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LOINOI PAU

Gido trinh PIEN TU CAN BAN la tai liéu hoc tp danh cho sinh vién
Khoa Coéng nghé Thong tin.

DPién ti cin ban trinh bay ciu tao va hoat dong ctia cdc linh kién dién
tr vd mach clia chiing. P4y 13 nhitng kié€n thifc co s& dé hi€u biét ciu tric mdy
tinh va cdc thi€t bi phan ciing clia k§ thuit cong nghé thong tin. Noi dung chd
yé&u cla gido trinh 12 mo td ciu tao, dic trung clia cdc linh kién dién t ban
dan nhu diode, transistor, IC va cdc mach @ng dung ciin ban clia ching.

Gido trinh gdm 11 chuong

Chuong 1: Mot sd khdi niém

Chuong 2: Diode bdn din va mach diode

Chuong 3: Transistor

Chuong 4: Phan cyc transistor

Chuong 5: Khuyé&ch dai transistor

Chudong 6: Khuyé&ch dai cong suit

Chuong 7: C4c hiéu dng tan s6 cia mach khuyé&ch dai

Chuong 8: C4c linh kién bdn din diic biét

Chuong 9: Khuyé&ch dai thult todn

Chuong 10: Cac mach dao dong

Chuong 11: Ngudn nudi

Noi dung ctia gido trinh rat rong ma thdi gian lai han ch€ trong 60 tiét
do @6 mdt s6 van dé bi bd qua. Sinh vién cé thé tham khdo thém textbook
bing ti€ng Anh sau day tai thu vién Khoa Cong nghé Thong tin.

Electronic Principles Malvino, Mc Graw-Hill, 1999

Sinh vién ciing c6 thé vao Website: www.alldatasheet.com d& c6 thém
céc thong tin chi ti€t vé so liéu ky thuat ciia céc linh kién.

Do trinh do ngudi viét c6 han, chic chin gido trinh con cé nhiéu thi€u
s6t. RAt mong dudc su gép ¥ clia ban doc.

ba Lat, thang 1 nam 2005
Phan Vin Nghia



Chuong 1
MOT SO KHAI NIEM

L1 SU GAN PUNG

Trong cudc sdng chiing ta thudng xuyén ding sy gin ding hay xap xi.
Trong k¥ thuat ciing vdy. Chiing ta thudng diing cdc mifc gan ding sau:

¢ Gan ding 1y tudng (ddi khi goi 1a gan ding bac 1)

¢ Gan ding bac 2

¢ Gan ding bac 3

¢ MO ta chinh xéc

1) GAn diing Ij tugng. Mot doan ddy AWG22 dai 1 inch (2.54cm) c6
dién trd thuan R=0.016Q, cudn cdm L=0.24pH va tu C=3.3pF. Né&u chiing ta
tinh t6i tat cd cdc dnh hudng cia RLC thi tinh todn lién quan dé€n dong va thé
s& mat nhiéu thdi gian va c6 thé phic tap. Vi vy trong nhiéu trudng hop, dé
don gidn, ¢6 thé bdé qua RLC clia doan day dan.

Su gan ddng ly twdng, 1a mach tuong duong don gidn nhat clia thiét bi.
Vi du, gin ding ly tuéng cda mot doan day ndi 1a mot vat din cé tr§ khang
Z=0. Sy gan diing ndy la dd cho cdc thiét bi dién t thong thudng. Trudng hop
ngoai 1& s& xdy ra tai tan s& cao. Khi d6 phdi xét dén cdm khdng va dung
khdng. Gid st ring 1 inch day néi c6 L=0.24uH va C=3.3pF thi tai tin s6
f=10MHz cdm khing va dung khang tuong duong cda ching la 15.1Q va
4.82KQ. Chiing ta thudng diung gan ding ly tudng d6i véi diy noi khi tan s6
f<1MHz. Tuy nhién khong c6 nghia 13 ching ta khong can d€ y dén chiéu dai
clia day noi. Trén thyc t€, can 1am cho ddy ndi ngidn dén miic c6 thé.

Trong khi tim hdng cho mach hay thiét bi, mdt gan ding 1y tudng 1a dd
dung. Trong gido trinh nay chiing ta dung gan ding 1y tudng cho cdc thiét bi
ban dan bing cdch gidn lude ching nhu cdc mach tuwong duong don gidn. Bing
cach diing gin ding 1y tudng, chiing ta dé dang phan tich va hi€u hoat dong
ctia cdc mach bdn dan.

2) Gan ding bac 2. Gan ding bac 2 thém mot hoic nhiéu thanh phan
vao gan ding 1y tudng. N&u gan ding 1y tudng clia 1 vién pin 12 1.5V thi gan
ding bac 2 cda 1 vién pin 12 mot ngudn th& 1.5V noi tiép véi 1 dién trd 10Q.
Pién trd nay goi 1a dién trd trong hay dién trd ngudn clia vién pin. Néu dién
trd ti bé hon 100Q, thé trén tii c6 thé bé hon 1.5V do sut th€ qua dién trg
ngudn. Lic ndy céc tinh todn cin phai kém theo cd dién tré ngudn clia pin.
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3) Gan diing bac 3 va cdc gan ding cao hon. Gan ding bac 3 kem
theo mdt s6 phan ti¥ nita vio mach tuong duong clia thié€t bi. Tham chi cdc gan
ding cao hon nifa can phdi lam khi phan tich mach. Tinh todn bing tay doi
véi cdc mach tuong duong gin ding cao hon bic 2 tr§ nén rat khé khin.
Trong truong hdp nay ching ta s€ dung chuong trinh may tinh. Vi du EWB
(Electronics Work Bench) hoidc Pspice 12 cdc phan mém mdy tinh trong dé
diing cdc gan ding bac cao d€ phan tich mach.

Tém lai, viéc sit dung gan ding loai nao 13 phu thudc vao yéu cau cong
viéc ma ching ta phai lam. Né&u ching ta dang tim 16i hay stta chita thi€t bi,
gan ding bac 1 1a dd. Trong nhiu trudng hdp gan ding bac 2 1a lya chon t6t
vi dé ding va khong yéu cau mdy tinh. P6i vdi cdc gan diing cao hon cin phdi
dung mdy tinh va mot chuong trinh.

1.2 NGUON THE

Mot ngudn thé 1y tudng tao ra mot hiéu dién thé 12 hiing sd trén tai. Vi
du don gidn nhat cia mot ngudn thé 1y tudng 13 mdt acqui hoan hio, mot acqui
ma dién trd trong ctia né bing 0.

Hinh 1-1a 13 hinh vé& mdt mach, trong dé ngudn th€ V=10V ndi véi
dién trd tdi R =1Q. Von k& chi 10V, ding biing gi4 tri clia ngudn thé.

— § RL 107
1ov 1 Ohm

Hinh 1-1a: Nguon thé va tai

Hinh 1-1b cho thiy gidn dd cda hiéu dién th& trén tdi va dién trd tai.
Theo gidn dd, hiéu dién th€ trén tdi vin 10V khi dién trd tdi thay d6i tir 1Q
d&én 1MQ. N6i mot cach khac, mot ngudn thé 1y tuwdng tao ra mot thé trén tdi
12 hiing s& bat chap dién trd tdi 12 16n hay bé. V6i mot ngudn thé 1y tudng, chi
c6 dong tai thay ddi khi dién trd t3i thay ddi.
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Hinh 1-1b: Quan hé giita thé tdi va trd tai

G4n ding bic 2 ctia ngudn thé.

Nguon thé 1y tudng 1a thiét bi chi c6 vé mit 1y thuyét, né khong ton tai
trong thuc t&€. Vi khi dién trd tdi gin bing 0, dong tdi s& gin bing vo cing.
Khong c6 mot ngudn thé thuc nao cé thé tao ra mot dong tii vd han vi ngudn
th& thuc Iudn ludn c6 dién trd trong (dién trd ngudn). Gan ding bic 2 cia mot
nguodn th€ phai kém theo dién trd trong nay.

Hinh 1-2a md td y twdng nay. Pién trd trong 1Q ndi ti€p vdi bd acqui ly
tudng. Khi dé gid tri chi trén Von k&€ 1a 5V thay vi 10V.

s
Al
1 Ohm |
—_—__—w § RL 5y
lov 1 Ohm
|

Hinh 1-2a: Nguon th€ véi dién tré trong

Hinh 1-2b 1a gidn d6 clia thé trén tdi va dién trd tai clia mot ngudn thé
thuc. Thé trén tdi chi dat dudc gid tri 10V khi dién trd tdi 16n hon dién tré
ngudn nhiéu 1an, 16n hon d&én mifc c¢6 thé béd qua dién tré ngudn.

Ngudn theé manh (Stiff Voltage Source)

Chiing ta c¢6 thé bd qua dién trd ngudn khi né nhd hon dién trd tai it
nhat 12 100 1an. T4t c4 cdc ngudn thé thda méin diéu kién nay goi 12 ngudn thé
manh.
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Voltage
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Hinh 1-2b: Thé trén tdi va trd tdi d6i vdéi ngudn thé thuc

Mot nguon th€ manh néu thda di€u kién:

Rs< 0.01R,. (1-1)
Dién trd tdi bé nhat ma ngudn th€ vin manh la:
RL(min): 1 OORS ( 1 -2)

Theo (1-2) dién trd tai bé nhat phai bing 100 1an dién trd ngudn. Trong
trudng hgp ndy, sai sd tinh todn do bé qua dién trd ngudn 1a 1%. Gid tri sai s6
nay Ia di nhd d€ béd qua trong gan diing bac 2.

Luuy:

e Dinh nghia vé ngudn th& manh 4p dung cho cd ngudén DC 1dn ngudén AC.
e Gan diing bac 2 chi c6 y nghia tai tan sd thap. Tai tan s6 cao, cdc hé s6 can
phai xem xét thém la cam khdng va dung khang.

1.3 NGUON DONG

Rs
s
1M
RL 1
W]
— 10V
10l

Hinh 1-3: Ngudn dong
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Mot ngudn thé DC cung cAp mot thé trén tai khong ddi d6i véi cac dién
trd tai khac nhau. Ngudn dong DC tao ra mot dong tdi 1a hiing sd doi véi cic
dién tr§ khdc nhau. Vi du mot ngudn dong 1y tudng 12 mdt acqui c6 dién trd
trong rat 16n nhu hinh 1-3.

Trong mach hinh 1-3, dong tdi tinh bdi:

I,=VI1/(Rs+Ry)
v6i R =1Q, Rs =IMQ , dong tai bing:
[.=10V/(1IM+1)=10pA
Trong tinh todn trén day, dién trd tdi 4nh hudng khong ddng k€ 1én dong tai.

IL

10nd

Lm——— Stiff Fegion ---->=

RL
{Ohm)

1 100 10000 1000000
Hinh 1-4: 4nh hudng cla dién trd tdi d6i v6i dong tai

Hinh 1-4 chi ra 4nh hudng clia dién tr§ tdi d6i v6i dong tdi. Dong tdi
van 12 10pA trong mot viing rong clia dién trd tai. Khi dién trd tdi 16n hon
10KQ (R >1% Rg) thi dong t3i bit ddu thay dai.

Nguén dong manh.

Chiing ta c¢6 thé bd qua 4nh huéng cla dién trd ngudn clia mdt ngudn
dong néu né 16n hon dién trd tai it nhat 12 100 1an. Moi ngudn dong thda diéu
kién nay goi 12 ngudn dong manh.

Ngudn dong manh néu thda diéu kién:

Rs >100R, (1-3)

Trong trudng hdp giSi han, dién trd tdi 16n nhat ma ngudn vin dudc

xem 12 ngudén dong manh khi
R;(max)=0.01Rs (1-4)

Theo (1-4) dién trd tdi 16n nhat bing 1/100 dién trd ngudn.

Hinh 1-5a ky hiéu mot ngudn dong 1y tuéng, trong d6 thi€t bi tao ra mot
dong hiing Is vdi dién trd ndi cda ngudn Rs 12 vo cling.

Hinh 1-5b chi ra gdn ding bic 2 cia ngudn dong. O d6 dién trd trong
Rg mic song song véi ngudn dong 1y tuwdng I . Phan cudi clia chuong nay sé
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xem xét dinh 1y Norton, khi d6 chiing ta s& biét tai sao Rs lai midc song song
véi ngudn dong Is.

Hinh 1-5: Ngudn dong

Béang sau cho thdy su khdc nhau giita nguén dong va ngudn thé.

Pai lugng Ngudn th& Ngudn dong
Rs R4t bé R4t 16n
Ry, > 100 Rs <0.01Rs
VL Hiing Phu thudc R
I Phu thudc Ry, Hiing

1.4 PINH LY THEVENIN

al

RTH

FL

2
ANY CIRCUIT WITH RL
0 S0OURCES
E
A
E

bl

Hinh 1-6: Thé& Thevenin
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Pinh 1y 124 mdt ménh dé c6 thé chitng minh bing todn hoc. Sau day
ching ta xem xét mot sd khdi niém lién quan dén dinh 1y Thevenin, tén mot
ky su ngudi Phép.

Thé& Thevenin (Vyg): Trén hinh 1-6, th€ Thevenin 1a th€ do dudc giita
2 dau dién tr§ tdi (hai dau AB) khi khong c6 dién tr§ tdi (dién tr§ tdi hd
mach). Vi vay d6i khi th€ Thevenin con goi 1a th€ hd mach.

Thé Thevenin:

Vru=Voc (1-5)

Tré Thevenin (Ryy): 12 dién trd do dudc gitta 2 dau dién trd tai khi
dién trd tdi hd mach va khi tit ci cdc ngudn gidm téi 0.

Gidm ngudn t6i 0 c6 ¥ nghia khdc nhau ddi véi nguén dong va ngudn
thé&. Cu thé nhu sau:

¢ D0i v6i ngudn thé: ngdn mach
¢ D0i véi ngudn dong: hd mach

Viy dinh 1y Thevenin dé cip dén cdi gi? Theo dinh ly Thevenin, moi
hop den chita mach gdm ngudn DC va cdc dién trd tuyén tinh (12 dién trg
khong thay d6i gid tri khi thay ddi th€ trén né) nhu hinh 1-6a c6 thé thay thé
bing mot ngudn thé Thevenin va mot dién tr§ Thevenin tuong duong nhu hinh
1-6b. Khi d6 dong qua ti bing

[L=V1u/(Rta+Rr) (1-6)

DPinh 1y Thevenin 1a mot c6ng cu manh. N6 khong chi gidp don gidn cdc
tinh todn ma con gitp gidi thich hoat dong clia cdc mach ma néu chi dung cic
phuong trinh Kirchhoff thi khong thé 1am dudc.

Vi du: Tinh th& va trd Thevenin cho mach hinh 1-7.

Hinh 1-7

D€ tinh thé Thevenin ching ta hd mach dién trd tdi R;. D& dang thay
ring Vg = 24V.

D€ tinh trd Thevenin cAn hd mach tdi va ngin mach ngudn 72V. Khi
do:
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Ryg= 4 + (3//6) = 6KOQ

C6 thé dung Von k&€ va Ohm k& dé€ do th€ Thevenin va trd Thevenin.
Do chinh xdc cta cdc phép do phu thudc vao loai may do dugc st dung. Vi du
néu st dung mdy do thé& loai chi thi kim c¢6 do nhay 20KCQ/V tai thang do 30V
thi tr§ khdng vao ctia mdy do 1a 600KQ. Khi d6 th€ do dudc sé& bé hon thé
Thevenin mdt chiit. Thudng ngudi ta dung von k& cé trd khdng vio vao I6n
hon tr§ Thevenin it nhdt 1a 100 I1an. Khi d6 sai s§ s& bé hon 1%. D& ¢6
khdng vao cao, ngdy nay ngudi ta dung von k€& s6 (Digital Multimeter) véi tré
khdng vao cd 10MQ.

1.5 PINH LY NORTON

Trén hinh 1-8a, dong Norton Iy dugc dinh nghia 1a dong tai khi dién trg
tdi ngdn mach. Vi vy dong Norton con goi 12 dong ngidn mach.
In=1Isc (1-7)
Dién tr§ Norton 13 dién tr§ do giita hai dau dién trd tdi khi hd mach
dién trd tdi va tat cd cdc ngudn gidm tdi 0.

Rx=Roc (1-8)
Do dién trd Thevenin cling bing Roc, nén thé viét:
Ru=Ry (1-9)

nghia 12 dién trd Thevenin va dién tré Norton 1a biing nhau.

A
! FL
AN UIRCUIT WITH DT SOURCES
E
A

I

b

Hinh 1-8: Mach Norton
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Trong hinh 1-8a, hdp den chita mach batky gdm ngudn DC va cédc dién
trd tuyén tinh. Pinh 1y Norton phdt bi€u ring, c6 thé thay th€ mach hinh 1-8a
bing mach hinh 1-8b.

Dud6i dang biéu thifc:

Vi =In(Ry//RL) (1-10)

Theo (1-10) thé trén tdi bing dong Norton nhin véi dién trd tdi mic
song song véi dién trG Norton.

Pinh 1y Norton va Thevenin 13 tuong duong. Trén thuc t&, cé thé bién
ddi ngudn thé€ Thevenin thanh ngudn dong Norton va ngugc lai. Hinh 1-9 cho
thay cdc cach bién ddi.

il il
IIII‘IIIII‘IIIII" - -

RTH

WTH = ===x L = RN
. ’ B
2]
) &
- |'|I'I|'||'I|'|I‘_ »
RTH
@ I =RN ===r NYTH =

’ B

b}

Hinh 1-9: Bi&n ddi Thevenin - Norton
C6 thé thdy ring trd Norton va tr§ Thevenin la giéng nhau. Quan hé
gifta dong Norton va thé Thevenin 12

In=Vru /Ry (1-11)

Vi du: Gid st ring ching ta di rdt gon mot mach thanh mach Thevenin
nhu hinh 1-10. Hay bién d6i mach nay thanh mach Norton.

Loi gidi: Dung phudng trinh (1-11) ta c6:
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In=10V/2K = 5SmA
Hinh 1-10b v& mach Norton tudng dudng cua mach Thevenin trén hinh
1-10a.

L A
|'|"I|'|I.I|'|v - -
2K

10 = ===3 Cfp S § 2K
al E b} E
Hinh 1-10
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C[lu’dn 11
DIODE BAN DAN VA MACH DIODE

IL.1 CAC LOAI CHAT BAN DAN

Theo tinh chit din dién, c¢6 3 loai vat chat:

¢ Chatdan dién

¢ ChAt khong dan dién (dién moi)

¢ Chatbdn din

Trong chit din dién thudng chi ¢6 1 electron & viing ho4 tri, trong khi
d6 cdc chat dién moi c6 8 electron & viing hod tri. Ban din c6 tinh chit trung
gian giita dién moi va chat din dién, ching c6 4 electron & viing ho4 tri.

Germanium (Ge) va silicon (Si)1a cdc chdt bén din dién hinh. O
trang thdi tinh thé tinh khi&t (khong bi pha tap), mdi nguyén ti Ge va Si diing
4 electron hod tri cia ching d€ lién két vdi 4 electron hod tri clia 4 nguyén ti
khdc tao ra ciu tric tinh thé bén vitng vé mit ho4 hoc.

Khai niém 15 tréng trong chat ban din. O nhiét do trén 0 do tuyét
doi (>—273OC) céc electron trong mang tinh thé sé& chuyén dong nhiét. Nhiét do
cang cao thi chuyén dong nhiét clia cc electron cang 16n. Chuyén dong nhiét
nay c6 thé 1am cho 1 electron trong viing hod tri chuyén 1én cdc quy dao c6
ning lugng cao hon. Liic nay electron 1a tu do. N6 di chuyén trong viing din.
Clng véi su tao thanh mot electron ty do, s& xuat hién mdt 16 trong (mang
dién tich duong) trong vung hod tri. SO electron tu do ding bang s6 10 trong.
L3 trong 13 di€m khdc biét quan trong nhat giita ban din va vat dan.

Néu ton tai 1 dién trudng ngoai, thi trong chit ban din sé& c6 dong chay
qua. Dong nay 12 dong cda cédc electron tu do va 16 trong ngugc chiéu nhau.
Do din dién clia ban dan tinh khiét ting theo nhiét dd va c6 gid tri bé.

Pé€ ting d6 din dién cla ban din tinh khi€t cin phai pha tap (doping).
C6 2 cach thudng dung:

Pha tap loai N (negative). P& ting s6 electron tu do trong ban din,
ngudi ta pha tap nguyén ti hod tri 5 (con goi 1a chit cho, Photpho ching han)
v6i ban din tinh khiét, tao thanh bdn din loai N. Trong b4n din loai N, dé
dang thiy ring nguyén tif chit cho sé& thira 1 electron va lam cho s6 electron
trong ban din loai N chi€m da s8. L3 trong 13 phan ti¥ thi€u s& trong ban din
loai N.

Pha tap loai P (positive). Ngudi ta pha tap nguyén tr hod tri 3 (con goi
12 chit nhan, Nhom chiang han) vao ban din tinh khi&t d€ tao ra chit bdn din
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loai P. Trong bdn din loai P, phan t tdi dién da s& 1a 18 trdng, phan t tai
dién thiéu s6 1a electron tu do.

Bé4n din loai N va loai P c6 thé ché tao tir tinh thé Ge hoic Si. Cong
nghé Ge la cong nghé cla nhitng nim 60 (th& ky 20). Ngay nay, hdu hét cic
chit ban din 1a Si.

L2 TIEP XUC PN

Gid st ¢6 mot mau ban din Si tinh khi€t. Ngudi ta pha tap miu bdn dan
sao cho phid bén trdi 12 bdn dan loai P, con phi4d bén phdi 1a bdn dan loai N.
Bién gi6i gitta ban din loai P va bdn din loai N goi 1a tiép xiic PN. Tiép xic
PN d3 din dén cdc phit minh vé diode, transistor, IC (Integrated Circuits)...
Viéc hi€u biét tinh chat cla ti€p xic PN 13 co s§ dé hi€u biét hoat dong cia
c4c linh kién va thiét bi ban din.

Tiép xtic PN con goi 1a mot diode ban din (tir nay trd di goi 1a diode).
Ching ta hdy xem xét cdc tinh chat ctia mot diode khi khdng phan cuc.

DEFLETION
P u LAYER
+ + + + + |- - - - - + + + + |-+ - - - -
+ + + + + |- - - = - + + + + |- - - - -
+ + + + + |- - - - - + + + + |-+ - - - -
al bj

Hinh 2-1: Ti€p xtic PN khong phan cuc

Tai 16p ti€p xdc, s& hinh thanh mdt ving nghéo dién tich (depletion
layer) do su khuyé&ch tdn cta electron tir N vao P sau d6 cdc electron nay tdi
hdp véi 16 trong 1am cho s phan tif tdi dién tai ving nay gidm. Sy khuyé&ch
tdn ciing tao ra mdt hang rao th€ ning huéng tir N sang P. O nhiét do 25°C,
hang rdo th€ ning c6 gi4 tri ¢d 0.3V ddi v6i Ge va 0.7V d6i véi Si. Su hién
dién cla rao th€ ngin cdn qué trinh khuyéch tdn ti€p tuc va hé & trang thdi
dirng.
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IL.3 DIODE BAN DAN CO PHAN CUC

Hinh 2-2a cho thidy ky hiéu ctia mot diode. Bén ban dan P goi 1a Anode
(ky hiéu 1a A), bén bdn din N goi 1a Cathode (ky hiéu 12 K). Trén so dd ngudi
ta ky hiéu diode nhu mdt miii té€n chi tir P sang N hay tir Anode sang Cathode.

Hinh 2-2b trinh bay m6t mach diode. Trong mach nay diode dugc phan
cuc thuan (Va>Vk). Su phan cuc thuin lam cho cdc electron ty do bén ban dan
N va 10 trong bén ban din P vugt qua moi ndi tao thanh dong dién trong diode
(dong Iak).

Anode R
Al

p

L-—=l % D = VD
ST W=
n
Cathode

al bj

Hinh 2-2: Diode va phén cyc thuian diode
Trong phong thi nghiém c6 thé setup mdt mach nhu hinh 2-2b. Biing

ciach do dong va th€ trén diode tng v6i phan cyc thuin va phan cuc nghich
(Va<Vk) c6 thé vé gidn dd quan hé giita dong va thé trén diode nhu hinh 2-3.

Id
BEREAFTOWN FOEWARD
VOLTAGE FEGION
Wak
Vi
0.

{____

FEVER3IE

FEGION T

Hinh 2-3: Gian do IV cta diode
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Theo hinh 2-3, khi phan cuc thuin, dong qua diode sé& khong ddng ké
cho dén khi Vak > hang rdo th€ niing (barrier potential). Ngugc lai, khi phan
cuc ngugc, c6 1 dong dién rat bé qua diode cho dén dién dp dit 1én diode vugt
qua dién th& ddnh thiing (Breakdown Voltage =BV).

Trong ving phin cyc thuan, dién thé€ tai d6 dong lak bit ddu ting
nhanh goi 12 dién th&é m&i ndi (knee voltage) clia diode. Dién thé mdi ndi c6
gid tri bing hang rao th& ning. Khi phan tich mach diode phin cuc thuin
ching ta thudng xét xem dién th€ trén diode 12 bé hon hay 16n hon dién thé
mdi ndi. Néu 16n hon, diode dé dang din dién. Néu bé hon, diode khong din
dién (din dién kém). Chiing ta dinh nghia dién th€ mdi ndi clia diode silicon
la:

Vk~0.7V 2-1)

bién th€ mdi ndi cda diode germanium 13 0.3V. Hién nay diode
germanium it dudc diing, nhung dién th€ mdi ndi ctia né thap la mot vu diém
va vi vay mot sO (tng dung van ding diode germanium.

Khi dién th€ trén diode vugt qua dién th€ moi ndi thi dong qua diode
ting nhanh va theo quy luit tuyén tinh. Lic ndy diode déng vai trd nhu dién
trd. Ching ta goi dién trd nay 1a dién trd Bulk (Rp) ctia diode.

Rp= Rp+Ry (2-2)

Trong d6 Rp va Ry 1a dién trd tuong tng cda vung P va ving N. Chiing
phu thudc vao mat do pha tap va kich thude cia cdc ving nay. Thong thudng
Rg < 1Q. Chiing ta chi quan tim dén Ry clia diode trong gin ding bic 3.
Trong gido trinh nay ching ta khong xem xét dén gin ding bic 3.

Néu dong dién qua diode qué 16n, sy qud nhiét s& phd huy diode. Vi
vay trong bang s6 liéu k§ thuat (data sheet) clia nha mdy sdn xuit c6 ghi dong
cyc dai cia mot diode. P6 1a dong dién tdi da ma diode c6 thé hoat dong
binh thudng va khong 1am gidm tudi tho ciing nhu cdc dic trung clia né. Dong
thuin ti da cla 1 diode thudng dudc ghi bing I, , IF(max), 10... Vi du diode
IN456 ¢6 1, =135mA.

C6 thé tinh cong sut tiéu tin (power dissipation) ciia mot diode gidong
nhu tinh cong suit tiéu tdn cia mot dién trd. N6 bing tich giita dong va thé
trén diode.

Pp = Vp.Ip (2-3)

Gidi han cdng suit (power rating) clia mot diode 12 cdng suit t6i da ma
diode c6 thé tiéu tdn va khong 1am gidm tudi tho cling nhu cdc dic tinh khéc.
Néu ky hiéu gidi han cong suat 1a Pmax thi

Prax= Vmax-Imax (2-4)
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I1.4 DIODE LY TUONG

Hinh 2-4 cho thdy gidn do dong thé€ clia mdt diode trong ving phin cyc
thuan. Luu ¥ ring dong qua diode x4p xi bang 0 cho dén khi th€ trén diode
dat t6i gid tri hang rdo th€. Trong vung 1an cin 0.6V dén 0.7V dong qua diode
ting. Khi th€ trén diode 16n hon 0.8V dong qua diode ting rdt manh va do thi
12 dudng thang.

Current b

0.a

¥ o

0.4
0.2

0 |||||||||||||||llll""!.||||||||I||||

T T T 1 T T T
1] 01 0z 0.3 0.4 0.5 0.6 0v

Bl voltage ¥

Hinh 2-4: Gidn d6 dong th& clia diode phan cuc thuidn

Tuy thudc vao kich thudc vat Iy va mat dd pha tap, cdc dic trung cta
diode nhu dong thuin t6i da, gidi han cong suit... c6 thé c6 gia tri rat khac
nhau. Mic du gid tri dong va thé€ clia cdc diode thi khdc nhau nhung dang cia
gidn d6 quan hé giita dong va th& trén moi diode tuong tu nhau nhu hinh 2-4.
TAt cd cdc diode silicon déu c6 dién thé€ mdi ndi xap xi 0.7V.

Trong khi phan tich mach, hiu nhu chiing ta khong cin su chinh xdc
tuyét d6i. Do d6 c6 thé dung gin ding cho diode. Chiing ta hdy bit ddu bing
gin ding 1y tudng. Theo d6, diode nhu mot thiét bi c6 tinh chit sau: né din
dién tot (dién trd bing 0) khi phan cuc thuin, vd hoan toan khong din dién
(dién trd vo cung) khi phan cuc ngugc.

Hinh 2-5a chi ra gidn dd dong thé ctia 1 diode 1y tudng. Theo d6 diode
1y tudng c6 dién trd biang 0 khi phan cuc thuin va c6 dién trd biang vo cung khi
phan cuc ngudc. N6i cach khédc, diode ly tudng gidng nhu mdt cong tic
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(switch) nhu hinh 2-5b. N6 déng (close) khi phan cuc thuin va hd (open) khi
phan cuc ngudc.

Id 01
o—p—o
IDEAL
s
o 0——
Wd
0.7y
S
b0
al b

Hinh 2-5: Pudng cong dong thé clia diode 1y tudng v md hinh

Vi du: Dung m6 hinh diode 1y tuéng tinh th€ trén tdi va dong tdi trén sd
dd hinh 2-6.

Hinh 2-6: Mach diode ly tudng

Do diode phan cuc thuin, né nhu cong tic dang déng. Do d6 toan bd
nguodn th& 10V dit 1én trd ti. Vay

vV, =10V

Theo dinh luAt Ohm, dong tdi bing:

[[=10V/1K = 10mA
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IL5 GANDUNG BAC 2 CUA DIODE

Ching ta sé& ding gan diing bac 2 khi mudn tinh chinh xdc hon céc gid
tri dong va thé trén diode.

Hinh 2-7a chi ra gidn dd dong th& cia 1 diode trong gan ding bic 2.
Theo d6, s& khong c6 dong qua diode chitng nao thé trén diode chua vugt qua
gid tri 0.7V. Hinh 2-7b cho thdy mach tuong duong clia diode silicon trong gan
ding bac 2. N6 gdm mot cong tic ndi ti€p v6i mot hang rao the 0.7V. N&u thé
Thevenin 4p 1én diode 16n hon 0.7V, diode sé déng (dan dién thuin). Khi
diode dang dan, th€ rdi trén diode 1a 0.7V d6i v6i moi gi4 tri ctia dong thuln.
No6i céch khac, n€u th€ Thevenin bé hon 0.7V, cong tic 1a hd va khong c6
dong qua diode.

o

20 APPROMIMATION

0.7y

oo I||;

VI BN
REVERSE EILSZ

0.7
0.7y
3 I
FOEWAERD EIALS
aj b

Hinh 2-7: Gin ding bac 2 clia diode

Vi du. Diing gin ding bic 2 cda diode dé tinh dong, thé va cong suit
ti€u tan trén diode cho & mach hinh 2-8.
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20 APPROEIMATION

Rl
1K

Hinh 2-8: Mach diode gin diing bac 2

Do diode phin cyc thuin, né tuong duong mdt pin 0.7V. Piéu nay c6
nghia 12 th€ trén tdi bing

Vi =10V-0.7V =9.3V

Theo dinh ludt Ohm, dong tdi bing

[,=9.3V/1IK=9.3mA

Cong suit tieu tén trén diode bing

Pp=(0.7V).(9.3mA)= 6.5 1mW

IL6 NAN PIEN NUA CHU KY

DXL
r L1 LY |

al b) cl

Hinh 2-9: Mach nin dién dung diode

Hinh 2-9a chi ra mach nidn dién nira chu ky. Ngudn ac tao ra mot dién
ap xoay chiéu. Gi st ring diode 1a 1y tudng. O ntta chu ky duong ctia ngudn
th€, diode phan cuc thuin. Diode sé& nhu mot cong tic dang déng nhu hinh 2-
9b. Tin hiéu ntra chu ky duong ctia ngudn thé s& xuit hién trén dién trd tai.

Trang 18



Viao ntra chu k¥ 4m ctia ngudn thé, diode nhu cong tic hd mach, trén tii sé
khong c6 1 dién thé& nao (hinh 2-9c).

Dang song 1y tudng.

Mach ndn dién nita séng nhu hinh 2-10a sé& chi lam cho diode dan trong
ntra chu ky duong va khong din trong nita chu ky 4m clia ngudn ac.

