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Ly thuyét ban dan

1-1 CAu tric nguyén tir
Trude khi bt dau tim hiéu cc linh kién dién tir ta phai hiéu vt lidu ché tao nén ching. Kién
thire vé vat liéu & mirc do cu tric s& gitp ta dy doan va diéu khién cac dong dién tich co trong vat

lidu. Ta s& bat dau bang viéc xem xét cau tric nguyén tir dé xem cau tric nay anh huong nhu thé
ndo 1én tinh chit dién cua vat lidu.

Nhu di biét moi vat liéu déu duge tao nén tlr cac nguyén tir va cac nguyén tir cia cung mot
nguyén té déu c6 cdu trac nhu nhau. Mdi nguyén tir bao gdbm mot hat nhan & trung tAm chira cac
dién tich duong ma ta goi la proton. Hat nhan dugc bao xung quanh bdi céc electron mang dién tich
am. SO luong electron bang véi sb luong proton trong hat nhan va vi dién tich cta proton va
electron 1 bang nhau nén nguyén tir trung hoa vé dién. Tuy theo loai nguyén t6, cac hat nhan cua
nguyén tir c6 thé chira cac neutron khong mang dién tich.

Hinh 1-1(a) biéu din so dd ciu triic mot nguyén tir ctia nguyén td silicon, vat liéu thuong duoc
str dung dé ché tao cac linh kién ban dan. Hinh nay cho thiy hat nhan chira 14 proton (mang dién
tich duong) va 14 neutron, va vi nguyén tr c6 14 electron (mang dién tich am) quay xung quanh
nén nguyén tir trung hoa vé dién. Cac electron duoc sip xep vao ba qui dao xung quanh hat nhan.
Ta no6i cac electron nay chiém mot 16p vo nguyén tir. Mdi 16p vo nguyén tir khong thé chira nhiéu
hon mot s6 tdi da cac electron. Néu danh s tha tu ctia bén 16p vo dau tién bat dau tir 16p trong
cung (16p gan hat nhan nhat c¢6 sb thir ty 14 1) thi s6 electron tbi da N, malop vo n cod thé chua la

N,=2n’ (1-1)

Trong hinh 1-1(a), 16p v6 s 1 (I6p K) da duoc 1ap day vi n6 da chira 2 electron. Lop 2 (16p L)
cling da duoc lap day vi né chura 8 electron. Tuy nhién, 16p 3 (16p M) chua dugc lap day vi né chi
mdi chura 4 electron trong khi kha nang chira toi da ctia n6 1a 18 electron.
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Hinh 1-1

@ @/ © \ Cdu triic nguyén tir Si

(a) A diagram of the (b) An abbreviated
silicon atom, diagram of the
showing its nucleus silicon atom,

and electron shells. showing valence

P = proton; electrons only.

N = neutron.

MJi 16p v6 nguyén tir lai duoc chia thanh cac 16p con. Lép vo thr n chira n 16p con. Lép con
dau tién trong mot 16p vo chua 2 electron, cac 16p con tiép theo chira nhi€u hon 16p con trudce do 4
electron. Cac 16p con duoc ky hiéula s, p,d, f .

Vidu 1-1

Hat nhén ciia nguyén tir germanium c6 32 proton. Xac dinh sé electron trong mdi 16p va 16p con
cua no.

Huéng din

Vi hat nhan chira 32 proton nén nguyén tir c6 32 electron. Bang sau cho thiy su sip xép cua céac
electron trong nguyén tu Ge.

Lép vo Lop con Dung lugng Chura that sy
K s 2 2
s 2 2
L p 6 6
s 2 2
M p 6 6
d 10 10
S 2 2
p 6 2
N d 10 0
f 14 0

98]
[\

Tong cong

Khong phai moi electron déu bi rang budc maii mai vao mot 16p hodc 16p con cua nod. Mic du
cac electron c6 khuynh hudng gitr nguyén 16p ctia ching do lyc hut gitra ching va hat nhan mang
dién tich duong, nhung néu ching hap thu da ning luong (vi du tir nhiét), cac electron s& thoat ra
khoi nguyén tir va trd thanh céc electron tu do. Chat din dién c6 nhiéu electron tu do trong khi chét
cach dién co rat it electron tu do.

Lép vo ngoai cung chira cac electron co lién két yéu nhét v6i hat nhan va thudng chua duogc
lap dy do d6 chiing dé tro thanh cac electron ty do hon cac electron nam trong cac 16p vo gan hat
nhan. Chinh vi vay, s electron trong 16p v6 ngoai cting c¢6 anh hudng rat 1on dén tinh chét dién cua
vat liéu. Vat liéu din dién co rat it electron trong 16p vo ngoai cling, va trong cac vat liéu ndy, ning
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luong nhiét co san ¢ nhiét do phong la du dé giai phong cac electron trong 16p vo ngoai cung thanh
cac electron tu do. Khi c6 mot dién truong ngoai dat 1én vat liéu, cac electron ti do nay di chuyén
c6 hudng tao ra dong dién. Ddi vé6i vat lidu cach dién, 16p vo ngoai cung thuong lién két chit vai
hat nhan, do d6 chiing c6 rat it electron ty do.

Vi ta chi quan tim dén 16p v6 ngoai ciing ctia nguyén tir nén ta thuong st dung hinh 1-1(b) dé
bi€u di€n cau truc cua nguyén tu.

1-2 Vit liéu ban dan

Xét trén kha nang dan dién, vat liéu ban dan khong phai 1a vat li€u cach dién ma cling khong
phai l1a vat liéu dan dién tot. Hon nita, cach thirc tao ra dong dién trong ban dan cling khong theé giai
thich hoan toan bang kién thirc da biét trong cac vat li¢u khac.

Dbi v6i vat liéu dan dién, 16p vo ngoai ciing ctia nguyén tir c6 rat it cac electron, no c6 khuynh
huéng giai phong cac electron ndy dé tao thanh electron tu do va dat dén trang thai bén ving.
Trong khi d6, vat liéu cach dién lai c6 khuynh hudng giit lai cac electron 16p ngoai cing ctia no dé
c6 trang thai bén viing. Déi voi vat lidu ban dan, nd cd khuynh hudéng dat dén trang thai bén vitng
tam thoi bang cach 1ip day 16p con cua 16p vo ngoai cung. Vi du dbi v6i nguyén tir ban din Si, 16p
con p cua l6p vo ngoai cung chi chita 2 electron, do d6 dé 14p day 16p con nay nguyén tir can nhan
thém bdn electron. Nguyén tir ban dan thuc hién diéu ndy bang cach chia sé bon electron 16p vo
ngoai cling ctia n6 véi bdn electron cta bdn nguyén tir 1an can. TAt ca cac nguyén tir déu thuc hién
lién két nay va tao nén mat cAu trac 6n dinh, bén virng, duoc goi la tinh thé ban dan.

W W W Hinh 1-2
O 20O O@OE Lien ket hoa tri trong tinh

nucleus 1 ﬁ\ | the ban dan
CE o8 D U :]
— BEHous D0E 0E 206
|

bond (other half
not shown) | (i\

I U, I
20206 20
m m M

Lién két do hai electron 16p ngoai ciing ctia hai nguyén tir 1an can tao thanh dugc goi 1a lién két
hoa tri (covalent bond). Hinh 1-2 cho thdy cau tric hai chiéu cta tinh thé ban dan. Trong hinh nay
ta st dung mo6 hinh nguyén tir don gian, bao gdom hat nhan va cac electron 16p vo ngoai cliing. Mic
di chi mot sé nguyén tir dwoc v& trong hinh nhung ta can hiéu 13 ciu trac nay duogc lip lai cho tat
ca cac nguyén tu, va do do, cac nguyén tur trong ban dan déu c6 tam electron 16p ngoai cung, tirc 1a
chung dat dén trang thai 6n dinh tam thoi.

Ge 1a mot loai vat liéu ban dan khac. Trong vi du 1-1, ta dd thay rang nguyén tir Ge chira bon
electron 16p ngoai cung, trong d6 16p p chira hai electron. Do d6, no6 ciing c6 khuynh huéng tao
lién két hoa tri dé dat dén trang thai bén virng tam thoi.

1-3 Dong dién trong ban din

Nhu da biét, trong vat lidu dan dién c6 rat nhiéu electron tu do. Céc electron nay dugc giai
phong khoi nguyén tir bang cach hap thu nang luong, thuong 1a nang luong nhiét c6 & nhiét d6 moi
truong. Khi cac electron niy chuyén dong c6 hudng s& sinh ra dong dién. Déi v0i vat liu ban dan,
cac electron tu do cling duoc sinh ra cing mot cach. Tuy nhién, ning luong can dé giai phong cac
electron nay 16n hon ddi voi vat liéu dan dién vi chung bi rang budc boi cac lién két hoa tri. Nang
lwong nay phai du 16n dé pha v& lién két hoa tri gitta cac nguyén tir.
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Thuyét luong tir cho phép ta nhin mé hinh nguyén tir dya trén nang lugng cua no, thuong duoc
biéu dién dudi dang gian d6 ning luong. Pon vi ning lugng qui ude trong cac gian do nay la
electronvolt (eV). Theo thuyét nay, mot electron khi mudn tré thanh mét electron tw do phai hip
thu du moét lvong nang lugng xac dinh. Nang lugng nay phu thudc vao dang nguyén tir va 16p ma
electron nay dang chiém. Cac electron trong 16p vo ngoai ciing da c6 san mot lugng ning lugng
dang ké, do d6 chi can nhan thém mot lugng ning luong tuong déi nho 1a du dé giai phong ching.
Cac electron ¢ cac 16p bén trong c6 it nang luong hon do bi rang bude véi hat nhan nhiéu hon, do
d6 chiing can phai nhan mot lugng ning luong rat 16n mai co thé trg thanh electron tu do. Cac
electron ciing ¢ thé di chuyén tir 16p bén trong dén 16p bén ngoai trong nguyén tir bang cach nhan
thém mot lugng niang luong bang vai chénh 1éch ning lugng giita hai 16p. Nguoc lai, cac electron
cling c6 thé mat nang luong va tré lai v6i cac 10p c6 muc ning luong thap hon. Cac electron tu do
ciing vay, ching c6 thé giai phong nang lugng va trg lai 16p vo ngoai cling ctia nguyén ti.

Khi nhin trén mot nguyén tir, cac electron trong nguyén tir s& dugc sip xép vao cac mirc ning
lwong rdi rac nhau tily thudc vao 16p va 16p con ma electron nay chiém. Cac muc ning lugng nay
giéng nhau cho moi nguyén tir. Tuy nhién, khi nhin trén toan bo vat liéu, mdi nguyén tir con chiu
anh hudng tir cac tdc dong khac nhau bén ngoai nguyén ti. Do do, muc ning lugng cia céac
electron trong cuing 16p va 16p con c6 thé khong con bang nhau gitra cac nguyén tir. Két qua 1a cac
murc ndng lugng trong mdt nguyén tir tré thanh cac ving nang lugng. Mot vung nang luong 1a tap
hop cta cac murc nang luong roi rac xap xi nhau ctia mot 16p va 16p con. Hinh 1-3 trinh bay gian do
ning lugng. Ving dan 1a ving ning luong cia cic electron tu do. Ving héa tri 1a ving cla cac
electron nam trong 16p v6 ngoai cung, ching mang nang lugng thap hon so voi vung dan. Gifra hai
vung ndy la ving cam, day la ving ma khong c6 electron nao mang nang lugng ndm trong ving
nay. Bé - 10ng cua vung dan chinh 1a luong ning luong ma mot electron cla nguyén tur phai hap thu
khi mudn tré thanh mot electron tu do. Trong hinh 1-3(a), vat liéu cach dién ¢ bé rong vung cAm
16n, diéu d6 c6 nghia 1a mot electron phai hap thu mot ning lugng rat 16n khi mudn tao thanh
electron tu do. Chinh vi vay, vat li€u cach dién co rat it electron tu do. Vi du d6i voi Carbon, bé
rong ving cam 1a 5.4 eV . Nguoc lai vat lidu dan dién c6 bé rong viing cam rat hep nhu dugc trinh
bay trong hinh 1- -3(d). Bé rong nay co thé nhé hon 0.01 eV hoic tham chi khong ton tai. Di véi
vat heu ban dan, bé rong ving cAm phu thudc vao nhiét do. Hinh 1-3(b) va 1-3(c) cho thdy bé rong
ving cAm cua Si va Ge ¢ nhiét d6 phong, ching xap xi 1.1 eV va 0.67 eV .

energy energy
A b
L conduction band/ ¥ b ndyctio 4 Hinh 1-3
forbidden band 1.1eV forbidden band Gfan dto w:mgA ”‘?’fg luong
- cua mot so vt liéu.
/E valence bang% valences ba
(a) insulator (b) silicon
e 0.0l ev 4
i /:conducnon bgnd/é i /:c onéagnc{n/ fn‘;ﬁﬁ//é
0.67 eV | forbidden band _f_—
valence band [7yactice hand
7 2
(c) germanium (d) conductor

Nhu da théy trong phén trudce, sd electron tu do trong vat li¢u phu thude rat nhiéu vao nhiét do
va do d6 do dan dién cua vat liéu cling vay. Nhiét d§ cang cao thi nang lugng cua céc electron cang
16n. O nhiét do khong tuyét ddi (=273°C, tiic 1a 0 K), tat ca cac electron co nang luong la khong.
Khi nhiét d6 tang dan, cac electron bat dau hap thu ning luong nhiét va néu ning luong nay da dé
vuot qua vung cam thi n6 trd thanh electron tu do. Di voi vat lidu ban dan, diéu nay co6 nghia la do
dan dién ting theo nhiét do, dién tro gidm theo nhiét do, tic 1a vat liéu ban dan c6 hé s6 nhiét dién
tré am. Mic du trong vat liéu dan dién, s6 electron tu do ciing gia tang theo nhiét d6 nhu trong ban
dan, tuy nhién sy gia ting ndy 1a qua 16n, do d6 s& dan toi viéc xuat hién mot sé luong hat dan
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khong 16 bén trong vat lidu dan dién va két qua 1a chiing can tré 1an nhau trong qué trinh chuyén
dong dé tao ra dong dién. Két qua 1a vat liéu dan dién c6 hé sb nhiét dién tré duong.

1-3-1 L3 trong va dong 16 trong

Diém khac biét that su cua dong dién trong vt liéu dan dién va dong dién trong ban dan do la
trong vat liéu ban dan ton tai mot dang hat dan khac ngoai electron ty do. Khi mét lién két hoa tri bi
pha v&, mot electron tu do xuét hién thi dong thoi nd ciing sinh ra mot 16 tréng (hole) trong ciu triic
tinh thé. LJ tréng dugc biéu dién bang viéc thiéu mat mot electron trong lién két hoa tri. Vi nguyén
tir bi mat mot electron lic nay c6 dién tich dwong nén 16 tréng dugc qui ude 1a hat dan mang dién
tich duong. Su chuyén dong cua 16 trong 6 thé dugc hiéu 1a su chuyén dong cua electron trong 16p
v6 ngoai cung lan can chiém lay 16 trong va dé lai mot 15 tréng tai noi né vira roi khoi. Néu su di
chuyén nay cua 16 tréng dugc diéu khién mot cach co6 huéng thi bén trong vat liéu ban din sé xuét
hién mot dong dién tuong ty nhu dong dién dugc tao ra bdi sy chuyén dong c6 hudng cua cac
electron tir do. Dong dién nay duoc goi 1a dong 15 trdng trong ban dan.

W U W ‘
Bom_ 0D ‘OE Hl‘nh1;4

Dong 16 trong. Khi electron tai A tré thanh

_ ! electron tw do, mot 16 tr(fng hinh thanh. Néu
B electron tai B di chuyén vao 1o trong tai A, hiéu

30@ O@OE qud giong nhu 16 trong di chuyén.
i

)

SOE D00
A @M

Hinh 1-4 minh hoa khai niém 15 tréng va dong 15 tréng ma ta da dé cap ¢ trén. Luu y 1a khi 15
trong di chuyén tir phai sang trai cling dong nghia voi viée cac electron 16p vo ngoai cung di
chuyén tir trai sang phai. That ra ta hoan toan c6 thé phan tich dong dién trong ban dan thanh hai
dong electron. Tuy nhién, dé tién loi ta thuong xem nhu dong dién trong ban dan 1a do dong
electron va dong 15 trong gay ra. Viéc phan biét ndy ciing nhdm phan biét rd ban chét cua hai dong
electron, mdt la dong cua cac electron tyr do va mét la dong cua cac electron trong 16p vo ngoai
cung cua nguyén tu. NOi cach khac, mét dong electron xuét hién trong vung dan, mot dong electron
xudt hién trong vung hoa tri. Ta thudng goi electron tir do va 16 trong 1a hat dan vi ching co kha
nang chuyén dong c6 hudéng dé sinh ra dong dién. Khi mot electron tw do va 15 tréng két hop lai véi
nhau trong ving hoa tri, cac hat din bi mat di, va ta goi qua trinh nay 13 qua trinh tai hop hat dan.

Trong ban din ma ta di khao sat cho dén thoi diém nay, viéc pha v& mot lién két hoa tri sé tao
ra mot electron ty do va mot 10 trong, do d6 so lugng 10 trong s€ ludn bang so lugng electron ty do.
Ban dan nay dugc goi l1a ban dan thuan hay ban dan noi tai (intrinsic). Mat do electron n,, tinh bang

electron/cm’, 12 bang v6i mat do 15 tréng p,, tinh bang 15 tréng/cm’.
n=p, (1-2)

O nhi¢t do phong, mat do hat dan cho Ge xép xi la n =p, =2.4x10" /em® va cho Si la
n = p, =1.5x10" /em®. Gid tri ndy c6 vé nhu rat 16n, tuy nhién, néu nhu ta so sanh véi s6 luong
nguyén tir c6 trong mot cm’ cua Si 1a 102 nguyén tir thi lugng hat dan c6 duoc lai qua it. Déi véi
vat liéu dan dién nhu ddng (Cu), luong electron tu do 13 xap xi 8.4x10% /cm®, mot sd rat 16n so véi
luong hat dan cf{a vat liéu ban dan. Chinh vi vay kha nang dan dién cua vat liéu ban dan 1a kém hon
so v&i vat ligu dan dién & nhiét d§ phong.

1-3-2 Dong troi
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Khi mét hiéu dién thé dwoc dit 1én hai dau ban dan, dién truong s& lam cho cac electron ty do
di chuyen nguoc chiéu dién truong va cac 16 tréng di chuyen cung chiéu dién trudong. Ca hai sy di
chuyén nay giy ra trong ban dan mot dong dién c6 chiéu cung chiéu dién truong duoc goi 1a dong
troi (drift current). Dong tr61 phu thude nhiéu vao kha ning di chuyén cua hat din trong ban dan,
kha nang di chuyén duoc danh gia bang do linh dong cua hat dan. D linh dong nay phu thudc vao
loai hat dan ciing nhu loai vét liéu, mot sd gia tri tiéu biéu dugc trinh bay trong bang sau:

Silicon Germanium
, =0.14 m*/(Vs) 4, =0.38 m’/(Vs)
4, =0.05 m*/(Vs) w,=0.18 m*/(Vs)

Dua trén dg linh dong, van tdc cua hat dan trong dién truong E , don vi V/m, dugc tinh theo
cong thuc 1-3
vl’l = Eﬂﬂ
_ (1-3)
Vo = L Hy

Ta c6 thé su dung d6 linh dong cua hat dan dé tinh mat do dong dién J trong ban dan khi biét
cuong do dién truong. Mat d¢ dong dién la dong dién trén mdt don vi dién tich.
J=J,+J,=nq,uE+pq,uE=nqyv,+pq,v, (1-4)

vol J = mat do dong dién, A/m?

n, p = mat do electron tu do va 16 tréng, hat din/m’

9,9, = don vi dién tich electron = 1.6x10™" C

[, = d6 linh dong cua electron ty do va 16 tréng, m? / (Vs)
E = cuong do dién truong, V/m

VsV, = van toc electron ty do va 16 trong, m/s

Biéu thirc (1-4) cho théy mat do dong dién la téng cua mat do dong electron J, va mat do
dong 18 trong J,.

Vidu 1-2

Mot hiéu dién thé 12 V dugc dit 1én hai dau ciia mot thanh ban din thudn trong hinh 1-5. Gia sir 4
n,=1.5x10" electron/m’, x, =0.14 m*/(Vs) va u, =0.05 m’/(Vs). Tim:

1. Van tdc electron tu do va 18 trong;

2. Mat d6 dong electron tu do va 16 tréng;

3. Mat d¢ dong téng cong;

4. Dong tong cong trong thanh ban dan.
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Huéng dan

Ta s& gia str dién truong 1a déng bo trén toan thanh ban dan thuan.
1. T biéu thire 1-3 ta co:

E=(12V)/(0.6x10” m*)=2x10" V/m

v, =Eu, =(2x10° V/m)x[0.14 m*/(Vs)]=2.8x10" m/s
v, = Ep, =(2x10° V/m)x|0.05 m*/(Vs)]|=10" m/s

2. Vi vat ligu 1a thuan nén

pr=n,=(15x10" fem®) /(10° m’*/em®)=1.5x10 /m’

J, =nqy,=0672 A/m’

J,=p4q,v, =024 A/m’

3.J=J,+J,=0.672+0.24=0.912 A/m2

4. Tiét dign ngang cta thanh la: (20x107° m)(20x10”° m)=4x10" m*. Do d6, dong di¢n
[=J4=(0912 A/m’)(4x10™* m’)=0.635 mA

Dién trd ¢ thé duoc tinh bang cach dung cong thic

/

R=p—

pA
vol R = dién tro, Q

(1-5)

p = dién tr& suit, Om
[ = chiéu dai, m
A = tiét dién ngang, m’

Pién dan, don vi siemens (S), dugc dinh nghia 12 nghich dao cua dién tro, va dién dan suat,
don vi S/m, 1a nghich ddo cua di¢n trd suat

1
o=— (1-6)
o,
Dién dan suit cta vat liéu ban din c6 thé dugc tinh theo cong thirc
o=nq,Kt,+Pq,H,

(1-7)
Vidy 1-3

1. Tinh dién dan suit va dién tro sudt cta thanh ban dan trong vi du 1-2
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2. Dung két qua cta (1) dé tim dong trong thanh ban dan khi dién 4p trén hai diu cua thanh 13
12V.

Huéng din
n=p=n=p,=15x10° /m’
1. o =(1.5x10°)(0.14)(1.6x10™" ) +(1.5x10°)(0.05)(1.6x10™" ) = 4.56x 10™* S/m
1

p=—=2192.98 Om
O
2192.98)(0.6x107*
R:pi:( )( ~ ):32.98k
7 A 4x%x10
_E 12

[=S2=— = __=0365mA
R 32.98x10

1-3-3 Dong khuéch tin

Trong ban dan con c6 mdt dang dong dién khac bén canh dong tréi. Néu nhu trong ban din c6
su chénh 1éch mat do hat dan thi cac hat dan s& co khuynh hudéng di chuyén tr noi ¢c6 mat do hat
dan cao dén noi c6 mat do hat dan thap hon nham cén bang mat d6 hat din. Qua trinh di chuyén
nay sinh ra mot dong dién bén trong ban din. Dong dién nay dwoc goi 1a dong khuéch tan
(diffusion current). Dong khuéch tan c6 tinh chat qua do (thoi gian ton tai ngén) trir khi sy chénh
1éch mat d¢ dugc duy tri trong ban dan.

1-4 Ban din loai N va ban dén loai P

Trong phan trudc ta dd biét ban din thuan hay con goi 13 ban dan ndi tai (intrinsic
semiconductor) c6 mat dg electron ty do béng voi mat do 16 tréng. Trong qué trinh ché tao cac vat
liu ban dan duoc dung trong cac ing dung thuc té, su cAn bang nay s& bi thay doi. Ngudi ta s& tao
ra vat liéu ban dan trong d6 mat do electron 16n hon mat d6 15 trong hodc vat liéu ban dan co6 mat
do 16 tréng 16n hon mat do electron tu do. Cac vat liéu ban dan nay duoc goi la ban dan c6 pha tap
chat. Ban din ma electron tu do chi phéi dugc goi 1a ban dan loai N, va nguoc lai, ban dan trong dé
16 tréng chi phdi chi yéu duoc goi 1a ban dan loai P.

Trude tién ta xem xét cach thic tao ra ban dan loai N. Gia st ta c¢6 thé dat vao bén trong cu
trac tinh thé mot nguyén tir 6 nam electron 16p ngoai cing thay vi bon. Nguyén tir ndy van s& ding
bdn electron 16p ngoai ciing ctia né dé tao lién két hoa tri nhu thong thudng. Vi vdy nguyén tir tap
chét tré thanh mot phﬁn trong cAu trc tinh thé. Tuy nhién, electron thir nam khong tao dugc lién
két nén nod co lién két rat yéu v6i hat nhan nguyén tir. Hinh 1-6 trinh bay ciu trac tinh thé ban din
c6 pha tap chat. Nguyén tir tap chét liic nay duoc goi 1a nguyén tir tap chat cho (donor). Khi dua
vao ban dan mot sb lugng 16n nguyén tu tap chat, mot sb lugng 16n electron du thtra cling duoc tao
ra. Cac vat liéu dugc st dung nhu tap chat cho donor thong thuong la antimony, arsenic,
phosphorus.

U W W W Hmie
3@(_. OGS ..j@(.. _)@E Cau truc tinh thé ban dan chira mot nguyén

: ! I tw donor. Hat nhan cua donor ky hiéu la D.
E E E Luu y la donor c6 mot electron thira.
Polalcian]-faelola

| I )
GO
Elolaelsaslolasloa
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Qua trinh pha tap chat vao ban dan thuan dugc goi 1a qua trinh kich thich (doping). Ban dan
thuan duoc ndi 1a bi kich thich (doped) bang nguyén tir tap chat va ban dan di pha tap chéat dugc
goi 1 ban dan khong thuan (dopant). Vat liéu Si trong hinh 1-6 bi kich thich (doped) v&i nguyén tir
donor, do d6 nd chira cac electron du thira. Vi cac electron nay c6 lién két rt yéu voi hat nhan nén
chi can mot ning luong rat nho thi electron nay da c6 thé tro thanh electron ty do trong vung dan va
nguyén tir tap chat tré thanh mot ion dwong. Trong cic tinh toan sau, ta ludn gia st 13 tat ca cac
nguyén tu tap chat déu bi ion hoa tré thanh ion duong. Can phai luu ¥ 1a toan bd ban dan ltc nay
van trung hoa vé dién, diéu nay 1a do ban than ban din thuan va tap chat pha vao déu trung hoa vé
dién, do d6 khi pha tap chat vao thi ban dan c6 pha tap chit van trung hoa vé dién.

Ban dan loai P duoc tao ra béng cach dua mot tap chét chi c6 ba electron 16p ngoai cung vao
ban dan thudn. Lac ndy, trong ciu trc tinh thé ban dan xay ra sy thiéu electron vi nguyén tir tap
chat chi co thé dung ba electron 16p ngoai cung dé tao lién két hoa tri. Noi cach khac, bén trong ban
dan xuat hién thém 10 tréng. Nguyén tur tap chat duoc goi 1a tap chat nhan (acceptor). Hinh 1-7 cho
thay mdt nguyén tir acceptor trong cau tric tinh thé ban din Si. Vat lidu thuong dugc dung lam tap
chat trong trudng hop ndy 1 aluminum, boron, gallium, indium.

W W W ), Hinh 1-7 -
DOE HYOE G E DG Cau tric tinh thé ban dan cé chira mgt
N ) M
| | |

nguyén tu acceptor. Nguyén tir acceptor
dugc ky hieu la A. Luu y dén lién két hoa
! U, h"l‘\' U, tri khong day du.
DOCOOE '0C OO
I I |
\_/ \_/
OOC OOCHOH®CE
m M M

Trong vat liéu ban dan loai N, mic du $6 luong electron tu do nhiéu hon han so véi 15 tréng
nhung 16 trong vén ton tai trong ban dan. Sy chi phéi ciia electron ty do dbi véi mat do hat dan phu
thudc vao lugng tap chit pha vao ban dan. Luong tap chat donor cang 16n, mat do electron tu do
cang cao va cang chlem uu thé so voi luong 16 trong Do d6, trong ban dan loai N, electron ty do
duoc gol 1a hat dan da sb (hoic hat dan chu yeu), 16 trong duoc goi 1a hat dan thiéu s (hoic hat dan
thir yéu).

(&=

3@(— DIOIG

Mét mbi quan hé quan trong giita mat do electron va mat do 16 tréng trong hau hét cac ban dan
trong thyc t€ 1a
np =n’ (1-8)
v61 n = mat do electron
p = mat do 15 tréng
n, = mat do electron trong ban dan thuan

Tat ca cac biéu thirc da thao luan lién quan dén d6 linh dong, do dan dién va mat do dong dién
la diing d6i véi ban dan thuan cling nhu ban dan pha tap chat. Mat d¢ hat dan trong céc tinh toan
thuong dugc xac dinh boi biéu thuce 1-8.

Vi du 1-4

Mot thanh silicon c6 mat d6 electron trong ban dan thuan 1a 1.4x10' electron/m’ bi kich thich béi
cac nguyén tir tap chat cho dén khi mat d6 16 tréng 1a 8.5x10*' 18 tréng/m’. o linh dong cua
electron va 18 tréng 1a g, =0.14 m*/(Vs) va u, =0.05 m’/(Vs).
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1. Tim mat d6 electron trong ban dan da pha tap chat.
2. Ban dan 1 loai N hay loai P?
3. Tim d¢ dan dién ciia ban dan pha tap chat.
Huéng din
1. Tir biéu thirc 1-8:
2 (14x10")

n= j = W =2.3x 1010 electron/m3

2. Vi p>n,vatliéu la loai P.
3. Tir biéu thirc 1-7:
o=nuq,+puqg,
=(2.3x10")(0.14)(1.6x10™") +(8.5x10™ ) (0.05)(1.6x10™")
=5.152x107"" + 68 ~ 68 S/m

Trong vi du trén, ta c6 thé thdy rang do dan dién cua toan bo ban dan loai P phu thudc chi yéu
vao thanh phan do 10 trong gdy ra. Piéu nay ciing dung trong thuc te do dan dién cta ban dan chu
yéu do hat din da sé quyét dinh. Biéu thirc 1-9 mo ta do dan dién x4p xi trong hai loai ban din N va
P.

o xnp,g,

1-5 Chuyén tiép PN

Khi ta ghep mot ban dan loai N va mot ban dan loai P, vung tiép giap cta hai ban dan duoc goi
la chuyen tiép PN. Vung nay 1a thanh phan co ban cta hau hét cac linh kién dién tir ban dan. That
ra, dé tao dugc chuyen t1ep PN, khong chi don gian 1a dit hai ban dan canh nhau. Trong thuc té,
nguoi ta tao ra chuyén tiép PN bﬁng cach tao ra mot su chuyén dan mat d6 hat dan trong cung mot
tinh thé ban dan.

(1-9)

Gia sir 1a khdi ban dan loai P phia tay trai dot ngot duoc ghép véi khdi ban din loai N phia tay
phai nhu trong hinh 1-8(a). Trong phan trudc, ta da biét rang 16 trong 13 hat din da s trong ban dan
loai P va electron tu do 1a hat dan da s trong ban dan loai N. Hai ban dan nay déu trung hoa vé
dién. Do su chénh léch vé mat do hat dan nén dong khuéch tan xuét hién. Cac electron tu do trong
N khuéch tan sang P va cac 16 trong trong P khuéch tan sang N.
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(a) Blocks of P and N materials at
the instant they are joined; both
blocks are initially neutral.

Hinh 1-8

Sw hinh thanh chuyén tiép PN. A=nguyén tir acceptor; h =10 trong
cua acceptor;, D =nguyén tir donor; e =electron cua donor.

+ =ion dwong, —=ion mang dién tich am.

(b) The PN junction showing
charged ions after hole and electron
diffusion.

Khi mét electron roi bé mién N dé di vao mién P, né dé lai bén phia N mot ion donor mang
dién tich duong, khi mot 16 trong roi bod mién P dé di vao mién N, n6 d€ lai bén phia P mot ion
acceptor mang dién tich am. Qua trinh nay xdy ra tirc thoi va lién tuc ngay sau khi ghép ban dan
loai N v6i ban dan loai P lam cho vung hai bén tiép gidp mang cac di¢n tich trai dau, bén N mang
dién tich duong va bén P mang dién tich &m. Vung dién tich nay duoc goi la di¢én tich khong gian
(space charge).

Vi¢c tap trung di¢n tich trai d4u & hai bén chuyén tiép lam xudt hién mot dién truong dugc goi
la dién truong tiép xac. Chiéu cua dién truong nay 1a tir N sang P. Hinh 1-9 minh hoa vi¢c phat sinh
dién truong E ngang qua chuyén tiép PN.

E
I Hinh 1-9 B o
" g » Dién truong E trén chuyén tiép PN ngan dong
s b khuéch tan tir N sang P. Khong c6 hat dan trong
- =14+ + \ \ A A 2 , ro,r 1A > . A
T A vung ngheo (do rong cua no co ti Ié nho hon nhiéu

—a-l [«—dcplction region s0 voi hinh ve) '

Can phai luu ¥ 13 hudng cua dién trudng luc nay 1a cing chiéu véi dong electron tir N sang P
va ngugc chiéu v6i dong 16 trong tir P sang N. Chinh vi vay, dong khuéch tan ctia hat dan da so bi
ngdn can bdi dién truong E. Thém vao do, dién truong ndy con gdy ra mot dong dién trdi cung
chidu véi no, tir P sang N. Dong dién tréi nay duoc tao thanh tir dong electron tir P chay sang N va
dong 15 trong tir N chay sang P. Vi cac hat dan nay 1a cac hat dan thiéu sd, nén dong troi thuong co
bién do rat nho so véi dong khuéeh tan. Dong nay duoc goi 1a dong ngugc. O trang thai cén bang
(khi khong chiu tac dong cua dién truong ngoai), vi dién truong £ ngan can dong trdi va tao ra
dong khuéch tan nén dong troi bang voi dong khuéch tan va dong tong cong qua chuyén tiép PN la
bang 0.

Trong vung dién tich ¢ hai bén chuyén tiép, mat do hat dan rat thip do cac hat din trong ving
nay déu tirc thoi bi khuéch tan hodc troi sang vung dbi dién dudi tac dong cia dién truong. Vung
nay dugc goi la vung ngheo (depletion region). Bé rong ving nghéo phu thudc vao nong do tap
chat pha vao trong ban dan loai N va loai P. Ving nghéo s& mé rong vé phia c6 nong do tap chat
thap hon.

Dién truong trong hinh 1-9 1a két qua ctia mot hiéu dién thé ton tai ¢ hai bén chuyén tiép. Hi¢u
dién thé nay dugc goi 1a hi€u dién thé hang rao (barrier). Gié tri cua hiéu dién thé hang rao, ky hi¢u
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V, hoac V,, bi phu thudc vao muc do pha tap chét, loai vat liéu va nhiét do. Biéu thirc 1-10 cho

thdy cong thirc xac dinh hiéu dién thé hang rao:

Vv k_Tl[M] (1-10)
q n;

v6i ¥, =V, = hiéu dién thé hang rao, volts

k = hang s6 Boltzmann = 1.38x107* J/K

T = nhiét do tuyét di, K

g = don vi diéntich=1.6x10" C

N, = nong do tap chat acceptor trong ban dan loai P
N, = ndng d6 tap chit donor trong ban dan loai N
n, = mat do hat dan trong ban dan thuin

Chuy réng hiéu dién thé hang rao ti 1€ thuén véi nhiét d9, va nhu chung ta s€ théy O cac phﬁn
sau, nhi¢t d0 dong mdt vai tro rat quan trong trong cac linh ki¢n ban dan. Bé thé hién sy phu thudc
cua hiu dién thé vao nhi¢t o, nguoi ta dua ra khai niém dién thé nhiét:

y AL (1-11)
q
Thay vao biéu thirc 1-10, ta c6
V=V, =V, m[NA—QVDj (1-12)
n[

Vi du 1-5
Mot chuyén tiép PN dugc tao nén tir ban din loai P c6 10* acceptor/m’ va ban dan loai N ¢6
1.2x10*" donor/m’. Tim dién thé nhiét va dién thé hang rao tai 25 °C.
Huéng din
T =273+25=298 K . Ti biéu thirc 1-11,

1.38x107)(298)
VT:( (1.6X10)19) =257 mV

n? =(1.5x10)" =2.25x10%
Tt biéu thirc 1-12:
v, =(0.025)(24.6998) = 0.635 V

1-6 Phén cue chuyén tiép PN

Trong ly thuyét vé mach dién tir, tir “phan cuc” nham chi dién 4p dc hodc dong dién dc trong
linh kién. Dong dién hodc dién 4p dc nay dugc duy tri b?mg mot ngu(‘A)n dc ndi véi linh kién thong
qua mot mach phan cuc. Chuyén tiép PN ¢6 thé duge phan cuc bang cach ding mot ngudn dién ap
dit 1én hai ddu ciia chuyén tiép.

Trong phan 1-5 ta da thay rang trong chuyén tiép PN ton tai mot dién truong co tac dung ngin
can dong khuéch tan cta hat dan da so va sinh ra dong trdi cua hat dan thi€u s6. Khi ngudn de duoc
dat 1én chuyén tiép PN, no6 c6 thé cung chiéu hoac ngugc chicu voi dién trudng ti€p xtc. Hinh 1-10
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cho thay mot cach dit ngudn dién ap lén chuyen tiép PN. Trong hinh nay, cyc duong cua nguon
dugc noi voi P va cyc am cua ngudn duge ndi véi N. Véi chidu cua dién ap nhu hinh 1-10 thi dién
truong do ngudn ngoai giy ra 1a nguoc chiéu véi dién truong tiép xuc. Lic nay dién thé hang rao
giam xudng va dong khuéch tan cua hat din da s tang 1én. Cach phan cuc nay dugc goi 1 phan
cuc thuan chuyén tiép PN.

. B s Hinh 1-10
Nguon ap V' phan cuc thudn
“ chuyén tiép PN. Vung ngheo (ving
. T 1 "' gach xéo) tré nén hep hon.
'l.
—l'
v

Khi chuyén tiép PN dugc phan cuc thuén, dién thé hang rao giam Xuong, do d6 s luong cac
ion acceptor va donor & hai bén chuyén tiép cling giam xubng. Két qua 1 bé rong ving nghéo bi
thu hep.

1-6-1 Biéu thirc diode

Nhu ta s& biét trong phan sau, chuyén tiép PN 1a cdu trac chinh tao nén linh kién diode. Mbi
quan h¢ gitta dién &p V' trén chuyén ti€ép PN va dong dién / qua chuyén tiép duoc goi la biéu thirc
diode

I=1(e" 1) (1-13)

véi I = dong qua chuyén tiép, A

V = dién 4p trén chuyén tiép, V (duong khi phan cuc thuin)

I, = dong ngugc bao hoa, A (I con co thé duoc ky hiéu 1a 1)

n=h¢ s6 phat (1a ham cua V, gia tri cua n6 phu thudc vao vat licu; 1< <2)

V, = dién thé nhiét (xem biéu thirc 1-11)

Gi4 tri cuia V. & nhiét do phong 1a khoang 26 mV . Gi4 tri cua 7 dbi voi silicon thuong dugc
gia str1a 1 d6i voi ¥ >0.5V va xép xi 2 khi ¥ tién dén 0. Vi vay khi ¥ 16n hon 2V, tic la
khoang 0.05 V, &"/”" bit diu tang mot cach nhanh chong theo V. Pb6i v6i ¥ >0.2 V, liy thira
nay rat 16n hon 1. K&t qua 1a biéu thuc 1-13 cho thay dong [ trong chuyén ti€ép PN gia ting rat
nhanh khi dién 4p phan cuc thudn vuot qua 200 mV . Dong bdo hoa /¢ thuong rat nho (vi thuc chét
day la dong nguoc), nhung vi /; dugc nhan véi moét liy thira rat 16n nén ban than dong I co thé
tré nén rat 16n. Hinh 1-11 cho thay quan hé caa I theo ¥, nd duoc goi la dic tuyén VA cia diode.
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1 Hinh 1-11
v I Dong dién va dién dp trong
mét chuyén tiép silicon phdn
0 : hugn, I, =0.1pA
0.01 |0.02pa  C¥cthuan Is=0.1p
N 0.05 | 0.16 pA
S 0.1 |0.58pA
0.2 4.58 pA
0.3 319 pA
0.4 219 pA
, 05 [ 22,A
i 0.6 1.1 mA
1.1 mA _""Jll = 0.7 49 mA
0.6 0.7
£

7 Hinh 1-12 7
P / N Nguon ap V' phan cuc nguoc chuyén

%/ tiép PN. Viing nghéo (ving gach xéo)
;l I 7 duwoc mo rong ra (so voi hinh 1-10).

L

|
Vv

Bay gio ta gia su la két ndi ctia chuyén tiép PN va ngudn dién ap ngoai dugc ddo nguoce lai,

cuc duong cua nguon n6i v6i N va cuc 4m ctia ngudn ndi véi P. Cach két ndi nay duogc goi 1a phan
cuc nguoc chuyén tiép PN.

Trong truong hop nay dién trudng ngoai c6 khuynh huong gia tang dién truong tiép xuc. Két
qua 1a dong khuéch tan bi ngin can, va cuong do cua nd giam xu6ng so vo1 khi khong phan cye.
Cuong do dién truong gia tang dong nghia vai viée gia ting s6 lwong ion donor va acceptor hai bén
chuyén tiép va bé rong viing nghéo mé rong khi phan cuc nguoc.

Ta ciing da biét 13 trong chuyén tiép PN c6 dong dién troi ciia cac hat dan thiéu sb sinh ra dudi
tac dong cua dién truong tiép xtc. Vi dién truong tiép xtc tang 1én khi phan cuc nguoc nén dong
troi ciing tang ti 16. Tuy nhién, vi dong nay 1a dong ctia hat dan thiéu s nén bién do ctia n6 nho hon
rat nhidu so v6i dong dién thuan khi phan cuc thuén.

Pay chinh 1a diém phén biét rd rang nhit giita phan cuc nguoc va phan cyc thuan, c6 mot dong
dién rat 16n qua chuyén tiép khi phan cuc thuan va mot dong dién rat nho chay qua theo hudng
nguoc lai khi phan cue ngugc. Day la mot déc tinh rat hitu ich cuia cac linh kién dugc tao nén tir
chuyén tiép PN. Trong thuc té, chuyen tiép PN dugc dat vao mot vo linh kién phu hop, qua d6 cac
chan linh kién s& tao mot két ndi giira cac thanh phan bén ngoai véi ban ddn N va P. Linh kién nay
dugc goi 1a diode. Phia P dugc goi 13 anode, phia N duoc goi 1a cathode. Hinh 1-13(a) cho thiy
biéu twong mach cua diode. Hinh 1-13(b) cho thdy phan cuc thuin diode va hinh 1-13(c) 1a phan
cuc nguoc cho diode.

-/
anode cathode [P+ —P—— Hinh1-13
(P) (N) Biéu twong mach ciia
" e diode va mach phan cuc.
)¢ vl
(a) Symbol for a (b) Forward- (c) Reverse-

PN junction diode biased diode biased diode
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Tré lai thao luan truong hop phan cuc nguoc diode, co thé théy réng dong dién thuan va dong
dién nguoc 13 nguoc chiéu nhau. Do d6, dé thuan tién, ta thuong qui udc dong dién thuan cé chiéu
dwong va dong dién nguoc co chiéu am. Khi d6, biéu thirc 1-13 ciing c6 thé dugc dung dé tinh cho
phén cuc nguoc.
I=IS(eV/'7VT —1) (1-14)

T quan diém do thi, hinh 1-14 trinh bay quan h¢ cua V' va I khi phan cyc thuén va phan cuc
nguoc theo qui udce trén.
'y
Hinh 1-14
Quan hé dong — dp trong chuyén tiép
PN duoi phan cuc thudn va phan cuc
nguoc. Luu y la thang ti I¢é cua dong
forwiird: nguoc da dwoc thu nho.

biased
region

l .
4

I

reverse-biased
region

Khi ¥ khoang vai chuc volt trong phan cuc nguoc, thanh phan lily thira c6 thé bo qua so véi 1.
Két qua la:
I~I(0-1)=-I (1-15)

Biéu thirc 1-15 ching to rang dong nguoc trong chuyén tiép bang dong bio hoa 7 P didu d6 co
nghia 12 dong ngugc trong thuc té khong thé vugt qua dong nguoc bio hoa cua chuyén tiép.

