudc trang 144
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Thanh phin b dém

Thanh phan chinh cta bd dém 8bit 1a cdc bd phan dém 2 hudng 1ap trinh duoc.

Hinh 62 chi ra so d6 khoi cua 1 bo dém va céac thr xung quanh n6
Figure 62. Counter Unit Block Lhagram

TV

DATA BUS (nt.Feq.)
i ' Clack Sealact
saunt Edge _
claar ek Detectar | Tn ‘
TCNTn l———— Contral Lagic
directian

[ Fram Prascalar )
!:cll:mT Tm,-:

Miéu ta tin hiéu (céc tin hi€u bén trong )
Count tang hoac giam TCNT2 bang 1
Direction  lga chon gitra tdng va giam

Clear x6a TCNT2 ( cai dat tat ca cdc bit vé 0)
Clkt, xung nhip Timer/Counter , tham khao nhu la clkyg & dudi
Top tin hiéu rang TCNT2 vura dat gia tri cuc dai

Bottom tin hiéu rang TCNT2 vira dat gi4 tri cuc tiéu (0)

Su phu thudc ctua ché do diéu khién dugc su dung, bo dém duoc x6a , lam tang ,
hoac lam giam tai mdi chu ki xung nhip timer (clky,) . clkr, c6 thé duoc sinh ra tir mot
ngudn xung nhip ngoai va bén trong , dugc lua chon bang cac bit Iya chon xung nhip
(CS22:0) . Khi khong c6 ngudn xung nhip nao duoc lra chon (CS22:0=0) Timer bi
dirng lai . Tuy nhién , gid tri cia TCNT2 c6 thé dugc truy nhap bang CPU , bit chap
viéc clkr, dugc dua ra hay khong . Mot CPU ghi de 1én (c6 quyén wu tién cao hon ) tat
cé céc bo dém x6a hodc diéu khién qud trinh dém .

Chudi dém thi duoc xdc dinh bang viéc cai dat cua cac bit WGMO1:0 dat trong
thanh ghi diéu khién Timer/Counter (TCCR2) . C6 nhiéu két ndi déng gitta cdch ma bo
dém duoc xir i va cdch ma dang s6ng duogc sinh ra trén dau ra so sanh dau ra OC2 . dé
biét thém chi tiét 1 cach hoan thién vé cdc chudi dém va céc bo phét dang séng , xem
“céc ché do diéu khién * trén trang 150

Cd béo tran Timer/Counter (TOV2) dugc cai dit 1én ché do dicu khién dugc lya
chon bang cdc bit WGM?2:0 . TOV?2 ¢6 thé duoc st dung cho viée phét ra 1 ngit CPU

B6 phan so sinh diu ra
B so sanh 8bit so sanh 1 cach lién tuc TCNT?2 véi thanh ghi so sdnh dau ra

(OCR2) . O bat cir ddu TCNT2 bang OCR2 , céc tin hiéu so sanh c6 1 sur tuong {ng .
Mot su thich tng s€ cai dat co bdo so sanh dau ra (OCF2) tai chu ki xung nhip ti€p theo
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. Néu duoc kich hoat (OCIE2=1 va céc co ngit chung trong thanh ghi SREG duoc cai
dit) , co bdo so sdnh dau ra phatra 1 ngét so sdnh dau ra . Co bdo OCF2 tu dong bi x6a
khi ma ngdt dugc thuc thi . Nhu mot sy Iya chon , co OCF2 ¢6 thé bi x6a bang phan
mém boi viée viét 1 mirc logic 1 1én vung bit I/O cua chiing . Mdy phat dang song st
dung cdc tin hi¢u tuong ng dé phat 1 dau ra theo ché d6 diéu khién duoc cai bang céc
bit WGM2:1 va céc bit ché do dau ra so sdnh (COM21 0). C4c tin hiéu max va bottom
thi dugc str dung béi mdy phat dang séng cho viéc diéu khién trong cdc truong hop dic
biét ctia c4c gid tri cuc bién trong mot vai ché do cua qué tinh diéu khién (xem bang
Cic ché @6 diéu khién trén trang 150) Hinh 63 chi ra so dd khi ctia bo phéan so sanh
daura .

Figure 63. Output Compare Unit, Block Diagram

< fJATA BUS i -
OCRn TCNTn
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= (Bbit Camparatar )

OCFn (Int. Rag.)
-

Y

top

battam
— Waveform Generator oGH
FOCn -

WGMn1:0 COMn1:0

Thanh ghi OCR2 dugc ghi vao bd dém kép khi sir dung bt ctr ché do diéu ché do
rong xung nao (PWM) . V& cic ché d6 binh thuong va ché do diéu khién CTC , bo dém
kép duoc vo hi€éu héa . B dém kép déng bd hoda viéc cap nhat thanh ghi so sanh OCR2
1én 1 trong 2 chudi dém TOP va BOTTOM . Sy dong bd héa nay ngin can sy xuat hién
ctia odd-length , cdc xung PWM khong d6i xtmg , do vdy lam cho dau ra khdng ¢
nhiéu soc ngang .

Su truy nhap thanh ghi OCR2 c6 thé duong nhu kha phirc tap , nhung khong phai
trong truong hop nay . Khi ma bd dém kép duoc kich hoat , CPU vira truy nhap vao bo
dém cua thanh ghi OCR2 , va néu bd dém kép bi vo hiéu héa CPU s€ truy nhap OCR2
mot cach truc tiép .

So sanh dau ra cudng birc
Trong cac ché d6 phat dang song khong phai PWM , dau ra tuong tng cua b so

sdnh c6 thé bi cudng birc boi viée viét 1 mirc logic 1 1én bit so sanh du ra cudng birc
(FOC2) . Ghép so sanh dau ra cudng birc nay s& khong cai dit co OCF2 hodc
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reload/clear timer , nhung chin OC2 s€ duoc cap nhat néu nhu 1 ghép so sdnh di dugc
xuat hién ( viéc cz}li dat cac bit COM21:0 xéc dinh trang thai chan OC2 dugc cai dat , bi
x0a hoac di chuyén )

Sw kho6a ghép so sanh bing viéc viét TCNT2

Tt ca cdc qua trinh viét 1én thanh ghi TCNT2 s& khéa bat ki ghép so sanh nao
c4i ma xuat hién trong chu ki xung nhip 61, du khi timer bi dimg lai . Bac diém nay
cho phép OCR2 duoc khdi tao vé gid tri giong nhu TCNT2 ma khong khoi dong 1 ngat
khi xung nhip Timer/Counter dugc kich hoat

Viéc sir dung by phan so sanh dau ra

Do viéc viét TCNT?2 trong bét cr ché d6 diéu khién nao s& khéa tat ca cdc ghép
so sdnh cho 1 chu ki xung nhip , c6 nhiéu nguy co duoc kéo theo khi thay ddi TCNT2
khi st dung kénh so sanh dau ra, su phu thudc cua trang thai Timer/Counter chay hoac
khong . Néu gid tri dugc viét 1én TCNT2 bang gid tri OCR2 , ghép so sdnh s& bi 13i , két
qua 12 qud trinh phdt dang s6ng khong chinh xdc . Mot cdch tuong tir , khong viét gid
tri TCNT2 bang gia tri BOTTOM khi ma bo dém dang dém xubng

Viéc cai datOC2 nén dugce tién hanh trude viée cai dat thanh ghi dinh huéng dir
liéu cho chan cong 1én cong ra . Cach dé nhat dé cai dat gid trj OC2 14 sir dung céc bit
dau do so sdnh dau ra cudng bic trong ché d6 binh thudng . Thanh ghi OC2 giir gid tri
ctia n6 dii khi thay d6i gitta cdc ché do phat dang séng

Pé nhan thay rang cc bit COM21:0 thi khong dugc ghi vao bd dém ciing nhau
v6i gid trj so sanh . Viéc thay doi cdc bit COM21:0 s& tao ra anh hudng ngay 1ap tic

B6 phan diu ra ghép so sanh

Cic bit ché do dau ra so sanh (COM21:0) ¢6 2 chic ning . Bo phat dang séng sir
dung cac bit COM21:0 cho viéc x4c dinh trang thai dau ra so sénh (OC2) tai ghép so
sdnh tiép theo . Cdc bit COM21:0 ciing diéu khién chin ngudn dau ra OC2 . Hinh 64 chi
ra mot so do logic da rit gon cua logic hong bang viéc cai dit COM21:0 . Céc thanh ghi
I/0 , cic bit /O , va cdc chan I/0 trong hinh thi dugc in ddm . Chi c6 céc phan cla céc
thanh ghi diéu khién cong 1/0 chung (DDR va PORT) c4i ma bi anh huong béi cic bit
COM21:0 1a duogc chi ra . Khi tham khao 1€n céc trang thai cua OC2 , sy tham khao la
cho céc thanh ghi OC2 bén trong , khong phai cac chan OC2 . Néu tin hiéu Reset hé
thdng xuat hién , thanh ghi OC2 dugc Reset vé 0
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Figure 64. Compare Match Output Unit, Schematic
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Cic cong I/O chirc ning chung duoc ghi d& bang so sanh dau ra (OC2) tir mdy
phét dang séng néu nhu 1 trong sé cic bit COM21:0 dwogc cai dit . Tuy nhién, chan
dinh hudng OC2 ( dau ra hodc dau vao ) thi van duoc diéu khién bang thanh ghi dinh
huéng dit liéu (DDR) cho chan cong . Bit thanh ghi dinh hudng cho dit liéu cho chan
OC2 (DDR_OC?2) phai duoc cai dat nhu la dau trudc khi gid tri cia OC2 duoc nhin
thdy trén Cong Chtic ning cong ghi d& thi doc 1ap trong ché d6 phat dang séng .

Thiét ké ctia chén logic so sdanh dau ra cho phép viéc khai tao cua trang thai OC2
truge khi dau ra duoc kich hoat . Chd ¥ y rang vai viéc cai dat cac bit COM21:0 l1a du trir
cho cic ché d¢ diéu khién nio d6 . Xem bang miéu ta thanh ghi ctia Timer/Counter 8bit
trén trang 157

Sw phit dang séng va ché d§ diu ra so sanh

May phat dang s6ng st dung cac bit CON21:0 theo cac cach khac nhau trong ché
d6 binh thuong , CTC , va cdc ché do PWM. Cho tat ca cdc ché @6 , viéc cai dat
COM21:0 néi cho mdy phat dang séng riang khong c6 hanh dong nao trén thanh ghi
OC2 duoc tién hanh trén ghép so sénh tiép theo . V& cdc dau ra so sdnh hoat dong trong
cdc ché d6 khong phai 1a PWM tham khéo bang 65 trén trang 158 . V& cdc ché 40 PWM
, tham khao bang 66 trang 158, va cdc ché 0 PWM ding pha tham khéo bang 67 trén
trang 158 .

Mot su thay ddi trang thai cua cac bit COM21:0 s€ c6 hi¢u luc tai ghép so sdnh
dau tién sau khi cdc bit duoc ghi . V& cic ché 6 khong phai PWM , cdc hoat dong ¢
thé bj cudng birc dé c6 hiéu luc ngay lap tirc bang viée st dung cic bit phan tich FOC2
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Cac ché d¢ cia qua trinh diéu khién

Céc ché do diéu khién , vi du nhu qua trinh xtr li cia Timer/Counter va cac chan
so sdnh dau ra , dugc xé4c dinh béng viéc két hop cua ché do Phat dang séng
(WGM21:0) va céc bit ché d6 so sanh dau ra (COM21:0) . Céc bit Ché do dau ra so
sanh thi khong anh huéng dén céc chudi dém trong khi céc bit ché do phat dang séng
thi ¢6 anh hudng . Cdc bit COM21:0 diéu khién dau ra cia PWM 12 dao hay khong dao
(PWM dao hay la khong dao ) . Vé cdc ché d6 khong phai 1a PWM cac bit COM21:0
diéu khién dau ra nén duoc cai dat , duoc x6a , hodc di chuyén tai 1 ghép so sanh (xem
phan “Compare Match Output Unit  trén trang 149 .

Pé biét thém chi tiét vé thong tin bo dinh thoi tham khao hinh 68 , hinh 69 , hinh
70, hinh 71 trong “céac so dd b6 dinh thoi Timer/Counter” trang 155

Ché d6 binh thwong

Ché d6 don gian cta qu4 trinh diéu khién 12 ché d6 normal (WGM21:0=0) .
Trong ché d6 nay viéc dinh huéng dém thi ludn ludn 1én trén (ting dan) , va khéng c6
x6a bd dém nao duge tién hanh . Bd dém don gian tran khi né vugt qua gia tri 8bit max
(TOP=0xFF) va sau d6 khoi dong lai tir gid tri bottom (0x00) . Trong qud trinh diéu
khién thong thudng,co bdo tran Timer/Counter (TOV2) s& duoc cai dat trong ciing 1
chu ki xung nhip timer nhu 12 TCNT2 trd vé 0 . C& bdo TOV2 trong truong hop nay
hanh dong nhu 1 bit thir 9, ngoai trir viéc n6 chi duoc cai dat, khong bi x6a . Tuy nhién

, duoc két ndi v6i ngat tran Timer cai ma tu dong x6a c6 TOV2, d chinh xdc cua
Tlmer c6 thé dugc ting 1én bang phan mém . Khong c6 trudng hop dic biét nio dugc
xét dén trong ché d6 binh thuong , 1 gid trj bd dém mdi c6 thé dugc viét bat ctr thoi
gian nao

Clear Timer on Compare Match (CTC) Mode

Trong ché ¢ CTC (WGM21:0=2) , thanh ghi OCR2 duoc st dung dé diéu khién
d6 chinh xdc cta bd dém . Trong ché do CTC b dém bi x6a vé 0 khi ma gid tri bo dém
(TCNT2) twong tmg voi chan OC2 . Chan OC2 xéc dinh gid tri TOP cho bd dém do do
cling thay d6i d6 chinh xdc ctia né . Ché do nay cho phép diéu khién tot hon tan sé dau
ra cua ghép so sanh . N6 ciing lam don gian qua trinh diéu khién cua viéc dém céc bién
cd bén ngoai .

Gian d6 thoi gian cua ché 46 CTC dugc chi ra trong hinh 65 . Gi4 tri cia bo dém
(TCNT?2) tang 1én cho dén khi 1 ghép so sdnh xuat hién gitta TCNT2 va OCR2 va sau
d6 bo d@ém (TCNT2 ) bi x6a
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Figure 65. CTC Mode, Timing Diagram
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Mot ngét ¢6 thé duoc sinh ra mdi 14n ma gia tri bo dém tién dén gia tri TOP béng
viée str dung c& OCF2 . Néu ngit dugc kich hoat , cdc chuong trinh con diéu khién ngat
¢6 thé dugce str dung cho viée cap nhat gid tri TOP . Tuy nhién , viéc thay d6i TOP téi 1
gid tri 4n 1én BOTTOM khi ma bd dém dang chay voi gid tri bo dém gop trudc thip
hodc khong c¢6 thi phai dugc thuc hién 1 cch than trong tir d6 ma ché d6 CTC khong c6
dac tinh by dém kép . Néu gia tri m&i dugce ghi 1én OCR2 thép hon gid tri TCNT2 hién
thoi , bo dém s& bi 16i ghép so sanh . B dém sau d6 s& phai dém dén gia tri cuc dai cua
n6 (0xFF) va bao quanh gid tri bat dau tai 0x00 trudce khi ghép so sdnh c6 thé xuat hién

viéc phét ra mot du ra dang séng trong ché d6 CTC , dau ra OC2 c6 thé duge
cai dat dé di chuyén mirc logic trén mdi ghép so sdnh bang viéc cai dit céc bit ché do
dau ra so sanh 1én ché d6 di chuyén (COM21:0=1). Gi4 tri OC2 s& khong thé nhin thy
trén chan cong trir khi su dinh hudng dit liéu cho chan dugc cai dit 1én dau ra . Dang
s6ng duoc phit ra s& ¢ gid tri tan sd 16n nhét cua foco=fu yo/2 khi ma OCR2 duoc cai
dit vé 0(0x00) . Tan sd séng phit ra duge xdc dinh bang cong thirc dudi day

focn = TRy OCRD)

Bién N dugc duara theo ti 1 (1, 8, 64, 256 , 1024)

Nhu Ia trong ché do normal , c& bdo TOV?2 duoc cai dat trong cung mot chu ki
xung nhip timer c4i ma bo dém dém tir gid tri MAX vé 0x00

Ché d6 fast PWM

Ché 6 diéu ché do rong xung nhanh hay fast PWM (WGM21:0=3) cung cip mdt
lua chon phat dang séng PWM téan s6 cao . Ché d6 fast PWM khéc véi céc ché do
PWM khiéc boi qud trinh diéu khién suon don cia né . Bo dém dém tir BOTTOM dén
MAX sau d6 bat dau lai tir ché BOTTOM . Trong ché do dau ra so sdnh khéng dao ,
d4u ra so sanh (OC2) bi x6a trén ghép so sanh gitta TCNT2 va OCR2 , va duogc cai dat
6 BOTTOM . Trong ché d6 dau ra so sanh dao , dau ra duoc cai dit trén trén ghép so
sdnh va bj x6a & BOTTOM . Dt cho ché d¢ diéu khién suon don , tan s6 diéu khién
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ctia ché do fast PWM c6 thé cao gip doi ché 40 PWM diing pha str dung ché d6 diéu
khlén 2 suon . Tan s cao nay lam cho ché do fast PWM phu hop voi sur diéu chinh
ngudn dién , sy chinh luu va cdc ung dung DAC. Tan s cao cho phép céc thanh phan
vat If c& nho bén ngoai (day cudn , tu dién ), va vi vay giam gid thanh hé théng

Trong ché d6 fast PWM , bo dém dugc 1am ting cho dén khi gid tri cua by dém
tuong Ung véi gia tri max. Bo dem sau d6 dugc x6a tai chu ki xung nhip ké tlep Gian
dd thoi gian cho ché d6 fast PWM duoc chi ra nhu trong hinh 66 . Gi4 tri cia TCNT2
trong gian do thoi gian duoc chi ra nhu 1 biéu dé minh hoa cho qud trinh diéu khién
suon don . Gian d6 bao gom céc dau ra PWM dao va khong dao . Pudng thang ding
nho danh dau trén suon TCNT2 dua ra cdc ghép so sdnh gitta OCR2 va TCNT?2

Fgure 66. Fast PWM Mode, Timing Diagram

OCAn Interrupt Flag Set

OCRAn Update
P g e mem e and
i i i i i TOVn Interrupt Flag Sst

OCn || L L] [COMn1:0 = 2)
OCn I_l l_l [COMn1:0 = 3)

A R A A

Co bdo tran Timer/Counter (TOV?2) thi duoc cai dat mdi 1an ma bo dém dat téi
gid tri Max néu ngit dugc kich hoat , cdc chuong trinh con diéu khién ngit c6 thé dugc
st dung cho vi¢c cdp nhat cic gid tri mdi .

Trong ché d6 fast PWM , bo phan so sanh cho phép qua trinh phit ra cic dang
séng PWM trén chan OC2 . Viéc cai dat cic bit COM21:0 1én 2 s& gdy ra 1 dau ra
PWM khong ddo va 1 daura PWM dao c6 thé duge sinh ra béng viéc cai dat cac bit
COM21:0 Ién 3 (xem bang 66 trang 158) Gia tri that cia OC2 s€ chi dugc nhin théy
trén chan céng néu su dinh hudng dir liu cho céc chan céng dugc cai dat nhu 12 du ra
. Dang song PWM dugc sinh ra béng viéc cai dat (hodc x6a ) thanh ghi OC2 tai chu ki
xung nhip ma bd dém bi x6a (thay doi tir MAX dén BOTTOM)

Tan s6 PWM cho dau ra c6 thé duoc tinh todn bang cong thic dudi day :

. _ Jaio
SOCRPFM N. 256

Gia tri cua bién N theo ti 1€ xich sau (1, 8, 64 , 256 , 1024)

Gié tri cuc bién cho thanh ghi OCR2 dugc dua ra trong cic trudng hop dac biét
khi ma qu4 trinh 1 dang séng dau ra PWM trong ché do fast PWM . Néu OCR2 duoc
cai dat bang BOTTOM , dau ra sé 1a 1 dinh hep cho mdi chu ki xung nhip MAX+1 .
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Viéc cai dat OCR2 bang gid tri MAX sé& cho két qua 13 mot gid tri cao khong d6i hodc
dau ra thép (phu thudc vao d6 phan cuc cua dau ra duogc cai dat béng cac bit COM21:0)

MOt tan sd (voi 50% chu ki tai ) dang song dau ra trong ché do fast PWM c6 thé
dat duoc bang viée cai dit OC2 1én cép logic cua no di chuyén trén mdi cp so sénh
(COM21:0 =1 ). Dang séng dugc sinh ra s€ c6 tan s6 max cla focz = fex 1o/2 khi ma
OCR?2 dugc cai dit 12 0 . Bac diém nay thi twong tu nhu sy di chuyén OC2 trong ché do
CTC mode , ngoai trir dac diém bo dém kép cua bg phan dau ra so sanh duogc kich hoat
trong ché do fast PWM

Ché @6 PWM diing pha

Ché 36 PWM ding pha (WGM21:0 =1 ) cung cép mot d chinh xac cao lua
chon phit dang séng PWM diing pha . Ché d6 PWM diing pha thi co ban dya trén qud
trinh diéu khién 2 suon. Bo dém dém lip lai tr BOTTOM dén MAX va sau d6 tir MAX
dén BOTTOM. Trong ché do dau ra so sanh khong déo , dau ra so sénh (OC2) bi x06a
trén ghép so sanh gitra TCNT2 va OCR2 trong khi dang dém 1én . va cai dit trén ghép
so sdnh trong khi dang dém Xuong Trong ché do so sanh dau ra dao , qud trinh diéu
khién nay bi dao nguoc . Ché 6 diéu khién 2 sudn c6 tan sb cuc dai coa qua trinh diéu
khién thap hon ché d¢ diéu khién suon don . Tuy nhién , di cho dic tinh d6i xting ctia
cédc ché do PWM 2 suon , cdc ché do nay duoc ua thich hon cho céc tng dung diéu
khién dong co

Do chinh xdc cia PWM cho ché do PWM diing pha 14 c¢6 dinh 8bit Trong ché do
PWM diing pha , bd dém duogc 1am tang cho dén khi gia tri bo dém max khi ma bo dém
dat t6i gid tri MAX , né thay d6i huéng dém . Gia tri TCNT2 sé& bang gid tri MAX trong
mdi chu ki xung nhip timer . Gian d6 thoi gian cho ché do PWM diing pha dugc chi ra
trong hinh 67. Gid tri TCNT2 trong gian do thoi gian chi ra 1 biéu dd dé minh hoa cho
qua trinh diéu khién suon kép . Biéu dd bao gdm céc dau ra PWM dao va khong dao . .
Puong thiang ding nho danh déu trén swon TCNT2 dua ra cdc ghép so sdnh gitta OCR2
va TCNT2
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Figure 67. Phase Correct PWM Mode, Timing Diagram
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Co bdo tran Timer/Counter (TOV2) dugc cai dat mdi 1an bo dém vuon t6i gid tri
BOTTOM . Co ngét c6 thé dugc st dung dé phat ra mot ngét mdi 1an b dém dat tGi gia
trt BOTTOM.

Trong ché 0 PWM ding pha , b phén so sdnh cho phép qud trinh phét ra cic
dang song PWM trén chan OC2 . Viéc cai dat cac bit COM21:0 1&€n 2 s¢€ gay ra 1 dau ra
PWM khong ddo va 1 daura PWM dao c6 thé duge sinh ra béng viéc cai dat cac bit
COM21:0 Ién 3 (xem bang 66 trang 158) Gia tri that ctia OC2 s€ chi dugc nhin théy
trén chan céng néu su dinh huong dir liéu cho cac chan Céng duoc cai dat nhu 12 dau ra
. Dang séng PWM duoc sinh ra bang viéc cai dit (hodc x6a thanh ghi OC?2 tai ghép so
sanh gittra OCR2 va TCNT2 khi ma bg dém tanng 1€n , va viéc cai dat (hodc x6a )thanh
ghi OC2 tai ghép so sanh gitta OCR2 va TCNT2 khi ma b dém giam . Tan s6 PWM
cho dau ra khi st dung ché 40 PWM diing pha c6 thé dugc tinh todn bang cong thirc
dudi day

focnpcpwn = %%

Gia tri cua bién N theo ti 1€ xich sau (1, 8, 64 , 256 , 1024)

Gia tri cyc bién cua thanh ghi OCR2 dua ra trong cdc truong hop dac biét khi ma
vi€c phét ra cdc dau ra dang séng trong ché d6 PWM dung pha . Néu OCR2 duoc cai
dat bang BOTTOM, déu ra sé& lién tiép & mirc thap va néu cai dat bang MAX , dau ra s&
tiép tuc & muc cao trong ché 6 PWM khong dao . V& cdc ché 46 PWM dao dau ra s¢
cO gid tri ddi lap lai .

Tai mbi diém bét ddu cua chu ki 2 trong hinh 67 Ocn ¢6 1 su chuyén dbi tir mirc
cao xudng mirc thap dir cho khdng c6 ghép so sdnh nao . Piém ddnh diu sy chuyén d6i
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nay dé ¢am bao tinh dbi ximg xung quanh BOTTOM . C6 2 trudng hop c6 sy chuyén
d6i ma khong c6 ghép so sdnh :

- OCR2A chuyén gi4 tri ctia né tir MAX , g10ng nhu hinh 67 . Khi gié tri cua
OCR2A la MAX, gid tri chan OCn thi giéng nhu két qua caa 1 ghép so sdnh
dém xudng . Dé dam bao tinh ddi xung xung quanh BOTTOM , gid tri cua
OCn tai MAX phai twong tmg voi két qua cia mot ghép so sanh dém 1én .

- Timer bat dau dém tir 1 gid tri cao hon 1 trong OCR2A , va vi Ii do nay ma
cdc 16i ctia ghép do sdnh va do d6 OCn thay ddi cich ma né xuat hién trén
duong 1én .

Gian dd thoi gian ciia Timer/Counter

Timer/Counter 1a mot thiét ké dé)ng bd va xung nhip timer (clkt,) vi vay dugc
chi ra nhu 12 1 tin hiéu kich hoat xung nhip trong céc hinh duéi ddy . Céc hinh bao gdm
cdc dit kién khi ma cdc cd ngét duoc cai dat . Hinh 88 bao gdm dit liéu thoi gian cho
qué trinh diéu khién Timer/Counter co ban . Hinh chi ra cdc chudi dém déng dén céc
gid trif MAX trong tit ca cdc ché khéc hon 1a ché 6 PWM ding pha

Fgure 68. Timer'Counter Timing Diagram, no Prescaling

Clk

clkr,
(chk,/1)

TCHNTR % WA - 1 :l: hA K '/\/ BOTTOM x BOTTOM + 1

TOVn

Figure 89 shows the same timing data, but with the prescaler enabled.
FAgure 68. Timer/ Counter Timing Diagram, with Prescaler (f, /8]

| | ( i -

TCNTR WAK -1 :I: hAX x BOTTOM K BOTTOM +1

———

TOVnR
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Figure 70. Timer/Counter Timing Diagram, Setting of OCF2, with Prescaler (., ,/8)

oo (U
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TCMTn :( OCAn - 1 x OCAn OCAn + 1 OCAn + 2
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OCFn

i
Figure 71 shows the setting of OCF2 and the clearing of TCNT2 in CTC mode.

Figure 71. Timer/Counter Timing Diagram, Clear Timer cn Compare Match Mede, with Pres-
caler (fu_0/8)

S [ ] | i

T{E%? ){ TOP-1 TOP X BOTTOM z( BOTTOM + 1
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Su miéu ta thanh ghi Timer/Counter 8bit

Thanh ghi diéu khién Timer/Counter - TCCR2

Bi 7 g = 4 3 2 1]
| Focz [ woamzo | cowmzi | comzo | wamz1 | eszz | CS21 | csa0 | TCeRz
ReadWrite W RW RW RW RW RAW R'W RMW

Bit 7 — FOC2 : so sdnh dau ra cudng bic

Bit FOC2 chi hoat dong khi bit WGM?20 xéc dinh ché d6 khong phai PWM . Tuy
nhién , d& dam bao tinh twong thich vdi cdc thiét b trong twong lai , bit nay phai dugc
cai dat 12 0 khi ma TCCR2 duoc ghi khi hoat dong trong ché @6 PWM . Khi viét 1 mirc
logic 1 1&€n bit FOC2 , 1 ghép so sdnh ngay trung gian bi cudng burc trén bo phan phat
dang séng . Dau ra OC2 bi thay ddi theo viéc cai dit cdc bit COM21;0 ctia né . Chd §
ré‘mg bit FOC2 thi thyuc hién nhu 1a 1 dau do(strobe) . Vi vay né l1a gia tri dugc dua ra
trong cac bit COM21:0 cdi ma x4c dinh anh hudng ctua so sdnh cudng buc

Mot dau do FOC2 s& khong phét ra bat cit ngat nao , cling s& khong x6a Timer
trong ché do CTC sir dung OCR2 nhu 12 gia trj TOP.

Bit FOC?2 thi luén duoc doc 1a 0
Bit 6,3 - WGM21:0 : ché d¢ phat dang séng

Cic bit nay diéu khién chudi dém cua bd dém , ngudn cho gia tri dém cuc dai
TOP , va loai ma phat dang séng duoc sir dung . Céc ché do diéu khién hd tro boi bo
phan Timer/Counter 12 : Ché d6 Normal , ché ¢6 CTC , va 2 loai clia cdc ché do diéu
ché d6 rong xung PWM , xem bang 64 va “cdc ché d6 diéu khién “ trang 150

Table 64. Waveform Generation Meode Bit Description

WGM21 | WGM20 | Timer/Counter Mode Update of | TOVZ Flag
Mode | (CTC2) | (PWMZ2) | of Operation TOP OCRZ at Set on
0 0 0 Maormal 0=FF Immediate | MAX
1 i 1 PWM, Phasze Correct OxFF | TOP BOTTCM
2 1 0 CTC CCR2 | Immediate | MAX
3 1 1 Fast FWM OxFF BOTTOM hAAK

MNate: The CTCZ and PWMEZ bit definition names are now obsolete. Use the WGEME21:0 definitions. How-
ever, the functionality and location of these bits are compatible with previous versions of the timer.

Bit 5:4 — COM21:0 : ché d6 dau ra ghép so sanh

Céc bit nay diéu khién chan xir If so sanh dau ra (OC2) . Néu 1 trong 2 bit
COM21:0 duoc cai dit , dau ra OC2 ghi d& 1én cong chirc nang thong thuong ciia chan
/O ma né duoc ndi dén . Tuy nhién , chd y rang bit thanh ghi dinh huéng di liéu
(DDR) tuong tmg dén chan OC2 phai dugc cai dat theo thi ty kich hoat bd diéu khién
dau ra

Khi OC2 duoc ndi véi chan , chic nang cua cac bit COM21:0 phu thudc vao viéc
cai dat bit WGM21:0 . Bang 65 chi ra chirc nang cua bit COM21:0 khi cac bit
WGM21:0 duoc cai dit dén ché do binh thudng hodc ché d6 CTC (khong phai PWM)

Duykhanh8x1311 @gmail.com 170




Hanoi University of Industry Datasheet ATMEGA 128

Table 65. Compare Output Meode, Non-PWNM Mode

coma21 comzo Description
0 0 Mormal port operation, OC2 disconnected.
0 1 Toggle ©C2 on compare match
1 0 Clear OC2 on compare match
1 1 Set OC2 on compare match
Bang 66 chi ra céc bit chic nang COM21:0 khi ma cac bit WGM21:0 duoc cai dat
trong ché do fast PWM
Table 66. Compare Output Mode, Fast PWM Mode!"
cComM21 COMZ0 Description
0 0 Mormal port operation, OC2 disconnected.
0 1 Resered
1 0 Clear OC2 oncompare match, set OC2 at BOTTOM,
(non-imserting mode)
1 1 Set OCZ on compare match, clear OC2 at BOTTOM,
(imverting mode)

Mote: 1. A speciel case occurs when OCR2 eguels TOF and COME21 is =et. In this case, the compare
match iz ignored, but the =et or clear is done at BOTTOM. See ‘Fast PWM Mode™ on page 152
for more dertailz

Béang 67 chi ra chirc nang cia bit COM21:0 khi ma céc bit WGM21:0 duogc cai dat

trong ché 46 PWM diing pha
Table 67. Compare Output Mode, Phase Correct PWM Mode!"

COM21 | COM20 | Description

0 0 Mormal port operation, OC2 disconnected.
o 1 Reszerved
1 0 Clear ©C2 on compare match when up-counting. Set OC2 on compare

match when downcounting.

1 1 Set OC2 on compare match when up-counting. Clear OC2 on compare
match when downcounting.

Mote: 1. A special case occurs when OCR2 equsls TOP and COM21 is set. In this case, the compare
matchis ignored, but the et or clear is done &t TOP. See “Phase Correct PWM Mode™ on page
153 for more details.

Bit 2:0 — CS22 : Iya chon xung nhip ‘
C6 3 bit lya chon xung nhip Iya chon nguon xung nhip s€ dugc st dung bdi
Timer/Counter
Table 68. Clock Select Bit Description

cs22 cs21 CS20 | Description
0 o 0 Mo clock source (Timer'Counter stopped)
0 0 1 Clkyg/iMo prescaling)
0 1 0 Clky/B (From prescaler)
0 1 1 clkyq/64 (From prescaler)
1 o 0 Clky /256 (From prescaler)
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csz2 cs2 CS20 | Description
1 o 1 Clkys/1024 (From prescaler)
1 1 0 External clock source on T2 pin. Clock on falling edge
1 1 1 External clock source on T2 pin. Clock on rising edge

Néu céac ché do chan ngoai dugc str dung cho Timer/Counter 2 thi viéc chuyén
doi trén chan T2 s€ khda bo dém du néu chan duoc cau hinh nhu 1a 1 dau ra . BPac diém
nay cho phép phan mém diéu khién viéc dém

Thanh ghi Timer/Counter — TCNT2

Bit 7 ;] 5 1 3 2 1 0

| TCNTZ[T:0] ] TCnT:2
Re=dWrits RwW RwW RAw RwW RMwW R R RAW
Initizl Valus i i i i 0 0 0 0

Thanh ghi Timer/Counter dua ra sy truy cap truc tiép , ca hai qud trinh doc va ghi
1én bd dém Timer/Counter 8 bit . Viéc viét thanh ghi TCNT2 khéa (g5 bo ) ghép so
sanh trén cdc xung nhip ké tiép . Qua trinh stra d6i bo dém (TCNT2) trong khi b dém
dang chay , dua ra 1 nguy co 16i ghép so sanh giita thanh ghi TCNT2 vi OCR2

Thanh ghi so sanh dau ra — OCR2

Bit 7 ] 5 A 3 2 1 0

| OCR2[T: 0) | ocrz
RezdWrite RW RMwW RwW RAW RAW RAW RAW R
Initizl Valus 0 0 0 0 0 0 0 0

Thanh ghi so sanh dau ra bao gom 1 gid tri 8bit cdi ma dugc so sanh 1 cach lién tuc voi
gid tri by dém (TCNT2) . Mot ghép c6 thé duoc su dung d€ sinh ra 1 ngat so sanh dau
ra , hoac phat ra 1 dau ra dang séng trén chan OC2

Thanh ghi che ngit Timer/Counter - TIMSK

Bit 7 & 5 4 3 2 1 0

I OCIEZ TOIEZ TICIE1T | OCIE1A | OCIEYTBE TOIET OCIED TOIED I TIMEK
Re=zdWrits RW RMW RAwW RAwW RwW RMwW R R
Initiz] Valus 0 0 0 0 i i 0 0

Bit 7 — OCIE2 : kich hoat ngat ghép so sanh dau ra Timer/Counter

Khi bit OCIE2 dugc ghi la 1, va bit I trong thanh ghi trang thai duoc datla 1,
ngét ghép so sanh Timer/Counter 2 duoc kich hoat . Ngét tuong ung dugc thuc thi néu
1 ghép so sanh trong Timer/Counter xuét hién vi du khi bit OCF2 duoc cai dit trong
thanh ghi c& bdo ngat Timer/Counter — TIFR

Bit 6 — TOIE2 : kich hoat ngit tran Timer/Counter2

Khi bit TOIE2 dugc ghi la 1, va bit I trong thanh ghi trang thai dugc cai datlal ,
ngit tran Timer/Counter 2 dugc kich hoat . Ngét twong tng dugc thuc thi néu 1 co bdo
tran trong Timer/Counter 2 xuét hién vidu , khi bit TOV2 dugc cai dit trong thanh ghi
cd bdo ngat Timer/Counter — TIFR
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Thanh ghi co bao ngit Timer/Counter — TIFR

Bit T ] 5 1 3 2 1 0
I OCF2 TOovZ ICF1 OCF1A | OCF1B TOV1 OCFO TOVD I TIFR
R=zd Write RW RAW RAW RW RN RAN RAW RAN

Imitial Valus i a a a a a a a

Bit 7 — OCF2 : co ghép so sanh 2

Bit OCF2 duoc cai dit 1 1 khi 1 ghép so sdnh xuét hién gitta Timer/Counter va
dir liéu trong OCR2 — thanh ghi so séanh dau ra 2 . OCF2 bi x6a bang phan ctng khi
qua trinh thyc thi c4c vecto diéu khién ngét tuong ing . Nhu mot sy lua chon , OCF2 bi
x6a bang viéc viét 1 murc logic 1 1én co . Khi ma bit I trong SREG , OCIE2 ( kich hoat
ngat ghép so sanh Timer/Counter2) va OCF2 duoc dit 12 1 , ngit ghép so sdnh
Timer/Counter 2 duoc thuc thi .
Bit 6 — TOV2 : co béo tran Timer/Counter 2

Bit TOV2 dugc cai dat 1a 1 khi 1 sy tran xuat hién trong Timer/Counter 2 , TOV?2
bi x6a bang phan cing khi ma viéc thuc thi cdc vecto diéu khién cdc ngat twong tng .
Nhu mét sy lya chon , TOV2 bj x6a bang viéc viét mot mirc logic 1 1&n co . Khi ma bit
I trong SREG , TOIE2 (kich hoat ngat tran Timer/Counter 2 ) va TOV2 dugc cai dat 1a
1, ngét tran Timer/Counter 2 dugc thyc thi . Trong ché 36 PWM , bit nay duoc cai dat
khi Timer/Counter 2 thay doi viéc dém hudng dém tai $00
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XV . Khéi module so sanh dau ra (OCM1C2) — Output Compare Modulator
Tong quat

Module so sanh dau ra (OCM) cho phép qua trinh phat sinh ctia song diéu ché
v6i 1 tan s6 mang . Bo diéu ché sir dung cic dau ra tir bd phéan so sdnh dau ra C cia
Timer/Counter] -16bit va by phan so sanh dau ra cua Timer/Counter2- 8bit . Dé biét
thém chi tiét vé cdc Timer/Counter xem “16bit Timer/Counter (Timer/Counter 1 va
Timer/Counter 3 )” & trang 112 va Timer/Counter2 — 8bit v&i ché 36 PWM * & trang
146 . Chd ¥ rang dic diém nay thi khong kha dung trong ché d6 tuong thich voi Atmega
103 .

Figure 72. Output Compare Modulater. Block Diagram

Timer/Counter 1 oc1c
ol # Pin
oc1C |
Timer/Counter 2 ocz2 ocz | PET

Khi b9 diéu che dugc kich hoat , 2 kénh so sdnh dau ra thi duoc dicu ché cing
nhau nhu duoc chi trong so d6 khoi (hinh 72)

Miéu ta

Bo phan so sdnh dau vao 1C va so sanh dau vao 2 chia sé chin céng PB7
nhu 12 cdng ra . Pau ra cua cdc bd so sdnh dau ra (OC1C va OC2) ghi de 1én thanh
ghi cong PORTB7 thong thudng khi ma 1 trong sb ching duoc kich hoat (Vi du :
khi ma bit COMnx1 : 0 khéng bang 0 ) khi ca 2 bo so sinh ngoai . OC1C va OC2
duoc kich hoat trong ciing 1 thoi gian , bo diéu ché s& tu dong duogc kich hoat

So do chirc nang tuong duong cua by diéu ché dugc chi ra trong hinh 73 .
So d6 thi bao gdm cdc phan caa bd Timer/Counter va mach diéu khién dau ra chin
s6 7 ctia cong B
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Figure 73. Output Compare Modulator, Schematic
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Khi ma bg diéu ché dugc kich hoat loai clia sy diéu ché (cdc bién logic
And va Or ) c6 thé dugc lya chon bang thanh ghi PORTB7 . Cha y rang thanh ghi
DDRB7 di€u khién hudng cuia cong phu thude vao viéc cai dat bit COMnx1 :0

Vi du vé gian d6 thoi gian : Timing Example

Hinh 74 minh hoa 1 b diéu ché dang hoat dong . Trong vi du nay bd
Timer/Counter 1 duoc cai dat dé d,iéu khién trong ché do Fast PWM ( khong déo)
va b Timer/Counter 2 st dung ché d6 phat xung CTC véi ché d dau ra so sanh di

chuyén (Bit COMnx1:0 =1)

Figure 74. Qutput Compare Modulator, Timing Diagram
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Trong vi du nay , Timer/Counter 2 cung cdp 1 séng mang , trong khi tin
hiéu diéu ché dugc sinh ra boi bo phan so sanh dau ra C cua Timer/Counter 1

Do chinh x4c caa tin hiéu PWM (OCIC ) thi bi suy giam béi qué trinh diéu
ché . Ti 18 suy giam thi bang s thir tu ctia cdc chu ki xung nhip hé théng cua 1 chu
ki cia séng mang (OC2) .Trong ché d6 nay , 6 chinh xdc bi suy giam béi 1 ti 18 voi
2 . Nguyén nhan cua su suy gidm nay dugc minh hoa trong hinh 74 & chu ki thar 2
va thtr 3 ctia dau ra PB7 khi ma bit PORTB7 = 0 . Thoi gian cao hon ¢ chu ki thtr 2
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1a 1 chu ki xung nhip dai hon trong thoi gian cao cua chu ki thtr 3, nhung két qua
thu duoc trén cong ra PB7 thi bang ca 2 chu ki dau .
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XVI . Giao dién ngoai vi ndi tiép Serial peripheral interface — SPI

Giao dién ngoai vi ndi tiép (SPI) cho phép chuyén dir liéu déng bo toc do

cao giao Atmegal28 va cic thiét bi ngoai vi hodc gitra nhiéu thiét bj AVR véi nhau
. Giao dién ngoai vi nbi tiép (SPI) bao gom cac déc diém dudi day
- Full duplex (Truyén song cong ) , chuyén dir liéu ddng bo 3 day (Three
wire)

- Ché d diéu khién Master / Slave

- Chuyén dit liéu MSB First hodc LSB First

-7 bit rate c6 thé 14p trinh

- Co ngit cudi ché @6 truyén tai

- Write Collision Flag Protection

- Dénh thirc khéi ché do cho Idle

- Ché d6 SPI Master (CK/2 ) Toc do kép

Figure 75. SPI Block Diagram

[ IS0
M
XTAL Mo
MSE LSB s @
{ | B BIT SHIFT REGISTER i g
READ DATA BUFFER EJI
DIVIDER &
/2/4/8/16/32/64/128 =
o
L]
r o+ 4 LOCK =
8P| CLOCK (MASTER i CLY T
SELECT " CLOCK [ s aCH
Loglc o M
B »
Bkl & i 5=
o Y
T wl oM b
[
AR
= o O
:I'l.-1STR Fy
SPI CONTROL o
4 [ ] il - =L — o
]
M o % ol BB 5 B 2 F HE
mElllllm ffmmﬂ.:uumu‘.-
| SPI STATUS REGISTER | SPI CONTROL REGISTER
. 8, 8, .,
- r
-
r

SPIINTERRUFT INTERMAL
REQUEST  DATABUS
Mote:  Referto Figure 1 on page 2 and Table 30 on page 74 for SPI pin placement.
Két n6i gitta cic CPU Slave va master véi SPI duogc chi ra trong hinh 76 . HE
thong thi bao gom 2 thanh ghi Shift va b tao xung nhip Master . SPI Master khoi tao 1
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chu ki giao tiép khi ma c6 sudn xung xuéng cua Slave lya chon chan SS cua Derised
Slave . Master va Slave chuan bi dit liéu dé gui vao cac thanh ghi Shift twong tmg cua
chdng , va master sinh ra 1 xung nhip can thiét trén nhanh SCK chuyen tiép dix liéu . Dix
liéu thi duoc chuyén tir Master sang Slave trén ddu ra Master Out -> dau vao Slave In ,
MOSI , cac nhanh , va tu Slave dén Master béng chan Master In -> Slave Out , MISO ,
line . Sau mdi géi dit lidu , Master s& dong bd héa véi Slave bang 1 xung cao Iwa chon
Slave , Bit SS, Line .

Khi dugc cau hinh nhu 1a 1 Master , giao dién SPI khong c6 su tu dong diéu
khién cua duong SS . Viéc nay phai dugc diéu khién bang phan mém nguoi su dung
truée khi qud trinh giao tiép c6 thé bat dau . Khi né duogc thuc hién viéc viét 1 Byte 1én
thanh ghi dit liéu SPI s& khdi dong bo tao xung nhip SPI va phan cing sé di chuyén 8
bit dir li€u vao trong Slave . Sau khi di chuyén 1 Byte , bg tao xung nhip SPI dung lai ,
viéc cai dat co bdo két thic qud trinh chuyén dit lidu (SPIF) . Néu nhu ngat SPI kich
hoat bit (SPIE ) trong thanh ghi SPCR duoc cai dat , 1 ngat dugc truy van . Master c¢6
thé tiép tuc chuyén byte dit liéu tiép theo bang viéc viét vao trong SPDR hoic tin hiéu
két thdc cuia géi dit liéu bang xung cao duoc Slave Iya chon , nhanh SS . Byte dén cudi
cling s& duoc giir & trong bd dém cua thanh ghi cho 14n sir dung cudi cing .

Khi dugc cdu hinh nhu 1a Slave , giao dién SPI s& remain sleeping véi 3 trang
thdi MISO chi can chan SS dugc diéu khién & mic cao . Trong trang thai nay , phan
mém c6 thé cap nhat céc thanh ghi dit liéu SPI — SPDR , nhung dif liéu s& khéng duoc
dy chuyen ra ngoai bang nhirng xung nhip dén trén chan SCK cho dén khi chan SS
duoc diéu khién ¢ mirc thap . 1 byte vira hoan thanh sy di chuyén thi co bdo két thiic su
di chuyen SPIF duoc cai dat
. Néu nhu ngat SPI kich hoat bit SPIE trong thanh ghi SPCR duoc cai dit , 1 ngat
duoc yéu cau . Slave c6 thé tiép tuc dat dir liéu méi dé gui vao trong thanh ghi SPDR
trude khi qud trinh doc dir liéu dén tiép tuc . Byte dén cubi ciing s& duogc dit trong bd
dém cua thanh ghi sau 1an st dung .

Figure 76. SPI| Master-Slave Interconnection

MSEB MASTER LSE MISO MIF:(JE MSE SLAVE LSE
8 BIT SHIFT REGISTER —————+ 8 BIT SHIFT REGISTER
. : . Y
MOS|_MOSIE
SHIFT
EMABLE
SP1 scK S:‘.HE
CLOCK GENERATOR * . :
55 S5

Hé thong dugc ghi vao bo dém don trong qua trinh dinh hudng chuyen du
ligu va dugc ghi vao by dém kép trong qua trinh dinh hudéng dir liéu dén . Piéu nay ¢
nghia 12 cdc byte duoc di chuyén khong thé duoc ghi vao thanh ghi dit liéu SPI trude
khi toan bo chu ki chuyén doi dugc hoan thanh . Khi dit liéu dang dén , tuy nhién 1 ki
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tur dd dén phai dugc doc tir thanh ghi dit liéu SPI trude khi ki tu tiép theo duogc di

chuyén vao trong hoan toan . N6i cdch khic bit dau tién bi mat .
Trong ché d6 SPI Slave qud trinh diéu khién logic s& 14y mau tin hiéu dén

ctiia chan SCK dé d¢am bao viéc 14y mau chinh x4c cta tin hiéu xung nhip mirc thap cuc

tiéu va muic cao ctia chu ki nén 1a :
- Chu ki thap : ngan hon 2 1an chu ki xung nhip CPU
- Chukicao :daihon 2 1an chu ki xung nhip CPU

Khi ma SPI dugc kich hoat , huéng dir liéu cua cac chan MOSI , MISO

,SCK , SS duoc ghi de theo bang 69 . dé biét thém chi tiét vé cong tu dong

ghi d& tham khao phan Alternate Port Function trén trang 71

Table 69. SPI Pin Overrides'"

Pin Direction, Master SPI Direction, Slave SPI
MOSI Uzer Defined Input
MISO Input Uzer Defined

SCK Uszer Defined Input

g5 User Defined Input

o Poan code mau dudi qﬁy chi ra cdch dé khéi tao 1 SPI nhu 13 1 Master va
cdch dé tién hanh 1 qua trinh chuyén dir liéu don gian . DDR_SPI trong céc vi du phai

dugc thay doi bang cdc chan SPI diéu khién thanh ghi dinh hudng dit liu that sy .
DD_MOSI, DD_MISO va DD_SCK phai dugc thay thé bang céc bit dinh hudng dir

liéu that su cho c4c chan nay . Vidu : néu nhu MOSI duoc dit 1én chan PB5 , thay thé

DD_MOSI v61 DDBS va DDR_SPI voi DDRB
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Astambly Coda Exampla’!

a
I
1
H
Il
i

ensmission comlete

B g
n
2w
il

a
d
W
{

H

I

i

I|

et

G Coda Exampla’™

MOST end SCE ocuetoek, 2ll others inpat

l<<On_MOSI l<<nn _5CK]

* Enshle S5PI, Measter, st clock zmbte fck/LE
SECR = (le<SEFE 1<<¥ETR| | (L==2FR0]
volid B8PI_MasterTranszitichar -Deta

Mote: 1. Ses “About Code Examples” onpage 9.

Poan code miu dudi ddy chi ra cach dé khdi tao SPI nhu 1a 1 Slave va

cach d¢é tién hanh 1 qua trinh tiép nhan don gian
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Aesambly Coda Exampla'™

BPI BleveInit:
Set MISJ gutput, all others input
1di z17,{l=s<00 MIS]
out DOR_SFI . rl7
¢ Enshle SEI
14i =17,{l<<8FE

out SFCR,zl7

rat

EFI_ElmveRecpive:
¢ Weit for reception comlets
shis SFSR, SFIF
rimp EFI_ElawveReceive
¢ Fead received dats and return
in =l 5, 5FOR

rat

C Cada Exampla'

void SPI_SlaveInitci{wvold
Sm 890 oukpu = athers m
OOF_HEL = =<0 _MTS
Enahle SP
8PCR = (l<<8F

char SFI_SlaveReceive|wolid

* Weit for reception complets ¥

while (! (SFSF & (l==5FIF

Return deta register ¥

raturn SFOR!

Note: 1. Ses “About Cods Exampies” on page 9.

Chirc nang cia chan SS
Ché do Slave

Khi SPI dugc cdu hinh nhu 12 1 Slave , chan lua chon Slave (SS) thi luén
ludn 12 dau vao . Khi SS dugc dit & mirc thap SPI dugce kich hoat va MISO tré thanh 1
dau ra néu duoc cdu hinh boi nguoi st dung . TAt ca cdc chin khic déu 1a dau vao . Khi
SS duogc diéu khién & muc cao , tit ca cac dau vao chép nhan MISO c4i ma c6 thé dugc
nguoi sir dung cau hinh nhu 13 1 dau ra va SPI bi dong , diéu nay nghia 1a né s& khong
nhan tin hiéu dén . Chd y ré‘mg SPI s& duoc reset 1 1an khi chan SS & mie cao .

Chan SS thi hitu dung cho viéc dong bd héa cdc gbi va céc bit dé giit bit
Slave ctia bd dén di bd v&i bd tao xung nhip Master . Khi ma chan SS & muc cao , SPI
Slave s& ngay 1ap tic dugc Reset dé giri va nhan cdc gid tri Logic , va tha bt cir phan
dir liéu dén vao trong thanh ghi Shift .
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Ché d6 Master

Khi SPI dugc cau hinh nhu 1a 1 Master (Bit MSTR trong thanh ghi STCR dugc
cai dat = 1 ) nguoi st dung c6 the xédc dinh huéng ctia cong SS
Néu chin SS dugc ciu hinh nhu 12 1 du ra chan nay 1a 1 dau ra chung cai
ma khong gy anh hudong dén hé thong SPI . Thong thuong chan nay sé duoc diéu
khién trong ché do SPI Slave
Néu SS duoc cau hinh nhu 12 1 dau vao , né phai duoc giit & muc cao dé
dam bao cho qud trinh diéu khién SPI Master . Néu nhu SS duoc diéu khién & mirc thap
béng cdc mach ngoai vi khi ma SPI duoc cu hinh nhu 13 1 Master véi chan SS duoc
xdc dinh nhu 12 , hé théng SPI sé& bién dich diéu nay nhu 1a 1 Master khdc lya chon SPI
nhu 12 1 Slave va né dugc khoi dong dé guri dit liéu vao trong né . Pé tranh viéc tranh
gianh bus , hé thdng SPI tao ra cdc hanh dong dudi day
- Bit MSTR trong thanh ghi STCR bi x6a va hé théng SPI tré thanh 1
Slave . Nhu 1 két qua ctia viéc SPI trd thanh Slave cdc chan MOSI va
SCK tr& thanh 1 dau vao
- Co SPIF trong thanh ghi SPSR duoc cai dat , va néu ngét ciia SPI duoc
kich hoat , bit I trong SREG duoc cai dat thi cac chuong trinh con phuc
vu ngét duoc thuc thi
Vi vay , khi ngat diéu khién qua trinh chuyén dir liéu SPI dugc sir dung
trong ché do Master , va & d6 kha ning ton tai ctia chan SS ¢ murc thap ,
cac ngét nén ludn ludn duogc kiém tra xem 12 bit MSTR van dugc cai dat
hay khong . Néu bit MSTR vira bi x6a bang chan Iya chon ché do Slave
(Slave Select ) , n6 phai dugc cai dat béng nguoi s dung dé kich hoat lai
ché do SPI Master .

Thanh ghi diéu khién SPI_SPCR

Bit 7_SPIE : kich hoat ngit SPI

Bit nay gy ra giy ra ngit SPI dé thuc thi néu bit SPIF trong thanh ghi
SPSR duoc dit va néu cic bit kich hoat chung trong thanh ghi SREG duoc dit

Bit 6_SPE : kich hoat SPI

Khi bit SPE dugc khi 1a 1 thi SPI dugc kich hoat . Bit nay phai duogc cai
dat dé kich hoat bat ctr qué trinh diéu khién SPI nao

Bit 5_DODR : thtr ty dit li¢u

Khi bit DODR dugc ghi 1a 1 LSB (bit thap nhat) cia tir dit liéu (data word
) duoc di chuyé-n dau tién

Khi bit DODR duoc khi 1a 0 MSB (bit cao nhét) cua tur dir liéu (data word
) duoc di chuyén dau tién

Bit 4_MSTR : lya chon ché do Master Slave
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Bit nay lua chon ché d6 Master SPI khi n6 dugc ghi 1a 1 va ché d6 Slave
SPI khi n6 dugc ghi 1a 0. Néu chin SS dugc cdu hinh nhu 1 1 dau vao va duoc didu
khién ¢ muc thap trong khi bit MSTR dugc cai dit thi MSTR s& bi x6a va bit SPIF
trong thanh ghi SPSR s€ duoc cai dat . Nguoi sir dung sau d6 s€ phai cai dat bit MSTR
dé kich hoat lai ché d6 SPI Master

Bit 3_CPOL : Clock polarity .

Khi bit nay duoc viét 1a 1 , SCK & mirc cao khi trong ché o Idle . Khi
CPOL dugc viét 12 0 thi SCK ¢ mirc thap khi ban . Tham khao hinh 77 . 78 nhu 1a 1 vi
du . Chtrc nang cia CPOL duoc li¢t ké chi tiét bén dudi

Table 70. CPOL functicnality

CPOL Leading edge Trailing edge
0 Rising Falling
1 Falling Rising

Bit 2_CPHA : Pha xung nhip
V@éc cai dat bit CPHA x4c dinh né€u dit li¢u dugc 1ay mau trén suon dau tién hodc
suon cudi cung cua SCK .Tham khao hinh 77 , 78 . Chtric nang cia CPHA duogc liét ké

bén dudi

Table 71. CPHA functionality

CPHA Leading edge Trailing edge
0 Sample Setup
1 Setup Sample

Bit 1,0_SPR1,SPRO : Iyra chon téc dd xung nhip SPI 1 hoic 0

Hai bit nay diéu khién toc do SCK cua 1 thiét bi duoc ciu hinh nhu 1 1 Master .
SPR1 va SPRO khong c6 hiéu luc & trong ché d6 Slave . Su lién quan giita SCK va tan
s6 xung nhip cta bd tao giao dong focs dugce chi ra trong bang dudi day

Table 72. Relationship Between SCK andthe Oscillator Freguency

SPI2X SPR1 SFRO SCK Freguency
o 0 0 fosc /4
0 0 1 foc /16
0 1 0 f.. /64
0 1 1 foc/128
1 0 0 foec/2
1 0 1 f... 8
1 1 0 f.c /32
1 1 1 foec /64
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Thanh ghi trang thai SPI
Bit 7_SPIF : C& ngét SPI
Khi 1 su chuyén dich ndi tiép dugc hoan thanh, c& SPIF duogc cai dat . Mot ngét

duoc sinh ra néu SPIE trong thanh ghi SPCR duoc cai dit va cdc ngét chung duoc kich
hoat . Néu nhu SS 12 1 dau vao va dugc diéu khién ¢ murc thap khi ma SPI & trong ché
d6 Master , diéu nay ciing s& cai dit cd SPIF . SPIF bi x6a bang phan cing khi ma dang
thuc thi céc Vector diéu khién ngét tuong ung . Nhu 1 su lya chon , bit SPIF bi x6a
bang qud trinh doc dau tién ciia thanh ghi trang thai SPI véi SPIF dugc cai dit , sau khi
viéc truy nhap vao thanh ghi SPI (SPDR )

Bit 6_WCOL : Viét c& Collision

Bit WCOL duoc cai dat néu thanh ghi dir liéu SPI (SPDR) duoc viét trong
sudt qué trinh chuyén d6i dit liéu . Bit WCOL (va bit SPIF ) bi x6a boi qud trinh doc
dau tién cta thanh ghi trang thai SPI véi WCOL dugce cai dit va sau d6 truy nhap vao
thanh ghi trang thai SPI .

Bit 5...1_RES : céc bit du trit

Cé4c bit nay 1a céac bit du trit ¢ trong Atmegal28 va s€ ludn ludn dugc doc
1la0

Bit 0_SPI2X : Bit téc d6 SPI kép

Khi bit nay duoc ghi1a 1, tbc do ctia SPI (tdn s6 SCK) s& duoc gop lai khi
ma SPI ¢ trong ché d6 Master (xem bang 72) . Piéu nay c6 nghia 1a chu ki SCK cuc
tiéu s& bang 2 1an chu ki xung nhip ctia CPU . Khi SPI duoc cu hinh nhu 12 Slave , SPI
chi dam bao dé 1am viéc tai tan sb fosc /4 hodc thap hon

Giao di¢n SPI ¢ trong Atmega 128 cling dugc st dung cho bd nhé chuong
trinh va viéc download va upload dir liéu cua EEPROM . Xem bang 300 dé them chi
tiét vé phan 1ap trinh nbi tiép SPI va su xdc minh (Verification )

Thanh ghi dit liéu SPI_SPDR

Thanh ghi dit liéu SPI 1a 1 thanh ghi Read Write dugc str dung cho viéc chuyén
dir liéu giira cdc file dang ki va cdc thanh ghi Shift SPI viéc ghi 1én cdc thanh ghi s& bét
dau 1 qua trinh Chuyén dir liéu . Viéc doc cac thanh ghi gy 1én viéc bd dém dir li¢u
dém trong thanh ghi Shift dugc doc

Cac ché d dix liéu

C6 4 su két hop cua pha SCK va polarity véi sy ton trong dén cdc dit lidu ndi
tiép, cdi ma dugc xdc dinh bang céch bit diéu khién CPHA va CPOL . Pinh dang
chuyén dit liéu SPI thi duoc chi ra trong hinh 77 , 78 . Céc bit dir liéu duoc di chuyén
ra ngoai va dugc chét & suon ddi dién cua tin hiéu SCK dé dam bao du thoi gian cho
cdc tin hiéu tro vé trang thdi on dinh . Piu nay r6 rang dugc nhin thdy & bang 70 . 71
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Table 73. CPOL and CPHA Functionality

Leading edge Trailing edge SPI mode
CPOL=0,CPHA =0 Sample (Rising) Setup (Falling) 0
CPOL=0,CPHA=1 Setup (Rising) Sample (Falling) 1
CPOL=1,CPHA=0 Sample (Falliing) Setup (Rising) 2
CPOL=1,CPHA =1 Setup (Falling) Sample (Rising) 3

Figure 77. SPI Transfer Format with CPHA = 0
[i‘iié‘ép““”’_ L L) L L L L1
T L ML rr

SAMPLE |
MOSIMISO

|

||

[E-%’;T‘Eli” B ED En En ED EhEh ED]
meomn. OO OO0
[ = \ /

MEB first (DORD = 0} MEB Bl & Bi B Bid Bi 3 Bit 2 Bit 1 LB
LEB firsl (DORD = 1} LEB Bit 1 Ba 2 Bi3 B4 Bit B B 5 MEZB

Figure 78. SPI Transfer Format with CPHA = 1

socero=0 | | (LT LT LT
< R i I iy 8 i i O 1y 8

SAMPLE | |
MOSIMISO |

[EE’E’[‘E.E“ hED D .
wsorn A NH H had
[& "\

MEB first (DORD = O} MEB Bit & Bit & Bt 4 Bit 3 Bit 2 Bit 1 LEB
LEB first (DORD = 1) LEB Bit 1 Bit 2 Bit 3 Bit 4 Bi B Bit & MEB
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XVII. USART

Bo chuyén phat va thu nhan ndi tiép déng bd di bg van nang ( Uinversal
Synchronous and Asychronous serial Receiver and Transmitter — USART 12 1 thiét bi
truyén thong ndi tiép c6 do linh hoat cao . Cic ddc diém chinh 1a :

- Hoat dong song cong (full duplex) ( phu thudc viao céc thanh ghi chuyén phat

va thu nhan ndi tiép )

- Hoat dong dé)ng bd hoac di bd

- Hoat dong dé)ng bd hda khdéa Master hoac Slave

- Mady phit téc d6 Baud d6 chinh xdc cao

- HO tro truyén céc khung ndi tiép voi 5,6 ,7, 8 hodc 9 bit dit lidu va 1 hoic 2

bit stop

- Su tao bac chén hodc 1& va hd tro kiém tra tinh chén 1& béng phén cung .