Hinh 2-10b 1a gidn d6 dang séng 18i vao. N6 la mot séng sin ¢ gia tri
tic thoi 1a vy, va gid tri dinh 1a Vp(in). Do d6 trén tai s€ thu dugc tin hiéu dang
nira séng. Piéu nay ciing c¢6 nghia l1a dong qua dién trd tdi 1a dong mot chiéu.

Wout

Vin

¥piin) |---

fime

Yout

Vpilout)|---

Line

Hinh 2-10: Dang song ctia mach ndn %2 chu ky

Tin hiéu 18i ra ntta séng nhu hinh 2-10c 1a dién th& dc ki€u xung. N6
ting tir 0 dén cuc dai, rdi lai gidm vé 0, sau d6 ti€p tuc bing 0 trong nka chu
ky am. P& c6 dugc ngudn de ding cho céc thi€t bi dién ti, cAn phai loc dang
tin hiéu nda s6ng nay.
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Gi4 tri clia th& 161 ra ly twéng la:
Vp(out)=Vp(in) (2-5)

Gia tri dc cua tin hiéu mia song.

Gid tri dc cia 1 tin hiéu 1a gid tri trung binh ctia tin hiéu d6. Né&u do tin
hiéu biing von k€ dc thi s6 chi chinh 14 gi4 tri trung binh ctia tin hiéu.

Gi4 tri dc cia mdt tin hiéu nita séng bing:

Vdc=Vp/n=0.318Vp (2-6)

Theo (2-6) néu gi4 tri dinh ctia 1 tin hiéu nira séng 1a 100V thi gia tri dc
hay trung binh cia n6 1a 31.8V.

TAan s6 tin hiéu 16i ra cla mach nin nita chu ky biing tan s6 clia ngudn
ac 181 vao.

fout = fi (2'7)
C6 thé thdy ring dong qua diode bing dong qua tai.
Idiode =Idc

Gan ding bac 2.
Trong gin ding bac 2, th€ trén tdi nhd hon th& cla ngudn vio mot
lugng 0.7V nhu cOng thic sau:
Vp(out)=Vp(in) - 0.7V (2-84)

1.7 BIEN THE

Tai Viét nam, nha dién cung cap dién 4p ludi (Line Voltage) danh dinh
220V, tan s6 50Hz. Pién 4p thyc ma ching ta nhian dugc c6 thé thay dei tur
200V dén 240V phu thudc vao thdi di€m trong ngay, vi tri va nhiéu yéu t&
khdc. Dién dp 220V 1a qud cao do6i v6i cdc mach dién trong cdc thiét bi dién
tr. D6 12 1y do tai sao phdi dung mot bién thé ha thé trong hau hét cdc thiét bi
dién tit. Bi€n th€ gidm dién dp 1u6i tir 220V xudng cdc gid tri bé hon va an
toan hon dé dung vdéi diode, transistor va cdc thi€t bi ban din khéc.

Hinh 2-11 cho thdy mot bién th€. Dién dp luéi dit truc ti€p vao cudn so
cAp clia bién th&. Goi N1/N2 1a ty sd giita cudn sd cip va cudn thit cdp. P
bién th€ 1a ha th€ thi N1>N2.

o1
H1:H2

j% i

1

L

Hinh 2-11: Bié€n thé
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DAu chadm pha. D€ biéu thi quan hé vé pha trén cdc cudn diy cla bién
th€ ngudi ta ding ddu cham pha. Cdc dau day c6 didu chdm s& c6 cling pha.

Quan hé giita th€ va sd vong trén 2 cudn clia bién thé 1a:
V,/V1=N,/N; (2-9)
Cé thé dung cong thdc (2-9) cho gia tri dinh, gid tri hi€u dung va gia tri
tic thoi.
Vi du: Tinh thé t3i cuc dai va thé tdi dc cho mach hinh 2-12.

D
a1
E g

@, 120%I60Hz g
1k

Hinh 2-12: Bi€n thé va mach ndn 1/2 chu ky

Gidi: Ty s6 bién th€ 1a 5:1. Do d6 th€ trén cudn thit cap la:
V2=120/5=24V
bién th€ dinh trén cudn thit cap bing:
Vp=24/0.707 = 34V
V6i diode 1y tudng, th€ dinh trén tdi bing 34V.
Thé dc trén tdi bing:
Vdc=Vp/n = 34/ n=10.8V
Néu dung xap xi bac 2 cho diode, th€ dinh trén tdi va th€ dc trén tdi
tudng Gng biang 33.3V va 10.6V

I8 NAN CA CHUKY

H1:HZ

é R1
Hinh 2-13: Mach ndn ca chu ky
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Hinh 2-13 12 mdt mach nin dién todn séng (cd chu ky). Cudn thit cap
ctia bién thé& c6 di€m giita dudc ndi dat. Mach nin toan séng tuong duong 2
mach nin nta séng ghép lai. Vi bi€n thé c6 diém giita, mdi mach nin cé dién
th€ vao chi bing ¥ dién th€ cudn thit cap. Diode D1 dan trong nita chu ky
duong trong khi d6 D2 din trong ntta chu ky 4am. Trong c4 2 ntra chu ky, dién
thé trén tdi c6 cung cyc tinh, dong tii vi vay 12 dong c6 huéng. Chiing ta sé&
phan tich mdt s& dic di€m clia tin hiéu 18i ra toin séng niy sau day.

Gia tri dc hay trung binh.
Do tin hiéu 16i ra todn séng gom 2 14n tin hiéu nifa séng nén gid tri dc
cho béi:
Vdc=2Vp/ n=0.63Vp (2-10)
Theo (2-6) gid tri trung binh biing 63% gi4 tri dinh. Vi du, n€u dién thé
dinh 12 10V thi gid tri trung binh 16irala 6.3V.
Tan s6 clia tin hiéu 16i ra toan séng 13 gdp doi tan s6 ngudn ac 16i vao.
flout)=2f(in) 2-11)
Dong qua mdi diode biing mdt nita dong tdi:
Idiode=14./2

IL9 NAN CAU

Hinh 2-14: Mach nin cau

Hinh 2-14 cho thdy mdt mach nin ciu. Mach nin cdu tuong ty mach
nin toan séng vi nd tao ra dién thé 16i ra toan séng. Mach dung 4 diode. D1 va
D2 din trong ntta chu ky duong. D3 va D4 dan trong nita chu ky 4m.

Mach nin ciu tuong duong vdi hai mach nira séng ndi lai véi nhau.
Trong c4 hai nita chu ky, th€ trén tdi c6 cling cuc tinh va dong tai 1a dong mot
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huéng. Mach nay bién d6i th€ ac & dau vao thanh thé dc dang xung (nhap
nho) & 161 ra.

Gi4 tri trung binh va tin so tin hi¢u 18i ra.

B4&i vi mach ndn ciu tao ra tin hiéu todn séng nén phuong trinh tinh gid
tri dc hay trung binh cho thé ra 1a:

Vdc=2Vp/ n=0.63Vp
va tan sd tin hiéu 16i ra bing
flout)=2 f(in)
Dong qua diode trong mach nin cau bing mot nita dong tdi
Laiode=1/2 I4c

Gan didng bac 2 cho thdy ring thé ra dinh biing th€ vao dinh trir di 2 1an

thé roi trén diode:
Vp(out)=Vp(in)-1.4V (2-12)

I1.10 CAC BO LOC

Lo6i ra clia cac mach ndn 1a th€ dc dang xung (nhidp nhd). No6i cach
khdc, thé trén tdi gom thanh phin dc va ac. C6 thé loc bd thanh phan ac bing
cac mach loc (filter).

C6 2 loai mach loc dugc dung ph6 bién 1a:

» Mach loc LC
» Mach loc RC

a) Mach loc LC
Hinh 2-15a cho thdy mach loc dung cudn L va tu C.

L

I ot vy M st
O I'[ 8

al

Vout

3

bl

Hinh 2-15
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Ngudn ac tao ra dong trén cudn diy, tu dién va dién trd. Dong ac trén
cac linh kién nay phu thudc vao cdm khéang cia L, dung khang cia C va R.

Cudn L ¢6 tr§ khang

Xp=2nfL

Tu C ¢6 dung khdng bing

Xc=12nfC

Mach loc LC dudc goi 12 thiét k& tdt néu tai tan s6 tin hiéu vao, gid tri
cia Xc nhd hon Ry, nhiéu. Khi diéu kién nay dudc thda man c6 thé bd qua R;.
nhu mach hinh 2-15b. Mit khdc ngudi ta ciing thi€t k& sao cho tai tAn sd tin
hiéu X; 16n hon X nhiéu. Rd rang ring khi d6 th€ xoay chiéu trén tai sé& rat
bé va c6 thé xem bing 0.

Vout=(X¢/X,)Vin (2-13)

Vi du: tai tAn s6 tin hiéu Xc=100Q va X;=10KQ thi thé€ ra chi bing

1/100 th& vao. Hay mach loc di gidm thé xoay chiéu 100 1an.

Loc 18i ra ciia cdc mach nin

T~
RECTIFIER l

Hinh 2-16

Hinh 2-16 chi ra mach loc niim giita mach nin va tdi. Mach nin c6 thé
12 nlra séng, toan séng hay nidn ciu. PE phan tich tic dung cia mach loc,
chiing ta duing nguyén 1y chdng chat. Theo d6 c6 thé xem riing 16i ra clia mach
nin c6 2 thanh phan: thanh phan dc va thanh phan ac nhu hinh 2-17.

4 Rectifier Output

> time
Hinh 2-17
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Nhu vay, do tdc dung clia bo loc thanh phin ac trén tai rat bé c6 thé bd
qua. Chi con lai thanh phan dc. O tin s6 dc, trd khdng clia L rat bé, chi con lai
dién tr6 Rs clia L mdc noi ti€p véi tdi R.. Néu nhu Rs  rit bé so vdi R, thi
toan bd thé DC dudgc dit 1én tai.

Nhudc diém ctia mach loc LC 1a do L ¢6 dién trd ndi va 1am gidm ddng
k& thanh phin dc néu mach yéu ciu dong tai 16n. Tuy nhién trong cic bd
ngudn 6n 4p ki€u xung diing cho may tinh va céc thiét bi dién t khac, bd loc
LC van dudc ding vi & tan sd cao (f=20Khz) c6 thé thiét k€& cdc cudn cim nhd
ma van ddm bdo hé sd loc thanh phin ac rit cao. Trong cdc mach c6 dong tai
bé, ngudi ta c6 thé thay thé mach loc LC bing mach loc RC.

b) Mach loc RC
Hinh 2-18 cho thdy mach gom tu C, diode va ngudn ac.

IDEAL
M
Win $ Wout
T 1
Hinh 2-18

Ban diu tu C khong tich dién. Tai % chu k¥ dau tién, diode dugc phian
cuc thuin va dan, tu C dugc nap qua D. Thé€ cuc dai trén tu C bing vé6i thé
ngudn vao thdi diém cudi % chu ky du tién. Sau khi dat dén gid tri dinh Vp,
th& vao bit dau gidm, nhung thé trén C van gilf nguyén hiing s6 va bing Vp.
Luu y ring mach nay khong c6 tdi.

Anh hudng cia dién tré tai.

IDEAL

O
=

Hinh 2-19: Mach loc c6 tai

oy

i
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Chiing ta ndi song song vdi mach loc mot trd tai Ry nhu hinh 2-19. Khi
dé diode D vin nap dién cho tu & % chu ky diu tién. Trong thdi gian con lai
cda chu ky, tu C phéng qua R véi hiing s6 thdi gian R;C. Néu thda min diéu
kién R;.C > T (chu k¥ tin hiéu ac) thi th€ trén tii dudng nhu van 12 hiing s0,
mic du c6 mot chiit xoay chiéu trén tdi ma ching ta goi 1a th€ gon séng
(ripple voltage).

Cong thifc tinh gia tri dinh-dinh clia th& gon séng Ia:

Ve =1/fC (2-14)

Trong d6 I 12 dong tdi, f 12 tin s6 gon séng. Néu dong tai bing O thi thé
gon song Vg=0.

Vi du, n€u dong tdi I=10mA, tu C=20uF va mach nin ciu (f=100Hz) thi

Vi = 10mA/(100.20uF)= 0.5Vpp

II.11 DIODE ZENER

Céc diode tin hiéu bé va nin dién chi hoat dong & vung phan cuc thuin
ma khong hoat dong & viing danh thiing vi diéu nay s& 1am héng chiing. Trong
phin nay chiing ta s& xem xét diode Zener, mot diode silicon dugc ché tao dé
hoat dong & viing danh thing. Diode zener 13 thanh phin chinh clia mach 6n
ap. P6 12 mach giir dién 4p ra gin nhu 13 hiing s& bat chip su thay ddi clia the
vao va trd tai.

i

T DIODE ZEMER

Hinh 2-20: Diode Zener

Gian do IV cia diode Zener.
Hinh 2-20 cho thdy hinh vé& clia mot diode Zener, ky hiéu 1a Vz. Bing cdch
thay d6i mat do pha tap, nha mdy c6 thé tao ra cdc Zener c6 dién dp ddnh
thing tir 2V dén 1000V. Cic diode nay c6 thé hoat dong & 3 ving: phin cuc
thudn, danh thing va dong ro.
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Hinh 2-21: Gidn db IV cda diode Zener

Hinh 2-21 1a gidn @6 IV clia 1 diode Zener. Trong viing phan cuc thuin,
khi thé trén diode 16n hon 0.7V né din dién nhu mot diode silicon loai thudng.
Trong ving rd, chi ¢6 mot dong rd rit nhd qua diode. Pic tuyén cda ving
ddnh thiing gan nhu thing ding. Khi diode Zener bi danh thing, Vz gin nhu
hiing s6. Trong bang s6 liéu cla nha sdn xudt ngudi ta thudng ghi Vz tai dong
test I,y ndo d6. Hinh 2-21 ciing cho biét dong Zener t6i da Izy. Trong thiét k&
mach diode Zener phdi ddm bdo diode Zener hoat dong G dong danh thing
nhé hon Iy

Dién tré Zener.

Dién trd ndi clia diode goi la dién trd Zener. Pién trd Zener cé gid tri
rat bé. Pién trd ndy phan 4nh sy kién dong Zener ting thi th€ Zener ting. Tuy
nhién sy ting nay rit it, ¢ vai phin clia Von. Pic tuyén ving ddnh thiing
cang doc thi dién trd Zener cang bé. Trong cdc phan tich cla chiing ta, dién
trd Zener bi bd qua.

On ap Zener.

Diode Zener d6i khi dudc goi 1a diode 6n 4p vi né c6 dic tinh giit dién
4p gitta anode va cathode (Vz) 12 hiing s& bat chip su thay d6i clia dong qua
diode. P€ st dung tinh chit nay clia Zener can phai phin cuc ngugc né nhu
hinh 2-22a. Mit kh4c Vs phai 16n hon dién 4o danh thing Vz. Mot dién tré noi
ti€p Rs dugc st dung dé han ché€ dong qua Zener, khong cho phép né vugt
qué gid tri gi6i han tdi da.
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Hinh 2-22: 6n 4p dung Zener

Hinh 2-22b cho thdy mdt cdch vé khéc clia hinh 2-22a, trong d6 mach
c6 di€m ndi dat (Ground). Khi d6 d€ do hiéu dién thé giita cdc di€m, c6 thé
do th€ clia chiing so vdi dat roi tinh ra hiéu dién thé giita cdc diém cin do.

Hinh 2-22c cho thay hinh vé 18i ra clia mot bd ngudn ndi téi dién trd Rs
va Zener. Mach nay goi 12 mach 6n 4p Zener hay mach Zener.

Dong chdy qua Rs bing:

Is = (Vs-Vz)/Rs (2-15)

Is cling chinh 1a dong chay qua Zener. Phai chon Rs sao cho Is < Izy

Gan ding 1y tudng cla Zener 12 mot pin, hay mot ngudn th€ c6 gia tri
bing Vz.

.12 ON AP ZENER CO TAI

= v £ RL POVER, RL
- =
Wariahle Sﬁjﬁ%Y

al bj

Hinh 2-23: 6n 4p Zener c6 tai

Trang 28



Hinh 2-23a chi ra mot mach 6n 4p Zener c¢6 tai. Hinh 2-23b chi ra mot
mach nhu th€ va cé diém ndi dat. Vi Zener hoat ddng & ving ddnh thing, do
dé né giit dién dp trén tai 1a hiing s6 bat chap su thay d6i cia thé vao va dong
tai.

Gid st diode Zener khong ndi vao mach hinh 2-23b. Khi d6 thé&
Thevenin trén tai Ry 1a:

V1 = Vs. (R /Rg+R}) (2-16)

Thé& Thevenin phai I6n hon Vz, néu khong sy ddnh thiing sé khong x3y
ra.

Trén mach hinh 2-23, dong qua Rs bing:

Is= (Vs-VZ)/Rs (2-17)

Thé trén tdi bing th€ Zener

VL=VZ (2-18)
Dong tai bing:

IL= VL/RL (2'19)

Dong Zener. Theo dinh luat Kirchhoff, ta c6:

Is=I; +I; (2-20)
hay dong qua Zener bing:
IZ:IS - IL (2'21)

IL.13 GAN PUNG BAC 2 CUA DIODE ZENER
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c)
Hinh 2-24

Hinh 2-24a cho thdy gin ding bac 2 cla diode Zener. Khi d6 Zener nhu
mot ngudn thé 1y tudng Vz ndi tiép vdi trd Zener R,. Tong dién thé trén Zener
bing th€ ddnh thiing Vz cong véi sut thé qua dién trd Zener. Vay dnh hudng
clia trd Zener 1&n th€ 18i ra nhu thé nao? Chiing ta hay xét sd db hinh 2-24b va

2-24c.
Theo hinh 2-24c, thé tdi bing:

VL= VZ + IZRZ
Su thay ddi ctia thé trén tdi so vdi trudng hop 1y tudng 1a:
AV= IR, (2-22)
Thudng AV nhd, c& vai phan clia 1 Von.
bién trd Zener ciling dnh hudng dén th&€ nhap nhd trén tdi. Mach tuong
duong khi xét dén Ry cho trén hinh 2-24c.

Thanh phan xoay chiéu cla thé ra bing:

VR®ou=VrinRz/(Rz+Rs)
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= RzVran/Rs (2-23)

IL.14 CAC THIET BI OPTOELECTRONICS

Optoelectronics 12 cong nghé két hgp dién tf va quang hoc. Linh vuc
nay bao gdm cdc thiét bi hoat dong dua trén tinh chat clia mot ti€p xtc PN. Vi
du cac LED, photodiodes va optocouplers.

a) LED (Light Emitting Diode)

Fs
Rz
A
vl POWEER - vl
=

. W v AUPPLY f LED
== £ LED i

al b

Hinh 2-25

Hinh 2-25a vé& mot LED ndi v6i ngudn thé qua dién trd Rg. Cdc mili tén
huéng ra ngoai ky hi€u cho dnh sdng phat ra tr LED. Khi phan cuc
thuan, cdc electron tu do khi qua md&i ndi PN bi bit bdi 16 trong. Nhitng
electron nay chuyén tif mic c6 ning ludng cao vé mic ning lugng thap
hon va vi vy gidi phéng ning lugng. Poi vé6i diode thudng ning ludng
nay phdt ra du6i dang nhiét. Nhung doi v6i LED, niing ludng gidi phong
du6i dang cdc biic xa 4nh sdng. Trong nhiéu ng dung, LED dudc
dung thay cho cdc dén néon vi hoat dong & dién thé thap, tudi tho cao
va tit m§ nhanh. Bing cdch dung cédc vat liéu khdc nhau, nha mdy c6
thé tao ra cdc LED mau dd, luc , 10, vang, cam hodc h6ng ngoai (khong
nhin thiy). C4c LED phét ra mau thiy dugc thudng dung trong cic bo
chi thi nhu man hinh cda mdy tinh tay, dong hd. Cdc LED hdng ngoai
duing trong cdc thi€t bi bdo dong, cic & dia CD.
Dong va thé cua LED.

Dién tr§ Ry trén hinh 2-25b nhim han ché dong qua LED khong vudt
qua gi6i han cho phép. Theo dinh ludt Ohm:

Is=(Vs-Vp)/Rg (2-24)
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HAau hét cdc diode thuong mai ¢6 Vp tir 1.5V dén 2.5V vdéi dong
tr 10mA dén 50mA. Gi4 tri chinh x4c ctia thé roi trén LED phu thudc
vao dong qua LED, mau LED va mot s6 yéu to khdc. Trir khi dudc chi
thich, ching ta s& ding V=2V dé phan tich cic mach c6 lién quan dén
LED trong gido trinh nay.

Thé ddnh thiing ctia LED rit bé, chi ¢d 3-5V. LED thudng ding
dé chi thi tinh trang c6 hay khong c6 ngudn ctia thiét bi va goi 1a power
LED. Khi d6 mot diode chinh lvu dugec mic song song nguge véi LED
dé bao vé LED khdi bi ddnh thiing khi phan cuc ngugc.

b) Seven - Segment Display.

Hinh 2-26a trinh bay mdt b chi thi ding dén 7 doan. N6 chita 7
doan LED, ddnh so tir A dén G. Mbi LED 1a 1 doan vi n6 1a 1 thanh
phan cla ky ty ma né chi thi. Hinh 2-26b 13 s6 dd ctia mot bd chi thi 7
doan. Cdc dién tr§ ding dé han ch& dong qua LED. Cidc LED dugc ndi
theo ki€u anode chung (ciing c6 dén 7 doan ndi cathode chung). Bing
céch ndi dat mot hodc nhiu dién trd, chiing ta s& nhan dudc cic so tir 0
dén 9 va céc ky ty nhu A,b,C,d, E va F.

o g
VSR R
VSR R
HW—EH—"‘
O R
o g

al b

Hinh 2-26: Chi thi 7 doan

¢) Photodiode

Trong cdc phan tru6c ching ta biét ring, mot thanh phin trong
dong ngudgc cia diode 13 dong cdc hat mang thi€u s8. C4c hat mang nay
ton tai vi ning ludgng nhiét c6 thé 1am bat (dislodging) mot electron hoa
tri khdi qily dao ctia n6 tao ra mot electron tu do va mdt 18 trong. Thai
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gian s6ng cla cic hat mang thi€u s6 nay ngin, nhung trong khi ton tai,
ching tao ra dong ngudc cua diode.

Khi chi€u sing moi ndi PN, ning lugng cud dnh sing (ning
lugng nhiét) c6 thé 1am bat electron hod tri ra khéi quy dao va tao ra
mot cip electron - 16 trong. Photodiode 12 mdt diode dudc ché tao sao
cho né nhay véi 4nh sdng. Trong photodiode, mot cita s6 din 4nh sing
dén mdi ndi PN. Anh siang cang manh, s6 cip electron -15 trong cang
nhiéu va do d6, dong ngudc trong photodiode cang 16n.

Hinh 2-27: Photodiode

Hinh 2-27 trinh bay ky hiéu ctia mot photodiode. Cdc miii tén ding dé
biéu thi cho 4nh sdng t6i. Photodiode thudng dugc tng dung khi ghép né vdi
LED nhu phan sau day.

d) Optocoupler
Optocoupler con goi 13 optoisolator gdm mdt LED va mot
photodiode dit trong mét vd nhua v6i 4 chin ra, nhu hinh 2-28.

R Rz
i, i,

Hinh 2-28

Ngudn th€ bén trdi tao ra mot dong qua LED. Anh sdng ctia LED
tao ra dong ngudc trong photodiode. N&u nhu thé 16i vao thay ddi thi
dong qua photodiode thay d6i. Nghia la ching ta da ding mot thé (&
bén trai hinh vé& - diu vao) d€ diéu khién mot dong (& bén phai hinh vé
- daura).
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Uu diém chii yéu cda optocoupler 13 su cdch dién giita ddu vao
va ddu ra cta hé. Pién trd giita ddu vao va ra clia optocoupler cé thé
dén hang ngan MQ. Optocoupler c6 thé dung trong cdc tng dung cao
th&, & d6 thé giita ddu vao va ra c6 thé khdc nhau d&€n hang ngan von.

e) Laser diode (Light Amplification by Stimulated Emission of
Radiation)

Su chuyén ngiu nhién tir mic ning lugng cao vé mifc ning lugng
thap cla céc electron ty do trong LED lam cho 4nh sidng phdt ra tir mot
LED c¢6 pha thay d6i trong mot ving rong  tir 0 dén 360°. Ngudn sdng
c6 pha thay d6i goi 1a ngudn siang khong két hdp (Incoherent).

Trong diode laser thi khdc. N6 c6 thé tao ra mot ngudn sang két
hdp (Coherent), nghia 12 ngudn sdng ma tit cd cdc séng 4nh sing déu
cling pha v6i nhau. Trong diode laser ngudi ta diing budng cdng hudng
dé kich thich cdc 4nh sdng biic xa tai mot tan s6 vdi pha duy nhat. Pic
di€m clia ngudn sing do diode laser phat ra l1a don sic, cling pha va vi
vay c6 thé hoi tu tot va c¢6 cudng do 16n. Cic diode laser ciing dudc goi
12 cdc laser ban din. Chiing c6 thé tao ra dnh sdng nhin thiy ciing nhu
khong nhin thdy (hdng ngoai). Diode laser dugc ding nhiéu trong cic
ting dung cong nghé thdng tin va truyén thdng.
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Chuong 111
TRANSISTOR

Nam 1951 William Schockley da phdt minh ra transistor, con goi la
transistor ludng cyc. Transistor 13 mot thi€t bi ban din ma né c6 thé khuyé&ch
dai céc tin hiéu dién tf (dong hoic th€). Sy kham ph4 ra transistor di din dén
viéc tao ra hang loat cdc thi€t bi dién tif vd cdc mach tich hgp ma ching ta
thudng goi la cdc IC (Integrated Circuits). Nhd ¢6 IC ma ngay nay chung ta
c6 mdy tinh, truyén hinh, dién thoai di dong, ngudi mady va v.v...

1.1 CAUTAO VA CAC DONG PIEN TRONG TRANSISTOR

N COLLECTOR
BASE

P

N EMIITTER

Hinh 3-1: C4u tao cla transistor

Mot transistor ¢6 3 ving bdn din NPN nhu hinh 3-1. Viing dudi cuing 1a
vung Emitter (phdt), viing giita goi 12 viing Base (gbc), viing trén cung goi 1a
viung Collector (gép). Transistor nhu hinh 3-1 goi la transistor NPN.

Transistor ciing dudc ché tao dudi dang PNP. Hoat dong cia transistor
NPN va transistor PNP vé co bdn gidng nhau. Trong chuong nay chiing ta sé&
chi phan tich transistor NPN.

Trong transistor viing emitter dugc pha tap nhiéu. Viung base pha tap
rat it. Ving collector pha tap trung binh.

Transistor trong hinh 3-1 gdm 2 mdi ndi PN: mdi ndi base-emitter va
moi ndi base-collector. Vi vdy c6é thé xem nhu transistor gom 2 diode ndi
ngugc nhau. Cau hinh nay chi ding khi transistor khong phan cyc. Ngudi ta
thudng ding ciu hinh nay khi do thit transistor. N&u 2 diode trong transistor
con tot thi nhiéu kha ning transistor cling con tot.
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Transistor khong phan cyc gidng nhu 2 diode ndi nguge. Mdi diode c6
mdt hang rao thé ¢ 0.7V (ddi v6i transistor Si). Khi ndi transistor véi ngudn
ngoai, s€ c6 cdc dong di€n qua cdc vung khdc nhau trong transistor.

Rt
| Ayl

Hinh 3-2: phén cuc transistor

Trong hinh 3-2 diu trir bi€u thi cdc electron tu do trong viing emitter.
Ngudn Vg phan cyc thuin diode base - emitter. Trong khi nguén Vcc phan
cuc ngudc diode base - collector. Do emitter dugc pha tap manh, n6é phat cac
electron vao base. Sy pha tap it clia base c¢6 ¥y nghia 12 1am cho hau hét cic
electron tlr emitter khong bi tdi hgp ma sé& dén collector. Collector ¢6 nghia 1a
thu gép. Cuc collector ¢c6 nhi€m vu thu cac electron tir emitter.

Khi dudc phan cuc, néu th€ Vg 16n hon hang rao thé, cic electron tir
emitter s& vao ving base. Vé mit ly thuyét cdc electron nay sé di theo 2
huéng. Thit nhat 1 vio viing base qua Ry d€ dén cuc duong clia ngudn Vgg.
Thit hai 12 vao collector. Do sy pha tap clia viing base rit it, nén hau hét cic
electron di chuyén 1én ving collector. Tai diy né bi hit vé cyc duong cia
ngudn Vcc qua dién tré Re.

Callectaor

[

o

EBasze :

--->=1b

{___

Emjitter

Hinh 3-3: Ky hi€éu va cdc dong di€n trong transistor
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Hinh 3-3 chira ky hiéu trén s d6 cda mot transistor.
Theo dinh luat Kirchhoff, ta cé:
I[g=1g+I¢ (3-1)
Piéu nay chitng td ring: Dong cuc e bing tdng cia dong cuc ¢ va dong
cuc b.
Vi dong cuc b rat bé nén c6 thé xem riing
Ig =~ Ic (3-2)
Ngudi ta dinh nghia Hé s& oy, clia transistor nhu sau:
oge =/ Ig (3-3)
a 16n hon 0.99 ddi véi cdc transistor cdng suit bé, con d6i véi cic
transistor cong suat o 16n hon 0.95.
Ngudi ta cling dinh nghia Hé s& khuyé&ch dai dong mdt chiéu
Bac=1Ic/ Ip (3-4)
Vi du: mdt transistor ¢6 dong Ic =10mA, dong Ib = 40pA thi
Bac = 10mA/ 40pA =250

1.2 NOI EMITTER CHUNG

C6 3 cdch noi transistor thudng dung 1a:

e NOoi E chung (Common Emitter - CE)

e NOoi C chung (Common Collector - CC)
e NOoi B chung (Common Base - CB)

Rt
- VI—'\/V\
. Ve )
. Vhe Vion =
Vhh=— >
Rt
" ]
Htl o
Al
| Mve vl
] |
Ubbj;__

Hinh 3-4: No6i CE
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Trong hinh 3-4, phin chung la emitter vi né dugc néi véi phan dat
(Ground - GND) ctia 2 ngudn Vgg va Vee. Vi vay mach ndy goi 1a mach chung
emitter. Mach c6 2 vong kin: vong base va vong collector.

Trong mach vong base, diode base - emitter dugc phin cuc bdi
ngudnVgg. Pién trd Ry dé€ han ch& dong base. Biing cdch thay ddi Vg hoic
Rp chiing ta c6 thé thay d6i dong base va vi vdy cé thé thay d6i dong
collector. N6i cdch khdc chiing ta c6 thé diéu khién dong collector bing cdch
diéu khién dong base. Piéu nay rit quan trong vi ching ta c6 thé diing mot
dong bé (dong base) dé diéu khién mot dong 16n (dong collector).

Luu y: Cdc chi s6 dudi dung trong mach transistor ¢é y nghia nhu sau:

e Chiing ta diing cung chi s6 dusi d€ biéu thi ngudn nudi. Vi du Vg hoiic

Vcc.

e Ngudc lai ching ta dung chi s& dudi khiac nhau d€ biéu thi hiéu dién

th€ giita cdc di€m. Vi du Vg 1a hiéu dién th€ gitta cuc C va cuc E.

Ta c6:

Vce = Ve- Vi

Ves = Ve-Vs

Ve = Vg-Vg

Trong cédch ndi CE, do Vg =0 nén
Vce = Ve

Ve = Vs

1.3 PAC TUYEN BASE

Dic tuyén base ctia mot transistor gidng nhu cia mot diode thudng nhu
hinh v& 3-5. Vi vay c6 thé ding cdc gin diing cla diode khi phan tich mach
base cua transistor.

Ih

Ve

Hinh 3-5: Pic tuyén base cua transistor
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Ap dung dinh ludt Ohm cho mach vong base, chiing ta thu dudgc:
Ig = (Vee-VBe)/ Rp (3-5)
Xem diode 1y tudng thi Vg=0. Trong gan ding bac 2,Vge=0.7V.

1k
A,

Hinh 3-6

Vi du: Dung gin diing bic 2 d€ tinh dong base trong hinh 3-6.
Sut thé qua Rg bing bao nhiéu? Tinh dong collector biét Bg. =200.
Gidi: Thé sut qua Ry la

V= Vgp-Vgg =2V -0.7V = 1.3V

Dong base bing

Is = (Vis-Vae) Ry = (2V — 0.7V) 100KQ = 13uA

V6i hé s6 khuéch dai Bge. =200, dong collector bing

Te =Py Iy = 200x130A = 2.6mA

1.4 PAC TUYEN COLLECTOR

Dic tuyén collector 1a dudng cong md td quan hé giita dong I va dién
ap rdi trén transistor Vcg.

Trén hinh 3-7a, bing cdch thay ddi Vg hoiic Ve ¢6 thé tao ra cdc thé
va dong khac nhau trén transistor. Chazlng han, ¢d dinh Vg d€ Iy =10pA, thay
ddi Vee, do Ic va Vg tuong ting, chiing ta c6 thé vé dic tuyén collector nhut
hinh 3-7b. S& liéu dugc 14y dng v6i transistor 2N3904. C4c transistor khdc c6
thé ¢6 s6 liéu khdc nhung dang ctia dudng cong 13 tudng tu.