Biéu thirc 1-14 duoc goi 1a biéu thie diode 1y tuong. Trong cac diode thuc, dong ngugc c6 thé
vugt qua /. Ly do cua viéc nay 1a do su xuat hién ctia dong ro bé mat, dong nay chdy trén bé mat
cua diode, tuan theo dinh luat Ohm va cé gié tri 16n hon rat nhiéu so voi dong nguoc bao hoa, cé
thé 1én dén 100.000 lan so véi 1.

1-6-2 Panh thiing chuyén tiép PN

Néu dién ap phan cuc ngugc ting dén gid tri dién &p danh thung V,, (breakdown voltage), mot
dong nguoc rat 16n s& chay qua chuyén tiép. Hon nita, mot sy gia ting rat nho trong dién ap sé& tao
ra mét gia tang rat 16n trong dong ngugc. Noi cach khac, diode khong con gilr duge dac tinh hoat
dong thong thuong cua nd. Hinh 1-15 cho thay ddc tuyén VA cua diode khi ké dén vung danh
thung.
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£y X
Hinh 1-15 ’

Quan hé 1 -V cua diode cho thay

su gia tang dot ngot cia dong khi

v dp gan dén dién ap danh thing.
BR

|
i
i
|
!
|
l
|
1
!
l

Trong cac diode thong thuong, hién twgng danh thing xay ra vi dién truong qua 1on trong ving
ngheo s€ lam phat sinh mdt s6 lugng hat dan rat 16n lam gia ting dong ngugc. Qua trinh nay duoc
goi 1a danh thing thac lii (avalanching). Bién d6 ciia dong nguoc khi ¥ xap xi V,, co thé dugc
tinh bang biéu thirc sau:
I S

1—(VJ
VBR

v6i n 1a hang so dugc xac dinh tir thyc nghiém.

= (1-16)

Mot s6 loai diode dic biét, vi du nhu diode zener duoc thiét ké dé 1am viée trong vung danh
thung. Dic tuyén zener c6 dang gan nhu thang ding trong ving danh thung c6 nghia 1a diode zener
duy tri mot dién ap khong d6i, doc lap voi dong nguoc qua diode. Diode zener bi kich thich bang
tap chat nhiéu hon so véi cac diode thong thudng, chiung c6 bé rong ving nghéo nho va dién thé
hang rao thap. Co ché danh thung trong cac diode zener c¢6 dién ap danh thing nhé hon 5 V khac
v6i co ché danh thung thac 10 dd dé cip ¢ trén, co ché nay duoc goi 1a co ché danh thung xuyén
ham. Panh thung thac 1ii xay ra ddi véi cac diode zener c6 dién ap danh thung 16n hon 8 V, va ca
hai dang dénh thiing s& xay ra khi dién 4p dénh thing latir 5V dén 8 V.

Cong suét tiéu hao trén diode c6 thé dugc tinh bang
P =VI watts (1-17)

voi V = dién ap trén diode

I = dong dién qua diode

Néu cong suit ndy vuot qua dinh mirc cho phép, diode sé& bi pha hay vinh vién.
1-6-3 Anh hwéng ciia nhiét dd

Biéu thirc diode 1y tudng ching to 1a ca phan cuc nguoc va phan cuc thuan déu bi anh hudng
bdi nhiét do, thong qua dai lugng V.. Dong bao hoa I, cling phu thudc vao nhiét do. That ra, gia
tri cua /¢ nhay v6i nhiét do hon V., vi vy n6 c6 anh huéng manh hon 1én tinh chat cuia diode. Mgt

qui ludt thuong duge st dung la dong 7, tang gap d6i khi nhiét do tang 10 °C.

Vidu 1-7
Mot diode silicon c6 dong bdo hoa 1a 0.1 pA & 20 °C. Tim dong dién qua né khi dugc phan cuc
thudn ¢ 0.55 V. Tim dong trong diode khi nhiét d6 tang 1én dén 100 °C.

Huéng din
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Tt biéu thae 1-11, tai 7 =20 °C

(1.38x107")(273+20)
v, = (16107 =0.02527 V

Tt biéu thie 1-13, gia sir 7 =1
I=1g(e""" =1)=10" ("% 1) =0.283 mA

(1.38x107")(273+100)
(1.6x107)

Tai 100 °C, V, = =0.03217 V

Khi nhiét d6 thay déi tir 20 °C dén 100 °C, dong I dwoc nhan doi 8 lan, do d6 gia ting 256 lan.
Viviy 1=256x10" (""" ~1)=0.681 mA . Nhur vdy dong dién ting 240 % khi nhiét do thay
d6i tir 20 °C dén 100 °C.

Vi du 1-7 cho ghéy rang dong dién thuan trong diode tang theo nhiét do khi dién ap phan cuc
thuan khong thay do6i. Hinh 1-16 trinh bay dic tuyén VA cua diode tai hai nhi¢t d¢ khac nhau. Tai
dién &p V], dong tang tir 1, &én 1, khi nhiét do thay d6i tir 20 °C dén 100 °C. Khi dong dién dugc
giit khong thay doi, dién ap giam khi nhiét do ting. Tai dong hang s6 1, trong hinh, dién ap gidm
tu 7, Xuéng V, khi nhiét d¢ tang tor 20 °C dén 100 °C. Mot qui tac thuong duogc dung 1a dién 4p
phan cyc thuan giam 2.5 mV khi nhiét d6 ting 1 °C dé giir dong dién khong thay doi.

I
Hinh 1-16
Sw gia tang gLZa nhiét do lam
cho ddc tuyén dich sang trai.

ol 4

Di nhién la dong nguoc cling bi anh hudng boi nhiét d6. Trong nhiéu ung dung thug té, viéc
gia tang dong nguoc khi nhiét d tang dat ra mot gioi han trong viéc ung dung diode nhi€u hon la
anh hudng cua nhiét do 1én dong dién thudn. Pic¢u nay dac biét ding doi voi diode Ge. Diode Ge co
gia tri /¢ 16n hon nhiéu so véi Si, gia tri ndy c6 thé lon b?mg hodac tham chi 16n hon dong ro. Do do,
vo1 [ tang gap doi khi nhiét d6 tang 10 °C, dong nguoc tong cong trén diode Ge ¢ thé thay ddi
rat 16n khi nhiét d6 thay ddi nho. Vi Iy do nay, ngay nay diode Ge khong con dugc sir dung rong
rai.
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Phan tich mach chwra
diode

2-1 Giéi thiéu

Trong chuong 1 ta dd hoc vé ciu triic va tinh chat ciia chuyén tiép PN va da tim hiéu qua linh
kién diode. Diode 1a mot chuyén tiép PN dugc dat vao trong mot vo linh kién va két ndi voi bén
ngoai thong qua céc chan linh ki¢n. Diode ban dan cling co thé 1a mot phén cua mot mach tich hgp
(integrated circuit) 16n hon, trong truong hop ndy, diode c6 thé c6 hodc khong c6 cac chan ndi voi
bén ngoai.

Trong chuong nay, ta s& xdy dung mdi quan hé giita dong dién va dién ap trong diode. Dya vao
d6, chung ta s& hoc cac phan tich mach chira diode bang cach thay diode bing mot mach twong
duong don gian hon. Ta sé& thiy rang viéc chon phén tor mach tuwong duong la phu thudc vao dién ap
va dong dién qua diode, tic 1a phu thudc vao diém lam viéc cua diode, va phu thude vao do chinh
x4c ma ta can khi phan tich mach.

2-2 Diode 1a mét linh kién phi tuyén

Su tuyén tinh 1a mgt khai niém quan trong trong dién tr. Khai niém nay rat rong, tuy nhién,
trong khia canh ma ta dang xem xét, ta c6 thé xem mot linh kién tuyén tinh 12 mot linh kién ma dd
thi quan h¢ cua dién ap va dong di¢én cua linh ki¢n 1a mét duong thrfmg. Quan hé nay co thé dugc
biéu dién dudi dang

V=KI+K, (2-1)
I=KV +K, (2-2)

Trong mdi quan hé nay, tin sé duoc gia sir 1a khong d6i. Hinh 2-1 1a d6 thi v& dién ap trén mot
dién tr& 200 Q va dong dién qua nd. Day 1a mot quan hé tuyén tinh vé1 V' =200/ . Can luu y rang

A A 5 - A \ AV \ A A A ’ \ , 5 A A X A
do doc cua dac tuyén la » =—— =200, va moi quan hé tuyén tinh la dung cho ca phan am lan phan

duong cua dac tuyén. Viéc thay doi cuc tinh cta dién ap trén dién tré va dong dién ngang qua né
khong lam thay doi tinh chat tuyén tinh. Ciing can cht y 1a d¢ doc cua dac tuyén (nghich dao cia
dao ham) tai moi di€m trén dac tuyén la khong doi.
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AV
WVp-~=—————=- .
Hinh 2-1
I av =10V Do thi dién dp — dong dién
- cua dién tro. Pién tro la
0V|--- . s o, .
I ~ linh kién tuyén tinh, va gia
FO‘.;OIS‘A*: tri AV/? Al la nhw nhau tai
—O.E)S A t 1 > ] moi diéem.
1 005A O0.1A
-0V " AV 10V = 2000
"TAIT005A

Thong thuong, trong di¢n tur, khi biéu dién mdi quan hé cua dién ap — dong dién, nguoi ta
thuong vé dong dién la truc tung va dién ap la truc hoanh, ddo nguoc so vdéi hinh 2-1. Di nhién
trong truong hop nay do thi van la duong thang; dang biéu dién ctia nd tuong duong voi bicu thire

. ‘ . A X Al . .
2-2, vo1 do doc c¢o don vi la dién dan, G = F =1/ R (siemens) , thay vi dién tro.
Trong chuong 1 ta di biét 1a mdi quan hé ciia dong dién va dién ap trén diode (tirc 13 trén

chuyén tiép PN) c6 dang
I=1("" 1) (2-3)

vo1 I = dong ngugc bao hoa
V, = dién thé nhiét (xem biéu thirc 2-11)
n= hé $6 phat, 1a ham cua V, co6 gid tri tur 1 dén 2

Biéu thirc 2-3 khong c6 dang cta biéu thirc 2-1 hodc 2-2, vi vy mdi quan hé dong — ap cia
diode khong dat tiéu chuin ciia mot linh kién tuyén tinh. Ta két luan diode 13 mét linh kién phi
tuyén. Hinh 2-2 13 dic tuyén 7 —V cta mot diode silicon théng thudng trong ving phan cuc thudn.
D6 thi 16 rang khong phai 1a mot dudng thang.
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I (mA)
1l
70k --L-u-
— -
+ -
w = P-'V—A
50 Hinh 2-2
Ddc tuyén phan cuc
40 | 'T thudn cua diode. Gia tri
(0.65V, 30 m{).‘ AV /Al phu thuc vao
30 j= 20 mA diém dwoc tinh.
QF AV = 0.015 Vol fo—
10F Al =4mA
(0.58 V,2.2mA)
¥
0 »V (volts)
06 *

0 01 02 03 04 0.5 |0
AV = 0.4 V I-—

Hinh 2-2 trinh bay cach tim AV va Al tai hai diém khac nhau cta dic tuyén 7 —V . Dung cac
gia tri nay ta c6 thé tinh dién tré cua diode tai hai diém tir r =%. Tai diém ¥ =0.65V va

I=30mA,taco
AV 0.015V

r= = ——=0.75Q
Al 20x107° A
Tai diém V' =0.58 V va I =22 mA, ta cd
_AV o.o4_3v 100
Al 4x10° A

Ta thiy rang dién tr& cua diode thay d6i hon 10 lan khi dién ap trén diode thay doi tir 0.65 V
dén 0.58 V. Khong gidng nhu mot linh kién tuyén tinh, dién tré ctia mot linh kién phi tuyén phu
thudc vao dién ap trén linh kién hodc dong dién qua linh kién, cé nghia la dién tré phu thudc vao
diém ma tai do AV va Al duorc tinh. Trong truong hop ciia diode ta can phai luu ¥ hon nita 1a ddc
tuyén /—V gan nhu tré nén nam ngang O dong dién thap va trong vung phan cuc nguoc. Do do,
trong cac vung nay, mot sy thay doi 16n trong dién ap, AV, chi tao ra mot thay doi rat nho trong

. A A e AV .
dong dién, Al, vi vay gia tri cia r:E rat 16n.

Piém nam trén dic tuyén /—V ma & d6 diode chuyén tir gia tri dién tr¢ cao sang gia tri dién
tr¢ thip duoc goi 1a dlem gian doan (break point hodc knee) cua dac tuyén. Trong hinh 2-2, diém
gian doan ctia dic tuyén xuat hién trong khoang 7 ~1 mA dén 7 ~5 mA . Khi dong dién qua diode
la 16n hoac nho hon nhiéu so véi dong dién tai diém gian doan, ta noi rang diode dugc phan cuc
trén hodc dudi diém gian doan (back bias).

2-3 Pién tré ac va dc

A 5 ~ .7 A A M , \ + R ’ A V s 1 ‘A 5 -
bién trd da tinh trong phan trén bang cach dung bi€u thuc v duoc goi la dién tré ac (hodc

dién tré dong cia diode). N6 duogc goi 1a dién tr¢ ac bodi vi ta quan tam dén nhiing thay ddi nho
trong dién ap, AV, ma s€ gay ra su thay doi trong dong dién, A/. Trong cach su dung phuong
phéap do6 thi dé tinh dién tr¢ ac, sy thay doi cia AV va Al phai du nho dé dam bao doan lam viéc
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c6 6 doc khong thay doi nhiéu. Lic ndy ta mdi c6 thé xem diode twong ty nhu mét linh kién tuyén
tinh. Vi du nhu trong hinh 2-2, ta khong nén tinh dién tré ac gitta V' =0.55V va V' =0.65 V bdi vi
do doc cua dac tuyén thay doi rat 16n gitra hai diém nay.

Ky hiéu cho dién tr¢ ac 1a », véi qui udc chir thuong danh cho céc dai lugng ac

_AV :
= (@) (2-4)

Khi mdt dién ap dc duogc dat lél’} hai dau cta diode, mot dong dc s€ chay qua n6. Dién tré dc
ciia mét diode dugc tinh bang cach lay dién ap dc trén diode chia cho dong dién dc chay qua diode.
Vi vay dién tré de con dugc goi 1a dién trd tinh, va dugc tinh bang dinh luat Ohm

R,=—(Q) (2-5)

Ciing giéng nhur dién tro ac, gia tri dién tro dc co thé thay do6i khic nhau tiiy thudc vao diém
lam Vlec trén dic tuyén 7 —V ma tai d6 ta can tinh dién trd. Vi duy, trong hinh 2-2, dién tro dc tai
diém gan diém gian doan 1a R, =(0.58 V)/(2.2 mA) =263.6 Q trong khi dién tr¢ dc tai diém trén
diém gian doan 1a R, =(0.65 V)/(30 mA)=21.6 Q. Dbi véi diode c6 dic tuyén nhu hinh 2-2,
dong nguoc xap xi khoang —1 A khi ¥V =-1V, vi vay dién trd dc trong truong hop nay 1a
R, =(-1V)/(~10° A)=1MQ. Diode la mt linh kién phi tuyén trong ca ché d¢ ac Ian dc.

Khi phan tich hodc thiét ké mot mach chua diode, thong thudng ta khong co sin dic tuyén
diode. Trong hau hét cac thiét ké thuc té, dién tré ac cua mot diode khong dugc tinh béng dd thi
nhu dd lam & phan trén ma cé thé tinh bang cac coéng thirc xAp xi. Néu can tinh dién tré ac cua
diode trong trudng hop diode dwoc phan cuc sao cho dong de ciia diode nam trén diém gian doan,

’ A /. . \ A 5 r A ’ A 5 V . \ A A A
ta c6 theé chimg minh dugc 1a dién tr¢ ac c6 thé dugc tinh xap xi 7, = TT , vo1 V. 1a dién thé nhiét

va [ 1a dong dc qua diode. O nhiét 36 7=300K, V. khoang 26 mV, vi vay tai nhiét do phong
nay ta co
0.026
v, = —(Q) (2-6)
1

Biéu thirc xap xi nay dang cho ca diode silicon va germanium. Pé minh hoa cho viéc sir dung
cong thuc 2-6, xét diém nam trén diém gian doan cua ddc tuyén /—V trong hinh 2-2. Tai diém
nay, dong dc 12 30 mA , vi vay theo biéu thic 2-6, 7, =(0.026 V)/(3x107° A)=0.86 Q. Gia tri
nay gan bang véi gia tri 0.75 Q ma ta di tinh & phan trén bang cach ding dd thi.

Diode con c6 mot thanh phan dién tro khac nén dugc xem xet la dién tro gop (bulk resistance)
bao gom dién trd cua vat liéu ban dan va dién tr¢ ti€ép xuc ma tai dé cac chan linh kién dugc gan
v6i chuyén tiép PN. Ching dugc goi 1a dién trd bulk 1. Gia tri cua dién tré bulk thuong khoing
1 Q va ciing thay ddi tury theo dong dc trong diode. Pién trd ndy trd nén kha nho khi dong dién 16n,
gia tri cua n6 thuong khoang 0.1 Q. Dién tré ac tong cong cua diode 1a r, +r,, tuy nhién khi dong

cao thi 7, 16n hon nhiéu so véi 7, do d6 c6 thé bo qua dién tro bulk.

Khi mdt diode dugc két nodi trong mach sao cho n6 phan cuc thuan, ludn ludn can phai c6 mot
dién tré mac ndi tiep voi diode dé xac dinh dong cho n6. Ta xem vi du sau.

Vi du 2-1

Cho mach dién nhu hinh 2-3, mach dugc két ndi dé tim moi quan h¢ cua dién ap va dong dién trong
diode. Bién tr& R duoc didu chinh dén cac gia tri khac nhau dé diéu khién dong qua diode, dong
thoi dién 4p trén diode ciing duoc ghi lai tai cac diém nay. Cac két qua duogc trinh bay trong bang
trong hinh 2-3.
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Measurement
Number R (ohms) V (volts)
| 6312 0.55 Hinh 2-3
2 4269 0.56 Vidu 2-1
3 2877 0.57
3 599 0.61
s 405 0.62
6 274 0.63
7 85.0 0.66
8 57.5 0.67
9 39.0 0.68
R
\U
revy
ryYy
Sy =

1. Tim dién tr¢ dec cua diode khi di¢n ap trén diode 1a 0.56 V, 0.62 V va 0.67 V.

2. Tim dién tré ac cta diode khi dién 4p trén diode thay d6i gitta 0.55 V va 0.57 V, giita 0.61 V
va 0.63 V vagitra 0.66 V va 0.68 V.

3. Tim dién tré ac xe”ip xi khi dién ap trén diode 1a 0.56 V, 0.62 V va 0.67 V. Gia str dién tr¢ bulk
tuong mg 1a 0.8 2, 0.5 Q va 0.1 Q).

Huéng din

1. Trudce tién can phai tinh dong dién qua diode cho mdi trudng hop. Ta da biét 1a dién ap roi trén
dién tr&¢ V, =5-V,, voiV,, 1a dién ap roi trén diode. Dong qua diode bang dong qua dién tro va 1a

1=(5-V,)/R.

(5-0.55)V (5-0.63)V
[=—"72-0705 mA [ [=~———2"=159 mA
63120 274 Q)
(5-0.56) V (5-0.66) V
L="—"""=104 mA L==——"7"=511 mA
4269 Q 85 Q)
(5-0.57)V (5-0.67)V
=" =154 mA [(=~———2"=753 mA
2877 Q 57.5Q
(5-0.61)V (5-0.68) V
L ==——27-733 mA I ==——2"=1108 mA
599 Q 39.0Q
(5-0.62) V
=17 _-108 mA
405Q

Pién tr de tai cac diém dién ap do dugc tinh bang biéu thic 2-5.

Tai V=056V, RD=L6\_§=538.SQ.
1.04x10" A
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0.62V

Tai V=062V, R,=———7-—=574Q.
10.8x10™ A
Tai V'=0.67V, R, =L7\_£=8.9Q.
75.3%x107 A
2. bién trd ac duoc tinh bang biéu thirc 2-4.
0.57-0.55) V .
v, = ( )73 = 002\/_3 =23.95Q
(1.54-0.705)x10° A 0.835x10° A
v :M:&% Q
5.1x107 A
002 v =0.34 Q

y=—""—"—7—
P 59.7x10° A

3. Pién tré ac khi tinh gan dung dung biéu thirc 2-6 1a

_0.026 V _0.026 V

=~ 40.8Q=25.80Q
1, 1.04x10° A

Tai V' =0.56 V, r,

_0.026 V 0.026 V
+7’B =—_3
I 10.8x10™ A

5

Tai V=062V, r,= +0.5Q=2.91Q

0 026 V . 0.026V

+r, = —+0.10Q=0.445 Q
I, 75.3x10° A

Tai V=0.67V,

2-4 Phan tich mach dc cé chira diode

Trong thuc té, dé dé dang trong qua trinh phan tich mach v6i mot sai s6 cho phép, dac tuyén
cta diode thuong duoc xem nhu 1a thang dung néu diém lam viéc nam phia trén diém gian doan.
Viée str dung dic tuyén gan dang ndy cho phép ta xem nhu dién ap roi trén diode 1a khong do6i bat
chap dong dién chay qua né.

Déi voi diode silicon, phu thudc vao nhiing thay d6i nho trong qua trinh ché tao ctng nhu vao
dong dién chay qua diode, dién ap roi trén hai dau cua diode xap xi khoang 0.6 V dén 0.7 V.
Trong thyc té, ta thuong sir dung gia tri 0.7 V cho tinh toan. Ddi véi diode germanium, dién ap roi
trén nod thuong duoc chon 1a 0.3 V. Do d6, trong céc tinh toan, ta co thé thay diode bang mot
ngudn dién ap 0.7 V hodc 0.3 V khi diode dugc phan cuc sao cho diém lam viéc nam trén diém
gian doan. Tuy nhién, can phai luu ¥ 1a diode khong chira nang lugng nhu mot ngudn dién va ciing
khong thé tao ra dong dién. Hinh 2-4 minh hoa khai ni¢m nay.

Hinh 2-4
i Dé phan tich, diode phdn cuc
E E 0.7V « . 1 A £
thuan trong (a) co thé thay the
! bang mot nguon ap nhu trong

@ (b) (b)

Trong hinh 2-4(a), ching ta gia st la diode silicon dugc phan cyc thuén sao cho ¢6 du dong
dién dé diém lam viéc nam trén diém gian doan, do do, dién ap roi trén diode 1a 0.7 V . Khi d6
E=IR+0,7 (2-7)
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Tt d6 tinh duge dong dién 7 =(E-0.7 V)/R . Hinh 2-4(b) v& so d6 mach tuong dwong, trong
d6, diode duoc thay bang mot ngudn ap 0.7 V. Két qua tinh dugc trong mach cia hinh 2-4(b) 1a
tuong tu. Trong thuc té, gia sir dién ap roi trén diode 1a ¢ dinh thuong duoc dung kém véi gia sir
la dong dién qua diode 12 khong khi dién 4p nho hon dién ap ngudng. Do d6, dé phan tich mach lic
nay, ching ta c6 thé ding dic tuyén nhu hinh 2-5.

! I
Hinh 2-5
Dac tuyen diode ly twong.
-y . Diode,dwag xem nhw ho mach
03V I 0.7V cho dén diém nguong.
(a) germanium (b) silicon

Puong dic tuyén 1y tuong trong hinh 2-5 cho thdy diode dugc xem nhu hd mach khi dién ap
nho hon 0.3V hoac 0.7 V va ngan mach trong truong hop nguoc lai. Nhitng gia sir nay kha phu
hop trong cac tinh toan thuc té.

Vi du 2-2

Gia su diode silicon trong hinh 2-6 can c6 dong 1 mA dé c6 thé lam viéc trén diém gidn doan cua
dac tuyén.

I WA Hinh 2-6
E=5V ) 4 Vidu 2-2
T

1. Tim R dé mach c6 dong 5 mA .

2. Véigia tri R vira tim duoc, tinh dién 4p ngudn E t6i thiéu dé diode van con lam viéc trén diém
gian doan.

Huéng din

E-07 (5-0.7)V

1. R= = -
I 5x107°A

=860 Q

2. Pé duy tri dong qua diode phai trén diém gian doan, / phai t6i thiéu 1a 1 mA. Do do,

EZ0T 5107 A vi R=860Q, EZ07 5 190 A,ticla E>1.56 V.

I =

Trong mot s trudng hop, dién ap roi trén diode 13 qua nho so véi dién ap de, khi do, ta c6 thé
bo qua dién ap roi trén diode.

2-5 Phan tich mach tin hi¢u nhé cho diode

No6i chung, cac linh kién dién tir c6 thé hoat dong trong hai ché d6: tin hiéu nho va tin hiéu 16n.
Trong ché d6 tin hiéu nho, cac thay doi ctia dong va ap trén linh kién chi xdy ra trén mot doan gidi
han cua dic tuyén 7 —V . Noi cach khac, cac dai luzorng AV, Al 1a rat nho khi so sanh véi toan bd
gi61 han lam viéc cua linh kién. Trong thyc té, ché do tin hleu nho c6 thé xem 1a ché do trong do,
dong va ap cua linh kién thay d6i trén mot doan du nho cia dic tuyén dé co thé xem nhu 13 tuyén
tinh.

Trai lai, ché d6 tin hiéu 16n 1a ché d6 trong d6 dong va ap cua linh kién thay ddi trén toan bo
duong cong déc tuyén cua linh kién. Trong ché d¢ nay, doan dic tuyén twong Urng v6i vung lam
viéc cua linh ki¢n c6 do doc thay doi rat nhieéu, noéi cach khéc 1a linh kién lam viéc trong vung phi
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tuyén. Vi du, mot mach dién trong d6 dién 4p trén diode thay doi giita —5 V va +0.7 V duogc xem
1a ché do tin hiéu lon. Trong trudng hop nay, diode thay d6i ban chat ciia no, tir mot linh kién co
dién tré rat 16n khi phan cuc ngugc sang mot linh kién c6 dién tré nho khi duge phan cyc thuan
trén diém gian doan. Trong phan nay ta chi xem xét cac mach tin hiéu nho cho diode, phan tich tin
hiéu 16n s& duoc trinh bay trong phan ké tiép.

Xet mach dién trong hinh 2-7(b). Luu ¥ la mach chira mot ngudn dc co gia tri £ va mot ngudn
ac tao ra mot tin hi€u hinh sin c6 bién d0 A4 va tan s6 géc @ . Do do, dién 4p tong cong trén cla
nguon luc nay la v(¢) = E+ Asinwt . Dién ap nay dugc goi 1a dién 4p ac c6 muc dc 1a E, volts,
dugc v€ trong hinh 2-7(a).

v(t) R Hinh 2-7
Dién ap v(t) trong (b) la tong
e = Asin wl v(?) cia thanh phan ac va de:
E v(t)=E+Asina)t. Trong (a),
@ — L ® v(t) 6 gid tri toi thiéu la E — A
vatoidala E+ A

Dién ap v(¢) co gia tri téi dala E+ A va dién ap tdi thiéu 1a E — 4. Bay gid ta thir tinh dién ap
va dong dién cua diode v6i gia st 1a diode lam viée trong ché d¢ tin hiéu nho. Dé phan tich mach
nay ta ding nguyén 1y xép chdng, dién _ap va dong dién tong cong do hai ngudn gdy ra s€ bing tong
cta dién ap va dong dién do tung nguon gdy ra. Luu ¥ 14 nguyén 1y nay chi ¢6 thé ap dung khi tat
ca céac linh kién trong mach 1a tuyén tinh.

Pau tién ta xac dinh dong dc qua diode trong hinh 2-7(b) vi dong nay can dé tinh dién tré dong
T (biéu thtrc 2-6). Ngan mach ngudn ap trong hinh 2-7(b), ta ¢6 mach dién nhu hinh 2-4, do 4o,
I=(E-0.7 V)/R . Dung cong thirc 2-6 dé tinh dién tro ac: = w Bay gio bo di ngudn de
bang cach qgén mach nd, ta c6 mach tuong duong nhu hinh 2-8. Luu y 1a trong mach nay, diode
duoc thay bang dién tr¢ tuong duong ac cua no.
e

= = sin ot .
R+r, R+r,

Dién ap ac trén diode co thé duoc tinh bang cong thirc v, =ryi. Do d6, dong va ap tong cong
trén diode 1a

i(t)=1+i=E_0'7+ 4 sinaor (2-8)
R R+r,
Y L 2-9)
R+r,
R
Wy Hinh 2-8
T Mach twong dwong Thevenin cua
3 hinh 2-7(b). Chu y la diode duoc

A
v

S
S

Asinwt @ b3 | thay bdng dién tro ac, r,
l' ’ ’ D

| Vi du 2-4
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Gia su la diode silicon trong hinh 2-9 dugc phan cuc sao cho diém 1am viéc nam trén diém gian
doan, dién tr¢ bulk 1a 0.1 Q, tim dong va 4p tong cong cua diode. V& dang song cua dong dién theo
thoi gian.

270 Q

Hinh 2-9
Vidu 2-4

2sinwt *
6V .[

Huéng dan

(6-07)V

Ngan mach nguén ac, ta c6 dong dc 1a: [ = =19.63 mA.

bién tré ac la: r, = 0.026 +7, = 0'02673 +0.10=142Q
1 19.63x10~ A

e  2sinwt

= =7.37sin ot mA
R+r, 27142

Dong acla: i =

Vadiénapaclav, = > e:( 142 stina)tzo.Olsina)tV
R+r, 271.42

Cudi cing, dong va ap tong cong la:
i(1)=19.63+7.37 sin ot mA
v, (1)=0.7+0.01sincr V
Hinh 2-10 vé& dong dién tong cong. Luu y 1a dong tdi da 1a 27 mA va dong tdi thiéu 14 12.26 mA .

Dbi v6i dién ap thi vi sy thay ddi trong thanh phan ac chi 1a +10 mV , do d6 rat kho vé dang song
cua no.

ift)(mA)
[ ]
Hinh 2-10
270 Dong trong mach hinh 2-9. Thanh
19.63 phan ac thay doi +7.37 mA xung

12.26 quanh thanh phan dc 19.63 mA .

2-5-1 Puong tai

Phan tich diode tin hiéu nhé c6 thé duoc thuc hién bang cach sir dung do thi. Mic du phuong
phap nay khong thudng sir dung trong thuc té, tuy nhién, né lai cho ta mot cai nhin vao bén trong
hoat dong cua mach. Xeét mach trong hinh 2-11. Day 1a mach twong duong de khi ngin mach nguon
ac, dién ap trén diode luc nay khong duoc xem 14 hang s nita ma bay gio 1a mot dai lugng thay doi
V tuy do thay d6i 1 rat it.
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Hinh 2-11
Dong [ vaap V cua diode duoc
xem nhw la cac bién

Ta co:
=L E (2-10)

~ Trong biéu thirc 2-10, ta xem / va ¥ 1a cac bién trong khi £ va R 1a hang sb. Vi du, néu
biéu thirc 2-10 dugc ap dung cho hinh 2-9, ta c6

-V 6
[=—+—
270 270
hay I=—(3,7x107)V +0,0222 (2-11)

‘ Biéu thtrc nay cho t}léy quan hé cia I va ¥ 1a tuyén tinh. Nhu ta da biét, dang tong quat cho
do thi cia mot duong thang trong h¢ toa do x—y 1a
y=mx+b (2-12)
v6i m 1a do dbc va b 1a tung do gbe.
Chung ta thay rang bién I trong 2-10 13 tuong tng dén bién y trong 2-12, bién ¥ 1a twong
tmg dén x. Do dbc cua biéu thirc 2-10 14 —1/R va tung d gbc 1a E/R. Ta c6 thé két luan rang
biéu thtc 2-10 ¢6 d6 thi 1a mot duong thing trén hé truc /—V . Pudng thiang nay duoc goi la

duong tai dc.
Hinh 2-12 v& dd thi ciia dudng tai 2-11. Trong hinh 2-12, dwdng tai giao voi truc V tai
Vy=E=6V.
R=2100
ILI et ) v
I S Hinh 2-12
I - intercept 22.2 mA Do thi cua duong tai
=-,%=0-0222}‘ E I=—(3.7x107)V+0.0222. Puong
R p
3.7 x 10°YV + 0.0222 taila tdp hop tdat ca cdac dong I va ap
V' co thé doi voi mot gia tri E,R co
dinh. Gia tri thyc sw cua 1,V phu
0 thugc vao diode trong mach.
4

V-intercept
Vo = E = 6V

Puong tai de 1a duong tap hop clia tat ca cac cip gia tri I va ¥ c6 thé c6 trong mach hinh 2-
11. V61 mot diode cho trudc, dac myén cua diode la xac dinh, cong viéc cua ta la tim xem to hop
nao cua dién ap va dong dién trong s cac diém trén duong tai thoa man cho dic tuyén diode. Diém
nay thuc ra chinh 14 giao diém cua duodng tai va dic tuyén, nd cling ¢ thé duoc tinh bang cach giai
hé
I=—(1/R)V +E/R
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va =1, ~1)

Hinh 2-13 cho thiy két qua co duoc bépg cach v& duong tai cho mach hinh 2-9, tirc la biéu
thirc 2-11, trén cung mot hé tryc vdi déc tuyén cia diode. Trong hinh, ta thay dién ap cua diode la
0.66 V va dong dién la 19.8 mA . Giao diém nay duogc goi l1a diém lam viéc tinh, ky hi¢u la Q.

I(mA)
'y

222
19.8

diode I-V characteristic

Hinh 2-13

Giao diém ciia dwong tdi va ddic
tuyén (ky hiéu Q) xdc dinh dién dp
(0.66 V ) va dong dién (19.8 mA )
cua diode.

» V (volts)

=
gl-——---==

6

Cho dén gio, ta dang gia su la ngudn ac bi ngan mach. Piém lam viéc tinh con duoc goi la
diém phan cuc tinh vi nd biéu dién dong va ap cua diode khi dugc phan cyc thuén boi nguon de.
Bay gio, dat ngudn ac vao trong mach, nbi tiép véi nguon dc. Nhu di thdy, dién ap tong cong trén
ngudn lic nay l1a v(t) E+ Asinot . Do d6, ta c6 thé xem nhu tai mot thoi diém tic thoi, twong
mg véi gid tri ngudn ap, ta c6 mot dudng tai hoan toan méi. Vi dién 4p ngudn la thay ddi lién tuc
theo thoi gian, nén dudng tai ciing lién tuc chuyén dong véi d6 déc khong doi, tire 1a song song véi
duong tai tinh, chi c6 diém giao ciia cac dudng tai nay voi truc hoanh 1a thay ddi lién tuc giita
E+ A va E—A. Hinh 2-14 minh hoa nhitng diéu trinh bay & trén cho mach hinh 2-9.
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2700
I (mA)
2Sin wl ) "D(l)
‘D(l)
30
E+A_ 8 _ A
e ] B s e 27 mA
25
E _
7 =222
10} o "5 RN N DU AN —— 19.8 mA
I5
E-A_4 __ 1 7
i 14.8 12.5 mA
10
5
0 < L » V (volts)
/a‘\ 2 4 5 8
0.65 N0.67 (E - A) (E) (E + A)
v (” u
Hinh 2-14

Anh hwéng ciia nguon ac trong mach diode cé thé dwoc phan tich bang cach xem no
nhu mot tdp hop cac dwong tai song song. Trong cach nay, dong va dp 16i thiéu c6
thé xdc dinh dwoc trén do thi.

Dién ap v(¢) tong cong thay doi giita 4 V va 8 V, giao diém cua tat ca cac dudng tai véi dic
tuyén tao ra tt ca cac t6 hop co thé co cua dién ap va dong dién cua diode. Két qua 1a ta c6 thé thy
diém lam viéc di chuyén giira A va B trong hinh 2-14. Khi diém lam viéc di chuyén, dong dién
trong mach thay doi giira 12.5 mA dén 27 mA, dién ap roi trén diode ciing thay doi gitta 0.65 V
den 0.67 V.

2-6 Phan tich tin hiéu lén cho diode

Nhu ta d biét trong phan 2-5, mot diode duoc xem 13 hoat dong dudi ché do tin hiéu 16n khi
su thay d6i ctua dong dién va dién ap cua diode mé rong ra trén toan bd dic tuyén, bao gdbm ca
nhitng phan ma dic tuyén thay doi d6 déc mot cach dang ké. Trong moi ting dung tin hiéu 16n thuc
té, diode hoat dong trong ca ving phan cuc thuan (trén diém gian doan) 1an phan cuc ngugc hoic
dién ap phéan cuc gan khong.

Khi dién tro cia mot diode thay dbi tir rat nho dén rat 1on, nd hoat dong giéng nhu mot cong
tac (switch). Mot cong tic 1y tudng co dién trd bang khong khi dong va dién tré 1a vo cing khi mé.
Khi phan tich cac mach dang nay, diode ¢ thé duoc xem nhu mot cong tic duoc diéu khién bang
dién &p: dong khi dugc phan cuc thuin va mé khi phan cuc ngugc. Tuy theo cac dién ap khac trong
mach, gia tri dién 4p roi trén diode (0.3 V hoac 0.7 V) c6 thé bo qua hodc c6 thé khong. Hinh 2-
15 trinh bay dic tuyén cua mot diode silicon 1y tuong khi bo qua dién ap roi (a), va khi khong bo
qua dién ap roi (b).
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; i Hinh 2-15
Pdc tuyén diode silicon Iy
twong dwoe sir dung dé phan
tich tin hiéu lon.

0 % v 7
(a) I~V characteristic (b) I-V characteristic
when the diode is when the diode is
treated as a perfect treated as a perfect
switch having 0 voltage switch that closes when
drop. V = 0.7 volts.

2-6-1 Chinh luu

Mot trong cac Gmg dung thudng gip nhét cua diode trong ché do tin hiéu 16n 1a mach chinh luu
(rectifier). Mach chinh luu 1a mach chi cho phép dong dién chay qua né theo mot chidu. Diode 14
linh kién chinh trong cac mach dang nay. Khi dién &p anode 1a duong so vdi cathode, tirc 1a diode
phan cyc thuan, diode déng va dong chay qua né tir anode dén cathode. Nguoc lai, néu dién ap
anode 1a am so vdi cathode, diode 1a hd mach va khong ¢6 dong dién trong mach. Di nhién 1a trong
thuc té, khi diode phan cuc ngugc, trong diode xuét hién dong dién nguoc voi cudong do rat bé.

e(l)
t  Hinh 2-16
Diode dwoc dung
trong mach chinh
lwu. Dong dién chi

e[f)
i
; ir) ’> FAVA 7
IC)_Q_. . kyduong.

DE
-

My
)

chay qua trong ban

~ Xét mach chinh luu trong hinh 2-16. Ta thdy rang khong c6 ngudn dc trong mach. Do do, trong
sudt ban ky duong ctia dién 4p nguon e(z), diode phan cuc thuan va dong chay qua diode véi chiéu
nhu hinh v€. Trong ban ky am cia e(¢), diode bi phan cuc nguoc va trong mach khéng c6 dong
dién. i(r) 1a mot chudi lién tiép cac xung dong duong cach nhau baoi cac khoang dong dién bang
khong.
Néu diode trong mach 2-16 duoc xoay nguoc lai, dong dién trong mach s€ chi co thé chay theo
chiéu nguoc lai, tirc 1a twong Gmg v6i ban chu ky 4m ctia ngudn.

Vi du 2-6
Gia str diode silicon trong hinh 2-17 ¢ déc tuyén nhu trong hinh 2-15(b). Tim gi4 tri dinh cta dong
i(t) vadién ap v, (¢) trén dién trd khi:

1. e(t) =20sinwt va
2. e(t) =1.5sinwt . Trong mdi trudng hop, vé dang song e(t), i(t), va v,(t).

—Pt-
- T Hinh 2-17
Vidu 2-6

$1.5k0 VR

<
i l

e

A

Huéng dan
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1. Khi e(f) = 20sin ot , dién ap duwong dinh 13 20 V. Tic thoi tai thoi diém e(r) =20 V , dién ap roi
trén dién tro s€ 1a 19.3 V va dong dién qua diode 1a i = 19.3/(1.5 kQ) =12.87 mA . Hinh 2-18 vé
dang song két qua.

e(r)
0V~ Hinh 2-18
Dong va ap diode trong
0.7V |fz=coon=deorocroass {zzzzzs \ » ¢+ mach hinh 2-17. Luu y
H ! 1 la diode khong dan cho
: " ! | d@én khi e(t) @én 0.7V,
(1] 1l
‘E:‘{n " H i do do, trong ban ky
12.87 mA Jb - ! ! | dirong c6 mot khoang
' i /\ nho diode khong dan.
1"
intervals of l 0 v - 7
no conduction —» po= gl b !

i
1
[
]
'
1
]
|

-l =
-
x
-—
)
S

193V hE-- ::
: "
i "

I §

Can luu ¥ 13 vi ta dung dic tuyén trong hinh 2-15(b), do d6 diode s& khong dan cho dén khi e(r)
dat dén 0.7 V. Khoang thoi gian giita hai diém tai d6 e(r)=0V va e(r)=0.7 V rat ngin khi so
sanh véi toan bo chu ky tin hidu. Tir d6, ta c6 thé gia sur 1a didc tuyén diode c6 dang trong hinh 2-
15(a), nghia 1a bo qua dién ap roi 0.7 V..

2. Khi e(t)=1.5sinwt, dién ap duwong dinh la 1.5V, tai d6 v,(#)=1.5-0.7=08V va
i(1)=(0.8 V)/(1.5 kQ)=0.533 mA . Dang séng duoc biu dién trong hinh 2-19. Ta thay l1a diode
van khong dan khi dién ap nho hon 0.7 V, tuy nhién, trong truong hop ndy khoang thoi gian khi
e(t) thay doi gitta 0 V va 0.7 V 1a dang ké so v6i chu ky tin hi€u nén ta sé khong thé dung dac
tuyén gan dung trong hinh 2-15(a).

1
VRU}:

femmmm

2

peln)
1.5V L"
0.7V saleous
. ™~ ) : ' Hinh 2-19
l : ! | \ \ r .
| :\_/ I H Dong va ap diode trong
1y ol y mach hinh 2-17 khi dinh
’(‘:) : 3 : : cua hinh sin giam xuong
0533 mA|-dopm 1 1 by con 1.5V Luu ¥ la
' ﬂ ! ﬂ khodang khong dan lic
lntesvaieof \ i ' » ; naylon hon nhiéu so voi
no conduction ] e —wi i-—— hinh 2-18.
i
]
1
i
]
'

[
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Transistor lwong cuc
(Bipolar Junction
Transistor)

3-1 Gi6i thigu

Transistor 14 mot linh kién rat quan trong trong dién tur, bao gém ca cac mach dién ti roi rac va
cac mach tich hop. Su quan trong cua thiét bi nay xuat phat tir kha ning ctia n6 trong viéc tao ra cac
bd khuéch dai. Mot mach dugc xem 132 mach khuéch dai khi n6 c6 kha nang str dung cac thay ddi
nho ctia dong hodc 4p & ngd vao dé tao ra cac thay do6i 16n hon & ngd ra. Tin hiéu nhé duoc xem 1a
ngo vao cua bo khuéch dai, tin hiéu 16n nhan duoc la ngd ra cua bd khuéch dai.

Hai dang transistor quan trong nhat 1 transistor ludng cuc tinh (Bipolar Junction Transistor —
BJT) va transistor hi€u tmg truong (Field Effect Transistor — FET). BJT st dung hai loai hat dan dé
tao ra dong dién 1a 16 tréng va electron tu do, do d6 né duoc goi 1a ludng cuc. Chung ta sé tim hiéu
BJT trong chuong ndy. Hoat dong cua FET sé& duge dé cap ¢ nhiing chuong sau.

BIT la loai transistor dugc phét trién dau tién va ké tir d6 n6 duogc sir dung rong rii trong dién
tir. Ngay nay, BJT van con giit mdt vai trd quan trong trong cong nghiép ban dan. Tuy nhién, k¥
thuat FET ngay nay di phat trién rat nhiéu va tham chi né duoc sir dung nhiéu hon ca BJT trong
cac mach tich hop.

