


LOI GIOI THIEU

Civng vdi sy tién bo cta khoa hoc va cong nghé, cdc thiét bi dién tu dang va sé
tiép tuc dugc ung dung ngay cang réng rdéi va mang lai hidu qud cao trong hiu
hét ciic linh vuc kinh t€ ki thugt cing nhu doi séng xé hoi.

Viéc gia cong xut Ui tin hiéu trong cdc thiét bi dién ti hién dai déu dua trén co
sd nguyén li s6 vi cdc thiét bi lam viéc dua trén co s6 nguyén Ui s6 c6 nhitng uu
diém hon hdn cdc thiét bi dién tu lam viéc trén co sd nguyén li tuong tu, dgc biét
la trong ki thudt tinh toén. Bdoi vdy sy hidu biét sGu sdc vé dién tu s6 la khong
thé thiéu duoc déi vdei ki su dién tiz hién nay. Nhu c@u hiéu biét ve ki thudt s6
khong phdi chi riéng déi véi cac ki su dién t& ma con d6i véi nhidu can b6 ki
thudt cdc nganh khéc c6 st dung céc thiét bj dién tu. D€ dap ung nhu cdu lon leo
ndy, anh Vi Duc Tho cdn b6 gidng day Khoa Dién tu — Vién théng Truong Dai hoc
Béch Khoa Ha N6i dda chon dich cudn "Co sd ki thudt dién tiz s6 — Gido trinh tinh
gidn" cita B¢ mén Dién tu Trudng dai hoc Thanh Hoa Bdc Kinh. "Co s6 ki thugt
dién tz s6 - GiGo trinh tinh gidn" la moét tap gido trinh dugc soan thdo dé dgy
cho sinh vién trong Trudng Dai hoc vdi thoi gian 120 tiét (khong k€ thoi gian thuc
nghiém). Gido trinh n&y gidi thiéu mot cdch hé théng cdc phan ti co bdn chin ding
trong cdc mach dién tiz s6, két hop vdi moét s6 mach dién hinh, gidi thich cdc khéi
niém co bdn vE céng dién ti s6, céc phuong phép phén tich cing nhu céc phuong
phép thiét k€ logic co bdn. Toan b6 gido trinh bao gdm nhitng kién thitc co bdn v@
cdu kién bén dln, mach céng logic, co sd dai sé logic, mach logic t6 hop, cdc mach
trigo, cac mach logic day, sy sdn sinh cdc tin hidu xung cing nhu sy sia dang
xung, cdc khaéi niém co bdn ve chuyén dbéi s6 - tuong tu va tuong tu - s6. T4t cd
gdm 8 chuong. Sau méi chuong d&u ¢é phdn tém tét néi dung dé doc gid dé dang
ghi nhd, céec cdu héi goi y va cdc bai tap dé déc gid kiém tra mitc dé ndm kién
thitc sau khi hoc mbi chuong. Cach c@u tric gido trinh rdt logic di tit don gidn
dén phuc tap, tic dé dén khé, phdn trudc tao tidn d& kién thuc cho phdn sau. Cach
trinh bay vdn d& ré rang khic triét. N6i dung ticng chuong rdt chét loc, bé qua
dugc nhitng dén dét toan hoc dai dong, nhung vdn ddm bdo tinh co bdn, c6t 16i
cua vén d¥ cdc khdi niém méi dugc nhdn maenh ding muc. Trén co so cdc kién
thite co bdn kinh dién gido trinh dé cd géng tiép can cdc vdn d& hién daqi, dbng
thoi lien hé vdi thuc t€ ki thudt. Vi du trong gido trinh hdu nhu da bé qua céc
mach dién x4y dung trén co sd cGu kién roi rac ma chi yéu néi vE cdc mach dién
x4y dung trén co sé mach té hop vi dién tu (IC). Trong khi chi yéu gidi thiéu cdc
hé théng xGy dung trén co sé cdac IC c6 nhé va cé trung binh da thich dang d&
cGp dén cac hé théng xa&y dung trén co sd cac IC c¢6 Ion va siéu lon.

Chiing t6i nghi, doc gido trinh nay, déc giéd mau chéng ndm duoc nhing vén dé
c6t 16i cia ki thudt dién ti s6, tang cudng nang lyc gidi quyét cdc vdn d¥ ki thudt
trong thuc té€ ciing nhu bdi duong nang luc tu hoc.



Bdi v@y cubn sGch gibo trinh nay trude hét thich hgp cho ddc gid mudn ty hoe.
Céc hoc sinh cao déng ki thudt nganh Dién tu ~ Vién thong, lam tai liéu b6 trg
cho sinh vién céc trudng dai hoc, va néi chung cho tdt cd nhitng ai quan td&m dén
ki thugt dién t s6.

Cing cin néi thém rdng thudt ngit tiéng Viét chiing t6i diing trong bdn dich nay
la can cit vao cdc thudt ngit duge ding trong qud trinh gidng day tai Trudng Dai
hoc Béch khoa Ha N¢i, rdt c¢é thé€ c6 nhitng thudt ngit chua théa déng, mong déc
gid gan xa gép y kién. Cac y kién xin guwi vé Khoa Dién ti — Vién thong, Trudng
Dagi hoc Béch khoa Ha Noi hodc Nhd xult bdn Gido duc.

Xin trdn trong cém on.

pd XUAN THU

Chi nhié¢m

KHOA BIEN TU - VIEN THONG
TRUONG DAI HOC BACH KHOA HA NOI



Chuong 1

NHUNG KIEN THUC CO BAN VE CAU KIEN BAN DAN

1.1. CAC KIEN THUC CO BAN VE VAT LIRU BAN DAN

1.1.1. Vat liéu din dién, cach dién va bén dén

Trong d¥i s6ng hang ngay cing nhu trong thyc tidn san xu&t, moi ngudi déu biét
rang, bac d6ng nhém sét... la vat liéu ddn dién t6t ; cdOn nhya, sd, da, thdy tinh...
la vat liéu cich dién t6t (du cho c6 cao 4p diat vao vaAn khong cé ddng dién chay
qua chidng ).

Dac tinh dén dién cda v4t liéu ban déin ndm gitta din dién va cach dién.

Vi sao vAt lidu lai c¢d tinh ddn dién khdc nhau nhu vay ? nguyén nh&n cin ban
12 & cdch lién két gilta cdc nguyén t& véi nhau va k&t cu ban than nguysn tit
trong vat liéu. Ching ta déu biét rdng, nguyén ti dugc tao tharh ti hat nhan mang
dién duong va céc dién td mang dién &m, cdc dién td chia thanh nhiéu téing vay
quanh hat nhan va khong nging chuyén dong.

Vot lieu dén di¢n : So sénh tuong d6i v6i vat din khéc, trong kim loai, cdc dién
td 16p ngoai cta nguyén td bji hat nhan huat y&u ; cd r&t nhiéu dién ti khong bi
rang budc v6i hat nhan trd thanh dién t& ty do. Nhitng dién ti ty do nay trd thanh
cdc hat ddn mang dién. Du6i tdc dung cta dién trudng ngoai, ching di chuyén cd
hu6ng va hinh thanh dong dién. Do d6 kim loai dén dién t6t nhA4t.

Vat lidu céeh dién : Trong vat lidu céch dién, luc rang budc v6i hat nhén cia
cdc dién td r&t 16n ; ching khd cd th€ tdch khéi hat nhan, nén 86 dién t& tu do
cuc ky {t ; do d6 tinh néng ddn dién rdt kém.

Vot lieu ban dér : CHu tric nguyén t& cia vAt liéu ban din tuong d6i dac biét.
Céc dién ti 16p ngoai khong d& dang tdch khoéi lien k&t v6i hat nhan nhu vat liéu
dln dién, ma cing khéng rang budc qua chat véi hat nhan nhu vat liéu cach dién.
Do d6, dac tinh din dién cia né nAm giita vAt liéu din dién va vét lidu cdch dién.

1.1.2. Hién tugng din dién trong vat liéu ban dén sach

Vat liéu bdn din thufin khiét dugc goi 12 bdn din sach ma dic trung vé tinh
ban din phy thud6c nguyén t6 héa hoc. Hat din dién cia ban dén sach la dién ti
ho#c 1a 16 tréng. ‘



Lé trong. DE lam r6 16 tréng la g, ddu tién ta hiy quan sdt ciu tric nguyén
td cla hai nguyén t6 ban din la Ge va Si bi€u thi trén hinh 1.1.1. Ching cd dac
diém chung I3 tdng ngoai cung déu cd 4 dién ti. Cac dién ti nay dugce goi 1a dién
td hda tri. Nguyén t& cd hda tri bang s6 dién td hda tri cda ching. Vay Ge va Si

la cdc nguyén t8 hda tri 4.

Khi vat liéu ban dan Ge, Si duge ché
tao thanh tinh th€ thi tu trang thai sip
x€p 16n x6n thong thudng, ching trd thanh
trang thdi hoan toan trat ty clGa ciu tric
tinh thé cda cac nguyén ti. Khi dd, khoang
cach gita cdc nguyén td d8u bing nhau,
vao khoang 2,35 . 10°* um. Bén dién t&
3 16p ngoai cing clia mbi nguyén tu khong
nhing chiu sy rang budc v6i hat nhan ban
than nguyén td dd6, ma con lién ké&t vdi 4
nguyén tt gin k& xung quanh. Hai nguyén
ti ding canh nhau c¢d mot doéi dién tu gop
chung. M4i mot dién td trong d6i via

chuyén d9ong quanh hat nhan nguyén ta.
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Hinh 1-1-1. So dé cfu tric phing cia nguyén
Si (a) va nguyén i Ge(b).

cua nd, vita ¢c6 mit trén quy dao clia nguyén t¢ d6i tac gép chung. Su lién ké&t nay
duge goi la lién két déng hda tri. Xem hinh 1.1.2

lién k&t ding

dién tohoa tri
’ hoa tri

Hinh 1-1-2.
So ¢é biéu thi méi lien két
déng hoa tri cla tinh thé Si.
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Hinh 1-1-3.
So dé cdu tric tinh thé ban din sach.

o) nhiét d6 nh&t dinh, do chuyén dong nhiét, moét s6 dién t& gdép chung thoat
khéi sy rang budc v6i hat nhén trd thanh dién td tu do, d6 la hat dan dién ti.

Diéu ddng chd y d day la, sau khi mét dién tt gép chung trong d6i da tré thanh
dién td tu do thi d€ lai mot 16 tréng, nhu hinh 1.1.3 bi€u thi. D4 ¢d mét 18 tréng
nhu thé&, thi dién td gdp chung trong d6i ké can rd&t dé dang roi vao 16 trdng d¢,
tao thanh sy di chuyén ctia cdc dién td gdép chung. Su di chuyén nay, du xét vé
hiéu qua hay xét trén hién tugng, déu gi6ng su di chuyén cha hat mang dién tich



duong. D€ phan biét véi sy di chuyén cia dién tit tu do, ta goi day 1a su di chuyén
cha 16 tr6ng. Hat mang dién tich duong 4y la 16 tréng.

Vay 1§ tr6ng ciling la loai hat mang dién. Khi dat dién 4p lén vat liéu ban dan,
thi ¢é hai thanh phédn trong dong dién chay qua nd : thanh phdn dong dién do dién
td tu do di chuyén cd hudng va thanh phén dong 16 tréng do dién ti gdép chung
dich 14p 16 tréng. Su khédc nhau cta hai thanh phdn nay 13 dién td mang dién am,
con 16 tréng mang dién duong. Vay trong vAt lisu ban didn, khong nhitng cd hat
din la dién td, ma cdn cd hat din 12 16 tr6ng. DS 1a dic di€m quan trong cta sy
din dién béan din.

Vat chdt van dong khéng nging, chuyén dong nhiét lam cho trong vat liéu bén
didn khéng ngiing san sinh ra dién td tu do va déng thdi xu4t hién cdc 16 tréng cd
s6 lugng tuong ung. Vi dién ti 12 16 tréng dugc sinh ra thanh cép, nén ta goi ching
la cap dién td - 16 tréng. Mat khdc, trong quéd trinh van dong, dién td va 16 tréng
gidp nhau, trung hoda dién tich. Qud trinh nguge lai dé duge goi 1a tdi hgp. Su phét
xa v tdi hop cia cap dién ti - 16 tréng thudng cdn bing trong diéu kién nhiét do
nh4t dinh. Khi 4y, tuy qud trinh ph4t xa va tdi hgp khéng nging dién ra, nhung
s6 cap dién tu - 16 tréng vdn git nguyén mot gia tri nao dd.

1.1.3. Hién tugng dén dién trong ban din pha tap

Su phan tich trén day la d6i v6i ban ddn sach don tinh thé. Trong loai vat liéu
dd, tuy rdng cd thém hat mang 16 tréng, nhung s§ lugng todn th€ hat mang vin
rdt it, kha nang ddn dién vln kém, cho nén dng dung it, nhd phuong phdp khué&ch
tdn tap chit cd ich vao ban ddn sach don tinh th€ nén diéu chinh chinh xac duge
dic tinh dién cta vat liéu ban dan.

Vi duy, khuéch tdn mét lugng nhé B vao don tinh th& Si thi s6 lugng hat mang
18 tréng trong vat liéu ban d&n tidng manh, lam cho kha nang din dién ting manbh,
nhd vay vat liéu bdn ddn cd dng dung vO cing quan trong.

Chdt ban dén P. Hinh 1.1.4 (a) trinh bay so d6 cfu tric lién két déng hda tri
do nguyén ti Si va B tao ra sau khi khuéch tdan B vao don tinh th€ Si.

U & & V, ]
Hinh 1-1-4. , )BT 3G)e IPOQHEE)¢
Khuéch t4n tap chét vao ) g g i
don tinh thé Si : _ +3 - —”
a) Khuéch tan B tao thanh W@ WP ¢
ban din P ; : ' g +5 i
b) Khuéch tan P hanh
) Khuéch tan P tzo than WP G 8¢ PG
ban din N. > ™ > > o ~

(@) -~ (b)

(Mi tén chi vao 18 tréng) (M tén chi vao dién tl)

Vi s6 lugng nguyén ti B rdt nhd so véi Si nén cfu trdc tinh thé€ bdn ddn cin
ban khéng d6i. Ta bist rdng, B 12 nguyén t6 hda tri 3, ¢d ba dién ti l6p ngoai.
Nén khi nd cung véi nguyén ti Si tao thanh lién k&t déng hda tri thi hinh thanh



16 tréng. Khuéch tdn tap ch&t B r6i thi mbi nguyén tit B déu cung cfp mot 18 tréng,
lam cho s§ lugng hat mang 16 tréng trong don tinh thé& Si tang lén rdt nhidu. Vat
liéu bdn din ioai nay h&u nhu khéng cd dién t¥ ty do, din dién dugc chi y&u dua
vao 16 tr6ng, nén dugc goi la v4t litu ban din 16 tréng, goi tdt chdt ban din P
Trong chdt ban ddn P, néng d6 16 tréng l6n hon nhiéu néng do dién td, nén 16
tréng duge goi 1a hat mang da 6, dién td 12 hat mang thi€u sé.

Chét ban ddn N. N&u khuéch tdn nguyén t6 hda tri 5 nhu P, Zn... vao don tinh
thé Si thi xay ra tinh hinh khdc hidn. Sau khi nguyén ti Si va P tao thanh lién
k&t déng hda tri, chi cé 4 trong 5 dién td 16p ngodi cia P tham gia lién két, con
lai mot dién t rang budc y&€u v4i hat nhan dé dang tré thanh dién td ty do. Vay
trong loai ban ddn nay, s6 lugng hat mang dién td r4t nhiéu, ching la hat mang
da s6 ; 86 lugng hat mang 16 tr6ng rdt it, ching la hat mang thi€u s6. Ch4t ban
din nay din dién duge chu y&u dua vao dién td, nén goi 1a vat liéu ban din dién
tl, goi tAt 12 chdt ban didn N. Xem hinh 1.1.4b.

1.2. PIOT BAN DAN

1.2.1. Dic tinh cia chuyén tiép PN

e dién 1 i on oo
1) Chuyén dong cia hat dan trong ;ﬁabg e _:,e_:l{r\ D s kd
chuyén tiép PN @@@é@@ ‘D0 ¢ a,
Khi chdt ban din P ghép v6i = ° s o
ch4t b4an din N thanh mét khéi ' @M@ @g@ @"@o ® @o ®°'@ ®.®-
thl tdt y&u xay ra sy khu&ch tan QLPOEO S8, Q
hat ddn do néng d0 khong déu
cia ching : 18 trdng trong khu a) Ban din P ; b) Ban din N
vuc P khué&ch tédn sang khu vuc :
N, di¢n t& trong khu vyc N khuéch ving
tdan sang khu vyc P. Xem hinh e
1.2.1.a, b. o khup [ ”geok’er‘}kn N
Nh& qué trinh khué&h tén ma o | @-)I@ & @
16 tréng khu vic P giam nhd tao . . LOP Q‘ ©0 | &
thanh ving ion am, con dién tu e @@l@ ©|® @l@.@ @ <}
khu vyc N gidm nhé tao thanh @ @ @@I@ O @I@ @ @’@
vung ion duong. - o

V4y nén sinh ra dién trudng
trong tai hai bén vung ti€p giap.
Dién trudng nay cd hudng ngugc
v8i huéng khué&ch tdn cua dong
dién, nhu mii tén ti khu vyc N
sang khu vuc P trén hinh 1. 2.1c
chi r6. Dién trudng trong can trd sy khuéch t4n cia 18 tr6ng sang khu vic N va
ctia dién ti sang khu vuc P. Trang thdi cn bing d0ng xay ra khi dién tich khéng
gian ving ti€p gidp kh6ng tang nita. Khi cAn bing dong, ving tiép gidp hinh thanh
sy thi€u véng hat ddn, nhu hinh 1.2.1c¢ bi€u thi, ving dé dudgc goi la vung dién

c) Chuyén 1i€p PN & trang thai can bling

Hinh 1-2-1. Chuyén dong cta hat din trong chuyén tiép PN
(Mii tén dudi cing chi dién trudng trong)



tich khéng gian, hay con dugc goi 1a vfxng ngheo kiét, dé chinh la chuyéh tiép PN,
do rong cia nd chitng vai muoi um, cé th& cho rdng chi bao gém céc ion khéng
th& di chuyén dugc.

Khi cAn bing d6ng, qua chuyén tiép PN khéng chi cd su khué&ch t4n ctia hat din
da s6 (16 tréng trong khu vuc P va dién ti trong khu vuc N), ma con cé su troi
dat ciua hat ddn thi€u sd (dién ti& trong khu vyc P va 1§ tr6ng trong khu vyc N).
Sy troi dat 12 sy di chuyén cia hat din dugc dinh huéng cia dién trudng trong.
Dién trudng trong chi cdn trd sy khuéch t4n cta hat ddn da s6, ma lai trg gidp
sy troi dat cia hat ddn thi€u s6 sang phia khu vuc d6i phuong. Vay & treng thai
cAn bAng d6ng, ngoai dong dién khué&ch t4n cuia 1§ trfng ti khu vuc P sang khu
vyge N, thi cdn cd dong dién troi dat cia 16 tr6ng theo hudng nguge lai, t4t nhién
bang nhau v8& s8 tri. Tuong ty, dong dién khué&h tdn va dong dién troi dat cia
dién td cing triét tiéu nhau. Vay nén khéng cd ddng dién chay qua chuyén ti&p
PN trong diéu kién khong cd tac dong ciua dién trudng ngoai hay cia cédc y&u tf
kich hoat khac (chdng han su kich quang)

2) Chuyén tiép PN c6 dién dp thuin dit vao

Hinh 1.2.2 bi€u thi dién trudng ngoai huéng
thuan dat vao chuyén ti€p PN : cuc duong

cia nguén néi vao P, cuc Am ctia ngubn n6i vang nghéo kiet
vao N. Khi dd, dién trudng ngoai ngugc huéng - 4
véi dién trudng trong, lam suy y&u dién trudng o Y
trong, nén dién tich khéng gian va bé& rdng . p :@ ®!' N
viing nghéo kiét déu gidm nhd ; disn td trong e @:
khu vyc N va 16 tr8ng trong khu vuc P déu 'I o ;zzmng R[]
dé& dang hon vugt qua chuyén ti€p PN, hinh + P - € ngodi -
thanh dong dién khu&ch tdn 16n. Vé dong b
| ¥

dién troi dat do s6 rat it hat ddn thi€u s6 v
tao ra, thi anh hudng cia nd d6i v&i dong 1
dién t8ng 12 khéng ddng k& Vay chuyén
ti6p PN cd dién 4p thudn dat vao bién thanh : ,
trang thdi din dién, va dién trd cia nd khi  Hink I-2-2. Dién trudng ngodi hudng thuan.
dé rat bé.

3) Chuyén tiép PN c6 dién dp nghich ddt vao

Hinh 1.2.3 biéu thj dién trudng ngodi huéng
nghich dat vao chuyén ti€p PN : Cuc duong . -
ciia nguén n6i vao N, Cuc &m ctia ngudn néi _ }___"1"9”9"” et
vao P. Khi dd, dién trudng ngoadi ciing hudéng o 0lo®a
v6i dién trudng trong, l1am cho dién tich kh6ng | |

I I
gian va bé rOng vung ngheo kiét déu tang P:@@ ©®e @:N
lén, gay khd khan cho sy khuéch tén, dong PO O® B Y
dién khuéch tdn gidm nhd di nhiéu. Dong DI f;g ng;‘g_f’ Rn
dién troi dat can ban khéng dé6i, l1a phdn chu - v ns
y&u cia dong dién t6ng di qua chuyén tiép — |}
PN. Dong dién nay (khi cé dién 4p nghich A

dat vao) goi la dong dién nghich. Khi nhiét

‘d6 khong d8i thli n6ng d6 hat dén thidu s§
r Hinh 1~2-3. Di¢n trudng ngoai hudng nghich.



héng ddi, nén ddong dién nghich khéng phu thuéc dién 4p nghich dat vao (trong
i6i han nh4dt dinh), vi th&€ dong dién nghich con duge goi la dong dién bao hoa
ighich. V1 s6 lugng hat ddn thi€u s6 r4t nhd, ddong dién nghich r4t nhd, nhéd x4p
1 0. Vay chuyén ti€p PN cd dién 4p nghich dat vao bién thanh trang thdi ngit.

1.2.2. Ciu tric diot va dic tuyén Von - ampe

Hinh 1-2—4. .
CHu tric va ki hiéu di6t ban din doy dor ,
andt 140 bao vé

. . Ge loar N o .~
. ez dey dén ong ' doy don
a) loai tiép xic diém ; Y dén anot TR c"'laftif ‘ +! ix’_ 0i0p
. /-'l—'
. . A 7,
b) loai Liép xuc mit ; "v:,’mm,/ L St load P

s

c) loai. bé mit ; dcfy #rim fogr vo

y S/ Joqs i
o a)
d) ki hiéu. GGy _g'é;i . - .
& hop and? doy dan caldt
kim Al e
chuyen 1iep AN @)
Si loory hdp kim Av-8b
dé’ N
doy don —tPp}——
caqlot
(5) : (d)

1) Cdu tric di6t

Di6t ban din la .chuyén ti€p PN cd thém day ddn ra ngodi va vé boc bdo vé .
{em hinh 1.2.4 .

Dac difm cia di6t loai ti€p xic di€m 1a dién tich chuyén ti€p PN rdt nhd, vi
h& dién dung cua chuyén ti€p PN rdt nhd, thich hgp véi tdn s6 cao (vai trdm
AHz). Dac dim cha di6t loai ti&p xic mat 13 dién tich chuyén ti€p PN 1én, cho
shép dong dién huéng thuan dat 16n, thudng diung lam bong chinh luu (ndn dong) ;
thung dién dung cta chuyén ti€p PN 16n, chi cé th€ lam viéc véi tdn s6 tuong d6i
h4p. Di6t mat Si cé dién tich chuyén ti€p PN khd 16n, c6 dong qua khd 16n, phu
igp yéu clu chinh luu c6bng sudt lén. Dibt ti€p di€m Si cé dién tich chuyén ti€p
uvong d6i nhd, dien dung cia chuyén ti€p PN khd nhé, nén thudng lam bdng chuyén
nach (n6i — ngit mach) trong mach s6, mach xung.

2) Ddc tuyén von — ampe cia did't

Quan hé giita dong dién di qua di6t chuyén ti&p PN va dién d4p trén 2 cuc anft
:att cta né duge bi€u thi bdng cong thic sau :

Y v “
I=1 (Y1 —1) =1 (X -1) (1-2-1)

I : dong qua di6t, I, : dong dién bao hoa nghich
V : dién 4p ngoai dat trén 2 cuc cua dibt

V., = KT, duong lugng dién 4p cta nhiét do, v6i K = 1,381. 10?2 J/K
q . |
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q = 1,6.100Y C. vay V. & nhiét d6 trong phong 300K thi

T
T~ 11600°
VT= 26 mV

(1.2.1) 1a dac tinh von- ampe cta di6t ban
dan ly tudng (con goi 12 phuong trinh di6t
b4n d&n). Khi dién 4p thuan dat vado V 1lén

v
gdp vai ldn V., eVt > 1 thi dic tuyén
von-ampe ctia dift la mét ham s6 mi, bi€u
thi thanh doan OA trén hinh 1.2.5. Khi dién

y _ /7 2 fo0s 1o Vv)-
. - dong  t,
4p nghich dat vao kha 16n, eVr = 0, | nghich
I = -1 .0 nhiét do x4c dinh thi I_ khong (vA)

ddi (khong ddi phu thudc V), bi€u thi thanh
doan OB trén hinh 1.2.5.
Hinh 1-2-5. Dic tuyén V- A cua Didt.

a) Phan dong thuén : doan@ trén hinh

1.2.5. Khi dién 4p thu4n tuong d6i nhd, dién trudng ngoai vin khéng 4p dio dién
trudng trong, ma dién trudng trong ngin trd dong dién khué&ch tdn, nén dong dién
thuan van r4t nhé, diét thé hién moét dién trd 16n. Khi dién 4p thuan vugt qué gia
tri V, xéc dinh (V_ dugc goi 12 dién 4p md, phy thudc vao nhiét do va vat
liéu bdng ban ddn) thi dién trudng trong bi khac phuc, dién trd cia didt rdt
nhé, dong dién thuédn tang nhanh theo dién 4p. V_ cta di6t Si thudng la 0,5V,
viung chét cia di6t Ge khéng ré6 nhu vAy, nén cd thé cho ring V  cta diét Ge
x4p xi 0,1 V.

b) Phén dong nghich : doan@trén hinh 1.2.5. Khi dat dién 4p nghich 1&n diét,
dong dién nghich rfit b6. O nhiét do nhu nhau, dong nghich céa di6t Si nho hon
nhidu so v6i di6t Ge (c&p uA d6i v6i di6t Ge, cdp nA d6i v6i di6t Si). Dong dién
nghich cua dift c§ 2 dac di€m 1a : tang nhanh theo nhiét do, trong moét gisi han
nhét dinh cua dién ap thi khong phu thudc vao dién ap.

¢) Phan dénh thing : khi diat dién 4p nghich 16n d&n mét gid tri xdc dinh lén
dist, thl mé&i lién ké&t déng hda tri bi ph4 hoai, bit ra nhiéu dién td, lugng hat dan
thi€u s6 tiang vot. Dién trudng manh 1am cho dién t& va ddp vao nguyén td, sinh
ra cdc cap dién td - 16 tréng méi, tdng vot s6 lugng hat ddn. Hai y&u t6 nay
dén dén hién tugng danh thing dién (Xem hinh 1.2.5). Tuong ¥ng, Vz dugc goi
12 dién 4p nghich ddnh thing. N&u dién 4p nghich dat vao di6t x4p xI hoic l6n
hon Vg, lai khong cé bién phap han ché ddng dién mot cach thich hgp thi dong
dién 16n, dién 4p cao sé lam dift ban ddn qua ndéng d&én nbi hdng vinh vién, dd
la dénh thing nhiét.

Vi dién trd cia day d&n n6i va cta ban than vaAt liéu bdn din, ngodi ra
cdn c¢d nhiéu nhan t6 khac anh hudng, nhu dong dién dd chédng han, nén diac
tuyén V - A cua di6t thuc su do duoc cd khac it nhiéu so v6i dac tuyén V -
A I tudng (1.2.1). |
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1.2.3. Hiéu ing dién dung cia diot ban dén

1) Dién dung cda chuyén tiép

Di6t bdn didn ngoai dac tinh din dién mot chibu, con cd hiéu dng dién dung,
truéc hét 14 dién dung cta chuyén ti€p. Dién dung nay duge tao ra trong vung
ngheo kiét. Nhu da ndi & phén trude, trong ving ngheo kiét chl cd cdc ion khong
dich chuyén, tuong duong v6i dién tich t6n trit ; sy thiu vdng hat mang din dién
lam cho dién trd suft khA& 16n, nhu la cia dién méi ; D6 ddn dién cao hon cia
viing P va viing N tuong duong kim loai ; khi cé dién 4p xoay chidu dat vao thi
dién tich ving ngheo kiét bién d6i theo . Hién tugng nay y hét nhu dién dung, vi
th€ goi 14 dién dung cda chuyén ti€p, ky hidu 1a Cg.

Téc dung cia Cy nhu sau :
N&u cé dién 4p thuin dit vdo chuyén tiép

PN thi hat ddn da 86 chuyén dong t6i ti€p

gidp, s6 lugng dién tich trong ving nghéo ' Irwde } i ot 97'13"?
[

kiét gidm nho, vung nghéo kiét trd nén hep “ap Mhun
hon, tuong duong sy phéng dién, xem hinh j' [«‘-s-af-] ‘ '
1.2.6a. Con n&u cd dign 4p nghich dat vao B, | D@ et
chuyén tiép PN thl hat din da s6 roi xa tiép ,‘,’.%, l@:@ @'@T '};do
gisap, 86 lugng dién tich trong viung ngheo :@:@ ®®,

kiét tang l6n, vung ngheo kigt trd nén rong R
hon, tuong duong su nap dién, xem hinh |||'r

1.2.6b. Hién tugng phdng nap dién dd y hét (a)

dién dung, chi cé diéu khéc 12 dién dung cuia sou ihi det
chuy&n tiép Cp phu thuéc dién 4p dit vao, | i} ér ap
chi khong phai 12 hing s6. Khi dat vao dién [ Pruoe i} ngprch

Ap nghich, Cy tuy bé nhung ddu song song l t‘__—l :

:ir(n dxen‘tn’i rt 16n cta cl.xuyé’n tiép, n.én téc 1060 @®5 ] %}
ung lai r6 rét. Con khi dat vao dién 4p #rE&IOO0 @@%‘?f" °
thuln, Cy tuy 16n nhung d#u song song vdi £ :@'L@@ @@:@;

dién trd r&t nhd cia chuyén tiép , nén téc ' R
dung khong r8. Vay nén, vdi dinh thién dién 4l|| o

4p nghich, ta phai chi y dén sy tén tai cta ’ b)'

Cp. Nhdt 12 khi Iam vigc § tdn s6 cao, cang

nén xem xét anh hudng cia C; . Thong _
thudng gid tri dién dung cla chuyén tiép Cg Hinh 1-2-6. Hiéu ting dién dung :

tid vadi pF dén moét hai tram pF. a) Phéng dign ; b) Nap di¢n.

2) Dién dung khuéch tdn

Sy hinh thanh dién dung khu&ch t4n khéng gifng dién dung chuyén ti&p. Dién
dung khuéch tén l1a k&t qua sy tich liy cta dién ti trong kbu vue N va 16 tr6ng
trong khu viuc P sau qué trinh khuéch tén.

Hinh 1.2.7. trinh bay (trudng hgp dat vao chuy&n ti€p dién 4p thuin) sy bién
" d8i n6ng d6 hat din thi€u sf trong khu vuc P (dién ti) . n, (0) 12 néng 4o dién
ti tai ti€p gidp bén khu vyc P. n,, ]2 néng do dién td trong khu vuc P khi cln
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bang. Khi dién 4p thuén tang, tuong dng véi
xu th& dong dién tang lén la gradien néng

d0 hat mang phai tang lén (vi dong dién n,
khuéch t4an ty 1& thuan véi gradien néng do) ' Khu vz

Vi vay, su phan b6 néng d6 ti dudng cong = - _ ?
1 bién d8i thanh dudng cong 2, tao ra sy 2
tich ldy nhiéu hon hat ddn, lam tang thém : AG
moét lugng dién tich AQ. Nguge lai, khi dién o)l 3 7
dp thuan gidm, sy phan b6 néng d6 tit dudng Re
cong 1 bién d6i thanh dudng cong 3. Nghia X ——n,
12, n&u dién 4p thuan tang hay gidm thi tuong - -
¥ng c6 sy b8 sung hay thodi giam cia hat ° - -
din. Sy tich ldy dién td& trong khu vyc P Hinhk 1-2-7. _
ho#c cla 16 trfng trong khu vuc N bi&n déi Sy bién ddi néng d¢ hat din thiéu
theo dién dp ngoai dat vao tuong duong véi s6 trong khu vyc P theo di¢n ap
mot dién dung goi 12 dién dung khu&ch tén thugn dit vio.

Cp . Gid tri cda Cp ty 16 thuan véi dong
dién. V6i dién 4p thuin dit vao, C, tuong d6i 16n. V6i dién 4p nghich dat vao, C,
nhé d&n mic cé th€ bé qua.

1.2.4. Dic tinh déng md (chuyén mach) cda di6t ban dan

Diét ban din trong mach s§ thudng 1am viéc & trang thai déng mé. Vi vay ching
ta hét sdc chd y didu kién doéng md va dic di€m cong tdc ¢ trang thai déng mé.

V6i khda doéng md li tudng, khi déng mach thi dién 4p
trén hai dfu cta nd luén bing 0 bdt k& dong dién chay

qua né la bao nhidu, khi ngit mach dong dién chay qua Plv., '_‘_l _
phdi bang 0 bat ké dién 4p trén hai ddu cta né 1a bao ' L
nhiéu, hon nita thdi gian chuy€n d8i trang thdi phai 1a tdc - B'
thl. T4t nhién khéa déng md H tudng nhu vay khéng tén Lo
tai trong thuc té&.

Hinh 1-2-8.

Diét ban din dung lam cfu kién déng md thi gin ly
tudng dén mic nao ? Ching ta hay xem xét dift Si.

1) Didu kién dong va ddc di€m dong

Phuong hudng dong dién
va dién 4p cia di6t.

Tu dac tuy&n V - A cla di6t ban dén, ta bi&t ring khi dién 4p thuin dat vao
Vp > V, (V, la dién 4p md) thi di6t bat ddu din dién, sau d6 dong dién I, tang
nhanh theo Vp . 0] Vp = 0,7V, dic tuyén da khd déc, I; bién ddi khd nhiéu trong
pham vi V, x8p x| 0,7V. Vi vay, trong viéc tinh todn va phéan tich mach s6 thudng
ldy V = 0,7V lam diéu kién dén dién cta di6t Si. Va khi di6t da din dién, dién
4p roi trén ndi dugc ubc lugng la 0,7V.

2) Dieu kién ngdt va ddc di€m ngdt

Td dac tuyén V — A cta di6t bdn din, ta biét rdng khi V|, < V_ thi I, rét nhé.
Vi vay, trong viéc tinh todn va phan tich mach s6 thudng ldy V, < V_, = 0,5V lam
difu ki¢n ngdt mach cia di6t. Va & trang thdi ngdt mach, u6c lugng rang I, = 0.
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3) Thoi gian hoi phuc nghich V.,_.1

Trong hinh 1.2.9 khi dién 4p vao V, bién d6i tu + e P
+ V, dén - V,, néu dist 1a khda déng md li tudng, v, ? R,
thi dang séng dong dién qua tai R; cé dang hinh b :
v -
ddng thuan bing E‘, dong nghich = 0 Hinh ¢ biéu (a)
thi dang sdéng dong dién thuc t€ : dong thuan bing -Tj— '
\"/ V. Ur LA t
1
——, ¢ dot bién voi dong dién nghich ——2, chi sau tl ~ Ve
R Ry B
thai gian h6i phuc nghich t_ thi di6t méi tién dén 1
tr‘ang thé.i ngit mach, dong dién = 0. Vi vay, néu V’/’?L \Ie
tdn s6 dign 4p vao V, la rdt cao, dén. nbi bé rong ¥ T t
nda chu ky 4m cta V; bé hon thdi gian t_, thi di6t . (5)
con dau tdc dung ddn dién mot chiéu nia. i
Ching ta phai xem xét vAn dé& : khi dién dp vao Vi, }— tre— I
da bién ti V, thanh - V, réi ma diét vén théng. e s
Chung ta da bist ring, v6i dién 4p nghich trén ‘ Ve/R, 0.1%, /Ri
digt, dong dién tréi dat la cht yé&u, & trang thai én o
dinh, s6 lugng hat didn thi€u s8 tao thanh ddng dién (c)

tréi dat r&t nho, di6t hé mach. Nhung khi di6t din
dién véi dién 4p thuan dat vao, hat ddn da s6 khéng
ngiung khuéch tdn sang khu vuc bén kia chuyén tié€p,
(16 tréng 3 khu vuc P khuéch tdn sang thanh hat dan
thi€u s6 cua khu vuc N, dién ti & khu vuc N khué&ch
tdn sang thanh hat ddn thi€u s6 cta khu vyc P) lam
cho su tich trit khd nhiéu hat mang thi€u s8 hai bén chuy&n ti€p PN. Do dd, béng
dat vao dién 4p ngugc, thi cdc hat ddn thi€u s8 hinh thanh dong dién tréi dat tuong
A"

d6i l6n. D6 1a dong dign I = — = & thdi diém cd dot bien am, di6t vn thong. Chi
L.

sau khoang thdi gian héi phuc nghich t . du tiéu t4n hét s6 hat mang thi€u s6 da
tich trit thi dong dién nghich qua di6t mdi ti€n dén I; = 0.

Hinh 1-2-9. Qué trinh qué d6 cla di6t
a) mach dién
b) D8 thj s6ng 1y tudng
c) D8 thj séng thyc

4) Mach dién tuong duong

Cac hinh 1-2-10, 1-2-11 trinh bay mach dién tudng duong d6i véi dong dién mot
chiéu cua dift Si.

‘OV_J_ ¢ ;av_r‘a“/ ;l

%"— = O G——-——qa O——-——o'

ov _ D o; " K 'l fal (8)
. Rl L R
+ 4 b) 4+
Hinh 1-2-10. Mach dién tuong duong gin diing clia Hinh 1-2-11. Mach dién tuong duong don gian :
diét Si : a) thusn ; b) nghich. a) thuin ; b) nghich.
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1.2.5. Cac tham s6 co ban cia di6t ban din

1) Dong dién chink luwu trung bink cuc dgi Ip. DS 1a dong dién trung binh huéng
thuan cuc dai dugc cho phép chay qua di6t trong thdi gian st dung dai, tri s6 nay
dugc xdc dinh bdi dién tich chuyén ti€p PN va diéu kién tda nhiét. Trong st dung
di6t, cdn chd y diéu kién toa nhiét va bdo dam ddng dién trung binh < Ip, dé di6t
khéi héong.

2) Dién dp nghich cuc dai Vi Néu dién ap nghich dat vao di6t dat dén dién 4p
ddanh thing V, thi ddng dién nghich ting nhanh, tinh din dién mot huéng cha di6t
bi phé hoai, tham chi din dén ddnh thing nhiét lam héng dist. DE di6t lam viéc
an toan, thudng dién 4p nghich cuc dai cho phép trén di6t bing mot nia dién ap
ddanh thung.

3) Dong dién nghich Ip. Do la tri s6 dong dién nghich khi diét khoéng bi ddnh
thung. I; cang nhé thi tinh ddn dién m¢t huéng cang t6t. Cdn chi y ring I; phu
thudc r6 rét vao nhiét dé.

4) Tén s& cong tdc. Dién dung chuyén tiép PN va dien dung khuéch t4an cia di6t
la y&u t6 chi yéu giéi han tdn s6 cbng tdc, vugt qud gidi han d6 thi di6t khéng
th€ hién tinh niang didn dién mot chidu nia.

5) Thoi gian hdi phuc nghick ¢, Thdi gian t . dugc do trong cdc diéu kién quy
dinh vé : phu tai, ddng dién thuin, dong dién nghich tdc thdi cuc dai. Vi dy,
béng ddng md Si ¢ s6 hiéu 2CK15, khi R, = 50 Q, bién df dong dién thuan
va nghich déu 10 mA, thi t., < 5nS (0 thdi di€m ké&t thdc t, thi Iz = ImA,
tdc 10% bién d6)

6) Dién dung khong thién dp. Khong thién dp 13 diéu kién khong cd dién ap dat
vao di6t. Gid tri dién dung nay bao gém tdng dién dung khuéch tdn va dién dung
chuyén ti€p PN. Vi du, v6i 2CK15, dién dung khéng thién 4p nhé hon 5pF.

1.2.6. Pi6t dn ap

Diét 8n 4p, mét di6t badn din cd dic tinh 8n 4p duge sdn xuit chuyén dung phuc
vu céc thiét bi 6n 4p va mach dién td, né dugc phan biét v6i cac dist ban dln
khic ¢ Wng dung chinh luu, tdch sdng v.v...

1) Tdc dung 6n dp

D& thdy r6 tdc dung 8n dp cha di6t &n
dp, ta hay xét phdn nghich cia dac tuyén
V - A cua di6t &n 4p, hinh 1.2.12. khi dién
ap nghich dat dén mot gia tri nhat dinh, thi . . iy}
dong dién nghich tang nhanh d6t bién, sau Ve 9.6V
d6 Wng v6i pham vi bién thién r4t l6n cia 1o
ddng dién nghich 1a pham vi bi&n thién rft  Ay=g2v | [ v
nhé cia dién 4p nghich.-Dd 12 hién tugng : Al 20mA
ddnh thing dién. Diéu kién d&€ st dung dic ~ | -
tinh 6n 4p ndi trén 1a trong mach dién di6t : : mmmmmm i _L
8n 4p phai cS bién phap han ch€ ddng dién
sao cho sy ddnh thing dién khéng din dén : .
sy ddnh thing nhiét lam hdéng bdng 8n 4p.

Hink 1-2-12. Dic tinh 6n 4p.
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Hinh 1-2-13 a 1a mach dién tuong duong
cta di6t 8n 4p. Tuong dng v6i hinh 1-2-12,

gid tri 6n 4p V, = 9,8V. gid tri néi trd tuong 0
e r AV _ 02V @ o
N8 T2 T AT T 0,04A T M_.E_r-% igf: o

Hinh 1-2-13 b. 1a ky hiéu ctia di6t 6n 4p.

CJ— o

D
2) Nguyén lUf ddnh thing ‘
Hién tugng danh thing xay ra trong chuyén Hinh 1-2-13.
tiép PN cd thé do hai co ch& sau day : Mach di¢n tudng duong va ki higu
cha di6t 8n 4ap.

Co ch& danh thing Zene (xuygn hém) :
khi dién trudng nghich dat vao du 16n thi
cdc dién tid ddng hda tri ¢é th€ di ning lugng d€ tdch khdi nguyén td trd thanh
dién td ty do, tao ra cap dién t¥ - 16 tr6ng. V1 lic nay s6 hat mang tdng dot bién
nén xay ra hién tugng dédnh thiang.

Co ch& danh thing thdc 14 : khi dién trudng nghich dat vao manh, thi ning
lugng hat mang 16n hon, cé th€ xdy ra va cham lam bidt ra cdc dién ti & 16p ngoai
cia nguyén td. Nhitng dién t% mdéi sinh ra nay lai tham gia vao qud trinh va cham
va bit ra dién td. Phan dng day chuyén nay lam cho s6 hat mang ting dot bién.

Thyc nghiém ching minh rdng : d6i vé6i di6t 8n 4p c6 dién 4p V, nhé, tidc la
ving dién tich khéng gian cia nd hep, thi xdy ra co ch& danh thung Zene. Ving
dién tich khéng gian hep, cudng dd dién trudng manh, cidp dién ti-16 tréng dé& sinh
ra. Nhung qué trinh va cham va phan dng diy chuyén lai ¢6 x4ac sudt thdp. DEi
v6i di6t 8n 4p cd dién 4p 8n &p V, 16n, tdc 13 ving dién tich khong gian cia nd
r0ng, thi xay ra co ch& ddnh thuing thdc 1a l1a cha y&u. Vi du, d6i v6i béng 8n 4p
Si, thi ranh gi6i gita hai co ch& nay 1a 4 + 7V, nghia 1a cac di6t 8n 4p c6
V, < 4V thugc co ch€ dénh thing Zene, céc di6t 6n 4p V, > 7V thugc vé co ché
danh thing thac ld, cdon céc di6t 6n dp 4V < V, < 7 V thi thudc vé ca hai co ch&
dédnh thung.

3) Tham s6

a) Dién dp 6n ap : la gid tri dién dp 6n 4p trén hai cuc cia dist 8n 4p khi né
lam viéc trong mach dién 8n 4p. Gi4 tri ndy cd thay d8i nhé, phu thufc vao dong
dién co6ng tdc va nhiét d6. Ciung loai s6 hiéu dugc sdn xuft ra nhung céc dift 6n
Ap ¢d sai léch vé dién 4p 8n 4p. Vi du : béng 2CW11 cd dién dp 6n 4p 3,2 + 4,5V.

b) Dong dién cong téc : 1a gid tri ddng dién cOng tdc cua di6t 8n 4p dugc dung
dé tham khao. Gid tri thuc cia dong dién cS th€ nhd hon, tuy rdng tinh nang 6n
ap sé kém hon. Gid tri thuc cda ddong dién cd th€ 16n hon, kém theo tinh nang 6n
dp sé t6t hon, nhung tiéu hao dién cing 16n hon ; c4n chid y khong vugt tén hao
cho phép d€ khdi hdng bdng.

¢) H¢ s6 nhi¢t d¢ : 1a hé s8 bi€u thi sy dnh hudng cua bién d6i nhiét do d6i véi
gia tri dién 4p 8n 4p. Vi du : bong 2CW2D cdé hé s6 nhigét 4o la + 0,095%/ °C, tdc
12 n&u nhist do6 tang thém 1°C thl gid tri dién 4p 8n 4p cing tang thém 0,095%.
Gia st V, = 17V & t = 20°C thl & t = 50°C :
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10000 X (60 — 20) x 17 = 17 + 0,48 = 17,48V

Ndi chung, béng 8n dp ¢6 V, < 6V thi hé s6 nhiét do 14 4m, béng 8n 4p c6
V, > 6V thi cé h¢ s§ nhiét do la duong (d6 132 dac di€m cta hai co ch& danh
thing). Bong 6n 4p c6 V, xdp xi 6V bj anh hudng nhiét d6 1a khong ding ké&.
Vay néu c4n muc d¢ 8n dp chinh x4c, thudng chon V, c& 6V, hodc chon hai bdng
cd hé s8 nhi¢t d6 nguge nhau réi méc nbi ti€p dé chﬁng bu trit 1dn nhau.

d) Dién trd déng : 1a ty s6 gitla s8 gia dién ép v8i s6 gia dong dién tuong dng.
Dién trd dong thay ddi theo dong dién cong tdc, ddng cang 18n thi dién trd dong
cang nhdé. Vi du, béng 2DW7C, & 5mA thi dién trd dong 12 18 Q, 6 10 mA thl 1a
8 Q, 4 > 20mA thi 12 2 Q. Ching han, khi dong dién cobng téc tang tit 20mA dén
30mA, thi bién thién tuong dng cta dién 4p 6n 4p la :

(30 - 20) x 1072 %2 = 20 x 1073 V = 20mV.

5) Cong sudt tiéu hao cho phép : la tham s8 xdc dinh nhiét d6 ting cao cho
phép. Né&u bist dién 4p 8n 4p ctia bong thi tinh dugc ddng dién cOng tac cuc dai
cho phép bing ty s6 gilta cong suft tiéu hao cho phép véi gid tri dign 4p 6n ap.
Vi duy, bdng 2DW7A c6 V, = 6V, cong sudt tiéu hao cho phép 200mW, vy dong
dién cOng tdc cuc dai cho phép la :

200 mW

6V = 33mA

1.3. TRANZITO

Sy ch& tao ra tranzito
lA mét nhay vot vé ch4t
cia ky thuat dién tu. Hién
nay, ta thudng dung cOng
nghd quang khéc, khuéch
tan dé€ ch& tao tranzito. Xét
vé cfu trac, ta phan loai
thanh tranzito NPN va
tranzito PNP.

Hinh 1.3.1 trinh bay c4u
triic tranzitq NPN. ) colectd (e)

Tranzito c¢d hai chuyén (a)
ti€p PN : chuy&n ti€p emito hv '
(cuc phat) va chuyén ti&p e’"“m o gg?g:” O’f’eﬁ ¢ (N,) °q(P)
colecto (cyc gép) va ba khu
vyc : emito, bazo (cuc gdc), (e
colecto. Tranzito c¢é6 3 dién
cyc 12 day dén dién 14y ra-
td ba khu vyc ndéi trén, ky
hiéu 1a e (emito), b (bazo),
¢ (colectg). Dung chidt ban
ddn P lam khu vuc emitg va
khu vuc colectog, chit b&an
didn N lam khu vuc bazo dé

eo(wN) ed(P)
NPN PNP

Hinh 1-3-1. C4u tric va ki hiéu cua tranzito.
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cfu tric nén PNP. Hinh 1.3.1c 12 ki hiéu cida hai loai tranzito, mii tén cta cuc e
bi€u thi chidu ddng dién khi chuyén ti€p emitd cd dién 4p thuén, mii tén hudéng
ra ngodi d6i v6i tranzito NPN, mii tén huéng vao trong d8i véi tranzito PNP.
Nguyén 1y cong tdc cta hai loai tranzito gi6éng nhau. Duéi day gidi thiéu nguyén ly
tranzito NPN.

1.3.1. Tac dung khuéch dai va sy phan phoi dong dién trong tranzito

Tac dung khuéch dai cia mach dién khu&ch dai la 14y nang lugng tit ngubn riéng
d€ nang mdc nang lugng tin hiéu ddu vao (nhdé) thanh miuc nédng luong 16n hon
cia tin hiéu dfu ra.

1) Chuyén dong cia hat din va su phén ph&i dong dién

Hinh 1.3.2. trinh bay su chuyén dong cta hat dédn trong tranzito.

Nguén + 12 V thong qua dién tré R, d€ dat dién 4p thuan vao tranzito.
a) Tinh hinh dién ti phét xa tic viing e vao ving b

Chuyén tiép e cd dién 4p thuan V; > Vi, su
chuyén dong khuéch tdn manh hon chuyén dong
troi dat, dién td cha viang e khong ngiing vugt
qua chuy&n ti&€p PN téi ving b, 18§ tréng cia vung
b khéng nging vugt téi ving e, cung tao ra dong
dién cyc emito I;. Do déc di€m ky thuat ché tao,
ndng d6 16 tréng vung b r4t nhé so v6i néng do
dién tu ving e, nén ddng dién 18 tréng cd thé
bdé qua.

b) Tinh hinh khuéch tén va téi hop dién ti

trong khu vuc b : Hinh 1-3-2. Chuyén dong cia hat
mang trong tranzilo.

Vi néng d6 dién td vung gin e rft lon, con.
néng do dién td¢ vung gin c rdt bé, nén dién tu
sau khi dén b thi c6 th& ti&p tuc khu&ch t4n dén c. Trong qué trinh khuéch tén
nay, dién tu ludn gap phai 18 tréng cla khu vue b, 16 trong bi tdi hgp triét tidu,
nhung nguén cuc b b8 sung 18 tréng, tao ra dong dién cuc bazd I;. D€ cd duge
nhidu dién ti khu&ch tdn dén c, khi ché€ tao tranzito, ngudi ta lam ving b rat
moéng, néng d6 tap chdt vung b rft nhd, xéc suft tdi hgp sé rat bé.

¢) Tinh hinh cuc ¢ thu thap dién tu :

Khac v6i tinh hinh xdy ra & chuyén ti€p e, khi dién t& dé&n chuyén tiép c thi gap
dién trudng nghich. Dién trudng nay can trd dién ti khuéch tdn vao khu wyc b, déng
thdi gom gdp cédc dién ti khuéch tdn tit b dén, tao ra dong dién cuc. colecto I

Trong tranzito cé cfu tric dd xét trén, dong dién bao gébm ca dién tu va 16 tréng,
nén déi khi duge goi 1a tranzito luong hat d€ phan biét v6i cdc loai tranzito cfu
tric khiéc.

2) Tdc dung khuéch dai dong dién

Tém tit sy chuyén dong cia hat ddn trong tranzito, hinh 1.3.2 bi€u thi bing
mii tén hudng dong dién td. Vi ving b r4t méng, néng do 16 tr6ng lai thdp, nén
da s6 di¢n t& khué&ch tan tif e sé vugt qua khu vuc b d€ t6i duge e, tao thanh I ;
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e

chi m¢t phdn nhd chay téi b tao thanh Ig. Sau khi ché tao, ti 18 12 xdc dinh,

I
B
vay nén cdé thé diéu chinh I bing thay d8i I;. Tit d6 cé tdc dung khuéch dai dong
dién cda tranzito.

Heé s6 khuéch dai dong dién mét chiéu cua tranzito duge bi€u thi 13 :

o

8 = TE (1-3-1)
B
Con hé s6 khuéch dai dong dién xoay chiéu cua tranzito dugc bi€u thj 13 :
_ Al |
B = Xf; (1-3-2)

N6i chung, f = B

Xét v& quan hg dién 4p, gita b va e 12 dién 4p thudn, V¢ chi bigén ddi bé ciing
c6 th€ sinh ra bi€n d8i dang k€ cia I (dac tinh thuin cta chuyén ti€p PN), nho
tdc dung khu&h dai dong dién cua tranzito, k6t qud cd dugc sy bién d8i rdt 1én
cia I.. Sy bién d8i ddng dién nay sinh ra sy bién d6i dién 4p trén hai ddu dién
tré cuc colecto R.. Thanh phdn xoay chiéu d6 lén gép boi 14n thanh phén xoay
chiéu Vgp. Vay tdc dung khuéch dai dong dién da chuyén thanh tdc dung khuéch
dai dién 4p.

1.3.2. Déc tinh dau vao va dic tinh diu ra cda tranzito

Dic tuyén V-A cua tranzito phadn dnh toan dién quan hé dong - dp gilta cédc cyc.
Trén thuc t& nhitng ddc tuyén nay la bi€u hién bén ngoai cia tinh nang dén dién
cidc chuyén ti6p PN. Xét & géc do st dung, dac tuyén tranzito thudng dudc diung.
Céac s8 tay v& béng ban din thudng cho dic tuyén ddu vao va dic tuyén ddu ra
cia tranzito. Hinh 1.3.3 gi6i thiéu mach dién do dic tuyén tranzito.

1) Ddc tinh diu vao

D6 1a quan hé gilta Iy va Vg trong mach
vong dfu vao cla tranzito.

- Khi Vo = 0, tuong duong sy ngin
mach ce ; quan hé Iz va Vg 1a dac tinh
V — A cua 2 di6t ¢ d4p thuan ndi song song
(mot di6t cta chuyén tiép e, mét dift cia
chuyén ti€p c)

- Khi V. = 2V. C6 dién 4p nghich dat
lén chuyén ti€p ¢ thu hdt manh dién td ti
e, tao thanh I.. Vay v6i Vo nhu nhau, thi
I; giam nho, dic tuyén dich sang phai. Hinh
1.3.4 1a dac tuyén ddu vao cua tranzito ' ‘
3DG4C. Vi cac gia tri VCE' khic nhau, thi Hinh 1-3-3. Mach do dic tuyén tranzito.
déc tuy&én ddu vao cé thay d8i chat it. Khi
Veg di 16n (Vo > 1V), ng v8i moét gia tri Vpp la s6 dién ti xdc dinh khué&ch
tdn t6i khu vyc b, tuyét dai s6 s6 dién t& nay bi kéo d&n c, vi vay dong Iy khong
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gidm nhdé r6 rang khi V.. tdng thém. Nén dic tuyén
ddu vao chl cAn cho mét dudng nhu hinh 1.3.4.