Khi V¢g bing 0 diode collector khdong phin cyc nén dong collector
bing 0. Khi ting Vg ting thi dong I¢ cling ting. Dong I dat gia tri bdo hoa
1mA khi Vg 16n hon ¢§ vai phan clia mot von.
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Ve
v 40V
b
Hinh 3-7

Vung dong hiing cda transistor trén hinh 3-7b lién quan dén cau tao
cta transistor. Sau khi diode collector phdn cuc ngugc, cac electron tu do phat
xa tif emitter déu bi collector thu gép. Gid tri cia dong nay chi phu thudc s6
electron phat xa tir emitter hay chi phu thudc mach base.

Khi ting Vcg 1én qua 40V, diode CB bi danh thing. Khi d6 dong
collector ting vot. Hoat ddng binh thuGng cta transistor da bi pha hay. Cac
transistor khong dudc phép hoat dong & ch€ do nay vi n6 s& bi hdng. C4c bang
s0 liéu ctia nha sdn xult ghi gia tri th€ danh thing collector-emitter 12V cg(may)
hodc BV .

DPién 4p collector va cong suit.

Ap dung dinh luat Kirchhoff cho mach vong collector, ta c6

Vee = Vee - IR (3-6)
Cong sudt tiéu tdn trén transistor bing
PD = VCE-IC (3-7)

Cong sult tiéu tdn Pp 1am cho nhiét 6 mdi néi CB ting nhanh. Cong
sult tiéu tdn cang cao, nhiét do mdi n6i CB cang cao. Transistor s& hong néu
nhiét do méi ndi vugt qua 150°C. Trong bang s6 liéu clia nha sin xuat c6 ghi
Ph(max) 12 cOng sut tiéu tén t6i da. D€ transistor hoat dong binh thudng thi Pp
tinh theo (3-7) phai bé hon Pppay).
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Theo dudng dic tuyén collector, transistor ¢6 3 viing hoat dong:

¢ Ving tic dong (active region) con goi la viing hoat.

¢ Ving danh thing (breakdown region).

¢ Vung bdo hoa (saturation region).

Vung tdc dong cia transistor 1a ving ¢6 I¢ 1a hiing s6.Vung ddnh thing
ting v6i Vee>40V. Ving bio hoa cia transistor 1 viing c6 th€ Vg bé hon 1V.
Ngudi ta st dung transistor & viing tac dong dé khuyéch dai tin hiéu.

Néu vé nhiéu dudng dic tuyén collector trén ciing mot db thi ching ta
¢6 hinh vé 3-8.

Ic
(md)
SOnad

/ 40

4
/ 300

3
/ Z0nd

2
/ 10nd

1
/ Ib=0

1% 40%

Hinh 3-8

[y Sy

Ve

Trén hinh 3-8 c¢6 mét dudng cong dic biét. B6 la dudng & dudi cung, §
d6 Izg=0 nhung vin c6 dong Ic bé chdy qua transistor. D6 12 dong ri cia
transistor do cdc hat mang thi€u s6 tao ra. Mién gi6i han bdi dudng cong c6
Ig=0 va truc hoanh goi 1a ving ngung din cla transistor.

Tém lai, transistor c6 4 ving hoat dong: tic dong, ngung dan, bido hoa
va ddnh thiing. Vung tic dong thudng wng dung d€ khuyéch dai tin hiéu bé.
Ving tidc dong con goi 1a ving tuyén tinh vi su thay d6i ctia dong I¢ (tin hiéu
ra) ty 1& tuyén tinh v6i su thay ddi clia dong I (tin hiéu vao). Trong cic thiét
bi k§ thuat s& va mdy tinh, transistor thudng hoat dong & viing ngung dan hoiic
bido hoa hay con goi 1a ch& do khoa (switching mode).

Vi du: Transistor trén hinh 3-9 ¢6 By, =300. Tinh Iy, I,V cE va Pp.

Giai:

Ig = (Vgp-Vge)/ Rg = (10V - 0.7V)/ IMQ =9.3uA
Dong collector bing

Ic=PBac Is =300.(9.3nA)=2.79mA

Thé collector biang

Vce = Vee - [cRc=10V-(2.79mA)(2K2)=4.42V
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Hinh 3-9

Cong suit tiéu tin
Py = Vep.le = (4.42V).(2.79mA)= 12.3mW

L5 CAC GAN PUNG CHO TRANSISTOR
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b)

Hinh 3-10a vé sd d6 transistor. Vg 12 thé trén diode emitter. Vg 12
thé gifta cdc cuc collector va emitter. Ching ta hdy xem xét cdc mach
tudng duong cua transistor nay.

Gan ding 1y tuéng. Hinh 3-10b 12 mach tuong dudng ctia mot transistor
trong gan ding 1y twdng. Mo hinh ndy thudng ding khi phan tich mach vdi
ngudn Vg 16n. Lic nay chiing ta dung gan ding 1y tudng cho diode emitter
khi tinh dong base.

Gan ding bac 2. Hinh 3-10c 12 mach tuong dudng clia mot transistor trong
gin ding bac 2. M6 hinh nay thudng dung khi phan tich mach véi ngudn
Vg bé. Liic nay chiing ta dung xap xi bac 2 cho diode emitter khi tinh
dong base. D6i vdi transistor Si, Vgg=0.7V. Transistor Ge c6 Vgp=0.3V.
Trong gin diing bac 2, dong base va vi vdy dong collector khdc mot chiit
so v6i gan ding 1y tudng.

X4p xi cao hon. Pién tr§ nodi clia diode emitter tr§ nén quan trong chi
trong cdc tng dung cong suit cao ma & d6 dong rat 16n. Anh hudng cia
dién trd noi emitter 12 & chd thé Vgg c6 thé dén ¢ 1V khi dong base 16n.
Ciing nhu diode base, dién trd ndi cia diode collector ¢ dnh hudng ding
ké trong mot s6 tng dung. Cung véi dién trd ndi emitter va collector,
transistor c6 mot s cdc hiéu tng bac cao khdc lam cho viéc tinh todn bing
tay tré nén khé khin. Vi Iy do ndy, cdc tinh todn sau gan ding bic 2 cin
phai st dung mady tinh.

470K

184

I
I
I

Hinh 3-11

Vi du 1: Diing gan diing 1y tudng tinh thé Vg clia transistor trong mach

hinh 3-11.

Transistor 1y tudng c¢6 nghia 12 Vgg=0. Do d6 dong base bing
Ig = 15V/470KQ =31.9pA

Dong collector bing

Ic=100(31.9pA)=3.19mA

Thé collector-emitter clia transistor bing
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Ve =15V = (3.19mA)(3.6KQ)=3.52V

Trong cdc tinh todn, it khi phai tinh dong emitter. O ddy, ching ta thi
tinh dong emitter. N6 bing

Ig=Ic+Ig=3.19mA + 31.9pA = 3.2mA

C6 thé thay ring I ~ Ic

Vi du 2: Dung gin ding bac 2 tinh th& Vg cla transistor trong mach
hinh 3-11.

Transistor gan ding bac 2 c¢6 Vge=0.7V, do d6 dong base bing

Ig = 14.3V/ 470KQ = 30.4pA

Dong collector bing

Ic=100(30.4pA) = 3.04mA

Thé collector - emitter clia transistor bing

Vg =15V - (3.04mA)(3.6KQ) = 4.06V

Nhén xét:

Su khéc nhau clia Vg trong gan ding ly tudng va gan ding bac 2 1a ¢d
0.5V. Tuy thudc vao ting dung ma chiing ta st dung gan ding hop 1.

L6 SUTHAY POI CUA HE SO KHUYECH PAI DONG PIEN

Hé s6 khuyé&ch dai dong dién ctia transistor phu thudc vao 3 yéu to:

¢ loai transistor

¢ dong collector

¢ nhiét do

Vi vdy Bang s6 liéu cda transistor 2N3904 cho thiy hfe;,=100 va
hfe =300 tai nhiét d6 25°C va dong collector 10mA. Néu ching ta 15p rdp
hang ngan mach transistor 2N3904 chiing ta s& nhan dudc hé s6 khuy&ch dai
dong bé nhat 1a 100 va 16n nhat 1a 300.

Anh hudng cta dong collector va nhiét do doi véi hé s6 khuyéch dai c6
thé thdy rd qua bang s liéu sau:

Ic (mA) hgg (min) hgg (max)
0.1 40 -

1 70 -

10 100 300

50 60 -

100 30 -
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R& rang ring 2N3904 sé& hoat dong tot nhat tai dong Ic=10mA.
1.7 PUONG TAI (LOAD LINE)

Hinh 3-12 1a mach transistor ndi CE. Cho céc gid tri cia Rg, By ching
ta c6 thé tinh dong I¢ va th€ V.

2
F
I

= 15y

I
T 1 1

Hinh 3-12

Su phan cuc base. Hinh 3-12 12 mot vi du vé mach phin cuc base ma
né c6 nghia 12 tao ra mot dong base c6 dinh. Vi du, n€u Rg=1MQ thi dong
base biing 14.3pA (gan diing bac 2). Dong nay ludn xap xi gid tri 14.3uA khi
chiing ta thay thé transistor khdc va ngay ca khi nhiét do thay ddi.

Néu PBg4=100 thi dong collector x4p xi 1.43mA va thé€ collector - base
bing:

Veeg= Vee- IcRe =15V - (1.43mA).(3KQ)=10.7V
Vay diém tinh Q (quiescent) xdc dinh dong va thé trén transistor 12
Ic=1.43mA va Vcg=10.7V

Phudng phap dé thi. Ching ta c6 thé tim diém Q bing phuong phap d6
thi dua trén dudng tdi (load line) cda transistor. Pudng tai la dudng cong cho
quan hé I¢ va Vg clia mot transistor theo phudng trinh sau

Vee= Vee- IcRc
Hay
Ie=(Vec-Ver) Re (3-8)

(3-8) 12 mdt phuong trinh tuyén tinh vd @6 thi cla né 1a mdt dudng
thing. Pudng nay goi 12 dudng tdi vi né phan dnh sy 4nh hudng ctia R 1én I¢
va V.

Theo (3-8), v6i Ve =15V, Rg = 3KQ dudng tdi cit truc tung tai

Ic = Veo/Rg= 15V/3KQ = S5SmA

va cit truc hoanh tai

Vce=Vce =15V

Hinh 3-13 cho thdy dudng thing nay.
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(md)

/ Ve

15

Hinh 3-13

Pudng tii cho thdy di€m tinh Q c6 thé nhan nhitng gid tri kha di nao.
N6i cdch khdc, dudng tai cho biét tit cd cdc kha ning khi di cda di€ém Q.

Piém bdo hoa. Khi Rg bé dong I rat 16n 1am cho th€ Vg cida transistor
dat gid tri xap xi OV. Trong trudng hgp nay, transistor da & trang thai bio hoa,
nghia 12 dong I da ting dén gi4 tri cuc dai kha di.

Piém bio hoa 13 diém ma & d6 dudng t3i tiém cin vdi viing bdo hoa
clia transistor. Vi Vg rat bé nén diém bao hoa nim gin dau trén clia dudng
tdi. Pi€m bdo hoa cho thdy dong collector di dat dugc gia tri cyc dai khd di
d61 v6i mach dang xét. Vi du, trén mach hinh 3-14a transistor § vao trang th4i
bio hoa khi Ic=5mA, ldc nay Vcg xap xi OV.

DPE€ tim ra dong I bido hoa ching ta hinh dung ngidn mach cuc C va cuc
E cda transistor nhu hinh 3-14b. Vi V¢g = OV nén todn bd ngudn Vee=15V
dugc dit 1én Re. Vay dong I bdo hoa bing 5maA.

Biéu thiic tinh dong bdo hoa clia transistor 12

Icsan = Vee/ Rg (3-9)

Pi€ém ngung din (CUTOFF POINT). Piém ngung din 1a diém ma tai d6
dudng tdi tiém cin v6i ving ngung din cla transistor. Vi dong collector tai
di€m cutoff rdt bé nén di€m cutoff gin véi ddu cudi phid dudi clia dudng tai
nhu hinh 3-13. Pi€m cutoff cho thdy thé V¢ cuc dai ddi v6i mot mach. PE tim
di€m cutoff chiing ta hinh dung transistor hd mach giita cuc C va cuc E nhu
hinh 3-14c, khi d6 thé Vg cuc dai khd di la 15V, bing gi4 tri cda ngudn cung
cdp Vee. Khong c6 dong Ic nén ngudn Ve dit hét 1én cuc C va E cla
transistor.
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Vet = Vee (3-10)

K
M
Rh
- )
| Wi N = 15y
% 154
K
ey
Rh
 SHORT .
Jl_ W s = 15v
'_:_L 185y
K
l A
R OFEN
e ) 15y

Hinh 3-14: Tim 2 di€m dau cudi cla dudng tai

Vi du: Tinh dong bdo hoa va thé cutoff cho mach hinh 3-15

Hinh 3-15

Icany = Vee/ Rg =30V /3KQ = 10mA
VcE(eutoty = Vee =30V
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LS PIEM LAM VIEC VA CAC CHE PO CUA TRANSISTOR

Mbi mach transitor c6 mot dudng tdi. Cho modt mach transistor bat ky c6
thé tinh dong bio hoa va thé ngung din. Chiing chinh 12 cdc diém tuong Gng
trén truc tung (I ) va trén truc hoanh (Vec ) cia dudng ganh.

Hinh 3-16 chi ra mdt mach phéan cuc base v6i Rg=500KQ. Pudng tai di
qua Iy = SmA va Ve = 15V (th€ gitra C va E khi transistor ngung dan).

Gid st transistor 12 1y tudng, dong base bing

Iz=15V/500KQ = 30puA.

3k
A,

Jl—m% J jJ—‘_—mv
1]

Hinh 3-16

Néu hé s6 khuéch dai dong 1a 100 thi dong collector bing
Ic=100.30pA=3mA

Th€ Vg cua transitor bing

V= 15V-(3mA)(3KQ) = 6V

Viy transistor trén mach hinh 3-16 c6 diém lam viéc Q xdc dinh béi
hai tham s&

Ic=3mA va V= 6V

Goi 12 di€m Q (quiscent) vi n6 x4c dinh bdi thé va dong DC (tinh) clia
transistor. Pi€ém Q clia transistor ¢ thé thay ddi vi nhiéu 1y do. Ching han hé
s6 khuyé&ch dai dong thay d6i tir 50 d&€n 150 nhung Iy khong ddi va bing 30puA
thi dong I¢ thay d6i tir 1.5mA dén 4.5mA va vi vay thé Vg sé thay ddi tir
10.5V dé&n 1.5V. N&u Bg. thay ddi nhiéu hon nita, diém Q c6 thé rdi vao viing
bdo hoa hoidc ngung din va transistor trong mach sé khong con khuyéch dai
tin hi€u nira.

RO rang la diém Q ctia mach phan cuc base rat nhay véi su thay doi
clia Bqe . Ngudi ta c6 thé khic phuc nhuge di€m nay bing cdc mach phan cuc
loai khac.

C6 2 ch€& @6 1am viéc clia cdc transistor 1a:

¢ Ch€& do khuyéch dai

Trang 48



¢ Ché& do cong tic (switch)

Trong ch& d6 khuyé&ch dai, di€m Q phdi & trong viing tic dong dudi
moi diéu kién. Trong ch& d6 switch, transistor chuyén giita 2 trang thdi bao
hoa va ngung din. Viéc phan tich hoat ddng clia transistor § ch€ do switch sé&
dudc trinh bay trong phan sau diy.

III.9 TRANSISTOR SWITCH

Mach phan cyc base thudng dugc dung trong cdc mach s (digital
circuits) vi chiing dugc thiét k& d€ transistor 1am viéc & viing bdo hoa
va ngung din. Piém Q clia cdc transistor trong mach s& chuyén giita
ving bio hoa va ngung din ma khong & trong viing khuyé&ch dai. Trong
trudng hgp nay su thay ddi cda Q khong quan trong.

Hinh 3-17 12 s6 d6 mot mach transistor 1am viéc & ch& do khod.
Trong d6 transistor dugc phan cuc base & ch€ do bdo hoa siu (dong
phin cyc base 16n vi vay lam cho dong collector Ion hon dong collector
bao hoa).

10K
— i———_
Loy
T 1
Hinh 3-17

Khi SW déng, dong base xap xi ImA (16n hon dong base cin
thi€t d€ transistor bao hoa) va 1lam cho transistor bdo hoa siu. Vi vay
th€ Vcg=0. Khi SW hé, khong c¢6 dong base va vi vay Veg=Vcc

Thé 161 ra (Vout) ctia mach transistor trong ché do SW ¢6 2 trang
thdi: dién th€ cao (bing V¢c) va dién thé thap (0V). Luu y ring gid tri
chinh xdc cta th€ 16i ra trong mach switch khong quan trong ma quan
trong 1a & chd 2 trang th4i nay phdi kh4c nhau (phan biét dugc).
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Mach khod con goi la mach 2 trang thdi tuong ng vé6i 2 trang
thdi cta 161 ra.

Vi du: néu ngudn Ve trong mach 3-17 gidm con 5V va dong rod
collector 12 50nA. Tinh thé& 18i ra § 2 trang th4i biét ring th€ bio hoa
cla transistor 1a Ve (5u9=0.15V.

Khi transistor ngung din thé trén transistor bing

Vep=5V- (50nA)(1KQ)=4.99995V

Khi transistor bdo hoa, th€ Vcg=V cgay =0.15V
Trir khi 12 nha thiét k€, ching ta s&€ khong quan tim dén gia tri chinh
xdc clia thé ra trong cdc mach s6. Van dé 12 & chd thé ra phdi c6 2 gid
tri phan biét (gan 5 V khi ngung din va x4p xi OV khi bdo hoa).

.10 PHAN CUC EMITTER

Trong cdc mach khuyé&ch dai ching ta cAn mach transistor ma
diém Q c6 kha ning dn dinh hay khong bi 4nh hudng bdi sy thay doi
cua Py

) Yok

Fe

Hinh 3-18

Hinh 3-18 cho thAy mdt mach phan cuc emitter trong d6 dién trd
da dugc chuyén tir mach base sang mach emitter. Piém Q cda mach
nay rit 6n dinh. N6 hiu nhu khong thay d6i khi g thay d6i tir 50 dén
150.

Ngudn Vg bay gid 4p truc ti€p vao base. Thé cuc E cho bdi
phuong trinh

VE=V3pp-VaE (3-11)

Né&u Vgg > 20Vgg , gan ding 1y tudng s& cho két qua chinh xdc.
Né&u Vg < 20Vge, sé phai ding gin ding bac 2.
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Chiing ta hdy tinh cdc thong s6 clia mach phan cuc emitter trén
hinh 3-19. Vi Vg =5V, chiing ta s& dung xap xi bac 2. Khi dé

V=5V -0.7V =43V

Dong emitter biang

[ =4.3V/2.2KQ = 1.95mA

Diéu nay ciing c6 nghia 1a I x4p xi 1.95mA.

1K
Ay

hfe=100 .| e

i
l 2.2k 1

Hinh 3-19

Dong I¢ nay sé tao mot sut thé 1.95V trén Re. Do d6 thé tai C so véi dat
bing:
Ve =15V -195V =13.1V
Tu nay tré di, chiing ta goi thé clia collector so véi dat 1a thé collector.
Hiéu dién th€ rdi trén transistor bing
Veg=13.1V-43V =88V

Viy mach phan cuc emitter trén hinh 3-19 c¢6 di€m Q xdc dinh
nhu sau: Ic=1.95mA va V=8.8V

Ching ta hay xem mach chong lai su thay d6i ctia hé s6 khuyéch
dai dong ra sao? Qud trinh tinh todn d€ tim ra diém Q da cho thiy diéu
dé. Thyc vay, d€ tim ra di€m Q ctia mach phan cuc emitter chiing ta da:

¢ tinh th& emitter

¢ tinh dOng emitter

¢ tim thé collector

¢ trir thé collector cho th& emitter d€ c6 dugc thé V.
Trong qud trinh tinh Q ching ta khong st dung Bg.. Piéu d6 c¢6 nghia 12
gid tri Bg. khong 4nh hudng dén gi4 tri cia Q. Trén thuc t&€ chiing ta da
c6 dinh thé& emitter va do d6 cd dinh dong emitter. Vi vay két qlia 1a
di€ém Q khong thay d6i khi Bg. thay ddi. Mot cdch chinh xdc thi By c6
anh hudng t6i diém Q nhu phan tich sau day.
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Anh huéng ciia hé 5§ khuy&ch dai dong

Bs. c6 4nh hudng nhé 1én dong collector. Du6i moi diéu kién hoat

dong, cac dong trong transistor quan hé vGi nhau bdi phuong trinh
Ig=Ic+1p

hay

Ig=Ic+Ic/Byc
Vay

Ie =(Bac / (Bac +1)Ie

Pai lugng Bac /(Bac +1) g0oi 12 hé s8 sai s6. Néu Bg. =100 thi dong
Ic bing 99% dong Ig. Vay khi ta n6i dong Ic bing dong I thi sai s6 1a
1%.

III.11 PHOTOTRANSISTOR

Phototransistor giéng hét nhu photodiode nhung rit nhay. Dong
ra clia phototransistor 16n hon dong vao By 1an.

Fs R
M it

T oL

[
I
Lol
[ar]
Lor ]

Hinh 3-20

Nhung phototransistor ¢6 tdc d6 chim hon photodidoe. Mot
photodiode c¢6 dong ra ¢ nA nhung cé thé on/off c& ns. Trong khi dé
dong ra clia phototransistor ¢cd mA nhung tdc do on/off cd ps.

Hinh 3-20 13 sd dd mdt phototransistor ndi véi mot LED. Thiét bi
nay goi 1a Optocoupler hay con goi 1a isolator. N6 cdch ly gifta ddu vao
va diu ra nhung moi su thay d6i clia th€ vao Vs déu phdn dnh & thé ra
trén collector clia transistor. That vdy, ngudn Vs thay d6i 1am cho dong
qua LED thay d&i va vi vay lugng dnh sing dén cuc B phototransistor
thay ddi. K&t qta 1a dong I¢ cla transistor thay ddi va thé V¢ thay déi.
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Vi du: Hinh 3-21 12 so dd nhan biét thdi diém thé xoay chiéu qua
gid tri OV (zero crossing) nhim dong bo hoat dong ctia 1 so thiét bi véi
tan s6 dién lu6i. Uu diém clia sd dd 12 khong cAn bién thé cach ly giita
dau vao va diu ra. Phototransistor chinh 1a mach céch ly.

B4 qua sut th€ trén cdc diode ndn, dong qua LED bing

I = 1.411(115V)/16KQ = 10.2mA

Gia tri bdo hoa ctia dong phototransistor 1a

Tewan = 20V/ 10KQ = 2mA

16K 1

Hinh 3-21

Khi xdy ra zero crossing, dong qua LED bing 0 va vi vay
phototransistor ngung dan. Tai collector ching ta thu dudc thé cao bing
ngudn cung cAp.
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Chuong IV
PHAN CUC TRANSISTOR

IV.I PHAN CUC BANG CAU CHIA THE

Hinh 4-1a 12 mach phén cuc transistor dugc dung rat phd bié€n trong cic
ting dung: phan cuc bing ciu chia th&. Mach phan cuc 13 ciu chia th& gom 2
dién tré R; va R,. Vi vay mach goi 12 mach phan cuc biing ciu chia thé. Tié€ng
Anh la Voltage Divider Bias (VDB).

See

a) b) c)
Hinh 4-1: Phan cuc VDB

Phan tich don gian (simplified analysis). Trong mach VDB dudc thi€t
k& t6t dong base nhd hon dong chdy qua ciu chia thé. Do d6 dong base 4nh
hudng khong diang ké 1én ciu chia thé. Vi vay c6 thé ngit mach base khdi cau
chia th& d€ c6 mach tuong duong nhu hinh 4-1b. Trong mach nay, thé ra cla
cau chia thé€ bing

V= (RoVee)/(R1+R3)

Ly tudng thi Vg chinh la ngu@n nudi mach base Vgg nhu hinh 4-1c.

Phan cyc bing cau chia thé thyc chit 1a phin cuc emitter. N6i cdch
khéc hinh 4-1¢ 1a mach tudng duong cua hinh 4-1a. Vay mach phan cuc VDB
tao ra dong emitter cd dinh. Do d6 mach phan cuc VDB c6 diém Q khong phu
thude PBdc.

Trang 54



C6 mot sai s& nhd trong céch ti€p can don gidn nay. Ching ta s& phan
tich né trong cdc phin sau. Pi€m mau chét (crucial) § day 1a: trong mdt mach
VDB dugc thi€t k& tot, sai s6 khi st dung mach tuong dudng hinh 4-1c 1a rat
bé. N6i cdch khdc, cdc nha thiét k& chon lwa cé cin nhic cdc gi4 tri linh kién
sao cho mach hinh 4-1a gidng nhu mach hinh 4-1c.

K&t luan: Trong mach phin cuc VDB, sau khi tinh Vg, phan tinh todn
con lai giong hét nhu cdc bude tinh cho mach phan cuc emitter § chuong 3. 0]
day chiing ta liét ké ra cdc phuong trinh c6 thé diing khi phan tich mach VDB.

Vee=(R2/(R;+R2))Vcc 4-1)
VE=Vge-Vie (4-2)
Ig=VE/Rg (4-3)
Ic=1Ig (4-4)
Ve =Vee - IcRe (4-5)
Vce=Vc- Vi (4-6)

Céc budc phai lam 1a:

e Tinh th& Vg clia cau chia th&

e Trir 0.7V d€ c6 thé emitter

e Chia cho dién trd emitter d€ c6 dong emitter

e Gia st dong collector x4p xi dong emitter

e Tinh th& collector so véi dit bing cach trlt Ve cho sut thé trén Re
e Tinh th€ Vg bing cdch trit Ve cho Vg

Vi du: Tinh Vg cho mach hinh 4-2.

Cau chia th€ tao ra th€ khong tdi bing

Vip= (2.2KQ / (10KOQ+2.2KQ) )10V = 1.8V
Veg=1.8V -0.7V =1.1V

Dong emitter bing

[g=1.1V/IKQ =1.1mA
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Vi dong collector x4p xi dong emitter nén thé collector so véi dat bing
Ve= 10V = (1.1mA)(3.6KQ)= 6.04V

Hiéu th€ giita collector va emitter bing

Veg=6.04V - 1.1V =4.94V

IV.2 PHAN TICH CHINH XAC MACH VDB

Ching ta bit ddu phan nay bing dinh nghia mach VDB dudgc thiét k&
tot. P6 12 mach ma trong d6 cau chia thé€ td ra manh (stiff) ddi v6i trd khang
vao cia mach base.

Pién tré ngudn. Trong chuong 1 ching ta di néi dén ngudn th€ manh
nhu sau:

Ngudn th€ manh c6 Rg<0.01R;. N&u thda diéu kién nay thi thé trén tai
chi khéc gid tri Iy twdng 1%.

Bay gid chiing ta m§ rong y tudng nay cho ciu chia thé.

Tru6c hét tinh trd Thevenin clia cu chia thé trén hinh 4-3a. N6 bing

RTH=R1//R2

« +VCC

£ Fe
§ R1

Rth R1NR2 Bin
oy I L] vee . E __;__Vcc
Rz .

§ j_|; Re § Re
al b cl

Hinh 4-3

Do ¢6 Rty nén cac phan tich chinh xdc hon cho mach VDB phai tinh
dén Ryy nhu hinh 4-3b. Dong chdy qua dién tré Ry 1am gidm thé Vgg.

Vay thé€ base gidm bao nhiéu so véi gid tri 1y tudng? Theo hinh 4-3c,
nhin tif cyc base chiing ta thAy mot dién trd vao Riy. D€ ciu chia thé manh
doi véi base thi theo qui tic 100:1 chiing ta ¢6

R,//R, < 0.01Ry (4-7)
Mot mach VDB dudc goi 1a thi€t k& tot néu thda man (4-7)
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Cau chia th€ manh

Néu transistor trén mach hinh 4-3c c6 Bdc =100 thi dong collector 16n
hon dong base 100 1an hay dong emitter ciing 16n hon dong base 100 1an. Nhin
tif phid base, trd emitter 100 1an 16n hon. Téng quat, khi nhin tif base dién tr§
emitter 16n hon Bdc 1an.

RIN=BdCRE (4-8)
Phuong trinh (4-7) c6 thé viét lai nhu sau
R1//R2<0.01BdcRg (4-9)

Khi c6 thé, cdc nha thi€t k&€ chon cdc gid tri cia mach theo qui tic
100:1 bdi vi né tao ra mach cé di€m Q siéu 6n dinh.

CAu chia th€& y&u (firm)

Do6i khi thiét k€& ciu chia th€ manh tao ra két qlia 12 cdc dién trd R1 va
R2 quéd bé do d6 giy ra mot sd hé qua khdc. Trong trudng hogp ndy cdc nha
thi€t k& phai thda hiép bing quy tic cau chia th& yé&u nhu sau:

CAu chia th& y&u néu thda diéu kién

R1//R2<0.1BdcRg (4-10)

Moi cau chia th& théa min qui tic 10:1 1a ciu chia thé y&u. Trong
trudng hdp x4u nhat, diung ciu chia th& yé&u cé thé 1am dong collector gidm
10% so véi gia tri cAu chia th€ manh. Piéu nay 12 chidp nhin dugc trong nhiéu
ting dung bdi vi mach VDB vin c¢6 diém Q dd 6n dinh.

Xap xi gin hon
PE€ tinh chinh xdc gi4 tri cia dong Ig c6 thé dung phuong trinh sau:
Ig = (Vgp-Vgg) / (Rg + (R1//R2)/Bdc) (4-11)

Phuong trinh (4-11) cho giéd tri Ig chinh xdc hon. Nhung (4-11) kha
phifc tap. Vi vay khi ¢6 yéu cau tinh todn chinh xdc mach VDB ngudi ta diing
EWB.

Vi du: Ciu chia th& trén hinh 4-4 c6 1a ciu chia th€ manh? Tinh gid tri
chinh xdc cda I dung (4-11).

Cau chia th€ manh néu thda dicu kién

R1//R2<0.01BdcRy:

Trén hinh 4-4, dién tr§ Thevenin clia cAu chia thé€ bing

R1//R2=10KQ//2.2KQ=1.8KQ

bién trd vao cla base bing

Ry = BdcRg: = 200(1KQ)=200KO
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10K
4t: 2H3I904
hia=200
2 Re
% % 1K
2.2k
Hinh 4-4

bién trd Thevenin cta cau 1a 1.8KQ nhd hon 2KQ (1% cta Ryy) do d6
cau chia thé€ 12 manh.

Theo (4-11), dong Ig bing

Ig = (1.8V-0.7V)/ (1KQ+1.8K€/200) = 1.09mA

Gi4 tri nay gan v6i 1.1mA 1a gid tri tinh bing phén tich don gidn.

Vay khi ciu chia th€ 1a manh thi chiing ta khong ding cdng thic (4-11)
dé tinh Iz . T nay vé sau cdc tinh todn ctia ching ta d6i véi mach VDB la
theo phéan tich don gian.

IV.3 PUGNG TAI VDB VA PIEM Q

Trén hinh 4-5, vi cAu chia th& 12 manh nén thé emitter giit gid tri 1.1V
trong cdc phan tich sau day.

Pi€ém Q

Piém Q di dugc tinh trong bai IV-1. N6 c¢6 dong Ic =1.ImA va
Vee=4.94V. Piém Q nhu th€ dugc vé trén hinh 4-5. Do phan cuc VDB 1a bién
thé clia phan cuc emitter nén di€m Q khong phu thuoc Bdc. PE thay d6i diém
Q trén hinh 4-5 c6 thé thay ddi Rg.

Vi du, néu Rg thay d6i dén 2.2KQ thi dong Ig va thé V¢ thay ddi nhu
sau

[ =1.1V/22KQ = 0.5mA

Ve =10V-(0.5mA)(3.6KQ)=8.2V

Veg=8.2V-1.1V=7.1V
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Ic

Icizart)

Voe

L € 4, 94 Veoe(cutoff)
Hinh 4-5

Piém Q méi 1a Q. (0.5mA,7.1V)
Ngudc lai néu gidm Rg con 510Q thi dong emitter va thé collector mdi 1a:
I[g=1.1V/510Q =2.15mA
Ve =10V —(2.15mA)(3.6KQ0Q)=2.26V
Veg=2.26V-1.1V = 1.16V
Trong trudng hdp nay diém Q mdi 1a Qy (2.15mA, 1.16V)

Pi€m Q & giita dudng tai.