3-2 Ly thuyét hoat dong ciia BJT

Transistor ludng cuc tinh (BJT) 1a moét linh kién ba cuc dugc tao nén tir hai chuyén tiép PN.
N6 ¢6 thé duge tao nén tir mot thanh ban dan duge kich thich sao cho mat do hat dan thay d6i dan
ttr N sang P va tro lai N hodc tir P chuyén sang N r6i trd lai P. Trong ca hai truong hop, mdi chuyén
tiép s€ dugc hinh thanh tai ranh gidi cua sy chuyén ddi tinh chét ban dan tir loai N (hoac P) sang
loai P (hodc N). Hinh 3-1 cho thay hai dang BJT.

Hinh 3-1

N . N P N P Cdu triic transistor NPN va PNP.

(a) NPN (b) PNP
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Khi BJT duoc tao nén bfmg cach dit ban dan loai P gifxa’hai ban dan loai N nhu hinh 3-1(a), n6
duoc goi 1a BJT loai NPN. Nguoc lai, hinh 3-1(b) cho thay cau truc cia BJT loai PNP.

Ving ban dan nam giira duoc goi 1a mién nén (base). Hai vung hai bén, mt vung dugc goi la
mién phat (emitter) va mét vung duoc goi 1a mién thu (collector). O cac phan sau ta s& dung ca
thuat ngir tleng Viét hoac tiéng Anh dé chi cac cuc va cac mién cua transistor. Thong thuong, trong
cac BJT roi, cac mién nay dugc gin véi cac chan linh kién ndi ra bén ngoai dé c6 thé thuc hién cac
két ndi v6i mach ngoai. Cac BIT trong cac mach tich hgp co thé khong c6 cac chan két ni nay.
Cac chan linh kién duoc dat theo tén cua mién ma nd két ndi vao. Hinh 3-2 trinh bay cac chan linh
kién duogc két ndi v6i cac ving trong BIT.

Emitterg__ | N P N |—oCollector Emitter P Lo Collector
() © ® © i (B ©
Base Base
(B) (B)
Hinh 3-2

Cac cuc base, emitter, collector cua transistor NPN va PNP.

Trong thyc té, BJT duoc che tao voi mién nén rat hep va mat do hat dan trong no ciing rat thap
do né duoc kich thich véi rat it tap chat. Ca hai dac diém nay déu rat quan trong ddi v6i mot
transistor.

Vi ca hai loai BJT nay déu c6 dic tinh gidng nhau do d6 ta chi xem xét trén loai NPN. Céc tinh
chat ca loai PNP c6 thé suy ra tir NPN br:ing cach thay dbi loai hat dan, cuc tinh cua dién ap clng
nhu chiéu dong dién nhu ta s& thiy trong phan sau. Dé BJT c6 thé hoat dong binh thuong trong che
d6 khuéch dai, can phai phan cuc ca hai chuyen tiép cua BJT Chuyen tiép gitra mién nén va mién
phat j. phdi phan cyc thuan va chuyén tiép giita mién nén va mién thu J phai phan cuc nguoc.

Hinh 3-3 trinh bay cach thirc phan cuc cho ca hai chuyén tiép.

majority minority } em
carrier carrier :
diffusion E:D drift | § =—p

N P N N

_._.__||.V__

EE e— = electron current

(a) Forward biasing the (b) Reverse biasing the
emitter-base junction collector-base junction
Hinh 3-3

Phén cwc hai chuyén tiép PN trong transistor NPN.

Ta c6 thé thiy la trong hinh 3-3(a), chuyén tiép j, dugc phan cuc thuan bdi ngudn ap V,, .
Khi chuyen tiép nay duoc phan cuc thuan, dong khuéch tan cua cac electron ty do s& dugc “phat”
di tr mién phat emitter, bé rong ving ngheo thu hep. Ta da biét dén diéu nay khi xét phan cuc cua
mot chuyén tiép trong chuong 2. Ta néi rang hat dan duoc phun (injected) tir emitter vao mién nén
base. That ra khi j, dugc phéan cuc thun, con c6 dong 16 tréng di tir base sang emitter, tuy nhién
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nhu ta da dé cap ¢ phan trén, vi mat do hat dan trong mién nén rat thap nén ta co thé bo qua dong
nay so voi dong electron ty do phat di tir emitter.

Hinh 3-3(b) trinh bay phan cuc ngugc chuyén tiép Jeo duoc thyc hién bang ngudn Vee - Két qua
cta phéan cyc nguoc la bé rong ving nghéo mé rong, dong dién chi co thé di tir mién nén base sang
mién thu collector vi 1a dong cua cac hat dan thiéu sb. Tuy nhién, nhu phan tich ¢ phan trén, cac
electron tu do dugc phun vao mién nén s& tré thanh hat din thiéu s, cac electron nay sé tiép tuc
tréi sang mién thu collector dudi tac dung ciia phan cuc nguoc.

Hinh 3-4 cho thiy transistor NPN khi dugc phén cuc dong thoi ca hai chuyén tiép . Chu y 1a
mién nén base dugc ndi dét, tirc 1a diém co dién thé duoc qui wdc 13 0 volts. Mién phat emitter 4m
so v6i mién nén base va mién thu collector duong so voi mién nén base. Pay la diéu kién can thiét
dé phan cyc thuan » va phan cuc nguoc j..

N P N

Hinh 3-4
e[ > Transistor NPN khi co cac
nguon phan cuec.

i} -}
Vee B Vee

Vi mién nén hep va mat d6 hat dan rat thip do do6 rit it electron bj tai hop trong mién nay. Cac
electron nay s& khuéch tan sang mién thu dudi tic dung ctia phan cuc ngugc Jeo- Ching ta két luan
1a dong electron 1a dong chi phdi trong transistor NPN. Ddi véi transistor PNP, dong 15 tréng sé 1a
dong chi phéi chu yéu.

Trong thyuc té, mac du mat do 16 trong trong mién nén rat thap, qua trinh tai hop van c6 the xay
ra. Khi moi electron tai hop voi mot 16 tréng, mot electron s& roi mién nén thong qua cuc nén B
sinh ra mot dong nén rat nho, gia tri cia n6 chi khoang 2 % dong electron phat di tir emitter.

Trong hinh 3-4, miii tén dugc v& dé chi huéng qui udc cia dong trong transistor NPN, hudng
nay l1a nguoc voi huéng ctua dong electron. Dong qui udc chay tir V. vao cuc C dugce goi 1a dong
cuc thu, hoac dong collector /.. Dong chdy vao cuc nén duoc goi la dong nén, hodc dong base 1,
va dong tir V,, chay vao cuc phat dugc goi 1a dong cuc phat, hodc dong emitter /z. Hinh 3-5(a)
trinh bay biéu tuong mach cia mot transjstor NPN. Hinh 3-6(a) la biéu tugng cua t}ranNSistor PNP.
Sq sanh hinh 3-5 va hinh 3-6, ghl'mg ta can phai dé y chiéu cua mii tén tai cuc E, d§: de nhd, ta co
thé xem la miii tén nay chi chi€u qui udc cua dong dién. Hon nira, cuc tinh cua ngudn V. va V.
1a nguoc nhau cho BJT loai NPN va PNP.

emitter base collector

Hin h‘ 3-5
N|lP|IN So do transistor NPN
;El T I twong duong.

11

VEE -'adr

(a) NPN transistor symbo} (b) The block form of the
and bias currents NPN transistor
corresponding to (a)
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emitter base collector .

Hinh 3-6

P IN| P | So do transistor PNP
twong dwong.

jie

e
———

Vee = Vee
(a) PNP transistor symbol (b) The block form of the
and bias currents PNP transistor;

corresponding to (a)

bé nhéq manh va lam rd hon hoat dong cua ,BJ T, hinh 3-7 thay biéu tuong BJT béng mot khoi
va chi rd chiéu dong dién chay vao va ra khoi khoi. Ap dung dinh luét Kirchhoff ta co:
I,=1.+1, (3-1)

Hinh 3-7

Mbéi loai transistor dwoc thay
bang mét hinh vuéng dé chi
dong vao va ra linh kién.

Iz «— NPN fe—I¢ lg—»{ PNP —1Ic

(a) NPN T’a (b) PNP l Ip

3-2-1 Dong nguoce /.,

Trong chuong 2 ta di biét 1a néu mot chuyén tiép PN bi phan cuc nguoc thi trong chuyén tiép
xut hién mot dong dién ngugc rat nho. Khi dién ap phéan cuc nguoc ting dan thi dong nguoc nay
tién 61 gia tri bdo hoa I,. Vi chuyén tiép Jo bl phan cuc nguoc nén ciing xuat hién dong dién
nguoc, dong dién nay cung chiéu voi dong collector tao ra do cac hat dan tir mién phat phun vao
mién nén. Do d6, dong collector tong cong sé& 14 tong ciia dong do hat din dwoc phun vao mién nén
va dong nguoc.

Néu ta giad st 1a dién 4p phan cuc thuan j, duoc hd mach va j. van duy tri phan cyc nguoc
nhu hinh 3-8 thi van c6 dong giién qua cuc thu,’d(') chinh 1a dong ngugc. Dong dién nguoc nay duoc
ky hiéu 1a 7.,, do nd co chi€u tir collector dén base khi hé mach (Open) cuc phat. Nhu vay khi
BIT & diéu kién hoat dong binh thuong ta co6:

Io=1. 0+ (3-2)

C(INJ)

vOi 1., la thanh phan dong cuc thu do cac hat ddn phun tir mién phat vao mién nén gy ra.

= I 1
e CBO h+ CBO .
—— o — — Hinh 3-8
(gnpen) (2 o) 14, la dong collector
Na p\\‘ - khi emitter ho mach.
I — '_
Vee Vee
(a) NPN (b) PNP
e~ = electron current h+ = hole current

Mot thong s6 quan trong cua trans1stor 13 &, dugc dinh nghia bang ti sb ctia dong collector, do
cac hat ddn dugc phun vao mién nén gy ra, so v6i dong emitter:

C(INJ) (3_3)
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Thong s6 a xéac dinh phan dong emitter ton tai sau khi di qua dugc mién nén va trd thanh
dong collector. R6 rang & 1uon ludn nho hon 1. No61i chung, ta luon muén « cang 16n (cang gan 1)
cang tot. Di€u do c6 nghia 1a ta muon transistor c6 dong base cang nho cang tot dé /. ,,, xap xi

I .. Gia tr1 thong thuong cua « nam trong khoang 0.95 dén 0.992 .

T biéu thiic 3-3 ta c6 Loy = el . Do do:

Io=alp+1y, (3-4)

Biéu thtrc nay chung to 1a dong collector tong cong bang mot phan ctia dong emitter di qua
dugc mién nén cong vé1i dong do ban than phan cuc nguoc trén j. gay ra.

Trong cac transistor ngdy nay, ddc biét 1a d6i vai silicon, I G rat nho nén co6 thé bo qua trong

hau hét cac ung dung thuc té. Tuy nhién, can phai nhé 1a 1 cso thuc ra chinh 1a dong dién nguoc cua

Chuyen tlep PN. Dong ngugc nay phu thudc nhidu vao nhiét do va dién ap phan cuc nguge. Vi
chuyén tiép Jo cua transistor thuong dugc phan cyc nguoc voi mot dién ap khoang vai volts hodc

hon nira nén gia tri cua /,, thuong xap xi dong nguoc bio hoa 1 - Khi nhiét d6 ting 10 °C, gia tri

cua /; ting gap d6i do d6 I cso cling chiu cung mdt dnh huodng.

Trong transistor, ngoai dong ngugc [, , transistor con c6 dong ro (leakage current) chay

ngoai bé mit transistor thudng cé gia tri 16n hon dong nguoc rit nhiéu. Trong céc transistor silicon,
dong ro nay gan nhu chi phoi hoan toan sy thay doi theo nhiét do cia dong nguoc.

Vi I, rat nho nén ta cé thé viét

o~— (3'5)

Vi dy 3-1

Dong cuc phat ciia mot transistor NPN 14 8.4 mA . Néu 0.8 % hat dan bi tai hop trong mién nén va
dong ro 1a 0.1 #A . Tim (1) dong base, (2) dong collector, (3) gia tri chinh x4c ciia & va (4) gia tri
xap xi cia & khi bo qua dong ro.

Huéng din

1. I, =(0.8%1,)=(0.008)(8.4 mA)=67.2 uA

2. T biéu thic 3-1, I. =1, — I, =8.4 mA —0.0672 mA =8.3328 mA

3. T biéu thite 3-2, Iy, =1 — 15 =8.3328x107 —107 =8.3327 mA
Dung 3-3, a = IC(,NJ)/IE =(8.3327 mA)/(8.4 mA ) =0.9919881

4. Dung biéu thirc xép xi 3-5, @ ~ I./1, =(1.3328 mA) /(8.4 mA)=0.992

3-3 Pic tinh B chung (Common-Base)

Trong phan trudc, ta da thady mot mach phan cyc (hinh 3-4) trong d6 cuc nén dugc ndi véi dat,
tirc 1a diém tham khao chung ciia mach. Cach phan cyuc nay duogc goi la céu hinh B chung (CB) cua
transistor. Pay chi 1a mot trong ba cach c6 thé dé thiét ké phan cuc cho transistor theo nguyén tic
Jr phan cuc thuan va j. phan cuc nguoc, vi bét ky cuc nao cling co thé 1am diém tham khao

chung.

Y nghia ctia viéc c6 diém tham khao chung trong mach 1a diém nay duoc dung nhu diém tham
khao cho ca ngd vao (input) va ngd ra (output) cho transistor. Trong cau hinh CB, dién 4p emitter-
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base dugc xem nhu ngd vao va dién ép collector-base dugc xem nhu ngd ra, xem hinh 3-9. D(f)i voi
mot transistor NPN, V,, duong va doi v6i PNP, V., la duong. Tuong tu, V., la duong do1 voi
transistor NPN va V,. 1a duong dbi voi transistor PNP. Dong emitter 1a dong ngd vao va dong
collector 1a dong ngd ra.

Ig Ic I Ie

7 -, + + -, -
‘TBE = VCﬁ' = VEE = VBC =
input output input output
voltage voltage voltage voltage
+ - - +
L © B
(a) NPN = (b) PNP -
Hinh 3-9

Dién dp vdo ra trong cdu hinh CB ciia transistor NPN va PNP,

Trong phan phan tich nay ta chi sir dung cdc ngudn phan cuc DC dé tao ngd vao va ngd ra cho
cau hinh phan cyc CB. Ta s€ xem xét dap ung cua mach dudi tdc dong cua nhitng thay doi nho
trong ngd vao sau. Muc ti€u trong phan nay chi la tim cadc moi lién hé gitra dong dién va dién ap
ngd vao va ngo ra. Pac tuyén ngd vao s€ cho thay moi quan hé gitra dong dién va dién ap ngd vao,
va dac tuyeén ngo ra s€ cho thay moi quan hé gitra dong dién va dién ap ngo ra.

3-3-1 Pic tuyén ngéd vao B chung

Trong phan nay ta s& xay dung dic tuyén cua ngd vao CB clia mt transistor NPN. Vi ngd vao
la trén chuyén tiép j, phan cuc thuan nén dic tuyén s€ trinh bay moi quan hé giira dong ngd vao
I, va dién ap ngd vao V,, . Tuy nhién, dic tuyén ndy con phu thudc vao dién ap ngd ra V,, . Ly do
la néu V., cang 16n thi lugng hat din di qua dugc mién nén cang nhiéu dan dén sy gia ting trong
dong hat dan tir cuc phét dén cuc thu va két qua 1a gia ting dong emitter. Hinh 3-10 trinh bay ho
dac tuyén ngd vao cho cau hinh CB. Mac du vi¢e tinh toan dung cac dac tuyén nay trong thuc té rat
it, tuy nhién, khi hiéu dugc dac tuyén ta s€ c6 mot cdi nhin sdu hon vé€ hon vé hoat dong cua
transistor. Trong hinh 3-10, mdi ddc tuyén twong ng véi mot gia tri V., khac nhau, ching cho
théy mbi quan h¢ cua dong emitter va hi¢u dién thé gilra cuc nén va cuc phat tai mot gia tri V., )
dinh. Ho dac tuyén nay co thé duoc xéac dinh béng cach dat mot gia tri V,, c¢d dinh, thay doi Ve va
do dong I, tuong (mg. Mdi lan thay dbi gia tri V. 1a tuong tng voi viée vé mot dac tuyén méi

trong ho dic tuyén.
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Hinh 3-10
Ddc tuyén ngo vao cua cau
hinh B chung.

001 02:03: na 0 4 o&.bm 0874 ﬂ(VOIlS)
Trong hinh 3-10, mdi dudng cong dic tuyén co dang dic tuyén diode phan cuc thuan. Di voi
mot gid tri V,, cho trude, ta co thé thay 1a 7 , tang khi V., tang. Tuy nhién sy thay d6i nay chi rd

rét khi V., thay d6i nhiéu, do do6, anh huong cua V., 1én dac tuyén ngd vao c6 thé bo qua trong
thuc té. Lic d6, co thé ding dic tuyén “trung binh” dé tinh toan.

Pic tuyén ngd vao CB ciia mdt transistor PNP c6 dang giong nhu cua transistor NPN, tuy
nhién, dién ap ngd vao duong phai la V,, chir khong phai V..

Vi du 3-2
Transistor trong hinh 3-11 c¢6 dic tuyén nhu trong hinh 3-10. Khi Voe 1a 25V, dong
I. =894 mA.

Hinh 3-11

- Ic
l ’ Vi du 3-2
0.7V .l. f Vee
A

1. Tim a cua transistor (bo qua [, ).

2. Lap lai néu 7. =1.987 mA khi ngan mach V...

Huéng din

1. Trong hinh 3-11 ta thiy 1a ¥,, =0.7 V. Tl hinh 3-10, duong thang tuong ting vé6i V,, =0.7 V
cat duong cong V., =25V tai I, =9 mA. Do d6, a ~1./1, =(8.94 mA)/(9.0 mA)=0.9933
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2. Khi ngan mach nguén V.., V., =0 V. Tl hinh 3-10, I, =2 mA tai ¥, =0V va V,, =0.7 V.
Do d6, a~1I./I, =(1.987 mA)/(2.0 mA) =0.9935

3-3-2 Dac tinh ngo ra B chung

Bay gio¢ ta thu mdt thi nghiém trong d6 dong collector (dong ngd ra) dugc do khi thay doi V.,
(dién ap ngd ra) twong tng voi mot gia tri dong emitter (dong ngd vao) cb dinh. Hinh 3-12 v& so do
mach va qui trinh ¢6 thé dugc dung trong thi nghiém cho mot transistor NPN. Luu y la so dd mach
trong hinh 3-12 khong phai 1a mot mach thyc té, mach nay chi dugc st dung dé xdy dung dic tuyén
cho transistor. Cac mach transistor thuc t€ phai chira cac dién tré phan cuc, do do, dién ap ngd vao
va ngd ra cua transistor khac vdi cac nguon dién ap phan cuc trong mach. Tuy nhién, dén lic nay ta
chi tap trung vao vi¢c tim hiéu su lién quan gitra dong dién va dién ap cua linh ki€n, chua can phai
quan tdm nhiéu dén cac mach phan cyc bén ngoai. Khi /. dugc v& theo V., véi cac gia tri [, khac
nhau, ching ta c6 ho dac tuyén duogc trinh bay trong hinh 3-13. Ching duoc goi 1a ho dac tuyén
ngd ra cua cau hinh CB.

-— !E --— ’C‘
VsE -i! I ig Ves
IE VCB IC IE VCB IC IE VCB !C
ImA| -1 2mA| -1 _ 9 mA -1
1 mA 0 2 mA 0 9 mA 0
1 mA 5 2 mA 5 __ec. 9 mA
imal 10 2mA| 10 9mA| 10
1 mA 15 2 mA 15 9 mA 15
1 mA 20 2mA 20 9 mA 20

1. Dt V., =—1V, thay dbi V,, dé I, =1 mA . Do va ghi lai 1.

2. Tang V,, nhitng buéc nho, mdi 1an nhu vay ta do lai 1,.. Thay d6i V,, khi can dé
giit gia tri ban dau cua 7, . Tiép tuc cho dén khi ¥, dat dén 20 V. V& I, theo V.
3. Lap lai bude 1, v6i V,, dugce thay doi dé tao ra gia tri I, mai I6n hon mot chut.
Sau d¢6 lap lai budc 2. , , ,

4. Lap lai buée 3 cho dén khi gia tri 1, c6 dinh dat dén 9 mA .

Hinh 3-12 9 )
Thi nghiém duoc dung dé vé dac tuyén ngo ra trén hinh 3-13.
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Hinh 3-13

Bdc tuyén ngé ra cia transistor NPN. Luu ¥ la thang 1mg voi V.y am da dwoc mo rong.

DAu tién, trong hinh 3-13, ta c6 thé théy 1a mbi dic tuyén bt dau tai 7 =0, sau do tang 1én rat
nhanh d6i véi nhing thay d6i nho ctia Veg. Vi I, dugc gitt c¢b dinh nén diéu nay ciing dong nghia
véi vide ti s6 1,./1, cling gia ting. Ta da biét a =I./I,., nhu vy a khong phai 1a mot hang sé.
a s& bat dau tir 0 sau d6 tang dan khi V., tang. Ly do la vi chi mot phan rat nho cia cac hat dan
phat di tur cuc E s€ dén dugc cuc C cho dén khi dién ap phan cuc nguoc V., du lén dé gia tdc cho
cac hat din nay vuot qua mién nén B. Khi V., dang co gia tri am thi chuyén tiép J dang phan cuc
thuan, nén dong dién /. lic nay phu thudc truc tiép vao V., . Qua trinh nay tiép tuc xay ra cho dén
khi V., khong con phéan cyc thuin chuyén tiép Jc- Vung tuong Umg v6i V,, am dugce goi la ving
bdo hoa (saturation). Mot transistor dugc goi la bi bao hoa khi ca j, va j,. déu duoc phan cuc
thuén.

Mot khi ¥, du 16n dé dam bao 1a phan 16n hat dan di vao dugc trong mién thu thi véi mot gia
tri 1, ¢ dinh, dong collector duy tri & mot gia tri khong ddi, doc lap voi gia tri V. Trong dac
tuyén ta cling c6 thé thdy gia tri ctia 7. khi la hang s thi xap xi véi 1, . Diéu nay cho thiy gid tri
o rat gan véi 1 va la mot hang s6. Ving nay dugc goi la vung tich cyc (active). Trong vung tich
cuc nay, BJT c6 nhiing ddc tinh nhu ta da phan tich trong phan trudc.

Trong didc tuyén con c6 mot ving khac, ving nay tuong ung VO'1 Vung nam dudi duong dac
tuyén tng véi I, =0 vaduoc got la viung tat (cutoff). Pic tuyén nay nam rat gan véi truc hoanh, vi

khi ndy chuyén tiép 7, bi ho mach nén dong dién I < chi la dong dién nguoc do phan cyc ngugc
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trén j. gy ra. D6 chinh la dong [ ,, nhu ta da thdy & phan trudc. Mot transistor 1am viéc trong
ving tit khi ca hai chuyén tiép déu bi phan cuc ngugc.

Vi dy 3-3

Mot transistor NPN c6 dic tuyén ngd vao CB nhu trong hinh 3-10 va dic tuyén ngd ra nhu trong
hinh 3-13.

1. Tim dong cuc thukhi V., =10V va V,, =0.7 V.

2. Laplaikhi V,, =5V val,=55mA.

Huéng dan

1. Tir hinh 3-10, ta thdy 1a 7, =4 mA tai V,, =0.7 V va V,, =10 V. Trong hinh 3-13, duong
thang V., =10 V cat dudng cong [, =4 mA tai I, =3.85 mA.

2. Vi cac diéu kién di cho, ta co thé suy ra rang dic tuyén ngd ra nam giita hai duong tng voi
I, =5mA va I, =6 mA. Giao diém ciia duong cong nay véi duong V., =5V cho két qua 1,

xap xi 5.4 mA . Phuong phap nay khong thé dat do chinh xéac cao, trong thuc té, ta co thé xem
I.=1,=55mA.

3-3-3 Danh thing BJT

Ciing nhu ddi voi diode khi phan cyc nguoc, chuyén tiép J vOi1 phan cuc ngugc trén nod co thé
bi danh thing néu dién ap phéan cuc ngugc du 16n. Sy gia ting dong dién nay thuong xuat hién do
co ché danh thung théc Iii nhu da khao sat trong phan trudce. Tuy nhién, mgt transistor con c6 thé bi
danh thung bdi moét hién tugng duogc goi 1a punch through. Dang danh thing nay xay ra khi bé rong
vung ngheo, trén chuyén ti€p j. bi phin cuc nguoc, du 16n lam cho vung nghéo nay mé rong dén
ving nghéo cua chuyén tiép Jr duoc phan cuc thuin. Luc nay, mién phat va mién thu bi ngin
mach va do d6 xuét hién mot dong dién 16n. Hién tugng punch through con dat ra mot gidi han vé
nong do tap chat cling nhu bé rong mién nén khi thiét ké BJT. Hinh 3-14 trinh bay ho dac tuyén
ngd ra bao gom ca doan danh thung cua déc tuyen.

P breakdown Hinh 3-14
c

A reRaE Pdc tuyén ngé ra CB bao gom
JJ vung danh thung.

r15=0

|
H v
+ Ves
BV cpo

3-4 Dic tinh E chung (Common-Emitter) i
Trong phan nay ta s€ xem xét cau hinh phan cuc E chung dugc minh hoa trong hinh 3-15. Can luu
¥ 1a nguon V,, duoc st dung dé phan cuc thuan cho chuyén tiép j, va ngudn V. dugc ding dé

phan cuc nguge cho chuyén tiép j.. Bién d6 ctia V. phai 16n hon V,, dé dam bao j. phai phan
cuc nguoc.
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.L H‘Iph 3-15
+ - Veo Yec  Céu hinh phan cuc
1
Vc{b l c Tf E chung (CE).
e —— -
I Ves IVBB
A L
~ (a) NPN ~ (b) PNP

Hinh 3-16 ching t 1a dién ap ngd vao trong cdu hinh CE la dién ap giita cuc nén va cuc phat
(V,, d6i véi NPN va V,, d6i voi PNP), va dién ap ngd ra la dién ap giita cuc thu va cuc phat (¥,
d6i v6i NPN va Vie d6i v6i PNP). Dong ngd vao la dong 7 , vadongngorala /.. Cau hinh CE 1a

c4u hinh dugc str dung rong rii nhat do dé ching s& duoc xem xét mot cach chi tiét trong phan nay.
Ie

7‘_6‘-

)’3'—.‘
+ Ve = output voltage Vee = output
voltage
V.b'E = input ;/ V{;;g = input
voltage voltage
- +
= (a) NPN = (PNP T
Hinh 3-16

Pién dp va dong dién vao ra cho transistor NPN va PNP trong ciu hinh CE.

3-4-1 1., va g

Trude khi xay dung ddc tuyén vao ra cho cau hinh CE ta sé xay dung moi quan hé gitta /. va
I 5o - Mac du moi lién hé nay hoan toan khong phu thudc vao cau hinh phéan cuc, tuy nhién moi
lién h¢ nay s€ cho ta mdt s6 cac thong s6 mai rat hiru ich trong viéc du doan hoat dong ctia cau hinh

CE. Biéu thuc 3-4
I.=al, +1.,,

hay I.—1,=0al,
Chia hai vé cho «, ta co: ~& -2 =],
a «a

I. 1
Thay Ip: <——<2=1,+1,

a «a

1 1
[C:&Jrﬂ (3-6)

l-a l-«a

Str dung biéu thirc 3-6 ta c6 thé c6 mot biéu thirc cho dong ro ngugc trong cau hinh CE. Hinh
3-17 trinh bay céc transistor NPN va PNP trong do6 ngd vao BE bi hé mach. Luc nay dong ¢ ngd ra
chi c6 dong nguoc trén chuyén tiép Jc. Dong nay di tur mién thu C qua mién nén B va vio mién

phat E. N6 dugc ky hiéula 7,,,. Vi I, phai la 0 khi hé mach ngd vao nén ta co
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1 1
Lo = <0 = ) (3-7)
- -

Vi o rat gan 1 nén 1/(1-a) 1a kha 16n. Do d6, biéu thirc 3-7 cho ta thay dong ro CE 16n hon
nhiéu so voi dong rdo CB. DPiéu nay cung co nghia la dong ro CB duoc khuéch dai 1én trong ciu

hinh CE. Két qua nay c6 thé gy ra cac van dé khi mach hoat dong & nhiét d6 cao, dic biét la ddi
V61 céc transistor loai germanium.

< Iceo lceo —
Veo 1 Vee
Olti open
L -
(a) NPN (b) PNP
Hinh 3-17

Dong ro collector-emitter 1,
Tré lai biéu thirc 3-6, ta théy ¢6 mot tham s6 quan trong khac cua tranistor do 1a :

p=—" (3-8)

l-a

S 1a mot s6 16n hon 1 va c6 gia tri thay do6i trong khoang tir 20 dén vai tram. Khi o cang tién
gan dén 1 thi mot su thay d6i nho trong o ciing gay ra nhitng thay d6i 16n trong 2.

Khi do, biéu thirc 3-6 c6 thé viét lai 1a:
I
I.=BI, +-<52 (3-9)
|
Io=ply+1, (3-10)

Mic du I, 16n hon rat nhiéu so v6i I, , n6i chung, gid tri nay 1a kha nho khi so sanh véi
BI, . Do @6, gia tri ndy co thé bo qua trong céc tinh toan mach thuc té.
I.~pl, (ICEOZO) (3-11)

Vi du 3-4

Mot transistor ¢ /.,, =48 nAva a=0.992.

1. Tim S va I,

2. Tim gia tri chinh x4c cua dong collector khi 7, =30 yA.

3. Tim gia tri x4p xi ciia dong collector khi bé qua dong ro.

Huéng din
po @ _0992 ..,
. —a  0.008
' ;Ao 48107 _
cEo T 0.008

12/31



SweetLoveFC
Highlight

SweetLoveFC
Highlight

SweetLoveFC
Highlight

SweetLoveFC
Highlight

SweetLoveFC
Highlight

SweetLoveFC
Highlight


Bién soan: Vo Ky Chau — B¢ mon Dién tir, Khoa Dién — Dién t
Email: vkchau@dee.hcmut.edu.vn

2. I = Bl + 1y, = (124)(30 pA)+6 uA=3.726 mA

3. 1.~ pl, :124(30 ,uA):3.72 mA

Biéu thirc 3-8 cho ta cong thirc tinh B clia mot transisotor khi biét & cua nd va nguoc lai st
dung quan h¢ sau
a= S (3-12)

p+1

3-4-2 Pic tuyén ngd vao E chung

Vi ngd vao clia mot transistor trong cdu hinh CE 1a ngang qua chuyén tiép ; » (hinh 3-16), dac
tinh ngd vao CE la cac duong dac tuyén cua diode phan cuc thuan. Mot tap hop cac duong dic
tuy€n ngd vao cua cau hinh CE duogc vé trong hinh 3-18. Chu y la 7, tang khi V¥, giam néu gitr co
dinh V.. Gia tr1 V_, 16n s€ lam cho phan cuc nguoc trén j. manh hon, do d6 ving nghéo mé
rong va mién nén tré nén nho hon. Khi mién nén cang nho, kha ning tai hop hat dan trong mién
nay cang it va do d6 dong nén gidm xudng. Pac tuyén ngd vao CE thuong duoc goi la dac tuyén
nén.

dp Q) {1t Hinh 3-18
.I;i THIE II Ddc tuyén ngé vio CE.
RN f;;'.l
J' -l.:.'i'.?:;;::.;_.:,; Ll
3(')'—“}:f:r_._..‘f-":"r‘i'ﬁ.?-:'j.
B "“*' S L
éo“i [
r.""":""..""."ff'*l"“ o d L 'J"."“
T T
] I Ha
T
B st
g DL 3 570 B
d AR |
'_Ao. piot .';:_:lf;i_'il'.i-.1;i~.i'i_"'_' :r—_;—V‘HE-
£ 10:.1:02°03 040506 07:08 - - (volts)

3-4-3 Pic tuyén ngé ra CE

Pic tuyén ngd ra CE biéu dién dong cyc thu / o theo dién ap V., cho cac gia tri I, ¢ dinh
khac nhau. Bac tuyén nay thuong duoc goi la dic tuyén collector. Hinh 3-19 cho thdy mot tap hop
cac ddc tuyén ra tiéu biéu cho cau hinh CE.

Gia tri x4p xi cia B c6 thé duoc xac dinh tai mot diém bat ky trén ddc tuyén trong hinh 3-19
bang cach tinh I,./1, tai diém d6. Hinh 3-19 minh hoa diéu nay, tai V., =5V va I, =50 uA, gia
tri cua /. 1a 5SmA, do d6 gia tri cia S tai diém nay la p=1./1,=(5mA)/(50 uA)=100. R
rang S khong phai 1a hing sb nhu «, gia tri cia nd phu thude vao ving 1am viéc cua transistor.
Vl‘mg dac tuyén‘ gan ghu nam ngang dugc goi la vang tich cuc trong ciu hinh CE. Trong ving nay,
B gan nhu 1a hang so, tuy nhién, £ s€ tdng theo V., khi dac tuyén nang lén phia trén.
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Khi 7, =0 (hé mach ngd vao), dién ap V., tai diém danh thung dugc ky hiéu la BV, . Gia

tri nay la luén luén nhé hon BV,,, d6i véi cing mot transistor.
Khi quan sat dic tuyén trong hinh 3-19, cn phai nhé 1a cac dic tuyén nay dugc vé twong ung
voi gia tri V. nho (khoang 0.7 V @01 véi silicon). Hinh 3-20 minh hoa di€u nay.
.l'.-_- Emﬁ.}

4 saturation Hinh 3-19
2 Iy =70 uA Ddc tuyen ngé ra CE
TE
6k
SEf-----
E ‘\ Jﬂ = m FA
4 H i -
0 e £ breakdown
P : active _ :
3H . o region g =30 pA ¥ region
Nl N g =20 pA /
- .
I i JB = iUP—A j
- ' 1g=0 leeo '
0 ﬁl— + —=""—'—/| 1"IIT'E
5 10 s 201 B (volts)
cutoff
region
Hinh 3-20
Ve Vg +0.7V doi vdi
+ | + silicon. Khi V., giam
Ves ‘.\ - xuong khoang 0.7 V thi
Ig— - ; Voo = Vee = Vee p_, ~0 va chuyén tiép
4 1: ® collector-base khong con
+ Ve = Vea + Ve dwoc phan cuc nguoc.
Vg = 0.7V | ‘__/
YBE = " -1 -
07V

Cht y 1a trong hinh 3-20, V., =V, +V,, =V, +0.7 V. Vi vay, néu V., giam xubng con
khoang 0.7 V, V,, s& tién dén 0 va chuyén tiép j,. s& khong con phan cuc ngugc. Két qua nay c6
thé thay trong hinh 3-,19, ta thiy 1a cac d,é.C tuyén gﬁn, nhu” phang trong ving tich cuc gho ‘dé'n khi
dién 4p V., giam xudng xap xi 0.5V dén 0.7 V. Neéu tiép tuc giam V., dong /. bat dau giam
xudng. Transistor dugc coi 1a bio hoa khi chuyén tiép J duoc phan cuc thuin. Gia tri bdo hoa cua

Vep» ky hiéula V., , khoang 0.1 V dén 0.3 V tuy theo gié tri cua dong I, .

CE >
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Trong hinh 3-19, dong /. khac khong mdc du 7, 1a 0. Day chinh la thanh phan dong nguoc

Iz, . Ving nam dudi I, =0 dugc goi 1a ving cit (cutoff).

Ciing trong hinh 3-19, cac duong dic tuyén twong tng véi gid tri 1 » lon sé ting nhanh hon khi
V.. tdng so voi cac dac tuyén co 1 » Nho. Néu cac duong nay dugc kéo dai sang bén trai nhu hinh
3-21 chiing s€ giao nhau tai cung mot diém trén truc hoanh. Diém nay duoc ky hiéu 1a V, va dugc
goi la dién ap Early. Di nhién la mét transistor khong bao gi¢ hoat dong vé1i V., bang dién ap

Early, V, chi don gian 1a mét thong s6 khac cua transistor. N6 rat hitu dung cho cac chuong trinh

mo phong mach nhu SPICE.
Ie
Hinh 3-21
Dién ap Early, V,, la giao
-7 diém ciia cac dwong déic
_ -::: - __ tuvén véi truc hodanh.
I Al
G e e """ — Ver
Vi du 3-6

Mot transistor co dac tuyén ngo ra nhu hinh 3-19.
1. Tim d6 thay ddi cia B khi V. thay doi tir 2.5V dén 10 V véi I, 1a 40 pA .
2. Tim d thay ddi cia S khi 7, thay doi tir 10 #A dén 50 uA khi V., 1a 7.5V
Huéng din
1. Tai giao diém cua dudng thang V., =2.5V véi duong cong I, =40 A, tacd I, ~3.8 mA.
Do d6, S ~(3.8 mA)/(40 uA)=95.
Di doc theo duong cong 7, =40 nA dén giao diém cua n6 voi dudng thiang Ve, =10V, ta
6 I ~4.2mA . Do do, f~(42mA)/(40 uA)=105.

105-95

Do thay ddi cua £ 1a x100% =10.53%

2. Tai giao diém cta duong thing Vep =75V voiduong cong [, =10 uA ,tacd 1. =0.8 mA. Do
do, B~(0.8mA)/(10 uA)=80.

Di doc theo duong thing Vg =715V dén giao diém cua né voi dudng cong 1 =50 uA, ta
¢ I, ~52mA.Dodo, B~ (52mA)/(50 uA)=104.

10480 x100% = 30%

Do thay ddi cua £ 1a

3-5 Pac tinh C chung (Common-collector) i )
Trong cach phan cuc thir ba nay, cuc thu dugc chon lam diém tham khao chung. Cau hinh phan cuc
CC duogc trinh bay trong hinh 3-22. Ta c6:

Vep =Vep + Ve (3-13)
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Is _, . Ig
Sl Bl
Ve ’\ Ves 1\
[L {'l- .‘.LB -
\._ Ver & Vee A+ Vec = Vee
VBBT Vcs,.: ‘/ Vas T Vac el ‘/
+ -
(a) NPN (b) PNP

Hinh 3-22
Cau hinh phan cuc CC.

Trong d6, V., =V, Vey =V, Vi VAy Vyy =Vo =V, Vi V,, thuong nho va 1a hing sé dbi
v61 phan cuc thuan j, (khoang 0.7 V dbi voi silicon), nén:

Vg =Veg = Ve —0.7 (3-14)

Nhu vay, dé giit chuyén tiép /. phan cuc ngugc thi V,, phai l6n hon V.. —0.7 V.
Hinh 3-23 cho thiy dién 4p base-collector 1a dién 4p ngd vao va dong base 1a dong ngd vao. Dién
ap emitter-collector 1a dién ap ngo ra va dong emitter 1a dong ngo ra.

f Ig 4 Ig

-u‘_\ *

3 oﬁ"__.d Vee = output +0,.._,_"___,5 _ I: Vee = output
) voltage A voltage

Vep = input Vge = input

voltage 4«+/ voltage ./
+Y - X B

= @NPN = = @®PNP T
Hinh 3-23

Dién ap va dong dién vao ra cua cau hinh CC.

Hinh 3-24
Dac tuyén ngo vao CC.

Hinh 3-24 biéu dién mot tap hop tiéu biéu cua céac dic tuyén ngd vao cho mdt transistor loai
NPN trong cau hinh CC. Rd rang 1a ching khong phai 1a ddc tuyén cia mét chuyén ti€p PN phan
cuc thuan. Chung ta co thé thay 1a mdi duong cong dugce vé cho mot gi tri V.. 0 dinh khac nhau,

va v6i moi dudng dong base s& giam xudng 0 rat nhanh khi V., tang. Diéu nay c6 thé giai thich 1a
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do V,, phai xap xi trong khoang 0.5V dén 0.7 V thi méi c6 dong base, nhung tir biéu thic 3-13
ta co:
Ve =Ver = Vg (3-15)

Do d6, néu V., ting dén mot gia tri gan V., thi V,,. tién dén 0 va khong c6 dong base. Hinh 3-
250 biéu dién mot tap hop cac dic tuyén ngd ra cho trapsistor loai NPN trong cAu hinh CQ. Chl’}ng
bi€u dién dong emitter [, theo V., v6i I, dugc gilt co dinh. Cac ddc tuyén nay cé dang gan giong
Vi cac dac tuyén ngd ra trong cau hinh CE & hinh 3-19. Diédu nay rd rang 1a vi / 1.

Hinh 3-25
Ddc tuyéen ngo ra CC.

Khi b6 qua dong 10, ta co:
I, =(B+1)1, (3-16)
Biéu thtic 3-16 biéu dién quan hé giira dong ngd vao va dong ngd ra trong cau hinh CC.
3-6 Cac dang mach phan cuc
Trong phan phan tich trude, ta da dung tir “phén cuc” (bias) dé chi viéc ta ‘dung mot dién ap

bén ngoai dit 1én chuyén tiép PN nham xac dinh cyc tinh cta né. Ta ciing d3 nhan manh 1a chuyén
tiép j, giita base va emitter phai phan cuc thuan va chuyén tiép j. giira base va collector phai

phan cuc ngugc. Dudi tdc dong cua céac nguén phan cuc nay co thé x4c dinh dugc mot gia tri cu thé
cua di¢n ap va cua dong dién ngd ra, ta noi la ta da dinh di€ém phan cuc ngo ra tai cac gia tri do.
3-6-1 Mach phan cuc B chung

Trong thyuc té, phan cuc dugc didu khién bang cach dung cac dién tré méc nbi tiép voi cac
nguén V.. va V... Tt do ta co the thay doi gid tri cia dién tr¢ thay vi thay doi gia tri dién ap cua
ngudn dé diéu khién dong va ap tinh (dc) trong mach. Mach dugc sir dung khi nay duoc goi la

mach phan cyc. Hinh 3-26 trinh bay cau hmh mach phan cuc CB trong d6 dién tr¢ dugc mac nbi
tiép v6i emitter va dién tré R. dwgc mac ndi tiép véi collector. Luu y 1a ngd vao va ngd ra van giit

nguyén nhu trong phan tich ¢ phan trudc vé cau hinh phan cyc CB (hinh 3-9). Sy khac biét ¢ dang
mach phan cuc nay 1a dién 4p ngd vao khong con la V. bdi vi co dién ap roi trén dién tré R, va
dién ap ngo ra khong con 1a V. do dién ap roi trén R.. Cac ngudn V. va V.. dugc goi la cac
nguon cung cap. D1 nhién la dac tuyén ngd vao va ngd ra van gitr nguyén trong viéc biéu dién moi
quan h¢ cta dong va ap ngd vao va ngo ra.
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Hinh 3-26 ,
Cdc mach phan cuc CB thuc te.

T hinh 3-26 ta co:

Vee = ]CRC +Vep (3-17)
| V

I,=—V,+* 3-18

@ R, CB R, ( )

Khi ta xem . va V., labién, V.. va R. 1a hang sd, ta co thé thiy l1a biéu thirc 3-18 biéu dién
phuong trinh ctia mot dudng thang. Néu v& trén do thi co hé truc 1a I.—V,, duong thang nay co
d6 doc 1a —1/R. va giao véi truc I, tai V,./R,. . Biéu thic 3-18 1a biéu thirc dudng tai (load line)
cho céu,hinh CB (NPN). Buong tai nay c6 cach hiéu hoan toan giéng nhu dudng tai ciia diode ma
ta da biét trong chuong 3: né la tdp hop cua tat ca cic t6 hop co6 thé c6 cua /. va V, trong mach.
DPiém phan cuc that su phai nam trén duong tai nay. Vi tri chinh xéc cua diém phan cuc phu thude
vao dong va ap ngd vao I, va V.

Tur biéu thie 3-18 c6 thé thiy la duong tai giao véi truc V., tai V.. Do d6, duong tai c6 thé

duoc v& bang cach vé mot dudng di qua hai diém ¥V, =0,1. =V,../R. va I, =0,V , =V,.

Vi du 3-7
Xéc dinh va vé duong tai cho mach trong hinh 3-27.
2.65 k2 4 k0
J. Wy Hinh 3-27
- — Vidu 3-7

= Vg +
4x10° < 4x10°
=-2.5x10"V, +5x107° A
Puong tai co6 do déc —2.5x107* S, giao voi truc /. tai 5 mA , va giao voi truc V,, tai 20 V. Hinh

3-28 v& duong tai nay.
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c Hinh 3-28
DPuwong tai cua mach phan
cuyc trong hinh 4-27.