2) DPic tinh ddu ra

D6 la quan hé gitta I, va V. trong mach vdng ddu (mA)
ra cia tranzito khi I; 1a tham s6 (xdc dinh). Hinh 1.3.5
bidu thi dac tuyén ra cta tranzito 3DG4C. Tit dic tuyén 077]
trén hinh 1.3.5, ta cé thé thdy 3 khu vuc coéng tic cua 0.061

tranzito. 008
0.041
- Khu vuc cdt. Tuong dng véi Ig < 0. D6i v6i ]

tranzito NPN Si, khi Vg < V (Vg < 0) thi tranzito o - ) -
hé mach. Nhu ta thdy & dic tuyén thuén cia chuyén 02 0406 0610 Ype(v)
tiép PN, khi Vg < 0,5V (Dién 4p vung chét V_ = 0,5V),

thi ving e can ban khdng cé dién ti chuy&n sang ving ik 1-3-4. Dic tuyén dhu vao.
b, tuong dng Iy = 0, I_ = 0. That ra, khu vyc cit khong

tuong Ung trang thai hé mach tranzito, vi
chuyén dong nhiét ma tén tai dong dién rit

20°C
VCE:OV VCE': 1v

-

nhé trong mach cyc colecto. I, goi la dong 50 10 |
dién xuyén. Dong dién xuyén nhoé dudi uA nén 40 08 20 ¢
khéng dugc th€ hién trén dac tuyé&n. 30 0.6
- Khu vyc khuéch dai. Tuong dng véi dién 20 o
ap thuéin trén chuyén ti€p e va dién 4p nghich 4 —Is =l’0'2 mA =
trén chuyén ti€p ¢, thi phdn dic tuy&n ddu ra 0 10 20 30 Vee(V)

gdn nhu ndm ngang, d6 14 khu vuc khué&ch dai.
béi v6i tranzito Si, khi Vg > 0,6V, va véi
dién 4p nghich nao d6 & chuyén ti€p c, thi héu
hét dién phédt xa tit e, qua b, déu dén c, vay I, = I, I; rdt bé. Khi I bién déi

' C
thi I. bién d6i theo, I khong phu thu¢c déng k€ vao Vg, hon nita ﬁ; >1, tdc

Hink I-3-5. Djc tuyén ddu ra.

la tranzito khuéch dai manh dong dién.

- Khu vuc bao hoa. Trong mach dién cia bd khuéch dai tranzito nhu hinh 1.3.2
‘biéu thj, c6 dién tré tai. Néu ngubn dién E. khong d6i, khi I, tdng thi Vp gidm.
Néu V. bé dén mdc lam suy gidm kha nang thu gép dién ti cda colecto, thi I
khoéng tdng hoac tang khong dang k€ theo Iy ; tranzito mit di tde dung khuéch
dai, tdc la nd & trong trang thdi bdo hoa. Mdc d¢ bao hoa phu thudc Iy va I..
Ching ta goi trang thdi Vg = Vpp la bdo hda gi6i han, trang thai Vi < Vgg la
qua baio hda. Dién 4p bdo hda Vg tl 1& thuan véi 1. Vi dy, tranzito Si céng sudt

nhé 6 Vg < O,4V, tranzito Si cong sudt lén (I > 1A ) cd Vgg > 1V, tranzito
G, c6 |Vcggl nhé hon.

1.3.3. Dic tinh chuyén mach cia tranzito

Tranzito la cdu kién chuyén mach (khda) co ban nhédt trong mach s6, nd cd trang
thdi lam viéc hoac & khu vuc cit, hoac & khu vuc bao hda, con chi trong khodnh
khic cia qua trinh qud d¢ (chuyén td bdo hda sang ngit hoic ti ngit sang bao
hoda) tranzito méi lam viéc trong khu vuc khuéch dai. Nhu hinh 1.3.6 bi€u thi, khi
dién ap vao V, = 0 thi tranzito ngéit, khi V; = + 3V thi tranzito théng bdo hoa.
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Vi vay diéu kién déng mé cia tranzito va dac dim
cdng tdc & ch& dd déng md cln duge ching ta cha
¥ dac biet.

1. Diéu kién thérg bdo hoa va ddc di€m
Diéu kién :

Khi bdo hoa gigi han,
Veg = VCES’ IC = ICS, Iy = Ize Cé6 thé tinh duge

ti mach hinh 1.3.6

+Ecr 412V

Hinh 1-3-6. Chuyén héa trang thai cong tac

. _ EC - VCES _ _E‘S cla tranzito.

cs - Re B Re

L L Ec

BS = B ﬂRc:
Vay tranzito s& théng bao hoa khi

Ec

I, > Ine = 55— (1-3-3)

B BS ~ AR,
(1-3-3) la diéu kién lam can cd xét dodn phai ching tranzito thong bao hoa.
- Dac diém : '

Tu dac tinh ddu vao va dac tinh ddu ra, ta biét rdng tranzito Si sau khi da
thong bao hoa, Vg = 0,7V, Vg = Vg < 0,3V gibng nhu khda déng md & trang

thai ti&p thong. |

2. Di¢u ki¢n ngdt va ddc di€m

-~ Diéu kién :

Vgg < V, = 0,5V (1-3-4)

V, la dién 4p vung chét cta chuyén tiép e. T dac tinh ddu vao ta bist ring,
khi Vg < 0,5V thl tranzito co bdn hd mach, vi vy (1-3-4) la diéu kién lam can
ct xét dodn phai chang tranzito ngit.

- Dac di€m : Iy = 0,1, = 0 gidng nhu cdi chuyén mach & trang thdi hé mach.

3. Thoi gian chuyén mach

Qué trinh chuyén mach cba tranzito tudgng ty nhu di6t bdn dén, ciing c6 qud
trinh kién lap va tiéu tdn dién tich, cln cd thdi gian nh4t dinh. Tranzito chuyén
til ngit sang thong bao hoa phai cdn cé thyi gian ddng t_ ; chuyén tit théng bao
hoa sang ngit cdn thoi gian ngét t ;.

Xem hinh 1.3.7, day 12 mét vi du cu thé.
Khi dién dp vao bién d6i nhay vot t& - V; dén + VBz, tranzito khéng lap tdc
1

théng dién, ma sau moét thai gian tré td (tit thoi di€m doét bién thuan
V| dén thsi di€m I, = 0,11~ ,) cong thém thoi gian tang trudng t. (d€ I, tang tu
0,1 I dén 0,9 I

Cmax)
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Vay t, = ty + tr
Khi dién dp vao
bién d8i nhay vot tit
+Vy, dén —V,, dong

dién I khong lap tdc
vé 0 (hé mach), bao
gom thdi gian tén tri
t, (ti thoi di€m dot 500
bién nghich V; dén Re
thi diém I, = R, 20k
0,91.,,.,) cong thém
thoi gian suy gidm
tp (d€ I, suy gidm
ta 0,9I.... dén 0,1
I

Ec=+35V

20

RS
I

(a)

Cmax

Vay toge = t5 Tt

N6i chung, thoi
gian ddéng md cua
tranzito t , tp co -
ns, v& t o > t ., t, > t;. Nghia la, gid
tri thai gian ton trit t, 12 y&u té chd yé&u
xdc dinh t6c d6 ddng mé tranzito t_.

4. Mach dién tuong duong

Hinh 1.3.8 biéu thi mach dién tuong duong
cla tranzito d&i véi dong dién mét chidu khi
déng va khi md.

1.3.4. Cac tham sé co ban cua

Wies=0av

(6)

Hinh 1-3-7. Thoi gian d6ng md cla tranzito :

a) Mach dién ;
'b) Dang song.

Hinh 1-3-8.
Mach dién tuong duong :
a) Khi thong bio hoa ;

tranzito b) Khi nght.
Tham s6 cia tranzito dic trung cic tinh néng
ky thuat va pham vi st dung cda né.
1) Heé $6 khuéch dai dong dién
= ﬂ =
IB AIl?a
Hinh 1.3.9 trinh bay sy khé4c biét gitia IeH; ~Ip,
B vap AT =pBAT, }Ma
I, ~I gy
g2 la g T oy =Fly;
Iy, — Iy Ig; v
0 —
p thich hgp d€ tinh toan tin hiéu xoay chiéu bién Vee

d6 nhé. B thich hgp d€ tinh todn tin hidu mot
chidu, hoac tin hiéu xoay chiéu bién dé 16n. Khi
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dac tuyén c¢6 dang cdc dudng song song cich déu va bo qua Iy, thl § = B

So d6 mach dién 1.3.3 dugc goi 12 bs khu&ch dai tranzito méic chung emitd vi e
12 cyc chung cho ddu vao va ddu ra. S 1a hé sd khuéch dai dong dién cta bo khu&ch
dai tranzito mac chung emito. Hinh 1.3.10 13 bé khué&ch dai tranzito méc chung
bazo vi b 1a cuc chung cho ddu vao va ddu ra.

Hé s6 khuéch dai doéng dién cia mach
nay 13 ti s6 gilta dong dién déu ra AI; va
dong dién ddu vao Al ki higu o.

AT,

a = = (1.3.5)
Al

Do sy vin dong cia hat din trong
tranzito ma « = 0,90 =+ 0,99 = 1.

2. (1-3-6) Hinh 1-3-10.
1 -a Mach khuéch dai mic chung bazd.
Giai thich (1-3-6) nhu sau :

va: 3 =

AL Al AL,
Alg = Al + Al P =131, =8, -4 = AT,
| 4 (1 - ar)
[#]
F=1_¢

2) Dong di,éh nghich

a) Dong dién bdo hde nghich gita cuc ¢ va cuc b, ki hiéu I.p, 1a dong dién
nghich cia colecto khi hé mach emits, khéng phu thufc V.., v c6 gid tri khong
d8i & nhiét d6 cho tru6c. Noi chung I g, rét bé, d6i voi tranzito coOng suféit nhd,
béng Gg clp uA, bong Si cdp nA. Né&u yéu clu tranzito lam vigc trong pham vi
nhiét d6 rong , thl nén chon bdng Si.

b) Dong dién xuyén I.p, la dong dién colecto khi hé mach bazo, nhung tuong
Ung v6i dién 4p Vg ndo d6, Iz = (1 + B) I 5o

Céc dong dién nghich I.pq, Icpo 12 chl tiéu danh gid chit lugng tranzito. Néu
tranzito cd khuyét tat trong quéd trinh ch& tao thi I ;, ci tang 16n sau thdi gian
st dung.

3) Tham s6 gidi han

Trong tinh huéng nao dd, néu tranzito lam viéc & ché do vugt tham s8 gi6i han
ciing chua chidc bi hdng. Tuy nhién, t6t nhét 1a thiét k&€ dé€ tranzito lam viéc khong
vugt tham s6 gi6i han. '

a) Dong di¢n colecto cuc dai cho phép I, B s& gidm nhé khi I = Iy, (cu thé

2
B = 3 gia tri danh dinh). Thudng d8i v6i tranzi.to cong suft nhé thi I, = vai

mA, d6i v6i tranzito cong sudt lén I, = vai A
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b) Dién &p dénh thung :

- Dién 4p déanh thung nghich BVipo- Day 1a gid tri dién 4p nghjch cyc dai cho
phép dat 1én chuyén ti€p emito khi hé mach colecto. Néu vAn hanh vugt BVEBOthi
chuyén ti€p emito bi dénh thing. NGi chung cdc bing hop kim cé BV, tuong d6i
cao, béng bé mat cao tdn BV, c8 vai V, tham chi khong dén IV.

- Dién dp thung nghich BVpy, khi hd¢ mach emitc. Sau khi V.5 tang dén mét
gid tri nhdt dinh thi Icgo 46t bién ting manh, ddn t6i d4anh thing théc ld. BVCBO
cé gia tri tuong d6i cao (x4c dinh bdi dién 4p ddnh thing thédc 1G d6i v8i chuyén
ti€p colecto) _

- Dién 4p dénh thing nghich BV, khi hd mach bazo. BV g, «BV g,

¢) Céng sudt tén hao cuc dgi cho phép d
colectd Pryy. Tham s6 ndy quyét dinh nhiét

do cta boéng. Thudng nhiét d6 lam viéc cuc {p(mA) T
dai ciua béng Si c8 150°C, cia béng Ge cB R e X 20°C
70°C, nhiét d6 cao hon lam héng bong. Hinh 4 \‘0'8 o
1.3.11 biéu dién gi6i han lam viéc an toan 3 N
cta bong dng véi Py = Ve X I dd cho, . 2 I ~\f' i
 dé 1a dudng hypecbol. ' 70 — ‘=0‘{?”' 4
0 10 20 0 YeelV)

Viing clla dac tuyén ddu ra nadm dudi va
bén trai dudng hypechol la vung lam viéc an ;
toan. Thudng cd thé md réng vung lam viéc Hink 1-3-11. Vang 1am viéc an todn
an toan bang lam m&t bdng (lam mét bing
quat gid, lam mat bAng ngim didu, lam mat
bdng phién téa nhiét)

tuong ing Pcm = 300mW.

1.3.5 Anh hudng cia nhiét d6 dén cAc tham s6 cha tranzito

Hdu hé&t cdc tham s6 cia tranzito déu phy thudéc nhiét do. V4y nén cén nédm
viitng quy luat sy thay d6i tham s6 theo nhiét d§, d€ bao dam mach dién thyc t&
1am viéc t6t trong pham vi nhiét 46 da cho.

1) Nhiét 46 dnh huédng t6i I,

Igo 12 dong hat din thi€u s6 khu vyc colecto. S8 luong hat dén thi€u s6 phu
thudéc ré vao nhiét d6. Nghién cdu cho biét rang 1.5, ting nhanh theo ham &6 mi
cia bién s6 nhiét d6. Ndi chung, khi nhiét d6 tang 10°C thi Icgo tang gdp doéi.
Nhung I.g, cia béng Si nhé hon nhiéu I.5, cia béng Ge. Béng Si chit lugng cao
thi I.g, < 10nA, nghia 1a vdn dé khong nghiém trong lam.

2) Nhiét d6 dnh huéng t6i B

B ciing tang theo nhiét do. Hinh 1-3-12 cho thdy ring khi nhiét d¢ tang tit 15°C
len 45°C thi g ting khoang 30%. Khi dd, v6i I khéng d8i, I tang theo nhist do.

3) Nhi¢t d6 dnh huéng t6i Vyp

D6i véi béng Si thi

Vgg = 0,6 + 0,8V

Déi véi béng Ge thi

|Vgel = 0,1 + 0,3V.
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Hinh 1-3-18
vé dac tuy&n dfu

vao ciia béng Si (mIAa;

tuong dng cac A4

nhist d6 -70°C, 0101 Veg =2V

20°C, 150°C. 6ot 150°C 20°¢ ~70°C

Hinh vé cho biét 0.081

véi I khong déi, 40f 0.064

VBF. glé.m khi P o0.04+

nhiét d¢ tang. 4

Ndi chung, Hé ) . - ooe ’

g6 nhiét d6 cia —-80 0 60 120 T oE ‘ ¢ - £ 4 —_
|V | khi dat re- 0% 08 12 Vpe(V)
dién 4p thu'an Hinh 1-3-12. Hink 1~3~13.

VQ.O. chuyén tlép Sy phy thudc B cia Sy phy thudc Vag cla bdng Si
emitd  khodng béng Si vao nhiét do. viio nhiét do.

-2 + -25mV/°C,

nghia 14 né&u
nhiét d6 tang 1°C thi [V, | gidm 2 + 2,5mV. Quy luat nay 1a chung cho bdng
G va béng Si. |

TOM TAT

Noi dung chi y&u cia phén né.y 12 tac dyng khuéch dai, diac tuyén vA tham s6
cia tranzito.

1. Tac dung khuéch dai cda tranzito d6i v6i tin hiéu xoay chiéu théng qua viéc
di8u khi€n nang lugng ngubn d€ ldy ra trén tai mach dﬁu ra mdt niang lugng tuong
déi 16n.

2. Su chuyén dong cda dién ti va 18 trdng qua ciu tric hai chuyén tiép PN cila
tranzito dua t6i tdc dung khuéch dai. O bong NPN, khi Vg, 12 dién &p thugn, di¢n
td cta khu vyc emito chay sang khu vuc bazo, & viung tiép gidp hinh thanh néng
do n, (0) ti 16 v6i Vg, sinh ra dong dién khuéch tén t 16 v6i gradien néng 6. Vi
khu vyc bazo r&t hep nén xac sudt xdy ra tdi hgp & day nhd, phén 16n dién t& dén
dugce colecto, bj dién truong chuyén ti€p colecto thu hit, tao thanh dong dién colecto
Ic- Qua trinh trén day ching td Vg sinh ra dong dién td, nhung phén 16n lai tao
thanh ddng colecto. Vay Vi dé diéu khién I.. Ddng dién xoay chiéu I., do d¢ dién
4p xoay chiéu trén tii mach colecto sé 16n han dong xoay chidu Iz va dién 4p xoay
chiéu Vyp. Quan hé Vg véi I 1a phi tuyén, vi th€ dua vao quan he tl l¢ gita Iy,
Ig voi IC, ta goi tranzito Iu'Ong cuc 1a cfu kién diéu khién dong dien.

3. Tranzito cé th€ méc thanh by khu&ch dai mic chung emito, hay mic ciiung
bazo, hay méic chung colecto. Cé thé dua vao dic tinh ngoai cia ching d€ phan
tich dic tinh céng tdc cua ching. o] day ching ta da gi6i thiéu dic tinh ddu vao
va dic tinh ddu ra cta b khuéch dai tranzito méc chung emito.

4. CS th& phan dac tuy&n ddu ra cia tranzito thanh 3 vung : ving khuéch dai,
ving baoc hoa, ving cit. Dinh nghia ving khuéch dai 12 vung ma chuyén tiép PN
cia khu vuc e cé dién dp thuan, chuyén ti€p PN cta khu vuc ¢ cé dién 4p nghich.
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Vung bio hoa tuong Ung véi dién 4p thuan trén cd hai chuyén ti&p. Viung cit tuong
ung véi dién 4p nghich trén cad hai chuyén ti€p. Tuy nhién sy phan biét 3 vung la
tuong d6i, & ving bfo hoa giéi han khong m4t hodn toan tdc dung khué&ch dai, &
viing cit dong dién colecto khéng tuyét ddi bang 0.

5. Tham s6 cua tranzito dac trung cho tinh nang va pham vi sit dung cia nd.
Tham s8 dugc tham khio k&t hgp véi dac tuyén khi thiét k& mach. C4c s8 tay vé
cfu kién bdn ddn cung cdp tham s8 vd dac tuyén cia tranzito.

1.4. BONG BAN DAN TRUONG (FET - Field Effect Transistor)

Khi tranzito ludng hat lam phdn ti khu&ch dai, chuy€n ti€p PN cia mach déu
vao dugc phin cuc thudn, nghia 13 yéu cdu ngubn tin hiéu mo6t cong suft nh4t dinh.
Trong nhiéu dng dung, chdng han rhu do dién 4p hé mach cia mach hai cuc, digu
dé dan dén sai s6 do rit 16n. Béng ban dan trudng 1a phdn t& khu&ch dai ma hiu
nhu khong yéu cfu ddng dién ddu vao. Bong ban din trudng 12 mot cfu kién ban
ddn cd chuyén ti€p PN dung hiéu dng dién trudng didu khién dong dién... Ngoai
uu di€m khong yéu cfu cong suét cia ngubn tin hiéu (diéu khi€n bing dién 4p tin
higu), Béng ban din trudng con cé cdc vu di€m : tién cho vi mach hda, chiu anh
hudng y&u cia bic xa va nhiét d6. Béng bdn din trudng, viét tit 1a FET, ngay
cang duge stt dung rdng rai.

FET dugc phan thanh hai loai 16n : IGFET va JFET. IGFET la tranzito hiéu dng
trudng cé cuc cia cdch dién v6i kénh dan (Isolated Gate Field Effect transistor).
JFET la tranzito hidéu dng trudng chuyén ti€p PN (Junction Field Fffect transistor).
FET 1a c#u kién din dién bing hat ddn da s6. D#c di€m didn dién chl bing hat
ddn da s6 lam cho nd cdn duge goi 1a tranzito don cuc. _(3 phéAn nay ching ta sé
xem xét nguyén U lam viéc, dac tinh va tham s6 cia FET.

1.4.1. IGFET

IGFET dugc ché tao theo cong- nghé MOS (Metal — Oxide - Semlconductor tidc
12 cé cAu tric kim loai - oxyt — ban dén)

1, Cdu tric va nguyén Ili lam viéc

Hinh 1.4.1, trinh bay cfu tric béng MOSFET. Bing ki thuit quang khic, khu&ch
tdén va cdc phuong phdp khdc, nguti ta tao ra hai khu vyc N trén phién d& P. Khu
viuc N bén trai néi véi cuc nguén (ki hidu 12 S - Source). Khu vue N bén phai néi
v6i cuc mang (ki hiéu 124 D - Drain). Ngudi ta gdn mot dién cuc trén tdng oxyt
8i0,, vao khodng gita S va D, d¢ 1a cuc c8ng (ki hiéu 1a G - Gate). D la cdu
tric béng MOSFET. Nhu hinh v&, S va phién d& néi d4t, dat vio dién 4p thudn
Vs Khi dd, dién dung tao ra boi G va d€ cd dién 4p Vo, b& mat phién d€ sé&
cdm Ung cdc dién tich am. N&u V¢ da lén thi dién tich caAm dng dd 16n d€ hinh
thanh lép N, do dS lién k&t S va D lai (hinh 2). Lép N d6 goi 12 kénh din. Dién
dp Vg5 dat d&n mudc ngudng d€ tao ra kénh din, goi 12 dién 4p md, ki higu la V..
Vg cang tang thi kénh dén cang rong ra. Hinh c gi6i thiéu ki hiéu MOSFET kénh
dAn N, trong d6 B 1a ki hiéu cho phi€n d& mii tén chi huéng vao kénh ddn N ti
phién d& B. Cuc c8ng G cdé th€ vé & gitta hosc léch vé phia S. Ciing cé khi khong
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cdn vé B, ngfm hiéu
B va S n8i nhau ;
mii tén trén S bi€u
thi chiéu dong dién
tit S chay ra ngoai.

Cuc mang D duge
dat vao dien 4p
thuén V, do do sé
cd dong dién cuc
méang I, tdng theo
Vps Ip sich ra dién
4p roi doc theo kénh
ddn, dién thé& tang
cao ddn vé& phia D.
Nhung khi V¢ tang
dén midc lam cho
Vop < Tp thi kénh
dén bj thit lai 6 gdn
D, xem hinh 1-4-1b.
Khi d6 I khéng tiép

tuc tang theo Vg 86 di nhu vay vi, dién trd vung thdt 16n, dién 4p roi 16n, sy
ting thém cia V5 sinh ra 2 tdc dong ngugc chiéu d6i v6i I, d6 1a ving thét néi
réng ra vi dién 4p roi trén ving thit 16n hon, k&t qua I, hdu nhu khéng d6i.
Thudng goi ving codng tdc V;p > Vi la khu vyc khong bao hda (ving tuyé&n tinh)

(c)

Hinh 1-4-1. Cu tnic MOSFET :

a) Cong tac tai khu wjc khong bfo hoa (Vs > VT, VGb > VT) ;

b) Céng tac khu vyc bio hda (Vs > VT, V6D < V1) ;
c) i hieu.

va goi ving cdng tdc Vi, < Vy 1a2 khu vuc bdo hda dong dién (ving 8n dong).

Vay MOSFET cé th€ xem nhu khda ddng md (d6i véi tin hidu di qua S, D) chiu
su diéu khi€n bdi dién 4p cuc G ; khi V5q > V. dién trd tuong duong cia hai cuc
SD c& vai tram Q, nghia la trang thai n6éi mach ; cdn khi V;q < Vi thi ¢d sy cach

li cia chuyén tiép PN phan cuc nghich, nghla 1a trang thdi hd mach.

Vi MOSFET
khéng yéu ciu
ddong cyc G nén
dudc xem la cédu
kién dugc diéu
khi€n bdng dién
ap.

2) Ddc tinh cuc
mdng va ddc tinh
truyén dat

Hinh 1-4-2 a
trinh bay dac
tuyén cuc maéng,
nghia 1a quan hé
I, va Vg Vung
bén trai dudng
nét ddt la khu

 Ip (MmA)

VT = #V Vps =6V
(5
Hinh 1-4-2. Dic tinh clia MOSFET :

a) D#c tinh méng ;
b) Dic tinh truyén dat.
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vuc khoéng bao hoda, I; ting theo V4. Vung bén phai dudng nét ddt la khu viue bio
hoa, v6i V5o xéc dinh thi I, héu nhu khéng phy thuge VDS' Dudng nét dit phaAn
ranh gi6i gita hai khu vyc théa mén V5 = V., hay 14 :

Vps > Vgs = Vo (1-4~1)

V6i di6u kién dién 4p cyc méng Vg khong d6i, tit dac tuyén cue méng cd thé
suy ra dic tuyén quan h¢ I, véi V5, nhu hinh 1-4-2b. Thudng gei ddc tuyén nay
la dac tinh truyén dat. R6 rang di€m cit cia dac tuy&n v6i tryc hoanh & gid trj
Vgg = V. Goi d6 dbc cia dac tuyén truyén dat 13 h8 dén cia MOSFET, ki hiéu

la g, :
21,

m = 3V o
?Vas VDS khong a6

(1-4-2)

ndi chung, g, téng theo Ij.
3) Trd khdng vao cia MOSFET

Vi 16p SiO, la vat ligu cdch di¢n t6t, nén cyc =6ng héu nhu khéng yéu céu dong
dién, trd khéng ddu vao cyc cao ( > 101 ), coi nhu hé mach d6i v6i dong mot
chidu. Vi b& day 16p dién moi Si0, & cyc cdng chua dén lum nén dign dung d&u
vdo clia mach cuc cfng ching vai pF. Dién tich trén dién dung nay c¢d thé luu gid
mot thdi gian dai vi dién trd ddu vao cyc cao. Ngudi ta dng dung dic di€m nay
cia MOSFET dé€ luu giit tam thdi tin hiéu & dién dung ddu
vio cia nd, lam thanh nhiéu loal mach logic dfng.

Nhung sy khd tiéu tdn dign tich trén dién dung cyc cfng

cing mang lai bAt loi sau day. Dién tich tinh dién trén cuc 'jD
c¢fng do hién tugng cam dng tinh dién tao ra s& sinh ra dién G

4p cyc cao & cye clng, cé thé danh thing 16p dign moi SiO,

tai dd, lam hdng MOSFET. 0, S

D€ bao v&¢ MOSFET khdi sy c6 ndl trén, trong céc vi mach
86, thudng c¢6 mach bado vé nbéi vao céc chan vi mach. Hinh
1.4.3 bi€u thi mdt mach béo v§ don gidn nhét, d6 12 mt dibt gpap 1-4-3. Mach dien
6n 4p méc thém & ddu vao. D, ia di 6t Zene. N&u dign dp bio vé cyc cdng.
tinh di¢n 16n dén mic D, dédnh thing dién, tao dudng thong
ngin mach nd, do d6 bao vé 16p SiO, khong bj d4nh thing.

4) Bin logi béng MOSFET

MOSFET c¢6 cHu trac ¢
hinh 1.4.1a s& khéng c6 kénh
ddn khi Vgg = 0 ; chl khi
Vgs dat dén mot gid tri xéc
dinh thi kénh didn méi duge
tao ra, vi th€¢ MOSFET nay
duge goi 12 IGFET kénh chua
¢S sn. Ngudi ta cd th€ ché {a)
tao loai MOSFET ma kénh
din cd sin, kénh ddn nay
tén tai cA khi VGS = 0. Hinh 1-4-4, C4u tric IGFET keénh c6 sin.

a) Vgs = 0 ; b) Vs < 0.
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Hinh 1.4.4 biu thi c4u tric
IGFET kénh cd sén.

b6i vai IGFET kénh co
sdn, khi Voo = 0, V¢ la
dig¢n 4p thuén, thi I; t6n tai.
Né&u dat dién 4p 4m vao cuc
cfng G, thi trén kénh din
cAdm udng dién tich duong,
lAm bang sy t4i hop cua hat
mang & kénh dén, ddn dén
ting dién trd kénh din, két
qua lam I gidm xubng. V¢
cang am, I cang nhd. Khi

(6)

Hinh 1-4-5. B6ng MOS kenh din P.

a) kénh chua c6 sén ;

b) kénh c6 sén.

Vsg 12 dién 4p &4m du 16n, phan Joai k) b d'écj_uyé‘;w dar fuyén
thl vi sy t4i hgp hoan toan MOSFET VU |truyén dot | cuc mong
§ X - L
cia hat ddn (hat din ngheo kEnh don D o
kiét) nén I, = 0. »
NV chua |G | B8 4
Néu dit dién 4p duong o ¥
co son -~
vdo G, kénh din xuft hién S ol vy Vs |0 s
dién tich &m cidm dng, lam . D
ting d6 din dién kénh dén, kénh dén
két qua I, tang lén. N » Go—' 8
Vay béng MOS kénh din co san s
N c¢6 hai loai 12 IGFET kénh R = D
chua c6 sdn va IGFET kénh kenh dén 3——-— |
si o 6l 8 Yas
cé sdn. chua, co
Hinh 1-4-5 trinh bay cfu o S
tric béng MOS kénh din P ) P) oy e
v4i phién d€ la ban din N. kénh dan P o —%
Nguyén li lam viéc caa ching co son 2__] 8
tuong tu nhu béng MOS kénh s
din N da xét & trén, chl luu

¥ su khdc biét & cuc tinh
dién 4p.

Hinh 1-4-6 tom t4t thinh

Hink 1-4-6. 4 logi bong MOSFET.

bing vé 4 loai MOSFET. Dac di€m cua ting loai thé hién tuong ﬁ'ng trén ki hleu :
MOSFET kénh din N, mii tén xu#t phat tt B. MOSFET kénh ddn P, mui tén
huéng dén B. MOSFET kénh ddn chua c6 sdn thi S, D, B cdch ii nhau, bi€u thj
kénh dln chua.cé khi Vig = 0. MOSFET kénh dﬁn ¢S sdn thi S, D, B néi lién,
bi€u thi kénh din tén ta1 cé. khi VGS = 0.

5. Anh huéng cda dién dp phién dé

Khi ding mét MOSFET riéng lé, thong thudng vAn nél chung cuc nguén vao
phién d& Nhung trong vi mach, cuc nhidu MOSFET cd cing phién d&, cic MOSFET
lai n6i két thanh cic mach dién logic khdc nhau, nén khéng thé ndi tft ca cuc
nguén vao phién d€ dugec.
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Khi cuc nguén khéng ndi vao phién d€, d6i véi MOSFET kénh ddn P thi phié&r
d& chi cé dién th&€ duong so v6i cuc ngubn, d6i véi MOSFET kénh ddn N thi phi&:
dé€ chl cd dién th€ am so véi cuc nguén. Vi ching c6 kénh dén lam vung S thong
véi ving D, ma ving S va ving D chi cdch li véi phién d& nh¥ phén cuc nghict
ctia chuyén ti€p PN.

Td hinh 1.4.7
ta nhan théy
rdng, khi dién thé&
phién d€ thdp
hon cyc ngudn,
thi xu&t hién
vung nghéo kiét,
ving nay cang
md rfng néu
|Vig | cang 16n,
nghia 1a kénh
dén trd thanh
hep hon. Két qua
la v6i V55 khong
déi thi I p nhé hon so v6i khi Vg = 0 (khi néi chung). Hinh 1-4-7b bi€u thi xu
hudng thay déi cia dac tuyén theo Vgs- Trong hoan canh Vg # O thi dac tuyér
cuc méng ha thdp hon, ddc tuyén truyén dat dich sang phai ; nghia la I giam, V,
ting. Diéu nay la b4t lgi d6i véi dic tinh déng mé cia MOSFET.

Co thé tinh dugc su tang cda Vi

| AV, = £ C Vg (1-4-3)
MOSFET kénh din P 1y ddu -~ va C = 0,56 + 0,7
MOSFET kénh ddn P ldy ddu + va C = 0,7 + 3,0
6) Tham s6 chi yéu cia MOSFET
a) Dién 4p md V. MOSFET kénh N thbng thudng ¢é V. = 3 + 6V.
thb cai tién cOng nghé, ngudi ta lam duge V., = 2 + 3V,

. Hink 1:4.7. Anh hudng cla dién ap phién dé :
a) MOSFET kénh din N ;
b) Dic tuyén truyén dat va dic tuyén cyc mang.

VGS

b) Dién trod mQt chiéu ddu vao RGS' Ry = IOIOQ

IG
.c) Dién ap dénh thing DS ki higu BVq.
V6i diéu kién Vg = 0 (kénh chua c6 sn), trong qud trinh tang Vps: khi nac

I, bt ddu tang manh dot bié&n, thl gia tri Vpg tuong dng duge goi 12 dién 4p déank
thung Nguyén nhén sy ting I, mot cdch dot bién Ia :

- dénh thing théc li ¢ vung ngheo kiét gdn cuc méng.

~ d4nh thing xuyén gita D va S. D6i v6i mot s6 MOSFET ¢S kénh ddn ngin
khi Vg khong ngiing tang lén thi tdng ngheo kiét ti kbhu vuc médng md dai dér
khu vyc ngufn, d6 dai kénh din bing O, tdc 12 ddnh thing xuyén gitta D va S
Sau dd, hat mang da s6 trong khu vuc nguén dugc dién trudng viung ngheo kiét
gia t6c, chay dén cyuc mdéng, sinh ra I lon.
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d) Dién &p dénh thing G - S, ki hitu BV

Trong qué trinh tang V., dng v6i gid tri ndo cha Vg lam cho IG tang r6 rét
12 dién 4p danh thdng G-S.

e) H6 din tdn s6 thdp g

V6i diéu kién Vg khong d6i, cong thic (1-4-2) xdc dinh g . g_ bi6u thi tinh
nang diéu khién cda V g d6i voi I;, tham s6 quan trong déc trung kha ning khué’ch
dai cia MOSFET.

Thong thudng g = vai phin mudi + vai mA/V.
g) Dién tré thong mach r
IVps
T =
on.. aIDI

(1-4-4).

o bi€u thi anh huémg Vg d8i véi 1y, 1a nghich ddo do déc ti€p tuyén tai di€m
céng téc xét trén dic tuyén cyc ming. 8 khu vic bdo hda, I, khong thay d8i dang
ké theo Vg nén r  rét 18n thudng r_ = vai chuc KQ + vai tram KQ. :

Trong mach s6, khi théng mach, MOSFET thu&ng cong tdc & trang thai
Vps = 0, vi vay c6 thé ldy gia tri r , tai di€m géc lam dai bi&u, ki hiéu
la R théng thudng R, = vai tram Q.

h) Dién dung giita cic cyc

Théng thudng Cgq Csp = 1 + 3pF, Cpg = 0,1 + 1pF

i) Hé s6 tap Am tan s8 thdp NF.

Tap a&m gy ra boi chuy€n dong nhiét h5n loan cta hat ddn. Vi thé& du khong
¢ tin hiéu dua dén ddu vao tdng khu&ch dai thi ven c6 dién 4p tap Am hosc dong
dién tap &m & ddu ra. Hé s6 tap 4&m NF biéu thi dé 1én cia tap &m, don vi dB,

NF cang nhd biéu thi tap am éang bé. NF do & doan tdn s§: thép. Théng thudng,
NF cia FET c& vai dB, bé hon NF cia tranzito ludng cuc..

on?

'1.4.2. Tranzito hiéu tng truﬁng' chuyén ti€p PN (JFET)

1) Céu triic va nguyén li lam viéc

Xem hinh 1-4-8, Trén mét miéng vat lidu
ban dén N, bing cach khuéch tén néng do
cao ngudi ta tao ra hai khu vyc P & hai
bén, hai khu vyc nay duge néi véi nhau hinh
thanh cuc cdng (G), mot ddu cia miéng ban
ddn N s& 1a cyc méng (D), ddu cdn lai la
cdc ngubn (S), giita D va S la kénh dén
(khu vye N). Trong ki hiéu, chidu mui tén
bi€u thi dong tit P d&n N. |

Hinh 1-4-9 bi€u thi JFET kénh dén P.
Trén miéng vat ligu ban ddn P, ngudi ta tao

ra hai khu vuc N & hai bén bang phuong
phép khuéch tén. : ' - Hinh 1<4~8. JFET kénh din N :

a) Chu tric ; b) Ki_hiéu.
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Hinh 1-4-10. bi€u thi tinh hinh céng tdc cta
JFET kénh didn N khi V¢ = 0, V5o bién déi

Ta da bigt, khi chuy€n ti€p PN phén cuc
nghich ving nghéo kiét md réng theo dién
ap nghich dat vao. Trong hinh 1-4-~10a, khi
Vgs = 0 thi kénh dén ldn, dién trd cta nd
nhé. Khi | Vgl tdng, ving ngheo kiét md
rong, kénh dén nhé di, dién trd cua nd i6n
1én, xem hinh 1-4-10b. Con khi | Vg | tang
dén | V |, vuing nghéo kiét hai bén ndi vao
nhau, kénh d&n bj gian doan, dién iré cua nd
r4t 16n, xem hinh 1-4-10c¢

Vp duge goi la dién 4p
thit. Vé mot ¥ nghia nao dd,
ta ¢c6 th€ quan niém JFET
1A mot bién trd duge didu
khién bing dién 4p, chi cén
thay d8i dién ap nghjch dat

a) Cu truc ;

-
D
ke
Gomm I H
b G
s
lg

Hinh 1-4--9. JFET kénh ddn P :
b) Ki hiéu.

lén chuyén tiép PN (Vgs) 1a
c6 thé€ thay d6i dien trd R

giita D va S. Hinh 1.4.11 trinh

bay mach khué&ch dai JFET : (=) (b) (e)
.o . Hinh 1-4-10.
Dat vao gita DS dien .ap Tic dyng diéu khién ciia Vs lam thay ddi vang ngheo kiét :
- Vps V= E, dbng dién 2 Vos = 0;
———Ds b) | Vgs | > 0

didu khién R lam cho I; thay

ddi. Nho dién trd tai Ry & mach cye D, I, thay déi lam

Vpg thay d8i. Tin hi¢u xoay chiéu bién d¢ nhd & ddu
vao (Vgg) c6 thé€ sinh ra dién 4p tin hiéu bién 49 16n
0 ddu ra (Vo). Vay JFET thé hién chic nang khuéch

dai dién ap.

JFET kénh déin P cing lam viée theo nguyén I tuong
ty nhu trén, chl cé diéu khéc biét 1a E phai d6i nguge

cuc tinh ma théi.

2) Ddc tuyén ra va dic tuyén truyén dat

a) Ddc tuyén ra (Diac tuyén cyc méng)

Hink 1-4-11.,
Tic dung khuéch dai cda JFET.

Xem hinh 1.4.12. D4c tuyén ra bi€u thi quan hé I, v8i Vg khi V¢ la tham s6.
Vpg nhé dng véi khu vyc lam viéc khong bdo hoa, khi dd I, ting theo Vg Khi
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Vg tuong déi .ldn, thi JFET céng tic

trong khu vyc bao hoda, I hdu nhu
khéng tang theo Vg Dudng bién gidi
gita 2 khu vyc trén 14 tuong dng

| Vs = Vsl = |Vp| tdc 1a Vi = |V b
(Dudng nét ddt qua gbc 0)

Giai thich vé dac tuyén viing bdo hoa

nhu sau : Khi Vi = |V |, tdc la dién

ap gitta D va G dat dén glé tri dién 4p
thét, thi ving ngheo hai phia (gdn D)
ndi vao nhau. Né&u Vis tiép tuc tang
thi viing ngh&o kiét md rong lam dién
trd kénh dén tang theo, dong dién I,
la ti s6 gitta chdng, do d6, hdu nhu
khong déi. _

Tuong dng v6i Vg
cuc mang bdo hoa, k{ higu Iyqq-

Khi V¢ tang dén mét gid tri xdc dinh thi chuyén
ti€p PN phan cuc nghich ddanh thing, I, tang dot
bién, JFET buéc vao vung danh thing ; JFET sé

bi hong n&u khéng han ché& dong.
b) Ddc tuyén truyén dat

Khi V4 khong ddi, dic tuyén truyén dat biéu
. Khi JFET ding lam' bo
khuéch dai, thudng cﬁng tac & khu vue bdo hoa.
(Hinh 1.4.13). Khi V5g = 0, thi ID = Ipgg -

Khi Vsg < 0, vi viing ngheo kiét md rong, kénh ;
din hep ddn, dién trd cta nd tang dén, I, gidm
=V, thi Iy = 0. Trong khu vyc
bao hda, dic tuyén truyén. dat duge bi€u thi gén

thi quan hé I voi Vg

nhé di. Khi V¢
ding nhu sau :
VGS

Ip = Ipss (1 A

)2 v6i 0> Vgs 2V,

(mA)

Ipss

0 8(—¥p) Vos(V)

Hinh 1-4-I2.
Dic tuyén cyc mang cla JFET.

= (, dong dién cuc mé,ng khi bj “thét" duge g01 1a dbng dién

(may}

Hinh 1-4~13.
- Dic tuyén truyén dat cia JFET.

(1-4-5)

Xac dinh duge Ins, Vp thi tinh ra dac_tuyé’n truyén dat.

3) Tham s6 chiu yéu

Tham sd JFET tuong tu nhu da gi6i thiéu vé tham s6 MOSFET “chi cd sy khac
biét & ché : V la dién ap that (thay cho dién 4p m& Vi cta MOSFET) g

'1.4.3. So sanh FET va tranzitd luéng cu'c

Su so sdnh duéi day hé th(‘)‘ng hda nhUng vdn dé da trinh bay, sé tién dung cho

) vxéc chon cdu kién.
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1) FET la cqu kién diéu khi€n bing dién 4p, con tranzito 1a cfu kién didu khi€n
b&ng dong dién. FET thich hgp v6i nguén tin hiéu chl c6 th€ cung cdp dong cuc
bé. Tranzito thich hgp v6i ngudn tin hiéu cS th€ cung cdp ddng déng ké.

2) FET dén dién nhd hat ddn da s6. Tranzito din dién nhd hat ddn da s6 va
hat din thi€u s6. S6 lugng hat d&n thi€u s6 chiu anh hudng rd cia nhiét d¢ va
bic xa (phdng xa hat nhan). Vay FET phu h¢gp hon véi diéu kién da chién.

FET c6 mét di€m cbng téc, tai dé hé s8 nhiét
d6 bang 0 ; khi dién 4p Vg cla cuc c8ng cd gid
trj phit hop thi I, khéng thay d6i theo nhiét do.

. Io

Xem hinh 1-4-14. Vo= — 1oV (mA)J 5

3) Hé s6 tap &m ciia FET nhd hon so vdi tranzito. +20°C 17
Thudng dung FET & céc tdng khuéch dai ddu d€ \ |
c¢6 mdc tap Am thédp. +125°C\\ {5 -

4) C6 loai FET khong cén phén biét D véi S, \\ I
dign d4p G cd thé déi ddu. Vay FET linh hoat hon 13
trong st dung so véi tranzito. Jiém eong

fde ' HE 38 42

5) FET cd th€ lam viéc trong didu kién dong rhiét g O iy
rdt nhé, 4p rdt nhd. Do d6, FET phu hgp v6i vai - X o
trd khda ddng md khong ti€p di€m coéng sudt nho Ves (V)-13-171-9 ~7~5
va bién trd duge 4p didu khién. Céng nghé ché tao
FET rit thich hgp cho vi mach hda. Hinh 1-4-14.

Dic tinh truyén dat phy thudc

T6m lai, FET 1la cfu kién bdn din dng dung ahiet 0 (cia FET)

chuyén ti€p PN, c6 2 loai kénh ddn (P va N), cd
2 ki6u cfu tric (JFET va IGFET). JFET dng
dung vao ving ngheo kiét duge sinh ra khi dat dién 4p nghich vao chuyén tiép PN.
IGFET tng dung dién tich cAm wng do cyc G sinh ra dé€ thay d8i d6 réng kénh
ddn. Nh¥ dng dung -trén, dong dién cuc méng I, (do chuyén déng cia hat din da
86 trong kénh din sinh ra) dugc di€u khién. Vay FET la cfu kién dugc diéu
khi€n bing dién 4p.

V6i quan di€m tinh nang cong tdc thl FET dugc phén lam 2 loai : loai kénh dén
c6 sdn va kénh din chua cd sdn. FET kénh dén cd sfn ngay khi V;q = 0 cing cd
dong dién cuc mdng. FET kénh din chua cd sin phai cé dién 4p nhdt dinh dat vao
cuc cOng thl méi cé dong dién cyc mdng. Dac tinh truyén dat bi€u thj tinh nang
diéu khi€n cia cyc cfng, nang luc dé duge déc trung bang hé dén g . Dic tuyén
cYc méng tuong tv nhu dic tuyén colecto, nhung trong khu vyc ap nhd, dong nhd
thi FET cd vai trdo bién tré duge Vg diéu khién.

So sanh tuong duong FET véi tranzito : cuc c6ng G tuong duong bazo B, cuc
nguén S tuong duong emito E, cuc mang D tuong duong colecta C. FET cd mach
dfu vao hdu nhu khéng yéu cAu ddng dién, tAp &m bé, chiu 4nh hudng it cia nhiét
va bic xa, S vda D cé th€ d6i nhau, ¢S thé lam bién trd diéu khién bing dién ap
va tién d€ san xu&t vi mach. FET chi kém tranzito 8 mé&y di€m sau : IGFET cd¢
th€ bi ddnh thuing béi dién tich cAm dng, cong sudt ddu ra khdong l6n, tdn s6 cong
tac khong cao.
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TOM TAT

Chuong 1 da trinh bay nhitng cfu kién ban ddn théng dung : di6t, diét &n 4p,
tranzito va FET. Phén 16n cdc cfu kién bdn din d6 cd cdc tinh nang khéc nhau
trén co sé dung sy chuy&€n dong khuéch tan va chuyén dong troi dat cta hat mang
trong chuyén ti€p PN. Vi dy, sy din dién don huéng cia di6t 1a do dic difm : dat
vao dién 4p thudn cho chuyén ti&p PN thi chuyén dong khuéch tdn la chu yé&u, dat
vao dién 4p nghich cho chuyén ti€p PN thi chuyén dong tr6i dat la chd y&u. Thc
dung diéu khi€n cla Vp (hoic I, Ig) d6i v6i I cia tranzito 14 do sy khuéch tdn
va tdi hop cia hat mang thi€u s6 khéng can bang & khu vyc bazo. FET ding dién
trudng thiét lap i bén ngoai 1am thay d8i bé rong kénh din d€ diéu khién dong
dién tréi dat. Tinh nang 6n 4p cua di6t 8n 4p 1a do s dung hién tugng ddnh thing
dién xay ra khi hat mang chuyén dong tréi dat trong dién trudng manh v.v... Dac
tinh ngoai ctia cdc ciu kién ban din trén day cé nhiéu di€m chung. Vi du, dic tinh
vao cia tranzito gi6ng dic tinh huéng thuén cia chuyén ti€p PN, con dic tinh ra
thi giéng dac tinh huéng nghich cia chuyén ti€p PN.

BAI TAP

1-1. Dem bdng di6t ban ddn cé vé thuy tinh son den cao di 16p son den d¢ réi
méc vao song song moét A k& khéng cd ngubn nao ca.

Héi : - uA k& cé chi thi dong hay khéng khi di6t duge chifu séng.
- Sau mot thdi gian dat trong ti &m 50°C, uA ké& cd chi thi dong hay khong.

A"
1-2. Cho dac tinh V-A cua di6t ban dén 1a I =20.10"'2 (eVr — 1) (A)

Gia thiét V, = 26mV

Hoi :

a- Hay tinh c4c gi4 tri ddng dién tuong dng cdc gid trj dién 4p sau :
0; +0,1; £0,2; £0,5 ; £0,6 ; £0,7 ; +£0,8 [V]

Sau d6 vé dac tuyén trén gidy ké 6.

b- Gid st ndi song song pin 1,6V vao di6t, thi dong dién qua di6t bing bao
nhigu ? S8 liéu tinh ra cé phi hgp thuc t& hay khong .

c- Dung d6ng h6 van nidng do dién tré thuén cia dift, thdy & thang Q x 10
gid tri nhé, & thang Q x 100 dugc gid tri 16n. Vi sao ?

AV
d- Hay tinh dién trd dong r = —7 khi V = +0,5V.

1-3. So s4nh dién 4p vang chét cua cac dift ban din cong sudt nhd 2 loai : Ge
(nhu 2AP9) véi Si (nhu 2CP10). Cé thé xem thém s8 tay d€ cho biét : dong dién
nghich béng nao 16n hon, dién ap nghich cyc dai béng nao cao hon, tén sd cong
tdc bdng nao cao hon.

1-4. Di6t ban din khi cong tdc v6i dién 4p thuan thi cd tdc dung 8n ap hay
khong. N6i ti€p hai di6t 8n 4p c6 dién 4p &n 4p khdc nhau 6V va 8V thi cS thé
nhan dugc m&y gia tri 6n 4p.
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Chuong 2

MACH DIEN CONG

2.1. MACH PIEN CAC CONG RIENG RE

Trong mach s6, cdng la mach dién thl_Ic hién mét s6 quan he logic co ban nao
dd. Quan hé logic co ban nhdt cé ba loai : AND (VA), OR (HOAC), NOT (DAO).
Vay céc cfng logic co ban nh4t 1a c6ng AND, C8ng OR, cng NOT.

2.1.1. Ba loai quan hé logic co ban nhit

1) Quan hé logic AND

Mot sy kién chl cd thé phat sinh khi t4t
cA moi diéu kién quyét dinh sy kién dé déu
hién hitu. Quan hé nhan qua ndi trén dugc

goi 1a logic AND. nguén b
Hinh 2.1.1. Gi6i thiéu mét mach dién, trong dién
dd, n€u cd hai khéa A va B déu déng mach Hink 2-1-1.
thi dén méi sdng. Sy déng ndéi mach cia A, Vi dy vé quan he 1ogic AND.

B va sy séing cda den 14 quan hé logic AND.
Ta viét : Z = AB

Ta doc Z bdng A AND B
2) Quan hé logic OR

Mdt sy kién vAn phdt sinh khi trong s6 nhiéu
diéu kién quyé&t dinh sy kién dd, chi cdn mét o
hay mot s6 diéu kién bdt ki hién hitu. Quan hé , A

nhén qué ndi trén duge goi 1a logic OR. ‘ @ |
Hinh 2.1.2. gi6i thiéu mét mach dién, trong | — o den

dd, n€u A hoac B, hoac cd A, B ddng mach déu

lam dén sang nhu nhau. Sy déng néi mach cia _

A, B va su sing clia dén 1a quan hé logic OR. nguon l

dién

Ta vist : Z = A+ B

Ta doc : Z bing A OR B. Hinh 2-1-2. Vi dy v& quan heé logic OR.
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3} Quan ké lbogic NOT

NOT la dao, la khong. R
Trong mach dién hinh 2.1.3, khi khda - J

A ndi mach thi den Z tat, khi A ngét
hd mach thi dén Z sdng. Sy ddéng néi A P
mach clia A va su sdng cta Z la quan
hé logic NOT .
. ’ L nyuonn I
Ta viét : Z = A. D4u ngang trén chi dién
A biéu thi NOT.

Ta doc : Z bang NOT A

Hinh 2-1-3.
Vi dy v& quan bhé logic NOT.

2.1.2. Mach AND va mach OR diing didt ban dén

1) Mach AND

Mach dién thuc hién quan he logic AND duge goi la c6ng AND.
a) Mach dién va ki hiéu Xem hinh 2-1-4.
A va B la cac tin hiéu

ddu vao. Midc thdp cia tin

hiéu ddu vao la 0V, Mdc cao

ciua tin hiéu ddu vao la 3V.
Z 1a tin hiéu ddu ra. 3.9k

14 . . D .
b) Nguyén i lam viéc oV [ Ae- DL o7 P
Cd ca thay 4 tinh hubng +3V a7y [ 37V I

Eg=+12VY

. e D,
khac nhau & ddu vao. Ta ¢6  ov—J Bo—— |2 :

thé tinh todn dugc tin hidu
ddu ra d6i voi ting tinh
huéng mét. i - b)

Két qua bi€u thi quan hé Aa)
logic giita ddu vao véi ddu
ra. ’ : Hinh 2-1-4. Cdng AND di6t :
di6t D,, Dy thong v6i nguén
E, = +12V qua dién trd R_, ching déu c6 dién 4p phén cuc thudn, ching déu din
dién. V, = V, + Vy = 3 + 0,7 = 3,7V.

* Khi V, = 3V, Vp = 0. D, v& Dy c6 dfu an8t n6i chung. Dy cd katdt cd dién
th& ddu vao thdp hon nén chic chdn dé dén dién hon. Mot khi Dy da ddn dién thi
V, = Vg + Vs = 0+0,7 = 0,7V

Vay D, chiu phan cyuc nghich, né & trang thédi ngit hd mach, khong phai 1a dén
dién nhu ta tudng lic thoat d4du nhin vio mach dién. Dién th& V, = 0,7V do Dg
didn dién goi 1a dién th& ghim.
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Chuong 2

MACH DIEN CONG

2.1. MACH DIEN CAC CONG RIENG RE
Trong mach s6, cng 1A mach dién thyc hién mot s6 quan hé logic co ban nao

d6. Quan hé légic co ban nhét cé ba loai : AND (VA), OR (HOAC), NOT (DAO).
Vay cédc cfng légic co ban nhdt 1a cdng AND, Cdng OR, cdng NOT.

2.1.1. Ba loai quan hé logic co ban nhat

1) Quan hé logic AND

-7
7
®

Mot su kien chl c6 thé phat sinh khi tét
cd moi diéu kién quyét dinh sy kién dd déu
hién hitu. Quan h& nhan quad ndi trén duge
goi 1a logic AND. ngu&f: ]

Hinh 2.1.1. Gi6i thiéu mét mach dién, trong , dign
do, n&u ca hai khéa A va B déu déng mach Hinh 2-1-1.
thi dén méi sdng. Sy ddng ndi mach cia A, Vi du vé quan heé l6gic AND.
B va sy sédng cua dén la quan hé logic AND. '

Ta vist : Z = AB

Ta doc Z bing A AND B

2) Quan hé logic OR

Mot sy kién vAn phat sinh khi trong s6 nhiéu
diéu kién quy&t dinh sy kién d6, chi cdn mot
hay mot s6 diu kién bat ki hisn hitu. Quan he | LA
nhan qua ndi trén duge goi 1a logic OR.