Céc gid tri Vee, Ry, Ry, Re déu c6 dnh hudng dén diém Q. Trong thiét
k& thudng ngudi ta chon cdc gid tri ndy theo yéu ciu cho truge. Khi d6 néu Rg
thay d6i s& 1am cho Q dich chuyén trén dudng tdi. Néu Rg qud 16n di€m Q sé&
dich d&n viing ngung din. Néu Rg qué bé diém Q sé& dich dén viing bao hoa.
Pé dat dudc su 6n dinh, diém Q thudng dudc chon & giita dudng tai cho mach
khuyéch dai.

IV.4 PHAN CUC EMITTER DUNG 2 NGUON NUOI

Mot s6 thiét bi dién ti¥ c6 bd ngudn 2 cuc tinh: ngudn duong va ngudn
am. Vi du, mach hinh 4-6 chi ra mot transistor c6 2 ngudn nudi: +10V va
—2V. Ngudn 4m —2V phin cyc thuin cho diode emitter. Ngudn dudng +10V
phan cuc ngudc cho diode collector. Mach phan cuc nay la mach phin cuc
emitter. Do d6 né c6 tén 12 mach phan cuc emitter 2 ngudn nudi (Two Supply
Emitter Bias = TSEB).
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36K
= 10v
— + h

Trong cidc mach TSEB thiét k& ding, dong base rat bé vi vay thé base
xap xi OV nhu hinh 4-7.

+10%
RC
3.6K
ov
-0.7V
FB Fe
27K 1K
= A
Hinh 4-7

Hiéu th& giita 2 diu Rg 1a

Rp=-0.7V- (-2V)= +1.3V

Dong I bing

Ig=1.3V/1KQ = 1.3mA

Dong I xap xi I chdy qua R¢ do d6 thé tai cuc C clia transistor bing
Ve = 10V —(1.3mA)(3.6KQ) = 5.32V

Thé Veg= V-V = 5.32V-(-0.7V)=6.02V

Tém lai, khi mdt mach TSEB thiét k& t6t, né tuong duong vdi mach
phan cyc VDB va néu théa man qui tdc 100:1 tic 1a
Ry, <0.01BdcRy, (4-12)
Khi d6 c6 thé diing cdc phuong trinh sau d€ phan tich mach TSEB
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V=0V (4-13)

VC =VCC -IcRC (4- 1 5)
Vep=Ve+0.7V (4-16)

IV.5 CACPHAN CUC KHAC
Trong phan nay ching ta xem xét mot s& ki€u phan cuc khic. Viéc
phan tich chi ti€t cdc ki€u phan cuc nay 1a khong cin thiét vi chiing it dudc

dung trong céc thi€t k€ mdi.

a) Phén cuc phan hdi emitter

Nhudc di€ém chinh clia phan cyc base trén hinh 4-8a 13 Q thay d6i theo
Bdc. P& khic phuc ngudi ta ding mach phan cuc phan hoéi emitter nhu hinh 4-
8b. Y tudng chinh 12 dua vao dién trd emitter d€ chéng lai sy troi ctia Q khi
Bdc thay ddi. Cu thé 12 khi I¢ ting 1am cho Vg ting -> Vg ting -> Iy gidm ->
Ic gidm. Su phdn hdi ndy 12 phidn hdi Aam (negative feedback). Goi 12 phin
hdi vi su thay ddi th€ emitter dugc phan hdi trd lai thé base. Mic khdc, phan
hdi 12 Am vi sau qud trinh phan hdi, dong I¢ thay ddi ngudc lai véi sy thay ddi
ban diu. Vay phadn hdi 4m tao ra su 6n dinh.

] Yoo ] Vco

§Rb §Rc §Rb §Rc

L T

= j Re
al b} —

Hinh 4-8: Phan cuc phan hoi emitter

Sau day la cdc phuong trinh ding cho mach phan cuc phdn hoi emitter.
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Ig= (Vce-Vee)/(Re+Rg/Bde) (4-17)

Ve=Rzlg (4-18)
Ve=Ve+0.7V (4-19)
VC=VCC'RCIC (4-20)

Y dinh ctia phan cuc phin hdi emitter 1a loai bd pdc khéi phudng trinh
(4-17) bing cach chon Rg>Rp/Bdc. Néu diéu kién nay thda thi (4-17) khong
phu thudc Bdc.

Hinh 4-9 12 mo6t mach phan cuc phan hdi emitter cu thé. Trén thyc t&
phan cuc nay khong t8t hon phan cuc base.

+15¥

§ 430K a10

100

Hinh 4-9

b) Phén cuc phan hdi collector

+¥icc

R
Rh

Hinh 4-10: Phan cuc phan hdi collector

Hinh 4-10 chi ra mach phan cuc phan héi collector, con goi 12 mach tu
phén cuc. Y tudng cd ban 13 ¢d &n dinh diém Q bing cdch phin hdi mot dién
th€ vé base d€ bu lai su thay d6i cia dong collector. Vi du Ic ting -> V¢
gidm -> Vg giam -> I gidm —> I giam.
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Sau diy 1a cdc phuong trinh ding cho mach phan cyc phan hdi collector

Ig= (Vce-Vee)/(Re +Rp/Bdce) (4-21)
V=0.7V (4-22)
Ve=Vee-IcRce (4-23)
Piém Q nim giita dudng tii néu chon

Ry=BdcRe (4-24)

Mach phan cuc phan hdi collector c6 tic dung 6n dinh diém Q tdt hon

phan cuc phan hdi emitter. Mic dit vin ¢6 sy troi cia Q theo Bdc nhung mach
phan cuc nay thudng dugc dung vi su don gian.

¢) Phan cuc phan hdi collector va emitter
Phan cuc phin hdi emitter va phdn hoi collector 12 nhim 6n dinh di€m

Q. Mic du y tudng 1a tdt nhung sy phan hdi lai khong di d€ 6n dinh Q theo
Bdc. Hinh 4-11 12 mot mach phan cuc trong dé st dung cd 2 loai phdn hoi:
phan hoi emitter va phan hdi collector nhim cdi thién do 6n dinh cda Q.

+¥icc

R
Rh

Re

Hinh 4-11

Sau day la cdc phuong trinh dung cho mach phan cuc phdn hdi emitter -

collector.

Ig= (Ve -Vee)/(Re +Rp/Bdc) (4-25)
Ve=Rglg (4-26)
V=V + 0.7V (4-27)
Vc=Vce-Rele (4-28)

IV.6. TRANSISTOR PNP
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Hinh 4-12: Transistor PNP

Hinh 4-12 chi ra cdu tric , ky hiéu va mo6 hinh tuwong dudng cia
transistor PNP. Ciing giong nhu transistor NPN, tong dong trong transistor tuin

theo dinh luat Kirchhoff.
Mach cho transitor PNP (xem hinh 4-13) hoan toan giéng mach cho

transistor NPN. Chi ¢6 2 diéu khéc biét:
Transistor 1a loai PNP

[ ]
e Ngudn 4m
-10v +10v
R RC Rz RE
10K 36K 2.2K 1K
7{ 21 3906 7{ 21 3906
Rz RE R RC
22K 1K 10K 3.6K

Hinh 4-13: Mach transistor PNP
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Chuong V
CAC CHE PO AC CUA TRANSISTOR

V.l KHUYECH PAI PHAN CUC BASE

Trong phan nay chiing ta s& phan tich mach khuyé&ch dai phin cuc base.
Mic di mach khuyé&ch dai base khong phd bién trong cdc sin phdm dién t¥
nhung cdc y tudng cd ban clia né dugc dung nhiéu trong cdc mach khuyéch dai
phtic hgp khac.

TU NOI

al b}

Hinh 5-1

Hinh 5-1a 13 mdt ngudn thé& ac dugc ndi t6i dau vao clia mot mach RC.
C4u hinh nay 1a mach tuong duong & diu vao ctia nhiéu mach khuyéch dai. Vi
trd khdng clia tu ty 1 nghich véi tin s6 nén tu C ngin cdn hoan toan thanh
phan dc ctia ngudn va chi truyén thanh phin ac. G tin s6 dd cao thi trd khang
cla tu bé do d6 hau hét thanh phan ac cda ngudn xuat hién trén R. Trong
trudng hop nay tu C goi 12 tu ndi vi né ndi hodc chuyén tin hiéu ac dén R. Vai
trd cda tu C 1a cho phép truyén thanh phan ac tif nguén dé€n mach khuyéch dai
ma khong 1am thay d6i di€m Q ctia mach.

D& cho mot tu C ¢ thé xem 12 tu ndi thi tai tAn s tin hiéu thap nhat, tr§
khdng ctia tu phai bé hon nhiéu so véi R. Ngudi ta dinh nghia

Tu n6i tdt néu thdéa diéu kién:

Xc<0.1R (5-1)

Nghia 12 tr§ khang clia tu C phdi bé hon 10 1an R tai tin s6 hoat dong
thap nhat.

Khi thod man qui tic 10:1, hinh 5-1a c6 thé thay bing hinh 5-1b. Néi
cach khac ddi v6i cac mach thda qui tic 10:1 c6 thé thay thé tit ci cdc tu ndi C
bing mdt ngin mach doi véi thanh phan ac.
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Mit khic ngudn dc cé tin sd bing 0 nén trd khing clia C ddi véi thanh
phan dc 1a vo cung. B&i vay, chiing ta s& dung gan ding sau cho tu C:

¢ Dadi v6i thanh phan de tu C xem nhu hd mach

¢ Dadi v6i thanh phan ac tu C xem nhu ndi tit

CHE PO DC

I +30% ] +30%

100K

4L: hfe=100 I

F

|
-

al b)

Hinh 5-2

Ching ta hdy xét mach phan cuc base trén hinh 5-2a. Th€ dc tai base 1a
0.7V, trong gan ding bac 1, dong Iy bing:
I5=30pA
V6i hé s6 khuyéch dai dong 100 thi dong I¢ bing
Ic=3mA
Th€ collector bing
V=30V-BmA)(5KQ)=15V
Piém Q c6 toa d6 3mA va 15V.

MACH KHUYECH PAI
Hinh 5-2b cho thdy mdt mach khuyé&ch dai transistor phan cuc base. Cic

tu noi dudc ding & dau vao va diu ra nhim cédch ly thanh phan dc clia mach
vdi ngudn ac vao va vdi tdi R.. Muc dich chinh 13 khong cho ngudn ac va trg
3i Ry thay d&i diém Q.

Trén hinh 5-2b, ngudn thé ac c6 gid tri 100pV. Do tu ndi ngdn mach doi
vdi thanh phin ac nén toan bd thanh phan ac clda ngudn thé vao xuit hién tai
base. Th& ac ndy sé tao ra dong base xoay chiéu ma né cong thém vao vdi
dong base mdt chiéu do phan cuc. N6i cich khic, dong base tdng cdng bao
gdm dong dc va ac.
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Hinh 5-3a md ta tinh hinh nay. Thanh phan ac dugc cong vdi thanh phan
dc. Trong nita chu ky duong, dong base ac cong véi dong 30pA clia dong base
dc. Trong ntta chu ky Am dong base bi trir di. Su thay ddi ctia dong base lam
cho dong I¢ cling thay ddi theo cling qui lut nhung 16n hon Bdc 1an. Hinh 5-
3b cho thiy thanh phin dc ciia dong collector 12 3mA. Su chong chat clia dong
collector dc va ac tao ra tin hi€u nhu hinh 5-3b.

Do dién trd tdi R, thé tai collector clia transistor ¢6 dang nhu ngudn thé
diau vao nhung ngugc pha nhu hinh 5-3c.

Ib
11 T
fime
al
Ic
3
time
b
Vi
18Y oo ______.
time
cl
Hinh 5-3
DANG SONG

Hinh 5-4 13 mach khuyé&ch dai phian cyc base va dang séng (wave
form) ctia n6. Ngudn thé& ac 12 mot hiéu thé diéu hoa cé bién do bé. N6 dudc
ndi tdi base, tai ddy né chong chit vé6i thanh phan dc 0.7V. Sy bién ddi cla thé
base tao ra sy bi€n ddi dong base, dong collector va vi vy ca th& collector.
K&t qlia thé collector 1a mdt thé dang sin c6 thanh phin dc 1a 15V. Do tic
dung cia tu ndi, trén tdi Ry, chi c6 thanh phan ac.
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+30%

+157V

é +0. 7V 100k
1

Hinh 5-4

F

HE SO KHUYECH PAI THE
Hé s6 khuyé&ch dai th& clia mot mach khuyé&ch dai 1a ty sd thé ac 181 ra
chia cho th€& ac 161 vao.
A=V / Vi (5-2)
Vi du, né€u th€ trén tai 1a 50mV trong khi th€ vao 1a 100V thi
A=50mV/ 100uV =500
A=500 c6 nghia la thé& ra 16n hon thé vao 500 lan.

V.2 KHUYECH PAI PHAN CUC EMITTER

TU THONG DAN

5
1

AC GROUND

-n%a
.|||_Q;?_‘

al b

Hinh 5-5

Tu thong din twong tu tu ndi béi vi né hanh x{ nhu 12 hd mach déi véi
thanh phin dc va ngin mach ddi v6i thinh phan ac. Nhung tu thong din
khong diing d€ ndi tin hiéu gitta 2 di€m ma né ding dé tao ra mot dat ac.

Hinh 5-5a cho thdy mot ngudn thé ac dudc ndi t6i mot dién tré va mot
tu. O tAn s6 cao, tré khang clia tu rat bé vi vay toan bd ngudn th€ ac coi nhu
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dudc dit trén R. N6i cdch khic, di€m E 13 duge noi dat vé mit ac. Trong
trudng hgp nay tu C goi 12 tu thong din vi né cho phép ndi di€ém E véi dat vé
mit ac. Tu thong din cho phép chiing ta n6i mdt diém niao d6 véi GND ma

khong lam thay d6i Q.
Piéu kién d€ mot tu duge xem 13 thong din tot 1a

Xc< 0.1R (5-3)
Khi (5-3) thda thi mach hinh 5-5a c6 thé thay bang mach hinh 5-5b.

KHUYECH PAI VDB

Hinh 5-6

Hinh 5-6 cho thdy modt mach khuyé&ch dai VDB. D€ tinh th& va dong
DC, chiing ta tudng tuong ring tit ca cic tu déu hd mach. Khi d6 mach tuong
duong nhu mach phan cyc VDB. Gid tri dc hay gid tri tinh cho mach nay nhu
sau:

Vp=1.8V

Ve=1.1V

V=6.04V

Ie=1.1mA

Nhu da phan tich trén day, chiing ta ding cic tu ndi dé ndi thé ngudn
vdi base, noi thé collector véi tdi. Ching ta ciing ding tu thong dan giita
emitter va dit. Y nghia cta tu nay 12 & chd: N6 1am ting hé s khuyéch dai thé
clia transistor so v6i khi khong c6 tu (cdc phan sau s& phan tich rd hon).

Trong hinh 5-6, ngudn thé& ac 1a 100pV. N6 duge dua vao base. Do tu
thong dan Cg toan bd th& nay dugc dit 1én diode base emitter. Tai collector
ching ta thu dugc th€ base nhung da dudc khuyéch dai.
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DANG SONG VDB

Trén hinh 5-6, ngudn thé& ac diu vao 12 diéu hoa va thanh phan dc biing
0. Th& base 1a chong chat cta thé ac 18i vao va thanh phan dc 1.8V. Thé ac §
collector 12 th& dau vao da dudc khuyé&ch dai ddo pha chdong chat vdi thanh
phan dc biing 6.04V. Thé trén ti gidng nhu th& collector v4i thanh phin dc
bing 0.

V.3 CHE PO TiN HIEU BE

Ie

Vhe

Hinh 5-7

Hinh 5-7 chi ra gidn d6 dong th& clia diode base emitter. Khi ngudn thé
ac dudc ndi tSi cuc base cla transistor, mot thé ac s& xudt hién trén diode
base. Piéu nay tao ra sy bién thién tudn hoan trén Vgg nhu hinh 5-7.

PIEM LAM VI C TUC THOI

Khi th€ vao thay d6i, di€ém lam viéc tic thdi di chuyén tir vi tri Q ban
diu 1én phia trén hoic xudng phia dudi. Thé base emitter tdng cong gdm thé
ac va thanh phan dc. Bién do clia th€ ac quy dinh bién d6 thay ddi ctia Q. Th&
base ac 16n tao ra sy bi€n dong 16n cta Q, th€ base bé tao ra su bién dong bé
cua Q.

SU SAI DANG

Thé base tao ra dong emitter cling tan s6 nhu hinh 5-7. N&u ngudn thé&
base ac la diéu hoa, dong emitter ciing di€u hoa. Nhung dong emitter khong la
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diéu hoa 1y tudng vi quan hé dong emitter thé base khong hoan toan 1a dudng
thang. Piéu nay tao ra su sdi dang (méo) tin hiéu ma chiing ta khong mong
mudn trong cdc hé thong Hi-Fi (High Fidelity).

Pé€ gidm thi€u su sdi dang ngudi ta diing cdc cich sau:
¢ Gii thé base bé. Khi d6 quan hé base- emitter clia transistor 13 tuyén tinh.
¢ Quitic 10:1.

Téng dong emitter bing

Ig= Ipo+ ie

Trong d6 Igg 12 dong emitter phan cyc con i, 12 dong emitter ac. D€
gidm thi€u su sdi dang, gid tri dinh cda dong i. phai bé hon dong emitter tinh
10 1an theo qui tic 10:1 sau day.

Tin hiéu bé: 1epp<0.1 Igq (5-4)

Céc bd khuyéch dai thda diéu kién (5-4) 1a bd khuyéch dai tin hiéu bé.
Chiing thudng dugc dung trong cidc mach tién khuyé&ch dai cla cic mach x@ ly
tin hiéu.

V.4 HE SO BETA AC VA PIEN TRO AC CUA DIODE EMITTER

Hé s6 khuyéch dai ma ching ta sit dung tir tru6c dén nay la hé so
khuyé&ch dai dong mdt chiéu.
Bac=1c /T3 (5-5)
Bdc phu thudc vi tri di€ém Q do sy cong clia dic tuyén I, Ip.
Ngudi ta dinh nghia hé s§ beta xoay chiéu l1a
B =i/ iy (5-6)
Theo (5-6), hé s6 khuyé&ch dai dong ac bing ty sd giita dong collector ac
chia cho dong base ac.
Trén hinh 5-8, tin hiéu ac thay d6i quanh di€ém Q, do d6 gi4 tri clia P
va 3 ¢6 khédc nhau.
V& miit @6 thi, B chinh 13 d6 doc clia dudng cong I, I tai diém Q.
Trong bang s6 liéu clia nha sdn xuat, By, dudc ky hiéu 1 hgg con B dudc
ky hiéu 13 hy..
Ching ta luu ¥ riing cdc ky hiéu vé dong va thé&, néu viét hoa 1a dc, con
viét thudng 12 ac.
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Hinh 5-8

Ie

YVhe
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Hinh 5-9

diode emitter.

”
€ Cua

A

Hinh 5-9 cho thdy quan hé dong th

Ta co:
Ig

IEQ+ie

Vee= VeEQ+Vie
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PIEN TRO AC CUA DIODE EMITTER
Trén hinh 5-9 sy thay ddi diéu hoa clia Vg tao ra sy thay d6i diéu hoa ciia 1.
Gi4 tri dinh — dinh cta i. phu thuéc diém Q. Do quan hé dong th€ emitter 1a
dudng cong nén vdi vie cd dinh, dong i. 16n hon néu di€m phan cyc Q nim §
phia cao hon. N6i cdach khac, dién trg ac clia emitter gidm khi dong emitter dc
tang.

Dbién trd emitter ac dugc dinh nghia nhu sau:

P = Ve / i (5-7)

Theo vat 1y chat rin, dién trd ac clia emitter c6 thé tinh qua cong thic
don gidn sau:

r'e =25mV /Ig (5-8)

Sau nay s& thdy, gid tri clia r’ ¢6 dnh hudng dén hé s6 khuyéch dai th€
cua mach transistor.

V.5 HAI MO HINH CUA TRANSISTOR

Pé& mo ta hoat dong clia mach khuyéch dai transitor & ché do ac, cin
mdt mach tuong duong cho transistor. N6i cach khdc chiing ta cAin mot md hinh
cho transistor ma né moé phdng dugc hoat ddong cua transitor khi ¢6 tin hiéu ac.

Mot trong nhitng mo hinh transistor sém nhat do Ebers Moll dé xuat 1a
mo hinh trén hinh vé& 5-10. M6 hinh nay con goi 1a m6 hinh chir T.

i
0 " P
It
n
Ih Ih CD
——-= -
- 1) =====1 - ’
n e
=3
|
H | '\!K
m I
\!ﬂ L

Hinh 5-10: M0 hinh ch* T cda transistor
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Hinh 5-11

Theo md hinh chit T, khi mot thé ac xuat hién & 161 vao bd khuyéch dai
thi mot thé ac xuit hién trén diode base emitter nhu hinh 5-11. Th& nay taora
dong base ac. N6i cach khdc ngudn th€ ac vao da dugc tdi trén trd khang vao
clia base. Nhin vao base cla transistor, ta thdy mot tr§ khdng vao Zipase) Tai
tan so thap, trd khang nay bing:

Zin(base) = Vbe / 1y (5-9)
Ap dung dinh luadt Ohm cho diode emitter, c6 thé viét
Vpe= 1.

Zin(base) = ie'r,e / ib
Vi i, =i, nén
Zin(base) = Br,e (5'10)

hfe.r'e @ e @ ke

--= Ihb

[ —

al bl

Hinh 5-12: M6 hinh chit &t cda transistor
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Mot m6 hinh khdc cida transistor ciing dugc st dung, d6 1a mo hinh chir
n. Hinh 5-12a cho thdy sd d6 md hinh &t clia transistor. So v6i mo6 hinh chit T
(hinh 5-12b) m6 hinh chit © dé dung hon. Chiing ta c6 thé ding mot trong hai
mo hinh, m6 hinh ch® T hodc mdé hinh chit «t, khi phan tich mach transistor §
ché& dd ac.

V.6 PHAN TICH MOT KHUYECH PAI DUNG TRANSISTOR

Phan tich mot mach khuyé&ch dai 13 phic tap vi cd thanh phan ac 1an dc
déu ton tai trong mach. Ching ta c6 thé phan tich ch€ d6 dc va phan tich ché
dd ac mot cdch riéng ré. Hoat dong thyc clia mach 13 chong chat ctia 2 ché do
dc va ac.

MACH TUGNG DPUGNG DC

Trong phan tich dc chiing ta tinh dong va thé dc cta mach. P& 1am viéc
nay chiing ta tudng tuong hd mach ddi véi tat cd cdc tu. Mach con lai 1a mach
twong dudng dc. Trong phan tich dc, quan trong nh4t 1a tinh Iz vi né lién quan
dénr’,, trong phan tich ac. .

ANH HUGNG CUA NGUON DC

R E

R
4C GROUND
- W
b

o

J__Rﬁ:c

Hinh 5-13

!

al

Hinh 5-13a 1a so d0 mach gdm c6 cd ngudn ac va dc. P&i véi tin hiéu
ac, ngudn dc 12 ngan mach. Piéu nay 13 ding vi trd ndi cia ngudn dc bé do d6
né khong giy sut th€ ac nao. Vay khi phan tich ac ching ta ngin mach tat cd
céc ngudn de.

MACH TUGNG PUGNG AC

Sau khi phan tich dc, ching ta sé& bt didu phan tich ac bing cdch ngin
mach tit c3 cdc tu va ngudn dc. Transistor c6 thé thay th& bing mo hinh T hay
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md hinh n. Sau day ching ta s& din ra cdc mach tuong duong ac clia cdc mach
khuyé&ch dai phan cuc base va phan cuc VDB.

a) MACH KHUYECH PAI PHAN CUC BASE

Foo,

|
7 _

Rh FL

.,||_®_

-lll—wvw—-
'|||—v"\/\-—

Hinh 5-14

Hinh 5-14a 12 mdt mach khuyé&ch dai phan cuc base. P€ c¢6 mach tuong
duong ac, chiing ta ngdn mach tit ca cic tu. Piém c6 nhin Vce ciing dude ndi
dat vé mit ac. Hinh 5-14b cho thdy mach tuong duong ac. Transistor da dudc
thay th€ bdi mo hinh n. Trong mach base, th€ ac 16i vao dit trén Rg song song
véi Pr’e . Trong mach collector, ngudn dong i. chdy qua R¢ va Ry, mic song
song.

b) MACH KHUYECH bAI VDB

Hinh 5-15a 12 modt mach khuyé&ch dai VDB. Hinh 5-15b cho thdy mach
tuong duong ac. Transistor d3 dugc thay th€ bdi md hinh n. Trong mach base,
thé& ac 18i vao dit trén R, song song vé6i Br’e va v6i R,. Trong mach collector,
ngudn dong i, chdy qua R va R mic song song.
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Hinh 5-15

c) MACH KHUYECH bAICE

C4c mach khuyé&ch dai trén hinh 5-14, hinh 5-15 13 cdc vi du vé mach
khuyé&ch dai chung emitter (common emitter = CE). Mach khuyé&ch dai nay
goi 12 mach khuyé&ch dai chung emitter vi emitter dugc ndi GND vé mit ac.

Trong mach khuyé&ch dai chung emitter tin hiéu can khuyé&ch dai dugc
dwa dén cuc base, tin hiéu da dudc khuyé&ch dai xuit hién & collector.

C6 2 ki€u mach khuyé&ch dai transistor kh4c 12 mach khuyé&ch dai chung
base (CB) va mach khuyé&ch dai chung collector (CC). Ching dugc ding trong
mot sd tng dung nhung khong phd bién bing mach khuyéch dai CE.

Tém lai, d@€ c6 dudc mach tuong duong vé mit ac, ching ta phai 1am
may viéc chi yé&u sau:

¢ Ngin mach tat ca céc tu

¢ Tudng tugng tat cd cdc ngudn dc 1a GND xoay chiéu

¢ Thay thé transistor bing m6 hinh T ho#ic m6 hinh &t

¢ V& mach tuong duong ac

Trang 77



V.7 HE SO KHYUECH PAI THE

+¥oc

H1§ §Rc
Yout

i 11

Yout
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Hinh 5-16
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]
"1

-|||—¢vw—

Hinh 5-16a cho thdy mot mach khuyé&ch dai VDB. Hé s6 khuyéch dai
dién th€ ctia mach dugc dinh nghia 1a ty s giita th€ ac 161 ra va th€ ac 161 vao.
Phan nay sé& din ra bi€u thic cho hé s6 khuyéch dai thé.

Hinh 5-16b 13 sd dd tuong duong ac cia mach hinh 5-16a theo md hinh

7. DOng base chady qua trd khiang vao cia mach base, do dé c6 thé viét

Vin= 11’
Trén collector, dong i. chdy qua Rc//Ry. do d6

Vout = lc(Rc//RL)
Hé s6 khuyé&ch dai thé bing:
(R/RL)/ T

A=vou! Vin= (5-11)
bién trg collector ac. TrG tai ac nhin tir collector 1a Rc//Ry. Néu ching

ta dat
r. = Rc//Ry (5-12)

thi (5-11) trd thanh
A=r. /1, (5-13)
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Theo (5-13) hé s6 khuyé&ch dai th€ bing dién trd ac collector chia cho
dién trd ac cua diode emitter.

] 1 Vout
ic
Rt RL
ih  ---—- =

Vin é} 1 R re - -

cl

Hinh 5-16

C6 thé thdy ring tif mach twong duong 5-16¢ chiing ta ciing sé& thu dugc
két qua tuong tu.

] +10%

1m<§ § 36K

Yout

i -
L

zmvé lz.zkcg K
11 111

Hinh 5-17

Vi du: Cho mach hinh 5-17. Tinh A va thé trén t3i R,.
Gidi: Trd collector ac bang
r. = Rc//R;, = (3.6K//10K)=2.65K
Gia s transistor cO 1’ =22.7Q, ta c6
A=r/r’.=2.65K/22.7=117
Thé trén tdi bing
Vour = Avy, = 117.2mV) = 234mV
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V.8 ANH HUGNG CUA TRG KHANG VAO

] +¥coc
R1 § § Re
Yout
Zin(stage]---» H
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————— =
é Zinistage)
vﬁ" R1 R2 hfer'se R RL
l e
b
Hinh 5-18

Cho dén lic nay chiing ta van gid st ngudn thé€ ac vao la Iy twdng véi
trd khang ndi bing 0. Trong phan nay chiing ta s& xem xét 4nh hudng cia tr
khdng noi clia cdc ngudn thé thuc (12 cdc ngudn th€ cé trd khiang ndi khic
khong).

Trén hinh 5-18a, mdt ngudn thé ac ky hiéu 13 vy, ¢é trd khdng ndi R,
Khi d6 ¢6 mot sut th€ ac ngang qua R,. Pi€u nay lam cho th€ base bé hon gid
tri 1y tudng.

Ro  wip

L Finfstage)

1

o

el

Hinh 5-18
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Trd khdng vao ctia mach ky hiéu 12 Zisge) bdng
Zin(stage) = Rl // R2 // Br’e
Vin= Zin(stage) Vg / (Rg + Zin(stage)) (5'14)

Phuong trinh (5-14) c6 gi4 tri d6i véi moi mach khuyé&ch dai. Luu y ring
nguodn v, 12 manh néu Ry <0.01 Zin(siage)

Phuong trinh (5-14) cling cho thdy ring do R, ma th€ vao mach khuyéch
dai bé hon th& clia ngudn can khuyéch dai.

V.9 KHUYECH PAINHIEU TANG

Pé€ thu dugc hé s& khuyéch dai 16n, ching ta ndi hai hoic nhiéu tang
khuy&ch dai v6i nhau. Piéu nay c6 nghia 1a 16i ra clia tang thit nhat 1a 16i vao
clia tang thit hai va cit thé tiép tuc...

tee

R1§ gﬂc F-!1§ gﬂc

I Touk
i
W l R2 2 Re R £ fe 2R

al

Wouk

En(stage} |: :| jﬁn{stage} R j -

Hinh 5-19
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Hinh 5-19a cho thdy mdt mach khuyé&ch dai gom 2 tang. Tin hiéu ra clia

khuyé&ch dai nhiéu 1an.

tang thit nhit (ddo pha so véi tin hiéu vao) duge dua vao tang thit hai. Trén tai
R; ching ta thu dugc tin hiéu cling pha véi tin hiéu 18i vio nhung da dudc

Hinh 5-19b cho thdy mach twong duong ac. Trd khing collector ac cia
tang thit nhat 1a
I, = RC // Zin(stage)

Hé so khuyé&ch dai clia ting thi nhat bing
A= (RC /1 Zin(stage) )/ r'e

Hé so khuyé&ch dai clia ting thit hai bing
Ay = (Re/I R/ T,
Hé s6 khuyé&ch dai cta toan mach bing
A=A A, (5-15)

V.10 KHUYECH DPAI CE CAI TIEN

Hé s6 khuyé&ch dai th€ A clia mach khuyé&ch dai CE phu thudc vao dong
tinh, sy thay ddi clia nhiét @6 va ban than transistor.

Mot phuong phdp nhim 6n dinh hé s6 A 1a chén mot dién trd r. trong
mach emitter nhu hinh vé 5-20a.

] t¥ee
F-!1§ §F!c

Vouk
Ro

e

-1

Rz § re § Rt

Hinh 5-20a

i—
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Luu y ring r. khong c6é tu mic song song. Khi dong i, chdy qua mach
emitter sé tao ra mot thé ac trén r.. Pi€u nay tao ra sy phan hdi Am d€ &n dinh
hé s6 A. Ching han, n€u dong collector ac ting do nhiét do ting thi thé trén r.
ciing sé& ting. Piéu nay lam gidm vy, va do d6 gidm i, -> gidm i.. Qud trinh
nay dién ra theo chiéu huéng ngugc lai v6i su ting ctia dong collector ma
ching ta goi la sy phdn hoi am.

Hinh 5-20b Ia so dd tuong duong ctia mach hinh 5-20a theo md hinh T.