Vee/Re = 5 mAY
cc’Re Io = =25 X 10-4Vc5 + 5 x 10-3

> Ves

0 Vee = 20V

Ta c6 thé xac dinh diém phan cuc bang cach vé dudng tai trén didc tuyén ngd ra cua transistor
dugc su dung trong mach. bé minh hoa, duong tai dugc xac dinh trong vi du 3-8 dugc v€ trén mot
tap hop cac dic tuyén ngd ra ciia ciu hinh CB trong hinh 3-29.

-1-...

T 13 T T T T
L—L—{r&nk}: R - ;
— A= s -
J.T' T'f‘i"l ; 1
'-'r_,: f RE RS ] '
v : I v .’! i H ] I IP_I?'}M H
- A L : -
7! [ by T 1
[ 1 ]
T ;x l I il
1 b4 1 1 1 1 1
] . Tii_ !} A
= s + s
re b Ly i i L ! 'frh.
A i ] T+ 1 - 3
£ - L -
A JE 1 ' |1 L H i
£ 3 I [ | f 1 3 '._‘ T
ST = ERaEnaas: :
M- | \‘\ - - T i ":_:
-yt ™ | 17 T L] 11
- L ~t . E
3. e, 1 1
ER ™1 T 1 V1] 1 1 ? | I ii
- AN A - T
TN L] TF 1 : Jf !— T ;
Al 1 ™1 T 1 ]
=it T 1 : .w,\: ‘ﬂ- 13 L :
-1 P e -
LRI 1 T ~ T
R . 1
1 IR i 1]
EMsaarasassd|iamnENERRERSAIIIANNNLISSCEELLCES
—— N 1:' ’ [ .
T Tl Vi
S P e o)
Hinh 3-29

Puong tdi va ho ddc tuyén ngé ra cia cau hinh CB. Piém phdn cuc
Q la giao diém cua dwong tai voi dac tuyén I, =2 mA .

Dé c6 thé xac dinh duoc diém phan cuc trén duong téio duoc vé trong hinh 3-29, ching ta phai
xac dinh dong [, trong mach cua hinh 3-27. M6t cach dé tim 7, la viét phuong trinh duong tai
ngd vao trén mot dic tuyén ngd vao va xac dinh gia tri ctia 1 » dua vao giao diém cua hai duong
nay. Cach nay gidng voi cach da lélm’déi voi diode dé tim dong va ap phan cuc tinh cho diode. Tuy
nhién phuong phap nay khong thuc té vi ddc tuyén ngd vao thuong khong co san.

Cach thuong dung nhat dé xac dinh 1 » 1a xem nhu chuyén tiép j » phan cuc thuan co6 dién ap
roi 1a khoang 0.7 V (Si) va tim dong qua chuyén tiép nhu ta da biét. Trong hinh 3-30 ta co
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I, = Vop =07 (3-19)
RE
Chu ¥ 1a ta d3 bo qua anh hudng hoi tiép (feedback) cua V. 1én dac tuyén ngd vao. Ciing cin
phai luu y 1a vi V. c6 cuc duong nbi dén diém tham khao chung (tirc 13 ground) nén ta thudng
xem n6 nhu ngudn am. Tuy nhién, khi tinh toan trong biéu thirc 3-19 gia tri cia V.. phai dugc xem
nhu 1a d6 16n ctua ngudn. Tré lai vi du trong hinh 3-27, ap dung biéu thuc 3-19 ta co:
V.. —0.7

I, = P

E
Trong hinh 3-29, diém phan cuc, diém Q, dugc xem la giao diém cua duong tai va duong dac

tuyén c6 I, =2 mA . Tai diém d6, I, ~2mA va V., =12V.

Rg

Ak A
b

Hinh 3-30

Dé tinh 1., phia ngo vao cua
transistor trong cdu hinh CB
co theé duoc xem nhw mot
diode phan cuc thugn.

VEE o=

Diém phan cuc thuong duoc goi 1a diém tinh (quiescent point), diém Q, hodc diém hoat dong.
N6 xdc dinh dién ap va dong ngd ra dc khi khong c6 dién ap ac trén ngd vao. Mach dugc st dung
nhu mot bd khuéch dai ac bang cach két néi mot nguon ap ac ndi tiép voi cuc phat. Khi dién ap ac
thay d6i, dong cuc phat 7, ciing thay doi theo, két qua la dong va p ngd ra thay doi doc theo

dudng tai trén gidi han dugc xac dinh boi sy thay ddi gidtricua [, .

Dic tuyén ngd vao va ngd ra cla transistor rat tién lgi dé c6 thé nhin thay hoat dong bén trong
ctia transistor va khi st dung duong tai, chung gitip thay duoc sy thay d6i trong dong va ap ngd ra.
Tuy nhién, cach nay it khi dugc sir dung dé thiét ké hodc phan tich cac mach ding transistor. Mot
1y do 1a vi khong phai tit ca cac transistor cung kiéu déu c6 cing dic tinh, do d6, cac nha ché tao
linh kién khéng dwa ra mt tdp hop cac duong déc tuyén c6 thé sir dung duoc trong thiét ké. Hon
nita, d¢ chinh xac khi sir dung xap xi va phuong phap phan tich dai s6 thuong du cho cac ing dung
trong thyc té. Ta da thiy phuong phap tinh xap xi khi ta xem ngd vio cia transistor CB twong tu
nhu mét diode dugc phan cuc thuan. Bay gio ta s€ phan tich toan by mach phan cuc ma khong
dung dic tuyén.

Viaxlval.=al,,dods I.~I,. Tadi xic dinh dugc 7, dung biéu thic 3-19, do d6 c6
thé tinh x4p xi dugc .. Sau do, ta c6 thé dung biéu thirc 3-17 dé tim V,
Ves =Vee = 1cRe (3-20)

Vi du 3-8
Xac dinh diém phén cuc cho mach trong hinh 3-27 ma khong st dung dic tuyén.
Huéng din

V=07 (6-0.7)V

Tadaco I, ==+ = =2mA
R, 2.65kQ
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Vi I.~1, nén tir biéu thac 3-20, V., =V..—I.R. =20 V-8 V=12V . Chu y la diém
phan cyc tinh bang cach nay cho két qua gidng vai két qua dugc tim thiy bang do thi trong hinh 3-
29.

Tém lai, ddy 1a bdn cong thirc c6 thé dung dé tim dong va ap ngd vao va ngd ra cho ciu hinh
CB, NPN trong mach hinh 3-26(a):
Ve, =07V (Si), 03V (Ge)
I = Vig =Vip
g R, (3-21)
I.=1,-1,~1,
Vs =Vee =1cRe

Biéu thirc 3-21 ciing c¢6 thé dugc dung cho transistor PNP (hinh 3-26(b)) bang cach thay Ve
thanh V,, va V,, thanh V,., dong thoi V. 1a gia tri tuyét d6i cia ngudn.
3-6-2 Mach phan cuc E chung

Hinh 3-31 trinh bay mach phan cuc cho transistor NPN va PNP trong cdu hinh CE. Cha ¥ 1a
cac mach phan cuc nay chi st dung nguon don V.. Gia tri cua R, va R. phdi dugc chon sao cho
dién ap ro1 trén R, 1a 16n hon dién ap roi trén R, nhim gitt cho chuyén tiép Jo duoc phéan cuc
nguoc.
Hinh 3-31

Mach phdr’z cuc
CE thuec te.

(@ NPN  ~ (b) PNP

So d6 hinh 3-31 that ra it duoc sir dung trong thuc ‘té, so d0 nay chi dugc dung dé gitip nhan ra
mot vong kin trong mach, hinh 3-32 trinh bay mét so do6 tuong tu nhung ¢ dang thuong gap hon.
Hinh 3-32
So do mach phan cuc CE
trong hinh 3-31 vé lai.

@NPN (b) PNP

Dung dinh luét Kirchhoff cho vong ngd ra trong hinh 3-31(a) hodc 3-32(a), ta c6 phuong trinh
duong tai cua mot transistor NPN trong cau hinh E chung:
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1 %
I =—V, +-<C (3-22)
C RC CE RC

Biéu thirc nay c6 dang twong tu nhu biéu thirc dudng tai cta ciu hinh CB. Puong tai CE ¢ do
doc —1/R.., giao voi truc 1. tai V,./R., va giao véi truc V,, tai V.. Hinh 3-33 v& d6 thi cua
duong tai.

‘ Hinh 3-33
DPuong tai cho mach trong hinh 3-33(a)

L VCE

Khi duong tai CE dugc ve trén tap hop dac tuyén ngo ra CE, ta c6 thé xac dinh dugc diém lam
viéc ngo ra khi biét trude gia tr1 1, . D€ x4c dinh 7, ta xem ngd vao cua transistor 1a mot chuyén
tiép PN duogc phan cyc thuan, do do6 c6 dién ap roi ¢ dinh nhu dugce trinh bay trong hinh 3-34. Ta

(3-23)

2 Hinh 3-34
4 Ngo vao cua transistor trong cau hinh
> CE co thé dwoc xem nhu la mot diode

phan cuc thugn voi dién ap roi 6 dinh.
Vge = 0.7 V (Si)
Vpe = 0.3V (Ge)

vo1 V. =0.7 V cho silicon va 0.3 V cho germanium. Trong tinh toan nay ta da bo qua anh
huéng ctia ¥, 1én I,. Ciing nhu trong ciu hinh CB, diém phan cuc cta CE ciing c6 thé dugc xac
dinh béng cac biéu thire dai sb. Cac biéu thuc nay co thé duoc tom tit nhu sau:
Vyr =0.7V(Si), 0.3 V(Ge)

I, = VCCR_ Ve
B
(3-24)
Io=ply
I, = Vee =V
R,

Biéu thirc 3-24 ciing c6 thé dugc ap dung cho transistor loai PNP (mach phan cuc hinh 3-
31(b)) bang cach thay V.. bang V,. vathay V,, bang Vs, dung gia tri tuyét doi cua V..

Vidu 3-9
Transistor silicon trong mach phan cuc hinh 3-35 c6 £ 1a 100.
1. Gia sir 1 transistor c6 dic tuyén ngd ra nhu hinh 3-36, tim diém phan cyuc bang cach dung db thi.

2. Tim diém phan cyc bang cach ding dai sd.
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3.Laplaicaul va2khi R, 1a 161.43 kQ3.

+12VT

Hinh 3-35
Vi du 3-8.

L4

Rp = 376.67kQ 3

A

Hinh 3-36
Duwong tai trén dac
tuyén ngo ra CE. Diém
phdn cuc dich vé phia
o % mare vung bdo hoa bang cach
L =k "."'.'_""‘:'T"'"—T' L':Pf_‘-'_. A

= i - S P B BER T R TR L FTR RN thay doi R,.
bmmeapgd . - - - - ..V-IL-_.La...‘._T__.]
R NS T T =4O EA et i s i s

d =g pmt e

S0 R Bndran £ nians
e e
_-H...:.-.....}....-u

i '.4-_..1..-_.4_
' ‘

it Kt Bl e n

L e - S e P G ISR 4
T T LN T T I = e i ]
,':,',:L'._:::".;:-‘._..__‘; ...... G K]
I~ - S + ; * —t—t
I e ——— P — - — ’
_-;" ----- _1—.—:—_ 1 N 1 II i LAt i
e e e 2 > VEE
£ 0 : LS a0 o H o
e e et ) i L —uolis)

Huéng dan
1. Biéu thirc duong tai 1a
1 12
=— Ve +
< 2x107 ¢ 2x10°
=-0.5x10"V,, +6x10~

Duong tai giao voi truc /. tai 6 mA va truc V. tai 12 V. Duong tai nay dugce veé trén déac tuyén
ngd ra trong hinh 3-36. Dé x4c dinh diém phén cuc ta can tim / 5t
(12 -0.7 ) v
,=——————=30 A
376.67 kQ
Tai giao diém cua dudng cong I , =30 uA vo6i1 duong tai, O, ta co diém phan cuc la
0,(6 V;3mA).

2. Tir biéu thuc 3-24, ta c6
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Ve =07V
(12-0.7) V

Iy ="———="—=30 uA
376.67 kQ

I.=(100)(30 #A)=3 mA

Ver =12V —-(3mA)(2kQ)=6V
Két qua nay phi hop voi cac gia tri duoc tim bang do thi.
3. Thay ddi R, =161.43 kQ khong c6 anh huong trén duong tai. Luu y 1a dudng tai 3-22 khong
phu thudc R, . Tuy nhién, gia tri /, c6 thay doi

(12-0.7) V
I,=~——L " =70 uA
161.43kQ

Vi vay diém phan cyc dich chuyén doc theo dudng tai dén diém O, trong hinh 3-36. Ching ta thay
la O, nam trong ving bio hoa. Tai 0,, 1.=57mA,V,,=05V. Két qua nay cho thay diém phan
cuc c6 thé bi thay doi bang cach thay ddi gia tri cua cac dién trd phan cyc trong mach ngoai.
Dung biéu thirc 3-24 dé tim diém phan cuc méi, ta cd

I. = pB1,=(100)(70 uA)=T7 mA

Vep =12V —(7 mA)(2 kQ)=-2 V(1)
R4 rang 1a két qua nay 1a sai vi gia trj toi da ctia 7. c6 thé c6 1a 6 mA va gia tri tbi thiéu caa V., 1a
0 V. Biéu thuc 3-24 khong c6 y nghia trong truong hop diém lam viéc nam trong ving bio hoa.

3-6-3 Mach phan cuc C chung
Hinh 3-37 biéu dién mach phan cuc C chung cho transistor NPN va PNP. Biéu thirc duong tai
la:
Vee =1pRy + Ve
-1 V. (3-25)
[E = R_ VCE + f

+ VCC - VCC'

E

E

Hinh 3-37
Mach phan cuc CC.

(@ NPN (b) PNP

Nhu trong cu hinh trudc, ching ta phai tim 7, dé xac dinh diém phan cuc. Hinh 3-38 biéu
dién mach tuong duong cho vong kin trong hinh 3-37(a), bat dau tai Vee, qua R, , qua chuyén tiép

Jp va R, . Taco:
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Vee =13Ry + V. + 1R, (3-26)

T biéu thirc 3-16 ta c6 1, = (S +1)1,. Thay vao biéu thirc 3-26 ta co:
Vee = 1Ry +Vy +(B+1) IR,

(3-27)
Vee =Vp =15 | Ry +(B+1)1,R, |
[ y Hinh 3-38
Ra T = Mach twong dwong phia ngo vao
-% cua hinh 3-37(a).
5 >* Vag
7%
E
RE lfg
b
Toém lai, cac biéu thirc dé xac dinh diém phan cuc trong c4u hinh CC 1a
Ve =07V (Si), 0.3V (Ge)
— Vee =V
PR, +(BH)R, (3-28)
I, =(B+1)1,

Ver =Vee = 1Ry
Déi v6i transistor loai PNP, thay V., bang V,. va V,, bang V,,, sit dung gia tri tuyét ddi cua

Vee -

Vi du 3-10

Tim diém phén cuc cua transistor loai Ge cho mach trong hinh 3-39. Gia st B 1a 120.

+16 V

Hinh 3-39

 116.5 ka Vi dy 4-11.

AA A
A

Huéng din
Tur biéu thire 3-28
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V,, =03V
~ 16-0.3

5 116.5%10° +121x10°

1, =(121)(66.105 uA) =8 mA

Vep =16—(8x107)(10°)=8 V

= 66.105 uA

3-7 Thiét ké mach phan cuc
3-7-1 Thiét ké phan cuc B chung

Ta chi xem xét cach thirc thiét ké phan cuc cho cdu hinh hai ngudn (hinh 3-26). Thong thudng,
gia tri cia nguon V,, va V. 1a co dinh, va ta phai chon gia tri cia R, va R. theo gia tri phan cuc

cia I, va V., dabiét trudc. Pat 1. =1, biéu thirc 3-21 c6 thé viét lai:

R, = Vie =Vir
e (3-29)
R. = Vee =Ves
o=
I/

E

Trong cac thi€t ké mach thuc te, cac gia tri dién tré dugc thiét ké theo cac gia tri chuan, do do,
cac gia tri dién tré chuan gan nhat voi két qua thiét ke s€ dugc chon. Tur do, phan tich lai cac gia tri
phan cuc I, va V_,. Néu cic gia tri nay co sai sO qua 1on so véi yéu cau, co thé can phai tinh lai
cac gid tri cua dién tré phan cuc.

Vi du 3-11

Mot mach phan cyc B chung duoc thiét ké ding transistor NPN silicon. Cac ngudn phan cuc c¢6 gia
tri +15V va -5 V. Diém phancucla I, =1.5mA va V,,=75V.

1. Thiét ké mach dung cac dién trd chuén dung sai 5 %.
2. Gié tri phan cuc that sy khi dung céc cac dién tr¢ chuén 13 bao nhiéu?

3. Tim gi6i han cua I, va V., khi tinh ca sai sO trén dién tré.

Huéng din
1. T biéu thuc 3-29, ta co
(5-0.7) V
R, =—— 72— =2867Q
1.5x10° A
(15-7.5) Vv
1.5x10° A

Duya vao cac gia tri clia dién tré chuan 5 %, ta c6 thé chon R, =3kQ va R, =5.1kQ.
2. Tlr biéu thtic 3-21, ta c6

(5-0.7) V
[=r——L "
3kQ

Vs =15 V—(1.43 mA)(5.1kQ)=7.69 V

=143 mA

3. G161 han cua cac gia tri dién trd c6 thé cua R, va R, 1a
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R, =3kQ+0.05(3 kQ)=2850 Q-3150 Q
R, =5.1kQ+0.05(5.1 kQ)=4845 Q—5355 Q
VeV (5-07)V

iy = = =1.365 mA
Romy 31500
S Clll) AN N
FO R, i 2850 Q
Ve = Vee = Lpomao Renay =15 V—(1.509 mA) (5355 Q) =6.92 V

Ve = Vee = Lo Ream =15 V—(1.365 mA) (4845 Q) =8.39 V

Tir két qua trén ta c6 thé thay duoc sy thay doi trong diém phan cuc khi ding cac gia tri dién tro
chuén.

3-7-2 Thiét ké mach phan cwe E chung

Mach phan cyc hinh 3-31 co6 thé duge s dung nhu 14 mach phan cuc cho cau hinh CE. Gia st
1a ap ngudn cung cap Vee 1a biét trudc (diéu nay ciing thuong dang trong thuc té). Biéu thic 3-24
c6 thé viét lai cho truong hop thiét ké:

V.=V
RB: CCI BE
£ (3-30)
:M
C
1./p

Su khé khin véi thiét ké loai nay 1a diém phan cuc bi phy thudc vao £, trong khi d6 B phu
thudce rat nhiéu vao nhiét 9. Thém vao do, v6i ciing mot loai transistor, gi tri nay cing thay doi
rit nhiéu. Chinh vi vy, dang phan cuc nay thuong khong duoc phd bién trong thyc té.

Vi du 3-12

Mot transistor silicon NPN c6 S tdi wu 1a 100, duogc sur dung trong mach phan cuc CE vd&i
Vee =12 V.Dbiémphancycla /. =2mA va V. ,=6V.

1. Thiét ké mach dung cac dién tré chuén 5 %.

2. Tim gidi han ¢6 thé ¢ cuia diém phan cuc néu S cia transistor thay doi tir 50 dén 150 (mot gidi
han thuong gap trong thuc t&). Gid su 1a cac dién tr¢ 5 % c6 gia tri toi uu.

Huéng dan

1. T biéu thie 3-30, ta ¢6

(12-0.7) v
Ry=——— = 65 kQ

2x10™ A/100

12—

2x107 A

Néu st dung cac dién trd chuin 5 %, ta c6 thé chon R, =560 kQ va R. =3kQ.
2. Tir biéu thirc 3-24

(12-07) V

- ~20.18 uA
57560 KQ H
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Loy = B s =50(20.18 £A)=1.01 mA

Lo = B Lz =150(20.18 £A)=3.03 mA

Vermin =Vee —LomamRe =12 V=(3.03 mA)(3kQ)=2.92 V
VCE

Vee =L eminRe =12 V—(1.01mA)(3kQ2) =8.97 V

(max) =

Trong hau hét gié tri Vez co thé thay doi tir 2.92 V dén 8.97 V..

3-7-3 Thiét ké phan cuc C chung
’ Pé tim duoc cac gia tri dién tro trong mach phan cuc CC (hinh 3-36), biéu thic 3-28 ¢o thé
viét lai nhu sau:
R. = VEE — VCE
F I

=—(ﬁ+1)(VCC—V IR

BE ~ 1E E)

(3-31)

Vi du 3-13

Mot transistor silicon NPN ¢6 =100 duoc dung trong ciu hinh CC véi Vee =24 V. Diém phan
cyccanthietkeéla V,, =16 V va I, =4 mA .

1. Thiét ké mach phan cuc dung cac dién tro chuan 5 % .

2. T}m diém phan cuc that su khi cac dién tro chudn 5 % dugc su dung, gia str 1a chung co cac gia
tri tol wu.

Huéng dan

1. Tl bi€u thie 3-31,

RE:(24_16)V=21<Q

4 mA

101
R,=——|24V-0.7V—-(4mA)(2kQ)|=386.325Q
= | (4 ma) (2 k0]

Dung dién trg chudn R, =2 kQ va R, =390 kQ
2. Tir biéu thirc 3-28
_ (24-07)V
7390 kQ+101(2 kQ)
1, =101(39.358 uA)=3.98 mA
Ver =24 V—(3.98 mA)(2kQ)=16.04 V

=39.358 uA

3-8 BJT Inverter (Transistor switch)

Transistor duoc st dung rong rii trong cac mach s va cac ung dung switching. Dang tin hiéu
trong cic mg dung nay thay doi giita hai muc dién dp “cao” va “thap”, vidunhu 0 V va 5 V. Cac
mach transistor co ban dugc dung trong cac ting dung switching dugc goi la inverter. Hinh 3-40 1a
dang mach nay dbi voi transistor loai NPN. Trong hinh nay, transistor duoc mic & cdu hinh CE, tuy
nhién, khong c6 dién 4p phan cuc thudn dugc dat Ién cuc base thong qua dién trd. Thay vao do,

dién tr6 R, dugc mac noi tiep voi cuc base, mdt tin hi¢u song vuong hodc xung vudng s¢ dugce dat
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¢ ngd vao cua inverter. Trong mach, V. va dién &p muc “cao” déu la +5 V. Ngo ra van 1a dién 4p

gifra collector va emitter (V).

Hinh 3-40
Inverter (switch) dung transistor.

+5V input
0 V_I—L

Vo 1"(.‘5

Khi ngd vao la mirc cao, chuyén tiép base-emitter dugc phan cuc thuan va dong dién chay qua
dién tr& R, vao cuc base cua transistor. Gia tri cuia R, va R. dugc chon (khi thiét ké) sao cho
dong base du dé 1am cho transistor bio hoa, tirc 13 1ai transistor vao ving bdo hoa cia dic tuyén
ngd ra. Hinh 3-41 v& dudng tai trén tap hop dic tuyén ngd ra va xac dinh diém trén dudng tai tai do
transistor bj bdo hoa. Chii y 1a gia trj ctia ¥, twong tng véi diém nay, duoc goi la Vep rat gan

(sat) ?
0 (thong thuong khoang 0.1 V). Dong tai diém bio hoa duoc goi 1a I Cisary VA rat gin v6i giao diém
cua duong tai voi truc tung, V. / R, . Khi transistor bi bdo hoa, né dugc xem nhu la dan (ON).
Phan tich nay chimng to 12 ngd vao “cao” (+5 V) sé& tao ra mot ngd ra “thap” (=0 V).

\/cutofl’

_..I h— VCE{NU -VCC = + 5 G‘
N ov :
Hinh 3-41 -
Khi ngo vao cua inverter la muc cao (+5 V), transistor bi bdo hoa va ngo ra la muc
thap (=0 V). Khi ngé vao inverter la mirc thap, transistor bi tat, ngo ra la murc cao.

Khi ngd vao ctia mach 1a thip, tirc 1a 0 V, chuyén tiép base-emitter khong dwoc phan cuc
thuan, do do khong c6 dong base va vi vay ciing khong c6 dong collector. Dién 4p roi trén R, 1a
khong va V. phai bang +5 V. Trong trudng hop nay, transistor nim trong ving tit ciia dic tuyén
ngd ra nhu trong hinh 3-41, ltc nay transistor dugc xem nhu 1a tat (OFF). Mot ngd vao muc “thap”
s tao ra mQt ngd ra muc “cao”. Do cling 1a ly do ma mach dugc goi la inverter.

Trong thiét k& va phan tich cac mach inverter ding transistor, ta thuong gia sir la
Loy =Vee /R, va Versan = 0. Dung céc gia st nay ta c6 mdi quan hé ciia dong va ap trong mach
inverter. Vi transistor tat khi ngd vao mirc “thap” bat chap gia tri cia R, va R, cac biéu thuc sau
chi dung khi ngd vao muc cao.

Vv
Clsat) = ﬁ (3-32)

C

I.=1
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I,

IBZ%”” (3-33)
V=V,

= (3-34)

B

véi ¥V, 1a dién 4p mirc cao cua tin hi¢u vao, thuong bang véi V...

Vi du 3-14

Chtng t6 13 mach trong hinh 3-42 hoat dong nhu mach inverter khi ngd vao thay di gitra 0 V va
5 V. Gia str transistor 1a loai silicon véi £ =100.

+5V

Hinh 3-42
Vi du 3-14.

+5V

I

Huéng dian
Ta chi can chimg t6 1a transistor s& bi bdo hoa khi ¥, =+5 V. Tir 3-34 ta c6
_(5-07) Vv

I,=——"7 " 10 uA
430 kQ a

I.=BI,=100(10 uA)=1mA
Ve =5-(1mA)(5kQ)=0V =V,

CE(sat)

3-8-1 Transistor 12 mdt cong tic

Mot mach inverter dung transistor thuong duoc goi 13 cong tic transistor (transistor switch).
Diéu nay 1a do trang thai ON va OFF cua transistor twong tng véi trang thai dong va mé ctia mot
cong tic. Khi transistor ON, tirc 1a bao hoa, dién ap collector —emitter gan bang 0 V giéng nhu khi
cong tic dong lai, dong t6i da l1a V../R. . Khi transistor OFF, tirc bi tat, khong c6 dong chay tir
collector dén emitter va dién ap 1a t6i da giéng nhu khi cong tic mé. Cong tic nay duge diéu khién
bang dién 4p ngd vao: muc “cao” thi cong tic dong va mirc “thap” thi cong tic mo. Hinh 3-45 vé&
mot s6 so d6 mach switch dung transistor.
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Vee Yee
Re l Vee/Re Re IVCC/RC
—
= l ov 1
ov
L Hinh 3-43
. - s = Transistor la céng tdic diéu
transistor saturated switch ON (closed) nsistor la cong tac i
khién bang ap. Ngo vao murc
cao sé dong cong tdc va ngéd
Yec Vee . dong cong tacvang
vao mirc thap sé mo cong
Rc Re tac.

} Yee

|
llh—g‘:»——h-

transistor cutoff switch OFF (open)
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Transistor hi€u ung
treong (Field-Effect
Transistors)

4-1 Giéi thidu

FET ciing 1a mot linh kién ba cuc gidng nhu BJT. Tuy nhién, FET hoat dong dua trén nguyén
1y khéac voi BIT. FET dugc xem 1a mdt linh kién don cuc (unipolar) vi dong dién qua linh ki¢n chi
do mot trong hai loai hat dan: 18 tréng hoic electron tu do. Tén goi FET (Field-Effect Transistor)
xuét phat tir Iy do dong dién trong linh kién dugc diéu khién dua trén dién truong ngoai duge cung
cAp tir mot ngudn ap dit vao linh kién. FET c6 hai loai chinh: JFET (Junction FET) va MOSFET
(Metal-Oxide-Semiconductor FET).

4-2 JFET

Hinh 4-1 trinh bay c4u trac cua JFET ciing nhu ba cuc cua linh kién. Ciu triic ndy gdm mot
thanh ban dan loai N c6 hai ving ban dan loai p nam hai bén. Hai ving P dugc ndi chung vi nhau
va két ndi chung giira chung duogc goi 1a cuc cong G (gate). Mot cuc cua thanh N duoc goi 1a cuc
mang D (drain), cyc con lai dugc goi 1a cuc ngudn S (source). Vung N nam giita hai ving P dugc
goi 1a kénh dan (channel). Transistor ndy dugc goi 1a JFET kénh N. Néu JFET dugce tao nén tir mot
thanh ban dan loai P v6i cic vung N 6 hai bén thi JFET nay duoc goi la JFET kénh P. Khi tim hiéu
vé 1y thuyét cua JFET, ta c6 thé so sanh cuc mang cua JFET voi cyc thu cua BJT, cuc ngudn cia
JFET tuong umg voi cuc phat cia BJT va cuc cong cua JFET tuong ting v6i cuc nén cia BIT. Nhu
ta s thay, dbi vé6i JFET, dién ap dat vao cuc cong s& diéu khién dong gifta cuc mang va cuc ngudn
cling giébng nhu dién 4p tai cuc nén didu khién dong qua cuc thu va cuc phat ciia BJT.
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drain (D)
Hinh 4-1
Cau truc cua JFET kénh N.
N
gate i
@ © P channel E
source (S)

Khi dat mot dién ap ngoai vao gilra cuc mang va cuc nguén cua JFET kénh N sao cho cuc
méng dwong hon thi dong dién dugc hinh thanh tir dong electron qua kénh N s& xuat hién véi chiéu
qui woc 1a tr mang dén ngudn (dong electron xudt phat tir cuc ngudn). Dong dién nay bi gi6i han
boi dién tré cua vat liéu ban. dan loai N. Khi JFET hoat dong ¢ ché do thong thuong, mot dién ap
ngoai s€ duoc dat gitra cuc cong va cuc ngudn dé hai chuyén tiép PN 6 mo61 bén bi phén cyc nguoc.
Vi vay, cuc cong s& mang dién thé am tuong tng so vdi cuc nguon nhu dugc trinh bay trong hinh
4-2. Phén cyc nguoc nay giy ra hai ving nghéo trong kénh dan. Vi khi thiét ké JFET, kénh din
duogc pha tap chat v6i nong do thap hon so vdi cuc cong, do d6 ving nghéo s& 14n sdu hon vao phia

kénh.
iD

depletion Hinh 4-2 .,
regions Phdn cuc nguoc chuyén tiép gate-
N —— Vs source tgo nén vung ngheo. Vg

la dién ap phan cuc nguoc nho
cho truong hop nay.

l
%

=

Bé rong cua vung nghéo trong hinh 4-2 phu thudc vao do 16n cua dién ap phan cuc nguoc V.
Khi dién 4p phan cuc nguoc dm dan, viung ngheo s€ mo rdng va do rong cua kénh dan giam xuong.
Két qua 1a dién tré kénh dan tang 1én va vi vay lam giam dong 7, tor mang dén nguon.

Dé phan tich anh hudng cta viéc ting ¥, trén dong mang I,, ta tam thoi ngan mach cuc
méng va cuc nguon (V,, =0). Khi ¥, tang 16n hon 0 mot chut, dong I, tang ti 1& v6i nd nhu
dugc trinh bay trong hinh 4-3(a). Diéu nay 1a do khi ting dién 4p trén mot kénh dan c6 dién tro cd
dinh thi dong dién qua n6 phai tuan theo dinh luat Ohm. Néu ctr ti€p tuc tang V., vung ngheo bat
dau chiém wu thé nhu trong hinh 4- 3(b). Cén phai luu y 1a ving nghéo rong hon tai dau kénh dan
gan voi cuc mang (dlem A) so véi dau kénh din gan véi cuc ngudn (diém B). D6 1a do khi dong
dién chay qua kénh dan, no tao ra mot dién 4 ap roi doc theo chiéu dai cua kénh. O phia dau kénh dan
gan cuc mang dién ap xap xi Vs, do d6 c6 mot dién ap phan cyc nguoc 16n dat gitra kénh N va cuc
cong P. Cang tién xubng phia duéi cua kénh dan dién 4p ngay cang giam vi dién 4p roi trén dién tré
kénh dan ngay cang tang. K&t qua la dién ap phan cuc ngugc gidm va vung ngheéo tré nén nho hon
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khi tién dén gan cuc ngudn. Néu tiép tuc ting Vs> vung nghéo ngay cang mé rong lam cho kénh
dan tr& nén hep hon (tai diém A) va dién trd kénh vi thé ting lén. L}ic nay dong diép qua kénh dan
khong con tang ti 1¢ thuan véi vige tang dién 4p V¢ ma chi tang rat nhe nhu ta thay ¢ doan cong
trong hinh 4-3(a).

. I
!D N /.lV DS
A A
Vs =0 G §
f P
B
>
-+ Vps IS
(a) The drain current L
rises linearly with . . _
Vps until significant (b) Increasing Vpgs creates depletion regions
channel narrowing that narrow the channel width near the
causes it to level off. drain (point A).
Hinh 4-3

Hiéu qua cua viéc tang V,, khi ngan mach cyc cong den nguon (V.; =0 ).

Hinh 4-4(a) cho thiy két qua cta viéc ting Vs dén mot gia tri du 1on 1am cho ving nghéo hai
bép kénh dan gip nhau ‘Eai d%?tu gan cuc mqéng. Diéu kién nay dugc goi 1a nghén (pinch-off). Tai
diém xdy ra nghén, chuyén tiép gilta cuc cong va kénh dugc phan cuc nguoc béi chinh gid tri Vo,
gia tri nay duoc goi 1a dién ap nghén (pinch-off voltage), V,. Thong sO nay rat quan trong dbi voi
JFET, gia tri cua n6 phu thudc vao muc do pha tap chét va cAu tric cta linh kién. v, ludn co6 gia tri
am d6i v6i JFET kénh N va c6 gia tri dwong ddi véi JFET kénh P. Trong hinh 4-4(b), dong dién s&
dat dén gia tri ti da tai diém nghén va gitr khong doi khi V,s tang vuot qua |VP|. Dong nay dugc

goi la dong bao hoa (saturation current) /.

?4"95 | Vo |
Ip
G Ipss r—-—— Vgs = 0
|
|
I
|
I
|
) -V,
— DS
* V5|
(a) When Vps equals or exceeds the ] . .
pinch-off voltage | ¥, |, the (b) The drain current remains at its
depletion regions meet in the saturation value Ipss as Vps is
channel. increased beyond pinch-off.
Hinh 4-4

JFET kénh N tai diém nghén.
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Gia tri thong thuong cho V, va I, la =4V va 12 mA, gia su la JFET nay duoc dung trong

hinh 4-5(a). Trong hinh nay, cuc cong va ngudn khong con bi ngan mach ma dugc nbi v6i ngudn
—1V dé phan cuc nguge chuyén tiép nay. Dién ap phan cuc nguoc nay s& lam cho bé rong ving
nghéo doc theo kénh ddn mé rong hon so véi khi ngin mach. Do d6, néu bay gio dién ap Vs dugc

tang dan tir 0 ta s& thdy 1a dong dién b,an dau van tiép tuc ting tuyén tinh nhu trong hinh 4-5(b).
Tuy nhién, d¢ doc cua doan tdng nay thap hon so véi duong ung voi Vg =0 boi vi toan b dién trd
ctia kénh 1a 16n hon truong hop trude (do bé rong kénh hep hon). Khi tiép tuc ting V,s, vung
nghéo lai tiép tuc mod rong cho dén khi gip nhau. Diém nghén sé& xdy ra tai Vs =3V thay vi 4V
vi chuyén tiép giita kénh din va cuc cong da dugc phan cuc ngugc trude boi dién ap V=1V
Trong hinh 4-5(b), dong bao hoa c6 gia tri 6.75 mA khi V¢ tang vugt qua 3 V.

}-‘Vbs Ip
A
12mA |- . VGS =0V
(]
1
6.75 mA H-et Vgs = -1V
h
i
11 » Vpe (volts
34 ps (volts)
(a) A reverse-biasing voltage Vgs = -1V (b) As Vps is increased, Ip increases
creates, along the length of the channel, linearly, until pinch-off occurs at
a depletion region that is wider than Vps =3 V.
when Vgs =0V
Hinh 4-5

Hiéu qua cua viéc tang V¢ khi V,, =-1V.

Néu giam Ve xudng —2 V thay vi —1V va lap lai qua trinh ta s& thay diém nghén xay ra tai
14

s =2 V Ung vé1 dong bao hoa 1a 3 mA . RO rang 1a khi tang gia tri phan cuc nguoc gitta kénh va
cuc cong (bang cach 1am cho V. am hon) thi diém nghén xay ra som hon (ttc 14 tng véi V,s nho
hon) va dong bao hoa ciing nho hgn. Hinh 4-6 biéu dién dudng cong dic tuyén, con goi 1a dE:lC
tuyén mang, c6 dugc khi cho V¢ lan lugt 1a 0, -1, -2, -3 va -4 V. Duong parabol dut nét cho thay
tap hop cac diém xay ra nghén. Gia tri cia Vs trén duong cong nay dugc goi la dién ap bao hoa

Vosea - Tai mOt gid tri Vo bét ky, gia tri Vg, tuong tmg 1a hiu so gitta Vy va V:

Visesary =Vas =V - Biéu thirc cua duong parabol la:
2
%
I _IDSS( DS(sat)j (4_1)
Vp
Dé minh hoa, cho V, =—4 V va I, =12 mA; tai ¥, =3 V ta tim duoc

2

I,=(12 mA)(i) =6.75 mA

chinh la dong bdo hoa cua duong V., =—1V. Luu y 1a trong hinh 4-6, ving bén phai cua
duong parabol dugc goi 1a vung nghén. Déy la vung hoat dong thong thuong cua JFET khi dugc sur
dung & ché d§ khuéch dai. N6 con dugc goi la vung tich cuc (active) hoac vung bao hoa

4/29



Bién soan: Vo Ky Chau — B¢ mon Dién tir, Khoa Dién — Dién t
Email: vkchau@dee.hcmut.edu.vn

(saturation). Vung bén trai cua dudng parabol dugc goi l1a vung dién tr¢ phu thudc ap (voltage-
controlled-resistance), vung ohmic, hoac vung triode. Trong vung nay, dién tré gilta cuc mang va
cuc nguon dugc diéu khién boi Vi .

rolfed Tesistanee o Hinh 4-6
: S T : = DPdc tuyén mdng cua
e e e JFET kénh N.
e T }
- Lt i 1 i Al
Tt ¥ H Y
LI T = '
W Hi |!' T T —
SEEINESSNEEREA S EREARR LS RS RS SRASA 8 N 1
Enassamessmimenassasaa —ry
frgr =
.e —— 8 — p—
i k|
senstpnss
| + ¥

44444

= Eeest eeay Vostuie = 4¥—
| /4 e g S ./ S S . | S ————p— p——
e ——"GS VA =
T2 - { A [ “-“I = L BETE SR 'il . B._s‘_""_.‘_-_‘
TR P = T Ip s vty o o o
i e | e s g ] s vt __E._h__.! :_ ot —

Puong nam doc theo truc hoanh trong hinh 4-6 cho thay I,=0khiV ,=-4V bat chap gia tri
cua V,,. Khi V phan cuc nguoc chuyén tiép giira cuc cong va kénh din bang gi tri V,, vung
nghéo hai bén kénh dan mé rong chiém toan b kénh va dong méang bi tat. Vi gia tri ciia V. tai do
dong mang bi tat bang V,, dién ap nghén con dugc goi 1a dién ap tat cong-ngudn (gate-to-source
cutoff voltage). Tir d6 c6 thé thay 1a dé xac dinh gia tri vV, tor dac tuyén mang ta c6 hai cach: thir
nhat, d6 1a gid tri cua V¢ tai do I,, bdo hoa khi V, =0 V; tht hai, do6 1a gid tri cia V¢ tai d6 toan

b6 dong méang déu tat, nghia la ¥, = Vs eutof) -

Piém dic biét dang gia cua FET khi dugc dung trong cac bo khuech dai dién ap do la dién tro
ngd vao rat cao tai cuc cong cua nd. Vi gilra cyc cong va cuc ngudn 1a chuyen tlep PN phén cyc
ngugc nén dong chay vao cuc cong luc nay chi co dong ro rat nho cua chuyén tiép. Do do, nguon
tin hiéu chi lai cyc cong bang mot dong rat nho va FET dugc xem 1a c6 dién trd ngd vao rét cao.
Gi4 tri ndy c6 thé dén vai trim megaohms.

Hinh 4-7 v& cau tric va dic tuyén mang cho JFET kénh P. Trong JFET kénh P, tit ca cac cuc
cua dién ap la nguoc lai so vo1 JFET kénh N. Hinh 4-7(b) ching t6 1a cac gia tri dwong cua Vg
diéu khién d6 16n dong bao hoa trong viing nghén.
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1
iD A o
P Ipss = | Vgs =0V
12mA |--5
x:_ VGS =1V
Vps| v Vs teutop
ey : VGS = 4+2V = +4V
H VGS = +3V
[)
-4V ™~ Vps
= (b) gll'ajn cll:arac;tjeris:ic; of a P-channel JFET.
ote that values of Vj¢ are negative and
(a) The structure of a P-channel JFET increase negatively to fﬁi ﬁght,)s
Hinh 4-7
Cau truc va dac tuyéen cua JFET kénh P.
A ID
Vgs =0V J
VGS = -1V J
VGS = —3 A% J
Vos = —
() Equlvalcnt symbols (b) Equwajent smbols o5 A > Vps
for an N-channel JFET  for a P-channel JFET
Hinh 4-8 Hinh 4-9
Biéu twong mach cho JFET, Dac tuyen danh thung cua JFET kénh N.

Hinh 4-8 v& ky hiéu qui uéc dé biéu dién JFET kénh N va kénh P. Hinh 4-9 biéu dién dic
tuyén danh thing ctia mot JFET kénh N. Panh thung xay ra tai cic gia tri ¥, 16n va do co ché
danh thung théc 11 gay ra.

4-2-1 Dic tuyén truyén dat

Dic tuyén truyen dat ctia linh kién biéu dién quan hé giita dong ngo ra va dién ap ngd vao voi
mot dién ap ngd ra ¢6 dinh. Khi ngd vao cua JFET la dién ap gitra cuc cong va cyc nguén va dong
ngo ra la dong mang (cAu hinh ngudn chung), dic tuyén truyen dat c6 thé duoc suy ra tir dic tuyén
mang. Ta chi can dung mot dudng thang dimg trén dic tuyén mang (Vs 1a hang sd) va ghi lai gia

tri cia , tai mdi giao diém véi dudng ¥V, 1a hang sb. Cac gia tri cia 1, c6 thé dugc vé theo V.
dé tao nén dic tuyén truyén dat. Hinh 4-10 mé ta qué trinh nay.

Trong hinh 4-10, dic tuyén truyén dat dugc vé cho ¥, V,s =8 V. Nhu ta thdy trong hinh, gi tri
V,s nay lam cho tat ca cac diém 1am viéc déu nam trong ving nghén. Vi du, giao diém cua duong
Vpys =8V vaduong V=0V xdyratai [, =1, =12mA.Tai V,;, =8V va V,=-1V, taco
I, =6.75mA . Tap hop cua cac gid tri I/, va V,, nay tao nén mot dac tuyén truyén dat c6 dang

parabol. Luu y 1a giao di€ém cua duong ddc tuyén nay voi truc 1, 1a 1, vavaitrue Vg la v, .
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£

Hinh 4-10 ) .
: i L Xdy dung dac tuyén truyén dat cho
S b JFET kénh N tur dac tuyén mang.

| iaransfer o f
characteristic {5’

Biéu thirc cho dic tuyén truyén dat trong ving nghén 1a

2
;
Iy 1{ V—] @)

p
Biéu thirc nay cho phép xac dinh duoc chinh xac gid tri cia I, = I, khi V,, =0V va I, =0
khi Vs =V, . Déac tuyén truyén dat thuong duoc goi 1a dic tuyén luat binh phuong (square-law) cua

JFET va dugc st dung trong mot sb ting dung trong d6 ngd ra 1a mot ham phi tuyén ctia ngd vao.

Vidu 4-1

Mot JFET kénh N ¢6 dién 4p nghénla —4.5V va I, =9 mA.
1. Tim gia tri cia Vg trong vung nghén khi /,, =3 mA.