Hinh 2.1.2. gi6i thiéu mot mach dién, trong | den
dd, néu A hoac B, hodc cd A, B dong mach déu
lam dén sdng nhu nhau. Sy déng néi mach cta i
A, B va sy sing cua dén la quan hé logic OR. nguon

dién
Ta viét : Z = A+ B ’
Ta doc : Z bing A OR B.

o]

Hinh 2-1-2. Vi du vé quan hé logic OR.
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3) Quan hé légic NOT

NOT la dao, 1a khong. S R
Trong mach dién hinh 2.1.8, khi khda  N—
A ndi mach thi den Z t4t, khi A ngit J dén
hd mach thi dén Z sdng. Su ddng néi /A z
mach clla A va sy sdng ctia Z 12 quan
hé logic NOT ..
. ) L 0?(/0!7,. J;
Ta viét : Z = A Ddu ngang trén chit dién
A bi€u thi NOT.
) ‘ Hink 2-1-3.
Ta doc : Z bing NOT A Vi dy vé quan he logic NOT.
2.1.2. Mach AND va mach OR ding diot bén dén
1) Mach AND
Mach dién thuc hién quan hé logic AND duge gei 14 céng AND.
a) Mach dién va ki hidu Xem hinh 2-1-4.
A vA B 1A céc tin hiéu
d.au vé~o. Mdc thdp cua tin Eo= 412V
hiéu diu vao 1a 0V, Midc cao
cia tin hiéu ddu vao la 3V. R
Z la tin hiéu dfu ra. 3.9k
+3v
f . » —- DA B
b) Nguyén L lam viéc ovJ Ae A ~Z 37y z
Cé ca thay 4 tinh hufng +3V 5, lrv[ T
khé&c nhau & ddu vao. Ta o6 ov_]  Bo——id2— .
thé tinh todn dugc tin hiédu !
ddu ra d6i vai tung tinh
hudng mot. .T. — (5)
K&t qua bi€u thi quan hé (a)
logic giita dd4u vao v6i ddu
ra. : Hinh 2-1-4. Cdng AND di6t :

di6t D,, Dy théng véi nguén
E, = +12V qua dién trd R, ching déu cé dién 4p phan cyc thuéin, ching déu din
dién. V, = V, +V, = 8 +0,7 = 3,7V.

* Khi V, = 8V, Vg3 = 0. D, vd Dy cd ddu anét n6i chung. Dy cd katot cd dién
th& ddu vao thdp hon nén chic chdn dé& dén dién hon. Mot khi Dy da dén dién thi
Vg, = Vg + Vg =0+0,7 = 0,7V

Vpa =V, =V, =07 -3 = -23V

Vay D, chiu phan cuc nghich, né & trang thai ngdt hd mach, khong phai la din
dién nhu ta tudng lic thoat dfu nhin vdo mach dién. Dién th& V, = 0,7V do Dy
ddn dién goi la dién th& ghim.
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* Khi V, = 0, V5 = 3V. Qué trinh phan tich tuong tu sé cho ta két qua : D,
dén, Dy nght, V, duge ghim & mde 0,7 V do D, dén dieén.

* Khi V, = Vg3 = 0. D, vA Dy déu dén. V, ciing dugc ghim & mic 0,7V. S4p
x&p chc két qua trén day vao bang 2.1.1. dudi day :

Béng 2-1-1 :

BANG CHUC NANG DIEN AP MACH DIEN HINH 2-1-4a

Va (V) Ve (V) vz (V)
0 0 0.7
0 3 0.7
3 0 0.7
3 3 3.7

Biang 2.1.1 bi€u thi quan hé tuong ung cdc muc dién 4p giita ddu ra véi ddu
vao, dude goi 12 bdng chdic nang. Bang cho ta thdy ring muén V, cé mic cao thi
~ V,, Vg déu phdi ]1a mdc cao. Quan hé d¢ la logic AND. Mach dién hinh 2.1.4a dugc
goi 1a c6ng AND.

¢) Khéi niém vé muc (cao va thép). Ta

ding ki hidu V,, d& chi mic cao, V, d& SVp——V gioihantren
chi mdc thdp. Trong mach s6, ta thudng 4V

dung mic cao, mic thdp d€ chl dién th& 3v v, dinh muc
cao, dién th& thdp so véi dién th& chuin Py o, dudr
chung. Mic cao 12 mét trang thai mach T- -V, groihaa duoi
dién. Mic thdp la mot trang thai khac. 1v)y 08V, —Vi  gidihan trén
Mic cao vh th&p khéng phai 1a mét gia ov 2V v Cyink mic

4L
tri c6 dinh, c6 mot pham vi nhat dinh cho = ¥ 9/di han dudi
méi mic. Vi dy, trong mach dién TTL,
quy dinh mic cao la 3V, muc thdp la 0,2V
véi pham vi 2 + 5V la pham vi cia muc Hink 2-1-5.

cao, pham vi muc thé&p la 0 = 0;8V. Pham vi miic cao, thdp cia mach TTL.

Xem hinh 2.1.5. néu sy lam viéc cta
cfng vuot ra ngodi pham vi cho phép thi khéng nhitng sai hoac chic ning logic,
ma con cé thé lam héng cdu kién ctia mach dién.

d) Bdng chén Ii. Trong mach s6, dé thuén tién, thudng dung ki hiéu 1 va 0 bi€u
thi midc cao va miuc thdp. Tiu bang 2.1.1, ta dung 1 thay th& mic cao, dung 0 thay
th€ mic thdp, dung A, B thay th& V,, Vg, dung Z thay th€ V,, két qua su thay
th€ 12 bang chan li 2.1.2...
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Béng 2-1-2 : BANG CHAN Li CONG AND

A B z
0 0 0
0 1 0
1 o 0
1 | 1 1

Bang chan i ¢ th€é miéu ta chinh xdc quan hé logic gita dfu vao va déu ra.
Bang 2.1.2. thyc t&€ la mét hinh thic trinh bay todn hoc cia bang 2.1.1. T bang
2.1.2, ta c¢d thé thdy tin hiéu ddu vao A, B va tin hiéu ddu ra Z:cd mdi quan hé
duge bi&u thi thanh phép nhan logic : (trong dai s6 Boole) '

| Z = AB (2-1-1)
DAu "." bi€u thi phép nhan.
(2.1.1) cd th€ doc 1a : Z bing A AND B
hodc : Z bang A phan B

2) Céng OR
Mach dign thuc hién quan |,
. . « [ ’
1(1)éR logic OR dugc goi 1a c8ng gy A 24 — fﬂ z
i} ov| Be ,’Da sozy [T
a) Mach dién va ki hiéu. | ’_
Xem hinh 2-1-6 . | sk, 1T
A, B la céc tin hiéu ddu e :
vao, Z la tin higu ddu ra. : o , DA )
b) Nguyén li lam viéc 4 tat oo T
Tuong tu nhu phuong
phdp phan tich mach dién o . :
AND, ta xét 4 tinh huéng Hink 2-1-6. Cong OR di€t :
khde nhau & ddu vao. K&t a) Mach di¢n.; b} Ki hidu. .

qua ta dugc bang chdc nang 2.1.3
' Bang 2-1-3 :

* BANG CHUC NANG DIEN AP CUA MACH DIEN HINH 2-1-6a.

Va (V) Ve (V) v (v)
0 b 0 1 =07
0 3 | +23
3 0 | 423
3 I 423
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Tu bang 2.1.3 ta thdy : éhi cdn c6 ti 1 trd lén tin hiéu ddu vao b4¢ ki ¢ mie
cao, thi V, & mdc cao. DS 1a quan hé logic OR. Mach dién 2.1.6a dugc goi 1a cong
OR.

Trong bang 2-1-3, ta thay muc cao bang ki higu 1, thay midc thdp bang ki hiéu
0, thi ta dugc bang chan 1i 2.1.4

Bdng 2-1-4 :

BANG CHAN L{ CONG OR

A B z
0 0 0
0 1 1

1 1 1

Béng 2.1.4 12 hinh thdc trinh bay toan hoc ctia bang 2.1.3. Ti bang chan i cdng
OR, ta thdy ring : moi quan hé gitta tin hiéu ddu ra Z véi cdc tin hiéu ddu vao
A, B dygc bi€u thi bing phép cong logic : '

' Z=A+B (2-1-2)

(2-1-2) c6 thé doc la : Z bing A OR B

hay 1a : Z bing A c6ng B

Cén luu y rAng 1 + 1 khong phai bing 2, d day ta cé : 1 + 1 = 1.

Vi day 1a phép cong logic, khong phdi phép coOng s§ lugng thong thudng. A, B,
~ Z chi ¢ hai gid trj ¢6 th€ 1a 1, hogc 0. V6i 1 va 0 & day bi€u thj hai trang thai

khdc nhau ; ki hiéu midc dién cao vad muc dién th&p, 1 va O khong chi 86 lugng,
Z = A + B bi€u thi quan hé logic OR giita A, B.

¢J Khdi .nigm v2 logic duong va logic am

Trong qué trinh chuyén ti bang chdc ning sang bang chan li, trén day ta dung
1 biéu thi mdc cao, dung O bi€u thi mic thdp, d6 la mic logic duong. Néu ngugc
“lai, ding 0 bi€u thi mdc cao, dung 1 bi€u thi mic thép thi d6 la mic logic am. Vi
dy, ti¥ bang chdic nang 2.1.1 va 2.1.3 ta c6 bang chan H 2.1.2 va 2.1.4, tuong dng
logic duong, ta dugc Z = A . B vAa Z = A + B, mach 2.1.4a 14 cfng AND, mach
2.1.6a la c6ng OR. Chinh xdc hon, phai ndi 1a : 2.1.4a 12 c6ng AND logic duong,
2.1.6a 1a c6ng OR logic duong.

Ta xét trudng hgp logic &m : ding 0 bi€u thi muic cao, ding 1 bi€u thi muc
thdp. T bang chic nang 2.1.1 ta 88 di t6i bang chan li 2.1.5, tit bang chic nang
2.1.3 ta 88 di t6i bang chan I 2.1.6

Can cd bang 2.1.5, ta c6 quan hé logic OR Z = A + B.
Vay 2.1.4a 1a c8ng OR logic am.
Can cd bang 2.1.6, ta ¢ quan hé logic AND Z = A . B
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Bang 2-1-5 Béng 2-1-6

A B YA A B Z
1 1 1 1 1 1
1 0 1 1 0 0
0 1 1 0 1 0
0 0 0 0 0 0

Vay 2.1.6a la c6ng AND logic A&m. Ta thdy ring : mach 2.1.4a vita la c6ng AND
logic duong, vita 1a c6ng OR logic Am ; mach 2.1.6a vita la c6ng OR logic duong,
vita 1a c6ng AND logic &m. Vi vay, khi phan tich chic nang logic cla mach dién
cOng, viéc ddu tién phai lam rd rang la logic duong hay logic A&m. Trong mach s6,
phén 16n ding mach bdn din Si vd ngubén dién duong, nén ta thudng xuyén diung
logic duong. D€ thuin tién, tri ngoai 1& sé cé thuy&t minh, ta déu ngdm hiéu la
ding logic duong trong cdc vdn dé trinh bay ti€p theo.

Uu di€m mach c6ng di6t 1a don gian, ré, nhugec dim mach c8ng di6t 1a sai léch
mic dién va nang luc chiu tai y&u. Sai léch muc dién chi y&u la do dién 4p thuén
trén di6t. T bang 2.1.1 ta thdy, sau khi tin hiéu vao théng qua c6ng AND, thi cdc
muc cao, mdic thdp déu dich cao hon 0,7V. Con tit bang 2.1.3 ta thdy, sau khi tin
hiéu vao théng qua c8ng OR, thi cdc muic cao va thdp d&u dich xuéng thép di 0,7V.
Né&u tin hiéu di qua nhiéu c6ng AND néi ti€p nhau (hodc OR), muc dién dich léch
rdt 16n, cé th€ din t6i sai logic.

2.1.3 Céng NOT ' CL12v s2sy

1} Mach dién va ki hiéu

Xem hinh 2.1.7

V; (A) 1 tin hiéu d4u vao
V, (Z) 1a tin hiéu déu ra
Eq la ngudn dién ghim
D la di6t ghim

déu vao

()

2) Nguyén li lam viéc ‘

Trong c6ng NOT (b6 Dao), Hink 2-1-7. Céng NOT :
tranzito cdn lam viéc & ché a) Mach di¢n ; b) Ki hiéu.
d¢ déng md. Khi V| & mic
thdp thi T ngit hé mach, V, & mdc cao. Khi V| ¢ mic cao thl T théng bdo hda,
V, ¢ mdc thdp. Nhu vay mach cé chic nidng loglc NOT. T4c duyng ciia nguén &m
E la bdo ddm T ngit hd tin cdy khi V| ¢ mic thdp. E, va D, cd tdc dung gii
muc cao dfiu ra & gid tri quy dinh. D& phan tich nguyén lI cdng té.c c8ng NOT, ta
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hay dp dung phuong phdap co ban dung phan tich mach la : gia thiét, phan tich,
tinh todn, so sdnh, ki€m tra, tim ké&t qua. Bay gid ta xét tinh huéng V; = 3,2V va
0,3V.

* Khi V, = 3,2V

Gia thi€t : can cd vao nhitng y&u t6 dd cho d&i v6i mach dién, hday gia thiét
trang thdi cOng tdc cta tranzito va di6t. Gia thiét rdng tranzito T théng bao hoa,
di6t D, nght. V6i gia thigt nhu thé, tuong dng ta e : Vg = 0,7V ; V_ = V. =

Tinh todn : cin cd vado cdc thong s6 mach da cho, tinh dong va 4p.
Hinh 2.1.8 12 mach dién tuong duong ctia mach ddu vao khi T bdo hoa.

Va~ Vs 32 -07

Il = Rl == 15 ~ 1,6TmA
VvV, - E
B B 0,7 - (-12)
I, = R - e ~ 0,7lmA
=1 -1 = 1,67 - 0,71 = 0,96mA Vi
il Tt
Voo = Veps — Eq = 0.8 - 2,5 = 2,2V e
Vil _M..,EQHE_IZA '
tles T RC - RC 1T m : Hink 2—-1-8, Mach tiong dudng khi
Vi = 3,2V.
Ies 12

Ki€m tra : can cd k&t qua tinh todn, d6i chi€u didu kién déng md, cé thé biét
gid thiét hgp li hay sai. N&u sai thi phai xét lai gid thiét, dua ra gia thi&t hgp I
r6i thl tinh ra k&t qua. Trong vi dy ciia ching ta, vl Iy > Iy, Vpq < 0,5 nén gia
thi€t ban dau da la hop Ii.

. B
Ngudi ta dua ra khai niém : d6 sdu bao hoa 1a ti s6 dong dién i Trong mach
BS
2.1.7a, khi V; = 3,2V, d¢ sAu bao hoa cta T la :
| I
B 1,02
L. = o4 - 2
BS ’
K&t qua : can cd vao diac diém cong tdc & ch& do
déng md cia tranzito va didt, ta tinh todn k&t qua. . R, +
Vi'T béo hoa, nén V, = Vg = 0,8V ; ddu ra cé =5 ﬁb
P ’ Bin@
muc thép. rRA 118k -
Vi 0.3V ?
Cén lvu y rdng cdac budc phan tich mach dién ndi E;E 72V
trén 13 trinh tu chung. Trong ting bai todn cu thé, T

c6 thé 4p dung ddy dt hay di tit d&n két qua.

* Khi V| = 0,3V
Hinh 2-1-9. Mach tuong duong

Hinh 2.1.9 12 mach dién tuong duong cta mach
khi V1 = 0,3V.

ddu vao khi V; = 0,8V vi tic dyng cia nguén 4m
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Ep, dién th& cia bazo nhdo hon 0,3V, nén T ngit mdt cach tin cdy, déng thai dibt
ghim D théng. .
V0 ='EQ + VDQ = 26 + 0,7 = 3,2V,
Ddu ra cd mic cao.

Tém lai, mach dién hinh 2.1.7a ding la c6ng NOT. Vi khi V| 1a mic cao thi V
12 mdc thép, khi V, 12 muc thép thi V_ la mic cao. Bang 2.1.7 la bang chan l cta
cng NOT.

Biang 2-1-7 : BANG CHAN Li CUA CONG NOT Z = &

A YA
0 1
1 0

3) Ning luc chiu tdi

Phuy tai 12 cac mach dién khdc néi v6i ddu ra cdng NOT. Can ct tinh hinh thyc
té€ mach s6, ngudi ta phén loai phu tai thanh hai loai : phu tai dong dién hdat I
chay vao eééng NOT, phu tdi dong dién phun tu céng NOT chay ra. ‘

a) Phy tdi dong dién hut

Xem mach hinh 2.1.10. khi tranzito T théng bao hoa, thi dong dién phu tai chay
vao colecto, tao thanh phu tai dong dién hdt. I, = Ip. + I, v6i I; tang theo 86
lugng phu tai. Khi I; tang,

I tang, tuong Ung I tang +12v 125V
lén, 1am gidm d6 sau bao +12V +2.5V +12V '
hda cua tranzito.

Né&u I, tang dén mic
Ig < Igg, diéu kign bao hoa
khéng thdéa maian, tranzito
chuyé&n vao vung khuéch dai,
dién 4p ra tdng theo I;, tham
chi x4p xi mic cao +3,2V,
thi chdc nang logic cda c8ng
NOT bi médt. Vay cdn han
ch€ I, trong m¢t giéi han
xdc dinh.

Gid tri cuc dai cho phép
I} max Phu thudc vao dd sau
bédo hda va Iy cua tranzito.

Xét mach hinh 2.1.10. Khi Hinh 2-1-10.
bdo hda Iy = 1,02 mA = Igq Cong NOT néi vdi phy tai dong dién hit.
Iog = Blzg = 30 x 1,02 = 30,6 mA.

-2V

-2V

CS
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Dé tranzito bdo didm bao hoa, thi I, .. < 30,6mA
Iemax = Plg = 80 x 1,02 = 30,6mA
E
C 12
I = Ic - Ige maIRCzI%;:——l—:lZmA

Vay I o = Lpax = Igc = 80,6 - 12 = 18,6 mA
Do 1a gid tri cuc dai cho phép cia ddng dién phu tai chay vao c8ng NOT. Ta
goi nd 1a ndng luc phu tdi dong dién hat. Duong nhién I = < I, tdc la
L max = Iem = Ire
Ti su phén tich trén day, ta nhian xét ring : bién phdp chi y&u d€ nang cao
nang luc chju tadi dong dién hit clia c6ng NOT la tang d¢ sdu bao hoda,

Khi tranzito ngdt, I = 0, dong dién tai I, va I;. déu chdy vdo ngubn ghim EQ,
vay : In = I} + Ipe

Chi’ cdn 1, khéng vugt qué dong dién cho phép dbi v6i D, va E, 12 mach lam
viée binh thuong.

b) Phy tdi dong dién phun E. o

Xem hinh 2.1.11. khi tranzito ngit hé mach, v +2sy
dong dién I, tit c6ng NOT chay ra phu tai, tao
thanh phu tdi dong dién phun.

I. =0
Ip = IRC -1

Ec-Eq-Vp, 12-25-07

- Q _ - |

Iy, = R = - = 88mA Y
Khi I; tang thi I, gidm nhé. Hinh 2-1-11. Céng NOT néi véi phy tii
Néu I, > IRC = 8,8 mA, d€ cung c4p dong dong di¢n phun.

cho tai, I; s& 16n hon 8,8mA, dién 4p roi trén R, tang lén, lam cho :

Khi dd, D, ngit, m&t di tdc dung ghim mdc, mdc cao cia dién 4p d&u ra gidm
xufng, dich léch khéi gid trj dinh mdc. Vi vay, phu tdi dong dién phun cyc dai I, -
khong dugc phép 16n hon gid trj Ip khi tranzito ngat.

Khi tranzito bao hoa :
V, = 03V

Ie =lge - It
Khi I, tang, I gidm, cd lgi cho diéu kién bao hoa. Tuy nhién, I; khong dugc
- vugt quid 12 mA d€ mtc thdp cia dién 4p ddu ra khong bj léch qud 16n khoi gid
tri dinh mdec.
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4) Ning luc chéng nhiéu

Nhiéu va ggn séng ngudn ... déu cd th€ lam cho tin hiéu ddu vao léch khéi gid
tri dinh mdc. D€ nang cao d6 tin cay, ta mong mudn muc dién ddu ra vin duy tri
gia tri dinh muéc khi mdc tin hiéu ddu vao bién d8i trong moét pham vi nhédt dinh.
Vi vay, ching ta goi d¢ léch cho phép cia muc tin hiéu ddu vao khi dfu ra dinh
muc la& khad nang chéng nhiéu.

@) Tin hiéu vao & muc thdp
Khi V|, = 0,3V, tranzito ngdt hé mach, V_ = 3,2V.
Néu V| tang lén, dén V. = 0,5V thi tranzito thong.

Vi mach ghim, du I tang theo V;, trong giéi han I, < I, nén Dy vin tiép
tuc thong, V_ duy tri & 3,2V. Vay mach ghim ndng cao ning lyc chéng nhidu thuin
(V; tang) cia c6ng NOT. Ngoai ra, nht bazo ndi v6i Eg (-12V), ma dién th& bazo
Vg (dng v6i muc thdp ddu vao) giam nhd, lam cho pham vi léch cho phép d6i véi
V, (tang) dugc mé rong, cing gop phdn nang cao ning luc chéng nhiéu thuan.

b) Tin hiéu vao & muc cao
Khi V; = 3,2V, tranzito théng béo hda, V, = 0,3V

Né&u V; gidm xubng, ddong dién bazo gidm nhd, lam gidm d6 siu bdo hoda cua
tranzito. N&u V; giam dén I < Igq thi tranzito chuyén sang viung khué&ch dai, V,
ting lén (ti 16 nghich véi V)). Vay dé V_ duy trl & mdc thdp 0,3V thi phai tang d¢
su bao hoa clua tranzito. Tranzito cAng bao hda sau thi nang luc chéng nhidu nghich
(V; gidm) cla céng NOT cang manh. Nhung ting d6 siu bdo hda thi téc d6 chuyén
mach giam, tiéu hao dién nang tang.

5) Ddc tinh dfng

Xem hinh 2.1.12. khi
V, dot bién thi V_ trai o= +12V Ei=425V 43V
qua qua trinh qua d¢. Khi
V; tit mic cao xuéng mic
thép, qua trinh V  ti mdc
thdp chuyén lén mdc cao
quyét dinh bdi thdi gian
nglt t . (ti¥ bao hoa dén
ngit) va thoi gian nap
dién cia C; (dién dung

tai). () (5)
Khi V| ti mic th4p lén

mdc cao, qué trinh V Hink 2-1-12. Dic tinh dong cta cdng NOT.

chuyén td mudc cao xudng a) Mach dién ; b) Dang song.

mic thdp quyét dinh bdi
thdi gian md t_, (t ngit
dén bao hoa) va thdi gian phdng dién cia C; (dién dung tai). Qud trinh V, tang
(sudn trudc, sudn duong cia xung V) dai hon qud trinh V_ gidm (sudn sau, sudn
am cta xung V). Vi t > t , thoi gian nap dién dai hon thdi gian phdng dién

(nap qua R, phdng qua tranzito bio hoa).
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2.1.4. Céng NAND va c6ng NOR (c6ng VA-DAO, c6ng HOAC DAO)

Cdac mach c8ng di6t c¢d nhiéu nhuge di€m : muc léch nhiéu, chiu tdi kém, chdng
nhifu kém. Vi vay ching it duing & dang riéng ré, ma phai két hgp véi c8ng NOT ;
su lién ké&t d6 tao ra cac c6ng NAND, NOR dugc dng dung rong rii. (wu diém cia
c8ng NOT la khong léch mic, chiu tai kh4, chéng nhiéu t6t).

1) Céng NAND

a) Mach dién va ki hiéu

Xem hinh 2.1.13 Eo= +12V
b) Nguyén li lam viéc _ |
_ R,

Mach dién hinh 2.1.13 3.9k |

g6m hai phédn : phén c6ng Ao “DA Vo
AND di6t bén trdi dudng i
nét ditt va phén c6ng NOT Bo—HD 8
bén phai dudng nét dut.

Vay quan h¢ gita ddu ra  (5pg AND dit
va ddu vao 1a NAND (VA- ~ .

DAO). Bifu thiéc ham

logic cia NAND 1la :

Z =A.B Hinh 2-1-13. Cng NAND,

Bang 2.1.8 la bang chan li cta cdng NAND

Bédng 2-1-8 :

BANG CHAN LI CONG NAND

2) Céng NOR

a) Mach dién va ki hiéu
Xem hinh 2.1.14
b) Nguyén li lam viéc

C8ng NOR trén hinh 2.1.14 gém phé&n bén trai la c6ng OR di6t va phdn bén
phai 12 c6ng NOT
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Ham logic : 2 = A+LE
Bang 2.1.9 1a Bang chéan » .
li cia c6ng NOR Cong OR didt

Ee=+12V Eg = 425V

Hinh 2-1-14. Céng NOR.

Béang 2-1-9 :

BANG CHAN Li CONG NOR

A B Z
1 1 0
0 1 0
1 0 0
0 0 1

2.2. MACH PIEN CONG TTL

Vi mach TTL 1a vi mach don phién : cdc phén t& tich cye, cdc cHu kién, day
n6i cia toan b mach logic déu gia cong trén mot phién d€ ban didn. TTL la viét
tdt cla ti "tranzito - tranzito logic", xuédt phat td hinh th#c c&u tric mach dién
ddu vao, ddu ra cla vi mach 36 déu dung tranzito.

Cén cd vdo s8 lugng cfu kién dugc gia céng trén mot dién tich xdc dinh cia
phién d& ban din, cdc vi mach s6 thudng duoc phan loai thanh : nhé (SSI), via
(MSD), 1én (LSI), cuc 16n (VLSI). SSI thudng chia hon chuc c8ng, MSI thudng chda
ngoai tram c8ng, LSI thudng chda khong qua vai nghin c8ng, VLSI thi chda t6i
mot van cng trd lén.

Hién nay, c8ng TTL ph8 bién dusi dang SSI va MSI. Céng TTL tiéu hao cong
gudt dang k& nén cd khd khan d6i véi ché& d6 cac vi mach VLSI.
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2.2.1. cbng NAND TTL

I) Mach dién va nguyén li lam viéc

a) Mach dién va ki hiéu. Xem hinh 2.2.1.

Trén hinh 2.2.1 1a mot mach dién dién hinh
cua cdng NAND TTL. N6 gém 3 bo phan :
tranzito nhiéu emits T; vd R, lam thanh cép
ddu vao, tranzito T, va R,, R, lam thanh cdp
giWa, céc tranzito T, T,, T va R,, Ry lam
thanh cdp ddu ra.

Gia thigt cac tranzito c6 f = 20 Hink 2-2-1. Céng NAND TTL
b) Nguyén Ui lam viéc

3 dfu vao, thong qua céc emitg ctia T; d€ thyc hién chic nang AND. T, déo
pha tao ra tin hiéu ngudc pha & colecto vad emito. Nhiing tin hiéu ngugc pha diung
kich T, va Ts, d€ ddu ra chju tai n6i vao V. Khi bt ki moét emito nao ¢ mic
thdp cia tin hiéu ddu vao, thi T, déu trd thanh bao hoa ; do d6, T, va T ngit,
cdn T, va T, thong, déu ra th€ hign tai ndi vao emito. V, & mic cao.

Khi tin hi¢u ddu vao toan b9 déu 1a muc cao, thi T, ngit. Do d6, T, va T, bio
hoa, cdn T, théng, T, ngit. V| & mic thdp.

Quan hé logic gita ddu vao véi ddu ra 1a NAND (VA-DAO) ;
Mach dién 2.2.1 la cSng NAND.
Dudi day cu th€ hda su phéan tich trén bang tinh todn :

Gia sit emitc A 1am dai dién ngdu nhién cho mot tin hiéu d&u vao & muc thdp
V, =03V =V,

Khi d¢, dién th& bazo cia T, bi ghim VBl = 1V

Vg = V4 + Vg, =03 +07 =1V - (2-2-1)

1

Ec -V
c” ', 5-1
o, = —g— = —3 =~ 13%ma] (@-2-2)

VI T, & trang thai lam viéc binh thudng thl ddng bazo khong chiy ngugc, nghia
ale =0 Iy =0

I; > Ile T, bdo hda s&u, khi d6 :

1

Veg, = Vegs, = 0.1V Vg, = Veg +V, =01 +08 =04V

Do d6, T, ngit, T ngit, T; va T, thong. Ddu ra phu tai emito.

Vay V, = Vg = Vgg = Vg =507 -07 =36V (2-2-3)

(2.2.3) ching té rdng tin hiéu dfu ra & muc cao.
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Gia sd toan bf cdc tin hi¢u ddu vao déu cé mic cao (Vy; = 3,6V)

Ta thu gid thi€t rdng khi dé chuyén tiép emito cia T, vdn théng v6i dién 4p
thuan : Vg = V; + VBE, = 3,6 + 0,7 = 4,3V

1

Tuong dng, chuyé&n tiép colecto ctia T, va hai chuyén ti€p emito cia T,, T déu
V.
phan cuc thuén, xdp xi —3—1 = 1,4V, ching déu théng

Gia thiét s& dan dén : V, = + Vg + Vo = 0,7+ 0,7+07 = 21V
B, BC, T VBE, T VBE,

(2-2-4)
VBl bi ghim & dién th& 2,1V, gia thiét chuyén ti€p emito T, théng thugn la sai.
Vg = Vy = 3,6V

1

Vay Ve = Vp = Vg + Vg = 0,7 + 07 = 1,4V

Nghia 12 ta da di dén hé qua : chuy&n tiép emito cia T, phan cuc nghich, chuyén
ti€p colecto cia T, phan cuc thuén, T, cong tdc d ch€ d0 ma emito va colectd dio ngugc
vai tro. Trong ch& do nay, h¢ s6 khuéch dai dong di¢n B, rdt nhd, thudng g, = 0,01.

Lo~V _5-21
Bl - Rl - 3

= 0,97mA

Luu y T, c6 2 emito, ta c6 :

Iy = Ip +28I3 = 097 +2 x 0,01 x 0,97 = ImA

Néu T, bao hoa, thi :

ch = VBES + VCESZ =07+03=1V
E~ -V E. -V
c~ Ve, M T Ve B-1
Ies, 5,33

IBSZ = ?-2— = —Z)‘—(T-= 0,27mA :

Iy, > Tpg. VI T, bao hoa, Vo = 1V, Ty thong dén, dién thé bazo T, :

2

Vg, = Vg = Vo = Vg =1 - 07 =03V
Do d6 T, ngit. Con T thi :

I, =T ~Ig

I, =Ty +1g = 1 +533 = 633mA

I, = m_ w07 = 1,94mA

R, R, ~ R, ~ 0,36
I, =1, -1, =63 - 194 = 436mA

5 2 3

ICSS = 0 (T, ngit) ; IBss = 0 T béo hoa ; V, = VCESS = 0,3V (2-2-5)
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Sap x&p két qua tinh todn trén day, ta dugc bang chic niang 2.2.1

Béng 2~-2-1 :

BANG CHUC NANG DIEN AP CUA MACH DIEN HINH 2.2.1

Va (V) Vs (V) Vz (V)
03 0.3 3.6
0.3 3.6 3.6
3.6 03 3.6
3.6 36 0.3

Ap dung logic duong, ta cd bang chan i 2.2.2 (suy ra tit bang 2.2.1)

Bang 2-2-2 :

BANG CHAN Li CUA CONG NAND

A B Z
0 0 1
0 1 1
1 0 1
1 1 0

Bang 2.2.2 ching td rding Z = A.B, quan hé logic NAND, két luan ring mach

dién hinh 2.2.1 12 c6ng NAND.
2. Pidc tinh

A - Ddc tinh truydn dat dién ép

Xem hinh 2.2.2. dac tinh truyén dat dién ap bi€u
thi quan hé gitta dién 4p ddu ra V_ véi dién dp déu
vao V.

Phan tich : diac tinh cd 4 doan AB,BC, CD, DE.

Doan AB : V; < 0,6V, V, = V,; khong phu thudc
V,. T, théng béo hoa. T,, T5 ngit. T,;, T, thong.

Tranzito T ngit, T 1a ddu ra cia c6ng NAND ;
vay ta cd th€ ndéi c6dng NAND ngit.

Doan BC : V| = 0,6 + 1,3V. V| tang thi V_ giam
nhé (ti 16 nghich). V; = V. = 0,7V ; T, & ch& d¢

2 1 :

30

2.0

1.0
O £ y(»

1 i

0 05 10 15

Hinh 2-2-2. Dic tinh truyén dat
dién 4p cha céng NAND TTL.

khuéch dai. VI Vg < 1,4V nén T, khoéng thé théng. T, vad T, déu & ch& do thong
2
v8i tii emits. VAy trén co ban, V  gidm tuy&n tinh theo sy tang cta V. BC la doan

. tuyén tinh cia dic tinh truyén dat.
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Doan CD : V; = 1,4V. V_ d6t bién giam khi V, tang. V_, = V| = 0,3V
CD la doan quid d6 cia dac tinh truyén dat.

Doan DE : V; > 1,4V V_ la mdc thdp vd khong thay d6i theo V| nita. V, ting
lam Ig; toan bé chay dén colectos C,, trd thanh dong bazo cia T, I3, lam T, bao
hda, k&t qua T, ngit, Ts bao hoa, V, = Vg = 0,8V. T bio hoa thi V = V
khong thay déi theo V, T la ddu ra cia cdng NAND, tuong dng T bao hoa,

DE dugc goi l1a doan biao hoa cta dac tinh truyén dat, c6ng NAND & trang thai
biao hoa.

Cdc tham sé :

Hinh 2.2.3 trinh bay c4dc thar 36 cas
téng NAND TTL c¢d thé xac dinh ti
dac tinh truyén dat. Ngoai muc dién 4p
ra Vo = 3,6V, V, = 0,3V ta con xdc
dinh duogc :

a) Dién p nguong Vi o' b St (V)
i ) 5 10 15 20 25 30
Phdn qud dé cla dac tuy&n phan Vii£  Vorr Vow Vi
ranh gidi sy nglt thong cia T, tuong
Ung muc cao thép cua dién ap ra V.
Vi th€ ta goi VT la dién 4p ngudng Hink 2-2-3. Cac tham s xic dinh theo
tuong Wng v6i ranh gigi dé. Trén hinh dic tinh truyén dat.

2.2.3, ta thdy :

Vp = Vg, + Vggs = 0,7 + 0,7 = 1,4V

Vi la tham s6 quan trong, mdu ch6t khi phan tich trang thai cong tic ctia cfng
NAND TTL. Khi V; > V. thi NAND bao hoa, ddu ra cé muc thdp. Khi V; < Vp
thi NAND ngit, ddu ra cé mdc cao.

b) Mitc déng va muc ngait

* Mic dién 4p déng c8ng V,pe DS 12 mic logic thdp ddu vado cyc dai cho phép

bdo diam muc ddu ra bing 90% cia miuc cao chudn. Trén hinh 2.23,
Vopp = 0,8V,

* Mdc dién d4p md cdng Vyy. DS 1a gid tri cuc ti€u cho phép déi véi midc logic
cao ddu vao bio diam muc logic thdp chudn & ddu ra. Trén hinh 2.2.3,
Von = 1,8V.

Vorr V2 Vo 12 hai tham s6 thudng diung, nd dua ra gid tri gidi han cho sy bién

thién cho phép cia muc tin hiéu ddu vao trong difu kién c8ng lam viéc binh thudng.
Muén c6ng NAND ngét tin cy va dua ra mudc cao chuén thl V; phai nhé hon Vg

Muén c8ng NAND théng bio hoda tin cdy va dua ra miuc thdp chu#n thi V| phéi 16n
hon Vg
¢) Muc tap am cho phép d6i véi tin hiéu ddu vao Vi

* D8i v6i muc thdp. Muc tap am cho phép Vi, d6i véi tin higu ddu vao mic
thdp 1a dién 4p tap &m (nhiéu) x&p ch6ng v6i tin hiéu sao cho vdAn bao dam muc
cao ddu ra khéng nhé hon 90% muc cao chuén.
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T hinh 2.2.3., ta c6 :

VnL = Vorr ~ Vi (2-2-6)

Vorp = 0,8V V, =V, = 0,3V Vo = 0,6V

* D6i v6i mdc cao. Mic tap &m cho phép Vi, d6i véi tin hiéu ddu vao mdc cao
12 gia tri cuc dai cho phép cta dién 4p tap Am x&p chfng véi tin hiéu sao cho vén
bado ddm mic thdp chuidn & diu ra.

T hinh 2.2..3, ta c6 :

V‘N H

Vg = Vy = 3V

= Viu = Von (2-2-T)

Von = 1,8V Vg = L2V

Vnr Vg 18 tham s6 dac trung kha nang chéng nhidu cta cBng, tri s6 cia ching
cang 16n bi€u thj kha nang chéng nhiéu cang cao.

Anh hudng cia nhiét dé va ngudn :

Ndi chung, bi&én d8i cta nhiét d6 va ngudn dién 132 nhan t6 chu y&u déi véi tinh
truyén dat dién ap.

- Anh huéng cia sy bién d6i nhiét d6. Xem hinh 2.2.4. Xu huéng t6ng quat la :
khi nhi¢t d¢ tang thi V,,, V, tang, con V; giam. Nguyén nhan chi y&u cia xu
huéng nay 1a Vp; clia tranzito cé hé s6 nhiét d¢
khoang -2,2 + -2,5 mV/°C. '

Vo (V)
Trong mach dién hinh 2.2.1, ta ¢6 : v t°via
) oF; 4
Vou = B — Vags — Vg s.0f . % thap
Vi =Veesi * Veez * Vees = Veez * Vees  2of €90
Nhiét d¢ tang thi Vg gidm, din dén V,, tang 10h .
va VT"glé.m. ‘ Ve, Lo e 0y
- Anh hudng ctia sy bign d6i dién 4ap nguln. o 05 10 15 20
Xem hinh 2.2.5
Hinh 2-2-4.

Vou téng t-heO Ec: Anh hudng cia nhiét do.

AVgy = AEC

Vo-

Khi cng NAND dua ra muc thfp la lic Ty béo hoa |
s8u, Vg, = Vepgs vl vdy sy bi€n d6i dién 4p ngudn Eq
khong anh hudng dang k€ d&n V. VI Ve Ve Vages

bi&n d8i rét nhdé theo Er, nén V.. cin ban khéng thay
ddi theo E.

- 7/
dien ap
fdng cao

dién a’p

B - Ddgc tinh ddu vao va ddéc tinh ddu ra

br

Cén tim hifu ddy da dac tinh ddu vdo va dac tinh .
ddu ra cha cfng NAND TTL d€ ph6i ghép tét ching
vao mach dién. Cdc dic tinh ddu vao ddu ra dugc xét
¢ day sé cling ding véi cac vi mach TTL khéc, néu cfu

Hinh 2-2-85.
Anh hudng cua ngudn dién.
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tric mach ddu vao, ddu ra vA tham s6 cta chdng

‘tuong dbng. 1,(mA)
* Dac tinh ddu vao 0 —g———— G (v)
, 10| 20 30 40
a) Dgc tinh V-A dadu vao. Xem hinh 2.2.6. Dac "WJ
tinh nay bi€u thi m&i quan hé giita dong dién dfu —1.4
vao vdi dién 4p ddu vao. — a0}

Hinh 2-2-6. D3c tinh V- A dfu vio
ctia céng NAND TTL.

Theo chiéu duong quy uéc trén hinh 2.2.7,
Khi V, < V; thi [, < 0
Khi V; < 0,6V thl T, Ts ngét.

Ec = Vg = Vi

I = ~I, =~ R, (2-2-8)

Hinh 2-2~7. Chiéu duong cia Vi, I1. Al 1
1
Do dbc dic tuyén doan nay K{,—I = ﬁ; |
Dong dién ngén mach diu vao : d6 la dong dién dfu vao khi V, = 0, ki hiéu
I;s. Khi V; 1a mdc thdp, c6ng NAND TTL thé€ hién tai dong di¢n hat d6i véi ngudn
tin hiéu V;, ma I;; 1a dong dién cyc dai hit vao V. D8i v6i mach dign 2.2.1 thi :
Ec — Vagi 5 - 0,7

IIS = ————R—;——-—- = 3 = -—1’4_mA

Khi V; > 0,6V thi T, bat ddu thong. C4c chuyén ti€p b — c va b - e cla tranzito

déu thong huéng thuin, I, cé moét phdn chidy dén chuyén ti&p colectos (b - c), hinh
thanh I,. V| 12 ngudn 6n 4p (chinh la dién 4p dfu ra cia cdng NAND khéc cd ndi
trd rdt bé), ma chuyén ti€p colecto cd ndi trd rdt 16n, vi vay I, = —1Ig;, 46 d6c dac

tuyén vln xdp xl _I%; Sau khi ti€p tuc tdng d&n V; > 1,8V thi T bit ddu thong,

Vg, bi ghim & xfp xi 2,IV. Néu V, lai ting thém m¢t chGt thi T, s& cd trang théi
cong tde ddo nguge vai tro giita emito va colects. Khi dd, B, rdt nhé, do viy :

E~. -V -V -V
C BC1 BE2 BES
I, = Blg = B R, (2-2-9)

Vi dy, R, = 3kQ, 5, = 0,01, ], = 10uA
Sau dd, I, hdu nhu khong tang theo V.
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Déng dién diu véo : d6 la dong dign ddu vao khi V; = V, (mdc cao), ki hi¢u
la I,;. Khi dfu vao & mic cao, thi c6ng NAND TTL th€ hién 1a phy tai dong dién
phun d8i v6i ngudn tin higu V.

b) Dgc tinh phu tdi
dau vao

Hinh 2.2.8 bi€u thi
tinh hinh thuc t& : dfu

vio cng NAND TTL Ve (V)

thudng ndi d4t qua mot 20

dién trd R’I . Trong 14 ————
1.0t

pham vi nhdt dinh, V,
sé tang theo R.. Hinh
2.2.9 biéu thj dac tuyén
quan hé¢ V, véi R,, goi
la dic tuyén phu tai Hink 2-2-8. Tinh V. Hink 2-2-9. Diic tinh phy tai ddu vio.
ddu vao. Trudc khi T

R.
thong, thl : V, = E—_;Ti Ec - Vagp (2-2-10)

1 i 3 Ri{kn)
0 o 20 30 :

Khi R, rdt nhé, V; rdt nhd, ddu vdo tuong duong mic thép, ddu ra la mic cao.
Khi R, rdt 14n, vi du R, = 3kQ, tu (2-2-10) tinh duge V; = 2,6V. Nhung gié trj
nay khong ding vl lic d6 T, da thong. Chi cdn R, ting dén lic V; = 1,4V, tuong

ing Vg = 2,IV thi T da thong. Véi tic dung ghim mic cia céc chuyén ti€p colecto
1 .

T,, chuyén ti€p emito. T, va T khi T|, T,, T thong nén Vg, git nguyén mic 2,IV

di R, tang thém. Trén hinh 229, V; = 1,4 1a gis tri cye dai.

. Dya vao mach dién hinh 2.2.1 ta sé tinh todn ch& d6 mach NAND TTL khi
R, = 3kQ nhu sau.-

EC“V31_5—2,1

I =
B1 R‘1 3

= 0,97mA

Vo, =V,
B1 BE1 2,1 -07
IRa = R = 3 = 0,47TmA

Iyy = Iy — I = 097 = 0,47 = 0,5mA

i

Gia thiét T, bao hoa, nén

Vea = Vaes + Vees:

‘ Ec = Ve, _ Ec - ch
, Iegy = ——-ﬁz——~ —Igy = T = 53mA

I
CS2 5,3
IBSZ = —B—Z— = 56’ = 0,265mA

=07+03 = 1V

I, > Iy, ching thuc gia thist T, bao hoa.
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Vi Vo, = 1V T, ngit. D6i v6i T, ta c6 :

Igg = Iy — Iy

Igp = log + Ig, = 53 + 0,5 = 58mA

V- Vv
E2 BES 0,7
R T R, R, ~ 036 1,94 mA
Igg = Igy = Igy = 6,8 — 1,94 = 3,86mA
Vi T, ngit, Iqs = O, Iggs = 0

I

Ma Iys > Iggs nén Tg théng bao hoa, ddu ra cd midc thép.
V, = Vepgs = 0,3V

(o)
Ta thdy ring, tuy ddu viao tin hiéu khéng phai ]la mic cao, nhung ddu ra da la
muc thép.
Tém lai, khi R, tuong d6i bé thi cdng NAND ngit, mdc cao ¢ ddu ra.
Khi R, tuong d6i 16n thi cdng NAND bio hoa, mic thdp & déu ra.
Khi R, & gid tri khong bé khong 16n thi NAND lam viéc & khu vyc tuyén tinh.

Dién tré déng céng Rypp. Do 1a gid tri cyc dai cho phép cia R; dé bdo dam
c6ng NAND ngit hd mach va tin hiéu ddu ra dat 90% mic cao chuéin.

Dién trd md céng Ry D6 12 gia tri cue ti€u cho phép cia R, d€ bho dém ofng
NAND n6i théng mach va tin hi¢u ddu ra dat mdce thép chudn. TU¥ dinh nghia trén
cia Rypp v Rgy, ta thdy, khi R, < Bygpe thi c6ng NAND ngdt hd mach va déu ra

cd mic cao, khi R, > Ry, thi cdng NAND théng hdio hda vad dfu ra cd mdc thép.
V6i Ropp < R; < Ry thi céng NAND lam viéc ¢ khu vye tuyén tinh. Vi dy, mach
di€n hinh cia c8ng NAND TTL trinh bay trén hinh 2.2.1 thi
ROFF = T700Q, Ron = 2kQ

¢) Phuong phdp xu Ui khi ¢6 du ddu vdo va dnh hudng cia né déi véi dde tinh
ddu vdo

Khi s6 tin hiéu dfu vao it
hon s6 diu vao cia clng
NAND, thi ¢d ddu vao du thia.

D€ tranh tao thanh nguén otk

nhiéu, d4u vao du khong duge [Iu

phép d€ hé lo litng, ma phai

n6i v6i cuc duong nguén, hay . / IX.—_

12 néi song song véi ddu vao i, ey

cé tin hiéu. Xem hinh 2.2.10 V,+

vad 2.2.11. Phuong ph4dp hinh "I

2.2.10 khong doi héi thém dong

dién nguén tin hiéu. Phuong

phap hinh 2.2.11 1am tang do Hinh 2-2-10. Hinh 2-2-11.
tin c4y (phong khi dfu vao bj N&i ddu vao du Ndi song song d4du vao
dit) nhung cin them ddng dién vdi cyc dudng ngudn. du vdi ddu vao cdn ding.
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ngubn tin hiéu. Do kha nang chiu tai cia tdng ddu ra mach TTL tuong d6i manh,
n€u tin hiéu ddu vao 14y ti ddu ra TTL thi ching ta nén dung phuong phdp néi
diu vao du song song vdi ddu vao cAn dung khic.

*) D#c tinh ddu ra
a) Dau vao d muc thép

Tru6c day ta da xét trudng hgp khong tai : khi ddu
vao mic thdp thl T, T, ngit vad ddu ra mic cao

Vou = 8,6V. Hinh 2.2.12 trinh bay trudng hop cd tai Ry

méc & déu ra v6i chidu dong dién tai I; ti emits T,
chdy dén R;.

Khi I, = 0, R, = 1000

Hinh 2-2-12.
Vi Iy, rdt bé Déu vao ¢ mic thép,

D4u ra ¢é tai.

I =1 ~1 __Vas'vmas

R, C3 E3 ~ R,

Vgy = B = IB3R.2' ~ Eo = 5V (2-2-11)

Vo, — V. |
B3 BE3 5 - 0,7
IR5 = R, =~ 3 =~ 1,4mA

Ves = Ec ~IxBs = 5 - 1,4 x 0,1 = 4,86V

Vay : Vegs = Vo3 = (Vs — Vpy)
= 4,86 - (6 - 0,7 = 0,66V
Vay T, & bién gi6i ving bao hoa, cdn T, & viung khuéch dai. T; vd T, 1a dang

mach khuéch dai tai emito vAn lam viéc & bién giéi ving khuéch dai nén cd dién
tréd ddu ra nhd. Gid thiét I, ting dén xdp xi_ 5mA, IE., khéng thay d6i m4y so véi

khi khéng tai, do dd :

Iy, =Igs +I = 14 +5 = 6,4mA

Vo3 = Bg = IpRs = 5 = 6,4 x 01 = 436V

Vees = Ves = (Ves — Vped)
= 436 - (b -07 =006V
Vay T, b&o hoda sfu, quan hé gikta V,; v6i I, nhu sau :
3 Pac g OH L

Vi Vou = Ec ~ Vepss — Vpps — IR5R5
I, =1
nén Vou = B, = (Vegss + Vapo — LRs (2-2-12)

v0i Vopgs = 0,1V
(2.2.12) ching t6 ring, khi I, > 5mA, thi Vg, tl 1&6 nghich véi I,.
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Xem hinh 2.2.13
b) Piu vado ¢ muc cao

Theo quan hé logic cia c6ng NAND, ddu ra cé
myc thdp. Lic dd, dong dién colectc T cing la
doéng qua tai I;, v6i phuong huéng tit mach tai
vac Ts. Xem hinh 2.2.14. Hinh 2.2.15 bi€u thi dac
tuyén ra khi d8u vao miuc cao (sy phu thuéc
Vo, theo IL)‘ Vi dong dién bazo Ts rdt 16m

(4,36 mA), T, bao hoa su, dién trd ti€p gidp colects e R B L;(pA)
cia T; rét nhé (hon chuc Q).

Hink 2-2-13. Dic tinh ra
Khi d8u vao miic thép.

Vou (V)
1.5¢
1.0
0.5¢
alon . s " i 4 L " l‘ (’"A )
: 6 10 20 30 40 50 60
Hinh 2-2-14,
D4u vao milc cao
D&u ra ¢6 tai. . Hinh- 2-2-15. Dic tinh ra khi ddu vao midc cao.

Do do, khi I; tang thi I,, tang cham, V,, va I, tang tuy&n tinh véi nhau. Mot
wu di€m ndia clia sy bdo hoa sAu T la V,, khong thay d6i dédng k& theo nhiét d¢
va dién dp ngudn.

c) Thoi gian truyén dot

Hinh 2.2.16 bi€u thi xung ddu ra cdng NAND
khi dua dén d4du vaoc mot xung vudbng Ui tudng.

Xung ddu ra khéong nhitng bi tré ma con cd sudn Ui !
xung xfu. Khi dién 4p dfu vao dot bién tu muc |

thdp lén mic cao, thi dién 4p ddu ra sé chuyén |—tpt— : —~jty i

ti mdc cao xudng mic thfp sau thdi gian tré t, | = ts 'r-~ i
va th¥i gian sudn am t. Khi dién d4p ddu vao dot A r:*“ -_f"'r.}:s v
bién tit midc cao xuéng muc th&p thi dién 4p ddu il [ Rl

t ,
ra sé chuyén tit muc thdp lén mic cao sau thdi —=itpr- 1 tpak

gian t6n trif tg va thdi gian sudn duong t. Hink 2-2-16, This gian truyén dat

Thudng goi khoang thdi gian ti dot bién duong cia NAND TTL.
cua tin hiéu dfu vao dén thdi di€m dién 4p ra
gidm con 1,5V 1a thdi gian truyén dat théng tpl ; tuong tu, thudng goi khoadng thdi
gian tit dot bi€n Am cia tin hiéu d8u vao dé&n thdi di€m dién 4p ra tang dén 1,5V
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la thoi gian truyén dat ngit to Trong cdac s8 tay ki thu#dt vé vi mach, ta nhan
duge thdi gian truyén dat trung binh :

t. +t
_ pl p2 9.
toa =~ 5 (2-2-13)

R4t khd tinh toan chinh xdc gid tri tpd, néi chung tpd duge x4c dinh bang thuc
nghiém do ludng.

D - Chi tiéu chi yéu

*) Mdc cao tin hidu ddu ra Vg,

Khi b4t ki ddu vao nao cé mic thdp thi ddu ra déu phai 1a mic cao Vg, Trén
dac tinh truyén dat dién 4p, Vg, la dién dp ddu ra tuong dng v6i doan AB. Vi
Voy duge do khi khong tai, nén tuong @ng v6i khdi di€m cia déc tuyén déu ra.

*) Mdc thdp tin higu ddu ra V.

Khi tdt cA ddu vao déu cd midc cao thi ddu ra phai la muc thdp V5. Trén dac
tinh truyén dat dién 4p, V, la dién 4p ddu ra tuong dng v6i doan DE. Thudng
Voo dugc do khi phu tai chufin, v6i dong dién phu tai chdy vao ddv ra tranzito
T,. (Phu tai hit).

*) Dong dién ngén mach ddu vao Ij¢

D¢ la dong dién chay qua ddu vao nao n6i ddt. Trén dac tinh ddu vao, I tuong

dng voi gid tri dong dién & di€m cAt cha dic tuyén v6i truc tung. Vi ddng dién
I;g tit ddu vao chay ra ngoai, nén trén dic tuyén thé€ hién gid tri am. Khi do gid

tri I, cia mot ddu vao bét ki, nhitng ddu vao khdc déu dugc n6i vao myc cao, chi
trong diéu kién d¢ thi I;g do dugc cd gid tri cuc dai. Tuy vay, vi dong dién do giao
thoa bé khoéng dang k&, nén ciing cd th€ mac ké cdac ddu vao khéc lo ling d€ viéc
do don gian.

*) Dong dién ddu vao Iy

Khi mot ddu vao bAt ki cé muc cao thi cing c6 ddng dién chay vao ddu vao
dé. Dong dién nay bao gém hai b phén : dong dién emito cia T, & trang théi

dio va dong dién dd giao thoa gitta dAu vao dé v6i cdc ddu vao du khdc duge nébi
d4t. Chiéu dong dién phu hgp v6i quy uéc nén cé dfu duong. Gia tri I;; tuong

dng v6i phdn nidm trén truc hoanh trong dac tuyén ddu vao (ddc tinh V - A ddu
vao hinh 2.2.6)
*) Mdc dién 4p md céng V,y

D& ddu ra ¢6 muc thdp chudn khi phu tai 16n nhd&t, thi ddu vao phai § mic cao.
Gi6i han duéi cha muc cao ddu vao goi 12 di¢n 4p md cdng V. Nghia 13, dién ap
ddu vao phai l6n hon V, d€ c6ng NAND thong. Ti dac tinh truyén dat dién ap

cé thé thdy radng V., phai 16n hon V. mét chit.
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*) Mdc dién ap déng cOng Vorr

Vorr |a mic dién 4p ddu vao tuong dng d€ dién 4p ddu ra dat 90% Vi, chudn.
Tu dac tinh truyén dat dién dp cd thé€ thdy rdng Vg tuong dng véi viing tuyé&n
tinh ctia dic tuyén, vé gia tri thi 16n hon 0,6V mot chit. Vay dién d4p ddu vao phai
nhé hon Vi, d€ cng NAND ngit (Ts hd mach).

*) Hé s8 tai ddu ra N

Khi tai 12 c6ng NAND cung s6 hiéu, thl hé s6 tai ddu ra N 1a s6 lugng cyc dai
cdc c6ng NAND méc song song lam tdi ma moét c6ng NAND ganh dugec.

Can cd vao hé s6 tai ddu ra N, dong dién ngin mach ddu vao I dong dién
ddu vao I, ta cd thé tinh dugc dong dién phu tai cuc dai ¢ trang thdi théng
NI ¢ trang thai ngit N_I;;; cia mét cdng NAND.

*) Ddng dién ngudn khi NAND théng va ngat I, I,

Iz, 12 dong dién yéu cdu ngudn dién cung cdp cho c6ng NAND khi c6ng NAND
thong v&i toan bo ddu vao hé mach va ddu ra khong tai.

I, 1a dong dién yéu cdu nguén dién cung cdp cho c6ng NAND khi cdng NAND
ngat véi ddu vao & mdc thip va ddu ra khéng tai.

Tuy quy dinh diéu kién khong tai, cing cdn chi r6 rdng : phu tai 4nh hudng lén
dén I, vi NAND phai cung cdp dong cho tdi. Phu tai 4nh huéng nhé dén I, vi

T5 bdo hoa.