() ic
ih
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Touk

gﬂc gRL

¥y SRS R2
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b

Hinh 5-20

Th€ vao bing
Vin= ie(re+r,e)

Hé s6 khuyé&ch dai thé A trong trudng hdp nay bing
A=ir./1e(te +17¢)

Xem ring i, ~ i, thi

A=r./(e+1,) (5-16)
Néu r.>> 1. thi (5-16) trd thanh
A=r./r1 (5-17)

Pay 1a vi du vé mach khuyé&ch dai CE cdi ti€n. Gid tri r, 16n di loai bd
anh hudng cua r’, va lam cho A khong phu thudc r’.
Trd khdng vao ctia mach khuyéch dai CE cdi ti€n 1a
Zin(base) = Vin / iy (5-18)
trong A6  vj, = 1e(re +17¢)
do i, = i. chiing ta nhan dudc
Zin(base) = Vin /1y = B (re +17¢) (5-19)
Nhin xét: mach khuyéch dai CE cdi tién c6 3 uu diém:
¢ Hé s6 A 6n dinh
¢ Ting trd khang vao
¢ Giam sdi dang khi tin hiéu 16n (do A khong phu thudc r’,)
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V.11 PHAN HOI HAI TANG

Mach khuyé&ch dai CE cdi tién 13 vi du vé khuyé&ch dai phdn hdi 1 tang.
Muc dich ctia mach khuyé&ch dai CE ci ti€n 12 8n dinh hé s6 A, ting trd khing
vao va gidm sdi dang khi tin hiéu 16n. Mach khuyé&ch dai phdn hoi qua 2 tang
c6 dic trung tot hon.
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Hinh 5-21

Hinh 5-21 12 mach khuyé&ch dai phdn hoi 2 tang. Tang thi¢ nhat 1a mach
khuyé&ch dai CE céi ti€n. Tang thit hai 1a mach khuyéch dai CE thong thudng.
Tin hiéu 16i ra cta ting khuyéch dai thé hai dugc phin hdi qua dién tré Ry
(feedback) tdi emitter clia tAng thi nhat. Do ciu chia thé, thé tai emitter clia
tang thif nhat so véi dit bing:

) Ve= (TeVou)/ (Re+Te)

Y tudng chinh & ddy 1a: Gié st do su ting nhiét do 1am thé€ ra ting. Vi
mdt phian cta th€ ra dugc phan hdi lai emitter transistor thi nhit nén lam
gidm vy, cla transistor thit nhit. K&t qud 1a thé& 161 ra cla transistor thit nhat va
vi vay th& 16i ra clia transitor thit hai cling gidm theo. Ngugc lai, néu thé ra
gidm thi sau qud trinh phdn hdi th& 16i ra sé ting. Moi thay ddi trén 16i ra déu
bi phan hdi vé 16i vao va 1am cho thé& 18i ra chi c6 thé thay d6i trong pham vi
nhat dinh.

Dé& dang thay riing hé s6 khuyéch dai cia mach phan hoi qua 2 ting nay
bing
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A=R; /1, +1 (5-20)
Thudng R¢/ ro >>1 nén (5-20) trd thanh
A=R,/r, (5-21)
Y nghia cta (5-21) 12 & chd: hé s& A chi phu thudc cdc dién tr trong
mang phan hoi R¢ va r. ma khong phu thudc cdc yéu td khic.
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Chuong VI
KHUYECH PAI CONG SUAT

VI.I THUAT NGU B KHUYECH PAI

C6 nhiéu cdch khdc nhau d€ phan loai mot mach khuyé&ch dai. Ching
han c6 thé phan loai theo ch€ @6 hoat dong, phan loai theo kiéu ndi giita cic
tang, phan loai theo dii tin s&, mic tin hiéu...

PHAN LOAI THEO CHE PO HOAT PONG

Ché& do A (hang A). Trong ché do nay, transistor hoat dong trong viing
tic dong. Trong ché d6 A, cdc nha thi€t k& chon diém Q & gilta dudng tai.
Theo cach nay tin hi€u c6 thé c6 bién do toi da ma khong bi méo do transistor
bio hoa hoidc ngung dan.

Ché& do B (hang B). Trong ché& dd nay, transistor dugc phan cuc sao
cho di€m Q nim & bién gidi viing tic dong va viing ngung din. Transistor chi
din & nita chu ky duong ctia ngudn ac. Piéu ndy lam gidm nhiét hao phi trén
transistor cong suat.

Ché& dp C (hang C). Trong ch& d6 nay, transistor dugc phan cuc sao
cho diém Q nim siu trong viing ngung din. Transistor chi din & mot phan cila
ntra chu ky duong clia ngudn ac. K&t qua Ia tai collector chiing ta chi nhin
dugc mot xung ngin.

PHAN LOAI THEO KIEU NOI TANG

L L
Lo next stage ]

i %
to next stage § § Lo next stage
a_”.—l-

—

a) b o

Hinh 6-1

Trang 86



Hinh 6-1a 12 so dd ndi ting bing tu. Tu ndi truyén tin hiéu di dudc
khuyé&ch dai dén tang ti€p theo. Hinh 6-1b 13 so d6 ndi tang bing bién thé.
Thé ac dudc ghép qua bién thé va truyén dén tang ti€p theo.

Trong hai cdch ndi trén dy, thanh phan dc dudc cdch ly hoan toan giita
céc tang khuy&ch dai. Hinh 6-1c 12 so d6 ndi tang truc ti€p. Trong d6 collector
cla transitor thit nhat dugc néi truc ti€p dén base cia transistor thit hai. Trong
céch ndi tryc ti€p, cd thanh phan ac 1an thanh phan dc déu dugc ndi. Tin hiéu
dc dugc ghép tir ting thi nhit sang ting tht hai ma khong bi mat mat.
Khuyé&ch dai ghép truc ti€p con goi 1a khuyé&ch dai dc.

PHAN LOAI THEO MIEN TAN SO

Mot cich khic d€ phan loai mach khuyéch dai 13 dung tan sd. Vi du,
khuyé&ch dai 4am tin (audio amplifier) chi cdc mach khuyéch dai trong ving
tan so tir 20Hz dén 20KHz. Khuyé&ch dai cao tin (Radio Frequency) dé chi cdc
bd khuyéch dai c6 tan s6 trén 20KHz. Ching han khuyé&ch dai RF trong cdc
radio AM khuyéch dai cdc tin hiéu tir 535KHz dén 1605KHz. Khuyé&ch dai RF
trong cdc radio FM khuyé&ch dai céc tin hiéu tir 88 MHz dén 108MHz.

Theo tan s6 ngudi ta ciing phan loai khuyé&ch dai band hep va khuyé&ch
dai band rong. Khuyé&ch dai band hep chi khuyé&ch dai tin hiéu trong mot viing
tan sO, ching han tir 450 KHz d&én 460KHz. Khuyé&ch dai band rong khuyéch
dai tin hiéu trong mdt viing tin s rong ching han tir 0 d€n IMHz. Khuyéch
dai band hep con goi 12 khuyéch dai RF cong hudng. Tai cia mach khuyéch
dai la mach cong hudng LC. N6 thudng dung trong cdc mach chon kénh trong
radio hoac TV.

PHAN LOAI THEO MUC TiN HIEU

Chiing ta dd xem xét hoat dong clia transistor & ch& dd tin hiéu bé.
Trong d6 dong collector khi ¢6 tin hiéu ac chi bing 1/10 bién do dong
collector tinh. Trong ch& do tin hiéu 16n, bién do dinh — dinh cla tin hiéu c6
thé€ chi€m hét bién do dudng tdi. Trong cdc hé thdng x& Iy 4m thanh, tin hiéu
bé tir ddu CD dudc dung nhu tin hiéu vao cia bd tién khuyéch dai. Tién
khuy&ch dai 12 mach khuyé&ch dai tin hiéu bé. O day, tin hiéu dugc khuyéch
dai 1én bién dd thich hop cho tang diéu chinh 4m sic hoidc diéu chinh Am
lugng. Sau d6 tin hiéu dudc dua vao tang khuyéch dai cong suat. Khuyé&ch dai
cong suat 12 mach khuyé&ch dai tin hiéu 16n. N6 tao ra mdt cdng suat tir vai
mW dén hang trim W dé dua ra loa.
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V1.2 HAI PUONG TAI

Mbi mach khuyéch dai ¢6 mach tuong duong dc va mach tuongduong
ac. Do d6 mdi mach khuyéch dai c6 2 dudng tai: dudng tdi ac va dudng tai dc.
Trong ch& do tin hiéu bé, vi tri cia Q khong quan trong nhung trong ch€ do tin
hiéu 16n di€m Q cin phdi & giita dudng tii ac d€ c6 dugc tin hiéu cyc dai ma

khong bi méo.
Puong tai DC

tiee

i g g fic Tout
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B}
Hinh 6-2

Hinh 6-2a 12 mach khuyé&ch dai VDB. Mot cach d€ di chuyén diém Q 1a
thay ddi R, . Khi R, rat 16n transistor rdi vao viing bio hoa vdi dong I bio hoa

cho bdi phuong trinh
Icsan = Vee / (Re+RE) (6-1)
Néu R, rdt bé transistor s& roi vao vung ngung din vdi thé trén
transistor cuc dai va bing
Vegsan = Vee (6-2)
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Pudng tai AC

Hinh 6-2b 1a mach tuong dudng ac cia mach khuyé&ch dai VDB. Do Rg
ndi GND vé mit xoay chiéu nén khong dnh hudng dén hoat dong clia mach.
Hon nita trd collector ac bé hon trd collector dc. Khi ¢6 tin hiéu ac vao, diém
Q tic thdi di chuyén trén dudng tdi ac nhu hinh 6-3. N6i cdch khdc, dong va
thé& xoay chiu cuc dai qui dinh b&i dudng tai ac.

Do do doc cta dudng tdi ac 16n hon do doc clia dudng tdi dc nén gia tri
16i ra dinh - dinh cuc dai (maximum peak to peak) MPP bé hon ngudn cung
cap Vec.

MPP <Vc (6-3)

Su cit khi tin hiéu 16n

Ic

AC LOAD LINE

DC LOAD LINE

Ve

Voo

Hinh 6-3

Khi di€ém Q nim giita dudng tai dc nhu hinh 6-3, tin hiéu ac khong thé
dung hét dudng tii ac ma khong bi cit. Mot mach khuyéch dai tin hiéu 16n
dugc thiét k& tot ¢6 Q nim gitta dudng tai ac. Trong trudng hdp nay chiing ta
thu dudc tin hiéu 16n nhat ma khong bi cit.

BIEN PO TIN HIEU RA

U’ng v6i modt mach khuyéch dai, gid tri dinh cla tin hiéu ra la

MP =I¢qo.r. (6-4)
Tin hiéura dinh - dinh cyc dai bing
MPP = 2MP (6-5)
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VI.3 KHUYECH PAI HANG A

Hinh 6-4a 1a mach khuyé&ch dai VDB hang A vdi tin hiéu ra khong bi
cit. Chiing ta hay din ra mot s6 phuong trinh cho mach khuyé&ch dai nay.

HE SO KHUYECH PAI CONG SUAT
Ching ta dinh nghia hé s& khuyé&ch dai cong suit 1a

G= Pou / Pin (6-6)

Hé s khuyé&ch dai cong suat bing ty s6 cong suit 16i ra chia cho cong

sult 16i vao.

Vi du mach khuyéch dai hinh 6-4a c6 cong suit ra 1a 10mW va cong

sudt vao 10uW thi hé s6 khuyéch dai cong suat bing

G =10mW / 10uW = 1000

CONG SUAT RA

tiee

Tout
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a

Hinh 6-4

Néu do thé ra trén hinh 6-4a biing gid tri hiéu dung thi cong suit ra cla

mach khuyé&ch dai trén 1a

Pout = V2, /R (6-7)

Néu ky hiéu Vo, 12 thé ra dinh — dinh thi (6-7) tr§ thanh

Pout = V2, / 8R;. (6-8)
Cong suat ra cyc dai khi V,, = MPP hay
Poutmaxy = MPP?/ S8R (6-9)
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Cong suit tiéu tdn cha transistor

Khi khong c6 tin hiéu dua vao mach khuyéch dai trén hinh 6-4a, cong
sudt tiéu tan tinh bing

Poo= Veroleg (6-10)

Khi c6 tin hiéu ac, cOng suit ti€u tdn clia transistor gidm vi transistor
bi€n mdt phan cdng suit tinh thanh cong suit tin hiéu. Do d6 gii han cong
sudt cla transistor trong mach khuyéch dai hang A phdi 16n hon Ppg néu
khong transistor s€ bi pha huy.

Hiéu suit

Néu goi Ig. 12 dong ma ngudn nudi cung cip cho bo khuyéch dai thi
cong suat ma ngudn dc cung cap cho bo khuyéch dai bing

Pgc=1Idac Vec (6-11)

Pé€ so sdnh kha ning bi€n d6i ning ludng clia ngudn thanh tin hiéu cda
c4dc mach khuyé&ch dai ngudi ta dinh nghia hiéu suat

N = (Pou / Pa) x100% (6-12)

Thong thudng hiéu sudt cia mot khuyéch dai hang A 1a 25%.

VL4 KHUYECH PAI HANG B

Mach khuy&ch dai hang A 1a cich thudng dung dé st dung transistor
trong cdc mach tuyén tinh vi né 1am cho mach phan cuc dn dinh nhat va don
gidn nhit. Nhung khuyé&ch dai hang A khong phai 13 cdch hiéu qiia nhit dé
van hanh transistor. Trong mot s& hé thdng dung pin van dé hiéu suit rit quan
trong. Phan nay s& gidi thiéu nhitng y tudng chinh ctia khuyé&ch dai hang B.

Hinh 6-5

T2

W ‘_g

3t

JPEAKER
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Hinh 6-5 1a mach khuyé&ch dai diy kéo hang B. Khi mot transistor hoat
dong & ché€ dod B, né cit mot nira chu ky tin hiéu. P& trdnh sdi dang ching ta
c6 thé dung 2 transistor ki€u ddy kéo nhu hinh 6-5. Push pull nghia 13 trong
mot nifa chu ky cia tin hiéu chi ¢6 mot transistor dan con transistor kia ngung
dan.

Hoat dong cia mach nhu sau: vao nia chu ky duong cda tin hiéu vao
cudn thit cap cda T, ¢6 th€ v, v v, nhu hinh v& 6-5. Do d6 transistor Q1 din
con transistor Q2 ngung din. Dong collector chdy qua Q; va qua cudn so cap
clia bi€n thé& ra T,. Piéu nay tao ra th€ ddo pha va dugc khuyé&ch dai. Bién thé
T, ghép tin hiéu dd dugc khuyéch dai vé6i loa. Vao nira chu ky 4m cda tin hiéu
vao, cuc tinh bi ddo ngugc. BAy gid transistor Q2 din, transistor Q1 ngung
dan. Tin hiéu cla nita chu ky 4m lai xuat hién trén loa thdong qua T,. Trong
khuyé&ch dai ddy kéo mdi transistor khuyéch dai mot nita chu ky, loa nhéan
dugc ca chu ky clia tin hiéu nhung da dudce khuyéch dai.

Uu di€m va nhugc diém

Do khong phan cuc nén khi khong c6 tin hiéu vao, ngudon nudi khong
cung cAp mot dong dc ndo. Uu di€m thi hai 13 hiéu suit dugc cdi thién dén
78.5%. Do dé khuyéch dai ddy kéo hang B thudng ding trong cdc ting ra
(tang khuyé&ch dai cudi cuing clia thiét bi).

Nhudc di€m clia so dd 1 diing bién thé€ ning né va dic tién. Ngay nay
céc thi€t k€ mdi da thay th& cho khuyéch dai diy kéo kiéu nay.

VI.5 KHUYECH PAI HANG C
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Hinh 6-6
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Khuyé&ch dai hang C cin diing mot mach cong hudng cho tii. Do d6
khuyé&ch dai hang C con goi l1a khuyé&ch dai cong hudng.

Tén s6 cong huéng

Trong khuyé&ch dai hang C, dong collector chdy qua transistor chi trong
mdt phan thdi gian cia mot nita chu ky. Mot mach cong hudng song song c6
thé loc cdc xung cda dong collector va tao ra mot thé hinh sin. Ung dung chi
y€u clia khuy&ch dai hang C 12 mach khuy&ch dai RF cdng hudng. Hiéu suit
t61 da cia mach khuyé&ch dai hang C 1a 100%.

Hinh 6-6 12 sd d6 mot mach khuyé&ch dai RF cdng hudng. Tin hiéu xoay
chiéu dua vao cuc base. Thé 16i ra da dugc khuyé&ch dai xuat hién tai collector.
Do ¢6 mach cong huéng thé ra c6 bién do 16n nhat tai tin s& cdng hudng cla
mach

f,=1/2n(LC)" (6-13)
Hai bén tin s& cong hudng hé s6 khuyé&ch dai th€ gidm nhanh nhu hinh
6-7.
A
hmaw [--------- |

fr £

Hinh 6-7

Mach khuyé&ch dai hang C thudng dung cho céc ung dung khuyéch dai
RF cong hudng hay khuyé&ch dai band hep. Chiing dugc dung nhiéu trong cic
mach khuyé&ch dai RF cho tin hiéu radio va TV.

Céc cong thifc sau day 1a 4p dung cho khuyé&ch dai hang C

G =P, /Pi (hé s6 khuyé&ch dai cong suat)
Pout = Voour / 8RL (cOng suitra ac)

Poutmaxy= MPP? / 8R_ (cong suit ra ac toi da)

Py =Veclae (cong suit vao dc)

N =(Pout / Pin)- 100% (hiéu suat)
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VL6 KHUYECH DAI CHUNG COLLECTOR

Mach khuyé&ch dai chung collector con goi 1a mach lip lai emitter. Tin
hiéu ac can khuyéch dai dudc dua vao base. Thé ra 14y trén emitter.

] +¥oc
§ R

i
§ R Re RL
11 }

F

Vin

.|||_@_

Hinh 6-8

Hinh 6-8 13 so d0 mdt mach khuyéch dai CC. Thé vao duge dua vao
base. N6 setup mot dong emitter va tao ra th€ emitter. Th€ nay ndi qua tu ra
tdi. Goi 1a mach khuyé&ch dai lip lai vi thé ra giong th€ vao vé bién do va pha.
Thyc vay, c6 thé rit ra cdc gid tri cia mach nhu sau.

Trd emitter ac

r.=Rp// R, (6-14)
Hé s6 khuy&ch dai thé
Hinh 6-9 1a so dd tuong duong mo hinh chit T ctia mach CC.

1
: ] : o

Yout
Tin re Vin RL//R2 1
R1MR2 Vout hfelre+r'a) §
l l rE

al bl

Hinh 6-9
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Dung dinh ludt Ohm c6 thé viét cdc phuong trinh sau

Vout = iere
Vin = ie (re+ r’e)
A=r./(re+71) (6-15)

Thong thudng chon re > 1’ nén A=1.
Trd khdng vao cia mach base

Zin(base) = B(re + r,e) (6'16)
Tré khdng vao ctia mach khuyéch dai CC
Zin(stage) = RI//RZ//B(re + r’e) (6'17)

VI.7 TRGO KHANG RA CUA MACH KHUYECH PAI

Tré khdng ra cia mot bd khuyéch dai giong nhu tré khang Thevenin.
Uu diém cta mach khuyé&ch dai CC 1a c6 trd khdng ra thap.

Cong suit trén tai t8i da khi c6 sy phd hgp gitta tré khdng ngudn va trd
khdng tdi. Ching han d€ c6 cong suit toi da trén tdi 12 loa thi cin st dung
mach khuyé&ch dai CC c6 trd khdng ra thap.

R
RG Ay
AMPLIFIER é L
VG FL kit ‘
al b
Lout
RG iy
AMPLIFIER L
ki (:J )
o) d)

Hinh 6-10

Hinh 6-10a chi ra mot ngudn ac thiic mot bd khuyéch dai. Bén 16i vao
do c6 Rg nén sé c6 sut th€ qua né. Ching ta c6 thé diing mach hinh 6-10b dé
tinh th€ vao.

Bén 16i ra ciing c6 thé d4p dung dinh 1y Thevenin. Tif phia tdi nhin vao
bod khuyé&ch dai chiing ta thdy mot tr§ khdng ra zg,.
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Tré khang ra cia mach khuyé&ch dai CE

Yout

L@ Fw T AL

al bl

Hinh 6-11

Hinh 6-11a cho thdy mach tuong duong ac & phia ra cia bd khuyéch
dai CE. Khi 4p dung dinh 1y Thevenin ching ta thu dugc hinh 6-11b. Trd
khéng ra clia mach chinh 1a R¢. Vi hé s& khuéch dai ctia mach CE phu thudc
R¢, do dé mach CE khé c6 thé c6 trd khing ra thaip ma khong mAt mat hé s6
khuyé&ch dai thé.

Tré khang ra ciia mach khuyé&ch dai CC

Hinh 6-12a 13 sd dd mach tuong duong ac ctia mot bo khuyéch dai CC.
Trd khéng ra ciia mach bing

Zow=Re// (e + (R /I Ry /I Ry) 1 B) (6-18)

Trong thi€t k€ R, va R, va dién trd ac r’. cla emitter c6 thé bé qua

bén canh gid tri bé clia Rg / B. Vi vy cudi cling
Zow=Rag/ B (6-19)

Theo (6-19), mach CC lam gidm tré khdng ngudn B 1an. Do d6 né cé
thé cung cAp mot cong suit dd 16n trén tai 12 loa c6 trd khang thap.

Pé€ dat dudc cong suit toi da trén tai Ry cdc nha thi€t k& chon gid tri cia
cac linh kién sao cho

Zow=RL (6-20)
Phuong trinh (6-20) goi 14 diéu kién phdi hop trd khang.

. J Zout i
e A
AL
RG R1iR2
Vin FL
Fe FL J_
a) b

Hinh 6-12
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VI.§ NOIDARLINGTON

No6i Darlington 1a ndi gitta 2 transistor d€ tao thanh mot transistor c¢6 hé
s6 khuyé&ch dai dong bing tich hé sd khuyéch dai dong clia cdc transistor riéng
ré. Mach transistor n6i Darlington cho tr§ khdng vao rit cao va dong ra rat
16n. N&i Darlington thudng dung trong cdc mach 6n 4p va khuyéch dai cong
suat.

a1 _—I: a1
0z 0z
a) b) o)
] Hinh 6-13
CAP DARLINGTON.

Hinh 6-13a cho thdy mot cdp Darlington. Do dong emitter clia Q) 1a

dong base ctia Q, nén cip Darlington c¢6 hé s6 khuyéch dai toan thé bing:
B=P1p> (6-21)

Nha mdy sdn xuat linh kién ban din c6 thé dit cip transistor Darlington
trong mot vd va goi la transistor Darlington nhu hinh 6-13b. Vi du TP102 la
transistor Darlington cong suat c6 hé s6 B=1000 tai dong bing 3A.

DARLINGTON BU

Hinh 6-13c¢ cho thdy mot cach ndi Darlington khdc goi 1a Darlington
bu. Darlington bi gdm mdt transistor pnp va mdt transistor npn. Dong
collector ctia Q1 1a dong base ctia Q2. Hé s B ctia Darlington bl ciing xdc
dinh bdi phuong trinh (6-21).

+15%
§ 10K o
OO 1 2 02
Wi f——— ¢
@J; § 20K B0 a0
J:_ — = o
Hinh 6-14
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Vi du: Cho mach trén hinh 6-14. Transistor Darlington c6
B=10000. Tinh trd khdng vao va tin hiéu ra dinh - dinh cuc dai cda
mach.

I = 60Q//30Q = 20Q

Trd khdang vao ctia Q bing

Zinthasey = 10000(20Q2) =200KQ)

Dong emitter dc cua Q; la:

Igo= (10V-1.4V)/ 602 = 143mA

Thé collector-emitter tinh biing

Verg=15V- (60Q.143mA) = 15V —8.6V = 6.4V

Thé& xoay chiéu dinh tai emitter bing

Icqre = (143mA)(20Q)= 2.86V

MPP =2 Vg =2(2.86)=5.72V

VL9 LAPLAI EMITTER PAY KEO HANG B

Khuyé&ch dai hang B c6 nghia l1a dong collector chi ton tai trong
Y5 chu ky cda tin hiéu. P& dic¢u nay xay ra, di€ém Q phdi & trong viing
ngung din. Uu di€m cta khuy&ch dai hang B 12 dong cung cp tif ngudn
bé va hiéu suit cao.

+Woo +Woo
R1 R1
| £ B
|4 |
. Rz Rz
in
— & -—H—
R3 R3
FL
f I —
§ R4 = § R4

Hinh 6-15
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Hinh 6-15a 14 so &5 mach lip lai emitter d4y kéo hang B.

Céc dién trd phan cyc nhim setup diém Q tai ving ngung din
véi th€ trén diode emitter ¢ 0.6V dén 0.7V. Mot cdch 1y tudng thi phan
cuc hang B 1am cho

Ico=0

Vi céc dién trd phin cuc ¢6 gia tri bing nhau, cdc diode emitter
c6 dién 4p ciing bing nhau nén thé€ rdi trén mdi transistor bing mot nita
gi4 tri ngudn nudi, hay

Vegg=Vee/2 (6-22)

PUONG TAI AC

Ic

4 Yoo /ZRL

AC LOAD LINE

Ve

Voo/s2

Hinh 6-16

Hinh 6-16 cho thdy dudng tdi ac. Khi transistor dang din diém
hoat dong cta transistor dich chuyén doc theo dudng tai tir vi tri ngung
din dén bao hoa. Thé ra cuc dai dinh dinh bing

MPP=V ¢ (6-23)

PHAN TICH AC
Hinh 6-17 12 mach tuong duong clia transistor dang din. Mach
nay gidng mach tuong duong ac clia khuyé&ch dai transistor hang A. B4

qua r’ thi
A~ (6-24)
Tré khdng vao cla base bing
Zin(base) = PRL (6-25)
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Vin Zinibase)
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Hinh 6-17

Hoat dong tong qudt cia mach nhu sau:
Nita chu ky duong transistor phia trén dan, transistor phia du6i

ngung dan. Transistor phia trén gidng nhu mot mach ldp lai emitter
thong thudng do d6 thé trén tdi bing thé vao. Ngugc lai, nita chu ky Am
transistor phia dudi dAn, transistor phia trén ngung din. Transistor phia
duéi ciing gi6ng nhu mot mach 1ip lai emitter thong thudng do dé thé
trén tai bing thé vao.

Pic diém cta mach 1 ¢6é trd khiang vao cao néu nhu dung cic

transistor Darlington.

MEO XUYEN TAM

+ Voo

__K Q1

Win (4;)—‘_{ Q2
I

Hinh 6-18

Néu khong phan cyc cho 2 transistor nhu mach hinh 6-18, thé ra
cta bo khuyé&ch dai s& bi méo khi tin hiéu vao chua vugt mic £0.7V.
PE tranh sii dang ngudi ta phan cuc nhe cho transistor d& di€m Q nim
phia trén viing ngung din mot chit. Thong thudng chon I¢q bang 1 dén

5% cua IC(sat)-
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Céc cong thifc sau day 4p dung cho khuyéch dai ddy kéo hang B.

G=P,, /P, (hé s6 khuyé&ch dai cong suat)
DPout = Voour / 8RL (cong suitra ac)

Poutmaxy= MPP? / 8R_ (cong suitra ac toi da)

Py =Veelae (cong suat vao dc)

N =(Pout / Pin)- 100% (hiéu suat)

CONG SUAT TIEU TAN CUA TRANSISTOR

Ly tudng thi cong suat tiéu tdn clia transistor hang B bing 0 vi
khong c6 dong dc. Né&u ¢ phan cuc chdng méo xuyén tim thi cdng suit
tiéu t4n clia transistor cling rat nhd.

Khi c6 tin hiéu vao, cong suit tiéu tdn cla transistor tr§ nén ding
ké&. Cong suit tiéu tan clia mdi transistor trong khuyéch dai diy kéo
hang B c6 thé tinh theo cong thic sau:

Phmax) = MPP? / 40R (6-26)

VL.10 PHAN CUC KHUYECH PAI PAY KEO HANG B

Khé khin nhat khi thi€t k&€ mach khuyé&ch dai diy kéo hang B 1a
dit di€ém Q gin viung ngung din. Hinh 6-19a cho thdy mach phan cuc
bing cau chia th&. PE tranh sdi dang xuyén tAm ngudi ta phan cuc nhe
cho cip transistor v6i Vgg = 0.6V dén 0.7V. Nhung c6 mot khé khin 1a
dong collector rit nhay vdi thay ddi clia th€ Vgg . SO liéu clia transistor
cho thdy néu Vgg ting 60mV thi dong collector c6 thé ting 10 1an.
Thudng ngudi ta thay dién trd bing bién trd d€ chon di€m Q phu hop.
Nhung n6é vin khong gidi quyét dugc van dé nhiét do. Piém Q c6 thé
rat tot tai nhiét @6 phong nhung né sé& thay d6i khi nhiét do thay ddi
(diéu nay 1a khong tranh khdi tai tAng cong suit). Vdi cdch phan cuc
nhu hinh 6-19a thi gid s nhiét do ting ma th& phan cyc base khong ddi
(trong khi Vgg gidm) s& lam ting nhanh chéng dong collector, két qua
1a transistor sé& bi chét do qua nhiét.
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Hinh 6-19

Can phai bu lai th€ phan cuc base clia transistor khi nhiét do thay ddi.
Gidi phdp 1a ding mach diode bu nhu hinh 6-19b. Tinh chit clia diode
b phéi giéng nhu diode emitter cla transistor. Néu nhiét do ting 1°C
thi thé€ trén diode bu gidm 2mV. Do d6é mach sé& c6 tdic dung bl nhiét
do. Thuc t€ 1a khi nhiét do ting th€ phan cyc sé gidm, do d6 dong

collector ciling s€ giam.

Vi du: Cho mach khuyé&ch dai ddy kéo hang B nhu hinh 6-20. Tinh dong
collector tinh va hiéu suat cuc dai ciia mach.

Gidi: Dong phan cuc qua diode bu biang
T = (20V —1.4V)/ 2(3.9K) = 2.38mA

Pay chinh 1a gia tri cia dong collector tinh do hiéu ing guong
dong dién.

Dong collector bdo hoa bing

Ic(sat) = VCEQ / RL =10V /10=1A
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Hinh 6-20

Gi4 tri trung binh cia dong collector bing
Iav =Ic(sat)/t=1A/n=0.318A

Dong collector tdng bing

Idc =2.38mA + 0.318A =0.32A

Cong suit vao dc bing

Pdc = (20V)(0.32A)= 6.4W

Cong suit ra ac cyc dai bing

Pout(max) = MPP’/8R;. = (20V)*/ 8.10 = 5W
Hiéu suét ciia mach bing

n= (Pout/Pdc)x100% = (5/6.4)x100% =78.1%
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. Chuong VII
CAC HIEU UNG TAN SO CUA MACH KHUYECH DPAI

VIL1 PAP TUYEN TAN SO CUA MOT BO KHUYECH DA

DPép tuyén tan s6 cia mdt bo khuyé&ch dai 1a gidn dd quan hé giita hé
s6 khuy&ch dai va tan s8. Trong phin nay chiing ta s& phan tich ddp tuyén tan
s6 clia mdt mach khuyé&ch dai ac va dc.

PAP TUYEN CUA MACH KHUYﬁCH bAI AC

Amid

0.7074mid (- Q& 1

frequency

£l 10£1

Hinh 7-1 cho thdy ddp tuyén tdn s6 clia mach khuyé&ch dai ac. O giita
ddp tuyén hé sd khuyéch dai c¢6 gid tri 16n nhit. N6i cdch khdc mach hoat
dong binh thudng & viing giita cdc tan s6. Tai tin thdp do cdc tu ndi va tu
thong din khong hoan toan ndi tit nén hé s6 khuyéch dai th€ gidm. Cang gan
OHz hé s6 A cang gidm.

Tai tin s& cao hé s6 A ciing bi suy gidm vi nhitng 1y do khdc. Chiang
han, giita cdc moi ndi cla transistor ¢ céc tu dién ky sinh nhu hinh 7-2a.
Nhitng tu nay tao ra dudng thong din cho tin hiéu ac. O tan s6 cao, trd khang
clia cdc tu nay du bé va ching ngin can hoat dong binh thudng cia transistor.
K&t qua 1a gid tri cda A bi suy gidm & tan s cao. Mot 1y do khdc 1am cho A
suy gidm & tan s6 cao 1a cdc tu ky sinh cla cdc day ndi. V& nguyén tic mot
diy din 12 1 ban tu. Gitta mot diy din vd GND hinh thanh mot tu dién ky sinh
nhu hinh 7-2b.
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Hinh 7-2
TAN SO CAT

TAn s& ma tai d6 hé s6 khuyé&ch dai thé bing 0.707 gi4 tri cuc dai goi 12
tan s cit. Trén hinh 7-1, f; 12 tdn so cit thap con f, 1a tin sO cit cao. Tan s6
cit con dudc goi 13 tin sd nira cong sudt vi tai tan sO cit cong suat ra chi bing
Y5 cong sut cuc dai.

MIDBAND

Chiing ta dinh nghia midband cia mdt bo khuyéch dai 12 viing clia cdc
tan s6 nam gitta 10f; va 0.1f,. Trong midband hé s khuy&ch dai thé xap xi gid
tri cuc dai va ky hiéu 13 A,q. Ba dic trung quan trong cia mdt mach khuyéch
daila A, f; va fs.

OUTSIDE THE MIDBAND

Mot mach khuyéch dai binh thudng chi hoat dong trong viing midband.
Tuy nhién chiing ta s& xem xét hé sd khuyé&ch dai th€ § ngoai ving midband.
Pay 12 cong thic tinh A cho mot mach khuyéch dai ac.

A=A/ (1+(£,/0) + (1+£/£,) ) 7 (7-1)

Phuong trinh niy gid s ring ¢6 1 tu nao dé quy dinh tin s cit thap f,
va mot tu khac quy dinh tan s6 cit cao f5.

C6 thé thay ring tai midband A=A .