2. Tim gia tri Vg, khi 7, =3 mA.

Huéng dan

1. Ta dung biéu thirc 4-2 cho ¥, :

2
{IV_] Iy

Vp IDSS
1_VGS/VP = \/ID/]DSS
VGS =V (I_VID/[DSS)

Ves =—4.5[l—\/(3 mA)/(9 mA)} =-19V

2. Biéu thire 4-1 cho thdy lién hé cia 1, va V.,
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Vs =\(7o) In/Ipss =(4.5) (3mA)/(9 mA) =2.6 V
Chu y 1a ta chon cdn bac hai duwong vi V¢ la duong d6i v6i JFET kénh N. D6i véi mot JFET kénh
P, ta can phai chon cin am. Gia tri cua V,s cling co thé dugc tinh tu
Vs =V =V, =-1.9 V—(—4.5 V)= 26V.

4-3 Phan cuc cho JFET
4-3-1 Phén cuc ¢ dinh

Cing nhu dbi v6i BIT, JFET thuong dugc str dung nhu mot mach khuéch dai ac, do d6 nd
cling phai dugc phan cuc dé tao mgt thanh phan dc quanh né thanh phan ac cé thé thay doi. Khi
mot JFET duoc két ndi trong cau hinh nguon chung (common-source), dién ap ngd vao 1a V,, va
dién 4p ngod ra 1a V. Do d6, mach phan cuc phai dat cac gia tri tinh cho V,; va [, . Hinh 4-11
trinh bay mot phuwong phap c6 thé ding dé phan cuc cho JFET kénh N va kénh P.

+Vpp - Vpp
Rp Rp Hinh 4-11 )
l’” 1 I Mach phan cuc co dinh cho JFET
kénh N va kénh P.
V, v,
Vos bs Vas =
I L} I L&
(a) N-channel (b) P-channel

Chii y 1a trong hinh 4-11 mét nguén de V,, dwoc sir dung dé cung cip dong mang cho JFET
théng qua dién tré' R, , va mot ngudn khac dugc dung dé tao dién ap giita cuc ngudn va cuc cong
V. . Phuong phap phan cuc nay duoc goi la phan cuc ¢b dinh (fixed bias) vi dién ap Vs dugc gilt
cb dinh boi mot ngudn ap. Tir hinh 4-11 ta co

Vs =Vpp —I,R, (N —channel )

(4-3)
Vos ==Vop +1,R, (P—channel)

Khi dung cac biéu thirc nay, ¥,, phai luon ludn cé gia tri dwong dé dam bao dau cia ¥, 1a
chinh xéc. V,, phai co gia tri duong dbi v6i JFET kénh N va c6 gia trj am dbi v6i JFET kénh P. Vi
du trong mot JFET kénh N, V,, 1a +15 V tir cuc mang dén cuc ngué)n, néu I,la10mA va R, 1a
1kQ, ta ¢6 ¥, =15—(10 mA)(1 kQ) =+5 V. Déi véi mot JFET kénh P, khi dién 4p ngudn V,,,
la —15V tir méng dén ngudn thi ¥,; =-15+(10 mA)(1kQ)=-5 V. Biéu thirc 4-3 ciing c6 thé
duogc viét lai dudi dang

=—(1/Ry)Vps +Vpp /Ry, (N —channel)

(4-4)
I, =(1/Ry)Vys +Vyp /Ry (P—channel)

Biéu thtrc 4-4 1a phuong trinh duong tai dc cho JFET kénh N va kénh P, mdi dudng co the
duoc ve trén tap hop cac dic tuyén méang dé xac dinh diém lam viéc tinh Q. Cach nay cling giéng
nhu cich di 1am d6i véi mach phan cuc cho BJT. Pudng tai cét truc ¥, tai V,, va cat truc I, tai

VDD /RD °

| Vidu4-2
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JFET trong hinh 4-12 ¢ dic tuyén mang dugc v& trong hinh 4-13. Tim cac gia tri tinh ctia 7 %!
Vips khi(1) Vg =-1.5V va(2) Vg =-05V.

—lar. - ot Pt 1, L2 St o il | .h;.._.h.__.i-..__

T ] —__l—-(..lb P A ) e

+16V %ﬁ -
2k0 e |
%: £5 50 oy s o —.lf"-:**': == _f'f,E:?.Z'.'.-::: ’Gsf:;; 5’”
Vs o : — = >V 1
I = T2 b 8 102 141618 T\ m B)
= : e . Yo v s
- T e e e e
Hinh 4-12 Hinh 4-13
Vidu 4-2. Vidu 4-2.
Huéng din

1. Puong tai cét truc Vg tai ¥, =+16 V va truc I, tai 1, =(16 V)/(2kQ)=8 mA. Tai giao
diém cuia duong tai véi V, =—1.5 V (diém Q, trén hinh 4-13) gia trj cia diém tinh 13 7, ~3.9 mA
vaV, ~84V.

2. Puodng tai giéng nhu cau 1. Thay d6i ¥, dén —0.5 V 1am cho diém Q di chuyén dén diém Q, .
Tathdyla I, 6.7 mA va V, =26 V.

Cau 2 cta vi du trén cho thiy mot két qua quan trong. Luu ¥ 1a viéc thay d6i Vg dén gia tri
—0.5 V trong mach phan cyuc ctia hinh 4-12 1am cho diém O di chuyén ra khoi viing nghén va vao
trong ving dién tré phu thudc ap. Nhu di noi, diém Q phai ndm trong ving nghén d6i véi cac
mach khuéch dai théng thuong. Dé dam bao diém O nam trong vung nghén, gié trj tinh cta |VDS|
phai lon hon |VP| —|VGS| . Dién 4p nghén dbi véi linh kién ma dic tuyén ctia n6 duge cho trong hinh
4-13 ¢6 gia tri xap xi =4 V. Vi V| =0.5 V va gia trj tinh cua Vs tai Q, 1a 2.6 V, nén bicu thic

|VDS| > |VP| —|VGS| khong thoa man. Do do Q, nam ngoai viing nghén.

Gi4 tri cia [, cling co thé tinh dugc bang cach dung dic tuyén truyén dat cua JFET. Vi dic
tuyén truyén dat v& I, theo ¥, ta chi can x4c dinh V; va doc gi4 tri I, twong tng. Gia trj cla
V,s c6 thé tinh bang cach dung biéu thirc 4-3. Phuong phép nay sir dung do thi dé tinh va cho phép
ta théy duoc hoat dong bén trong cﬁaﬂ linh ki‘én, trong do cac biéq trong ma,,lch énh, hudng 1an nhau.
Gi4 tri tinh cua V), va I, cling c6 thé tinh bang cach dung cac bi€u thirc néu ta biét gia tri cua 7,

va Vp.
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Vi du 4-3

Cho JFET trong hinh 4-12 ¢6 [, =10 mA va V, =—4 V, hdy tinh gia tri tinh cho 7, va V khi
Vog =—1.5V . Giad str 1a JFET duoc phén cuc trong vung nghén.

Huéng din

Tir biéu thirc 4-2,

2
1y =1 1=V V) =(10 m)(p%fj _39maA
Tur biéu thic 4-2, Vs =V,, —I,R, =16—(3.9 mA)(2 kQ)=8.2 V. Két qua nay kha chinh xéc so
v6i cac tinh todn tir @6 thi trong vi du 4-3. Cha ¥ 14 ta can phai c6 gia sir 1a JFET nam trong ving
nghén. Néu tinh toan trén tao ra két qua ¥,, nho hon |VP| —|VGS| =2.5V, ta két luan 1a linh kién

khong duogc phan cuc trong ving nghén va ta phai sir dung phuong phap khac dé tinh diém Q.

Cac gid trj cta I, va V, c6 thé thay doi rat rong dbi v6i cac JFET khac nhau. Khi mach
phan cuc ¢b dinh dugc dung dé xac dinh diém O, mot su thay doi trong cac thong s6 ciia JFET ¢o
thé 1am cho céc gia tri phan cuc tinh thay doi rat 16n. Gia sir 1a mot JFET co [, =13 mA va
V,=-4.3V duogc thay vao mach phan cuc hinh 4-12 trong vi du 4-3, v6i V, =—1.5V nhu cil, thi

~15Y
I, =(13 mA) 1_73 —5.51 mA

Vs =16—(5.51 mA)(2 kQ) =498 V

Cac két qua nay cho thay 1a 7, ting 41.3 % so véi gid tri dd c6 dugc trong vi du 4-3 va Vis
giém 68.7 % . Do do, ta co thé’két ludn 14 mach phan cuc cho JFET dung phan cuc ¢ dinh c6 do
on dinh phan cuc khong duogc tot.

Hiph 4-14 biéu dién mot dang mach phan cuc cé su on dinh t8t hon ma chi dung mot nguén
cung cap. Phuong phap nay duoc goi la tu phan cyc vi dién ap roi trén R do dong tinh ngo ra gay
ra s& xac dinh dién ap phan cuc V. Ta thdy 1a V, = IR, tai cuc ngudn so véi dat. Pbi véi JFET
kénh N, diéu né}: c6 nghia 1a cuc ngudn }é duong so yéi cuc cong vi cuc cong dugce ndi dat. Noi
cach khac, cyc cong la &m so v6i cuc nguon nhu yéu cau phan cyc cua JFET kénh N: V,, =1 R, .
Déi voi JFET kénh P, cuc cong 1a duong so véi cuc nguon Vg = IR, .

+Vpp = Voo

Hinh 4-14
Mach tw phan cuec.

- +

(a) N-channel (b) P-channel
Vos =—I,Rs (N —channel) (4-5)
Vs =1,R; (P - channel) (4-6)
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Céc biéu thirc 4-5 va 4-6 mo ta cac duong thang khi v& trén hé truc V.g—1,.Cac duong nay
dugc goi la duong phan cuc (bias line). Gia tri phan cuc tinh cua 7, c6 thé tim duoc béng dd thi
b.':fmg cach v€ duong phan cuc trép cung truc toa do V(’yj dac tuyén truyén dat. Giao ﬁiém gﬁa hai
duong nay xéac dinh vi tri cia diem Q. Ta cling c6 thé giai hé phuong trinh bao gdm bicu thic
duong phan cuc va biéu th}'l’c ludt binh phuong dé tim diém lam viéc tinh nay. Gia tri phan cyc tinh
cua V¢ c6 thé dugc tinh bang cach cong cac dién ap cho ngo ra trong hinh 4-14:

Vs =Vop =1, (R, +Ry) (N —channel)

4-7
Ve ==Vop+1, (RD+RS) (P—channel) &7

Vi du 4-4

Dic tuyén truyén dat ciia JFET trong hinh 4-15 dugc v& trong hinh 4-16. Tim céac gia tri phan cuc
tinh cho 1, va ¥, bang cach dung db thi.

+15V

1.5 kQ

Vbs il
- 6000 Vos |
L s 2
Hinh 4-15 Hinh 4-16
Vi du 4-4. Vi du 4-4.

Huéng din

Vi R, =600 Q, biéu thirc dudng phan cuc 1a V.s ==6001,. Luu y la duong phan cyc ludn ludn di
qua gbc toa do. V& dudng nay 1én hé truc va xac dinh giao diém cua né véi duong dic tuyén truyén
dat. Giao diém ctané 1a 7, =3 mA, do6 1a dong mang tinh. Gid tri V,, twong tmg la xap xi 1.8 V..
Gia tri tinh ctia V,,; dugc tinh bang biéu thic 4-7.

Vps =15—(3 mA)[ (1.5 kQ)+(0.6 kQ) |=8.7 V

4-3-2 Phwong phap dai s6 - tw phan cuc
Cac gia tri tinh cia [, va V¢ trong mach tu phan cyc ciing co thé duoc tinh bang cach giai hé

phuong trinh nhu da néi ¢ phan trén. Bé thyc hién duge phuong phép nay ta can phai biét gia tri
cua /e va ¥V, . Cling nhu trong truong hop phan cuc ¢d dinh, cac két qua chi ¢6 y nghia néu diém
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lam viéc ndm trong ving nghén, nghia la |VDS| > |VP| —|VGS| . Biéu thtrc 4-8 cho thay két qua cia viéc

tinh todn gia tri tinh I,, V., V., bang phuong phap dai s6. Cac biéu thirc nay ding dwoc cho
JFET kénh N 1dn JFET kénh P vi biéu thirc dung trj tuyét ddi cua cac gia tri trong tinh ton.

~B—~B>—44C
I,=
24
A=R;
2
B:—[z\VP\RS+ £ j
1 s
C=Vp2 (4-8)
|VDS|:|VDD|_ID(RD+RS)
|VGS|=IDRS

Vi du 4-5

Str dung biéu thirc 4-8 dé tim diém phan cuc trong vi du 4-5.

Huéng din

Nhu trong hinh 4-15, R, =600 Q va R, =1.5 kQ. Dic tuyén truyén dat trong hinh 4-16 cho thay
I, =10 mA va V, =—4 V. Vivay, véi bicu thirc 4-8 ta co:

A=R]=3.6x10°

B:—{2|VP|RS+%)z—[2(4)(600)+%}:—6.4><103
C=V;=16

L _—B-\F_44c _64x10 ~ [40.96x10° ~4(3.6x10°)(16) o
P 24 2(3.6x10°)

Vos| =Von| =1, (R, + Rg ) =15 V-3 mA (1.5 kQ+600 Q) =8.7 V
Vys|=1,Rs =(3 mA)(600 Q)=1.8V
Vi JFET 1a kénh N, V,=-1.8V. Cic két qua nay phu hop véi vi du 4-4. Vi

|VDS| =8.7 V>|VP|—|VGS| =4V-18V =22V, diém phan cyc nam trong ving nghén va cac két
qua la co6 gia tri.

’ Pé thay 1a phuong phap ty phan cuc cho do 6n dinh phan cuc t6t hon phuong phap phan cuc
cO dinh, ta s€ so sanh mtrc do thay doi gia tri tinh cua 7, cia moi phuong phap, khi cac thong so
cta JFET trong vi du trudc bi thay d6i thanh 7, =12 mA va V, =—4.5 V. Trong mdi truong hop,
ta gia sir 13 diém phan cuc ban dau (khi dung JFET ¢ [ nss =10 mA va V, =—-4 V) dugc dat tai
I,=3mA, sau d6 JFET méi dugc thay vao trong mach. Ta di thdy 1a I, =3 mA khi
V.s =—1.8 V, do d6 mach phan cuc ¢ dinh ¢o Vgs duge xac dinh bang mot nguén —1.8 V. Khi
I s dugc thay d6ila 12 mA va ¥, 1a 4.5V, véi Vs c6 dinh tai —1.8 V, ta tim duoc gia trj méi

ctia I, trong mach phan cuc c6 dinh 1a
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Iy =1, (1-Ves/V,) =432 mA

Su thay doi nay cta I, 1a khoang 44 %, tir 3 mA dén 4.32 mA .

Bay gid ta s& xem xét anh huong cua viée thay d6i JFET trong mach tu phan cuc. Dung biéu
thirc 4-8 ta c6 thé tim dugc 7 5, 1a 3.46 mA . Trong truong hop nay, 7, chi thay d6i khoang
15.3 %, su thay d6i nay 14 it hon mot nira so v6i phan cuc cb dinh.

fnis] cedsfobrdddsd 112LES i
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Hinh 4-17
Gid tri tinh ctia 1, ban ddu la

R m i s e

b
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3mA cho cd phdn ciee ¢6
dinh va ty phan cuc. Khi ham
truyén dat thay déi thi suw thay
doi cia 1 , trong mach ty

i By RN SN

phdn cuc nho hon trong mach
phdn cuc co dinh.
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Hinh 4-17 biéu dién dic tuyén truyén dat ctia JFET c¢6 I, =10 mA va V, =—4 V va dic
tuyén truyén dat cia JFET c¢6 I,i =12 mA va V, =—4.5 V. Pudng phan cuc V,, =—6001, dugc
v& cét ca hai 765,0 tuyén tai cac diém da xac dinh dugc & trén: 3 mA va 3.46 mA . Trén db :chi con
vé duong thang dung V,, =-1.8 V, la duong tuong tng cua phuong phap phan cuyc co dinh.
Puong nay cét cac dic tuyén tai hai gia tri: 3 mA va 432 mA. Do thi nay c6 thé cho ta thay 10
rang la tai sao phuong phap tu phén cyc lai tao ra it thay doi hon so véi phuong phap phén cyc ¢d
dinh khi thay d61 théng s6 JFET: d6 doc cua duong phan cyc cang nho, mirc do thay doi trong cac
gia tri tinh cang thap.

4-3-3 Phan cuc bang cau chia ap

Trén hinh 4-17, ta c6 thé thay 1a d6 doc cua dudng phan cuc cang nhé thi do thay doi trong 7,
cang thap. Do dbc cua dudng nay co thé cang nho hon nira néu ta ting R, tuy nhién, néu R, qua
16n s& lam cho gi4 tri 7, trd nén qua nho. C6 mot cach khac co thé lam giam d6 dbc cua duong
phan cuc ma van giit cho 7, khéng qua nho 1a ndi mot ngudn Ve dén cuc cong (dbi voi JFET
kénh N) trong mach ty phan cyec.
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Ip
Vs = Vo — IpRs
V, + V,
1 GS 0 Voo Gs
(a) Connection of a positive (b) The bias line
bias voltage Vg to the intersects the Vgs- axis
self-bias circuit at + Vgg.
Hinh 4-18
Nguon V. lam giam do doc cua dwwong phdn cuc va cai thién do on dinh phdn cuc.
+Vpp - Voo
Hinh 4-19 ‘
SR Rp b 3 R, Rp Phdn cuc cuc cong bang cach
b Tl | <

diing cau phén dp.

4 L

TTHh 71
‘P

Ll 1]

AAA
vy
R

x
%]
o
A
\J
o
=)
b
[

M—c

(a) N-channel (b) Pchannel
Hinh 4-18(a) v€ dang phéan cyc nay. V. lam cho diém giao cua duong phan cuc va truc hoanh
dich dén gia tri V., nhu trong hinh 4-18(b). Biéu thuc cua duong phan cuc lac nay 1a
Vs = Voo —IpRs (4-9)
Trong thyc té, dién ap duong tai cuc cong duoc tao ra bang cach ding cau phan ap ndi dén cuc
nguon tur ap cung cap V,, . Boi voi JFET kénh P, cuc cong phai mang dién ap am, ap nay dugc tao
ra tlr cau phan ap —V,, . Hinh 4-19 biéu dién cac dang phan cyc nay. Vi dién trd ngd vao cuc cong
1a rat 16n (do ciu trirc phan cuc nguoc), cdu chia ap khong bi ganh tai, do d6 khi phén tich ta c6 thé
bo qua tai cua cau phan ap nay (khac voi cau phan ap cua phan cuc cho BIT). Dién ap gilra cuc
cong va dat la

R
V.= 2 vV 4-10
< (R1+R2j bo ( )

Déi v6i JFET kénh P 1a ¥, =—R,V,,, /(R +R,). Biéu thirc duong phan cyc cho JFET kénh N

vakénh P la
Vos =Vs—1,Rs (N —channel) (4-11)

Vos =Vo—1p,Rs (P —channel) (4-12)
Luu ¥ 1a V, duong trong biéu thirc 4-11 va am trong biéu thirc 4-12.

4-3-4 Phwong phap dai s6 cho phwong phap phén cwe ding ciu phén ap

. Dang tong quat (‘Ié tim diém phan cuc trong phuong phap dung cau phan ap dugc cho trong
biéu thuc 4-13. Cac két qua nay la dang cho ca JFET kénh N lan kénh P. Cac gia tri tim duoc phai
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kiém tra diéu kién |V, | S| > |V | |VGS| dé dam bao 1 diém lam viéc nam trong viing nghén. Biéu thirc
4-13 ciing c6 thé dugc ding nhu biéu thirc 4-8 khi cho ¥, 13 0.

~B—~B>—44C
I, =
24

A=R;
2

B:—{2(‘VP‘+|VG|) g+t J
DSS

=7, [+Ivel) &1
R,

Vo=l

|VDS|:|VDD|_ D(RD+RS)

|VGS|=|VG|_1DRS

Vi du 4-6

JFET kénh P trong hinh 4-20 c6 dic tuyén truyén dat duoc cho trong hinh 4-21. Tim cac gia tri tinh
cho 7, (1) bang d6 thi va (2) bang phuong phap dai sb.

188 kQ
47 k2 e = : o~ L -
= - TG 570wk ey i S e v e v e
Hinh 4-20 Hinh 4-21
Vi du 4-6. Vi du 4-6.

Huéng dan

1. Bé tim biéu thirc duong phan cuc, ta can tim dién ap V. :

47x10°
V.= -20)=-4V
< (188x103+47x103J( )

Tir biéu thirc 4-12, duong phan cuc 1a
Ve =-4+1.65x101, (4-14)
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Puong nay cat truc ¥, tai —4 V. Diém cat thir hai 14 giao diém véi truc 1, :
4

I, =—

? 1.65x10°

Puong phin cuc nay duoc vé trong hinh 4-21. C6 thé thdy la duong phan cuc nay cit dic tuyén
truyén dat tai /,, 4 mA..

=242 mA

2. TUr hinh 4-20, R, =1.85kQ, R, =1.65kQ va V,, =20 V. Tir dic tuyén truyén dat trong hinh
4-21 tathiy 1a ¥, =5V va I, =18 mA . Trong phan (1) ta da tinh dugc ¥, 1a —4 V. Sur dung
biéu thirc 4-13, ta c6

A=R; =(1.65x10%)=2.7225x10°

2
Ve =-31.09x10°

B=—|2(|V,|+|Vs|) Ry +

DSS

C =]+l =81
Thay céc gid tri ndy vao biéu thirc tinh 7, tac6 1, =4.02 mA.

Vps|=Vop| =1, (Rs + R,y ) =20 V—4.02 mA (1.85 kQ+1.65 kQ) =5.93 V
Vi JFET la kénh P nén V,; =—-5.93 mA..

Vos| =Ve|-1,R; =4 V—(4.02 mA)(1.65 kQ) =2.63 V

Vi 5.93V>5V-263V=237V,cac két qua nay 1a dugc chap nhan.

4-4 Thiét ké phan cuc JFET

Trong thiét ké phan cuc cho JFET, ta can phdi tinh R,, Ry, vd R, R, d&c6 I, va V, theo
yéu cau thiét ké vai nguén V,, cho trudc. Biéu thirc 4-15 dung cho mach tu phan cuc cé thé duoc
suy ra tir biéu thic 4-7 dé tim R 5, Va giai biéu thirc 4-5, 4-6 véi biéu thirc luat binh phwong dé tim
R, . Cac két qua nay c6 thé ding cho JFET kénh N va kénh P.

2
R - B-~B*-44C
24
A=1;
B=-2[,|I, (4-15)

C=Vp2(1— o J
IDSS

RD _ |VDD|_|VIDS|_[DRS

D

Luu y 1a gia tri V. co thé duoc chon truée néu gidi han ma diém phan cuc co thé thay doi 1a
xéac dinh. Pudng thang ndi cac diém phan cuc mong mudn khi dic tuyén thay doi s& cit truc hoanh
tai gia tri V. Gia tri nay c6 thé dugc tinh tir 0 doc cia duong phan cuc nhu trong hinh 4-22.

Véi V., da biét, R co thé dugc tinh bang biéu thirc 4-15 bang cach chon trude R,. Thong

thuong R, nho hon R, vi vy R, xac dinh giéi han trén cho dién tré ngd vao ctia mach.
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_ ]Dl (|VGS2|_|VGSI|)

= -
| G| (IDZ_]DI) | GSl|
~B—~B*-44C
Ry = 24
A=1}
B==2([p,|+[7|)1, (4-16)
2 I
C=(p,|+V) —V;[—D
DSS
RD :|VDD|_|VIDS|_IDRS
D
cho RzaRl — R2 (|VDD|_|VG|)
el

Vi du 4-7

Mot JFET kénh N dugc phan cuc tai V,, =6 V bang mot ngudn cung cap V., =15 V. Dbic tuyén
t6i wru cia FET ¢6 V,=-3.5V va I pss =13.5mA . Dong mang tinh khong nén thay ddi qua
+0.5 mA quanh gia trj toi tu 6 mA khi dic tuyén coa JFET thay doitir V, =-3V dén V, =4V
v6i 1, thay d6i tir 12 mA dén 15 mA . Tim céc gia tri R, R,, R,, R, trong mach phan cuc ding
cau phén ap.

Tim giéi han thuce cia 7, va V¢ trén gidi han cua dic tuyén JFET khi dung cac dién tré chuén
5%, gia sur 1a cac dién trd ndy co gia tri t6i wu.
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A

Ip
|
!
!
range of
change in
characteristics
Ip2
| slope |= M._
/ | Vs | =1 Vgg |
nommal‘ ; bias line
characteristic
Vs < : . 10 >V
Vo Vasi|«— Vg b—s]
1
' slope l
_ In (Ivcsz I_|VGSIJ) _
= | Ve, |
Ip; = Ip,

Hinh 4-22
Tinh gia tri cua |VG| cho mach ding cau phdn dp khi biét trude gidi han cu thé ciia

cdc diém phan cuc, (Vas2rIp2) dén (Vasi-dpr)-

Huéng dian
DAu tién ta phai tim V. st dung hinh 4-22. Cac gia trj V,, va V., tuong Gmg véi I,, = 6.5 mA va
I,,=55mA la

VGS:VP(I_ ! ]
1 pss

5.5 mA

Do d6 Vg, =(-3 V)(l— ] =-0.969 V

6.5 mA

Va Vg, =(—4 V)(l— ]=—1.367 \Y%

Tur hinh 4-22,
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_ ID1(|VGS2|_|VGS1|)_ _
_ Iy =1 |VG51|_

5.5mA(1.367 V-0.969 V)
6.5 mA —5.5 mA
Duing biéu thirc 4-16,
A=1},=36x10"°
B ==2(V,|+|Ve|) 1, =—2(3.5+1.22)(6x107 ) = =56.64x10"

-0.969 V=122V

> Vol 6 mA
(AR A —PD—S:=(3.5+1.22)2—(3.5)2 (Bj—mAj:16.83
2
R, - BB -44C
24
56.64x10° —\/(56.64><10'3 ) ~4(36x10°)(16.83)
- =398 Q
2(36x10°)
RD=| ool = Vs |~ IRS=15V—6V—(6mA)(39SQ)=1.1kQ
I 6 mA

D

Chon R, =330 kQ taco

P R, ([Voo| =1V5) _(330kQ)(15V-122V) =3.7 MQ
1 A 122V '

Cac gié tri dién tré chuan 5 % gan nhit 1a R, =390 Q,R, =1.1kQ, R =3.6 MQ va R, =330 kQ.
Dung céc gia tri nay trong biéu thirc 4-18 ta c6 thé im duoc gidi han cua 7 p latr 5.65 mA dén
6.65 mA khi ¥, thay d6i tir 5.09 V dén 6.58 V trén giéi han thay doi ctia dic tuyén JFET.

4-5 Metal-Oxide-Semiconductor FET

Metal-Oxide-Semiconductor FET (MOSFET) c6 nhiéu diém tuong ty nhu JFET. N6 cling c6
cuc mang, cuc cong va cuc nguon kha nang dan dién cua kénh dan ciing duoc diéu khién bing
dién ap gitra cuc cong va cyc nguon. Piém chu yéu dé phan biét gitta JFET va MOSFET la cuc
cong cia MOSFET thyc ra dugc cach ly khoi kénh dén. Do d6, MOSFET con dugc goi 1a FET ¢
cuc cong cach ly (Insulated-Gate FET), hodc IGFET. C6 hai dang MOSFET: MOSFET kénh c6 sin
(depletion-mode) va MOSFET kénh khong c6 san (enhanced-mode). Cac tén nay duogc dit dua theo
cach thirc ma MOSFET tao ra kénh dan br:ing cach thay doi Ves.

4-5-1 MOSFET kénh c6 sian (Depletion-type MOSFET)

Hinh 4-23 cho théy cAu trac cia MOSFET kénh N c6 sin. Mot khéi ban dan loai P ¢6 dién tro
16n duoc dung 1am nén (subtract). Hai ving loai N™ (pha nhiéu tap chat) duoc dat vao trong do.
Mot 16p SiO,, la vat liéu cach dién, duoc phu 1én bé mat. Cac t1ep diém kim loai xuyén qua lop
Si0; va ndi vao hai ving N* tao nén cuc mang va cyc ngudn. Néi hai vimg N* 1a mot ving ban dan
loai N khac v&i mat do hat dan thap hon tao thanh kénh din. Nhém duoc pha 1én 16p SiO; tai ving
d6i dién kénh din va tao thanh cyc cong. Luu ¥ 13 16p SiO, da cach dién kénh dan khoi cuc cong do
d6 khong co chuyén tiép PN duoc tao nén tir cuc céng va kénh dan nhu d6i véi JFET.
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deatni si}icqn
(D) }hondc substrate
Ji
_ / Hinh 4-23

N Céu triic ciia MOSFET kénh N ¢6 sén.
gate
G) N P p—o
metal

N +

source

S)

Hinh 4-24 cho thay ché d¢ hoat dong thong thudng cia MOSFET kénh N ¢6 san. Mot dién ap
¢ dugc noi gilta cyc mang va cuc nguodn lam cho cuc mang duong hon so véi cuc nguon. Cuc
nén thuong dugc ndi véi cuc nguén. Khi cuc céng bi am hon so vi cuc nguén do ¥V, gdy ra, dién
truong nob tao ra trong kénh dan day cac electron khoi viing kénh gan 16p SiO,. Ving nay trd thanh
vung thiéu hat dan va bé rong kénh dan tré nén hep hon. Kénh dan cang hep thi dién tré ciia nd
cang 16n va dong tir mang dén ngudn chdy qua nd cang nho. Vi vay, linh kién hoat dong gidng nhu
JFET kénh N, su khéc biét chu yéu d6 la d6 rong kénh dan dugc di€u khién bang dién truong chir
khong phai bang su thay doi d rong vung ngheo cua chuyeén ti€p PN. Vi khong c6 phan cuc nguoc
chuyén tiep PN, dién ap V,; co thé duong. That vay, néu V,, duong no6 sé hat cac electron vao
kénh dan va vi vy gia ting 46 dan dién cua kénh. Vi vay, dién ap tai cuc cong cia MOSFET kénh
N c¢6 san c6 thé thay doi tir am sang duong va linh kién c6 thé hoat dong & ca hai ché d ngheo va
giau hat dan.

Vps |_depleted Hinh 4-24
4 [~ region Hoat dong cia MOSFET kénh N co
P san. Dién truong gdy ra boi Vg tao

ra mét viing nghéo trong kénh dan.

Mic du c6 mét chuyén tiép PN gitra cuc nén loai P va vat liéu N, chuyén tiép nay lai luén bi
phén cyc nguge va c6 mét dong rat nho chay qua vung nen Dién tr¢ nhin vao cuc cong la cuc ky
16n, c6 thé dén vai ngan MQ vi tai d6 khong co (ihuyen tiép PN va ciing khong c6 duong dé dong
dién di qua 16p cach dién gitra cuc cong va kénh dan.

Vi su tuong tu gitta MOSFET kénh co san va JFET, ta sé& théy la cac thong s6 va dic tinh hoat
dong cua chung la twong tu nhau. Két qua nay duogc trinh bay trong hinh 4-25. Dong dién tang mot
cach tuyén tinh khi V,s tang cho dén khi dén vung nghén. Trong ving nghén, dong mang khong
thay doi va c6 d6 16n phu thudc Vog. Vo cang am thi ving nghén cang xdy ra sém hon va dong
bao hoa cang c6 gia trj nhd hon. Néu V. =0V, dong mang bao hoa tai I, khi V,; =—V,. Néu
V. du am dé 1am nghén toan bg kénh, dong mang s¢€ bi tat. Gia tri V. tal do xdy ra diéu kién nay

duogc goi 1 dién ap cat (gate-to-source cutoff voltage), Vs =V,.Luuyladac tuyén trong hinh

(cutoff’)
4-25 ciing cho thiy hoat dong trong ché do giau hat dan, tic 1a V.¢ duong. Hinh 4-26 biéu dién dic
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tuyén mang cia MOSFET kénh P ¢6 sin. D6i voi MOSFET nay, ché d6 nghéo hat dan xay ra khi
V. duong va ché do giau hat dan xay ra khi ¥, am. Hinh 4-27 cho thay ky hiéu cia MOSFET

kénh N c¢6 san va kénh P co san.

K. et

s A

T Vg w VT T

Hinh 4-25

Pdc tuyén mang ciia MOSFET kénh
N ¢6 san, hoat dong trong ché do
nghéo va giau hat dan.

ul °
SS SS
GO_J | G o—l
S S

(a) Nchannel (b) P-channel
Hi[lh 4-27
Biéu twong mach cua
MOSFET kénh N va kénh P

co san.

Hinh 4-26

Pdc tuyén mang ciia JFET kénh P ¢6
san, hoat déng trong ché dé nghéo va
giau hat dan.

NS EREREE] B
it yuedh Ind [
T ) LD
e anin B

R I SR | H
AR Y e 3:.‘&..'_:2:-;_._. E

[y Prciamnalz S

Hinh 4-28 .
Dac tuyen truyén dat cua MOSFET kénh N

va kénh P co san.
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) Bicu thirc luat binh phuong cho dic tuyén truyén dat cia MOSFET kénh c6 san 1a giong nhu
do1 voi JFET:

2
v
1D=IDSS(1—ﬂ} (4-17)
V
P
Biéu thirc ndy cho phép du doan chinh xac / , khi MOSFET kénh c6 sin hoat dong trong ché
d6 giau hat ddn. Hinh 4-28 biéu dién dic tuyén truyén dat cua cac linh kién kénh N va kénh P. Cha
¥ 1a trong mdi loai, 7, s& vuot qua I, trong ché do giau hat dan.
'K§ thuat phan cyc ta da phéan tich cho JFET 1a hoan toan twong thich véi MOSFET vi dac
tuyén cua hai loai la tuong tu nhau.

Vi du 4-8
1. Mot MOSFET kénh N ¢6 sdn c6 1, =18 mA va V, =-5 V. Gia st 1a n6 hoat dong trong ving
nghén, tim /p, khi V.o =-3V valdplaikhi V =+25V.

2. Lip lai cau (1) néu MOSFET 1a kénh P va V,=+5V
Huéng din
1. Tir biéu thic 4-17, cho V=3V,

2
1,=(18 mA)(l—_—zj 288 mA

cho V,=+25V

1,=(18 mA)(l—z—SSj =40.5 mA

2. Tr biéu thiic 4-17, cho V=3V,

2
1,=(18 mA)(l —_?3) = 46.08 mA

cho V,=+25V

1,=(18 mA)(l—%) =45 mA

4-5-2 MOSFET kénh khong c6 sin (Enhancement-type MOSFET)

Trong MOSFET kénh N c6 sin, kénh dan cua no la vang N gitra cuc ngu(‘)n va cuc mang (hinh
4-23). Trong MOSFET kénh khong c6 san khong t6n tai sin mot kénh din nhu vay, thay vao do
vung nén mo rong dén 16p SiO, canh cuc cong nhu trong hinh 4-29. Ngoai trir viéc khong co san
kénh dan, cdu tric cia MOSFET kénh khéng c6 sin 1a hoan toan twong ty nhu cu tric cia
MOSFET kénh c6 sin.
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drain silicon
dioxide - Vbs

4
2, : P
z 4
7 A
& 14 induced
mclal ’ N channel § SS
g Y% F ©
gate s v 7z
(G)o 4 substrate Gs ’
(SS) %

S

L R SR Ny

Hinh 4-29 .=

MOSFET kénh khéng cé san. Hinh 4-30

Cau triic twong tw MOSFET Dign ap Vs duong tao ra mét kenh
kénh co san ngoai trur sw ton N trong nén doi véi MOSFET kénh
tai cia kénh dan. khéng c6 san.

‘ Hinh 4-30 vé& S0 dd két ndi thQng thuong gitra cac cuc c@a MOSFE"I: kénh khong co san, cuc
nén thuc‘yng duoc ndi voi cuc nguén Luu y 1a V., dugc noi dé cuc cong la duong so véi cyc
ngudn. Pién ap duong cua cuc cong s& hut céc electron tur mién nén dén ving doc theo 16p cach
dién dbi dién cuc cong. Néu dién ap cuc cong du duong, s& cé du electron dugc hit vao trong mién
nay va chuyén né thanh mot ving c6 tinh N. Vi v@y, mot kénh Qan loai N s€ dugc hinh thanh gitra
cuc rqéng va cuc nguon. Vat liéu loai P cua cuc n@n da bi bién doi dé tao mot ké~nh dan loai N. N@u
cuc cong cang duong hon nita thi s€ cang c6 nhiéu electron bi hut vao kénh dan va kha nang dan
dién cang tang. Noi cach khac, V., cang duong s€ cang lam giau hat dan trong kénh dan va lam
ting dong dién gilta cuc mang va cuc ngudn. MOSFET duoc v& trong hinh 4-29 va 4-30 thudng
dugc goi 1a MOSFET kénh N cam ung (induced N-channel).

Kénh cam tmg N trong hinh 4-30 s& khong din di manh néu dién ap V. chua dat dén mot gia
tri ngudng (threshold), V. Trong cac MOSFET silicon ngay nay, gia tri ctia ¥, thuong thay doi
trong khoang 1V dén 3 V. Gia sir 1a V,=2V va V. dugc dit tai 10 V. Ta s€ xem thu diéu gi
xay ra khi dién 4p gitra cuc mang va cuc ngudn ting dan tr 0 V. Khi V,s tang, dong mang ting
theo dinh luat Ohm. Luc nay dong ting tuyén tinh véi ¥, nhu trong hinh 4-31. Khi ¥, tiép tuc
tang, ta thay 1a kénh trd nén hep hon tai phia cuc mang nhu trong hinh 4-30. Diéu nay 1a do dién ap
gifta cyc cong va cuc mang s€ giam khi V¢ tang vi vy gidm dién thé duong phia cuc mang. Vi du,
néu V. 1a10V vaV,, 1a 3V, thi V,, =10—3=7 V.Khi V, ting lén 4V, V,, =10-4=6 V.
Dién 4ap V,, gidm mot lugng bang voi lugng ting cua V, s hén dién truong phia dau cyc mang
giam va k@nh ‘Eré nén hep hon. Két qua 1a dién tr(iy ctia kénh bat dau ting va dong mang bi tit. Diém
nay c6 thé thay trén hinh 4-31. Khi V¢ dat dén 8V, V,, =10-8=2 V =V,. Lic nay di¢n ap
dwong tai phia dau cuc mang bang dién ap ngudng va d¢ rong kénh giam vé 0. Viée ting ¥, hon
nita khong 1am thay d6i hinh dang ciia kénh din va dong méng khong tiép tuc ting, nghia la 7, bi
bdo hoa. Piém nay kha giéng véi diém nghén cta JFET.
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Iy .
o Hinh 4-31
Vs = 10V Dong mang trong MOSFET kénh N
khong co san tang theo V,; cho dén khi
Vs =Ves = V5 (=10—2:8 V).

>V
8V DSs

Khi qua trinh ma ta vira mo6 ta lap lai véi V¢ 1a 12 V, bdo hoa xay ra tai V,; =12-2=10 V.
bat 1, la dién ap tai do xay ra hién tuwong bao hoa, ta c6

Vo =Ves =V, (4-18)

DS(sat)

S (sat)

Hinh 4-32 biéu dién tap hop céc duong dac myén mang khi ta 1dp lai cac budc trén voi Vi
dugc dat tai cac gia tri dwong khac nhau. Khi V, gidm dén mirc ngudng V,=2V, I, gidm dén 0
bat chép gia tri cua V,s. Khac véi MOSFET kénh ¢6 sdn, MOSFET kénh khéong c6 san chi c6 thé
lam viéc trong ché do 1am giau hat dan. DPuong gach hinh parabol 1a tap hop céac diém bdo hoa,
nghia la cac diém thoa man bicu thirc 4-18. Ciing nhu trong dac tuyén cua JFET, vung bén trai cia
parabol dugc goi l1a vung dién tré pl}u thudc ap. Ta goi vung bén phai cta parabol 1a vung tich cuec.
Linh kién thuong dugc phan cyc dé lam viéc trong vung tich cuc khi hoat dong trong ché do tin
hiéu nho.

Hinh 4-32

Dac tuyen mang cua MOSFET
kénh cam ung loai N. Luu y la tat
ca cac gia tri Vi, déu duong.

Vs *
T (volis)

e ,
o 8 10 42008

T VesTaVERT

Hinh‘4-3.?>(a) biéu dién cdu trac cia mét MOSFET kénh P khong c6 sén va két ndi dién cua nq(').
Luu y mién nén 1a loai N va kénh cadm tng loai P duoc tao ra tir dién dp V¢ am. Hinh 4-33(b) biéu
dién tap hop cac dic tuyén mang cho MOSFET kénh P khong c6 sin. Luu  1a tat ca cac gi tri cta
Vs 1la am va dién ap ngudng V, ciing co6 gia tri am. MOSFET kénh N va kénh P thuong dugc goi
tat 1a NMOS va PMOS.
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- / i -
induced P , Vgs = - 10V

channel i :SS

VGS = —8V

AR AR RN

Vos = -6V Yas=-2V=Vr
VGS= —4V

, _ Vbs
12 16 " (VO][S)

(a) Structure and electrical connections (b) Drain characteristics

Hinh 4-33
MOSFET kénh cam vrng logi P.

Hinh 4-34 v& ky hiéu qui uéc cia MOSFET kénh N khéng c6 sdn vda MOSFET kénh P khong

o san.
JD ’_TD Hinh 4-34
Biéu twong mach~ cho MOSFET
G |«—0SS G F—=0SS  kénh khong cé san.
"Is Is
(a) N-channel (b) P-channel

4-5-3 Pic tuyén truyén dat cia MOSFET kénh khéng c6 sin

Trong vung tich cuc, dong mang /,, va dién ap ¥V, lién h¢ véi nhau bang biéu thirc
1, =05BVes—Vy ) s Vg2V, (4-19)
v6i B 1a hang s6 phu thudc hinh dang linh kién. Gia tri thudng gip cia B 1a 0.5x107 A/V2.
Hinh 4-35 v& didc tuyén truyén dat cia MOSFET kénh N khong c6 san v6i £=0.5x10" A/V? va
V,=2V.

Ay — ; —
EEE e ey HInh4-35
P B e § w0 e 2 e SR = Dadc tuyén truyén dat cua
i__i‘ 1T il 7 O e ¢ r i ! "T”q 1 4_"_",;1
e et BRIt e fa iy NMOS.
e e e s B=0.5x107%7, =2 V.
“ e t e S BeSeeEEeas i
- h— I7 ] .. -

y A | S0 |

1 T N 4 . =

a s it >
= e et s =
e p eyt e T T I
n ST e e e e e
0T 2T oA 5 B T L8 T T vgls)-

4-5-4 Mach phan cuc cho MOSFET kénh khéng c6 sin

~ Méc du MOSFET kénh khong c6 san thuong dugc str dung nhiéu nhét trong cic mach tich hop
s0 (khong doi hoi mach phan cuc), chung cling c6 thé dugc ung dung trong cac mach khuéch dai
tin hiéu nho. Hinh 4-36 biéu dien mot cach dé phan cuc cho NMOS. Mach nay c¢6 dang gan giong
v6oi mach phan cuc dugce sit dung cho JFET kénh N (hinh 4-19) nhung ching khic nhau vé mat
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nguyén tac. bién tr& R, khong lam nhiém vu ty phan cyc nhu trong mach cua JFET, n6 duoc dung
dé 6n dinh phan cyc trong mach cia MOSFET tuong tu nhu trong mach BJT. Dién tré R, cang
16n, diém phén cuc cang it nhay voi su thay ddi trong théng so ctia MOSFET géy ra do nhiét do
hodc do thay doi linh kién trong mach.

+ VDD

Hinh 4-36
Mach phan cuc c~h0 MOSFET
Rp kénh khong co san.

Hinh 4-37 cho thiy dién 4p roi trong mach phan cuc cho MOSFET kénh khong c6 san. R va
R, tao nén cAu chia ap c6 nhiém vy xéc dinh dién ap cuc céng Ve

R
oo R |y, 4-20
G (Rl +R2j DD ( )

Hinh 4-37
Cdc dién ap roi trong mach phan
cuc cho NMOS.

Cau chia ap khong ganh tai vi dién tré' ngd vao cua MOSFET rit 16n, vi vay, cic gid tri R, va
R, thuong dugc chon rit 1on dé giir dién tro ngd vao ac cua tang khuéch dai 16n.