- Su do tran dir liéu

- Do 16i khung truyén

- B0 loc dai thap ki thuat s va su do bit khoi dong 16i bao gdm bo loc nhiéu .

-3 ngét riéng bi€t trén tron bo TX , tréng thanh ghi dir liéu TX , tron b RX

- Ché db truyén thong nhiéu bo sur 1y

- Ché db truyén thong di bd toc do kép

USART kép — Dual USART

Atmega 128 c6 2 bo USART , 1a USARTO va USART]1 . Churc nang cua ca hai
bd USART thi dugc miéu td bén dudi . USARTO va USART] c6 céc thanh ghi I/0O
khéc nhau duogc chi ra trong phan “Register Summary “ ¢ trang 362 . Chd ¥ rang trong
ché do tuong thich véi Atmega 103 , USARTI thi khong kha dung , chi c6 céc thanh
ghi 12 UBRROH va UCRSOC . Piéu nay c6 nghia 12 trong ché d6 tuong thich voi
Atmega 103 , Atmega 128 hd trg cdc qud trinh diéu khién di bo ctia chi USARTO

Téng quan

Mot so d6 khdi da rit gon ctia b chuyén phat USART duoc chi ra trong hinh 79
. CPU c¢6 thé truy nhap vao céc thanh ghi va ciac chan I/0 dugc in dam
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Figure 79. USART Block Diagram

|_,. DATA Pl
—_:D_— isrsiss s S i recovesy [ conTRoL [

| -' Clock Generstor |
| UERRH:L] |
| ZEC |
| ¥ I
| |
I AUD RATE GENERATOA [ |
| ¥ |
| [ EYNC LOGIC ] 5y |
| L J conTRaL [ 1| XCK
! |
I ST T TTe e Tl [ e e e e e T e e T e e T e e
I Tran 5r'n|tter_:
| _ TH
I A {7 mmarkt} CONTROL I
¥ BE T |
ol ! EEMERATOR I
: I i L] - = = = Pl I -
al | TRANEMT E-ET REEETER CONTROL ™ TeD
= -
[ e __ ] !
= L Receiver |
| ST R |
| RECIVERY CONTROL |
| |
| = |
| soEnE =z —{ o
| |
| |
| |
| |

i.. -

Mote:  Refer to Figure 1 on page 2, Table 36 on page 78, and Table 39 on page 81 for USART pin
placement.

Cac hop nét dut trong so d6 khoi phén chia thanh 3 phén chinh cia USART

(dugce liet k& tur trén xudng ) : bo phat xung nhip , bo chuyén phét , bo thu nhén tin hiéu

. Céc thanh ghi diéu khién thi bi chia sé bdi tat ca cdc bo phan . Khéi logic phat xung
nhip thi bao gébm khéi logic dong bd cdc dau vao xung nhip bén ngoai dugc str dung boi
qué trinh diéu khién Slave dong b6 , va mdy phat baud rate . Chan XCK (xung nhip
chuyén ) thi chi duoc st dung boi che do truyén ddng bo . B chuyén phit bao gom 1
bd dém ghi don , 1 thanh ghi Shift ndi tiép , mdy phat tuong tu (Parity) va khéi diéu
khién logic cho viéc dleu khién cdc dang khung ndi tlep khéc nhau . Bo dém ghi cho
phép 1 sy truyén lién tiép cua dit liéu ma khong c6 bét crl d6 tré ndo giita cac khung .
B0 thu nhan (Receiver) la bd phan phtc tap nhat ctia module USART vi xung nhip cua
va cic bg phan phuc hoi dix liéu. C4c bd phan khoéi phuc (Recovery) dugc st dung cho
vi¢c thu nhén dir liéu 1 cach di bo . Thém vao dé dé khéi phuc cic bd phan nay , bo thu
nhan bao gém bo klem tra parity , khdi logic diéu khién , 1 thanh ghi Register va 1 bo
dém thu nhan 2 cdp (UDR) . B9 thu nhén tin hiéu hd tro cdc dang khung giong nhau
nhu 12 bo chuyén phat , va c¢6 thé do 161 khung , tran dit liéu va cic 15i parity .
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AVR USART va AVR UART - ché d¢ twong thich

USART thi twong thich diy du v6i AVR UART bat chap :

- Dia chi bit bén trong cua cic thanh ghi USART

- Su phét Baud Rate

- Chirc ning bd dém chuyén phat

- Qua trinh thu nhan tin hi¢u

Tuy nhién , bd dém ctia bd thu nhan ¢6 2 sy cai tién rang s& anh hudng dén sy

tuong thich trong mot vai trudong hop dac biét :

- 1 thanh ghi bd dém thtr 2 vira dugc thém vao . 2 thanh ghi by dém hoat dong
nhu 1 bd dém FIFO vong tron . Vi vay UDR chi phai doc mot 1an cho mdi dit
liéu dén . Quan trong hon 1a néu d6 1a céc cd béo 16i (FE va DOR) va bit dir
liéu thtr 9 (RXBS8) dugc ghi vao bo dém véi dit liéu ¢ trong bd d€m ctia bg thu
tin hiéu . Vi vay céc bit trang thai phai luén dugc doc trude khi thanh ghi
UDR dugc doc . N6i cidch khic trang théi 161 s& méat do trang thai by dém bi
mat .

- 1 thanh ghi Shift cua bo thu cé thé doéng vai trd nhu mot miac dém thu 3 . biéu
nay duogc thyuc hién béng viéc cho phép dir licu dén tGi vi trf con lai trong
thanh ghi Shift ndi tiép (xem hinh 79 ) Néu cic thanh ghi b dém bi day , cho
dén khi 1 bit khai dong duge tim ra . USART vi vay céc diéu kién chong tran
dir liéu (DOR) bén viing hon .

Céc bit diéu khién duéi day da duoc thay doi tén , nhung c6 chiic ning giong va

cluing dia chi thanh ghi :

- CHRY dugc d6i thanh UCSZ2

- OR dugc d6i thanh DOR

Qua trinh phat xung nhip

Khéi logic phat xung nhip phdt ra cdc xung nhip co ban cho cdc b chuyén phat
va bo thu nhan tin hiéu . USART hd trg 4 ché do cua qua trinh diéu khién xung nhip : di
bd thong thuong , di bo toc do kép , Master ddng bo , va slave déng bo . Bit UMSEL
trong thanh ghi C trang th4i va diéu khién USART (UCSRC) lua chon giita qud trinh
diéu khién dong bo va di b . Toc do kép (chi trong ché do di bo ) thi duoc diéu khién
dua trén U2X trong thanh ghi UCSRA . Khi viéc st dung ché d6 dong bo (UMSEL=1) ,
thanh ghi dinh hudng dir liéu cho chan XCK (DDR_XCK) diéu khién lya chon ngudn
xung nhip 1a bén trong (Master Mode) hay bén ngoai (Slave Mode ) . Chan XCK nay
thi chi hoat dong khi sir dung ché do dong bo .
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Figure 80 shows a block diagram of the clock generation logic.

Figure 80. Clock Generation Logic, Block Diagram

LBRR |
Lz
=" T
iz /

- UBRR# 1

Su miéu ta tin hiéu :

- txclk : xung nhip bo chuyén phat .(tin hiéu bén trong )

- rxclk : xung nhip co ban ctia by thu nhan tin hi€u . (tin hiéu bén trong )

- xcki :dau vao tir chan XCK (tin hiéu bén trong ) . Pugc st dung cho qui
trinh diéu khién slave dong bo

- xcko : xung nhip dau ra téi chan XCK (tin hiéu bén trong ) . Puoc st dung
cho qua trinh diéu khién dong bod

- fosc : tan s6 chan XTAL ( xung nhip hé théng )

Sw phat xung nhip bén trong — may phat Baud rate

Su phat xung nhip bén trong dugc str dung cho cac ché d6 master dong bd héa va
di bo ctia qud trinh diéu khién . Sy miéu ta trong phan nay tham khao hinh 80

Thanh ghi Baud rate USART (UBRR) va bo dém xuong duoc két nbi voi téi
cong chirc ning ctia né nhu 12 mot bd dém gdp trudce 6 thé 1ap trinh duoc hodc may
phét baud rate . B dém xubng (down — counter), dang chay & tan sé xung nhip hé
théng (focs) , duoc tai véi gid tri cia UBRR mdi 1an ma bo dém vira dém xuéng dén 0
hodc khi thanh ghi UBRRL duoc ghi . 1 xung nhip duoc phit ra moi 1an ma bd dém dat
dén gi4 tri 0 . Xung nhip nay 13 dau ra mdy phat baud rate (=fosc/UBRR+1) . B6 chuyén
phit chia dau ra xung nhip may phat baud rate thanh 2, 8 , 16 phy thudc vio ché do .
Pau ra mdy phat Baud rate duogc st dung 1 cdch truc tiép boi xung nhip cta bd thu nhan
va cic bg phan khoi phuc dit li€u . Tuy nhién , cadc bo phan khoi phuc dir liéu st dung
mot state machine cdi ma sir dung 2 , 8, 16 trang thdi phu thudc vao ché d6 duoc cai dit
bang trang théi ciia cac bit UMSEL , U2X va DDR_XCK

Bang 74 bao gém cdc cong thirc dé tinh todn baud rate (in bits per second ) va
cho vi¢c tinh toédn gid tri cia UBRR cho mdi ché do cua qua trinh diéu khién cua 1
ngudn xung nhip duoc phit ra bén trong .
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Table 74. Eguations for Calculating Baud Rate Register Setting

Equation for Caleulating | Equation for Calculating

Operating Mode Baud Rate'"’ UBRR Value
Asynchronous Normal Mode Fro Foo
Uz2X =0) BAUD = eS| UBRR = ——23C_
16(UBRR+ 1) 16840 D
Asynchronous Double Speed i £
Mode (U2X = 1) BAUD = —5C__ | pBRR = —25C_ _4
BIUBRRE +1) BEAUD
Synchronous Master Mode Fron Foo
BAUD = —=05C__ UBRR = ——95C _ _1
2IUBRR +1) 2BEAUD

Mote: 1. The baud rate is defined to be the transfer rate in bit per second (bps).
BAUD Baud rate {in bits per second, bps)
faze System Oscillator clock frequency

UBRR Contents of the UBRRH and UBRRL Registers, (0 - 4085)

Vai vi du cta cdc gia tri UBRR cho vai tan sb xung nhip hé théng duoc tim ra
trong bang 82 (Xem bang 194)

Qua trinh diéu khién toc d kép (U2X)

Téc do chuyén dit lidu c6 thé duoc nhan d6i bang viée cai dat bit U2X trong
thanh ghi UCSRA . Viéc cai dt bit nay chi gdy anh huong cho qua trinh diéu khién di
bo . Cai dat bit nay 12 0 khi sir dung ché d6 diéu khién dong bo

Viéc cai dit bit nay s& giam udc chia ctia bd chia baud rate tir 16 xudng 8 , nhan
d6i 1 cach hiéu qua téc do truyén dit liéu cho ché do truyén thong khéng ddng bo .
Tuy nhién chu y réng b thu tin hiéu trong truong hop nay s€ chi sir dung 1 nura cac lay
mau (giam tir 16 xudng 8 ) cho viéc 14y mau dir liéu va khoi phuc xung nhip , vi vy
vi€c cai dat baud rate chinh xdc hon va xung nhip h¢ thong 12 can thiét khi ma ché do
khi ché d¢ nay duogc sir dung . V& cic bd chuyén dbi , khdng c6 downside nao .

Xung nhip bén ngoai

Xung nhip bén ngoai duogc su dung boi qua trinh diéu khién slave dong bo . Su
mifu ta trong phan nay tham khao hinh 80 dé biét thém chi tiét

Dau vao xung nhip bén ngoai tu chan XCK thi dugc lay mau bang thangh ghi
dong bd héa dé 1am cuc tiéu xdc xuat cta sy mat dn dinh (meta- stablhty) Pau ra tir
thanh ghi dong bd héa phai duoc di qua 1 bd dd suon trude khi né c¢6 thé duogce st dung
boi bd chuyén phét va b thu nhén tin hiéu . Qu4 trinh nay dwa vao trong 2 tré ctia chu
ki xung nhip CPU vi vy tan s xung nhip XCK bén ngoai cuc dai thi dugc gi6i han bai
cOng thirc sau
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Chd ¥ ring fosc phu thude vao d6 6 6n dinh ctia ngudn phat xung nhip hé thong
Vi vay n6 duoc khuyen cdo dé thém vao vai bién dé tranh cdc sy mat mat c6 thé cia su
bién thién tan sd dix licu .
Diéu khién xung nhip mét cich dong bd

Khi ché d6 déng bd duoc st dung (UMSEL =1) , chan XCK s€ dugc str dung nhu
12 ddu vao xung nhip (slave ) hodc dau ra xung nhip (Master). Su phu thudc gitra cdc
suon xung va su 1y mau dir liéu hodc su thay doi dir liéu Ia glong nhau . Nguyén tic co
ban 1a cdi ma dix liéu dau vao (on RxD ) dugc lay mau tai vi trf dbi dién cta suon Xxung
XCK ctia suon dau vao dit liéu(TxD) bi thay doi .
Figure 81. Synchronous Mode XCK Timing.

UCPOL = 1 \_/ ’/\D_/ \_/ \
RO X /< + X X

Sample

UCPOL=0  XCK /—\_CD—\_/—\_/_
RxD / TxD X H\X f}_(\ ><

L Sample
Céc bit UCPOL va Bit UCRSC lua chon cdi ma suon xung XCK dugc sir dung
cho viéc 1dy mu dit liéu va cdi ma duogc sir dung dé thay doi dit liéu . Nhu hinh 81 da
chira, khi UCPOL la O thi dir li€u s€ bi thay ddi tai suon 1én cla xung XCK va dugc
léy mau tai suon xuéng cua xung XCK . Néu UCPOL duoc cai dat , dit liéu s& bi thay
d6i tai suon xudng ctia xung XCK va dugc 14y mau tai sudn 1én ctua xung XCK

Cac dang khung dir liéu — Frame Formats

Mot loat cac khung duoc xdc dinh béng 1 ki tu cua cac bit dir liéu vdi cac bit cua
bd dé)ng b0 hoa (cdac bit start va stop ) , va mot su lga chon cua céc bit chan 1é cho viéc
kiém tra cdc 151 . USART chap nhan tat ca 30 su két hop ké tiép nhu 1a cdc dang khung
c6 hiéu luc

- 1 bit start

- 5,6,7,8 hodc 9 bit dir licu

- Khong c6 , hodc c6 céc bit chan 1é
1 hodc 2 bit stop

1 khung bat dau véi bit start duogc theo sau la bit dir liéu c6 nghia bé nhit . Sau
d6 tiép theo la cac bit dir liéu , nang tong s6 1én 9 bit , va ké tiép , két thic 1a bit 6
trong s cao nhét . Néu duoc kich hoat , bit chin 1¢ du’oc chen sau cac bit dir licu , trudce
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cdc bit stop . Khi 1 khung hoan thanh dugc chuyén di , n6 c6 thé duoc dan theo mot
khung mdi , hodc 1 dudng giao tiép nira c6 thé duoc cai dit trong trang thai Idle (high )
I—ﬁnh 82 minh hoa su két hop c6 thé cua cdc dang khung truyén . Cdc bit & trong

ngodc la dé lya chon .
Figure 82. Frame Formats

|r FRANE I

(IDLE) \ 91/ 0 E 1 E 2 E 3 E4 EISI Xlﬁ] EF’] Xlﬂl XIF‘I ;/5:11 IS:JEIK (St/IDLE)

St bit start , ludn luén & mirc thip

(n)  cc bit dir liéu (tr 0 dén 8)

P bitchinlé. c6 thé 1a1é hodc chin

Sp  bit Stop , lubn ¢ mirc cao

IDLE : khong c6 qud trinh chuyén phét ndo trén dudng giao tiép dit liéu (RxD
hodc TxD). Mot duong IDLE phai ¢ mirc cao

Dang khung truyén duoc sir dung béi USART duoc cai dit bang bit UCSZ2:0,
UPM1:0 va céac bit USBS trong thanh ghi UCSRB va UCSRC . B thu nhén va chuyén
phat str dung cdc cai dat giong nhau . Cha y rang viéc thay do6i su cai dat cua bat ctr bit
nao trong s6 cic bit ndy s& 1am hong tat ca cdc giao tiép dang tién hanh cta ca bo thu
nhan va chuyén phit .

Cac bit kich co ki tu cua USART lua chon sb luong cua cac bit dir liéu trong mot
khung. C4c bit Ché d6 USART tuong duong (UPM1:0) kich hoat va cai dit cic loai cuia
bit chidn 1& . Su lya chon gitra 1 hodc 2 bit Stop duogc thuc hién béng bit lIya chon bit
Stop (USBS). Bo thu nhan bé qua bit stop thtr hai . Mt 16i khung truyén (FE) vi vay
chi duoc tim ra trong céc khung noi ma bit stop dau tién 13 0

Swr tinh ton bit chéin 18 - Parity Bit Calculation
Bit chan 1¢ thi dugc tinh todn béng viéc exclusive-or cua tat ca céc bit dit liéu .

Néu bit 1¢ duoc st dung, két qua cia qua trinh exclusive-or bi dao ngugc . Su lién quan
gifta bit chan 1¢ va céc bit dit liéu nhu bén dudi :

P =d 8. 0d8d,®d &d,o0
Poyg=d, 1 &8.. Ddy@ :;"E EdyBdgE1

Peven bit chan 1é su dung bac chan

Podd bit chan 1¢ st dung bac 1¢

d, bit dit licu n cua chuoi ki tu

Néu duge su dung, bit chén 1¢ duoc dat gitta bit dit li¢u cudi va bit stop dau tién cua
chuoi khung
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Sw khéi tao USART

USART phai dugc khdi tao trude khi bat cir mot giao tiép nio c6 thé xay ra . Qud
trinh khoi tao théng thudng bao gdm viée cai dit cdc baud rate , viée cai dat cac dang
khung va kich hoat cac bo thu nhan va chuyén phit phu thudc vao yéu cau sir dung. Ve
hoat dong cua cdc ngat diéu khién USART , co bdo ngit chung nén bi x6a (va cdc ngit
chung bi v6 hiéu héa ) khi dang trong qué trinh khéi tao

Trudc khi thyc hién 1 sy khoi tao lai véi cac baud rate da dugc thay doi hodc 1a
cdc dang khung truyén khdc , phai dam bao rang khéng c6 qua trinh truyén phdt nio
dang tién hanh trong sudt giai doan ma thanh ghi bi thay d6i . C& TXC c6 thé duoc sir
dung dé kiém tra rang b chuyén phét vira hoan thanh tat ca céc su di chuyén , va cd
RXC c6 thé dugce stir dung dé kiém tra rang khong c6 dit liéu chua duoc doc trong bd
dém cua b thu nhan. Chu ¥ rang ¢ TXC phai dugc x6a truée mdi qud trinh truyén dir
licu(trude UDR duoc ghi ) néu né dugce st dung cho chirc ndng nay

Poan mi mau vé su khoi tao USART don gian bén dudi chi ra mot ham C va
assembly cii ma bang nhau vé chirc ning . Céc vi dy thi gia dinh rang ché do diéu khién
di bd str dung Che do hoi theo vong(Polling) (khong c6 ngit nao duoc kich hoat )va 1
dang khung truyén 6n dinh . 'Baud rate thi dugc dua ra nhu 1a 2 tham s6 chtic ning. Vé
doan ma Assembly , tham sb baud rate thi duoc gia dinh 1a dugc luu trit trong thanh ghi
r17:r16

Assembly Code Example'’!

woid USART_Tnic( wneigmead imt ubrr )

* 2=t baud rate ™
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Mote: 1. See “About Code Examples” on page 9.
More advanced initialization routines can be made that include frame format as parameters,
disable interrupts and so on. However, many applications use a fixed setting of the baud and
contral registers, and for these types of applications the initialization code can be placed
directly in the main routing, or be combined with initialization code for other /O modules.

Sw truyén dir liéu — b chuyén phat USART

Mot bd chuyén phat USART duoc kich hoat bang viéc cai dat bit kich hoat di
chuyén (TXEN) trong thanh ghi UCSRB . Khi b chuyén phat dugc kich hoat , ché do
diéu khién cong binh thudng ciia chan TxD bi ghi dé bang USART va dua ra cic chic
nang nhu 12 céc cong ra ndi tiép ctia bo chuyén phat . Baud rate , ché do diéu khién va
cdc dang khung truyén phai duoc cai dat 1én mot 1an trude khi thyc hién qud trinh
truyén dit liéu . Néu ché d6 diéu khién déng bd dugc st dung , xung nhip trén chan
XCK sé& bj ghi d& va dugc str dung nhu 12 xung nhip cta qu4 trinh truyén dit liéu

Viéc giri cac khung véi 5 dén 8 bit dix liéu

MGt qua trinh truyén dir liéu duoc khoi tao béng viéc tai bo dém phat véi dir liéu
duoc phdt . CPU c6 thé tai bd dém dir liéu bang viéc viét 1én ving I/0 UDR . Dit liéu
dugc ghi vao b dém trong bo dém phat s& bi di chuyén vao thanh ghi Shift khi ma
thanh ghi Shift san sang dé giri 1 khung méi . Thanh ghi Shift dugc tai voi cac dir licu
moi néu no ¢ trong trang thai Idle(khong co sy chuyén phdt dir liéu nao dang tién hanh )
hodc ngay 1ap tirc sau khi bit stop cudi cung cua khung trudc dugce phat di . Khi thanh
ghi Shift dugc tai véi dir liéu mdi, né s& phat 1 khung truyén hoan chinh tai toc 4 duoc
dua ra bang thanh ghi baud , bit U2X hodc bang XCK phu thudc vao ché d6 diéu khién
duoc su dung

Céc doan code mﬁu dudi day chi ra mot ham truyén USART co ban dua trén su
hoi vong cua co bdo trong thanh ghi dir liéu (UDRE). Khi stir dung cac khung voi it hon
8 ki tu, cdc bit c6 trong sd cao nhat duoc viét 1én UDR duoc bo qua . USART phai
duoc kh01 tao trudc khi chirc ndng duoc st dung . Vé doan ma Assembly , dir li€u dé
gtri thi dugc coi nhu dugce luu vao trong thanh ghi R16
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Assembly Code Example'”

f* Wait far empty trangmit buffer */

e ] TIDEE] |

while ( ! | UCSRA & (l<<UDRE J

f* Iy data inta buffar,

= data;

TUSART Transmit
Wait for empty trangmit Buffer
sbia TTCSEA,UDRE
rjmp USART Transzmit
; Put data (rlf) into buffer, sends the data
out UDH,rl
rat
C Code Example'”
void USART Transmit| unsigned char data )

Mote: 1. See “About Code Examples” on page 9..

Chtrc ning don gian doi bo dém phat trd nén tréng béng vige kiém tra cd UDRE ,
trude khi tai né véi dir lidu moéi duge phat di . Neu cac ngat bdo trong thanh ghi dit liéu
duoc str dung , cdc chuong trinh con phuc vu ngit s& viét dir liéu 1én bd dém

Viéc giri cac khung véi 9 bit dir liéu

Néu chudi ki tu 9 bit duoc st dung (UCSZ = 7), bit thir 9 phai dugc ghi 1én bit
TXB8 trong UCSRB trudc khi byte thap ctia chudi duoc ghi 1én UDR . Poan code mau
dudi day chi ra mot chiic nang chuyén phat cdi ma diéu khién chudi ki ty 9bit . V&
code Assembly , dit liéu dugc gui thi duoc gia dinh 1a duoc luu trit trong cc thanh ghi

R17:R16
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Assembly Code Example!”

USART_Transmit
it for empty transmit Buffer
abia UCSEA,UDEE
rjmp USART Transmit
: Copy 9th bit from 17 to TXBE
c¢bki TUCSRE, TXRA
abre rl7,0
gbi TUCSRE,TXEBE
DPut LSO data (rlé) inte buffer, sends the data
out UDR, rlé
rat
C Code Example
void USART Transmit( unsigned int data )

* Wait for empty trangmit buffer *
while 1'{ UCSRA & (l<<UDRE)) |

* Copy 9th Bit to TXBE *
UCESEE &= ~(1l<<TXE3)
if data & 0x0100 )

UCSRE |= <<THZE)

* Put data into Buffer, sends the data *

Mote: 1. These transmit functions are written to be general functions. They can be optimized if the con-
tents of the UCSRE is static. |.e, only the TXBB bit of the UCERB Register is used after
initialization.

For /O registers located in extended 'O map, “IN", “CUT", “SBIS", “SBIC", “CBI", and “3BI
instructions must be replaced with instructions that allow access to extended /0. Typically
1D&" and “STS" combined with “SBRS”, “SBRC", “5BR", and “CBR".

Bit thir 9 c¢6 thé dugc sir dung cho viéc hién thi 1 khung dia chi khi sir dung ché
dd giao ti€p nhicu vi xu li hodc cho cédc giao thuc diéu khién khac nhu 1a qua trinh
dong bo hoa .

Co bao va ngit ciia bd chuyén phat

Cic bd chuyén phat USART c6 2 co dé hién thi trang théi ctia n6 : bédo trong
thanh ghi dir liéu USART (UDRE) va hoan thanh qua trinh chuyén phit (TXC) . Ca
hai cd c6 thé dugc st dung cho viéc sinh ra cdc ngat

Co bdo tréng thanh ghi dir liéu (UDREO hién thi khi ma b dém chuyén phét san
sang dé nhan dit liéu méi .Bit nay duoc cai dat khi ma bd dém phat tréng , va bi x6a khi
ma bd dém chuyén phét bao gom dit liéu da chuyén di cdi ma vira bi di chuyén vao
trong thanh ghi Shift . Dé tuong thich véi céc thiét bi trong twong lai , ludn viét bit nay
12 0 khi viét thanhg hi UCSRA
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Khi ¢¢ bdo ngit tréng thanh ghi dit liéu kich hoat (UDRIE) trong UCSRB dugc
ghilal, ngat tréng thanh ghi dir liéu USART s¢€ dugc thyc thi chi can UDRE dugce cai
dat( cung cap cac ngit chung dugc cai dat ) UDRE bi x6a bang viéc viét UDR. Khi ngat
diéu khién ché do chuyén phat duoc su dung, chuong trinh con phuc vu ngit bdo trong
thanh ghi dir liéu phai dugc viét gid tri méi 1én UDR de x6a UDRE hoac v6 hi¢éu hoa
ngat bao trong thanh ghi dit liéu , néi cach khac 1 ngat méi s& xuat hién mdi 1an ma cic
ngat dugc két thic

Bit co bdo hoan thanh chuyén phét (TXC) duoc dat 1a 1 khi ma khung truyén
tron ven trong thanh ghi chuyén phat Shift vira dugc di chuyén ra ngoai va khong c6
ngat hién hanh nao duoc dua ra trong bd dém chuyén phat . bit Co TXC thi ty dong
duoc x6a khi ma ngat hoan thanh chuyén phét duoc thuc thi , hodc né c6 thé bi x6a
bang viéc viét 1a 1 1én bit dia chi ctia n6 . Co TXC thi c6 ich trong cic giao dién truyén
thong ban song cong (giong nhu chuan RS485) , & d6 1 ung dung chuyén phét phai
duoc dang nhap vao ché d6 nhan va giai phéng bus truyén thong ngay 1ap tirc sau khi
hoan thanh qud trinh chuyén phat .

Khi bit kich hoat ngit hoan thanh chuyén phat (TXCIE) trong thanh ghi UCSRB
duoc cai dat , ngét hoan thanh chuyen phat USART s€ dugc thuc thi khi ma co TXC tro
thanh duoc cai dét , (dugc cung cap khi ma cac ngit chung da kich hoat ) Khi ngat hoan
thanh qud trinh chuyén phét duoc st dung , cdc chuong trinh con diéu khién ngat khong
phai x6a co TXC , diéu nay duoc thuc hi¢n mdt cach tu dong .

Parity Generator (May phat chin 1¢é )

May phat chdn 1¢ tinh todn bit chén 1& cho céc khung truyen dir liéu ndi tiép . Khi
ma bit chén 1¢ duoc kich hoat (UPMI1=1) , bg logic diéu khién chuyén phat chen cdc bit
chén 1¢ giira cdc bit dir liéu cudi va bit stop dau tién cua cdc khung truyén cdi ma duoc
gui .

Sw vo hiéu héa chuyén phat

Sy vO6 hi¢u hoa cua qua trinh chuyén phat (cai dat TXEN 1a 0 ) s& khong c6 hi¢u
luc cho dén khi qud trinh chuyén phat dang chay va dang chd dugc hoan thanh . vi du :
khi ma thanh ghi shift chuyén phat va thanh ghi bo dém chuyén phét khéng bao gom dit
liéu dugc chuyén phat . Khi dd vo hiéu héa , bo chuyén phat sé khong ghi de 1én chan
TxD

Sy thu nhan dir liéu — b thu USART

Bo thu USART duoc kich hoat bang céch viét 1én bit kich hoat bo thu (RXEN)
trong thanh ghi UCSRB 1a 1 . Khi bd thu dugc kich hoat , qud trinh diéu khién chan
thong thuong ctia chan RxD dugc ghi de béi USART va dua ra cdc chirc ndng nhu chan
dau vao ndi tiép ctia b thu phét . Baud rate , ché d6 diéu khién va dang khung truyén
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phai duoc cai dat mot 1an trude khi bat cir sy thu nhan ndi tiép nao 6 thé thyc hién .
Néu ché do dong bod héa dugc st dung , xung nhip trén chan XCk s¢ dugc stir dung nhu
la xung chuyén phat .

Sw thu nhén cic khung truyén véi 5 dén 8 bit dir liéu

B0 thu phat bat ddu qué trinh nhan dit liéu khi ma né do thay 1 bit khai dong cé
hiéu Iyc . Mdi bit c4i ma theo sau bit khoi dong s& duoc léy mau tai baud rate hoac
xung nhip XCK , va dugc chuyén vao trong thanh ghi di chuyén nhan cho dén khi bit
stop dau tién ctia khung duoc nhan . 1 bit stop thir 2 s& bi bé qua boi bd thu nhan . Khi
bit stop dau tién duoc nhan vidu : 1 khung ndi tiép hoan chinh dugc dua ra trong thanh
ghi di chuyén nhén , thanh phan ctia thanh ghi shift s& bi di chuyén vao trong bo dém
nhan . B6 dém nhén c6 thé dugce doc sau d6 boi viee doc ving nhé vao ra UDR

Poan code mau dudi day chi ra nhu 1a mét by thu nhan USART don gian chirc
nang duoc xay dung trén co s& viéc hoi vong (Polling) ctia cd bdo hoan thanh chuyén
phét (RXC) . Khi str dung cdc khung truyén véi it hon 8 bit , céc bit ¢6 trong s cao
nhét cua dit liéu duoc doc tir UDR s& duoc che 18n 0 . USART duoc khéi tao trude khi
chirc ning c6 thé dugc str dung

Assembly Code Example!”

USERT_Receive:

; Waib for data to be received

gbis UCSRA, BXC

rjmp USART Recsive

; Get and return received data from buffer
in rl4a, UDR

rat

C Code Example!”

unaigned char USART Receive| woid )
{
f* Wait for data to be received *
while CSRA & (L<<BRXC)) )
* get and return received data from bBuffer *
raturn UDR

Mote: 1. See “About Code Examples” on page 9.
The function simply waits for data to be present in the receive buffer by checking the RXC flag,
before reading the buffer and returning the value.

Su thu nhan cac khung véi 9 bit dir liéu

Néu chudi ki tu 9-bit duge st dung (UCSZ =17) bit th}'r 9 phai dugc doc tu bit
RXBS trong thanh ghi UCSRB trudc khi viéc doc céc bit thap tir UDR . Nguyén tac nay
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4p dung 1én cdc cd bdo trang thai FE, DOR ,va UPE rét tt . Poc trang thai tr UCSRA,
sau d6 dir li¢u tir UDR . Viéc doc vung dia chi nhé UDR s€ thay doi trang théi ctia bd

dém nhan FIFO va tiép theo lacdc bit TXBS8 , FE , DOR , UPE , tét ca duoc luu trit

trong FIFO s& bj thay dbi .

Poan code miu dudi ddy sé chi ra vi du don gian vé chirc ning thu nhan cia USART

cdi ma diéu khién ca hai chudi ki tw 9 bit va c4c bit trang théi .

Assembly Code Example!"

USRRT_Receive:
;i Wait for data to be receiwed
gbis UCSRA, EXC
rimp USAET_FReceive
Get gtatug and Sth bit, then data from buffer

R
rilg, UCEEA

If error, return -1

andd rlg, (1<<FE) | (1l=<DOR} <<JPE

breag USARET_ReceiveNoError

141 rl EIGE (-

141 rlg, LOW(-1
USART_ReceivelMoError:

; Filter the 9th bit, then return

ler rl7

andi rl17, OOl

ret

C Code Example'"

unsigned int USARET_FReceive( wold )

ungigned char stztus, resh, resl;

f* Wait for data to be received */

A& [le<RXT))

resgl = UDR;

1f [ status & [l=<FE) | [l<<DOR) | [ le<UPE)

* Filter the 8th bit, then returm *
regh = (resh »» 1) & OmOl
return | (resh << 2 resl
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Ngit va co bao hoan thanh nhan

B6 nhan USART cé mot co cai ma hién thi trang thai nhan tin hi¢u

Co bao hoan thanh viéc nhan tin hiéu ( RXC) hién thi néu c6 dit liéu khong duoc
doc dua ra trong b0 dém nhan . Co nay 1a 1 khi dit liéu khong dugce doc dugc XUt ra
trong by dém nhan , va 0 khi b dém nhan tréng (vi du khong chira bat ctr dit liéu khong
dugc doc nao ). Néu bo thu nhan bj vo hiéu héa (RXEN = 0 ) thi bd dém thu nhan sé& bi
x6a sach va tiép theo bit RXC s& trg thanh 0

Khi ma bit kich hoat ngét hoan thanh nhan(RXCIE) trong thanh ghi UCSRB
duoc cai dat , ngét hoan thanh nhan USART s€ duoc thuc thi chi can co RXC duoc cai
dat (duoc cung cép khi cac ngét chung dugc kich hoat ) Khi ngét diéu khién nhan dix
liéu duogc sir dung , chuong trinh con hoan thanh nhan phai doc dir liéu dén tir UDR dé
x6a c& RXC , néi céch khdc 1 ngdt méi s& xuat hién moi 1an ma chuwong trinh con phuc
vu ngat hoan thanh .
Co bdo 16i nhan tin hiéu

B6 nhan USART c6 3 co bdo 13i : 16i khung truyen (FE) , bdo tran dir liéu (DOR)

va bdo 16i chin 1é (UPE) . Tt ca c6 thé duoc truy cép bang cach doc thanh ghi UCSRA
. Thong thuong céc co bdo la cai ma chiing dugc dét trong by dém nhan cung vo6i khung

truyen cho cic trang thdi 16i ctia chiing dugc hién thi . D cho bd dém cua cic co bédo
16i , UCSRA phii dugc doc trudc khi bd dém nhan (UDR), tlep theo viéc doc vung dia
chi I/O UDR thay d6i bo dém doc vung dir ligu . Sy twong dwong khac cho cdc co bao
101 1a cdi ma chiing khong thé bi thay doi bang phan meém dang thyc hién 1 qué trinh
viét 1én viing dia chi cta co bdo . Tuy nhién, tat ca cdc cd phai dugc cai dat 1a 0 khi ma
UCSRA duoc viét cho cdc sur tuong thich cta phia sau cua cdc sy cai dat USART trong
tuong lai . Khodng ¢6 cac co bao 16i ndo c6 thé sinh ra céc ngat

Co bdo 16i khung truyén (FE) hién thi trang théi ctia bit STOP dau tién ctia khung
truyén c6 thé doc ké tiép duoc luu trir trong bd dém nhan . Co FE 1a 0 khi bit Stop da
khong dugc doc ding (nhu la 1), va cd bdo FE s€ 1a 1 khi bit stop khong ding (0) . Co
nay cé thé duoc st dung cho viéc do céc diéu kién out-of-sync , do cic diéu kién break
, va cdc giao thirc diéu khién . Co FE thi khong bi anh hudng boi viée cai dit cua bit
USBS trong thanh ghi UCSRC do d6 b thu nhan bo qua tat ca , ngoai trir cdc bit dau
tién va cdc bit Stop . Dé twong thich véi cdc thiét bi trong twong lai , ludn cai dat bit nay
1a 0 khi doc UCSRA

Co bdo tran dit liéu (DOR) hién thi viéc mat dit liéu dit cho bd dém dit lidu du
diéu kién. Mot co bdo tran dit liéu xuat hién khi bo dém thu day(2 chudi ki tu ), né1a 1
chudi ki tw m&i dang doi trong thanh ghi Shift Receiver , va 1 bit start méi dugc tim
thay . Néu cd DOR duoc cai dit 3 c6 mot hodc nhiéu khung truyén ndi tiép mat giita
khung cubi ciing dugc doc tir UDR , va khung tiép theo doc tir UDR . Bé tuong thich
v6i cdc thiét bi trong tuong lai , ludn viét bit nay 1 0 khi viét 1én UCSRA . Co bdo
DOR bi x6a khi khung d3 nhan di duoc di chuyén thanh cong khoi thanh ghi Shift 1én
bd dém nhan .
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Co bdo 16i chin 1¢ (UPE) hién thi c4i ma khung truyén tiép theo trong bo dém
nhan c6 mot 16i chin 1¢ khi da nhan . Néu sy kiém tra khong duoc kich hoat , bit UPE
s& ludn dugc doc 12 0 . Dé twong thich véi cdc thiét bi twong lai , ludn cai dit bit nay 1a
0 khi viét 1én UCSRA . Dé biét thém chi tiét xem “Parity Bit Calculation” trang 176 va
Parity checker trang 184 .

Bo kiém tra 16i chéiin 18

B6 kiém tra 13i chin 1¢ dugc hoat dong khi bit ché do chin 16 USART cao
(UPM1) duoc cai dit . Loai cta sy kiém tra chin 1é duoc tién hanh (1¢ hodc chén) dugc
lua chon bang bit UPMO . Khi da kich hoat , bo kiém tra bit chin 1¢ tinh to4n chin 1¢
ctia cdc bit dit liéu trén cc khung truyén dang dén va so sanh két qua voi bit chin 16 tir
khung truyén ndi tiép . Két qua ctia su kiém tra duoc luu trit trong bd dém nhén cling
v6i dit liéu dén va cic bit stop .Co bdo 151 chin 1¢ (UPE) sau d6 c6 thé doc bang phan
mém dé kiém tra néu khung truyén c6 1 15i chén 1¢ .

Bit UPE duoc cai dit néu chudi ki tu tiép theo cdi ma c6 thé duoc doc tir bo dém
nhan c¢6 mot 1i chén 1é khi d nhan va viéc kiém tra 15i chin 1¢ duoc kich hoat tai diém
dé (UPM1 =1) . Bit nay thi c6 hi¢u luc cho dén khi bo dém nhan(UDR) duoc doc .

V6 hi¢u héa by thu nhan

Trai nguoc voi bo chuyén phat , viéc vO hi¢u héa cua bd thu nhan s€ 1a tirc thoi .
Dit liéu thu nhan dang dén s& vi vy ma bi mat . Khi da vo hiéu héa (vi du : it RXEN
duoc dat 130 ) bo thu nhan s€ khong ghi ghi de 1€n chirc nang thong thuong cua céng
RxD ntra . Bo d&m nhan FIFO s€ bi x6a sach khi bo thu nhan bi v6 hiéu héa . Dir liéu
con lai trong bd dém s€ bi mat

Xo6a bo dém thu nhan

Bo6 dém thu nhan FIFO s€ bi x6a khi ma bd thu nhan bi v6 hiéu héa , vi du : bo
dém s& bi 1am tréng hét dir liéu cta né . Céc dit liéu chua duge doc s& bi mat . Néu bo
dém phai bi x6a trong sudt qué trinh diéu khién thong thudng (normal ) , do vi du cia
mot 161 trang thdi , doc viing nhé I/O UDR cho dén khi c& RXC bj x6a . Poan ma mau
dudi day chi ra cich dé x6a bo dém nhan .
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Assembly Code Example'’’

C Code Example!"

wvoaid USART Flush( woaid )
{
unsigned char Jdummye;

while {( TTCSERA & (1<<BXC) ) dummy = UTDE;

Mote: 1. See “About Code Examples™ on page 9..
The USART includes a clock recovery and a data recovery unit for handling asynchronous
data reception. The clock recovery logic is used for synchronizing the internally generated
baud rate clock to the incoming asynchronous serial frames at the RxD pin. The data recovery
logic samples and low pass filters each incoming bit, thereby improving the noise immunity of
the receiver. The asynchronous reception operational range depends on the accuracy of the
internal baud rate clock. the rate of the incoming frames, and the frame size in number of bits.

Sw khoi phuc xunh nhip di b

Kh01 logic khdi phuc xung nhip dong bo xung nhip bén trong voi cac khung
truyén ndi tlep dang dén. Hinh 83 minh hoa qua trinh lay mau cua bit start ciia mot
khung truyén dang den Tbc do 14y mau 12 16 lan baud rate v6i ché do normal , va 8 1an
baud rate v6i ché @6 toc do  keép . Cac mii n nim ngang minh hoa qua trinh dong bo
hoa d6 1éch cua qua trinh 1dy mau . Chd y do 1éch thoi gian 1ay mau rong hon khi sur
dung ché do toc do kép (U2X =1 ) cua qud trinh diéu khién . Cdc miu ki hiéu 12 0 12
c4c mau da thyuc hién khi ma duong RxD bi Idle (khong c6 hoat dong truyén thong )

Figure 83. Start Bit Sampling

AR TREENENNENEEEANENY
S PRI R N A A A

Khi khdi logic khdi phuc xung nhip do thay 1 sy chuyén tiép tir mirc cao (idle )
sang muc thap (start) trén dudng RxD, qud trinh do bit start ké tiép s& duoc khoi tao .
Ki hiéu 1an 1dy mau 1 12 1an dau tién mau -0 nhu dugc chi ra trong hinh . Khéi logic
khoi phuc xung nhip sau d6 sé& sir dung cdc mau 8 ,9 ,10 cho ché do normal , va cidc mau
4.5, 6 cho ché do toc d kép (da hién thi v6i s6 thr ty cdc mAu & bén trong cédc hop trén
hinh v&, dé quyét dinh néu 1 bit start c6 hiéu luc dugc nhan . Néu nhiéu hon 2 hoic 3
mau c6 cic muc logic cao , bit start dugc gidi phong nhur la 1 dinh nhiéu va bo thu nhan
bat dau tim 1 su chuyen tlep tir mirc cao xudng muc thap . Tuy nhién , néu 1 bit start c6
hiéu luc dugc do thay , khéi logic khoi phuc xung nhip duoc ddng bd héa va qué trinh
khéi phuc dit liéu c6 thé bat dau . Qud trinh dong bd héa duoc 1dp lai cho mdi bit start
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Khéi phuc dir liéu dj b

Khi xung nhip bo thu duoc ddng bo héa véi bit start , sy khdi phuc dir liéu ¢6 thé
bit ddu . BO phan khoi phuc dit liéu c6 thé sir dung mdt mdy phat trang thdi ( state
machine ) cdi ma c¢6 16 trang thdi cho mdi bit trong ché d6 binh thuong va 8 trang thai
cho mdi bit trong ché do tdc do kép . Hinh 84 chi ra qud trinh 1dy mAu cua céc bit dir
liéu va cdc bit chdn 1é . Mdi mAu thi dua ra 1 s6 th tu cdi ma bang trang thai ctia bd
phan khoi phuc .

Figure 84. Sampling of Data and Parity Bit

RxD BT n \\
|

| ] ;IITIHMT
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__IEF( :l 1 1
ot ]
Su quyét dinh ctia cdc mtc logic cua bit da thu nhan duoc dua ra béng viéc thuc
hién 1 qua trinh bo phiéu da s6 cta gid tri logic 1én 3 mau trong trung tim cau cdc bit da
nhan . Cac mAu trung tim duoc 1am noi bat trong hinh v& bang viéc cho cic sb thir tur
lay mau vao trong cac hop. Qua trinh bo phiéu 1dy da sé duoc thuc hién nhu sau : Néu 2
hoic tat ca 3 mau c6 cac murc logic cao , cdc bit dd nhan dugc dang ki 1én mot mirc
logic 1 . Néu 2 hodc tit ca 3 miu c6 cdc muc logic thip , cic bit nhan dugc ding ki 1én
mot muc logic 0 . Qu4 trinh bo phiéu 14y da sé nay déng vai trd nhur 1 1 bd loc thong
thap cho céc tin hi¢u den trén chan RxD . Qua trinh kh6i phyc sau d6 dugc lap lai cho
den khi mot khung truyén hoan chinh duoc nhan . Bao gdm ca bit stop dau tién .Chd y
rang bo nhan chi st dung bit stop dau tién ctia mot khung truyén , Hinh 85 chi ra qud
trinh 14y mau cua bit stop va su bat dau sém nhat c6 thé cua bit start cia khung ké tiép .
Figure 85. Stop Bit Sampling and Mext Start Bit Sampling

i

RxD STOP 1 (&) = {C)

cor b |

JZ:(:I 1

RERE BB
: i 4 5 & [ [ 8 [ia]at a1 on
N R S T 1+T r

U = 1) 1 ] 5] 1] o

Qué trinh b phiéu da s6 ciing dugc thyc hién 1én bit stop nhu da thyc hién voi
cdc bit khac trong khung truyén . Néu bit stop dugc dang ki lai dé c6 gia tri logic 0 ,co
béo 161 khung truyén s& dugc cai dit .

Mot qua trinh chuyen dich tir cao Xuéng thip moi dang hién thi bit start cua 1
khung truyen mai ¢o the dén sau khi bit cubi cung dugc str dung cho qud trinh bo phleu
da s6 . D6i v6i ché do toc d6 binh thuong , mau murc thap dau tién c6 thé dugc danh dau
diém A trong hinh v& . D4i v6i ché d6 tdc d6 kép , mirc thap dau tién phai dugc lam tré
la B. (C) danh diu 1 bit stop du do dai . Sy do bit start sém anh huong dén dai hoat
dong cua bd thu nhan.
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Dai hoat dong di b

oo
>

Dai hoat dong di bd cua bd thu nhén thi phu thudc vao sy khong khép gitra tdc do
bit dd nhan va baudrate d phét ra bén trong .Néu bo thu phét dang giri cdc khung tai
céc tbe do bit qua nhanh hodc qua cham , hoac baud rate dugc phét ra bén trong cua bg
thu nhan khong c6 mot sy twong déng (xem bang 75) vé tan sb co ban , B thu nhén sé&
khong thé dong bo héa cdc khung vdi bit start

Cong thire dudi ddy c6 thé duoc st dung dé tinh todn hé sb cta toc do dir licu
dang dén va téc d6 bd nhan bén trong :

R __(Ds+1)s _ (D+2)S
slaw = o ey .g'!'.qF i (D+115+ 5—”

Sum of character size and parity size (D = 5 to 10-hit)

5 Samples per bit. 5 = 16 for Mormal Speed mode and S = B for Double Speed
mode.

Sg  First sample number used for majority voting. 53¢ = 8 for Mormal Speed and Sp = 4
for Double Speed mode.

Sy Middle sample number used for majority voting. 5,,= 8 for Normal Speed and
Sy4 = 5 for Double Speed mode.

R... i5 the ratio of the slowest incoming data rate that can be accepted in relationto the receiver
baud rate. R:.., is the ratic of the fastest incoming data rate that can be accepted in relation to
the receiver baud rate.

Table 75 and Table 76 list the maximum receiver baud rate error that can be tolerated. Note that
normal speed mode has higher toleration of baud rate variations.
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Table 75. Recommended Maximum Receiver Baud Rate Error for Normal Speed Mode (U2X =

0)
D Max Total Recommended Max
# (Data+Parity Bit) Rgiow 56 Riggy %6 Error % Receiver Error %
5 83,20 106,67 +6.67/-6.8 +3.0
] 8412 105,79 +5.79/-5.88 +2.5
7 84 .81 105,11 +5.11/~5.18 +2.0
g 95,36 104,58 +4.58/-4.54 +2.0
8 85.81 104,14 +4.14/-4.18 +1.5
10 8617 103,78 % +3.78/-3.83 +1.5

Table 76. Recommended Maximum Receiver Baud Rate Error for Double Speed Mode (UZ2X =
1)

D Max Total Recommended Max
# (Data+Parity Bit) Ry oy %o e %0 Error % Receiver Error %
3 8412 105,66 +5.66/-5.88 + 2.5
6 84,892 104 52 +4.892/-5.08 +2.0
7 85,52 104,35 +4.35/-4 48 + 1.5
8 896,00 103,90 +3.90/~4.00 +1.5
g 96,30 103,53 +3.53/-3.61 +1.5
10 86,70 103,23 +3.23/-3.30 +1.0

Su khuyén cdo d6i v6i 161 tde d6 baud rate cuc dai duge dua ra véi gia thiét réng
bo thu va bd phat dugc chia bing nhau tong cyc dai céc 16i

C6 hai ngudn c6 thé giy ra 18i baudrate céc bo thu nhan . Xung nhip hé thong cua
bo thu nhan (XTAL) s& ludn c6 vai trang thai nho nhat trén giai dién 4 ap ngudn cip va
gidi nhiét do cho phép. Khi st dung mot bd tao dao dong thach anh dé phat ra xung
nhip hé théng, diéu nay hiém khi c6 van d& nhung mot bo khuyéch dai dao dong hé
thong ¢6 thé 16n hon 2% phu thude vao sai s0 cho phép ctia bd khuyéch dai dao dong.
Nguyén nhan thir 2 cho 16i nay 1a ¢ thé diéu khién hon. Mdy phat dao dong khong thé
lu6n thyc hién mot phép chia chinh xéac cho tan sb hé thdng dé c6 duogc toe do mong
mudn. Trong truong hop nay ,mot gid tri UBRR dugc dua ra mot gia tri c6 thé chap
nhan , 16i thap ¢ thé dugc sir dung néu c6 thé

Ché d6 truyén thong da vi xir ly

Viéc cai dat truyén thong da vi xtr Iy (MPCM) Trong thanh ghi UCSRA kich
hoat mot chirc nang kich hoat ctia cic khung truyén dén da nhan boi bo thu USART.
Cac khung nay cdi ma khong bao gdm thong tin dia chi s& dugc bo qua va khéng duoc
dat vao trong b dém thu . Hiu qua cua viéc nay lam giam s6 lugng cua céc khung
truyen dén cai ma phai dugc dleu khlen bai CPU , trong hé thong véi nhiéu MCU ma
giao tiép théng qua cic bit ndi tiép giéng nhau . Bo chuyén phat thi khéng bi anh hudng
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boi viéce cai dait MPCM , nhung phai dugc st dung khac nhau khi né 1a 1 phén cua hé
thong dang ding ché d6 truyén théng da vi xu 1y .

Néu bd thu nhan duoc cai dat 1én céc khung truyén nhan ma bao gé)m 5 dén 8 bit
dir liéu , sau d6 bit stop dau tién hién thi néu khung truyén bao gdm dir liéu hoic thong
tin dja chi . Néu bo thu nhan duoc cai dit cho céc khung véi 9 bit dit li¢u , sau do bit
thr 9 (RXBS8) duoc st dung cho viéc dat dia chi riéng va cac khung dit liéu . Khi bit
loai khung (bit stop dau tién hodc bit dit liéu thtr 9 ) 12 1 , khung truyén bao gém 1 dia
chi . Khi bit loai khung 1a 0 thi khung la 1 khung dir li¢u .

Ché d6 truyén thong da vi xtr 1y kich hoat hang loat MCU slave t6i dit liéu nhan
tr mot MCU master . Diéu nay duoc thuc hién béi ma dich dau tién 1 khung truyén dia
chi dé tim ra cdi ma MCU duoc dit dia chi . Néu 1 MCU slave dic biét vira duoc dit
dia chi , n6 s& nhan khung dix liéu tiép theo nhu thong thudng , trong khi cic MCU
slave khdc s& bo qua cdc khung truyén da nhan cho dén khi khung truyén dia chi khdc
duoc nhan

Stt dung MPCM

Mot MCU dé déng vai trd nhu 1a 1 MCU master , n6 ¢6 thé st dungdang khung
chudi ki tu 9 bit (UCSZ =7). Bit thit 9 (TXB8) phai dugc cai dit khi mot khung dia chi
(TXB8=1) hoic bi x6a khi 1 khung dit liéu (TXb=0) dang duoc chuyén phat . Céc
MCU slave phai trong truong hop phai duoc cai dat 1én dang khung truyén chudi ki ty 9
bit
Quy trinh sau diy nén duoc sir dung dé chuyén dbi dir liéu tong ché do truyén
thong da vi xu ly ;
- Téat ca cac MCU slave déu trong ché do truyén thong da vi xir Iy (MPCM
trong thanh ghi UCSRA duoc cai dat 0

- MCU master giri 1 khung dja chi, va tit ca céc slave nhan va doc khung
truyén nay . Trong cic MCU slave , cd RXC trong thanh ghi UCSRA s& dugc
cai dat nhu thong thuong .

- Mbi MCU slave doc thanh ghi UDR va xéc dinh néu né vira duoc lya chon .
Vi vay néu né x6a bit MPCM trong thanh ghi UCSRA , néi cdch khic , n6
doi cho byte dia chi ké tiép va giir viéc cai dit MPCM
- Viéc dit dja chi MCU s& nhan tat ca céc khung truyén dit liéu cho dén khi 1
khung truyén dia chi méi dugc nhan. Cac MCU slave khéc , cdi ma van c6 bit
MPCM duoc cai dit , s& bo qua cdc khung truyén dit liéu .

- Khi ma cic khung truyén dir liéu duoc nhan boi cac MCU da dat dia chi , cac
MCU dat dia chi cai dat bit MPCM va doi mot khung truyén dia chi moi tur
master . Qua trinh nay sau d6 duoc ldp lai tir budc 2

Viéc sir dung bét ctr cdc dang khung truyén chudi ki ty tir 5 dén 8 bit 1a c6 thé ,

nhung khong thuc té do d6 cic bd thu phai dugc thay ddi gitra viée sir dung céc

dang khung truyén chudi ki tu n va n+1 . Diéu nay 1am cho qua trinh diéu khién
song cong khé khin hon do d6 bd thu nhan va chuyén phét st dung sy cai dit cdc
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c& khung truyén giéng nhau . Néu céc khung truyén chudi ki tu tir 5 dén 8 bit
dugc str dung , b chuyen phit phai dugc cai dat dé sir dung 2 bit stop (USBS =
1) do d6 bit stop dau tién duoc st dung dé hién thi cic dang khung truyén giéng
nhau

Khong st dung 1énh read-modify-write (SBI va CBI) dé cai dit hodc x6a
bit MPCM . Bit MPCM chia sé céc viing dia chi I/O nhu 1a cd TXC va diéu nay
c6 thé xay ra bién cb bi x6a khi str dung 1énh CBI va SBI

Su miéu ta thanh ghi USART

Thanh ghi dir liéu vao ra USARTn
Bit T ]

5 4 3 2 1 i

RXBn[7:0] UDRnN (Read)
THEBn[T:0] UDRn {(Write)
R=zd Write RAW RMW RAW RAW RN RAW RAW RAN

Initizl Valus i i i i 0 0 0 i

C4c thanh ghi bg dém dir liéu phat USARTn va céc thanh ghi bd dém dir li¢u thu
nhan chia sé cac dia chi vao ra giéng nhau dugc tham chiéu nhu 12 thanh ghi by dém dir
liéu USART hodac UDRn . Thanh ghi by dém dir li¢u chuyén phat (TXBn) s€ dinh
hudng dén cho dit liéu duoc viét 1én viing nhé thanh ghi UDRn . Viée doc viing nhé
thanh ghi UDRn s€ hoan tra cic thanh phﬁn cua thanh ghi bo dém dir li€u thu nhan

Vé céc chudi ki ty 5, 6,7 bit hodc nhiéu bit khdng dugc sir dung s& bi bo qua badi
bd chuyén phat va duoc dit 12 0 bang bo thu nhén .

Bo dém phat c6 thé chi dugc viét khi cd bao UDREn trong thanh ghi UCSRAn
duoc dit . Dir liéu dugc viét 1én thanh ghi UDRn khi ma cd bdo UDREn  khong dugc
cai dat, s& bi bo qua bai bd chuyén phat USARTn . Khi dit liéu duoc viét viét 1én b
dém phit , va bd chuyén phat duoc kich hoat , bo chuyén phit s€ tai dir liéu vao troang
thanh ghi Shift cia b chuyén phét khi ma thanh ghi Shift con tréng . Sau d6 dit liéu s&
duoc phat ndi tiép trén chan TxDn

Bo dém thu nhan thi bao gdm 1 FIFO 2 muirc . FIFO s& thay d6i trang théi ctia né
0 noi ma by dém thu nhan dugc truy cap dén . D cho qué trinh xt 1y ctia bd dém nay ,
khéng sir dung doc thay cho cdc 1énh viét (SBI va CBI ) trong viing nhé nay . Phai can
than khi sir dung céc 1énh kiém tra bit (SBIC va SBIS) , do d6 céc bit nay ciing s& thay
d6i trang thdi cua FIFO

Thanh ghi A trang thai va diéu khién USART - UCSRnA

Eit T ] 5 4 3 2 1 ]

I R¥Cn TECn UDREn FEn DORn UFEn UZXn MPCKMn I UCSRnA
Re=dWrits A RAW A A R R AW RAwW
Initizl Valus 0 0 1 0 0 0 0 i

Bit 7 — RCXn : hoan thanh thu nhan tin hi¢u
Duykhanh8x1311 @gmail.com 207




Hanoi University of Industry Datasheet ATMEGA 128

Bit co nay dugc cai dat khi ¢6 cac dit li¢u khong dugc doc trong bd dém nhan va
bi x6a khi bd dém nhan tréng (vi du khong bao gé)m bat ¢t bit chua dugce doc nao ) .
Néu bg thu nhan bi v6 hiéu héa , b dém thu s& bi x6a sach va tiép theo bit RXCn sec
trd thanh 0.
Co bdo RXCn c6 thé duogc st dung dé phét ra 1 ngit bdo hoan thanh nhan (xem miéu ta
cua bit RXCIEn )

Bit 6 — TXCn : hoan thanh chuyén dir liéu USART

Bit cd nay duoc cai dit dé dam bao rang khung trong thanh ghi Shift chuyén phat
vira dugc nén lai va khong c6 dir li¢u méi hi¢n hanh nao dugc dua ra trong bd dém
chuyén phét (UDRn) . Bit co bdo TXCn thi ty dong duoc x6a khi ma ngat bdo chuyén
phét hoan thanh dugc thuc thi hodc né c6 thé bi x6a bang viéc viét bit 1 muc logic mot
1én viing bit nhé ctia né . Co bdo TXCn c6 thé phat ra 1 ngit bdo hoan thanh chuyén
phat (xem miéu ta cua bit TXCIEn )

Bit 5 — UDRERn : bdo trong thanh ghi dit liéu USART

C& bdo UDREn hién thi néu b dém phat (UDRn) sin sang dé nhan dit liéu méi .
Néu UDREn 1a mot , bo dém 12 tréng , va vi vay san sang dé duoc ghi . Co bdo
UDRERn c6 thé sinh ra mot ngét bdo trong thanh ghi dit liéu(xem miéu ta cua bit
UDRIEn )

UDREn duoc cai dit sau khi 1 reset hién thi rang bd chuyén phét da sin sang

Bit 4 — Fen : 18i khung truyén

Bit nay duoc cai dit néu chudi ki tu tiép theo trong bd dém nhan c6 18i khung
truyén khi dugc nhan tin hiéu vi du nhu khi bit stop dau tién cta chudi ki tu tiép theo
trong bd dém nhan 1a 0 . Bit nay thi ¢6 hiu luc cho dén khi bd dém nhan duoc doc . Bit
Fen 1a 0 khi bit stop ctia dir li¢u da nhan 1a 1 . Ludn cai dat bit nay 1a 0 khi viét
UCSRnA

Bit 3 — DORn : bdo tran dir licu

Bit 4 — Fen : 15i khung truyén

Bit nay duoc cai dat néu chudi ki tu tiép theo trong bo dém nhan c6 16i khung
truyén khi dugc nhan tin hiéu vi du nhu khi bit stop dau tién cua chudi ki tu tiép theo
trong bo dém nhan 1a 0 . Bit nay thi c¢6 hi€u luc cho dén khi bd dém nhan dugc doc . Bit
Fen Ia O khi bit stop ctia dir li¢u da nhan 1a 1 . Luon cai dat bit nay 1a 0 khi viét
UCSRnA

Bit 3 — DORn : béo tran dir li€u

Bit nay dugc cai dat néu mot diéu kién tran dir liéu duge tim thay . Mot béo tran
dir liéu xuat hién khi bo dém thu bi day (2 chudi ki tu) , né 12 1 chudi ki ty méi doi
trong thanh ghi Shift thu nhan , va mot bit khoi dong méi duge tim thay . Bit nay c6
hiéu luc cho dén khi bd dém nhan (UDRn) duoc doc . Ludn cai dat bit nay la 0 khi viét
lén UCSRnA

Bit 2 — UPEn : 16i chin 1¢

Bit nay duoc cai dat néu chudi ki tu tiép theo trong bo dém nhan c6 16i chan 1é
khi d3 nhéan va su kiém tra chin 1¢ dugc kich hoat tai diém nay (UPMnl=1) . Bit nay c6
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hiéu luc cho dén khi bd dém nhan (UDRn) dugc doc . Ludn cai bit nay 1a 0 khi viét Ién
UCSRnA

Bit 1 — U2Xn: téc d6 truyén dit liéu USART kép

Bit nay chi c6 hiéu luc trong ché d6 diéu khién di bd . Viét bit nay 12 0 khi st
dung ché do déng bd .