Can cd vao Ig, Iz, va E, cé thé tinh dugc tén hao
khéng tai trong hai truong hgp. | |
*) Thdi gian truyén dat trung binh tod

Trén day la dinh nghia toq VO gid thiét tin hidu ddu

‘vao ¢6 dang xung li tudng. Thuc t& xung ddu vdo vin — 757L O
c6 sudn duong va sudn a&m. Vay phai ldy gia tri 1,5V - ——-;t;——. . i-«
12 chuin cho thdi di€m dét bién tit muc thdp lén muc Fa

cao, va ngugc lai, cho tin hiéu vao, trén co sd dd xac

dinh t tpz- Xem hinh 2.2.17. Hink 2-2-17. XAc dinh thoi

pr gian truyén dat.

Bang 2.2.3 14 chi tiéu chu y&u cia c6ng NAND TTL tuong @ng mach hinh 2.2.1.
Trong thuc t& san ph&m vi mach NAND TTL rit phong phud, nén cin tham khao
tai litu ki thuat cia hing san xuit d€ cd tham s8 chinh xdc ; nhing tham s6 dd
sai léch ddng k& v6i tham s6 di€n hinh cta bang 2.2.3. ‘

61



Bang 2-2-3 : CAC CHI TIEU CHU Y£U CcUA CONG NAND TTL

Tén tham sé Ki hieu | Don vi | Diéu kién do Pham vi
Dong nguén khi- thdng Ie1 mA D4u vao hd ; Ddu ra khong tdi ; Ec =5V [ < 10
Dong nguén khi nght 152 mA Vi = 0 ; Khong tdi ; Ec = SV <5
Mic¢ ra cao VoH \Y% Vi = 0,8V ; khong 1di ; Ec = 5V = 30
Mic ra thdp VoL A" Vi = 1,8V ; IL = 128mA ; Ec = 5V < 0,35
Deéng ngin mach d4u vao Iis mA Vi=0;E =5V < 22
Déng dién déu vao I KA Vi = 5V ; D4u vao khac n6i d4t ; Ec = 5V | € 70
Milc md cdng Von \Y VoL = 035V ; L = 128 mA ; Ec = 5V | < 1,8
Mic déng céng Vit A% VoH = 2,7V ; khong tdi, Ec = 5V =08
He s6 1di d4u ra No Vi = 18V ; VoL < 0,35V ; Ec = 5V =8
Thdi gian truyén dat tpd ns f =2MHz ; Ng = B ; Ec = 5V < 30

3) Cdc hinh thdi cdi tién mach c6ng NAND

Su dng dung vi mach s6 da thic ddy su phdt trién nhanh chéng ctia ki thuat
dién td. Déng thoi, thuc tién dng dung cing dua ra y8u cdu mdéi cac hon dé&i véi
vi mach s8. Dac biét 14 céc yéu cfu vé : téc do cao, tiéu hao gidm, nang lduc chdng
nhifu, do tich hgp v.v... d€ théa méan yéu cdu dd, ngudi ta cai tién loai vi mach sé
da cd, hoac sdng ch& cdc vi mach s6 méi. Du6i day, gigi thiéu hai ki€u mach cai
tién cta c6ng NAND TTL da dugc dung réng rai.

a) Mach cé ngicbn phéng dién. hinh 2.2.18
Trong mach

cai tién 2.2.18b, -
mach tinh  cuc

Te R, B, thay
thé R, trong
mach 2.2.18a.
Mach cai tién-
la mach ngubn
diéu khién hinh

)

thanh mach ‘ _ «
phdng dién cho Hinh 2-2-18. Mach NAND TTL c6 nguén phong dien :
bazo Ts- : : a) Mach g6éc¢ ; b) Mach cdi tién.

* Cai tién dac tinh truyén dat dién &p (V)

Vi emita T, chi ¢ th€ thong qua mach emito 30
Ts, Te, nén truéc khi Tg, T, thong thi mach cai

tién chidng khdc gl mach géc va khong codn giai
doan T, théng ma T, vin chua théng. Trong mach 1.0+
g8c, giai doan T, thong ma T, chua thong tuong e (V)
ing ph#n tuyén tinh trén dac tuyé&n truyén dat 0 10 20 30

dién 4p. Hinh 2.2.19 la dic tinh truyén dat cta Hinh 2-2-19. Dic tinh truyén dat dien 4p
mach 2.2.18b, khong cd phdn tuyén tinh nita. ciia mach céi tién hinh 2.2.18b.

2.0
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Tu hinh 2.2.19, ta nhan th4y muc tap Am cho phép khi ddu vao muc thép cuia
mach cai tién l6n hon mach gbc ré rét, V,, = 1V.

* Cai ti€n thoi gian truyén dat.

Khi V| dot bién tit mdc thdp dén xd4p xl 1,4V thi cad T,, T, déu bat ddu thong.
() thdi di€m bit déu théng, h&u nhu todn by ddng emito T, chay dén bazo Ty, cung
cdp cho T xung dong rdt 16n (vugt qud gid tri cAn d€ T théng bao hoa), vi vay
gidm nho thoi gian tré thong mach cia Ts. Co thé dat duge diéu dé la vi R, néi
ti€p bazo cia T, su nap dién dién dung chuyén ti€p emitoc T, chdm hon sy nap
dién dién dung chuyén ti€p emito T, Két qud T, thong chdm hon Ts modt chut.
Con sau khi T, da thong thi mach T, phan dong cho bazg T, gidm nhdé dong bazo
& trang théi 6n dinh, giAm b6t 4¢ bao hoa ciia T, cd lgi cho sy tang t6c qud trinh
ngét mach cta Ts.

Sau khi dién 4p ddu vdo cd dot bi€n am, T, ngit d4u tién. Tiép dd, dién tich
tén trit cia T sé dugc phdng qua mach Ty Lic nay T, vAn thong bao hoa, bi€u
thi mot dién trd nhé cia mach phdng dién. Két qua, T nhanh chdng rdi ving béo
hoda va ngit hd mach.

Vay mach tich cuc T¢, Ry, R, thay th&€ R, dem lai sy cai tién : rit ngin thoi
gian tén trit dong, rGt ngin thdi gian tré thong, ddn dé&n riat ngin ré rét thdi gian
truyén dat trung binh.

Hién nay mach dién hinh 2.2.18.b la c8ng NAND TTL dugc ding rong.
b) Mach dién chbéng bdo hoa o

Ta da bi&t ring, t6c d6 déng md cla tranzito chiu anh hudng 16n cta thoi gian
tén trid. Do su bao hda clia franzito truc ti&€p quyét dinh thoi gian tén tri, bao
hoa cang sau, dién tich t6n trit cang nhiéu, thdi gian t6n trit (thdi gian d€ tidu tén
dién tich da tén trit) cang dai. D6i véi c8ng NAND TTL thi thdi gian tén trit 1a
phén chu y&u cua thoi gian truyén dat. Ngudi ta tim cdch han ch& d6 sfu bao hoa
cla tranzito, gidm dugc dién tich t6n trit, rit ngin thoi gian tén trit, két qua gidam
nhé thdi gian truyén dat.

Trong mach dién chfng b&do hda, ngudi ta gidi
quyét vdn dé qua bao hda cla tranzito bing phuong
phdp ghim mdc nhd SBD (Schottky Barrier Drode -
Di6t rao th& Seétki). Hinh 2.2.20 gi6i thiéu nguyén
l{ phuong phdp nay. Ngudi ta d4u ndi SBD song
song v6i chuyén tiép b-c cia tranzito ; nhd vay
dong dién bazo cd phdn qud mic chay qua SBD,
ma khéng phun dién tich t6n trd qud mdc vao

vung colecto. €
SBD dugc ché tao tit kim loai ti€p xdc ban dén. (@) ' (b)
SBD c6 méy dic di€m sau day so v6i di6t thudng : g 2-2-20. Tranzito khéné bio hoa :
- Dién 4p md tuong d6i thdp, khoang 0,4 + a) mach di¢n;  b) Ki hi¢u.

0,5V (dién 4p md cta dist thudng 0,7 + 0,8V)

Sau khi chuyén tiép b-c cia tranzito chuyén sang phan cuc thuan, SBD théng
truéc sé ghim dién 4p thuén gita b - ¢ & mac 0,4 + 0,5V.
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- SBD khong cé hiéu dng tén trit dién tich, vi vy SBD khong dua thém thdi
gian tré vao mach dién.

~ Coéng nghé ché& tao SBD la céng nghé ché tao vi mach TTL, vi th& viéc cai
tién nay khong giy khd khan cho san xudt.

Nhd cac dac diém trén, viéc dung SBD gidi quyét 6n thda vén dé8 quéd bdo hoa
cla tranzito lam cho cé th€ xem t8ng thé tranzito va SBD nhu mét cfu kién, duge
goi la tranzito Sétki, ky hiéu nhu hinh 2.2.20b.

Hinh 2.2.21 12 mach dién di€n hinh cia NAND
TTL chéng béio hda. Mach dién nay déng thoi si
dung nguén phdng dién va chfng bao hoa, két qua
rit ngidn thdi gian truyén dat trung binh xubng
dudi 10ns. Trong mach nay, vi T, khong budc vao
trang théi béc hda nén khéng cdn SBD. T, cing
¢6 SBD nén dién 4p roi trén chuyén ti€p b - ¢
cia T, khi ¢ trang thai lam viéc ddo la thdp hon
so v6i mach gbc. Do dd dong dién ddu vao gidm
nhd, dién tré ddu vao tdng cao. Nhuge di€m chua
y& cia mach ch6ng bao hda la nang luc chéng
nhidu hoi kém. Vi dién 4p roi trén T théng tang Hinh 2-2-21.
lén lam muc thfp cta tin hiéu dfu ra tdng lén. Mach NAND TTL chéng b4o hoa.
Mat khéc, dién 4p roi trén T, thong tang lén dén
dén gidm nhé dién 4p ngudng V.. Vi vAy mue tap
Am cho phép d6i v6i tin hig¢u dfu vao mic thdp Vy; nhé hon so v6i mach géc.

N6i chung, ngudi ta thudng diung vi mach TTL Sotki tiéu hao cong suft bé (he
vi mach 74 LS). Trong loai vi mach nay, khéng chi 4p dung phuong phdp nguén
phdng di¢n va phuong phdp chéng bzo hda, ma con tang 16n céc dién trd. Nho vay
t6c do cong tdc cao, cong suft t6n hao gidm nhd.

TOM TAT

1) Chiing ta da thao luan dac tinh ngoai cia c6ng NAND TTL, tdéc 12 quan hé
gita 4p va dong cia mach dién. Dac tinh ngodi bao g6ém : dic tinh truyén dat dign
dp, dac tinh dfiu vao va dgc tinh ddu ra. DE st dung chinh xéc vi mach TTL, c&n
hi€u r6 cdc dac tinh ngoadi trén. '

2) Ching ta da ban céc quéa trinh lam viéc bén trong céng NAND TTL d€ hi€u
sdu vA vidn dung t6t cAc dic tinh ngoai.

3) Trong diéu kién cdOng nghé ch& tao hién nay, gid tri dién trd trong mach dién
cé sai léch 16n, nén dac tinh ngodi cia vi mach cung s6 hiéu ciing sai léch nhau.
S8 liéu dinh lugng dwa vao hinh 2.2.1 d€ tinh. Muc dich su gigdi thiéu vé s6 liéu la
giip doc gid ¢é khdi niém c&p s6 lugng thuc t&€ cha tham s6 cfu kién.

Vi nguyén nhé&n ndi trén, céc s8 tay ki thuat khong cho dac tuyén, ma chi cho
pham vi ¢d th& cta dac tinh ngodi. Vi th&, ching ta phai ndm ving xu huéng bién
ddi cia dac tinh ngoai.
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2.2.2, Cac loai mach c¢dng TTL khac

Trong hé théng s6 thuc t& tinh ning logic c4n thiét vé cung da dang. Do dd,
ngodi cfu kién co ban la c6ng NAND, ching ta con st dung nhiéu c8ng khac : cdng
NOR, c6ng NORAND, c6ng AND, céng OR, c6ng XOR, c8ng hd colecto va céng ba
trang thai v.v...

Tuy ring chung loai c8ng rit nhiéu, nhung c4c loai c8ng déu cd cfu tric tuong
tu c6ng NAND, hoic bao gém cac bd phan da ciu tric nén c6ng NAND. Trén co
sd ndm viing nguyén li cong tac va phuong phap phan tich ctia mach dién c6ng
NAND, ching ta dé& dang tim hi€u mach dién c4c loai c8ng khac. Dudi day, ching
tdi giéi thiéu ngin gon moét vai c8ng thudng dung.

1) Cé6ng NORAND

Xem hinh 2.2.22.

So sanh v6i cdng NAND, mach dién hinh
2.2.22 ¢6 thém T, T, va R,. Phdn mach thém
gibng nhu phén mach T;, T, va R;. Déu ra

cia T, va T'2 n6éi song song v6i nhau 4 2
di€m P va Q. B4t ki T, hosc T, thong, déu
lam T théng bao hoa, T, ngit, ddu ra cé _
muc th4p. Chi khi nao ca T, va ’I‘,2 déng thai |

ngit, thi ddu ra méi c6 muic cao. Vay quan
hé gitta ddu vao v6i ddu ra ctia mach nay
la : khi nhém ddu vao A, + A, hoic nhém ddu vao B, + B, déu la mic cao thi
ddu ra 13 mdc thdp, con chi cdn moét nhém ddu vao khéng phai toan la mdc cao
thi ddu ra 12 mdc cao. Quan hé logic nay 1a NORAND (VA - HOAC - DAO).

Tt hinh 2.2.22 ta thfy, quan hé AND gilta cic tin hiéu ddu vao trong m8i nhdm
do tranzito nhiéu emito T,, T'l thuc hién, quan hé OR gita hai nhdm do sy néi.

Hinh 2-2-22. Mach c6ng NORAND TTL.

song song T, va 'I"2 thuc hién, tdc dung NOT do tdng mach dién d4u ra thuc hién.
C8ng NORAND cd ki hiéu nhu hinh 2.2.23. Biéu thdc logic cia c6ng NORAND la :
Z=A A A +B, B, B, (2-2-13)

2) Cong XOR

Quan hé logic XOR 12 quan hé khoéng
cd tin hiéu ddu ra khi cic mic ddu vao

tuong dbng, con chdc cd tin hiéu ddu ra V, { —
khi cdc mdc ddu vao khdng tuong dbng. —+b—v,
Mach dién thuc hién quan hé logic XOR Ea=NN

(ham khéng tuong duong) goi 1a c6ng XOR.
Hinh 2.2.24 1a mach dién thyc ctia cdng
XOR. Trén hinh, phdn bén phai la tuong

tu véi téﬁng ra va tin g giita cla c6ng Hinh 2-2-23. Hai cach ki hiéu cia céng NORAND.

5a - CSKT... 65



NAND. T, va T, n6i song song v6i cdc emito va colecto, vi vy khi m¢t trong hai
tranzito nay théng bso hoa thi ddu ra s& cd mic thép.

Khi A, B déu 12 mic cac, T| ddo cyc, Ty va T, thong bao hda, V, c6 mic thép.
Nguge lai, néu A, B cing ¢ muc thdp thi T, va T d8u ngit, T, va T;; thong bao
hoa, V_ vin la muc thép.

Né&u A hoac B, mot trong hai ddu vao cd mic th&p, ddu vao kia cé muc cao thi
T, phan cuc thuan thong béo hoa, T, ngit, T, hoac T cd mot tranzito thong bao
héa (dng v6i mét ddu vao cé mide cao) lam choe bazo T, ¢6 mdc thdp. VA lai, emitg
cta T, va T nbi ddt qua didt, sau khi cd mot trong hai tranzito théng bao hoa,
dién th€ bazo T, cd 1V lam cho T, ught. T, va T, déu ngit thl T,, t4t nhién cing
nght, dfu ra cé mdc cao.

Bang 2-2-4 : BANG CHAN L{ CONG XOR

| .
t - wtEe A B Z
0 0
| : 0 0 0
Ao— T, 172 T7 \T'w
Vi go 1 M 0 1 1
. -—--OVQ
i 1 0 1
To| 75 | Ty _
‘ri Sy 1 1 0
2 . E
!
D T
T ; 6
2 $ :
1 -
Hinh 2-2-24. Mach c6ng XOR TTL. Hinh 2-2-25. Ki hieu cdng XOR.

Bidu thuc ham logic XOR :
Z = AB + AB = A(HB (2-2-14)

Doc la : Z bing A XOR B

3) C6ng NAND hé colecta

Trong mach c¢éng NAND TTL, di tin hiéu ddu ra tich _
cuc & muc cao hay thdp, thi dién trd ddu ra déu rdt nho. A
Vi vy, ching ta khong thé€ thyc hién quan hé logic AND '
d6i v6i cdc tin hiéu ddu ra cia cfng NAND bang cdch dfu
ndi song song ddu ra cia ching. Hinh 2.2.26 giai thich tai B
sao khéng th&. Gap trudng hgp mot ddu ra ¢ mdce cao,
mot ddu ra cd mydc thdp, thi tft s& xuft hién dong dién
rit 16n chay tit tranzito T, cla cfng ngdt chay dén tranzito
Ts cha c6ng thong. Dong dién nay khdng nhitng tang cao
mic th4p ddu ra c6ng thoéng, ma cdn lam hdng c8ng ngit.

Hinh 2--2-26. Tinh huéng d4u ra
c6ng NAND tryc tiép n6i nhau.

66



Co th&€ nébi truc ti€p dfu ra cdc c6ng NAND hd
colectc d€ thyc hién quan hé logic AND d6i vé&i
tin hiéu dfu ra cia cdc c6ng NAND. Hinh 2.2.27
gidi thiéu mach dién hinh NAND hé colecto. (Open
collector = OC). Colecta ciia tranzito Ty ddu ra d€
hé lo ling.

Duéi day, ta xét cdch tinh dién tré R; méc &

ngoai vi mach. Xem hinh 2.2.29. Gia thd ¢é n c6ng -

NAND hd colectd, ddu ra néi chung (song song)
d€ ¢S quan hé logic AND, phu tai la m dfiu vao
cia c6ng NAND.

Khi n c6ng OC déu ngit, dién 4p ddu ra V_ ¢
mdc cao. D€ bdo ddm mic cao ddu ra khéng nhé

hon gid trj chuén, thi R; khéng thé€ qud 16n. Duéi
day la cong thuc tinh gid tri cuc dai cta T :

°+EC

i Ve

Hinh 2-2-27.
Mach céng NAND hd colectd.

v_| p—"

R__ = e~ Vou_ (2-2-15) Hinh 2-2-28.
= nlgy +mly Ki hiéu cBng NAND hé colecto.
Voy 12 gid tri chuén dién 4p ra mic
cao cla cng OC. Iy, 1a dong dién do khi +E¢
tranzito ddu ra c6ng OC ngét. I;, 1a dong RLﬁ Ie, - |
dién dfu vao cua mdi phuy tai. C 4, | F’ya” . Ipn
Khi b4t ki mot c6ng OC nao théng, V_ ~Ton ;—D'

la muc thdp. Tinh trang b&t lgi nh4t la

khi m dong dién phu tai chay vao c6ng OC nJ Vyi0-

duy nhdt dang thong. Khi dd6, cdn bao dim

' ' ;
muc thdp ddu ra vin nhé hon gi4 tri chuén. ! :E Lon ;
Can cd tinh hinh dd du.qc ttiéu thi. 4 . s, Vo ‘ | Lo
hinh 2.2.30, ta tinh dugc gid tri cuc ti€u E — &
cia R, : o ™
E.-V
C OL
L (2-2~16) Hinh 2-2-29.
Fimin Iy —mly Tinh gi4 trj cvc dai cia Re.

I s 12 gid tri cyc dai cho phép cia dong
dién phu tai cia médi céng OC.

Ie
I, tdc l1a I;;, dong dién ngén mach d4u Vicor D Iuj

vao cia mébi cng phu tai.
Gid tri lua chon d6i v6i R; phai la gid tri

Duong nhién, cac loai cdng TTL khéc ciing
cd thé cd hinh thidc hd colecto...

& gita khoang bai gid tri R, . va Ry __. "IL"_E]—-- \%D;.
t
[}
[}
I

4) Céng NAND ddu ra 3 trang thdi (Three .Vno—E L | {

state — TS)
Khédc véi c6ng NAND thong thuong, ddu

ra c6ng TS ngodi trang thdi miuc cao, trang  Hink 2-2-30. Tinh gié tri cyc tidu cda RL.
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thdi mdc thdp, cdn cd trang thdi cdm
(tré khédng cao).

Hinh 2.2.31 12 mach dién thuc t&€ cia
c8ng TS. C6 th& cho riang c6ng TS nay
bao gém 2 c6ng NAND va di6t D,. Phén
bén phai 12 c6ng NAND c¢6 nguén phéng
dién. Phén bén trai cé c6ng NAND, trong
dé khong ding mach Daliton ma chi cd
tranzito T, ¢ tdng ra. Emito cta T; ndi -
ti€p vai di6t D; dé bao dam T, ngit tin _
cay khi T, va T, théng. Hinh 2-2-31. Céng NAND d4u ra 3 trang thai.

Khi dfu vao C cd muc thdp, T, dua
ra tin hiéu mdc cao cho T;. Phadn mach bén phai thyc hién ham logic
Vo,=2 =A.B = V.V, Khi ddu vao C ¢6 mic cao, T, dua ra tin hiéu midc thdp

o]
cho Ts, lam cho T¢, T, T,, ngt. Dong thoi, mic thdp ddu ra T, thong qua D,
d&n bazo Tg, ghim nd ¢ x4p xi 1V, lam Ty ngit. TU d4u ra nhin vao, mach dién ¢
“trang thai trd khang cao. |

Ching ta goi phdn mach bén trai la phdn diéu
khién cta c8ng TS, ddu vao C la d4u diéu khién.

Con phén bién phai dugc goi 14 phdn truyén sé liéu, Vi,
cdc diu vao V|, V, la ddu vao s§ liéu. Goi trang (a) v, ____k)-' Vo
C

thdi TS khi C ¢6 mdc thdp la trang thdi cong tac,
khi C c¢6 mdc cao la trang thai trd khdng cao.

Hinh 2.2.32 1a ki hiéu c6ng TS. Hinh a la loai 5) Vi - Vy
c8ng TS cong tdc khi ddu diéu khi€n & midc cao. ©) vy,
Hinh b 1a loai c8ng TS c6bng tac khi ddu diéu khién c

& mudc th&p (¢ khuyén tron). Khi st dung cng TS
cidn chu y tin hiéu diéu khién. ‘ Hinh 2-2-32. Ki hiéu céng TS :
, Ung dung quan trong nh4t ctia c6ng TS 1a ghép a) TS cong téc vdi C mic cao ;
kénh cdc tin hiéu cln truyén luin luu trén mét day b) TS cong tic véi C miic thép.
dé&n. Xem hinh 2.2.33. | | ;
Thudng goi day ddn AB ti€p nh&n cédc tin hiéu 1a Bus.
Néu cdc tin hiéu didu khién C, C’ va C” ¢6 thd tu thoi

i | A ‘gian ¢ miuc cao, thi cdc tin hiéu dit lieu cia 3 nhém ddu
Voo vao Vi, Vi, 5 Viy, Viy 3 Vi, Vi, sau khi thyc hién quan hg
¢ logic NAND s& dua ra Bus luén luu theo tha ty thoi gian
::z} tuong dng.
oz Cdu tric Bus dugc dung réng rai trong may tinh dién
v C td s6 hién dai.
I
, Q’_' ' Cédn chd ¥ ring, d€ cdc c6ng TS ndi vao mét Bus lam
¢ B viéc binh thudng thi & mot thoi di€m bat ki chi cho phép

mot céng TS duy nhit & trong trang thai céng tac. D& bao

dam diéu kién nay, khi cdc cdng TS chuyén d6i trang thai,

Hink 2‘2"33' Vidudng dung thi t6c d¢ chuyén tit trang thdi cOng tdc sang trang thai
cong TS. tré khdng cao phai nhanh hon t6c dé chuy&n tiu trang thai
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trd khdng cao sang trang thdi céng tdc. N&u khéng, sé xdy ra sy cf cé hai céng
TS théng ndi véi Bus. Lic d6, n€u ddu ra mot cng mic cao, ddu ra cng kia mic
thdp, sé sinh ra dong dién rdt l1on ti c8ng muic cao dén cng muc thip. Két qua,
khéng nhiing sai vé logic cta tin hiéu, ma con cd th€ lam hong mach dién c8ng.

2.2.3. CAC MACH CONG TRANZITO KHAC

Trong mach dién vi mach s§ tranzito, vi mach TTL c¢é dng dung rdng rai nh4t.
Vi vi mach TTL ¢6 cdc wu di€m : t6c do déng md cao, dién 4p ra du 16n, kha nang
chéng nhiéu kh4, kha ning chiu tai kha. T4t nhién, cdn ¢S céc loai mach céng
tranzito khdc c¢d nhitng dac di€m st dung riéng.

1) HTL (High Threshold Logic = Vi mach s§ mudc ngudng cao)

Dién 4p ngudng cia HTL tuong d6i cao, thudng 7 + 8V. Vay nén mic-tap 4m
cho phép lén, nang luc chéng nhidu cao. Nhung téc d6 HTL tuong d6i thdp. HTL
rdt phit hgp véi cdc thi€t bi diéu khi€n cta coéng nghiép. Cac thiét bi nay khoéng
cdn t6c d6 cao hon, nhung cén do tin cay cao. Ma nang luc chéng nhidu la tisu
chudn quan trong ddanh gia do tin cdy cua thiét bi diéu khié€n. :

2) ECL (Emiter Coupled Logic = Vi mach s6 ghép emito)

...Uu di€m cht y6u cia ECL la thdi gian déng md ngén, kha nang chiu tai
I6n, tap &m ndi b6 thdp, ti 16 thanh ph&m khi sin xuft cao. Nhuge diém chi
y&u ciia ECL la muc tap 4&m cho phép nhd, tiéu hao céng sudt 16n, mic dién 4p
ra thay d6i theo nhiét d6. ECL dugc diung nhiéu trong SSI va MSI c6 téc do cao
va t6c d6 siéu cao. '

3) I’L (Integrated Injection Logic = Vi mach s6 tich hgp phun)

D€ théa man nhu clu vé vi mach c& 16n (LSI), ngudi ta c6 ging ting dén muc
cao nhdt d6 tich hgp cia vi mach. Trén dién tich hiéu dung cia mi&ng bén din Si
(vi dy, 6 X 6 mm) cén ch€ t4ac dugc t6i da s phdn ti logic. Muén th& thi, mot la
méi phén td logic phai don gidn vé mach va chi chiém dién tich nhé, hai la tiéu
hao coéng sudt cia mdi phdn ti logic phai cang nhd d€ tidu hao coéng sufit téng cia
miéng Si trong gi6i han cho phép. C6ng TTL khong théa man diéu kién nay.

D&u nhitng nam 70, I’L dugc nghién cdu thanh cong d€ san xuft LSI. M&i phan
td logic cta I’L chi chiém dién tich rdt nhd, c& 0,0026mm2 va dong dién lam viéc
chi dusi 1nA ; do tich hgp dén 500 c6ng/lmm? (d6 tich hgp cta vi mach TTL c&
20 c6ng/lmm?). |

Uu diém cht y&u cta I’L 1a : don gian, 4p thdp, ddong cuc nhd, d6 tich hgp cao.

Nhugc di€m chi yéu cda I°L 1a : téc d6 déng mé tuong d6i thap va bien d6 dién
Ap ra nho.

2.3. MACH CONG MOS

Céng MOS 1a mach cdc phan t déng md st dung MOSFET. V& chdc nang logic
thi c6ng MOS khong khéc gi c6ng TTL. C6ng MOS cd rdt nhiéu chung loai.
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3 day ching ta chi xem xét cdc c6ng MOS dién hinh : Cng NOT, c6ng ANND,
c6ng NOR, c8ng truyén ddn CMOS. Nhitng mach di¢n MOS phdc tap hon déu c6
thé quy vé céc cng trén, nhu la by phan hgp thanh cia nd.

2.3.1. Céng NOT ho MOS

1) Céng NOT ho MOS phu tdi dién tré hink (2-3-la)

C8ng NOT bao gfm
mo6t MOSFET kénh

dén N chua cd sén nfi ' T Yo(V)
tisp véi dién trd tai Ry, . ‘ 12
a) Ddc tinh tinh E (+72V) .
Khi V, 14 mic thép, : \ \\
' 8
Vo < Vg thl T ngit. Rs \ \ \Q\\
Vo = Vou = Ep. | 6

o
L 3
"
5]
40%

Khi V, 12 mic cao,
! T » \%®
Vy > Vo thi T thong.  J o——l _ T , o N
Vo = Vo ' %
Vay quan hé giita o ] 2 ¥ 6 & 70 12 | *V’(” -
V, va V, Ia logic NOT. (@) (&)

(DAO) Hink 2-3-1. Cdng NOT phy ti dién trd :
Gia dinh ED' = +12V a) Mach di¢n ; b) Dic tinh truyén dai dién &p.

Khi V, = Vy = IV, i V; < Vp; T nght ; V, = Vo = Ep,.

Khi V,

E,
Vor = Fr R Fon @-8-1)

Ron 12 dién trd cda T khi T thong. Ti cOng thdc (2.3.1) ¢d th€ bigt rdng Vg,
phu thugc Ry , Ry cang l6n thi V,; cang nhd. Déng thoi sau khi Ry tang 16n thi

cOng suflt titu thy cha cng NOT & trang thé.l théng gidm nhd. Vay sy téng gid tri
cia Ry, cd lgi cho dgc tinh tinh.

Hinh 2.3.1b trinh bay d4c tinh truyén dat dién 4p cia c6ng NOT ho MOS cd
duge tir thuc nghiém. T¥ dic tuyén ta thdy, Ry cang 16n thl dac tuyén cang déc,

VoL cang nhé, sy lam vidc cla c8ng cang gén H tudng.

Ta cd th€ xdc dinh muc tap am cho phép déi v6i tin hiéu dfu vao t¥ dic tinh
truyén dat dién 4p.
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Xem hinh 2.3.2, V;; la mdc thdp ddu vao, Vi,

12 mdc cao ddu vao, Vi, 14 mic mé cdng, Vype Vo
12 myc ddéng cng, can cd cdc bifu thdc (2.2.6) va Von|
(2.2.7), ta cd :

Var = Vorr = Vi

Vi = Vig — Von

_—
Dac tinh truyén dat dién 4p cang d8c thi mic 0_: - ' i'— Vs
. . (70 (L] 1
tap 4&m cho phép Vi, , Vyy cang 18n. Vidc téng v Vors Von Vo
gid tri dién trd tdi Ry, cling cd igi cho viéc ting L
cudng kha ‘nang chdng nhiéu. Hinh 2-3-2.
b) Pdgc tinh dong Xac dinh mic tap &m cho phép.
Hinh 2.3.8. trinh bay tai dién dung C; cia
c¢Bng NOT ho MOS. Ddu ra cia céng nay néi
vao ddu vdo bao c6ng khdc, théng thudng bd B
qua dién tré tai (vl rft 16n), nén tai cua c8ng *E»
c6 tinh dung khéng. .
Gia s¥ c6 xung vudng H tudng dua dé&n °
g vudng g | . N

ddu vao, ta hay xét dic tinh dong ddp dng

V!H T - ll ©
cia cfng. 8o v6i qué trinh nap, phdng dién Vv, [ | é"__i [ \ & nan
thi thdi gian ngét, thong cia MOSFET cd thé T .

bé qua. Khi V; dot bién lén mic cao, T théng 14 L

ngay, C; phéng dién qua T, V4 gidm dén
Vo1, héing s6 thdi gian mach phdng dién tuong
d6i nhd.

Khi V; d6t bién xuéng mdc thdp, T ngit ngay, E, nap dién cho C qua
Ry , Vi tdng dén V,,, = E;.

Thudng d4 chon R, tuong d6i to dé xdc dinh tinh truyén dat di¢n 4p tinh tot,

nén t8c do nap dién cham hon nhiu so v6i téc d6 phdng dién. Vay thdi gian sudn
duong cta dién 4p ra l1a nhan t6 cht y&u han ch€ t6c dd ddng md cta c6ng MOS.
Vi du, R, = 40kQ, C;, = 2pF, t = 22 R, . C, = 176ns. Vay sy ting R, 14 bat

lgi cho sy tang t6c d§ cong tdc, va lam tang di¢n tich chi®m ché trén miéng S, cla
Ry cing bt lgi cho d¢ tich hgp cia vi mach. Trong thyuc t€, ngudi ta thudng thay

Ry, bAng m¢t MOSFET, tao nén c8ng NOT ho MOS cé phu tdi 12 nguén diéa khién.

Hink 2-3-3.
Mach nap, phdng dién cta CL.

2) Céng NOT ho MOS véi phu tdi la ngudn ditu kkién

Can cd vao dic di€m cta MOSFET lam phy tai, ta phan c8ng NOT thanh 4
loai sau :

a) Céng NOT bdo héa

Hinh 2.3.4 12 mach dién di€n hinh cta cng NOT ho MOS v6i phu tai 1a nguén
diéu khi€n ki€u bio hda. Mach gfm hai MOSFET kénh chua c6 sin (cdc vi mach
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18y phan t¥¢ hinh 2.3.4 lam co sd dugc goi 1a E/EMOS).

Thudng goi T, la bong khuéch dai, T, 1a béng phu tai. Eo(+70V)
Vi G (cuc cdng) va D (cuc méng) cia T, n6i lién, nén
Vpgz = 0, T, luc nado cing lam viéc tai vung béo hoa T2
cia dic tinh cyc méng. . Vo
Khi V, =0 gia thift dién 4p md cla bdng Vr I
T, 1a V; = 2V, T, ngit, vay | ih
°=V0H=ED-VT= 10-2=8V
. Hinh 2-3~4.
Khi V; = 8V (= V), thi T, théng Céng NOT bso hoa.
Ep . ‘
Vo = VoL = 3R Roni 5 168 Ropnp »Roy; thi V, = Vg = 0
_ ON1 T ON2

Céng NOT bao hdoa khic phuc nhuge di€m phai dung dién trd tai gia tri lén
nhung cing tén tai cdc yéu kém sau : miuc cao ddu ra tuong d6i thdp,
(Vog = Ep = Vo) va ndi trd bong phu tai tuong d6i 16n (dung hoa gitta yéu cdu
dac tinh truyén dat dién 4p U tuong, mic th4p ddu ra da thdp va yéu cdu dac tinh
dong tét).

b) Céng NOT Rhong béo hoda =44V

Hinh 2.3.5 12 mach dién di€n hinh ctia c6ng NOT ho jE°“+1OV
MOS vé6i phu tai 1a nguén diéu khi€n ki€u khéng b&o hoa.
Mach tuong ty nhu ki€u bao hda (nén déu la vi mach

E / EMOS), chl khac m6t diéu la cuc téng ‘T, néi vao nguén

riéng E;. Hon nita, T, luén ludn ccng tdac d vung khoéng ¥ c,__| T
I

béo hoa vi Vo — Vg > V

Khi T, nght, V_ = VOH = Ep, bién d9 ra 16n hon

Ngoai nhuge di€m ngi tré béng phu tai tuong d6i lon = Hinh 2-3-5
thi con yéu céu hai loai nguén (E, va Eg). Cong NOT khong bio hoa.

c) Céng NOT voi phu tdi la MOSFET kénh
c6 sdn.

Hinh 2.3.6 bi€u thi c6ng NOT véi phu tai la
MOSFET kénh ¢ sdn (vi mach véi nhitng phén ti Ep
co sd nhu vay dugc goi 1a E/D MOS)

Vi T, 1a MOSFET kénh c6 sén, véi Vg = 0 vln
cé dong dién I, nén cd thé€ ndi lién cyc cua (G) Vo

v8i cuc ngubn (S) ctia béng phu tai. Mic cao déu Vr I

T.
ra cia c6ng NOT 1a V,, = E,. !

Visg = 0, Iy, duy tri gid tri kha 16n trong toan

bd pham vi bién d8i dong, do dd tdn s6 cong téc
cao hon hai loai d4 xét trén. Dac tinh truyén dat Hinh 2-3-6. Cong NOT vdi phy tai 1a
dién 4p kha dfc, nén mudc tap Am cho phép kh4 1én, MOSFET kénh c6 sén.
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cd th€ cong tdc vbi dién dp nguén bé. Nhuge di€m chu y&u cua loai cfng nay la
cébng nghé ché& tao phic tap hon hai loai trén.

3) c6ng NOT ho CMOS

Trong cdc c6ng NOT
trén, khi chon gia tri dién
trd tai ta gip mAu thuin
gita hai y8u céu cua dic
tinh tinh va dic tinh dong.
Cs th€ khac phuc mau
thudn dé theo bién phép
cua c6ng NAND TTL, d¢
Id lam cho T, ngit khi

T, théng va T, thong khi
T, ngit. Céng NOT ho

CMOS dugc thi€t k€ nhu
viay. Xem mach hinh 2.3.7a
T, vln la béng MOS loai

kénh didn N chua cd sdn.
T, bay gis 1a béng MOS

loai kénh dédn P chua cd

Uy (V)

Ep =10V

uv)

C 5 10
sdn. Cdc cyc c6ng cla ()
T1 va T2 néi v6i nhau
thanh ddu vao. Céc cuc Hink 2-3-7. Céng NOT ho CMOS :
mdng cia T; va T, n6i vdi a) Mach dién ; b, c) Djic tinh truyén dit dién 4p.

nhau thanh dfu ra. Khi
cong tdc thi S, néi cuc duong nguén cdn S; néi dat ngubn. -

Thudng E > Vp, + |Vp,| ; Vo, vA Vo, 12 cdc dién 4p md cia T, va T,.
IVosy | > [Vpyl, T, thong, V, = Vo = Ep.

Khi V, =V =Ey, Vg =Ep >V, T théng, Vg =0,T, ngét,
V. = VOL = 0

o]

Vay du tin hiéu ddu vao cé mic cao hay thép, thi mét trong hai béng & trang
thdi ngit. Do dd, dong dién tinh x4p xi O (chl ¢S dong dién dd c& nA), cong sudt
tiéu hao ch& d¢ tinh c6 th8 duéi uW. Didu nay thuan lgi d€ vi mach cd d¢ tich
hop cao. '

Dac tinh truyén dat dién 4p cia c6ng NOT ho CMOS bi€u thi & hinh 2.3.7b.
Dac tuyén nay cé 5 doan nhu sau : '

1) V; < V5, , T, ngét, T, thong (khong bao hda), dong dién qua T; va T, bing
0, vay Vpg, = 0, V, = E,. '
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2) V; > Vo, , T, bdt ddu thong bao hda. Cs dong dién khé bé di qua T, va T,.
Tuy T, vin khéng béo hoa, nhung V¢, = 0, V_ bAt ddu giam.

3V, = V* (xem hinh 2.3.7b), T, va T, déu béo hda, dong dign khé 16n chay qua
T, va T,. Tuong dng v6i bién d6i nhé cia V, la bién d6i l6n cia V, ; doan nay la
déc nh4t, duge goi 1a doan qua deé.

4) V, ti€p tuc tang, T, chuyén vdo ving khong bio hda, Vg gidm nhanh,
Vs tréd thanh 16n, dodng dién qua 2 béng bdt ddu gidm.

5) T, ngét, T, théng khong bdo hda, Vo, = 0, V, = 0

E
Doan thd 3 cla dic tuyén r4t dbec, V' = -§I-)~, vy déc tinh truyédn dat dién 4p
cia c6ng NOT ho CMOS ti€p ci4n v6i dic tinh déng md l tudng.

Hinh 2.3.7c bi€u thj hai d4c tuyén truyén dat dién 4p tuong Ung hai gid tri dién

Ep
dp nguén khéc nhau. Gia thiét dic tinh T, va T, la d6i xing, thi khi V| = 355 at
Ep Ep
1a Vpg, = Vpso = 5 Vv, = IR Su quia d9 ctia dac tuy&n truyén dat dién 4p xay
Ep
ra § lan cdn V| = 5

Khi di¢n dp vao dot bién ti mdc thdp lén mic cao, T, thong, ddng di¢n phdng
cia C; la i, chady qua ndi trd nhé cta T, (xem hinh 2.3.7a)

Khi di¢n 4p vado dft bién tit mic cao xubng muc thép, T, thong, ddng dién nap
cia C, 1a ip chdy qua nfi tré nhd cia T, (xem hinh 2.3.7a). V4y quéd trinh phdng,
nap ciia C; déu xdy ra tuong d6i nhanh. T6c d¢ déng md ctia c6ng NOT ho CMOS
- cao hon nhiéu so véi ba loai c6ng NOT ndi trén. '

: Dang séng cho trén hinh 2.3.8 cho phép tinh toén
tiéu hao cong suft ddng cia c6ng NOT ho CMOS.

k] T . ) . - .

P=%[finvodt+fip_(ED—vo)dt]. Bl s

R Yy e T """"""‘
v N
' dv
N [+] ) .
ln = _CL E‘, tn J\ I \ -
Lo Mo 4V N
PEM TG T T dt
thay vao bi€u thudc trén, ta cd : ' Hinh 2-3-8. Dang song.

1 0 0
P = -T[CL}! - Vv, + CLEfD- (Ep — V)dE - vo)]

“D .
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C
= Lrlpe  1lg
= T[2ED+2ED]
= GE}f (2-3-2)

(2.83.2) Cho thdy t8n hao cOng suft dong ti 18 thuan v6i dién dung phu tai C,,

tdn s6 tin hiéu f va binh phuong dién 4p nguén Elz). Vi du, E; = 10V;C, =20pF
f = 100kHz, tu (2.3.2) tinh duge P = 0,2mW.

Trong trudng hgp tin hiéu du vao khéng phai 12 xung vubng li tudng, trong qua
trinh chuyén mic s& xay ra khodng thdi gian ngén ca T, va T, déu théng, diéu dd

lam cho cOng suft t6n hao ting lén moét {t so véi két qua tinh todn theo (2.3.2).

C8ng NOT ho CMOS cdn cd cdc vu di€m sau : pham vi dién 4p nguén rong (tit
3 dén 18V), mdc tap Am cho phép 16n, hé s6 méic tdi dfu ra 16n. Md&y nam gén
day sy phat trién cia vi mach CMOS cuc ki nhanh. Trong khu vyc SSI va MSI, vi
mach CMOS d& sanh kip vi mach TTL. V1 cong sudt t6n hao nhé, nén CMOS cd
vi trl quan trong trong khu vuc LSI. Nhuge difm chi y&u cia CMOS la cong nghé
phic tap.

TOM TAT

Ching ta da tim hiu ki v& c6ng NOT ho MOS. Ching dugc phan loai theo dac
di€m phu tai. Giéi thidu loai tdi dién trd nhdm dua ra nhitng kién thic co 8§ tim
hiéu loai tai ngubn diéu khi€n. Loai tai sau lai phan thanh E/E MOS, E/D MOS va
CMOS can cid dac di€ém bdng phu tai. Bang 2.3.1. tém tat cac cdng d€ tién so sénh
va 6n tap. '

Bang 2-3-1 : SO SANH CAC CONG NOT PHU TAI LA NGUON DIEU KHIEN

khong bfo hoa

tac d ving khong bio hoa

Loai cbng Hinh thiic phy tai ‘Uu diém Nhuge diém
E/E MOS Keénh din N chua c6 sfin cong | Cong nghé don gidn Bién d0 tin hiéu ra nhd téc
bio hoa tac & vang bdo hoa do thép.
E/E MOS Kenh din N chua c6 sin.cong | Bien d¢ tin hiéu ra In Cén 2 ngubn t6c d¢ tuong

dé6i thip

thc & trang thai dong mo

E/D MOS Keénh din N c6 sin cOng tac | Bién d0 tin hiéu ra 16n t6c'| Cong nghé ch€ tao philc tap
vi Vgs = 0 40 cao, mic tap Am cho phép
16n
CMOS Kénh din P chua c6 sin cong | Titu hao odng suft nho, t6c | Cong nghé ché tao philc tap,

dd cao, bién d0 ra 1dn, miic
tap Am cho phép 16n, pham
vi dién ap ngudn rdng, hé s6
tai diu ra 16n

gid thanh eao
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2.3.2. Céng NAND va NOR ho MOS

Trén co sé c6ng NOT ho MOS, ngudi ta d& dang ché tao tft ci cdc mach logic
khéc, ma phén t¥ di€n hinh nhdt 12 t§ng NAND va c6ng NOR.

1) C6ng NAND ho MOS

@) Céng NAND logi E/E MOS Eb

Hinh 2.3.9. trinh bay mach dién ¢6ng NAND, sy thuc hién 7
cia né la thém vao moét MOSFET khuéch dai trong so dé EE T;
c8ng NOT. Chi khi nao hai tin hiéu ddu vao A, B déng thoi
3 muc cao, T, va T, déng thdi thong, thi diu ra Z méi la ——° %
mic thép. Vo, = 0. Con bét ki cd déu vao nao & mic thép, Bo[ 7,
ddu ra Z ¢ muc cao 3 y Htiﬂ

| Vou = Ep = Vg
Quan hé logic cia c6ng la : Z = A B )
Mic thdp ddu ra la tng cic dién ap roi trén T, , T, théng. Hink 2—3-9.

Né&u s6 ddu vao tang thi midc thdp ddu ra sé tang. Cdc bong cdng NAND E/E MOS.
khu&ch dai ndi ti€p nhau nén dién th& cuc nguén (S) cua céac

béng nao cang g4n bdng tai thi cAng cao, tuong Wng dién 4p tin hiéu vé.o phéi cang
16n thi béng dé méi théng, vay ddi héi bién do tin hiéu vao phai 16n. Hai nhuge
diém trén han ché& s6 ddu vao. :

b) Céng NAND logi E/D MOS
Hinh 2.3.10 trinh bay mach c8ng NAND loai E/D

MOS. Nguyén li c6ng tdc va dac diém giéng c6ng NAND
loai E/E MOS. Chi cd mot diéu khac 12 mic cao ddu ra - Eo

cao hon (VOH z'ED ) a _] kenh co
. T; sdn
¢) Céng NAND loai CMOS

4

Xem hinh 2.3.11 hai _
bong khuéch dai T, , T, B[ _T2) kénh
la kénh N chua cé sén. khéng
Ty

Hai bdng phu  tai Ao—] co san
nE” - T, , T4 1a kénh P chua cd -
T2 sdn. Hai bong khuéch dai
—IL—.‘ F‘I: 7y méc ndi tiép. Hai bdng | Hinh 2-3-10.
*_L__E_c z phu tidi méc song song. Cong NAND E/D MOS.
Ao IEI_ T Chl khi A, B déu 12 mtc cao, T, vd T, déng thdi
théng, T, va T at, thi d4 Z méi la muc thdp.
ol 8 _ ng, T, v 4ng u‘ra méi 14 mdc thdp
30———'}-— Nhung dién tré ddu ra 1a 2 14n ndi trd cia mdi bong
- khuéch dai. Khi A, B déu 12 myc thdp, T, va T, dbng
' thti ngat, T, va T, théng, nhung dién trd ddu ra la
Hinh 2-3-11.

mot n¥a ndi tré cta mbi béng phu tai. Khi mot ddu

Cong NAND CMOS. vdo mic thdp, moét ddu vdo mic cao thi cdc bong
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khuéch dai khéng théng va chi cé 1
bong phu tai théng va dién trd ddu ra
la néi tré cha né. Vay n&u ddu ra cé

muc cao thi dién tré ddu ra phu thudc Ep Vo
t6 hop trang th4i tin hiéu ddu vao. v, “:D)—V, £
Né&u phai ting s6 ddu vao, thi sé Ey ’ s
bdng khué&ch dai méac néi ti€p nhau tang v Vb»-ya
1én, phat sinh v&n dé muc thdp ddura . % ¢
bi tang. D€ khac phuc v&n dé nay, ngudi v a
ta c6 th€ ap dung nhitng mach phiic ’—‘D_V"
tap hon, chdng han thém vao hai cép ¢ 0 ¥
DAO (c6ng NOT) & dau ra. ‘ £
Hinh 2-3-12.

Trong trudng hgp cé nhiéu ddu vao,
trang thdi ddu vao khdc nhau cliing lam
thay d6i moét it dac tinh truyén dat dién
dp. Hinh 2.3.12 bi€u thi c6ng NAND 8 d4u vao, v6i cdc cdch ddu n6i khdc nhau
chi khi ¢d mét tin hiéu ddu vao. Sau day ta giai thich sy chénh léch ctia ddc tinh
tuong dng. Trudng hop a : 1 ddu vao tin hiéu, 2 d4u vao néi ngudn.

Hai ddu n6i nguén 1am 2 béng phu tai tuong dng hoan toan ngit, 2 béng khuéch
dai tuong Ung hoan toan théng véi nodi trd nhdo. Thudng bién d¢ tin hiéu ddu vao
16n hon t8ng gia tri tuyét d6i cua cdc dién 4p mé bong phu tdi va béng khuéch
dai. Vi vay trong qua trinh d6t bién duong cta V), c6 khodng thdi gian ngén ca hai

bong (phu tai va khué&ch dai) déu thong, tuong Ung 12 doan qud do cta dac tinh
truyén dat dién 4p. Khi dd, dién dp ddu ra la su phan 4p trén ndi trd cua hai bong
(hai bong nay chua hoan todn théng nén néi trd clha ching ta la dang ké&, néi trd
cdc bong khu&h dai khac nho dén muc cé thé bdé qua).

Trudng hop b : 2 d&u vao néi chung mét tin hiéu, 1 ddu vao néi ngubn. Khi
V| tuong idng voi gid tri qua d9, thi 2 bong khu&ch dai va 2 béng phu tai dong

thdi théng, nhung bdéng khué&ch dai mic néi ti€p con béng phu tdi méc song song,
nén k&t qui sy phén 4dp 12 tang cao mdc dién 4p ra V. Do dd, dac tinh truyén

dat dién 4p dich sang phai
nhu hinh 2.3.12 d4 bi€u thi.

Trang thai ddu vio inh hudng dén
dic tinh truyén dat dién ap.

Gid tri ngudng cing tang . | £,
mot chiit. . E,

Truong hgp ¢ : 3 ddu vao 8 0—m
chung mot tin hiéu. Dac tinh E'j ' I :
truyén dat dién 4p dich thém Ao :]

sang phai. ——o2 l .
.g___o z
- H o
2) Cong NOR Aoril” Bo J J
Né&u trong so dé céng : l

NOT, ta thém bdng khué&ch fa) ()
dai ddu song song, thi ta
dugce so d6 cdng NOR. Hinh
2.3.13 trinh bay mach dién
cd ban cia cng NOR ho

Hinh 2-3-13. Céng NOR :
a) E/EMOS ; b) CMOS.
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E/EMOS va c8ng NOR ho CMOS. Vi béng khu&h dai dfu song song, nén dién trd
ddu ra khi ddu ra & muc thdp khong bao gi 16n hon ndi trd ctia mét bsng khuéch
dai thong mach ; do dé khéng cé vdn dé muc thdp déu ra tiéng cao theo s§ déu
vao. C8ng NOR vl vy duge dung nhiéu nh&t trong vi mach MOS. Nh4n xét hinh
2.8.13, di mach E/EMOS hay CMOS, chi cfn ¢ 1 ddu vao & muc cao thl dfu ra
88 cd mdc thép, gita ddu vao va ddu ra cé quan hé logic NOR

Z = A+B

2.3.3. Cong truyén din va chuyén mach tuong ty ho CMOS

Hinh 2.3.14a
biu thi cOng _ A
truyén din dondi ttéo -

. song song mot T, %j ¢
MOSPET kenh P, ,__I D v o—o—ote % ofrd ok, v
 chua c¢ s&n véi S f—l m
moét  MOSFET T ¢

kénh N chua c¢¢ ¢ :
sdn ; mach nay (a)

“duge goi l1a cdng

(5) (c)

truyén dén he Hinh 2-3-14. Céng truyén din CMOS.
CMOS. . a) Mach di¢n . b) Mach tuong duong c) Ki higu
Hinh 2.3.14a
cho thdy : cyc nguén S cia T, vd T, néi chung lam ddu vao, cuc mang D cua
T, va T, n6i chung 1am ddu ra, & cyc cng cia T, vd T, cd céc tin higu diéu khién
: nguge pha C va C. Gia s tin hiéu diéu khi€n cd mic cao Veu = Ep va mue thdp
Vo, =0 KhiC=1C=0)vaV=Vey;thiVgg=0; Vo= —Ve; T,
‘ E
thong, T, ngit ; Con n&u V; = 0, thi T, théng, T, ngit ; Néu V| = 3 thi
T, v& T, déng thodi thOng. Tém lai, khi C = 1 thi lic ndo ciing céd bong théng v6i
ndi tré vai tram , tuong
duong sy tiép thong cla
chuyén mach. '

E, T
 KhiC=0(¢(C=1,chi -+ e .
cén Vi = 0 + Ej thi :I__ | : b

T, va T, déu ngit, lic nay . ——
1 2 )
corl = J] o
T

chl c6 ddng dign dd cd pA 77,
chdy qua, tuong duong su -
ngit hé mach cia chuyén

mach. f}o Vo
Vi cfu tric cia MOSFET (@) S (b)

d6i xing, S va D c6 thé hodn

vi, do d6 c6ng truyén din ’

ho CMOS la hai chiéu, cdn Hink 2-3-15. Chuyén mach tuong tu

goi 1a chuyén mach 2 chiéu. =~ @) Machdién b) Ki hi¢u
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Cléng truyén dén va cbng logic ph6i hop v6i nhau thi ¢d th& tao ra moi mach
dién C MOS phic tap, vi du nhu : tao xung, dém, ghi dich, giai toén, vi xi M,
b nho v.v..

Mot dng dung quan trong khac cia cfng truyén din la chuyén mach tuong ty.
Hinh 2.3.15 gi6i thiéu mach dién thuc t& ctia chuyén mach tuong ty do c8ng truyén
dédn va cng NOT céu tric nén.

Khi C = 1 thi chuyén mach néi théng.
Khi C = 0 thi chuyén mach ngit hd.

Vi vay, chuyén mach nay cd th€ déng ngdt dién 4p tuong tu véi bién d0 tuy y
trong pham vi V., + V.

TOM TAT

Chuong 2 da trinh bay cfu tric, nguyén li va dic difm cta céc cdng thudng
dang. Xuft phdt tit thyc t€ mach dién da vi vach hda, nén trong tdm chi y nghién
ctu cta ching ta 1 cdc c8ng dugc vi mach hda.

Cé6 2 loai vi mach s6 ph8 bi€n nhdt : TTL va MOS. TTL la cong nghé di€n hinh
trong nhém céng nghé tranzto bao gém TTL, HTL, ECL, IzL, MOS ]a cong nghe
vi mach s# dung MOSFET, trong d6 dién hinh 1a CMOS...

BAI TAP

1-2. Thé& nao la logic AND, OR, NOT. Hay 14y 2 vi du cho méi logic.
2-2. Cho mach dién di6t

D
a—- Phan tich quan hé logic +Eo Ao—pt
gita ddu ra Z, , Z, v6i cdc 5 R, . Bo—-%-ﬂ—
ddu vao A, B, C. Ac—2ig °Z, D, _
_ Co —oZ
b- Cho dang séng tin hiéu Bo D8 ' | » 2
ddu vao A, B, C 4 hinh C. o ’f
~-E
Hay ve dang sdng Z, va Z, c ) ‘ (5) 0
(tin hiéu vao cd bien do du ~
16n theo yé&u céu)
A M LJ L
B L J L1 1
o LI 1
(¢)
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2-3. Cho mach dién
D, , Dy la di6t Si. Dién dp roi khi di6t théng 1a 0,7V.
Do dién 4p ¢ B va Z bing d6ng hd van ning cd ndi trd

+ Lo+ 10V) 20kQ/V. Héi gid tri do dugc trong cdc trudng hgp sau :
5k a. V, = 0,8V, B h¢
Da Ro
Al oy b. V, = 10V, B hd
Ds . . )
B | c. A néi bk, B hé

d. A ndi 5V, B néi 5kQ
e. A ndi 2kQ, B néi 5V.