Trén midband

A = A/ (14£/£,) " (7-2)

Duéi midband

A=A, / (1+£,/0)" (7-3)
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PAP TUYEN CUA MOT KHUYECH PAI DC

Amid

] T s Y S S S S S S S S S S S o B o e o a oo 5

frequency

Hinh 7-3

Hinh 7-3 1a d4p tuyén ctia mdt bo khuyéch dai dc. Do khong c6 tn s&
cit thap f; nén chi c6 2 thdng s6 clia ddp tuyén tan so cia bo khuyé&ch dai dc
la Aniq va f.

HAau hét cdc b khuyéch dai thudng dung 12 bo khuyéch dai dc vi ching
dudc tich hgp trong IC. P6 13 cic bd khuyéch dai OPAMP. Pic diém cia
khuyé&ch dai OP AMP la hé s6 khuyéch dai thé rit 16n, tré khdng vao cao, tré
khéng ra thap.

VIL2 SO PO DECIBEL

Trong phan nay ching ta s& xem xét khdi niém decibel nhu mot s§ do
thdng s6 clia mach khuyé&ch dai. Nhung truéc hét hdy 6n lai mot chit 1y thuyét
todn hoc vé logarit.

Cho phuong trinh

x =10’ (7-4)

Khi dé

y=log;ox

Thong thudng 10 duge hi€u ngdm do d6 cé thé viét
y=logx (7-5)

Ching han

y=logl10 =1

y=log100 =2

y=log1000 =3

néu x ting 10 1an thiy ting 1 lan.
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y=log0.1=-1

y=log0.01=-2

y=log0.001=-3

néu x gidm 10 14n thiy gidm 1 Ian.

PINH NGHIA HE SO Gys

Chiing ta da dinh nghia hé s6 khuy&ch dai cong suit
G= Pout / Pin

Hé s6 khuyé&ch dai cong suat decibel dugc dinh nghia 1a
Ggg = 10 logG (7-6)

G la dai lugng khong c6 thd nguyén, do d6 Ggg cling khong c6 thi
nguyén, nhung d€ tranh nham 14n giita G va Gy ching ta thém don vi decibel
(dB) sau Ggp .

Bing sau diy cho thdy quan hé giita A va Agz cho mot vai gid tri dién
hinh cua G.

G Gus =10l02G
1 0
2 +3
0.5 -3
10 +10
0.01 -10
100 +20
1000 +30
PINH NGHIA HE SO Ay
Chiing ta da dinh nghia hé s6 khuyé&ch dai thé
A= Vouc/ Vin
Hé s6 khuyé&ch dai thé decibel dugc dinh nghia 1a
Ags = 20 logA (7-7)

Ly do cla viéc sit dung hé s& 20 thay cho hé s 10 trong phuong trinh
(7-7) 1a vi cong suat ty 1& v4i binh phuong hiéu dién thé. Theo (7-7) néu mot
mach khuyé&ch dai c6 hé s6 A=10° thi hé s& khuyé&ch dai th€ decibel bing
Agg = 20 log10’ = 100dB
Bing sau diy cho thidy quan hé giita A va Agg cho mot vai gid tri dién hinh
cua A.
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A Agp =20logA
1 0
2 +6
0.5 -6
10 +20
0.01 -20
100 +40
1000 +60

Khi bi€t Ggg hoiic Agg c6 thé tinh ra hé s& khuyé&ch dai cong suit G va
hé s6 khuyé&ch dai thé A theo phuong trinh sau

G =antilog(Gyp/10)
A=antilog(Ag4p/20)

Pai lugng Decibel d6i khi con diing nhu mdt s6 do chudn clia cong suit

hoic thé.

(7-8)
(7-9)

CONG SUAT MILIWATT

Decibel ddi khi dugc dung dé do cong suit 16n hon 1 mW. Khi d6 ngudi
ta ky hiéu 12 dBm (chit m 12 viét tic clia miliwatt).

Pagm= 10log(P/1mW)

(7-10

Vi du néu coéng suat 1a 2W thi

)

Pysn= 10l0g(2W/1mW)=101022000=33dBm
C6 thé tinh ra P né€u biét dBm theo phuong trinh sau:
P = antilog (Pg,/10) (7-11)

(mW)

Bdng sau cho thdy quan hé giita cong sudt P va Pgg,

Power Pigm
1uW -30
10uW -20
100uW -10
ImW 0
10mW 10
100mW 20
1w 30
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THE CHUAN 1VOLT

Decibel d6i khi ciing dugc ding d€ do mic th€ 16n hon 1V. Khi dé
ngudi ta ky hiéu 1a dBV (chit V 1a viét tdt cia Volt).

Vgv=20logV (7-12)

Vi du néu thé 13 25V thi

Vggv = 20log25 =28 dBV

C6 thé tinh ra V néu bié€t dBV theo phuong trinh sau:

V = antilog (Vgsy/ 20)  (7-13)

Bdng sau cho thiy quan hé giita th€ V va Vggy

Voltage Vav
10uV -50
100V -40
ImV -30
10mV -20
100mV -10
1V 0
10V +10
100V +20

VIL3 PHOI HQP TRO KHANG

LMFPLIFIER % FL

&)

LMFPLIFIER % F

b

RG Vin

Wiz

|

e

R Win

Wiz

L]

e

Hinh 7-4
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Hinh 7-4a cho thdy mot ting khuyéch dai c6 trd khang ngudn 1 Rg,
dién trd vao R, , dién trd ra Ry, va trd tdi 1a R;. V& nguyén tic gid tri cdc tr
khdng vao ra ay 1a khdc nhau.

Trong cdc hé thdng truyén tin nhu microware, television, telephone,
network... thudng c6 diéu kién phdi hop trd khdng, nghia la

Rc=Rin=Rou=RL

Hinh 7-4b mo t3 y tudng nay. Tat cd cdc dién tr§ bing nhau va bing R.
Tré khdng R biing 50Q trong cdc hé thong viba, 75Q ddi véi cable dong truc
(calbe mang) hoic 300Q2 trong cable truyén hinh hay 600Q trong cable dién
thoai. Su phdi hdp trd khang dugc dung trong cdc hé thdng ndy vi nd tao ra
cong suat truyén tdi da.

Trén hinh 7-4b, cong suit vao bing

Pin =v’in /R

Cong suit ra bing

Pout =V20ut /R

Hé s6 khuyé&ch dai cong suat

G= Pout / Pin = Vzout/ Vzin

Vay G=A’ (7-14)

Theo (7-14) hé s6 khuyéch dai cong suit bing binh phuong hé s6
khuyé&ch dai thé trong cdc hé thong c¢6 phoi hop trd khdng.

Biéu dién bing decibel thi

Gag = 10logG=10logA” = 20logA

Suy ra Gus =Agp (7-15)

Theo (7-15), hé s& khuyé&ch dai cong suit decibel biing hé s6 khuyéch
dai th€ decibel trong cdc hé théng c6 phdi hgp trd khdng.

VIL4 GIAN PO BODE

Amid

0. 707hAwid (oo oo g

frequency

Hinh 7-5
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Hinh 7-5 cho thdy ddp tuyén tan s6 clia mdt bd khuyé&ch dai ac. Mic du
né chita mot s6 thong tin nhu hé s6 khuyéch dai tin so giita va cdc tan sd cit
nhung né khong cho phép md t day di vé hoat dong cia mot bd khuyéch dai.
Gidn d6 Bode 12 cong cu cho nhiéu thdng tin hon vé hoat dong clia mot bod
khuyé&ch dai 6 ngoai viing tin so giffa.

OCTAVES

Trong hé 2, mdt s& ding bén trdi mdt sd khic 16n hon né 2 1an. Trong
am nhac, tif octave c6 nghia 13 gdp ddi vé tin sd. Khi di chuyén lén trén mot
octave chiing ta c6 tan s& gap doi.

Trong dién t, octave c¢6 nghia tuong tu.

Khi f;/ =2 ching ta néi ring f dudi f; mot octave.

Khi f/f, =2 ching ta néi ring f trén f, mot octave.

DECADES

Decades c6 nghia tuong tu octave nhung ding hé sd 10 thay vi hé s6 2.
Khi f;/ =10 chiing ta néi rang f dudi f; mot decade.

Khi f/f, = 10 chiing ta néi rang f trén f, mot decade.

THANG bO TUY]A:‘{N TINH VA THANG PO LOGARIT

Céc gidn do thong thudng 13 gidn do dung thang do tuyén tinh trén ca 2
truc. Piéu nay c6 nghia 12 khodng cdch giita cdc sd 1a gidng nhau d6i vdi moi
gid tri trén truc s6 nhu hinh 7-6a. Trong thang do tuyén tinh cdc s& bit dau tir
s6 0 va ting tuyén tinh dén c4c sd 16n.

EEEEEEEEEN

01z 3 4 5 &6 7 8 9 10

&)

b
Hinh 7-6
Do6i khi chiing ta dung thang do logarit vi né nén cédc gid tri rat I6n clia
s6 liéu va cho phép chiing ta nhin thdy nhiéu decade. Hinh 7-6b cho thdy mot

thang do logarit. Luu ¥ riing sd dudc ddnh tir 1. Khodng cdch giita 1 va 212 16n
hon khodng cédch giita 9 va 10. Thang do logarit thich hdp vé6i cdc s6 do
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decibel. Ngoai thang do tuyén tinh va thang do logarit ngudi ta con ding
thang do ban logarit. Thang do bdn logarit dung thang do tuyén tinh trén truc
tung con truc hoanh dung thang do logarit. Ching ta dung thang do bdn logarit
dé€ bi€u dién cdc quan hé nhu hé s& khuyéch dai th€ trén nhiéu decade cia
tan sd.

GIAN PO DECIBEL CUA HE SO KHUYECH PAI THE
Hinh 7-7 chi ra d4p tuyén tin s6 clia mot bd khuyéch dai ac.

Adb

Adb (mid)

-20db/decade

frequency

£l £Z

Hinh 7-7

Gian dd twong tu hinh 7-5, nhung ching ta biéu thi hé s& khuyéch dai
bing decibel theo tan sd trén thang logarit. Gidn do nhu vy goi 1a gidn db
Bode. Truc tung la thang do tuyén tinh con truc hoanh la thang do logarit.

Theo gidn dd, hé s& khuyéch dai decibel dat gi4 tri cuc dai & gitra. Tai
tan s6 cit hé sd khuyé&ch dai gidm va gidm vdi toc d6 20dB/dec.

Tai tan so cit, hé sd khuyéch dai th& bing 0.707. Do d6 hé s khuyé&ch
dai theo decibel tai tin so cit bing

Agp = 2010g0.707 =-3dB

Gi4dn dd Bode hinh 7-7 12 gidn dd Bode ly tuwdng da dudc 1y tudng hod.
Gidn dd Bode 1y tudng cho phép vé ddp tuyén tan s6 clia modt bd khuyéch dai
nhanh va dé dang.

Vi du chiing ta c6 gidn dd Bode 1y tudng nhu hinh 7-8. Chiing ta c6 thé
thdy cédc thong tin sau day. Hé sd khuyéch dai gifta 12 40dB. Tan s6 cit 1a
1KHz va 100KHz. D6 doc cda dic tuyén bén dudi va trén tin s cit 1a
20dB/dec. Ngoai ra chiing ta ciing thdy ring hé s6 khuyé&ch dai th& decibel
bing 0dB (A=1) tai tin s6 10Hz va 100MHz.
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Adh

a0db (- ------_-_

frequency

10H= 1FH= 100KH= 100MH=

Hinh 7-8

VIL5 HIEU UNG MILLER

Hinh 7-9a chi ra mot mach khuyé&ch dai ddo c6 hé sd khuyé&ch dai thé
bing A. Trén hinh 7-9a, tu dién C ndi gitta 161 vao va ra clia by khuyéch dai
goi 12 tu phan hoi bdi vi tin hiéu 16i ra dudc dua trd lai 16i vao.

c

_ INVERTING
Vin LNPLIFIER Vout
L

&l

INVERTING

—_

Vin Zin LMPLIFIER - Cout Vout
b

b

Hinh 7-9

Mach nhu th€ rit khé phan tich vi tu phdn hdi dnh hudng dén cd mach
161 ra 1an mach 161 vao.
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Dinh 1y Miller cho phép phan tich tu phdn hdi thanh 2 tu riéng ré nhu
hinh 7-9b. Trong d6

C,, = C(A+1) (7-16)

Cou = C(A+1)/ A (7-17)

C6 thé thdy ring Coy ~ C nhung C;, 16n hon tu phan hdi A+1 1an. Hién
tugng nay goi 13 hiéu &ng Miller. N6 dudc diing d€ tao ra mot tu 4o 16n hon tu
phan hdi nhiéu Ian.

Mit khdc hiéu @ng Miller con cho thiy ring tu phdn hoi tao ra mdt
mach tré (lag circuit) § 161 vao ctia bd khuyéch dai. Chinh tu Cj, 12 tu chd yé&u
quy dinh tin s& cit thdp ctia bd khuyéch dai.

QUAN HF GIUA BANDWIDTH VA THOI GIAN TANG

Xét mach RC & dau vao ctia bo khuyé&ch dai. Ban diu tu khong tich
dién nhu hinh 7-10a.

S
oo A
v —_—__— =z
al
R
T
ﬁ_:) ] °
bl
Hinh 7-10

Né&u déng mach tu sé& dugc nap theo hAm mii tir gid tri 0 dén ngudn cung
cap V. Thdi gian ting Ty clia mach RC dugc dinh nghia 1a thdi gian ma thé
trén tu ting tr 10% dén 90% gi4 tri cuc dai.

Dé dang tinh dugc

Tr =2.2RC (7-18)

Thoi gian ting 16n hon thdi hing RC mot chit.

Nhu di néi trén, mot bo khuyéch dai dc ¢c6 mot mach tré RC & 161 vao
ma né 1am cho hé s6 khuyé&ch dai th€ decibel gidm 20dB/dec. Tan s6 cit cla
mach RC nay cho bdi

f,=1/27RC
Luu y dé€n phuong trinh (7-18) thi
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£,=0.35/Tx (7-19)

Phuong trinh (7-19) 1a quan hé gitra thoi gian ting va band théng cla
mach. Trong mach khuyé&ch dai dc band thong c6 nghia 12 tat cd cdc tan s6 tr
0 dén tin sd cit. Band thong 1a cdch néi khdc cla tdn s6 cit. Ching han néi
mdt mach khuyé&ch dai dc c6 band thong 100KHz c6 nghia 13 tin s6 cit cla
mach cling la 100KHz.

VIL6 PHAN TiCH TAN SO CUA BO KHUYECH PAI

Ching ta s& phan tich & day cdc hiéu dng tin s6 ctia mot bd khuyéch
dai CE phan cuc bing cau chia thé.

Tén s6 cdt thdp f; clia bd khuyé&ch dai CE quy dinh bdi:

a) Tu ndi vao

Khi mot tin hiéu ac dudc dua vao bd khuyéch dai, mach tuong duong

nhu hinh 7-11.
s
é_,) o Rin

Hinh 7-11

Mach ndi c¢6 tan so cit bing
f,= 1/2nRC (7-20)
trong d6 R gdm Rg va Ry,.

b) Tu ndi ra
Hinh 7-12a cho thdy mach tuong duong 161 ra ctia mot bd khuyéch dai.
Ap dung dinh ly Thevenin chung ta thu dugc mach hinh 7-12b.

C6 thé dung (7-20) dé tinh tin s& cit thap, trong d6 R bing tong clia Ry va R
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R Cout
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é} Vth A%RL
bl
Hinh 7-12

Tdn s& cdt cao f> cla khuyéch dai CE quy dinh bdi cdc tu ky sinh trén collector

+Voo

Cout
|

Cstray § RL

®
oy
En)
[on]
. l"'u'lll'u'll"i' >
a
m
- - - o b
[
[}
-~ - - b

Al
g

Hinh 7-13
Hinh 7-13 cho thdy m6t mach CE véi tu ky sinh Csray - Tu C’ 12 tu gilta

cuc C va cyc B bén trong transistor. Mac du Cg,y va C’¢ rat bé nhung tai tin

s6 cao ching s& c¢6 dnh hudng.
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Hinh 7-14 1a mach tuong duong Thevenin ca mach hinh 7-13. Tan s&
cdt cia mach nay 1a
f,=1/2nRC (7-22)

trong d6 R=R//R¢c va C= Cgyyy + C’¢

_ él,:) T ot T Cstray = RL
"1 l l

Vth

"'%@T

l

Hinh 7-14
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Chudng VIII
CAC LINH KIEN BAN DAN PAC BIET

Transistor ludng cuc c6 2 loai dién tich: electron ty do va 10 trong.
Diéu nay gidi thich tai sao goi 12 transitor ludng cuc. Trong chuong nay ching
ta s€ xem xét mot loai transistor khdc goi la transistor hi€u tng trudng (field
effect transistor- FET). Thiét bi nay 1a don cyc vi hoat dong ctia né chi dua
trén mot loai dién tich hoic 1a electron ty do hoidc 1a 10 tréng. N6i cdch khdc
FET chi ¢6 phin tif tdi cd bdn ma khong c6 phan ti ti khong co ban.

DP6i v6i hau hét cdc ng dung tuyén tinh, transistor thich hdp hon.
Nhung c¢é mot s6 tng dung, FET lai c6 nhiéu wu di€m hon do tr§ khdng vao
cao va mot sd dic trung khac. Mit khéc trong céc thiét bi s6, FET lai tot hon
transistor vi né cé toc dd nhanh hon transistor.

Co 2 loai transistor don cuc 1a JFET va MOSFET. Trong chudng nay sé€
xem x€t chung.

VIII.1 JFET (Junction FET)

DRATH ] DELTHN

n
GATE
n 2| vaa A
= P P
SO0URCE J SO0URCE

a) bj

Hinh 8-1
Hinh 8-1a cho thAy mot m4u ban din loai n. PAu phia dudi goi 12 ngudn
(Source), dau phia trén goi 12 mang (Drain). Ngudn cung cip Vpp budc cédc
electron chiy thanh dong tir nguén dén mang. PE c6 JFET, nha mdy pha tap 2
ving p vao thanh b4dn dan loai n nhu hinh 8-1b. Cé4c ving b4n dan loai p nay
dudc ndi & bén trong va chi c6 mot ddu ra goi 1a cuc cong G.
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Hinh 8-2a cho thdy mach phan cuc cho JFET.

DELIN

n
4 TE .
P r —n

GATE DELTH

|
[
=3
o
B

g

+« 30URCE

S0URCE

a) b

Hinh 8-2

Déi v6i JFET, chiing ta ludn ludn phan cuc nguge diode cdng ngudn. Do
phan cuc ngude, dong cdng xap xi bing 0. Piéu nay c6 nghia 1a JFET c6 dién
trd vao bing vo cling (thudng 1a hang trim MQ). Pay 12 vu diém cda JFET so
véi transistor. D6 12 1y do gidi thich vi sao JFET la rat tot trong cdc tng dung
yéu cau trd khdng vao cao, chﬁng han b lip lai ngudn (source fllower).

THE GATE PIEU KHIEN DONG MANG

Trén hinh 8-2a, cdc electron chdy tif nguén dé€n mang phdi qua kénh
hep gifta cdc ving nghéo. Khi th€ phin cuc 4m hon, 16p nghéo rong ra va
kénh din cda JFET hep hon. R& rang 1a bing cdch thay d6i thé Vg c6 thé
diéu khién dong dién chdy giffa ngudn va mang.

JFET 1a thiét bi diéu khién bdi dién thé& vi thé vao diéu khién dong ra.
Trong JFET, th€ Vs quy dinh dong mang ngudn. Khi Vgs bing 0 dong méng
1a cuc dai. Khi Vgg dd 16n hai viing nghéo cham nhau thi dong mdng bing
khong.

Hinh 8-2b 1a so d0 ky hiéu cta JFET kénh n vi kénh din giita ngudn va
mdng 13 bdn din loai n. Trong cdc ng dung tan s§ thdp cuc ming D va cuc
ngudn G 12 c6 thé ddi chd cho nhau. Nhung trong céc tng dung tin sd cao thi
khong thé trao ddi D va G vi tu tap tan giita DG va DS 1a khdc nhau ddng ké.

Ngoai JFET kénh n con c¢6 JFET kénh p. Ky hi€u JFET kénh p nhu
JFET kénh n nhung mii tén hudng ngudc lai. Hoat ddong cua JFET kénh p la
bd tic véi JFET kénh n.
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PUGNG CONG MANG
Hinh 8-3a cho thdy mdt mach phan cyc JFET.

: l: .| vald | .| vdd

=g

al b
Hinh 8-3

Trong mach nay th€ Vgg bing ngudn Vgg va thé nguén mang Vpg bing
th& ngudn cyc mang Vpp.

C6 dinh Vgg=0V (biing cich ngin mach cuc cdng nhu hinh 8-3b) va
bing cach thay d6i thé Vpg chiing ta s€ thu dugc dudng cong Ips(Vps).

Khi ting Vpg tir gid tri 0, dong Ipg ting tuyén tinh. Khi Vpg=Vp thi
dong Ipg dat dén gid tri bdo hoa Ipgg. Khi Vpg vudt qué Vbsmax) dOng qua
JFET ting nhanh do né bi ddnh thing. Gi4 tri Vp goi 1a thé& pinchoff.

Vung tdc dong ctia JFET nidm giita Vp va Vbsmax)- Trong ving nay
JFET d6ng vai trd mdt ngudn dong c6 gid tri Insskhi Vgs=0.

Ving gidi han bdi th€ V, va Vps=0 goi 12 viing ohmic. P6 12 viing ma
JFET hoat dong nhu mot dién trd c6 gia tri bing:

Rps = Vp/ Ipss

Chéng han néu V, =4V va Ipss=10mA thi

Rps =4V/ 10mA = 400Q

Khi JFET nay hoat déng trong ving Ohmic né ludn ludn cé dién trd
bing 400€.

Hinh 8-4 13 ho diic tuyén Ipg (Vps).

Pudng cong trén cuing tng v6i Vgs=0. Pudng cong dudi cing tng véi
trudng hop Vgs = -4V, tai d6 dong mang hau nhu bing 0. Thé nay goi 13 thé
thit cyc cdng, ky hiéu 12 Vs,

Thé/ Vp=4V va théf VGS(Off) =-4V
Piéu nay khong phdi ngiu nhién vi ing véi chiing, cdc viing nghéo dién

tich cham nhau. Cdc bdng tra cttu cho mot trong hai gid tri nay va ching ta
suy ra gid tri con lai nhd phuong trinh
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Vp=-Vasofr) (8-1)

Id

Veos=0
Id=ss gs

Vge=-4v

Wds

Hinh 8-4

Pudng cong truvén din

Pudng cong truyén din cta JFET la dudng cong quan hé I, va Vg nhu
hinh 8-5a.

Id

Wiz

Vgs (off)

Hinh 8-5

Pudng cong truyén din cia moi JFET la gidng nhau nhu hinh 8-5. Cic
di€m dau cudi clia ching 1a Vs va Ipss.
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Phuong trinh ctia dudng cong nay la:

Ip = Ipss(1- Vs / Vas(ofn )’ (8-2)

VIIL.2 PHAN CUC JFET

Hinh 8-6a cho thdy mach phan cuc cuc céng. Mot ngudn Am -Vgg ap
vao cuc cong thdng qua trd phan cuc Rg. Piéu nay tao ra dong mang nhd hon
dong méng bdo hoa Ipgs. Thé mang bing

Vb = Vpp - IpRp (8-3)

Phan cyc cuc cong 12 phan cuc kém 6n dinh nhat. Tuy nhién ngudi ta
hay duing cdch phan cyc nay khi st dung JFET trong ving dién trd.

PHAN CUC TRONG VUNG TAC BONG

Hinh 8-5b cho thdy mach phan cuc bing cau chia thé.

+7dd T 4wdd

ad § R Rd

Ry § Rz Rs

-Voy = =
al b

Hinh 8-6
Thé trén dién tré ngudn Rg bing
Vs =Vg - Vgs (8-4)
Dong méng

Ip =(Vg-Vgs) / Rs ® Vg / Rg (8-5)
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PHAN CUC BANG NGUON POI

Hinh 8-7 cho thdy mach phan cuc cho JFET bing ngudn doi.
Dong méng cho bdi

+vdd
Fd
R Rs
— -Vas
Hinh 8-7

Ip = (Vss-Vas)/Rs
= VSS/RS (8-6)

Theo (8-6) dong mang gan nhu khong phu thudc nhiét do va ban than JFET.

+7dd

R
R Fs
Hinh 8-8
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TU PHAN CUC
Hinh 8-8 cho thdy mach ty phén cuc ctia JFET.
Dong méng tao ra thé trén cuc ngudn bing

VS = IDRS (8'7)
Do d6 thé
Vs = - IpRg (8-8)

HE SO TRUYEN DAN CUA JFET
Pé phan tich mdt mach khuyé&ch dai dung JFET ching ta dinh nghia hé so
truyén din (Tranconductance) ctia JFET nhu sau:

gm =14/ Vgs (8-8)
Trong d6 ig 1a dong méng ac con v, 1a th€ cdng ngudn ac.
g cho thiy dnh hudng ciia thé ngudn cong trong viéc diéu khi€n dong mang.
R rang ring g, cang 16n thi vdi vy cho trude c6 thé tao dong méng 16n hon.
Vi du néu i4=0.2mA va v4=0.1Vpp thi
gm = 0.2mA/ 0.1V = 2.10” mho = 2000 pS
DPon vi clia hé s6 truyén din 12 mho hay Siemen (S)
Lién hé gilta g0 va Vgsefn cia mot JFET nhu sau
Vs(offy = -2Ipps/ Emo (8-10)

Trong d6 gmo 1a gn, tai Vgs=0.

Hé sd truyén din tai Vg bat ky tinh theo cdng thiic

8m = 8mo (1-Vas / Vasorr) (8-11)
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VIIL.3 KHUYECH PAIDUNG JFET

Hinh 8-9a cho thdy mot mach khuyé&ch dai ding JFET ki€u ngudn
chung CS. O ch& dd ac cdc tu 1a ngdn mach. Ngudn ac vao dudc dit 1én cédc
cuc GS. Diéu nay tao ra dong mdng ac. Dong méng ac tao sut th€ trén tr§
mdng Rp. Thé trén cuc mang cia JFET Ia da dugc khuyéch dai ddo pha so
véi th€ vao.

Hinh 8-9b cho thdy mach tucng dudng ac. Pién trd mang ry bing

Iq= Rd//RL
Wdd
]
§' a1 § Rd
y g
[ [
RL
vm(’g £ R2 £Rs lm
= = i} = =
Vout
vm(’g R1IR2 % Rys RL
1 |

bj

Hinh 8-9

Hé s6 khuyé&ch dai thé bing
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A= Vout / Vin = &mVin Id / Vin
= gmlq (8-12)

JFET thudng ding trong cdc mach khuyé&ch dai 16i vao nhiu thap, cdc
bd dém. JFET ciing thudng dung trong cdc chuyén mach s8, cdc bd don va
tdch kénh. Mot s6 ng dung diung FET nhu mot dién trd diéu khién bdi dién
the€ (mach AGC).

VIIL.4 MOSFET

FET bdn din oxit kim loai (Metal Oxide Semiconductor FET) 12 thiét bi
3 cyc: Coéng, Ngudn va Mdng nhu FET. Nhung cuc cdng cia MOSFET céch
dién hoan toan vdi kénh din. Do d6 dong cdng cia MOSFET nhd hon dong
cong ctia JFET.

C6 2 loai MOSFET 1a MOSFET ch€ d6 hi€ém va MOSFET ché& do cdi
ti€n. MOSFET ch€ do cdi ti€n dudc dung rong rdi trong mach rdi ciing nhu
mach tich hgp. Trong mach tich hgp MOSFET dung chid yéu nhu digital
switch, m6t qua trinh cd ban trong may tinh.

Trong phan nay chi trinh bay MOSFET c4i ti€n, con goi 1a E-MOSFET.
Hinh 8-10a cho thdy mot E-MOSFET.

‘ DRATH DRAIN
n n
GATE [ STBSTRATE GATE [
& P . S . .| vid
i i ==
n o] Mus n
SOTRCE SOURCE
al b)
Hinh 8-10
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Cyc cdng 1a cdch dién hoan toan vdi kénh din bing SiO,. Viing P goi 1a
Subtrate. Khi phan cyc Subtrate dugc ndi véi cuc ngudn. E-MOSFET dung thé
c6ng ngudn Vgs duong. Khi Vgg=0 kénh din giita S va D bi nghén. Khi Vs
duong, né hiit céc electron ty do vao ving P. Tai diy ching bi tdi hgp véi 16
trong bén canh 16p silicon oxide. Khi Vgs dii 16n, né 1am cdc 16 trong gan 16p
oxide silicon bi 14p day va do d6 tao ra mot 16p ban din loai n. Khi né ton tai
céc electron c6 thé chay tir cyc ngudn dé€n cyc mang tao ra dong mang. Thé
Vs t8i thi€u tao ra 16p ban din loai n goi 12 thé ngudng, ky hiéu 12 Vg Gid
tri cda Vgsan thudng 12 tir 1 d&€n 3V.

Hinh 8-11 1a dic tuyén Ip(Vps) cia E-MOSFET tin hiéu bé.

Id

WVgs=15%

// Wgs=10%
Wgs=5W

/ WVogs (th)

Wds

Hinh 8-11

DPudng cong dudi cung tng v6i Vggum). Khi Vgs < Vs dong mang
bang 0. Khi Vgs> Vs E-MOSFET dan va dong mdng phy thudc Vgs. Mic
di c6 th€ st dung E-MOSFET trong viing tdc dong, ngudi ta thudng dung E-
MOSFET chii yé&u trong vung dién trd.

Ky hiéu so do: E-MOSFET gbém 2 loai: kénh n va kénh p ky hiéu nhu
hinh v€& 8-12.

a) b

Hinh 8-12
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Thé& cong ngudn toi da. MOSFET cé mot 16p oxide silicon mdng déng
vai tro cach dién giita cf;ng va kénh dan. Khi Vg vugt qud mot gid tri nao dé
c6 thé ddnh thiing su cdch dién nay va MOSFET bi hdng. Ching han 2N7000
6 Vasman=20V. N&u th& Vg duong hon hodc Am hon 20V thi ¢6 th€ phd huy
2N7000. C4c xung chuyén khi cidm hodc thio MOSFET vao thiét bi dang c6
nguodn cé thé lam héng MOSFET. Tham chi dién tich tinh (electrostatic) cling
c6 thé vugt qui Vgsmaxy va lam héng MOSFET khi chdng ta cAm ching trén
tay. Vi vdy cdc thi€t bi MOSFET can phai dugc chéng tinh dién (bing vé
chong tinh dién) va khong dudc cim néng (hot plug).

Pién tré mang ngudn khi din. Khi MOSFET dugc phin cuc trong
viung dién trd, né tuong duong véi mot dién trd Rpgen). Cdc tai liéu ky thuat
thudng cho Rpgen Ung véi mot gid tri ciia Ip va thé Vgs. Khi d6

RDS(on)= VDS(on)/ Ip(on) (8-13)

Bang 8-1 cho thdy mdt s6 cdc s liéu clia vai MOSFET

Device Vasih Vason) Inon) Rpson) Ib(max) Ppmax)
V) V) (mA) Q (mA) (mW)
VN2406L | 1.5 2.5 100 10 200 350
BS107 1.75 2.6 20 28 250 350
2N7000 2 4.5 75 6 200 350
VNIOLM | 2.5 5 200 7.5 300 1000
MPF830 2.5 10 1000 0.8 2000 1000
IRFDI120 |3 10 600 0.3 800 1000
VIILS CHUYEN MACH SO

MOS da lam nén cudc cdch mang trong cong nghi€p mdy tinh. Trudc
khi ¢6 MOS, mdy tinh ding dén hoic transistor c6 kich thudc 16n, tiéu ton
nhiéu ning luong. V6i thé ngudng bé va dong vao bing 0, MOS 13 thiét bi
chuyén mach ly twdng. Khi th€ vao 16n hon th€ ngudng MOS chuyén tir Off
sang bdo hoa. Sy chuyén giita 2 trang thdi on/off 13 y tudng chinh d€ xiy dung
mdy tinh. Mdy tinh ding hang chuc triéu MOS nhu 12 cdc cong tic dé xit 1y s&
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liéu (sd liéu 12 tit cd cdc so, chit, dd hoa va nhitng thong tin khdc dugc ma hod
dudi dang nhi phan).

MACH TUONG TU, MACH SO VA MACH CONG TAC

Tur Analog c6 nghia 1a tuong tu hay lién tuc. Chang han séng sin. Khi
ching ta néi tin hiéu analog c6 nghia 1a tin hiéu 4y bi€n thién lién tuc theo
thoi gian.

Tu Digital ¢6 nghia 1a s6 hay roi rac. Tin hiéu digital 12 cdc tin hiéu
khong lién tuc. Ching bi€n thién gidn doan hay cé su chuyén tir gid tri cao
sang thAp mot cdch dot ngdt nhu hinh 8-13. Mdy tinh diing céc tin hiéu nay dé
mai hod s6, chif va cdc thong tin khéc.

Woltage

\ Time

Hinh 8-13

Tu Switching c6 nghia rong hon digital. N6 c¢6 nghia la cdc mach
chuyén (cong tic). Cdc mach chuyén (cong tic) bao gdm cdc mach sd nhu 12
tap con. Mach cong tic cling bao haim mach dé diéu khién motor, heater...