Viét bit nay 1a 1 s& giam hé s6 chia ciia bd chia baud rate tir 16 xudng 8 c6 téc
dung nhén ddi téc do truyén dir liéu cho ché do truyén thong di bo

Bit 0 —- MPCMn : ché d¢ truyén thong da vi xu 1y

Bit nay kich hoat ché d6 truyén thong da vi xtr 1y . Khi bit MPCMn duoc viét 1a 1
, tt ca cdc khung truyén dén duoc nhan bang bd thu nhan USART cédi ma khong bao
g6m thong tin dja chi s& bi bo qua . B4 chuyén phét thi khong bi anh hudng boi viéce cai
dat MPCMn . dé biét thém chi tiét xem (trang 187)

Thanh ghi B trang thai va diéu khién USARTn - USARTnB

Bit T -] 5 1 3 2 1 0
I RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZnZ | RXBEn TXBEN I UCSRnB
RezdWrits RAW RAW AW RAW AW RAW R RANW
Initizl Value 0 0 0 i) i) 0 0 0
Bit 7 — RXCIEn : kich hoat ngét hoan thanh RX
Viéc viét bit nay 1a 1 kich hoat ngét trén ¢ RXC . 1 ngét hoan thanh nhan
USART s& chi dugc sinh ra néu bit RXCIE dugc viét 1a 1 , cdc c& bdo ngét chung trong
thanh ghi SREG duoc viét 1a 1 va bit RXC trong thanh ghi UCSRnA dugc cai dit .
Bit 6 — TXCIE : kich hoat ngit hoan thanh TX
Viéc viét bit nay kich hoat ngat trén ¢ TXCn . 1 ngat hoan thanh qud trinh
chuyén USART s€ chi duogc sinh ra néu bit TXCIE duoc viét1a 1, cdc co bdo ngét
chung trong thanh ghi SREG thi duoc viét 1én 1 va bit TXCn trong thanh ghi UCSRnA
duoc cai dat .
Bit 5 — UDRIEn : kich hoat ngit tréng thanh ghi dir liéu USART
Viéc viét bit nay 1&n 1 kich hoat cdc ngét trén ¢ UDREn . 1 ngit trong thanh ghi
dir liéu s& chi dugc sinh ra néu bit UDRIEn duoc viét 1én 1, cd ngit chung trong thanh
ghi SREG duogc viét 1én 1 va bit UDREn trong UCSRnA dugc cai dat
Bit 4 — RXENn : kich hoat bd thu tin hi¢u
Viéc viét cdc bit nay lén 1 kich hoat bo thu USARTn . BS thu s€ ghi de 1én qua
trinh diéu khién cong thong thuong cho chin RxDn khi duge kich hoat . Viéc vo hiéu
héa b thu s€ xda sach bg dém thu nhan khéng c6 hi¢u luc Fen , va cdc co DORn va
UPEn
Bit 3 — TXENn : kich hoat bd chuyén phat
Viéc viét bit nay 1a 1 kich hoat bd chuyén phat USARTn . B chuyén phit s& ghi
de 1én cong diéu khién thong thuong cho chan TxDn khi di kich hoat . Su vo hiéu héa
ctia bd chuyén phat (viét TXENn 14 0 ) s& khong trd nén c6 hiéu luc cho dén khi dang
duoc tién hanh va qud trinh truyén dit liéu dugc hoan thanh . vi du nhu Khi thanh ghi
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Shift chuyén phdt thanh ghi bo dém phét khéng chira dit liéu duge chuyén . Khi dd vo
hiéu héa , bd chuyén phit s& ghi de 1au hon 1én cong TxDn

Bit 2 — UCSZn2 : kich c& chudi ki tur

Céc bit UCSZn2 duoc két hop véi bit UCSZn1:0 trong thanh ghi UCSRnC cai
dit s6 lugng bit dit liéu (kich ¢& chudi ki tu ) trong mot khung truyén ma bd thu nhan va
bo phat stir dung

Bit 1 — RXBS8n : bit 8 dit liéu dén

RXB8n 14 bit dit liéu thit 9 ctia chudi ki tu dén khi ma hoat dong vai cac khung
ndi tiép v4i 9 bit dir liéu . Phai duge doc trudc khi tién hanh viéc doc céc bit thap hon tir
UDRn

Bit 0 — TXBS8n : bit 8 dit liéu chuyén phat

TXBS8n 12 bit dit liéu thit 9 trong chudi ki ty duoc chuyén phat khi ma hoat dong
v6i céc khung truyén ndi tiép véi 9 bit dit liéu . Phai duoc ghi trude khi viée ghi cic bit
thip 1én UDRn dugc tién hanh

Thanh ghi C trang thai va diéu khién USARTn — UCSRnC

Bit T & 5 1 3 2 1 a

I - | umseln | upmnt | uPming | useSn | ucszm | ucszm | UcPOLn | UCSRAC
Re=zd Write RAN RAN RMW RAW RAW RAN RAN RAW
Initial Value a a ] ] ] 1 1 a

Chd y rang thanh ghi nay khong kha dung trong ché do tuong thich véi Atmega

103

Bit 7 — bit dy trir

Bit nay thi dugc du trit cho viéc st dung trong twong lai . Dé tuong thich voi cédc
thiét bi trong tuong lai , c4c bit nay phai dugc ghi 1a 0 khi ma UCSRnC dugc ghi

Bit 6 - UMSELn : Iya chon ché ¢6 USART

Bit nay lya chon giita ché d6 diéu khién dong bo va di bo
Table 77. UMSELn Bit Settings

UMSELn Mode

0 Asynchronous Operation

1 Synchronous Operation

Bit 5:4 - UPMn1:0 : ché do chén 1¢

C4c bit nay kich hoat va cai dit loai cta sy phdt va kiém tra bit chén 16 . Néu
dugc kich hoat , bo chuyén phat s€ tu dong sinh ra va gui di cac bit dir licu chuyén phat
chén 1¢ trong mdi khung truyén . B thu nhén sé& sinh ra 1 gid tri chin 1é cho dit liéu dén
va so sanh noé vaéi viée cai dat UPMnO . Néu su khong tuong xting dugc timra, ¢d bdo
UPEn sé duoc cai dat
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Table 78. UPMn Bits Settings

UPMRN1 UPMRO Parity Mode
0 0 Dizabled
0 1 (Reserved)

1

0

Enabled, Even Parity

1

1

Enabled, Odd Parity

Bit 3 — USBSn : lya chon bit stop q
Bit nay Iya chon s6 lugng bit stop dugc cheén vao bdi by chuyén phat . Bo thu

nhén bd qua viéc cai dat nay
Table 79. USBSn Bit Settings

USBSn

Stop Bit(s)

0

1-hit

1

2-hits

Bit 2:1 — UCSZn1:0 : kich ¢& chudi ki tu
Cic bit UCSZn1:0 dugc két hop voi UCSZn2 trong thanh ghi UCSRnB cai dit s6
lugng cua cac bit dir liéu ( kich c& chudi ki tu) trong mot khung truyén ma bo thu nhan
va bo chuyén phat sir dung

Table 80. UCSZn Bits Settings

UCSZn2 UCSZni UCSZno Character Size
0 0 0 5-bit
0 1 6-bit
0 1 0 7-bit
0 1 1 B-bit
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9-bit

Bit 0 — UCPOLn : cuc xung nhip

Bit nay dugc chi sir dung cho ché d§ dong bo . Viét bit nay 1a 0 khi ché d di bo
dl‘IQC st dung . bit UCPOLn cai (‘iait quan h¢ gitra sy thay thé dau ra dir liéu va lay mau
dau vao dir liéu , va xung nhip dong bo (XCKn)

Table 81. UCPOLn Bit Settings

UCPOLR

Transmitted Data Changed (Output of Received Data Sampled (Input on

TxDn Pin)

AxDn Pin)

0

Rising XCKn Edge

Falling XCKn Edge

1

Falling XCKn Edge

Rising XCKn Edge
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Cac thanh ghi Baud Rate USART - UBRRnL va UBRRnH

Bit 15 14 13 12 11 10 ] 5
= = = = | LUBRRN[11:8] UBRANH
UBRRN[7:0] UBRRNL
7 & 5 4 3 2 1 i
Resd Wits A A A A RMW RwW R R
AW RMW RW RMW RwW RwW R R
Initiz]l Valus i 0 0 0 0 0 0 i
] il il il il il il i

UBRRnH thi khong kha dung trong ché d6 tuong thich véi Atmega 103

Bit 15:12 — Céc bit dir trix

Cic bit nay dugc dit trit cho viée st dung trong tuong lai . Dé tuong thich voi cdc
thiét bi trong tuong lai , céc bit niy phai duoc viét 1a 0 khi mad UBRRnH duoc ghi

Bit 11:0 — UBRRn11:0 : thanh ghi baud rate USARTn

Pay 12 1 12 thanh ghi bao gdm baud rate USARTn . UBRRnH bao gom 4 bit ¢6
trong s4 cao nhét , va UBRRnL bao gém 8 bit ¢6 trong sb thap nhit ctia baud rate
USARTN . qud trinh chuyén dit liéu dang tién hanh boi b chuyén phét va bo thu s& bi
lam hong néu baud rate bi thay ddi . Viéc viét UBRRnL sé& khéi dong mot cap nhat
trung gian cia bo dém godp trudc Baudrate

Vi du vé viéc cai dat Baudrate

For standard crystal and rescnator freguencies, the most commoenly used baud rates for asyn-
chronous operation can be generated by using the UBRR settings in Table 82. UBRR values
which yield an actual baud rate differing less than 0.5% from the target baud rate, are bold in the
table. Higher error ratings are acceptable, but the receiver will have less noise resistance when
the error ratings are high, especially for large serial frames (see “Asynchronous Cperational
Range" on page 186). The error values are calculated using the following equation:

'XBEUdHEtEE ogedt Match

Error{%] = | T 1) » 100%
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Table 82. Examples of UBRR Settings for Commonly Used Oscillator Freguencies

foge = 1.0000 MHz foge=1.8432 MHz foge = 2.0000 MHz
saud U2X =0 U2X = 1 U2X =0 U2X = 1 U2X =0 U2X = 1
(bps) UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error
2400 25 0.2% 51 0.2% 47 0.0% a5 0.0% 51 0.2% 103 0.2%
4500 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
8500 g -7 0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 B.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 B.5% g -7 0% 5 0.0% 11 0.0% g -7 0% 12 0.2%
28.8k 1 B.5% 3 B.5% 3 0.0% 7 0.0% 3 B.5% 8 -3.5%
384k 1 -18.6% 2 B.5% 2 0.0% 5 0.0% 2 B.5% g -7 0%
57 .6k 0 B.5% 1 B.5% 1 0.0% 3 0.0% 1 B.5% 3 B.5%
T6.Bk - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 B.5%
1152k - - 0 B.5% 0 0.0% 1 0.0% 0 B.5% 1 B.5%
2304k - - - - - - 0 0.0% - - - -
250k - - - - - - - - - - 0 0.0%
Max!1! 8.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps
1. UBRR =0, Error=0.0%

Table 83. Examples of UBRR Settings for Commoenly Used Oscillator Frequencies

foe. = 3.6864 MHz foee = 4.0000 MHz foee = 7.3728 MHz
E:;‘E“ U2X =0 U2X =1 U2X =0 u2xX =1 U2X =0 u2X =1
(bps) UBRR Error UBRR Errar UBRR Error UBRR Error UBRR Error UBRR Error
2400 g5 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% g5 0.0% 51 0.2% 103 0.2% g5 0.0% 191 0.0%
9500 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% g5 0.0%
14.4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 83 0.0%
19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 18 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 11 0.0% 5 -7.0% 12 0.2% 11 0.0% 23 0.0%
57 6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k o 0.0% 5 0.0% 2 8.5% G -7.0% 5 0.0% 11 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 7.8% 1 7.8% 0 0.0% 1 0.0% 1 7.8% 3 7.8%
0.5M = - 0 7.8% - - 0 0.0% 0 7.8% 1 7.8%
1M = = = = = = = = = = 0 7.8%
Max!"! 230.4 kbps 460.8 kbps 250 kbps 0.5 Mbps 460.8 kbps 921.6 kbps
1. UBRRE =0, Error = 0.0%
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Table 84. Examples of UBRR Settings for Commenly Used Oscillator Freguencies

foq. = 8.0000 MHz fo. = 11.0592 MHz foe = 14.7456 MHz
E:;‘;‘ U2X =0 U2X =1 U2X =0 U2X =1 u2X =0 U2X = 1
(bps) UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error
2400 207 0.2% 416 -0.1% 2B7 0.0% 575 0.0% 383 0.0% 767 0.0%:
4800 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
9500 51 0.2% 103 0.2% i1 0.0% 143 0.0% a5 0.0% 191 0.0%
14 .4k 34 -0.8% &8 0.6% 47 0.0% a5 0.0% 63 0.0% 127 0.0%
18.2k 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% a5 0.0%
28.8k 16 2. 1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4k 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%:
57 .6k 8 -3.5% 16 2.1% 11 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8k B -7 0% 12 0.2% B 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2k 3 B.5% B -3.5% 5 0.0% 11 0.0% r: 0.0% 15 0.0%
230.4k 1 B.5% 3 B.5% 2 0.0% 5 0.0% 3 0.0% rs 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7 8% 3 -7.8% & 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7 8% 1 -7.8% 3 -7 8%
1M - - 0 0.0% - - - - 0 -7.8% 1 -7 8%
Max'" 0.5 Mbps 1 Mbps 691.2 kbps 1.3824 Mbpz 821.6 kbps 1.8432 Mbps
1. UBRR =0, Error =0.0%
Table 85. Examples of UBRR Settings for Commonly Used Oscillator Freguencies
f,e. = 16.0000 MHz
E:;‘Ed U2X =0 u2X =1
(bps) UBRR Error UBRR Error
2400 416 -0.1% g3z 0.0%
4800 207 0.2% 416 -0.1%
8500 103 0.2% 207 0.2%
14.4k &8 0.6% 138 -0.1%
19.2k 51 0.2% 103 0.2%
28.8k 34 -0.8% 68 0.6%
38.4k 25 0.2% 51 0.2%
57 .6k 16 2.1% 34 -0.8%
T6.8k 12 0.2% 25 0.2%
115.2k B -3.5% 16 2.1%
230.4k 3 B.5% 8 -3.5%
250k 3 0.0% 7 0.0%
0.5M 1 0.0% 3 0.0%
1M 0 0.0% 1 0.0%
Max''! 1 Mbps 2 Mbps
1, UBRR =0, Error=0.0%
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XVIII. Giao dién hai day tuin tw _ Two — wire Serial Inteface
Pic diém

- Pon gian nhung manh mé va giao dién truyén thong linh hoat , chi can thiét 2
duong bus

- HO tro ca ché do diéu khién Master va Slave

- Thiét bi c6 thé hoat dong nhu mot bd chuyén phét hodc mot bo thu

- Khong gian dia chi 7-bit cho phép nang 1én 128 dia chi Slave khac nhau

- HO tro phan dinh ché d6 Master — slave

- Nang 1én tdc d6 chuyén dir liéu 1a 400 kHz

- Céc bo diéu khién dau vao giéi han tdc do quay

- Mach loai bo nhiéu loai bo dinh nhon trén céc duong bus

- Dﬁy du cdc dia chi slave 13p trinh dugc voi su ho trg goi chung

- Su nhan ra dja chi gdy ra ddnh thtrc khi AVR trong céc ché do sleepmode

Sw dinh nghia bus giao dién tuin tw hai day

Giao dién tuan tu hai day (TWI) 12 b cong cu 1y tudng cho cdc tmg dung vi diéu
khién théng thuong . Giao thire TWI cho phép ngudi thiét ké hé thong lién két trén 128
thiét bi khac nhau st dung chi 2 duong bus 2- hudng , 1 cho xung nhip (SCL) va 1 cho
dir liéu (SDA) . Chi can phan cting bén ngoai dé diéu khién bus nhu 1a 1 bo di¢n tr&
pull-up don cho mdi day trong dudng bus TWI . Tat ca cdc thiét bi dugc két ndi 1én
bus ¢6 dia chi riéng , va dan dong cho bd nhd phan giai bén trong giao thirc TWI
Fgure 86. TWI Bus Interconnection

Denwice 1 Denwice 2 Devica 3 | ... Devica n H

Thuat ngir cia TWI

Cic dinh nghia sau ddy duoc bat gip thudng xuyén trong phan niy .
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Table 86. TWI Terminclogy

Term Description

Master The device that initiates and terminates a transmission. The master also
generates the SCL clock

Slawve The device addressed by a master

Transmitter The device placing data on the bus

Receaiver The device reading data from the bus

Lién két dién

Nhu dugc mi€u ta trong hinh 86 , ca hai duong bus déu duoc két ndi dén chan
dién dp duong cua ngudn cp thong qua céc dién trd Pull-up . Céc bo diéu khién bus
cuia tat ca céc thiét bj phtt hop véi TWI Ia open — drain va open — collector . Diéu nay
cai dat 1 chtic nang wried — AND cdi ma can thiét dén hoat dong cuia giao dién . Mot
mirc logic thip trén 1 duong bus TWI duoc sinh ra khi 1 hodc nhiéu hon céc dau ra thiét
bi TWI 12 0 . Mot mire cao 1a dau ra khi tit ca cdc thiét bi TWI 3 trang thdi cua cdc dau
ra ctia ching , sy cho phép cua céc dién trd pull-up dé kéo 1én mirc cao . Chi y rang tat
ca céc thiét bi AVR duoc két ndi dén cdc bus TWI phai duogc cép dién theo thir ty dé
cho phép bét cir sy diéu khién cdc bus

S6 luong ciia cdc thiét bi cdi ma c6 thé két ndi t6i bus chi bi giéi han bang bus
dién dung gidi han ctia 400pF va khong gian dia chi slave 7-bit . Mot bang thong s chi
tiét cua cdc dic trung cua TWI dugc dua trong phan “Two-wire Serial Interface
Characteristics” trén trang 322 . Hai sy cai dat khac nhau cua céc dac tinh dugc duara &
d6 , 1 thong tin thich hop cho céc tdc d6 bus dudi 100 kHz , va 1 gi4 tri cho tdc do bus
trén 400kHz
Chuyén dir liéu vao dang khong chuyén

Qua trinh chuyén cic bit

MGdi bit dit liéu duoc chuyén trén bus TWI dugc kém theo mot xung trén duong
truyén xung nhip. Cap cua duong dir li¢u phai 6 6n dinh khi duon xung nhip & mirc cao.

Chi ngoai trir nguyén tic nay cho viéc phét ra cdc diéu kién khai dong va dimg.
Table 87. TWI Bit Rate Prescaler

TWPS1 TWPSD0 Prescaler Value
0 0 1
0 1 4
1 0 16
1 1 g4

Cac diéu kién khéi dong va dirng

Master khoi tao va két thic mot qud trinh chuyén dit liéu. Qud trinh chuyén di
liéu duoc khoi tao khi Master dua ra mot di€u kién bat dau trén bus, va né bi két thic
khi master dua ra mot di€u ki¢n stop. Gitra mot diéu kién start va stop, bus dang duoc
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xét dén ban, va khong c6 Master nao khdc dang cd gang diéu khién bus dit liéu. Mot
truong hop dic biét xuat hién khi mot diéu kién start méi duge dua ra gitta mot diéu
ki¢n start va stop cil. Diéu nay dugc tham chiéu nhu 12 mot diéu kién start lap lai (
REPEATED START ) va dugc str dung khi Master duoc yéu cu dé khoi tao mot qua
trinh chuyén phdt méi ma thiéu di qud trinh diéu khién relinquishing ctia bus. Sauk hi
mot (REPEATED START ), bus dugc xét dén ban cho dén khi c6 diéu kién stop tiép
theo. Pay 1a diéu kién riéng dé xir 1y bit start, va vi vay bit start duoc str dung dé miéu
ta ca hai trang thdi START va ( REPEATED START) cho céc phan con lai trong tai
lidu nay, trir khi c¢6 chid y khac. Nhu gian d6 bién dudi, cac diéu kién start va stop duoc

ky hiéu bang cach thay d6i mirc ciia dong SDA, khi ma dong SCL ¢ mitc cao.
Figure 88. START, REPEATED START and STOP Conditicns

[.I':l

START STOP START REPEATED START sToP
Dang dong géi dia chi

Tat ca cdc g6i dia chi duoc truyén trén bus TWI 12 9 bit dai, bao gdm 7 bit dja
chi, mot bit diéu khién doc ghi, v mot bit nhan biét. Néu bit doc ghi dugc cai dat, mot
qué trinh doc duoc tién hanh, néi cach khac mot qué trinh viét nén duoc tién hanh. Khi
mot slaver nhan ra réng né dang dugc danh dia chi. N6 nén duoc nhan biét réng viéc
kéo SDA ¢ muc thap trong bit tht 9 SCL ( ACK). Néu nhu slaver dugc danh dia chi
dang ban hodc mot vai 1y do khéc c6 thé khong phuc vu truy van ctiia Master. Dong
SDA nén dugc chuyén dén murc cao trong chu ky xung nhip ACK. Master sau d6 c6 thé
chuyén mot diéu kién stop, mot (REPEATED START) dé khoi tao mot qud trinh
chuyén phat mdi. Mot géi dia chi thi bao gé)m mot dia chi slaver va mot bit doc hoac
ghi dugc goi 1a SLA+R va SLA+W mot cach tuong ting.

MSB cua byte dia chi duoc Chuyén dau tién. Dia chi salver dau tién c6 thé dugc
dit mot cach ty do boi ngudi thiét ké nhung dia chi 0000000 12 dit trit cho céc phép goi
chung.

Khi mot phép goi chung dugc dua ra, tat ca cdc slaver nén ddp tmg bang cach kéo
dong SDA trong chu ky ACK. M6t su goi chung duoc su dung khi ma mot master yéu
cau dé chuyén mot tin nhan giong nhau dén céc slaver ndi tiép trong hé thong Khi goi
dia chi chung dugc theo boi moét bit ghi dugce chuyen trén bus truyén, tat ca cdc slaver
cai dat trén su goi chung d6 sé& kéo dong SDA xudng mirc thap trong chu ky hoi. Cic
g061 dir ligu tiép theo cua sy goi chung d6 dugc nhéan boi tat ca cdc slaver ma hiéu biét
dugc céc tin hi¢u d6. Chd ¥ ré‘mg qua trinh céc I¢nh goi dia chi chung d6 dugc kém theo
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boi mot bit doc thi khong c6 nghia, diéu nay s& gdy ra hu hong néu céc slaver nbi tiép
dugc bat dau truyén cac dir liéu khéac nhau.
Tat c& cdc dia chi cua dang 1111 xxx nén dugc dit trit cho céc tinh nang trong

tuong lai.
Figure 89. Address Packet Format

Addr MSE Addr LSBE

o NS XX XX
AV A AVAVA

START

Dang géi dir kiéu

Tat ca céc g6i dit liéu duge truyén trén bus TWI c6 do dai 9 bit bao gdm 1 byte
va mot bit nhan biét. Trong sudt mot qua trinh Chuyén dtt li€u, master sinh ra mot xung
nhip va cdc diéu kién start stop, trong khi nhan mot ddp tng cho qud trinh nhan biét tin
hiéu dén. Mot tin hiéu nhén biét ( ACK) duoc nhan biét bang cich kéo xung tin hiéu
trén dong SDA & mirc thap trong sudt chu ky SCL thtr 9. Néu nhu bo thu nhan chuyén
dong SDA 1én mirc cao, mét NACK duoc nhén ra. Khi bd nhan nhan duoc bus cubi
cung, hodc mot vai ly do khong thé nhan thém bat cu bus nao nitra, né nén ¢ dang byet
cuoi clung. Bang cach chuyén NACK sau byet cudi cing. MSB cua byet dit liéu thi

duoc chuyén dau tién.
Figure 90. Data Packet Format

Racaiver __ /

SCL from
Mastar .
STOF, REPEATED

SLA+-RAW i Data Byta ! START or Ment
! . [tz Byta

: Data MSE DataLSE  ACH !

Aggreagate ! .}
SDA i I i
SDA from i ! {
_ra"ns""mar___l__! i
SDA from 7 ! !
i i

I i

_---.._---
i
i

Viéc néi cac dia chi va déng géi dir liéu trong mdt qua trinh chuyén phat.

Mot qua trinh chuyén phét co ban bao gdbm mdt diéu kién start, mot SLA+R/W,
mot hodc nhiu géi dir liéu va mot diéu kién stop. Mot tin nhan tréng, bao gom mot
diéu kién start kem theo boi mot diéu kién stop mot cach dong thoi. Chid ¥ rang Wired-
ANDing cia dong SCR ¢6 thé dugc sir dung dé cai dat - handshaking gitra master va
slaver. Slaver c6 thé mo rong chu ky dong thap SCL bang cdch kéo dong SCL ¢ murc
thap. diéu nay thi c¢6 ich néu téc d6 xung nhip cai dat boi Master 14 qud nhanh cho
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slaver, hodn slaver can thém thoi gian cho tién trinh giira cdc qud trinh truyén di liéu.
Viéc mo rong slaver trong chu ky SCL thap s& khong anh huong dén SCL cao, cdi ma
xédc dinh boi master. Nhu mot ndi tiép, slaver c6 thé giam tdc do chuyén dit liéu TWI
bang prolonging chu ky SCL.

Hinh 91 chi ra mot qua trinh Chuyen phét thong thuong. cédc byet dit liéu ndi tiép
co thé dugc truyén giita SLA+R/W va diéu kién stop, phu thudc vao giao thiic phan

mém duoc cai dit boi phan mém ung dung.
Figure 91. Typical Data Transmission

Céc hé théng bus nhiéu master.

Giao thitc TWI cho phép bus hé théng véi nhidu master néi tiép cac truong hop
dic biét 1a c6 thé xay ra dé dam bao rang qu4 trinh chuyén phét duoc thuc thi nhu thong
thudng, néu 2 hodc nhiéu master khoi tao mot qud trinh truyén phat tai cing mot thoi
diém. 2 van dé nay sinh trong cdc hé thong nhiéu master:

- Mot thut todn phai dugc cai dit chi cho phép mot trong s céc master dé
hoan thanh qué trinh chuyen phét. Tat ca cdc master khdc dang truyén dit liéu,
khi ching phat hién ra rang dir liéu ctia chdng bi mat trong cc qud trinh dugc
lura chon. cac qua trinh Iwa chon nay dugc goi la arbitration. Khi mot master
dang truyén dit liéu phat hién ra rang no bi mat qua trinh arbitration, no s¢
ngay 1ap tirc chuyén mach sang ché do slaver dé kiém tra qu4 trinh dénh dija
chi ctia n6 béi céc master ¢6 uu thé hon. Chinh x4c la, cac master vua khoi
dong qud trinh truyén phét tai cing mot thoi diém nén khong thé do thay cic
slaver ( vi dy: dit liéu dang duoc chuyén trén bus khong phai bi gidn doan).

- Céc master riéng biét co thé str dung cdc tan 5O SCL riéng biét. Mot so dd
duoc chia ra dé dong bd héa cdc xung ndi tiép tir tit ca cdc master, dé bat dau
mot qué trinh truyén phat trong mot lockstep fashion. Piéu nay s& khoi phuc
mot qud trinh arbitrabion.

Wired-ANDing cua cdc duong bus dugc su dung dé khic phuc cdc van dé nay.

Cac xung nhip ndi tiép tir tit ca cdc master s& duoc Wired-ANDing, yielding mot

két ndi xung nhip vo1 mot chu ky cao bang mot trong s6 cdc master v6i chu ky

cao ngan nhat. Chu ky thap ctia xung nhip ket ndi thi bang véi chu ky thap cua
master vo1 chu ky thap dai nhat. Chd y rang tat ca cdc master ling nghe dong
1énh SCL viéc bat dau mot cdch hiéu qua dé dém cac chu ky time-out thap va cao

SCL khi céc dong két ndi SCL ¢ mtc cao hodc thap, mot cich twong Ung.
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Figure 9. sUL synchromzation between nMultiple Masters

SCL from ST
mastar A ! .
SCL from i Y VAT T L
mastar B . [ : : [
i i : i
I i ' [
scLBus — 1\ ! :/—\—L
| I
Lina I Yo | !
L | -
! i

"‘\\ Mastars Start ‘““-\,,\ Mastars Start

Counting Low Pariod Caounting High Pariod

Arbitration dugc mang ra ngoai boi tAt ca cdc master mot cach lién tuc
quan sat dong SDA sau khi xuat dau ra di liéu. Néu gid tri dugc doc tur dong
SDA thi khong twong tmg v6i gid tri ma master ¢6 & dau ra, né vira bi mat
Arbitration. Chd y rang mot master chi c¢6 thé bi mét Arbitration khi cdc dau ra
cua né ¢ gid tri SDA cao trong khi céc dau ra cta cdc master khic & gia tri thap
viéc mat dir liéu cua master nén chuyén sang ché do slaver ngay lap tuc, viée
kiém tra néu né dang dugc ddnh dia chi boi master c6 quyen uu ti€n cao hon.
Dong SDA nén dugc chuyén 1én cao nhung céc master bi mat dit lidu thi dugc
cho phép dé phat ra mét tin hiéu xung nhip cho dén khi két thiic dir liéu hién hanh
hodc g6i dia chi hién hanh. Arbitration s& tiép tuc cho dén khi chi con lai mot
master, diéu nay c6 thé tao ra nhiéu bit hon. Néu cdc master ndi tiép dang cb
ging dé ddnh dia chi slaver gidng nhau, Arbitration s& tiép tuc dién vao trong géi
dir lidu.

Figure 93. Arbitration Between two Masters

START Master A loses

|| | rbitration, SDA,* SDA
DA from .
Master A 4‘—\_/ ________________

|

|

=DA from | I
Master B M | /—\_

I }

|

|

|

|

SDA Line m
|

Synchronized
I I
| I

Chd y rang Arbitration thi khong dugc cho phép gitra.
- Mot diéu kién REPEATED START..
- Mot diéu kién stop va mot bit dir li€u
- REPEATED START va diéu kién stop

Duykhanh8x1311 @gmail.com 220




Hanoi University of Industry Datasheet ATMEGA 128

Day la sy tuong ng cua phan mém nguoi dung dé dam bao rang illegal
Arbitration khong bao gio xuat hién. diéu nay dam béo rang trong mot hé thong
nhiéu master, tat ca cdc su chuyén phat dit liéu phai sir dung cac thanh phan cua
SLA+R/W va cdc g6i dir liéu. trong cac dang tu khac: tat ca cdc qud chuyen phat
phai bao gdm céc sb gidng nhau ciia cic géi dit liéu, néi cach khac két qua cua
Arbitration 12 khong xdc dinh.

Tong quan ciia module TWI

Module TWI dugc bao gdm rét nhiéu modile bén trong nhu duoc chi ra
trong hinh 94. Tat c4 cac thanh ghi dugc v€ bang mot nét manh thi duoc truy

nhap thong qua bus dir licu AVR.
Figure 94. Overview of the TWI| Module

SCL SDA
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Carna Soks Suppressan Pramasiar

A
|

AddrassTata Shift St Hats Hagdiar

Achitrafian detacion Register (TWER) Ak [TWEH]
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Addrass Ragsiar Status Ragsiar Cartiral Fagsiar
(TWAR) M&ER) (TWCH)

f
L

TWI Unit

Sima Maching and
Simuk cantng

Addrats Comparatar

Cac chan Scl va SDA

Cic chan giao dién AVR TWI vdi céc chan nghi hé thdng MCU dau ra cta bd
diéu khién bao gdm mot b gidi han slew-rate dé ma dé phit hop véi cac dic diém ky
thuat cuia TWI. Cac cong dau ra bao g6m mot b0 phan loai trir sung g& bo cdc tin hiéu
sung ngan hon 50 ns. Chd y rang cdc xung pull-dp bén trong AVR c6 thé duoc kich
hoat bang vi€e cai dat cdc bit cong PORT tuong ung 1én cac chan SCL va SDA nhu
duoc dién ta trong phan cong 1/0. Cac xung pull-ap bén trong co thé trong mot vai hé
thong triét tiéu 1a can thiét cho céc thiét bi bén ngoai.
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B¢ phan may phat bitrate

B6 phan nay diéu khién chu ky cua SCL khi hoat dong trong ché do Master . Chu
ki SCL duoc diéu khién bang viéc cai dit trong thanh ghi bit Rate TWI (TWBR) va cdc
bit ctia bo dém gdp trude trong thanh ghi trang thai TWI (TWSR) . Slave hoat dong
khéng phy thudc vao bit Rate hodc viéc cai dat bo dém gop trudc , nhung tan sO xung
nhip trong ché d6 slave phai dugc dudi 16 1an cao hon tan sé SCL . Chi ¥ rang céc
slave c6 thé mé rong chu ki thip SCL , vi vay viéc lam gi4 tri trung binh chu ki xung
nhip bus TWI . Tan s6 SCL dugc phit ra theo cong thire dudi dy :

CPU Clock frequency
16 +2(TWBR) . 47" "%

- TWBR = gid tri cua thanh ghi Bit Rate TWI

- TWPS = gid tri cta cé4c bit cia bo dém gop trudc trong thanh ghi trang thai
TWI

Chd ¥ rang : gid trj dié tré Pull-up nén duoc lua chon theo tan sd xung nhip cua

va dung luong tai trén bus . xem bang 133 trén trang 322 cho gi4 tri cua dién tro

pull

SCL frequency =

Thanh phin giao dién bus

Thanh phan nay bao gdm céc thanh ghi shift dia chi va dit liéu (TWDR,mot bo
diéu khién STAR STOP va phan ciing dd ARBITRATION . TWDR bao gom céc bai
dia chi va cac bai dir liéu duoc Chuyén phat hodc cdc bai dia chi hoac cac bai dir liéu
dugc nhan thém vao do 8 bit TWDR , bd phan giao dién bus cling bao gdm mot thanh
ghi chira bit NACK dé truyén hodc nhén dit liéu . thanh ghi NACK nay thi khong thé
truy nhap truc tiép bang cdc phan mém tng dung . Tuy nhién , khi dang nhan né c6 thé
duoc cai dat hoac bi x6a béng viéc diéu khién thanh ghi diéu khién TWI . Khi trong ché
d6 chuyén phit , gid tri ctia bit (N)ACK d3 nhén c6 thé xédc dinh bang gi4 tri trong
TWSR

Bo diéu khién START/STOP thi phai chiu trach nhiém cho qu4 trinh phét va qud
trinh do ctia c4c diéu kién START , va REPEATED START , va STOP . B9 diéu khién
START/STOP thi ¢6 thé do cdc diéu kién START va STOP du khi MCU cia AVR
dang trong mot ché 3o ngu nao dé , viéc kich hoat MCU dé danh thic néu duoc danh
dia chi béi Master

Néu TWI vua dugc khoi tao 1 qué trinh chuyen phat nhu la master , phan cung
do tim kiém dinh tiép tuc quan sdt qua trinh truyén dir liéu dang cd gang dé xdc dinh
néu sy kiém dinh cta né dang tién hanh . Néu TWI vira mat mot sy kiém dinh , bo phan
diéu khién thi duoc truyén dir liéu . Mot hanh dong ding sau d6 c6 thé hanh dong va
mot code trang thdi twong ing c6 thé dugc sinh ra .
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B¢ phan ghép dia chi

Bo phan ghép dia chi kiém tra néu nhu céc byte dia chi d3 nhan tvong tmg voi
dia chi 7 bit trong thanh ghi dia chi TWI (TWAR) Néu nhu bit kich hoat sy nhan dién
1énh goi chung TWI (TWGCE) trong TWAR duoc viét 1a 1 , tit ca céc bit dia chi dén
cling s€ duoc so sanh lai vai dia chi goi chung . Trén mot ghép dia chi , b phan diéu
khién c6 thé dugc thong bdo, viéc cho phép cic hanh dong diing duoc xay ra . TWI ¢6
thé hodc khong thé nhén ra dia chi ctua né phu thudc vao viéc cai dat trong TWCR . B§
phan ghép dia chi c6 thé so sanh dia chi khi MCU cua AVR trong ché d6 ngi1 , viéc kich
hoat MCU dé danh thiic néu ‘dugc danh dia chi bo1 mot Master . Néu cdc ngat khac (vi
du INTO) xuét hién trong sut qua trinh ghép dia chi Power-down TWI va danh thirc
CPU , TWI bo qua qua trinh diéu khlen va tré vé trang théi idle cia né . Néu diéu nay
giy ra bat cr van dé nao, dam bao rang ghép dia chi TWI thi chi duoc kich hoat ngit
khi dang truy nhap vao Ché do Power-down

B¢ phan dieu khién

B6 phan diéu khién gidm sat bus TWI va sinh ra nhiing ddp Gng tuong ng dé cai
dat trong thanh ghi dicu khlen TWI (TWCR) . Khi mét su ki¢n dang can thiét phai chu
y dén cua cdc tng dung xuat hién trong bus TWI , c¢& ngat TWI (TWINT) duoc x4c
nhan . Trong chu ki xung nhip tiép theo , thanh ghi trang thai TWI (TWSR) duogc cap
nhat véi mOt ma trang thai riéng biét cua su kién . TWSR chi bao gém céc thong tin
trang thai xac dang khi cac co ngét TWI duoc xdc nhan . Tai tit ca cdc thdi diém khéc
TWSR bao gom 1 mi trang thai dic biét dang hién thi rang khdng c6 thong tin trang
thdi xdc dang la kha dung . Chi cén TWINT dugc cai dat , duong SCL duogc gitt & muc
thdp . Piéu nay cho phép phan mém ung dung dé hoan thanh nhiém vu cia né trudc
khi cho phép qua trinh truyén TWI tiép tuc

Co TWINT dugc cai dat trong cdc truong hop dudi day

- Sau khi TWI vura dugc Chuyen phét 1 diéu kién START/REPEATED START

- Sau khi TWI vira duge chuyén SLA+R/W

- Sau khi TWI vira dugc chuyén 1 byte dia chi

- Sau khi TWI vira mét qué trinh kiém dinh

- Sau khi TWI vira duoc danh dia chi béng cdc dia chi Slave riéng hodc goi dia

chi chung

- Sau khi TWI vtra nhan 1 byte dit li¢u

- Sau khi diéu kién STOP hoic REPEATED START vira dugc nhan trong khi

van danh dia chi nhu 1a mot slave

- Khi mét 13i bus vira dugc xuat hién dit cho 1 diéu kién START va STOP

khong hop 1€
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Su miéu ta thanh ghi TWI
Thanh ghi Bit Rate TWI - TWBR

Bi 7 g z 4 3 2 i}
| TWERT | TWEBERE | TWBRS | TWEBR4 |'r|.r.'E:H3 | TWERZ | TWER1 | TWERD | TWEBR
Read\Writz RMW RAW RW RAW RW R"W RMW RW

Initial Value

Bit 7..0 thanh ghi Bit Rate TWI

TWBR lya chon ti 1€ chia cho may phét tdc d6 bit Rate . Midy phat Bit Rate thi
mdt bo chia tan s6 c4i ma sinh ra xung nhip SCL trong céc ché d6 Master . Xem “Bit
Rate Generator Unit “ trén trang 204 vé viéc tinh todn bit Rate

Thanh ghi diéu khién TWI - TWCR

B 7 & 5 4 3 2 0
| Twint | TwEa | TwsTa | TwSTO | TWwe | TWEN | - | TWIiE | TweR

Read"Write RMW RMW R R"W R RwW R RAW

Initial Value 0

TWCR thi dugc st dung de d1eu khlen hoat dong cua TWI No du’oc str dung dé
kich hoat TWI , dé khéi tao mét su truy nhap master bang viéc dat mot diéu kién
START Ién bus , dé sinh ra 1 bd thu nhan biét dugc sinh ra 1 didu kién STOP , va didu
khién viéc ding ctia bus trong khi dir liéu duoc viét 1én bus duoc ghi 1én thanh ghi
TWDR . N6 ciing hién thi 1 sy xung dot néu dit liéu duoc c¢b ging ghi dé 1én TWDR
trong khi thanh ghi khong thé truy nhap .

Bit 7 — TWINT : co ngat TWI

Bit nay duoc cai dit bang phan cimg khi TWI vira hoan thanh cong viéc hién
hanh ctia n6 va doi phan mém tng dung ddp ung . Néu bit I trong SREG va TWIE trong
TWCR duoc cai dat , MCU sé& nhay t&i vec to ngit TWI . Trong khi cd TWINT duoc
cai dat thi chu ki SCL ¢ muc thap bi kéo dai

Co TWINT phai bi x6a bang phén mém bang viéc viét muc logic 11én né . Chi y
rang co nay khong ty dong bi xoa bang phan ctimg khi dang thuc thi chuong trinh con
phuc vu ngit . Ciing chd y rang viéc x6a c& niy bat dau hoat dong caa TWI 1, vi vay tat
ca céc su truy nhap tdi thanh ghi dia chi TWI (TWAR), va thanh ghi trang thai TWI
(TWSR), va thanh ghi dit liéu TWI (TWDR) phdi dugc hoan thanh trudce khi x6a co nay

Bit 6 — TWEA : bit nhan biét kich hoat TWI
TWEA diéu khién su sinh ra ctia xung nhan biét . Néu bit TWEA duoc viét 1a 1
, xung ACK dugc sinh ra trén bus TWI néu céc diéu kién sau dy duoc ddp tng :

- dia chi slave cua thiét bi vira duoc nhan dén

- mot 1€nh goi chung vira dugc nhan , trong khi bit TWGCE trong TWAR duoc
cai dat

- mot byte dia chi vira dugc nhan trong bg thu nhan Master va ché d6 thu nhan
slave
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bang viéc viét TWEA 12 0, thiét bi c6 thé ngét két ndi a0 khoi bus TWI mot
cdch tam thoi . Sy nhén dién dia chi sau d6 c6 thé khéi phuc lai bang viéc viét bit
TWEA 1a I mot 1an nira

Bit 5 — TWSTA : bit diéu kién khoi dong TWI

Ung dung viét bit TWSTA 1a 1 khi ma né mudn tré thanh mot master trén bus
TWI . Phan ctirng TWI kiém tra néu bus 12 kha dung , va sinh ra mot diéu kién
START trén bus néu nhu né ti do . Tuy nhién , néu bus khéng ty do thi TWI
phai doi cho dén khi diéu kién STOP dugc do thdy , va sau d6 sinh ra 1 diéu kién
START méi dé khdng nghi vé trang théi ctia bus Master. TWSTA phai duoc x6a
bang phan mém khi ma diéu kién START vira dugc truyén di

Bit 4 — TWSTO : bit diéu kién STOP TWI

Viéc viét bit TWSTO 1én 1 trong ché do Master sé& sinh ra 1 diéu kién STOP trén
bus TWI . Khi diéu kién STOP duoc thuc thi trén bus , bit TWSTO bi x6a 1 cdch
tuy dong . Trong ché do Slave , viéc cai dat bit TWSTO ¢6 thé duoc sir dung dé
khéi phuc tir mot diéu kién 16i . Biu nay s& khong sinh ra mot diéu kién STOP ,
nhting TWI tré lai nhu 1a mot ché do slave chua duoc danh dia chi (a well-
defined unaddressed )va giai phéng duong SCL va SDA 1én trang théi tré khang
cao

Bit 3 - TWWC — ¢ bdo viét xung dot viét TWI

TWWC co nay duogc cai dit khi dang ¢b ging viét 1én thanh ghi dit liéu TWI —
TWDR khi ma TWINT & mtic thap . CO nay bi x6a bang viéc viét 1én thanh ghi
TWDR khi ma TWINT ¢ mic cao

Bit 2 — TWEN : bit kich hoat TWI

TWEN kich hoat hoat dong TWI va kich hoat giao di€én TWI . Khi TWEN dugc
viét1alén 1, TWI diéu khién qua céc chan I/O duoc két ndi dén cdc chan SCL va
SDA , viéc kich hoat bo gid1 han slew-rate va b loc nhiéu . Néu bit nay duoc
viét 12 0, TWI bi tit va tit ca cdc qud trinh chuyén TWI déu két thic bat chap bat
ctr hoat dong diéu khién nao dang tién hanh

Bit 1 — Res : bit du trix

Bit nay 1a mdt bit du trir va s€ luén duoc doc 1a 0

Bit 0 — TWIE : kich hoat ngiat TWI

Khi bit nay duoc viét 1a 1, va bit I trong thanh ghi SREG dugc cai dit , yéu cau
ngét TWI s€ duoc kich hoat chi khi ma co6 TWINT ¢ mirc cao

Thanh ghi trang thai TWI - TWSR

Bit 7 ;] 5 4 3 2 0

I TWET TWSE TWES TWE4 TWE3 - TWPS1 | TWERSD I TWSR
RezdWrits R R R R R R RAW RAW
Initizl Valus 1 1 1 0 0 0

Bit 7..3 — TWS : trang thai TWI
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Pay 12 5 bit phan 4nh trang thdi cta logic TWI va bus hai ddy tuan ti . Cdc ma
trang thai khac nhau dugc miéu ta sau trong phén nay . Chi y rang gid tri doc tir TWSR
chtra ca hai gid trj trang thdi 5bit va gid tri bo dém gdp trudc 2bit Ngudi thiét ké ing
dung nén che céc bit bd dém gop trude 1én 0 khi dang kiém tra céc bit trang théi . Diéu
nay tao ra viec kiém tra trang thai dgc 1ap vaéi viée cai dat bo dém gop trudc . Diéu nay
gidng nhu duoc st dung trong datasheet nay , trir phi dugc chi y khéc .

Bit 2 — Res : bit du trix

Bit nay 1a bit dy trir va luén dugc doc 1a 0

Bit 1..0 — TWPS : cdc bit dém gop trudc TWI

Cic bit nay c6 thé dugc doc va viét , va diéu khién dém gop trudc bit rate

Table 87. TWI| Bit Rate Prescaler

TWPS1 TWPSD Prescaler Value
o 0 1
0 i 4
1 0 16
1 1 g4

Pé tinh todn cdc bit rate , xem “bo phan phat Bit Rate” trén trang 204 . Gid tri
cua TWPS1 ..0 dugc sir dung trong cong thirc

Thanh ghi dir licu TWI - TWDR

Bi 7 6 5 4 3 2 - 0
| wor | Twoé | TWDs | TwDa | TwDs | Twoz | Twoi | Twoo | TWDR
Resd Writa AW RAN R AW RN AW AW AW

|"I1_ Valus

Trong ché do chuyen phat TWDR chu’a byte ké tlep du’oc truyen phat . Trong
ché d6 nhan , TWDR bao gdm byte cudi ciing dugc nhan . N6 khong thé dugc viét
trong khi TWI khong & trong qud trinh dang di chuyén 1 byte . Piéu nay xuat hién khi
ma cd bdo ngat TWI (TWINT)dwoc cai dat bang phan cing .Chi ¥ rang thanh ghi dit
liéu khong thé duoc khoi tao bang ngudi sir dung trude khi ngat dau tién xuat hién . Dit
liéu trong TWDR con lai 6n dinh chi cin TWINT duoc cai dat . Trong khi dit lidu duoc
di chuyén ra ngoai , dit liéu trén bus duoc di chuyén vao trong mot cich dong thoi .
TWDR ludn chira byte cudi cling dua ra trén bus, ngoai trir sau khi 6 mot sy danh thirc
tir trang thai nga bang ngat TWI . Trong truong hop nay , thanh phan cia TWDR 1a
khéng xdc dinh. Trong truong hop ctia viéc mat su kiém dinh trén bus , khong c6 di
liéu nao bj mt trong qu4 trinh chuyén tir Master xudng Slave . Viéc diéu khién cua bit
ACK dugc diéu khién mot cdch ty dong bang logic TWI , CPU khong thé truy nhép vao
bit ACK mét céch truc tiép

Bit 7...0 - TWD : thanh ghi dir liéu TWI

Tam bit nay cau thanh byte dir liéu ké tiép dugc chuyén phét , hodc byte dir liu
cubi cung dugc nhan trén bus 2 day tuan tu
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Thanh ghi dia chi TWI (Slave ) - TWAR

Bit 7 g 5 4 3 2 ! 0
[ ™Wag ] TWAS | Twaa | TWA3 | TWAz | TWA1 | TWAD ]| TWGCE | TWAR

Rz=dWrite AW RAN AW AW RAW AW RAW AW

Imitiz] Valua 1 1 1 1 1 1 1 a

TWAR nén duoc tai véi 7 bit dia chi slave (trong 7 bit c6 trong sb cao nhat cua
TWAR ) 1én cdi ma TWI s& ddp tmg khi duoc 1ap trinh nhu 12 mot bo chuyén phat va
thu nhan slave , va khong can thiét trong cdc ché d6 master . Trong hé théng nhiéu
master , TWAR phai duoc cai dat trong master cdi ma co thé duoc danh dia chi nhu cdc
slave boi cac master khac

LSB ctia TWAR duoc st dung dé kich hoat qu4 trinh nhan biét cta dia chi goi
chung ($00) . C6 mot bd so sdnh da ghép dia chi cdi ma tim kiém dia chi slave (hodc
dia chi goi chung dugc kich hoat) trong dia chi nbi tiép da nhan . Néu 1 ghép tuong Ging
duoc tim thdy , mot yéu cau ngat dugc sinh ra.

Bit 7..1 =TWA : thanh ghi dia chi TWI (slave )

7 bit nay cAu thanh nén dia chi slave ctia bd phan TWI

Bit 0 — TWGCE : bit kich hoat nhan dién goi chung TWI

Néu dugce cai dat , bit nay kich hoat qué trinh nhén dién cta 1 1énh goi chung
duoc dua ra qua bus 2 ddy tudn ty

Viéc sir dung TWI

AVR TWI la byte da dinh hudng va ngit co s¢ . C4c ngat dugc ban hanh sau khi
tat ca cdc bus su kién , gidng nhu sy thu nhan cua 1 byte hodc qua trinh truyén phdt cta
mot diéu kién START . Boi vi TWI la mot ngit co s& , phdn mém g dung la ty do dé
tiép tuc cic hoat dong khdc trong sudt 1 qua trinh truyén byte TWI . Chd y rang bit kich
hoat ngat TWI 1a (TWIE) trong T WCR cung vai bit kich hoat ngat chung trong thanh
ghi SREG cho phép tng dung de quyet dinh hodc khong c6 sy xac nhén cta co bédo
TWINT nén sinh ra mot yéu cau ngat . Néu bit TWIE bi x6a , tng dung phai dugc hoi
vong ¢ TWINT dé do tim hanh dong trén bus TWI

Khi ¢ bdo TWINT dugc xdc nhan , TWI vira hoan thanh mét qu4 trinh diéu
khién va dang doi Gmg dung dép ung . Trong truong hop nay thanh ghi trang thai TWI
(TWSR) chira mét gid tri dang hién thi trang théi hién hanh cua bus TWI. Phan mem
tmg dung sau d6 c6 thé quyét dinh cdch ma TWI nén tién hanh trong bus TWI ké tiép
bang viéc xir Iy TWCR va cdc thanh ghi TWDR

Hinh 95 12 mot vi du mAu ctia cdch ma ing dung c6 thé giao dién véi phan cing
TWI . Trong vi du nay , mot master mudn chuyén 1 byte dit liéu don dén 1 slave . Su
miéu ta nay 12 khd tém tat , mot sy dién ta chi tiét hon s& ¢ phan sau cua phan nay . 1
chuong trinh mau vé su cai diat mudn tién hanh thi cling dugc duara .

Duykhanh8x1311 @gmail.com 227




Hanoi University of Industry Datasheet ATMEGA 128

Figure 95. Interfacing the Application to the TWI in & Typical Transmission
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1. Bu6c dau tién trong qu4 trinh truyén phat TWI thi dé truyén mot diéu kién
START . Biéu nay dugc thuc hién boi viéc viét mot gid tri xac dinh vao trong
TWCR , su hudng din cho phan cimg TWI dé truyén mot diéu kién START .
Cai ma gia tri dé viét thi duoc miéu ta sau . Tuy nhién , né thi quan trong céi
ma bit TWINT duoc cai dit trong gid tri dugc viét . Viéc viét 1a mot 1én bit
TWINT x6a c& . TWI s& khong bét dau bat ctr qud trinh diéu khién nao chi
can bit TWINT trong thanh ghi TWCR duoc cai dat . Ngay 1ap tirc sau khi
mg dung vira dugc x6a TWINT , TWI sé& khai tao qud trinh truyén dir liéu
cta dicu kién START

2. Khi diéu kién START vira duoc truyén di , cd bdo TWINT trong thanh ghi
TWCR dugc cai dat, va TWSR duoc cdp nhat véi ma trang thai hién thi réng
diéu kién START via dugc giri thanh cong.

3. Phan mém tGng dung nén kiém tra gi tri cia TWSR bay gid , dé dam bao
rang diéu kién START vira dugc chuyén thanh cong. Néu TWSR hién thi theo
cdch khdc , phan mém tng dung c6 thé tao ra vai hanh dong dic biét , gibng
nhu viéc goi 1 chuong trinh con bi 16i . Gia dinh ré‘mg ma trang théi thi duoc
mong doi , tng dung phai tai SLA+W vio trong TWDR. Nhé rang TWDR
duoc st dung cho ca dia chi va dir liéu. Sau khi TWDR vitra dugc tai voi
SLA+W xéc dinh , 1 gié tri xac dinh phai dugc viét 1én TWCR , hudng dan
phan ciing TWI truyén SLA+W dua vao trong TWDR . Gi4 tri dé viét thi
duoc xéac dinh sau . Tuy nhién , quan trong la bit TWINT duoc cai dat trong
gid tri duoc ghi . Viéc viét 1a 1 1én TWINT x6a co . TWI s& khong bat dau bat
ctr hoat dong chi can bit TWINT trong TWCR dugc cai dit . Ngay 1ap tic sau
khi tng dung vira x6a TWINT , TWI s& khoi tao qud trinh chuyén dit liéu cua
g6i dia chi .

4. Khi g6i dir li€u vura duogc chuyén , c0 bdo TWINT trong TWCR duogc cai dat,
va TWSR duogc cap nhat véi ma trang thai hién thi réng g6i dia chi vira duoc
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chuyén thanh cong . M trang thdi s& phan 4nh rang 1 slave nhan biét géi dit
li€u hodc 1a khong

. phan mém mg dyung nén kiém tra gié tri cia TWSR ngay bay gio, dé dam

bao rang géi dia chi da duoc chuyén thanh cong, va gid tri cta bit ACK da
nhu mong doi . Néu TWSR hién thi theo cdch khéc , phan mém tng dung c6
thé tao ra vai hanh dong dac biét , giéng nhu 1€nh goi mdt chuong trinh con
16i . Gia dinh rang ma trang thdi thi nhu mong doi , tng dung phai tai 1 géi dit
li¢u vao trong TWDR . Sau d6 , mdt gia tri x4c dinh phai dugc viét 1én TWCR
, hudng dan phan ctimg TWI dé chuyén mot géi dir liéu dua vao trong TWDR.
Gid tri ma dé viét 1én thi dugc miéu ta trong phan sau . Tuy nhién , cdi quan
trong 1a TWINT duoc cai dat trong gia tri dugc viét . Viéc viét1a 1 1én
TWINT x6a c& . TWI s& khong khoi dong bat ctr qud trinh nao chi can
TWINT trong TWCR dugc cai dat . Ngay 1ap tirc sau khi ing dung vira x6a
TWINT , TWI s€ khoi tao mot qua trinh truyén cua mot goi dir licu

Khi mot géi dit liéu vira dugc chuyén , cd TWINT trong thanh ghi TWCR
dugc cai dat, va TWSR duogc cap nhat ma trang théi hién thi ma g6i dit liéu
vira duge chuyén thanh cong . M3 trang thdi ciing s& phan dnh 1 sy nhan biét
slave 1a g61 hodc khong

. Phan mém tng dung nén duoc kiém tra gid trj cia TWSR , dé dam bao rang

g6i dit liéu vira duoc chuyén phét thanh cong , va cdi ma gid tri cta bit ACK
da duoc mong doi . Néu TWSR hién thi theo céch khéc , phan mém ng dung
c6 thé tao ra mot vai hanh dong dac biét, gidng nhu viéc goi mot chuong trinh
con bi 16i . Gia dinh rang ma trang thai nhu 1 da mong doi , itng dung phai
viét mot gid tri x4c dinh 1én TWCR , hudng dan phan cimg dé truyén diéu
kién STOP . Gid trj dugc viét thi dugc miéu ta sau . Tuy nhién , quan trong 12
bit TWINT dugc cai dat trong gid tri da dugc ghi . Viéc viét 12 1 1én TWINT
x6a cd bdo . TWI s& khong bit dau bat ctr hanh dong nao chi can TWINT
trong TWCR dugc cai dat . Ngay 1ap tirc sau khi img dung vira x6a TWINT ,
TWI s& khoi tao qud trinh chuyén phat caa diéu kién STOP . CHu ¥ ring
TWINT thi khong dugc cai dat sau mot diéu kién STOP vira duoc guri

Mic dit vi du nay 1a don gian , né cling chi ra nguyén tic duoc bao ham trong tat
cd cic qud trinh truyén TWI . Nhitng diéu nay c6 thé duoc liét ké chi tiét nhu bén
duoi :

Khi ma TWI vira hoan thanh 1 hoat dong va chd doi dap ung ctua ing dung ,
c0 TWINT duoc cai dat . Puong SCL dugc kéo xuéng murc thép cho dén khi
TWINT bi x6a .

Khi ma c& TWINT duoc cai dat , nguoi s dung phai cip nhat tat ca cdc thanh
ghi TWI véi gid tri xac dang cho chu ki bus TWI . Nhu mdt vi du , TWDR
phai duoc tai véi gid tri duge truyén trong chu ki bus tiép theo .