Voe=V,—I,R;, (NMOS) (4-21)
Déi voi PMOS, V, va V., am, biéu thiic 4-21 c6 thé dugc viét lai

Voe=V.+I,R, (PMOS) (4-22)
Luuyla 7, duong trong cé hai biéu thirc

Vs =Voo—1, (R, +Rs) (NMOS) (4-23)
Dbi voi PMOS, biéu thirc 4-23 c6 thé viét lai

Vos ==Voo|+1, (R, +Rg)  (PMOS) (4-24)
V,s am trong mach dung PMOS. Biéu thirc 4-21 c6 thé duoc viét lai

I, =—(1/Ry)Vys + V| Ry (4-25)
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Biéu thic 4-25 13 mot dudng thang trong hé truc 1, —V,. N6 cit truc 1, tai V, /R, , va cat

truc V., tai V. Duong nay c6 thé duoc v& trén cung dd thi véi tap hop cua cac dac tuyén truyén

dat cua linh kién va giao diém cta chung xac dinh vi tri diém phan cuc.

4-5-5 Giai bing phwong phap dai so

Ta c6 thé viét dang tong quat cho diém phéan cyc trong cac mach PMOS va NMOS bang cach
gidi hé bao gdm biéu thirc 4-19 va 4-21 hodc 4-22 dé tim I,,. Cac két qua cho trong biéu thirc 4-26

la dting cho ca PMOS va NMOS.

— RZ
Pal={ 2 o

_ —B—+B>-4A4C
24
A=R;

B= —2[(|VDD|— 4

ID

T

el

C:(|VDD|_ V. )2
|VDS| :|VDD|_1D (RD +Rs)
|VGS|=|VG|_1DRS

(4-26)

Vi du 4-9

Pic tuyén truyén dat cua NMOS trong hinh 4-42 dugc cho trong hinh 4-38
(B=0.5%x10",V, =2 V). Tinh V,, I,, va V, tai diém phan cuc (1) bang phuong phap d thi va

(2) bang phuong phap dai sb.

+18V

$2.2k0
game 3

s
$ 22 M0

X103 3(Ves:

-

T

500 0
1 l e e
Hinh 4-38 Hinh 4-39
Vi du 4-9. Vi du 4-9.

Huéng din
1. T biéu thuc 4-20,

v 22x10°
“ | 47x10° +22x10°

]18 V=574V

1971 (volts)
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thay vao 4-25, ta c6
I,=-2x10"V_, +11.48x10

Pudng nay cat truc 1, tai 11.48 mA va truc V, tai ¥, =5.74 V. N6 dugc vé trong hinh 4-38, cit
dudng dic tuyén tai diém lam viéc tinh véi 1, =1.9 mA,V, ., =4.8 V. Tir biéu thirc 4-23

Vps =18—(1.9 mA)[ (2.2 kQ)+(0.5kQ)]|=12.87 V

Dé c6 thé tinh dugce nhu trén ta phai dam bao 1a diém 1am viéc nam trong vung tich cuc, that vay,

V, =1287 V>V, —V,=28V.

2. V&i V, =574V Ry =500 Q,R, =22kQ,V,, =18 V.V, =2V, 5=0.5x10". Dung biéu thirc
4-26

A4=(500)" =2.5x10°

B=-2(574-2)500+1/(0.5x107) | ==7.74x10’

C=(5.74-2) =13.9876
Thay céc gi4 tri ndy vao biéu thic tinh 1, ta co I, =1.927 mA . Tlr d6 ta c6
Vs =18 V—(1.927 mA)(2.2 kQ+500Q) = 12.8 V va
Vs =574V —(1.927 mA)(500 Q) =478 V..

Céc két qua nay 1a phu hop voi két qua trong phan (1).

4-5-6 Phan cuc hdi tiép

Hinh 4-40 biéu dién mot cach khac dé phan cuc NMOS FET. Dién tré R, thuong rat 16n,
duoc ndi giita cuc mang va cuc cong va khong co dong dién chay qua vi dién tré ngd vao cuc cong
rat I6n. Vi khong co6 dién ap roinén V , =V, do do ta c6 thé chac chanla V,; >V, -V, , dam bao

linh kién lam viéc trong vung tich cuc. R, cho phép hoi tiép am, dam bao su 6n dinh ciia mach.

+Vpp
R <
5 P Hinh 4-40
& P Dung dién tré hoi tiép R; dé phan cuc
D ~
Jv MOSFET kénh khong co san.
T +
Vps

@] -_Lﬂ

Tt hinh 4-40 ta ¢6
Vs =Vpp —IpR) (4-27)

Vi V =V, nén biéu thitc dic tuyén truyén dat (4-23) c6 thé duoc viét nhu sau
1,=05B8(V,s—V7) (4-28)

4-5-7 Phwong phap dai so ciia phan cwe hdi tiép
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Béng cach giai h¢ 4-27 va 4-28 dé tim 7 », ta co dang téng quat cua diém phan cuc cho mach
MOSFET ding phén cuc hdi tiép. Biéu thirc 4-29 biéu dién cac két qua nay, né dang cho ca PMOS
va NMOS.

~B-~B*-44C
Ih= 24
A=R:
B= —2[(|VDD| A +ﬂ (4-29)
C = (Voo - I1])’
|VDS| = |VGS| = VDD| —I,R,
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Chuong 5: CAC MACH KHUECH PAI BJT TiN HIEU NHO

5.1 Cac nguyén tic co ban vé khuéch dai AC

0 phén trudc ching ta da biét vé tin hiéu DC, diém tinh, va dic diém transistor cling
nhu cach xac dinh cac dién 4p, dong DC ngd ra Gmg voi ngd vao 1a tin hiéu DC. Phan
nay, ching ta s€ nghién ctru dap umg ngd ra trong truong hop dong hodc dién ap ngd
vao co su thay d6i nho. Vi du nhu néu tang dién ap ngd vao Vg cia mot transitor
NPN dugc méic CE sé& lam ting dong Iy din dén dong Ic ting theo vi I¢ = Bls. Ciing
nhu vy, viéc tang dién ap ngd vao lam tang dién ap ng6 ra. Khi su bién thién ngd vao
du nho dé tao sy thay 601 vé dong va ap ngd ra nam trong giéi han cua dic tinh
transitor, chung ta ndi rang transitor dang hoat dong dudi diéu kién tin hi¢u nhé.
Chinh xac hon, hoat dong tin hi¢u nho6 xuat hién khi cac su bién thién ngd ra qua nho
dén ndi cac thong sb linh kién thay d6i khong dang ké( nhu a, p....). Chung ta nghién
ctru hoat dong tin hidu nho trén quan diém xem transitor nhu mot b¢ khuéch dai ac.

Do 1gi bo khuéch dai:

Khi 1 thiét bj ¢6 lugng thay ddi dién ap ngd ra Ién hon lugng thay doi dién ép ngd
vao, ta goi thi@t bi d6 1a bo khuéch daiﬁ ap AC. Bg loi ap AC, ky hiéu la A,, 1a ti s
gitra d¢ thay doi ap ngd ra va do thay doi ap ngd vao:

_ AV,

LAY,

\{i vay, mot bo khuéc dai AC s& co A> 1‘. Hinh 5.1 minh hoa khéi niém nay. Chu y

rang trong hinh 5.1, chi c6 cac thanh phan AC cua ngd vao va cua ngd ra dugc sur
dung dé tinh d6 lgi ap AC.

(-1

output
voltage

input
voltage

ac voltage
amplifier

Hinh 5.1: Mét bé khuéch dai dap AC, tong heong bién thién dp
ngo ra, AV, lon hon tong luwong bién thién dp ngé vao, AV, .

Trang 5.1
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Ca hai tin hi€u ngd ra va ngd vao dugc dat 1én trén cac muc DC, nhung cac gia tri DC
nay khong duoc tinh trong d6 loi ap AC. Cac gia tri rms (hiéu dung) cua cac thanh
phan ngd vao va ngd ra AC c6 thé duoc tinh nhu sau:

_ v, (rms) i

Néu khong can thiét dé cap dén gia tri rms thi sau nay, chung ta s& bo ki hiéu rms, va
tur hiéu v, va vi, 1a céc gia tri rms.

Do loi dong AC, A;, dugc xac dinh 14 ti s6 ctia tong lwong bién thién dong ngd ra
va tong lugng bién thién dong ngd vao:

N
4= e ) )
AL, i, (rms)

m

Thiét bi c6 Ai>1 goi 1a bd khuéch dai dong. Tong quat, mot b khuéch dai AC c6 thé
cd Ay>1, hodc A>1, hodc ca hai; noi cach khac, ¢ thé khuéch dai ca dong hoac ap
hodc ca hai. D¢ lpi cong suat, A,, dugc dinh nghia 1a ti sb cong sut ngo ra trén cong
suét ngd vao, va co thé duoc tinh br:ing tich cua do loi ap va do lgi dong:

A =P /P, =44 (5-4)

Mac du tir “do 1oi” ngém chi réng c6 su gia tang muc tin hi€u, nhung gia tri do loi
van c6 thé bé hon 1. Vi du, néu mot bo khuéch dai co d6 loi ap 13 0.5, thi ¢6 nghia la
su blen thién ap ngd ra bing mot nira ciia ap ngd vao. Trong truong hop nay, ching ta
n6i rang bo khuéch dai 1am suy giam tin hiéu dién ap cung cap cho né.

Pién tré ngé vao va ngo ra

Pién tro ngd vao mot bd khuéch dai 1a tong tré twong duong tai cac dau ngd vao cua
nd. Pién tréd ngd vao DC, R;,, 1a dién tré ma nguén DC “nhin vao” khi duogc két ndi
v6i cac dau ngo vao, va dién tré AC, 1y, 1a dién tré ma nguén ngd vao AC nhin céac
dau vao. Trong ca hai truomg hop, dién tré ngd vao duoc tinh 14 ti s6 cua dién ap ngd
vao va dong dién ngd vao:

R, =(DC) 1, =2 (ao) (5-5)

mn

in lin

Cong suit ngd vao AC duoc tinh bang cach sir dung mbi quan hé cong suit thong
thuong sau:

v> (rms)

B, =[v,, rms)1[i;, (rms)] = = [i,, (rms)]r;, (5-6)

in

Trang 5.2
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Pién trd ngd ra ciia mot b khuéch dai 1a téng tré twong duong tai cac dau ngd ra.
bién tré ngd ra twong ty v6i dién tré twong duong Thevenin mac nbi t1ep véi ngd ra
néu bo khuéch dai duoc thay thé bang mach twong duong Thevenin. Giéng nhu dién
tré ngd vao, dién trd ngd ra c6 thé dugc xac dinh 1a dién tré DC Ro, hodc dién tr¢ ac,
1. Cong sut ngd ra duoc tinh bang phuong trinh 5-6, véi thay thé o(out) cho in trong
moi sO hang.

Thi du 5-1

Hinh 5-2 biéu dién biéu tugng thong thudng cua mot bo khuéch dai: mot khdi tam
gidc vdi ngd ra tai mot dinh. Theo hinh v€, &p ngd vao bd khuéch dai 14 vi, = 0.7 +
0.008sin’t (V). Bo khuéch dai c6 d6 lgi dong AC 1a 80. Néu dong ngd vao 13 iy (t) =
2.8x107°+4x10%in10% A, va thanh phan AC cua ap ngd ra 1 0.4 Vrms, tinh:

(1) Ay, (2) Rin, (3) Tin, (4)1, (rms), (S)r,, va (6) Ap?

Vin(t) = 0.7 + 0.008 sin 103

iin(f)
v, = 0.4 V rms

Vin /)

Hinh 5-2: thi du 5-1

Giai
1. vi(rms) = 0.707(0.008 A-pk) = 5.66x10” V rms

v, (rms) 04V
Ty, (rms) 5.66x107V

m

=70.7

2. Pién tré DC ngd vao 14 ti s6 thanh phan DC cia dién 4p ngd vao va thanh phan
DC ctia dong ngd vao

V. .
P
1. 2.8x107 4

mn

3. Dién tré AC ngd vao 1a ti sd cac thanh phan AC cua 4p ngd vao va dong ngd vao:

- \./m _ 0.00iV—pk DY
i, 4x107° A- pk

4. iy(rms) = Ajii, (rms)= 80(0.707)(4x10°° A-pk) =0.226 mA rms

Trang 5.3
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5.y, = v (rms) 0.4V —=1770
i,(rms) 0.226x107 4
2 -3 2
- v, (rms) _ (5.66x103 V) 16x10°
r, 2x10°Q
2 2
6. p 2ol O 4040w
v, 1770
-5
4 :&:9.04x10 W:5650

Pop, 1.6x107°W

Chu y rang d6 loi cong suat ciing c6 thé dugc tinh & thi du nay 1a tich cua do loi
ép va do loi dbng nhu sau: A, = AyA;= (70.7)80 = 5656. Su sai khac nho gitra hai
ket qua nay do 101 1am tron ma thoi.

Dién tré nguon

MJi ngudn tin hiéu déu c6 dién tré ndi (dién tr¢ twong duong Thevenin cua nd), ma
ching ta xem nhu 1a dién tro nguon 1. Khi nguon tin hiéu duoc nbi véi ngo vao bo
khuéch dai, dién tro nguon 1a noi tlep v6i dién tré ngd vao, ri,, cua bd khuéch dai.
Chu y trong hinh 5-3 rang r; va ri; hinh thanh mach phan ap ¢ ngd vao bo khuéch dai.
Ap ngd vao tai bo khuéch dai 1a

v, = vy (%J (5-7)

m

va,

vVin v
+ 7,

Cho nén v,=A4Av, =4 v{ Fin J (5-8)
Phuong trinh 5-8 cho thiy do loi ap tong giira ap ngubn va ngd ra bo khuéch dai,
Vol Vs, bang v6i d0 loi ap bd khuéch dai giam di 1 hé s6 1a Tin/ (T Tin).

Néu r;, 16n hon r; thi Tin/(tstrin) = 1, vi Vay do loi ap tong bi gidm mot luong 1a do
anh huong cua mach phan ap. Cho nén, tong quat cho bd khuéch dai can co dién tro
ngd vao cang lén cang tot.

Trang 5.4
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I
Hinh 5 - 3: rgva r;, phan I
chia dién ap o ngo vao bo |
khuéch dai. D§ loi dp tir |
nguon toi ngo ra bi giam 1 |
luong riy/(rstriy). |

]

Mit khéc, néu muén khuéch dai dong, thi bd khuéch dai phai c6 dién tr6 ngd vao
cang nho cang tot. Khi ry, nho, phan 16n dong dugc ngudn phat ra s& duge phén ph01
t6i ngd vao b khuéch dai. Piéu nay duoc minh hoa & hinh 5-4, v6i nguon la ngudn
dong tuong duong (Norton), (dé tinh d6 loi, ngd ra dugc nbi xudng dat; diéu nay bao
dam rang tat ca dong khuéch dai duoc d6 toi ngd ra).

i = —2 )i
" s+ 7in 5

&x

is

o
A
v

¥~ signal
source

H—

Hinh 5-4: B$ k‘hué’c"h dai dong co dién tro ngoé vao nho dé ti so
ro/(rstriy) dat gan bang 1.

O hinh 5-4, dong d6 vao ngd vao vao bo khuéch dai 1a dong nguén iy duoc
giam 1 lu’orng 1s/(tstrin). V1 vay, Tin can phai nhé hon 1 dé cho 1s/(1stin) gan bang 1.
Do loi dong tong tir ngudn téi ngd ra 1a:

fo A,-[ & j (5-9)
Lg re tr,
Thi du 5-2

Mot bd khuéch dai duge cho nhu hinh 5-5 vé6i: Ay = 10 va A; = 10, duoc 1ai boi mot
nguon co dién tro ngudén 10002 . Tinh do loi 4p tong va do loi dong, tir nguon dén
ngo ra, voi:

Trang 5.5
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(1) rig = 10k, va (2) 1in = 100Q. (Gié sir ring ngd ra ho khi tinh do loi 4p, va noi
dat khi tinh d6 loi dong).

1000 @ e
Vg
Hinh 5-5 (Thi du 5-2)
Giai
1. =10k Q (1, = 1015)
2. 1in=100Q

Thi du nay cho thay khi r;, = 10r,, d6 loi ap giam di 10% va do loi dong giam 90%;
khi 1;,=0.1r, d0 loi 4p gidm 90% va dd lgi dong gidm 10%.

Pién tré tai

Mot bd khuéch dai ac ludn duge dung dé cung cap ap, dong hodc/va cong suat cho
mot vai loai fdi duge ndi & ngd ra. Tai ndy co thé 1a 1 loa, anten, coi, dong co dién,
hodc bét ky céac thiét bi hiru ich nao khac. Thong thuong, tai 1a ngd vao cho mot bd
khuéch dai AC khéac. B khuéch dai duge phan tich bfmg cach thay thé tai cua nod
bang dién tro tai twong duong (hodc téng trd). Khi mot dién tro tai Ry dugce ndi voi
ngo ra mot bd khuéch dai, thi cling c6 phan é&p gitra dién tr¢ ngo ra bo khuéch dai va
dién tro tai.

Hinh 5 - 6: Ap ngé ra ciia 1
bo khuech dai ac chia giita
v, va dién tro tai Ry,

Trang 5.6
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Hinh 5-6 cho théy mdt mach tuong duong Thevenin ngd ra cia mdt bd khuéch dai
AC v6i ap ngd ra la v, c6 dugce tir nguon ap trd ndi r, mac noi ti€ép. Nhu da thay trén
hinh, &p trén tai vy la:

vL:( R, Jvn (5-10)

r,+R,

DPdi voi mot khuéeh dai ap, 1, nén nho hon R dé c6 duogc ap vo tdi da trén tai. Bfmg
cach chuyén doi ngd ra bo khuéch dai thanh mach twong duong Norton, ta c6 duoc:

r
i, = °__|j 5-11
t (ro +R, ] ’ 1D
Khi xét anh hudng cua ca r va Ry, do loi ap tong tir ngudn dén tai la:
: R
ooy e L (5-12)
VS rS + rin 7’0 + RL

Tuong tu, d6 lgi dong téng la:

T o (5-13)
lS rS+Vin r0+RL

v6i is 1a dong ngudn tuong duwong (Norton), vy/r.

Nhéc lai rr:ing thuyét truyén cong sucft cuwc dai chi ring cong sut cuc dai dugc
truyen tr nguon dén tai khi dién tro nguon bang dién tro tai. Vi vay, cong suat cuc dai
tmyen tir ngudn tin hiéu t6i bo khuéch dai khi r, = 1y Tuong tu, cong suét cuc dai
truyén tir bo khuéch dai ra tai khi Ry = r,. Vi vy, do loi cong suét tong tir ngudn ra
tai sé cuc dai khi rs =r1;, va Ry = 1,. B khuéch dai ph01 hop véi ngudn khi rg = rjp, va
phéi hop véi tai cua n6 khi Ry =r,.

Muc dich phan cuc

Trong hau hét cac bo khuéch dai transitor don, ap ngd ra phai luén duong hodc luén
am. Trong trudng hop d6, dang séng ngd ra khong thé 1a dang AC thuan tay duogc, vi
theo dinh nghia, séng AC thay doi giira dwong va am. Muc dich viéc phan cuc trong
bd khuéch dai transitor 1a thiét 1ap mirc DC ngd ra ¢ giita tAm c6 thé c6 ciia ap ngd ra
dé mot dang song AC xuét hién trén n6. Hinh 5-7 minh hoa diéu nay. Ngé vao AC
1am cho 4p ngd ra thay dbi trén dudi mirc a4p phan cuc, nhung céc gia tri tirc thoi cia
ngo ra luén luén duong (trong vi du nay). Noi cach khac, dang séng ngo ra la:

v,(t) =V, + Asin ot (5-14)

Trang 5.7
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v6i Vi 1a ap phan cuc, hodc 1a thanh phén DC, cua ngd ra, va A 1a gia tri dinh cua tin
hi€u sin, thanh phan AC. Nhu da biét, tam gia tri nay tor Vg— A dén Vg + A.

maximum output
voltage

VB+A

v: bias
in
0 % Vo voltage Vg

Vg — A4
— — — e— —— —— _—_ minimum output
voltage

- [

Hinh 5-7: Muc dich phan cuc la cung ccfp mirc dc ma tai do su
bien thién ac co thé xuat hién

D& thiy rang gia tri Vs va A phai bao dam sao cho Vg + A khéng 16n hon gié tri
cuc dai (duong) ctia ap ngd ra va Vg — A khong nhé hon gia tri nhé nhat gia tri nho
nhat (duong) cua ap ngd ra. Néu 2 diéu kién trén khong thoa, thi ap ngd ra s& bi cét
(xén). Hinh 5 — 8 minh hoa xén am va xén duong do Vg qué 16n hodac qua nhd, va A
lai qua 16n. Vi xén do bién d6 A qua 16n, hinh 5 — 8(c), ngudi ta goi bd khuéch dai
bi lai qua murc (overdriven).

Hinh 5 - 8: Tin hiéu bi
xén la do murc dc khong
thich hop va do qua bién
do

(a) Positive clipping. (b) Negative clipping.
Vg too large. Vg too small.

Yo

===Vauin
>t
{c) Positive and negative clipping.
The amplitude A of the signal is too large.

Nhiém vu b khuéch dai 14 tao ra dang song 1a 1 dang khuéch dai song ngod vao.
Vi vay, xén tin hi¢u can tranh, con goi 1a 1am méo tin hi¢u, va xén 1la mot thi du cua
xén bién d6. Trong bo khuéch dai transitor, 4p min va max cia ngd ra 1a ap bio hoa
(saturation) va ap cit (cutoff). Vi vdy, gid tri min ngd ra c6 thé 1a 1 ap bio hoa vai
chuc Volt, va gia tri max ngd ra co thé 13 ap cit (cutoff) bang ap cung cap.

Trang 5.8
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Tu ghép

Trong nhiéu ung dung khuéch dai, nguén hodc tai, hodc cd hai, khong thé bi anh
huong boi ap DC hodc khong cho phép co dong DC. Vi du, loa dugc thiét ké dé chi
dap ung véi cac dao dong AC va hoat dong khong tot néu c6 dong DC. De ngan chan
dong DC ¢ ap ngd ra bo khuéch dai di vao tai, nguoi ta s€ gheép mot tu ndi tiép voi tai.
Tuong tu, dé chén dong DC tir bo khuéch dai vao ngudn tin hiéu, hodc nguoc lai, mot
tu duoc ghép ndi tiép voi ngudn. Cac két ndi tu nhu trén duoc minh hoa & hinh 5-9.
Nguoi ta goi day l1a tu ghép (coupling capacitor), hodc tu chan (blocking capacitor),
boi vi ching chian dong DC. Cac tu nay phai du 16n tong tré that nho ddi véi tin hiéu
AC.

Hinh 5-9: Si dung cdc tu ghép dé chan dong DC giita bo khuéch dai va
nguon tin hiéu va giita bo khuech dai va tai

5.2 Phan tich d6 thi b khuéch dai tin hi¢u nhoé CE

Phan trudc, chung ta da phan tich bd khuéch dai dung transitor mic CE, boi vi cdu
hinh nay rat thudng dugc str dung. Hinh 5-10 cho ta thdy mot mach phan cuc CE
duoc bd sung thém mot nguén tin hiéu AC ndi tiép v6i cuc nén, ta cling thém vao tu
ghép, nhung gia st rang thoi gian xét dii 1on dé c6 thé bo qua anh huong (cua ty) trén
tai.

Trang 5.9
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+Vee
- . . . +18 V
Rs$ o = e 3k
R | 576 k0 3
<
I T ‘\ I Vs ® L e
i =i
) in b Vin = Vhe Vo = Ve +0.03 0.65 V_
s \> -L -0.03}- Vs
Hinh 5-10: BJ khuéch dai E chung Hinh 5 — 11: Mot bé khuéch dai ac duoc

phan tich bang do thi

Cha y ¢ hinh 5-10 rang ki hiéu 4p va dong ngd ra, ngd vao bang ky tu thuong dé
chi do 1a tin hiéu AC. Ngudn tin hiéu gy ra bién d6i nho & ap ngd vao transitor, lam
cho dong cuc nén (base) ciing bi bién dong nho. Khi dong cuc nén tang giam, dong
cuc thu (collector) ciing vay. Bai vi dong cuc thu xap xi bang £ lan dong cuc nén,

nén chung ta dé dang tinh duoc do loi dong giira ngd ra va ngd vao.

Rt hitu ich néu chiing ta quan sat sy bién thién ngd vao va ngd ra trén dudng tai
duoc v€ chung vdi dac tinh ngo ra transitor. Poi voi vi du trén, chung ta s€ phan tich
do thi nhu hinh 5-11.

Dé x4c dinh téng bién thién ¢ cuc nén giy ra boi ngudn tin hiéu trong hinh 5-11,
chung ta s& str dung dic tinh ngd vao nhu & hinh 5-12. O day, bo qua anh huong hoi
tiép clia Vg trén ddc tinh ngd vao ma chi trinh bay dic tinh Iz — Vg cia transitor.
Gia st rﬁng mbi ndi BE duoc phan cuc thuat 1a 0.65V, su bién thién +0.03 V cua vs
lam cho Vg thay di giira 0.62 — 0.68. O hinh 5-12 cho thiy thay d6i 4p ngd vao lam
cho I dao dong gitra 20 £ A va 40 i A.

Puong tai trén hinh 5-11 cit truc Vg tai Vee = 18V va cit truc Ic tai
(18V)/3(kQ) = 6mA. Dic tinh ngd ra ciing duoc XY hinh 5-13. Piém Q la giao
diém cua duong tai va dwong cong ng véi dong nén khi vs = 0. Theo dinh nghia,
diém Q xéc dinh gi tri phan cuc ctia Vg va Ic, 13 cic gia tri ngd ra khi khong c6 tin
hiéu AC. Trén hinh 5-12, Iy = 30 & A khi Vg = 0.65V (vs = 0), diém Q la giao diém
ctia duong tai v6i duong cong Ip=30 1 A. Ching ta thy rang transitor duoc phéan cuc
vOi Veg =9V va I =3 mA.
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Nguoi soan: NGUYEN NGOC MAI KHANH Bo Mon Ky Thudt Dién Tur

Hinh 5 - 12: DPién ap trén BE
biéen thién twr 0.62V dén 0.68V
khi vs thay doi £0.03V voi ap
phan cuc Vpp=0.65V. Su bién
doi dp ngo vao lam Ip thay doi L
.~ \ e | :
giita 20uA va 40uA. ol
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Hinh 5 — 13: Khi dong cuc nén K
bien thién giita 20uA va 40uA, e = 5
ap trén CE thay doi gitta 6V va — STE-5 AR nas:
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Can nhic lai rang duong tai 1a duong tap hop cac két hop cd thé ¢6 cua Ic va Ve,
Vi vay, khi dong nén thay d6i tir 20 1 A dén 40 2 A, gia tri ctia Ic va Vg thay doi doc
theo dudng tai giita cac giao diém ciia n6 véi 2 dudng cong Ig =20 u Avalg=40 u A.
Trén hinh 5-13, dong cuc thu thay ddi gitra Ic = 2mA va Ic = 4mA khi cuc nén bién
thién tir 20 , A va 40 4 A. Vi dong cuc nén bién thién theo hinh sin, nén dong cuc thu
cling vay, dang song sin i, nhu trén hinh.

Chung ta ciing thy trén hinh 5-13 gi4 tri Vg thay d6i tir 6V dén 12V khi dong
cuc nén thay doi gitra 20 u Ava40 A Chiy, Vce gidm khi Ig va Ic ting, va nguoc
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lai. Vi vay, ap v, hinh sin ngugc pha 180° véi dong iy va i. hinh sin. Vi i, ciing pha
V01 Ve nén suy ra Ve cling ngugc pha 180° v&i vye. Hay noi cach khac, dp ngo ra ac
tir bo khuéch dai mdic CE sé nguoc pha 180° véi pha cia dp ngé vao AC. Piéu nay
duogc biéu dién bang phuong trinh duong tai nhu sau:

-1 Vee

I, ==V, +-<< (5-15)
C RC CE RC

Tir phuong trinh trén, ta thiy néu Ic thi Vg s& giam. Vi vay, khi 4p ngd vao ting, I
tang, Ic ting, va Vg giam. Nguoi ta néi rang bo khuéch dai ap CE gy nguoc pha,
hay 1a ddo nguoc dién ap.

Ta c6 thé st dung céc gia tri da vé trén dd thi dé tinh cac dic tinh quan trong cua
bd khuéch dai. Do loi dong la:

i, Al.  (4mAd)—(2mA) _ 2x10~°

i A, (40pd)—(20u4) 20x10°°

m

(viéc tinh todn trén bdé qua dong dién rat nho sinh ra do vg trong hinh 5-11, dugc dd
qua dién tré cyc nén 576 kQ va vi vay khong chay vao cuc nén transitor). DJ 1gi ap
A, la:

Av:v_U:AVCE: (6-12  _ -6V _ .
v, AV, (0.68—0.62)V  0.06V

mn

Trong phép tinh A,, chii y ring sy bién thién Vcg 1a A Veg = (6-12)V = -6V, khong
phai AVcep=(12-6)V = +6V. Vg = 6V khi Vgg = 0.68V va Vcg = 12V khi Vgg =
0.62V. Trong biéu thuc nay Ay c0 gia tri am. Déu 4m chi rﬁng dac tinh bo khuéch dai
nay 1 dao pha. Do 16n Ay 1a 100, nghia 13 4p ac ngd ra gip 100 lan ap ngd vao. Pung
nham 1an d6 loi Ay 4m véi gia tri Ay bé hon 1.

Chut y ca do lgi dong va do loi &4p ludn 16n hon 1 trong mach khuéch dai mic CE,
nghia 13 n6 khuéch dai ca dong va ap. Do loi cong suat bd khuéch dai trong thi du nay
14 A, = (100)(100) = 10,000. Bé y rang d¢ 16n ctia Ay duge st dung trong phép tinh
trén, vi do 11 cong suit ludn duong.

bién tré ngd vao cua bo khuéch dai:

p o Va BV 006V 5000
i A, 20ud

A
g o=t M L 36000
i Al.  2mA

Trang 5.12
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Anh huéng ciia vi tri diém Q ddi véi hoat dong AC

Chﬁpg ta s€ xét anh huong cua diém Q ddi véi hogt dong AC cua b6 khuéch dai. Gia
su rang gia tri dién tr6 Rp trong hinh 5-11 thay doi tr 576k dén 3.47M Q. Gia tri
tinh cua dong nén 1a :

_ (18-0.65)V

= =5
5 347x10°Q w

Hinh 5.14 chi diém Q trong trudng hop nay dugc dich xubng duong tai xudng giao
diém vé1 duong cong ¢ Iz =5 1 A. Tai diém Q méi nay, Ic = 0.5 mA va Veg= 16.5
V. Khi dong nén ting 10 A trén Q dén 15 1 A, c6 thé thay trén hinh 5-14 dong cuc
thu ting dén 1.5mA va Vcg giam con 13.5V. Tuy nhién, khi dong cuc nén giam
10 £ A duéi diem Q (1 lugng -5 u A), transitor s€ vao vung cat (cutoff). RS rang Ic
khong thé nhé hon 0 va Vg khong thé 16n hon Vee = 18V.

A}

THl DOt S S N N
|-
+

< . zea , b k ! I A
Hinh 5 - 14: Khi dién tro cuc s o

X . A . 2 = 7% e
nén tang, diem tinh Q di chuyén R e Syantemneats
xuong duoi dwong tai va tin o R AN EEi | e AL S
hiéu khuéch dai bi xén - ool
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> Vee »Vee
a)biem Q nam qua gan vung bdo b) Tin hiéu vao qua lon gay ra
hoa va ap ngo ra bi xén am xén am va xen dwong

Hinh 5-15

Nhu da chi trén hinh, dong ngd ra sém béng 0, tire bi xén. Cung luc do, Vg dat gioi
han 18V va dang song ngd ra bi xén dwong. Véi vi tri diém Q méi, sy thay doi 4p ngd
ra khong vuot qua 18-16.5 = 1.5V ma khong co xen duong xay ra. Vi vy, ap ngo ra
dinh - dinh la 2x1.5 = 3V, va ching ta n6i rang bo khuéch dai dat duoc dao dong ngo
ra 16n nhat 1a 3V. Diéu nay cho thiy sy quan trong ciia viéc dinh diém Q phai gan
gitta duong tai.

Néu diém Q dugc chon & trén qua xa duong tai, dao dong ngd ra sé bi gidi han
boi diém bat dau bao hoa. Piéu ndy duoc minh hoa trén hinh 5-15(a). O day, su gia
tang qua 16n cua dong nén 1am cho transitor bi bdo hoa. Dong cuc thu khong thé vuot
qué gia tri bao hoa va Vg lai luén 16n hon 0. Chinh vi vay, ap ngd ra c6 dang soéng bi
xén am, nhu trén hinh.

Ngay ca khi diém Q nam giita duong tai, xén am va xén duong Vr:m 6 thé c6 néu
tin hiéu vao qua loén. Hinh 5 — 15 (b) minh hoa truong hop dong cuc nén qua 16n lam
cho transitor vao trang thai bdo hoa va bi xén. Ta thiy rang ca xén 4m va duong xudt
hién khi bd khuéch dai bj 14i qua muc (overdriven).

Tuyén tinh va méo dang

Mot bo khuéch dai tot phai co dang song ngd ra 1a mot ban sao “that giéng” véi dang
song ngd vao (hodc la ban sao nhung nguoc pha voi ngd vao). Di nhién dleu nay
khong cho phép xén xay ra. Néu khong xét den xén, viéc song ngd ra co glong song
ngd vao hay khong con phu thudc vao do tuyen tinh mach khuech dai. Tuyen tinh
nghia 13 bat ky sy bién thién nao ciia ngd ra déu phai ti 1¢ truc tiép véi sy bién thién
ngd vao. Thi du, AV, =1V khi AV, =0.01V, AV, bang 2V khi AV, =0.02V, va

AV =0.5V khi AV, =0.005V. Do tuyén tinh cua transitor duoc quyét dinh bang cach
tinh pham vi ma twong duong véi viéc ting dong cuc nén ap tng voi cac dudng cong
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trén ddc tinh ngd ra CE. Néu chung ta gia st rang dong ngd vao ti 1€ voi ap ngd vao
(xem nhu mbi nbi B-E 13 tuyén tinh), thi su thay ddi 4p ngd vao s& gdy nén ap ngd ra
thay ddi trong pham vi ti 1¢ doc trén duong tai. Diéu nay chi xay ra chi khi cac duong
cong tng v6i dong nén c¢d dinh duoc dac ngang bang nhau. Hinh 5 -16 minh hoa diéu
nay, mot dac tinh ngd ra CE cb ¥ méo dang dé cho thiy rd cac khoang cach khong
ddng dang. Chu y rang khoang cach gitta cac duong cong tang lon hon cac gia tri cua
dong cuc nén. Trong hinh v&, dong cuc nén duoc cho 14 thay doi sin trén dudi 20 u A

v6i gia tri tinh 13 50 1 A. Su thay d6i tir 50 # A dén 70 1 A 1am cho I¢ bién thién tir
4mA dén 6mA, nhung sy thay ddi tir 50 z A dén 30 & A chi 1am cho Ic thay ddi trong
tim 4mA dén 2mA. Tuong ty, sy thay doi clia Ve tir (12.5V) — (2.5V) = 10V khi I
tang dén 70 £ A, nhung Vg chi thay doi (17.5V) — (12.5V) = 5V khi Iz gidm con
30 i A. Ta thay rd rang ngd ra bi méo dang, dang song khong dong dang.
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Hinh 5-16

Khi Iy tang khoang déu thi ddc tuyén lai dich khodng khéng bang nhau, nghia la phi
tuyen, gdy ra sdi dang o ngo ra.

Vung tich cuc cua dac tinh ngd ra transitor 1a vung ma cac duong cong dong cuc
nén thudng xap xi hodc bang nhau. Vi vay, ving tich cyc thuong duoc goi 1a ving
tuyén tinh. Di nhién, dudng dic tinh nhu hinh 5 — 16 5 rang 1a khéng tuyén tinh.
Trong thi du nay, phi tuyén 12 do thong s6 thiét bi (nhu ) thay dbi dang ké trong
vung hoat dong. Phan tich tin hi¢u nhé linh kién nay vi vay sé duoc gidi han trong
pham vi nhd doc trén dudng tai.
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Anh hwéng dién tré tai trong hoat dgng AC

Chung ra s& xét xem anh huong cia dién tro tai Ry dugce ndi vao ngd ra mach khuéch
dai CE. Hinh 5 — 17 cho thiy 1 tu dién duoc ghép vé6i 1 dién tro tai 6kQ . Chu ¥ rang
khi xét AC, thi dién tré Ry s& song song v&i Re. Ngudn ap DC bi ngan mach khi phan
tich tin hiéu AC, cho nén dién tré 3k Q trén hinh 5 — 17 bi ndi dat qua nguon 18V, va
ap AC tai cyc thu “nhin” 3k song song voi 6k€2. Noi tom lai, can dé vy rang khi
phan tich AC, nhu ngudn vy, chiing ta ngan mach tat ca nguén ap DC.

+18V

Hinh 5 — 17: Bj khuéch dai

CE cua hinh 5 — 11, dwoc bo 576 k0 €
A ’ N “A <

sung thém tu ghép vao dién <

tro tdi 3

Vs

e

Dién trd tai ac, ki hi¢u 1a ry, chinh 1a R¢ song song vdi Ry :

RCRL
r.=Re IR, R.+R, (5-106)
Trong thi du nay, r. = 3kQ)/(6kQ) = 2k Q. Di nhién la dién tro tai DC van la
3kQ, boi vi tu dién da ngan khong cho dong DC qua dién tré 6k Q).

Su khéc nhau gitra di¢n tr¢ tai ac va DC c6 nghia la chiing ta khong tinh ap ngd ra
bang dudng tai véi Re = 3kQ. Thay vao do, ching ta s& dung duong tai ac, voi
=2k Q. Pudng tai dua trén Rc dugc goi la duong tai DC. Boi vi duong tai ac 1a tap
hop tit ca cac diém két hop giita dong va ap cuc thu, nén nd phai gdm ca diém ma
ngd vao ac = 0. Piém nay chinh 1a diém Q cua dudng tai DC, suy ra la duong tai ac
va DC giao nhau tai diém Q. Hinh 5 — 18 cho thay dudng tai DC va ac cung dugc vé
trén 1 déc tinh ngo ra.

Chu ¥ 1a dudng tai ac doc hon dudng tai DC. Nhé rang d6 dbc duong DC 1 -
1/Ry, trong khi cua duong ac 1a -1/r, ma r <Rp. Phuong trinh dudng tai ac:

v,

I,=—=+1, G-17)
rL

V,=Vy+1,r, (5-18)
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Hinh 5 - 18: Duong tai DC va ac
voi
I 1a gid tri tinh cua Ic
Vg la gia tri tinh cia Vg
I, va V, la gia tri dong I¢ va 4p Vg cua duong tai AC trén tryc toa do.

Doi voi thi du nay, ta co:

oy

[ =—
2x10°Q

V. =9V +(3x107° 4)(2x10°Q) =15V

+3x107° 4="7.5mA

Can nhic lai rang dudng tai ac 1a tap hop tit ca cac trudng hop két hop c6 thé co cua
ap CE va dong cuc thu, va duong tai DC thi khong ¢ diéu nay. R4t dé nhim 13n rang
duong tai DC chi phdi ap qua Re va dudng tai ac lai chi phéi ap qua Ry. Can nh rang
dong va ap trén Ry c6 dang séng thuan ac gdbm phan dwong va am, vi tu chian da ngin
thanh phan DC cua song cuc thu. Sy khac nhau duy nhat gitra v va ap cuc thu 1a
thanh phan DC!

Mot diéu nita 1a duong tai ac 1am cho bién d6 ctia ap ac ngd ra nhod hon so véi ap ngd
ra do dudng tai DC. Piéu nay dugc minh hoa trong hinh 5 — 19, véi cac dién ap ngd
ra déu dugc vé dya trén ca 2 duong tai ac va DC. Su bién thién dong cuc nén déu nhu
nhau trong 2 truong hop, va dé thay rang duong tai ac ¢ d6 déc hon 1am cho bién do
ngd ra nhé hon. Viée ndi 1 tai ac vao ngd ra bo khuéch dai ludn ludn lam giam bién
do ngd ra ac cua no.
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Hinh 5 — 19: dp ngé ra dwoc quyét dinh Hinh 5 — 20: Néu diém Q dich trén
boi duong tai ac sé nho hon néu nhu duong tdi dc, thi duwong tdi ac sé dich
dwoc quyét dinh boi duong tai dc song song

Néu dién tré nén R thay doi, diém Q sé& dich dén 1 vi tri méi trén dudng tai DC.
Do dudng tai ac cling di qua diém Q nén nd ciing s€ bi dich theo. Nhu trén hinh 5 —
20, cac duong tai ac song song ung véi cac diém Q khac nhau, vi chung c6 cung do
déc 1a -1/rr.

5.3 Phén tich mach khuéch dai sir dung cac mé hinh tin hiéu nhé

Cic thong s6 tin hi¢u nhé
Céc mach transitor thuong dugc phén tich bang dai s6 hon 1a bang phuong phap do6
thi, cho nén rat thuan tién néu transitor duoc thay thé bang mot mach twong duong
nao do. C6 nhiéu loai mach tuong duong da dugc dung cho transitor, mdi loai ¢co
nhitng diém riéng ma né s& t6t hon hodc chinh xac hon cho mdi kiéu phan tich. Dang
mach tuong duong s€ dua trén cic thong s6 transitor duoc chon 1am co sé cho mach.
Mot thong so transitor 14 mot ddc tinh hodc dic trung nao d6 ma co thé dugc biéu
dién bang gié tri s6. Vi du, & va £ 1a cac thong sd transitor. Chiing duoc tinh tir mbi
quan hé sé gitra 2 lugng (trong truong hop nay la ti s6 cta 2 dong). Cac thong sO
transitor ciing 1a cac dic tinh vat 1y ¢b hitu dic biét, chang han nhu dién tré ving nén,
hodc d6 rong cua vung nghe¢o CB.
Céc gié tri ciia thong s6 tin hiéu nho dugce xac dinh dudi didu kién hoat dong tin
hiéu nho (AC). Thi dy, gié tri tin hi€u nho £ la:
==
Ly
Phuong trinh trén chi rang A 1a ti s6 dong AC cyc thu va dong nén AC véi Vg ¢b

dinh. A tin hiéu nho dugc xac dinh tir tip hop cac dic tinh cuc thu bang cach xay
dung dudng thiang dimg ( mot dudng voi Ve 13 hing s6) va tim Alc/Alg. (nhu mot

(5-19)

Vep=cons tant
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bai tap, dung hinh 5 -13 tim £ tin hi€u nho tai Vg = 10V khi Ig thay ddi tir 20 HA
dén 40 £ A.). Cho dén gid, ching ta xdp xi 8 bang cach lay ti s6 2 dong DC:
B ~1c/Ig. Dé phan biét gia tri nay véi gia tri tin hiéu nho, nhiéu ngudi sir dung ki
hiéu S pc dé chi rang d6 1a ti s6 cac dong DC. Trong hau hét cac tng dung thyc té,
gi4 tri tin hiéu nho va DC clia 8 x4p xi gan bang nhau, va vé sau chiing ta s& sir dung
ky hiéu fpc chi khi cin nhin manh rang d6 1a gia tri DC. Twong ty nhu /3 tin hi¢u
nho, a tin hi€u nhé dugc dinh nghia tir cac dong ac nhu sau:

o =—
1

e

Veg=cons tant (5 - 20)

Mot thong s6 vat Iy quan trong cuda transitor 1a dién trd tin hi€u nhd tr cuc phat
dén cuc nén (EB), dugc goi 1a dién tré cuc phat r.. Dién tré nay giong nhu dién trd
ngo vao tin hi¢u nhd cua transitor trong mé hinh cuc nén chung (CB):

\%

_ "be
re_.
1

e

(5-21)

Vep=cons tant

Vi mdi ndi E-B ¢6 thé duoc xem 1a 1 diode phan cyc thuan, nén gia tri Xép Xi re cO thé
duogc tinh tuong ty nhu ching ta tinh dién tré dong cia diode (chuong 3). Nhac lai
rang rp ~ V1/l ~ 0.026/1 tai nhiét d phong, véi I 1a dong DC trong diode. Tuong tu,
0.026
r, & Q (5-22)
]E
voi Ig 1a dong DC cuc phat.
Dién trd cuc thu tin hi¢u nhd r, 1a dién tr¢ AC tir cyc thu dén cyc nén. N6 tuong
tu nhu dién tréd ngd ra cua transitor trong moé hinh cuyc nén chung (CB) va thuong co
gia tri vai megohms, vi n6 di qua moi noi phan cuc ngugc:
v
r,o=-—2 Q (5-23)

c i I =constant

M6 hinh mach khuéch dai tin hiéu nhé CB

Hinh 5 — 23 cho thiy mét transitor trong cdu hinh cuc nén chung (CB) va mé hinh
xap xi tin hi¢u nho. Nhé rang tat ca cac dong va ap déu 1a AC.