2-~4. Logic duong la gi. Logic am 1a gi ?
2-5. Cho mach dién
tranzito b E45V)
Hay phan tich, tinh
todn d€ x4c dinh, trang
thai céng tac cla
tranzito.

2-6. Mach c6ng di6t cd nhugc di€m gl. Mach cfng tranzito khac phuc nhing
¢ nhuge di€m trén nhu th& nao ?

2-7. Cho mach dién ,

Gia thiét Vy, = 55V, V; = 0,3V

a - Cho g = 30 ; E; = 8V. Héi tranzito cd thé
ngit va thong bao hda tin ciy khéng ?

b - Dé& bao dam tranzito thong bao hda khi

V, = 5,5V ; E; = -8V thi gid tri t6i thidu cia
B 1a bao nhiéu ?

c - D& bao dadm tranzito ngdt tin cay khi V| =
0,8 V thi gid tri t6i da cta Ej la bao nhiéu ?

Ec=72V Ea'—"s 4

2-8. V6i mach da cho & dé 2.7, goi cdc ddu vao la A, B, C, D, giad thiét muc
cao la 5,6V, muc thdp 1a 0,3V, E; = -8V, § = 30. Goi Z la tin hi¢u déu ra cta

mach. Hay viét bang chén li vd ham logic tuong dng cla mach véi 2 trudng hop :
logic duong va logic am.
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2-9. Cho mach dién TTL

a — Phan tich chic nang logic cia
mach.

b - Téc dung cta D va R, la gi ?

Né&u chuyén vj trl cia D dén bazo
T, thi c6 anh hudng gi dén su lam

viéc binh thudng cta mach.

¢c-Vy =03V, Vy = 3,6V. Hay
tinh cdc gid tri V, + Vo va I + I,
trong hai trudng hgp. Gia thiét
By =83 =8,=20 con B, = 0,01
(T, & ch& d6 ddo cuc)

2-10. Mach tuong duong ddu vao cia mét cdng TTL
nhu da cho. Hay tinh dong dién ngdn mach ddu vao I
va dong dién bazo cia T, khi hé mach I;,. Néu cé ngudén

-2V néi vao ddu vao thi cé xay chuyén gi khéng. Do la
didt bdo ho ddu vao, khéng anh hudng dén su lam viée
binh thudng.

E. = 5V ; R, = 4kQ ; §, = 0,01
2-11. Gia thiét ding d6ng hé van nang néi tré 20kQ/V

d€ do dién 4p ddu vao hd mach cia c6ng NAND TTL, héi
gid tri do duge trong 5 trudéng hgp sau :

a - Khi cdc ddu vao khac cling hd mach.

b - Khi cdc ddu vao khac néi vao cuc duong cia ngudn dién.
¢ — Khi ¢6 mét trong nhitng ddu vao khdc néi dét. a5

d - Khi toan b8 cdc ddu vao khdc néi dit.

e — Khi cdc ddu vao khac néi vao 0,35V.

2-12. Cho miach dién : cdng NAND TTL kich mach
khuéch dai tranzito d€ diéu khién role. Dién 4p tac déng —
cia rale 1a 8V. D& bao dam d6 tin.cay, khi ddu ra cfng -
NAND cé muc cao, tranzito phai thong béao hoa, hdi gid o
tri B va R,. Gia thiét dic tinh ddu ra cia c8ng NAND cho

nhv hinh 2.2.13, E. = 12V, dién trd mét chiéu cua
cudn day role 1a 250Q.
g . e |- s
2-13.'DE chéng can nhiéu ddu vao du, cd th€ dung _
|| U,o———

T+Ec(+5V)

tu dién nhu hinh vé dugc khong.

(Hinh vé cho xung tin hiéu rdt hep, cho tu dién
tri s6 lon) : 30,41—

6a - CSKT. 81



' réc mach sau

'2-14. Cho mach dién dién hinh d4u ra cbng TTL. Xdc 5y
dinh dong dién ra ngdn mach I khi T, ngat. Gia thist +E£cT55;

2-15. Cho céc dic tinh cla cfng NAND TTL
Voi Vi = 3.6V ; V= 0,8V (Vo > 3V ; Vo < 0,3V)

Hay xac dinh
gdn ddng céc
tham 88 sau va
dién vao ding
chf trén  dac
tinh:

Vi s Vin» Yoo »

I;(mA) ’ “uiv)

Vous Yon Yore
Vne o Vas o Voo

RON ’ ROFF ' IIS ’

phun)

2-16. Cho céc dac tinh
cta c6ng NAND TTL nhu -

~ trong bai tap 2.15. Gxé thi&t
- VIH ? 36V V 03V“

o a :— X&c dmh pham v1 /
L gia tr1 cho phép cﬁa R dé
théa man b S

F ABanﬁ

b - X4c dinh pham vi gid
tri cho phép ctia R, dé

F = ABC. Cho R, = 1,2KQ2

¢ ~ Xéc dinh pham vi gi4
tri cho phép cia R d¢ =

F, = AB;F, =AB.C



d - Gia tri R, va R, phai théa man diéu kién gi d&

F,=AB;F,=2ABC

e - Xdc dinh pham vi gid tri cho phép cia R, d€ F, = AB ; F, = AB

g - C6ng NAND TTL 3 diu vao cd thé chiu tii la bao nhiéu c8ng cung loai.

h - Cho cdc tranzito déu ¢ 8 = 25, héi c6ng NAND TTL c6 th€ chiu tai t6i
da bao nhidu bo khuyé&ch dai dao tranzito.

2-17. Cho mach
dién va dang séng tin
hiéu ddu vao. Gia thiét
thoi gian truyén dat
trung binh cta méi
c6ng 1A 20ns, tdn sb
lap cda tin hiéu la 2,5
MHz. Thu vé :

a - Dang séng tin
higu ddu ra V_ khi

bé qua thoi
truyén dat.

gian

b - Dang sdng tin
hidu dfu ra V_ thuc t&

(k€ dén thai gian truyén dat).
2-18. Cho mach dién : M, v& M, 12 2 c6ng NAND hé colecto. M&i cng cho phép

dong dién hat cue dai 1a 13mA (ddu ra mic thép), dong dién do khi ddu ra mdc
cao nhé hon 250uA. M, , M, , M; c6ng NAND TTL, s6 dfu vao cia M, la 1, cia

M, la 2, cia M, la 3 va déu dfu vac nhau. Gia thiét dong dién ngén mach cua

Ec

DS
=7

(a)

')

o—o V,

Py
0
i ] I ! -t
{ I | |
Yz 1 \ [ H
1 I ! |
0 - ¢
(5)

é6ng NAND TTL la
1,6mA, dong dién do dfu
vao < B0uA , E. = 5V.

Héi R; chon bao nhijéu.

2-19. M, 1a cfng 3
trang thai, M, la c6ng
NAND TTL. Héi dién th&
ddu ra cfng ba trang thai
trong 2 trudng hgp déu
diéu khién C & mic cao
va mdc thdp.

2-20. Cho cédc mach logic TTL véi gia dinh thuc hién :

F, =

H
d g

F2=
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F, = AB +CD
F, = AB + CD
F; = AB . CD

Roy = 2kQ ;Ropp =0,8kQ

s

Nang luc chiu tai phun
< bmA ;

Nang lue chiu tai hit
< 15mA ;

Hdi nhitng mach dién trén
cé th€ lam viéc binh thudng
hay khoéng. Li do.

2-21. Cho mach
dién cdng TTL va dang
séng dién 4p tin higu
ddu vao. Hay vé dang
séng ddu ra F, + F,
cua cac cfng logic.

2-22. Cho so d6 cac
c6ng va dang séng d4du
vao. Hay v& dang sdng
ddu ra clia cdc c6ng :

Do n
Do B

[11

1

onmd

R£5 k

(c)

(e)




2-23. Cho mach dién céac
cng va dang sdng dfu vio.
Hay viét bi€u thic ham logic
ddu ra

2y,2;,24,2, L

Va vé dang sdng tin hiéu
dau ra.

2-24. Cho mach dién va dang sdng

Céng 1 la céng
NAND hé colecto

Khi bao hoa
V. = 0,3V.

(o]

Céng 2 l1a cng
NANDTTL co dic
tinh ngoai cho & bai
tap 2.15

Tranzito T khi
bédo hoda VCES = 0,3V
VBE = 0,7V

a - Hay tinh V, , V_ , V, khi V, = 0,3V
b - Hay tinh Vp , V., V; khi V, = Vp = 3,6V

c - Cho I, = 18mA, hdi ddu ra Z cé thé chju tdi bao nhiéu céng NAND TTL
nhu cfng 2. :

d - Néu R, dit, mach dién c6 thé lam viéc dugc khéng. Tai sao. Tinh V,.
e - Néu R, ddt, mach dién cd th€ lam viéc dugc khong. Tai sao. Tinh V,.

g - Néu R, dut, mach dién cd th€ lam viéc dugc khéng tai sao. Tinh V,.

85



h - C6 thé d6i c6ng 1 thanh c6ng NADN TTL nhu c8ng 2 c6 dugc khong ?

i — Hay viét bi€u thdc ham logic ddu ra Z.

k - Ha_y vé dang sdng Vp , V., V, tuong ing V, , V5 va ghi chi cdc gid tri
dién 4p.

2-25. Cho mach dién
cOng ; a nbi ti€p v6i mach + E(+5V)
c8ng ; b thi 1am viéc binh
thudng, nhung né€u a néi
v6i ¢ thi khéng lam viéc
binh thudng dugc.

Cho bi&t tham s86 cda

c6ng NAND 1a V; = 1,4V (a) L {c)
Iig = 1,4mA , I;;; = 50uA. '
Tranz1to co tham s6 : 8 = ; Ioy = 30mA.

a - Hay tinh tinh hinh cOng tdc trang tinh trong hai trudng hgp trén.

b - Héay vé dang séng P va F tucng ing A = 1, A = 0O trong hai trudng hgp
trén.

2-26. Hay phan tich mang e¢6ng NOT hinh 2.3.1a.

Né&u muén céng sult t6n hao nhd va bién do tin hiéu ra 16n, thi yéu cdu dac
tinh bong va gia tri R, nhu th€ nao.

2-27. Tai sao chi dt‘ing 1 béng MOS thay thé& dién trd tai R trong c8ng NOT ho
MOS. Can cid dic di€m bdng phu tai, c6ng NOT ho MOS ¢é médy loai. Hay vé& mach
dién cua ching.

2-28. Trinh bay dac di€m cia c6ng NOT ho MOS va c6ng NOT ho CMOS.

2-29. C6 cho phép ddu vao méch CMOS d€ hd lo liing khéng ? ¢ thé€ ndi déu
vao d€ hd d¢ tuong duong muc logic 1 hay khong ?

2-30. Cho cdc mach chén CMOS.

Hay phén tich dé
viét bi€u thdc ham
logic cia ching. Hay
v€ so d8 mach logic
tuong duong don gian
hda cda ching.
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2-31. Hay phén tich dé€ En

vi6t bi€u théc ham logic 2 3
céc mach dien CMOS da cho. | 4 100k
.~ —Z st P
e P z
K 100 k ¢
A D - ¥
(a)} (b)

2-32. Hay phan tich va vé ra dang séng dfiu ra cia mach dién CMOS sau

L & ol
e

(=i
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Phy lyc : BANG Ki HIEU CAC CONG

Tén c8ng theo Cac ki hiéu tuong duong
chic nang logic

I

—_— Y

—_t b

NOT —{>—

XOR :)D— 1@

wo | D

I
[

11

or T OO— —
D_

| |

NOR

NORAND




Chuong 3

co sO pAl SO LOGIC

3.1. KHAI NIEM CO BAN, CONG THUC VA DPINH Lf

Dai s6 logic do George Boole, nha todn hoc nuéc Anh, sdng tao vao giia th& ki
XIX - So v6i dai s6 thudng, dai s6 logic don gidn hon nhiéu. Tuy dai s6 logic cling
ding chit bi€u thi bién s, nhung bi&€n s logic chi 4y gi4 tri rdt don gian, 1 va
0, khong cd gi4 tri thid ba ndo nita. Hon nita, 0 va 1 & dai s6 logic khong chl bi€u
thj s6 luong to nhé cu thé, ma chd ysu 1a d€ bi€u thi hai tré.'ng thai logic khéc
nhau (vi dy, ding 1 va 0 d€ biéu thi : ding va sai, that va gia, cao va thdp, cd
va khong, md va déng v.v..). Trong dai s6 logic ¢ m6t s6 quy tdc gibng v6i dai
36 thudng, nhung lai cd mot s6 quy t&c hoan toan khdc véi dai s6 thudng, ching

ta cdn luyu y phan biét trong qué trinh hoc tap.
3.1.1. Phép toan logic va ham logic co ban

1) Phép todn logtc co bdn

Nhu ta da bi&t, quan hé logic co ban nhédt chi c¢6 3 loal VA, HOAC PHfI
DINH. Vay nén trong dai s6 Ioglc, cing chi cé tuong Ung 3 phép toé.n loglc co ban
nh#t 12 : nhan logic - VA
cong logic - HOAC, déo
logic - PHU DINH. Cac
mach dién thuc hién 3
phép todn co ban nhit,
tuong Ung la cdc cng VA
{AND), HOAC (OR), DAO

(NOT)
Hink 3-1-1. Ki hiéu logic cia cic cdng cd ban:
Tuong tdng, hinh 3-1-la : Z, =AB . = (1-1)
hinh 8-1-1b, b’ : Z, = A+ B (3-1-2)
hinh 8-1-1c : Z, = A . (3-1-8)

Ngoai ba phép toén loglc c¢d ban nh4t trén day, ching ta con thubng xuyén gip
‘tAdc. phép toan logic sau : : VA - PHU DINH, HOAC - PHU DINH, VA - HOAC -
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PHU DINH, CONG V01 PHEP LOAI TRU... Mach dién tuong dng d€ thuc hién cdc
phép todn trén, theo thd tu 1a cdc ¢8ng : NAND, NOR, NORAND, XOR bLi€u thj
trén hinh 3-1-2 :

s NFE a A A NZI,
B— B~ o ¢ - B 1 @

a) b) o d)

Hinh 3-1-2. Ki hi¢u logic cac cdng logic thudng dung.

Tuong dng, hinh 3-1-2a : ¢6ng NAND " Z,=A.B {3-1-4)
hinh 3-1-2b : c6ng NOR Zy=A+B (3-1-5)
hinh 3-1-2c : c6ng NORAND Z, =A.B+C.D (3-1-6)
hinh 3-1-2d : cdng XOR Zy = A®B (3-1-7)

2) Bién logic va ham logic

Cac cong thic (3-1-1) + (3-1-7) la cac bi€u thic logic, trong dd A, B, C, D la
cdc bién logic ddu vao, Z 1A bién logic dfu ra, ddu gach phia trén bién logic biéu
thi ham logic ddo cua bién dd. Céng thdc (3-1-1) bi€u thi quan hé VA giwa A voi
B, Z, 1a ham VA cla cdc bién A va B. Cong thitc (3-1-2) bi€u thi quan hé HOAC
gitta A v6i B, Z, 1a ham HOAC cida céc bién A va B. Cong thic (3-1-3) biéu thj
-~ 2, 1a ham DAO cia bién A. Céng thdc (3-1-7) bidu thi gquan hé CONG V01 PHEP
LOAI TRUY gidta A voi B, z7 ham XOR ctia céc bign A va B.

Ndi chung, sau khi da xéc dinh gia trji cdc bign ddu vao A, B, C.. thi giad tri
bién ddu ra Z cing dugc x4c dinh theo modt cach don tri. VAy ta goi Z 14 ham s6
logic cia A, B, C..., va ta ¢d th€ viét :

=F (A B C, )

Trong dai s6 logic, bién s6 va ham s6 déu chl 14y hai gid tri ; thudng diung O
va 1 bifu thi. Didu d6 cd co s& trong quan hé nhan qua cda cdc sy kién. M6i bién
s6 bi€u thj mot didu kién d€ sy kién cS thé phdt sinh. Diéu kién d6 chi ¢ thé c6
hay khong. Ham s6 bi€u thi ban than sy kién d6 phét sinh hay khong. S6 0 va 1
bi€u thi ki hiéu cia hai kha nang d6i lAp nhau dd, va trong da s6 trudng hgp,
chiing khéng cd ¥y nghia s8 lugng niia.

3.1.2. Cong thic va dinh Ii

1) Quan hé gika cdc hing s6

V1 trong dai s6 logic chl cd hai hing s6 0, 1, cidc bién logic cing chi 14y mot
trong hai gid tri d6, va cing chl c6 ba phép todn logic co ban nhft, cho nén cing
chi ¢d céc quan hé dudi day :
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Céng thuc 1 0.0=0 (3-1-8)

Coéng thic 1’ 1+1 =1 (3-1-9)

Céng thic 2 0.1=0 (3-1-10)
Céng thuc 2’ 14+0=1 (3~1-11)
Cong thic 3 1.1=1 (3-1-12)
Céng thic 3’ 0+0 =0 (3-1-13)
Cong thuc 4 ) =1 (3-1-14)
Céng thdc 4’ 1 =0 (3-1-15)

Nhitng quan hé trén day gitta hai hdng s6 lam tién dé cia dai sf logic. Nghia
la, ching 1a cdc quy téc phép todn co ban déi véi tu duy logic.

2) Quan h¢ gita bién s6 va hing s6

Cong thie 5 Al =A (8-1-16)
Céng thic 5’ A+0=A (38-1-17)
Cong thuc 6 A.0=0 (3-1-18)
Céng thic 6’ A+1=1 (3-1-19)
Céng thac 7 A.A=0 (3-1-20)
Céng thic 7’ A+A =1 (3-1-21)

3) Cdc dinh Ii twong tw dai s6 thuidng

Ludgt giao hodn :

Cong thic 8 A.B=B. A (3-1-22)
Céng thuc & A+B=B+A L (8-1-23)
Ludt két hop :

Céng thic 9 (A.B).C=A.(B.C (3-1-24)
Céng thic 9 (A+B)+C =A+(B+CQC) (3-1-25)
Ludt phdn phéi : ;
Céng thic 10 A . B+C)=A . B+A.C (3-1-26)
Cong thic 10’ A+BC=QA+B).A+C (3-1-27)

4) Cdc dinh li diic tha chi c6 trong dai s6 logic

Ludt dong nhét :

Céng thie 11 A.A=A (3-1-28)
Céng thdc 11’ A+A=A (3-1-29)
Dinh Ii De Morgan :

Céng thic 12 A B=A+3B (3-1-30)
Cong thdc 12’ A+B=A.B (3-1-31)



Lugt hoan nguyén :
Céng thic 13 A=A (3-1-32)

Phuong phap ching minh cdc céng thic trén la lap bang tdt cd cac gid tri cd
thé€ cla cdc bién va tinh tuong dng véi v& phai, v& trai rieng ré. Néu ding thic
gita hai v&€ tén tai v6i tdt cAd cdc gia tri cd thé€ thi cong thic la dung. Coéng thic
5 va cOng thic 13 r4t dé ching minh. Duéi day sé ching minh lam méiu cic cong
thic 10’ va cong thic 12.

Vi du 3-1-1. Ching minh céng thic 10’
A+B.C=((A+B).A+C(C
Giai : lap bang t4t cA cdc gid tri c6 th€ cta bién va tinh nhu sau

Béng 3-1-1

A B C B.C A+B.C A+B A+C (A+B)
(A+C)

0 ] 0 0 0 0 0 0

0 0 1 0 0 0 1 (]

o | 1 0 0 0 1 (] 0

0 1 1 1 1 1 1 1

1 ] 0 0 1 1 1 1

1 0 1 0 1 1 1 1

1 1! 0 0 1 1 1 1

1 1 1 1 1 1 1 1

T4t ca cac gia tri cia 3 bién A, B, C tao thanh 8 t6 hop. Bang chan If cia ham
A + B.C tring v6i biang chan lf cia ham (A + B)(A + C). Vay cong thic A + B.C
= (A + B) (A + C) da duoc ching minh,

Vi dy 3~1-2 : Chung minh cong thic 12

A.B=A+B _
Giai : Lap bang t&t cA cac gid tri ¢ th€ cia bién va tinh nhu sau

Bang 3-1-2
A B AB A.B A B ‘A+B
0 0 0 1 1 1 1
0 1 0 1 1 0 1
1 0 0 1 0 1 1
1 1 1 0 0 0 0

T4t cA cdc gia tri cia 2 bién A, B tao thanh 4 t8 hop. Bang chén li cia ham
AB trung voi bang chan i cta ham A + B . Vay cong thic 12 da dugc ching
minh.

92



5) 3 quy tdc v¢ ding thitc

a) Quy tdc thay thé

Trong bat ki ding thdc logic nao, n&u thay mét bién nao dé bing mét ham sé
thi ding thdc vAn thiét lap.

Quy tic nay cd dng dung rdt lén trong bién d8i cong thic d€ tao ra céng thidc
méi td moét cong thidc da bi&t, md rong pham vi dng dung ctia cong thic da biét.

Vi du : Cong thic da bist A.B = A + B. Ding Z = A.C thay vao bién A, ta c6 :
(A.C))B=AC+B=QA+C)+BhaylaA.C.B=A+C+B

b) Quy téc tim ddo cua mét ham sé

Z la dao cia ham s6 Z sé cd duge tit Z bang cadch d8i d&u "." thanh ddu "+ ;

“+" thanh d4u "." ; "0" thanh "1", "1" thanh "0", bién s§ thanh ddo cta bié&n sé dd,
dao bién s6 thanh nguyén bién sé.

Vidu: Z=AB+C.D+0 c6 ham dao tuong dng la
Z=(A+B).C+D.1

Z=A+B+C+D+BEcdhamdaola Z=A.B.C.D.E

Khi tim dao cia mét ham sd, nhitng gach ngang nao (bi€u thi phép toan dao) &
trén nhiéu bién thi vdn gi¥ nguyén. Cling cén chi ¥y thu ty wu tién xi li cdc ki
hiéu : ddu mde, ddu nhén, d4u céng. Vi dy, Z = A.B + C.D, theo thd ty phép
tinh phai lam phép nhan A.B va C.D truéc, sau méi t6i phép cdng giita ching. Vay
th tu xit 1 ki hiéu d€ tim dao s6 din t6i két qua Z = (A + B).(C + D)

(Néu viet Z = A +B.C + D , la sai !)
¢) Quy tde déi nglu

Ham Z va ham 2’ goi 1a d6i ngdu, khi cdc ddu "+" va ".", céc glé. tri "1" va "0"
d8i ché cho nhau mot cach tuong dng.

Vi du : = AB + 0
Z’ = A+ B.C

Z=A+B.C
=A.(B +0C)

Z=A.B+A.(C+0
=(A+B).(A+C.1
=(A+B).(A+C.1

2 =A.B+A.C +0)

g
Ql

Z=A+B+C 7' =A.B.

Z =A.B.C 7' = A +B +C

Vi d6i ngiu 1a tuong h6, nén n&u mo6t ding thdc d& tén tai d6i v6i bi€u thic
v& trai va bi€u thidc v& phai, thi d6i nglu ctia v& trdi va d6i ngiu cua vé& phai cing
la mét ddng thie.
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Quy téc d6i ngiu ndi trén cho phép tit cdc cong thic 1 + 12 suy ra cédc cOng
thic 1’ + 12’ (va nguogc lai)

Vi du :

Ta da bigt A+ BCD = (A + B).(A +C).(A +D)

Cé thé suy ra AB+C +D) = AB+ AC+ AD

Cén luu y thd ty vu tién xd H ki hidu khi tim bidu thic d6i ngiu.

Ap dung quy téc d6i ngdu cdé thé lam cho s6 cOng thdc cn chdng minh gidm
di mot nita. Sau khi da ching minh bai biu thuic bing nhau, cian cd quy tac d6i
nglu, cdc d6i nghu cha ding thdc di ching minh cing phii bing nhau. Vay nén,
khi gi6i thiéu nhitng cong thdic sau day, ching ta s& khong dua ra cdc cong thic
dang d6i nglu cua ching.

6) Mot 56 cong thitc thuirng ding
St dung nhitng céng thdyc va quy tdc d phén trénm, ching ta cé thé dugc cang
nhidu cong thdic mdi, dubi day la cac cdng thic thudng dung
Cong thdc 14 : AB+AB=A (3-1-33)
Ching minh :
AB+A.B=A.B +B)=

Vay, néu bién 88§ B va ddo bién s6 B cung_nhﬂn mot bién s6 A thi téng hai tich
dé bing A (gop AB v6i A.B dugc A bd B, B)

Cong thdc 15 : A+AB = A (3-1-34)
Ching minh :
A+AB =A(0+B)=A (Theo cong thic 6°, 1 + B = 1)

Vay, néu trong téng cdc tich ¢ mot s6 hang la thita s§ trong mot s6 hang khéc,
thi s6 hang cd nhiéu thita s6 hon 12 thia (cd thé bé di)

Cong thic 16 : A+AB=A+B (3-1-35)
Ching minh :

Theo cong thdic 10°, ta cd : o
A+AB=A+A).(A+B) =1.A+B)=A+B

Vay, néu trong t8ng céc tich, cé dao clia modt s6 hang la thita s§ trong mot s6
hang khéc, thi thita s6 d6 1a thita (khong cln viét)

Coéng thdc 17 : A.B+A.C+BC=A.B+A.C (8~1-36)
Ching minh :
A.B+AC+BC=A.B+AC +B.CA + A)
=A.B+AC+B.C.A+B.C.A
=A.B+A.B.C+AC + ACB
=A.B+AC
Hée qusa : A.B+A.C+B.C.D=A.B+A.C (3-1-37)
(luu ¥y 4p dung cong thuc 17 va 15 d€ chding minh)
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Vay, n€u trong t6ng cdc tich, xuft hién mot bién va déo clia bién dd trong hai
s6 hang khac nhau, cac thita sd cdn lai trong hai s6 hang d¢ lam thanh thia s6
cia mot s6 hang thu ba, thl s§ hang thd ba 1a thita (cd th&€ bd di).

Cong thic 18: AB+A.B=A.B+A.B (3-1-38)
Ching minh : |

AB+AB=AB+A.B=(A+B)A+B)
A.A+A.B)+(B.A+B.B

It
—~

Céng thic 19 : A.B +A.C = A.B +A.T - (8-1-89)
Ching minh : : S
AB+AC=AB.AC=@A+B).A +0)

=(A.A+AC) + BA + B0

=0+AC +AB +BC = AC + AB (theo cdng thic 17)

Viy cong thie 18 1a mOt trudng hop riéng cla cong thdc 19, néu mot ham Ja
tdng cda hai tich, cd mot bién trong s6 hang thd nhdt va dio cia bién dd trong
s6 hang thi hai, thi n&u l4y dao tdt ca cédc thita s6 cdon lai, ta sé dugc ddo cta
ham da cho. ' '

7) Nhitng cdng thikc véi XOR (phép cong vdi su loai irix)

Dinh nghia phép XOR : e
A®B=A.B+A.B L (3-1-40)
Ham logic XOR = 1 khi céc bién A, B ey céo gi tri khéc nbay,
v XOR = 0 khi céc bi&n A, B 1y céc gia tri bing nhau,
Ten ham XOR, vl vAy, mang y nghla D] HOAC, HOAC TUYAT DOI
Dao ciia XOR 1a : |

L .

A.B=A®B=AB+AB=AB+A.B (3-1-41)
(4p dung codng thic 19) |
Ham A . B = 1 khi cdc bién A, B 14y céc gid tri bing nhau
A.B=20 khl chc bign A, B 14y cdc gid tri khédc nhau

A . B c6 tén la ham TUONG DUONG R :

1. Luat giso hosn A @B =B @ A | (3-1-42)

2. Luat két hop A®B O®C=A0BOC (8-1-43)
3. Luat phan phéi A.(B & C) = AB @ AC | O (8-1-44)
Ching minh : |

A B®&C =A.(B.C+B.C)=A.B.C+A.B.C

Vi cong thitc 7 : AA = 0, AAB = AAC = 0, nén ta cd
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ABC + ABC = ABC + ABC + AAB + AAC = ABA + ABC + AAC + BAC
= AB(A + C) + (A + B)AC = ABAC + ABAC
= AB @ AC

Vay A.(B @ C) = AB & AC

4. Cac phép todn cia bi€n va hang s6 :

T dinh nghia (3-1-40), ta c¢ : AD1l=A (3-1-45)
Ao 0=A (3-1-46)
A®A=0 (3-1-47)
ABA=1 (3-1-48)
5. Luat d6i chd nhan qua
Néu A B =C
ThHHA®@C=BvaB@®C=A
Ching minh :
Vi A®B =C
Nen ADB®B =C@®B
A® O =B®C
A =B@®C
8) Dinh li trién khai
F(A, Ay ooy A
= A F(L Ay iy A) +ALFO, Ay oy A) (3-1-49)
- FAL A, ey A
# [A +FO A, oy, ADILIA, + F(L, Ay oy A)] (8-1-50)
Ching minh :
Thay A, =0 vaosding thic, ta cd :
et F(O, Ay, ooy A)
= 0.F(1, Ay .y A) +0.F(0, A,, ..., A)
= F0, A, e, A)
FO, Ay, ..., A) :
ik = [0 +F@O Ay oy AJ.I0 +F(1, A, . AD)]
= F(0, A,y ..., A).[1 + F(1, Ay, ooy A)]
= F(0, Ay ooy AL
= F(0, A,y ..., A)

Thay A, = 1 vao, ta cd :
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= F(l-, Az, ...... ,A) +0
= F(, A, ..., A)

F(l, Ay .oy A)
= [1 + F(0, A, ... A1 +F(Q, Ay ey A
= 1[0 + F(1, Ay, ey AP]
= 1.F(1, Ay, .o, A)
= F(1, Ay .oy A)

Ta da thdy ring déng thic luon ludn ding du A, ldy gia tri bat ki. Vay dinh I
da dugc chitng minh. Bing phuong phdp tudng tu nhu trén, ta cd th€ rit ra hé
qué : : '

A F(A;, Ay vy A) |

= ALF(1, Ay ey A) (3-1-51)
A, + FA, Ay ey A)

= A +F0O, Ay oy A) (3-1-52)
A .FA, Ay s A)

= A .FO, Ay, cw A) - (3-1-63)
A +FAL Ay oy A)

= A +F(L Ay e A) | (3-1-54)

Ap dung dinh I trién khai, ching ta d& dang trién khai mot ham s6 bt ki d6i
v6i mot bién s6 bdt ki cia nd.

Vi dy 3-1-3 : Ching minrh AALAGB®C = A.B.C+A.B.C
Giai : Theo coOng thic (3-1-51), ta cd :

AAGBOC=A10BoC=AB&C
= A.BT +BC) = ABC + ABC
D& tién céch wét trong bidu thic logic, cdc ki hxéu va daiu ngoac ¢ thé bd di
theo quy tdc sau :

1- Phép dao d6i véi mot nhém bién khéng - can ddu ngoac, R gach ngang dao.' |
trén chdng cing bi€u thi ré pham vi tdc dong, vi du : khong cdn viét (A + B) ,
m& chi A + B . ‘

2- Néu trong biéu thidc ¢ ca phép nhan va phép cong, thi phép nhan khéng cdn
ddu "." luén luén duge hi€u 1a lam trude phép cong. Vi du, (A.B) + (C. D) ¢d thé
viét thanh AB + CD, nhung (A + B).(C + D) thi khéng thé viét thi€u d4u ngosc.
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3.2. CAC PHUONG PHAP BIEU THI HAM LOGIC

Khi nghién ctu va xd li nhitng vdn dé logic, ta c¢d th€ diung nhitng phuong phdp
khac nhau d€ bi€u thi ham logic tuy theo dic di€m cta ham logic xét. Thudng ding
4 phuong phap. D6 1a bang chan li, bi€u thdc logic, bang Karnaugh va so dé logic.
Ching ta khéng nhitng cdn nidm ving ting phuong phdp, ma con phai thanh thao
chuyén d8i tit phuong phip nay sang phuong phap khic.

3.2.1. Bang chan li

Béng" chan li 14 bing miéu t4 quan hé gilla cac gié tri cia ham s6 tuong dng
v8i moi gid tri ¢ thé cta bién s6.

1 ) Phurong phdp liét ké thanh bdng chén li

Mé4i bién ddu vao cé thé 14y 2 gia tri 1 va 0, néu ¢ n bi€n ddu vao thi cd 2"
t6 hgp cac gia tri khdc nhau cia ching. D€ nhan duge bang chan li, ta phai liét
ké tft cd cdc t8 hop gid tri cua bién ddu vao va gid tri x4c dinh cia ham diu ra
tuong dng voi ting té hop dd.

Vi du 3-2-1 : Hay ké bang chan li cia ham sd sau
Z = AB + BC + CA.

Giai : c6 3 bién ddu vao, tic 1a cd 8 t6 hgp cac gid tri cia ching. Thay gid tri
cia mébi t6 hgp vao ham s6 va tinh ra gia tri tuong dng, réi liét ké thanh bang
3-2-1. (Ndi chung, d€ khdi bé sot, dé khdi trung lap, thudng sdp x&p thid ty cdc
gia tri bién vao theq_' tudn ty s6 d€m nhi phan.

i

Béng 3-2-1
A B C Z
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
i 0 1 1
1 1 0 1
1 1 1 1

Vi du 3-2-2 : mot bdng dén dudng cdn ddng, ngit doc lap & 4 noi khac nhau.
Hay viét ban chan li cta ham s6 logic dd.

Giai : goi A, B, C, D 1a chuyén mach déng ngit 6 4 noi, déng dién thi cac bi&n
14y gid tri 1, ngat dién thi cdc bi&n 14y gia tri 0. Goi Z 14 trang thai dén dugc diéu
khién, dén sdng Z = 1, dén tit Z = 0. Sau khi suy xét ki, ta ké dugc bang chan
i 3-2-2.
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Béng 3-2-2

A B C D Z Thuyé&t minh

0 0 0 0 0 4 chuyén mach déu ngit, dén tét

0 0 0 1 1 C6 1 chuyén mach déng, dén sang

0 0 1 0 1

0o 1 0 0 1
1 0 0 0 1

0 0 1 1 0 C6 2 chuyén mach déng thdi déng, dén tht
0 1 0 1 0

0 1 1 0 0

1 0 0 1 0

1 0 1 0 0

1 1 0 0 0

0 1 1 1 1 C6 3 chuyén mach déng thdi déng, dén sing
1 0 1 1 1

1 1 0 1 1

1 1 1 0 1

1 1 1 1 0 Ca 4 chuyén mach déng thdi dong, deén tht

Né&u phai gidi quyét mot vdn dé logic thuc t& diu tién ta hiy 1am rd dau la ddu
vao, dau la ddu ra, dung bi&n dai s§ bi€u thi ; ti€p theo cdn xdc dinh quan hé
tuong ¥ng cla cac trang thai ddu ra - ddu vao. Cubi cing liét ké bang chan li mot
cdch chinh xic.

2) Didc di€ém bdng chdn li

Bang chan i bi€u thi ham logic dudi dang bang s8, nd cdé cidc dac di€m chi yé&u
sau day :
a- RO rang, truc quan. Sau khi xdc dinh gia tri bi&n ddu vao thi cd thé tra bang

chan U d€ biét gid tri tuong dng cia ham ddu ra. VAy nén trong cic s§ tay vi
mach s6 déu ¢S bang chan li d€ gidi thidu chdc nang logic ctia vi mach. 2

b~ DE& gidi quy&t mét nhiém vu thuc t&€ & dang vén dé logic, thi bang chan li 1a
tién nh&t. Vay nén trong qua trinh thiét k& logic cia mach s6, viéc ddu tién la
phan tich yéu cdu, ké ra bang chan Ii.

Nhugc di€m chu y&u cia bang chan li 12 sé rfi rAm néu bién s6 khd nhiéu, khéng
thé diung cdc cdng thidc va dinh li cta dai s6 logic d€ tinh to4n.

D€ don gian, déi khi chi k& t§ hgp cdc gid tri ddu vao nao tuong wng ham sé
14y gid tri bang 1. Nhitng t6 hgp thuc t& s dung khong cén, hoac lam cho ham
s6 ldy gia tri 0 déu khong cén ké ra. .

3.2.2. Biéu thic ham so

Bi€u thdic ham s6 dang dai s6 logic ding céc phép toan VA, HOAC, DAO bifu
thi quan hé logic giita cdc bi&n trong ham.
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1) Dang chudn tdc tuyén (16ng cdc tich)

Chi chi y dén t8 hgp gid tri c4c bi€n ndo tuong dng ham c¢ gid tri 1 trong
bang chan li. Trong t8 hgp da chon, gid tri 1 viét nguyén bién, gid tri 0 viét dao
bi&n, va k&t qua viét dugc mo6t s hang dang tich cdc bi&€n tuong tng véi t8 hgp
xét - néu dem cong tdt cad cdc s6 hang nhu vay, thl ta dugc dang chuén tic tuyén
(T6ng cac tich - ORAND) cia ham logic.

Vi dy 3-2-3 : Hay viét bifu thic ham sé tit bdng chan i 3.2.3

Béng 3-2-3

A B C z
0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1
t 0 0 0

1 0 t 1

1 1 0 1

1 1 1 1

Gidi : ham Z = 1 tuong dng 4 t68 hop gid tri cac bién

ABC = 011, 101, 110, 111. Céc s6 hang dang tich cdc bign 1a ABC, ABC, ABC,
ABC. Dang chudn tAc tuy€n cia ham s6 :

Z = ABC + ABC + ABC + ABC (3-2-1)
Két qua nay cd chinh xdc kh6ng ? Ching ta c6 thé nghiém lai.

Bi€u théc ham &6 chuéin téc tuyén cd tén goi nh&n manh hinh thdic chuén cia
cdc s6 hang dang tich trong bigu thtrc Chﬁng ta goi s6 hang chufn nay la s6 hang
nhdé nh&t.

2) ¢ hang nhd nhdt

a) Dinh nghia

S6 hang nhé nh4t 14 moét khéi niém quan trong trong dai s6 logic. Nhu & vi du
3-2-3, Z 1a ham cua cédc bién A, B, C. 3 bi&n cé 8 t6 hgp cac gia trj kha di : 000,
001, 010, o1, 100, 101, 110, 111. Tuong Ung ta c6 8 s6 hang dang tich 1a

ABC, ABC, ABC, ABC, ABC, ABC, ABC, ABC. Dac diém chung ciia 8 s6 hang
nay la :

— Déu cd 3 thiua s6 ;

- M&i bién s6 xudt hién chi 1 14n duéi dang thita s6 hodc 12 nguyén bié€n hoic
la dao bién.

Vay ching ta goi 8 s6 hang dang tich cd dic di€m trén la s6 hang nhd nhdt cia
cdc bién A, B, C.
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Nd6i chung, d6i v6i trudng hgp n bién, s6 hang dang tich P c6 n thita s6 ; trong
P mé&i bién déu xuft hién moét 14n, va chl 1 14n ma théi, hodc duéi dang nguyén
bién, hodc duéi dang dio bién ; P dugce goi 14 s6 hang nhd nh4t cia n bién, n bi&n
cd t4t ca 2" s6 hang nhd nh4t. Vi méi bién déu ¢ 2 trang thai (nguyén bitn va
dio bién), ma t&t cid cd n bién.

b) Tinh chdt s6 hang nhé nhdt

Bang 3-2-4 : BANG CHAN LI TOAN BO s0 HANG NHO NHAT cUA 3 BIEN sO.

A B C |ABC{ABC|ABC|ABC|ABC|ABC|ABC| ABC

bt e ek md DO OO
— et OO = OO
— e D e O e O
OO OO O —~=O
LCOO0O OO0 0
oo ~O00O0c Q@
DO~ O0O0OC
c»-'evceaco
-0 D000 O O

Ti bang 3-2-4, ta nh4n thdy cdc tinh ch4t sau cia s6 hang nhé nhit :

- MS&i s6 ha.ng nhé nhét tuong ¥ng v6i mot t8 hgp gid tri cia bién d€ nd bing
1, va chi c6 mot t6 hop ma théi.

- Tich cia hai s6 hang nhd nhdt b&t ki luén bing 0
-~ Téng cia tdt cd cdc s6 hang nhé nh4dt ludén bang 1
¢) S6 hang t6i thidu l& phan i co bdn cdu tric ham logic

Mot ham logic bat ki déu cé th& biu thj dusi hinh thdc 1a t8ng cia cdc s6 hang
nhé nhat - dang chufn tic tuyén. Hon nia, hinh thic d6 1a duy nhAt, tdc la, mot
ham logic chl ¢6 mét bi€u thic duy nh&t bi€u thi nd duéi dang tdng cdc 88 hang

t6i thi€u. Khong nhiing c6 th€ vist ra dang chuén tic tuyén cia ham logic truc
tiép ti bang chan lf, ma cdn cé th€ dung céc coOng thic va dinh I cia dai s6 logic,
ciing ¢6 thé ding céch khai trién va bién d8i d€ c6 dang chuén tic tuyén.

Vi du 3-2-4 : hay vi6t dang chuéin tdc tuyén ctia ham 86 Z = AB + BC + CA
Giai : Z = AB + BC + CA

= AB(C + C) + BC(A + A) + CA(B + B)

= ABC + ABC + ABC + ABC
Vi du 3-2-5 : hay viét dang bifu thidc s6 hang t6i thi€u cia ham

(A+B+C)(A +B +C)

Giagi: Z=(A+B+CA+B+0C)-
=A+B+C+A+B+C
= ABC + ABC
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d) Ki hiéu cita s6 hang nhd nhét

DE tién viét, thudng gin cho mbi s6 hang nhé nh4t moét ki hiéu. Phuong phap
nhu sau : t8 hgp cdc gia tri bién s6 tuong Ung v6i s6 hang nhé nhit dugc xét,
chuyé&n hinh thic s§ nhi phan sang s6 thap phan, con s§ nay la ki hiéu cia s6 hang
nho nhédt xét - Vi du, trong cdc s6 hang nhd nhét cia cdc bién A, B, C thi ABC
tuong dng t8 hop gia tri 000, tic 1a 0,,, ki hiéu cia_. ABC vi vy 12 m, ; ABC
tuong dng t8 hop gid tri 010, tic la 210, ki hiéu cta ABC la m,.

Twong ty, ABC = m;;ABC = m;;ABC = m, ; ABC = m;ABC = m,
ABC = m, . Hon nita, thudng dung ki hiéu bi€u thj cdc s6 hang nhd nhit clia dang
chufin tic tuyén ; Vi duy, trong vi du 3-2-4 :
Z = ABC + ABC + ABC + ABC thudng viét thanh
Z=my+mg+m+m =235 6 7
Tuong tu, trong vi du 3-2-5 :
Z=ABC+ABC=m_ +m =2(0,17

3) Dang chudn tdc tuyén cia ddo ham

Né&u 14y téng cdc s6 hang nhd nhdt tuong dng v6i cdc t8 hop gid tri cdc bién
ma ham ldy gid tri O trong bang chan li, thi ta ¢ dang chufin téc tuyén clia dao
ham. Vi duy, tit bang chan li 3-2-3 ta ¢6 : Z = ABC + ABC + ABC + ABC

Z 1a ddo ham cua Z. N€u ta lai ldy ddo l&n nita cua Z , va trién khai theo dinh
i trién khai, thi ta sé dugc dang chudn tdc tuyén cia Z ma ta dia cé & vi du
3-2-3 :

AOBC +0BC +6BC +0BC

+BOC +0C +0C) = A(B.1 +BC) + A(BC + B.0)
= AB + ABC + ABC
= AB(C + C) + ABC + ABC = ABC + ABC + ABC + ABC
phit hgp (3-2-1)
4) Dang chudn tdc hoi (tich cdc 0 ng)

Dang chudn tic hoéi cé thé nhan dugc bing phuong phap sau :

Ti bang chan li tim dang chuidn tic tuyén cia ddo ham, sau dé dung dinh i
De Morgan d€ tim dao cta dio ham.

Vi duy, tit phén trén ta da tim dugce Z = ABC + ABC + ABC + ABC

Z =12 - ABC + ABC + ABC + ABC = ABC.ABC.ABC.ABC
=(A+B+CA+B+C)(A+B+C(A+B+C (3-2-2
C4c thita s6 cta ham s6 dang chudn tdc hoi cé tinh chédt sau :
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- Déu bao gém t&t cd cdc bién ctia ham

- M&i bién déu xudt hién mot ldn va chi mot l4n trong dang téng cia thiua s6,
hodc 14 nguyén bién, hodc la dio bién.

Cac thita s6 cd tinh chdt néu trén dugc goi 12 thita s§ 16n nh4t. Tich céc thia
s6 16n nh&t la dang chufén t4c hoi cha ham sé.

(3-2-2) la bi€u thdc cua ham Z dang chuén tic hoi.

N6i chung, d8i véi trudng hgp ham n bién, thita s6 16n nh4t 14 mé6t téng ciia n
g6 hang, méi s0 hang 18 mot bién, xudt hién mot 14n dudi dang nguyén bién hoic
dao bién, va chi xudt hién mot 14n ma théi. n bién cé tuong dng 2" thita s6 lén
nh4t. Bang 3-2-5 1a bang chan l{ ctia todn bd cdc thita s6 16n nhdt tuong dng ham
3 bién A, B, C :

Bang 3-2-5

>
+
wi
+
0
> |
+
@i
+
0l

A B C | A+B+C |A+B+C|A+B+C|A+B+C|A+B+C|A+B+C

—— e — O OO O
— et DD e - OO
_—0 = O = O = QO
—_— = e e e D
Pt ek b b et ek O e
Pt pet ek ik k(T bk et
— et et e D b e e
Pt ek ek D ik et ek
et O bt et bk s s
— O = e e ek et et
[ B T T o T S Sy Wy

Nhéan xét bAng 3-2-5, ta thdy thua s6 l6n nh&t cé céc tmh chit sau :

- Mé6i thita s6 16n nhdt tuong dng v6i mdt t8 hop glé tri cla blé’n dé no béng
0, vd chi c6 mot t6 hgp ma théi.

- T8ng cua hai thita s6 1én nh4t b4t ki luén luén bang 1
- Tich cta tdt ci cdc thita s6 16n nh&t luén bang 0

Cdch ki hiéu cac thita s8 16n nh4t nhu sau : t6 hop cdc gid tri bién s§ tuong
dng voéi thita s6 l6n nhdt duge xét chuyén hinh thdc s6 nhi phan sang s thap phan,
con s6 ndy la ki hiéu cta thua s6 16n nh4t xét - Vi du , trong cédc thira s6 16n
nhdt cua cac bién A, B, C thi :

A + B + C tuong ung t6 hop 000, chuyén thanh 0, ki hiéu M,
A+B+C 001 1 M,
A+B+¢C 010 2 M,
A+B+C 011 3 M,
A+B+C 100 4 M,
A+B+C 101 5 M,
A+B+C 110 6 M,
A+B+C 111 7 M

~J
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Céch viét ki hiéu rdt thuan tién. Chi y rdng m; va M; la déo cia nhau :

m = M
Vidu: m =ABC M,=A+B+C
m =M =A+B+C= ABC
m; = ABC M;=A+B+C

m, =M, =A+B+C=ABC
Thita s6 16n nh4t clng 1A phéin t& co ban cfu tric ham logic. Bifu thdc ham s&
(3-2-2) ¢é thé viét duéi dang :
Z=M M M, M, =11(0,1, 2 4
Diac di€m cac bi€u thdc ham sf

Mét ham logic duge bi€u thi bing bi€u thdc cdc phép tosn VA, HOAC, DAO v.
. lién k&t cac bién s6 cha né v6i nhau. Uu di€m cua phuong phdp bi€u thidc
hém s6 1a :

- Dung cdc ki hiéu logic bi€u thi quan hé logic giita c4c bi€n lam cho cach viét
gon va tién, tinh khai qudt va tritu tugng rit cao.

- RAt tzen s¢ dung céc cong thuc va dinh 1li cua dai s logic d€ bi&n déi,
lam toén. :

~ Tién cho viéc dung so d6 logic d€ thyc hién ham s8. Chl cn dung cédc ki hiéu
logic cia mach dién céng tuong dng thay th& phép todn xét trong bi€u thidc ham
86, ta dugc moét so d6 logic. VAn dé€ nay con duge gidi thidu cu th&€ sau.

Nhugc di€m chi y&u clia phuong phép bi€u thic ham s6 la khd xdc dinh gid tri
ham dng v6i gid tri bién mot cach truc tidp d6i véi cac hAm stS phtic tap (khdong
tryc quan nhu béng chan 1{)

3.2.3. Bﬁng Karnaugh

Bang Karnaugh 1a phuong phdp hinh v& biu thi ham logic, trong d6 céc gid tri
bam ddu ra tuong dng t6 hgp cdc bién ddu vao déu dugc bi€u thi ddy du. Trén co
sd bang Karnaugh cta cac bién, dién cdc s6 hang nhd nh&t cia ham s vao cdc 6
tuong dng thi ta cé bang Karnaugh cta ham.

1) Bdng Karnaugh cia bién logic

~ a) Hinh 3-2-1 trinh bay bdng Karnaugh 3 bién va 4 bién.
b) Quy tdc vé bdng Karnaugh cia bién nhu sau :

- Bang Karnaugh c6 dang hinh chit nhat. n bién ¢ 2" 6, méi 6 tuong dng vdi
moét s§ hang nhd nhdt. Vi dy, hinh 3-2-1, n = 3 tuong dng bang 2> = 8§ 6, n = 4
tuong ing bang 2* = 16 e.

~ Gi4 tri cdc bién dugc sdp x&p tht tu theo ma vdong. (N&u khéng sip x& thd
ty _theo ma vdong thi khong con la bang Karnaugh nita !)
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Vi du : sy sdp xé&p BC - \\BC ‘
cia AB va CD déu 13 A 00 01 11 10 A 00 01 11 10
00, 01, 11, 10 (hinh O mo | m1 | ms | mo 0
3-2-1). '
Ma vong co thé€ suy
ra tit md s6 nhi phan
nhu sau. Gid si cho
ma s6 nhi phan la
B,B,B;B,, m& vong
tuong ing 1a
G3G,G,G,, thl cd thé
tinh G, = B,, © B, an o
Cu thé, G, =B, @ B_; ABN 00 01 11 10 ABN\ 00 01 11 10
G, =B, ®B, ;G =
B, ®B,; G; =B, & o1 :
B§=5e?i33=4B3 ol 4 | s |75
(B, = 0). Hinh 3-2- 1 1

2
la bang Karnaugh 5 10
bién va 6 bién. Olsjojujw

Bang 3-2-6 la ma
vong tuong dng vSi méa
nhj phan (3 bit)

ms | ms | m7 | me 1

12 113 ;15| 14

Hinh 3-2-1.
Béng Karnaugh dugc xem nhu sd d8 khéi ciia chc s6 hang nhd nhét.

CDE DEF
A 000 001 011 010 110 111 101 100 AB 000 001 O1f 010 110 11 101 100

00 ' . 000
01 001
. oo
11 010
110
10 111
101
100
Hink 3-2-2 (a) ' Hink 3-2-2 (b)
Bdng 3-2-6

B2 B1 Bo G2 G Go

0 0 0 0 0 0

0 0 1 0 0 1

0 1 0 0 1 1

0 1 1 0 1 0

1 o. o0 1 1 0

1 0 1 1 1 1

1 1 0 1 0 1

1 1 1 1 0 0
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¢) Dde diém bdng Karnaugh ciia bién :

- Uu diém 16n nhdt ctia bang 1a lam ndi bat tinh ké nhau cia cdc s§ hang nhd
nhdt. Cac 6 ké nhau b4t ki trén bang déu cd cdc s6 hang nhd nh4t déu cd tinh ké
nhau vé logic. Su sip x&p gid tri cdc bién theo ma vdng bdo dam dic di€ém quan
trong nay. :

Tinh ké& nhau bao gém 3 tinh huéng sau : cdc 6 ké nhau, cdc 6 ddu cubi cta
hang va cOt, cdc 6 d6i xing déu phai c6 moét gid tri d6i nhau cla bi€n va chi mot
ma théi. Didc di€m nay cia bang cho phép dé dang nh6é va phan biét, ki€m tra
tinh todn bdng bang, nhdt la khi cd dén 5, 6 bién (xem hinh 3-2-2). :

Nhu trén d& ndi, néu trong hai s6 hang nhd nh&t c6 va chi c¢é 1 bign 14y gia
tri khdc nhau, con tdt cd cdc bién khac déu l&y gis tri nhu nhau, thi hai s6 hang
nhé nhdt d6 cé tinh ké nhau vé logic. Vi dy, trong hinh 3-2-1, m_ c6 tinh ké nhau
vé logic véi m,, m, va m,.

Khi cdng cdc s6 hang nhd nhit cd tinh ké& nhau, thi bién d6i nhau 1 trong dd sé
bi khit. Vi du : m, + m; = ABC +A]_3_(_3_-_: AB(C+C) AB ; AB la thia s6

chung cta m, vé. m, ; my; + my, = ABC + ABC = AC khu mﬁthaB
m, + m, —ABC+ABC BC khi mit A va A.

— Nhuge di€m cht y&u cda bang Karnaugh : néu s6 bién ting thi d6 phdc tap
cua bang tang nhanh. Vi du, néu s6 bién tit 7 trd di thi hinh vé qud phic tap, hon
nita rdt khd xét dodn tinh ké nhau vé logic cha cdc s hang nhé nh4t. Vi vay, bang
Karnaugh chi thich hgp d€ bi€u thi ham logic ¢ s6 bién ti 6 trd lai. '

2) Bdng Karnaugh cia ham logic

- a) Céeh vé : cd 3 trudng hop.
Trudng hgp 1 : da cho bang chan i cda ham.

‘Trén bang Karnaugh. cua bién, dién gid tri 1 vao 6 ma ham lﬂy gia tri 1 tuong
Ung t6. hgp gia tri céc b1é’;; cua 8 xé_t dién gia tri 0 vao' 6 ma ham ldy gia tri 0
tuong dng t8 hop gid tri cdc bién clia 6 xét. .

Vi du 8-2-5 :

Cho bang chan If 3-2-7 (hinh ben). Bang 5-277 |
‘Hay vé béng Karnaugh cua ham Z' A B c D oz
- Giaj i ‘ o 0o 0 0 0
0 .0 0 .1 0
- D8u tien vé bémg Karnaugh cho 4 0 0 1 0 0
‘bién A, B, C, D. 0 0 1 1 0
- Tiép theo dién- céc gia tri cia ham g i g (1) g
Z vao cdc 6 tuong tdng phu hgp véi o 1 1 0 0
bang chan li. 0 1 1 1 1
1 0 0 0 0
- K&t qua : Hinh 3-2-3 1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1
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CcD CD N

ABN 00 o1 11 10 ABN 00 01 11 10 0 o1 u 10
ool o | ool o ool o | 1 13| 2 0/ 10| 1]o0
o1l o {0 |1 |0 o1l 4 | 5| 71| 6 oy 0 | 1 0 |1
11} © 1 |1 1 11 12 { 13 | 15 | 14 i1 40 110
100 o | o |1 1|o0 100 8 | 9 | 11110 o0 10 |1

Hinh 3-2-3. Hinh 3-2-4. a) Céc 6 co6 ghi ki hi¢u s6 hang nho nhit
b) Cac 0 ghi gid trj 1 va 0 cia ham

Trudng hgp 2 : d4 cho bi€u thic cia ham duéi dang chufn tic tuy€n trén bang
Karnaugh cia bién, dién gid tri 1 vao cdc 6 tuong dng véi ting s6 hang nhd nhit
c6 trong bifu thdc, cdc 6 khdc déu dién vao gia tri 0.