Sau khi thanh ghi TWI cip nhat va cdc phan mém tng dung dang chd khéc
1am nhié¢m vy vira hoan thanh , TWCR dugc viét . Khi viéc viét TWCR , bit
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TWINT nén duoc cai dit . Viée viét 1a 1 1én TWINT x6a cd . TWI sau d6 s&
bét dau thuc thi c4i ma qud trinh diéu khién di xdc dinh bang viéc cai dat
TWCR
Bén dudi 1a mdt doan ma chuong trinh C va Assembly cua vi du dugc duara .
chiy ré‘mg ma bén dudi duoc xac dinh bé‘mg nhiéu dinh nghia vira duoc tao cho vi du
bang viéc sir dung céc file bao gdm .

fzzembly Code Example C Example Comments
141 =ik, THWCR = |l<<TWINT 1 c<THWETA
1=<TWINT { Le<TWETA e
= e Sand START sandifan
1e<THEN
out TWCR, rlk
> weitl while TWCER & { Lle<TWINT
in x; Wart far TWINT fiag sel. This indicates that fa
shre = START candifan hat bean rangmitisd
rimp
3 in x! if = START
w2 Chack vaius of TWI Status Ragsisr Math
A i precabar bt Hatatys ditfacant fram START
cpi rlf, ETART o % ERROR
broe Er
i TWLORE = SLA_W:
TWCR = (le<TWINT Load SLA_W ima TWDR Ragsiar. Chaar
le<TWEN] ; TWINT B in TWCH $a siart fransmission of
Addrass
4 while TWCER & { Lle<TWINT
Wt S TWINT fag et This indicatat i hha
SLA+'W has baan rarsmitiad, and
ACKMACK has baan racanad
s O B =
Chacs vaius of TWI Status Hagsiar Aty
e prescaier b H sty ditfanant fram
S T MT_SLA_ACK gs %o ERROR
TWCR = {le<TWINT x.
e TWEN] ¢ Laad DATA nia TWDH Ragaie: Class TWINT
T Bt in TWCR o atart fransrmittsan of data
g while TWCE & (le<TWINT
Wit far TWINT fiag sel. This indicatat Fad ha
DATA has baan ranamitiad, and ACKMNACK
fias baan receivad
rd if TWER & [xFE =
MT_DATAR_ACK Chacs vaius of TWI Status Hagsiar Aty
e T prescaier b H sty ditfanant fram
S T MT_DATA_ACY go % ERROR
TWCE = (l<<TWINT 1=<THEN
SRR Tanamit STOP condifon
out TWCE rl
Mote:  For 1D regiatera ocated in exlendsd LD map, “I|W°, “OUT", “SBIS", “SBIC", “CBI", and “SBI inair uctlona muat be replaced with

natructiona that aliow accesato extendsd 180, Typically “LDS" and “STS" combinedwith “SBRS", “SBRC", “SBR", and “CBR".
Cac ché d¢ truyén phat dir liéu

TWI c6 thé hoat dong trong mot trong 4 ché do chinh . Chiing ¢6 tén 1a Master
Transmitter (MT) , Master Receiver (MR) , Slave Transmitter (ST ), Slave Receiver
(SR). Mot vai trong sO nhitng ché d6 d6 c6 thé duoc str dung trong nhiing tmg dung
giong nhau . Nhu 1a mot vi du , TWI c6 thé str dung ché do MT dé viét dir liéu vao
trong TWI EEPROM , ché d6 MR dé doc dit liéu trd lai tir EEPROM . Néu céc Master
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khéc dugc dua ra trong hé théng , mot vai trong sb ching c¢6 thé chuyén dir liéu dén
TWI , va sau d6 ché d6 SR s& duoc sir dung . N6 1a phan mém tng dung ma quyét dinh
ché d6 nao duoc st dung

Phan tiép theo miéu ta cdc ché do nay . Ma trang théi c6 thé dugc miéu ta cling
v6i cdc hinh v& chi tiét ctia qud trinh truyén dit liéu trong mdi ché d6 . Cdc hinh v& nay
bao gdm céc ki hiéu viét tit bén dudi :

S : diéu kién START

Rs : diéu kién REPEATED START

R : bit doc (mirc cao tai SDA )

W : Bit viét (mirc thap tai SDA )

A : bit nhan biét (mirc thap tai SDA )

A : bit khong nhan biét (mirc cao tai SDA)
Data : byte dit li€u 8 bit

P : diéu kién STOP

SLA : dia chi Slave

Trong hinh 97 d&én hinh 103 , vong tron dugc st dung dé hién thi rang cd TWINT
da dugc cai dit . S6 ciia vong tron chi ra ma trang thdi duoc giir trong TWSR , voi céc
bit bo dém gop trude duoc che boi 0 . Tai cac diém nay , hanh dong phai dugc thuc
hién bang g dung dé tiép tuc hoic hoan thanh qua trinh truyen TWI . Qua trinh
chuyén TWI dugc hodn cho dén khi c& TWINT bi x6a bang phan mém .

Khi c6 TWINT dugc cai dat, ma trang thdi trong TWSR duoc su dung dé xdc
dinh thich Gmg v6i hanh dong cua phan mém . Cho moi trang ma trang thai , hanh dong
can thiét ctia phan mém va chi tiét cua qua trinh truyén dir liéu nbi tiép bén dudi dugc
dua ra trong bang 88 dén 91 . Chi ¥ riang cdc bit ciia bo dém gop trudc duoc che 12 0
trong cic bang nay

Ché d6 bo chuyén phat Master (Master Transmitter Mode )

Trong ché d6 bo chuyén phdt Master , 1 sd céc bit ciia cdc byte dit liéu duoc
chuyén td1 mot bo thu nhan slave (xem hinh 96) . bé truy nhap vao ché do Master , mot
diéu kién START phai dugc chuyén phét di . Dang ctia cic g6i dia chi ké tiép duoc xdc
dinh ché do chuyén phat Master hoac ché do thu nhan Master duogc truy nhép . Néu
SLA+W dugc chuyén , ché 46 MT dugc truy nhap , néu SLA+R dugc chuyén phét , ché
do MR dugc truy nhap . TAt ca céc ma trang thai duoc noi dén trong phﬁn nay gia dinh
rang céc bit bo dém gop trudce 1a 0 hodc duge che béi 0 .
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Figure 96. Data Transferin Master Transmitter Mode

Mot diéu kién START duoc giri bing cdch viét gid tri dusi day 1én TWCR

TWCR TWINT TWEA TWETA TWSTO TWWE TWEHM = TWIE
value 1 X 1 o X 1 0 X

TWEN phai duoc cai dit dé kich hoat giao dién 2 ddy tuan tu , TWSTA phai
duoc ghi 12 1 dé chuyén mot diéu kién START va TWINT phai duoc viét 1a 1 dé x6a
¢ TWINT . TWI sau d6 sé& kiém tra bus 2 day tudn ty va sinh ra mot diéu kién START
chi can bus tré nén ranh rdi . Sau khi mot diéu kién START vira duge chuyén di, co
bdo TWINT dugce cai dit bang phan cing , va mé trang thai trong TWSR s& 1a $08
(xem bang 88) . Dé truy nhap vao ché dd6 MT thi SLA+W phai duoc chuyén di . Diéu
nay duoc thuc hién bang cdch viét SLA+W 1én TWDR . Sau d6 bit TWINT nén duoc
x6a (bang viéc viét nd 1a 1) dé tiép tuc truyén dit liéu . Pidu nay dugc hoan thanh bang
viéc viét gid tri ké tiép 1én TWCR

TWER TWINT TWEA TWSTA TWETO TWWC TWEN - TWIE
value 1 x ] 0 X 1 0 X

Khi SLA+W vira hoan thanh viéc chuyén phét , 1 g6i dir liéu nén duoc chuyén
phét . Piéu nay duoc thuc hién bang cdch viét byte dir liéu 1én TWDR . TWDR chi phai
viét khi TWINT & mirc cao . Néu khong , su truy cép s& bi hily bo , va bit xung dot viét
(TWWQC) s€ duoc cai dat trong thanh ghi TWCR . Sau khi cdp nhat TWDR , bit
TWINT nén bi x6a (bang viéc viét né 1a 1) dé tiép tuc qu4 trinh chuyén phét . Diéu nay
duoc hoan thanh bﬁng viéc viét gid tri sau 1én TWCR

TWER TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
value L X 0 o X L i} X

So do6 nay dugc lap lai cho dén khi byte cudi cling vira dugc giri va qud trinh
chuyén phat két thiic bang viéc sinh ra 1 diéu kién STOP hoac ldp lai di€u kién STOP .
1 diéu kién STOP dugc sinh ra bang viéc viét gid tri duéi ddy 1én TWCR :

TWER TWINT TWEA TWSTA TWSTO TWWC TWEN TWIE
vaiue 1 A 0 1 X 1 i A

Mot diéu kién REPEATED START duoc sinh ra bang viéc viét gid tri dudi day
1én TWCR

TWCR TWINT TWEA TWSTA TWSTD TWWE TWEN = TWIE
valus 1 X 1 ] X 1 o X

Sau khi mot sy 1ap lai diéu kién START (trang théi $10) giao di¢n 2 day tuan tu
c6 thé truy nhép slave giong nhau lai , hodc 1 slave méi thiéu qud trinh truyén mot diéu
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kién STOP . Lap lai START kich hoat master dé chuyén mach gitra céc slave , ché do
mady phéat Master va ché do bd thu nhan Master thiéu mat viéc di€u khién cua bus.

Table 88. Status Codes for Master Transmitter Mode

Sistug Cods
of the Two-wire Seria

FAoolicaton Sottware Reaponas

ALK naa been recened

Mo TWOR action or | 1

[TWSR) Siatua o To TWER
Preacaler Bita | Bua and Two-wire Serial Iner- | ¢ 0 TWOR = = =
are 0 face Hardware STA STO | TWINT | TWEA | Mext Action Taken by TWI Handware
] A BTART condifion has been | Load SLA+W i i 1 SLA+W will be tranamitied;

tramamite ACK or NOT ACK wil e receved
10 A repealed START condition | Load SLA+W or o o 1 BLA+W will be tranamitied;

na3 peen tranam tted ACK or NOT ACK will be recelved

Losd ELA+R 1] 1] 1 BLA+R will be tranamifted;
Lowgihc will swiich to masier receiver mods

318 Bl A+W naa besn tranamified; Load dats bytle or i a 1 Diata byie will be tranamitted and ACK or NOT ACK w

oe tranamitied

D& franamitisd and

NOT ACK haa been recetved

Mo TWOR action or | 1
Mo TWDH action or | @

Mo TWOR action 1

o 1 1 ETOP condition w
TWETD flag will be reast
1 1 1 STOP condition fodlowed by a START condition will be
tranamitted and TWETO tlag will be reast
20 B A+W naa besn tranam fiad, oad data byte or o o i Diata byte will be franamitted and ACK or NOT ACK w
WNOT ACK has been received be recehved
ho TWDH action or | 1 1] 1 Repesisd START will be tranamitied
Mo TWDH action or |0 1 1 STOP condithon will be franamitied and
TWETO flag will be reast
Mo TWDR action 1 1 1 ETOP condithon ioliowed by a START condition will be
tranamitied and TWSTO flag will be reast
i Datz byie nas besnfraramified; | Losd dats oyie or o il 1 Diata byte wil be ranamitted and ACK or NOT ACK w
ADH naa been receved be recehved
Mo TWDR action or | 1 il i Reoestsd START wil e franam ifted
ko TWDHR action or | D 1 1 ETOP condition will be franamitied and
TWETD flag will be reast
Mo TWDH acthon 1 1 1 STOP condition jodlowed by a START condition will be
tranamitted and TWSTO tlag will be reast
=0 Data byle has been tranamifted; | Load date byte or o 0 1 Data byte will be ranamitted and ACK or NOT ACK w

oe receved

Repesisd START will e franamitied

STOP condithon will be ranamitied and

TWETO fiag will be reast

STOP condithon ioliowed by a START condition will be

iranamitied and TWETO flag will be reast

Arpitration loat in SLA+W or data
oyi=3

A

Mo TWOR action or | @

Mo TWDR acthon i

Two-wine Serlal Bua w
zave mods entersd
A START comdition w

comes fres

b redeaged and not addregged

be tranamilisd wihen the Dea he-
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Fgure 97. Formats and States in the Master Transmitter Mode
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Ché d6 bo thu nhian Master (Master Receiver Mode )

Trong ché do bd thu nhan Master , 1 s cta céc byte dir liéu nhan tur 1 bo chuyén
phét slave (xem hinh 98) . D¢ truy nhap vao ché d6 Master , 1 diéu kién START phai
duoc chuyén phat . . Dang cua cdc g6i dia chi ké tiép duoc xdc dinh ché d6 chuyén phat
Master hodc ché do thu nhan Master dugc truy nhap . Néu SLA+W duoc chuyén , ché
do MT duoc truy nhap , néu SLA+R duoc chuyé-n phat , ché 36 MR dugc truy nhap .
Tat ca cdc ma trang thai dugc néi dén trong phan nay gia dinh rang céc bit b dém gop
trudc 1a 0 hoac duoc che bdi 0 .

Hinh 98 . chuyén dt li€u trong ché do bo thu nhan Master
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Fgure 88. DCata Transferin Master Receiver Mode

5

Mot diéu kién START dugc giri bang viée viét gid tri dudi day 1én TWCR :
TWCR TWINT TWEA TWETA TWSTO TWWC TWEHN = TWIE
valus 1 X 1 o x 1 o X
TWEN phai duoc viét 12 1 dé kich hoat giao dién 2 diy tuan ty , TWSTA phai
duoc ghi 1 1 dé chuyén diéu kién START va TWINT phai dugc cai dit dé xéa co
TWINT . TWI sau d6 s& kiém tra bus 2 ddy tuan ty va sinh ra mot diéu kién START chi
can bus tré nén tu do . Sau khi diéu kién START vira dugc chuyén di, co0 TWINT duoc
cai dat bang phan clmg , va ma trang thdi trong TWSR s& 12 $08 (xem bang 88). Dé truy
nhap vao ché 30 MR , SLA+R phai dugc chuyén di . biéu néy duoc thuc hién béng viéc
viét SLA+R 1én TWDR . Sau d6 bit TWINT nén bi x6a (bang viéc viét né 1a 1) dé tiép
tuc chuyén dit liéu . Diéu nay duogc thuc hién bang viéc viét gid tri dudi day 1én TWCR

TWCER TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
value 1 X 0 o X 1 i} X

Khi SLA+R vtra duoc chuyén va mot bit nhan biét vira dugc nhan , TWINT duoc
cai dat lai va 1 s ctia cdc ma trang théi trong thanh ghi TWSR 12 ¢6 thé . M4 trang thdi
c6 thé trong ché d6 Master 1a $38 , $40 , $48 . Hanh dong thich ddng duoc xay ra khi
cho mdi mot trong cdc ma trang thai thanh ghi dugc liét ké chi tiét trong bang 97 . Tin
hiéu da nhan c6 thé duoc doc tir thanh ghi TWDR khi ma c& TWINT duoc cai dit &
mirc cao bdi phan cimg . So dd nay duoc 14p lai cho dén khi byte cudi ciing dugc nhan .
Sau khi byte cudi ciing vira duge nhian , MR nén dugc thdng bdo ST bang viée gui 1
NACK sau khi byte dit liéu cudi cting dugc nhan. Su chuyén phat phai dugc két thic
bang viéc sinh ra mot diéu kién STOP hoic 1 diéu kién START duoc lap lai . Mot diéu
kién STOP duoc sinh ra bang viéc viét gia tri dudi ddy 1én TWCR

TWCR TWINT TWEA TWETA TWSTO TWWC TWEN - TWIE
e 1 X 0 1 b 1 0 X

Mot diéu kién REPEATED START duoc sinh ra bang viéc viét gid tri dudi day

lén TWCR :

TWCR TWINT TWEAR TWSTA TWETO TWWC TWEN - TWIE
valss 1 4 1 1] X 1 o X

Sau khi lap lai dleu kién START (trang thai $10)g1a0 dién 2 day tuan tu c6 thé
truy nhép lai vao slave gidng nhau , hodc 1 slave méi thiéu sy truyén phat 1 diéu kién
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STOP . Lap lai di€u kién START kich hoat master dé chuyén mach gitra cdc Slave , ché
do truyén phat Master va thu nhan Master thiéu vang sy mat dir liéu di€u khién trén bus
Fgure 99. Formats and States in the Master Receiver Mode
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Table 89. Status Codes for Master Receiver Mode

This rurmEas (eactddded
Ba cafkad amansed the Two-wing Sarial Bua Tha
SrEE SRS D ase B o

Ll aATand yhad
[ R T e ]

Thadodl O EaAd

TWER cormadse.

=

Batua Cods Appdcation Software Reaponas
TWER]) Bistua of the Two-wire Serig ToTWOR
Freaca'sr Bis Bus and Two-wire Serial Iner- Todom TWOR = =
ars 0 {ace Hardware ] STA STO | TWINT | TWEA | pext Action Taken oy TWI Hardware
308 A START condiion has been | Load SLA+R 1] 1] X SLA+R will be tranamitled
tranamitied ACK or NOT AGK will be received
210 A repeated START condilon | Load SLA+R ar a a b ELA+R wll pe tranamitted
n2g Desn franamitied ACK or NOT ACK will be received
Loed SLA+W 1] 1] i BLA+W will be tranamitted
Logic will swhch to masier tranamitter mode
55 Arpdtration boat in SLA+R or NOT | No TWDR actionor | O 1] X Tweo-wire Serial Bua will be released and not addreased
ACK bit glave mode will be enersd
ho TWDR action 1] ke A START comdition will be tranamitted when the bus
cecomes fres
240 SLA+R nas besn franamitied, No TWDR action or | D i o Daiz byie will be recetved and WOT ACK will bs
ADH nas been receved retunned
ho TWDR zciion o o Data oyie will be recetved and ACK will be returned
45 SLA+RA naa been tranamited, Mo TWDR action or | 1 1] X Repsated START wil be franamitied
WOT ACK nas been recsved Mo TWDR action or | O i STOP condiion will be tranamitted and TWSTO flagw
o0& redst
ho TWDR action i ETOP condition folowed by a START condithon will be
tranamitied and TWSTO flag will be reast
B0 Diats oyis haa Desn receved, Read dats byte or o o 1 il Daia byie will be received and NWOT ACK will bs
ADHK naa been returned retunned
Read dats oyie 1] Ju] Dtz byte will be received and ACK wll be returned
=8 Dzt byis nas besn receved; Re=d data oyis or 1 o i Reossted START wil be ranamitted
WNOT ACK nas besn retumed Read data oyis or 1] i STOP condition will be tranamitied and TWSTO flagw
o8 redst
Read datz oyis Z ETOP condition foliowed by a START condithon will be
tranamitted and TWST O fiag will be reast
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Ché d6 bo thu nhén slave (slave Receiver Mode )

Trong ché do bo thu nhan Slave , 1 s6 ctia céc byte dit liéu duoc nhan tir 1 bd
chuyén phét master(xem hinh 100) . Tt ca cdc ma trang thdi duoc néi dén trong phan
nay gia dinh riang cdc bit bd dém gdp trude 12 0 hodc bi che bdi 0 .

Figure 100. Data Transferin Slave Receiver Mode

SDA

i ¥

Dé khoi tao ché d6 bo thu nhan Slave , TWAR va TWCR phai dugc khdi tao nhu
bén dudi :

TWAR TWAE | TWAS | TWaa | TWa3 | WAz | TWA1 | TWAD TWGCE

walus Cewice's Own Blave Addreas

Hon 7 bit thi dugc danh dia} chi téi cdi ma giao di¢n 2 day tuan tu s& dép ung khi
duoc danh dia chi béi master . Néu nhu LSB duogc cai dat , TWI s€ dap ung dé danh dia
chi goi chung ($00) , n6i cach khac né s€ bo qua dia chi goi chung .

TWER TWINT TWEA TWSTA TWSTO TWWeC TWEN = TWIE

value a 1 0 O a 1 n) ¥

TWEN phai dugc ghi 12 1 dé kich hoat TWI . bit TWEA phai dugc ghi 1a 1 dé
kich hoat sy thtra nhan cua dia chi slave cua riéng thiét bi hodc dia chi goi chung .
TWSTA va TWSTO phai dugc ghila 0.

Khi TWAR va TWCR vira dugc khai tao , TWI doi cho dén khi né duoc ddnh
dia chi boi slave riéng ciia n6 (hodc dia chi 1énh goi chung néu duoc kich hoat ) duoc
theo bai bit dinh hudng dir liéu . Néu bit dinh hudng 12 0 (ghi ) , TWI s& hoat dong
trong ché d6 SR , néi cach khéc ché d6 ST duogc truy nhap .Sau khi dia chi slave riéng
cua né va bit ghi vira dugc nhan , co bao TWINT duogc cai dat va mot ma trang théi c6
hiéu Iuc c6 thé doc tir TWSR . Ma trang thdi duoc st dung dé xdc dinh hanh dong thich
d4ng ctia phan mém . Hanh dong thich ddng ctia phan mém tao ra trong mdi ma trang
thai dugc néu chi tiét trong bang 90 . Ché do b nhan Slave cling c6 thé duoc truy nhap
néu nhu qu4 trinh gidm dinh bj mit trong khi TWI trong ché d6 master (xem cic trang
thai $68 va $78)

Néu bit TWEA dugc reset trong sudt mot qud trinh chuyén phat , TWI s& phan
hoi mot “Not Acknowledge” “1” td1 SDA sau khi byte dir licu tiép theo duoc nhan .
Piéu nay c6 thé dugc sir dung dé hién thi rang Slave thi khong thé nhan bt ctr byte nio
nhiéu hon .Trong khi TWEA 1a 0 , TWI khong nhén ra dia chi slave riéng cia né . Tuy
nhién , bus 2 day tuan tu van duoc quan sat va sy nhan di¢n dia chi c6 thé khoi phuc tai
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bét ctr thoi gian nao bang viéc cai dit TWEA . Piéu nay ngu y rang bit TWEA c6 thé
duoc stir dung de ngat tam thoi TWI khoi bus 2 day tudn tur ,
Trong tit ca cic ché do ngt khéc hon 1a ché d6 Idle , xung nhip hé théng toi TWI

thi dugc tit .Néu bit TWEA dugc cai dat , giao dién c6 thé van nhan ra duoc dia chi

slave ctia riéng né hodc dia chi goi chung bang cach sir dung xung nhip bus 2 diy tuan

tu nhu 1a mot nguén xung nhip . B phéan sau d6 s¢ danh thirc khoi ché do sleep va TWI
s& gitr xung nhip SCL thap trong sudt qua trinh danh thirc va cho dén khi co bio
TWINT bi x6a (bang viéc viét né 1én 1) Su nhan dit liéu khéc s& dugc tiép tuc nhu binh

thudng , voi cdc xung nhip AVR dang chay nhu binh thuong . Chi ¥ rang néu AVR

duoc cai dat voi mot thoi gian khai dong dai , dudng SCL ¢6 thé duoc gilt & mic thap
trong mot thoi gian dai , viéc khoda cic qua trinh chuyén dir liéu khac

Chd ¥ rang thanh ghi dit liéu giao dién 2 ddy tuan ty - TWDR khong phan dnh

byte cudi ciing dugc dua ra trén bus khi dang danh thire tir cdc ché do ngu .

Table 80. Status Codes for Slave Receiver Mode

Stmus Coda Appiicefan Safwana Response
TWWER]} Staus of e Two-wine Serial Sus TaTWCH
Prancs e Bis and Tworwira Saoal ieriEos Tadam TWOE ==
= 0 Hardwara s STA T2 N NEA Het Action Tawen by TW I Hardware
80 Cran S+ has baan racawed; MoTWDR actonar | X a 1 a Daia byta will be received and NOT ACK will ba
ACK has baan retumed
Ma TWIH acian X a 1 1 be received and ACK will ba ratumad
268 Arbitraton foal i SlA-AAV e | Mo TWDOR acton o | X a 1 a will B récaived and NOT ACK will be
FiEs awm SLA+W has been
racarad; ACK has basn ratumad a TWIH acsan X a 1 1 will B8 racaiwed and ACK will ba ratumad
£T0 Ganarsl call addrass has baan MNa TWOR acton o X a 1 a vitl ba recaived and NOT ACK will ba
récarsad; ACK has basn ratumnad
Na TWDH acion X a 1 1 it Ba rece ived and ACH will ba natumad
&8 Arbiraton last n SLA-AAY as | Na TWOR acion o X a 1 a will bé receined and MOT ACK will be
rasder; Ganaral call address has T
Baan recanvad; ACK has basn HNa TWDH acian X a 1 1 Daria byte will ba racaived and ACK will ba raturmad
rerurmad
280 Pran sy addressad with own | Asad data byl or X a 1 a Dt byoa will be received and NOT ACK will ba
S dais has besn receed; neriurrad
-I.""{m:ua'| ot urmad Haad data byte X a 1 1 Daria byte widl ba racaived and ACK will ba raturmad
588 34: ausly addrassad with awn | Raad deta ke o a a 1 a Switchad %a e nat! addressed slava madae;
LA+, data has baan recared: Agm nc;;1 an o oam SLA o GCA
Z'IT ACK has baan netumad Raad daia byt ar a a 1 1 Switchad %3 $he nat addressed aiawe mode;
e BLA wl be rscs gead:
GCA will ba racognizad i TWGEEE = =17
Aand daa byte or il a 1 a Switchad o Tha not addressad sisce moda;
naracagrean of oan SLA aor GOA;
a START condifion will ba ransmitied whan tha bus
Besomes fras
Aaad dera yte 1 a 1 1 Switchad o $a nat addressed siace moda;
o SLA will ba racagnioad;
GCA will baracognizad i TWECE = =17;
a START condifon will b ransmited whan tha bus
becomes inaa
280 Praviausly addrassad with Aaad dma byta ar X a 1 g D bryte will ba racaived and MOT ACK will ba
ganaral cail; deta has baan re- merurmad
carvad; ALK has baean nafunad Asad dsta e X a 1 1 Data byte will e recaived and ACK will ba natumead
=] Pravaus’y addressad wit Aaad data byle o a a 1 a Switched otha not add-essed sfawe maodsa;
genaral caif; data has bean narecagason of gan SLA ar GOA
racarsad; MOT ACK has baan Raad daia byl ar a a 1 1 ot addrasaad sisrea mada:
merurmiad ba rasagrizad;
zad WECE = =1
Raad data byia ar 1 a 1 a 7t addrassad s
i o SLA ar GO
i fom s ted whan the bus
Raad daia byt 1 a 1 1 1] i addrassed siave mode;
will ba racaguzad;
GCA will ba racognized § TWECE = =17
2 START condson w ba tenemined whan the bas
bacomes iae
280 A S5TOP condifon ar rapasiad | Na Acion a a 1 a Switchad 2atha nat addressed siava moda;
START candsian has bean naracagison of oan SLA ar GCA
racarvad whiba a5l addrassed as a a 1 1 Switchad %tha not addressed sisve moda;
LS ] Swr BELA W Derecognzad:
GCA will ba racagnized # TWECE = =17
1 a 1 a Switched 0 tha not addoessed sfane moda;
narasagtan af aan SLA ar GCA;
a START condition will ba rammitied whan tha bus
1 a 1 1 Switched tathe nat addressed siee made;
Swn SLA Wl De recognizad:
_-|_J'|..-. ba :--;1 z:r:l WECE = 17
uE-'T'I.DT-:ﬂ:I 8 tarme e d when the bus
bacomes fraa
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Figure 101. Formats and States in the Slave Receiver Mode
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Ché @6 b chuyén phat Slave ( Slave Transmitter Mode)

Trong ché d6 bo chuyén phat Slave , 1 sb ctia cic byte dit liéu duoc chuyén phat
t&i mot bo thu master (xem hinh 102 ) . TAt ca céc ma trang thai duoc noi dén trong
phan nay gia dinh rang céc bit bd dém gdp trude 1a 0 hodc bi che 1én 0 .
Figure 102. Data Transfer in Slave Transmitter Mode
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Pé khoi tao ché d6 bd chuyén phat Slave , TWAR va TWCR phai dugc khdi tao
nhu duoi day :
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TWAR TWAS | TWAS | TWhA4 | TWAS | TWAZ | TWA1 | TWaD TWGCE
velus Denvice's Owen Slave Address

Hon 7 bit thi dugc danh die} chi t61 cdi ma giao dién 2 day tudn ty s& dép ung khi
dugc danh dia chi bdi master . Néu nhu LSB duogc cai dat , TWI s€ dap trng dé danh dia
chi goi chung ($00) , néi cach khac n6 s€ bo qua dia chi goi chung

TWCR TWINT TWEA TWETA TWSTO TWWE TWEN - TWIE
velus i 1 0 0 0 1 0 X

TWEN phai dugc ghi 12 1 dé kich hoat TWI . bit TWEA phai dugc ghi 1a 1 dé
kich hoat sy thtra nhan cua dia chi slave cua riéng thiét bi hodc dija chi goi chung .
TWSTA va TWSTO phai dugc ghila 0.

Khi TWAR va TWCR vira duoc khai tao , TWI doi cho dén khi né duogc danh
dia chi bdi slave riéng ctia né (hodc dia chi 1énh goi chung néu dugc kich hoat ) dugc
theo béi bit dinh hudng dir liu . Néu bit dinh huong 1a 1 (doc ) , TWI s€ hoat dong
trong ché d6 ST, néi céch khdc ché d6 SR duge truy nhap .Sau khi dia chi slave riéng
cua né va bit ghi vira dugc nhan , co bao TWINT duogc cai dat va mot ma trang théi c6
hiéu Iuc c6 thé doc tir TWSR . M trang thdi duoc st dung dé xdc dinh hanh dong thich
dang ctia phan mém . Hanh dong thich ddng ctia phan mém tao ra trong mdi ma trang
thi dugc néu chi tiét trong bang 91 . Ché d6 bo nhan Slave ciing c6 thé dugc truy nhap
néu nhu qu4 trinh gidm dinh bj mat trong khi TWI trong ché d6 master (xem cic trang
thai $B0)

Néu bit TWEA dugc viét 12 0 trong sudt 1 qué trinh chuyén phét , TWI s& chuyén
byte dit liéu cudi ciing ctia qud trinh chuyén phat . Trang thdi $CO va trang thai $C8 s&
duogc truy nhap , phu thudc vao b nhan master chuyén phat 1 NACK va ACK sau khi
byte két thic . TWI dugc chuyén mach toi ché d6 slave khong duoc dénh dia chi, va s¢
b6 qua master neu no tiép tuc truyén phdt . Vi vy bo thu nhan master nhan tat ca “1”
nhu 12 dir liéu ndi tiép . Trang thai $C8 duoc truy nhap néu cic byte dit liéu thém vio
su yéu ciu master (béng viéc truyén bit ACK), mac du slave vira truyén byte cudi cung
(TWEA 1a 0 va dang mong doi NACK tir master)

Trong khi TWEA 1a 0, TWI khong dédp tng t6i dia chi slave cta riéng n6 . Tuy
nhién , bus 2 day ndi tiép van duoc gidm sat va sy nhan dién dia chi c6 thé khoi phuc tai
bat ctr thoi gian nio bang viéc cai dat TWEA . Diéu nay tic 1a TWEA c6 thé str dung
dé ngit tam thoi TWI khoi bus 2 day tuan tir .

Trong tit ca cic ché do ngt khéc hon 1a ché d6 Idle , xung nhip hé théng téi TWI
thi dugc tit .Néu bit TWEA dugc cai dat , giao dién c6 thé van nhan ra duoc dia chi
slave ctia riéng né hodc dja chi goi chung bang cach sir dung xung nhip bus 2 diy tuan
tu nhu 1a mot ngué)n xung nhip . B phan sau d6 s€ danh thirc khoi ché do sleep va TWI
s& gitr xung nhip SCL thap trong sudt qué trinh d4nh thirc va cho dén khi cd bdo
TWINT bi x6a (bang viéc viét né 1én 1) Su nhan dir liéu khéc s& duoc tiép tuc nhu binh
thudng , v6i cic xung nhip AVR dang chay nhu binh thuong . Chi y rang néu AVR
duoc cai dat voi mot thoi gian khai dong dai , dudng SCL ¢6 thé duoc gilt & muc thap
trong mot thoi gian dai , viéc khéa cac qud trinh chuyén dir liéu khac

Trong tat ca cdc ché do nga khac hon 1a ché d6 Idle , xung nhip hé thong t&i TWI
thi dugc tit .Néu bit TWEA dugc cai dat , giao dién co thé van nhan ra duoc dia chi
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slave ctia riéng né hodc dja chi goi chung bang cach sir dung xung nhip bus 2 diy tuan
tu nhu 1a mot ngué)n xung nhip . B phan sau d6 s€¢ danh thirc khoi ché do sleep va TWI
s& gitr xung nhip SCL thap trong sudt qu4 trinh d4nh thirc va cho dén khi cd bdo
TWINT bi x6a (bang viéc viét n6 1én 1) Su nhan dir liéu khéc s& duoc tiép tuc nhu binh
thuong , voi cac xung nhip AVR dang chay nhu binh thuong .
Chd y rang néu AVR dugc cai dit véi mot thoi gian khoi dong dai , duong SCL
6 thé dugc gitt & mirc thap trong mot thoi gian dai , viée khéa cic qud trinh chuyén dir

liéu khac
Table 91.

Status Codes for Slave Transmitter Mode

Staus Code
MNER]
Pmscalar Bils
ara

Staus of hie Twa-wire Sar
md Two-wire Saral In
Fandwars

iEw
& w

]
-

G

Applcaton Softwans Ragponss

Tafrarn TWOR

Ta TWCR

STA | sTO | TWINT |T-.".-'I:-=

han Action Taken by TWI Hardwara

Table 91. Status Codes for Slave Transmitter Mode

2l Own SLA+R hasbaen received; | Loaddambylesr [ X 0 0 | Lestdaiabyle wd be rangmitied and NOT ACK shouid
ACK fias been retlened b raseved
Load data byt i 0 Data byle wi be ransrmitied and ACK shauld be re-
s ved
£3] Amirgion gl i SLA+RW a3 Loaddambylesr [ X 0 0 | Lestdalabyle will be vanamified and NOT ACK shauld
ragtar; awn SLA+F nas bagn b race vad
moeivad: ACK hasbeen relumed | Load data byte d 0 Data byle will be Yransmitied and ACK shauld b re-
o vad
it Data byle o TWOR flas baan laddambyesr | X 0 0 | Lesidatabyle wil be vansritied and NOT ACK shouid
bang ed; ACK has been b received
weeved Load data byt " 0 1| Data byle wil be rangmtied and ACK shou'd be re-
= ved
£C0 Data byie 4 TWOR fas bess No TWDR actanot | 0 0 1 0| Swisned s me noladdessed save made;
rangitied; NOT ACK hasbeen n Beogeisan of own SLA ot GCA
maeved No TWDR ackanar |0 0 Switchad Y ha nol addessed save made;
i SLA will e recognized;
GCA will be recngnized i TWECE = *1"
Na TWDR action ot 0 1 D | Swmnedis heintasdessed sae made,
"anTMw:-Ma.- be tmngTed whan e bus
sacames hes
Ko TWDFR acton 0 1| Bwished o ha noladdessed save made;
own SLA will b8 recognized;
GCA will be recognized A TWGCE = "1™,
aSTART condifinn wil be imnamiliad when he bug
spcames lee
£CE Lagtdata Byle & TWDF has been | Na TWDRastanar |0 0 0 | Swished 1o he noladdessed save made;
ranamitied {TWEA = "07): ACK N meageiian of own SLA or GCA
has been reseived No TWDRactonor | 0 0 Switthad 1o e notaddessed save made;
i SLA will e recognized;
CCA wil be ressgnized f TWECE = ™17
Na TWDF astian o 0 1 0 | Swished ¥ e noladdessed save made;
n meageian of own SLA or GCA;
aSTART condifian will be tansmilad when ha bus
sacames hes
N TWDR action 0 Twisned 1 ha noladdessed Save made;
own SLA will be recognized;
GCA will be recognized ATWGCE = "1™
a START condifion will be tanamitied when he bus
secames bee
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Figure 103. Formats and States in the Slave Transmitter Mode
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Céc trang thai hén hop

Trang thdi $F8 hién thi rang khong c6 thong tin x4c dang nao 1 kha dung bai vi
cd bao TWINT khéng duogc cai dit . Diéu nay xuat hién giita cdc trang thai khéc , va
khi TWI khong duogc chira trong mot qué trinh chuyén phét nbi tiép

Trang thdi $00 hién thi rang 1 bus 15i vira xuét hién trong sudt qué trinh chuyén
dir liéu ctia bus 2 dy tuan ty . 1 bus 16i xuat hién khi khi ma 1 diéu kién START hodc
STOP xuét hién tai mot vi tri khong hop 1€ trong dang khung truyén . Cc miu cla céc
vi tri khong hop 18 trong sudt qud trinh chuyen dtt li€u no1 tlep cua mot byte dia chi
mot byte dir licu, hodac mdt bit nhan biét . Khi mét bus 16i XUuat hién , TWINT duoc cai
dat . Dé khoi phuc tir mdt bus 16i , cd TWSTO phai dugc cai dat va TWINT phai b1 x6a
bang viéc viét muc logic 1 18n né . Piéu nay gy ra TWI truy nhap vao ché do Slave
khoéng dia chi dé x6a c& TWSTO (khong c6 bit nao khic trong TWCR bi anh hudng ) .
Cic duong SDA va SCL duoc giai phéng, va khong ¢ didu kién STOP nao dugc
chuyén di

Table 92. Mscellzneous States

Simus Coda dppilicaion Softwans Aespormses

ITWSR) Siwius of e Twoewira Sana Ta TWCR

Pragcsa- Big Sus ad Twa-wira Sana hia- Tadramn TWOH — T — —

ara iace Hardwana STA | 5TO | TWINT | TWER N Achan Taoan by TWI Hardwars

EFA Mo relevan? siate informadon | Ma TWDH aston Mo TWCH acian Wait or proosad currant ransiar
arvailabia; TWINT = 5T

200 Bus armar dus 90 an illegal | Ma TWDR aston a 1 1 X Only #he imamal hardwana is atisciad, no STOP candi-
START ar STOP candifion fion s santan the bus. In &l cases, e bus is ralaasad

and TWETO is clasrad
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Viéc két noi nhiéu ché do TWI noi tiép

Trong mdt vai trudng hop , cdc ché dd6 TWI phai dugc két ndi v6i nhau dé hoan
thanh cdc hanh dong thém . Coi nhu viéc doc dir li€u tur 1 nhiéu bd nh6 EEPROM .
Thong thuong , nhu 12 mot qud trinh chuyén phat chira cdc bude dudi dy

1. Su chuyén phét phai duoc khoi tao

2. EEPROM phai dugc huéng dan viing dia chi ma nén doc

3. qud trinh doc phai dugc tién hanh

4. qué trinh chuyén phét phai dugc két thic

chi ¥ rang dir liéu dugc chuyén tir master dén slave va qua vice versa . Master

phai huong dan slave viing dia chi ma né muén doc , su can thiét phai sir dung

ctia ché do MT . Nhu mot su xay ra sau , dir liéu phai duoc doc tir slave , va tién

hanh st dung ché ¢ MR . Vi vdy , huéng Chuyen dir liéu phai dugc thay d6i .

Master phai gilr sur diéu khién bus trong sudt nhing budc tiép theo , va cdc budc

nay nén dugc tlep tuc nhu mot qua trinh diéu khién nguyén fir . Néu nguyeén tic

nay bi vi pham trong mot hé théng nhiéu master, cdc master khic sau d6 c6 thé

d4nh dau dit liéu trong EEPROM gitta budc 2 va budce 3 , va master s& doc viing

dia chi dit liéu sai . Nhu 12 sy thay ddi trong hudng chuyén dit liéu thi duoc hoan

thanh bang viéc chuyén 1 diéu kién REPEATED START giita sy chuyén phat

ctia byte dia chi va sy tiép nhéan dit liéu . Sau m6t REPEATED START, master

giit quyén so hitu ctia bus . Hinh du6i day chi ra dong trong viéc chuyén phat nay

Figure 104. Combining Several TW| Modes to Access a Serial EEFPROM

Mastar Transmitiar Maslar Racavar
e e
— ——— — T
5 BLA-W A ADDRESS A | Be SLA-R A DATA Al R
5=S5TART B = BEFEATED START P =8TOP

Transmittad from mastar to slave l ‘ Transmittad fram slave o master

H¢ thong nhiéu master va sy kiem dinh

Trong mot hé thong nhiéu master duoc két nbi dén céc bus gidng nhau , cdc qua
trinh truyen c6 thé khoi tao mot cach d6ng thoi bang 1 hodc nhiéu trong 5O chung TWI
tiéu chuan dam bao rang nhu cic truong hop duoc diéu khién trong 1 cAch ma 1 trong
s6 nhiéu master s& cho phép dé tién hanh véi sy chuyén phat , va khong c6 dit 1iéu nao
bi mét trong tién trinh d6 . Mot vi du cia mot su tinh huéng kiém dinh dugc miéu ta
bén dudi , noi ma 2 master dang c6 gang chuyén dir liéu dén mot slave
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Figure 105. An Arbitration Example

Diawioe 1 Dzvyioz 2 Devce 3 -
MRATER MRATER TAVE | e Davice n RZ
TR T TER TR TTER RS R

r 3
= 1 ' | .

Nhiéu tinh hubng khdc nhau c6 thé phat sinh trong qu4 trinh kiém dinh , nhu 12
dugc miéu ta duoi day

2 hoac nhiéu master dugc dang sir dung truyén thong riéng biét voi céc slave
glong nhau . Trong truong hop nay , hoac la slave hoac la bét cr master nao s&
biét vé sy tranh chap b nhé

2 hodc nhiéu master dang truy nhap vao slave gidng nhau véi dir liéu khéc
nhau hoic bit dinh hudng . Trong trudong hop ndy , sy kiém dinh s& xuat hién ,
hodc 1a trong bit doc/viét hodc 1a trong cdc bit dir li¢u . Cac master dang cd
gang dé xuét ra 1 trén SDA trong khi céc dau ra master khdc 12 0 s& lam mat
su kiém dinh . Sy mit mat cua master s& chuyén mach t6i ché dd slave khong
dia chi hodc doi cho dén khi bus 1a tir do va truyén mot diéu kién START méi
, phu thudc vao hanh dong ctia phan mém g dung .

2 hodc nhiéu master dang truy nhép vao cic slave gidng nhau . Trong truong
hop nay , qua trinh kiém dinh s& xuét hién trong cdc bit SLA . Cdc master
dang c0 gang Xuat ra mot tin hiéu 1 trén SDA trong khi cac dau ra master khdc
1a 0 s& 1am mat mat dit licu .Su mét kiém dinh cua cac master trong SLA s€
chuyén dén ché d6 slave dé kiém tra néu ching dang dugc ddnh dia chi boi
master chién thing. Néu duoc ddnh dia chi , chiing s& chuyén toi ché do SR
hoac ST, phu thudc vao gid tri cia bit READ/WRITE . Néu ching dang duoc
danh dia chi , chuing s& chuyén t6i ché do Slave khong danh dia chi hodc doi
cho dén khi bus rdi va chuyen phat mot didu kién START méi, phu thudc vao
hanh dong ciia phan meém ung dyung .

Piéu nay duoc mod ta chi tiét trong hinh 106. gid trj trang théi c6 thé duoc dua ra
trong vong tron
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Figure 106. Possible Status Codes Caused by Arbitration

START

SLA

Dizta 5TOP

Arbitration last in SLA

Arbitration last in Data

T Bua wil B mdaaed dnd Aot o aae meds wilke anmand

Tt I.t.i'.t.ﬂ'm'-: ner il B DRAETEEE Wi T Pua e e

GATH] [me e wil b caimacians NOT S0K wi B8 atsmad

R [

s [aa can bye wilkamanambas and NOT ACK shouliBe meaied

UI . e wil Batane e and ACK shoul be ecai e
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XX . Analog comparator

B4 so sanh tuong tu so sanh céc gia tri cua d4u vao trén chan duong AINO va
chan am AIN1 . Khi di¢n &p trén chan duong AINO cao hon dién 4p trén chan am AIN1
, dau ra ctia bo so sanh tuong tuy ACO duoc cai dat . DAu ra ctia bd so sanh ¢6 thé duoc
cai dat dé khai dong chire ning truy bét tin hiéu dau vao ctia Timer/Counter 1 . Thém
vao d6 , bd so sanh c6 thé khoi dong 1 ngit riéng biét , danh riéng cho bd so sénh
tuong tu . Nguoi st dung c6 thé Iya chon khéi dong ngét ctia bd so sanh dau ra ting,
giam hodc di chuyén. Mot so d6 khéi cia bo so sdnh va cac khéi logic xung quanh nd
duoc chira ¢ hinh 107 .

Figure 107. Analog Comparator Block Diagram

BAMNDGAP
REFEREMNCE VGG

ACBG

SELECT IR

AlNA % T T =

ACIZT  ACISD  ACIC

ACD
—
AGIE
AlND ]
4 L] AMNALOG
| INTERRUPT _)—b COMPARATOR

ACME

ADEN _ —t L
TO TIC1 CAPTURE
X TRIGGER MUX
ADC MULTIPLEXER ACO »

auTPUT E a

Motes: 1. See Table 94 on page 229.
2. Referto Figure 1 on page 2 and Table 39 on page 81 for Analog Comparator pin placement.

Thanh ghi 10 chirc nang dac biét_ SFIOR

Bit3_ACME : Kich hoat by ddn kénh cua b0 so sanh tuong ty

Khi bit nay duoc viét 1a 1 va bd chuyén d6i ADC duoc tit (Bit ADEN trong
thanh ghi ADCSRA1a0), bo ddn kénh ADC lya chon dau vao 4m 1én bo so sanh
tuong tu . Khi bit nay duogc viét 12 0, AIN1 duogc dit 1én dau vao 4m ctia bo so sanh
tuong tu dé biét thém chi tiét cta bit nay xem trang 228

Duykhanh8x1311 @gmail.com 246




Hanoi University of Industry Datasheet ATMEGA 128

Thanh ghi trang thai va diéu khién bd so sanh twong tw ACSR

Bit 7_ACD : V6 hi¢u h6a b so sanh tuong tu

Khi bit nay duoc viét 1a 1 nguon cung cap toi bo so sanh tuong tu bi ngat
. Bitnay c6 thé duoc cai dit tai bat ¢t thoi diém nao dé tit bo so sdnh tuong tu. Piéu
nay s& lam giam t6n hao ngudn trong cic ché do Active va Idle . Khi thay doi bit ACD
, Cac ngét cua b0 so sanh tuong ty phai dugc vo hiéu hoa béng viéc x6a bit ACIE trong
thanh ghi ACSR . Né6i cdch khdc, 1 ngét c6 thé xuat hién khi bit nay bi thay do6i

Bit 6_ACBG : Lua chon khe song (bandgap ) cua bg so sanh tuong tu

Khi bit nay dugc cai dat , mot bandgap 6n dinh dién dp tham chiéu thay
thé dau vao duong dén bo so sanh twong tu . Khi bit nay bi xéa , AINO duogc dat 1én
dau vao duong cta bd so sdnh twong tu . Xem thém phan Internal Voltage Reference
trang 54

Bit 5. ACO :Pau vdo cia b0 so sanh tuong ty

PAu vao cua bod so sanh tuong tu duoc dé)ng bd héa va sau d6 duoc ndi
tryc tiép toi ACO , su ddng bo hda nay gy ra 1 tré trong 1 hodc 2 chu ki xung nhip

Bit4_ACI :Cd bdo ngit bo so sdnh tuong tu
Bit nay duoc cai dit bang phan ctimg khi ma 1 bién ¢ & dau ra ciia bo so

sanh khoi dong 1 ché d6 ngat dugc xdc dinh boi bit ACIS1 va ACISO . Chuong trinh
con phuc vu ngét bd so sanh twong ty duoc thuc thi néu bit ACIE duoc cai dat va bit I
trong thanh ghi SGDN duogc cai dit . Bit ACI bi x6a bang phan cimg khi ma viéc thyc
thi céc vector diéu khién ngit twong tng dugc hoan thanh . Nhu 1 sy Iya chon , ACI
duoc x6a bang cach viét murc logic 1 1én co ngat

Bit 3_ACIE : Kich hoat ngét bd so sdnh tuong tu

Khi ma bit ACIE duoc viét 1a 1 va bit I trong thanh ghi trang thai duoc cai dat ,
ngét cua b so sanh tuong ty dugc kich hoat . Khi dugc viét 12 0 thi ngét duoc vo hiéu
hoéa

Bit 2_ ACIC : Kich hoat truy bét tin hi¢u dau vao cua b0 so sanh tuong ty

Khi dugce viét 1a 1 bit nay kich hoat chirc ning truy bét tin hiéu dau vao trong
Timer/Counter 1 dé khoi dong béng bo so sanh tuong tur . Dau ra bd so sdnh trong
truong hop nay duoc nbi truc tiép dén cong logic front-end cta b truy bat tin hiéu dau
vao lam cho b so sanh tan dung cac khoa cat nhiéu va tinh nang lya chon sudn cua
ngit truy bat tin hiéu dau vao Timer/Counter 1 . Khi dugc viét 12 0, khdng c¢6 két ndi
nao gitra b so sanh twong tu va dau ra ciia khdi chirc ning truy bat tin hiéu dau vao .
Pé 1am cho bo so sdnh khoi dong ngat truy bat tin hiéu dau vao timer/counter 1 . Bit
TICIEI trong thanh ghi che ngét Timer (TIMSK) phai dugc cai dat

Bit 1,0 : Lua chon ché d6 ngét so sanh tuong tu

Cic bit nay xdc dinh cdi ma céc bién cb cua bd so sanh twong tu khai dong céc
ngét cua bd so sanh tuong tu . Vi¢c cai dit khac nhau dugc minh hoa ¢ bang 93

Duykhanh8x1311 @gmail.com 247




Hanoi University of Industry

Datasheet ATMEGA 128

Table 93. ACIS1/ACIS0 Settings

ACIS1 ACISD Interrupt Mode
0 0 Comparator Interrupt on Output Toggle
0 1 Reserved
1 0 Comparator Interrupt on Falling Cutput Edge
1 1 Comparator Interrupt on Rising Output Edge

Khi thay doi cdc bit ACIS1/ACISO cdc ngét ciia b so sanh twong tur phai dugc
vO hi€u hoa béng viéc )géa qéc bit kich hoat ngat cua n6 trong thanh g}li ACSR , n6i
cach khéc, 1 ngat c6 thé xuat hién khi ma cdc bit nay cé thé bi thay doi

Piu vao don kénh ciia bj so sanh twong tw

C6 thé lua chon bét clr chan nao trong cac chan ADC7..0 dé thay thé dau vao am
dén bo so sdnh tuong tu . BO ddn kénh ADC duoc su dung dé lya chon dau vao nay
kéo theo viéc ADC phai duoc tit dé dung tinh ning nay . Néu nhu bit kich hoat bo don
kénh ctia bd so sdnh twong tu (ACME trong SFIOR) duoc cai dit va bo chuyén ddi
ADC dugc tit (Bit ADEN trong thanh ghi ADCSRA 120 ) , cdc bit MUX2..0 trong
thanh ghi ADMUX lwra chon céc chan vao nay dé thay thé chan vao 4m dén b so sénh
tuong tu , dugc chi ra trong bang 94 . Néu ACME bj x6a hodc ADEN duoc cai dat , bit
AIN1 duoc dit 1én dau vao am t6i b so sdnh tuong tu

Table 94. Analog Comparator Multiplexed Input
ACME ADEN MUXZ..0 Analog Comparator Negative Input

0

E

X

AlMN1

L

AlMN1

000

ADCO

001

ADCH

010

ADC2

011

ADC3

100

ADC4

101

ADCS

110

ADCH

oo lo | o | o | o | o | o | =

ADCT
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XXI. B¢ chuyén d6i twong tu sang so0 (Analog to Digital Converter )

Cac dac diém :

Do chinh xac 10 bit

0.5 LSB Integral Non-Linearity

Khoang tuyét d6i +2 LSB

Thoi gian chuyén d6i tir 13 - 260us

Nang 1&€n 76,9 kSPS ( Nang 1én 15 kSPS ) & d§ chinh xdc cuc dai
8 kénh multiplexed single ended input

7 kénh dau vao riéng biét

2 kénh dau vao riéng bi¢t véi cdc do khuyéch dai

Su diéu chinh dy chuyén , Iva chon cho két qua doc bén ngoai ADC
0_VCC dai dién 4p dau vao ADC

C6 thé lya chon 2,56V dién dp tham chiéu ADC

Ché d6 chuyén ddi don hodc chay tu do

Ngit trén hoan thanh qua trinh chuyén d6i ADC

Khoa cat nhiéu ché do ngu (Sleep mode )

Céc tinh nang ctia Atmegal28 ¢6 1 bd ADC sap xi lien tiép 10 bit . B
ADC duoc két n6i dén 1 b don kénh tuong tu 8 kénh, cii ma cho phép 8 dau

vao dién 4p Singel ended . C4c dau vao dién dp single ended duoc dit 12 0 (chan

GND)

vao riéng biét (ADC1 , ADCO va ADC3, ADC2) dugc trang bi véi 1 cé)ng
khuyech dai c6 thé 1ap trinh , viéc cung cap cdc bac khuyech dai 12 0dB (1x) ,
20dB(10x) , 46dB(200x) trén cac céng dién 4p riéng bi¢t trude khi cé qua trinh
chuyén dbi A/D . 7 kénh dau vao tuong tu riéng biét chia sé 1 dau cudi 4m chung
(ADC1) , trong khi bét clr cdc dau vao ADC khac déu c6 thé duoc lya chon nhu
12 1 dau cudi dau vao duong . Néu do khuyech dai 1x hodc 10x dugc st dung , do
chinh xdc 8 bit c6 thé dugc chd doi . Néu do khuyech dai 200x duoc st dung , 6
chinh xdc 7bit ¢6 thé duoc chd doi .

dién dp dau vao dén ADC dugc gitr 6 1 mirc khong d6i trong sudt qud trinh
chuyén doi . So do khéi cua 1 b ADC dugc chi ra trong hinh 108

Thiét bi nay ciing hd trg 16 két ndi dau vao dién 4p riéng biét , 2 cip dau

Bo ADC bao godm 1 mach lay mau va mach gitt mirc cdi ma dam bdo rang

Bo ADC ¢6 1 chéan dién dp ngudn cép tuong tu riéng biét , AVCC . AVCC

phai khéc biét hon 0,3V tir chdn VCC . Xem phan khéa cat nhiéu ADC trén trang
236 dé biét cach két ndi cic chan nay . Céc dién dp tham chiéu bén trong ciia
dién ap thong thudng 2,56V hoac AVCC dugce cung cap trén chip . Pién ap tham
chiéu c6 thé tach roi tai chan AREF bang 1 tu dé c6 dugc cdc duong dic tinh
nhiéu t6t hon
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Figurs 108. Analag to Digital Convertar Black Schamatic
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B6 ADC chuyén ddi 1 dién 4p dau vao tuong tu thanh 1 gid tri s6 10 bit thong
qua cdc phép tinh xap xi lien tiép . Gi4 tri cuc tiéu dua ra & chidn GND va gi4 tri cuc dai
ctia dién 4p trén chan AREF tdi thiéu 1a 1 LSB . Su lwa chon gitta AVCC hoic 1 dién dp
tham chiéu bén trong 2,56 V ¢6 thé duoc két nbi dén chan AREF bang viéc viét 1én cdc
bit RESFn & trong thanh ghi ADMUX . Dién 4p tham chiéu bén trong c6 thé dugce tich
rdi bang 1 ty bén ngoai & chan AREF dé cai thién cdc nhiéu .

Kénh dau viao tuong tu va cc hé $6 khuyech dai riéng biét béng viéc viét 1én céc
bit MUX trong thanh ghi ADMUX bét cir chin nao trong s cdc chan dau vao ADC nhu
1a chan GND va di¢n ap tham chiéu bandgap on dinh , déu c6 thé duoc lya chon nhu 1a
céc dau vao Singel ended 1én cac chan ADC , 1 su lga chon cua céc chan dau vao ADC
¢6 thé duoc lya chon nhu 14 chan Am va duong 1€n cach bd khuyech dai riéng biét

Néu céc kénh riéng biét dugc lua chon , céng khuyech dai riéng biét sé khuyech
dai su chénh lech dién 4p gitra cac cap kénh dau vao duoc lya chon béng viéc lua chon
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hé sb khuyech dai . gid tri dugc khuyech dai sau d6 dugc tré thanh dau vao tuong tu
trong ADC . Néu céc kénh single ended duogc sir dung thi cidc bd khuyech dai dugc
chuyén qua ciing nhau .

Bo ADC duoc kich hoat bﬁng céch cai dat cac bit kich hoat ADC (ADEN trong
ADCSRA). Dién 4p tham chiéu va su Iira chon kénh dau vao s& khong dugc gdy anh
hudng vao bén trong cho dén khi bit ADEN dugc cai dit bd ADC thi khong tiéu hao
ngudn khi ma bit ADEN bi x6a vi vdy né dugc khuyén cdo dé ngit cic bo ADC trudc
khi truy nhap vao ché bo tiét kiém dién trong cac ché do ngu

B ADC phit ra 1 két qua 10 bit , cdi ma duoc dua ra trong thanh ghi dif liéu
ADC (ADCH va ADCL ) . Nhu mic dinh , két qua nay dugc duara 1 sy diéu chinh
ding nhung n6 c6 thé lua chon dé duogc dua ra sy diéu chinh di chuyén béng viéc cai
dat bit ADLAR trong thanh ghi ADMUX .

Néu nhu két qua dugc diéu chinh di chuyén va khong can d6 chinh x4c 16n hon 8
bit . N6 s& duoc tién hanh dé doc trong ADCH , néi cach khiac ADCL c6 thé duoc doc
dau tién sau d6 ADCH duoc doc , dé dam bao rang céc thanh phan cua cdc thanh ghi dir
liéu thudc vé céc qua trinh chuyén doi giéng nhau . Mdi 1an ADCL duogc doc thi bd
ADC truy cap vao cdc thanh ghi dit liéu bi khéa . Diéu nay c6 nghia 1a néu ADCL vira
duoc doc va 1 qud trinh chuyén doi hoan thanh trude khi ADCH duogc doc thi thanh ghi
duoc cip nhat dit liéu va két qua tir qud trinh chuyén doi d6 bi mat . Khi ma ADCH
duoc doc ADC truy cap dén céc thanh ghi ADCL ADCH dé kich hoat lai .

Bo ADC c6 cac ngét riéng cua né , cdi ma c6 thé duoc khoi dong khi ma c6 1 su
chuyén dbi hoan thanh . Khi b ADC truy nhip vao cdc thanh ghi dir liéu bi ngin cAm
giita qué trinh doc cia ADCH va ADCL , cdc ngit s& khoi dong dit néu két qua bi mat

Khéi dong 1 qua trinh chuyén déi

1 qué trinh chuyén ddi don dugc khoi dong bang viée viét mirc logic 1 1én bit
khdi dong chuyén doi ADC (ADSC ) . Bit naly & mirc cao chi can qud trinh chuyén d6i
dang tién hanh va s& bi x6a bang phan cimg khi ma qua trinh chuyén d6i hoan thanh .
Néu nhu 1 kénh dir liéu khéc dugc lya chon trong khi 1 qué trinh chuyén dbi dang tién
hanh, bd ADC sé& két thiic qud trinh chuyén d6i hién tai trudc khi sir If thay d6i kénh .

Trong ché do chay tu do, bd ADC 14y mau va cip nhat thanh ghi dir liéu ADC .
Ché d6 chay tu do dugc lya chon béng viéc viét bit ADFR trong thanh ghi ADCSRA la
1 . Qua trinh chuyén d6i dau tién phai dugc bat dau bang viéc viét mirc logic 1 1én bit
ADSC trong thanh ghi ADCSRA . Trong ché d6 nay , bd ADC sé tién hanh cic qua
trinh chuyén ddi lien tiép phu thudc vao trang thdi cia co ngét ADC (ADIF ) bi x6a hay
khong .
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Sw dém gop trude va gian do6 thoi gian ciia qua trinh chuyén doi

Figure 109. ADC Prescaler
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Theo mic dinh cdc mach tinh sap xi lién tiép can thiét 1 tdn s6 xung nhip dau vao
trong khoang 50 KHz — 200 KHz dé dat d6 chinh x4c cuc dai . Néu 1 d6 chinh xé4c thap
hon 10 bit 12 can thiét , tin s xung nhip dau vao 1én ADC c6 thé cao hon 200KHz dé
¢6 1 tdc bo 1dy mau cao hon

Modul ADC bao gém 1 b dém gop trudc , cai ma phat ra 1 tan s6 xung nhip
ADC c6 thé chap nhan dugc tir bat ctr 1 tan sé CPU nao duéi 100KHz . Sy dém gop
trude duge cai dat bang cdc bit ADPS trong thanh ghi ADCSRA . B6 dém gop trudc
bt ddu dém tir ldc ma bd ADC bi cit bang viéc cai dit bit ADEN trong thanh ghi
ADCSRA . B6 d&ém gop trude van gitt dang chay chi can bit ADEN duoc cai dit va lién
tuc khéi dong lai khi ADEN ¢ mtc thép

Khi khoi tao 1 chuyén d6i single ended bang viéc cai dat bit ADSC trong thanh
ghi ADCSRA , qua trinh chuyén di bat dau tir suon 18n ké tiép cta chu ki xung nhip_
ADC . Xem phan differential gain chanel trén trang 235 dé bit thém chi tiét vé gian dd
thoi gian ciia qué trinh chuyén doi riéng biét

Mot qué trinh chuyén doi thong tuong tao ra 13 chu ki xung nhip ADC . Chu ki
xung nhip dau tién sau khi ADC duoc dong (ADEN trong ADCSRA dugc cai dat ) tao
ra 25 xung nhip ADC theo thir ty khéi tao mach tuong tu .