—— C
—0
:trc T
- 1 Veb
a) Céau hinh B chung b) M6 hinh tin hiéu nhé ciia cau hinh CB

Hinh 5 — 23: M4t transitor mdc kiéu CB va mé hinh tin hiéu nhé ciia né

Trang 5.19



Nguwoi soan: NGUYEN NGOC MAI KHANH Bo Mon Ky Thudt Dién Tur

Trong md hinh 5 — 23 bao gdm ngudn diéu khién dong AC cho 1 dong dién « i.. Vi
vay, dong cuyc thu i. bang « i., cho nén mo hinh twong d6i bi anh huéng boi mbi quan
hé gitta i. va ic. M6 hinh khong trinh bay anh hudng hoi tiép nhu da dé cap & chuong
4; d6 13, khong thé hién sy phu thudc i. vao Ves. Trong chuong sau, chiing ta s& dé
cap mo hinh hybrid phirc tap va chinh xac hon va ciing bao gf)m ca anh huong hoi
tiép. P61 voi hau hét cac bai tap phan tich va thiét ké thuc té, hoi tlep duogc bo qua.

R& rang la dién tré ngd vao transitor bang r, trong md hinh xap xi CB. Gi4 tri nay
tuong d6i nho, thudng nhé hon 1000

Tin = Te 5-24)
Mit khac, dién tré ngd ra transitor c6 thé duoc xem 1a bang r.:
I =TIt (5-25)

]:)é minh hoa lam cach nao c6 t’he; stt dung mo hinh tin hiéu nho dé phén tich mach
khuech dai thuc té, chung ta sé két hop no6 trong mo hinh mach khuéch dai CB nhu
trong hinh 5-24(a). Hinh 5-24(b) trinh bay mach tuong duong hinh (a) bén ngoai
transitor. D& ¥ rang tat ca cac nguon DC déu bi ngan mach khi xét mach twong dwong

AC. Cqm cung, hinh 5-24(c) cho thiy toan bd tuong dwong AC khi transitor dugc
thay thé bdi mo hinh tin hi€éu nho cua no

Ve =V, =ir,va v, =i R.=ai R (5-26)

vi a=1,v, =ir, nén do loi ap la:

R, R
AV::_nz’;_rC:r_c (5-27)

l( 4 LA Ad
Vv 's Yy
I Vee

o BoO khuéch dai CB dwoc 1di béi nguén tin hiéu nho, vs

s—i}—
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Vs

1
N

b) Bé khuéch dal CB cua hmh a) khi mach ben ngoai voi tmnsztor duge thay thé

twong duwong
tin . ,
VS Yo

¢) Toan bg mach twong dwong tin hiéu nho kiéu CB, khi transitor trong hinh b) dwgc
thay the bang mo hinh cua no.

Hinh 5 — 24: Khai trién mach twong dwong ciia bg khuéch dai méc B chung

Hinh 5 - 25: Mach twong
dwong CB thuc 1é dwoc gon
lai v&i diéu kién (thuong
gap): r¢||Rg =v.va Rc||re=R¢

Do loi dong trong hinh 5 — 25 1a

Vi vay, d¢ loi dong cua mach khuéch dai mic CB ludn ludn bé hon 1.

Mot mach khuéch dai CB trén hinh 5 — 26(a) duoc l4i bai ngudn c6 ndi tro 14 rs.
Dién tré tai 1a Ry. hinh 5 — 26b cho thdy mach tuong duong AC gia st ring Rg[re~re,
Ie|[Rc~Rc. Hinh 5 — 26¢ trinh bay mach khuéch dai véi transitor duoc thay thé bang 1
khdi don c6 cac thong sb tir phuong trinh 5 — 26 den 5 — 28. Chu y rang nguon ap
trong hinh 5 — 26(c) 1a twong duong Thevenin ciia ngudn dong trong hinh 5 — 25,
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Do loi 4p va d loi dong tong quét tr nguon dén tai cia by khuéch dai AC dugc
cho trong phuong trinh 5 — 12 va 5 — 13, phan 5-1. Ap dung cac phuong trinh nay cho
hinh 5 — 26(c), ta co:

V_L:& Fe R (5-29)
ve 1, \rg+r, \R.+R,

e

T S % RE
¥ T™

Yee

ul——a}—v:—#
-~
%)

a) Bo khuech dai CB vai tdai Ry va dvwoc ldi boi nguon co noi tro rs

i
e
ai, Rc i» R, v,

v

b) Mach twong dwong ac cua hinh a)

Ts

v

¢) Mach nhu hinh b) véi transitor dwoc thay thé bang 1 khoi khuéch dai don gian

Hinh 5 — 26: B¢ khuéch dai CB c¢6 dién tré nguén va dién tro tdi
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va

R Re (5-30)
Ig rg+1r, \R-+R,

voiig la ngudn dong tuong duong (Norton) bang v/rs.
_Ap AC ng0 ra tur bo khuéch dai CB la cung pha v61 ap AC ng6 vao. Chung ta c6
the suy ra di€u nay bang cach viét lai phuong trinh 4 — 17 dé c6 phuong trinh sau:

Ve = Vee - IcRe (5-31)

Néu ting 4p (ngd vao) mdi ndéi EB lam giam phan cuc thuan mbi ndi ndy va vi vay
lam gidm dong cuc phat. Nhung dong cuc phat gidm lai lam cho dong cuc thu gidm,
vi Ic= aIg. Giam Ic dan dén Relc trong phuong trinh 5 — 31 gidm dan dén Vg ting.
Tom lai, dong cuc phat (E) tang s€ lam cho dong cuc thu (C) tang, va nhu vay ngo
vao va ngo ra cung pha.

Can phan biét dién trd ngd vao va dién tré ngd ra cua riéng transitor va ciia mot
tang khuéch dai. Chinh vi vy, ta sir dung thém ki hiéu (stage) sau ri, va r, dé chi rang
d6 1a cua tang khuéch dai.

Fin (StagE) Fin Fo ro(stage)
—
Ve
;. (stage) T, r, folstage)
—illin. i-i- C-.-—".- [ S—
P -
RE T EH‘. e RC
B =

(b) Mach twong dwong ac cua (a)
Hinh 5 - 27: riy(stage) va r,(stage) la dién tro ngé vao va ngo ra cua tang khuéch dai
tong quat
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B6 Mén Ky Thudt Dién Tir

Mot mach khuéch dai CB nhu hinh 5 — 27 véi cac ky hiéu quy wdc nhu trén, chu :

r, =1,

r,(stage)=r, | R, =7,

m

1, (stage) =7 || Re ~ Re

(5-32)

(5-33)

Céc phuong trinh 5 — 34 tong két tit ca phuong trinh trong phén tich tin hiéu nho tang

khuéch dai mic B chung (CB)

Cac phuong trinh tin hiéu nhé mic B chung

. 0.026

Q) (tai nhiét do phong)
E
v, =r

m e

rin (Stage) = re H RE ~ re

r, =7,
1, (stage) = 7. || Re ~ R
_n,(stage) _r.||R. Rc

r, (stage) 1, || R,

e

V—L:A r, (stage) R,
Vg r¢ + 1, (stage) \ R, + R,

A re RC
\rg+r, \R, + R,

1 (output shorted)

Q

r— (output open)

T
alS:_
rS+r R +R rg

Thidu5—4

Cho mot mach nhu hinh 5 — 28, tim:
(1) Tin

(2) rin(stage)

(3) Ay

(4) vi

(5) i

(6) 1./is (gia st a=1)

(7) i, str dung két qua cau (6)

(5-34)
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: /3
(Si) —
Hinh 5 - 28 K1t +—i€
(thidu 5 —4) I
500 2 k0 L k2 40 )
10 mV rms L -L
-6V +6V = -
Is = 090 .
. Wy 0
. A_,I;S = VS/"S
- ~N = 10mYV rms
vg = lOmVrms@ 4 50 Q <5
’ = 0.2 mA rms $08
O

Hinh 5 — 29: Chuyén doi nguon dp ngé vao thanh nguon dong twong dwong

M&é hinh mach khuéch dai tin hiéu nhé CE

D¢ phat trién mot md hinh cho transitor véi cu hinh E chung (CE), ching ta s& bt
dau tir dién tré ngd vao ctia cau hinh nay. Hinh 5 — 30 cho thidy mach ngd vao CE véi
r. duge ve trong cuc phat (E), de chi ring d6 1a théng sd noi transitor. Dién trd AC
ngo vao la ri, = Vpe/ip. Nhic lai rang ie = (S +1)ip, ta co:

l/(ﬂ g P )e

nhung vye/ie = e, nén:
r, =(B+1)r, = fr. (mic E chung ) (5-35)

Phuong trinh 5 — 35 cho thdy dién trd ngd vao trong cau hinh CE 16n hon xap xi
lan trong c4u hinh CB. Cung c6 thé ching minh rang dién tré ngd ra cla transitor
trong cau hinh CE nhd hon xap xi £ lan trong cau hinh CB: r, = r/ . Vi dién trd
ngd vao khi mic CE 16n hon A 1an va dién tré ngd ra nhd hon £ so véi trong cau
hinh CB, nén mach khuéch dai mac CE dap ung tot hon trong khi khuéch dai ap so
v61 CB.
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C
:E ro/B
vce

[/ J—— [ S—— iC

e Biy

A

>

’e\’e
\/

be

— ‘aame
- -

o
 m— T
AN j
®

Hinh 5-30 Hinh 5 - 31
Mach ngé vao transitor Mo hinh xap xi tin hiéu nho cua transitor trong
trong cau hinh CE cau hinh E chung (CE)

Mot mé hinh transitor mic E chung dugc cho trén hinh 5 — 31. Ngudn dong phu
thudc co gia tri fi,, voi ic = Fi,. Mot lan nira, ching ta bo qua anh hudéng hoi tiep,
boi do 1, phu thude 1 cach nao d6 vao Vcg.

Hinh 5 — 32 trinh bay mét tang khuégh dai mic E chung va mach tuong dwong
AC cua no. B¢ y la nguon ap DC bi ngan mach khi phan tich AC, nhu truée day.
Trong hinh 5 — 32(b), c6 thé thay r./ f song song vdi Re. Trong hau hét cac truong
hop, 1/ B >> Re, vi vay 1/ B || Re = Re. Thi dy, tiéu biéu nhu r. = 10MQ, £ =100,
va Rc = 1kQ, nén (r/ £) || Rc = (100k Q) || (1kQ) =990Q . Nhu vay, dién tré ngd
ra cta tang khuéch dai 1a

Fo(stage) = R (5-36)

va ap ngo ra la:
Vo = icro(stage) = ﬁibRC (5 - 37)

D@ thay tir hinh 5 — 32(b) la:

Vi = (B, (5-38)
Vi vay,
AV — vo — _ﬂleC — _RC (5 _39)
vin ﬂreib re
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+ VCC

Rp

? 1

(a) BY khuéch dai E chung

lll*—cf

rin(stage) iy IR ro(stage)
s

!
}

Vg RB ﬁre 6"19 rc/ﬁ RC

N
|

(b) Mach twong dwong ac cua (a), véi mé hinh khai trién tic hinh 5.31

Hinh 5 - 32
Bo khuéch dai E chung va mach twong duwong ac.

Vi dau trur chi rang ngd ra va ngd vao nghich pha nhau, nhu da trinh bay ¢ phan 5 —
2. D9 lgi dong cua transitor 1a ti s6 dong ngd ra i, va dong ngd vao cla no ip:

A="=p (5 - 40)

Phuong trinh 5 — 39 va 5 — 40 cho thiy rang mach khuéch dai CE cung cip d6 loi ap
va do loi dong déu 16n h0‘1} 1. ’
Dién tréd ngd vao cua tang khuéch dai cia hinh 5 — 32(b) la:

rin(stage) = RE ” (ﬂre) ( S5- 41)

Trong nhiéu mach thuc té nhu hinh 5 — 32(a), Rg 16n hon Sr. rat nhiéu va
phuong trinh 5 — 41 con lai 1a: riy(stage) ~ SBr.. Tuy nhién, d6i v6i nhiéu mach phan
cuc cai tién hon chung ta s& gap thi s€ khac. . .

~ Hinh 5 — 33 trinh bay 1 tang khuéch dai CE gom ca dién tr6 ngudn va dién tro tai.
Ap dung phuong trinh 5 — 12 va 5 — 13 d¢ tinh d96 loi 4p va do lgi dong tong, ta co:
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V_L — A m(stage) RL — R_C RB || (ﬂre) RL (5 _ 42)
r, 4+, | R, +R r, | r,+Ry || (Br,) || R, + R,

in(stage) | L C | e

l:i:Al- Ts HRB RC :Ai Ts HRB RC (5_43)
ig 1| Ry +7, | R, + R | r.||Ry+pr, | R, + R,

v6i is = Vs/I's. , , )
Cac phuong trinh 5 — 44 tong két lai tat ca phuong trinh phan tich tin hiéu nho
cho tang khuéch dai mac CE:

Hinh 5 -33
Tang khuéch dai E chung co dién
tro' nguon va dién tro tai

Cic phwong trinh tin hiéu nhé mic E chung

0.026
vy =
e IE
r, =B+, =1, = fr,
r,(stage) =Ry || 7, = Ry || (Br.)

Q (tai nhiét d phong)

r,=r./p
r,(stage) =R || (r./ )= R, (5 - 44)
t -R
A, = 7, (stage) ~—C¢ (output open)
re e

A A
Vs "L + Ry 1(Br) \ R, + R,

~A T RC
\rg+r, \R, + R,

1 (output shorted)

. Vs
Jlg =—
rS+r R +R rg

ll
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Thidu5-5 ) .
Tim ap ngd ra ciia mach khuéch dai nhu hinh 5 — 34, gia st rang rs = 0.
+15V
200 k@2 Lk
it
i\
(Si)
20 mV rms 8 = 100

10 k@

II}G———,S —_

Hinh 5 — 34
(Thi du 5 5)

Giai

Pé tim 1, ta phai tinh dong tinh cuc thu:

LA CE R
R,  200x10

I, ~1,=pBI,=100(71.5u4)=7.15mA

Vi véy, 1. = 0.026/(7.15x107)=3.64 Q. Tir phuong trinh 5-39, A, = -R¢/r, = -10°/3.64
=-274.7. Do rs = 0, phuong trinh 5-43 tr¢ thanh

LN R A (R 70 | L R R yPY
v, R, +R. (10kQ) + (1kQ)

Nén, bién do cua vila vi = (249.7)(20mA rms) = 4.99V rms.
Anh huéng ciia dién tré tai AC

Con mot cach khac dé xét phu:ong trinh d6 loi ap 1a xem do loi 1a 1 ham cua dién tro
tai AC .. Dé tap trung xét riéngvan dé nay, chung ta gia sir rang bo khuéch dai CE
duoc 141 boi 1 ngudn c6 noi trd rs = 0, vi vay phuong trinh 5-42 tré thanh:

Y _ “Re[_ R (5-45)
Vg r, \R, +R.

Phuong trinh nay c6 thé viét lai:
V_L___l( R, R, JZ_RLHRC _h

Vs R, +R. r, r,

(5-46)
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Ap dung phuong trinh 5-46 cho thi du 5-5, ta co:
Vo —-(10x10°Q) || (1x10°QY)
Vs 3.64Q

=-249.7

Vi vay, bién dg ctua v 1a v = (249.7)vs = 249.7(20mV rms) =4.99 V rms.

Phuong trinh 5-46 chimg to rang d6 loi ap mach khuéch dai ti 1¢ truc tiép voi dién
tro tai rp, = Rr||Rc. Vi Ri||R¢ < Re, nén khi méc thém R; vao mach khuéch dai ludn
lam giam d¢ lo1 ap. Anh huéng nay twong tu nhu khi ching ta phan tich d6 thi mach

khuéch dai CE (xem hinh 5-19 va thi du 5-3).

ple
. Yol
Hinh 5 - 35 I + T ac load line
Dfro*ng tdi ac gio hc,fn dao Vee
dong ap ngo ra khoang Re
nho nhat giita Vo va Ipry p Q
2 ni dc load line

maximum maximum

€ SWiNng ——3le— swing
below above

Q-point Q-point

B VQ—---,VQE IQrL:IVQ +lor. Vee

Mot két qua nita cila viéc mac dién tré tai Ry ghép tu 1a giam dao dong ap ngd ra
cuc dai ctia by khuéch dai. Ta thdy tir phuong trinh 5-17, 5-18 1 duong tai AC giao
vo1i truc Vg tai V, = Votlor, va giao voi truc Ic tai I, = Io + VQ/I'L, voi Ig va Vo Ia
toa d6 diém Q. Chinh vi vay, dé thdy rang bién d6 duong 4p ngd ra khong thé vuot
quéa 4p phan cuc 1 lugng 16n hon Igry (xem hinh 5-35). Ap ngd ra c6 thé dao dong
trén diém Q 1 luong Igr, va dudi diém Q 1 luong 1a Vq. Suy ra, sy bién thién 16n nhat
ap ngd ra 1a min giita Vq va Igry. Béi vi, néu ngd ra dao dong duong qué Ior, dinh
duong cua no6 s€ bi xén, va néu ngo ra dao dong dudi qua Vq , dinh am s€ bi xén.

Thi dy 5-6

Tim ap dinh-dinh cyc dai ma ngudn & hinh 5-36 ¢ thé cung cap ma khong giy xén
ngo ra bd khuéch dai.
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Hinh 5-36
(Thidy 5 —6)

100 @ 2.2 kQ

Vs

1

Gidi. Trudce tién, ching ta tinh céc gia tri tinh:
_(15-0.7V
P 280x10°Q
I.=1,=pl,=100(51.1u4)=5.11mA4
Vo =Vee —1yRe =15V —(5.11mA)(1.5kQ) = 7.34V
r, =R, || R, =(1.5kQ) || (2.2k€2) = 892Q2

=51.1u4

Vi vy, ap ngd ra dao dong 16n nhat trén Vo=7.34V 1a Ior,=(5.11mA)(892 Q )=4.56 V.
Vi Vo = 7.34V, sy dao dong cuc dai ngd ra quanh diém Q la min(4.56V,
7.34V)=4.56V. Do vy, bién d¢ dinh - dinh AC 16n nhat & ngd ra 1a 2x4.56=9. 12Vpp.

Pé xac dinh ap ngudn co thé cung cip 9. 12V,, ngd ra, chung ta phai tim d¢ loi

tang khuéch dai.
Ig = [c=5.11 mA
- 0.026 _ 0.026 5000

I, 5.11x1074

Dé 4p dung phuong trinh d6 1oi 4p (5-42), chung ta phai tinh ri,(stage) = Rg||( A re):
7, (stage) = (280x10°Q) || (100)(5.09)Q = (280x 10’ Q) || 509Q2 = 5092

Ap dung phuong trinh 5-42, ta c6:
v, _ —1.5x10° ( 509 J 2.2x10°
Vg 5.09 (100+509 )\ 1.5x10° +2.2x10°

]= —-146.45

Vi véy, ap ngudn dinh — dinh cuc dai la:

vy(max, p — p)—%—6227mVp p
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M6 hinh khuéch dai tin hiéu nhé mic CC (C chung)

Hinh 5-39(a) cho thdy mot mach khuéch dai mic C chung (collector) va hinh 5-39(b)
trinh bay mach dap ung tuong dwong tin hi¢u nho. Chu y la cyc thu 6 hinh 5-39(b)
dugc noi dat, vi ngudn Vee duoc ndi truce tiép véi cuc thu va cac ngudn DC dugce
ngdn mach khi xét AC. Pién trd tai Ry khong xét [y phan nay.

Nhu trong mé hinh CE, dién tr¢ gitra cuc nén (B) va cuc phat (E) la fr., xem
nhu xp xi bang r, =(f+1)r.. Dién tr¢ tong ngd vao tai cuc nén transitor (giita nén
va dat) 1a:

o=t i (5-51)

[——
Tin(stage) r,(stage)

s

vs

I

(a) Mét bo khuéch dai C chung

iy = by
—> 5 ¢
—_— — ‘F
Tin (stage) Tin
s Rg S5 Bip
r,(stage)
vs = v y

(b) Mach twong dwong tin hiéu nho cua (a)

Hinh 5 -39
B¢ khuéch dai C chung va mach twong dwong tin hiéu nho

Dé y 1a mach CC thi vy, 1a ap AC giita cuc nén (B) va cuc thu (C), ciing c¢6 nghia la ap
gifta cuc nén va dat. Dong ngd vao i, ciing chinh 14 ip.

Tam thoi ching ta s& thay Ar. trong hinh 5-39(b) bang gié tri chinh xac hon 14
( S+1)r.. Dung dinh luat Kirchhoff vé 4p cho cuc B va dit trong hinh 5-39(b), ta co:
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=i, (f+Dr, +i,R,
=i,(B+Dr, +i,(B+DR, (5-52)
=i,(B+D(r, +R;)

vin

Thay (5-52) vao (5-51), ta duoc:

(B Ry)

in

=(B+D(. +R;) (3-33)

Ly

vol f+1 = B, taco:
Ty = (B, +Ry) = f(r, + R,) (5-54)
Trong nhiéu mach thuc t&,Rg >> r., nén 1y, c6 thé duogc Xép xi la:
1 ~ R, (5-55)
Ttr hinh 5-39(b), dé thay rang:
r.(stage) =Ry || 1, = R, || BR; (5-56)
Phuong trinh 5-43, va 5-55 cho thdy rang dic diém quan trong nhét cua bo khuéch dai
CC trong cac ung dung thyc te 1a: dién tréd ngd vao cua nd cé thé rat 16n hon so voi
cac mo hinh khéc. Vi du, v6i Rg = 1kQ va =100, s€ cé ri, ~100kQ.
Nh6 lai chuong 4 13 4p ngd ra ctia m6 hinh CC chinh 13 ap CE. Vi cuc C ndi dat,

ap AC ngd ra ciing 14 4p giita cuc E va dat (xem hinh 5-39(b)). Vi vay, do loi 4p cua
Transitor CC la:

A =Y JLRe (5-57)
vin Vin
Thay thé vi, vao phuong trinh 5-52, ta c6:
A — ieRE
C (B0 Ry) 558)
,(B+DR, R,

T, (B+D(,+R,) r+R,

Do re+Rg > Rg, phuong trinh 5-58 chimg t6 rang transitor ludn luén c6 dg lgi dp nho
hon 1. Nhu da dé cép trén, thuong sir dung Rg>>r., vay ta co xap xi sau:
R R
4= Re R (5-59)
r,+R, R,

Phuong trinh 5-59 cho thay v,/vi, xip xi bang 1, c¢6 nghia 1a vV RV,

in?

tuc la ap ngo ra
bang 4p ngd vao: ngd ra va ngd vao bi “chia cat” dién tré AC cua modi noi BE phan
cuc thuan. Hay noi cach khac, ap ngd vao (cuc B véi dat) giong voi ap ngd ra (cuc E
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véi dat), ngoai trir bi mat 1 lugng nho trén moéi ndi. Cha y rang khong c6 ddo pha
gilra ngo ra va ngo vao.
Dong ngd vao va dong ngd ra 1a i, va i, ta c6 do 1oi dong nhu sau:

L _BEDh gy p (5-60)

4, ="=
Ly Ly
Do vy, trong khi d¢ loi ap CC thi be hon 1, d6 loi dong lai 16n hon 1, suy ra d6 loi
cong suat:
A,=4,4; = 4, (5-61)

Ta dd c6: i, = (B +1)i,, suy ra la dién tré nhin vao cuc nén 1én gip (S +1) lan dién
tré thue sy ndi gitra cuc B va dit (phuong trinh 5-54‘). Nguoc lai, dién tré nhin yéo
cuc E nhd hon ( £ +1) lan dién tr¢ tir cuc E tré ve€ nguon tin hi¢u. Pién tréd ngd ra tang
CC trong hinh 5.39, ro(stage), 1a dién tré nhin vao cuc E song song voi Rg. Vi vay, ta
co:

(5-62)

1, (stage) = Ry | [M}

p+1
véi R’g 12 dién trd nhin tir cue B trd vé ngué)n tin hiéu. Hinh 5.4‘0 cho théy R”B duoc
xac dinh trong mach tuong duong AC cuc B. R’g dugce tinh bang cach ngan mach
nguodn tin hi€u xuong dat, nén:

R, =R, |7 (5-63)
Lay (5-63) trir cho (5-62) ta duoc:

_ (B+Dr, + Ry || 75
e, [ 252015

R R
R |+ Bl | ooy 1,4 Rollrs
pel F;

(5-64)

Hinh 5-40

R’p la dién tro twong ‘ﬁ
dwong Thevenin nhin tir - F T

cuee nén tré vé nguon. I

R ’B = RB’ ’VS s

Vs

Phuong trinh 5-64 cho thiy dién tré ngd ra cua bd dan cuc E c6 thé kha nho. Thi
du, v6i R =1kQ, 1. =25Q, Rz =100kQ2, rs =50Q va =100, ta co:

r,(stage) =~ (1x10%) || {25+[(100x10%) || 50]/100}
=(1x10%)||(25+0.5) = (1x10%)]| 25.5 = 25Q

Khi rs = 0, chii ¥ rang Rg||rs = Ova phuong trinh 5-64 tro thanh:
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r,(stage) ~ R, ||7, (5-65)

Hinh 5-41 cho thy dién tr¢ tai duge ghép cuc E thong qua tu ghep. Vi tong tro
AC noéi gitra cuc E va dat 1a rp = Rg||[Rr, nén dién trd ngd vao tir phuong trinh 5-54 va
5-56 tr¢ thanh:

r, =B+, +r,)= p(r,+r,) (5-66)
r,(stage) =Ry [[(B+D(r, +r,) = Ry || B(r, +1,) (5-67)
Sy x4p xi ¢ 2 phuong trinh trén 1a do S+1=~ (5-68)
+Vee
Hinh 5 - 41
Mach theo cuc phat voi dién :E

Rp
rin(stage) € Tin

—*

tro tai Ry,

Ts

Vs

Do lo1 &p tong ctia tang khuéch dai, tinh ca dién trd tai va dién tré nguodn, cé thé duoc
xac dinh nhu sau:

Vo _ . n r,, (stage) (5-69)
vg 1, 41, | g+, (stage)

voi I, = RE H RL

V6i rg nho, phuong trinh 5-69 dugc tinh gan ding nhu sau:

Vi R R, (5-70)
v¢ 1 +R,| R, +1,(stage)

(Phuong trinh 5-69 chinh xac khi rg=0)

Mic du bo theo cuc phat ¢6 do loi nho hon 1, nhung n6 c6 thé duoc sir dung dé
cdi thién d6 loi 4p cua hé théng khuéch dai 16n hon. Béi vi dién tré ngd vao cua nd
16n, nén né khong 1a 1 “tai ganh ning” cho ngd ra cua mot bo khuéch dai khac. Noéi
khéc céch, tai c6 dugce trong mach theo cuc phat ndi v6i 1 bo khuéceh dai khac rd rang
khong c6 giam do loi 4p ctia bo khuéch dai d6. Tuong tu, voi dién tré ngd ra ciia bd
theo cuc phat nhé nén nd co thé lai 1 tai “nang” (dién trd nho), tai nay co thé lam
giam do loi 4p néu khéng c6 dién trd ngd ra nho. Vi nhitng 1y do d6, bo khuéch dai
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theo cuc phét rat hiru ich khi 1 mot tang trung gian gitra bg khuéch dai va tai. Khi do,
n6 duoc goi 1a bd khuéch dai dém, hoidc 1a bd khuéch dai cach ly, bai vi nd cach ly rat
hiéu qua bo khuéch dai khéc voi anh huong tai Ry. Diéu nay dugc minh hoa voi thi
du sau day.

Thi du 5-9
Mot bd khuéch dai co dién tro ngo ra la 1k Q) 141 mét tai 50Q2, nhu hinh 5-42(a). Gia
str rang do loi bo khuéch dai 1a A, = 140 (khi khong c6 tai) , tinh:
1) DG loi ap khi co tai, va
2) Do loi ap khi bd khuéch dai theo cuc phat dugc dua vao gitra bo khuéch dai
va tai, nhu hinh 5-42(b).

Giai
1) Do loi ap khi co6 tai 50Q la:

V—L=Av R, :140[—50 j:6.67
Vg r+R, 1000+ 50

RO rang tai 50Q giam dang ké do loi ap
2) Be¢ tinh dién tré ngd vao cua b khuéch dai theo cuc phat, ta phai tinh r, tic l1a
phai tinh dong phan cuc DC Ig:

;oo V=07 _ 9.3 115804
PR, +(B+DR, 470x10°Q+101(3.3x10°Q)

I, =(B+1)1, =101(11.58.4) =1.16mA

R, =50Q

(@)
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+10V

LA A

(Si)
8 = 100

€ )
31.3kQ ' %Rx =500

emitter-follower stage

= (b)
Hinh 5-42
(Thi du 5—9)
Vi vay,
L 0.026 0.026

22.4Q

T T 1a6x10°4
Dién trd tai AC cua bd khuéch dai theo cuc phat 1a:

r, =R, || R, =(3.3kQ2) || (50Q) =~ 50Q
Tu phuong trinh 5-67,

r, (stage) = (470x10)[|100(22.4 +50) = (470x10°Q) || (7.24x10° Q)

i =17.13kQ )

Dién trd nguon la diép tré ngod ra (lk’Q) cua b khuéch dai 14i n6. Vi vay, tir phuong
trinh 5-69, do loi 4p tong cua bo khuéch dai theo cuc phat la:
v, 50 ( 7.13x10’

v, 224450\ 1x10° +7.13x10°

Jz 0.605

D6 loi cua hé théng tir by khuéch dai dén tai 1 (0.605)(140)=85.7. D& thay ring vigc
dua bo khuéch dai theo by phat da cai thi¢n dang ké do loi &p tir 6.67 1én tbi 84.7,
tang 1170%.
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Cac phwong trinh mach C chung tin hi¢u nhé

0.026
r =
e I,
ny =(B+D(, +Ry) = B(r, +R;)
r,(stage) = (S +1)(r, ++r,) | Ry = f(r, +1,) [ Ry
~pPr || Ry (r,>>1,)

Q (tai nhiét do phong),

(r, =R, |IR,)
5-71)
1, (stage) = R, ||, + 2275
p+1
=R |, (ry =0)
~r, (R, >>r,)
Ai :/B
RE
A4, = (output open)
r, + R,

~1 (R, >>r,)
V_L _ rL |: l)‘l (Stage) :|

Vs - 1.+ 1, | s + 1, (stage)

= (5=0)

I"e+7/'L

~1 (r, >>r,)

Yyt [ = } (5 =0)

ve 1, +R.| R, +1,(stage)

5.4 Sw phu thudc ciia diéu kién phan cwe DC vao cac thong s tin hiéu nho

D9 dén dién qua lai
Nhu d3 biét ¢ phan trudc, mot trong nhitng théng sb quan trong dugc sir dung trong
cac md hinh transitor, dién tré cuc phat r., phu thudc dong phan cuc bang méi quan

hé sau:
r =20 < 9020 6 (mhigt do phong)
]E ]E

Thuc ra, tit ca thong sb tin hiéu nho phu thudc cac diéu kién hoat dong DC. Muc dich
¢ day la phat trién mdt mo hinh transitor ma phan anh tinh doc 1ap nay hon nhiing mé
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hinh & phéan truéc. Mot trong nhing thuan loi cia mo hinh nay 1a cho phép chung ta
thuc hi¢n phan tich tin hi¢u nhé dya trén toan bd kién thirc dic tinh DC cua transitor.
Dé bt déu, chung ta s€ lam quen véi 1 thong s6 tin hiéu méi, 1a d6 dan dién, duogc
tinh (x4p xi) bang cach chi str dung cac dic tinh DC.

Do dan dién duoc ky hiéu 1a g, va dugc xac dinh nhu 1a ti 1€ cia dong tin hi¢u
nho ngd ra va ap tin hiéu nho ngd vao, véi ap DC ngd ra 1a hang so:

lO

g, =——|V, =constant (5-72)

in

B&i vi g 13 ti s6 ctia dong chia cho ap, nén don vi cta né 1a dién dan (siemens). N6
dugc goi 1a 46 dan dién boi vi nd lién quan dén chat lwong ngd vao va ngd ra (qua
linh kién).
Pbi voi BIT, dién dan dugc dinh nghia bang ciu hinh e chung; nghia 13, 4p ngd
vao 1a v, va dong ngd ra la i.:
i

8w ="

vbe

Vop = constant (5-73)

Khi vpe nho hon 10mV, c6 thé théy 1a g, xép xi nhu sau:

1. I, .o
~-C % tai nhiét d6 phon 5-74
g 7 0.026(. ¢t Ao phong) (5-74)

vol Ic 1a dong DC cuc thu va Vg la dién ap nhi¢t kT/q. Do Igx~Ic, nén
g, ~1./0.026 =1/r, (tr phuong trinh 5-22).

Dién tré ngod ra
Dién tré ngd ra cua transitor CE (E chung) dugc xac dinh bang cach st dung céac gia
tri phan cuc DC.

_ ce

i

c

I, = constant (5-75)

Phuong trinh 5-75 cho théy dién‘tr(")’ ng6 ra l1a nghich ddo do dbc cua duong ddc tinh
ngo ra CE (v6i dong cuc nén B hang s0) nhu hinh 5-43.
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+» Ve

» .
P I 7 N

Figure 5-43
Dién tro ngo ra mach E chung

Tir hinh 5-43, d& thiy rang:

r o= dhif (5-76)
Iy
véi
Va = dién ap dau
Vo = dién ap tinh
I = dong tinh

Thay vi dung dién tro ngd ra, nguoi ta co thé sir dung dién dan ngd ra g, trong nhiéu
mo hinh transitor:

g, =—= (5-77)

M4 hinh BJT sir dung dién din

Hinh 5-44 trinh bay 1 mé hinh transitor CE dua trén cac thong sé da dwoc d& cap o
phan truée. Chi ¥ rang ngudn dong & cuc thu C 13 gV (do tir phuong trinh 5-73,
chiing ta cd ic=gmVbe). BoO1 vi ching ta st dung gm nén mo hinh nay dugc goi la md
hinh dién dan

o/ c
\ A7 ‘A B - -OC
Hinh 5 — 44: M6 hinh dién T ;
~ ” . < q
dan cua transitor mac CE EE Br, = B/8m EmVbe $n

offe——
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Thi du 5-10

Str dung m6 hinh dién dan hinh 5-44, hay xac dinh 4p trén tai trong mach hinh 5-45.
gid st rang =80 va V,=140V.

Hinh 5 —-45: (thidu 5 — 10) Q+10V
e 322k
360ka g p G
- K & 10 kQ vlL
5mV rms _L

Ve =07 10-07

1 = =25.83
g R, 360x10°Q w4
I,=1.=pl,=20TmA=~1,
. = 0.026 _ 0.02673 12,560
1, 2.07%x107 4
r. = pr, = 1kQ
T phuong trinh 5 — 74,
-3
I, 2.07x10 A:79.6mS

En= 0026 0.026
Vy =Vee —IyR. =10V = (2.0TmA)(2.2kQ) = 545V

Tu phuong trinh 5 — 76,

L _VatVy _ (404545

=70.26kQ2
’ 1 2.07x107 4

0

Hinh 5-46 cho thdy mach ac tuwong dwong cta bd khuéch dai két hop véi mé hinh
dién dan. Dién trd ngd ra twong duong la (70.26kQY) || (2.2kQ) || 10kQY) = (1.8kQ2) . Vi

vay, ap trén tai la:
ve = (79.6x107°v,,)(1.8kQ) = (79.6 x107°)(5SmVrms)(1.8x10) = 0.716Vrms .
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hhd

:El kQ 79.6 x 10‘3vbe p

>
>
<

ew
A

AAA

hbh A4

<

t~

S mV rms 6.) 160 ms

AA

170,26 k2 10 k9

i—e

Hinh 5 — 46: Mach ac twong dwong cua hinh 5 — 44 (thi du 5 — 10)
Céc két qua cua thi du trude da tinh duoc d6 loi ap ctia bo khuéch dai la:

vy 076V ass

v, 5x10°F

dau trir chi su ngugc pha. Su dung phuong trinh 5-46, tinh d6 191 ap dya trén m6 hinh
chung ta da phat trién trude do, ta co:

_ 3
Vo oh Z18xX10T e
Ve T, 12.56Q2

BAI TAP

Bai 5-1. Mot bd khuéch dai c6 do loi ap 1a 55 va do loi cong suét 456.6. Dong ac ngo ra
1a 24.9mA rms va dién tr¢ ac ngo vao 1la 200Q2 . Tinh:

Do lgi1 dong,

Gia tri hi€u dung (rms) cua dong ac ngd vao,
Gia tr1 hi€u dung (rms) cua ap ac ngd vao,
Gia tri hi¢u dung (rms) cua ap ac ngo ra,
bi¢n trd ac ngo ra,

Cong suat ngd ra?

Mmoo os

Bai 5-2. Mot bd khuéch dai c6 d¢ lgi dong 1a 0.95 va d(f)’ loi &p 1a 100. Ap ac ngd vao la
120mV rms va dién tré ac ngd vao la 25Q . Tinh cong suat ngd ra?

Bai 5-3. Mot bo ngudn tin hiéu ndi tré 1.2k Q duoc ndi voi ngd vao bd khuéeh dai ac. Do
loi &p cua bo khuéch dai tur ngo vao dén ngd ra la 140. Gid tri nho nhat cua dién tro ngo
vao bo khuéch dai 12 bao nhiéu dé do loi ap (tir ngudn tin hiéu dén ngd ra bo khuéch dai)
t6i thiéu 1a 100?
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chwong 6: Mach khuéch dai da tang

6.1 Cac quan hé dé loi trong mach khuéch dai da ting

Trong nhiéu tmg dung, mot mach khuéch dai don khong thé cho tit ca moi do loi theo yéu cau
cua tumg loai tai riéng biét. Vi du, mot hé thong loa 1a mot tai “nang’ ’ trong h¢ thong khuéch
dai 4m thanh, nhiéu ting khuéch dai duoc dat ra nhim nang mirc tin hiéu gbe tir microphone
hodc dau doc bang tur 1én dén mtrc hiéu qua dé c6 thé cho ra cong suét du 1on tai loa. Ta da biét
dén cac mach tién khuéch dai, mach khuéch dai cong suét va mach khuyéch dai ngd ra, cac
mach khuyéch dai nay déu 1a cac mach khuéch dai c6 ciu tao nhiéu tang trong mot hé théng.
That ra ban than mdi bd phan nay c6 thé bao gém nhiéu tang khuéch dai ban dan riéng. Cac
mach khuéch dai tao ra d6 loi ap, dong hay cong suét thong qua viée sir dung tir hai ting tro 1én
goi la mach khuéch dai da tang.

Khi ngd ra ciia mét tang khuéch dai dugc ndi véi ngd vao cua mot tang khuéch dai khac thi goi
la ghép Cascade

/\‘\./

Ay =20

Hinh 6.1: Hai tAng khuéch dai ghép cascade

Tdong do loti ap cua hé thong duoc tinh nhu sau: Xem ngd vao tang 1 1a 10 mV rms va do loi ap
cua moi tang la A;=A,=20, ngd ra tang 1 la A;v;;=20(10 mV rms)=200 mV rms. Nhu vay ngo
vao tang 2 1a 200 mV rms. Tuong tu ngd ra tang 2 1a A,vi;=4 V rms. D9 loi tong s€ la:

A, = Yoo - M =400
v, 10mVrms

chiy 1a 4, = 4,4, = (20)(20) = 400

Hinh 6-2 la mot h¢ thong gom n ting ghép Cascade. Ngd ra ciia mdi tang chinh la ngd
vao cua tang ké tlep ( Vol = Vi2, Vo2 = Vi3,.. .). Ta s€ bt dau tu? viéc biéu dién do loi ap tong
Von/Vi1 theo tumg do loi tang Ay, As,..., Ay Xem d0 loi mbi tang nhu 1a gia tri do loi &p gitra
ngd vao va ngd ra cua tang d6 khi cac ting duoc ghép véi nhau.
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Hinh 6.2: n tang khuéch dai dwoc ghép cascade. Ap ngé ra ciia méi tang la ngé vao

cua tang ke tiep

Theo dinh nghia:
vy =A4v,
Vo = A,V = 4,y

thay vo; tir (6-1) vao (6-2):

Vo2 = (4,4, )Vil
Tuong tu:

V3 = Ay = Ay,
tur (6-3):

Vo3 = (A4, 45)vy
Theo céch nay ta tim dugc:

v n = (AHA”71 .......... "'A2A1)vi1

Tur do:

(6-1)
(6-2)

(6-3)

(6-4)

Phuong trinh 6-4 cho thay téng do loi 4p ciia n ting cascade 1a tich d¢ loi tung tang (khong
phai tong). Tong quat, bat ky mot hay nhiéu tang c6 d6 loi am thi ting d6 gay ra mot sy dao
pha 180°. Theo phu:ong trinh 6-4, mach khuech dai cascade s€ co ngé ra ¢ tang cu01 cung
khong cung pha véi ngd vao ¢ tng thir nhat néu s ting ddo pha 1a sb 1¢, va cuing pha néu 14 s6

chin (hoic bang 0).

Pé tim do loi ap tong cua hé thong ghép Cascade theo Decibel, ta bo qua déu dai s6 cta do loi

moi tang va tinh nhu sau:

2010g1{v”’" ] = 2010, (A, A, .oorroreee AA)

Vi

=20log,, 4, +20l0og,y A, | +.ceeverereeennee +20log,, 4, +20log,, 4, (6-5)
= A (dB)+ A, (dB)+ oo + A,(dB)+ A (dB)
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Phuong trinh 6-5 cho thiy do loi 4p tong theo dB 1a tong cic d6 loi timg phan biéu dién theo
dB. Tuong tu ta c6 thé dé dang tim duoc dd loi dong, do lgi cong suét téng theo dd loi cac
tﬁng.

Két qua cua phuong trinh 6-4 khong tinh dén anh huong cua dién tro nguon va dién tro
tai 1én do loi ap tong. Dién trd ngudn Is tao ra phan ap ¢ dau vao clia tang thtr nhat, va dién tro
tai tao ra phan ap giita dién trd tai va tong trd ra clia tang cudi cung.

Trong trudng hop nay, do loi ap tong giira tai va ngudn tin hiéu tré thanh:

V_L:(’/’—“]AAAM ............. AZAI[ L J (6-6)
Vs \Us T7 Ton T1T1

Vi rj; 1a dién tréd ngd vao tang dau tién va r, , 1a dién tré ngd ra tang cudi.

Vi du 6-1:

Hinh 6-3 1a mot mach khuéch dai 3 tﬁng va dién 4p tai cac diém trong mach khuéch dai 1a dién
ap hi¢u dung AC. Cho v; 1a dién 4p nguon tin hi¢u khong tr¢ ¢ dau vao va vs la dién 4p ra

khong tai
1. Tim do loi ap mdi tang va do loi 4p tong vi/v,.
. Lam lai cau 1 theo dB
3. Tim d6 loi 4p tong vi/vs khi mach khuéch dai da tang c6 dién trd ngudn 1a 2000Q va
dién tro tai 1a 25Q. Tang 1 ¢ dién tré vao 1a 1kQ va tang 3 c6 dién trd ra 13 50€Q.
4. Lam lai cdu 3 theo dB véi d6 loi 4p & tang thir 2 duge giam xudng 6dB.
5. Tinh d¢ loi cong suat theo dB véi dit liéu cua cau 3.
6. Tinh d loi dong tong ir/i; & cau 3.
S>>
vy = 900 pV 125V vy =21V

36 mV
i i

Hinh 6.3: (thidu 6 -1)

e
U

A, = (36mV)/(900uV) = 40

A, =(1.25V)/(36mV) = 34.722

A, = (1) /(1.25V)=16.8

vy /v, = A, A, A, = (40)(34.722)(16.8) = 23.333
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Chu y rang tich cac d6 loi ap bang d6 loi ap tong. Trong vi du ndy, c6 thé tinh d6 loi ap tong
truc tiép: v, /v, = (21V)/(900uV) = 23.333.