Vi du 3-2-6

Hay vé bang Karnaugh cia ham logic

Z=2 (0,385,686 9 10, 12, 15)

Giai :

- V& bang Karnaugh cia 4 bién A B, C, D

- Dién gid tri

- K&t qua : hinh 3-2-4

Trudng hgp 3 : cho bi€u thdc khéng chufn tic cia ham
- Bién d6i ham da cho thanh dang t8ng céc tich

- Trén bang Karnaugh cta bi&n, dién gid tri 1 vao t4t cAd cdc 6 tuong dng s6
hang nhd nh&t bao ham trong s6 hang dang tich ndi trén, sau d6 dién gid tri O
vao cdc O codn lai.

Vi du 2-2-7 : hay v& bang Karnaugh cia ham Z = (A @ B) (C + D)

Giai :

- Bién d6i ham thanh dang téng céc tich :

Z=A®B (C®D =A®B+C+D
=AB +AB +CD

- Xdc dinh mébi s6 hang bao gém nhitng s hang A CDOO 01 11 10
nhd nhét nao : 00 1 |1 |1 1
AB = mj +m + m, + my o1l 1 | oo | o
AB = my; + my; +m, + my; al 1 T T T,
CD=m, +m, + mg + m, ol 1 Te Mo o

- Két qua vé dugc nhu hinh 3-2-5

(d6i chi€u hinh 3-2-4a) Hink 3=3-5.
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b) Tt bang Karnaugh ké ra bdng chén Ui va viét bidu thic

Bang chan I, ham dang chuén tic tuyén va bang Karnaugh déu.lad duy nhdt bi€u
thi cho m¢t ham, ching t4t c6 quan hé chuyén d6i nhau. Thuc t€ & cdc phén trén
da chuyén déi r6i.

Uu di€m n6i bat nhdt cia bang Karnaugh 12 tinh k& nhau vé logic cia cdc s§
‘hang nhd nh&t cia ham bifu thi r6 rét thanh sy lién k& hinh hoc ciia cdac 6 trong
bang, do d6 dé dang t6i thi€u hda ham da cho. V&n dé nay sé gidng chi tiét & phén
sau.

3.2.4. So do logic

Trong mach 86, sau khi dung cédc ki hiéu logic bi€u thi moét cfu tric logic trén
mot ban v§, ta dugc so d8 logic. So d6 logic ciing 14 mot phuong phdp bi€u thi ham
logic, hon nita lai ¢6 wu di€m néi b4t 12 r&t ti€p can thuc t& Céc ki hiéu logic
théng thudng déu cd cfu kién dién td cy th€ tuong dng, vay nén thudng goi so dé
logic la so d6 mach logic. '

1) Cdch vé so 46 logic cda ham logic

Nhu trén d4 ndi, ta ding ki hiéu logic ctia mach dién ti thay th& phép tinh logic
cé trong bi€u thdc ham logic thi duge so d6 logic cia ham.

Vi dy 3-2-8 : cho ham Z = AB + BC + CA
Hay v& so d6 logic cha Z. |

Giai : quan hé nhan logic ctta cédc bién A va B, B va C,
- C va A dugc thuc hién bdng cdc c6ng AND. Quan hé codng VA
logic cia céc s hang AB, BC va CA dugc thuc hién bing
c8ng OR. Ké&t qua : hinh 3-2-6

Vidy 8-2-9 : chohAm Z = A® B ® C © D N a
Hay vé so d6 logic cua Z. '

o Giai : quan hé cdng véi phép loai tri giita céic bi€n A, -
B, C, D dugc thuc hién bang c6ng XOR - Ké&t qua xem A| B C
hinh 3.2.7.

Hinh 3-2-6.
% Z
(@)
@ @ @l @
AB CD AB C D
a) b)
Hinhk 3-2-7.

a) Cdu triic hinh thap (tré truyén dat nho) ;
b) Céu tric n6i mét xich (tré truyén dat 18n).
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2) Cdch xdc dinh bi€u thic tx so db logic

Trén so d6 logic, tit ddu vao dén ddu ra, viét bi€u
thdc ham ddu ra cla tiung cdp, cubi cing duge bi€u
thic ham logic toan so dé.

Vi du 3-2-10 : cho so d6 hinh 3-2-8
Hay viét bi€u thdc ham logic cia so dé

Gidgi :  Z, = AB

——

= ABC __
Z = 2,2, = AB ABC

N
)

3) Pdc di€ém cia so db logic

Hink 3-2-8,

Céc ki higu logic trong so d6 logic ¢ quan hé phii
hogp r6 rang véi cfu kién dién td trong thuc t& vay so d6.logic tuong d6i tiép cén
thyc t& cong trinh. Trong cOng tdc, khi tim hiéu chic ning logic clia mot hé théng
s6 nado dé hay la thiét bi dugc diéu khi€n s6 nao dd, thudng ta cdn dung so d6
logic, vl ring so d6 logic cé th€é bi€u thi r6 rang chic néing logic ting tdng cla
cdc mach dién thuc t& phic tap. Trong viéc ch& tao cdc thiét bi s6, viéc ddu tién
la thiét k& logic d€ vé ra so d6 logic, r6i chuyén ti so d6 logic thanh mach dién
thuc t&.

3.3. PHUONG PHAP TOI THIEU HOA HAM LOGIC

Tryc ti€p thiét k& so d6 mach logic ham s§ c6 duge tit bang chan li thudng la
rét phdic tap. N&u sau khi d& thyc hién t6i thi€u héa ham logic, néi chung viéc
thyc hién thudn tién hon, khéng nhitng chi ding s6 cfu kién it hon, ma nang cao
dugc do tin cAy. Du6i ddy s& ndi dén khai niém t6i thi€u hda, ti€p theo s& gi6i
thiéu 2 phuong phdp thudng dung d€ t6i thiéu hda. ‘

3.3.1. Khai niém vé t6i thi€u hoéa

1) Cdc loai bi€u thitc logic va sw thuc hién bing mach dién

Ta da bi6t, mot ham logic c6 thé cé rdt nhiéu bifu thdc khéc nhau. Ching ta
cé th€ phan loai thé cdc ham logic thanh 5 loai can c¢d vao dac di€m va quan hé
gita c4c s6 hang dang tich trong ham : OR-AND, ANDOR, NAND-NAND, NOR—NOR

NOR-AND. Vi du :

Z = AB + AC ~ dang bi€u thic OR-AND,
Z=(A+C)(A+B) | ' AND-OR

7 = Kﬁ AB NAND-NAND
Z=A+C+A+B NOR-NOR
Z=A.B+AC NOR-AND
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Khi dung cdc cfng logic thyc hién cdc ham logic niy, tién nh&t 1& : hai loai ddu
dung c6ng AND va c8ng OR, loai thd ba duing NAND, loai thd tu ding NOR, loai
thd nam dung NORAND

Hinh 3-3-1 duéi d4y gidi thiéu mach dién cdc ham ndi trén :

D@:g_ NA+B)

T
Il
T

(c)

[ooi e g

A >

(e)
Hinh 3-3-1.
Trén thuc t& khi ching ta vi€t m6t ham logic duéi mot dang nao dd, thi dang

cd duge khong phai la duy nh4t. Vi dy, bi€u thdc OR-AND trong vi du trén cd thé
viét thanh :

7 = AB + AC (3-3-1a)
= AB + AC + BC (3-3-1b)
= ABC + ABC + ABC + ABC : (3-3-1c)

Ding cdc c6ng AND va OR thuyc hién (3.3.1a) ta ¢6 mach don gidn nhét. Ndi
chung, néu bi€u thic cang don gian thl mach dién cing cang don gian. Nhung dai
vGi cdc bi€u thdc dang khéc nhau, thi tiéu chudn vé& sy don gian cd khéc nhau. Ta
sé lam ro diéu nay qua vi du vé bi€u thic OR-AND.

2) Bi€u thitc OR-AND (6i thiéu

a) Thé nao o t6i thiéu b
- D4u tién s6 cdc s6 hang dang tich phai la it nhit
- Néu djéu kién trén da bio dam, thi s6 bién cia mbi s§ hang ciing phai 1a {t nh4t.
Vidy : Z = AC + BC + AB + AC (3-3-2a)
= AC + BC + AC (3-3-2b)
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AB dugc khit bd theo quy tdc ctua céng théc 17. Ré rang (3-3-2b) don gian hon
(3-3-2a) vi nd it hon mot s6 hang.

b) Y nghia viéc t6i thiéu hoa biéu thuc OR-AND

Chung ta tap trung nghién ctu phuong phdp t6i thi€u hdéa bi€u thic OR-AND,
vi chi c4n cd bi€u thdc OR-AND téi thiu, ta sé6 dé dang cd duge cdc bi€u thic
dang khac cing la t8i thi€u. CS hai i do : mét 1a, mot bi€u thic logic bit ki déu
dé dang tri€n khai thanh bi€u thdc dang OR-AND ; Hai la, tu bifu thdic dang
OR-AND t6i thiéu, ciing d& dang c¢d duge cdc bi€u thic t6i thi€u dang NAND-NAND,
NORAND v.v...

3.3.2. Phuong phap t6i thi¢u hoa bing cong thic

Dua vao cdc cong thdc va dinh 1li trong dai s6 logic d€ thuc hién t6i thi€u hda.
Vi trong thuc t&, bi€u thic logic rit da dang, lai khéng cé m6t cdch nao hoan chinh
nhu mét quy trinh, nén viéc dat dén mot bidu thdc logic t6i thiu mét cdch nhanh
nh4t sé hoan toan phu thuéc kinh nghiém, hi€u biét va thanh thao cta chiing ta.

Céac vi du vé t8i thi€u hda :
Vi du 3-3-1 : Hay t6i thi€u héa ham Z = ABC + ABC
Giai : Z = ABC + ABC = AB(C + C) = AB (c6ng thic 14)

Vi du 3-3-2 : Hay t6i thiu héa ham Z = A(BC + BC) + ABC + BC)

Giai : Z = A[(BC + BC) + (BC + BC)] = A (cong thic 14)
Vi du : 3-3-3 : Hay t6i thifu héa ham Z = AB + ABCD(E + F)
Giai : ‘jz = A"B’ + ABCD(E + F) = AB (c6ng thdc 15) i
Vi du : 8-3-4 : Hay t6i thiu hda ham Z = AB + AC + BC
Giai : Z = AB + AC + BC =AB+(K+§)C

= AB + ABC = AB + C (céng thic 16)
Vi du 3-3-5 : Hay t6i thi€u héa ham Z = AB + AC + ADE + CD
Gidi : Z = AB + AC + CD + ADE = AB + AC + CD (hé qua cdng thic 17)

Viéc khi di s6 hang hay bién trong s6 hang 12 do ching dugc bao ham trong
cdc s6 hang khdc. Diéu nay khdc hidn dai s6 thudng !

Vi du 3-3-6 : Hay t6i thifu héa ham Z = AB + BC + BC + AB
Giai : Z = AB + BC + BC + AB
Z = (AB + BC + AC + AC) + (BC + AB)
= (AB + BC + AC) + (BC + AB + AC)
= (BA + BC + AC) + (BC + AB + AC)
= (BC + AC) + (AB + AC) =
= (BC + AC) + (AC + AC)
= BC + AB + AC

BN NN NN
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Cé.ch gléu trén day \mg dung cong 1 thic 17 thém vao va bot di rdt linh hoat.
Chéng han néu thém vao hay bét di AC thi ham d& cho & vi du 3-3-6 cd dang
t6i thlé’u héa méi :

AB+BC+BC+AB AB+BC+AC

Theo cOng thic 11°, ta ¢ thé chi viét 1 86 hang AC nhung ngém hidu cd thé
g0p nd vao nhiéu nhém. Trong vi du nay, thém vao chl mét, nhd gfp vdo hai nhdm,
nén b6t di hai, k&t qua 1a kh& bét 1 s6 hang. Trong trudng hgp t8ng quét, ta
thudng dng dung nhiéu cong thic va dinh i d€ cé th€ t6i thi€u hda mot ham phic
tap. ‘ o '

Vi dy 3-3-7 : Hay t6i thi€u héa ham
Z = AD + AD + AB + AC + BD + ACEF + BEF + DEFG
Giai : _ |
- Dung cﬁng thde 14 : AD + AD = A
| = A + AB + AC + BC + ACEF + BEF + DEFG
"L Dung cbng thitc 15 : Khit bd AB, ACEF
Z = A + AC + BD + BEF + DEFG
- Dung cong. thic 16 : Khit bé A trong 86 hang AC
= A+ C + BD 4+ BEF + DEFG _
- Dung ctng thitc 17 : khit bé DEFG, vay :
. Z=A+C+BD+BEF |

3.33. Phuong phap i thiéu hoa 'b&ng ‘hinh vé
'Phudng phép n&y dung b&ng Karnaugh

1) Quy ludt gﬁp (dcin) cd& sﬁ’ hang nhé uha't trén bdng Karnaugh

'I‘rén bé.ng Karnaugh cta blén, tﬁt cé cac 80 hang nhé nhﬂt ké nhau déu cé thé
gop vdi nhau, khi gop la.l thi ¢d thé khit bd bién lién quan. ‘Cu thé, cd 2 s6 hang
nhd nhdt g0p lai thi khi bé dugc mot’ bign, cd 4 56 hang nhd nhét ng lai (thanh
mot 86 hang) thi. khﬁ bd duqc 2 bién, cit 8 86 hang nhd nhét gop lai thi khu duge
3 bién. N6i t6ng quat, 2" s6 hang nhé nhét gop lai (thanh mot 86 hang) thl khi
duge n bién. Vi rang, 2" 86 hang nho nhdt cong véi nhau (gop lai), trit céc thita
86 chung r6i thl con lai 2" s6 hang dang tich, vira. dung bang toan: bd 86 hang nhé
nhft cia n bién cdn khit bé. Ta da biét tinh chﬁt clia s6 hang nh6 nhdt, t6ng cla
ching bang 1.

Cdc hinh 3-3-2, hinh 3-3-3, hinh 3-3-4 vé tuong Ung céc trudng hgp cd 2, 4,
8 86 hang nhd nhdt duge g0p. '
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00| 0 (2] oo| /0 | D
o1) 4! 6 01|14 | 5
1| 12| 14 1|1z | 13
10{_8)J 20 | 10(\8 | 9/
(¢) D ' () C
Hinh 3-3-4.
2) Ding bang Karnaugh 151 thi€u hoa ham logic
Ndi chimg, quy tﬁnhcd 8 bu&c E
- V& bang Karﬁaﬁgh cia ham xét _ ABN_ 00 01 11 10
- GOp céc s6 hang nhd nhat oo SIEON
- Chon s6 hang viét bi€u thic OR-AND t6i thi€u 01| [4 B
Vi du 3-3-8 : Dung hinh vé& t8i thiu hda ham 11 @__19
Z = 2 (1,3,4,5,10,11,12,13) 10 BIOEED,
Giai : - V& bang Karnaugh cda ham Z : V& bang '
Karnaugh cda 4 bién ‘A,B,C,D. Trén hinh ddnh ddu tdt
cd cdc s6 hang nhd nh4t cia ham. Xem hinh 3-3-5
- Gop cdc s6 hang nhd nhit. Hinh 3-3-5.
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Theo phuong phdp di gi6i thiéu truéc day, khoanh vdng céc s6 hang nhé nhat
cé thé gdp. Ti hinh 3-3-5, ta ¢d :

2(4,5,12,13) =

2(1,3) = KED
2.10,11) = ABC
2(1,5) = ACD
2(3,11) = BCD

~ Chon s8 hang viét bi€u thic OR-AND té&i thi€u.
Nguyén tic chon s6 hang : _
~ Phai bao gém tét ca céc sd hang nhd nhat cia ham
- 86 cac s6 hang dugc chon phai 1a it nh4t T
- S8 thita s6 cia méi s6 hang cing phai la it nh4t.
Trong vi du nay, 6 thé chon BC,ABD, ABC
Vay k&t qua t6i thi6u hda, ta cd :
7 = BC + ABD + ABC
3) Mé&y vén dé cin luu y
- Vong gop phai cang to cang t6t. Tuong dng s6 céc s6 hang nh6 nhét dudc gOp
lai cang nhiéu ; do dd, sau khi gbp, s6 hang cang it thua s6. ,

- M5i vdng gop bao gOm it nhdt mot s§ hang nhd nhét khéng ccS trong vbng
khdc. Vong nao bao g6m cac s6 hang déu da cd trong vong khdc, thi vong-dd'la
thita. Mat khéac, méi s8 hang nhé nh&t ¢ th8 duge sit dung nhidu ldn (cd mat trong'
nhiéu vong khac nhau) - :

- Phai khoanh vodng sao cho toan b s hang nhd nhﬁt ciia ham 86 déu cd chc
vong, khong sdt. Céac thua 86 tuong Ung cta s6 hang vong. gOp xét lam thAnh s8
hang cta ham da t6i thi€u hda. : ~

- Trong mot 36 trudng hgp, cd th8 cd nhidu cach khoanh vdng, nghia 1a cd thé-
c6 nhiéu ham t6i thiu. Nhitng ham t6i thi€u nay cén phai dugc so sdnh, ki€m tra
dé chon ra dau la ham t6i thi6u thuc sy (t6i thi€u cva t6i thi€u !)

- Khi gop cdc s6 hang nhdé nhét, nghia 1a khi khoanh vdng, ¢é 2 diéu sau day
dé quén : mot 13, phai nh6 ring 4 6 ¢ 4 goc bang Karnaugh cling cé thé gop voi
nhau (xem hinh 8-3-3g) ; hai 13, v& vong 16n trudc, vong bé sau, ki€m tra xem :
méi vdng c6 it nhdt modt s6 hang nhd nhit khong cd trong vdng khéc. Khéng huu
¥ dén nhitng v&n dé nay, bidu thic ham sé dat dudc khong chéc la t6i thi€u.

Vi du 3-3-9 : Dung hinh v& t6i thi€u hda ham
= 2(1,4,5,5,8,12,13,15)

Giai :

- V& biang Karnaugh cua ham Z

xem hinh 3-3-6
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— GOp c4c s8 hang nho nhit

Tuy vdong m, + mg + m;, + m;; 12 to nhét, nhung
ciac vong khédc da bao gém m, mg, m,, m;; nén vong
nay thua.

- Bi€u thitc OR-AND téi thi€u :
Z = ACD + ABD + ACD + ABD
Vi du 3-3-10 : Diuing hinh vé& t8i thiu hda ham

Z=A®C - B(ACD + ACD)
Giai :
- Bi&én d6i ham Z thanh dang bi€u thic OR-AND

Z = A®C . B(ACD + ACD)

= A®C + B(ACD + ACD)
= AC + AC + ABCD + ABCD
- V& bang Karnaugh nhu hinh 3-3-7

— Gop cdc s6 hang nhd nhit

Luu ¥ cdc 6 4 gdéc bang c6 th€ gop la m_ , m,, myg,
~my,. (N&u gop thanh hai vong nhé m_, m, va mg m,,
thl vAn chua dugc t8i thiéu)

- Viét ham t6i thi€u : Z = AC + AC + BD

00 1] -
o1 [1) | 1] (1
ul 11GJT 1)
10| {1
Hinh 3-3-6.
N\ _CD
ABN o0 o1 11 10
00l 1 | 1 1
o1l 1 | 1
11 1|1
10| 1 1|1
Hinh 3-3-7.

4) Ding bdng Karnaugh tim ham OR-AND (6i thi€u cia ham ddo

Né&u trén bang Karnaugh cia ham s§, ta gdp tdt cd cdc s6 hang nhd nhédt ing

Z .

t6i thi€u cia Z .
Giai : _
-~ Vé bang Karpaugh cia ham 2
Hinh 3.3.8
- GOp cAc s8 hang nhé nh4t dng véi Z = 0
mo+m1 =A_-_B:_,mo+m2 =1_X-d,
m, +m, = BC
~ Viét bi€u thiéc ham OR-AND t&i thifu cia Z :

Z =AB +BC + AC

(oo]]
el
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v8i gid tri 0 cha ham xét, thi ta duge bi€u thitc OR-AND tdi thi€u clia ham déo

Vi du 3.3.11 : Cho Z = AB + BC + CA. Dimng hinh v& tim ra bi€u thic OR-AND

BC
ANL 00 0t 11 10
ojfo][ 0)| 1 | (o
e ] 1 1 1
Hinh 3-3-8.



3.3.4. Chuyén d6i bi€u thic OR-AND t6i thi€u thanh bi€u thic t6i thi€u
cac dang NAND-NAND, NORAND, NOR-NOR

Sau khi nghién citu xong phuong phédp t&i thi€u hda bi€u thic dang OR-AND,
chiung ta nghi ngay dén vdn dé : Lam th& nao ti bi€u thic OR-AND t6i thiu d€
cd duogc bi€u thuc téi thi€u cdc dang khic.

1) Tinh hoan hdo cua phép tinh NAND vai NOR

Moi phép todn trong dai s8 logic déu cd thé quy vé 3 phép toan co ban AND,
OR, DAO. Si& dung céc phép toan NAND va NOR cing rdt d& dang thuc hién 3
phép todn co ban trén. Vi du :

Z=A.B=AB =A+B

o

Z:A+B=K§:F_

Z=A=A1=A+20

Vay phép tinh NAND va NOR 1a hoan hao, van nang. Cho nén, trong cdc mach
dién vi mach s8, cdc c8ng NAND va NOR trd thanh cdc phén ti co ban, dién hinh.

2) Bi€u thitc NAND-NAND (6§ thiéu

Vi trong céng tac thuc t&€ ta dung nhiéu cng NAND, nén viéc chuyén d8i bi€u
thic OR-AND da t6i thi€u hda thanh bi€u thic NAND-NAND la cong viéc v cling
quan trong. '

Bi€u thdc NAND-NAND t6i thi€u phai la :

~ Ki hiéu dao it nhdt (khong ké dén dao bién, ddo bién coi nhu cd sin)
- 86 céng NAND cén ¢ cing it nhat. |

- 86 bién vao it nhét (s6 ddu vao cta céng NAND it nh4t)

D6i voi mach dién 2 c4p c6ng NAND, dung phuong phép DAO 2 14n thl c§ thé
chuyén d8i bi€u thitc OR-AND t6i thi€u thanh bi€u thitc NAND-NAND t&i thigu.

Vi du 3-3-12 : Hay chuyén ddi ham Z = AB + BC + CA thanh bifu thdc
NAND-NAND t68i thi€u.
Giai : Ap dung dinh li De Morgan dén cdp s6 hang (khoéng dén cAp bign s6) :

Q I
bl

Z = AB + BC + CA = AB BC
Liy dao lﬁn nita A
Z=%=ABBCCA L R
. .\ . B 7=AB+BC+CA
xenl:diighd;éjg—c;ung c8ng NAND thuc hién (—___ﬁ} ; ] :
f_\ S )

Hinh 3-3-9.
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3) Bi¢u thitc NORAND t5i thi€u

Ching ta cdn bi€u thic NORAND t6i thi€u khi muén dung c6ng NORAND dé&
thyc hién ham logic. N6i chung, cho phép xu#t hién ki hiéu DAO k&t hop véi
NORAND.

Cé hai phuong phdp chuyén d8i tit biu thic OR-AND t6i thi€u thanh biéu thidc
NORAND 2 cdp t6i thiéu.

a) L&y DAO hai lin d6i véi ham Z

— — A—

Vidy:2 = AB + CD B— )

Z=AB+CD - ¢
Mach dién thuc hién Z xem hinh 3-3-10 D‘____/

Hiah 3-3-10.

b) Tim biéu thitc OR-AND tdi thiéu cta Z 7
Sau dd ldy dido l4n nia. _
ViduZ = AB +AB A

Tim bi€u thic OR-AND t6i thi€u cua

Z = AB + AB z .

Ldy dao lén nita, ta cd

7 =7 = AB + AB

Mach dién thuc hién Z xem hinh |
3-3-11a (So d6 3-3-11b la k&t qua
phuong phdp ldy dédo 2 l8n ndi trén, 1§

AB AB AB AR
a) »

rang phic tap hon).

4) Bi€u thitc NOR-NOR t65i thi€u | Mk 3-3-11.

Biéu thdc NOR-NOR t6i thi€u dugc ding khi chéng ta mu6n thyc hién ham
logic bing c6ng NOR. '

Bi€u thdc NOR-NOR t6i thi€u ]a :

- 56 c8ng dao it nhat. |

-~ S8 ddu vao it nhA4t.

Céach thyc hién ham NOR-NOR tdi thiéu (2 cép) :

- Tim biéu théc OR-AND t6i thi€u cta Z

- Ap dung dinh lf De Morgan d€ cé bifu thiéc t6i thi€u dang AND-OR

- Ldy dao 2 ld4n nita d€ c6 bi€u thic NOR-NOR t8i thi€u.

Vi du 3-3-1 : Hay viét ham Z = AB + BC + CA duéi dang biéu thic NOR-NOR
t8i thi€u.

Giai :
- Tim Z dang OR-AND :
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Vé bang Karnaugh clia ham Z va gop cdc s8 BC

hang nhdé nhdt tuong ing Z = 0 (hinh 3-3-12) ANLO0 01 11 10
Ta duge : Z = AB +BC + CA of o fol|1]o
- Ap dung dinh lf De Morgan dé cé dang 1o | 1] 11

AND-OR :

=7 =AB+BC +CA=AB.BC.CA
= (A+B)Y(B+C (C+ A Hinh 3-3-12.
- Ldy dao 2 lan d€ c6 dang NOR-NOR :

Z=2=A+BB+C)C+A) = A+B +B+C+C+A
- Mach dién logic xem hinh 3-3-13

3.4. SU TOI THIEU HOA HAM LOGIC RANG BUOC

3.4.1. Khai niém rang bufc, diéu kién rang budc Z

1) Rang bubc, phin tiv rang bufc, diéu kién rang buéc

a) Rang budc : Rang budc la khdi niém quan trong
ndi vé m6i quan hé quy dinh ldn nhau giita cdc bién
dang trong mét ham logic. . ) _

Vi du 3-4-1 : Ngay 18§ Quéc t& Phu nit 8-3, mét don AB O
vi n¢ t8 chuc chiéu dai phim, vé chi phit cho phu ni "
cia don vi. Hay xem xét vdn dé logic dd.

Mink 3-3-13.
Giai : Can cd dé c6 thé ligt ké bang chiic nang 3-4-1
sau day
Béng 3-4-1
Thufc don nam hay c6 vé khong dugc vao rap Thuy& minh
vi khong nit khong
Khong nam Khong Khong
Khong nam Cé Khong c6 trudng hop niy
Khong ni Khoéng Khoéng
Khoéng ndl Co Khong ¢6 trudng hgp nay
Cé nam Khong - Khong ‘
C6 nam Co Khong co trudng hgp nay
Co6 nd Khéng Khong
Cé nid Co Cé

Né&u dung A, B, C biu thi cdc bién logic tuong Wng 3 cot ddu bang 3-4-1, cac
bi&€n 14y gia tri 0/1 tuong dng khong/cd thudc don vi, nam/nit, khong/cs vé, va né&u
ding Z bi€u thj ham logic Z = 0/1 tuong dng khéng/cé dugc vao rap xem phim,
thi ta cd bang chan i 3-4-2 sau :

119



Béng 3-4-2

A B C Z Thuyét minh
0 0 0 0
0 0 1 X Khoéng xdy ra
0 1 0 0
0 1 1 X Khoéng xdy ra
1 0 0 0
1 0 1 X Khong xady ra
1 1 0 0
1 1 1 1

Bang 3-4-2 cho bist rdng, cdc bién A, B, C chi 14y cédc gid tri c6 thé la 000,
010, 100, 110, 111 va khong th€ ldy cac gia tri 001, 011, 101 vi vé xem phim chi
phat cho phu nit cia don vi. Vay gilta cac bién A,B,C cd mét quan hé rang budc
nhét dinh, hay 1a ta goi ching 14 mét nhém bi€n rang budc. Ham logic rang budc
la ham cd cac bién rang budc.

b) Phén ti rang buéc : Cac s6 hang nhé nhdt cd cdc td hgp gid tri khong xay
ra, nhu trong vi du 3-4-1, l1a ABC , ABC , ABC . Nhiing gia tri dé dugc goi 1a s6
hang rang bubc.

Nhu ta dd biét v€ s6 hang nhé nhdt, m6i s6 hang nhé nhdt ¢é moét t8 hgp gia
tri cdc bién tuong dng d€ nd ldy gia tri 1, s6 hang rang bubdc Iuén bing 0 vi té
hgp gia tri cdc bién tuong dng d€ nd ldy gid tri 1 thudc vao gia tri khong xay ra.

¢) Didu kién rang buéc : Bigu thuc logic cfu tric bang téng céc s hang rang
budc dugc goi 1a diéu kién rang bugc. Vi s6 hang rang bufc luén bing 0, nén téng
cdc s6 hang rang bufc cing bing 0, viy diéu kién rang bufc bing 0.

2) Phuong phdp bi€u thi di¢u kién rang bubc

a) Trong bang chan li ding d4u "x" bi€u thi, xem vi du bing 3-4-2 trén day. Gia
tri ham s6 tuong dng t8 hop gid tri bién cla s8 hang radng budc 6 dfu chéo "x".

b) Trong bi€u thic logic ding ding thic diéu
kién rang budc bang 0 dé bléu thi. Vi dy, tit bang

3-4-2 ta cg : ANL 00 01 11 10
ABC+ABC+A§C=0hay1a2(1,3,5)=0 ol o | x | x| o
_ hay dusi dang OR-AND t6i thi€u : ol x1 11 o
AC + BC =0
c) Trong bang Karnaugh dung ddu "x" bi€u thi,
vi duy, tuong dng véi béng 3-4-2 1a bang Karnaugh
hinh 3-4-1 Hinh 3~4-1.

¢

3.4.2. T6i thi€u héa ham logic rang budc

M4u ch8t cta vdn dé 1a dung diéu kién rang budc nhu th&€ ndo. Né6i chung, néu
tan dung diéu kién rang budc thi c¢é th€ nhan dugc bifu thdc t8i thi€u hda.

120



1) Ung dung ditu kién rdng budc d¢ t6i thi€u héa

a) Phuong phdp céng thuc

Trong phuong phédp céng thic, tiuy yéu cdu, cd thé tiy ¥ cong thém hodc khit bd
s6 hang rang budc. S6 hang rang budc bing 0, nén thém b6t 0 vao bi€u thic logic
khéng lam thay déi gia tri bi€u thdc d¢6. Vi du, bang 3-4-2, ta ¢ : Z = ABC

Z= ABC + AC + BC = C(AB + A + B) = C(AB + AB) =

b) Phuong phdp hinh vé

Trong phuong phdp hinh vé, tiy y&u cfiu, cé thé tuy ¥y khoanh vong que s§ hang
rang budc. Vi 86 hang rang bu6c bing 0, nén su gép thém nd khéng lam thay d6i
gid tri hAm s6. Vi dy, hinh 3-4-1, ¢6 th€ khoanh vong 4 6 giiia, ta c6 :

Z=m +m,+mg+m =C : :

Phan tich bang 3-4-1, 83-4-2, ching ta s& r6 ¥ nghIa thue té cﬁa viec t6i thiéu
héa ding diéu kién rang bugc. Z = ABC nghia 12 ngudi géc rap chifu phim phai
ki€m tra vé, lai phai phan biét gi6i tinh va noi cong tdc cia ngudi c¢6 vé : Phién
phic qua. Z = C nghia 14 ngudi gdc rap chi6u phim chl c&n kifm tra vé : That
don giadn. Tuy nhién, diéu kién rang bu6c phai bdo ddm ]a vé chi phat cho phy ni
cia don vi ma théi. Néu khéng, ngudi khéng dugc phép cling vao xem phim. Néi
mot cdch t8ng quat, cAn bado dam diéu kién rang budc khi t8i thi€u héa ham loglc
rang budc. Néu khong, cé th& sinh ra sai ldm.

2) T6i thi€u héa ham logic cd bié'n loai tr nhau
Trong mot nhém blé’n s6, néu chi ¢6 mot- bién 14y gié. tri 1 thi gia tri céc bi&n
khac phai bing 0. DS 12 cdc loai trit nhau. _

Vi dy 3-4-2 : Cac bién A, B, C cia ham Z 12 loai tru nhau '

Hay ké bang chan l cia Z va ding phuong phép cong thic, phtto*ng phap hinh, ‘
vé d€ tim blé’u thdc ham s6 t6i thi€u dang ORAND.

Giai :
- Bang 8-4-4 dusi day céin cd vao khdi niém céac bién loai tru nhau

Bing 3-4-4 : DAU x BIBU THI TRUONG HOP KHONG XAY RA.

A B c Lz
0 0 0 0
0 0 1 1
0 i 0 1
0 1 1 x
1 0 0 1
1 0 1 X
1 1 0 p S
1 1 1 X
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- Dung cong thic t8i thi€u hda
Z = ABC + ABC + ABC
Diéu kién rang budc ABC + ABC + ABC + ABC = 0
Z = ABC + ABC + ABC + ABC + ABC + ABC + ABC
= (ABC + ABC) + (ABC + ABC) + (ABC + ABC) + ABC
= AC + BC + (AB + ABC)
= AC + BC + A(B + BC)
= AC + BC + AB + AC
= (AC + AC) + BC + AB

= C + BC + AB
BC
=A+B+C A 00 0 11 10
- Dung hinh vé& t&i thi€u hda vé& bang Karnaugh S0 o TR N
nhu hinh 3-4-2. '
. 1 Q_ x [lx /| x

Gop theo khoanh vong
m, + mg +m; +m, = A

td

m, + my; + mg + m,; = Hinh 3—4-2.
m +my +mg+m = C
Ham t6i thi€u héa : Z = A+ B+ C

D&i v6i ham logic ma cdc bién loai trit nhau, bang chan l thudng cd dang don
gidn dac biét, vi du, tit bang 3-4-4 ta c¢6 bang 3-4-5

Bdng 3-4-5
Bign | mwmz
A 1
B 1
Ham logic ¢d bi€u thic dang t8ng cdc bién : _ BC . .
Z7=A+B+C S A 00 01 11 10
0l % [ 1 0} o0
3) Vi du vEé t6i thi€u héa _ 1
x 1 1 0

Vi du 3-4-8 : Hay t8i thiéu hda ham
Z = AC + ABC

diéu kién rang budc BC =0

Giai :

- dung cbng thic

Hinh 3-4-3.

=
ol

Z = AC + ABC = AC + ABC +BC = C(A + AB) + BC = AC + BC +
Z=AC+B
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-~ Dung hinh v& (hinh 3-4-3)
-~ Gop khoanh vong
m0+ml+m4+m5 = B
m; + m, = AC
Z =B + AC

Vi du 3-4-4 : Cho bang chan lf cia ham logic rang bugc (bdng 3-4-6). Hay tim
bi€u thuc t8i thi€u hda cia ham dang OR-AND va dang AND-OR.

Giai : Tu bang chan i 3-4-6 vé& bang Karnaugh hinh 3-4-4.

Béng 3-4-6

A B C D v

0 0 0 0 1

0 0 0 1 0

0 0 1 0 1

0 0 1 i 1

0 1 0 0 0

0 1 0 1 1

) 1 1 0 0

() 1 1 1 1 ch

: g g ‘l’ : ABN\ 00 01 11 10
01 1 | o | 1 {1

1 0 1 0 x

1 0 1 1 x 0f o f 1 |1 1]o0

1 1 0 0 x

1 1 0 1 X Y} X x x

1 1 1 0 %

1 1 1 1 X 10 1 1 b3 X

Hinh 3-4-4.

- Tim dang OR-AND :

Khi khoanh véng m,, m,;, m,, m,;, m, m;s dugc tdn dung x& 1 gbp, ta cd :

Z =BD+BC+BD+A (3-4-1)
- Tim dang AND-OR :

Né&u trén day gop cdc 86 hang rang bubc vao vdng cdc 6 gié tri 1, thi & day ta
chia s6 hang rang bufc thanh hai nhém :

m;, vd m,, gop vao cdc 0 gid tri 0, con my my;, my, vd m;q gOp vao cdc 0 gid
tri 1. Taco : Z=ABCD + BD (3-4-2)
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L4y DAO l4n nita, ta c6 :

Z =2Z=ABCD + BD

i
o]
@
&
w |

=(A+B+C+ D@ + D)

Cén thuy&t minh thém di8u sau day : Ham Z (3-4-1) va ham dao Z (3-4-2)
khong don gidn la ddo cta nhau, néu quén di diéu kién rang budc. Ndi cdch khidc,
néu khodng cd diéu kién rang budc thi (3-4-1) va (3-4-2) khong th€ la cac bi€u
thic dao clia nhau. Xu4t xi cia ching la do trong qua trinh x& H cdc s6 hang rang
budc, ta gOp t&t cA vdo vong cdc 6 gid tri 1 d€ di dén (3-4-1), nhung lai chia ching
thanh hai nhém d€ di dén (3-4-2). Mufn ldy ddo d€ chuyén ddi qua lai hai bi€u
thic ham s6 (3-4-1) va (3-4-2), ta phai t4n dung diéu kién rang bubc.

TOM TAT

Chuong 3 gi6i thiéu 3 phdn néi dung chinh : cdc céng thic va dinh i co ban
cia dai s6 logic, phuong phdp bi€u thi va téi thifu hda ham logic.

Dai s6 logic 12 phuong phdp quan trong nghién ctu mach s6, dung dai s6 logic
cd thé€ tritu tugng hda cdc quan hé logic cia mét mach dién thanh bi€u thdc dai
s6 logic, hon nila, c¢é th€ dung cdc phép todn logic d€ gidi quyét nhitng vdn dé phan
tich va thiét k& mach logic.

Sau khi da nghién ciu cdc khai niém va cOng thic co ban cta dai s6 logic, ching
ta da hoc tap 4 phuong phdp biéu thi ham logic, d6 1a :

1 - Bdng chan Ui
Bang chan H dung bang liét ké d€ bi€u thi quan hé giita gia tri ham s6 va té
hop gi4 tri cdc bién s6 cia né. Uu di€m 14 truc quan, rd rang, tién dé€ tritu tugng

héa nhitng vén dé logic thuc t& thanh v&n dé dai sé logic. Nhuge di€m la sy réi
rdm tang nhanh theo s§ bi€n cia ham.

2 - Biéu thuc

Bi€u thdc ham logic lién hé ham v8i bién théng qua cdc phép todn logic VA,
HOAC, DAO v.v... Ca véi nhitng trudng hop quan hé logic phuc tap va bién logic
nhiéu thi biéu thdc la phuong phdp biéu thi ham logic don gian, gon ghé hon ca,
tién d€ thuc hién cdc phép todn logic va t6i thi€u hda bang cong thie.

3 - So db logic

Day 1a phuong phdp bi€u thi ham logic tuong d6i ti€p can thdc t€ cong trinh.
Vi ki hiéu phdn t& logic trong so d6 théng thudng bi€u thi mét phdn ti mach
dién cu thé€, nén déng thoi dd 14 so d6 mach logic. Trong thuc t€ khi tim hi€u
chic nang logic cia hé th&ng s6 hodac moét hé didu khié€n s8, ta dua vao so dé
logic, vi so d8 logic bién chic nang logic cia mdt mach dién thuc t&€ rit phuc
tap thanh so d6 cdc quan hé logic r6 rang va cd thd ty. Khi thi&t k& d€ san
xuft thiét bj s6, ddu tién phai thi&t k& logic, vé so d6 logic, r6i méi chuyén sang
mach dién thuc té&.
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4 - Bdang Karnaugh

Bang Karnaugh bi€u thi ham logic bdng so d8 cdc 6 s6 hang nhé nh4t, ding su
k& nhau vé vi tri hinh hoc cdc 6 d€ bi6u thi truc quan tinh chdt ké nhau vé logic
cia cdc s6 hang nhd nhdt cia ham. Biang Karnaugh 12 c6ng cu quan trong dé€ téi
thi€u hda ham logic.

4 phuong phap bi€u thi ham logic ndi trén 12 ¢ thé chuyén d8i 14n nhau. Tuy
theo yéu cdu thuyc t€ cdn giai quyé&t, ta chon moét phuong phip t6t nh4dt d€ bi€u thi
mét ham logic cu thé.

Ching ta tap trung tim hi€u 2 phuong phdp t6i thi€u hda ham logic, d6 1a :
1. Ding céng thuc

Dung cdc cong thuc va dinh li cia dai s6 logic, tién hanh cdc phép todn logic
d€ di t6i biu thic t6i thi€u héa. Uu diém 1a khong c6 han ch& ndo. Nhuge di€m
12 cdn dén kinh nghiém va ki xao khi t8i thi€u hda cdc bi€u thic phdc tap.

2. Dung hinh vé

Dung bang Karnaugh d€ t6i thi€u hda. Uu di€m la truc quan, don giidn, dé& hiéu,
it nhdm lan. Nhugc diém la han ché& s6 bién cua ham duéi 6.

Trong ham logic thuc t& thudng cd nhitng quan hé rang budc. N&u t&n dung
diéu kién rang budc d€ t6i thi€u hda, thudng cd dugc ham logic cuc ki don gian.
Chung ta cdn hi€u chinh x4c c4c khai niém rang budc, s§ hang rang budc, diéu .
kién rang bufc va ndm ving phuong phdp bi€u thi diéu kién rang budc, phuong
phdp xi H diéu kién rang budc d€ t8i thi€u hda.

Cuéi cung cdn ndi thém rang, khi thi&t k& thyc t€, d€ lam gidm s6 vi mach,
thudng k&t hgp cdc loai mach c8ng trong mot s d6 mach. Khi d6, bi€u thic ham
logic t&i thi€u 1a h8n hgp va chl t6i vu khi xem xét viéc st dung cdc cOng logic
dugc chon.

BAI TAP

3-1. Ba phép todn logic co ban trong dai s6 logic la gi ?
8-2. Ham logic va bién logic tai sao chi ldy 2 gi4 tri 0 va 1. C6 th€ xay ra
truong hop nao khac ?

3-3. Trong céc bi€u thic ham logic duéi day, Z = 1 véi t8 hgp gid tri ndo cia
cac bién A, B, C.

(1) Z = AB + BC + AC
(2) Z = AB + BC + AC

(8 Z = AB + ABC + AB + ABC

(4) Z = AB + BC (A + B)
3-4. Ching minh c4c ding thdc sau :
(IWA+BC+D=A.(B+C).D

(2) AB + AB + C = (A ® B).C
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B A+AB +C) =A+BC
(4) AB +AB + AB + AB = 1
3-5. Ching minh cdc ding thdc sau :
(1) AB + BCD + AC + BC = AB + C
(2) AB + BD + DCE + DA = AB + D
(3 ABC +D)+D+DA+B®B+C)=A+BC+D

(4) ABCD + ABCD = AB + BC + CD + DA
(5) AB + BC + CA = AB + BC + CA

) AODBB@CC@®D = AB +BC +CD + DA

(7) ABC AB +BC + CA + ABC = (A+B+C) AB + BC + GA + ABC
(8) AB + AB + BC = AB + AC + AB |
(9) ABC + ABC + ABC+ABC=A®B®C
(1)) A®B®C = ABC+(A+ B+ CAB + BC + CA
3-6. Ching minh cdc ding thdc sau :
(WDA®B=A0B=A6B
2)A®DB=A0B
A6BoC=A06BoC
(4) A(A ® B) = AB
(5) AB(A ® B @ C) = ABC

-~ 8-7. Bang chan li 1a gl ? Ban c¢d thé ti bifu thic logic d4 cho d€ k& ra bang
chan i duge khong ?
3-8. Hay liet ké bang chan Ui cta cdc ham duéi day. Thuyét minh quan hé gitta
F, v& F, , _ '
= AB + BC + CA

rFl
() ip, = &B + BC + CA
[F, = ABC + ABC
(2) | = p— p—
|F, = AB +BC + CA
F, =A®B+®C
®) 1F, = ABC + ABC + ABC + ABC
F, = ACD + AB + BC
) \F, = ABC + ABD + BCD

~ 3-9. Ding bang chan U nghiém lai cdc ding thdc & dé& bai tap 3-4.

3-10. N6i phuong phdp tim bi€u thdc ham s6 tit bang chan . Ban cd thé truc
ti€p viét ra bi€u thic ham logic dang ORAND va ANDOR tu bang chan i khéng ?
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3-11. Cho bang chan li clia cdc ham logic F, + Fg nhu duéi day. Hay viét bi€u
thic ham logic dang ORAND chudn t4c.

A B C F1 Fz F3 Fa Fs
0 0 0 0 0 0 0 1
0 0 1 1 0 1 1 0
0 1 0 1 0 1 1 0
0 1 1 0 1 0 1 1
1 0 0 1 0 1 0 0
1 0 1 o 1 0 0 0
1 1 0 o 1 0 0 1
1 1 1 i 1 0 1 0

3-12. Hay viét bi€u thic ham logic F, + F trong bai tap 3-11 & dang AND-OR
chufin tac.

3-13. S6 hang nhd nhét 14 gi ? Tinh ch4t cia nd ? Phuong phdp ki hiéu nd ?
3-14. Hay tri€n khai cdc ham logic sau day thanh bi€u thic s hang nhd nhi4t.
(1) Z = AB + BC + CA
(2) Z = S + RQ
(3) 2 = JQ +KQ

(4) Z = AB + AD + BC

(5) 2 = ABCD + ABC
3-15. Noi vé phuong phdap ki hiéu s6 hang nhé nh4t. Hay dung Z = Zmi bigu
thi cdc ham s6 trong bai tap 3-14.
3-16. Thita s6 16n nh4t la gl ? Tinh chdt va cdch ki hiéu.

3-17. Hay viét bi€u thdc cdc thia s6 Ién nhft cia cdc ham s8 trong bai tap
3-14.

3-18. Bang Karnaugh 1a gi ? Quy luat sip xép bi€n s6 trén bang Karnaugh nhu
th& nao ? Ban cd th€ viét nhanh ra ki hiéu trén cdc 6 cia bang Karnaugh khéng ?

3-19. Ban cd thanh thao vé ra bang Karnaugh 3, 4 bi€n khéng ?

3-20. Hay ndi cdc bubc co ban vé bang Karnaugh cia ham logic.

3-21. Vé bang Karnaugh cua cdc ham trong bai tap 3-3.

3-22. Dﬁng bang Karnaugh ching minh cdc ding thuc & bai tap 3-4.

3-23. Dung bang Karnaugh ching minh cdc ding thic 1 + 5 & bai tap 3-5.
3-24. So d6 logic 1a gl ? Dac diém cta nd.

3-25. Ban cd th€ vé so d6 logic ti bi€u thdc ham s6 da cho khéng ?

3-26. Hay vé so d6 logic cua cdc ham s6 cho & bai tap 3-3.

3-27. Hay vé sg df logic cia cdc ham s6 cho & bai tap 3-14.

3-28. Hay vi&t bi€u thic ham ddu ra cha so d6 logic sau day.
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Al Bi Ci-1 A BC

3-29. Hay viét bi€u thdc ham ddu ra cda so d6 logic sau day.

Ta, 1B,

3-30. Biéu thitc OR-AND t6i thi€u la gi ? Viéc t6i thi€u héa ham logic c6 y
nghia thuc t& gi ?

3-31. Phuong phap t&i thi€u hda bdng céng thic la gl ? Uu diém cta né ?

3-32. Hay dung phuong phdp cong thic d€ tdi thi€u hda cac ham logic dudi day
thanh dang OR-AND téi thi8u.

(1) AA +B) +BB +C) +B
2 A+B+C)B +B+CC +B +0)
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(3) AB + AB + AB + AB

(4) (A + AB + ABC)(A + B + C)

(5) (AB + AB) (AB + AB)

(6) ABC + AB + ABC o
(7) (AB + AB + AB) (A +B +D + ABD)
(8) (AB + D)A + B)D

(9) AC + AB + BC + ACD

(10) AB +C + ACD + BCD

3-33. Hay dung phuong phdp céng thuc dé€ t6i thi€u héa cac ham logic dusi day
thanh dang OR-AND t6i thiéu.

(1) AB+ AC +BC +CD + D
(2) A(AC + BD) + B(C+DE) + BC
(3) A +B + C)(B + BC + C)D + DE + E)

(4) A+B +CD +AD.B

(5) AB + BD + DCE + DA

(6) AD + BCD + (A + B)C

() A.B + AC + BC + BCD + BCE + BCF

(8 A.B + AC +CD + BCD + BCE + BCG + BCF

3-34. Hay dung phuong phap cong thic d€ t6i thi€u hda cdc ham logic du6i day
thanh dang OR-AND t6i thi€u.

(1) AB + AB

2AcB.BaC

(3) BC + A

(4) AB + AC + BC

(5) BC + AB + AC

(6) AC + BD + ABC

(7) ABD + AC + BCD + BD + BD
(8 CD +CD.AC +D

(9) ABC.AB +BC + CA

(10) (A + B)CD + ACD + AB(C + D)
3-35. Ding phuong phap cong thic ching minh cdc ddng thdc sau

(1) ABC + ABC = AB + BC + CA

(2) AB + AB = (A + B)(A + B)

3 A+C+AD +BC = (A +DBC.A + (B + C)AD.C

4 A®BOC=A+B+C)A+B+CYA+B +C)A+B +0C)
G)AGB®CoD=A0BoCaoD
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3-36. Hay tim ham déo cia cdc ham logic sau day (dung dinh' 'l De Morgan,
dua ham dao vé dang OR-AND t6i thidu).

(1) (A+B)C+D
(2) (AB + BD)(AC + BD) °

(3) A.B +C + AD

(4) AB + BD + BC + CD
(5) DIC + (AD + B)E]
6) A®B & C |
(H A®BC+B&C.D

) A+B+CD+C +D + AR

3-37. Dung dinh U trién khai d€ t6i thi€u hda cdc ham sau day (vé dang OR-AND
t6i thi€u)

(1) F,

(A+C)C +D)+ABD
(2) F, AC.BD + CD.AB

(3) F, = AB + ABD.(B + CD)

() F, = ABC + ABC + ABC + ABC

3-38. Dung dinh i trién khai d€ t6i thiu hda cdc ham sau day (vé dang OR-AND
t8i thi€u)

(1) F, = ABC + ABD + ABD + ACD
(2) F, = ABC +f‘(§iB +D§.CD
(3) F; = AB + BC + AB.(AB + AB + BC)

(4) F, = AW +C)B +C)A +C +D)A +B + D)

(5) F5 = ABC + BD(A + C) + (B + D)AC

(6) F, = AC + BC + AD + ABD + ABE + ABFG + ABH

3-39. Quy tdc gbp cdc s6 hang nhd nhdt trong bang Karnaugh la gl ? Cd thé
g0p céc s6 hang nhd nh4t lién ké véi s6 cdac s6 hang 12 3, 5, 7, 9, 15 hay khong ?
Tai sao ? ' '

3-40. Hay viét ra dang OR-AND t6i thi€u cta cdc ham s8 bi€u thi du6i day.

BC BC BC
A 00 0f 11 10 A 00 ©1 1t 10 A 00 01 11 10

of 3 1 0f 1 [ 14t |1 0

1 q 1 |1 L T 1|14

(a) (b} (©)
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CD
AB 00

01

11

10

00|

01

11

10]

(@

01

11

10

CcD
AB

(g)

01

11

00f

oL

1|

101

1

3-41. Ding phuong phap hinh

t8i thi€u

)

(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)
9

F(A,
F(A,
F(A,
F(A,
F(A,
F(A,
F(A,
F(A,
F(A,

L= == B o< B v

-

~

W W W W E W

¥

C)
&)

C,

C,

AB

AB

AB

CD
00

01

11

10

00|

ot

10f ,

CD
00

(e)

01

11

00

01

1l

10| 4

CD
00

(h

01

10

00

1

01|

1

1l

1

10

1

(k)

= 20,

D) =
(10) F(A, B, C, D) = 2 (0,
(11) F(A, B, C, D) = 2 _(0,

1,
2,
1,
1

1,
1,

-

o o N o N

-

4
3
5,
2,

1,
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L > ¢

-

2,

5)

~ ‘m

-

-

S O O o L O W W

~-

3,

AB

AB

AB

7)

4, 5, 6)
6, 7
10)

4, 9, 10, 12, 13, 14, 15)

cD

00

01

11

10

00

01

11

10

CD

00

®

01

10

00

01

11

10

cD

00

O]

01

11

10

00

01

11

10

10, 12, 14)
10, 11, 14, 15)
11, 18, 14, 15)
8, 10, 11)
4, 9, 10, 11, 12, 13, 14, 15)

3-42. Dung phuong phdap hinh vé t6i thi€u hda cdc ham s6 dudi day vé dang
OR-AND té&i thiéu.

0]

v& t6i thi€u hda cdc ham sau day vé dang OR~-AND
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(1) F = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
(2) F = ACD + ABD + ABD + ACD

(3) F = AB + BCD + ABD + ABCD

(4) F = ABC + AD + BD + CD + AC + AD

(5) F = ABCD + AB + ABD + BC + BCD

(6) F = ABD + ABC + BCD + ABCD + ABCD

3-43. Dung phuong phdp hinh vé t6i thi€u hda cdc ham s6 dudi day vé dang
OR-AND t6i thiéu.

(1) F(A, B, C, D) = Zm(o, 1, 4, 6, 8, 9, 10, 12, 13, 14, 15)

(2) F(A, B, C, D) = Zm(O, 2, 3, 4,5, 6, 8 9, 10, 11, 12, 13, 14, 15)

(3) F(A, B, C, D) = Zm(z, 4, 5, 6, 7, 11, 12, 14, 15) -

(4) F(4, B, C, D, E) = 2 (0, 3, 4, 6, 7, 8 11, 15, 16, 17, 20, 22, 25, 27, 29, 30, 31)
3-44. Khai niém rang buéc, s6 hang rang buédc, diéu kién rang budc 1a gl.

3-45. Trong phuong phap t6i thi€u hda (cong thidc hoac hinh vé), tai sao c6 thé
tuy y thém bdt cic s6 hang rang budc theo yéu céu ?

3-46. Dung phuong phap hinh vé d€ t6i thiSu hda vé dang OR-AND t6i thi€u
~cdc ham sau day voi diéu kién rang buéc AB + AC = 0

1. F(A, B, C,D) = 2 (0, 1,2 34,5, 86, 8 9)

2. F(A, B, C,D) = 2 (0,2 4,5, 7, 8

3.F(A B,/ CD) =201 3589

4. F(A, B,C, D) = 2.0, 1, 2, 83 4, 5 6)

3-47. Dung phuong phap hinh vé t8i thi€u héa vé dang OR-~AND t6i thi€u cac
ham sau day v6i diéu kién rang budc Zd =0

1. F(A, B, C, D) = 2 (0, 1, 2, 3, 6, 8 + 2,10, 11, 12, 13, 14, 15)

2. F(A, B, C,D) = 2 (3, 6, 8 9, 11, 12) + 2,0, 1, 2, 13, 14, 15)

3. F(A, B, C,D) = 2.(0, 1, 4, 9, 12, 13) + 2,2, 3, 6, 10, 11, 14)

4. F(A, B, C, D) = 2. (0,1, 2, 3, 4, 7, 15) + 248, 9, 10, 11, 12, 13)

5. F(A, B, C,D) = 2 (0, 2, 4, 5, 7, 13) + 2,(8, 9, 10, 11, 14, 15)

6. F(A, B, C, D) = 2, (2, 4, 6, 7, 12, 15) + 2,0, 1, 3, 8, 9, 11)

7. FA, B, C, D) = 2 (1, 2, 4, 12, 14) + 2(5, 6, 7, 8, 9, 10)

8. F(A, B, C, D) = 2 (0,23 4 5 6 11, 12) + 2,8, 9, 10, 13, 14, 15)

3-48. Cdc ham logic dang OR-AND dudi ddy cd phai da 1a t6i thiSu chua. N&u
chua, hay t6i thi€u hda ching.