Thuc té qud trinh 14y miu va giir mic xdy ra trong 1,5 chu ki xung nhip ADC sau
khi bat dau 1 qud trinh chuyen d6i thong thuong va 13,5 xung nhip ADC sau khi bat
dau 1 qud trinh chuyén d6i dau tién . Khi 1 qud trinh chuyén ddi dugc hoan thanh , két
qua duogc viét 1én céc thanh ghi dit licu ADC va ADIF duogc cai dat .Trong ché do
chuyén ddi don , ADSC dugce x6a 1 cach dong thdi . Phan mém sau d6 c6 thé cai dit
ADSC tré lai va 1 qud trinh chuyén d6i méi s& duoc khéi tao trén suon 18n dau tién coa
suon xung nhip ADC .

Trong ché do chay ti do , 1 qué trinh chuyén d6i méi s& dugc bat dau ngay 1ap
tire sau khi qud trinh chuyén ddi hoan thanh trong khi ADSC vén con lai & mic cao .
Cho 1 sy liét ké chi tiét vé thoi gian chuyén d6i xem bang 95
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Figure 110. ADC Timing Diagram, First Conversion {Single Conversion Mode)
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Figure 111. ADC Timing Diagram, Single Conversion
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Figure 112. ADC Timing Diagram, Free Running Conversicn
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Table 95. ADC Conversion Time

Sample & Hold (Cycles from Conversion Time
Condition Start of Conversion) (Cycles)
First corversion 13.5 25
Mormal conversions, single ended 1.5 13
Mormal conversions, differential 1.5/25 1314

Céc kénh khuyéch dai riéng biét

Khi sir dung céc kénh khuyéch dai riéng biét khdc nhau , cic dang da biét ctia qué
trinh chuyén d6i can dugc tao ra trong qu4 trinh xem xét .

Cic qud trinh chuyén dbi riéng biét thi duoc déng bd héa dén xung nhip bén
trong CKapco> bang Y2 chu ki xung nhip ADC .Qud trinh dong bd nay dugc thuc hién 1
cdch tu dong biang giao dién ADC theo 1 cdch ma qu4 trinh 1dy mau va giit mic xut
hién tai 1 suon xac dinh cua CKpc; . . MGt qua trinh khoi dong duoc khai tao béng
ngudi st dung (Tat ca cdc qué trinh chuyén dbi don , va qud trinh chuyén d6i chay tu do
dau tién ) . Khi ma CKpc, ¢ muc thap sé& tao ra cdc khoang thoi gian gidng nhau nhu
1a qué trinh chuyén doi single ended (13 xung nhip ADC tir chu ki xung nhip dugc dém
gop trudce tiép theo ) 1 qud trinh chuyén d6i duoc khai tao bai ngudi sir dung khi ma
CKapc> O mitc cao s& 1y mat 14 chu ki xung nhip tir bd phan dong bo héa . Trong ché
d6 chay tir do 1 qua trinh chuyén d6i méi dugc khai tao ngay lap tic sau khi ‘qud trinh
trudc d6 duoc hoan thanh , va do d6 CKpca ¢ muc cao tai thoi diém nay , tAt ca céc
ché do chay tu do duogc khorl dong 1 cich tu dong s€ mét 14 chu ki xung nhip ADC

Céng khuyéch dai duoc tdi wu héa cho dai tan sd ctia 4KHz tai tat ca cdc ché do
cai dat khuyé ch dai. C4c tan sb cao hon c6 thé dugc xdc dinh 1én qud trinh khuyé ch dai
khong tuyén tinh . 1 bd loc thong thap (low - pass) Ién dugc su dung néu tin hiéu dau ra
bao gdm céc thanh phan tan s6 cao hon dai song o cong khuye ch dai chd ¥ rang tan s
xung nhip ADC thi phu thudc vao gi6i han dai tan cua cong khuye chdai. Vidu: chu
ki xung nhip ADC c6 thé 12 6us , cho phép 1 kénh dugc ldy mau tai 12kSPS , bat chap
dai tan ctia kénh nay .

Sw thay d6i kénh hodic lwa chon méc chuin

Cac bit MUXn va REFS 1:0 trong thanh ghi ADMUX duoc ghi vao by dém don
thong qua 1 thanh ghi tam thoi 1én cai ma CPU sé€ truy cap ngau nhién . Pidu nay dam
bao rang cac kénh va su lya chon mdc chuan chi c6 thé xay ra tai 1 diém an toan trong
sudt qua trinh chuyen ddi . Kénh ma su lura chon moéc chuan thi tlep tuc dugc cap nhat
cho dén khi 1 qu4 trinh chuyén ddi duge bat dau . Mdi mot qud trinh chuyén d6i duoc
bat dau, cdc kénh va bo lya chon mde chuin bi khéa dé dam béo réng khoang thoi gian
14y mau cho ADC 1a ti uu . Viéc cap nhat lién tiép khdi phuc trong chu ki xung nhip
ADC cubi ciing trude khi ma qué trinh chuyén d6i dugc hoan thanh (ADIF trong
ADCSRA duoc cai dat ) . Chid ¥ rang qud trinh chuyén d6i nay bat dau trén sudn 1én
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tiép theo ctia xung nhip ADC sau khi ADSC dugc viét . Nguoi st dung do vay dugc
khuyén 1a khong dugc viét kénh méi hodc cdc gid tri lya chon mdc Chuan moi 1€n
ADMUX cho dén khi 1 chu ki xug nhip ADC sau khi ADSC dugc viét.

Truong hop dic biét nay nén duoc tao ra khi qud trinh chuyén ddi cdc kénh riéng
biét . C4c kénh riéng biét vira dugc lua chon , cong khuyé ch dai sé& tiéu ton nhiéu hon
125us dé dat duoc gid tri 6n dinh cta né vi vay qud trinh chuyén ddi nay khong nén
duoc bat dau sau khi viéc lua chon 1 kénh riéng biét méi . Nhu 1 su lya chon , két qua
cua qua trinh nay dat dugc trong vong chu ki nay 1én dugc bo di .

Thoi gian on dinh giéng nhau 1én dugc quan sét trong qud trinh chuyén doi riéng
biét dau tién sau khi su thay d6i mbc chuan ADC (bang viéc thay d6i céc bit REFS 1:0
trong thanh ghi ADMUX )

Néu nhu giao dién JTAG duogc kich hoat , chirc nang cua cac kénh ADC trén
cong PORT7:4 dugc ghi @& . Tham khao bang 42 trang 83

Cic kénh diau vao ADC

Khi viéc lIyra chon thay d6i cdc kénh , ngudi sir dung 1én quan sét cdc huéng
dan bén duéi dé dam bao réng viéc lya chon céc kénh dugc chinh xac trong ché
do chuyén ddi don , ludn ludn lya chon céc kénh trude khi khoi dong 1 qua trinh
chuyén doi. Su lya chon kénh c6 thé bi thay doi trong 1 chu ki xung nhip ADC
sau khi viét 1a 1 1én bit ADSC . Tuy nhién , phwong phap don gian nhat 12 doi cho
dén khi qud trinh chuyén d6i dugc hoan thanh trudc khi thay d6i lyra chon kénh .
Trong ché do chay tu do , lu6n lya chon céc kénh trudc khi bat dau qua trinh
chuyén doi dau tién . Syra lya chon kénh nay phai duogc thay d6i trong 1 chu ki
xung nhip ADC sau khi viét 1a 1 1én bit ADSC . Tuy nhién , Tuy nhién , phuong
phép don gian nhat 1a doi cho dén khi qud trinh chuyen c'101 dugc hoan thanh trudc
khi thay d6i Iwa chon kénh . Do d6 qué trinh chuyén d6i tiép theo s& san sang
duoc bat dau 1 cich tu dong , két qua tlep theo s€ dugc phan xa vao trong lya
chon kénh truéc d6 . Qud trinh chuyén d6i ké tiép s& phan xa 1 su lya chon kénh
mai

Khi qué trinh chuyén mach t6i 1 kénh khuyé ch dai riéng biét, KQ cua
qué trinh chuyén d6i dau tién c6 thé kém chinh xdc do su can thiét cta thoi
gian lang trong 1 mach khéa offset ty dong , Nguoi sir dung 1én bd qua cta
qué trinh dau tién

Pién ap tham chiéu ADC

‘Dién 4p tham chiéu cia ADC (Vrgr) hién thi 1 dai gid tri ctia qud trinh
chuyén doi cho bo ADC . Céc kénh single ended cai ma vuot troi hon gia tri
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(Vgep) thi s€ gay ra 1 doan ma dong 1én gia tr1 0x3FF . (Vggr) €6 thé duoc lua
chon gitra c4c gia tri AVcc, di¢n &p tham chiéu bén trong 2,56V hodc chan Vggg
bén ngoai

AVCC dugc ndi voi bdo ADC thong qua 1 bd chuyén mach bi dong . Dién
4p tham chiéu 2,56V bén trong duoc phét ra tir dién 4p tham chiéu bandgap bén
trong (Vpg) thong qua 1 bo khuye ch dai bén trong , trong truong hop nay chan
AREF bén trong dugc ndi truc tlep dén bo ADC, va dién ap tham chiéu c6 thé
duoc mién nhiém véi nhiéu hon bang viéc ndi 1 tu dién gitta chan AREF va chan
GND . Vggr ¢6 thé cling dugc do tai chan AREF v6i 1 von ké c6 tro khang cao .
Chi y rang Vger 12 1 nguodn tré khdng cao va chi 1a 1 tai dién dung 1én duogc két
ndi vao 1 hé théng

Néu ngudi st dung ¢6 1 ngudn dién dp 6n dinh duoc két ndi dén chan
AREF , nguoi sir dung khong thé lua chon cdc dién dp tham chiéu khéc , trong
céc tng dung do d6 ho sé rit ngan (shorted) dién dp bén ngoai . Néu khong ¢
ngudn dién 4p bén ngoai nao dugc dit vao chan AREF nguoi sir dung c6 thé
chuyén mach gitra AVCC va 2,56V nhu 12 1 lya chon dién dp tham chiéu . KQ
ctia qué trinh chuyén doi ADC sau khi viéc chuyén mach nguon dién ap tham
chiéu c6 thé khong chinh xdc , va ngudi st dung dugce khuyén 1a khong chap nhan
két qua nay

Néu céc kénh khéac nhau duoc st dung , dién 4p tham chiéu duoc lya chon
s& bi déng 1én chan AVCC nhu dugc hién thi trong bang 136 trang 326

Khéa cit nhiéu ADC

ADC c6 1 khéa cit nhiéu , cdi ma kich hoat qud trinh chuyén doi trong subt
ché d6 nga dé giam nhiu dugc dua ra tir 16i cia CPU va cdc ngoai vi 10 khéc .
Khéa cit nhiéu c6 thé duoc str dung véi ché d6 giam nhiéu ADC va ché do ban
Idle d¢ str dung tinh ning nay , 1 quy trinh dudi day 1én dugc sir dung
- Pam bao rang bo ADC duoc kich hoat va khong ¢ qua trinh
chuyén d6i nao dang ban . Ché d6 chuyén doi don phai duoc lva
chon va cdc ngit hoan thanh bd chuyén d6i ADC phai duoc kich
hoat
- Viéc truy nhap vao ché do giam nhiéu ADC hodc ché do Idle . Bo
ADC sé bat dau 1 qud trinh chuyén d6i mdi 1an ma CPU bj tam
dung
- Néu nhu khong c6 ngat nao khéc xuat hién trudc khi qué trinh
chuyén d6i ADC hoan thanh cic ngat ciia ADC s& danh thirc CPU
va cdc chuong trinh con phuc vu ngit hoan thanh qu4 trinh chuyén
d6i ADC . Néu 1 ngat khic danh thirc CPU trudc khi qua trinh

Duykhanh8x1311 @gmail.com 256




Hanoi University of Industry Datasheet ATMEGA 128

chuyén d6i ADC hoan thanh , ngit d6 s& duoc thuc thi, va 1 yéu

cau ngat hoan thanh chuyén d6i ADC sé& dugc sinh ra khi ma qud

trinh chuyén d6i ADC hoan thanh . CPU s& phuc hdi trong ché do

hoat dong cho dén khi 1 1énh sleep mo1 dugc thuc thi

Chi y rang :bd ADC sé& khong duoc tat 1 cdch ty dong khi truy nhap

vao cic ché do ngu khéc 2 ché do Idle va giam nhidu ADC . Nguoi sir dung
dugc khuyén 1a nén viét miic Zero 1én bit Adle trudc khi qué trinh truy nhép
vao nhiéu ché d6 ngu khac nhau dé tranh ton hao dién ap doan mach. Néu
nhu by ADC dugc kich hoat trong nhiéu ché d6 ngu va nguoi st dung
mudn tién hanh cdc qud trinh chuyén doi khic , nguoi stir dung duoc khuyén
1a tit ADC va sau d6 danh thure lai tir ché dd ngti dé yéu cau 1 qud trinh
chuyén doi mé rong dé lay 1 két qua hop 18

Mach dau vao twong tw

Mach dau vao tuong tu cho cic kénh single ended dugc minh hoa trong hinh 113
. 1 ngudn tuong tu dit 1én ADCn dé subjected 1én chin cua tu va input leakage ctia chin
d6 , bat chap viéc kénh d6 dugc lya chon nhu 12 1 ddu vao cho by ADC . Khi 1 kénh
duoc lua chon, ngué)n phai diéu khién tu S/H thong qua b dién tré (duoc két hop céac
dién trd ¢ trong dudng dan vao ) .

B6 ADC duoc tdi wu héa cho tit ca céc tin hiéu tuong tu voi tré khang dau ra
khoang 10KQ hodc nhé hon . Néu nhu 1 ngudn duoc sir dung , thoi gian 1dy mau sé
khong dang ké . Néu 1 ngudn véi tro khéng cao hon dugc sir dung , thoi gian léy mau
s& phu thudc vao khoang thoi gian ma ngudn d6 can dé nap vao twS/H, vaco thé bién
d6i rong . Nguoi st dung duge khuyen cdo chi su dung céc ngudn tré khang thap véi
céc tin hiéu bién d6i cham , do d6 diéu nay lam cyc tiéu thoi gian nap vao tu S/H .

Néu céc kénh ¢c6 do khuyé ch dai khéac duogc stir dung , mach d4u ra s& nhin
thdy 1 s6 diém khdc biét mic dii cdc nguédn tré khang ¢ 1 vai trim KQ hodc nho hon
dugc khuyén dung

Céc thanh phan cta tin hiéu cao hon tin s6 Nyquist (fapc/2) nén khong duge dua
ra cho cdc loai kénh khéc . Dé tranh bién dang méo tir unpredictable signal convolution

. Nguoi sir dung duoc khuyén 18n g6 bo cac thanh phan tan sb cdo bang 1 bd loc thong
thap trude khi viée ap dung céc tin hi€u nhu 1a cac dau vao téi béd ADC
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Figure 113. Analog Input Circuitry

ADCn . M
1..100 k&2
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|: CS’H= 14 pF
)

Vo2

Cong nghé khéa cit nhiéu Analog

Mach s6 bén trong va bén ngoai cua thiét bi phat ra EMI cdi ma c6 thé anh hudng
t6i do chinh xdc ctia b do twong tyr . Néu ddchinh xdc cia qud trinh chuyén doi 1a
quan trong , muc nhiéu c6 thé duoc - glam bang cdch 4p dung ki thuét dudi day :

- Giit cho cdc duong dan tin hiéu tuong ty ngan nhat ¢6 thé . Pam béo rang
cdc Analog track chay qua mat dat , va giir chiing trdnh xa bo chuyén mach
digital track toc do cao

- Chan AVCC trén thiép bi nén duoc két nbi véi dién dp ngudn cap sé Vee
nhu 1a 1 mang NC duogc chi ra trong hinh 114

- str dung chirc ning khéa cat nhidu dé 1am giam nhiéu tir CPU

- Néu bt clr chan cong nao cua ADC dugce sir dung nhu 12 1 dau ra sb diéu
thiét yéu 12 s& khong c6 sy chuyén mach nao trong khi 1 qud trinh chuyén
d6i dang tién hanh
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Figure 114. ADC Power Connections
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Mach bu Offset

Céng khuyé ch dai c6 1 mach khur build-in offset , cai ma triét tiéu offset ciia cac
bd do riéng biét nhiéu nhit c6 thé . Cdc offset con lai trong dudng dan twong tu c6 thé
duoc do truc tiép béng viéc lua chon cac kénh giéng nhau cho ca 2 loai dau vao riéng
biét . C4c phan du offset niy c6 thé duoc loai trir bang phan mém khoi két qua cua viéc
do . Viéc str dung loai phan mém sira 1 offset co ban nay , offset va céc kénh khic ¢6
thé duoc 1am giam bén dudi 1 LSB

Xac dinh d§ chinh xac cia ADC

1 n-bit single ended ADC chuyén dbi 1 dai dién 4p gitta chan GND va
chan Vggr trong 2" bac (LSBs) . Poan ma thép nhat duoc doc 12 0, doan ma cao nhat
doc1a2™" .

Hang loat tham sé dugc miéu ta do 1éch ly tuong tir qua trinh tién hanh

- Offset : do 1éch cua qua trinh di chuyen dau tién ( tir 0x000 dén 0x001 )

duoc so sdnh voi qud trinh di chuyén If tudng (6 0,5 LSB) . Gid tri 1i
tuong la 0 LSB
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Figure 115. Offset Error
Output Cadak

--==-= |daal ADC

— Actual ADC

Offeat
* Errar™

Vaer InputValttage

- L&i khuyé ch dai : Sau khi qud trinh diéu khién Offset 15i khuyé ch
dai duoc tim thay trong do 1éch di chuyén cudi ciing (0x3FE dén 0x3FF
) duoc so sanh voi su di chuyén Ii twong (6 1,5 LSB bén dudi mirc cuc
dai ) . Gi4 trj If twong 12 0 LSB
Figure 116. Gain Error

Cutput Cada & GEIIH_._
Ermar

ses== |daal ADC

——— Actual ADC

Vagr InputVoltags

- Integral non-linearity (INL) : sau qud trinh diéu chinh ctia Offset ,
va 16i khuyé ch dai , INL 1a d6 1éch cuc d:qli cua quad trinh di chuyén hién
thoi duoc so sanh voi 1 qud trinh di chuyén li tugng . Gid tri li tudng 1a
OLSB
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Figure 117. Integral Non-linearity (IMNL)

Output Coda k
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_____ Haal ADC
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Ve hputValtags

- Differential non—linearity (DNL) : do 1éch cuc dai cua actual code width
(doan gifra 2 sy di chuyén ké can ) tur ideal code width . Gia tri I tuong

la OLSB
Figure 118. Differential Mon-linearity (DML)

Output Coda &
Qx3FF
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Vaer InputValags

Loi lugng tir hda : du cho su lugng tir hda cia dién dp dau vao l1a 1 s6 hiru
han ctia cdc ma , 1 khoang gié tri cua dién dp dau vao (1LSB) s€ viét cac

gid tri gibng nhau : ludn ludn 13 +0,5 LSB .

Do chinh xdc tuyét dbi : PO 1éch cuc dai caa 1 qué trinh di chuyén thuc sy
(khong c6 diéu chinh ) dugc so sanh voi 1 su di chuyén 1f tuong cho bat cir
ma nao . Piéu nay 12 anh huong phic tap cta Offset 18i khuyé ch dai , cdc
16i khac Non-liearity , 16i lwong tir héa . Gid tri 1 tuéng 1a + 0,5 LSB
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Két qua ciia qua trinh chuyén d6i ADC

Sauk hi qu4 trinh chuyén ddi dugc hoan tit (ADIF ¢ mirc cao ) , KQ cua qué
trinh chuyén d6i c6 thé dugc tim thiy & trong thanh ghi Két qua ADC (ADCH va
ADCL)

Vi qud trinh chuyén d6i single ended , két qua 1a :

V- 1024

ADC =
VeeF

Noi ma VIN la dién 4p trén chan dau vao duoc lya chon va VREF duoc lua chon tur
dién 4p tham chleu (Xem bang 97 . 98 trang 242 ) . Bit 0x000 dugc ndi voi dat va

0x3FF duoc ndi véi dién dp tham chiéu duoc Ia chon nhé hon 1 LSB .
Néu céc kénh khdc duoc st dung két quala:

ipe - ProsVapg) - GAIN- 512

i:rrj%!}:' F

Noi ma Vpps la dién dp trén chan dau vao duong , Vngg 1a dién 4p trén chan dau
vao am GAIN duoc Iva chon 1a ti 1€ khuyé ch dai, va Vggr duoc lya chon dién dp tham
chiéu . Két qua duoc dua ra bang 2 dang , tir 0x200 (-512d ) théng qua Ox1FF (+ 511d)
. Chii ¥ rang néu ngudi str dung mudn tién hanh 1 qua trinh kiém tra nhanh cua két qua
, n6 phai dugc du dé doc MSB cua két qua bit cao nhat (ADC9 trong ADCH ) . Néu bit
nay duoc viét 1a 1 két qua 1a 4m , néu né6 12 0 két qua 1a dwong . Hinh 119 chi ra bd giai
ma cua dai tin hiéu dau vao khéc nhau

Bang 96 chi ra két qua ctia cdc ma dau vao , néu nhu céc cip kénh dau vao khic
nhau (ADCn — ADCm ) dugc lya chon véi 1 hé s6 khuyé ch dai GAIN 16n va dién dp
tham chiéu VREF
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Figure 119. Differential Measurement Range
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Table 96. Correlation Between Input Voltage and Output Codes

Vaocs Read code Corresponding decimal value
Vapo + Veep/GAIN Ox1FF 511
Vancoy + 511/512 Vpep /GAIN Ox1FF 511
Vancoy + 511/512 Vpep /GAIN 0x1FE 510
I'I'r_,:l:.:.-l- + 1'51 2 I'I'rp:EF.'.Glﬁ'.IN D.":.DD-I 1
(L Ox000 O
Vapoe - 1/512 Ve /GAIN Ox3FF -1
Vaneo = 511/512 Ve (GAIN Ox201 -511
I'I'r_;' Iy = I'I'rpEF 'GAIN DHEDD '51 2
Example:

ADMUX = 0xED (ADC3 - ADC2, 10x gain, 2.56Y reference, left adjusted result)
Voltage on ADC3 is 300 mY, voltage on ADCZ2 is 500 mV.
ADCR =512 * 10 * (300 - 500) / 2560 = -400 = Ox270

ADCL will thus read 0x00, and ADCH will read 0x8C. Writing zero to ADLAR right adjusts the
result: ADCL = 0x70, ADCH = 0x02.
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Chuwong trinh miu

Thanh ghi lya chon ghép kénh ADC_ADMUX

Bit 7 5] 5 4 3 2 1 4]
I —

ReadWnte

Initial WValus 0 0 0 0 0 0 0 0

Bits7:6_REFS 1: 0 . Cac bit lya chon dién dp tham chiéu
Cé4c bit nay lya chon di¢n &p tham chiéu cho bd ADC , nhu duogc chi ra
trong bang 97 . Néu céc bit nay bj thay doi trong subt qu4 trinh chuyén doi , sy thay doi
d6 s& khong c6 anh huong cho dén khi qud trinh chuyén doi duoc hoan thanh (ADIF
trong thanh ghi ADCSRA duogc cai dat) . Cac dién ap tham chiéu bén trong c6 thé sur
dung néu 1 dién apt ham chiéu bén ngoai dang duoc dit 1én chan AREF

Table 97. Vcltage Reference Selections for ADC
REFS1 | REFS0 | Voltage Reference Selection

0 0 AREF, Internal Vref turned off
AVCC with external capacitor at AREF pin

0 1
1 0 Rezerved
1 1

Internal 2.56V Voltage Reference with external capacitor at AREF pin

Bit 5_ADNAR : két qua diéu chinh di chuyén ADC

Bit ADNAR énh huong véi sw biéu dién cia két qua su chuyén doi ADC
trong thanh ghi dit liéu ADC . Viét mirc 1 1én ADNAR dé diéu chinh di chuyen sang
trai két qua . N6i cdch khéc két qua nay duoc diéu chinh ding . Viéc thay dbi bit
ADNAR s¢& anh huéng dén thanh ghi dir liéu ADC ngay lap tic , bat Chap bat cr qué
trinh chuyén d6i nao dang hoat dong . Dé ¢6 1 su miéu ta hoan chmh vé bit nay xem
thanh ghi dit lidu ADC_ADCH va ADCL ¢ trang 245

Bit 4..0_ MUX4 : 0 — bit lya chon hé sb khuyé ch dai va tuong tir .

Gid tri cua céc bit nay lya chon su két hop cua céic dau vao tuong tu dugc
két ndi téi ADC . Céc bit nay ciing lua chon cdc hé s6 khuyé ch dai cho cdc kénh khéc
nhau . Xem bang 98 . Néu cdc bit nay bi thay doi trong sudt qué trinh chuyén dbi . Su
thay d6i s& khong c6 hiéu lyc cho dén khi qud trinh chuyén d6i nay dugc hoan thanh
(ADIF trong ADCSRA dugc cai dat )
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Table 88. Input Channal and Gain Salactions

slngle- Ended Fosltive Differential Negative Differential
MUXA.0 | Input Input Input Galn
00000 ADCO
00001 ADCH
00010 ADCz
000 ADCS MA
00100 ADC4
00101 ADCs
00110 ADCE
001 ADCT
01000+ ADCO ADCO 10m
01001 ADCH ADCo 10w
o1010" ADCO ADCO 2000
01011 ADCH ADCo 200
01100 aDbCz ADCZ 10w
01101 ADCS ADCE 10
01110 ADCE ADCE 200
01 ADC3 ADCz 200
10000 ADCD ADC ix
10031 ADCH ADC ix
10090 MIA ADCz ADC 1=
10011 ADCE ADC i
10100 ADC4 ADC i
10101 ADCS ADC ix
10110 ADCs ADG ix
101 ADCT ADC 1%
1000 ADCD ADCz ix
1001 ADCH ADCz ix
101D ADCz ADCz 1=
1011 ADCE ADCZ i
100 ADC4 ADCz i
Thanh ghi trang thai va diéu khién ADC_ADCSRA
Bit T 5] B 4 3 2 1 (1]
ADEN | ADSC | ADFR | ADIF ADIE | ADPS2 | ADPS1 | ADPSO | ADCSRA
Read/Write AW AW AW RW RAW AW RIW AW
Initial Value 0 0 0 0 0 0 0 [}

Bits7_ADEN : Kich hoat ADC

~ Viéedatbitnay =1 s& kich hoat ADC . Néu =0 thi ADC bj tat . Qud trinh
di€u khién ADC tat trong khi 1 sy chuyén doi dang tién hanh s€ két thic qué trinh

chuyén doéi nay .

Bit 6 _ADSC : Bit dau qua trinh chuyén d6i ADC
Trong ché d6 chuyén d6i don , viét bit nay 1a 1 dé khoi dong mdi qud trinh
chuyén dbi . Trong ché d6 chay tu do viét bit nay 12 1 dé khoi dong qud trinh chuyén
d6i dau tién . Qud trinh chuyén d6i dau tién sau khi bit ADSC duoc viét sau khi ADC
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duoc kich hoat , hodc ADSC dugc viét ciing thdi diém véi ADC duogc kich hoat s& 14y
mat 25 chu ki xung nhip ADC thay thé cho ché do thong thudng 1a 13 . Qud trinh
chuyén ddi dau tién nay tién hanh khoi tao ADC

ADSC s& doc 1 1 chi can 1 qud trinh dang tién hanh . Khi qu4 trinh chuyén doi
duoc hoan thanh no € tré vé khong . Viéc viét 12 0 1&n bit nay thi s€ khong c6 hiéu luc
gi

Bit 5_ADSR : Lua chon ché do chay tu do ADC

Khi bit nay duogc viét 12 1 ADC hoat dong trong ché do chay tu do . Trong

ché do nay , ADC 1ay mau va cap nhat thanh ghi di liéu lién tiép . Viét bit nay 12 0 s&
két thic ché d6 chay tu do .

Bit 4_ADIF : Co bdo ngat ADC

Bit nay dugc cai dat khi 1 qué trinh chuyén d6i ADC dugc hoan thanh va cic
thanh ghi dir liéu dugc cép nhat cac ngit bao hoan thanh qud trinh chuyén d6i ADC
duoc thyc thi néu bit ADIE va bit I trong thanh ghi SREG duogc dét . ADIF bi x6a bang
phan cimg khi thyc thi xong cac vector diéu khién ngit twong ung . Nhu 1 sy lya chon,,
ADIF bi x6a bang viéc viét mirc logic 1 1&n cd . Chd ¥ rang néu dang thuc hién 1 qué
trinh Read-modify-Write trén thanh ghi ADCSRA , 1 ngit dang tién hanh c6 thé bi v
hiéu héa . Diéu nay ciing xay ra néu céc 1énh SBI va CBI duoc sir dung

Bit 3_ADIE : Kich hoat cic ngit ADC

Khi bit nay 13 1 va bit I trong thanh ghi SREG duoc dit thi co bdo ngit hoan
thanh qua trinh chuyén d6i ADC duoc kich hoat

Bit 2..0_ADPS 2:0 . Bit lya chon bo dém gdp trudc ADC

Céc bit nay x4c dinh hé sb chia giita tan s6 XTAL va céc xung nhip dau vao 1én
bd ADC

Table 88. ADC Prascalar Salactions

ADPS2

ADPS1

ADPSD

Divizion Factor

i)

i)

3

o

~
1]
A

2
4
B

16

32

=

1256
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Thanh ghi dit licu ADC _ ADCH , ADCL

ADLAR = 0:
Bit 15 14 13 12 11 10 B 8
- - - - - - ADC9 ADCs ADCH
ADC7 ADCs& ADCs ADC4 ADC3 ADC2 ADC1 ADCo ADCL
T (4] 5 4 3 2 1 0
ReadWrite R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 ] 0 0
0 a 0 0 0 ] 0 0
ADLAR =1:
Bit 15 14 13 12 11 10 B 8
ADCo ADCs ADC7 ADCs ADCs ADC4 ADC3 ADC2 ADCH
ADC1 ADCO - - - - - - ADCL
7 i 5 4 3 2 1 0
ReadWrite R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 1] 0 0 0 0
0 a 0 0 0 0 0 0

Khi qud trinh chuyén d6i ADC duogc hoan thanh , két qua duoc tim thay ¢ trong 2
thanh ghi . Néu 2 kénh riéng biét duogc sir dung két qua dugc dua ra trong 2 dang hoan
toan khac nhau .

Khi ADCL dugc doc thanh ghi dit licu ADC khong dugc cap nhat cho dén khi
ADCH duogc cdp nhat . Néu két qua duoc di chuyén va khong can do chinh xédc 8 bit,
n6 du diéu kién dé doc ADCH . Néi céch khdc ADCL phai dugc doc dau tién sau d6 1a
ADCH .

Bit ADLAR trong thanh ghi ADMUX va céac bit MUXn trong thanh ghi
ADMUX anh hudng 1én cidch ma két qua dugc doc tir cdc thanh ghi . Néu ADLAR
duoc dat két qua duoc diéu chinh di doi . Néu ADLAR bi x6a (nhu mic dinh ) . Két
qua la diung

Bit ADC9:0 . Két qua ctia qué trinh chuyén d6i .

Cic bit nay dua ra két qua cta qud trinh chuyén doi nhu duoc dua ra ¢
bang 241
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XXII . Giao dién JTAG va hé thong hiéu chinh 18i trén chip

Pac diem

Téng quan

giao dién JTAG ( phix hop véi tiéu chuan IEEE 1149)
kha ndng Quét gidi han bién (boundary — scan ) theo chuan IEEE1149
JTAG)
Bo hiéu chinh 16i truy nhap t6i

+ Tat ca céc thanh phan ngoai vi bén trong

+ RAM trong va ngoai

+ File thanh ghi bén trong

+ bo dém chuong trinh

+ Céac bd nhd EEPROM va bd nhé chuong trinh
HO trg hiéu chinh 16i trén chip mo rong cho céc diéu kién ngét (break)
bao gdm

+ 1énh ngat AVR

+ ding trén qud trinh thay doi ctia dong nhé chuong trinh

+ Budc dung don (Single Step Break )

+ 1ap trinh diém ngat bo nhd trén dia chi don hodc dai dia chi
Lap trinh Flash , EEPROM , cdu chi , va cic bit khéa thong qua giao
dién JTAG
D32 ho tro viéc hi¢u chinh trén Chip béi AVR studio

AVR phit hop véi tiéu chuan IEEE 1149 giao dién JTAG c6 thé dugc sir dung

cho :

- qué trinh kiém tra PCBs bénquéCh su dung kha nang quét bién JTAG
- lap trinh céc bd nhé khong thé thay doi , cdc bit cau chi va bit khoa

Qua trinh hiéu chinh trén chip

Mot sy mi€u ta ngan gon duogc dua ra trong cac phan bén dudi . Cac su

miéu ta chi tiét sau cho viéc 1ap trinh giao dién JTAG , va st dung chudi quét
bién c6 thé dugc tim thay trong phan “Programming Via the JTAG Interface “
trén trang 305 va “IEEE 1149.1(JTAG) Boundary scan “trén trang 252 . Sy hd tro
hiéu chinh 13i trén chip dang duoc xét dén céc 1énh JTAG riéng , va dugc phin
phéi trong khudén khé ATMEL va chi duogc lya chon 3 dai 1y cung cap

Hinh 120 chi ra mét so d6 khéi ctia giao dién JTAG va hé thong hiéu chinh

16i trén chip. Bo diéu khién TAP 1a mot bd mdy trang thdi (state machine ) duoc
diéu khién boi cac tin hiéu TCK va TMS . Bo c‘Tiéu khién TAP lua chon hoac la
thanh ghi 1énh JTAG hoac la 1 trong s6 rat nhiéu thanh ghi dit liéu nhu la mdt
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chudi quét (Shift Register) gitta ¢au vao TDI va dau ra TDO . Thanh ghi 1énh gt
céc 1énh JTAG diéu khién sy tién hanh xir If cia mot thanh ghi dit liéu .

Thanh ghi ID , thanh ghi Bypass , va chudi quét bién 1a c4c thanh ghi dir
liéu duogc stir dung cho qua trinh kiém tra board — level .Lap trinh gido di¢n JTAG
(thuc sy bao gdbm nhiéu thanh ghi vét 1y va thanh ghi dit liéu 40 ) duoc st dung
cho 14p trinh nbi tiép théng qua giao dién JTAG . Céc chudi quét va diém ding
chudi quét bén trong chi dugc st dung cho viéc hi¢u chinh 13i trén chip.

Cong truy nhap kiém tra — Test Access Port — TAP

Giao dién JTAG dugc truy nhép thong qua 4 chan cia AVR . Trong cong nghé
ctia AVR , cdc chin nay cu thanh cong truy nhap kiém tra — TAP . cdc chan d6 1a :

- TMS lya chon ché do kiém tra . Chan nay dugc st dung cho vi¢c dinh hudng
thong qua thiét bi trang thdi bo diéu khién

- TCK : kiém tra xung nhip . Hoat dong ctua JTAG thi dong bd héa 1én chan TCK

- TDI : kiém tra dit liéu vao . dit liéu cong vao ndi tiép dugc di chuyén vao trong
thanh ghi 1énh hodc thanh ghi dit liéu (chudi quét )

- TDO : kiém tra dit liéu ra . Dit liéu dau ra ndi tiép tir thanh ghi 1énh va thanh ghi
dir licu

Tiéu chuan IEEE 1149 cling xac dinh mot lya chon tin hi¢u TAP , TRST — Test
ReSeT — cdi ma khong dugc cung cap .

Khi ma cau chi JTAGEN khong dugc 1ap trinh , 4 chan TAP nay 14 chan cong
binh thuong va b diéu khién TAP thi trong ché d6 reset . Khi dugc lap trinh va bit JTD
trong thanh ghi MCUCSR bi x6a ,cdc tin hiéu dau vao TAP duoc kéo vao trong & muc
cao va JTAG dugc kich hoat cho chudi quét bién (boundary — scan ) va qud trinh 13p
trinh . Trong trudong hop nay , dau ra TAP 1a (TDO ) dugc di chuyen thay doi trong
trang thai ma ¢ d6 bo diéu khién JTAG TAP dang khong di chuyén dit liéu , va vi viy
phai duoc nbi dén mot dién tré pull- up hodc phan cimg khdc c6 tinh ning pull-up
(Chang han nhu dau vao TDI cua thiét bi tiép theo trong chudi quét ) . Thiét bi duogc di
chuyén véi cau chi duogc 1ap trinh .

Vé hé thong stra 16i trén chip , thém vao t6i cdc chan giao dién JTAG , chin
RESET duoc quan sat boi bd hi¢u chinh 16i ¢6 thé do toi cac nguf)n Reset bén ngoai .

B0 hi¢u chinh 101 cling c6 thé kéo chan RESET xudng murc thip dé reset toan bo hé
thong , gia st rang chi mo céc collector trén dudng Reset 1a duoc st dung trong g
dung nay .
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Fgure 120. Block Diagram
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Figure 121. TAP Controller State Diagram
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B¢ diéu khién TAP

Bo diéu khién TAP 12 mot co cdu trang thdi hiru han 16 trang thai ma diéu khién
hoat dong ctia mach chudi quét bién , mach 1ap trinh JTAG , hoac h¢ théng stra 10i trén
chip . Su chuyén doi trang thai dugc mo ta trong hinh 121 phu thudc vao tin hi¢u duogc
dua ra trén chan TMS (chi ra bén canh mdi su thay doi trang thai ) tai thoi diém cua
suon 1én TCK . Trang thai khoi tao sau d6 mot Reset Power-on 1a Reset kiém tra logic

Nhu duoc dinh nghia trong tai liéu nay , LSB duogc di chuyén vao trong va ra
ngoai trudc tién cho tat ca cc thanh ghi Shift

Gid thiét rang Run-Test/Idle 12 trang thdi dugc dua ra , Mot chudi su kién binh
thuong cho viéc st dung giao dién JTAG la :

- Tai dau vao TMS , ap dung lién tiép 1, 1,0, 0 tai cac suon lén cua TCK
dé nhap vao thanh ghi 1énh Shift — Shift - I state . Trong khi trong trang
thdi nay , di chuyén 4 bit caa 1énh JTAG vao trong thanh ghi 1énh
JTAG tir dau vao TDI tai sudn 1én cau TCK . DPau vao TMS phai duoc
giit & muc thap trong sudt dau vao cau 3 LSB theo thir tu con lai trong
trang thai Shift — IR . MSB cua 1énh duoc di chuyén trong khi trang thai
nay duoc di chuyén bang cach cai dat TMS & mic cao . Trong khi 1énh
duoc di chuyén tir trong TDI , trang thdi IR-state da bat duoc di chuyén
ra ngoai trén chan TDO . Lénh JTAG luya chon thanh ghi dir liéu ri€éng
nhu dudng dan gitta TDI va TDO va diéu khién cdc mach xung quanh
thanh ghi dugc lya chon

- Ap dung lién tiép 1,1 ,0 dé truy nhap lai vao trang thii Run-Test/Idle .
Lénh duoc chét trong dau ra song song tir dudng dan thanh ghi Shift
trong trang thai Update-IR . Trang thai Exit-IR , Pause —IR , va Exit2-
IR chi dugc stir dung cho viéc dinh hudéng co cAu lya chon trang thai

- Tai dau vio TMS , dat lién tiép 1 , 0, O tai sudn 1én ctia xung TCK dé
truy nhap thanh ghi dit li€u Shift — Shift-DR . Trong trang thai nay , cap
nhat thanh ghi dir liéu dugc lua chon (dugc lya chon béng Iénh JTAG
duoc dua ra trong thanh ghi 1énh JTAG )tur dau vao TDI tai sudn 1én
ctia TCK . Dé ma giir nguyén trong trang thai Shift-DR , dau vao TMS
phai duoc giit thip trong sudt dau vao cua tat ca cic bit ngoai trir MSB .
MSB cua dit liéu dugc di chuyén trong khi trang thdi nay dugc di
chuyén bang viéc cai dat TMS & mitc cao . Trong khi thanh ghi dir liéu
dugc di chuyén khéi chan TDI , cdc dau vao song song dén thanh ghi
dir liéu da truy bét trong trang thal Capture-DR duoc di chuyén ra ngoai
trén chan TDO

- Ap dung TMS lién tiép 1, 1 ,0 dé truy nhap lai trang thai Run-Test/Idle .
Néu thanh ghi dir li€u da lya chon c6 mot dau ra song song duoc chét ,
qué trinh chét s& xay ra trong trang thdi Update-DR . Cdc trang théi
Exit-IR , Pause —IR , va Exit2-IR chi dugc stir dung cho viéc dinh huéng
co cu trang théi .

Duykhanh8x1311 @gmail.com 271




Hanoi University of Industry Datasheet ATMEGA 128

Nhu duoc chi ra trong so d6 trang thdi , trang thdi Run-Test/Idle khong can duoc
truy nhap gitra viéc lya chon 1énh JTAG va viéc st dung cic thanh ghi dir li¢u
va vai 1énh JTAG c6 thé Iira chon cdc ham chic chan dé tién hanh xtr Iy trong
trang thai Run-Test/Idle , lam n6 khong thich hgp nhu 1a mdt trang thai Idle

Chd ¥ : phu thudc vao viéc khéi tao cia bd diéu khién TAP , trang thai
Test-Logic-Reset ¢6 thé ludn dugc truy nhap bang viée giit TMS ¢ mitc cao trong
5 chu ki xung nhip TCK

Dé thém thong tin chi tiét vé céc dac diém cua JTAG , tham khao thém
phan “bibliography” trang 251

Sir dung chudi quét bién (Boundary —scan chain )

MOt sy miéu ta hoan thién ctia kha ning quét bién duoc dua ra trong phan “IEEE
1149.1 JTAG) Boundary —scan . trén trang 252

Sir dung hé thong hiéu chinh 15i trén chip

Nhu di chi ra trong hinh 120 phan ctng hd trg cho qud trinh hiéu chinh 15i trén
chip bao gdm céc thanh phan chinh sau :

-1 chudi quét (scan chain) trén giao dién gitta CPU AVR bén trong va
cic thanh phan ngoai vi bén ngoai .

- Thanh phan diém dimg (break point )

- Giao dién truyén thong gitra CPU va hé théng JITAG .

TAt ca céc qué trinh doc hoac stra ddi /ghi can thiét cho qué trinh thyc thi ctia b
hiéu chinh 18i déu duoc thuc hién bang viéc dit cdc 1énh AVR thong qua chudi quét
AVR CPU . CPU gui két qua dén dén mot bd nhé I/O duoc dinh vi trong ving nhd ma
12 1 phan coa giao dién truyén thong gitra CPU va hé théng JITAG

Thanh phan diém ding (Break point ) xu Ii dung trén diém thay doi ctia dong
chuong trinh , bude dung don , 2 diém dimg bo nhd chuong trinh , va 2 diém dimng
dugc noi . Cung v6i d6 , 4 diém dung ciing c6 thé duoc ciu hinh nhu sau

- 4 diém dl‘mg bd nhé chuong trinh don

- 3 diém dimg bd nhd chuong trinh don + 1 diém ding bd nhé dit lidu
don

- 2 diém ding bo nhé chuong trinh don +2 diém ding bo nhé dit lidu
don

- 2 diém dimg bd nhd dit liéu don +1 diém dimg bd nhé dit liéu voi mask
(khoang diém ding )

- 2 diém ding bo nh¢ dit liéu don + 1 diém ding bo nh¢ dit lidu véi
mask (khoang dlem dung )

Mot bo hiéu chinh 16i , gibng nhu AVR studio , tuy c6 thé st dung mot hodc
nhiéu hon cdc ngudn tai nguyén cho cdc muc dich bén trong né , truyén tai dé dang dén
ngudi st dung cubi
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Mot danh sich cua cdc dac tinh hi€u chinh trén chip cua céac I¢énh JTAG dugc dua
ra trong “On-chip Debug Specific JTAG Instructions “ trang 250

Cau chi JTAGEN phai duoc 1ap trinh dé kich hoat cong truy nhap kiém tra JTAG
. Thém vao d6 , ciu chi OCDEN phai duoc 1ap trinh va khong c6 bit khéa nao phai
duoc cai dat cho hé théng hiéu chinh 13i trén chip dé hoat dong . Nhu mdt tinh nang bao
mat , hé théng stra 16i trén chip bi vo hiéu héa khi bat ctr bit khéa ndo duge cai dit . N6i
cach khdc , hé thong stra 13i trén chip s& cung cép 1 ctra sau (back-door) vio trong thiét
bi ¢ dinh (secured device )

AVR studio kich hoat mot ngudi sir dung dé diéu khién day da qud trinh thyc thi
ctia chuong trinh trén mot thiét bi AVR véi tinh ning sira 16i trén chip , B6 md phong
mach dién trong AVR , hoac b mo6 phdng cai dat 1énh buil-in trong AVR . AVR Studio
hd trg ngudn thyc thi cia chuong trinh Assembly dugc thyc thi voi Atmel
Copporation’s AVR Assembler va ciac chuong trinh C trinh bién dich véi trinh céc trinh
bién dich Vendor

AVR studio chay duéi cac hé diéu hanh ctia window nhu XP , NT , 2000

Vé mot sy miéu ta ddy di cho AVR Studio , 1am on tham khao thém phan huéng
dan st dung AVR Studio c6 thé tim thiy trén muc online help trong phan mém AVR
Studio . Chi ¢6 céc diém quan trong duoc dua ra trong tai liéu ndy .

Tat ca cdc 1énh thuc thi can thiét thi déu c6 thé sir dung trong AVR Studio , ca
hai nguon level va khong phai Assembly . Ngudi st dung c6 thé thyc thi chuong trinh ,
budc don thong qua doan mi bang viéc v& vao trong (tracing) hodc nhdy qua cic chiic
nang ,

Cac Iénh hiéu chinh xac dinh JTAG trén chip
Hiéu chinh trér} chip hd trg duogc cpi nhu cic 1énh JTAG chuyén dung va duoc st
dung trong khudon kho cia ATMEL va dé lya chon third-party vendors . C4c 1énh dugc

liét ké cho su tham khao

PRIVATEO;$8 1énh JTAG ri€ng cho su truy nhap hé théng hiéu chinh 16i trén

chip

PRIVATEL;$9  1énh JTAG riéng cho sy truy nhap hé thong hiéu chinh 13i trén
chip

PRIVATE2;$A  1énh JTAG riéng cho sy truy nhap hé thdng hiéu chinh 13i trén
chip

PRIVATE3;$B  1énh JTAG riéng cho sy truy nhap hé thong hiéu chinh 13i trén
chip
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Hiéu chinh 16i trén chip lién quan dén thanh ghi trong viing nhé I/0

Thanh ghi hiéu chinh trén chip — OCDR

Bit ) 6 5 1 3 2 1 0

| wsBADRD Lse | ocor
Re=ad Write RMW RAN RAN RAN RW RAN RAW RAN
Initizl Valus 0 i i i i i i i Thanh ghl OCDR

cung cip mot kénh truyen thong tir chuong trinh dang chay trong vi diéu khién dén bod
hiéu chinh 18i .CPU c6 thé chuyén mot byte dit 1iéu dén bo hiéu chinh 13i bang viéc viét
1én viing nhd nay .Tai cing thoi diém nay ,mot ¢ bén trong ,thanh ghi hiéu chinh /O
diri — IDRD- dugc cai dit dén bo hiéu chinh ma thanh ghi dugc viét . Khi CPU dit
thanh ghi OCDR 7LSP s€ tir thanh ghi OCDR .Trong khi MSB 1a bit IDRD. B hi€u
chinh x6a bit IDRD khi n6 vira doc thong tin

Trong mot vai thiét bi AVR ,thanh ghi nay dugc chia s& voi mot vung nho I/O
chuan .Trong trudng hop nay thanh ghi OCDR c6 thé chi dugc truy cap néu cau chi
ODCEN dugc 1ap trinh ,va bo hi¢u chinh kich hoat sy truy nhat dén thanh ghi OCDR
.Trong tat c4 céc truong hop khic ,vung nhé6 /O chuan duoc truy nhap .

Tham khao tai liéu hudng dan su dung bo hiéu chinh, dé biét them thong tin vé
céac su dung thanh ghi nay .

St dung tinh nang 1ap trinh JTAG .

Viéc 1ap trinh ctia cdc phan AVR thong qua giao dién JTAG dugc tién hanh
thong qua 4 chan cong JTAG, TCK ,TMS, TDI,TDO. Chi c6 c4c chan cong ma can
thiét dé 1ap trinh dé tién hanh 1ap trinh JTAG (thém vao cédc chan ngudn ). Néu nhu
khéng can thiét dé dat dién dp 12v bén ngoai .Cau chi JTAGEN phai duoc 1ap trinh va
bit JTD trong thanh ghi MCUCSR phai dugc x6a dé kich hoat cong truy nhap kiém tra
JTAG

Tinh ning 14p trinh JTAG hd trg :

- Lap trinh Flash va qua trinh phan tich

- Lap trinh EEPROM va qua trinh phan tich

- Lép trinh cau chi va qu4 trinh phan tich

- Lap trinh bit kh6a qua trinh phan tich
Bit khéa an toan thi chinh xdc nhu trong ché d6 1ap trinh song song .Néu nhu céc bit
khéa LB1 va LB2 dugc 13p trinh ,cau chi ODCEN khong thé duoc 1ap trinh trur khi
hanh déng dau tién cua chip bi x6a .day 12 mot dic tinh bao mat ma dam bao rang
khong ¢ ctra ra back — door cho vi¢c doc ngoai cac thanh phén ctia thiét bj .

Chi tiét trén viéc lap trinh thoéng qua giao dién JTAG va cic 1énh xé4c dinh JTAG
duoc dua ra trong phan ® Lap trinh thong qua giao dién JTAG trang 305.
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Thu muc
Pé thém thong tin chung vé chudi quét bién ,tham khéo céc tiéu chuan sau:
IEEE 1149 (JTAG) quét bién

Pic diém

- Giao dién JTAG (phi hop véi tiéu chuan IEEE 1149)

- Tinh nang quét bién theo chuan JTAG

- Quét day du tat ca cdc cong chire ning tot nhu mach tuong tu ¢6 két nbi Off-
chip

- HO tro lya chon 1énh IDCODE

- Thém vao 1énh AVR_RESET dé reset AVR

Téng quan hé thong

Chudi quét bién ¢6 tinh nang cua qua trinh dleu khién va quan st cdc muc logic trén
cdc chan I/O s6. t6t nhu bién giita cong logic sd va tuong tu cho cdc mich tuong tu co
két néi OFF — chip .Tai mirc hé thong, tat ca IC C6 tinh nang JTAG dugc ndi ndi tiép
v6i céc tin hiéu TDITDO t6i dang mot thanh ghi sip dai .Mot bo dicu khién bén ngoai
cai dat thiét bi dé diéu khién gid tri tai cac chan dau ra cua ching ,va quan sat cic gid tri
dau vao duoc nhén tir cdc thiét bi khdc .Bo dieu khién so sénh céc dit liéu nhan véi céc
két qua mong mudn .Theo céch nay chudi quét bién cung cap mot cong cu cho viée
kiém tra cdc lién két va cdc dir liéu ctia c4c thanh phan trén bo mach in bang cach sir
dung 4 tin hi¢u TAP

4 tigu chuan IEEE 1149.1 xdc dinh céc 1énh JTAG bit bugc :IDCODE
,BYPASS,SAMPLE/PRE LOAD,va EXTEST ,nhu 1a nhitng 1énh thong dung xéac dinh
AVR _RESET c6 thé duoc str dung cho viéc kiém tra bo mach in .Khoi tao mot qua
trinh quét cua duong dan thanh ghi dir liéu sé& chi ra ma ID cua thiét bj .Do ma IDCODE
12 1énh mich dinh ciia JTAG N6 c6 thé khong duge xét dén dé c6 mot thiét bi duoc
reset trong ché d6 kiém tra .Néu khong reset cac dau vao tGi thiét bi c6 thé bi két thic
bang qud trinh quét ,va phadn mém bén trong c6 thé trong mot trang thai khong xéc dinh
khi thodt ra khoi ché d6 kiém tra .Nhap 1énh reset ,cac dau vao ctia bat cr mot chan
cong nao sé& truy nhap ngay vio tranh thdi trg khang cao, 1am cho 1énh HIGHZ bj thira
Néu can 1énh BYPASS ¢6 thé c6 thé dugc ban hanh dé 1am cho chudi quét ngan nhat
c6 thé di qua thiét bi ,thiét bi c6 thé cai dat trong trang thai reset béng viéc kéo chan
reset ngoai xudng muyc thap hoic dua ra 1énh AVR_RESET vdi sy cai dit caa thanh ghi
dir liu reset

Lénh EXTEST duoc st dung cho cdc chan 14y mau bén ngoai va cdc chan tai dir
liéu ra .Dir liéu tir chd chdt dau ra s& duoc diéu khién ra bén ngoai trén cdc chin ngay
khi 1énh EXTEST dugc tai vao trong thanh ghi IR JTAG .vi vay céc Iénh SAMPLE
/PRELOAD ciing nén dugc st dung cho viéc cai dat khéi tao cho cac gia tri dén vong
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quét ,dé tranh su hu hong cho bo mach khi dua ra 1énh EXTEST trong 1an dau tién.
Cé4c 1énh SAMPLE /PRELOAD ciing c6 thé duoc st dung dé tao ra mot snatshot cta
cdc chan bén ngoai trong sudt qud trinh hoat dong binh thuong cia cic bd phan.

Cau chi JTAGEN phai duoc 1ap trinh va bit JTD trong thanh ghi /O MCUCSR
phai bi duoc x6a dé kich hoat dé truy nhap kiém tra JTAG .

Khi str dung giao dién JTAG cho viéc quét bién ,viéc sir dung mot tan sb xung
nhip JTAGTCK cao hon tan sb ctia chip bén trong 12 c¢6 thé dugc .Xung nhip cta chip
thi khong thé chay .

Cac thanh ghi dir liéu

Céc thanh ghi dit liéu xdc déng cho qud trinh diéu khién quét bién 12 ;
- Thanh ghi Bypass

- Thanh ghi nhan dang thiét b

- Thanh ghi Reset

- Chubi quét bién

Thanh ghi Bypass

Thanh ghi bypass bao gdm 1 cong thanh ghi Shift don . Khi thanh ghi Bypass
duoc lya chon nhu dudng dan giita TDI va TDO , thanh ghi duoc reset 1én 0 khi di
chuyen trang thai bo diéu khién DR-Capture . Thanh ghi bypass c6 thé duoc sir dung dé
rit ngan chudi quét trén hé théng khi ma cac thiét bi khac duoc kiém tra

Thanh ghi nhan dang thiét bj

Hinh 122 chi ra cu tric ca thanh ghi nhan dang thiét bi
Hinh 122 : dang cua thanh ghi nhan dang thiét bi

Figure 122. The Format of the Device ldentification Register

MSE LSB

Bit 94 o8 o7 12 e P 3

Device ID I Version Part Mumber Manufecturer ID 1 I

4 oits 15 bits 11 bits 1-bit

Version

Phién ban (version ) 12 mot sd 4-bit nhan dang kiém tra cédc thanh phan cua phién
ban . s6 Phién ban JTAG duogc kém theo sy nhan dang cua thiét bi , va dugc déng géi
tai bit nhan dang P(OxF) . Nhan dang A va Q 1a 0x0 , nhan dang B va R 1a Ox1 .

Phan sb thir ty

S6 thu ty 1a mot ma 16 pit 1a thanh phan nhan dang
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Table 100. AVR JTAG Part Number
Part Number JTAG FPart Number (Hex)
ATmegal28 Ox9702

Ma san xuat

M3 ngudn san xuat 12 mot ma 11 bip nhan dang nha san xuit ,ma san xuat ciia
JTAG cua ATMEL dugc liét ké bang 101
Table 101. Manufacturer ID

Manufacturer JTAG Manufacturer ID (Hex)
ATMEL Ox01F

Thanh ghi reset 1a thanh ghi dir li€éu kiém tra st dung dé reset céc bod phan do d6 AVR
¢6 3 céc cong 3 trang thai khi reset ,thanh ghi reset ciing c6 thé thay d6i chirc ning cua
nhirng lya chon JTAG khong duoc 1ap trinh 1énh HIGHZ .
MOt gid tri cao trong thanh ghi reset tuong tng dé kéo reset ngoai dén mirc thap phan
nay dugc reset chi khi c6 mot mirc gia tri cao dugc dua ra trong thanh ghi reset .phu
thudc vao viéc cai dat but cau chi va lua chon khda phﬁn s€ duogc reset con lai trong chu
ky reset time-out (tham khao phan nguén phdt sung nhip trang 37.sau khi viéc giai
phéng thanh ghi reset dau ra tir thanh ghi dit liéu thi khong duge chdt, vi vy reset s&
xay ra ngay lap tuc ,nhu la chi ra trong hinh 123.
Figure 123. Reset Register
To
DO

From Other Internal and
External Reset Sources

From nternal Reszet
—_ |

TDI
Ff}

ClockDR - AVR_RESET

Chubi quét bién

Chudi quét bién 1a tinh ning ctia qud trinh diéu khién va phan tich muc 16 rich
trén cdc cong vao ra ky thuét sd, tot nhu bién gitra céc khdi 16 rich twong tu va sb cho
cdc mich tuong tu c6 cdc két ndi off-chip
Xem trang 255 dé c6 sy miéu ta chi tiét .
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Cic 1énh JTAG xac dinh cac chudi quét bién
Thanh ghi reset

Thanh ghi reser La thanh ghi dir liéu kiém tra, dugc st dung dé reset bod phan. Do d6
cdc chan cong 3 trang thai cia AVR khi reset ,thanh ghi reset c6 thé thay d6i chirc ning
cua cdc 1énh JTAG lya chon khong duoc cai dat HIGHZ

MOt gid tri cao trong thanh ghi reset tuong tng sé& kéo reset ngoai xudng thip.Bo
phan nay duoc reset chi can mdt murc cao dugc dua ra trong thanh ghi reset .phu thudc
vao viéc cai dit cau chi cho cdc cai dit xung nhip ,phan nay sé& con lai reset cho mot chu
ky reset time — out (thanh khao ngudn phét xung nhip trén trang 37) sau khi giai phéng
thanh ghi reset .DAu ra tu thanh ghi dir liéu khéng dugc chdt ,vi vay su reset s& xay ran
gay 1ap tirc nhu duoc chi ra ¢ hinh 123

Figure 123. Reset Register

To
TDO

From Other Internal and

Extemal Reset Sources

From b a 4D— Internal Aesst

T
lf}

ClockDR AVMR_RESET

Chudi quét bién

Chudi quét bién ctia qué trinh diéu khién va gidm sét clia cdc muc logic trén cic
dau vao ra so , nhu 12 bién gitra khoi logic twong ti va khdi logic s6 cho cic mach ¢
két twong tu c6 cdc két ndi offchip .

Xem trang 255 dé c6 su miéu ta chi tiét

Céc lénh JTAG xac dinh chudi quét bién

Thanh ghi 1énh c6 do rong 4 bl/t‘ , hd tro 16 1énh . Buoc liét ‘ké bén dudi la cac
1€nh JTAG hiru dung cho qua trinh di€u khién quét bién . Chu y rang lya chon 1énh
HIGHZ thi khong dugc cai dat , nhung tat ca cac dau ra véi dac tinh 3 trang théi , c6 thé
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dugc cai dat trong trang thdi c6 tré khdng cao béng viéc cai dat Iénh AVR_RESET , do
d6 trang thai khoi tao cho tat ca cdc chin cong 12 3 trang théi .

Nhu di dugc dinh nghia trong tai liéu nay LSB duoc di chuyén ra ngoai va vao
trong 1an dau tién cho tt ca cdc thanh ghi SHIFT

OPCODE cho mdi 1énh duoc chi ra dé‘lng sau ciia moi tén 1énh trong dinh dang
HEX . Poan vin ban miéu ta c4i ma thanh ghi dit liéu duoc lya chon nhu 1a dudng dan
gitta TDI va TDO cho mdi 1énh .

EXTEST, $0

Céc 1énh JTAG bat budc cho viéc lya chon chudi quét bién nhu 1a thanh ghi dur
liéu cho viéc kiém tra cic mach bén ngoai dén cic chan ciia AVR . Vé cic chéan cong ,
qua trinh v6 hi¢u h6a pull_up , bo diéu khién dau ra , dir liéu ddu ra , dir licu dau vao
déu duoc truy nhap théng qua cac chu01 quét . Mach tuong tu c6 céc két nbi offchip ,
cdc dao dién gitta cdc khoi logic sb va logic tuong tur trong chudi quét . Thanh phan cta
cdc ddu ra dd dc chdt trong cic chudi quét dugc diéu khién nhu 1a thanh ghi JTAG_IR
duoc tai voi 1énh EXTEST .
Cé4c trang thai hoat dong 1a :
- Capture_DR : dit liéu trén cic chan bén ngoai duoc 1ay mau vio trong
chudi quét bién .
- SHIFT_DR : Chudi quét bén trong dugc di chuyén boi dau vao TCK
- UPDATE_DR : Dit liéu tir chudi quét dugc dit 1én cic chan dau ra

IDCODE ; $1

Lya chon Iénh JTAG , sé€ lya chon thanh ghi ID 32 bit nhu la thanh ghi dit
liéu . Thanh ghi ID bao gém 1 sd thtr tu phién ban , sd thtr tu thiét bi va ma
ngué)n san xuat duoc lya chon boi JEDEC . Piéu nay dugc mac dinh béng 1énh
sau khi bat ngudn .