PASSIVE LOAD SWITCHING

¢ +Wdd

Wout

Hinh 8-14
Hinh 8-14 cho thdy mot mach cong tic tai thu dong (tdi 1a dién tré Ry
thong thudng). Trong mach ndy Vin c¢6 2 trang thdi: cao va thap. Khi Vin thap,
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MOS ngung din va Vg, = Vpp. Khi vin cao, MOS bdo hda va v, xap xi 0V.
Pé mach hoat ddng ding can c6 diéu kién

Rps(on) << Rp

Mach hinh 8-14 12 mach don gidn nh4t trong mdy tinh. P6 1a mach ddo
(inverter gate) vi th€ 16i ra ddo ngudc vé6i thé 161 vao. Gid tri chinh xdc clia
mach khong quan trong ma quan trong 1a thé ra ¢6 2 gid tri cao va thdp phan
biét dudc.

ACTIVE LOAD SWITCHING

Mach tich hgp IC chda hang ngan transistor nhd hoidc 1a transistor luéng
cyc hoidc 1a MOS. Cé4c thé hé IC diu tién c6 mach cong tic vdi tdi thu dong.
Nhung chiing c6 nhudc diém 1a kich thugc 16n. Cong tic c6 tai dong khic phuc
nhudc di€m nay. Hinh 8-15a cho thdy mach cong tic tdi dong. MOS phia dudi
12 cOng tic. MOS phia trén 12 tdi dong. Pién trd cia MOS trén bing

Rp = VDS(active) / ID(active) (8-14)
Trong d6 Vpsactive) V& Ipacivey 12 thé va dong cia MOS trén ving active.

P& mach hoat dong ding Rp clia MOS trén phdi 16n hon Rpgen) clia
MOS duéi.

Hinh 8-15b cho thdy cédch tinh Rp cdia MOS trén.

Vi Vgs=Vps nén dic tuyén cia MOS trén 1a dudng thing.

C6 thé thay ring tai cic diém tng v6i Vps=15V, 10V va 5V cdc dong Ip
tuong tng 1a 3mA, 1.6mA va 0.7mA do d6 trd Rp tudng Gng bing 5KQ,
6.25KQ va 7.2KQ.

Né&u MOS dudi ¢6 tham s6 nhuw MOS trén thi

Rp(on= 2V/3mA= 667 Q.

C6 thé thdy riing tai moi di€ém hoat dong, th€ ra khi MOS duéi on 12 rat
thap (xap xi OV).
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« +WVdd «  +Vdd

Wout Wout

Hinh 8-15

VIIIL.6 CMOS

Trong cong tdc tdi dong, dong tdi khi 161 ra thap 12 Ip(,,. DOng nay kha
16n va vi viy khong thich hdp vdi cdc thi€t bi hoat dong bing pin. Mot ciach dé
gidm dong 13 ding CMOS (complementary MOS) nhu hinh 8-16. CMOS goém
mdt MOS kénh n va mdt MOS kénh p. Ching dudc goi 1a bd tic vi ¢ cic
thong s6 dong, th€ biing va ddi nghich nhu Vs, Vasonys Ipcon)s

Mach nay tuong tu mach khuyé&ch dai ddy kéo hang B vi mét MOS dan
thi MOS kia ngung dan.

¢ +idd

—|E L

Vin Yout

—|E 0z

Hinh 8-16
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Khi CMOS la cong tic thi thé vao 1a tir 0 dé€n Vpp. Khi thé vao cao, Q1
ngung con Q2 din, thé€ ra bing OV. Khi th€ vao thap, Qldin con Q2 ngung,
thé ra cao.

Uu diém chii yéu ctia CMOS 1a cong suit tiéu tdn rat bé. Khi th€ vao
bing ¥ th€ Vpp cd hai MOS déu din (th€ ra bing 1/2Vpp) va dong mdng tir
ngudn 12 16n nhat. Tuy nhién thdi gian ndy rit ngin nén cdng suit tiéu tdn
dong trung binh rat bé. CMOS thich hdp cho cdc hé thdng hoat dong bing pin
(ching han RTC cta mdy tinh).

VIIL.7 THYRISTOR VA UNG DUNG
I i
1l

I I Il

nz jul r P
I Il

al b) c]
Hinh 8-17

Thyritor ¢6 ngudn gdc tir chit Hylap 12 ctta md ra cho mot cdi gi d6 di
qua. Thyritor 13 thiét bi ban din si dung phan hoi bén trong d€ tao ra mot tic
dong nhu cong tic. Thyritor quan trong nhit 13 SCR (Silicon Controlled
Rectifier) va Triac. Ching dudc s dung nhu cdc chuyén mach cé dong 16n,
toc do cao. Thyritor ding nhiéu trong cidc mach diéu khién motor, heater, cic
hé thdng 4nh sidng va cdc thiét bi c6 dong tai 16n.

DIODE 4 LOP

Hinh 8-17a cho thdy mach tuong dudng ctia diode 4 16p. Diode 4 16p c6
tén goi nguyén thuy la diode Shockley, diode pnpn va Silicon Unilateral
Switch (SUS).

So @5 ndi bén trong diode bdn 16p tao ra phdn hdi duong ma diéu nay
c6 nghia 13: néu dong clia mdt trong hai transistor ting s& 1Am cho ¢4 hai bdo
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hoa, ngudc lai néu dong clia mot trong hai transistor gidm sé& 1am cho c4 hai
transistor ngung dan.

Néu cé hai transistor bdao hoa diode 4 16p coi nhu cdng tic dong.

Néu ci 2 transistor ngung dan, diode 4 16p coi nhu cdng tic hd. C4 hai
trang thdi nay 12 bén. Vi mach c6 thé § mot trong hai trang thii bén nén mach
goi 12 mach LACTH (chét)

+¥coc

FL
Yout

nl

Nz

Hinh 8-18

Do6ng mach chét

Hinh 8-18 cho thAy mdt mach chdt ndi véi tdi dé€n ngudn Vee. Gid s
ring mach chdt dang hd. Chi c6 mdt cich d€ déng mach chot 13 dung
Breakover. Piéu niy c6 nghia 13 ding mot ngudn V¢ di 16n d€ danh thing
diode collector Q1. Khi d6 do phdn hdi dudng ca hai transistor s& bdo hoa. Khi
mach chdt déng sut thé qua diode 4 16p gan bing khong.

MG mach chét

Khi mach chdt di déng, &€ md mach chdt cin gidm ngudn cung cip
Vce. Piéu nay budc ¢4 hai transistor ngung dan va mach chét hd.

SCR (Silicon Controled Rectifier)

Trong diode 4 16p, bing cdch ndi base ctia Q2 ra ngoai (ky hiéu 1a G
hay cuc cong) chiing ta c6 SCR.

Cuc cdng c6 kh3 ning diéu khién hoat dong ctia SCR. Khi mach chot
dang hd, néu ching ta dua vao cuc G mot xung duong thi mach chdt sé dong
ngay cd khi xung kich thich mat di. Nha mdy thudng chi ra dong toi thi€u dé
kich SCR bing tham s6 Igr. Thé kich SCR 1a Vgr=0.7V.

Thé vao t6i thiu dé kich SCR 1a

Vin = Vgr+ Ig1Rg (8-15)
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Trong d6 Rg 1a dién trd Thevenin ciia mach kich SCR.

AMNODE
I T ANODE

ANODE

B L

nl

I I I
4 TE 4 TE
G4TE — - p

0z 2 P

I I

CATHODE C4&THODE l CATHODE

. b} )

Hinh 8-19
RESET SCR
Sau khi SCR din, n6é van ti€p tuc din ngay cé khi V;,=0. Chi c6 mot
cdch dé€ reset SCR 12 gidm dong ctia SCR dén dudi gid tri dong gift (holding
current). N6i cach khdc th€ cung cAp phdi bé hon
Vee=0.7V + IR (8-16)
Trong dé6 Iy la dong gifr.

DIAC va TRIAC

Diac 1a 2 diode 4 16p ghép ddi song (hinh 8-20a). Con Triac 12 2 SCR
ghép doi song (hinh 8-20b). Chiing dugc goi 1a cdc Thyritor ludng hudng vi
c6 thé cho dong qua c3 hai huéng.

Hinh 8-20
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Chuong IX
KHUYECH PAI THUAT TOAN

IX.1 KHUYECH DAI VI SAI

Thu4t ngtt khuyéch dai thuit toain (OP AMP) dung d€ chi cdc bo
khuyé&ch dai ma ching thuc hién cdc phép todn. V& mit lich st cdc bd
khuyé&ch dai thuat todn dudc dung trong cdc mdy tinh analog, & d6 chiing
thuc hién cdc phép todn cdng, trir... Vao thdoi ky dé, khuyé&ch dai OP AMP
dudc ldp bing linh kién rdi. Ngay nay OP AMP dudc ch€ tao dudi dang
IC.

M6t mach OP AMP 12 mach khuyéch dai DC véi hé s6 khuyéch dai
ra’t I6n, trd khdng vao rdt cao va tré khdng ra rat thip. Trong khuyéch
dai OP AMP hé s6 khuyéch dai l1a hiing s6 tir 1Hz d€n hon 20MHz. M6t vi
mach OP AMP 12 m6t khdi chitc ning ddy dd v6i mdt sd cdc chidn bén
ngoai. Bing cdch ndi nguén nudi va 1 sd cdc linh kién khdc, ching ta cé
thé€ xdy dung nhanh t4't cd cdc loai mach thong thudng.

Trong vi mach chi c6 transistor, diode, dién trd va cé tu (nhd hon
50pF). Vily do nay cdc nha thi€t k&€ IC khong dung tu ndi va tu thong din
nhu cdch thi€t k€ mach rdi. Thay vao d6 ho dung cdc ndi truc ti€p giita
cdc tang.

Khuyéch dai vi sai c¢6 cing y tudng nhu vdy. Mach khuyéch dai vi
sai han ch€ dudc tu thong din emitter. Vily do ndy va mot vai ly do khdc
mach khuyéch dai vi sai dudc diing nhu 13 ting vao ciia OP AMP.

LOI VAO VA LOI RA VI SAI

Hinh 9-1 cho thdy mdt mach khuyé&ch dai vi sai.

Hinh 9-1

N6 gdm 2 ting khuyéch dai CE c6 dién tré emitter chung. Mic du
c6 2 16i vao va 2 16i ra nhung vé tdng thé mach xem nhu mdt ting
khuyé&ch dai. Vi khéng st dung tu ndi nén tan sd cit thap f;=0.
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Thé ra vy, 1a hiéu th€ gitta 2 collector vdi cuc tinh nhu trén hinh 9-

Vout = Ve2-Vei (9'1)

Thé ra nay goi 1a th& ra vi sai vi né 1a t& hop clia 2 th€ ra ac thanh
mot thé€ bing hiéu th€ cda 2 collector.

Mot cdach 1y tudng thi 2 transistor va cdc dién trd collector phdi
giong hét nhau. Do d6 vy, =0 khi v;=v, . Khi v,;>v, thé€ ra ¢d cyc tinh nhu
hinh 9-1. Khi v, <v, thé ra cé cuc tinh ngugc lai.

Khuy€&ch dai vi sai trén hinh 9-1 ¢6 2 161 vao riéng ré. L6i vao v, goi
12 161 vao khong ddo vi 161 ra cung pha vdéi v,. Ngudc lai 161 vao v, goi 1a 161
vao ddo vi thé ra ngugc pha vdi v,. Trong mot s6 @ng dung, chi cé 161 vao
v; dudc st dung con 161 vao v, ndi GND. Ngudc lai mdt sd ¢ng dung khéc
c6 v; n61 GND trong khi d6 tin hiéu dugc dua vao v,.

Khi c¢6 tin hiéu vao & cd 2 16i vao, cAu hinh ndy goi 1a 16i vao vi sai.
Khi d6 th€ ra bing

Vour =A(V(-V2) (9-2)

trong d6 A 1a hé s6 khuyé&ch dai th€.

] +¥Veoc

21 22
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-Vee

Hinh 9-2a

LOI RA MOT BEN
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L&i ra vi sai nhu hinh 9-1 yéu cau mdt tdi ndi (khong c6 diém ndi
da’t). Hinh 9-2a chi ra mdt cdch dung rong rdi mach khuyéch dai vi sai vi
né c6 thé ndi vdi tdi thong thudng nhw mach CE, mach CC.

Thé ra 14y tir collector bén phdi. Do d6 collector transistor trdi noi
véi ngudén Vee. Vi thé 161 vao van 13 vi sai nén thé 181 ra 13 voy =A(V,-V)).
Nhung luwu ¥ hé s6 khuy€ch dai th€ chi bing ¥ hé s6 khuyé&ch dai thé€ khi
161 ra 1a vi sai.

Hinh 9-2b 1a ky hiéu cda khuyé&ch dai vi sai (gidng nhu OP AMP).
PAiu vao c¢6 ddu + 1a ddu vao khong ddo. Pau vao — 1a ddu vao ddo.

V1
[ Vout
-

VZ

Hinh 9-2b

CAU HINH LOI VAO KHONG PAO
Thong thudng chi c6 mot 161 vao active con 161 vao kia dugc néi

GDN nhu hinh 9-3a.

] +Vaoc

Fe

-Vee

Hinh 9-3a

C4u hinh ndy c¢6 mot dau vao khong ddo va 16i ra vi sai. Do v,=0

nén Vout =AV (9-3)
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Hinh 9-3b 12 mdt cdu hinh khdc, trong d6 c6 mdt dau vao khong
ddo, 16i ra 1 bén. Hé s6 khuyé&ch dai chi bing ¥ cdu hinh 9-3a.

] +¥oc

Vout
Q1 Taz
1
J?_ Fe =
-Vee
Hinh 9-3b

CAU HINH LOI VAO PAO
Trong mot s6 wng dung, v, 1a 161 vao trong khi d6 v; dudgec n6i GDN
nhu hinh 9-4a.
C4'u hinh nay c6 thé€' 16i ra
Vour = -AV, (9-4)

] +Voc

a1 | Gz

Fe

-Vee

Hinh 9-4a
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Hinh 9-4b 12 mdt cdu hinh khdc, trong d6 ¢6 mot 161 vao ddo, 16i ra
1 bén. Hé s6 khuy€&ch dai chi bing % cdu hinh 9-4a.

] +Veo

§Rc
Yout

Q1 oz

9—%2

Fe

-Vee

Hinh 9-4b

Bdng 9-1 chi ra 4 cdu hinh co bdn clia mdt khuyéch dai vi sai

INPUT OUTPUT Vin Vout
Visai Vi sai Vi-v, Ver-Vei
Vi sai bon Vi-vy Ve

bon Vi sai v, hodc v, Veo-Vel
bon bon v, hodc v, Veo

IX.2 PHAN TiCH DC MOT KHUYECH PAT VI SAI

Hinh 9-5a cho thdy mach tudng dudng dc clia mot khuyéch dai vi
Mach phan cyc & ddy 1a mach TSEB. Hau nhu ngudn cung cip 4m trong
mach TSEB 1a dit 1én Rg. Piéu nay tao ra dong emitter ¢ dinh.

PHAN TICH LY TUGNG

Mach khuyéch dai vi sai doi khi con goi 12 mach khuyé&ch dai dudi
dai (long tail)vi hai transistor cling chia sé tré Rg. Dong chdy qua dién trd
dung chung nay goi 1a dong dudi (Iy). Néu bd qua Vg thi dong dudi cé gid
tri bing

It=Vee/Rg. (9-5)
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Hinh 9-5
Dong qua mdi transistor bing
[g=11/2 (9-6)
Thé€ DC trén mdi collector bing
V= Vee - IcRe 9-7)

Trong gan ding bac 2 can phdi tinh d€n Ve=0.7V, khi d6 dong dudi
bing

It = (Vee — Vee)/ Rg (9-8)

IX.3 PHAN TiCH AC MOT KHUYECH DAT VI SAI
Trong phin nay chiing ta sé din ra hé s6 khuyé&ch dai th€ cla mot

bo khuyé&ch dai vi sai. Ching ta hdy bdt diu bing cidu hinh don gidn nh4't:
161 vao khong ddo va 18i ra don.
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Hinh 9-6 cho thdy mdt mach khuyé&ch dai vi sai ¢c6 dau vao khong

+Woo
R
Wout
[N Q2
1
-Vee
ddo
Hinh 9-6

va 16i ra don. V6i Rg 16n, dong dudi hau nhu khong ddi khi c6 tin hiéu ac
nhd 6 16i vao. Do d6 mot sy ting dong emitter Q; tao ra mot sy gidm
tudng ung dong emitter Q, . Ngugc lai mot sy gidm dong emitter Q, tao
ra sy tdng tuong wng dong emitter Q,.

Trén hinh 9-6, transistor bén trdi dong vai tro nhu moét bo lap lai
emitter. Tuy nhién cidn Iuu y 13 th& trén emitter chi bing Y2 thé vao.
Trong nita chu ky dudng, dong emitter Q; ting va dong emitter Q, giam
1am cho th€ colector Q, ting. Ngudc lai vao nita chu ky 4m th€ collector

& e L
. ‘5 C Vout |
i‘rgr ) O ile I

. 1" o
Re ire im

Q, giam.
Hinh 9-7

Hinh 9-7a cho th4y sd d6 twong duong. Trong thi€t k&€ Rg >> 1’ do
dé c6 thé bd qua Rg trong cdc phin tich sd cdp va ching ta thu dugc

mach tuong duong don gidn nhu hinh 9-7b.
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HE SO KHUYECH PAI LOI RA PON
Trong hinh 9-7a, th€ ra bing

Vour= 1cRc
Thé vao ac la
Vip= 1ol + 117 =211
Hé s6 khuyéch dai 16i ra don biang
A=Rc/2r’, (9-9)
HE SO KHYUECH PAI LOI VI SAI

Hinh 9-8 cho th4y so db tuong dudng 18i ra cho mach ¢6 18i vao don,
16i ra vi sai. Phan tich gidng nhu phan trudc ngoai trir thé 16i ra ting gip

wol — 4 Vo2

Hinh 9-8

Vout = Ve2 - Ve1 = 1cl{C - (‘1CRC) =2 ICRC

Thé& ac 16i vao la

. b
Vip= 211
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Hé s6 khyuéch dai th€ 161 ra vi sai bing

A=Re/ 1, (9-10)

CAU HINH LOI VAO PAO

C6 thé thdy ring cdu hinh 16i vao ddo hoan toan giéng ciu hinh 16i
vao khong ddo. Chi khdc mot diéu 1a tin hiéu ra ddo pha so véi tin hiéu
vao.

CAU HINH LOI VAO VI SAI

Cau hinh 16i vao vi sai ¢6 hai 16i vao déu active. Phan tich ac cia
c4u hinh 16i vao vi sai ¢6 thé dung nguyén ly chdng cha't nhu sau: Ching
ta da bi€t hoat dong cla c4du hinh 161 vao ddo va khong ddo mot cdch
riéng ré. Bing cdch t6 hop hai két qia nay chiing ta thu dugc phuong
trinh cho c4u hinh 161 vao vi sai.

L4i ra cho cdu hinh khong ddo 1a

Vour =AV|

L1 ra cho cdu hinh ddo la

Vout = - AV,

L&i ra cho 161 vao vi sai bing

Vout :A(Vl - VZ)

Bdng 9-2 cho thdy hé s6 khuyé&ch dai d6i véi cdc cdu hinh khdc

nhau.

INPUT OUTPUT A Vout
Vi sai Vi sai Rc/ 1, Av,
Vi sai bon R/ 21, A(Vi-Vvo)
bon Vi sai Re/ 1, Av; hoidc -Av,
DPon DPon R/ 21, Av; hodc -Av,

Trd khdng vao cia bo khuyéch dai vi sai

Trang 143




Zin = 2PB1’ (9-11)

IX.4 KHUYECH PAI OP AMP

EMITTEE

—— FLLOWER —j
1
1
1

op AMEPE

____________________________________________________ .
! 1
! 1
: CLASS B _,_-: vour

—_ |

. MORE STAGES PIISH PULL

Vin | DIFF AMP OF GALIN

1

Hinh 9-9

Hinh 9-9 cho thdy so d6 khéi mot OP AMP.

Tang vao 12 modt khuyé&ch dai vi sai. Sau né 12 cdc tdng khuyé&ch
dai thé€. Ldi ra 1 bo 1ip lai emitter ki€u d4dy kéo hang B. Khuyé&ch dai vi
sai & 161 vao quy dinh nhitng didc trung vao cia OP AMP nhu tré khdng
vao ri't cao, hé s6 cdch chung cao. Trong hau hét cdc wng dung, 16i ra cilia
OP AMP la 18i ra don nhu hinh 9-9. Véi viéc st dung ngudn nudi kép, 16i
ra don dudc thi€t k& d€ cé cdc gid tri tinh bing 0. Theo cdch nay thé 16i
vao bing 01a 1y tudng d€ thé 16i ra bing 0.

Khoéng phai td't cd cdc OP AMP déu c6 thi€t k& nhu hinh 9-9. Ching
han c6 1 s6 OP AMP khdng dung 18i ra don, mot s6 khdac khong dung tang
ddy kéo hang B. Cho du thi€t k& bing cdch nao di nita thi hinh 9-9 13 s6 @6
don gidn nhat clia mot OP AMP. Trén thuc t€ vi mach OP AMP cé c4u
tric rdt phic tap. Trong OP AMP, ngudi ta dung cdc k§ thudt pha tap
transistor dong dién guong, tdi dong va nhiéu k¥ thuat khdc ma k¥ thuit

NON INWEETING +Vco
INPUT Wl Fout Wout
— A, .
OUTFUT
(SRR B nin éAOLW1 )
e 72 I
INVERTING =
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mach rdi khong lam dudc.

Hinh 9-10

Hinh 9-10a 13 so d6 ky hiéu ctia m6t OP AMP. N6 ¢6 mdt dau vao
khong ddo, mot didu vao ddo va mot 16i ra don. Mot cach 1y tudng, so dod
nay c6 hé s6 khuyéch dai th€ bing vo cung, tré khdng vao rdt 16n va trd
khdng ra bing 0. Mot OP AMP 1y tudng biéu dién cho mdt bo khuyéch dai
th& hoan hdo va thudng dudc goi 12 mdt ngudn thé duge diéu khién bdi
th& (Voltage Controlled Voltage Source - VCVS). So dd twong duong ac
cia VCVS nhu hinh 9-10b. Trong 9-10b tré khdng vao R;, bing vo cung,

trd khdng ra R, bing 0.

B4ng 9-3 cho thdy mot s6 OP AMP di€n hinh va cdc dic trung clda

ching
Quantity Symbol | Ideal LM741C | LF157A
Hé s6 khuyéch dai vong | Agp Vo cung | 90000 200000
W& n s tai d6 A=1 funity Vo cing | IMHz 20MHz
Trd khdng vio Ri, Vo ciing | 2MQ 9"°Q)
Trd khdng ra Rout Zero 75Q 90Q2
Dong phdn cuyc vao Lin(bias) Zero 80nA 30pA
Dong offset vao Lin(off) Zero 20nA 3pA
Thé offset 16i vao Vin(off) Zero 2mV ImV
Ty s6 loai trit cdch chung | CMRR Vo6 cung | 90dB 90dB

Bdng 9-3

IX.5 KHUYECHPAIDPAO

Khuyé&ch dai ddo 1a mach OP AMP cd bdn nh4t. N6 diung phdn hdi
am d€ 6n dinh hé s6 khuyéch dai tdng thé clia mach. Ly do cin phdi 6n
dinh hé s6 khuyé&ch dai 1a vi Ao, qud 16n va khong 6n dinh. Vi du 741C ¢6

Aor bé nhd't 1a 20000 d€n Aop 16n nha't 1a 200000.

I

Rz
A,

al
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Hinh 9-11

Hinh 9-11 chi ra mach khuyéch dao ddo. PE don gidn chiing ta
khong vé ra so dd ngudn nudi. Thé vao v, dude dua vao 16i vaio ddo thong
qua dién trd R;,. Piéu nay tao ra trén dau vao ddo mdt thé v,. ThE 16i vao
dudc khuyéch dai va tao ra thé€ 16i ra ddo pha so véi th€ vao. Thé ra dugc
phdn hdi lai dau vao théng qua dién tré phdn hdi R,. Py 1a sy phdn héi
am vi th€ 161 ra ddo pha so véi thé vao.

Cdch ma sy phdn hdi 4m 6n dinh hé s6 khuyéch dai t6ng thé cda
mach 12 nhu sau: Néu Ag ting vi bAt cif Iy do gi thi thé 16i ra s€ ting va
do c6 sy phdn héi 4m thé 161 vao s& gidm.

Pat a0 (virtual ground)

Khi ching ta ndi mot diy din tr mot di€m trén mach xudng da't,
thé tai di€m d6 sé bing 0. Trong trudng hgp d6 day din tao ra dudng
dan cho dong dién chdy xudng d4't. P4t co hoc 1a di't c4 thé 1dn dong.

P4t 4o thi khdc. P6 1a khdi niém vé mot di€m nio d6 trén mach c6
thé va dong bing khong. Khdi niém da't 4o lam cho viéc phan tich mach
trd nén rdt don gidn. PAt 40 dua trén tinh chdt cia mach OP AMP. Khi
mot OP AMP 14 Iy tudng, n6é c6 hé s6 khuyéch dai vong hd bing vo cing
va trd vao ciing bing vo ciing. Do d6 chiing ta ¢ thé€ suy ra (deduce) cdc
thudc tinh 1y tudng sau ddy cho mach khuyé&ch dai OP AMP c6 dau vao
ddo: e Do Rj, bing vd cing nén dong vao i, bing 0

¢ Do Ag bing v cuing nén thé vao v, bing 0
Do i, bing 0 nén dong chdy qua R, phdi bing dong chdy qua R, nhu trén
hinh vé. Mit khdc v2 bing 0 nén diu vao — 1a dit do. P4t 40 12 khdi niém
tuong duong nita dat, nghia 1a thé bing khong nhung khong c6 dong chdy
qua. Trén hinh vé& chiing ta bi€u thi d4't 4o bing dudng chim chdm. Mic
du da't do1a gin ding ly twdng nhung né té ra chinh xdc khi phdn hdi 4m
sau.

HE SO KHUYECH PAI THE

Trén hinh 9-12, chiing ta hinh dung ddu vao ddo 1a di't do. Khi d6
c6 th€ vi€t

Vin = 1Ry
Vou = - 1inR2
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Hinh 9-12
Hé s6 khuyéch dai th€ (vong kin) bing

AcL = Vour / Vin =-Ro/ Ry (9-12)

P4y 1a hé s6 khuyé&ch dai th€ vong kin né 1a hé s6 khuyéch dai khi
c6 vong phdn héi 4m gitta 16i ra va 16i vao. Do d6 phan hdi 4m nén A <
Aol . Chfmg han, R,=50KQ con R;=1KQ thi A =50 k€ cd khi thay déi
nhiét d9, ngudn nudi va thim chi thay thé€ OP AMP.

Tré khang vao

Do dau vao ddo 1a da't 4o do d6 trd khdng vao clia vong kin 1a

Zinc) = Ry (9-13)

Uu di€m cta mach khuyé&ch dai OP AMP ddo 1a c6 thé chon gid tri
cua trg khdng vao.

BANDWIDTH
Bandwidth vong hS hay tdn sd cidt ciia cda OP AMP ra't thip do c6
tu bu bén trong. Ching han véi 741C

fZ(OL)z 9Hz.

Tai tdn s6 nay hé s& khuyé&ch dai bdt ddu gidm. Khi phdn hdi 4m
dugc dung, bandwidth tong thé ting. P4y 1a 1y do: Khi tdn s& vao 16n hon
fyor) thi Agp gidm 20dB/dec. Vi vy, gidm nén phdn hdi 4m ciing gidm.
Piéu nay 1am cho v, ting va bu lai sy gidm cda Ag.. Do d6 Acp bi gidm
tai tin s& cao hon fyp). Phdn hdi 4m cang sdu thi tin s6 cdt vong kin cang
cao. No1 cdch khdc A¢. cang bé thi f) cang I6n. P4y la phuong trinh
cho tan s cdt vong kin
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frcry = funiy / (Acr+1)

Thong thudng A >>1 do d6

frcry = funiy / AcL (9-14)

Vidu khi A =10 thi

focr, = IMHz /10 = 100KHz

Luu ¥ ring

funity = fac)AcL (9-15)

Tan s& khuyéch dai don vi bing tich gitta band thong va hé s6
khuyé&ch dai vong kin. Nhi€u tai liéu ra cdu goi fumy 124 GBW (gain
bandwidth).

IX.6 KHUYECH PAI KHONG PAO
Khuyé&ch dai khong ddo 12 mot mach OP AMP co bdn khdc. N6

ciing dung su phdn hdi 4m dé€ dn dinh hé s6 khuyéch dai toan thé. Su
phdn hdi 4&m cling 1am ting tré khdng vao va lam gidm trd khdng ra.

Hinh 9-13

Hinh 9-13 cho thiy mach tuong duong ac ciia mdt khuyéch dai
khong ddo. Mot thé vao ac duge dua tdi 161 vao khong ddo. Thé nay dudc
khuyé&ch dai & 16i ra. Thé€ 161 ra c6 ciing pha vdi thé 16i vao. Mot phan thé
16i ra dugc phdn hdi lai ddu vao ddo thong qua cidu chia thé€ R, va R,. Thé
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phdn hdi hau nhu bing thé vao. Do hé s6 khuy&ch dai vong hd ra't 16n nén
su khdc nhau gitta v, va v, rdt bé.

Su 6n dinh do phdn hdi trong mach nay nhu sau: Gid st Ag. ting
thi thé phdn hdi vao ddu vao ddo ciing ting. Piéu nay l1am gidm v,-v, va

k&t qua 12 vy, gidm.

NGAN MACH AO (VIRTUAL SHORT)

Khi ching ta dung ddy ndi d€ ndi 2 di€m trén mach ching ta cé su
ngin mach cd hoc. Sy ngdn mach co hoc 1am cho thé va dong gifta cédc
di€m bi ngdn mach bing 0.

VIRTUALL
SHORT

Hinh 9-14

Sy ngdn mach 40 12 mdt khdi niém d€ chi ra ring 2 di€m trén mach
c6 th€ bing 0 va vi vy khong c¢6 dong chdy qua né. Hinh 9-14 cho thay
ngian mach 4o gitta 2 dau vao ciia OP AMP trong ciu hinh khong ddo. S&
di c6 th€ hinh dung nhu vay 12 vi d6i véi mot OP AMP ly tudng

¢ Do R;, bing v cling nén khéng c6 dong chdy qua cdc dau + va —

¢ Do Ay bing vo cing nén v;-v, =0

Trong mach OP AMP khdng ddo va mdt s6 mach OP AMP khidc

chiing ta hinh dung ngidn mach gitta 2 16i vao.

Hé s6 khuyé&ch dai vong kin

Trén hinh 9-15, hinh dung ngdn mach gitra 2 161 vao, ta c6
Vin = illain

Trang 149



+: Vout
e
¥in (J; I1 |
W

J?_ §R2
¢im

Hinh 9-15

Vin

Mit khdc do khong c¢6 dong chdy vao OP AMP nén dong i; ciling
chdy qua R, vi vy

Vout = il(R2+R1)

Hé s6 khuyé&ch dai th€ vong kin bing
AcL = Vou/ Vin = (Ro+R ) /Ry =R,/ Ry +11

AcL= Ry/R; +1 (9-16)

Trd khdng vao ctia mach khuy&ch dai khong ddo xap xi bing vo
cung. N o R
Do anh hudng ciia mach phdan hoi 4m, tan s6 cat vong kin bang

focry = funiy / Acr

IX.7 HAI UNG DUNG CUA KHUYECH PAI OP AMP

1) MACH CONG
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Khi ching ta cin cdng hai hay nhiéu tin hiéu lai v6i nhau thi mach
hinh 9-16a dugc dung.

F1 Ff R R
i A, . A,
| Yout | Vout
Rz N R C
- Ir* - Ir*
al al
Hinh 9-16

C6 thé thdy ring mach hinh 9-16a 1a chong chit clia 2 mach
khuyé&ch dai ddo. Hé s6 khuyé&ch dai vong kin cho mdi 16i vao (mdi
kénh) riéng ré 1a

AcLi= Rr /R

AcLo= Rr/R;

Tin hiéu ra khi chong ch4't hai mach lai 1a

Vout = AcL1V1 + AcraVva (9-17)

Dé dang ching minh phuong trinh (9-17). That vy do 16i vao ddo la
dat 4o nén:

n=1+1,=vi/R;{+Vv./ R,

Ciing vi ditdonén

Vour = (11 +1))RE = Rr vi/ Ry + R v/ Ry
bay chinh la phuong trinh (9-17)

Né/u ACL1=ACL2=1 thi
Vour = V1+V2
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Mach trén hinh 9-17 goi 12 mach trén. Biing cdch thay ddi cdc bién
trd cdc tin hiéu vao & cdc kénh sé dudc trén tai 16i ra vdi gid tri bién do
khdc nhau.