1. F, = AB + AC + AB + BC

2. F, = AB + BC + BC + AC

3. F, = ABD + ABD + ACD + ACD + BC
4. F, = AB + CD + ABD + ABC
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Chuong 4

MACH LOGIC TO HOP

4.1. DAC DIEM CO BAN VA PHUONG PHAP THIET KE CUA MACH
LOGIC TO HOP

4.1.1. Phuong phap bi€u thi va phan tich dic di€m co ban va chic ning
logic cia mach logic t6 hgp

Can c¢d vao dic di€m va chdc nang logice, chiing ta phan loai mach s8 thanh hai
loai chinh : mach t8 hop va mach day (mach diay dugc trinh bay trong chuong sau)

1) Pdc di€ém co bdn ciia mach 16 hop

Trong mach s8, mach t§ hgp 124 mach ma tri s8 6n dinh cua tin hiéu ddu ra &
thoi di€m bdt ki chi phu thuéc vao t8 hgp cdc gid tri tin hiéu ddu vao & thsi di€m
dé. Trong mach t8 hgp, trang thai mach dién trudc thdi di€m xét, tic trude khi ¢
tac dong ctia tin hidu ddu vao, khong anh hudng dén tin hiéu ddu ra. Dac di€m
cfu truc mach t8 hogp la dugc cdu tric nén tli cdc cdng logic. Vay cdc mach dién
c8ng & chuong 2 va cdc mach logic da gap & chuong 3 déu 1a mach t6 hop.

2) Phuong phdp bi¢u thi chiic ning logic

Cac phuong phdp thudng ding d€ bifu thi chic nang logic cta mach t8 hop la
ham s6 logic, bang chan l, so d8 logic, baAng Karnaugh, ciing cd khi bi€u thi bing
d6 thi thdi gian dang sdng.

D6i v6i vi mach cd nhé (SSI) thudng bifu thi bing ham logic. D6i v6i vi mach
- cd vita thudng bi€u thi bing bang chan li, hay la bang chdc nang. Bang chdc nang:
dung hinh thdc bang ké, v4i miuc logic cao (H) va mic logic thdp (L), dé mo ta
quan hé logic giita tin hiéu d8u ra véi tin hiéu ddu vdo cta mach dién xét. Chi c4n
thay gia tri logic cho trang thai trong bang chic nang, thi ta ¢ bang chan I tuong
ing.

Nhu hinh 4-1-1 cho biét, thudng cd nhiédu tin hiéu ddu vao va nhiéu tin
hiéu dfu ra. Mot cdch t8ng qudt, ham logic cua tin hiéu d&u ra cd th€ viét
dugi dang : '
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zy = fi(x, X9, ..., X)

2, = £5(x;, %5, ., %)
Ly —»f
XL — , ' 2
z, = £ (x;, X5 .y X)) Mzch 17 4ap | | -
Cing cé th€ viét dusi dang dai lugng vécto nhu X, —s '4..3',”
sau : .
Z = F(X) Hinh 4-1-1 :

. . . Sd d6 khdi mach t6 hop.
3) Phuong phdp phdn tich chiic nidng logic

Chuong 2 cing da dé cip. Bay gid giéi thidu cdc bubc phan tich, bat ddu ti so
d6é mach logic da cho, d€ cuéi cung tim ra ham logic hoac bang chan I :

a) Viét bidu thuc : tudn tu ti ddu vdo dén ddu ra (hay cing cd thé ngugc lai)
viét ra bi€u thdc ham logic cia tin hiéu d4u ra.

b) Rut gon : khi cAn thiét thi rat gon dén tdi thi€u bifu thdc trén diy bang
phuong phap dai s6 hay phuong phdp hinh vé.

c) Ké bdng chdan Ii : khi cén thigt thi tim ra bang chan I bing cach tién hanh
tinh todn cdc gi4 tri ham logic tin hiéu d4u ra tuong Wng véi t8 hgp cd thé cia
cac gid tri tin hiéu d4u vao.

4.1.2. Phuong phap thi€t k& logic mach t6 hgp

Phuong phdp thiét k& logic 1a cdc bubc co ban tim ra sg d6 mach dién logic ti
yéu céu nhiém vu logic da cho.

| Bang o TGi thidu |
Karnaugh héa
Vin dé Bang | | Biéu thic So ¢6
logic thyc chan i ‘ "1 t6i thiéu logic
Biéu T6i thiéu
™ thitc logic 0 héa [

Hinh 4-1-2. Chc budc thiét k€ mach logic 16 hop.

Hinh 4-1-2 1a qué trinh thiét k€ ndi chung cia mach t8 hgp, trong dd bao gém
4 bué6c chinh :

1) Phén tich yéu ciu

Yéu clu nhiém vy thiét k& cia vdn dé logic thuc cd th€ la mdt doan van, cing
c6 thé la moét bai todn logic cu th€. Nhiém vu phan tich la xd4c dinh cdi nao la
bién s ddu vao, cai nao 13 ham s6 dfu ra v& mdéi quan hé logic giita ching véi
nhau. Mudn phan tich ding thi phai tim hi€u xem xét mot cAch sfiu sdc yéu clu
thiét k& Viéc dd 1a mét viéc khd nhung quan trong trong qué trinh thiét ké&.
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2) Ké bdng chln li

Ndi chung, dfu tién, ching ta liét ké thanh bing v& quan hé tuong Ung nhau giita
trang théi tin hiéu ddu vao vé6i trang thai ham sf d4u ra. D6 1a bang ke yéu cfu chic
niéng logic, goi tat 12 bang chdc niang Viéc nay cd vé d& va truc quan. Tié€p theo, ta
thay gid tri logic cho trang thdi, tdc 1A ding cdc s€ 0, 88 1 bi€u thi cidc trang théi
tuong dng cla ddu vao va diu ra. K&t qua ta cf bang cdc gid tri thuc logic, goi tét

ia bang chan li. D4y chinb la hinh thdc dai s6 cda yéu cfu thist k&,

Cén luu y rdng ti moét bang chic nang ¢ th€ duge bang chan Il khdc nhau néu
thay gia tri logic khac nhau (tdc 1 quan hé logic giita dfu ra véi ddu vao cling
phu thudc viéc thay giad tri). Vi du, s0 d6 mach nguyén I hinh 4-1-3 dung 2 chuyén
mach A, B méc néi tiép diéu khifn bdéng dén Z.

~,

Bdng 4-i~1 : BANG CHUC NANG

T,
Lo
Moy by

Hinh 4-1-3. Mach dién hai
chuyén mach ndi tiép

Chuyén mach Chuyén mach bong dén
A B Z
nght ngit tit
ngét nfi tét
ndi ngdt it
ndi neii sang

Bang chuc nang 4-1-1 cd duge tit xem xét truc‘tié’p céc kha nang cd thé cia
mach dién hinh 4-1-3. N&u thay the gid tri logic theo 4 cdch khéc nhau thi tit cdc

bang chan i 4-1-2a, b, ¢, d ta duge cde bifu thic logic khde nhau.

Béng 4-1-2 : BANG CHAN Li TRONG 4 TINH HUONG THAY GIA TR] KHAC NHAU

A B Z
0 0 0
0 1 0
1 0 0
1 1 1

a) 0 biéu thj ngit va tét
1 bidu thj ndi va sdng Z = A.B

>

_—— OO

O O w

O e

c) 0 biéu thi ngt va séng

——r

I bidu thj n6i va 14t Z = AB

A B z
k 1 1
1 0 1
0 1 1
0 0 0

b) 0 bibu thj ndi vh sing

1 bifu thy ngt va tdt Z = A + B

A B Z
! 1 0
1 0 0
0 1 0
0 0 1

d) 0 bidu thi ndi va tht

1 biéu thi nght vA sang Z = A + B



Tid bang 4-1-2, ta thdy rdng ching ta sé ¢ m6i quan hé logic khdc nhau néu
thay gid tri theo cdch khdc nhau. Ching ta phai can ci vao gia tri thay thé&
trang thdi d€ x4c dinh ¥ nghia cu thé cia 0 va 1 (tdc 12 y nghia thuc t& cla
bang chéan li)

Khi liét ké bang chic nang hoac bang chan li, ¢ th€ khéng ligt ké cac td hogp
trang thdi tin hiéu ddu vao nao khong th€ cd hay bi c&m. Nhitng t6 hop nay ciing
c6 thé dugc liét ke, nhung tai ddu ra, & trang thdi tuong dng ta ghi mot ddu chéo
"x", thuong st dung cdc trang thdi ddnh d4u chéo dé t6i thifu hda ham logic.

3) Tién hanh 16 thi€u héa

Né&u s8 bi€n s6 tuong déi it thl cd th€ ding phuong phdp hinh vé. N&u s6 bi&n
s6 tuong d6i nhiéu , khi d6 khong tién dung phuong phdp hinh v&, thi dung phuong
phap dai sé. ‘ '

4) Vé so db logic

Két qua viéc t8i thi€u hda la bi€u thic logic OR - AND. Can cud viéc chon lya
loai c8ng logic cu thé&, cén bién d6i bi€u thuc logic d6 thanh dang phi hgp. Vi du,
néu chon diing c6ng NAND thi phai ¢ bi€u thic dang NAND, né&u chon ding cfng
NOR thi phai cé bi€u thic dang NOR, né&u chon dung ¢6ng NORAND thl phai cd
biéu thic dang NORAND.

Cédn lwu y rdng, nhitng budc thiét k& trén day khéng phai la bat buéc 4p dung
may mdc, ma 14 nén dugc van dung linh hoat theo tinh hufng cu thé caa thist ké&
thuc té.

Trong hoat déng thuc tidn cta loai ngudi, cdc bai todn, va tuong dng cdc mach
dién cta mach logic t6 hop l1a nhiéu khéng k€ hét. Cac mach t8 hop hién nay thudng
gap trong hé théng s6 12 bo ma hoa, b gidi ma, b6 chon kénh, bd coOng, bo ki€m
tra chén 1é (parity cheeker), ROM, v.v..

Duéi day ldn lugt gioi thiéu mot s6 mach t6 hgp vé ciu tric mach, nguyén 1
cong tac va ddc di€m cua ching, két hgp soi sang phuong phdp thiét k& phan tich
mach t8 hop.

4.2. BO MA HOA
4.2.1. Khai niém ma hoa

NGi mot cach khdi quat, ma hda la dung van tu, ki hiéu hay ma dé bi€u thi
moét d6i tugng xdc dinh. C6 th€ thdy biét bao vi du vé mid hda trong doi s6ng nhu
dat tén cho tré so sinh, m6i van dong vién cd mot s6 thay th€ trong thi dfu. Tén
tré 12 vin ty, vin dong vién ddnh s6 theo hé dém thip phan. Van ty vA hé dém
thap phan khéng tién diung cho mach s6. Ma hda nhi phan 1a qud trinh ding ma
"nhi phan dé€ bi€u thi d6i tugng xét dén (d6i tugng nay la tin hiéu). Ma nhi phén
chi ¢6 hai chit s6 0 va 1, dé dang bi€u thi bing trang thdi mach dién, nén dugc
dung réng rai trong mach s6. Bi€u thi s6 lugng nhidu thi tang s6 bit (Blnary digiT)
trong cach viét s6 dua theo vi tri. Ma nhi phan 1 bit cd 2 trang théai (0, 1) tuong
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dng 2 tin hiéu. Ma nhi ph&n 2 bit ¢d 4 trang th4i (00, 01, 10, 11) tuong dng 4
tin hiéu. Téng qudt ma ndi, ma nhi phin n bit ¢é 2" trang thdi, c6 thé bifu thi -
2" tin hiéu. Vay, d€ tién hanh ma hda N tin hiéu cin st dung n bit, theo cong

thic 2" = N.

B6 ma hda 12 mach dién thyc hién thao tdc ma hdéa. Can cd vao yéu clu va dac
di€m khéc nhau cta tin hiéu dugc ma hda, ching ta c¢6 cdc bé ma hda khiac nhau,
nhu bé ma hda nhi phan, b4 ma hda nhi - thap phan, b ma hda uu tién v.v..

4.2.2. B6 ma héa nhj phan

Bo ma hda nhi phan 1a mach dién dung n bit d€ ma héa N = 2" tin hiéu. Ching
ta xét vi du dudi day d€ thuy&t minh nguyén 1{ cong tdc vd quéd trinh thi&t k& bs

ma hda nhi phan
Vi du 4-2-1

Hay thiét k& bé6 ma hda thuc hién ma hda 8 tin
higu Y,, Y,, .., Y, theo ma nhi phén.

Bai giai :
1. Phan tich yéu cau.

Déi tugng dugc ma hda 1a 8 tin hiéu ddu vao, tdc
la Yy, Y,, .., Y;. Can cit vao cong thic N = 2" = 8
ta thdy ddu ra la ma nhj ph8n n = 3 bit, ding A,
B, C bi€u thj. Xem hinh 4-2-1.

2. Ke bang chan If

Yo —=i - —a=

% . ma r;

v fiz

>; o - A
Hinh 4-2-1.

So dd khéi yéu c8u thiét ké

Viec ma héa dugc ti€n hanh chi v6i 1 tin hiéu dfu vao & mot thdi diém. & dau
vao khong cho phép c6 d6ng thai tit 2 tin hiéu trd lén 1a logic 1, tdc la Y, Y, ..,
Y, khong cung nhau. Vay quan-hé logic gilta ddu ra v6i dfu vao cd th€ bidu thi

bAng bang chan i hay bang ma hoa.

Bang 4.2.1

C B A C B A
Yo 0 0 0 Yo 0 0 0
Y1 0 0 1 Y1 0 0 1
Y2 0 1 0 Y2 0 1 1
Ys 0 . 1 1 Y3 0 1 0
Y4 1 0 0 Y4 1 1 0
Ys 1 0 1 ¥s 1 1 1
Yo 1 1 0 Ys 1 0 1
Y7 1 1 1 Y7 1 0 0

a) Phuong 4n 1

b) Phuong én 2



Ding ma nhi phan 3 bit bifu thi 8 tin hiéu d4u vao c6 th& cé nhiéu phuong én
khédc nhau, Bang 4.2.1 gidi thisdu 2 phuong 4n. Phuong én 1 theo 88 d&m nhj phan.
Phuong 4n 2 1a ma chu ki 3 bit.

3. Téi thigu hda

Y, + Y, la khong d6ng thdi. Chi «8n 14y cdc bién ndo lam cho ham s6 ddu ra
bAng 1 coOng lai thi ta cd bi€u thuc t&i thi€u hda dang OR-AND. T bang 4.2.1.a
(Phuong 4n 1) ta cd bi€u thic ham s8 ddu ra :

Y, +Y, +Y, +Y,
Y, +Y, +Y, +Y,
Y, +Y, +Y +Y,
(Phudng an 2) ta cd biéu théc ham s€ ddu ra :

Y, + Y, +Y, + Y,
Y+Y +Y +Y
Y+Y +Y +Y

4. Vé so d6 logic

‘Chon ding e8ng NAND. Vay cén bién d4i dang AND-OR thanh dang NAND. Cu
th€ nhu sau.

Tit bang 4

> Q N >0

Phucng én 1
C=Y4+Y5+Y6+Y.,=Y4 5 5'Y7
B=Y,+¥,+Y, +Y, =Y,Y,Y.Y,
Phuong 4n 2 :
C=Y, +Y, +Y, +Y, = Y, Y.Y,

=l
~
el
-

B=Y,+Y,+Y, +Y, =

+
x4
+
4
It
i
w4l
N}
ol

e
>
s <
._>_% T Y
D%

Hirh 4=-2-2.
Bo ma héa nhj
phén 3 bit

445454

Yy Y s Y Yy Y2 Yy Yr Yo Vs Ya X3 Y2 %

a) Mach phuong 4n 1 b) Mach phudng an 2
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Cén luu ¥ rlng, trong so d§ logic hinh 4.2.2, sy ma hda clia Y, dugc ngdm dinh :
Khi ¥, + Y, déu bang 0, trang thdi ddu ra cita mach (CBA = 000) 12 ma cia Y,

Trong bai todin phan tich, t¥ sc d6 logic b0 ma hda da cho, ta phan tich mdi
quan hé logic gita ddu vao va diu ra, tuln ty cho tin hiéu ddu vao dén bd mi
hda, r6i can c¥ vao muc logic (0 hoac 1) clia cic ddu ra mach dién, tim ra ma
tuong dng, liét ké thanh bang ma hda.

4.2.3. B ma héa nhj - thap phan

B¢ ma hda nhi - thap phan 14 mach dién chuyén ma hé th&p ph4n bao gém 10
chit 86 0, 1, 2, 8, 4, 5, 6, 7, 8, 9 thanh m& hé nhi phan.

Diu vao 1a 10 chit 86, ddu ra }A nhdm ma s6 nhi phan, goi 14 ma nhi - thap
phan (BCD - Binary - Coded - Decimal). Cén ci vao cong thic 2" = N = 10, ta
cd n = 4. Ma nhi phan 4 bit c¢é 16 trang thai (ti ma). Chi cn chon 10 ti ma tiy
y trong s6 d¢ 14 da d€ bi€u thi 10 tin higéu ddu vao. V4y cd rd&t nhiéu phuong én.
Mot s8 ma nhi -~ thap phan thung dung xem gi6i thieu & 4.2.5. Cing véi Ui do
nhu d& biét & vi du 4.2.1, 10 tin hidu d4u vao t6n tai d6c l&p nhau.

Nguyén l cong tdc vA qua trinh thiét k& cta b6 ma hda nhj - thap phan tuong
ty nhu b mi hda nhi phan xét ¢ vi du 4.2.1. Duéi day lfy ma 8421 lam vi du dé
thuy&t minh. BAng 4.2.2 1a bang ma hdéa BCD 8421 rat thudng dung.

AAA K

Bang 4-2-2 : BANG MA HOA BCD 8421

| | S6 thap phan D c B A
0(Yo) 0 0 0 0

1(Y1) 0 0 0 1

2(Y2) 0 0 1 0

3(Y3) 0 0 1 1

4(Y4) 0 i 0 0

S(Ys) 0 ! 0 1

e Y ¥ Y5 Ve Y ¥ vr Y 6(Ys) 0 1 1 0
7(Y7) 0 1 1 1
Hinh 4-2-3. _

So d6 logic b ma hoa (ding m3 8421). 8(Ys) 1 0 0 0
9(Y9) 1 0 0 1

= Yy, + Y, = Y.,
=Y, +Y, +Y, +Y,

Y, Y. Y,Y,

=Y, +Y, + Y+ Y, + Y = T, Y,YVY,

o O Qg
i
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4.2.4. B) ma h6a uu tién

Trong cdc bd mé& hda xét trén day, tin hiéu ddu vao tén tai doc lap, (khong cd
tinh huéng c¢é 2 tin hiéu trd lén d6ng thoi tdc déng). B6 ma hda uu tién thi khéc,
¢6 thé cd nhiéu tin hiéu d6ng thdi dua dén, nhung mach dién chi tién hanh ma
hda tin hiéu ddu vao nao c¢d clp uu tién cao nhdt ¢ thoi di€m xét. Viéc xdc dinh
cp uu tién cho méi tin hidu ddu vao 12 cbng viéc cia ngudi thiét k&€ mach, tdt
nhién xuft phét ti yéu cfu thuc tién. Bay gid ching ta sé xem xét nguyén li cOng
tdc va qud trinh thiét k& cia b ma hda vu tién qua vi du cd 10 ddu vao, 4 dédu
ra.

Vi du 4-2-2 : _

Hay thiét k€ moét mach dién t6 hop d€ ma hdéa nhi phan d6i véi 10 tin hiéu ddu
vao Y, Y,, .., Y, sao cho mdc d9 uu tién ti cao nhdt gidm dédn theo chiéu Y, Y.,
.. Y5 N&u cd nhidu tin hiéu d6ng thdi xudt hién & ddu vao thi chi tin hiéu nao
cé muic uu tién cao nh4t trong s d6 méi duge ma hda. Gia thiét ca tin hiéu déu
vao, 14n tin hiéu diu ra déu tich cuc & muc thdp.

Bai gidi
: y Y% — z
1. Phan tich yéu c8u % & mi ya ]
Can cd cong thic 2" 2 N = 10, Vay ta duing ma | -
" nhj phan n = 4 bit. Lo | wwsen s
Hinh 4-2-4.

So-dd khSi bd ma héa uu tién.

Béng 4-2-3 : BANG CHUC NANG

Yo Ys Yr Yo Ys Ya Y3 Yz Y1 Yo D C B A
H H H H H H H H H L H 'H H H
H H H H H H H H L X H H H L
H H H H H H H L X X H H L H
H H H H H H L X X X H H L L
H H H H H L X X X X H L H H
H H H H L X X X X X H L H L
H H H L X X X X X X H L L H
H H L X X X X X X X H L L L
H L X X X X X X X X L H H H
L X X X X X X X X X L H H L
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Bé&ng 4-2-4 : BANG MA HOA UU TIEN

Yo Ys Y?r Ye¢ Ys Ysa Y3 Yz Y1 Ye D C B A
1 1 1 1 1 1 1 1 i 0 1 1 1 1
1 1 1 1 1 1 1 1 0 X 1 1 1 0
1 1 1 1 1 1 1 0 X X 1 1 0 1
1 1 1 1 1 1 0 X X X 1 1 0 0
i 1 1 1 1 0 X X X X 1 0 1 1
1 1 1 1 0 X X X X X 1 0 1 0
1 1 1 0 X X X X X X 1 0 0 1
1 1 0 X X X X X X X 1 0 0 0
1 0 X X X X X X X X 0 1 1 1
0 X X X X X X X X X 0 1 1 0

Theo dé bai, sy ma hda thuc hién theo muc d¢ uvu tién Y, d&€n Y, khi céc tin
hiéu cing tic dong thi cdc tin hiéu cd muc uvu tién thdp khéng tdc dung, nghia la
b4t k€ mic logic cua nd th& nio déu khéng anh hudng dén ddu ra.

2. Ké bang chan li - Bang ma hda uu tién

Bang chuic nang 4.2.3 phan anh yéu cédu thi€t k&, ma hda theo cdp uu tién, nhing
bién s8 tuong dng muic uwu tién thdp khéng tdc dung gl dén ddy ra cd ddnh déu
chéo "x". Ma nhi phan 4 bit ddu ra cd rét nhiéu phuong 4n, trong bang 4.2.4 la

phuong 4n ma 8421 v6i muc logic am.
3. T@i thiéu hda

Vi ¢6 qui nhiéu bi&n s6, nén dung phuong phap dai s§ d€ t8i thi€u hsa. Chung
ta sé dung c6ng NORAND trong so d6 mach. D4u tién ta tim bi€u thdc t8i thi€u
héa cia ham logic ddu ra duéi dang OR-AND cua ham dao, r8i ldy dao d€ dugce
dang NORAND. Khi viét ham logic tlii bAng mA héa 4.2.4, mé6t cdch hinh thdc, ta
khéng cdn d€ y nhitng vi tri cé ddu "X". K&t qua ta dugc cdc ham logic ddu ra
dudéi dang NORAND nhv sau :

D=Y,+Y,Y =Y,+7%,
D

= Yy + Y,

= Y, Y Y, + Y Y V.Y, + YYY,Y Y, + Y,V Y, YYY, =

@]

=Y,Y.Y, + Y Y ¥, + Y,Y,¥, + Y,Y,Y,

C = Y YY, + Y Y ¥, + YV ¥, + YY. Y, + Y,Y.Y,

o]l

= Y Y.V, + Y Y, Y.V, + Y,V Y,YYYY,
+ Y Y V.Y Y.Y,Y,Y,
= Y.V, + Y,V ¥, + VY, Y.YY, + Y,Y,Y.YY,

B = Y.V, + VY, Y, + Y YYYY, +YYYYY,
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A=Y, +YYY, + YYYYT +YYYYYYY, +YYYYYYYYY

A=Y, +YY, +YYY, +YYYY, +YYYYY,

4. V& g0 d8 logic

Hinh 4-2-5 1a so d6 logic thuc hién c4c ham d4u ra D, C, B, A duéi dang c6ng
NORAND.

Ching ta c6 th€é nghiém ching ring so d6 hinh 4~2-5 thda man yéu cédu thiét
k& bang cach phén tich logic, tim ra quan hé logic giita ddu ra v¢i ddu vao cia
mach logic hinh 4-2-5.

an
]
=
1
r

b4

Y5 s % Y& Y5 Yo 5 Y b A

Hinh 4-2-5. BO m3 hoa uu tién.

Chang han, n&u t4t ca déu vao déu tich cuc (muc logic 0) thi DCBA = 0110,
day la ma tuong Ung v6i ddu vao Y, (cd mic uu tién cao nhét, cao hon Yg + Y.
Néu t4t ca ddu vao khong cd tin higu (muc logic 1) thi DCBA = 1111, day la ma
(ngdm dinh) tuong dng véi ddu vao Y,

4.2.5. Vi mach c¢é vwa (MSI) by ma hoéa uu tién

Hinh 4-2-6 1a vi mach cd _ ' c
viua b ma hdéa uu tién. Tuy 4 g
rang hinh 4-2-5 va hinh _ \
4-2-6 cd do6i chd khac nhau, 2:
‘nhung ching déu cé mot f[}
chitc nang logic duy nh4t. , ' 1 —
Ddu vao, ddu ra déu tich cuc
muc thdp. Trong hinh 4-2-6,

dé€ don gian, c4c tin higu déu zg ' |

vao duge ki hieu O, 1, 2, ..., !
9 (thay cho Y, Y, Y, .. .% A A g

Y,y). Can cd vao so db logic 2 3 4 5 6 7 8 b4

hinh 4-2-6, ta viét ra bi€u
thic ham d#u ra nhu sau :

N

- e |

-

Hinh 4-2-6. B ma hoa Ju tién (MSI).
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=9+8

~9+87+0+86+9+85+0+54=0987+986+0985 +984
B =0 +87+0+86+0+8543 +0+8543

= 987 + 98543 + 98542

+
A =09+9+87

4.2.6. Mot s0 ma thong dung
1) M@ nhi — thip phén théng dung

Xem bing 4-2-5

Bing 4-2-5 : MA NHI - THAP PHAN THONG DUNG

wo 8421 Du 3 2421(A) | 2421(B) 5211 Vong du 3 | Dich phai
S6 thap phd
0 0000 0011 0000 0000 0000 0010 00000
1 0001 0100 0001 0001 0001 0110 10000
2 0010 0101 0010 0010 0100 0111 11000
3 0011 0110 0011 0011 010t 0101 11100
4 0100 o111 0100 0100 0111 0100 11110
5 0101 1000 0101 1011 1000 - 1100 i
6 0110 1001 0110 1100 1001 o1 | o1l
7 0111 1010 0111 1101 1100 1111 00111
8 1000 1011 1110 1110 1101 1110 - 00011
9 1001 1100 1111 1111 1111 1010 00001
Trong s8 8421 2421 2421 5211

Cén luu y rlng, trong bang 4.2.5, tuy mbi vi tri (bit) chl cd hai trang thai 0 va
1, nhung khong nh4t thiét phai cd quan hé vé gia tri chuyén vi cia s6 nhi phan
(nhu 8421), ma ndi chung thi 4 bit 1am thanh mét tit ma d€ trd thanh mét ki hiéu
ham y xac dinh ndo d6. Cing cd thé ndi chinh x4dc hon, Bang 4.2.5 gi6i thigéu cac
loai ma 4 bit hai trang thai.

a) Ma 8421

Trong tit ma 8421, mé&i bit 1 dai bi€u cho mot tri s§ c6 dinh. N&éu cdng tét cd
tri s6 cia cac bit dai bi€u trong ti ma, thi ta dugc tri s6 tuong dng cta s6 thap
phan ma t ma dé dai bi€u. Trong m#é 8421 thi trong s6 cia méi bit 1A c8 dinh,
nén ndé thudc loai ma cd trong sd.
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b) Ma du 3

Ma du 3 dugc tao thanh tiu ma nhi phan béng cach cong thém 0011 (gia tri sé
3 thap phan) vao tit mia nhi phin tuong Ung.

c) Ma 2421

Hai loai ma 2421 (A va B) déu la ma cd trong s6, nhung su tuln tu cac bit cha
cdc tu ma khac s6 nhi phan (trong s6 khong don tri)

d) Ma 5211 =
Ma 5211 co tinh chit tuong tu ‘ma 2421, dd la mé cé trong s6 khong don tri.
e) Ma vong du 3 (ma Gray du ’3) '

M4 vong (mi. Gray) sé dugc gi6i thiéu & bang 4.2.6. Ma vong du 3 khong bt
ddu t& 0000 nhu ma vong, ma léch di 3 hang. (T¥ ma 0010 la ma hda s6 3 cla
ma vbng, lai 1a ma hda s6 0 cia ma du 3. Tt ma 0110 12 ma hda s§ 4 cla ma
"v_ong, lai 12 mi héa s6 1 clia ma du 3. v.v..) Ma vbng du 3 khéng phai la ma cé
trong s6.-

g Ma dich phdi

Ma dich phai ¢ dac diém 1a hai tit ma k& can bat ki chi khdc nhau 1 bit (trén
bang 4-2-5, ta thdy sy dich sang phai cda cdc bit) ma dich phai khong tan dyng
tdt ca cdc trang thél cua ma nhi phan 5 bit. Day la nhugc difm loai ma nay (phai
thém 1 bxt so voi cdc loai ma khéc)

" 2) Md Gray

- Ma Gray con goi 1a ma vong, bang 4-2-6 gidi thidu bang ma Gray 4 bit.

Bing 4-2-6 : MA GRAY 4 BIT

'S6 thap Ma Gray 'S6 thap “Ma Gray

" phan R PREy . phan '
0 0000 & 1100
1 0001 9 1101
2 0011 10 1111
3 0010 11 1110
4 0110 12 1010
5 o1t 13 1011
6 0101 13 1001
7 0.100 15 1000

Ta cdé thé thdy ré dac di€ém ma Gray tit bang 4-2-6 : su bién d6i gid tri bit &
mot vi tri xdc dinh trong t¥ ma cd tinh ch&t tudn hoan véi chu ki c6 dinh tu
ti-ma nady sang tli-ma khéc. Chu ki ctia bit thd nhé&t 13 0110, chu ki cda bit thd

hai 1a 00111100, chu ki céa bit thd ba 12 0000111111110000 v.v. ..
- Ma Gray khoéng c6 trong s6. Uu diém chinh ctia ma Gray la chi cé 1 bit khac
nhau trong 2 tit ma k& can. Nhugc di€ém la thiu truc quan.
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3) Ma ISO (International standardization Organization)

Co quan tiéu chudn héa quéc t& [SO dua ra ma nhi phan 8 bit, chi y&u dung
d€ truyén tin. Ma nay cd 10 chit s§ (0 + 9), 26 chit c4i Anh, va 20 ddu, ki hiéu,
tdt ca la 56 ki tu. Xem bang 4.2.7. Trong bang, cdc bit duge bi€u thi bang b, b,
.., by. Bit thd 8 la bit bu d€ bién tu mi bit ki thanh td ma cd s6 bit 1 1a s6
chdn, muc dich phat hién 186i truyén tin.

Béang 4-2-7 : MA ISO

b1bsbs

Ki tig 000 | 001 | 010 | o11 [ 100 | 101 | 110 | 111
bibsbabi1

0000 - | NUL SP | o P

0001 1 | A | Q

0010 2 B | R

0011 3 C s

0100 $ 4 D T

0101 % 5 E u

0110 ' 6 F %

0111 7 G | w

1000 BS ( 8 H | X

1001 HT [EM | ) | 9 | 1 | ¥

1010 LF . 1|z

1011 : + K

1100 : , L

1101 CR - = M

1110 - N 4

1111 ] o} DEL

Dac difm cac ki ty trong bang 4-2-7 nhu sau : cac chit sé déu cdé chung 3 bit
b.bcbs = 011, cac cht cdi cd chung 2 bit b,b, = 10 ; Cac chit s6 duge chuyén
thanh ma ISO theo ki€u mi nhi phan ctia byb;bob, ; thd tu cdc chit cdi A + Z (tu
1 dén 26) ciing 12 ma nhi phan cta bsb,bsb,b,.

4) Ma ASCII (American National Standard Code for Inférmation Iuter,cha‘nge_)
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Bang 4-2-8 : MA ASCII

brbebs
~ Ki 000 | 001 | 010 | 011 { 100 | tex | 110 | 111
bababzly -
9000 NUL,DLE| sP | 0 | @ | P \ P
000!t S0H | bC1 t 1 A r Q a q
0010 STH | DC2 | 2 | Bl R | b r
0011 ETX{DC3| # | 3 | ¢ | 9 ¢ | s
0100 EOT{Dca| § | 4 | D | T | a4 | 4
elo1 ENQ | NAX | % 5 E | u e | wu
0110 ACK (SYN | & | 6 | I v £ [ v
0111 BEL | ETB | 7 0 6 | w w
© 1000 BS | CAN | 8 | H | X | x
1003 HT { EM | ) 9 1 ¥ i y
1010 LF [suB| = ] z | z |
1011 VT | ESC | + ; K (o ok (|
1100 FF | FS < | 1 \ 1 )
1101 crR | Gs | - = I M| m |}
1110 sG | RS > | N [ 1t n |-
1111 st {us | / r | o | 0 | DEL

Ma ASCII, viét tét cla cac

ti ¢ nghia 1A ma tiéu chufin qubc gia Ml d€ trao ddi

tin tdc. Xem bang 4.2.8. Trong dd, ma cdc chil s6 va chit c4i gidng nhu ma IS0 trén
day. Ma ASCII thudng dung cho thiét bi thong tin vA mdy tinh. ASCII Ja ma 8 bit
nhi phén, v6i 7 bit b, + b, bi€u thi cdc tin tdc va bit thd 8 Ia bit parity (kifm tra

chin 1¢ dung d€ phat hién 16i

truyén tin). Bang 4.2.9 gidi thich cac ki hi¢u chi

Bang 4-2-9 : Y NGHIA CAC K{ HIEU CHU CUA MA ASCIL
Ki hi¢u ' Y nghia Ki higu l Y nghis
'NUL | S6 khong , khong , v6- hidu | BS | Lui mot khodng ki tw

SOH Bft g cia ‘tidu dé
STX Bit ddu cia hanh vin
ETX Két thic cia hanh van
EOT Két thic truyén tin
ENQ | Hoi _

ACK Thita nhan
BEL Chu6ng

DCy Diéu khién thiét bj 1
DC2 Didu khifn thiét bj 2
DCs Didu khién thi€t bj 3
DCj Diéu khién thidt bj 4
NAK Phi dinh

ETB Két thiic truyén géi tin
CAN Huy bo

DLE Chuyén m8 (Datalink escape) EM | H& gify

HT | Ke bing hudng ngang
LF ] Chuyén dong

VT | Ke bang hudng doc
FF | Didu khién chay gidy
CR | Quay vé dfiu dong
SO - | Dich ra (Shift out)
"SI | Dijch vao (Shift in)

SUB Tru

ESC | Chuyédn ma

ES D4u phén cich (File separator)

GS | Ddu phan céch goi (Group sepurator)
RS Ddu phan céch ghi (Record Separator)
US | D4u phan cich don vi (Unit separator)
sP Khodng trong ki ty

DEL | Hiy bé
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4.3. BO GIAI MA

Khi ma hda, m8i tit ma nhi phan déu dugc gan mot ham ¥ xdc dinh, tdc 1& mdi
tt mé bifu thi moét tin tdc hoac mét dbi tuong xdc dinh. Gidi ma 1a qud trinh-
phién dich ham ¥ da gan cho ti ma. Mach dién thuc hién viéc gidi ma duoc goi la
bd gidi ma. Vay bd gidi ma phién dich t¥ ma thanh tin hiéu ddu ra, bi€u thi tin
tic vn cé. Tay theo yéu clu st dung tin tuc dugc giai ma, tin hi¢u dfu ra cé thé
la xung hay mic dién 4p. CS nhiéu loai bd gidi ma, nhung ching déu cé nguyén li
cdng tdc va phuong phap thiét k&€ tudng tu nhau. Duéi day ta sé thuyé&t minh cu
thé qua vai vi du.

: L Yo
U C— & —
4.3.1. B§ giai ma nhj phan y, Cidy .o
M .
Bb giai ma nhi phan phién dich céc tu A —— I—
ma nhi phan thanh tin hiéu d4u ra.
Vi du 4.3.1 Hink 4-3-1. SO d6 mach yéu cAu.
Hay thiét k& bo gidi ma nhj phan 3 bit.
Bai giai :

Bang 4-3-1 : BANG CHAN Li CUA BO GIAI MA

C B A Yo Y1 Y2 Y3 Y4 Ys Ys Y7
0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 o - o0
0 1 1 0 0 0 | 0 1] 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 t 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1

1. Phan tich yéu cdiu. D4u vao la nhém tit ma nhi phan 3 bit. Ddu ra 1a 8 tin
hiéu tuong dng céc td ma.

2. Ké bang chan li. Xem bang 4-3-1. Cén luu ¥ rdng Y, + Y, la 8 tin hi¢u doc
1ap nhau tudng ung véi 8 tit ma (M&i Y; 12 mot ham cla cdc bién vao, bang chan
H cta ndé la mot cot tuong dng bén phai véi 3 cot bién s8 bén trdi. Tuy nhién d€
tién lgi, ching ta gdp 8 bang chan li vao lam mot)

8. T6i thiéu hda. Can cd vao bang 4-3-1, ta cd :
Y,=CBA Y =CBA Y, = CBA Y, = CBA
Y, = CBA Y, = CBA Y, = CBA Y, = CBA
4. Vé so d6 logic

C4c ham logic trén day cé th€ ding c6ng AND dist thuc hién (hinh 4-3-2,
hinh 4-3-3), hay ciing c6 thé ding c6ng NAND (TTL) thyc hién (hinh 4-3-4)
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% Y} s Y. " Yz . Y Yo
¥ ) q Iy R 13 X Az i ll' b .
+{2V
Hink 4-3-2. J%
BO giai ma cong AND
dung diot. 2AKS ;} !!; ﬂ !_:L. !} y} !} f}
b (IR i
A 8 8 A A
Trong bd giai ma nhi phan, néu
td ma ddu vao cé n bit thi sé cd {:gk 24K® -
2" tin hiéu ddu ra tuong dng véi )bﬁ )P/
mébi t¥ ma. Bé giai ma nay cd khi —o P?/ KK %
con dugce goi la by gidi ma bién o Ys
s6, vl toan b& cdc tif ma cda bién )‘ )P/ )K
s8 ddu vao déu dugc giadi ma. F=+p2v [ )P/ )‘ Y
e Y2
—) )‘ )K )P/ Yo
&
r ¢ B B A A &
Hink 4-3-3. V& lai so d6 hinh 4.3.2 .,
o Y5 V5 Y. 5 Y2 % Yo
Hinh 4-3-4.
B gidi mi /0\
ding NAND (TTL). 1 A z
c
B
8
A
A
c 18 A
B A
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4.3.2. Bo giai ma (BCD) - thap phan

B6 gidi ma thuc hién chuyén d8i ti ma 7 ‘ L. Yo
BCD thanh 10 tin hiéu déu ra tuong tUng 10 - Gizr me ]
chit s6 cia hé thap phan (hinh 4-3-5) 4 17 By :

Xem bang chiéc nang 4-3-2, trong d6 H 4 — ¥ 1y pheTy ’ )',9

la mdc cao, L 12 muc thdp, tin hiéu ra tich .

cuc 8 muc ic thédp. )
He logic thép Hinh 4-3~5. S0 d6 khi mach yéu cdu.

Bang 4-3-2 : BANG CHUC NANG cUA BO GIAl MA TU MA BCD SANG MA THAP PHAN

D C B A Yo Y Y2 Y3 Y4 Ys Ys Y71 Ys Y
L L L L L H H H H H H H H H
L L L H H L H H H H H H H H
L L H L H H L H H H H H H H
L L H H H H H L H H H H H H
L H L L H H H H L H H H H H
L H L H H H H H H L H H H H
L H H L H H H H H H L H H H
L H H H H H H H H H H L H H
H L L L H H H H H H H H L H
H L L H H H H H H H H H H L

Bang 4-3-3 la bang chan li dung logic duong. Trong dd, phia trai la ma BCD
8421 d&u vao ; bén phai 12 ddu ra gidi m4, tich cuc & logic 0. 6 ti ma (6 trang
thai) t 1010 dén 1111 khéng dugc dung. Ching khong xudt hién trong tinh huéng
binh thudng cta bd gidi ma. Cac trang thdi ndy dugc danh ddu chéo " x" trong
bang 4-3-3 va trong cdc bang Karnaugh (Hinh 4-3-6)

T6i thi€u héa ham logic ddu ra Y, bang phuong phap hinh v& : bang Karnaugh.
Cu thé, ta tim ham dio Y, (tuong Ung ldy gid tri 0), sau d¢ lai ldy déo cin ham

dao dd, ta sé dugc ham Y, cdn tim.

Béng 4-3-3 : BANG CHAN LI CUA BO GIAI MA TU BCD SANG THAP PHAN

D C B A Yo Yi Yz Y3 Y4 Y5 Ys Y7 Ys Yo
0 0 0 0 0 1 1 1 1 1 1 1 1 1
0 0 0 1 1 0 1 1 1 1 1 1 1 1
1} 0 1 0 1 1 0 1 1 1 1 1 1 1
0 0 1 1 1 1 1 0 1 1 1 1 1 1
0 1 0 0 1 1 1 1 0 1 i i 1 1
0 1 0 i 1 1 1 1 1 0 1 1 1 1
0 1 1 0 1 1 1 1 1 1 0 1 1 1
0 1 1 1 1 1 1 1 1 1 1 0 1 1
1 0 0 0 1 1 1 1 1 1 1 1 0 1
1 0 0 1 1 1 1 1 1 1 1 1 1 0
1 0 1 0 X X X X X X X x X X
1 0 1 1 X X x X x X x X X x
1 1 0 0 X X X x X x X x x X
i 1 0 1 x x b x x x X X g X
1 1 1 0 X b4 X X X X X X X X
1 1 1 1 X X x X x X Y X x X
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BA

BA BA
00 01 1! 10 00 01 11 10 DCN_ 00 01 11 10
00 ¢+ | 11111 00F 1 | 1|1 | 1 00f 1 | 1|1 {1
o ¢ | 1| 1|1 o 1 1|1} 1 o 1 {110 |1
Il x| x | x | x M x| x| x| x HE x| x | x | x
100 1 o | x| x 10 0 | 1 | x| x 0] 1 1 | x| x

(a) (b (c)

BA BA BA

00 01 11 10 00 01 11 10 D 00 01 11 10
00} 4 1 {1 1 00 1 1 i 1 00 ;1 | 1 1 1
01y 4 1|10 01y 1 | o 1 1 0L o | 1 i 1
NP« § x| x | x 1l x | x x | x NP I x| x| x
100 ¢ V1 | x| x 100 ¢ | 1 | x| x 100 1 |1 | x| x

(d) (e) 9]
BA. BA BA .
00 01 11 10 b 00 01 11 10 DCN_ 00 01 11 10
00l 1 {1 ]0 |1 0 1 | 1|10 ool 1 1ol 11
Oy 11| 0 1 1 |11 of 1,111
Nl x | 'x | x | x I | ox | x | x 1] o ! x| x | x
100 3 |1 | x | x 100 1 |1 | x| x 1] 11| x | x

(8 (h) )

BA

D 00 01 11 10
0] o | 1 1 1
01 4 1 1|1
11 % X x x
00 1 11| x| x

‘Hinh 4-3-6. .

i 6)!

Bang Kamaugh cia ham Yy + Yo.

Ham logic t6i thi€u dang NAND céa ching la :

(a) Y, = DA () Y, = DA
Y, = DA Yg = D—K
¢) Y, = CBA @ Y, = CBA
Y, = CBA Y, = CBA
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(e) Y, = CBA (M Y, = CBA

Y, = CBA Y, = CBA
(g) Y, = CBA (h) Y, = CBA

Y, = CBA Y, = CBA
() ¥,=DCBA () Y, =DCBA

Y, = DCBA Y, = DCBA

So d8 logic hinh 4-3~7 bao gém 10 c8ng NAND va 4 edng dao

% Ph % P 1% P % 9% g%
AN /EIA ays fz\;\ 2\
____._Ziy “—[ff Mmésﬂ ‘—t

Hinh 4~3-7. B0 gids m# wf BCD sang thap phan.

Sy

N Ry

Hinh 4-3-8 la vi mach MSI (don phién) thuc hién giai ma t&¢ BCD sang thap
phan. IC nay cd 8 c8ng ddo va 10 cing NAND 4 ddu vao. Su gidi ma cua IC 1A
trigt d€, ham logic ddu ra xdc dinh don trj. (Cdn d€ y ra&ng d6i v6i mach hinh
4-3~7, do st dung céc gia tri dfu chéo "X" cha ham logic trong t8i thi€u hdéa dé€
x8y dung so d6 mach, nén néu ddu vao xudt hién t&¥ ma khong duge ding, thi ddu
ra cé th€ hufng dUng sai). _

-

a 1 Y- 4 5 & 7 &8 2
s ore LA L L LD LA
Vi mgch MST ‘L ¥T %[ ;l I i i l ’![J

gidi md BCD
sang thép phin.
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. INhan xet S0 46 hinh 4-3-%, ta thdy : cac cong dao lam thanh mach dgm va bao
dam phu tai tidu chuln d6i v6i c4c tin hidu vao A,B,C,D. (So d6 hinh 4-3-7 bi€u
thi phu tai na_ng, khong d8u d&i v6i ngudn tin hiéu vao)

' 433, Bo giai ma cua hi€n thi ki ty

Trong hé théng s6, thudng cdn gidi ma cdc ki ty d& ma hda nhi phan thanh cac
tin hiéu c6 th€ hi€n thi duéi dang quen thudc cia con ngudi. Vi phuong thic lam
viec cda céc linh kién hi€n thi khac nhau 13 khéc nhau, nén truéc hét ta hay thuy&t
'mxnh ngén gon v& mot 6 linh kién hién thi k1 tu tbéng dung.

| 1) Hat !oaz hzen thi sé’

R Fb—cd
- a) Linh ki¢n :hzé'n thi bén dén L
Nguyeén 1 | ‘ : —_—
Mot s6 vat ligu ban dén dac biét nhu hgp chét : /____./
GaAsP, khi 1am' thanh chuyén ti€p PN, néu cg¢ dién 343 / /
4p thuan dat vdo, thi c6 thé bdc xa quang, tdc la cvony | ' e
bién dién ning thanh quang nang. Si dung cac chuyén /“/;‘?f” I TT]
tiéep PN buc xa quang cS thé€ ché& tao cédc linh kién 'é’) ") ef—-g 4

nhu dist phat quang LED, dén hién thi 7 thanh hay
d&n hiu th1 ma tran dlém Vi du : hinh 4-3-9, mach
kich séng '

- Hinh 4-3-10 g161 thléu mach dién dung dé kich
sdang thuc hién bang c6ng NAND (TTL) hay bang -
tranzito. Trong hinh, BS la LED (hay 1 thanh trong den 7 thanh). Céng M théng
hay T bao hoa sé lam BS sang. R la dién trd han dong. Dién 4p cbng tac cua BS
cd 1,6 + 3V, dong dién cOng tdc cia BS cJ trén du6i 10mA Dxéu chinh R c6 thé
1am thay ddi do séng cua BS

Dac dlé’m co bén :

Quang ph8 phat xa cia hlé’n thi ban dén ,
phd hop v6i cém thu thi gide, dién &p cong
tac thép a1, 5 8V), thé tich nhd, tubi tho =~
cao (hon’ ng&n gw lam wviec), t8c do. hudng" PN
ung cao (1 + 100ns) 6 nhiéu mau.

Bang 4—3—4 Gi6i thisu tham s6 hién tm“"- —
s6 7 thanh.: =

Hink 4-3-9. Hién thj ban dén :
a) LED ;- b) dén 7 thanh.

A e : Hinh 4-3-10. Mach kich sang.
“Béng 4-3-4 : THAM SO DAC TINH DEN 7 THANH '

.y e | Dien ap cong | Déng dien do | Dién 4p ngudc | Déng dién euc
Kihieu | DO sang (FL) "\ 30 huan vy ngugc (#A) | danh thing (V) dai (mA)
BS201A > 15 (7 thanh) 1,5 +3 <50 >'5 150 (7 thanh)

_ES202A | > 15 (7 thanh) 15 + 3 <50 >5 150 (7 thanh)
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b) Dén hién s6 7 thanh ch4an khoéng
Nguyén I : (e lyar

Hinh 4-3-11 gi6i thiéu dén hién thi KalFF
86 chan khong. Kat6t phat xa nhiét dién fd = e d p
td, dién trudng cua cuc ludi gia téc dién 1.5'VF o -
td d€ ching du déng nang dip vao anét. ' ;—I,i: za?f:. Eq
L . At T
Trén bé mat anbt cd phu 16p huynh 1

quang oxyt kém sé& phat xa quang mau

luc. Cdc andt cd cdu tric hién sd 7 Hinh 4-3-11, Dén hién s6 7 thanh chin khong.
thanh. Chuyén mach K diéu khién su

cp dién 4p cho andt ; an8t nao dugc cdp dién ap

thi sé phat sang.

Mach kich sdng :

Xem hinh 4-3-12. R la dién trd han dong, gid
tri cia R xdc dinh theo dong colecto cyuc dai I,
cta tranzito T. Khi ¢c6ng NANDM (TTL) dua ra
muc cao lam T bao hoa, thi

Ea
Ic = —R— < ICM'
Thay d6i R s& diu chinh d sang hién thi. R, Hinh 4-3-12. Mach kich sang
cing la dién trd han dong. R, xdc dinh theo gid Dén hién thj s6 chan khong.

tri gi6i han I ,, cta c8ng NAND (TTL). Khi M
ngét, T bdo hoa thi Iy = (Vo - Vgpp) X -I-lbl_: < I

Dac di€m co ban : _
V& uu di€m : dién 4p cong tac tuong d6i thdp, dong dién nhd, hi€n thi phu hgp
thi gidc, 6n dinh va tin cAy, t&m hifn thi kh4 16n, tu6i tho cao.

Vé nhuge di€m : cdn ngudén dién coéng sudt déng k€ cung cdp cho sgi d6t, khéng
thuan tién cho l4p rdp. Bang 4-3- 5 gi6i thiéu chi tiéu cht y&u cia mét s6 dén
hién s8 7 thanh chan khéng théong dung :

Béng 4-3-5 : CHI TIEU CHU YEU DEN HIEN SO 7 THANH CHAN KHONG

Ki hiéu Dién 4p andt Daong dién Dien ap Dong dién | Dién ap sdi Dong dién
V) an6t (mA) udi (V) | ludi (mA) | d6t (V) = | sgi d6t (mA)
YS9-1 20 < 2 20 < 2 1,2 28
YS13-3 20 <15 20 <3 1,2 28
YS18-3 20 < 2 20 < 2 1,2 50
YS27-3 20 < 2,5 20 2,5 1,2 80
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2) B6 gidi m& hién thi
Ching ta s8 thuyét minh nguyén l{ cong tdc va qué trinh thi&t k& cia bo giai
ma hién thi qua vi du bd gidi ma kich cho hi€n thj 7 thanh LED.

Vi du 4-3-2 : hay thiét k& bo gidi ma hién thj kich cho hién thi 7 thanh LED
v&i tin hiéu ddu vao la ma BCD §421.

Bai giai : i : | ”

Phén tich yeu cfu thigt k& : D — — q I P

Xem o d6 khi hinh 4-3-13. #7 € o\l T

N vaq 5 — el

Céac déu vao D, C, B, A la A— : — e/v /‘
ma BCD 8421, trong d6 6 trang , T -
thai 1010 + 1111 khéng duge
s dung, ddnh dd4u chéo "X" dé Hinh 4-3-13. B6 gii m4 7 thanh.

xit H t6i thi€u héa. Tin hiéu
dfu ra a, b, .., g la d& kich
sang LED tudng tung cta hi€n thi 7 thanh. Cén cd mach kich sing hinh 4-3-10,
tin hiéu d4u ra bé giai ma phai tich cuc 4 muc thdp (LED sang khi tin higu kich
muc thép). Ké bang chan i :

Bang 4-3-6 : BANG CHUC NANG BQ GIAI MA

D C B A a b ¢ d e f g S6 dudc hién
thi
L L L L L L L L L L H 0
L L L H H L L H H H H 1
L L H L . L H L L H L 2
L L H H L L L L H H L 3
L H L L H L L H H L L 4
L H L H L H L L H L L 5
L H H L L H L L L L L 6
L H H H L L L H H H H 7
H L L L L L L L L L L 8
H L L H L L L L H L L 9
Bang 4-3-7 : BANG CHAN L{ BO GIAlI MA
D C B A A B C D E F G
0 o0 o0 o0 o o0 o0 ©¢ o o 1
0 0 o0 1 1 o o0 1 1 1 1
0 0 1 o0 o 0 1 o0 0 1 0
0 0 1 t o o o0 o0 1 1 0
0 1 o0 o0 1 o o 1 1 0 0
0o 1 o0 1 ¢ t o0 o 1 o0 o
o 1 1 o0 0o 1 6 0 o0 o0 0
0 1 1 1 0o o0 o0 1 1 1 1
1 ¢ o0 0 0 0o o0 o0 0 o o
1 0o o0 1 0 0 0 0 i 0 0
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Bang chiéc nang 4-3-6 duge liét ké tit k&t quA phén tich yéu clu thiét ké&.

Cdc ti ma ddu vao cta ma BCD8421 quyét dinh s6 duge hién thi. Nhung do cfu
tric khdng gian clia cdc LED a, b, .., g (hinh 4-8-13) ma cac gia tri tin higu ddu
ra bd gidi mid dugc xdc dinh sao cho :

- mdc thdp L : LED sédng

- mic cao H : LED tét

~ cdc LED sdng hinh thanh s6 dugc hién thi.
Bang 4-3-7 la bang chan li tuong Wng bing 4-3-6.
‘T6i thiéu hda

Dung phuong phap hinh vé. Ching ta chon dung c6ng NORAND trong so d6. Do
dd, dau tign ta t6i thi€u hda ham dic bing dang ORAND d6i v6i céc gid tri 0 cla
ham ddu ra, sau d¢ 14y ddo thi duge dang NORAND dé&i véi cdc gid tri 1 cia ham
ddu ra.

_a_ BA
Xem cdc bang Karnaugh hinh 4-3-14. D 00 ol 11 10
Vi du : xét LED thanh a. 0l 01110 o
T6i thi€u héa dang chufn tdc tuyén d6i v6i cic 6 al 1 o lol o
trong bang Karnaugh cd gid tri 0 d€ xac dinh ham dao :
- _ _—— 11
a=D+B+CA+CA (dang ORAND) Bl e
10} ¢ 0 v x

Leydio:a=a=D+B+CA+CA

(dang NORAND) @
BA \\BA BA
D 00 01 11 10 DCN\_ 00 01 11 10 D 00 01 11 10
0l 0 | 0o | 0! 0 0L 0 | 0o jo0 |1 0 o | 1 {0] 0
0 p i 1|0 |1 00 o | oo ] o o1 y o | 1] o
N x| x| x | x M x| x| x| x I % | x| x | x
10f 0 | 0 | x | x 10 0 0 | x | x 0 o | o x | x
(b) (©) (d)
BA BA BA
D 00 01 11 10 DCN\_ 00 o0r 1! 10 DCN\_ 00 01 11 10
0 o 1|10 | 0 o | 1 [ 1|1 0 1 1110 o
ol 1 111 (o0 O 9 o i1 o0 01 9 o {1 | o
1w | x | ox | x o fox §ox | x Ml | x| x | x
10 0 1 X X 10 0 ] i X X 10 0 0 X x
(e Q) (e)
Hinh 4-3-14.