Cac trang thai la :

- Capture_DR : Dit liéu trong thanh ghi IDCODE duoc 1dy mau vao

trong chudi quét

- SHIFT_DR : Chudi quét IDCODE dugc di chuyén bang dau vao TCK

SAMPLE_PRELOTAD : $2

Céc 1énh JTAG bit budc cho viée tai trude cic dia chi chdt va tao ra 1
Snap_Shot ctia cdc chan dau vao \ dau ra thiéu sy anh hudng ciia qud trinh diéu khién
hé théng . Tuy nhién cac dau vao duoc chdt thi dugce ndi véi cde chan . Chudi quét duoc
lwa chon nhu la thanh ghi dit li€u
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Cé4c trang thai hoat dong :

- Capture_DR : Dit liéu trén cdc chin bén ngoai dugc 1ay mau vao trong
chudi quét

- SHIFT_DR : Chudi quét bén trong dugc di chuyén boi dau vao TCK

- UPDATE_DR : Dit liéu tir chudi quét bién dugc dat vao trong cac dau
ra da chét . Tuy nhién , cdc du ra da chdt duoc két nbi voi cdc chan

AVR_RESET ; $C

Lénh JTAG xdc dinh chung cho viéc cudng b thiép bi AVR vio trong
ché ¢6 RESET hoic giai phéng nguén RESET_JTAG . B6 diéu khién TAP thi
khong dugc RESET baoi 1€nh nay. Mot bit cua thanh ghi RESET dugc lya chon
nhu 12 thanh ghi dix liéu . Chd y rang RESET s& duogc kich hoat chi can ¢6 mirc
Logic 0 trong chudi RESET . Pau ra tir chudi nay thi khong duoc chdt

C4c hoat dong “

SHIFT_DR : Thanh ghi RESET duoc di chuyén boi dau vao TCK

BYPASS ;$F

Lénh JTAG bét budc dang lga chon thanh ghi BYPASS cho thanh ghi dir
liéu

Céc hoat dong 1a :

- Capture_DR : Tai muclogic 0 vao thanh ghi BYPASS

- SHIFT_DR : Thanh ghi BYPASS dugc ngan gitra cac bit TDI va TDO
da duoc di chuyén
Chudi quét bién lién quan dén thanh ghi , trong ving nhé I/O

Thanh ghi trang thai ma diéu khién MCU_MCUCSR :

Thanh ghi diéu khién va trang thdi MCU : bao gom céc bit diéu khién cho
céc chtic nang MCU chung va cung cap thong tin dén nguén RESET gay ra vi¢c

RESET MCU .
Bl i & LY 1 3 2 | Q
I JTD - - J'-I'HF WDORF BORF EXTRF PORF | MCUCSR
ReadWiia R R R Riw R Rw Riw R
Iniial Valus 0 0 0 SesBit Descnption

Bit 7_JTD : V0 hi¢u héa giao dién JTAG

Duykhanh8x1311 @gmail.com 280




Hanoi University of Industry Datasheet ATMEGA 128

Khi bit nay 12 0, giao dién JTAG duoc kich hoat néu nhu cau
chi JTAGEN dugc lap trinh . Néu bit nay la 1 giao dién JTAG bi v6 hi¢u héa . pé
tranh cac sy kich hoat hodc vo hi¢u hdéa khong mong mudn cia giao dien JTAG ,
1 chudi thoi gian duoc 1ap trinh phai duge kém theo khi thay d6i cdc bit nay .
Phan mém tng dung phia viét bit nay 1én 2 1an gid tri dugc sét dén trong vong 4
chu ki xung nhip dé thay doi gi4 tri ciia n6 .

Néu giao dién JTAG duoc g& bo khong két ndi véi cic mach
JTAG khic , bit JTD 1én duogc cai dit 1a 1 . Nguyén nhan cua diéu nay 1a dé tranh
trang thai hién hanh trén chan TDO trong giao dién JTAG

Bit 4_JTRF : Co bdo RESET JTAG
Bit nay duoc cai dit néu 1 sy RESET dang duoc gdy ra boi mic
logic 1 trén thanh ghi RESET JTAG duoc lya chon béi 1énh JTAG
(AVR_RESET) . Bit nay duoc RESET boi ché do RESET power_on , hoic bing
viée viét mic logic 0 18n co .

Chubi quét bién :

Chudi quét bién c6 kha ning diéu khién va gidm sat . Cdc mirc logic
trén cac cong vao ra sO nhu la bién gitra cac khoi logic s va tuong tu cho mach
tuong ty ¢6 1 két noi offchip .

Viéc quét cac cong so

Hinh 124 chi ra rang ngan quét bién cho mot cong hai hudng voi chire ning pull
—up. Ngin mot ngan thi bao gdm mot ngin quét bién tiéu chan cho pull — up
Enable — PUExn — Function ,va mdt ngan chan 6 huéng ma bao gdm 3 tin hiéu
dau ra diéu khién — OCxn ,dix liéu diu ra — Odxn .dit liéu dau vao — IDxn ,vao
trong chi mot thanh ghi shift 2 cong .céc chan va céc cong indexef thi khong
dugc str dung trong sy miéu ta du¢i day

Khéi logic quét bién thi khéng duge vé& trong hinh vé tai liéu nay .Hinh
125 chi ra mot chan cong sé don gian nhu dugce miéu ta trong phan cdc cong vio
rat trang 66. chi tiét cia chudi quét bién tir hinh 124 dugc thay thé bang céc khoi
hop trong hinh 125.

Khi khéng c6 cong ludn phién chiic nang nio duoc dua ra ,dau vao di liéu
—ID tuong Ung t&i gid tri ciia thanh ghi PINxn (nhung ID khéng c6 bo dong bo
héa)dau ra dir liéu twong (mg téi thanh ghi PORT ,dau ra diéu khién tuong tng
t&1 thanh ghi dir liéu — DD register,va pull — up Enable — PUExn — Function
tuong tng to1 cac khél 16gic PUD .DDxn .PORTxn .

Chtic nang Cong 1udn phién sb dugc ndi bén ngoai hop DOTTED trong
hinh 125 dé doc chu01 quét cac gid tri thuc sy cda chan .vé chirc nang tuong tu
,cO su két ndi truc tlep cua cic chan bén ngoai t&1 cac mach twong ty ,va mot
chu5i quet dugc chén vao gitia dao dién cua khéi logic ctia mach tuong tur
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Figure 124. Boundary-scan Gell for Bi-directional Port Pin with Pull-Up Function.
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Figure 125. General Port Fin Schematic diagram

See Boundary-Scan description

for details!
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Chubi quét bién va giao dien 2 day tuan tu

2 chan giao dién tuan ty 6 gidy SCLSCA c6 mot tin hiéu di€u khién dugc
thém vao trong chuoi quét ,kich hoat giao di¢n 6 day tuan tu - TWIEN. Nhu duoc
chira ¢ 126 tin hi¢u TWIEN kich hoat mot bd dém 3 trang thai voi bd di€u khién
slew- rate trong ché dd song song vdi cac chan cong s6 chinh thirc .mdt chudi
quét chung duoc chi ra ¢ trén hinh 130 thi dugc tan cOng boi tin hiéu twien

Maotes: 1. A separate scan chain for the 50 ns spike filter on the input is not provided. The ordinary scan
support for digital port pins suffice for connectivity tests. The anly reason for having TWIEM in
the scan path, is to be able to disconnect the slew-mte control buffer when doing boundary-
SCan.

2. Make sure the OC and TWIEN signals are not asserted simultaneously, as this will lead to
drive contention.

Duykhanh8x1311 @gmail.com 283




Hanoi University of Industry Datasheet ATMEGA 128

Figure 126. Additicnal Scan Signal for the Two-wire Interface
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Viéc quét cac chan riset

Chan reset chap nhan dién 4p 5v on dinh cho qua trinh diéu khién reset tiéu
chuan ,muc logic cao hoat dong 12 v cho qua trinh 1ap trinh song song dién dp
cao .mot sy gidm sat duoc chi ra trong hinh 127 duogc chen vao gitra chan tin hi¢u
reset Sv-RSTT va tin hi¢u reset 12v-RSTHV .

Figure 127. Observe-only Cell

Ta
=
Shil1OR o

Fram =yslem pn ] ] Ta systen lagic

FF|J
oD o

Fram CladDA
preniaus
==

Quét cac chan khoéa

Céc thiét bi AVR c6 nhiéu sy lya chon chan khéa c6 thé lua chon béng cac
cau chi D6 12 bo tao dao dong RC bén trong ,bd tao dao dong RC bén ngoai ,bo
tao dao dong thach anh tan s6 cao ,bd tao dao dong tan sb thép ,vabd khuyéch
dai gbm .

Hinh 128 chi ra cdch ma moi t6 tao dao dong voi cac két ndi ngoai dugc hd
trg trong chudi quét .tin hi€u kich hoat dugc hd tro boi chudi quét bién chung
Jtrong khi bd tao giao dong /xung nhip bén ngoai bi tin coéng tdi mot ngin quan
sdt .thém vao t6i xung nhip chinh bd tao dao dong timer dugc quét bang céc cich
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gidng nhau .dau ra tir bo tao dao dong RC bén trong khong duoc quét, nhu 1a bo
tao dao dong nay khong duogc két ndi véi bén ngoai

Figure 128. Boundary-scan Cells for Oscillators and Clock Options

ATALUTSEC ATALTOEC2
Te
Fasze To
EhitaA cal EXTERT Oscillator nax
[ ShA cal
Sren Dgital Loges l
i EMABLE CUTPUT T Syananm Logic
o O ] J
r? [=]
Frzm Chocki BA paana A
P ous Froim Clok DA

Cal Pravices

Bang 102 liét ké céc thanh ghi quét cho chan tao xung nhip bén ngoai XTAL1
,b0 tao dao dong vai cac két ndi XTAL1/XTAL2 nhu 1a bd tao dao dong Timer
32 kHz.

Table 102. Scan Signals for the Oscillators!" &%

Scanned Clock Scanned Clock Line
Enable signal | Line Clock Option when not Used
EXTCLKEN EXTCLK (XTAL1) External Clock a
OSCON OS5CCK External Crystal 0
External Ceramic Resonator
RCOSCEN RCCK External RC 1
OSC32EN OBC32CK Low Freq. External Crystal a
TOSKOM TOSCHK 32 kHz Timer Oscillator 0

otes: 1. Do not enable more than one clock source as main clock at a time.

2. Scanning an Oscillator output gives unpredictable results as there is a frequency drift between
the Internal Oscillator and the JTAG TCK clock. If possible, scanning an external clock is
preferred.

3. The clock configuration is programmed by fuses. As a fuse is not changed run-time, the clock
configuration is considered fixed for a given application. The user is advised to scan the same
clock option as to be used in the final system. The enable signals are supported in the scan
chain because the system logic can disable clock options insleep modes, thereby disconnect-
ing the Oscillator pins from the scan path if not provided. The INTCAP fuses are not supported
in the scan-chain, 50 the boundary scan chain can not make a XTAL Oscillator requiring inter
nal capacitors to run unless the fuse is correctly programmed.
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Quét bg so sanh twong tw

Tin hi¢u bo so sanh thich déng bat chap chudi quét duoc chi ra trong hinh 129.
ngan chudi quét tu hinh 130 bi tan cong béi mbi mot trong céc tin hiéu nay . Céc tin
hiéu duoc miéu ta trong bang 103.

B0 so sanh khong can phai sir dung cho viéc kiém tra két ndi,do d6 tat ca cac dau
vao tuwong ty bi chia s& véi mot cong dau ra sd

ACBG L
l ACD—

=1

AC_IDLE

ACME
& DS EN —

ADC MULTIPLEXER
CUTRPUT

Figure 130. General Boundary-scan Cell used for Signals for Comparator and ADC
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From ClockDR Updal=DiR
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Call
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Table 103. Boundary-scan Signals for the Analog Comparator
Direction as Recommended | Outputvalues when
Signal Seen from the Inputwhennot | Recommended
Name Comparator Description inlUse Inputs are Used
AC_IDLE | Input Turns off Analog 1 Depends upon pC
comparator when code being executed
true
ACO Output Analog Will become a
Comparator input to G code
Output being executed
ACME Input Uses output a Depends upon PG
signal from ADC code being executed
mux when true
ACBG Input Bandgap 0 Depends upon pi
Reference enable code being executed
Quét ADC

Hinh 131 chi ra mét so d6 khéi ctia khéi ADC véi cdc tin hiéu quan sdt va diéu
khién thich ddng .Ngin quét bién tir hinh 127 bi tin cong téi mdi mot trong cac tin hiéu
Khdi ADC khong can sir dung su kiém tra két n6i ,do d6 tat ca cdc dau vao tuong tu bi
chia s& v6i mot chan cong sd

WCTHER L% I

HIFCF » 1
i G analor 1

PRSSEN j

Vi
EETEST ADCBOEY

Duykhanh8x1311 @gmail.com 287




Hanoi University of Industry

Datasheet ATMEGA 128

Table 104. Boundary-scan Signals for the ADC

Directian Recommen- | Ouiput Values when
a8 Seen ded Input Recommended Inputs

Signal from the winen not are Used, and CPU

Mame ADC Description inUse notUsing the ADC

COMP Ouriput Comparaior Culput Q Q

ALK Ingaut Clock sagnal 1o gan o] i}
slages mplem enied
as Swilch-cap fiers

ACTEW Input Emaloie path from gan u] o]
slages o he
comparator

ADSBEEN | Input Emakés Band-gap u] o]
reference as negalive
npul o comparaios

ADZEN Ingut Fower-on signal 1o 1he ] o]
ADC

AMPEN Ingut Fomer-on aignal 1o 1he ul o]
gam slages

DA 9 Input Bal 3 of digrial value 1o 1 1
DA

DA 8 Input Bd & ol digrial value o ul o]
bac

DA 7 Input Bal 7 of digeial value 1o ] o]
DA

DA & Input Bd & of digrial value o ul o]
bac

D 5 Input Bal 5 of digrial valus 1o ] o]
DA

D 4 Input Bd 4 of digrial value o ul o]
bac

D 3 Input Bal 3 of digrial valus 1o ] o]
DA

DA 2 Input Bd 2 of digrial value o ul o]
bac

D1 Input Bal 1 ofdigrial valus 1o ] o]
DA

DA o Input Ba O of digrial value o ul o]
bac

EXTEH Ingut Conmect ADS 1 1
channel 0- 3 1o by
pass path anound gam
slages

310 Ingut Emakoés 10 gamn

G20 Input Emakie 306 gan
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Table 104. Boundary-scan Signals for tha ADC [Conlinuad)

Diirection Recommen- | Quiput Values when
a8 Seen ded Input Recommended Inputs

Signal fram the when nat are Uaed, and CPU ks
Hame ADC Deseription inUae not Using the ADGC
GHDEN Ingput Garound e negatve o] o

nout fo comparator

W e e
HLD Input Sampie & Hold gignal. 1 1

Sample anakog Signal

wihen low. Hold sgnal

wihen hagh, if gan

atages ane uaed, T

agnal must go acive

when ACLE = hagh.
IREFEN It Emables Band-gap o] u]

reference as AREF

wgnal o DAC
MUXEN 7 Input Ingput W bat 7 Q Q
MUXEN & Input Input Mux bt & Q Q
MUXEN 5 Input Ingut W it 5 Q Q
MLXEN 4 Input ot B it 4 4] Q
MUXEN 3 Inpul Input b bat 3 a 4]
MUXEN 2 Input Ingpunt M et 2 Q Q
MLIEER 1 Input I B oot 1 Q Q
MUXEN O Input It b bat © 1 1
MESSEL 2 | Input Input Bux for megatve o] ]

mput for diflerential

sgnal, ibd 2
MESSEL 1 | Input Input Bux for megatve o] o

mput for diflerential

signal, ibd 1
WESSEL O | Input Input Bux for megatve o ]

miput for diflerenitial

signal, bi O
FASSEM Ingut Enarie pass-gate of 1 1

gam siages.
FRECH Input Prechangs culput latch 1 1

of comparator. [Active

o)

Table 104. Boundary-scan Signals for tha ADC [Conlinuad)

Direction Recommen- | Cuiput Values when

as Seen ded Input Recommended Inputs
Signal tram the wihen not are Uaed, and CPU Is
MHame ADC Description inUse notUsaing the ADC
SCTEST Ingput Swiich-cap TEST o] +]

enable. Sulput from

®1 0 gam stage s=nd

out fo Fort P havng
ADC 4

iT Ingut Cuidput of gamn stages ul o]
will ssltlefaster if thes
aignal ks hagh ters two
ACLK penods after
AP EMN goss hagh.

WSS REM It Sedects Voo as the u] o]
ASE relerence
wollags.

T SATCIES B gWe 131 W Iaks gegeel Cornenion ard iy aarnage ihe
part. There ans several input choecss 10 the S4H crcwiny on the negatve mput of 1he culpul com-
paraior i Figure 131, Make sure only one path i3 sslecied fiom edher one ADS pen, Bandgap
relerence sownce, of Crownd.
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Néu bo ADC khong duoc st dung trong qud trinh quét céc gid tri dau vao dé nghi tir
bang 104 nén duoc su dung .Nguoi sir dung duoc khuyén cdo rang khong str dung cac
cong khuyech dai khéc nhau trong sudt qud trinh quét .chuyén mach trén co s& cong
khuyéch dai can thiét hoat dong nhanh va thoi gian chinh xdc ma khé dé quan sat khi st
dung mot chudi quét chi tiét ctia viéc diéu khién cia céc cong khuyéch dai khdc nhau vi
vay khéng duoc cung cap .

B& ADC duogc xay dung trén mach tuong tu nhu dugc chi trong hinh 131 véi
mot thuat todn 1ap trinh lién tiép duoc cai dat trong khdi logic s6 .khi st dung mot chudi
quét bién ,van dé thi thuong duoc ddm bao dat mot di€ém ap tuong ty dugc do trong
vong mot vai gidi han .diéu ndy c6 thé dé dang duogc thyc hién ma thiéu viéc chay mot
thuat toan lién tiép :ap dung cho déi han ky thuat s6 DAC [9: 0], dam bao rang tir dau tir
bd so sanh & muc thap sau d6 dit gidi han cao hon ky thuat s6 [9:0],va kiém tra dau ra
tir b so sanh ¢ miuc cao.

B6 ADC Khong can sir dung kiém tra két n6i ,do d6 tat ca céc dau ra bi chia sé
v6i cdc cong ra sb

Khi str dung bd ADC can nh¢ céc diém sau :

- Chan cong cho kénh ADC dang st dung phai duoc ciu hinh 12 mot dau ra voi
chirc nang pull-up bi v6 hi¢u héa dé tranh céc tin hiéu khong mong mudn

- Trong che d6 binh thudng ,mot qud trinh chuyén d6i dummy (bao gdom 10 bién
s0 sanh )duoc tién hanh khi dang kich hoat ADC .Ngudi sir dung duoc khuyén rang nén
doi trong khoang thoi gian dudi 200ns sau khi viéc kich hoat ADC trude khi diéu khién
/quan st bat ¢ tin hiéu ADC nio ,hodc tién hanh mét qué trinh chuyén d6i dummy
trude khi sir dung két qua dau tién

- Gi4 tri DAC phai 6n dinh tai gid tri diém gitra 0 va 200 khi dang c6 tin hiéu
HOLD thép (Ché dd mau) nhu 12 mot vi du ,coi nhu nhiém vu ctia viéc phan tich mdt tin
hiéu dau vao 1.5v cong trir 5 % tai kénh ADC kénh s6 3 khi dién 4p ngudn cip 1a 5v va
ARFF duoc két ndi ra ngoai kénh VCC

Gi4 tri duoc dé nghi tr bang 104 thi dugc st dung trur khi cac gia tri khac dua ra
trong bang 105 .Chi c¢6 céc gid tri chan cong DAC cuia chudi quét dugce chi ra .Cot
actionf miéu ta 1énh jtag duoc st dung trude khi dién ddy vao thanh ghi quét bién véi
cac cot lién tiép . Qué trinh kiém tra nén duoc thuc hién trén chudi khi dang quét dir
liéu khi dit liéu trén cdc dong giong nhau trong bang .
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Table 105. Algorithm for Using the ADC

PAZ,
PA3. PA3. Pullup

Step | Actions ADCEN | DAC MUXEN | HOLD | PRECH | Data | Contral | Enable
SAMPLE

1 PRELOAD 1 200 | OwD8 1 1 L 1] L

2 EXTEST 1 0200 | OwDd8 o 1 1] 1] L1

3 1 0200 | OwD8 1 1 1] 1] o

4 1 o123 | OwD8 1 1 1] 1] L

5 1 w123 | OwD8 1 o 1] 1] L1
Verify the

6 COMPLIL 0x200 | Ox08 1 1 0 0 0
Seanned
out to be O

Fil 1 0200 | OwD8 o 1 1] 1] L

8 1 0200 | OwDd8 1 1 1] 1] L1

g 1 0143 | OwD8 1 1 1] 1] o

10 1 o143 | OwD8 1 o 1] 1] L
Verify the
COMP Bit

1 AT 1 200 | OwD8 1 1 1] 1] L
out to b 1

Str dung thudt todn thoi gian bao gom tin hiéu HOLD ép budc tan sd xung nhip
TCK . Nhu 12 mot thuat todn giit HOLD ¢ muc cao cho 5 budc cho nam budc, tin s6
xung nhip TCK dudi nam 1an cia chudi quét.

Thir tu chudi quét ciia atmega 128

Bang 106 chi ra thu tu chubi quét cua TDI va TDO khi chudi quét duoc lga chon nhu
12 mot dudng dan dir liéu. Bit O trong LSB; bit du tién dugc quét; va bit cudi cling
duoc quét ra ngoai. Thir tw quét kem theo thir tw chan bén ngoai la c6 thé. Vi vay cac bit
cua cong A dugc quét trong bit d6i dién voi céc cong khéc. Ngoai trur cac nguyén tic
ctia chudi quét cho cdc mach tuong tu, cdi ma cau tao nén céc bit co trong s0 1on nhat
ctia chudi quét bat chip viéc cdc chan vat 1y cta ching duoc két ndi. Trong hinh 124
PXn tuong tng téi FFO, PXn diéu khién twong img FF1, PXn. Kich hoat PULLUP
tuong tng t6i FF1. Bit 2, 3, 4, 5 cia cong C thi khong & trong chudi quét, d o d6 céc
chan nay cAu thanh nén cdc chan TAP khi JTAG duoc kich hoat
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Table 106. ATmegalZs Doundany-scan Onder

B Humber Signal Hame Maodule
2004 AC_IDLE Comnparatar
203 ACO

202 ACME

2m AMBS

200 CoMP ADC
k] PRMVATE_SIGMALY

190 AL

1497 ACTEM

196 PRMATE_SiGMAL1“

195 ADCBEEMN

194 ADCEM

193 AMPEN

192 DAC 9

= DnC_a

190 DAC_7

189 DAC &

188 DAC_S

147 DAC_4

185 DacC_a

185 Dac_2

142 DAC 1

183 DAC_a

182 EXTCH

1 10

180 ]

179 GMDEN

174 HCOLD

177 IREFEN

176 MU EN_T
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XXIII . Hj tro bd tai chwong trinh moi 1ap trinh read — while — write

HJ tro tai chuong trinh moi cung cép 1 co cdu 1ap trinh cho viéc cdp nhat va nap
1én doan ma chuong trinh bang chinh MCU . Pic diém nay cho phép tng dung cic
phén mém ung dung cap nhat dugc diéu khién boi MCU béng cach sir dung mot
chuong trinh tai chuong trinh boot luu tra trong by nhé Flash . Chuong trinh tai boot c6
thé str dung bat ctr bat cir giao dién dir liéu kha dung nao va giao thuc lién két nao dé
doc ma va viét chuong trinh ¢ bén trong b nh¢ Flash , hodc doc code tur

Pac diém caa by khoi dong tai

- Read-While-Write Self-Programming

- Kich cd bd nhd khoi dong linh hoat.

- Tinh bdo mat cao ( phan chia cdc bit khéa khéi dong cho mdt su bao vé linh

hoat)

- Phan chia céc bit cau chi dén céc vecter lya chon reset

- Tbi uu héa kich ¢ trang

- Thuat toan ma thuan tién

- HO tro Efficeient Read-Modify-Write
Chd y: mot trang trong phan ny trong bd nhd flash bao gdm nhiéu byte ( xem bang 123
trang 291 ). Puoc sir dung trong sudt qud trinh lap trinh.

Ung dung va khéi dong bd tai vang dir liéu flash

B0 nh¢ flash duoc td chirc thanh hai phén chinh, khu vyc trng dung va khu vuc
tai khoi dong (xem hinh 133). Kich ¢ cua céc viing khic nhau dugc ciu hinh boi cau
chi BOOTSZ dugc chi ra trong trang 284 va hinh 133. C6 hai viing nhé c6 thé c¢6 céc
muc khdc nhau cta ché do bao vé do dé chiing c6 cic sy cai dat khac nhau cho céc bit
khoéa

Khu vuc ing dung

Khu vuc trng dung 1a khu vuc ctia bd nh¢é flash dugc sir dung dé luu trit cdc ma
ung dung. Mtrc bao v¢ cho khu vuc trng dung c6 thé duoc lya chon béng cac bit khoa
khoi dong trng dung ( cdc bit khéa khéi dong 0 ) xem bang 275. Khu vuc tng dung cé
thé khong bao gio luu trit bat ctr ma khoi dong tai nao tur 1énh SPM bi v6 hi€u héa khi
thyc thi tor vung trng dung.
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Vung khéi dong b tai-BLS

Trong khi khu vuc tng dung duogc sir dung dé luu trit ma ¢mg dung, phan mém
khoi dong bd tai phai dugce dat trong BLS do d6 1énh SPM c6 thé khéi tao mot chuong
trinh khi dang thuc thi tir BLS. Lénh SPM c6 thé truy cap toan bo b nh¢ flash, bao
g6m chinh ban than BLS mirc bao vé cho khu vuc khoi dong tai duoc Iira chon bang
céc bit khéa khoi dong bo tai ( bit khda khédi dong 1) bang 109 trang 276.

Read-While-Write and No Read-While-Write Flash Sections

CPU hd trg dit trong khi viét hodc néu CPU bj ding trong sudt qud trinh cip nhat
phan mém khai dong bo tai thi phu thudc vao dia chi cdi ma dang dugce 1ap trinh. Thém
vao d6 hai khu vuc ma duoc ciu hinh béi cdu chi BOOTSZ nhu 12 duwoc miéu ta & bén
trén, by nh¢ flash dugc chia vao trong 2 khu vuc 6n dinh khu vyuc doc trong khi viét (
RWW) va khu vuc khong doc trong khi viét (NRWW). Gi61 han gitta RWW va
(NRWW) duoc dua ra trong bang.

Chu y: trén trang 284 va hinh 133 trang 275. Su khic nhau chinh gitra hai khu
vuc nay la.

- Khi x6a hodc Vlet mot trang dugc dat trong khu vuc RWW, khu vuc NRWW

c6 thé doc sudt trong qua rinh diéu khién.

- Khi x6a hodc viét mét trang duoc dat trong khu vic NRWW, CPU bi ding

trong toan bd qud trinh diéu khién
Chd ¥ rang ngudi sit dung phan mém c6 thé khong bao gior doc bat cir ma nao dugc dat
bén trong khu virce RWW trong sudt qué trinh hoat dong cta phan mém khoi dong bo
tai. Cd phdp “Read-While Write section” tham chiéu t&i khu vuc ma dang duoc 1ap
trinh ( duoc x6a hoa duoc viét) khong phai khu vuc ma thuc su dang dugc doc trong
sudt qud trinh cip nhat khoi dong bo tai phan mém.

Khu vuc Read-While Write section - RWW

Néu mét qud trinh cap nhat khai dong bo tai phan mém dang 1ap trinh mot trang
bén trong khu vec RWW. N6 c6 thé doc ma tir by nho flash, nhung chi c6 mot ma dat
trong khu vue NRWW. Trong sudt 1 su lap trinh dang tién hanh, phan mém phai dam
bao rang khu vuc RWW dang duoc doc. Néu nguo str dung phan mém dang cb ging
doc ma ma dat bén trong khu vuc RWW ( vi du bang cac 1énh call/ jmp/lpm hodc mot
ngat) trong sudt sy lap trinh, phan mém c6 thé két thic trong mot trang thai khong xac
dinh. Pé tranh diéu nay, cdc ngat nén duoc vé hiéu héa hodc di chuyén toi khu vuc khoi
dong bo tai. Khu vuc khdi dong bd tai thi ludn dat trong NRWW. Bit bdo ban khu vuc
RWW trong thanh ghi trang thai va diéu khién trang thai bo nhd chuong trinh Iuu trix (
SPMCSR) s€ dugc doc nhu 1a mdt logic 1 chi can khu vue RWW bi khéa khoi viée doc.
Sau mét su 1ap trinh dwgc hoan thanh, RWWSB phai bj x6a biang phan mém trudc khi
doc ma dat trong khu vc RWW. Xem thanh ghi trang thai va diéu khién trang thai bg
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nhé chuong trinh luu trit ( SPMCSR) trang 277. Dé biét thém chi tiét vé cdch xéa
RWWSB

No Read-Whlie-Write Section - NRWW

Poan ma dat trong khu vuc NRWW c6 thé duoc doc khi phﬁn mém khai dong bo
tai dang cap nhat mdt trang trong khu vec RWW. Khi ma khéi dong bo tai cap nhat khu
vuc RNWW , CPU bj dirng trong sudt qué trinh bi viét hodc x6a mot trang.

Table 107. Read-While-Write Features

Which Section does the Z- Which Section can be Read-While-
pointer Address During the Read During Is the CPU Write
Programming ? Programming? Halted? Supported?
RWW saction NBWW section Mo Yas
MAWW section MNone Yes Mo

Figure 132. Read-While-Write vs. No Read-While-Writs

Read-Whils-Write
(WYY} Section

D —

Z-poirter
Addresses NRWW
Z-pointer Sedtion
Addrasses FEWW Mo Read-While-'\Write:
Section [NRWW) Section
CPU is Halted
Dwring the Operation
Code Located in ? Pt
NAWW Section
Can be Read During
the Operation
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Figure 133. Memory Sections!"

Program Memory

Program Memory
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z 2
S =
-
E ]
o
5 — Ened HWW = — Enctl AWW, End Appikcatio
3 — Etart NEWW i st MAWW, Etarl Bool L
. Application Flash Section o
H End Application £
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3 3
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E -
Mote: 1. The parameters in the figure above are given in Table on page 284.

Cac bit khéa khéi dong b tai

Néu tinh nang khoi dong bo tai 12 can thiét, toan bo bo nhd flash 12 hitu dung cho
ma ung dung. Khaoi dong bo tai c6 hai sy cai dat rieng bi¢t cua cac bit khda khéi dong
ma c6 thé dugc cai dat mot cach doc 1ap. Diéu nay dua ngudi st dung mot sy Iyra chon
linh hoat dé lya chon cdc murc khic nhau cia qua trinh bao v¢.

- Nguoi str dung c6 thé lwa chon

- Pé bao vé toan bo bd nhd flash khéi mot su cap nhat phan mém bang MCU

- Pé béo vé chi nguyén khu vuc khoi dong bo tai flash khdi mot su cap nhat

phan mém bang MCU

- Pébéo vé chi khu vuc tng dung flash khoi mot sy cap nhat phﬁn mém bé‘mg

MCU

Cho phép cap nhat phan mém cho bd nho flash
Xem bang 108 va 109 dé blet thém thong tin chi tiét. Cac bit khéa khoi dong co thét
duoc cai dat trong phan mém va trong ché do 1ap trinh song song, ndi tiép, nhung ching
c6 thé bi x6a bai mot 1énh x6a chip. Bit khéa ghi chung (bit khéa ché d6 hai) khong
diéu khién su 13p trinh ctia bd nhé flash bang 1énh SPM. Mét céch tuong tu, bit khéa
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doc/ghi chung (bit khéa ché do 3) khong diéu khién viéc doc hodc viét bang 1énh
LPM/SPM. Néu né dang dugc khac phuc.
Table 108. Boot Lock Bit0 Protection Modes (Application Section)!"

BLBO mode | BLEBO2 | BLB01 | Protection

Mo restrictions for SPM or LPM accessing the Application
section.

1 1 1

2 1 0 SPM is not allowed to write o the Application section.

SPM = not allowed fo wnte to the Application section, and
LPM exscuting from the Boot Loader saction is not

3 0 0 allowed to read from the Application section. If interrupt
vectors are placed in the Boot Loader section, interrupts
ara dizablad while exacuting from the Application section.

LPM exscuting from the Boot Loader section is not
allowed to read from the Application secton. If intarrupt
vectors are placed in the Boot Loader section, interrupts
are dizabled while executing from the Application saction.

ote: 1. ™17 means unprogrammed, 507 means programmead

Table 109. Boot Lock Bit1 Protection Modes (Boot Loader Section)'!!

BLE1
BLE1 mode | BLB12 1 Protection

Mo restrictions for SPM or LPM accessing the Boot Loader
saction.

2 1 0 SPM is not allowed to write to the Boot Loader section.

1 1 1

SPM iz not allowed to write to the Boot Loader section,
and LPM executing from the Application section is not

3 ] 0 allowed to read from the Boot Loader secton. If interrupt
vectors are placed in the Application section, interrupts are
disabled while executing from the Boot Loader section.

LPM axacuting from the Application section is not allowad
to read from the Boot Loader section. If interrupt vactors
are placed in the Application section, interrupts are
dizabled while executing from the Boot Loader section.

Mote: 1. “1” means unprogrammed, “0 ' means programmead

Viéc truy nhap vao chwong trinh b tai

Viéc truy nhap vao khoi dong bo tai xay ra bang mot 1énh nhay hodc goi tir
chuong trinh img dung. Diéu nay c6 thé duoc khoi tao bai triggr nhu 1a mét 1énh dugc
nhan thong qua USART hoit giao dién SPI. Nhu mot sy ludn phién, cau chi khoi dong
reset ¢6 thé duoc lap trinh vi vay vecter reset khdi dong lai dang danh diu t6i bo khai
dong flash dia chi khéi dong sau khi c6 vester reset. Trong truong hop nay khoi dong
bo tai duge bat dau sau khi ¢6 mot tin hiéu reset. Sau khi ma ung dung duoc tai chuong
trinh c6 thé bét dau thyc thi ma Gmg dung. Chd ¥ rang céc cau chi khong thé thay d6i
bang ban than MCU. Diéu nay c6 nghia 12 mdi 1an cau chi khai dong reset duoc 1ap
trinh, vecter reset s€ luon dugc 1ap téi tin hiéu reset khéi dong bo tai va cau chi chi ¢6
thé thay d6i thong qua giao dién 1ap trinh song song hodc nbi tiép
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Table 110. Boot Reset Fuse!!
BOOTRST Reset Address

1 Beset Vector = Application Resst (address $0000)
0 Besat Vector = Boot Loader Resat (see Table 112 on page 284)
ote: 1. 1" means unprogrammed, 0" maans programmed

Thanh ghi trang thai va by nhé diéu khién chwong trinh luu trir - SPMCSR

_ Thanh ghi trang thai va by nho giéu khién chuong trinh luu trir - SPMCSR bao
gom céc bit diéu khién can thiét dé diéu khién hoat dong khadi dong bd tai

Bit T L]

B 4 3 2 1 ]

[PWIE | RWWSE | — | RWWSRE | ELESET | PGWRT | PGERS | SEMEN | SPMCSR
Read/Write AW A = W W W AW AW
Initial Vahue ] o o o o o ] i}

Bit 7-SPMIE: kich hoat ngit SPM

Khi bit SPMIE duoc viét 12 1, va bit I trong thanh ghi trang thai duoc datla 1.
SPM sén sang ngit s& duogc kich hoat. Ngit sin sang SPM s& dugc thyc thi chi can bit
SPMEN trong thanh ghi SPMCSR bi x6a.
Bit 6 —- RWWSB: Read-Whlie-Write Section Busy
Khi mét su 14p trinh (viét trang hodc ghi trang) diéu khién t6i khu vuc RWW duoc khoi
tao, RWWSP duoc dit 1a bang phan cing. Khi bit RWWSB duoc cai dat , khu vuc
RWW c6 thé khong dugc truy cap. bit RWWSB bi x6a néu bit RvWWSRE dugc ghi 1a
1 sau khi mot hoat dong 1ap trinh vira hoan thanh. Nhu mét sy luan phién, bit
RvWWSB s¢ tu dong xda néu 1 trang tai ché do khéi dong duoc tai khdi tao.
Bit 5- RES: bit gitr trir day 1a cac bit gitr trit va luén luén dugc doc 1a 0
Bit 4 - RWWSRWE: kich hoat viéc doc khu vuc doc trong khi viét

Khi 14p trinh ( viét trang hodc x6a trang). Dé kich hoat lai khu vec RWW, phéan
mém ngudi sir dung phai doi cho dén khi phan mém duogc hoan tit ( SPMEN bi xéa).
Sau d6 néu bit RWWSRE dugc ghi 12 mét tai cing mot thoi diém véi bit SPMEN, 1énh
SPM tiép theo trong vong 4 chu ky xung nhip kich hoat lai khu vuc RWW . Viing
RWW c6 thé dugc kich hoat lai trong khi bo nh¢ flash ban véi mot qua trinh x6a trang
hoic ghi trang ( SPMEN duoc cai dat). Néu bit RWWSRE dugc viét trong khi bd nhé
flash dang duoc tai, qué trinh diéu khién tai bo nhé flash s& bo qua va giit lidu dugc tai
s& bi mét .
Bit 3- BLBSET : Cai dat bit kh6a khéi dong

Néu bit nay duoc viét 1a ciing mot thoi diém nhu SPMEN, 1énh SPM tiép theo
trong vong 4 chu ky xung nhip cai dat cac bit khéi dong khoa, theo gitr li€u trong R.
Giit liéu trong R1 va dia chi trong con tro ngan xép Z bi b qua. Bit BLBSET sé tur
dong bi x6a khi hoan thanh viéc cai dat cac bit khda, hoac néu 1énh SBM s& thyc thi
trong vong 4 xung nhip
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Mot 1¢énh LPM trong vong 3 chu ky xung nhip sau khi bit BLBSET va FPMEN
duoc cai dat trong thanh ghi SPMCSR, s€ doc cdc bit khoa hodc céc bit cau chi (phu
thudc vao bit Z0 cua con tro ngan xep Z) vao trong thanh ghi dich dén. Xem trang 281
Bit 2 - PGWRT néu bit nay duoc biét 12 mot tai ciing thdi diém nhu SPMEN | 1énh
SPM tiép theo trong vong 4 chu ky xung nhip thuc thi viéc ghi trang, v6i dir liéu dugc
luu trong bo dém tam thoi dia chi trang duoc tao ra tir cdc phan cao ciia con tré ngin
xép Z. dit liéu trong R1 va RO bi bé qua. Bit PRWRT sé& tu dong x6a khi hoan thanh
mot viéc ghi trang, hodc néu khong ¢6 1énh SPM dugc thyc thi trong vong 4 chu ky
xung nhip. CPU bi ding trong sudt toan bd qua trinh ghi trang néu khu viue NRWW
duoc danh dia chi.

Bit 1- PGERS : X6a trang néu bit nay dugc viét 1a mot tai thoi diémt nhu SPMEN, 1énh
SPM tiép theo trong vong 4 chu ky xung nhip s€ thyc thi viéc x6a trang. Dia chi cua
trang duoc tao ra tir phan cao ctia con tro ngan xép Z dit liéu trong R1 va RO bi bo qua
Bit PGERS s¢& ty dong x6a khi hoan thanh mdt viéc ghi trang, hoac néu khong c6 Iénh
SPM duoc thuc thi trong vong 4 chu ky xung nhip. CPU bj dirng trong sudt toan bo qud
trinh ghi trang néu khu vuc NRWW duoc dénh dia chi.

Bit O- SPMEN : kich hoat ving nhé chuong trinh luu triv

bit nay kich hoat 1énh SPM cho 4 chu ky xung nhip tiép theo. Néu duoc viét 1a 1
cung véi cdc bit RWWSRE , BLBSET PGWRT, PGERS, 1éch SPM ké tiép s& c6 mot y
nghia dic biét, nhu dugc miéu ta bén dudi. néu chi c6 SPMEN dugc viét, léch SPM ké
tiép s& duoc luu gid trj trong R1:RO trong bo dém dai chi trang tam thoi béi con trd
ngan xép Z. LSB ctia con tro ngin xép Z duoc bo qua. Bit SPMEN sé& tu dong xoa khi
hoan thanh mot 1énh SPM hoic néu khéng c6 1énh SPM dugc thuc thi trong vong 4 chu
ky xung nhip. trong suét qu4 trinh xéa trang hodc ghi trang, bit SPMEN lubn ¢ mirc cao
cho dén khi hoat dong duoc hoan tt.

Viéc viét bat ctr sy két ndi khdc nao hon “ 100017, 01001, 00101, 00011, 00001
trong 5 bit thap hon thi khong ¢4 hiéu luc

Viéc dit dia chi Flash trong sudt qua trinh tw 1ap trinh .

Con tré ngan xép Z véi RAMPZ duoc sir dung dé ddnh dia chi cdc 1énh SPM . Vé
chi tiét cach st dung RAMPZ xem phan thanh gh1 lya chon RAM page Z ¢trang 14 .

Bt 15 13
ZH [R31) Z15 214 213 212 211 210 | ZB
2L {R30) ZT 26 Z5 £4 £3 £2 Fal 20

T 5 5 4 3 2

Do bd nho Flash duoc t6 chtic trong dang trang (xem bang 123 trang
291)bd dém chuong trinh c6 thé duge xir Iy nhu 12 ¢6 2 viing nhé khac nhau .Mét khu
vuc thi bao gé)m céc bit ¢6 trong s nho nhat ,duogc danh dia chi céc tir trong vong mot
trang, trong khi c4c bit c6 trong sd 16n nhét duoc dénh dija chi cdc trang .Diéu nay duoc
chi ra trong hinh 134 .Chi ¥ rang qu4 trinh x6a trang hodc ghi trang thi duoc dénh dja
chi mot cach doc 1ap . Vi vdy né 1a mot thanh phan chinh quan trong ma phan mém khoi
dong bo tai danh dia chi cdc trang giéng nhau trong ca 2 qua trinh ghi trang va x6a trang

Duykhanh8x1311 @gmail.com 299




Hanoi University of Industry Datasheet ATMEGA 128

M&bi 1an mot qua trinh 1ap trinh dugc khai tao ,dia chi duoc chdt va con tré z /RAMPZ
6 thé duoc sir dung cho céc ché do diéu khién khdc .

Chi c6 hoat dong SPM cdi ma khong st dung con tré6 s'/RAMPZ dé luu trix dia chi
Do cdc dia chi caa 1énh nay ddnh dia chi céc byte flat bang byte ,ciing str dung cdc bit
LSB( bit z0 )cua con tro z

Figure 134. Addressing the Flash During SPM!

RAMFZ BIT 15 ZPCMSE ZRPAGEMSS 18
| | | a | z- AE=ETER

PCMES PAGEMES
P RO A = ~
o' ol POWS
BOOMNIEE G PAGE N R
PAGEADDAESS WORD ADDAESS
WITH M THE FLASH WITH M A PAGE
PROSAAM MEMSRY PAGE POWOR PAGEMSE0
its N NS TAJCTIO N WORD g
i

\ a1
1 az

1 ,

- ’

i e :

L 1

-,I I

'_._._._,_,_.—-—'_'_'_._ 1

] :

5
_ — :
e . .
l—'_'_'_._'_ i
i PAGEEMD

Mates: 1. The different variables used in Figure 134 are listed in Table 114 on page 2B5.
2. PCPAGE and PCWORD are listed in Table 124 on page 202

Tw 14p trinh bd nho flash

B6 nhé chuong trinh duoc cap nhat trong mot trang béng page fashion.Trudc khi
qud trinh 14p trinh mét trang voi dir liéu dugce luu trong bo dém trang tam thoi , trang
phai dugc x6a . B dém trang tam thoi dugc dién dﬁy mot tir tai mot thoi diém st dung
SPM va bd dém c6 thé duoc dién day trudc khi ¢6 1énh x6a trang hodc giira 1 qud trinh
x0a trang va luu trang :

Phuong 4n 1, dién ddy bo dém trude khi 1 trang bi x6a

- Dién diy bo dém trang

- Tién hanh mot viéc x0a trang

- Tién hanh mot viéc viét trang

Phuong 4n 2 , dién day bo dém sau khi x6a trang

- tién hanh 1 sy x6a trang

- dién déy bd dém trang

- Tién hanh mot qu4 trinh viét trang
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Néu chi 1 phan cua trang can thiét phai thay doi , phan con lai ctia trang phai
duoc luu lai (vi du nhu trong bo dém trang tam thoi ) trude khi x6a , va sau d6
duoc viét lai . Khi st dung phuong 4n 1 , b tai khoi dong cung cAp mot dic
diém Read — Modify-Write c6 ich cdi ma cho phép phan mém ngudi st dung doc
trudc tién trang , thuc hién cac thay d6i can thiét , va sau d6 ghi tro lai cdc dit lidu
da sira d6i . Néu phuong 4n 2 duoc st dung , né khong thé doc cdc dit liéu cii
trong khi dang tai cic do d6 trang thi san sang dugc x6a . B dém trang tam thoi
c6 thé dugc truy cap trong mot chudi ngiu nhién . Diéu ct yéu 1a dia chi trang
duoc st dung trong ca 2 qua trinh doc trang va xd6a trang thi dang danh dia chi
cdc trang giébng nhau .Xem trang 282 .

Tién hanh viéc xo4 trang bang SPM

Dé thyc thi viéc x6a trang cai dat dia chi trong con tro z va dit li¢u trong
R1 :RO,viét “ 00000001”1én SPMCSR va thuc thi SPM trong vong 4 chu ky
xung nhip sau khi viét SPMCSR . Thanh phan cia PCWORD trong thanh ghi z
duoc str dung dé danh dija chi dit liéu trong bo dém tam thoi .Bo dém tam thoi s€
tu dong xda sau khi mot qud trinh viét trang hoac su viét bit RWWSRE Trong
thanh ghi SPMCSR .N6 ciing bi x6a sau khi reset hé thong .Chi ¥ rang khong
thé viét nhidu hon mot 1an 1én mdi dia chi thiéu sy x6a bo dém tam thoi .chi ¥
néu EEPROM duoc ghi ¢ gitta ctia qu4 trinh tai trang SPM ,tat ca giir liéu duoc
tai s& bi mat

Tién hanh viét mét trang

Dé thuc thi viéc viét trang, cai dat dia chi trong con tr6o z va RAMPZ viét
“X0000101” Ién SPMCSR va thyc thi SPM trong vong 4 chu ky xung nhip sau
khi viét SPMCSR . Dir liéu trong R1 va RO dugc bo qua .dija chi trang phai duoc
viét toi PCPAGE .Cic bit khéc trong con tré z phai dugc viét 12 0 trong sudt qud
trinh nay
- Viét trang tdi khu vuc RWW :khu vuc NRWW ¢6 thé duoc dat trong sudt

qud trinh viét trang
- Viét trang 1én khu vue NRWW : CPU bi dimg trong sudt qud trinh diéu khién

Sir dung ngit SPM

Néu ngat SPM dugc kich hoat ,ngat SPM s& sinh ra mot ngét khong d6i khi
bit SPM trong thanh ghi SPMCSR bi x6a .Diéu nay c6 nghia la ngat cé the su
dung su hoi vong thanh ghi SPMCSR trong phan mém .Khi sir dung ngat SPM

,cdc vécto ngit nén dugc dy chuyén nén khu vuc BMS dé trdnh viéc mot ngat
dang truy nhap khu vuc RWW khi né bi khéa cho vi¢c doc .Céch dé di chuyen
cdc ngét thi duge miéu ta trong trang 60
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Sw xét dén trong khi cip nhat BLS

MOt sy can trong didc biét phai dugc tuan theo néu nguoi str r dung cho phép
khu vuc khoi dong bd tai dir liéu duoc cap nhat bang viéc di chuyén bit khéa so
11 khong duoc 1ap trinh mot tai nan trong khi viét téi ban than bo khai dong tai
c6 thé 1am hu hong toan bd b tai khai dong ,va su cap nhat phan mém khic c6
thé bi dan doan .Néu khong thuc su can thiét dé thay doi phan mém khoi dong bd
tai ,né duoc dé nghi dé lap trinh bit khéa 11 dé bao vé phan mém khai dong bod
tai tir bat cir thay d6i phAm mém bén trong nio

Ngin can viéc doc khu viee RWW trong suét qua trinh tw 14p trinh

Trong sudt qué trinh tir 14p trinh ( x6a trang hodc viét trang),khu vuc

RWW
Thi ludn bi c6 1ap trong viéc doc .ban than phan mém ngudi st dung phai ngén can céi
ma khu vuc nay dugc ddnh dia chi trong sudt qud trinh ty 1ap trinh bit RWWSB trong
thanh ghi SPMCSR s& duoc cai dit chi can khu vuc RWW dang ban .Trong sudt qué
trinh ty l4p trinh bang vécto ngat nén dugc di chuyén téi BLS nhu dugce miéu ta & trang
60 ,hodc cic ngat phai bi vo hiéu héa .Trudc khi danh dia chi RWW sau khi su 1ap trinh
hoan tat ,phan mém nguoi dung phai xéa RWWSB bang viéc viét RWWSRE. Xem
trang 282 nhu mot vi du

Cai dit céc bit khéa khoi dong bd tai bang SPM

Dé cai dit cdc bit khéa khoi dong tai ,viét dit lidu thich ddng ti RO,viét
“X0001001” 1én thanh ghi SBMCSR va thuc thi SPM trong vong 4 chu ky xung nhiét
sau khi viét SBMCSR .chi c¢6 thé truy cép céc bit khéa 12 céc bit khéa khoi dong cdi ma
c6 thé ngan can khu vuc tng dung va khoi dong bd tai tur bt ctr su cap nhat ph?m mém
nao boi MCU

En 7 [ S 4 3 z 1 o]
RO | 1 | 1 | BLE12 | BLBN | BLEO2 | BLEO1 | 1 | 1 |

Xem bang 108 va 109 vé céch cai dat khac nhau cua céc bit khai dong bo tai anh
huong dén sy truy cap bd nhd flash Néu bit 5 ... 2 trong RO bj x6a (0)bit khéa khai
dong tuong tmg s& duoc 1ap trinh néu mot 1énh SPM dugc thuc thi trong vong 4 chu ky
xung nhip sau khi BLBSET va SPMEN duoc cai dat trong SPMCSR .Con tr6 z thi
khéng can than trong sudt qué trinh diéu khién nay nhung dé tuong thich trong tuong
lai n6 dugc dé nghi dé tai con tré z vai $0001 (giéng nhu duoc str dung cho viéc doc
cdc bit x6a ).dé tuong thich trong tuong lai né cling duoc khuyén cdo dé cai dit cdc bit
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,7,6,1,va 0 trong RO dé gid tri 1 khi viét céc bit khoa .Khi lap trinh c4c bit khoa toan bd
bo nho flash ¢6 thé duoc doc trong sudt qua trinh .

Viét EEPROM ngin cin qué trinh viét nén SPMCSR

Chuay rang mot qua trinh viét EEPROM sé€ cach ly phan mém lap trinh flash viéc
doc céc bit cau chi va cdc bit khoa tir phan mém s& ngdn can trong sudt qua trinh viét
EEPROM diéu nay duoc khuyén cdo rang nguoi sir dung kiém tra bit trang thai (
EEWE) trong thanh ghi EECR va phan tich rang bit bi x6a trudc khi viét 1én thanh ghi
SPMCSR .

Poc cau chi va cac bit khéa tir phan mém

C6 thé doc ca 2 bit cau chi va cédc bit khéa tir phan mém. dé doc cdc bit khéa tai
con tro Z véi $ 0001 va cai dat cac bit BLBSET va SPMEN trong thanh ghi SPMCSR.
Khi moét 1éch LPM duogrc thuc thi trong vong 3 chu ky xung nhip CPU sau khi cé4c bit
BLBSET va SPMEN dugc cai dat trong SPMCSR, gid tri cua cac bit khéa s€ duogc tai
va trong thanh ghi dich. Cac bit BLBSET va SPMEN s¢ tu dong bi xda trén mot su
hoan thanh cua viéc doc cdc bit khéa hodc néu khong c¢6 1énh MPL nao dugc thuc thi
trong vong 3 chu ky xung nhip CPU hodc khong ¢6 1énh SPM nao dugc thuc thi trong 4
chu ky xung nhip CPU. Khi BLBSET va SPMEN bi x6a , LPM s¢€ lam viéc nhu duogc
miéu ta trong hudng dan cai dit 1énh.

B T =] ] 4 3 2 1 Q
Fd | FL&7 | FLBe | FUBS | FLB4 | FLB3 | FLE2 | FLB1 | FLBO |

Thuat toan cho viéc doc cac bit cAu chi thép, tai con tro Z v6i $ 0000 va cai dat cac bit
BLBSET va SPMEN trong thanh ghi SPMCSR. Khi mot 1énh LPM dugc thuc thi trong
vong 3 chu ky xung nhip sau khi céc bit BLBSET va SPMEN duoc cai dat trong
SPMCER, gi4 tri cua cic bit cau chi thap ( FLB) s€ duoc tai vao trong thanh ghi dich
dén nhu duoc chi ra dudi day. Tham khao bang 119 trang 288 dé c6 su miéu ta chi tiét
va ban d6 cua cdc bit cau thi thap

En 7 [ 5 4 3 z 1 o
Rd | FLET | FLBE& | FLES | FLE | FLB3 | FLB2 | FLB | FLED |

Mot céch tuong tu khi doc céc bit cau chi cao tai $ 0003 trong con tro Z. khi mot
1énh LPM duoc thuc thi trong vong 3 chu ky xung nhip sau khi cdc bit BLBSET va
SPMEN duoc cai dat trong SPMCSR, gid tri cta céc bit cau chi cao ( FHP) s€ duoc tai
vao trong thanh ghi dich dén nhu dugc chi ra bén dudi. Tham khao bang 118 trang 288
dé biét sy miéu ta chi tiét va ban d6 cdc bit cau chi cao

:; | F:BT | FHDB& | F:Bs | F:Bq | F:Ba | F:Bz | FHIBl | FHDB:} |

Khi viét cédc bit cau chi mé rong, tai $ 0002 vao trong con tré Z . . khi mot 1énh
LPM duoc thyc thi trong vong 3 chu ky xung nhip sau khi cac bit BLBSET va SPMEN
duoc cai dat trong SPMCSR, gié tri ctia c4c bit cau chi mé rong ( EFB) s€ duoc tai vao
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trong thanh ghi dich gén nhu duoc chi ra bén dudi. Tham khao bang 117 trang 287 dé
biét s miéu ta chi tiét va ban do cac bit cau chi cao.

Bil r 1=} S b 3 2 1 a
Rd - =1 - 1 - - | - | ErB1 | ErBo |

Cau chi va céc bit khéa duge lap trinh s€ duoc doc 1a 0. Cau chi va céc bit khoa
khong duogc 1ap trinh s€ duoc doc 1a 1.

Sw ngin can viéc hong b¢ nhé flash

Trong suot chu ky cua VCC thap chuong trinh bo nhd flash ¢6 thé bi hu hong boi
vi dién dp ngudn cap thi qua thap cho CPU va b nh¢ flash hoat dong binh thudng céc
su ban hanh nay thi gidn nhu cho cip bo mach hé thng sir dung bd nhé flash, va moi
truong thiét ké giéng nhau nén dugc dp dung.

Mot sy hong héc bd nhé flash c6 thé duoc gy ra bai hai truong hop khi dién ap
qué thap. Dau tién, 1 chudi viét thong thuong t6i bd nhé flash yéu cau 1 dién 4p cuc
tiéu dé hoat dong binh thuong. thir hai, ban than CPU c6 thé thuc thi cdc 1énh khong
chinh xdc, néu dién 4p cung cap cho viéc thyc thi céc 1énh qud thap.

Su hu hong bo nho flash c6 thé d& dang tranh dugc bang céc su dé nghj thiét ké
dudi day ( ch1 mot la du)

1. néu khong can thiét c6 mot bo cip nhat khai dong bo tai trong hé théng, cic
bit khéa khoi dong bd tai ngan can bat ctr su cap nhat phan mém khdéi dong bod
tai

2. gitr cho hoat dong reset AVR trong sudt cdc chu ky cua sy khong du dién ap
nguon cung cap. diéu nay cé thé duoc thyc hién bang cach kich hoat b do
thiéu dién 4 ap bén trong ( BOD) néu nhu dién 4p diéu khién twong (g véi
mtc do. Neu khong, mot mach bao vé reset VCC thap bén ngoai co thé duoc
st dung. néu mot tin hiéu reset xuit hién trong khi mot qua trinh viét dang
tién hanh, qu4 trinh viét s& duoc hoan thanh cung cap dién dp ngudn 1a du

3. giit cho 161 AVR 6 trong ché d6 ngu Power-on trong sudt chu ky ctia VCC
thap. Piéu nay s& ngin can CPU khoi viéc cb ging dé ma héa lai va thuc thi
céc Iénh, viéc bao v€ hiéu qua thanh ghi SPMCER va do d6 bao vé by nh&
flash khoi cdc qud trinh ghi khong mong muén.

tho1 gian 13p trinh cho bd nhd flash khi str dung SPM.

B§ tao giao dong RC hiéu chinh duoc st dung dé do thoi gian truy nhap flash.
Bang 111 chi ra thoi gian 14p trinh thong thuong cho su truy nhap flash tir CPU.
Table 111. SPM Programming Time.

Symbol Min Programming Time | Max Programming Time

Flash write (page erase, page write,

and write lock bits by SPM) il 4.5ms

Duykhanh8x1311 @gmail.com 304




Hanoi University of Industry Datasheet ATMEGA 128

Vi du mau don gian doan code Assembly cho bo khéi dong bo tai
;-the routine writes one page of data from RAM to Flash
; the first data location in RAM is pointed to by the Y pointer
; the first data location in Flash is pointed to by the E-pointer
;-error handling is not included
;-the routine must be placed inside the boot space
; tat least the Do_spm sub routine). Only code inside NEWW section can
; be read during self-programming ipage erase and page write).
;-registers used: r0, rl, templ {(rlée)l, temp? (rl7), looplo (rzd),
; loophi {(ri5), spmcsrval (rzo)
; storing and restoring of registers is not included in the routine
; reglister usage can be optimized at the expense of code size
;-It is assumed that either the interrupt table is mowved to the Boot
; loader section or that the interrupts are disabled.