LEVEL1 GAIMN

V1l }90%
Vout

LEVELZ J__>~_‘

c)
Hinh 9-17
2) MACH LAP LAI THE

Chiing ta da bi€t mach lip lai emitter ma né cé hé s6 khuyéch dai
thé biing don vi. Mach lip lai th€ duing OP AMP c¢6 tinh chit tuwong
ty va cd dic trung tdt hon nhu tré khdng vao rdt cao, trd khdng ra
thap.

Hinh 9-18a cho thdy mach twong duong ac ciia mdt mach lip lai thé.

Rhigh
>_v::-m; >_“.ﬁ:|ut
Vin N N
{:I;j Vin % o

al b

Hinh 9-18
Sy phdn hdi 4m 1a t6i da. Pién tré phdn héi bing 0 do d6 toan b
th&€ ra dudc phdn hdi trd lai ddu vao ddo. Do ngidn mach 4o gitta
cdc ddu vao OP AMP nén thé€ 16i ra biing th& 16i vao.

Vout = Vin

Piéu nay c¢6 nghia 1a Aq =1
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Ching ta ciing c6 th€ thu dudc k&t qui nay tir phuong trinh (9-16)
trong do6 thay R,=0 va R; = v0 cung.

Mach 1ip lai th€ dung OP AMP 12 mach lip lai hoan hdo vi thé ra
ding bing véi thé vao.

Hinh 9-18b 12 mach lip lai th€ trong dé th€ vao ¢é tré khdng cao
Rpigh Tdi clia mach 12 trd khdng thdp Rjoy. Do phdn héi 4m siu, trd khdng
vao ciia mach la cao hon tré khdng vao vong hg (2MQ) va tré khdng ra
thip hon tré khdang ra vong hd (75Q).

Mach 1ip lai th€ 12 mach giao ti€p ly tudng gitta ngudn cé trd
khdng cao véi tdi c6 trd khdng thip.

Trong mach lip lai th€ do Acp=1 nén

focr) = funiy (9-18)
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Chuong X
CAC MACHDAO PONG

X.1 LY THUYET DAO PONG PIKU HOA

Trong gido trinh nay ching ta chi xem xét dao dong diéu hoa (séng
sin). C4dc dao dong tao séng vudng sé dugc dé cip trong gido trinh Mach va
Hé thong s6. P& c6 mot mach dao dong diéu hoa ching ta cin mdt bd
khuy&ch dai phan hdi duong (positive feedback). Phan hdi duong 1a dua mot
phan tin hiéu 18i ra trd lai 161 vao sao cho né c6 tdc dung cling chiéu vdi tin
hiéu ra. N&u tin hiéu phan hoi 12 di 16n va c6 pha ding né sé tao ra mot tin
hiéu ra ma khong can c6 tin hiéu vao.

HE SO KHUYECH PAI VONG VA PHA

Hinh 10-1 cho thdy mdt ngudn ac dugc duwa vao mot bd khuyéch dai.

® ¥

é,_,) Vin A Vout

l A

Hinh 10-1
Thé ra clia bd khuyéch dai bing
Vou=AViy
Th€ ra nay dua vao mach phdn hdi ma thong thudng 13 mach cong
hudng. Do d6 chi c6 mot tan s6 nao dé dugc phan hdi nhiéu nhat. Thé phin

hdi lai ddu vao cta bo khuyéch dai bing
vi=ABv;,
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Néu sy dich pha ctia bo khuyé&ch dai va mach phan hdi bing 0 thi thé
phan héi cling pha véi th€ vao. Gia st ching ta n6i di€m x véi diém y va thdo
bd ngudn v, thi th€ phin hdi ABvj, s& thiic bd khuyé&ch dai nhu hinh 10-2.

G—b Vin iy Vout

J A

Hinh 10-2

Sé ¢6 cdc trudng hgp sau day x4y ra:

Né&u AB<1 thi thé ra sé& tit din

Né&u AB>1 thi thé ra sé& ting dan dén tinh trang bi cit

Né&u AB=1 thi thé ra khong ddi va tu duy tri

Trong céc mach dao dong thuc, ban diu hé s& khuyé&ch dai vong AB 16n
hon 1 khi bat ngudn cho mach. Thé ra sé& ting dan d&€n mot gi4 tri can thiét thi
AB ty dong ti€n dén 1 va dao dongdugc duy tri.

Viy thi th& 18i vao ban dau trong mach dao dong Ia gi? Chiing ta biét
ring trong mdi dién tré ¢ céc electron ty do. Do nhiét d6 moi trudng céc
electron nay chuyén dong tu do theo moi huéng va tao ra thé€ nhiéu (noise
voltage) trén dién trd. Sy chuyén dong hdn don nay chita cdc tin s tir 0 dén
1000GHz. C6 thé hinh dung dién trd 12 mot ngudn thé€ ac nhd chia tit ci cic
tan so.

Khi bat dién cho mach 1an dau tién, trén mach chi c6é th€ nhiéu tao ra
bdi cdc dién trd. Cac thé nhiéu ndy dugc khuyé&ch dai va xuat hién & 161 ra cla
mach. Nhung chi ¢6 tin hiéu c6 tan s6 ding biing tin s cong hudng ctia mach
phan hdi méi dude dua trd lai vao dau vdo. Sau qud trinh qud d6 chi con tin
hiéu c6 tan sd thod diéu kién AB=1 va cling pha véi tin hiéu ra. T4t cd cdc tan
s6 khdc khong xuit hién & 161 ra.
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X.2 DAOPONG CAU WIEN

Mach dao dong ciu Wien 1a mach dao dong trong viing tan s6 thap dén
trung binh, titc 12 khodng 5Hz d€n 1MHz. Ching dugc tng dung trong cdc may
phdt Am tin thuong mai va cdc tng dung tan sd thap.

MACH LAG
R
A
Vin é_,)

Hinh 10-3

'

Hé s6 khuyé&ch dai th& clia mach trén hinh 10-3 1a

Vou! Vi  =Xc/(R*+X0)"

G6c pha giita tin hiéu vao va ra bang

¢ = - arctan(R/X¢)

Dau trlr trong phuong trinh géc pha chiing t8 ring thé& 16i ra chim (lag)

pha hon thé€ 161 vao.

MACH LEAD
Hinh 10-4 cho thAy mot mach lead.

Vour

s H
1

-

Hinh 10-4
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Hé s6 khuyé&ch dai th€ clia mach nay la
Vou/ Vin=R/(R* + X°0)"?

G6c pha giita tin hiéu vao va ra bang

¢ = arctan(Xc/R)

G6c pha duong ching té ring thé 16i ra nhanh (lead) pha hon thé 16i
vao.

Mach lead va mach lag nhu trén day 13 thi du vé cdc mach dich pha.
Chiing c6 thé 1am cho pha tin hiéu ra dich pha (nhanh hodc chim) so vdi tin
hiéu vao. Cdc mach dao dong diéu hoa thudng st dung cdc loai mach dich pha
dé tao ra dao ddng tai mot tan s0.

MACH LEAD-LAG

Dao dong ciu Wien diing mang phan hdi cdng hudng goi 12 mach lead-
lag nhu hinh 10-5.

Vout

[ ]

vm@ Hl
.

I

Hinh 10-5

Tai tan sd rat thap, tu ndi ti€p xem nhu hd mach ddi véi tin hiéu vao.
Tai tin s6 rit cao tu mic shunt c6 tdc dung ngdn mach ddi véi tin hiéu ra.
Gifra hai gid tri nay thé ra dat gid tri cuc dai. TAn s6 tai d6 tin hiéu ra cuc dai
goi 12 tan s cong hudng f,. Cling tai tin s& nay hé s& phin hdi B dat dén gid
tri cuc dai va biing 1/3. Tai tin s6 cong hudng géc pha bing 0.

Phan tich biing s6 phic ching ta thu dudc hai phuong trinh sau cho
mach hinh 10-5.

B=1/(10- Xc / (R* + X%)'? (10-1)
va
¢ = arctan((Xc/R- R/Xc)/3) (10-2)
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Hinh 10-6

Hé s& phdn hdi B dat gid tri cuc dat 1/3 khi Xc=R .Tir d6 suy ra:
f.=1/2nRC (10-3)

Hinh 10-6 12 mach dao dong ciu Wien. N6 ding cd phadn hdi 4m va
phan hdi duong. Phdn hdi dudng thuc hién qua mach lead-lag vé 16i vao khong
ddo. Phdn hdi 4m qua ciu chia th€ vé 18i vao ddo. Khi méi cdp ngudn cho
mach, lugng phan hdi duong nhi€u hon phdn hdi Am (trd cla diy téc béng dén
ban diu c6 gid tri bé do chua dugc nung néng). Piéu nay cho phép mach tu
dao dong nhu da mo t& trudc day. Sau khi tin hiéu ra dat dén gid tri mong
mudn, sy phan hdi Am dd 16n 1am cho hé s6 khuy&ch dai vong kin AP=1.

X.3 DAOPDPONG RC

Mic dit dao dong cAu Wien 1 dao dong chudn cho cdc ng dung c6 tan
s6 dusi 1MHz, nhung cdc dao dong RC khéc ciing duge ding.Phin nay sé&
phan tich mach dao dong chit T kép va mach dao dong dich pha.

BOLOCCHU T
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Hinh 10-7

t Vout

Hinh 10-8

Hinh 10-7 cho thdy mdt mach loc chit T kép. Phan tich todn hoc cho mach nay
giong nhu mach lead-lag. Mic khdc c6 mot tin s& cong hudng f, ma tai d6 do
dich pha bing 0 va hé s6 khuyé&ch dai bing 0. Phuong trinh cho tan s& cong
hudng ctia bo loc chir T kép gidng nhu véi mach dao dong cau Wien.

f. = 1/2nRC

DAO PONG CHU T

Hinh 10-8 cho thdy mach dao dong chit T kép.

Phéan hdi duong thuc hién bdi cau chia th€ d&én diu vao khong ddo. Su
phan hdi Am thdng qua bd loc chir T kép.

Khi mdi bat dién, dién tr§ R, clia béng dén thdp va do d6 phdn hdi
duong 1a t8i da. Khi dao dong da dugc xdc lap, R, ting va phan hdi duong
gidm dan. Khi dat dudc tinh trang AP=1 thi mach tr§ nén n dinh.

DAO PONG DICH PHA
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Hinh 10-9 Ia m6t mach dao ddng dich pha.

N6 ¢6 3 mach lead trén dudng phdn hdi Aam. Mach lead tao ra géc dich
pha giita 0 va 100°. Néu nhv mdi mach lead c6 géc dich pha 1a 60° thi géc
dich pha téng 12 180°. Pha 18i ra lai bi xoay 180°. Do d6 géc dich pha ctia vong
12 0°. N&u théa man diéu kién AP=1 thi mach s& dao dong.

Nhudc diém chii y&u clia cic mach dao dong dich pha 1a khé diéu chinh
tin s§ trong mot viing rong.

+Wiec
G ; i
|f__, |{ | [
[t [\ [h Yot
i i i Voo
Hinh 10-9

X4 DAODONG COLPITTS

Dao dong cau Wien chi thich hgp & tan s6 thap do gid tri hitu han cda
fuiy cia OP AMP. D€ tao ra dao dong tin sd cao tr IMHz dé€n 500MHz can
mach dao dong LC. Dai tan ndy 16n hon f,,y cta hau hét cic OP AMP. Do d6
trong mach dao dong LC ngudi ta dung transistor hodc FET. Trong mach LC
c6 thé phan hdi tin hiéu vé6i bién do va pha hgp 1y cho su dao dong.

Tuy nhién khé khiin chid yéu clia viéc phan tich va thi€t k& dao dong
LC 1a do tin s& cao. Khi @6 4nh hudng cla cdc tu ky sinh la ddng ké.

Hinh 10-10 cho thAy mot mach dao dong Colpitts.

+Woo

1

Wout

=0
5]
T

= R2

Hinh 10-10
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Cau chia thé setup di€m phan cuc tinh. Cudn RF c6 cdm khang rit cao
do d6 n6é xem nhu hd mach d6i véi tin hiéu ac. Hé s& khuyéch dai tai tin s6
thap bing

I /1, (10-4)
trong d6 r. 12 trd khdng xoay chiéu clia mach collector. Do RF ¢6 trd khdng rit
16n, trd khang ac clia collector chii y&u 1a trd khdang clia mach cdng hudng. Trd
khdng nay c6 gid tri cyc dai tai tin s6 cong hudng.

C6 thé gip cdac mach dao dong Colpitts kiéu khic. Dau hiéu chung 12
cau chia th€ biing tu C; va C,. Chiing tao ra sy phdn hdi can thiét cho dao
dong.

Vout

VE -

.|”_l

1 I Y

|

L
—

- 2

Hinh 10-11

Hinh 10-11 1a mach tuong ducong ac cia dao dong Colpitts. Luu ¥ ring
th€ ra trén C, con th& phdn hoi 13y trén C,.

T4an sé cong huéng

Mach cong hudng RC trong dao dong Colpitts c6 tan sd cong hudng
bing

f, = 1/2n(LC)"? (10-5)
trong d6 C=C,Cy/ (C;+C,) do C, va C, ndi ti€p nhau.
Hé s6 phan hdi clia mach bing

B=C,/ C,

do d6 hé s6 khuyé&ch dai th€ bé nhat bing
Amin =G,/ C4
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X.5 DAOPDPQONG THACH ANH

Khi do chinh xdc va dd 6n dinh cda tan s6 1a quan trong thi dao dong
thach anh dugc dung. Hinh 10-12 cho thdy mot dao dong thach anh.

1|
/
2

§ Rz ]_ ce 1 = ®TAL

Hinh 10-12
Thach anh (XTAL) déng vai trd nhu mot cudn cdm 16n ndi ti€p vi mot
tu bé. Do d6 tan s& cong hudng hau nhur khong 4nh hudng bdi transistor va cic
tu ky sinh.
D6i v6i mach dao dong thach anh, c6 thé diing cdc biéu thifc sau
f, = 1/2n(LC)"?
C=1/(1/C+1/Cy+1/ C5)
B=C1 /Cz

Amin = CZ/CI
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Chu:o’n XI
NGUON NUOI

X1 CACPAC TRUNG CUA NGUON NUOI

Chat lugng ctia mot bo ngudn phu thudc vio do 6n dinh tai, do 6n dinh
ngudn va tré khang ra clia né. Ching ta hiy xem xét cdc dic trung ndy ctia bo
nguon.

Po6 on dinh tii (Load Regulation)
Hinh 11-1 cho thdy bd ngudn vdéi mach nin ciu va bd loc dung tu C.

T1

w® 3

:

I

' é
Hinh 11-1

Thay ddi tai R s& 1am thay ddi th€ tii. Néu trd tii nhé sé& lam cho dd
gdn séng trén tai ting, sut th€ qua cdc diode va cudn thit cip ciing sé ting. Do
dé mot sy gidm trd tdi s& 1am gidm thé tdi. PO On dinh tdi cho biét thé t3i thay
ddi ra sao khi dong tdi thay ddi.

Pinh nghia do 6n dinh tai
LOAD REGULATION= (Vy;-Viy) x100%/ Vi, (11-1)

Trong d6 Vi la th€ trén tdi khi dong tdi bing 0
Vi 12 thé trén tdi khi dong tdi t6i da
Vi du mach hinh 11-1 ¢6
Vi =10.6V khi ;=0
Vg =9.25V khi [ =1A
Thi Load Regulation = (10.6-9.25)x100% / 9.25 = 14.6%

D6 6n dinh ti cang bé thi bd ngudn cang tot. Cdc bd ngudn 6n dp tot co
dd on dinh tdi bé hon 1%, nghia 1a thé tai thay ddi it hon 1% trong toan mién
ctia dong tai.
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Po on dinh lugi (Line Regulation)

Trén hinh 11-1 ngudn vao c6 gid tri danh dinh 12 120V (tai M§). Gid tri
thuc tai 6 cim c6 thé thay ddi tir 105V dén 125V phu thudc vao thdi gian, dia
diém va mot s6 yé&u t6 khdc. Do thé thit cip ty 1é tryc ti€p vdi thé vao do d6
th& tai sé& thay ddi khi thé ludi thay dai.

b6 6n dinh luéi dinh nghia nhu sau:

LINE REGULATION= (Vg -Vy;)x100%/ Vi, (11-2)

Trong d6 Vi 1a thé tdi khi th€ ngudn cao.

Vi 1a thé€ tdi khi th€ ngudn thap.

Vidu Vi =11.2V khi th€ ludi 1a 125V ,V;=9.2V khi thé 1udi 1a 105V

D6 6n dinh ludi = (11.2-9.2)x100%/ 9.2 = 21.7%

Ciing nhu d6 dn dinh ti, dd 6n dinh 1u6i cang bé cang tét. Cdc bd ngudn 6n dp
t6t c6 do on dinh 1u6i bé hon 0.1%.

PIEN TRO RA
Dién tr§ Thevenin hay dién trd ra clia bo ngudn quy dinh bdi dd 6n dinh tai.
Mot bd ngudn cé trd ra thap thi @6 n dinh tii clia né cling s& thap.
Dién trd ra cia mdt bd ngudn tinh theo cong thifc sau:

Ry = (VNL-Vi)/ TeL (11-3)

Cheelng han déi v6i mach hinh 11-1, ta ¢6

VNL:10.6V khl IL:O
Ve =9.25V khi [ =1A

Ry =(10.6-9.25)/1 = 1.35Q
Biéu thiic tuong duong cho dd 6n dinh tai 14

D6 61’1 dlnh tai = RTHXIOO%/ RL(min) (1 1—4)

Vi dy, mot bd ngudn cé trd ra 1.5Q va trd tai toi thi€u 12 10Q thi @6 6n dinh tai
bing

D6 &n dinh t3i = (1.5/10)x100% = 15%
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XI.2 CAC ON AP MAC SHUNT

D6 6n dinh 1u6i va do 6n dinh tdi cia mot bd ngudn khong 6n 4p 1a qua
cao d6i v6i hau hét cdc tng dung. Bing cdch sit dung bd 6n 4p (Voltage
Regulator) giita bd ngudn va tdi ching ta c6 thé cdi thién mot cach dang ké do
8n dinh 1u6i va do én dinh ti.

Mot bd 6n dp thé ki€u tuyén tinh diing cdc linh kién trong viing tuyén
tinh dé giff thé€ trén tdi 12 hiing s8. C6 2 loai 6n 4p tuyén tinh:

On 4p tuyén tinh mic shunt
On 4p tuyén tinh mic néi tiép
Trong phan nay chiing ta xét 6n 4p tuyén tinh mic shunt, mot loai n 4p ma
mach 6n 4p mic song song véi tai.

ON AP ZENER
On 4p mic shunt don gidn nhat 1 mach diode Zener nhu hinh 11-2.
Vin Fs Vot
I Wz < RL
Hinh 11-2

Trong mach nay diode Zener hoat dong trong viung danh thung. Khi dong tai
thay d6i, dong qua Zener ting hodc gidm mot cich tuong tng d€ giit cho thé
tdi khong ddi. Trén hinh 11-2, dong qua Rg biing

Is=(Vin-Vou)/ Rs

Thé trén tdi bing

Vou = Vz

Khi th€ vao 1 khong d6i, dong vao gan nhu khong d6i khi dong t3i thay ddi.
Dong trén tai

I=Is-1z
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Dong tai c6 gi4 tri toi da bing dong vao va khi dong qua Zener bing 0.
Khi dong tdi 16n, mach hinh 11-2 ¢6 @6 6n dinh t3i kém vi sy thay d6i cda

dong qua dién trd Zener c6 thé 1am thay d6i thé ra ddng ké. Mot cich d€ cai
thién d6 &n dinh tai khi dong t3i 16n 1a thém mot transistor nhu hinh 11-3.

Vin Fs Vout

W32 FL

Hinh 11-3
V6i mach nay thé ra biing

Vou=Vz+ Vpg (11-5)

Néu thé ra ting, thé phin hdi vé base clia transistor ting 1am cho sut thé qua
R ting. K&t qla 13 thé ra lai gidm.

THE RA CAO HON

Hinh 11-4 cho thdy mdt mach 6n 4p c6 th€ ra cao mic du st dung
Zener c6 th€ d4nh thing thap.

Vin RS Vout

§RL
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Mach diung phdn hdi Am. Moi thay ddi trén thé& 16i ra dugc phan hdi vé base
cla transistor.
Thé base ctia transistor cho bdi cong thitc
Ve =RiVou/ (R1+R2)
Do d6 thé ra bing
Vour = (R1#R2)Vp/R|

Trén hinh 11-4, th€ cuc base bing

VB= VZ+VBE

Vou = (R1+Ry) (Vz+Vge )/ Ry (11-6)

Mot céch d€ loai trir 4nh hudng clia Vg vao thé ra thay transistor bing OP
AMP. Véi OP AMP c6 hé s6 khuyéch dai I6n, thé ra cho béi

Vou = (R1+R2)VZ/ Ry (11-7)

BAO VE NGAN MACH

Uu di€m clia cdc mach 6n 4p mic shunt 13 tw bdo vé ngdn mach. Khi
ngin mach dong qua Rg 12 tdi da va bing

Vin/ Rg

Hiéu suit ctia 6n 4p

Hiéu suat
N= (Pou/ P)x100%  (11-8)
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XI.3 CAC ON AP MAC NOI TIEP

Nhudc diém cda 6n 4p mic shunt 13 hiéu suit thap. P& nang cao hiéu
sudt ngudi ta diing 8n 4p ndi ti€p hodc Sn dp xung. On 4p xung cho hidu suat
cao tir 75% dén 95%. Nhung 6n 4p xung lai tao ra nhiéu tan sd cao RFI (radio
frequency interference). Mic khac 6n 4p xung kha phic tap.

Céc 6n 4p mic noi tié€p 1a thich hgp cho céc ing dung cin cong suit bé
hon 10W vi thiét k& don gidn, hiéu suit tir 50 d&én 70%. Trong céc 6n 4p loai
nay transistor hoat dong trong mién tdc dong.

On 4p néi tiép don gidn nhat 1a mach lap lai zener nhu hinh 11-5.

Vin Q Yout
% RS
FL
f Ve
Hinh 11-5

Thé ra cia mach 8n 4p bing
Vou = Vz + VgEg (11-9)

Néu th€ vao hodc dong t3i thay ddi, thé zener va thé emitter base sé&
thay ddi chit it. Trong &n 4p mic noi ti€p dong tai xap xi dong vio vi dong
qua Zener kha bé. Transistor trong mach goi 12 transistor thong din vi dong
tai chday qua né.

Hiéu sut cda mach nay I6n hon mach mic shunt vi ching ta da thay
dién trd bdi transistor. Dong vao ctia n dp ndi ti€p thay d6i theo dong tai chid
khong phai 1 hiing s6 nhu 6n 4p mic shunt.

ON AP HAI TRANSISTOR
Hinh 11-6 cho thAy mach 6n 4p diing 2 transistor.
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Vin 2 Vout

Hinh 11-6

Néu thé ra ting do th€ vao ting hoic do dong tai gidm thi th€ phin hdi
vé Q ting 1am ting dong qua Q, va vi vy lam gidm thé base clia Q,. K&t qiia
12 th&'16i ra gidm.

Thé ra clia mach cho bdi

Vou = (R1+R5)(Vz4+Vge)/ R; (11-10)
Dong qua transistor Q, biing
Ie=I, + I,
Trong d6 I, 1a dong chdy qua cAu phan thé€ R; va R,.
Thudng I, rat bé so véi I vi vay Ie=I;.
Cong suit tiéu tin
Pp=(Vin— VoL (11-12)

Hiéu suat

N=(Vou/ Vin )x100% (11-13)

e

ON AP CAI TIEN
Hinh 11-7 cho thdy mdt 6n 4p ndi ti€p cai tién nhd st dung OP AMP.

Thé ra bing
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Vou = (Ri+R»)VZ/ Ry (11-14)

Vin Q Vout

ém % R2

oLl § RL

2 l_ jm

Hinh 11-7

XL4 CACIC ON AP TUYEN TINH

C6 nhiéu &n 4p tuyén tinh dudc tich hdp trong IC. TAt ¢4 ching 14 6n 4p
ndi ti€p. Thong thudng cdc IC nay c6 3 chian: Chan dién 4p vao chua dn ap,
chan dién 4p ra da dn 4p va chan GND. Céc 6n 4p 3 chin c¢é v4 bing nhua
hoidc v4 kim loai ndy ngay cang phd bién vi ré tién va dé dung. Cédc 6n dp IC
3 chin nay c6 thé cho dién 4p ra duong hoic am cd dinh tir 5 dén 24V véi
dong tai d&én 1A. Mot s6 6n dp cho phép diéu chinh dién 4p 16i ra tir 2 dén
40V.

D3&i v6i cdc IC 6n 4p, nha mdy dinh nghia lai hé s& 6n dinh ngudn va ti
nhu sau:

A R . A A 292 N N \ .
Do 6n dinh nguon = AV, d61 vGi toan mi€n cia dong tai

A /(? . M /\" Zy* N . k /\, Y
b6 6n dinhtdi = AV, d6i vGi toan mién cda thé vao

Bang 11-1 cho thdy mot s& cdc IC 6n 4p dién hinh va céc thong sd clia
ching.

Luu y: th€ drop out 13 th€ sut qua IC 6n 4p bé nhat ma &n dp con hoat
dong dudc. N6i cach khic thé vao tdi thiéu clia dn 4p IC phdi bing thé ra danh
dinh cong véi th€ drop out. Vi du véi LM7805 thé vio tdi thiu 13 8V.

Trang 170



Number Vou (V) Loax (A) Load Reg | Line Reg Drop out
(mV) V)
L.M7805 5 1.5 10 3 2
L.M7806 6 1.5 12 5 2
L.M7808 8 1.5 12 6 2
LM7812 12 1.5 12 4 2
LM7815 15 1.5 12 4 2
LM7818 18 1.5 12 15 2
LM7811 11 1.5 12 18 2
LM78L05 |5 0.1 20 18 1.7
LM78L12 |12 0.1 30 30 1.7
LM2931 3to 11 0.1 14 4 0.3
L.M7905 -5 1.5 10 3 2
LM7912 -12 1.5 12 4 2
LM7915 -15 1.5 12 4 2
LM317 1.2 to 37 1.5 0.3% 0.02%/V 2
LLM337 -1.2t0-37 | 1.5 0.3% 0.01%/V 2
1.M338 1.2to 32 5 0.3% 0.02%/V 2.7
XL5 CACBO BIENPOIDC - DC

Doi khi ching ta cin bién d6i mot th€ DC nay thanh mot thé DC khic.
Vi du bié€n ddi tir 5V thanh 12V. Céc bd bién ddi DC-DC la rat hiéu qui vi
ching st dung transistor  ch&é do cong tic. Trong phan nay chiing ta s& phan
tich bd bién d6i DC-DC khong 6n 4p. Phian sau s& phan tich bd bién ddi DC-
DC 6n 4p st dung sy bién diéu dd rong xung hay con goi 1a 6n 4p xung
(Switching Regulators)

Mot bo bién doi DC-DC cin ban (xem hinh 11-8) gdm mdt bd tao xung
vudng dugc nudi bdi thé€ DC cin bi€n d6i. Séng vudng nay (c6 gid tri dinh
dinh bing gia tri ctia nguén DC vao) kich thich cudn so cip bi€n 4p. Tai thi
cip clia bi€n 4p ching ta cling nhian dugc xung vudng nhung c6 bién do 16n
hon hoidc bé hon séng vudng diéu khién. Qua mach nin va loc ching ta nhan
dugc thé€ DC can thiét.
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Q3CILLATOR

S

T1

S

3

3

Hinh 11-8

FECTIFIER
ATID
FILTER

Tan s& hoat dong cla bd bién ddi (séng vudng) 1a khodng 10 KHz dén

100KHz.

Hinh 11-9 12 modt mach bién d6i DC-DC khong 6n dp, st dung

transistor.

Hinh 11-9
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Bo tao séng vudng ding OP AMP hoat dong tai tan s6 20KHz. Q,; 1a
mach tdch pha d€ tao 2 tin hiéu ngugc pha kich thich cip transitor ddy kéo Q,
va Q3.

Bo bién d6i DC-DC khong 8n dp cAn phdi c¢6 th€ 16i vao dn dinh (16i ra
cia &n 4p ching han)

XL6 NGUON ON AP XUNG

On 4dp xung thudc loai bi€n ddi DC-DC nhung st dung mach &n 4p bén
trong. Ngudi ta thudng dung sy bién diéu d0 rong xung (Pulse Width
Modulation PWM) dé diéu khién thdi gian on/off cda transistor. Bing cdch
thay d6i do rong clia xung c6 thé 6n dinh dién 4p 16i ra khi dong tai hoic thé
ngudn thay ddi.

Trong &n 4p ndi ti€p, transistor thong din ludn ludn din do dé cdng suit
tiéu tdn 16n va hiéu suit thap. D€ gidm cong suit tiéu tdn va niang cao hiéu
suat, mot xung vudng diéu khién transistor thong din chuyén giita 2 ché do
bido hoa hoiic ngung din. Khi transistor ngung dan cong suat tiéu tdn bang 0.
Khi transistor bdo hoa cong suit tiéu tén rat thap vi sut th€ qua transistor bdo
hoa rit bé. Do vay 6n dp xung c6 thé dat hiéu suat d&€n 95%. Vi hiéu suit cao
va kich thuSc bé nén 6n 4p xung dung nhiéu trong cdc thiét bi dién ti¥ thé hé
mdi.

C6 nhiéu ciu hinh cho 6n 4p xung tuy theo dii cong suit va yéu cau vé
chat lugng. Hinh 11-10 12 mot 6n 4p xung thong thudng.

- Sty L -
+¥in out
- D,d"'"-/.D Pl A .| ™ >
I
| D i
L T C
PILSE FL
WIDTH = = F1
MODULATIOR
Veef
' — =
Rz
=L
Hinh 11-10
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Switch 1a transitor ludng cuc hoidc FET cdng suat. Bo bién diéu do rong
xung 12 dao dong séng vudng c6 tan sé c6 dinh (tir 10 KHz d&€n 100KHz)
nhung dd x0p (ty sO gifta thoi gian xung & mic cao va thdi gian xung & muc
thap) thay ddi dudc. Mach so sdnh diing OP AMP.

Ban dau khi power on, thé€ ra ctia mach bing 0. Khi d6 th& phan hdi vé
16i vao — clia OP AMP ciing bing 0. Thé ra clia OP AMP rit I6n 1am cho do
x&p cda xung 1a cuc dai. Tai phan duong cla xung diéu khién, SW déng. Liic
nay diode bi phan cuc ngugc va dong vao chdy qua cuén L. Dong nay tao ra
tlr trudng xung quanh cudn L. Ning lugng tir trudng cho bdi

w=0.5 LI

Dong dién nay nap cho tu C va chdy qua tdi. Khi xung diéu khié€n c6 mic
thap, SW hd. Liic nay dong qua cudn gidm lam tf trudng qua cudn L ciing
gidm 1am xuAt hién th€ ty cdm ngugc chiéu. Thé tu cdm nay phan cuc thuin
diode va duy tri dong qua cudn nhu ban diu. Dong nay chdy qua tdi cling véi
huéng nhu khi SW déng. N6i cach khac khi SW hd cudn cdm déng vai trdo nhu
ngudn va tiép tuc cung cip dong qua tdi cho dén khi cudn trd hét ning luong
cho mach hoic khi SW déng lai. Qué trinh cit thé ti€p tuc va trén tdi c6 dong
DC.
Gi4 tri trung binh ctia thé ra bing

Vou=D Vi, (11-15)
Trong dé D 1a do x0p cla xung. Bing cdch kiém sodt D c¢6 th€ 1am cho V.
khong thay ddi.
Vi OP AMP c¢6 hé s6 khuyéch dai rdt 16n va ngdn mach 4o giita 2 161
vao nén
Vep= VRer
Do d6
Vou = (R1+R2) Vrer/ Ry (11-16)
Céc bo ngudn 6n 4p ki€u xung thé hé mdi sit dung khuyéch dai ddy kéo

va bién 4p xung céch ly gifta s6 cip va thit cAp clia bd ngudn. Trong trudng
hgp dé phai thyc hién ndi quang hoc (diing phototransitor) d€ phan hoi thé 16i
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ra v€ 16i vao. BO ngudn clia TV, mdy tinh, man hinh va m4dy in hién nay déu la
bd &n dp xung c6 cong sudt tir vai chuc dén vai trim W. Thé€ vao ac dudc nin
loc tryc ti€p dé tao ra ngudn dc chua 6n 4p. Ngudn dc chua 6n 4p nay sau d6
lai dugc bién ddi DC-DC ki€u xung nhiim tao ra cdc dién thé& thdp va dn dinh
cho cdc mach dién ti. Tuy theo tng dung, cdc dién 4p dc & 16i ra clia céc bo
ngu6n ki€u xung c6 thé 12 3.3V, 5V, 12V va mdt sb cic dién ap dc khac.
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