Bang Karnaugh va ham logic d4u ra clia cAc LED hién thja, b, ¢, d, e, [, g.
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) b=C +BA +BA
b=C+BA+BA
()¢ =C+B+A

c = C+B+A

Q

Vé so dé logic :

So d6 logic hinh 4-3-15 xuit phat tu
cdc ham logic t6i thi€u hda bing bang
Karnaugh hinh 4-3-14. Trong hinh 4-3-15,
tin hiéu ra tich cuc & mic thdp. Vi duy,

(d)d = D+ CB+BA+CA +CBA DCBA = 1000, s6 dugc hi€n thi la 8 véi

d = D+CB+BA+CA+CBA

(e) e=CA+BA
e = CA+BA

() T=D+CB+CA+BA
f=D+CB+CA+BA

() g=D+CB +CB +BA
g = D+CB+CB+BA

Mot dang ki hiéu
mach cia c6ng NORAND
(V& c6ng NORAND,
xem phén 3-3-4-3) -

AN -

cdc LED abcdefg = 0000000 sang.

DCBA = 0101, s6 duogc hi€n thj la 5 véi
cic LED acdfg sdang va be tit.

g b c a e f k4
-4’- —-é-_ + S =+ =+
[T - i
T . D
‘
84
| 2y Ly B2 s (2%)

Hinh 4-3-15. Bo gidi ma kich hién thj LED 7 thanh.

4.4. B0 SO SANH

Trong cac hé théng s, dac biet 1a trong may tinh, thudng thuc hién viéc so sdnh
hai s6, d€ biét s6 nado 16n hon, hay ching bidng nhau. Hai s§ cdn so sanh cé thé
14 céc s6 nhi ph&n, ciing c6 th€ 1a cac ki ty d& ma hda nhi phan. B so sdnh cé
th€ cong tac theo ki€u ndi ti€p hay ki€u song song. o] chuong nay, ta sé xem xét
nguyén Il cong tac va qua trinh thiét k&€ b so s4nh song song qua vi du b6 so sdnh
s6 nhi phan 4 bit A = ajaaa, va B = b3b2b1bo

4.4.1. By so sanh bing nhau

B6 so sanh bang nhau 12 mach dién thuc hién chidc nang logic xét hai s§ cé bang

nhau hay khong bang nhau.
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1) B6 so sdnh bdng nhau 1 bit

Xét hai bit a; va b;, goi g; 12 k&t qua so sanh badng nhau giia a, vad b, v6i
g; = 1 bi€u thj a; = b;,, g = 0 bi€u thj a, # b;. Vay ta cd bang chan li 4-4-1.

Bang 4-4-1 : BANG CHAN LI CUA BQ SO SANH 1 BIT

a; bi gi Thuyét minh
0 0 1 bing nhau
0 1 0 khac nhau
1 0 0 khéac nhau
1 1 1 biing nhau

T bang 4-4-1, ta cd
g = EiBi + aibi = Eibi + aiﬁi = ai®bi

Coé th€ diung nhiéu so d6 thuc hién ham Tl
logic trén, hinh 4-4-1a li c6ng ham tuong A
duong, hinh 4-4-1b 12 c6ng NORAND déu
thuc hién chdc nang so sanh bing nhau.

~g
| B

% 4 4 %
2) 4)

&
&)

Hink 4-4-1. B% so sanh 1 bit.

2) B6 so sdnh bing nhau 4 bit
) B san & Bang 4-4-2 : BANG CHAN Li BO

So sanh s6 nhi phan 4 bit A = aja,aa, SO SANH BANG NHAU 4 BIT
v6i B = bsb,b;b,, ta thdy rdng A = B

Vay néu goi g; 12 cdc bo so sanh 1 bit,

! 0 0 o0 0 0
ching ta xay dung dugc bang chan Il o o o 1 0
4-4-2. 0 0 1 0 0

. . 0 0 1 1 1]
Tu bang 4-4-2, ta cd o 1 o0 o0 0
G =g. g, g. o 1 0 1 0

83 B2 &1- Bo 0o 1 1 o0 0

vai 0 1 1 1 0
1 0 0 0 0

g = 3; @b, 1 0 o0 1 0

1 0 1 0 0

g = 2,8b, 1 -0 1 1 0

— 1 1 o0 o0 0

g = a,0b 1 1 0 1 0

1 1 10 0

8, = 3,9Db, 1 1 1 1 1
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Vay ta c6 :
G =g 8 8 &
G = 8,8b;3,0b,a 0b 5,00,
G = (a,®by) + (a,®by) + (a,®b,) + (a,®b)

£

Hinlh 4-4-2.
Sa dé logic

by so sanh

bling nhau 4 bit.

4.4.2. By so saAnh

B0 so sdnh la mach dién thyc hién chdc ning logic xdc dinh s6 nao 16n hon
trong hai 88 dugc so sdnh.

1) B so sdnh 1 bit
Xét hai bit a, vAd b, k&t qua so sanh |, = 1 biéu thi a, > b, m;, = 1 bidu thi
a, < b,. Ta cé bang chan 1i 4-4-3.

Béang 4-4-3 : BANG CHAN L[ cUA BQ SO SANH 1 BIT

ai b li mj thuyét minh
0 0 0 0 ‘ ai = bi
01 0 1 | ai < by
1 0 1 0 ai > b
11 o 0 : ai = bi
Tu bén-g 4-4-3, ta cd : i A
I, = ab, m, = ab,

~Can ct vdéio ham logic trén day,
ta x&y dung so dé logic hinh 4-4-3.

Hinh 4-4-3.
B3 so sanh 1 bit,

N
>
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2) B so sdnh 4 bit

a) Phuong phdp so sénh hai s6 nhi phén nhidu bit

Qu4 trinh so sdnh hai s6 nhi phan nhiéu bit phai bat ddu tld bit cd trong s6 cao
nh&t, chi khi nao bit ¢d trong s6 cao nh#t bang nhau thi mdi tigp tuc so sanh dén
bit ¢ trong s6 thdp hon lién ké. Y nghia trong s6 khién viéc so sdnh quyét dinh
bdi s6 cd trong s6 16n. (Vi du quen thudc : so sanh 901 va 899, sv sanh s6 hang
tram 9 > 8, k&t luan ludn 901 > 899, khéong d&€ v dé&n s6 hang chuc va hang don
vi cia ching) R o

b) B¢ so sénh 4 bit
So sdnh hai sé nhi phén A = ajaaa, vA B = byb,bby
K&t qud so sanh G = 1 nfu A = B ; g = 1 néu a = b,

I
L 1 n6uA>DB;L=1néua >bh

M-—:1néuA<B;mi:lné}ft._r:av.i<bi

i

Bing 4~4-4 : BANG CHAN Lf CliA L

g3 g2 g g R PR O L Thuyét minh
x X X X 1 % X b i

1 X, X X w® 1 X x i A>B

1 1 x x b4 X 1 X 1

1 1 1 x X X 14 1 1

Béng 4-4-3 : BANG CHAN LI CUA M

g g2 Bl g m: m2 ™. Mo M . ThUyéi minh
bd x x b4 1 X X X 1 :

1 x x X b4 1 x x 1 A< B

1 1 X X X b 4 1 x 1

1 1 1 x b4 x x 1 _ﬂl

Khi liet ké bang 4-4-4 va bang 4-4-5, cdn luu ¥ cdc quan hé phi dinh nhau
ctia cac bién logic v mot s6 gid tri cha bién logic khong anh hu&ng gi dén hém‘
logic. Vi du : Xét bang 4 ~4-4.

Hang thd nhdt, l; = 1 chdng té a5 > b, g3 = 1 (15 =1 phu dinh g3 = 1). Vi
a;, by cd trong s lén nh4t, nén A > B_ L = 1 khéng phu thu¢c gl vao & gt, &5
l,, 1;, 1,, nén tuong dng voi cac ddu chéo "X". _

Hang th¢ hai, g; = 1 ching td a; = by, I; # 1.1, = 1 ching té a, > by, vi |
ching cd trong s6 thd hai, nén A > B L = 1 khong phu thudc gi vio gz, 8 8y
1, 1, tuong dng véi céc d4u chéo "X".
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Hang thd ba, g; = g, = 1 ching td a; = by, a, = by, 13 = 1,1, = 1,1, = 1)
ching t6 a, > b, do d6 A > B, L = 1, khong phu thugc vao g, g, 1, tuong dng
véi cdc ddu chéo "X".

Hang thd tu, g, = g, = g, = 1 (a3 = by, a, =
1, = 1) I, = 1 ching t6 a; > b, do d6 A > B, L
gid tri # 1 déu dédnh d4u chéo "X".

Bang 4-4-5 ciing duge tim hiéu va ké ra mdt cach tuong tu.

Tu bang 4-4-4 ta cd : L = 13 + g3 L, + gagyly + gaggl,

Td bang 4-4-5 ta ¢c6 : M = m,; + gym, + gyg,m; + g,g,gm

So d6 logic ham L, M thyc hién bing c8ng AND va OR trén hinh 4-4-4
g1, 8> g; 12 tin hiéu ddu ra

Bd so sdnh bing nhau 1 bit

b,, a; = by, I3 # 1, I, # 1,
= 1, g, # 1. Tuong dng céc

8 = 2,0b, £ A
g = a,®b, ' ZTLT\
f - o AEAAN
L, I, 1, 1, va m,, m,, m;, m_ 1a cdc b6 4 JE ]
so sanh 1 bit _ :g'
= : h b (4
L, = a3b3 ’ 2 azb d l1 = b ; lo = aobco' [_J [
AN my my

m, =2ab, ; my=ab, ; m=ab ; m =ab.

Hinh 4 —4—4. B so sanh 4 bit.

4.4.3. ICMSI b so sanh 4 bit

Hinh 4-4-5 la vi mach MSI b6 so s4nh 4 bit

Nhan xét so d6 hinh 4-4-5, ta thdy rdng MSI nay cd so d6 mach phit hop véi
cac sg d6 bo so sdnh da trinh bay trén, nd cd thém 3 cdng AND va 3 ddu vao diéu

'Ekhxé’na>ba<ba=__b.

Céc biSu thic ham 'lOgi'cfda'u ra L, M, G hoan toan khﬁﬁg khdc gl véi cdc bigu
thic da din ¢ trén. Bang chan li cia by so sdnh 4 bit hinh 4-4-5 12 bang 4-4-6.
- Chol =m = 0, g =1, ti so d6 logic hinh 4-4-5, theo tiung cdp tlit ddu ra, ta c¢
thé viét cdc ham ddu ra nhu sau

L=l + gl + g3l + 838811, + 838,81

=L + gl + &gl + g8l +0

= 3353 t a0 b33252 +8,0b; 2,® b2algl

+a,®b; a,®b, a,dba b,

M =m; + gm, +ggm + gggm, + gg,ggm
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Hinh 4-4-5. B$ so sanh 4 bit (MSI)
a) Sd d8 mach dién ;

14" CSKT...

b) Ki hieu.
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Béng 4-4-6 : BANG CHAN Lf BO SO SANH 4 BIT

D4u vao so sanh © DA4u vao diéu khién Diu ra
1 m g L M G
a3b azb: alby aobo a>b |a<b|a=b|A>B|A<B|A=B

ay > b X X X X X X 1 0 0
ay < bs X X X X X X 0 1 0
ay = b3 a > b X X X ‘X X 1 0 0
a1 = b 22 < b2 X X X X X 0 1 0
a3 = bs a2 = b al > b X X X X 1 0 0
a3 = bs az=b2 | a1 < b1 X X X X 0 1 0
a3 = b3 a2 =t a1 = b a0 > bo X X X 1 0 0
ay = b3 a2 =Db2 | a1 = b1 | @ < bo X X X 0 1 0
ai = b3 a2z = b2 a; = b a0 = bo 1 0 0 | 0 0
ay = b3 a; = b2 | ay = bt ao = bo 0 1 0 0 1 0
a3 = bs az=by | a1t = b a0 = bo 0 0 1 0 0 1

4.5. BO CONG

Thyuc hién cdc phép tinh la nhiém vu co badn cta mdy tinh s6. Trong méy tinh,
cdc phép cong tri nhan chia déu quy vé phép tinh cong theo mot clch ndo dd, vay
phép cong 1a phép tinh co ban nhét cia mdy tinh.

4.5.1. B cfng nia

B6 cOng nita la mach dign thyc hién phép cfng nia, tic la phép cong 25861
bit. Bang 4-5-1 1a bang chan I cia phép cong nia, S, la téng, a; va b; 12 cdc s6
hang dugc cOng, c; ]a 86 nh¢ sang bit trong 86 16n hon. Bang chan 1{ 4-5-1 chil
thyc hién phép t{nh d6i v6i ban than hai s§ a;, b, ma khong ké dén s6 nhé chuyén
vi ti bit cd trong s6 bé hon. Vay mé6i cd tén la chg nda, T bang 4-5-1 ta co :

Sv=ab+ab=a®b

1

¢ = a.ibi

Hinh 4-5-1 la so d6 logic va ki hiéu bd cféng nua

Bédng 4-5-1 : BANG CHAN Li B NG NUA
Siog s ¢ AN LT BO €0

' Wi [ ‘ I ai bi Si Ci

] i

WiO) t HA o o 0 0

{ i 0 1 1 0

} ! 1 0 1 0

| { I ] 1 1 0 1
4 L A

Hinh 4-5-1. B0 cOng nia.
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4.5.2. B6 cfng du

B6 cong nita khéng dap dng yéu clu thyc t& codng hai s6 nhidu bit. Vi dy cdng
hai s6 A = ajaa,a, = 1011 vA B = bgbbb, = 1110

bit 3 bit 2 bit 1 bit 0

1 0 1 1 A

1 1 1 0 B
1 1 1 0 86 nhé chuyén lén
1 1 0 0 1

Qua vi dy, ta thdy : viéc coOng c4c bit 3, bit 2, bit 1 déu kém theo s6 nhd, nghia
12 ¢ 3 s6 hang tham gia, gfm 2 bit dugc cOdng va s6 nhé chuyé€n lén tit phép cing
bit trong s6 bé lién k&. Phép cOng cé nhé duge goi 18 cOng du, mach dién thyc hién
tuong dng dugc goi 1a bo céng du. (Full Adder)

Bang 4-5-2 1a bang chan If cia bo cdng di, trong dd a, b, 1a hai bit duge cong,
¢;.; la s6 nhé chuyén lén tir bit i-1 (bé lién ké) s; 12 téng va c¢; 12 86 nhé (phai
chuyén 1&n phép cfng du caa bit i + 1).

Tién hanh t6i thi€u hda bing bang Karnaugh, xem hinh 4-5-2

Bang 4-5-2 : BANG CHAN Li cUA BO CONG DU

aj bi Ci.1 s1 Si
0 0 o0 0 0
0 o0 1 1 0
0 1 0 1 0
0 1 i 0 1
1 0 0 1 0
1 o 1 0 1
1 1 0 0 1
1 11 1 1
Hinh 4-5-2.
Bang Karnaugh bci.q biciy
) [ Ly i ) :
c:a ham logic a 00 01 11 10 8 00 01 11 10
ddu ra s;, ¢. : 0| o 1 0 1 0f o 0 1 0
Wy lofl1]o o |1 |11
a) Si b) Ci

T4 hinh 4-5-2a, ta cd :
5 = abc_, +apg +abc_; +ape,
= (B + b)) + 8B + bey)
= 80 ®c ) + ab e,
= 8,®b&c,
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Tu hinh 4-5-2b, ta cd :

¢ = alblcl_,1 + alElcl_,1 aibi

= (@b, + ab)c,_, + ab,
= (ai@bi)ci_l + aibi

Ham logic cia c¢; khong & dang t8i gidn ma cd a; ® b, gi6ng nhu trong ham s,
nhd vay so d6 chung lai don gian. Xem hinh 4-5-3

Hinh 4-5-3.
%
Bd cdng du :
a) So dé logic ; . ’é -5; G S
b) Ki hiéu. NORANG { o
+ +
I L FA
. 4. G b Yy
% 4 G-
) 5)

4.5.3. B0 cOng c6 nhé noi tiép

Sau khi da giéi thiéu bd cdng dd 1 bit, bAy gid ching ta xem xét b cdng s6 nhj
phan nhiéu bit. CS r&t nhiéu mach dién khdc nhau thuc hién viéc nay. Th hay xem
xét cu thé bo cOng hai s6 nhj phan 4 bit, trong dé s6 lidu duge cong céc bit dua
vao song song, 86 nhé chuy€n ndéi ti€p ti bit thdp nhat lén.

Hinh 4-5-4 gi6i thigu by cong 4 bit dugc cdu tric bing 4 bd cong du 1 bit. Vi
phai dgi s6 nhé t¥ FA bit thdp hon dua lén, nén phép FA cta bit cao thuc hién
sau phép FA cta bit thdp. S6 nh6 chuyén néi ti€p ti FA bit thép lén, ting budc
mot theo s§ bit.

Uu diém cia bd cdng cdc bit song song cd nhd néi tigp 1a : mach dién don gian.
Nhuge di€m clia nd 1a : t6c do thép. D€ nAng cao t6c d6 phép cong, ta phai tim
cdach rit ngidn thoi gian thyc hién FA cia bit cao, trong d6 cé cdch s6 nhé chuyé&n
sodm t6i FA cia bit cao.

R U S

c, c
& Eay ko Ra, 2] Fa fen|  FAL
a, b3 - bﬂ al bl a0 bO

Hinh 4-5-4. B$ cdng 4 bit.
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4.6. B0 CHON KENH

Bo chon kénh con goi 1a b dén kénh (MUX), cing goi 1a bd chon dit liéu (DATA
SELECTOR). Bo chon kénh thuc hién duéi dang mét mang cdc cdng NORAND (hay
ORAND). Ung dung cia nd rit réng. Chic nang logic co ban ciia bé chon kénh 13
dudi su diéu khi€n cia tin
hiéu chon (n ddu vao diéu

khién) thuc hién su chon ra _ : 1%
mot kénh (trong s6 2" kénh '
ddu vao) dé€ théng tin hiéu N

kénh dugc chon dén d4u ra
(1 ddu ra). H\ E A

Hinh 4-6-1 gi6i thiéu bo 511 r
chon kénh cé 4 ddu vao dé€ J
chon. yo

Trong hinh, B va A la p D l[:
n = 2 d4u vao diéu khién,

D3, D,, Dy, D, 1a 2% = 4, Z ¥/ Z, Js G
ddu vao di liéu dudgc chon,

Y 1a d4u ra, con G la diu

chon chip (cho phép bo chon Hinh 4-6-1. Bo chon kénh (MUX).

kénh lam viéc).
T so d6 logic hinh 4-6-1 ta viét ham logic ddu ra :
Y = GBAD_ + GBAD, + GBAD, + GBAD,
= G(BAD, + BAD, + BAD, + BAD,) (4-6-1)

Khi G = 1 thi Y = 0, tdc 1a bé chon kénh bj cAm, nd khéng lam viée
Khi G = 0 thi Y = BAD, + BAD, + BAD, + BAD, (4-6-2)
Kénh nao dugc chon, phu thuéc tin hidu chon (ddu vao diéu khién).

Néu BA = 00 thi Y = D_, néu BA = 01 thi Y = D, néu BA = 10 thi Y = D,,
Né&u BA = 11 thi Y = D,. Bang 4-6-1 la bang chic ning cta b chon kénh.

Béng 4-6-1 : BANG CHUC NANG BO CHON KENH

B A Do D1 D2 Ds G H
X X X X X X H 1L
L L L X X X L L
L L H X X X L H
L H X L X X L L
L H X H X X L H
H L X X L X L L
H L X X H X L H
H H X X X L L L
H H X X X H L H
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Cs th€ viét rit gon bang 4-6-1 thanh dang don gidn nhu bing 4-6-2

Bang 4-6-2 : BANG CHUC NANG RUT GON CUA BO CHON KENH

B A G Y
X X H L
L L L Do
L H L Dy
H L L D2
H H L D3

4.7. ROM (b6 nhé chi doc = Read Only Memory)

- ROM cdn goi 1a bd nhd c6 dinh. Vi dit liéu luu gitt trong ROM khéng dé gi thay
déi, dit liéu ndi chung khéng thay déi, chi doc ra. Phdn t¥ nhé trong ROM rit don
gian, do dé IC ROM c6 d¢ tich hgp cao. C6 nhiéu ching loai ROM. Can cd vao
phén t& nhé trong ROM, thi ¢ 3 loai : ROM di6t, ROM tranzito luéng cuc va ROM
_tranzito trudng (MOS). Can cd cach viét dit lieu vao ROM, cing cd 3 loai : ROM
c¢6 dinh (ROM mat na - Maskable ROM), PROM va EPROM. ROM ¢6 dinh khi ch&
tao thi nha mdy nap sdn dit liéu théng qua céng doan mat na, ndi dung dé khéng
th€ thay d8i trong qua trinh st dung. PROM (ROM c6 thé nap chuong trinh -
Programable ROM) thi ngudi st dung cd thé nap chuong trinh vao (bdng mét thist
bi dac biét), nhung dit liéu chi duge viét vao PROM moét 14n ma théi, sau d6 khéng
thé thay d8i. No6i dung luu giit trong EPROM (erasable ROM) thi cé th& thay d8i
(vit m6i) bang mot thist bi dac biét. Nhung do qué. trinh viét méi phién phdc, nén
thong thudng chi tién hanh doc.

4.7.1. B0 nhd c6 dinh chi doc (ROM)

ROM c6 dinh cé 3 phén mach : b6 giai ma dja chi, ma tran phdn td nhé, va
mach dién ddu ra. Hinh 4-7-1 gi6i thiéu mach dién don gian nh&t 1a ROM diét.

+£
, . |
Hink 4-7-1 ST Q__ﬂ__—a ﬁﬁ_’/{{‘m
B Aso1r Ll I 7
ROM didt. 4' ;—bf:l};i L3 \W’a
" LN NN
I N
i ' ! F W,
| -DDJI" ’1
! !' L N S
L_...._.._,.__lI—"—h_—~—:----—-—~—-'——-E
s o T
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Dung phudng phap phan tich logic, ta viét dugc :
Ham logic tin hiéu trén cac day tu :
W3 = AjA, W, = A_IK—O W, = BA W, = A4,

Ham logic tin hiéu ddu ra :

=)
W
I
=
=
|
>
S
N
>
I
e
>
<+
K
S
I
>

18 - 1% o o o

D, = W,W,W = AA AA AR, = AA +AA +AA
= A +&

D, = W_3w1 = A,

D, = WW, = AA AA = AA +AA = &

Béng 4-7-1 : BANG CHAN Li CUA ROM DIOT

Al Ao D3 D2z D1 Do
0 0 0 1 0 1
0 1 1 0 1 1
1 0 0 1 0 0
1 1 1 1 1 0

Tit bang chan i, ta thdy so d6 hinh 4-7-1 thuc chdt 14 moét bé chuyén ma tu
méd A/A; sang md D,D,D,D_. Qud trinh dién ra nhu sau : by gidi ma dja chi tién
hanh giai ma A/A, ma trdn 4 c6ng AND di6t (ddu ra cia AND di6t 1a day bit,
ddu vao cua AND di6t 1a day ti qua di6t néi day bit tuong tdng) va bd ddo (mach
dién ddu ra) thuc hién viéc ma hda d6i véi tin hiéu ddu ra bd gidi ma. Cubi cung
ta ¢6 ma D,D,D,D,.

Trong mach dién hinh 4-7-1, cdc ti ma cla tin
hiéu dfu vao vad ddu ra cé quan hé don tri. Vi vay, +E,
ngudi ta thudng xem tit ma ddu vao AA, 1a dia chi 1 )
cia td mad D,D,D,D  dugc lyu gii¥ trong ROM, con EJ IF"'] H'J I:‘H
ban than D,D,D D, dugc xem li ngi dung dir ligu
duge Iuu gilt ¢ dia chi tuong ding A/A . Trong ma _B"l | 11*1 W,
tran phdn td nhd, dudng ngang dé chon ti goi tét ' -
1a day tu, dudng doc d€ chon bit goi tAt 1a day bit. 1:"—1 }]}1 }'lrl W
Ché giao nhau giita day tit day bit dwoc goi 12 phén !
td¢ nhd. Tai phdn td nhé, néu cé di6t thi da liéu luu 1‘1,]
giit 1a 1, néu khong cd di6t thi di lieu luu giit 12 0. ‘
Noéi dung di liéu luu giit trong ma tr&n nhd khéng :
thé thay d6i sau khi hodn thanh ché tao ra ROM. |27 | [N
tic 12 chl doc ma khéng viét dugec...

Hinh 4-7-2 14 ma tran phén td nhé diung tranzito
trudng MOS (cé ndi dung nhé nhu mach hinh 4-7-1).
Tai phén tid nhé (noi giao nhau gita day tu va day

We

&
&l

5 g

Hinh 4-7-2. Ma trin nhd
cua ROM NMOS.
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bit) n&u cé tranzito MOS thi néi dung luu git 1a 1, n&u khéng cd thi 1a 0). Nguyén
i cong tdc mach hinh 4-7-2 gi6ng nhu mach hinh 4-7-1. Chi luu y tin hiéu day
ti tich cyc & mic cao. (Cing cé th€ dung tranzito ludng cuc d€ cfu tric ma tran
nhé cia ROM).

Khi ch€ tao ma trdn nhé cia ROM, cén cd ndi dung cln luu git ma thiét k&
mat na. Diéu ndy chi cd lgi khi 86 luong san xuft 16n (vi ch& tdc mat na va céc
cong doan lién quan tdi thsi gian, gid thanh cao). Trong trudng hgp s6 lugng san
xuft khong lon, duing PROM kinh t&€ hon.

4.7.2. Bo nhd chi doc c6 thé ghi trinh ty (PROM)

Khi xufit xudng, PROM c6 céc phén t&t nho déu la 1,

ngudi s dung cin ct noi dung cén lut trit ma tuy ¥ chon oy Ve

phin ti nhé nao khong thay d6i (1); phén ti nhé nao phai +£

thay déi (0) d€ thyc hién thao tdc vi€t vao b nhé. Nhung Ay

chi mot 1n viét ma thoéi. b7
Hinh 4-7-3 gi6i thiéu mét phdn t& nh6 PROM, gém cd Lawchr™

mét tranzito ludng cuc va moédt cu chi (hgp kim Ni Cr..).

Khi xuft xudng, cdu chi cua cdc phén t¥ nhé déu théng. Hink 4—7-3.

Ngudi st dung muén ghi bit 1 vao phdn td nhé nao thi PhAn td nhd PROM.

giit nguyén cdu chi, mudn ghi bit 0 vao phdn t& nhé nao

thi 1am c8u chl dut bing dong dién du 16n theo quy dinh. Cdu chi ctia phdn td nhé
ddt r6i thi khéng cd cdch gi néi lai nhu ci duge, tic 12 khéng thay d6i noi dung
dugc nia.

Ngoai hinh thic cAu chi, ngudi ta cdn ch€ tao PROM dung di6ét Schottky thay
th& phuong an cdu chi trén. Khi xudt xudng, t4t cA cdc di6t Schottky déu ngit (&
~ trang thdi phan cyc ngugc), tuong dng bit 0. D€ tao ra bit 1, ngudi st dung phai
~dat dién 4p nguge da 16n d€ dist Schottky ddnh thing tao thanh chéap cuc théng
mach vinh vién. _ i

4.7.3. Bo nhé chi doc c6 thé viét lai (EPROM)

Thuc tién ludbn cd nhu cdu sita chita, d8i m6i mot s6
di liéu nao dd trong ROM, do vay ngudi ta khong thoéa
mén véi ROM c6 dinh va PROM. EPROM gidi quyét va ‘
dép dng nhu cfu trén nén cd dUng dung roéng rai. Hién e ti/_;ylﬁa’”;}
nay EPROM sit dung phdn td nhé trén co sd tranzito S ' g
FAMOS (Floating - gate Avalanche - injection Metal S
Oxide Semiconductor - B4n din oxyt kim loai phun -
cuc c8ng thédc ld tha ndi). Hinh 4-7-4 trinh bay két c4u
tSralr:émto FAMOS. N& co bin 12 tranzito MOS cyc céng ;7_" :7'—’

. kénh P. Diém khdc biét ciia nd 1a cuc cdng hoan toan r
bi 8i0, cdch li, nén & trang thdi "béng bénh", vA cd tén Mﬂ/ o
cuc cfng tha nbi. Cuc nay v6n khong mang dién, nén i
khéng cé kénh din giita cdc nguén S va cuc méng D,
tranzito FAMOS & trang thdi ngit. Nhung né&u dat dién

>
-

Hinh 4-7—4,
Két cdu tranzito FAMOS.
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ap tuong d6i 16n (-30V ching han) gitta D va S, lam cho chuyén tiép PN giita cuc
méing D va d€ bi danh thing théc 1G, dién ti trong vung ngheo kiét nhd dién truong
manh gia t8c 16n bay tit ving P* ra ngoai. Do t8c d6 cao, cd mdt phdn dién ti
xuyén qua l6p oxyt tuong d6i méng d&€ téi cuc c8ng tha néi, ching duge tén tri &
dd. Qud trinh nay goi la phun thac 1. Khi khong con dién 4p dat giita D va S, vi
dién tich & cuc c8ng khéng cé 16i thoat di, nén bdo tén lau dai tai cvc cfng. (O
100°C, m6t nidm suy giam chua téi 1%). Didu chinh bién d6 va thdi gian cua dién
ap giita DS, thi ¢6 thé diéu khi€n lugng dién tid phun vao. Khi cuc c8ng da cé du
nhiéu dién td (dién tich am) thi c6 th€ tao ra kénh din gita D va S lam cho
tranzito FAMOS trd thanh théng. N&u dung tia cuc tim ho#c tia X chiéu vao tranzito
FAMOS lam trung hoa dién tich ¢ cuc c8ng, kénh din bi€n m4t, tranzito FAMOS
trd lai trang thai ngit. D€ tién ti6n hanh viéc khi bdé kénh din, khi bao gdi, ngudi
ta dé mét cia s8 thach anh cho viéc chi€u xa khi cén.

Hinh 4-7-5 gigi thieu EPROM c4u tric tl
tranzito trudng, mdi phdn td nhd gém mét
tranzito MOS ndi ti€p véi moét tranzito FAMOS.
Day ti diéu khi€n cuc c8ng. Khi xudt xudng,

tdt cA FAMOS déu & trang thai hd mach. P /;,,f’—fﬂ
Ngudi st dung cidn cd vao dit liéu cdn luu g/ jl?
git, dua xung dién 4p a4m vao day bit da
chon, lai diéu khi€n day tu cho MOS theo N L o~ fpAmas
dia chi théng ddn. FAMOS & day bit da chon ' TT T T 1T \',U]
sé danh thuing théc ld, phun dién td& vao cuc .
8 . Ly for
¢Ong cia no. T T

Khi doc ra, day tit chon hang phén ti nhé, —= =X
FAMOS nao da cé dién td phun vao cuc cfng \"lﬁ i
cia nd sé din dién, day bit tuong tng sé cd

muc cao ; FAMOS nao khéng cd dién td phun
vao cuc cng thi hd mach, day bit tuong tng Hinh 4-7-5. Ma trin nhd EPROM,
sé cd muc thép. '
Cén luu y rdng tranzito FAMOS cd thé c¢d nhiing hinh thdic cdu tric khdc véi
clu tric dugc gi6i thiéu trén day.

4.8 MANG LOGIC LAP TRINH (PLA)

Hinh 4-8-1 giéi thiéu PLA cfu tric tu A, —] 3
mét mang cng AND va moét mang céng A~ Merng ANT
OR. Mang c8ng AND thuc hién phép nhén I
logic cdc bién s6 trong cdc tin hiéu ddu A4,
vao A, + A, Tin hiéu ddu ra P, + P,

12 tich (Hoi) cla cédc bién s6 ddu vao. Mang AR I

c6ng OR thuc hién phép céng logic céc A//i%/ af 7,
tich P, + P_. Tin hiéu ddu ra ctia mang 7,
OR (cing la cua PLA) la t8ng (Tuyén) cua = co
cdc tich d6. Tom lai, & ddu ra PLA ta co —Z,

ham logic duéi dang chuéin tic tuyén. Ngudi

st dung PLA tiy y thiét k& t8ng cta nhiing Hinh 4-8-1. So d6 khéi cdu tric cia PLA.
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tich nao, tich ciia nhitng bién nao. Vay cfu tréic hinh 4-8-1 duge goi 1a mang logic
lap trinh PLA.

Moi ngudi déu biét rAng moét ham logic
bét ki dé c6 th€ biu thi dusi dang chufn
tdc tuyén (ORAND). V4y diung PLA thyc -
hién ham logic dang chufn tidc tuyén la Ny
vd cung thuan tién. VI ching ta dua bién arj l:"J IJ'J IEI,_I I:hJ %
logic dén dfiu vao PLA, thiét k& céc tich '1_-‘ _J\;I
bing mang AND, sau d¢ thiét k& cdc téng '] l-l
cia cac tich bidng mang OR thi ddu ra
PLA 12 ham logic chufin tic tuyén cén cd.

Qua vi du tuong d6i don gidn duéi day, “!EI
- ching ta s& thdy cu th€ nguyén i cong I-I
tdc ctia PLA.

Hinh 4-8-2 trinh bay mang c¢é 5 c6ng W, -JL;'.I _11:"1 P.‘lj"]
NAND PMOS. W + W, la bién s6 dfu vao. '
Y, + Y, 12 ham s8 ddu ra. Dic di€ém cong __;’:""| 1:"']
tdc cuia tranzito trudng PMOS la : théng
din khi dién 4p mic th&p & cuc c6ng, hd
ngit khi dién 4p muc cao & cuc cfng. Vay
ta c6 bang chdc nang ké & bang 4-8-1. Hinh 4-8-2. Mang cdng NAND PMOS.

Ap dung logic duong (mudc cao H bi€u thi 1, mic thdp L bi€u thi 0), ta c6 thé
viét ra cdc ham Y, tit Bang 4-8-1 :

(Y = WW

RS

1Y, 1% Y 1Y 1%

Bdng 4-8-1 : BANG CHUC NANG

W, W, | Yo W1 W, W, Y, w, | Y2
L L H L LL H L H
L H H L L H H H L
H L ‘H L. HL H
H H L L HH H
HLL H
HLH H
HHL H
H HH L
Wy W, Y, W, W, Y,
L L H L L H
L H H L H H
H L H H L H
H H L H H L

Hinh 4-8-3. PLA 2 cfp ming cdng NAND.
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PLA hinh 4-8-3 g6m 2 mang c6ng NAND PMOS. D€ don gidn hinh v&, mét chdm
dam biéu thi tranzito PMOS tai chd giaoc nhau. Tt hinh 4-8-3 ta c¢

;

Z, =YY,
2, = ?2

iz, = Y ¥, (4-8-2)
Z, = Y.Y.Y,

Z, = Y,

Thay bi€u thiéc (4-8-1) vao (4-8-2), 4p dung dinh i Demoorgan ta c6 :

(2, = WW,W, + WW,

Z, = W,

12, = W,W, + W,W, (4-8-3)
Z, = WW, + WW, + W,W,

Z, = WW,W,

Tuy rdng hinh 4-8-3 cdu tric bing hai mang c6ng NAND, nhung két qua cia
cdch d4u n6i thé hién & ham ddu ra (4-8-3) chding té rdng so d6 hinh 4-8-3 tuong
duong hinh 4-8-1. Ding so d6 cfu tric hinh 4-8-3, dua tin hiéu ddu vio dén ddu
vdo mang trén (W), cén cd tich cdc bién d4u vao ma thiét k€ vi trl tranzito MOS,
rdi cin cd t6ng cdc tich ma thist k& vi trl tranzito MOS trong mang dudi ; hién
nhién d6i véi toan bo so d6 hinh 4-8-3 (hai mang) thi & d4u ra ta cd ham logic
dang chudn tic tuyén theo yéu cdu thiét ké. '

Trong PLA duge IC hda, khéng chl ¢6 cdc mang OR - AND trén diy, ma con
cd cdc bo ddo cho tin hiéu ddu vao, va cdc c6ng 3 trang thai dém & ddu ra. Vay
trén 1 chip, ta c6 th€ ciu tric bdt cd mang t6 hop ndo. N&u thém vao chip dg
m6t s6 Flip Flop (sé gi6i thiéu sau) thi ta cd thé cfu tric dugc cdc mach s6 ndi
chung (bao gém mach day). Cing nhu ROM dudc sin xuft ra thanh cdc loai ROM
c§ dinh, PROM, EPROM, PLA ciing dugc sdn xuit ra thanh céac loai PLA c¢6 dinh,
PLA cé thé nap chuong trinh vd PLA cé thé viét méi.

Ching ta cd thé d€ y thdy ring k&t c4u mach dién mang cOng trong PLA gifng
nhau v6i ma trdn nhé trong ROM. Ching khdc nhau phuong thidc céng tdc. Dé&u
vao PLA 1a cdc bi&n logic, ¢ th€ nhjéu bi&n déng thoi tdc dong. Déu vio ma trén
nh6 trong ROM la tin hiéu gidi ma dia chi, mot ldn chl tdc dong vao mot day ti.
Gia st cén thuc hién cing mét ham logic phic tap ndo dd, thi phdn t& nhd cia
PLA it hon nhiéu so véi s6 phdn td nhé cia ROM tuong duong Vi vay dng dung
va san xudt IC PLA ngay cang rong rai.

4.9. NGUY HIEM CHAY DPUA TRONG CAC MACH 10 HOP

Nguy hi€m chay dua la hién tugng trong mach t8 hgp xu#t ra tin hiéu gia, v6n
12 nhitng xung nhidu qua d6 khi tin hiéu d4u vao chuyén d6i trang thai. Néu phu
tdi cha mach xét nhdy cadm d6i v6i xung nhiéu nhu Flip Flop ching han, thi cén
tim cdch tri bé nguy hiém chay dua.
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4.9.1. Nguyén nhan sinh ra hién tugng nguy hi€m chay dua

Trong mach s6, m6t cng bdt ki ma cd hai tin hiéu ddu vao déng thdi chuyén
d6i trang thai theo huéng ngudc nhau (vi dy, tit 01 sang 10) thi cd thé sinh ra
xung nhiéu § ddu ra. Ta minh hoa diéu nay bang c6ng AND (TTL) hinh 4-9-1.

Vi chic niang cia c6ng AND, Z = AB. Néu AB = 01, hay AB = 10 thi dang lé

Z phai luén luén la 0.
Hink 4-9-1.

Nguy hiém chay dua
clia cng AND :

a) céng AND (TTL) ;

b) Dic tinh truyén dat
dién ap cua céng AND ;

¢) Xung nhidu sinh ra do

nguy hiém chay dua.

a) 4) — ¢)

Trong qud trinh chuy&n d8i tit 01 sang 10 cé thé sinh ra xung nhiéu vi :
1- Tin hiéu A, B khéng thé dét bién, su chuyén d8i trang thai déu trai qua thoi

gian quad d¢.

2- Sy chuyén d8i trang thai cta tin hidu A vda B xdy ra ¢d s6m mudn so véi
nhau (quang dudng truyén tin hiéu khac nhau, tré truyén dat cia mach dién khéng

hoan toan bing nhau).

Ching han, tin hiéu A tang lén mdc khda c6ng Vypp trudc khi tin hiéu B

gidm xuféng dén mic
md clng V,y, khi dé
4 ddu ra Z sé sinh ra
xung nhidu duong. Cdn

trong trudng hop tin.

higu B gidm xuéng dén
Von truée khi tin higu
A tang dén V.. thi
lai khéng sinh ra xung
nhidu. Vay mach dién
¢é nguy hi€m chay dua
khéng phai nhdt dinh
phai ¢ xung nhiéu
ddu ra. Tuy nhién, ta
khéng th& bi&t truée
chinh xdc su sai léch
gay ra sdm mudn ndi
trén. Viy ¥ nghia hién
tugng nguy hi€m chay
dua 14 kha nang sinh
ra xung nhiéu.

Hirh 4-9-2. B§ gidi mi nhj phan 2 bit :
a) So dé logic ;
b) Xung nhiéu do nguy hiém chay dua sinh ra.
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Hinh 4-9-2 12 mét vi du vé xung nhidu  Bang 4-9-2. BANG CHAN Li MACH DIEN

sinh ra do nguy hi€m chay dua. Gia st HINH 4-9-2

tin hiéu ddu vao chuyén ddi trang thai

theo chiéu mii tén trén bang 4-9-2. Bl AI|B| A |BAIBAIBA|BA
Theo d6 thi thoi gian hinh 4-9-2b, tuong o | o | 1 1 it 1ol o o

Ung sai léch thoi gian qua d6 tin hiéu A
va B cd thé sinh ra xung nhidu ddu ra 3

cdng AND M,, tuong dng sai léch thdi gian cjtrj1rjo0j0 ;1700
tré truyén dat cia M; va M, cd thé€ sinh TL I
ra xung nhiéu ddu ra céng AND M,. D¢ 1 lotol 1 lolol 1] o

la nhitng xung nhiéu sinh ra khi BA chuyén
tt 01 sang 10 (d4nh d&u J ltrong bang
4-9-2) 1 1 0 0

4.9.2. Phuong phap tri bdé nguy hiém chay dua

Cé nhiéu phuong phdp d€ nhén biét mot mach t8 hgp cd nguy hi€m chay dua.
Phuong phdp truc quan hon ca 132 ké bang chan li cho titng c4p mach dién xét. Tim
xem c8ng nao chiu tac dong cta tin hiéu ddu vao dbéng thoi 0 sang 1 va 1 sang 0.
Phan doan kha nang sinh ra xung nhiéu & dd4u ra cda toan mach xét, tic la cd
nguy hiém chay dua hay khong. N&u phu tai cia mach xét nhay cam véi xung nhiéu
thi cdn tim cdch tri bé nguy hi€ém chay dua. Duéi day giéi thiéu médy phuong phdp
théng dung.

1) Dua vdo xung
. ™
khda Mé L
T

I

Trén hinh 4-9-3, | M5 ] Zs & |

xung 4m p, la xung >0 M3 "_____:_/f___
khda dua vao trong A >__zz A |
thoi gian qua do dé Mé yy E '\l

khdéa c6ng M,, M, —-{)o-w— >2—Z

(Nhu da trinh bay .
trén, M, va M, cd —r My ' L'_/
4L > !

A

nguy hi€m chay

dua). Xung p, phai =& |l
d6ng bd v&i chuyén : a) L ’%—*—’—j_\—
déi trang thai tin : b) ;
hiéu vao va khoéng

nhé hon thai gian
qua do At.

& 0y

Hinh 4~9~3. Cac phuong phép tri bd nguy hiém chay dua.

2) Dua vdo xung md
Trén hinh 4-9-3, xung duong p, la xung diung dé md théng mach, dua vao sau

thsi gian qud d6, lic mach dat dén trang thdi 6n dinh méi, d€é md théng M, va
M,. Tin hiéu déu ra cia M; va M, bay gid c6 dang xung bé réng bdng xung md
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py- Vi dy, khi tin higu ddu vao BA = 11, Z, khong tdc thdi chuyén lén mic cao,
chi khi d& xuét hién p,, Z, méi hinh thanh xung duong.

3) Mdc thém tu loc

Vi xung nhiéu do nguy hi€ém chay dua tao ra 1a r4t hep (hep hon thdi gian qua
dé At) nén cd th€ méc thém mot tu dién loc (dién dung khong 16n) & ddu ra dé
trit bd. D6 1a C; trén hinh 4-9-8. D6i v6i mach TTL, C; c6 dién dung vai tram pF
la du d€ suy giam bién d6 xung nhidu d&én mic khéng dédng ké.

4) Sira d5i thiét ké logic '

Khi nguy hi€m chay dua do mot bi€n s6 chuy€n d8i trang thai giy ra, thi cd
thé diung sita ddi thi€t k& logic d€ trit bo. Xét vi du sau.

Gia s ham logic da cho 1a Z = AB + AC

So d6 logic cia ham nay la dudng nét

lién trén hinh 4-9-4. ya
Khi B=C =1th 5 M1
Z=AB+AC=A.1+A.1 ; e
= I
Z=A+A | o M4 '
Ham logic nay chdng té xudt hién nguy Y r
hi€m chay dua khi tin hiéu ddu vao A : :
chuyén d6i trang thai. Can cd cong thic | |
17 chuong 3 (3-1-86), ta cd : r ! M3 |
- — -t |
Z = AB + AC = AB + AC + BC L o
Tuong dng ta thém c6ng M (dudng nét [ it i Mﬁ\'\t"-:
didt) trén so d6 hinh 4-9-4, khi B = C = R e TP

1 thi ddu ra M, la mdc thdp, khéa M,,
khéng th€ sinh ra xung nhidu & ddu ra

Hink 4-9-4. Sila déi thi€t k&
M4 nia.

logic dé trit bd nguy hiém chay dua.

Hinh 4-9-5 1a bang Karnaugh cta ham logic

= AB + AC. Ta c6 th€é nhan bi€t nguy hiém
chay dua khi xem xét bang Karnaugh : Hai s6
hang AC va AB 1a lién ké. () m,; = ABC lién ké

10
0 m-, = ABC). Ta cing dua vao bang Karnaugh ol o |l T o
ma tim cdch trd bd nguy hi€m chay dua = thém ——
vao ham logic mét s6 hang tuong dng hai 6 lién oo E
ké m; va m,, s6 hang BC (nét ddt trén hinh 4-—9 5), ( »
vay Z = AB + AC + BC.
BC AB

X¢ét thém vi du duédi day.

Vi du 4-9-1 : xét xem mach t8 hgp thuc hién
hams6 Z = ABC + BD + ACD c¢d nguy hi€m chay

dua khi mét bién s6 chuyén d6i trang thdi. Né&u
¢é thi tim cdch tru bd.
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Hink 4-9-6 : Bang Karnaugh ciia ham togic. A 8 . C .
e Hinh 4-9-7. So d6 logic.
Bai giai :

Vé bang Karnaugh cia ham logic
Z = ABC + BD + ACD
nhuv hinh 4-9-6.

Hai s6 hang ABC va BD lién ké, hai s6 hang ACﬁ a BD ciing lién k8. Vay cd
nguy hiém chay dua. (Khi A= C =D =1thi Z=B +B, khi A = B = C thl
Z=D +D)

Céach tri bd nguy hi€ém chay dua la thém vao hai s6 hang tuong tng céc 6 lién
ké (nét dit trén hinh 4-9-6) ACD va ABC. Hinh 4-9-7 la so dé logic cia ham

Z = ABC + BD + ACD + ACD + ABC
s0 d6 tuy phdc tap thém, nhung da trit bd nguy hi€m chay dua.

Ching ta hay so sdnh 4 phuong phdp trit bd nguy hi€ém chay dua da trinh bay
trén ddy. Hai phuong phdp ddu tuong d6i don gian, khong lam tang s6 linh kién.
Nhung ching bi han ch& & ch8 phai tim dugc xung khda hay xung md. Nhiing xung
ndy cé yéu clu chinh xdc cao vé bé réng va thdi gian. Mac thém tu loc cd vu diém
don gidn dé lam, nhung lam x#u dang sdng du ra, diéu dd 1a khong thé chdp nhan
trong mét s6 tinh hudng nao dé. Phuang phép sita dbi thiét k& logic kha 1a i tudng
khi cdc IC c¢6 slin c4ac c6ng con chua ding d&€n trong mach.

TOM TAT

Trong chuong nay, ching ta da giéi thiéu mach logic t8 hgp. Mach t8 hgp do
cdc phén td logic co ban cfu trac nén. Dic di€m cia mach t8 hop 1a tin hiéu ddu
ra d thdi di€m b4t kil nao cing chi phu thudc vao tin hidu ddu vao & thdi di€m d¢
ma khong lién quan gl dén trang th&i v6n cd ctia mach.

Mach t8 hgp 1a v6 cing nhidu, ta khong thé xem xét h&t trong trinh bay trén
day. Trong tidm cuda ching ta 132 ndm vitng dac di€m mach t6 hgp va phuong phép
chung thiét k& phan tich mach t§ hgp. Vi vay, ching ta da giéi thiéu mot cach
chon loc b6 ma hda, bo gidi ma, by so sdnh, by céng di, b chon kénh, ROM, PLA...
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trong qud trinh dd, ta da xem xét phuong phdp phan tich va phuong phap thiét k&
mach t8 hop.

Khi phan tich mach t6 hop da cho, ta cd thé viét ra ham logic ddu ra cho ting
cdp cta so d6, rdi ti€n hanh t6i thi€u héa ham logic dd d€ bi€u thi rd rang quan
hé logic gitta ddu ra véi ddu vao. Cac budc thiét k& mach t6 hgp da dugce gisi thiéu
trong phdn ddu. Cdn luu ¥ thém rang phai xem xét nguy hi€m chay dua khi phuy
tai nhay cdm v6i xung nhiéu. N&u cd, phai tim cach tri bo. (Néu phu tai chi tiép
thu muc dién moét chiéu ddu ra thi khéng cdn kim tra nguy hi€m chay dua).

Viéc t6i thi€u hda ham logic 14 rdt quan trong. Vi viéc nay lam cho mach logic
don gian, kinh t€ Chdng ta mong mudn mach dién cang it linh kién cang tét, s§
ddu vao cia mach cdng cing khong thé quéd nhiéu.

BAI TAP

4-1. Dac di€m mach t8 hop vé mat chic nang logic va cfu tric mach.

4~2. Gi6i thieu phuong phap phan tich mach té hop.

4-3. Nhiém vu thiét ké& logic mach t6 hop 1a gl ? Thuyét minh cdc budc thiét ké.

4-4. Phan tich nguyén li c6ng tic mach by ma hda duéi day

a — B ma hda hé dém nao.

b - Khi chuyén mach W, n6i, trang thai
ddu ra Y,, Y,, Y, nhu thé€ nao.

¢ ~ Khi chuyén mach W, ngi, trang thai P
ddu ra Y,, Y,, Y, nhu th& nao. "2 o

T e

H—

4-5. Hay thiét k& mach dién ki€m tra 1é c¢d 3 ddu vao, 1 ddu ra. Chic nang
logic ctia mach nhu sau : néu cdc tin hiéu ddu vao cd s6 1é & mic cao thi ddu ra
c¢d muc cao, ngugc lai ddu ra cd muc thép.

4~6. Th€ nao 132 ma hda va bo ma hda. Tai sao cd thé xem tin hidu ddu vao bo
ma hda 1a cac bién khéng cung nhau.

4-7. Hay thiét k€ b6 ma hda vao la s6 thap phén, ddu ra 12 ma vong du 3.
(Bang 4-2-5)

4-8. Hay thist k& mach ki€m tra chdn 1é cia ma nhi phan 8 bit. N&u s6 bit
trong td ma la chdn thi ddu ra 1a 1. Ngugc lai, 12 0.
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4-9. Giai ma va bd giai ma la gi ? Tai sao nhiing trang thai ddu vao nao khéng
xuft hién cd th€ giap xua I tdi thi€u hda.

4-10. Hay thi6t k& bo giai ma nhi phan 4 bit.

4-11. Hay thiét k& mach dién 14y bi€u quy&t da s6 3 ddu vao, 1 ddu ra. Chic
nang cia mach 1a : tin hiéu ddu ra ¢d muc theo da s6 muc tin hidu ddu vao. Xem

bang chan li dudi day :

Ddu vao
D4u ra
A B C
0 0 0 0
0 0 1 0
0 1 ¢ 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
4-12. Hay thiét k& mach t8 hogp
théa man bang chan li sau :. R B c 7
0 0 0 0
0 0. 1 1
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1

4-13. Hay thi&t k& mach t6 hgp chuyén t& ma nhi phan 4 bit sang ma Gray.
4-14. Hay thiét k&€ mach t6 hgp chuyén ti ma vdong du 3 sang ma BCD 8421.

4-15. Hay thiét k& mach t8 hgp, ddu vao DCBA 1a s6 nhi phan 4 bit,_ ddu ra la
Z. Khi DCBA chia hé&t cho 3 thi Z = 1, n&u khac thi Z = 0.

4-18. Trong bd giadi ma kich hi€n thi ban din 7 thanh hinh 4-3-13, khi ddu vao
DCBA xudt hién 1010 + 1111 thl ddu ra b6 giai ma xu#t hién trang thai gi. Hién
thi 7 thanh tuong Ung sé hién thi s6 gi ?

4-17. Bo so sanh l1a gi. Hay ké bang chén li so sinh A = aja, va B = b/b.
Ddu ra 1a G, L, M.

4-18. B6 cong nla, bd cong du la gi. Hay vé cdc bo cong dd cfu trig tit céng
NAND.

l _
4-19. Hay thist k& bo trd, ddu vao la s6 trd, sé bj trd va s6 nhd chuyén vi ti
bit th4p lén. Pdu ra 1a hiéu s6 va s6 nhé chuyén lén bit cao han,

4-20. Hay thiét k& bo nhan, dfiu vao la 2 s6 nhi phan 2 bl (a8, b;b,), Du
ra 12 tich s8 (sé nhi ph&n 4 bit).
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4-21. B chon kénh 1a gi ? Chdc nang co ban cta nd la gi. Duéi ddy la bing
chdc nang by chon kénh :

Hay viét ham logic Ddu vao chon Ddu ra
W- Hay vé so d6 logic thuc C B A w
hién. (Dung by dao, va c6ng L L L Bu
NORAND) : L L H D:
. _ L H L D
. D, Dy D, la ddu vao dil L H H "52
ligu. H L L D4
H L H Ds
H H L Ds
H H H Ds

4-22. Du6i day la bang chic néng cia chuy€n mach - chon kénh ddu ra 3 trang
thai :

D4u vao chon Diu vao di lieu Diéu khién ra D4u ra
Ghi chit :
et B A Co Ct C C G Y
Z la trang thai
trd khing cao

ITI I I x
jeslle ol i e lile lle ol i

XX XXX XTI x
XXX XICX XX
XX IOEX X X XX
TEX X X X X X X
i el Nl ol ol ol u il
TP IC-C LD e N

4-23. ROM la gi. Cé nhiing loai ROM nao. Déc di€m ting loai.

4-24. Hay vi6t ham chufin tdc tuyén t6i thi€u hda cua ddu ra D,, D,, D,,
D, cia ROM di6t hinh 4-7-1. Hay vé so d6 logic thyc hién bang c6ng AND
va c8ng OR.

4-25. Hay thiét k& b6 chuyén ma ding ROM ma trdn phén tif nhé 16 x 4, Déu
vao 12 ma nhj phéan 4 bit B;B,B;B,, Ddu ra la ma Gray 4 bit G;G,G,G,.

4-26. PLA la gi ? So v6i ROM thl c6 gl khéc bigt.

4-27. Hay dung PLA thi&t k&€ by chuyén ma & bai tap 4-25. Mang c6ng AND
cs 8 ddu vao, 7 ddu ra, mang c6ng OR cd 4 ddu ra.

- 4-28. Nguy hi€ém chay dua 12 gl ? Lam th& ndo phdn dodn nguy hi€m chay dua
trong mach t8 hop.

4-29. Cho bang chan H sau, hay thiét k& b0 gidi ma tuong ing

Hay xét xem kha niang nguy hi€m chay dua cia mach (gid st thd tu bién d6i
tin hiéu d4u vao theo nhu bang)
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4-30. Trong hinh vé& duéi day, néu tin hiéu dfiu vao chuyén d6i trang théi theo
hu6éng nguge nhau, thi tin hi¢u ddu ra cd chic tao ra xung nhidu khong. Diéu kign
nao thl sinh ra xung nhiéu ? Diéu kién nao thi khong ?

NP
If’_>°‘
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