.equ FAGESIEER = FACGESIEE*Z JPAGESIZER 15 page size in BYTES, not words
Lorg SMALLBCOTSTART
Write page:

; page erase

1di spmcsrval, (1<<PZERS) | (1<<SPMEN)

call Do_spm

; re—enable the BEWW section
1di spmesrval, (1<<BWWSRE)] | (1l<<SPMEN)
call Do_spm

; transfer data from RAM to Flash page buffer

ldi looplo, low(FAGESIZER);:;init loop wvariable

1di loophi, high(PAGESIZER);not required for FACESIZEBR<=254
Wrloop:

14 ri, ¥+

14 rl, ¥+

ldi spmcsrwval, (1<<SPHMEN)

call Do _spm

adiw EH:ZL, 2

sbiw loophi:loople, 2 juse subi for PAGESIEER<=256

brne Wrloop

; execute page write

subi EL, low(FASESIEER) ;restore pointer
sbei ZH, high (PACESIZER) inot required for PAGESIZER<=256
1di spmcsrval, (l<<PFGWRT) | (l<<SFMEN)

call Do _spm

; re-enable the BWW section
1di spmecsrval, (1<<BWWSRE) | {l<<SPMEN)
ecall Do _spm

; read back and check, cpticnal
1di loople, low(FASESIEER);init loop wvariable
ldi loophi, high(PACGESIZER);not reguired for PAGESIZEBR<=25&

subi YL, lowi(PACESIZER) ;restore pointer
sbeci ¥H, high(FRGESIZEE]
Rdloop:

lpm r0, E+

14 rl, ¥+

cpsa rl0, rl

jmp Error

sbiw loophi:looplo, 1 juse subl for PAGESIEEB<=Z256
brne Rdlcoop
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Return:

lds templ, SFMIER

sbrs templ, BEWWSE ; If BWWSE is set, the EWW section is not ready
yet

ret

; re-—enable the BWW section

1di spmcsrval, (1<<RWWSRE) | {l<<SPMEN)

call Do_spm

rjmp Return
Do_spm:

; check for previous SPM complete
Walt_spm:

lds templ, SFMISE

sbrec templ, SFMEN

rjmp Walt_spm

; input: spmesrval determines SPM action

; disable interrupts if enabled, store status
in tempZ, SRES

cli

; check that no EEPROM write access 1s present
Wait_ee:

sbic EECR, EEWE

rjmp Walt_ ee

; 8PM timed sequence

sts SPMTSR, spmcsrval

spm

; restore SREEZ (to enable interrupts if originally enabled)
ocut SRE:Z, tempi

rat

Céc tham s6 khéi dong bd tii Atmega 128

Trong bang 112 dén bang 114 , céc tham sb duoc sir dung trong phan miéu ta cta
su tu 1ap trinh dugc dua ra
Table 112. Boot Size Configuration

Boot
Raeseat
Boot Address
Application | Leader End (start Boot
Boot Flash Flash Application | Loader
BOOTSZ1 | BOOTSZ0 | Size Pages | Section Section section Saction)
512 S0000 SFEQO
! ! words 4| sFoFF serrp | SPEFF Lt
1024 S0000 SFCO0
! a words % | sreFF serrp | SPEFF et
2048 S0000 SF800
o 1 warde 16 SFFFF SFFFF SFFFF SFaoo
40945 S0000 SFO00
. U words 32| SEFFF srrre | SEFFF Lty
Maote:  The different BOOTSZ fuse configurations are shown in Figure 133
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Table 113. Read-While-Write Limit'"

Section Pages Address
Aead-While-Write section (AWW) 480 $0000 - SEFFF
Mo Aead-While-Write section [NRWW) 32 $F000 - $FFFF

Mate: 1. For details about these two section, see “No Read-While-Write Section — NRWW™ on page

274 and “Read-While-Write Section — RWW” on page 274

Table 114. Explanatiocn of Different Variables Used in Figure 134 and the Mapping to the Z-

Pointert™
Corresponding
Variable Z-value Description'!
PCMSE 15 Most significant bit in the program counter. (The
program counter is 16 bits PC[15:0])
& Maost significant bit which is used to address the
PAGEMSE words within one page (128 words in a page
requires 7 bits PC [6:0]).
216 Bit in Z-register that is mapped to PCMSE.
ZPCMSB Because 70 is not used, the ZPCMSB equals
PCMSE + 1.
ar Bit in Z-register that is mapped to PAGEMSE.
ZPAGEMSE Because Z0 is not used, the ZPAGEMSE
equals PAGEMSE + 1.
PCPAGE PC[15:7] 21578 Program counter page address: Page select, for
page erase and page write
PCIEQ] | Program counter word address: Word select, for
FCWORD tilling tempormry butfer (must be zero during
page write operation)

Mates: 1. The Z-register is only 16 bits wide.

Bit 16 is located in the RAMPZ register in the YO map.

2. Z0: should be zero for all SPM commands, byte select for the (E)LPM instruction.

3. See “Mddressing the Flash During Selt-Frogramming” on page 278 for details about the use of
Z-pointer during self-programming.
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XXIV . Lap trinh by nhé - Memory Programming

Cac bit khéa dir liéu b nhé va chwong trinh

Atmega 128 cung cap 6 bit khéa cdi ma c6 thé cdi ma khong thé 1ap trinh (1)

hoic c6 thé duoc 1ap trinh ( 0 ) dé dat duoc cdc dic tinh dugc thém vao nhu duoc liét ké

trong bang 116 . Céc bit khéa chi c6 thé bi x6a 1én 1 véi 1énh x6a chip — chip eraser

command

Table 115. Lock Bit Byte

Lock Bit Byte Bit No. Description Default Value
7 - 1 (unprogrammed)
& - 1 {unprogrammed)
BLB12 5 Boot lock bit 1 (unprogrammed)
BLB11 4 Boot lock bit 1 (unprogrammed)
BLBOZ 3 Boot lock bit 1 (unprogrammed)
BLBO1 2 Boot lock bit 1 (unprogrammed)
LBz 1 Lock bit 1 (unprogrammed)
LB1 0 Lock hit 1 {unprogrammed)
Mote: 1" means unprogrammed, “0 'means programmed
Table 116. Lock Bit Protection Modes
Memory Lock Bits Protection Ty pe
LB mode LBz LE1
1 1 1 Mo memary lock features enabled.
Further programming of the Flash and EEPROM is
5 ’ q disabled in Parallel and SPIJTAG Serial Programming
mode. The Fuse bitz are locked in both Serial and Pamallel
Frogramming mode.'"
Further programming and verification of the Flash and
3 0 0 EEFPROM iz disabled in Pamallel and SPUJTAG Serial
Frogramming mode. The Fuse bits are locked in both
Serial and Parallel Programming mode.
BLBO mode | BLB0Z | BLEO1
1 1 1 Mo restrictions for SPM or (E)LPM accessing the
Application section.
2 1 0 SPM iz not allowed to write to the Application section.
EFM iz not allowed to write to the Application section, and
([EJLPM executing from the Boot Loader section is not
3 0 0 gllowed to read from the Application section. If interrupt
vectors are placed in the Boot Loader section, interrupts
are disabled while executing from the Application section.
([EILPM executing from the Boot Loader section is not
4 0 1 allowed to read from the Application section. If interrupt
vectors are placed in the Boot Loader section, interrupts
are disabled while executing from the Application section.
BLB1 mode | BLB12 | BLE11

Duykhanh8x1311 @gmail.com

308



Hanoi University of Industry Datasheet ATMEGA 128

Table 116. Lock Bit Protection Modes (Continued)
Memory Lock Bits Protection Type

Mo restrictions for SPM or (E)LPM accessing the Boot

L L L Logder section.

2 1 0 SPM iz not allowed to write to the Boot Loader section.

SPM is not allowed to write to the Boot Loader section,
and (E)LPM executing from the Application section is not
3 0 0 glowed to read from the Boot Loader section. If interrupt
vectors are placed in the Appleation section, interrupts
gre disabled while executing from the Boot Loader section.

(EILPM executing from the Application section is not
glowed to read from the Boot Loader section. If interrupt
vectors are placed in the Applcation section, interrupts
are disabled while executing from the Boot Loader section.
Motes: 1. Frogram the fuse bits betore programming the Lock bits.

2. "1" means unprogrammed, “0 'means programmed

Cic bit cau chi - Fuse bits

Atmega 128 ¢6 3 byte ciu chi . Bang 117 — 119 miéu ta ngan gon chitc ning cta
tat ca cdc bit cau chi va cach ching dugc v& ban dd bén trong bytes cau chi . Chd y rang
céc cau chi duge doc nhu 12 mic logic O, néu ching duogc 13p trinh .

Table 117. Extended Fuse Byte

Extended Fuse Byte Bit Mo. | Description Default Value

= 7 = 1

= § = 1

= 5 = 1

- 4 - 1

= 3 = 1

- 2 - 1

n103CT 1 ATmegal03 compatibility mode 0 (programmed)
WDTOMN®! o Watehdag Timer always on 1 (unprogrammed)

Motes: 1. See “ATmegat103 and ATmega128 Compatibility” on page 4 for details.
2. Bee “Watchdog Timer Control Register — WDTCR" on page 56 for details.
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Table 118. Fuse High Byte

Fuse High

Byte Bit Mo. | Description Default Value

OCDEN 7 Enable OCD 1 (unprogrammed, OCD

disahled)

JTAGEMN®! & Enable JTAG 0 (programmed, JTAG enabled)

SPIEN™ 5 Enable Serial Program and O {programmed, SFl prog.
Data Downloading enabled)

CKOPT® 4 Oseillator options 1 {unprogrammed)

EESAVE a EEPROM memaory is preserved 1 (unprogrammed, EEPROM not
thraugh the Chip Erase preserved)

BOOTSZ1 2 Select Boot Size (see Table 112 | 0 (programmed)'®
for details)

BOOTSZ0 1 Select Boot Size (see Table 112 | 0(programmed)™
for details)

BOOTRST 0 Select Reset Vector 1 (unprogrammed)

Motes: 1. The SPIEN fuse is not accessible in SPI Serial Programming mode.

2. The CKOPT fuse functiorality depends on the setting of the CKSEL bits. See "Clock
Sources” on page 37 for details.

3. The default value of BOOTSZ1..0 results in maximum Boot Size. See Table 112 on page 284

4. Mever ship & product with the CCDEN Fuse programmed regardiess of the setting of lock bits
and the JTAGEM Fuse. A programmed CCDEN Fuse enables some parts of the clock system
o be running in all sleep modes. This may increase the power consumption.

5. Hfthe JTAG interface iz left unconnected, the JTAGEN fuse should if pozsible be disabled. This
to avoid static current at the TDO pin in the JTAG interface.

Table 119. Fuse Low Byte

Fuse Low
Byte Bit Mo. | Description Default Value
BODLEVEL 7 Brown out detector trigger level | 1 (unprogrammed)
BODEMN & Brown out detector enable 1 (unprogrammed, BOD disabled)
SUTH 5 Select start-up time 1 (unprogrammed)'’
sUTO 4 Select start-up time 0 (programmed)'!
CKEEL3 3 Select Clock source 0 (programmed) 2/
CKSELZ 2 Select Clock source 0 {programmed)
CKSEL1 1 Select Clock source 0 (pragrammed)'®
CKSELD 0 Select Clock source 1 {unprogrammed)'?'
Motes: 1. The default value of SUT1..0 results in maximum start-up time. See Table 14 on page 42 for

details.
2. The default setting of CKSEL3..0 results in Internal RC Oscillator & 1 MHz. See Table § on
page 37 for details.

Trang théi cia cic bit cau chi thi khong bi anh hudng boi 1énh x6a chip . Chi y
rang cdc bit cau chi bi khéa néu bit khéa 1 (LB1) duogc 1ap trinh . Lap trinh céc bit cau
chi trudce khi 13p trinh céc bit khoa .
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Qua trinh chot cac bit cau chi

Céc gi4 tri ctia cau chi duge chdt khi thiét bi truy nhap vao ché do 1ap trinh va cdc
thay d6i gid tri ctia cdc cau chi s& khong c¢6 hiéu luc cho dén khi phan d6 roi khoi ché
d6 1ap trinh . Piéu nay khong duoc dp dung 1én cau chi EESAVE cdi ma s& 1am anh
huong mdi 1an né duoc 14p trinh . C4c ciu chi thi ciing bi chdt power- up trong ché do
binh thuong

Cac byte ki hiéu

Tat ca céc vi diéu khién ctia Atmel c¢6 3 byte ma ki hiéu cdi ma ding dé nhan ra
thiét bi
M nay c6 thé duoc doc trong 2 ché do ndi tiép va song song , ciing doc khi ma thiét bi
bi khéa . 3 bytes nay luu trd trong 1 khong gian dia chi riéng biét

Vé cho Atmega 128 thi cdc byte ki hiéu 12 :

1. $000:$1E ( chiing t6 rang duoc thiét ké boi Atmel )

2. $001:$97 ( chung t6 rang c6 128KB bd nh¢ Flash 0

3. $002:$02( hién thi rang thiét bi 1a Atmega 128 khi $001 12 $97)

Byte hi¢u chinh — Calibration Byte

Atmega 128 luu 4 gid tri hi€u chinh khac nhau cho bd tao xung nhip RC bén
trong . Cac byte nay luu trd trong cic byte ki hi¢u cao cua cac dia chi 0x000 , 0x0001,
0x0002 , va 0x0003 cho céc thir tu dinh san 1,2 ,4 , 8 MHz . Trong sudt qué trinh
Reset , gid tri 1 MHz thi ty dong duoc tai vao trong thanh ghi OSCCAL . Néu céc tan
s6 khac duoc st dung , gid tri hi¢u chinh phai dugc tai mot cach thong thuong, xem
phan thanh ghi higu chinh bg tao dao dong — OSCCAL trén trang 42 dé biét thém chi
tict .

Céc tham s6 ciia qua trinh 1ap trinh song song , cic chan danh dau , va cac 1énh
Phan nay miéu ta cdch dé 1ap trinh song song va kiém tra lai bd nhd Flash
chuong trinh , bd nh¢d dir licu EEPROM |, cic bit khéa bd nhd , va céc bit cau chi trong
Atmega 128 . C4c xung dugc gia dinh 1a & dudi 250ns trtr phi ¢6 chid y khéic .

Tén cac tin hiéu

Trong phan nay , vai chan ciia Atmega 128 dugc tham chiéu boi céc tin hidu
duoc miéu ta cdc chiic ning cua chiing trong sudt qué trinh song song , xem hinh 135 va
bang 120. céc chan thi khong dugc miéu ta trong bang tiép theo dugc tham chiéu boi
tén cac chan
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Céc chan XA1/XA0 x4c dinh hanh dong duoc thuc thi khi ma chan XTAL1 dugc
dua ra 1 xung duong . Sy ma héa bit dugc chi ra trong bang 122
Khi phat xung WR va OE , I¢nh dugc tai xac dinh hanh dong duoc thyc thi . Cac
1énh khéac duoc chi ra trong 123 .

Figure 135. Parallel Programming

ROY/BSY

OF ————»
WE ——»

BS1 ——»

Table 120. Pin Name Mapping

+8Y

FDA1 ___T
VCC

PD2 Yy,
FD3 AVCC —T

FD4

PDS PE7 - PRO je——> DATA
PD&

PD7

RESET
PAD
XTALA
GMD

Signal Name in
Programming Mode | Pin Mame | VO | Function
RDY/BSY 0: Device is busy programming, 1: Device is ready
FD1 O
for new command
CE FD2 | | Output Enable [Active low)
WR FD3 I | Write Pulze [Active low)
BS1 Byte Select 1 (0" selects low byte, “17 selects high
FO4 I 3
byte)
XA PD5 I XTAL Action Bit 0
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Table 120. Pin Mame Mapping {Continued)

Signal Name in

Programming Mode | PinMame | VO | Function

XAAd PD& I XTAL Action Bit 1

PAGEL PD7 I Program Memaory and EEPROM data Page Load

Bs2 BAD | Byte Select 2 (0" selects low byte, “17 selects 2'nd
high byte)

DATA, FET-0 /O | Bi-directional Data bus (Output when OE is low)

Table 121. Pin Values Used to Enter Programming Mode

Fin Symbol Value
FAGEL Prog_enable[3] 0
XAl Prog_enable[2] 0
XAD Prog_enable[1] 0
BS1 Prog_enable[0] 0

Table 122. XA1 and XAD Coding

KA1 | XAD | Action when XTAL1 is Pulsed
0 0 Load Flash or EEPROM Address (High or low address byte determined by B31)
0 1 Load Data (High or Low data byte for Flash determined by BS1)
1 0 Load Command
1 1 Mo Actian, [dle

Table 123. Command Byte Bit Ceding

Command Byte Command Executed
1000 0000 Chip Erase
0100 0000 Write Fuse bits
0010 0000 Write Lock bits
0001 00040 Write Flash
0001 0001 Write EEFROM
0000 1000 Read Signature Bytes and Calibration byte
0000 0100 Read Fuse and Lock bits
0ooo o010 Read Flash
0000 0011 Fead EEFROM
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Table 124. Mo. of Words in a Page and no. of Pages in the Flash
Flash Size Page Size | PCWORD | Mo.of Pages | PCPAGE | PCMSB
64K words (128K bytes) | 128 words | PC[6:0] 512 PC[15:7] 15

Table 125. MNo. of Words in a Page and no. of Pages in the EEPROM
EEPROM Size Page Size PCWORD Mo. of Pages PCPAGE EEAMSB
4K bytes B bytes EEA[2:0] 512 EEA[11:3] 2]

XXIV . Lap trinh song song

Truy nhip vao ché dd 1ap trinh song song

Thuat todn tiép theo,dat thiét bi vao trong ché d¢ lap trinh song song:

1.

2.
3.

4.

ap dung 4,5-5,5V gitta chan V¢ va chan GND,va doi ¢ dudi muc 100micro
gldy

cai dat RESET 1a 0 dé di chuyén XTAL1 dudi 6 1an

cai dat prog_kich hoat cac chan dugc liét ké trong bang 121 trang 291 1én gia
tr1 0000 va doi trong khoang duoi 100 nano gidy

4p dung dién 4p 11 dén 12,5V 1én chan RESET.bat cr hanh dong prog nio
kich hoat cic chan trong vong 100nano gidy sau khi dién dp +12v dugc dat 1én
chan RESET,sé& giy ra su sai hong cua thiét bi khi truy nhap vao ché do 1ap
trinh.

Chd ¥ rang,bo tao xung nhip thach anh bén ngoai hodc bg tao dao dong RC bén
ngoai duoc lya chon,néu né khong thé dit 1én xung chuan XTALI trong trudng
hop nhu thé,thuat todn sau day phai duoc tuin theo:

I.
2.

3.
4,

dat prog_kich hoat cdc chan & bang 291 1€n 0000.

dat dién ap 4,5-5,5V gitra chan V¢ va chan GND déng thoi nhu la dién 4p 11
dén 12,5V 1én chan RESET.

doi 100nano giay

1ap trinh lai cdc cdu chi dé dam bao rang cdc xung nhip bén ngoai dugc lua
chon nhu 12 céc ngudn xung nhip(CKSEL3:0=0b0000) néu céc bit khéa duoc
1ap trinh,mdt 1énh x6a chip phai duge thyc thi trude khi thay d6i céc bit cau
chi

. khi thoat ra khoi ché do lap trinh bﬁng viéc tat ngué)n ctia thiét bi hodc mang

chan RESET Ién gi4 tri 0b0
truy nhap vao ché dd 1ap trinh véi cdc thuét todn chinh thirc nhu 1a dugc miéu
ta bén dudi.
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swr xét den cua viéc lap trinh

Iénh tai va cac dia chi dugc luu lai trong thiét bi nay trong sudt qud trinh

1ap trinh.d¢é tién cho viéc lap trinh,cdc budc bén dudi ddy nén duge xét dén

- cdc Iénh chi can duoc tai mdi 1an khi viét hodc doc nhiéu vung nhé&
khéc nhau.

- Viéc giit qud trinh viét cdc gid tri dit liéu $FF,c4i ma bao gdm cic gid
tr1 duogc luu trd trong EEPROM( trir phi cu chi EESAVE duoc lap
trinh) va bo nh¢ flash sau khi c6 1€nh x6a chip.

- Cadc byte c6 dia chi cao chi can duoc load trudce khi 1ap trinh hoac doc
mot tir mbi c6 256 byte trong bd nhd flash hoic EEPROM.diéu nay
cling dugc xét dén dé doc cdc byte ki hiéu.

Xoéa chip

Lénh x6a chip s€ x6a bo nh¢ flash va bo nhd EEPROM va cic bit khéa.cac bit
khoéa thi khong dugc reset cho dén khi bd nhé chuong trinh dugc xod hoan toan.c4c bit
cau chi thi khong bi thay d6i.mot 1énh x6a chip phai dugc tién hanh trudc khi bd nhé
flash hoac EEPROM dugc lap trinh lai.

Chd y:b6 nhd EEPROM duoc phuc vu trude trong sudt qud trinh xéa chip néu
nhu cau chi EESAVE dugc lap trinh.

Qua trinh tai 1énh x6a chip

1. dat XA1,XA0 Ién 10.diéu nay kich hoat viéc tai I¢énh

2.datBS11a0

3. dat DATA 1én 1000 0000.d4y 1a 1énh dé x6a chip

4. dua XTALI la mot xung duong. diéu nay dé tai 1énh

5. dwa WR 12 mot xung Am.diéu nay bat dau 1énh x6a chip

6.doi cho dén khi RDY/BSY 1én cao trude khi tai mot 1énh méi

Lap trinh by nhé flash

B6 nh¢ flash dugce to chiic theo dang trang,xem bang 123 trang 291 .khi 1ap trinh
bo nho flash,dit liéu chuong trinh duoc chét & trong bo dém cua trang. diéu nay cho
phép 1 trang cta dit liéu chuong trinh duoc 1ap trinh mot cich dong thoi.cic quy trinh
sau miéu ta cdch dé 1ap trinh cho bd nhd flash:

A.tai 1énh “viét flash”

1.dat XA1,XAO0 1én 10.diéu nay kich hoat vié€c tai 1énh

2.dat BS11én 0

3.dat DATA 1én 0001 0000.day 1a 1énh cho viéc viét flash

4.dua XTALI 1én mot suon duong.diéu nay dé tai 1énh

B.tai dia chi byte thip

Duykhanh8x1311 @gmail.com 315




Hanoi University of Industry Datasheet ATMEGA 128

1.d3t XA1,XAO0 1én 00.diéu nay kich hoat viéc tai dia chi

2.ddt BS1 la 0.diéu nay lwa chon dia chi thap

3.dit DATA bang dja chi byte thap($00 $FF)dia chi thip

4.duwa XTALI 1én mot suon duong.diéu nay dé tai cdc byte dja chi thap

C.tai dit liéu byte thap

1.dat XA1,XA0 Ién 01.diéu nay kich hoat viéc tai dir liéu byte thap

2.dat DATA bang byte dir liéu thap

3.dua XTALI 1én mot suon duong.diéu nay dé tai byte dit lidu

D.tai byte dit li¢u cao

1.d4t BS1 1én 1.diéu nay lwa chon byte dif liéu cao

2.dat XA1,XAO0 1én 01.diéu nay kich hoat viéc tai byte dit li€u cao

3.dit DATA bang byte dit liéu cao.($00-$FF)

4.dua XTALI 1én mot suon duong.diéu nay dé tai byte dit liéu

E.chét dit lidu

1.d3t BS1 1én 1.diéu nay luya chon byte dir liéu cao

2.dua PAGEL 1én mot sudn duong.diéu nay dé chdt cdc byte dia chi.(xem hinh
137vé dang cdc séng tin hiéu)

F.l1ap lai bude B cho dén bude E cho dén khi bo dém duoc dién déy hodc cho dén
khi dir li¢u trong trang duorc tai.

Trong khi cac bit thap trong dia chi duoc v& ban dd 18n céc tir trong mot trang,cac
bit dia chi cao hon cua trang trong bd nhd flash.diéu nay duogc minh hoa trong hinh 136
trang 294.chii ¥ rang néu mot tir nhod hon 8 bit 1a can thiét dé danh dia chi tir trong
trang(PAGE SIZE<256)c4 bit c6 trong s6 cao trong cdc byte c6 dia chi thap dugc sir
dung dé danh dia chi cho trang khi tién hanh mot qu4 trinh viét trang

G.tai dia chi byte cao

1.d3t XA1,XAO0 1én 00..diéu nay kich hoat viéc tai dia chi.

2.dat BS1 1én 1.diéu nay lua chon céc dia chi mirc cao

3.dit DATA bang dija chi byte cao ($00-$FF).

4.dua XTALI 1én mot suon duong.diéu nay tai cdc dia chi byte cao.

H.14p trinh trang

1.dat BS1 =0

2.dua WR 1én mot suon am.diéu nay bat dau 1ap trinh dit liéu caa
trang. RDY/BSY & muc thap.

3.doi cho dén khi RDY/BSY 1én cao(xem hinh 137 dé biét dang tin hiéu)

Llap lai tir budc B dén budc H cho dén khi bo nhé duoc 1ap trinh hoic cho dén
khi tat ca cdc dit liéu duoc 1ap trinh.

J két thiic viéc 1ap trinh trang

1.cai XA1,XAO0 Ién 10.diéu nay kich hoat viéc tai 1énh.

2.dit DATA 1én 00000000.d4y 1a 1énh cho khong ché d6 diéu khién.

3.dua XTALI 1én mot sudn duong.diéu nay dé tai 1énh,va cdc tin hiéu dugc viét
bén trong duogc reset.
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Figure 136. Addressing the Flash which is Organized in Pages

oy MSE PAGEMSE
i tean PCPAGE | PCWORD |
PASE ADDAESS WORD ADDAESS
WITHIN THE FLASH WITHIN A PAGE
PROGAAM MEMORY Sl i PAGE FCWORDPAGEMSEA]:
FAGE S B, MSTRUCTION WORD 0o
' w
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- "1 - ;
1 i
'.1 I,
.
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- N e :
J_._._-—-—'-""'_'_'—_._____.___._._-—-—'—'_" ¥ ;
g . !
‘1 PAGEEND
Mote: 1. PCPAGE and PCWORD are listed in Table 124 on page 292
Figure 137. Programming the Flash Waveforms
E
e
' Y
A B c D E 1] c D E [ H
CATA 3 [ 311} }é:ﬂ:\. .I:M'K:ﬂ'.l.\:h‘u' I:F'.l IGIEI:M .ﬂﬁx:ﬂ'.l = :':’D.T.I ] l]': i hﬁ. ll.'-K ol
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B3 ! T | !
T B U A WY A W A WY A W A W A S\
F L S—
=0 BT I'\_n"'_
EEEET v
=
i = ) LY J Y
B3z

Mote:  “XX"is don't care. The letters refer to the programming description above.

Lap trinh cho EEPROM

EEROM duoc t6 chire duéi dang trang nhé , xem bang 124 trang 292 . Khi lap
trinh cho EEPROM , dit li¢u chwong trinh dugc chot vao bén trong b dém trang nho .
bicu nay cho phép 1 trang nhd cua dir liéu dugc 1ap trinh mot cadch dong thoi . Thuat
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todn 1ap trinhcho bo nhg&’ dir liéu EEPROM thi duoc theo nhu la (tham khao phﬁn lap
trinh Flash trang 293 dé thém chi tiét vé cac 1énh , dia chi va viéc tai dit li¢u ):
1. A :tailénh “0001 0001

2. G : tai dia chi Byte cao ($00 - $FF)

3. B: tai dia chi Byte thap ($00 - $FF)

4. C: tai dir liéu ($00 - $FF)

5. E: chét dit liéu ( dua PAGEL 1 xung duong )

K : 1ap lai tir budc 3 dén budc 5 cho dén khi toan bd bo dém duoc dién day .

L : chuong trinh trang EEPROM

1.datBS11a0

2. dwa WR 1 xung 4m . Piéu nay khoi dong mot qua trinh 1@p trinh cua trang nho
EEPROM . RDY/BSY dua vé mirc thap

3. Doi cho dén khi RDY/BSY dén mtrc cao trude khi 1ap trinh trang ké tiép (xem
bang 138 vé dang xung tin hiéu )

Figure 138. Programming the EEPROM Waveforms

/‘_"Ik—\
DATA :1: (S }l?&::--!-}l{-'-:'-“-.:-'-}lf h ::Ii A :I:.-.:'_w- :::'l' i :i'l' a0
Wi __f \
HAa / ) ! \
BS1 J \
XTAL1 _.'m'l_."m'l_."'_‘\_.",_\‘.—.f!_\"-_ff_\\
W \_ /S
ADY/EEY L} f
HEEET 12V
PAGEL .l'l{_|ll'. ."f—"a
Poc bo nhé Flash

Thuit todn dé doc bd nhé Flash duge cho nhu bén duéi ( tham khao phan 1ap
trinh Flash trén trang 293 dé biét thém chi tiét vé qua trinh tai 1énh va dia chi )

1. A : tai 1énh “0000 0010 “

2. G : tai dia chi Byte cao ($00 - $FF)

3. B : tai dia chi Byte thap ($00 - $FF)

4. dat OE 1én 0 va BS1 1én 0 . Céc byte thap tir Flash c6 thé doc DATA

5. dat BS1 Ién 1 . Céac byte cao cua tur Flash c6 thé doc DATA .
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6. dat OE lén 1
Poc b6 nh¢ EEPROM

Thuat toan dé doc b0 nhd EEPROM nhu l1a bén dudi ( tham khao phén lap trinh
bo nh¢ Flash trén trang 293 dé biét thém chi tiét vé qud trinh tai 1énh va dia chi)

1. A :tailénh “0000 0011~

2. G : tai dia chi Byte cao ($00 - $FF)

3. B : tai dia chi Byte thip ($00 - $FF)

4. dat OE 1én 0 va BS1 1én 0 . Byte dit liéu EEPROM c6 thé dugc doc tai DATA

5. datOE Ién 1
1ap trinh céc bit thip ciu chi

thuat todn dé 1ap trinh cho cdc bit thap cau chi nhu bén dudi ( tham khao phan
1ap trinh bd nhd Flash trén trang 293 dé biét thém chi tiét vé qud trinh tai 1énh va dia chi
)

1. A : tai lénh “0100 0000

2. C : tai byte dit liéu thdp . Bit n = 0 va bit n =1 x6a cdc bit cau chi .

3. dat BS11én 0 vaBS21én 0

4. dua vao WR 1 xung am va dgi cho RDY/BSY 1én cao

lap trinh cac bit cau chi cao

Thuat toan cho viéc lap trinh cac bitlca‘iu chi cao nhu bén duoi (tham khao phan
lap trinh bo nhé Flash trén trang 293 dé biét thém chi tiét vé qua trinh tai I¢nh va dia chi
)

1. Atai Iénh ‘0100 0000~ ‘

2. C: tai byte dir liéu thap . Bit n = 0 chuong trinh va bit n = 1 x6a cac bit cau

chi .

3. Pat BS11én 1 va BS2 1én 0 . Piéu nay lua chon byte dir ligu cao .

4. dua vao WR mot Xung am va doi cho dén khi d(_)’i, cho RDY/BSY Ién cao

5. dat BS1 Ién O . Diéu nay lya chon Byte dir li€u thap

Lap trinh cic byte cau chi mé rong

Thuat toan cho viéc 1ap trinh céc bit cau chi mé rong thi nhu bén dudi ( tham
khao phan 1ap trinh bo nhé Flash trén trang 293 dé biét thém chi tiét vé qu4 trinh tai
1énh va dia chi )

1. A : tai 1énh “0100 0000”

2. C : tai byte dit liéu thdp . Bit n = 0 va bit n = 1 x6a bit cu chi
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3. batBS11én 1 vaBS21én 0. Piéu nay ll,;a chon byte dir liéu cao .
4. dua vao WR mot xung am va doi cho dén khi doi cho RDY/BSY 1én cao
5. dat BS2 [én O . Biéu nay lya chon byte dir liu .

Figure 139. Programming the Fuses

Wikite Fusa Low byie Wiliaa Fusa high by Witite Sxtended e byl
A g —— A e —"— A g —"—
BT _H ue 1.{ CAT :':' = " W e I‘ TN - 4 CAT

= e o =
e\ \ I\
- [ .
2 M .
e [ MM S
w S L WS
- S L S

Lap trinh cac bit khéa

Thuit todn dé 1ap trinh cho cdc bit khéa nhu bén duéi ( tham khao phan 1ap trinh
bo nh¢ Flash trén trang 293 dé biét thém chi tiét vé qud trinh tai 1énh va dia chi)

1. A:tailénh “0010 0000

2. C: tai cdc byte dit liéu thap . Bit n = 0 14p trinh cdc bit khéa .

3. dua vao WR mot xung am va doi cho dén khi RDY/BSY Ién cao

cac bit khéa chi c¢6 thé bi x6a bang viéc thyc hién 1énh x6a chip

Poc cac bit khéa va bit ciu chi

Thuat toan cho viéc doc cac bit cAu chi va céc bit khéa nhu sau (( tham khao
phan 1ap trinh bd nh¢ Flash trén trang 293 dé biét thém chi tiét vé qud trinh tai 1énh va
dia chi)

1. A :tailénh 0000 0100

2. dat OE 1én 0 va BS21én 0, va BS1 1én 0 . Trang thdi ctia céc bit thap cau chi

6 thé dugc doc bay gio tai DATA ( 0 nghia 1a d4 1ap trinh )

3. datOE1én 0,BS21én 1, va BS1 Ién 1 . Trang thdi ctia céc bit cau chi cao ¢c6

thé dugc doc by gid tai DATA ( 0 nghia 12 d4 1ap trinh )

4. datOE1én 0, BS21én 1, va BS1 Ién O . Trang thdi ctia céc bit ciu chi mé

rong c6 thé duge doc tai DATA ( 0 nghia 1a da lap trinh )

5. datOE1én 0, BS21én 0, va BS1 Ién 1 . Trang thdi ctia céc bit khoéa c6 thé

dugc doc tai DATA ( 0 nghia la da 1ap trinh O

6. PatOEla 1
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Figure 140. Mapping Between BS1, BS2 and the Fuse- and Lock Bits During Read
—.

[Fase Low Byte |:> 8
a

| Extendad Fuss byta l:> 1
DATA
B52 : *

| Fuse high byts I:> EJ

B52

(=]

Poc cac byte ki hiéu

Thuat toan cho viéc doc cdc byte ki hi€u thi nhu bén dudi ( tham khao phﬁn lap
trinh bd nhd Flash trén trang 293 dé biét thém chi tiét vé qud trinh tai 1énh va dia chi)
1. A tai 1énh 0000 1000
2. B: tai cdc dia chi Byte thap ($00 - $02)
3. dat OE 1én 0 va BS1 1én 0 . C4c byte ki hi¢u da lya chon c6 thé duoc doc tai
DATA
4. dat OE 1én 1

Doc byte hi¢u chinh

Thuét todn dung dé doc céc byte hi¢u chinh nhu bén dudi ( tham khao phﬁn lap
trinh bd nhd Flash trén trang 293 dé biét thém chi tiét vé qud trinh tai 1énh va dia chi)

1. A :tailénh “0000 1000 “

2. B : tai cdc byte dija chi thap

3. dat OE1a 0 va BS11a 1. Byte hi€u chinh c6 thé duoc doc tai DATA

4. dat OE Ién 1

Céc thong s6 1ap trinh song song

‘ Hinh 141 . gian d6 thoi gian l4p trinh song song , bao gdm bo dinh thoi chung
can thiét
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XTAL A HRE
o by
Diata & Contol =—_ | -
[DATA, XAQM, BS1, BE2) f"< _>< S
tapsy Teoaw | tayw t,
PAGEL Atous. T~ v
i
vﬁ o Ll | —5a
L L
WAL
RDY/BSY -1
- o LT

Hinh 142 . gidn d0 thoi gian lap trinh song song , qud trinh tai lién tiép véi céc
yéu cau dinh thoi

LOaD ADDREEE DA DA, L3aD D&TA  LOWAD DATA DA ADDRESE
LY BYTE) LY BYTE) HIGHBYTE) Hoa BYTE)
1
a0 aom i T 3
HTALT g e ﬂ /|’ 'i: ,»l/l
251 f’-' e
FAGEL

JATA b ADDAD (Low Byl X DUATA, fLow Byal) X DTA, (High Byte) }( ADDA JLow By
PTU N ~ N

xan

Mate:  The timing requirements shown in Fgure 141 {i.e. toyy. tenxe. 8nd by ) also apply to loading
operation.

Hinh 143 . gian db thoi gian cua l4p trinh song song , viéc doc lién tiép (trong
trang giong nhau ) véi doi hoi dinh thoi .
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—_—
XTaL

LOAD ADDREEE SEAD DATA SEAD DATA
JLENY BYTE]) LY BYTE) HIGH BYTE]
—— - P - e

b

LOAD ADDSSEE

JUWY BYTE]

‘,_.-A-_.\

DATA —< ADDRD {Low Byta) >—L DUATA, (Lo Byia) >\x

%1:-152

DATA, (High Byl

>~—< ADDAT fLow Byss)

S~

te: The timing requirements shown in Figure 141 (i.e. tyay. by @nd by qy) 8180 apply to reading
operation.

Bang 126 . Céc thong s ki thudt ctia 14p trinh song song , Ve = 5V + 10%

Symbol Parameter Min | Typ | Max Units
Vep Pragramming Enable Voltage 11.5 12.5 W
lpp Pragramming Enable Current 250 [Ty
toseH Data and Control Valid before XTAL1 High 67 ns
by Lsen XTAL1 Low to XTAL1 High 200 ns
ey XTAL1 Pulse Width High 150 ns
by o Data and Contral Hold after XTAL1 Low 67 ns
Bl XTAL1 Low to WR Low v ns

Symbol Parameter Min Typ Max Units

B ¥TAL1 Law to PAGEL high 0 ns

&iia; PAGEL low to XTAL1 high 150 ns

T BS1 Valid before PAGEL High 67 ns

Erng PAGEL Pulse Width High 150 ns

teex BS1 Hold after PAGEL Low 67 ns

b BS2/1 Hold after WR Low 67 ns

tpwL PAGEL Low to WR Low 67 ns

tevaL BS1 Valid to WH Low 67 ns

e WR Pulse Width Low 150 ns

twLAL WR Low to RDY/BSY Low 0 1 us

L WH Low to RDY/BEY High'"! 3.7 5 ms

twirH_ce | WR Low to RDY/BSY High for Chip Erase'® 7.5 10 ms

twLoL XTAL1 Low to OFE Low 0 ns

i BS1 Valid to DATA valid 0 250 ns

toLow OF Low to DATA Valid 250 ns

toHpz OE High to DATA Tri-stated 250 ns

Motes: 1. t,, gy is valid for the Write Flash, Write EEPROM, Write Fuse bits and Write Lock bits
commands.
2. tywrH_ce is valid for the Chip Erase command.
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Qua trinh tdi noi tiep

Ca hai bd nhé Flash va EEPROM c6 thé duoc 14p trinh sir dung bus SPI ndi tiép
trong khi RESET duoc kéo vao GND . Giao dién ndi tiép thi bao gdm céc chin cua
SCK, MOSI (dau vao) va MISO (d4u ra) . Sau khi RESET & murc thap , 1énh kich hoat
1ap trinh can duoc thuc thi trude tién trude khi hoat dong 14p trinh/x6a c6 thé duge thyc
thi . Chi ¥ rang, trong bang 127trang 300 , sy v& ban d6 chan cho lap trinh SPI duoc
ligt ké . Khong phai tit ca cdc phan ciia cic chan SPI déu phuc vu cho cho giao dién SPI
bén trong . Chu y rang thdng qua viéc miéu ta vé viée tai noi tlep MOSI va MISO
duoc su dung dé miéu ta dit liéu nbi tlep vao va dit liéu ndi tlep ra mot cach tuong ung .
Vo6i Atmega 128 , cac chan nay dugc maped 1én PDI va PDO .

Qua trinh vé ban d6 chan lap trinh noi tiép SPI

Maic du giao dién 13p trinh SPI st dung trudc (re — uses) cac module I/O SPI, c6
mot diém khdc biét quan trong : cdc chin MOSI/MISO ma duoc vé ban d6 1én PB2 va
PB3 trong module I/O cua SPI thi khong dugc str dung trong giao dién 1ap trinh . thay
vi, PEO va PE1 duoc str dung cho dir liéu trong ché do lap trinh SPI nhu duogc chi ra

trong hinh 127
Table 127. Pin Mapping SPI Serial Programming

Symbol Pins o Description
MOSI (FDI) PEO I Serial data in
MISO (FDO) PE1 ] Serial data out
SCK PB1 | Serial clock

Figure 144. SPI Serial Programming and Verify'"!

POl ———
PDO -—

SCK -

M —

Motes: 1.
XTAL1 pin.

PEQ
PE1
PB1

XTALA

RESET

GMD

If the device is clocked by the Internal Oseillator, it is no need to connect a clock source to the

2. Voo -0.3V < AVCC <« Vi + 0.3V however, AVCC should always be within 2.7 - 5.5V,
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Khi 1ap trinh EEPROM, 1 chu ki ty dong x6a duoc xay dung bén trong qua
trinh 14p trinh ty dinh thoi (seft-timed) ( chi trong ché d6 ndi tiép ) va khong can thiét
dé thuc thi dau tién 1énh x6a chip . Qud4 trinh x6a chip chuyén hudng thanh phan cia
cac vung nh¢ trong ca hai b nhé EEPROM trong $FF

Phu thudc vao cdc cau chi CKSEL , 1 xung nhip c6 hiéu lyc phai dugc duara .
Chu ki thép va cao nho nhét chodiu vao xung nhip (SCK ) duoc xac dinh nhu dudi :

Thép : > 2 chu ki xung nhip CPU cho f<12MHz , 3 chu ki xung nhip cho fc,
<12MHz

Cao : > 2 chu ki xung nhip CPU cho fc<12MHz , 3 chu ki xung nhip cho f¢y
<12MHz

Thuit toan lap trinh ndi tiép SPI

Khi viét dit liéu ndi tiép 1én Atmega 128 , dit liéu bi x6a trén sudn 1én ctia xung
SCK

Khi doc dir liéu tir Atmega 128 , dit liu bi khéa trén suon Xuéng cua SCK . xem
hinh 145 vé chi tiét bo dinh thoi .

Dé 1ap trinh va kiém tra lai Atmega 128 trong ché d6 1ap trinh ndi tiép SPI , céc
chudi ké tiép sau diy duoc khuyén cdo ( xem cic dang 1énh 4 byte trén bang 145)

1. chudi cép dién ( Power — up sequence )

dat nguon dién gitta Ve va GND trong khi chan RESET va SCK dit 12 0 . Trong

vai hé théng , ngudi lap trinh khong thé dam bao rang SCK dugc gitt & muc thap

trong sudt qud trinh cip dién . Trong truong hop nay , RESET phai duoc dua

vao 1 xung duong trong khoang dudi 2 chu ki xung nhip CPU sau khi SCK vira

duoc datla 0

Nhu mot sy lya chon dé sir dung tin hiéu RESET , chan PEN c6 thé duoc gifr

thp trong sudt qud trinh Reset bat ngudn trong khi SCK dat 1a 0 . Trong truong

hop nay , chi c6 gia tri cua PEN tai reset bat ngudn 1 quan trong . Néu nguoi lap

trinh khong thé dam bao rang SCK dugc gitr muc thap trong sudt qud trinh cap

dién (power — up) , phuong phdp PEN c6 thé dugce sir dung . Thiét bi phai dugc

ngit dién theo thir t bat ddu qud trinh hoat dong binh thudng khi sir dung

phuong phap nay .

2 . Doi trong khoang dudi 20ms va kich hoat 13p trinh ndi tiép SPI bang viéc giri
1énh 13p trinh kich hoat n6i tieép 1€n chan MOSI

3. Céc 1énh 1ap trinh nbi tiép SPI s& khong 1am viéc néu nhu qua trinh truyén
thong ra ngoai qud trinh dong bd héa . Khi trong ché do sync byte tht 2 ($53), &
phan hoi lai khi sy dua ra byte thir 3 cta I¢nh kich hoat 1ap trinh . Lya chon phan
hoi 12 ding hodc sai , tit ca 4 byte cta 1énh phai duoc duoc chuyén phdt . Néu
$53 khong phan héi lai , dwa chan RESET 1 xung dwong va dua ra 1 1énh kich
hoat 1ap trinh méi .
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4. Bo nhé Flash duoc 1ap trinh mdi trang nhé tai mot thoi diém . C& cua trang thi
dugc tim thay trong bang 124 trén trang 292 . Trang nho thi dugc tai mot byte tai
1 thoi diém bang viée cung cp 7 LSB cua dia chi va dit liéu ciing vé6i 1énh tai
chuong trinh trang nhé. Bé dam bao qud trinh tai ding céc trang nhd , cic byte
dir liéu thép phai duoc tai trudc byte dir liéu cao duoc dp dung cho cac dia chi
duoc dua ra . Cdc trang nhé chuong trinh duoc luu trit bang viée tai 1énh viét
chuong trinh trang nhd véi 9 MSB ciia dia chi . Néu qua trinh héi vong khong
duoc st dung, ngudi st dung phai doi trong khoang thoi gian twp g asy trudc khi
dua ra trang mdi. (xem bang 128)

Chd ¥ : néu céc 1énh khdc hon qu4 trinh hoi vong duoc dit trude bat cit qué trinh
viét nao (Flash , EEPROM , cdc bit khéa , Cau chi ) dugc hoan thanh , ¢6 thé giy
ra sy 1ap trinh khong ding .

5. Mang nhé EEPROM thi dugc 1ap trinh mot byte tai mot thoi diém bang viée
cép dia chi va dir li€u cung voi 1¢énh viét duoc Chép thuan . 1 ving nh¢
EEPROM dugc x6a trudce tién mot cach tu dong trude khi mdt dir li€u moi
duoc viét . Néu su hoi vong khong duogce sir dung , ngudi st dung phai doi
trong khoang twp ggprom trudc khi Xuit ra byte trudc . ( xem bang 128) .
Trong mdt thiét bi dugc x6a , khong cé $FF trong céc file dir liéu can thiét
duogc lap trinh .

6. batct vung nhd nao co thé duoc kiém tra bang viéc str dung cic 1énh doc , cai
ma phan hoi lai thanh phan tai dia chi dugc lua chon tai cdc dau ra ndi tiép
MISO

7. tai phﬁn két thdc cua phﬁn 1ap trinh , RESET c¢6 thé duoc cai dit & muc cao
bét dau hoat dong binh thuong

8. Power —OFF ké tiép ( néu can thiét )
bat chan RESET 1a 1
Chuyén Vc sang tit ngudn

Su héi vong Flash

Khi mot trang nhé dang dugc 1ap trinh vao trong bd nhé Flash , viéc doc mot
viing dia chi trong trang dang dugc 1ap trinh s& dwa ra gid tri $FF . Tai thoi diém ma
thiét bi sin sang cho 1 trang nhé moi , gid tri da 1ap trinh s& dugc doc mot cach chinh
xéc . Piéu nay thuong dugc xdc dinh khi trang ké tlep c6 thé duogc viét . Chu ¥ rang
toan bo trang nhd duge viét 1 cich dong thoi va bat ctr dia chi nao trong trang c6 thé
duoc st dung cho sy héi vong . Su hoi vong dir liéu ctia bd nhé Flash s€ khong lam vi¢c
véi gia tri $FF , vi vay khi 1ap trinh gia tri nay , nguoi st dung s€ phai doi trong khoang
th(n gian twp_FLASH trude khi 1ap trinh trang ké tlep Nhu 1a mot thiét bi xoa chip bao
g6m $FF trong tit ca cdc ving dia chi , sy 1ap trinh cua dja chi ma bao gom $FF , c6 thé
bi gitr lai . Xem bang 128 vé gi4 tri clia twp_rrasn
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Sw héi vong dir licu EEPROM

Khi mdt byte méi vira duoc viét va dang duoc 1ap trinh vao trong EEPROM ,
viéc doc cac vung dia chi dang duogc 1ap trinh s€ dua ra gid tri $FF . Tai thoi diém ma
thiét bi sin sang duoc 1ap trinh cho 1 byte maéi , gid tri dugc 1ap trinh s€ dugc doc mot
cach chinh xdc . iéu ndy thuong dugc xéc dinh khi byte ke tiép c6 the doc . Diéu nay
s€ khong lam viéc cho gia tri $FF trong tat ca cic vung nh6 , nhung nguoi sir dung nén
6 cédc y tuong sau :Nhu 12 mot thiét b x0a chip bao gom $FF trong tat ca cdc ving nhé
,viéc lap trinh cho cdc dia chi nay bao gdm $FF ,c6 thé duoc giit .Piéu nay khong dp
dung néu nhu EEPROM duogc 1ap trinh lai ma thiéu thiét bi x6a chip . Trong trudng hop
nay ,qué trinh hoi vong gitt liéu khong thé dugc str dung cho gid tri $FF ,va ngudi str
dung sé& phai doi trong khoang thoi gian twp geprom trude khi 1ap trinh byte ké tiép
Xem bang 128,d¢ biét gid tri twp geprom

Table 128. Minimum Wait Delay before Writing the Next Flash or EEPROM Location, V=5V

+ 10%
Symbol Minimum Wait Delay
S 4.5 ms
by _rLase 5 ms
ben_EpROM 10 ms
bwn_ERasE 10 ms

Figure 145. 5P| Serial Programming Waveforms

oy frl Y OOOO@,
swomozs iR O OOOOE
ewscongy [ [ ML

R EEER RN
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Table 128. SF|Serial Programming Inatruction Sei

Instruction Formst
Instruction Byt=1 Byla2 Byte 3 Bytad Ciparation
Proagramming Enabia 1001100 0101 011 KR EEKE EEEE KKK Ernabla 5Pl Sardal Pragramming atar RESET
o how
Chip Ersta 10101104 100 scacs: KR KEEE B KR Chip Ersta EEPROM and Flath
Raad Pragram 0010 HOO0D LELEEELE] bbbb bbbb | oooo cooda | Raad H figh o loa) ditao fnam Pragram
Marnary rnamacy & wand address ath
Laad Pragram 0100 HOO0D EEKE KKK xbbb bbbb il i Wirita H (Figh or low) data | 1o Pragram
Mamary Paga L ¥ paga &l ward addrats b. Data low
byt st ba lafded bedans dats high bByls it
spsied Wit f1asame sddess
Write Pragram 0100 11040 LELEEELE] BocKs KEKE EEEE KKK
Mamary Paga Wirita Pragram Mamary Pags &1 addretx ah
Raad EEPROM 10100000 EXKE 3383 bbbb bbbb | oooo oo | Raad datao ion EEPROM mamary at
Marnary sddrass a b
Wirita EEPROM 110400000 EXEE 8353 kbbb bbb il i Wirita data i 1o EEPROM mamany &1 Addrast
Mamary ah
Raad Lock bt 0101 1000 0000 0000 KR EEKE a0 o0 | Asad Lack bits. "0 @ programmad, "1 =
urprogramimad. Sea Teble 115 on pape
ZBE for delals
Wirite Lock Btk 10101104 11 1% 3w SO KK 1 v
Raad Signatura Byl 001 1 0000 EEKE KKK ey xxbh COO0 GO0
Writa Fuss bilg 10101100 10710 0000 KR KEEE il i
Wirite Fusa High Bt 10101100 1010 1000 HEEE KEEE il i
Writa Extan dad Fuss 10101104 1010 0100 SO KK s i
Bils
Raad Fuss btk 0101 0004 0000 D000 KR KEEE Ottty ERCetiety
Rasad Exiandand 0101 0000 0000 1000 EEEE EKEEE OO0 OO0
Fusa b
Raad Futa High B 0101 1000 0000 10040 KR EEKE COO0 GO0
ZEE for details
Raad Calibraton Byte | 00111000 EEKE KKK 002000bb | oooo ooos | Raad Caibrason Byts o ataddress b
Nota: a= address
b = ad drass low bt
H = - Lo Eyla, 1 - High Byla
o = dath aul
i=datain

X ol Gand

Théng s6 k¥ thuit ciia 1ap trinh SPI

Vé thong s6 k¥ thuat cia modun SPI, xem thong s6 k¥ thuat gian do thoi gian
SPI.

Lap trinh thong qua giao dién JTAG..

Lap trinh thong qua giao dién JTAG can thiét dé diéu khién bdn chan xdc dinh
JTAG: TCK, TMS, TDI, TDO. Qu4 trinh diéu khién cta chan reset va cdc chan déng hd
12 khong can thiét.

C6 thé sir dung giao dién JTAG, cau chi JTAGEN phai dugc 1ap trinh. Thiét bi nay
dugc nén mic dinh véi cau chi da duoc lap trinh. Thém vao do, bit JTD trong thanh ghi
MCUCSR phai dugc x6a. Nhu mot sy Iya chon, néu bit JTD duoc cai dit, reset ngoai
c6 thé dat & mic thap. Sau d6 bit JTD c6 thé duge x6a, sau 2 chu ki xung nhip cua chip,
va cac chan JTAG thi kha dung trong ché d¢ 1ap trinh. Piéu nay cung cap mot kha nang
dé sir dung chan JTAG nhu 1a cdc cdng thong thudng trong ché d6 dang chay trong khi
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van cho phép lap trinh trong hé théng théng qua giao dién JTAG. Chd y rang k§ thuat
nay c6 thé khong duoc sir dung khi ding cdc chan JTAG cho ché do quét thir cap va ché
d6 hiéu chinh 15i trén chip. Trong céc trudong hop nay cdc chan JTAG phai duoc st
dung cho céc chtic nang nay.

Nhu 12 duge xdc dinh trong tai liéu nay, LSB dugc nén vio trong va ra ngoai dau tién
cua thanh ghi Shift.

Cac Iénh lap trinh xac dinh JTAG.

Thanh ghi cac 1€nh thi c6 d0 rong 1a 4 bit, duoc hd tro 1én dén 16 1énh. Céc 1énh
JTAG htru dyng thi duogc liét ké bén duoi.

Bit OPCODE cho mdi 1énh duoc chi ra dang sau cdc 1énh trong dinh dang hex.
Sy miéu ta cdc thanh ghi dir li€u dugc Iya chon nhu 1a mot phﬁn gitra cac bit TDI va
TDO cho mdi 1énh.

Trang thai Run-Test/idle ctia bd diéu khién TAP duoc sir dung dé phit ra cdc
xung nhip bén trong. No ciing c6 thé duoc su dung nhu trang thai IDLE gitra cac JTAG
ndi tiép. Cdc mdy phit trang thai ké tiép cho su thay ddi cdc tir 1énh duoc chi ra trong
hinh 146.

Figure 146. State Machine Seguence for Changing the Instruction Word

1 ': Test-Logic-Resat wl e e e R R et st S

¢ C Bun-Tast/|ldls 2 ~ » Select-DR Scan |— » SelectIR Scan et
b !
. 2 v
i Capture-DR i 1| capture-IR
............ S y
k-,
»  sftDR | G0 »  ShfeiR D 0
! 1 1
3, r
# EAH-DR et L »  Ext1-R L
____________ ; S y
-
Pause-DR | 30 Pausa-IR D 0
i q
Do, B ¥
v Euits.DR Y Exit2-I1R
i 1
. : v
Update-DR -1 Update-1R -+
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AVR_RESET ($C).

AVR xdc dinh c4c 1énh JTAG chung cho vi¢c cai dit cac thiét bi AVR trong ché
do reset hodc dua cdc thiét bi ra khoi ché d6 reset. B6 diéu khién TAP thi khong duoc
reset béng 1énh nay. MOt thanh ghi reset dugc lya chon nhu la mot thanh ghi dir lidu.
Chu y rang 1¢nh reset nay s€ hoat dong chi can ¢6 mot muc logic 1 trén chan RESET
chain. Pau ra tir chain nay thi khong bi chot.

Céc trang thai hoat dong la:

- Shift-DR: Thanh ghi reset dugc Shift bai dau vao TCK.

PROG_ENABLE ($4)

AVR xdc dinh 1énh JTAG chung dé kich hoat 14p trinh thong qua cong JTAG.
Thanh ghi kich hoat 1ap trinh 16 bit dugc lya chon nhu 1a thanh ghi dit li¢u. C4c trang
théi hoat dong thi dugc chi ra nhu bén dudi:

- Shift-DR: Tin hi¢u kich hoat 18p trinh dugc Shift bén trong thanh ghi dir li¢u.

- Update DR: Tin hi¢u kich hoat 1ap trinh dugc so sanh voi gid tri chuan, va ché

doé lap trinh dugc truy nhap néu nhu tin hiéu cta né c6 hiéu luc.

PROG_COMMANDS ($5)

AVR xdc dinh cic 1énh JTAG dé truy nhap cdc 1énh 14p trinh thong qua cong
JTAG. Thanh ghi 1€nh Iap trinh 15 bit dugc lya chon nhu 1a thanh ghi dir li¢u. Cac trang
thai hoat dong duoc liét ké nhu bén dudi:

-Capture-DR: Két qua cua 1énh trudc dugc tai vao thanh ghi dit liéu

-shift DR: Thanh ghi dit liéu dugc Shift béi ddu vao TCK, duoc nén vao két qua
cua Iénh trudc va nén vao 1énh moi

-Update-DR: Lénh Iap trinh dugc dat vao cac dau vao flash

- Run-Test/idle: Mgt chu ki xung nhip dugc phat ra, dang thyc thi mot 1énh dugc
ap dung.

PROG_PAGELOAD ($6)

AVR xdc dinh cdc 1énh JTAG chung dé tai tryc tiép trang dit liéu flash thong qua
céng JTAG. Thanh ghi tai trang flash ao bit 2048 dugc lya chon nhu 1a mot thanh ghi
dwr liu. Bay 1a mot vong quét do vai do dai béng sO thir tu cua cac bit trong trang flash.
Bén trong thanh ghi shift 1a 8 bit. Khong giong nhu tit ca cdc 1énh trong JTAG, trang
thai Capture-DR khong dugc str dung dé chuyén dit liéu vao thanh ghi shift. Di liéu tu
dong duge chuyén tir cic bite bo dém trang flash bang bite trong trang théi shift DR
bing mot mdy tao xung trang thai bén trong. Dy chi 12 cdc trang théi:
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- Shift-DR: Dir li€u flash dugc nén vao trong tir TDI béng dau vao TCK, va ty
dong dugc tai vao trong trang flash mdi bite 1 1an.
Chi y: Lénh JTAG,PROG_PAGELOAD ($6) chi c6 thé dugc sir dung néu thiét bi
AVG la thiét bi dau tién trong chudi quét JTAG. Néu nhu AVG khong thé 1a thiét bi
dau tién trong chudi quét, bite-wise thuat todn 1ap trinh phai duoc st dung.

PROG_PAGEREAD ($7).

-AVR xdc dinh cic 1énh JTAG chung dé doc mot trang dwr liéu flash dﬁy thong
qua cong JTAG. Thanh ghi doc trang flash a0 2056 bite duoc lua chon nhu mot thanh
ghi trang thdi. Pay 1a mmotj chudi quét 4o véi d6 dai bang sb lugng cic bit trong mot
trang flash. Bén trong thanh ghi shift 1a 8 bit. Khong giéng nhu hau hét cic 1énh JTAG
khéc, trang thai capture-DR khong duwocj st dung dé chuyén dit liéu vao thanh ghi
shift. Dir li€u thi duoc tuy dong Chuyén tir by dém trang flash béng bite trong trang thai
shift-DR bang mdt mdy phdt trang thdi bén trong. Diy chi 1a cdc trang thai haotj dong:

- Shift-DR: Dt li¢u flash dugc tu dong doc mdi bite mot 1an va duge nén ra ngoai
trén chan TDO bang dau vao TCK. Pau vao TDI duogc bo qua.

Cac thanh ghi dir liéu

Cic thanh ghi dit liéu dugc lyra chon bang cac thanh ghi 1énh JTAG duoc miéu ta
o trang 305. CAc thanh ghi dit liéu hiru ich cho hoat dong 1ap trinh Ia:
thanh ghi reset
- Thanh ghi kich hoat 1ap trinh
- Thanh ghi Iénh 13p trinh
- Thanh ghi tai trang flash dao
- Thanh ghi doc trang flash 4o

Thanh ghi reset

- Thanh ghi reset 1a mot thanh ghi kiém tra dit liéu dugc st dung dé reset mot
bd phan trong sudt qud trinh 1ap trinh. N6 thi can thiét dé reset mot bo phan
trudce khi truy nhap vao ché do lap trinh.

- MOt gid tri cao trong thanh ghi reset twong tng dé kéo reset bén ngoai xubéng
mirc thap. Phan nay duoc reset chi can c6 mot gid tri cao dua ra ¢ trong thanh
ghi reset. Su phu thudc vao su cai dat bit cau chi cho su lua chon xung nhip,
bd phan con lai s€ reset cho mot chu ki reset time out (Tham khao trang 37 )
sau khi giai phong thanh ghi reset. Pau ra tir thanh ghi di liéu nay khéng bi
chdt, vi vy qud trinh reset s& xay ra ngay 1ap tirc nhu duoc chi ra trong hinh
123 trang 254.
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Thanh ghi kich hoat chwong trinh.

Thanh ghi kich hoat chuong trinh 12 mét thanh ghi 16 bit. Thanh phan cta thanh ghi nay
dugc so sanh vai tin hi€u kich hoat 1ap trinh, ma nhi phan 1010_0011_0111_0000. Khi
cdc thanh phan cta thanh ghi nay bang véi tin hiéu kich hoat 1ap trinh, 1ap trinh thong
qua cong JTAG duoc kich hoat. Thanh ghi dugc reset vé khong trong ché do reset

power on, va nén ludn luén dugc reset khi roi khoi ché dg 1ap trinh.
Figure 147. Programming Enable Register

o

# Programming enable

b
Y
0
4]

CiockDR & FROG_ENMABLE

pp=l=

Thanh ghi 1énh 14p trinh

Thanh ghi Iénh 1ap trinh la mot thanh ghi 15 bit. Thanh ghi nay duoc st dung dé nén
lién tiép trong céc 1énh 1ap trinh, va dugc nén ra ngoai lién tiép cho két qua cua cic 1énh
phia trude. Lénh lap trinh JTAG duoc cai dat nhu dugc chi ra trong bang 130. Trang
thai ké tiép khi dang shift cdc 1énh lap trinh dugc minh hoa trong cdc hinh 149.

Table 130. JTAG Programming Instruction
Set a=address high bits, b = address low bits, H =0 - Low byte, 1 - High Byte, o = data out, i = data in, x = don't care

Instruction TDI sequence TDO sequence Notes
1a. Chip erase 010001 1_10000000 SO NN
n 10001_10000000 eSS b e e
011001 1_10000000 SR
011001 1_10000000 SR
1b. Poll for chip erase complete 0110011_10000000 OO MO (2)
2a. Enter Flash Write 0100011_00010000 EE R S A s
2b. Load Address High Byte 0000111 _aaaaaaaa AR DO (9)
2e. Load Address Low Byte 0000011 _bbbbbbbb OO XK
2d. Load Data Low Byte D01 001 1 _iiiiiiii O XK
2e. Load Data High Byte 0010111 _iiiiiiii OO OO
2f. Latch Data 01101 11_00000000 AR DO (1)
11101 11_00000000 RN R
01101 11_00000000 SR
2g. Write Flash Page 0110111_00000000 SO NN (1]
ot 10101_00000000 e b E g S
M 10111_00000000 eSS b e e
01101 11_00000000 SR
2h. Poll for Page Write complete 01101 11_00000000 R e R (2)
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Figure 149. State Machine Seguence for Changing/Reading the Data Word
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Thanh ghi tai trang flash ao.

Thanh ghi tai trang flash 4o 12 mot chudi quét ao véi do dai bang sé lugng céc bit
trong mot trang flash. Thanh ghi shift bén trong 12 8 bit, va dit liéu duoc chuyén mot
céach ty dong dén bite bo dém trang flash bé‘mg bite. Shift vao trong tAt ca céc tir 1énh
trong mot trang, viéc bat dau cdc bit LSB cua mot 1énh dau tién trong mot trang va két
thiic v6i bit MSB ctia 1énh cubi ciing trong trang. Diéu nay cung cip mot cach thuan
tién dé tai tron ven b dém trang flash trudc khi viée thuc thi Iénh viét trang.

Figure 150. Virtual Flash Page Load Register

ETROSES

Sura

macnna

Flzsh
EEPROM
Fusas
Lock Bits

T

v

Thanh ghi doc trang flash ao.

Thanh ghi doc trang flash 4o 12 mot chudi quét o véi do dai bang sb luong cdc bit trong
mot trang flash thanh ghi shift bén trong 1a 8 bit, va dur liéu dugc chuyén mot céch tu
dong dén bite bo dém trang flash bang bite. 8 chu ki dau tién duoc sir dung dé Chuyen
bite dau tién vao trong thanh ghi shift, va cac bit ma dugc shift ra ngoai trong sudt trong
8 chu ki d6 nén duogc bo qua. Tlep theo qua trinh khéi tao nay, dit liéu duogc shift lai dé
bt dau bite LFB cua 1énh dau tién trong trang va két thdc vé6i 1énh MSb cta 1énh cubi
cling trong trang. Diéu nay cung cap mot cach thuan tién dé doc mot chuong trinh trong
trang flash.
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Figure 151. Virtual Flash Page Read Register

STROSES

Siea
maching
=5
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EEPROM
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Thuat toan 1ap trinh
Tat ca cdc mau tham khao bén dudi cua loai “l1a” , “1b”, tham khao trang 130

Sw truy nhép vao ché d¢ lap trinh
1. Nhap lénh JTAG AVR_RESET va di chuyén 1 trong thanh ghi Reset .
2. Nhap Iénh PROG_ENABLE va di Chuyén 1010_0011_0111_0000 trong thanh
ghi kich hoat 1ap trinh

Sw doi khéi ché dé lap trinh

1. nhép 1énh JTAG PROG_COMMANDS

2. VO hiu hoéa tat ca cac I¢nh 1ap trinh bang viéc su dung 1énh khdong hoat dong
I1a

3. nhap 1énh PROG_ENABLE va di chuyén 0000_0000_0000_0000 trong thanh
ghi kich hoat 12p trinh q

4. nhap lénh JTAG AVR_RESET va di chuyén O trong thanh ghi Reset

Tién hanh viéc xé6a chip

[E—

. nhap 1énh JTAG PROG_COMMANDS

bét ddu x6a chip st dung 1énh 14p trinh la

kiém tra vong cua viéc x6a chip st dung 1énh 13p trinh 1b , hodc doi cho
tywrry ce ( tham khao bang chu y trén trang 299)

Il
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Lap trinh FLASH

Trudc khi 1ap trinh Flash 1 x6a chip (the Flash a chip erase ) phai dugc tién hanh
. Xem “ viéc tién hanh x6a “ trén 315

i Al e

9.

nhép 1énh JTAG PROG_COMMANDS

kich hoat sy ghi Flash sir dung 1énh 13p trinh 2a

tai byte dia chi cao st dung 1€nh 1ap trinh 2b

tai byte dia chi thap str dung 1énh lap trinh 2c

tai dit li€u st dung 1€nh 14p trinh 2d , 2e , va 2f

lap lai buéce 4 va 5 cho tat ca cdc tir Iénh trong trang

viét trang str dung 1énh l4p trinh 2g

hoi vong cho sy hoan thanh ghi Flash str dung Iénh 1ap trinh 2h , hodc doi cho
twirn (tham khao bang chu y : trén trang 299)

13p lai budc 3 dén 7 cho dén khi tat ca céc dit liéu duoc 1ap trinh

Mot sy chuyén phét dir liéu hiéu qua hon c6 thé duoc sir dung dé dat duogc bang
viéc st dung 1énh PROG_PAGELOAD :

I.
2.
3.

W

=N

nhap 1énh JTAG PROG_COMMANDS

kich hoat vi¢c ghi Flash béng viec st dung 1€nh 13p trinh 2a

tai dia chi trang sir dung I¢nh 1ap trinh 2b va 2¢c . PCWORLD ( tham khao
bang 123 trang 291) dugc str dung dé danh dia chi trong vong 1 trang va phai
duoc ghila 0

nhép 1énh JTAG PROG_PAGELOAD

. tai toAn bo trang bang viéc di chuyén trong tat ca cdc tir Iénh trong trang , bat

dau véi LSB cuia 1énh dau tién trong trang va két thiic véi MSB cua 1énh cudi
cung trong trang

nhép 1énh JTAG PROG_COMMANDS

viét trang str dung 1énh 14p trinh 2g

. ho1 vong ghi Flash hoan thanh béng viéc st dung I1énh 1ap trinh 2h , hoac doi

twiru (tham khao ‘t;éng chuy trén trang 299)
lap lai tir bude 3 dén budc 8 cho dén khi tat ca dir li¢u dugc 1ap trinh .

Viéc doc dir liéu Flash

SNhE W=

Nhap 1énh JTAG PROG_COMMANDS

Kich hoat doc Flash str dung 1énh Iap trinh 3a

tai dia chi sir dung I¢nh lap trinh 3b va 3¢

doc dir liéu sir dung Iénh lap trinh 3d

1ap lai tir budc 3 va 3 cho dén khi tat ca dir liéu duoc doc

Mot su chuyén phat dir liéu hi€u qua hon cé thé dat duoc béng viéc st dung
PROG_PAGELOAD :

I.
2.

nhap I¢énh JTAG PROG_COMMANDS
kich hoat doc Flash str dung 1énh 13p trinh 3a
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3. tai dja chi trang bang céch str dung 1énh 1ap trinh 3b va 3¢ . PRWORD (tham
khao bang 123 trang 291 ) dugc sir dung dén dia chi trong vong 1 trang va
phai dugc ghi 1a 0
4. nhap Iénh JTAG PROG_PAGEREAD
. Poc toan b trang bang viéc di chuyén ra ngoai tat ca cdc tir [énh trong trang ,
bat dau voi LSB cua 1énh dau tién trong trang va két thic véi MSB cua 1énh
cudi cling trong trang . Nhé rang 8 bit dau tién duoc di chuyén ra ngoai nén
duoc bd qua .

6. nhap 1¢énh JTAG PROG_COMMANDS

7. 1dp lai budc 3 dén 6 cho dén khi tit ca di liéu duoc 1ap trinh

9

Lap trinh EEPROM

Trudc khi 1ap trinh EEPROM 1 su x6a chip phai duoc tién hanh . Xem phéan
“performing chip erase” trén trang 315
nhép 1énh JTAG PROG_COMMANDS
kich hoat viét EEPROM bang viéc str dung 1énh 1ap trinh 4a
tai byte dia chi cao sur dung 1énh 13p trinh 4b
tai byte dia chi thap sir dung 1énh 1ap trinh 4c
tai dit li€u sir dung 1€nh 13p trinh 4d va 4e
lap lai buée 4 va 5 cho tat ca cdc byte dir liu trong trang
viét dir liéu st dung 1énh 1p trinh 4f
hoi vong hoan thanh viéc viét EEPROM sir dung I¢nh 1ap trinh 4g , hodc doi
twrru (tham khao bang chiy : trén trang 299)
9. lap lai céc budc tur 3 dén 8 cho dén khi tat ca dir liéu dugc 1ap trinh
chd y rang 1énh PROG_PAGELOAD khéng thé dugc sir dung khi 14p trinh
EEPROM

i e e

DPoc EEPROM

Nhép Iénh JTAG PROG_COMMANDS
Kich hoat doc EEPROM sur dung Iénh 13p trinh Sa
Tai dia chi st dung cdc 1€nh 1ap trinh 5b va 5c
Doc dir liéu sur dung Iénh 1ap trinh 5d
. Lap lai budce 3 va 4 cho dén khi tat ca dir liéu dugc doc
hu y rang 1énh PROG_PAGELOAD khong thé duoc sir dung khi doc EEPROM

OU‘:BP’!\U‘

Lap trinh cac cau chi

1. Nhap Iénh JTAQ PROG_COMMANDS
2. Kich hoat ghi Cau chi st dung I€nh 1ap trinh 6a
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o

8.

9.

. Tai byte dir liéu str dung 1énh 1ap trinh 6b . Mt gia tri bit cua “0” s€ 1ap trinh

cau chi tuong Ung . Mot gid tri “1” s€ 1ap khong 1ap trinh cau chi
Viét byte cau chi mo rong str dung I1énh 1ap trinh 6¢

. Hoi vong cho viéc ghi cau chi hoan thanh st dung 1énh 1ap trinh 6d , hodc doi

twLrn (tham khdo bang chu y trén trang 299)

Tai byte dia chi sir dung Iénh 1ap trinh 6e . Mot gia tri bit cua “0” s€ lap
trinh cau chi twong (mg , mdt gid tri “1”” s& khong lap trinh cau chi

Viét cau chi byte cao st dung Iénh lap trinh 6f

Hoi vong viéc hoan thanh ghi cau chi st dung I¢nh 13p trinh 6g , hodc doi
twrry (tham khao bang chu y trén trang 299)

Tai byte dit liéu sur dung cac I¢nh 1ap trinh 6h . Mot gid tri “0” s€ 1ap trinh cau
chi , mot gid tri “1” s& khong 1ap trinh cau chi

10.Viét byte thap cau chi sir dung 1énh 13p trinh 6
11. Hoi vong hoan thanh viéc ghi cau chi stir dung 1€nh I4p trinh 6j , hoac doi

twrLn (tham khao bang chu y trén trang 299)

Lap trinh cac bit khéa

1.
2.
3.

4,
o

Nhap 1énh JTAG PROG_COMMANDS

Kich hoat ghi céc bit khéa str dung 1€nh 12p trinh 7a

Tai dir liéu stir dung 1€nh 1ap trinh 7b , Mot gid tri cua ‘0” s& 1dp trinh bit khoda
tuong ung , mot gid tri “1” s& di chuyén bit khéa khong duoc nap

Viét cic bit khéa sir dung 1énh lap trinh 7c

Héi1 vong cho viéc hoan thanh ghi bit khéa st dung I€nh 18p trinh 7d , hoac
doi twren (tham khao bang chu y trang 299)

Poc cac bit cau chi va cac bit khéa

1. Nhap Iénh JTAG PROG_COMMANDS
2. KECh hoart doc bit cau ghi/bit khoa su dung lénh 1ap trinh 8a
3. B¢ doc tat ca céc bit cau chi va bit khéa st dung I¢nh 1ap trinh 8f

Chi doc cic bit cau chi mé rong st dung Iénh 1ap trinh 8b

Chi doc céc byte cao cau chi , sir dung 1énh 1ap trinh 8¢

Chi doc cic byte cau chi thap sir dung 1énh 1ap trinh 8d
Chi doc céc bit khoéa , st dung 1€nh 1ap trinh 8e

Poc cac byte ki hiéu

I.
2.
3.
4.

Nhap 1énh JTAG PROGCOMMANS

Kich hoat doc céc byte ki hi¢u sir dung 1€nh 13p trinh 9a
Tai dia chi $00 str dung 1énh 1ap trinh 9b

Doc byte ki hi¢u dau tién st dung I¢nh 1ap trinh 9¢
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5. Lap lai tir bude 3 va 4 véi dia chi $01 va $02 dé doc byte ki hi¢u thur 2 va 3
mot cach tuong ting

Doc byte hi¢u chinh

1. Nhap 1énh JTAG PROG_COMMANDS

2. Kich hoat vi¢c doc byte hi¢u chinh sur dung I€nh 13p trinh 10a
3. Tai dia chi $00 st dung 1é€nh 1ap trinh 10b

4. Doc byte hi¢u chinh st dung 1€nh 1ap trinh 10c
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XXV . Cac dic tinh dién

Chu y : cac gid tri thong thuong chira trong data sheet nay dugc xay dung trén co so sy
mo phong va cic dac tinh cua vi diéu khién AVR dugc ché tao trén cac qué trinh cong
ngh¢ giong nhau . Cac gia tri Min va Max s€ c6 thé st dung sau khi thiét bi duoc tiéu
chuan hoa

Chi s6 cuc dai tuyét doi

Absolute Maximum Ratings*

Operating Termparature . ... ..o e . -55°C to +125°C
Storage TEMPErEIUNE ..o v v i s s -65°C to +150°C

Voltage on &ny Pin except RESET
with respect to Ground ... 0.5V 10 Vpe+0.5V

Voltage on RESET with respect to Ground......-0.5V to +13.0V

Maximum Cperating Voltage ..o 6.0V
DC Current per MO Pin .. i e e s e 40.0 mA
DC Current Vas and GND PIng......cccc e 200.0- 400.0mA

Thong bdo : cic gid tri ngoai gidi han dugc liét ké trong Bang chi sé cuc dai tuyét doi
bén dudi c6 thé gy ra hong héc vinh vién cho thiét bj . Pay chi 1a mot gid tri gidi han
va chitc nang diéu khién cua thiét bi tai cac diéu kién nay hoic cc diéu kién khic bén
ngodi cic thong sb sau thi khong duoc sir dung . Sy dua ra ciia cic diéu kién chi s6 cuc
dai tuyét d6i cho chu ki mé rong c6 thé anh huong dén céc thiét bi lién quan .
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T = -40°C to B5°C, Vo = 2.7V to 5.5V (unless otherwise noted)

Symbol | Parameter Condition Min Typ Max Units
Input Low Voltage except B {3
V)L XTAL{ and RESET pins | Vec=27-55. 0.5 0.2 Ve v
Input High Voltage except e 2
Vin XTAL1 and RESET pins Voo=2.7-5.5. 0.6 Voo Voo +0.5 W
Input Low Voltage
Vi XTAL1 pin Vpp=2.7-55. 0.5 0.1 Vi v
Vi, 'F'I':E”t HighVoltage XTALT | v 57.55 0.7 Ve Vee + 0.5 v
Input Low Voltage
V — Ver=2.7-5.5. -0.5 0.2 Vo' V
= RESET pin ce =
Input High Vialtage .
WV - V=27 -5.5. 0.85 V.'° Ve +0.5 W
2 RESET pin oc o ol
v Cutput Low Voltage®! lo =20 mA, Vi, =5V 0.7 W
oL iPorts ABCD.E F G) lg, =10 mA, Ve =3V 0.5 v
y Cutput High Voltage®' loy = -20 mA, Vgg =5V 4.2 Y
Lo iPorts ABCD.E F G) loy =-10 mA, Vo =3V 2.2 v
| Input Leakage Voo = 5.5V, pin low 10 A
I Current V'O Pin {absolute value) ’ H
| Input Leakage Viee = 5.5V, pin high 10 A
IH Current V'O Pin {absolute value) ‘ H
Rrar Reset Pull-up Resistor 30 60 kil
Feey PEM Pull-up Resistor 30 60 kiy
Rru I/0 Pin Pull-up Resistor 20 50 kiy
T, = -40°C to B5°C, V= 2.7V to 5.5V (unless ctherwise noted) (Continued)
Symbol | Parameter Condition Min Typ Max Units
Active 4 MHz, Voo =3V
(ATmega128L) . - mA
Active B MHz, Vg =5V
(ATmega128) 7 E mA
Power Supply Current
idle 4 MHz, Vo =3V 5 25 A
oe {ATmega128L) : m
idle 8 MHz, Vg =5V
(ATmega128) 8 B mA
WOT enabled, Voo =3V <15 25 HA
Power-down mode
WDT disabled, Voo =3V <5 10 HA
Analog Comparator Viop =5V
Vecio nput Offset Voltage Vo= Vog/2 E my
Analog Comparator Voo =5V !
lacLx Ihput Leakage Current Vi = Vo/2 2 2 nA
t Analog Comparator Vep =27V 750 =
bt Propagation Delay Vpp = 5.0V 500
NotEsr 1. “WEx means the highest valie where the pin 15 guaranteed 1o be read 8% [ow

2. “Min" means the lowest value where the pin is guaranteed to be read as high
3. Although each /O port can sink more than the test conditions (20 mA at Voo = 5V 10 mA at Vo= 3V) under steady state
conditions (non-transient). the following must be observed:
Chuy:
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1. ”Max’ c6 nghia la gid tri cao nhét & d6 chan dugc dam bao duoc doc nhu 12
mirc thap

2. ”Min” nghia 12 gi4 tri thAp nhat ma ¢ d6 chan duoc dam bao duge doc nhu 13
muc cao

3. Mic dit mdi cong /0 c6 thé tan nhiét nhiéu hon diéu kién kiém dinh ( 20 mA
at VCC = 5V, 10 mA at VCC = 3V) dudi céc diéu kién trang thai 6n dinh (
khoéng c6 qua do ) , cac diéu bén dudi day phai duoc quan st :

1] The sum of all IOL, for all ports, should not exceed 400 mA.

2] The sum of all IOL, for ports A0 - A7, G2, C3 - C7 should not exceed 100

mA.

3] The sum of all IOL, for ports CO - C2, GO - G1, DO - D7, XTAL2 should not

exceed 100 mA.

4] The sum of all IOL, for ports BO - B7, G3 - G4, EO - E7 should not exceed 100

mA.

5] The sum of all IOL, for ports FO - F7, should not exceed 100 mA.

If IOL exceeds the test condition, VOL may exceed the related specification. Pins

are not guaranteed to sink current greater

than the listed test condition.

4. 4. Mic dit mdi cong 1/0 c6 thé tan nhiét nhiéu hon diéu kién kiém dinh ( 20
mA at VCC =5V, 10 mA at VCC = 3V) dudi cdc diéu kién trang thai 6n dinh
(khéng c6 qua do ) , cic diéu bén dudi day phai duoc quan st

1] The sum of all IOH, for all ports, should not exceed 400 mA.

2] The sum of all IOH, for ports AO - A7, G2, C3 - C7 should not exceed 100

mA.

3] The sum of all IOH, for ports CO - C2, GO - G1, DO - D7, XTAL?2 should not

exceed 100 mA.

4] The sum of all IOH, for ports BO - B7, G3 - G4, EO - E7 should not exceed

100 mA.

5] The sum of all IOH, for ports FO - F7, should not exceed 100 mA.

If IOH exceeds the test condition, VOH may exceed the related specification.

Pins are not guaranteed to source current

greater than the listed test condition.
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P§ doc toc dd o
Hinh 152 : Tan s6 cuc dai va V¢
~

16 MHz

8 MH
? Safe Operating Area

L

27V 4.5V 5.5V

Dang xung diéu khién xung nhip bén ngoai
Figure 153. External Clock Drive Waveforms

1\'_'-h'.'L

tl’.L-.'.L b

Piéu khién xung nhip bén ngoai

Table 131. External Clock Drive

Vep= 27V to 5.5V Voo = 4.5V to 5.5V

Symbaol Parameter Min M ax Min M ax Units
Moo Cscillator Fregquency a0 & a0 16 MHz
trieL Clock Period 125 62.5 ns
tepey High Time 50 25 ns
trow Low Time 50 25 ns
teLen Hize Time 1.6 0.5 us
teneL Fall Time 1.6 0.5 It

Change in period from

one clock cycle to the 2 2 Y
Atey oy next
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Table 132. External RC Qscillator, Typical Freguencies

A (ko C [pF] Lk
33 22 850 kHz
10 22 2.0 MHz

Motes: 1.

the table includes pin capacitance. Thiz will vary with package type.

?  The fremEncw will vare with nacrkane turne and hnged Tsw pllf

Bang 132 : bo tao dao dong RC bén ngoai , tan sd théng thudng

Thong so ki thuit cia giao dién 2 day ndi tiép

Bang 133 mifu ta cac thiét bi can thiét dé két nbi véi bus 2 day ndi tiép . Giao

R should be inthe range 3 ki1- 100 ki1, and C should be atleast 20 pF. The C values givenin

dién 2 day ndi tiép ctuia Atmega 128 bang hoic vuot qud cc yéu cau nay dudi céc didu
kién da duoc chu y . o
Céc ki hi¢u th(‘)i gian dugc tham chiéu dén bang 154

Teble 133. Two-wirs Serizl Bus Requirsmants
Symbol | Paramelar Condilion Min Max Unila
i hiput Lsw-voitage 05 0.3 Wy
Vi hpul Hiyh-vaitags 0.7 Vs se+05
Vi Hystarasis of Schoretl Triggar Inpuls 005 Ve -
Wy Dutpul Low-valtage 3 A sk currant 0 2.4
Rz Time far both SDA and SCL 0+ 0,15, 20 -
14 Oudput Fail Time from Vi, 00 Vo 10 pF < Gy 400 pF? A + 015,73 et &
L Spikes Suppressed by lnpal Foler 0 50 "
| Input Currant each 11D Fin 01 Mae =V 2083 Ve -1d id dA
G Capasiance far each 140 Pin - 13 pF
Taei 2CL Ciock Fguandy Lo o FreAR| 1 8lg , 250KHE 0 40 iz
Ly <100 kHz ~ 04V io00as *:
ITA Cs N
R ‘akue of Pull-up resisk o
" a0 — 04V e
g > 100 kHz I00nE a
A cC,
lxe =100 kHz a - Us
e Foid Tema {epesied) START Candifan
Ly > 100 kHz 08 = iy
lee €100 kHz? 47 - 48
. Low Period of e STL Chook =
s = 100 kHz" 13 - Us
lxe =100 kHz 43 - Us
HAH Hygh pariad of fue SCL cloek
Ly > 100 kHz 08 = iy
lee =100 kKHE 47 - 48
la it Sat-up e 120 a repealed START saadtan
las = 100 KHZ 08 - us
lge <100 kHz2 0 343 1y
tre Data Mot e
lge o> 100 kHz 0 o9 1y
lge <100 kHz2 230 = e
lain ata getip e
las = 100 kHZ 100 - A&
lge <100 kHz an = 1y
| PP, Satup Bra for STOP condiian
= lye = 100 KH2 o8 - -}
L
Bus free by betvean 8 STOF and START e %
e e gz 100 &Rz 4. T HE

Chuy :
1. trong Atmega 128 , tham s6 nay duoc chuan héa va khong dugc kiém tra

100%
2. chi can thiét cho fse >100 KHZ

3. C, =di¢n dung cia mgt duong line trong pF
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4. céc yéu cau nay phai dugc dp dung cho tit ca cdc qud trinh diéu khién giao
dién 2 day 1’1(,)1 tiép cho Atmega 128

5. fck = tan s6 xung nhip CPU

6. chu ki thap that su sinh ra boi giao dién 2 day ndi tiép Atmega 128 thi (1/fscr
— 2/fck ) du cho fcg phai 16n hon 6 MHz cho thoi gian can thiét dé dat dén fscp
= 100kHZ

7. cacchuki thép that sy duoc sinh ra béi giao di¢n ndi tiép cua Atmega 128 1a
(1/fscL — 2/fck ) du cho thoi gian thap can thiét s& khong dugc gap chinh xéac
cho fSCL >308kHz céc thiét bi Atmega 128 dugc két ndi dén bus c6 the giao
tlep & tht ca cdc tde do (400kHz) véi céc thiét bi Atmega 128 khac , t6t nhu
bat clr céc thiét bi khdc véi ban than t; ow

Figure 154. Two-wire Serial Bus Timing
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Cac dac tinh cta b dinh thoi SPI

Table 134. SPI Timing Parameters

Description Mode Min Typ Max
1 SCK period Master See Table 72
2 SCK high/low Master 502 duty cycle
3 Rise/Fall time Master 3.8
4 Setup Master 10
5 Hold Master 10
& Cutto SCK Master 05t ns
7 SCK to out Master 10
B8 SCHK to out high Master 10
g 35S low to out Slave 15
10 SCK period Slave det,
11 SCK high/low' Slave 2+t
12 Rize/Fall time Slave 1.6 e
13 Setup Slave 10
14 Hold Slave 10
15 SCK to out Slave 15
16 SCHK to BE high Elave 20 ns
17 SShigh to tri-state Slave 10
18 S5 low to SCK Slave 2t

Mote: 1. In SPIProgramming mode the minimum SCK high/low period is:
-2tp o forfoe=12 MHz
-3t~ forfre =12 MHz i
Hinh 155 : céc diéu kién can cua giao di¢n SPI (ché d6 Master )
Figure 155. SPI Interface Timing Reguirements (Master Mode)

55

& 1]
=

BCK
CPOL=0)

8K
CPOL=1)

MISO
(Data Input)

MOSI
[Cata Output)

=

Hinh 156 : céac diéu kién can cua giao di¢

SPI (ché d Slave )
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SCK
CPOL=10)

SCK
CPOL=1)

MOSI
(Data Input)

MISO ;
[Data Cutput)

Céc chi s6 ADC

Bang 135 : c4c chi s6 ADC , céc kénh single ended

Table 135. ADC Charactarietics, Singla Endad Channals
Symbol | Parameter Condition Min Tvp" Max Units

Reaciution Singls Ended Comveraion 10 Bia

LSE

u
1
1
in

CLo
a1
wa

3.25 LEB

£
m
oo

&

Abaoiute Accuracy
{Imciuding 1ML, DNL, Guantization Ernor, Galn

and Otiast Ernor) 15 LEB

379 LSB

Noiss Reducton mods

Singls Ended Convergion
Imi=gral Mon-Linearity [IML) Vaz== dW, Wpp = 4V 0.75 L&B
ADC clock = 200 kHz

Single Ended Converaion
Difterential Mon-Linearity (DNL) Vage= 4V, Voo = 4V as LEB
ADC clook = 200 kHz

Singls Ended Convergion

Gain Erar = 4N, Vi = 4V - LSB

P TP
(-

AV, Ve = AV { LB
clogk = 200 kHz

OHast error

Chock Freguency 50 1000 iHz
Convergion Time 13 260 a3
AVCC | Analop Supply Voitape Ve - 0.5% Vo + 0,37
Veze Relerence Voltags 20 Ao W
Wi Imput Vioitags GhD Wazs W
Inpiust Bandwidth 35 %Hz
Ve Int=rnal Volzpe Relerence 23 =858 -5
Azzz | Relerence input Realaance = i
Rany Anglog Input Reaatancs 55 100 M1

hotea: 1. Waisea ans guidelinea ondy.
2. Minimum jor AVCC B 27V,
Maximum for AVCC I 5.5V

L

Duykhanh8x1311 @gmail.com 347




Hanoi University of Industry

Datasheet ATMEGA 128

Bang 136 : c4c chi tieu ADC , cac kénh ri€éng bict

Symbol | Parameter Condltion Mir Typ" Max Urilts
Galn = 1x 10 Bia
R=aciution Giain = 10x 10 B
Glain = 200 10 Bita
13
W, Vign = 5V 17 LB
ooy = 50 - 200 xHz
Gain = 10x
Abgolule Accuracy \ 7 LaE
T LSB
15 LeB
Imiegral Mon-Linearity (IML)
[Accuracy atier Calloration jor Otlaet and 2 LSB
SE r Efr:r'
5 LEB
15 £
Bain Error 1.5 e
)5 £
2 LSB
Otfaet Ermor o= 5V 3 LEE
50- 200 kHz
oe = 5 4 LSB
50-200kHz
Ciiook Frequency 50 200 iHz
Converalon Time &5 280 |
ANCS | Analog Supply Violtage Ve - .57 Ve + 0.5
Vo= Referance Voilage 2.0 AVCG - 05
i Input Voltage GHD Ven

Input Diterential Woitape

ADC Converabon Ouwtput -511 511 LSB
Ingpust Bandwidth 4 uHz
Symbol | Parameter Conditlon Miri” Typ® Max Unilts
Vit Imizrnal Violage Rslzrence 2.3 2.55 rd
Rzz= Refzrence Input Realstance 32 “ll
Rap 0 Imput Realatance 55 100 (hlw]

Lk p -

Valea ang QUIDSInES. Onify.
Mindmum for AVCC 8 2.7V

Maxdmum for AVCGS I3 5.5V,
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Sw dinh thoi b§ nhé dir liéu bén ngoai

Bang 137: cdc chi s6 b nhé dit liéu bén ngoai , 4,5 &én 5,5 V , khong c6 trang

thai cho

BEMHz Oscliiator \Variable Oscliiator

Symbol Farameter Min Max Min Max Unit
a i py Oaciliator Freguency ol ] MHz
1 A ALE Pulae Widin 15 1.0 =10 na
2 - Addreas Walid A 1o ALE Low Ch] 05ty -5 na

Addreas Hold Afier ALE Low, 5 e
38 | tusxar wiite 2cceas 2 2 n3
Addreas Hold after ALE Low, = a

B | bweun mad acceas = :' ra
4 ta e Addreas Valid C 1o ALE Low 575 05ty -5 na
5 tam Addreas Valid 1o AD Low 115 B A L] na
] 1a Addreas Vizlid 1o WR Low 15 Dpymy-10 ng
T | g ALE Low 1o WH Low 475 575 0.5 0, -187 0.5, 0, +57 ra
& 1us ALE Low 1o RD Low 475 STE 0.5 oy 157 05ty m +57 na
] laas Diata S=twp 1o RD High 40 40 na
10 | tamy Fead Low fo Dats vaid 75 1.0y o -50 na

- Diata Hold Atier RD High o i) na
12 | tppm AD Putaz Widtn 1 1Moy - 10 na
13 | tow Dzt Satun to WH Low 425 0.5ty oy 200 na
14 | famon D=tz Hold Atler WR High 15 Doy -10 na
15 | toweam Diats Vaid o WR High 125 1.00g - na
18 | tupaw WHR Putae Widih 115 1000 -10 na

Motea: 1. This assumea 505 clock duty cycie. The b o i3 actually the nigh time of the exiemal clock, XTALT.

2.

Bang 138 céc chi tieu bo nhéd d

cho

Trig azaumes 50%:

ciock duty cycie. The halt

i
= |

o0 I3 actualy the lowl

3 T
SR
A

mz of the external clocs, KTALY.

li¢u bén ngoai , 4,5 -5,5 V, 1 chu ki trang thai

B MHz Oscliiator \Varlable Osclliator
Symbaol Farameter Min Max Min Max Unit
1] (LT Oacillstor Freguency k] 18 MHz
10 | ta Read Low o Data Vald 200 2.0~ -50 na
12 | taas RD Pulae Widih 240 2 10 na
15 | toeam Diata Vald 1o WR High 240 2. 000y n3
186 | Y WH Pulas Width 240 2 Oty =10 na

Bang 139 :

chi s6 bo nh¢ dir liéu bén ngoai ,

4,5-5,5V, SRWnl

=1, SRWnO =0

4 MHz Oscliiator \Variable Oeclllator
Symbaol Farameter Min Max Min Max Unit
o 1oy Dacillator Frequency oo 18 MHz
10 | taw Read Low 1o Data Valid 325 3.0y -50 na
12 | tquan RD Pulas Width 385 301 py-10 na
15 | tovam Datz Valid 1o WHR High 375 300 na
18 | fam WR Pulse Width 385 301 ny-10 na

Bang 140 : c4c chi sb bo nh¢ dit li¢u bén ngoai 4,5 — 5,5V, SRWnl =1, SRWn0
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: cac chi s6 by nho dir i

SELMES SUT: COCK Ouly CyCE.
3gumea 5055 chock duty cycie. Th

¢

The

u bén ngoai , 2,7 —

cioc, KTALY

5.5V SRWnl =1, S

RWnO

4 MHz Osclliator

\arlable Osclllator

Symbaol Farameter Min filax tdin Max Unit
o ten Oacillator Frequency oo 5 MHz
10 | 1= R=ad Low 1o Data Vald 440 2 Oy B0 na
12 | tayas RD Pulas Widih 485 2 M -15 na
15 | tneam Diata Valid 1o WR High 500 20000y na
18 | Saummt WH Pulas Widih 485 20 -15 na

- cdc chi sb bo nh¢ dir liéu bén ngoai ,2,7 — 5,5 V SRWnl =1,

4 MHz Gsclilator

variable Gsclliator

Symbol Farameter Min Max Min Max Unit
ul 1ar, Oacillator Frequency uli] B MHz
10 | g R=ad Low o Data Vald Ga0 3. Opy 80 na
12 | tams RD Pulas Widih T35 300y p-15 ng
15 | tovam Datz Valid 1o WR High TS0 3. 0ye n3
18 | b WR Pulaz Wigth 735 <o 1 na

4 MHz Osclliator Varlable Osclliator
Symbol Parameter Min Max Min Macx Unit
il 1Aqe Oacillator Fregquency uli] & MHz
10 | g RA=ad Low 1o Data Vald 325 3.0 0 -50 na
12 | tamm RD Pulas Width 355 300 =100 na
14 | fapon Data Hold After WR High 240 20y o -10 na
15 | tmeam Diata Valid 1o WR High 375 < na
18 |t WR Pulss Width 388 B0y -10 na
’
Bang 141 : chi s0 bd nh¢ dir li€u ngoai , 2,7 — 5,5 V , khong c¢6 trang thai cho
4 MHz Osclliator \Varlable Oscliiator
Symbaol Farameter Min Max Kin Max Unit
o 1Aae Oacillator Frequency oo 5 MHz
1| ALE Pulss Width 235 o -15 na
2 | taw Addreas Vialid Ao ALE Low 15 0.5ty p 107 ng
ea3 Hold After ALE Low, = =
3 | s = = na
3 | Lo . o 2 ng
4 |ty 15 0.5y py 107 na
5 | tam Addreas Velld 1o AD Low 235 10y o -15 na
5 | g Addreas Valid 1o WR Low 235 10 pi-15 ng
T i ALE Lowto WH Low 15 50 0.5y 1 s 05tae Lgi =
8 | s ALE Low 1o RD Low 15 30 0.5t 107 051mn +57 ra
2 | tmes Data Setwp 1o RD High 45 45 na
10 | 130w R=ad Low o Data Valid 180 1.0y - 80 na
[ Datz Hold After RD High i) 1] n3
4 MHz Osclliator Varlable Osclliator
Symbol Parameter Min Max Min Macx Unit
12 | tasm RD Pulss Width 235 100y -15 na
13 | o Diata Setwp o WH Low 05 0. Sy 207 na
14 | fapon Data Hold After WR High 235 10y o -15 na
15 | tneam Diata Valid 1o WR High na
H WR Pulas Width na

1
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Bang 144 : c4c chi $b bd nh¢ dir lieu bén ngoai ,2,7 - 5,5 V SRWnl =1 , SRWn0 =0

4 MHz Csclliator Variable Osclliator

Symbaol Farameter Min ax Min Max Unit
i} e, Oadiliator Freqguency oo & MHz
10 | taumw Read Low 1o Data Vald &80 3.0y 50 na
12 | tauam AD Pulas Width Tis Ag o -15 na
14 | fuow Datz Hobd After WR High 485 2y o -15 na
15 | fom Dats iglid 1o WR High TE0 s na
16 | bapwm WR Pulas Widih T35 Mg o -15 n3

Hinh 157 : gidn do6 thoi gian by nhé dit liéu bén ngoai (SRWnl =0, SRWn0 =0
ul . T2 T3 T4 0

1=
-
m

System Clock (CLKz ) w

E L4 7 '
A58 Frav. addr Address W
| P
: 2 3y |8 ]
DA7:0  Frev. data (| Addres Data *: .
5 18 P S 2
L 3 —
E 3b E ] 11 : —
DAT:0 (XMBK =0} : Addres ﬂ—;—% Data .1—.<:
: 5 10 ; 3
i . s | e :
= 5 ,4 —
- : . . -

Hinh 158 : gidn b thoi gian cua bo nh¢ bén ngoai (SRWnl = 0 SRWn0=0)
Sem Ok 0 m T\

1
.
|
i
. i
|
s 1
rd i
— |
1
S drass : ){:
1 : 18
1
. 2= |12 : .
AT Pree data Addresy 1 Dma ﬁ .
1 i 2
: ] T .;. !E-
WH ' ' i
. i —
- ' i '
‘ ) ] i 1 =
. .
DAT 3 B ) ———————————— An-uH | Dezm j—{
: 5 14 i ' B
! ) 8 R ; =
. ; R
= : y ! :
i L] . T 1
, -
| :
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Hinh 159 : gidn dd thoi gian bo nhé bén ngoai (SRWnl =0, SRWn0=0)

1 :
i l’::
o
. H 1 I !
; o 7 ;
: PR S R :
B95E  Sraeasor { E Aodeas }C
1 1 ' 15
i _z J= |3 : =
DATO _ Prefecama k Acomsd i Dam *: 3
H ' 4
: B2 ; " =
W i A :
! i i i .
: = ; ) ; 11 oo
DT (SR m ) x:-;;H i = i H—?:
: : o : |3
i m— 5 ‘ £ o 2

Hinh 160 : gian d6 thdi gian b nhd bén ngoai (SRWnl =0, SRWn0=0)

L . T . ™

Syatan Clase (S, _,W |El"r "'-. ;,r 1"'. ;,r l'"'- J.I?l 1"'. .j'{_
— ; ! 5 : i
SN o s U SR i f T
ArkA P-I. s E Aﬂ.l-'“l - I :’C
BT PT b ,...:::..H ; :- E ; - F E
e : : / i P
CRT0 (NS m O —:—l:: A-cr:l ; T H L } ;C P
- i

Mote: 1. The ALE pulse in the last pariod (T4-T7) is only present if the next instruction accesses the
RAM (internal ar external).

Céc chi s6 thong thwong

Cic db thi dudi day chi ra cdc xtr Ii théng thuong . Cdc hinh nay khong duoc kiém tra
trong sudt qud trinh san xudt . TAt ca cdc phép do dong dién ton hao dugc tién hanh véi
tat ca cdc chan I/O dugc cau hinh nhu 13 céc dau ra va voi cdc xung 1én bén trong (Pull
— ups) di kich hoat . Mot mdy phat séng dang sin voi dau ra rail — to — rail duoc sir
dung nhu 12 mot ngudn phét xung nhip .

Cong suét tén hao trong ché d6 Power — down thi phu thudc vao su lua chon
xung nhip

Céc dong dién ton hao thi 1a 1 ham cta nhiéu bién ti 1¢ nhu 12 : dién 4p hoat dong
, tan s diéu khién , tai trén cdc chan /O , téc do chuyén mach cua cac chan I/0 , doan
ma dugc thyc thi va nhiét do 1am viéc , cac hé s6 wu thé dang diéu khién dién 4p va tan
sO
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Dong dién da kéo tir cdc chan tai dung khdng c6 thé dugc ude luong (cho
mot chan ) nhu 1a C *Vc*f & d6 Cp = dién dung tai , V.. = dién 4p hoat dong va f =
tan sb Chuyen mach trung binh cua chéan I/0

Céc phan duoc ki hidu quy udc tai nhitng tan sé cao hon nhing gidi han klem tra
. Céc phan thi khong dugc dam bao cho céc chirc nang thong thudng tai cic tin sb cao
hon thir ty cdc ma hién thi
Su khic nhau giira dong dién ton hao trong ché d6 Power — down véi cic timer
watchdog da kich hoat va ché do Power-down véi cdc Timer Watchdog da vo hiéu hoa
dua ra cac dong di¢n khac nhau dugc kéo boi Timer Watchdog

Dong dién nguon cap hoat dong (Active Supply Current )

Hinh 161 : dong dién cung cip hoat dong va tan sé (0.1 — 1.0 MHz)

ACTIVE SUPPLY CURRENT vs. FREQUENCY
@1 - 1.0 MHz

-.1 ] FRY
) ':__,f 50V
25 Pf :g W
- P ”’;ﬁfﬁ <
< 1.5 4 _,-f"ff:;"f ;—F"‘I,f";
= —

Fraquancy {MHz)
Hinh 162 : dong di¢n cung cép hoat dong va tan s6 (1 — 20 MHz)

ACTIVE SUPPLY CURRENT ws. FREQUEMCY

1230 MMz
45
4 5.0
35 45
A ]
z s ] ,f"”ﬁ
===

2 < 8 a L 12 1L 18 18 20

Fraquancy {MHz)

Hinh 163 : dong di¢n cung cép hoat dong va V¢ (bd tao dao dong RC bén trong ,
1MHz)
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ACTIVE SUFPLY CURREMNT ws. Vas
INTERNAL RCOSCILLATOR, 1 MHz

4
25 °C
= 40 "C
3 B °C

3

= a5

.--"'_'-FH_
ﬁ
—
2
15
25 3 as 4 as E 55
Ve (V]

Hinh 164 : dong di¢n cung cép hoat dong va V¢ (bd tao dao dong RC bén trong,
2MHz )

ACTIVE SUPPLY CURRENT vs. Vo
INTERMAL RC OSCILLATOR, 2 MHz

40
7 - 25°C
p f_-*‘f;; C
5 ;ﬂff""f :ﬂf;f

% ’ f’lﬁ;‘”’/y’#

£ —

. - fﬂﬁ{f"’d
2
a2.5 3 a5 4 45 5 55

Vam W)

Hinh 165 : dong dién cung cip tai bén trong va Ve (bo tao dao dong bén trong 4MHz)
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ACTIVE SUPPLY CURRENT ws. Vz
INTERMAL RC OSCILLATOR, £ MHz

" |40t
% ﬁg 'E
“ s
z° ,ﬂﬂﬂﬂ”#' EEEEE;EEE
i g ﬁ,—f;ﬂﬂﬂ‘f”/”f
=
2
0
23 3 5 a a5 5 53
WnlV)

Hinh 166 : dong dién cung cép tai hoat dong va V¢ (b0 tao dao dong bén trong 8MHz)
ACTIVE SUPPLY CURREMT ws. Wz

INTERMAL RC OSCILLATOR, 8 MHz
25

20 fﬁféﬁ
%;/

[alele]

Lo {rmikp

\
|

25 3 35 4 45 5 55
VemiV)

Hinh 167 : dong dién cung cép hoat dong va V¢ (32kHz b tao dao dong bén ngoai )
ACTIVE SUPPLY CURRENT ws. Vo
32 wHz EXTERNAL OSCILLATOR
o

120

rﬂﬂj}ﬁﬂﬂﬂ 25°C

1040 —

a1 —_—

£C jud)

a0

40

20

25 3 35 4 45 & 55
WOC 0N
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Dong dién cung cép Idle (Idle supply current )

Hinh 168 : dong dién ngudn cép Idle va tan s6 (0,1 — 1,0MHz)

IDLE SUPPLY CURREMT vs. FREQUEMNGCY

0.1 = 1.0 MHz
14
2 == B.5
H__,,f’“ 50V
g% H_,,/"’ "'—ff_,,.-f"‘f#,_-"’" 4.5V
'y
E | —1 40V
sy
33V
a — ..--"'"’F'_ — [ — =
1
= ’ﬂ%ﬁf
P e e
u-\] .1 a2 0.3 3;’- 0.5 0.8 a7 i)} a2

Faquancy {MHz)

Hinh 169 : dong dién ngudn cap Idle va tan s6 (1-20MHz)

IDLE SUPPLY CURRENT vs. FREQUEMCY

1=20 MHz
25
55V
20 *”f’ 5.0V
- ’,,..-" f_,,.:—" :
i5 ..-"*//"'ffff”'df e
= L= |- 40V
o f; —
L 36V
E———r v
33 2 d a a 10 12 14 18 18 20

Hinh 170 : dong dién nguén cép Idle va V'CC ( b0 tao dao dong RC bén trong , IMHz)

IDLE SUFFLY CURREMT ws. V-
INTERNAL RC OSCILLATOR, 1 MHz

85 "C

" 35 °C
"0
1.2

e

25 3 35 2 45 5 5.5
W V)
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Hinh 171 : dong dién nguén cép Idle va V(b0 tao dao dong RC bén trong 2MHz)

IDLE SUPPLY CURREMT we. Vo
INTERNAL RC OSCILLATOR, 2 MHz

3
85 *C
25 *C
25 /,-“"f 40°C
5 f—_.’/"’.
=4 -IE"/
E 15
.:j -l"""'—‘f-
—
0.5
25 3 a5 4 45 5 55
Ve V)

Hinh 172 : dong dién nguén cép Idle va V(b0 tao dao dong RC bén trong 4MHz)

IDLE SUPPLY CURRENT ws. Wz
INTERMAL RC OSCILLATOR, 4 MHz

4

2

£ -
5

Sl ]
Islals
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Hinh 173 : dong dién nguén cép Idle va V(b0 tao dao dong RC bén trong 8MHz)

IDLE SUFPLY CURREMT we. V-
INTERMNAL RC OECILLATOR, B MHz

40°C

. _FEc

: o
—"",///;

=1

25 3 3.5 2 45 5 55
VooV

Hinh 174 : dong di¢én nguén cép Idle va V¢c (b0 tao dao dong ngoai 32kHz )

Loty
o

IDLE SUPPLY CURREMT ws. Vi
32 kHz EXTERNAL OSCILLATOR
ag

i /‘/l &

L fun}
&
\

20 ]
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Dong dién ngudn cip Power-down (Power —down Supply Current )

Hinh 175 : dong dién ngudn cap Power — down va V¢ (Timer watchdog bi vo
hi€u héa )
POVWER-DOWMN SUFFLY CURRBRENT ws. Wes
WATCSHDOG TIMER DISABLED

F

i B
B
0

]

moow

b I}
f

[

-40 "C
25 "C

e T
e

2.5 3 3.5 4 4.5 ] 5.5

Hinh 176 : dong dién ngudn cp Power — down va Ve (Timer watchdog da kich
hoat )

FOWER-DOWN SUPPLY CURRENT wvs. Ve
WATCHDOG TIMER ENABLED

3=
= 85 °C
//EEG
P ] 40 °C
= f—
- 30 ] _.,.l-"""'#"
: "
< i ,:::::::
0 -'-'-'_F'_F'_F
L+ —
3
]
23 3 as 4 4.3 3 5.5
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Dong dién ngudn cip Power — save (Power — save supply current )

Hinh 177 : dong dién ngudn cip Power — save va Ve (Timer watchdog bi vo

hiéu héa )

(=)

POWER-SAVE SUPPLY CURRENT we. Ve

WATCHDOG TIMER DISASLED

=T
4 rﬂ_,”‘"’
13 _.-"""H-FF
[
- : | —
3, —-'-"'"_'_'_H_'_'—FH
Z
2
d.2.5 3 a5 4 45 5 5.5
Vi (V)
Dong dién nguon cap Stanby (Standby supply current )
Hinh 178 : Dong di¢n nguon cap Stanby va Ve
STAMDBY SUPPLY CURRENT ws. Ve
az
- _| & nriz Wia
. ___.___,_.-H"'“JFHF | 6 MHz Feg
a1s '_._._,_._o—'— -FH_F'_._,_,_.--"
B — —— 4 4Hz Res
- ] ] 1A Wtz X
: — P ———
E: a1 — H a
;.:l.:la_ .—-—-:'_._.—-—'_'_'_._-—'_'_._._._._'_.-—'_'_'_._‘_'_'_'_._'_'_ _.___,_._._._-.-_—,_,_.""ixﬂii;:
— 455k A
oos ____ﬁ_.____—-—-—'-'—"._.——-__“'_'____'_:j_—__'_—-‘f_: 1 MHz Fe!s'
e e R
o —
o
[
25 a3 as 4 45 ] 55
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Hinh 179 : Dong dién ngudn cip Stanby va Ve (CKOPT di 1ap trinh )

STAMNDBY SUPPLY CURRENT vs. Voo

CHOPT pragammad
28
18 MHEz X1al
2 -""/’
/1712 MHE X1a!
- 1P _F,.f’f,..-r-""'f# & MHz Xia
i ‘/’/_,4-"""‘;‘." ;’5’”’:' 4 Wiz X1
- 1 d--"‘""‘_____,..-r-""'f’ _,_,.---"""'__,_,":-:""-r
e —
_,_..-'"""r.“ ’_._'_._,_._-"""'-Fr'
-'_'_,_I—"'-'-'-r _._._'_'-'_._,_l-'_'-'-"
a8 T
]
4}
25 3 35 4 45 -] 55

Chan pull — up

Hinh 180 dong di¢n dién tr¢ Pull — up chan I/0O va dién 4p dau vao (Vee =5V)

Y0 PIM PULL-UP RESISTOR CURREMNT we. INPUT VOLTAGE
oo = 5W

180

140
85 "G
120 4

J

100 =

-

ke i}

aa

40

20

[i}

Q 0.5 i 15 2 45 5

Ve (V)

Hinh 181 : dong dién di¢n tr¢ Pull — up chan I/O va dién 4p dau vao (Vee =27V
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' PIMN PULL-UP RESISTOR CURRENT ws. INPUT VOLTAGE
oz = 2.7V

Ve (V)

Do bén b dieu khién chan

Hinh 182 : dong dién ngudn chan I/O va di¢n dp dau ra (Ve = 5V)
D PIMN SCURCE CURREMT ws. OQUTPUT VOLTAGE
W= 5
ad

ad

0T
70 TR E\\“-\Hx
0 s
T &0 T \\H“::‘::“‘Hx\x
. —

g -“H‘:""\:\‘\\\
20 \:‘Q‘;\
o S

25 3 3.5 4 45 &
W W)

Hinh 183 . dong dién ngudn chan I/0 va dién dp dau ra (Ve = 2,7V)

VO PIN SOURCE CURRENT vs. QUTPUT VOLTAGE
Van = 2TV

30

40 0 —

—

asl28C | —

T N

ha
[=]

Ly frnig
n

0.5 1 15 2 25 3
VawiV}
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Hinh 184 : dong dién tan chan I/O va dién 4p dau ra (Vee =5V)

O PIN SINK CURRENT vs. QUTPUT VOLTAGE
-

ag =40 *C

70 / 35°C

= /,,, B5°T

= f"’/ _.--"""'-ﬂ-"/;l

. A
N

N

o Z

a a5 1 15 2 25
Vo (V)

Hinh 185 : dong dién tdn chan I/O va dién 4p daura, Voc =27V
'O PIN SINK. CURRENT wvs. OUTPUT VOLTAGE
W= 2TV

a5

30 ,-"’Ifﬂ_-_

25 f/f_.---'-"‘_'—__ 5
— L

a0 /// _.--"""-'_'_'_-_

e

a a5 1 15 2 25
W V)
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Céc ngudng giéi han chan va su tré tir
Hinh 186 : dién d4p ngudng gidi han dau vao chan /O va V. (VIH, doc chan I/O
nhulal)

: =
7

=

40"

\

Thresshidd {4}
=

I~

[

1

25 3 a5 4 45 5 5.5
Vo (W)

Hinh 187 : dién 4p ngudng dau vio chan I/0 va Ve (VIH , doc chan I/0 nhu 12
0)

IO PIM INFUT THRESHOLD VOLTAGE vs. Voo
VIL, 10 PIN READ AS "D

1.8
EE:
. J,? 85 °C
= - —— jﬁ#}g
g e — fﬁ;’/f/ﬁf/
E L1 — fi;/;"//
1 rﬁ"';/”":’"//
=1
0.9
0.8
25 3 a5 4 4.5 [ 5.5
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Hinh 188 : d0 tré dau vao chan I/O va Ve

I'D PIM IMFUT HYSTERESIS vs. Ve

Q.7

0.8

Y f,f’*”f—:‘/’/f/—
=
i i f}fﬁ/
Ei 03 —— a’“j—r“'ﬁ
Yl —

_‘_'_,..--""
G2.5 3 as £ 25 5 55
Ve (W)
Nguwong BOD va b§ so sanh twong tw Offset
Hinh 189 : ngudng BOD va nhi¢t 6 (BODLEVEL a4 V)
BOD THRESHOLDS vs. TEMPERATURE
BODLEVELIS 40V
4.4
4.2
Rising [Vzz

T o4
E Falling| V-
i
E 3a

3.6

34

50 40 -20 o 20 40 =] an 100

Temperature ()

"LME

(=& ]
3 €30
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Hinh 190 : ngudng BOD va nhiét d0 (BODLEVEL 1a 2.7V )

BOD THRESHOLDS vs. TEMPERATURE
BODLEVELIS 27 V

3
258
Rising [V
Sz
g Falling|Vzz
¥
&
= 24
22
2
50 -400 -20 o 20 40 [ ] an 100

Temoeratrs |Z)
Hinh 191 : dién 4p bandgap va dién 4p diéu khién

BAMDGAF VOLTAGE vs. Vas

1275
127 =B
/"/ 40 °C
E— . _._'_.______,_.—-"'_'-F'Hf /
& 285 — // 25 °C
.;-“ 198 _,.,--"f ] »
] J_/_.--""
1255 —
_,_,_.-—'-"’"_'_'_'_'_'_FFF#
125
25 3 35 4 45 5 5.5

Téc d) ciia bd tao dao dong bén trong

Hinh 192 : tan sd bo tao dao dong watchdog va Vcc

WATCHDOG OSCILLATOR FREQUEMNCY wvs. WVaes

=40 "C
1200 25 "C
a5 "G

FrflHz)
I
|

25 3 3.5 4 4.5 5. 5.5
Moo )

Hinh 193 : tin s6 b tao dao dong RC 1MHz d4 hiéu chinh va nhiét do
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CALIBRATED 1MHz RC OSCILLATOR FREQUENCY ve. TEMPERATURE

103
— |
3 — N
— 55
| T sov
038 E—
: A5V
. I
3 T 1 aov
= 0se | - 35y
E ™~ 3.3V
— |
boad =27V
092
o8
£ -40 20 o 20 40 g0 a0 100
Tamparatura

Hinh 194 : tan s bo tao dao dong RC IMHz d3 hiéu chinh va Ve

CALIBRATED 1MHz RC OSCILLATOR FREQUEMCY ws. Voo

1.02
-40°C
25°C
1 B85°C
- fﬁ _._,_,_..--"'""FH
E o in_,_ _H_'_._._,_..--"""Fr
o84 ff
oa2
08
28 3 a8 4 48 8 88
Waa (V)
Hinh 195 : tan s6 b tao dao dong RC 1MHz va gia tri Osccal
1MHz RC QSCILLATOR FREQUENCY ws. OSCCAL VALUE
15 55 C
14 f.:"
13 3
/|
12
1.4 //I-
i 1
2 N
[+F:]
e
07 S
0B _____,_F-"'"'-F
0.3 =
0.4

o 1B 32 48 64 80 86 112 128 144 160 176 182 208 234 240 256

OSGCAL VALUE
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Hinh 196 : tdn s bo tao dao dong RC 2MHz di hiéu chinh va nhiét do

CALIBRATED 2MHz RC OSCILLATOR FREQUENCY ve. TEMPERATURE

203
[ —
E —— 55V
s e e 50V
185 — :‘— —— | 45V
) —— — 40V
1-5;: ' — | — 36V
— i 3iv
1.85 e
27V
18
173
£ 40 20 o 20 a0 &2 e 100
Temparaturs

Hinh 197 : : tan s bo tao dao dong RC 2MHz di hiéu chinh va Ve

CALIBRATED 2MHz AC OSCILLATOR FREQUEMCY va. Vee

]
=

1.8 —

,f://% _—
-
ff

188

Frac{MHZ]

1.4
2.8 E EY. 4 48 - 8.8

Woa (V)

Hinh 198 : tan s bo tao dao dong RC 2MHz va gi4 tri Osccal

ZMHzZ HU USUILLATUH FHEWQUENLDY ws, OSLLUAL VALUE

25°C

Fe "-IHZ}

o B 32 48 &4 B0 96 112 138 144 160 1768 182 2308 234 240 356
OSCCAL VALUE
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Hinh 199 : tin s bo tao dao dong RC 4MHz di hiéu chinh va nhiét do

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY ve. TEMPERATURE

a1
405
4 4 — ] B
335 4 —— ____-_-_-_-_--'_""‘—'-— -‘_‘-‘_‘-‘-‘_""":__‘-H:"" 55 W
J = — —
| M 5.0V
) 3.9 4 1 | _‘_'_"'—-—-_._,___‘___H_ ‘“-u._._‘_‘_hh‘-‘-h-‘-‘_ —— 45\
E ass — Hﬁ“‘ﬁﬁhhhhh“n-
- —] — | 40V
£ a3 == 36V
373 — = aav
a7 —
355 4 = 2T
3.8
a7 -47 -2d a 2d 43 ad ag 1043
Tamparaiure

Hinh 200 : tdn s bo tao dao dong RC 4MHz di hiéu chinh va Ve

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY va. Ves

4.1
408 —— 407G
4 —_— 12
188 _,_,..f _,_,..--’_'_._._,_._--""'_'—'_f I
as *’::::i:”*ﬂ ,,Fﬂ”fﬂr
T ¥
E ET L] f/_'_,..,-r""' __,__,.,--""'"-FHH
B
K. il f,."’f
a8 ‘fﬂ}! fﬁ,r’"fff
ar f}f,’
388
a8
28 3 a8 4 48 [ 85
Waa V]

Hinh 201 : tn s bo tao dao dong RC 4MHz va gid tri Osccal

4MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Hinh 202 : tin s bo tao dao dong RC 8MHz di hiéu chinh va nhiét do

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE

8.4
az — — |
I E— I
a s i
I
. "—-—-_.___________‘_ _H_Hﬁhh‘_:"-_‘_‘-‘:_“ 55V
b | -
s —— h"“H::?HH““ﬁHhM‘m“HH, 5.0V
= —_ —
£ I L 45V
E T4 — | ]
1 ——— — 40V
73 E— E— BV
"---..._._‘_‘_‘_ al
7 —— 33V
-
o5 27V
6.8
e -a .20 o 20 a0 60 a0 100

Tamparaturs

Hinh 203 : tdn s bo tao dao dong RC 8MHz di hiéu chinh va Ve

CALIBRATED 8MHz RC OSCILLATOR FREQUENGY ve. Voo
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Hinh 204 : tan s bo tao dao dong RC 8MHz va gid trj Osccal

8MHz RC OSCILLATOR FREQUEMNCY vs. OSCCAL VALUE
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Dong dién ton hao ctia cac thanh phan ngoai vi

Hinh 205 : dong dién mdy do yéu nguon di¢n va Ve
BROWMNOUT DETECTOR CURRENT vs. Vige

25

o 40°'C
.—-—'—""'_._H-._ &
L — 1 — 25 *C
] 85 *C
€l e e B,
_:j - _'_'_._._.__._.___._-—'—'_'
5
25 3 35 4 45 5 55
e

Hinh 206 : dong dién ADC va AVc (ADC ¢ 50kHz)

ADC CURRENT vs. Al

ADC AT S0KHz
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Hinh 207 : dong dién ADC va AVc (ADC 6 1 MHz )

AREF CURREMT ws. AWaes
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Hinh 208 : dong dién b so sdnh tuong tu va Ve
AMALOG COMPARATOR CURRENT ws. WCC
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Hinh 209 : dong dién 14p trinh va Ve

PROGRAMMING CURRENMT vs. Voo
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Dong dién ton hao trong khi reset va dé rong xung reset

Hinh 210 : dong dién ngudn cip Reset va Ve (0,1 — 1,0 MHz k, ;bao gdm dong
dién thong qua chan reset pull-up )

RESET SUPPLY CURRENT vs. V-
EXCLUDING CURREMT THROUGH THE RESET PULLUP
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Hinh 211 : dong dién ngudn cip Reset va Ve (1 — 20 MHz , bao gdm dong dién

thong qua chan Reset pull- up )

RESET SUPFLY CURRENT vs. Ve
1= 20 MHz, EXCLUDING CURRENT THROUGH THE RESET PULLUP
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Hinh 212 : dong di¢n dién tro pull—ﬁp Reset va dién 4p chan reset (Vec=5.0V)

RESET PULL-UP RESISTOR CURRENT wvs. RESET PIN VOLTAGE
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Hinh 213 : dong dién di¢n tr¢ pull-up Reset va dién dp chan reset (Vec=2.7 V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Won =27V

Vemzar (V)
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Hinh 214 : dién 4p ngudng dau vao Reset va V¢ (VIH , doc chan Reset 1a 1)
RESET INPUT THRESHOLD VOLTAGE vs. Wz
WIH, RESET PIN READ AS"1"
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Hinh 215 : dién 4p ngudng dau vao Reset va V¢ (VIL , doc chan Reset 1a 0)
RESET INFUT THRESHOLD VOLTAGE va. V-
WiL, IO PIN READ AS "0
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Hinh 216 : @0 tré chan dau vao Reset va V¢
RESET INPUT PIM HYSTERESIS vs. Vo
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Hinh 217 : d6 rOng xung Reset va V¢ (xung nhip bén ngoai , IMHz)
RESET PULSE WIDTH vs. Ve

Exiemal Clock, 1 MHz
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