2.
A,(dB) =20log,, 40 = 32.04dB

A4,(dB) =20log,,(34.722) =30.81dB

A,(dB) =20log,,(16.8) = 24.51dB

vy /v,(dB) = A,(dB) + A,(dB) + A,(dB) = 87.36dB
Dé y 1a 20log,, (v4 /v,) = 201og,,[21/900x10~°)] = 201og,,(23.333) = 87.36dB
3. Tur phuong trinh 6-6:

Y (ﬂjm.m)( 25 j =2592.54.
v, 2000 +1000 50 +25

4. Do loi 4p c6 ngudn va tai 1a 20log,,(2592.5) = 68.27dB . Do d0 lgi ting 2 giam di 6dB nén
d6 loi tong 1a: (68.27dB) — (6dB) = 62.27dB

5. Khi dién tré ngudn 12 2000Q  dugc dua vao ngd vao thi v; trd thanh:

1000
= —————|(900uV) =300V
1 (2000+1000j( V) H

Cong suat ngd vao la:

e _ v (300x10°°)?
"o 1000

il

Khi d6 dién &p qua tai 25Q la:

R
Ve =V (A1A2A3)(r +LR J
03 L

=90pW

25
50+25

= (300,uV)(40)(34.722)(16.8)( j =233V
Cong suat ngd ra co tai la
_v (233

> =0217W
RL

Cuoi cung:

P 0.217
A (dB)=10lo —2 [=10lo —  _ |=93.82dB
,(dB) glO(P J g10(90x1 )

12
) 0

6. Nhac lai 4, = 4,4,. Dung két qua cau 5, do loi cong suat gitra ngd vao va tang thtr nhat, va

tai la:
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P .

» = 0 :—021?12 :2.14)6109
P 90x10

7. Do loi &p gitra ngd vao va tang thur nhat, va tai la:

. Ve 2.33V 7766

v, 300uV
Do do:
A 9
A =—"L= 2.14x10° =3.1x10°

A 7766

v

Piéu quan trong can nhd 1a phuong trinh d0 loi ta co dugc la dya trén gia tri Ay, A... xdc dinh
trong mach, nghia la dya trén cac d¢ loi tang khi tat ca cac tang dugc ghép voi nhau. Do d6 suy
ra rang moi gia tri do lgi dugc tinh vao tai cua tang trudc d6 va tai thi tinh vao tang ké tlep
Néu biét do loi 4p hé mach va gia tri tong tro vao va ra, ta c6 thé tinh duoc d6 loi tong bang
cach tinh tdc dong cua tai cua moi tang Ién cac tang khac. V& mat ly thuyét, tai cua mot tang
cho trude phu thude vao tat ca cac tang nam bén phai no, tong tro vao cua mot tang bét ky phu
thudc vao tong tré tai ngd ra cia né ciing 1a tong trd vao ciia tang tiép theo. Trong thyc té, ta co
thé bo qua tac dong tai tich liiy cua cac tang ngoai trir mot tang ghép ngay véi tang dang xét,
hodc gia st rang dién trd vao 1a tai cia mot tang ké can.

Hinh 6-4 1a mdt mach khuéch dai 3 tang, cho trudc do loi &p hd mach cua cac tang 1a Agj,Aoz,
va Ags, dién tr¢ vao va ra cua moi tang.

s

F

A
Yy

i

I
lll -
it~

ke
-—
3

Hinh 6.4: M4t b khuéch dai 3 tang. Aor, Aoz, va Aoz la 3 d lgi dp hé mach (khong tdi) ciia
cdc tang

Phan 4p tai cac nut trong hé thong ta co:

7
v, = [—’1 jvs
Ts + 1y

Két hop lai ta co:
v, =4, (’3—2] (6-7)
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v.
vy =4,v, 2
Tor T 153
r
_ L
v, =4,V
ro,3 + rL

Két hop cac moi quan hé nay, ta co:

vy it T i ry
- = ( jAol A02 Aol
Vs rs +7; Tor T 1 Ton T1i3 Tz t7,

Phuong trinh 6-7 cho thdy d¢ loi ap tong cliia mach khuech dai da tang la phép nhan d¢ loi hé
mach vai ty sd phén ap tinh vao tai cua mdi ting. Cha ¥ rang ty s phan ap tinh cho tai giira
cac cap tang khuéch dai. Noi cach khac, khong dugc tinh hiu ng tai hai lan mot 1an xem
dién tré vao nhu la tai cua tang truge d6 va lan tht hai lai xem dién tré ra cua tang trude do 1a
dién tré ngudn cua tang tiép theo.

B6 Mén Ky Thudt Dién Tir

Vi du 6-2:

Do loi 4p hd mach cua mach khuéch dai 3 téng va cac gid tri dién trd vao, ra dugc cho trong
bang 6-1. Néu 3 tang ghép Cascade va tang thr nhat c6 ngudn tin hi¢u 10mV rms, dién tr&
nguon la 12k, tinh dién ap qua tai 12Q ghép vao ngd ra cua tang thur 3.

Tang khuéch dai Do lgi ap khong tai Pién tré ngo vao Dién tré ngo ra
(dB) (kQ) (kQ)
1 24 10 4.7
20 20 1.5
3 12 1.5 0.02
Bang 6.1: (Thidu 6 —2)
Giai:

20log,, 4,, =24

log,, 4, =12

A, = antilog(1.2) =15.85
Tuong tu:

A,, = antilog(l) =10

A,, = antilog(0.6) = 3.98
Tur phuong trinh 6-7:
v, 10£Q 20k 1.5kQ
__(IZkQHOij ' (4.7kQ+20ij (1.5kQ+1.5ij

Vg
12kQ

2B 124353
20kQ+12ij

X(3.98)£
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Do vay:

v, =43.53v, =43.53(10mVrms) = 0.4353Vrms

Pap tng tin so ciia cac ting ghép Cascade

Tan sé cit thap ctia mot tang khuéch dai don chiu anh huéng ciia khong nhiéu hon 3 diém giy
tan so khac nhau, c6 gia tri dya trén cac thanh phan RC thay 601 trong mach. Néu céc dlem gay
tan s c6 gia tri khong gan nhau ta c6 thé xem nhu tan sO cat thap thyce té trong mach Xap xi
bang véi diém giy tan sd 16n nhat Tuong tu, xem tan s cit trén xap xi véi dlem gay tan s
nho nhit anh huong to1 dap ung tan s0 trong mach. Ap dung tuong tu voi cac tang khuéch dai
Cascade. Néu tan SO cat thap cua cac tang riéng 1¢ khong gan nhau thi tan sb cit thap chung cua
cd mach bang tan sd cat thap 16n nhit cua cac tang. Néu tan so cat cao cua cac tang riéng 1¢
khong gan nhau thi tin sd cit cao chung cila ca mach bang tan sd cit cao nhé nhat ctia cac
tang.

Trong thuc té, mét mach khuéch dai da tAng c6 thé c6 mot vai dlern gdy tan s6 thap bang nhau,
twong ty ddi véi tan so cao. Trong truong hop nay, tinh tan sO cat thap va cat cao ciia mot
mach khuéch dai da tang 12 mot van dé phuc tap. Téan sb cat phai duoc xac dinh bang thuc
nghiém théng qua mot chuong trinh méy tinh tinh toan dap tng tan s6 chung.

Trong céc truong hop dic biét khi tat ca cac ting c6 tan sb cat thap, cat cao xac dinh, thi tin s6
cat chung la

/i
f overa = (6-8)

f2(ovemll) = ﬁ v 21/” -1 (6-9)

Trong do:
f1(overal)= Tan so cat thap chung cuia mach da tang
f2eoveraly= Tan so cét cao chung cuia mach da tang
n =S4 tang cd tan s cat thap va/hay cao xéac dinh
f1 =Tan sO cat thap cua m01 tang
fa = Tan sd cit cao ctia mdi tang

Bang 6-2 1a g1a tri cua f (overall) Va f2(overall) theo f; va f,, voi n co g1a tri tur 1 dén 5. Chuy y rang
s6 ting khuech dai cang nhiéu, tan s cit thip cang 16n va tan s6 cat cao cang nho. Néi cach
khac, cac tang khuéch dai ghép Cascade c6 dap ung tan s6 xac dinh lam giam bang thong
chung ctia ca mach. Khi n ting c6 dap tng tan sé xac dinh ghép Cascade, thi dap tGmg tan SO
chung cta ca mach s¢ giam tiém cén v6i duong doc 20n dB/decade (6n dB/octave) tai tan sb
nam ngoai khoang bang thong gitra. Cac diém tan sb gdy trong moi truong hop déu bing véi
tan s cit cta mot tang don.
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So tﬁng fl(t(:)ng) f2(t5)ng)
1 fi f
2 1.551 | 0.64 1,
3 1.96 f; | 0.51f;
4 2301 | 0431,
5 2591 | 0.391;

Bang 6 — 2: Tan so cat thap va cat cao cua mot bo khuéch dai n tang, moi tang co tan so cat
thap f; va tan so cat cao f>

Vi du 6-3:

Mot mach khuech dai &m thanh 4 tang c6 tan sb cat thap chung va tan s6 cat cao chung 1a 20Hz
va 20kHz. Tinh tan sb cit cao va tan so cat thap cia mdi tang.

Giai:

T bang 6-2, v6i n=4, 2.3fi=20 va 0.43£,=20.103. Do d¢, fi= 20/2.3=8.7Hz, va
£,=20.103/0.43=46.5kHz. Nhu vay, moi tang phai c6 bang thong xap xi 46kHz méi dat dugc
bang thong chung vao khoang 20kHz

6.2 Cac phuwong phap ghép

Ly thuyet mach két nbi ngd ra ctia mot tang trong mot mach khuéch dai da tang va ngd vao cua
tang ké tiép goi 1a phuong phap méc hay ndi mach. Trong chuong trudc ta da dén phuong phap
miéc tu goi 1a ghép RC vi 1y thuyét mach lién tang twong duong voi mach RC thugng thong.
Trong chuong nay ta s& xét thém hai cach mac mach khac 1a méc truc tiép va méc bién thé.

Muc ti€u cua cach ghép RC la dé han dong dc. . Thong thuong can phai han dong DC giira ngd
vao ctia mot mach khuéch dai va tin hiéu ngudn ciing nhu gilra ngd ra va tai. Tuong ty, cach
ghép RC dung dé han dong DC gilta ngo ra cua mot tang khuéch dai va ngd vao cua tang ké
tiép. Ghép dién dung vao gitra cac tang khuéch dai 1am cho né ¢o6 kha nang c6 dién ap phan
cuc tai ngd ra cta 1 ting khac véi dién ap phén cyc tai ngd vao cua tang ké tiép. Y tuong nay
duoc mo ta trong hinh 6-5, ngd ra ciia mot tang khuéch dai ndi v6i ngd vao cta ciia mot tang
khac thong qua ghép tu.

Cuc C cua tang 11a9V va cuc B cua tang 2 1a 3V. Di¢n ap lam viéc cua tu la 9-3=6V.
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b—O

Hinh 6-5: Tu duoc sw dung trong
phirong phap ghép RC co thé lam 10 kQ
thay déi dp phan cuec tinh cdc ting 22k0s soka S
khuéch dai. Chii y rang ap trén tu )
dién la 6V va cuc duwong cua no duoc 6 v —_—
noi voi phdn cuc duwong hon (9V). T 0 - T
- 10,
I 1 ok 1 kQ

Ghép tu cho phep dong tin hiéu ac di qua cac tang, tao tin s du cao dé _gilr cho gia tri dién
khang nho. Khuyét diém cta cach ghép RC 1a no tac dong dén dap ung tan s6 thap clia mach
khuéch dai nén d6i khi ta phai chon mot gia tri dién dung 16n khong thuc té va mot tan sO cit
thap nho v 1y. Ghép RC khong ding trong mach tich hop vi né khé va khong kinh té dé ché
tao tu dién trén chip.

Ghép nbi tiép 1a cach ghép ma ngd ra ciia mot tang duge ghép truc tiép voi ngd vao clia tang ké
tiép. Noi cach khac, ca ap AC va DC tai ngd ra cua mot tang 1a xac dinh so véi cac gia tri do tai
ngd vao cua tang ké tiép. Ro rang trong moi truong hop, ap DC tai ng6 ra cua mot tang tao ra
mot thay d01 nhét dinh trong ap DC tai ngd vao cua tang tlep theo. Do d6 mach khuéch dai
ghép truc tiép hoat dong giong mach khuéch dai dong no1 tiép. Trong chuong nay ta s& xét mot
sO vi du ciia cac mach khuéch dai ghép truc tiép roi rac.

Mot phuong phap nita 1a ghép tin hi¢u ac tor mot tang sang tang khac ma van duy tri cach ly
DC giira ching thong qua mot b1en ap. Cudn so cp ctia bién ap & ngd ra cia mot tng va cudn
thir cdp & ngd vio cua tang ké tiép. Theo cach nay, tin hiu ac di qua ma khong bi anh huong
cua dong dc. Uu diém cua ghép bién ‘ap bao gom ca vi€e triét tieu DC 1an kha nang thiét ke
mot ty s6 bién ap cho cong sudt chuyén doi giira cac tang 1a cyc dai. Ta ciing tim hiéu mot sd
vi du vé viéc st dung két hop véi cac TST ludng cuc. Khuyet diém cta ghép bién ap l1a kich
thudc va chi phi ciia may bién ap va dic diém dap ung tin s6 kém. Do tu cam bién ap va sb
vong day c6 xu hudng 1am giam bang thong st dung duoc cua cac mach khuéch dai nay. Tuy
nhién, né thuong dugc st dung trong cac ing dung c6 bang thong hep nhu cac mach khuéch
dai am tan.

6.3 Mach khuéch dai BJT ghép RC

Vi du 6-4:

Hinh 6-6 1a hai tang khuéch dai E-C,‘ tu ghép. Tin hi¢u AC ¢ ngd ra cua tang thtr nhat (cuc C
cua Q1) dugc ghép voi1 ngd vao cua tang thir hai (cuc B ctia Q2) thong qua mot tu 0.85uF. Gia
su BJT 1y tuong co =100, r=1M, r.=25, x4c dinh tin hi¢u nho, do loi 4p va do loi dong giai
gitra?
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+12V
2 b
RBI =1 Mn:: ::RCI =33kQ * E.‘ -RC'.‘_ =22 kﬂ
< SRy = 100k0 0.15 uF
2.24F K % 7
i} Q  0s85uF ! T
re = 1kn Ry =10 kni: RR,L = 50 k@2 \IL
= 2200
= - v
Vs - - = = T
Hinh 6-6: (Thi du 6 —4)
Giai:
1. bi¢n tro vao cua tang thar nhat la:

r, (stagel) = Ry, || fr, = AMQ) || (2.5KQ) = 2.5kC2

Dién tro ra cta tng thtr nhat (tai cuc C cta Q1):
r,(stagel) =R, || (r./ ) = (3.3kQ) || [(IKQ)/100] = 2.48kQ2

Do loi ap khong tai cua ting thir nhét:
4 =l (stagel)  —2.48kQ)
. r 250

e

=-99.2

Dién trg vao tang thir 2:
r,(stage2) =R ||R, || A(r, +Ry,) = (100k) || (L0KL) || (100[(25Q2) + (220k)]
=(9.094Q0) || (24.5k€2) = 6.63kQ2

Dién tré ra cia ting tht 2 ( tai cuc C cta Q2):
v (stage2) =R, || (r./ B) = (2.2kQ) || (IMQ)/100) = 14842

Do loi ap khong tai cua tang thir 2:
=il (stage2) —1.8kQ2 B
"2 r (220Q) + (25Q)

e

Mach khuéch dai hai ting bay gio dugc biéu dién nhu hinh 6-7. Trong hinh nay khong c6 tu
dién vi ta dang xét hoat dong & dai tan gitra. Tt phuong trinh 6-7 ta tim dugc:

V—L{ 2.5k }(—99.2){ 663k }(—7.35)){ S0k }=365.85
ve | (IkQ) + (2.5k2) (2.48k2) + (6.63kC2) (1.8kQ2) + (50kQ)

Gia tri duong cho thay vy ciing pha véi vs
Céch khac de tim do lgi ap chung 1a tim d¢ 1gi ap A, A, ¢ tai va tinh dién trd tai ac rp cua
moi tang:
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r, (stagel) = r, (stagel) || r, (stage2) = (2.48kQ2) || (6.63kQ2) = 1.8kC2
r, (stagel) =r, (stagel) | R, = (1.8kQ) || (50kQ) =1.74kQ2

Do loi ap co tai la:

r,  —1.8kQ
r, 25Q

qoo Tl -1.74kQ2
P r 4R, (25Q)+(220Q)

A ~— ~72

1kO

Vs

Hinh 6-7: (Thi du 6 — 4) B6 khuéch dai 2 tang ciia hinh 6 — 6

Khi do6, d6 loi &p chung la:

Y { T (stagel) }AIAZ - { 2.5k }(—72)(—7.1) = 365.1
Vg r, (stagel) +rg (2.5kQ) + (1kQ2)

B0 qua sai s6 do 1am tron thi cach nay ciing cho két qua twong tu.

2. Bé xac dinh d6 loi dong ca mach, ta dua vé& mach tuong duong tin hi¢u nhd, va tim dong ac
chay trong mach khuéch dai. Ap dung luat phan dong tai mdi nut dé xac dinh dong qua tai.
Hinh 6-8 1a mach twong dwong tin hiéu nho cta tang thit nhat. Ap dung luat phan dong & phia
dau vao ciia tang thir nhit trong hinh 6-8 ta co:

| = IME2 iy =0.9975i,
(2.5kQ) + (IMQ)

Két qua nay cho thiy moi dong dién tir ngudn déu do vao cuc base ciia Q1. Tai ngd ra cia ting
thir nhat ta co:
i, = i, =100i,, =100(0.9975i,) = 99.75i,
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[ —— ip) = Iy = ﬁlbj

Rp = 1 M0 Bre =25k Biy, r/8 = 10k l Rg =33k

Hinh 6-8: (Thi du 6 — 4) Mach twong dwong tin hiéu nhévcho tdng dau tién cia bé khuéch dai
trong hinh 6 — 6. Mach nay duoc dung dé tinh dong iy theo is.

Pé tim Pl d6 vao cuc base cua Q, ta phai xét tat ca cac nhanh song song trong mach trong
mach lién tang gitra Q; va Q.. Hinh 6-9 la mach tuong duong cua tang thtr 2 va ngd ra cua tang
thir 1. chi y rang ro song song voi 1o/ va Rey va khoi nay lai song song véi R; va R, tai ngd
vao tang thir 2. Tong tré twong duong tai ngd vao cua Q, la:

=71, (stagel) || R, || R, = (2.48k€2) || (1004€2) || (10A€Y) =1.95kQ2

Dong iy, vao cuc base cua Q, theo quy tic phan dong la:

i, =99.75i s = 99.75i, 195k = 7.35i,
ro; + B(r, +R;) (1.95kQ2) + (24.5kQ0)

stage 1

99‘75% !'b: ﬁt‘bz :.L
—_— —_— —_— —
R: = T
10 k0 ‘
:r(stage = B(r, + Rg) =
2258 ko ool $uske r3=g Ro=g R =%
_j;'MCf) 3R =1 3 5 0keY 22k 0k
. Sl i
100 kOl LS
: |
4 .

Hinh 6-9: (Thi du 6 — 4) Mach twong dwong tin hiéu nhé ciia ngé ra tang 1 dwoc noi véi tang
2. Mach nay dwoc sw dung tinh iy, theo is.

Suy hao dong trong mach lién tang 14 do cac nhanh r& xudng mass: chua toi 1/10 ic; téi dugc
cuc base cua Q,.

i, = fi,, =100(7.35i,) = 735i,

Do Ry, /P va Ry song song nén:
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- ﬁlb{ o/ Pl Res }{ (10kQ) || (2.2k) }7351.8
Ry +(r 1 B) | Res | [ (S0KQ) +(10kQ) || (22k02)

:( LBk j735is = 25.54i,

51.8kQ2

Do loi dong tir ngudn t6i tai la:

I 9554

Ig
Vi du nay cho thay do loi dong ctiia mach khuéch dai BJT hai tang c6 thé tim duoc bang tuong

quan sau.
D Fon + Ry 1 Tsg T ’ R, +r,(stage2)
Trong do:

Tinl, Tinz = di€n tr¢é nhin tir ngd vao cua Q; va Q;

rsy = ro(stage 1) || Rg2 )
Rpi1, Rpy = tong tré twong duong ngd vao cua tang 1 va 2

Vi du 6-5
Hinh 6-10 1a mach khuéch dai da tﬁng gém c6 mot téng EC va mot téng E chung. Transitor c6
cac gia tri sau:
O, :r, =150, 5, =180,r, =
0, :r, =40Q, 5, =100
Do loi ap dai gitra vi/vs va tan s cat thap.
+18V

150 k0 3
C] = G#F b l(

i00Q
< <
9 k03 10 ko

v
A
ey
'S
“
=)
O
1
2
»
AA
YVYy
b
»
L]

500

vy
a
s
=]
9
[
8
*
]
i
l]i - .

ll}
"

Vs

Hinh 6-10: (Thi du 6 — 5)
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Giai:

1. Bién tré cuc E & téng 1 dugc bo qua do tdc dung cia tu nén dién tré vao cua téng thtr nhét
la:
1, (stagel) = R, || R, || Br., = (150k2)[| (39A) || (180)(15kQ2) = 2.48kQ)

Pién tré ra cua t?mg thu nhét, €Ol Iy =  la:
v, (stagel)=r, || R;, = R =4.7kQ

d6 loi ap khong tai tang thi nhat 1a:
A, R TR 545
r 15Q

el

vl

Tai cta tAng thi hai 1a r = (10K)// (50)= 50, nén tong trd vao tang 2 la:
r,(stage2)  =RL ||R2 || B,(r,,+1,)

= (68kQ) || (47kCY) || (100)[(40Q2) + (50Q)] = 6.8kQ

Chu y rang tac dung cua dién tr¢ phan cuc 68K 1€n dd loi cua mach khuéch dai khi ta xét dén
phan ap giita tang thir nhat va ting thir 2. Do vay ta khong tinh dén tac dung phan ap tai ngd ra
ctia mach E chung. Nghia 14 ta bo qua gia tri Rp// r/(B+1) trong phuong trinh tinh tong tré ra
cua téng thir 2. Téng trd ra cla tang thir 2 chi bao gdm R/ re; = 10K//40~40.
Do loi ap khong tai ¢ tang 2 1a:

R, 10kQ

A, = = = 0.996
r,+ R, (40Q)+ (10kQ)

Hinh 6-6 1a mach khuéch dai 2 tang twong duong.
v, _[ 2.48kQ) } 31 )[ 6.8k0) }

vs | (100kQY)+ (2.48kQ) (4.7kQ) + (6.8kQ)
X(0.996){L} = -98.46
(40Q) + (50Q)

Dién 4p tai ngugc pha véi dién &p nguon. Tinh lai dJ 1gi c6 tai va xac dinh rang d6 1gi cd mach
c6 gia tri nhu da tim dugc & trén.

2. Bé tim tan sd cat thip ta phai tim tan sd gdy theo cac tu C;, C,, C3 va Cy4 trong hinh 6-10. T
phuong trinh 10-16,
1 1

H(C) = = ; —=10.3Hz
2xlr, (stagel) +r,]C,  27(2.48x10° +100)6x10
1
C.)=
7 27R,C,
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-

: L

Hinh 6-6: Mach twong dwong ciia bé khuéch dai 2 tang trong hinh 6 — 10

lll

Trong do, C, = C, = 40uF va:

3 3
R =R, s || Ry r, :(1.5x103) 100]](150x107) |/ (39x10 )+15 ~150
o2 180
Do d6:
fi(Cy)= ! =265.3Hz

272(15)(40x107%)

Pé tim tan s gdy theo C; ta xem ro(tang 1) nhu 1a dién tré ngudn va rip(tang 2) nhu 13 dién tro
tai.
1
2r[r, (stagel) +r, (stage2)]C,
_ 1
27(4.7x10° +6.8x10°)(0.4x10°%)

.fl(CS) =

=34.6Hz

Dé tim tan s6 cit thip theo tu ghép C4 10uF & ngd ra ta phai tinh ro(stage 2) va c6 tinh dén dién

tr¢ phan cuc 68K Q va 47K Q.
e2
£,
Trong do:

R, = 68kQY || 47kQY = 27.8kQ2
ry =r,(stagel) = 4.7k

r,(stage2) = R,, = R;,

3 3
. (stage2) =10k | FTX1ON2T8X107 4o |- 70 302
100
Cubi cung,
SH(Cy) = 1 ! =122.6Hz

2alr (stage2)+ R, 1C,  27(79.8+50)(10x10°)
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Trong vi du nay tan s6 gdy 16n nhat 1a £1(C2)=265.3 Hz va £1(C4)=122.6 Hz. Ta co the két luan
tan sO cat thip cua mach phai 16n hon tan s6 16n hon la 265.3 Hz, nhung do 2 tin s6 khong du
cach xa nhau dé co6 thé noi f; = 265.3 Hz. fl phai c6 gia tri nao d6 16n hon 265.3 Hz. Bé tinh
gié tri nay rat phuc tap. Trong vi du nay f; thuc té 1a 330 Hz

Hinh 6-12 13 phac hoa gian d6 Bode. Chu ¥ rang do loi giam xudng voi mot ty 1¢ ting theo
20dB/decade phia dudi tan sé giy di tim dugc trong vi du trén.

e

Vs
(log scale)

A

>

] R N
20 dB/decade

40 dB/deqade
M
60 dB/decade

frequency (Hz)
» (log scale)

Hinh 6-12: Biéu d6 Bode ciia dg loi mach khuéch dai da ting trong hinh 6 — 10. Chi y duong
tiém cdn ting dé doc méi doan 20dB/decade tai cdc tan sé gay.

6.4 Mach khuéch dai BJT ghép truec tiép

Trong chuong 6 di dé cap dén phuong phap phan anh dong dé loai trir tu ghép trong mach tich
hop. Hinh 6-14 1a vi du cuia mach khuéch dai ghép truc tiép sir dung cac phuong phap phén cuc
thong thuong. Ngd ra cua tang thir nhat (cuc thu Q;) duoc ghép truc tlep vao ngo vao cua tang
thir 2 (cwe nén Q). Trude tién, phan tich phan cyc DC cua mach roi xét dén dap ung AC.
Dong qua Rc; la tong cua Icy va Ig,. Dé don gian hod ta xem nhu Iz, nhé hon dang ké so voi
Ici.
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lICI + IE?. = IC'.I l
R Ra EE ez
Hinh 6-14: Cdc tang khuéch dai CE o]
ghép truc tiép dung cdc phwong phap Q Ed—t ]

thong thuong

llk*;ﬁ-_._..
P
A
Yy
|
-]
u|
5 -—-l
5
[ =
-
8]

Gia str tang thtr 1 xac 1ap, dién ap cuc base Vi, xac dinh theo phén 4p R;-R, nhu sau:

R
Vi = 4 6-12
: (RI+RJCC (6-12)
Ta cling c6:
Ve = Vg —0.7 (6-13)

Khi dé, IC1:IE1:VE1/RE1. V()’l glé thiét 132 khéng déll’lg ké SO le ICl, df)l’lg qua RC] lé. IC1+IB2 ¥
Ic1, do do6 dién ap tinh gitra cuc C va mass la:

Ver ®Vee =1 R (6-14)
Gid tri tinh cua Vg 1a: Vi, =V, =V (6-15)
Vi Vc]ZVBz nén:

Vi =V =07 (6-16)

Nén /., = I, =V,,/R,, vadién ap tinh cuc thu & tang 2 1a:
Ves =Vee =101 Ry (6-17)
Vegr =Ver = Vi (6-18)

Phén tich DC hoan toan khong phure tap, chi viéc ap dung nguyén tac phan cyc dd hoc. Piém
quan trong can ch ¥ 1a Ve;=Vp,. Phan tich d6 loi AC ciing dé hiéu.
Do loi ap cua tang 1 1a:

—r, (stagel) || r, (stage2)

A, = e (6-19)
trong d0, ro(stage 1) ~Re; va rig(stage 2) ~ S 2(tex+Re2). Do loi ap tang 2 la:
A, = -1, (stage2) o= R, (6-20)
Yoo Ry T + Ry
Do loi ca mach la:
Av(ovemll) =A4,4, (6-21)
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Néu tai duoc ghép truc tiép giita ngd ra ( cuc C cua Q,) va mass thi taii AC ¢ ting 2 la rp =
Rc2//Ry va phuong trinh 6-20 tré thanh:

—R R
R IR, (6-22)
Ty + Rp,

A

v2

Ghép truc tiép tai ngd ra lam thay doi gia tri DC cua Ve, va Vg, Xem transitor nhu mot
ngudn dong co dinh nhu trong hinh 6-15(b), ap dung nguyén ly chong chép tinh V| theo tung
ngudn trong mach, xem hinh 6-15(c) va 6-15(d). Két hop tac dung ctia mdi ngudn dan t6i:

= fRCJ(VCC - ICRC) (6'23)

JIC 1 I
Ic
Ry -
V, = V¢ = R, 73
RE RE
a) Tang ngo ra voi tdi ghép b) Mach twong dwong DC cua a)
truc tlep
R
I c
T A".'Av & —
V, < RL IC S I
cc RS V= Vee R 2 Re
< RC + ‘RL < VL = IC RL
Rg 1 Rg R+ Re
N e
c) A'p DC trén Ry theo Ve d) Ap DC trén Ry theo I¢

Bang phép chong chat dién ap, ta co:

R, Re R
VL=*""—“VCC—1(——-R=———L Vee — IR
(Rc+RL) R, + Re) - " \Ry + re /! e T fefe)

Hinh 6-15: Tinh dp DC trén tdi ghép truc tiép Ry, sir dung phép chong chdt dién dp.
Phuong trinh 6-23 cho thay dién ap cuc thu bang véi gia tri dién ap khong tai ( Ve - IcRc )

chia cho phan 4 ap qua Rp va Re. Khi Veg=Ve-Vi, mot gid tri Ry rat nho co thé 1am giam V¢ to1
diém ma VcE tién gan t6i 0.
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Vi du 6-7

Transitor trong hinh 6-16 c6 cac thong sé sau:
0, :p,=100,r, =6Q,r,, =0

>Teu

0, : B, =60,r,, =10Q,7,, ~

1. tim gia tri tinh cua Vg, o, I, V2 va Ve
2. Tim d6 g1 ap vo/vi
3. Lam lai (1) va (2) néu mac tryc ti€p moét tai 10K Q gitra cuc thu cua Q, va mass.

+24V

It
100 k@ 4.7k l ke
QN
| e N 4
Q

Vin 11 k2 750 J
A_L - - - =

Hinh 6-16: (Thi du 6 —7)
Giai:
1. bi¢n tréd DC ngd vao nhin tir cyc base cua Q; la:
R, = B R, =100(75) = 7.5kQ

Khi dién trd ndy khong qua 16n so vai dién trd phan ap 11K Q & cuc B ta phai tinh dén tac
dung ctia tai nd gay ra trén phan 4p. Tt phuong trinh 6-18:

VL:[ Ry || R, chc

R +R, [ R,

~ (11kQ) || (7.5kC2)

| (100kQ) + (114Q) || (7.5kC2)

}(2.41/) =1.02V

Suy ra,
Ve =V —0.7=1.02-0.7=0.32V
I, =1, =V, /R, =(032V)/(75Q) =4.26mA

Bé6 qua dong I, va V¢, thi
Ve, ®Vee =10 Ry =24 —(4.26mA)(4.7kQ) =3.95V
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Khido: Vi, =V, =V, =3.95-0.32=3.63V
Cho V., =V,,, ta co:

Viy #Ve —0.7=3.95-0.7=3.25V
Do do,

Ve, 325V
Iy~ 1, =—E2 = =3.25mA

REZ RE2

Khi khéng mic tai ¢ Q,, It=I¢;=3.25mA

(Chu y: vi Igx=Ico/ B, =(3.25mA)/60=0.054mA rat nho so véi Ic;=4.26mA)
Ap ch va VCE2 la:

Vey =Vee =100R-p =24 —(3.25mA)(3.3kQ2) =13.3V

Vegy =Vey = Vg, =13.3-3.25=10.05V

— Ry | By (R, +15) _ = (4.7kQ) || (60[(14Q2) + (10Q)] _

2 A, = -53.8
R, +r1, (75Q + 6Q2)
4 -R., _ -3.3kQ _
Z U r, 4R, (1Q) +(10Q)
Ay overamy = A A,, =(=53.8)(-3.3) =177.5
3. Gia tri tinh cua Vg khong bi anh hudng boi dién tro tai ghép vao cuc C cia Q; nén

Vce1=3.63 V, [2=3.25mA ( nhu cau 1). Ttr phuong trinh 6-23:

v, =V, { 10kC }[24—(3.25;1114)(3.31@)] =10V
(10kQ) + (3.3kQ)

Do do:
Vepy =Vey = Vg, =10-3.25=6.75V
I, = E — IO_V =1mA
R 10£Q2
nén,

I, =1, +1, =(3.25mA) + (ImAd) = 4.25mA

Do loi ap 6 tang 1 van 1a -53.8. Do loi ap ¢ tang 2 1a:
Rey R, _ = (3.3kQ) | 10AQ) _

R, +r1, (1K +(10Q2)

= (-53.8)(-2.48) =133.4

=-2.48

Av2 ~

Do loi &p cd mach véi tai 10K 1a 4

v(overall)

bién ap cuc thu cua transitor NPN lu6n duong hon dién ap cuc base. Khi TST ghép nbi tlep,
ap cuc thu ciia mot tang bang vai ap cuc base cua ting ké tiép. Do dé, ap cuc thu ciia moi tang
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NPN phai 16n hon ap cuc thu cua tang NPN ké «can no. Khi 5O TST ghep ndi tiép tang Ién, thi
ap cuc thu ciing ting theo. Trong thuc t&, mot sb tang ghép truc tlep co the dugc ghép Cascade
truge lam ap cuc thu bi tang khong hop 1y vuot qua dién ap nguén cung cap. Dé giai quyét van
dé nay, dung TST thay thé loai (NPN, PNP) ghép cascade noi tiép. Trong g dung nay, cac
TST dugc goi 1a bd sung va hinh 6-17 13 vi du 2 tang. Cach _ghép nay hoat dong t6t vi cuc Base
cua TST PNP phai tich cuc hon cuc C cta nd, nguoc voi diéu kién ctia TST NPN.

+24V

Hinh 6-17: Ghép truc tiép sir dung
cdc transitor bé phy. Chii y transitor 22102 1 kQ
PNP dwoc phén cuc bang cach noi 9k $ B 2
nguon ap dwong vao phia cuc E. b 2 o4y 20,1V
: o
1.2 V¢ Q -
0.5V 10.5V
<
1k0<
<
240 Q 27k Ve =V,

Dién ap duong cung cap duoc dwa vao cuc E cua TST va cuc C ndi mass. TST PNP ¢6 ap cuc
E va mass 1a 0.7V 16n hon 4p cuc Base va mass. Do d6, Vg»=19.4+0.7=20.1 V. Sut ap trén dién
tro cuc E la:

Vee =V =24-20.1=3.9V
va

1., =069)/(1kQ)=39mA =1,
RO rang:

Vo =1,Re, =(3.9mA)(2.7kQ) =10.5V

Cap BJT ghép Darlington

Khi cuc C ctia 2 BIT ghép chung va cuc E ciia TST nay ghép ndi tiép véi cuc B cua TST kia
nhu trong hinh 6-18, ta c6 cach ghép Darlington.
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Hinh 6-18: Cap Darlington duoc sw
d@fng nhuw 1 transitor don co cuc thu, cuc
nén, cuc phat la C, B, va E.

mo
o
S

Phan tich cdch ghép Darlington dé thiy hé s6 £ cta TST ma n6 dai dién cling nhu mét vai dac
tinh tin hiéu nho cua no.
Goi B va B, lah¢ s6 £ cua Q; va Q,. Theo dinh nghia,

Toy =By va Iy =(B +Diy

Nhung do Ig=Ip; nén:
Loy = Boly, = B (B + DIy,
va
Io=1cy+1cy =By + BB+ DI =155, + (B + )
Khi 1, =1,,,taco I. =[5,f, + (B, + B, hay,
Bop =1c /1y =P S+ P+ P, (6-24)

Hé sb S cua cip Darlington trong phuong trinh 6-24 13 tong ctia cac hé s6 £ thanh phan. Ta
luén c6 p,B, >> p, + f,nén:

Bop =BB,+ B+ B, = B, (6-25)

Céap Darlington thuong dugc lam trén mot chip sao cho déc tinh Q; va Q, phu hgp nhau. Khi
B, =p,=100taco:

Bop =p*+2p8 ~p’ (6-26)

Vi dy, néa g, =, =100, thi S,,= 10000+200~10000. Cip Darlington c6 thé xem nhu la
mot TST c6 hé sé £ vo cung 16n.

Trong khi cac phan tich & trén biéu dién dugc dong DC va hé s6 S, thi phan tich tin hiéu nho
cho thdy rang gia tri tin hiéu nho ciia f,, 1 tong ciia gi tri tin hi¢u nhé cua £, vaf,. Ta co
thé két luan rang gié tri tin hiéu nho va gia tri DC cia A 1a bang nhau. Xac dinh h¢ s tin hiéu
nho cua dién tré vao tir cuc B dén cuc E, Tin(op), Va dién tré cuc E, repp), cua TST ghép nhu thé
nao? Tur phuong trinh 5-22:

v, 0026 6.27)

~

‘ IE IE
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Vi l., = 1I,,taco:

- 0.026 (6-28)
ICZ
Theo hinh 6-18, thiy rang 1. =1, + 1., =~ I, Vi I, >> I, nén (6-28) c6 thé viét lai thanh:
- 0.026 629)
]C
bién tro ac nhin tir cuc B cua Q; la:
rin(base)Z ~ ﬂZ re2 (6-30)
va
- 0.026 6:31)
IEl

khi 7, = B,1,, = B,1, taco:

1

Iy = ﬂLj (6-32)

thay (6-32) vao (6-31) ta dugc:
0.026
vy~ P, [—J = Pt (6-33)
IEZ

Heé s tin hiéu nho tin hiéu vao cua cap Darlington la

Vin(pPy = B, + rin(base)Z) ~ B (r, + Byr.,) (6-34)
thay vao phuong trinh (6-33):

Vincppy ™ BBy, + Bary) =28, Byt (6-35)

Do B,, = B, ,nén h¢ so6 dién trd cuc E, repp) la:

7’ ~ ’/}"(DP) — 2161162r62 — 27'

(DP) ~ 2
‘ ﬁDP ﬁlﬂz ‘

(6-36)

Vi du 6-8:

Mot cap Darlington c¢6 dong cuc C téng 1a 2mA. Néu p,=110 va £,=100, tim cac gid tri S,,,
Tin(DP), VA I'eop) O nhiét 4§ phong.

Giai:

1. Bop = BB, + B+ B, =(110)100)+110+100 = 11,210

2. Tu phuong trinh 6-29,
- 0.02?3 130
2x10

Tir phuong trinh 6-35, 7,, ) ~ 2(110)(100)13 = 2864
3. Tirphuong trinh 6-36, 7., = 2(13) = 26Q
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Vi du nay cho thdy cap Darlington c¢6 thé duoc sir dung dé lam ting dang ké dién tro vao BE so
vo1 BJT thong thuong.

Cap Darlington thudng st dung v6i dang E chung vi kha ning dém t6t giita tro khang cao cia
ngudn va tré khang thap ciia tai. Vi dién tro tai ac ghép vao cuc E, tong tro vao la:
Yin = Vinopy T Bory (6-37)
Khi mach E chung tich cuc, d 1oi dong tir cuc Base cia Q; tdi cuc E cia Q; 1a Aj = i0/ip1. Do
ielzibz, ta co:
ieZ (icﬁ ] iel
4 === "= +DB,+D) =~ B, (6-38)
Iy Lpa ) I
Vi dy sau s& md ta mot truong hop can c6 kha nang dém t6t khi dién tro ngudn 1a 5 KQ va
dién tré tai la 10Q

Vi du 6-9:

Hinh 6-19 13 mét ting CE mic Darlington nhu mot mach E chung. Transistor c6: B, =200,
B,=100 va B,=100.

1. tim vi/vg )
2. Tim vi/vs néu khong co6 cdp Darlington va trd tai 10 dugce ghép véi tu va cuc C cta Q
+ ITS v
a3 333k
Q
5 k0
10k0$
Vg 1k
Hinh 6-19: (thi du 6 - 9)
Giai:
R
1. Vi = 2 W = L0k (15kQ) = 2.6V
R, +R, (47kC2) + (10£Q2)
Vo=V —07=2.6-0.7=19V
14 :
I, =1, =i=ﬂ=l.9mA
R, 1k
- 0.026 _ 0.026 _ 13.70

14 =
I, 1.9m4
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r. (stagel) = R, | R, || B.r., = (10kQ) || (47kQY) || 200(13.7€Q2) = 2.1kQ)

cuc C cua Q; ghép truc tiép véi cuc base ciia Q, trong cip Darlington nén:
Viey =Vey =Vee =1 Rey =15V —(1.9mA)(3.3kQ2) = 8.7V

Ap DC cuc E cﬁq Qs 1a 1.4V nho hon é&p cuc nén B cua Q>, do d6 c6 hai mébi ndi BE phan cuc
thuan gitra hai diém:
Viey =V, —14=8.7-14=73V

Vs = E =7.3mA

R, 1kQ
Théy rﬁng Q; va Q; trong phan tich trudc bay gio 1a Q3 va Qq, tir phuong trinh 6-28 ta co:
_0.026 0.026 3,60

I, 7.3mA

Ioy=1Ig =

re 3

Tu 6-36,
Foppy ® 2(3.6) =7.2Q

tir 6-26
B,y = (100)* +200 = 10,200

tilr 6-35:
Foiom = 2(100)(100)(3.6) = 72kQ2

tir 6-37, tong trd nhin vao cip Darlington khi c6 tai la:
v, = (72k2) + (10.200)[(1£Q2) || (10QQ)] = 174k

Gia tri dién tr¢ vao nay qua lén so voi dién trg cuc thu cua Q; nén:
-R, -33kQ

A, = = =-241
r, 13.7Q
D6 loi 4p clia tang E chung 1a (tir 5-59)
—-r (1£Q) || 10€2)
A, ppy ® =

Foom 1 (12Q)+(1kQ) [ (10Q)

Dua rg vao tinh todn tai thi d¢ loi 4p c4 mach la:

v {M} 4 Av(Dm{ 212 }(—241)(0.58)

Vg rs +1, (stagel (5kQ) +(2.1kQ2)
=-413

2. Vi tai 10Q ndi vé6i cuc C cna Q, tai ac & Qy la: r, =(3.3kQ) || (10€2) = 10Q do do:
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Do loi ca mach la:
vy 2.1kQ
(5kQ) + (2.1kQ0)

}(—0.73) =-0.22

Vs

Néu khong c6 cip Darlington dém thi ap ngé ra s€ nho hon ’2 muc tin hiéu vao, nhu vay sé
khong con chtrc nang khuéch dai nita. Cap Darlington tdng do loi &p 1én 41.3/0.22=187.7 lan.

Mach khuéch dai ghép Cascode

Mot vi du khéc ctua ghép ndi tiép Transistor 1a khuéch dai cascode gém mdt TST CE va mot
TST CB. Hinh 6-20 la mot vi du. Q; la mot tang CE dung Rg, dé khic phuc phan cuc. Tu CB
ndi dat tin hiéu ac tu cuc base ctua Q,, Q, 1a mot tang CB. N6 hoat dong nhu tai & cuc thu cia
Q. Q; duoc ghép ndi tiép vao ngd vao cua Q, va ngd ra cia mach khuéch dai Cascode 14 cuc
thu cua Q,. Céc dién tréd R; va R, tao phan ap cho Q..

+Vee

'y

Rea 3
CZ<

A
vy

Rp; 3

Vs

>
)

Iy

x

2
s ——

Hinh 6-20: Mot vi du mach khuéch gfai cascode. Q; la tcing E chung duoc noi truc tiéb VOl
tang B chung cua Q.

Uu diém cua cach ghep cascode la n6 c6 dién dung nho, yéu cau quan trong cho cac mach
khuéch dai ¢ tan sd cao. Dién dung vao nho do do loi ap cta Q; gan bang 1, nghia 1a dién dung
Millers bi thu nho. Moi d6 lgi ap déu thu dugce tur tang CB. D6 loi ap Q, nho vi dién tré tai &
mach thu ctia n6 1a dién tré dau vao nho cua tang CB.
Tinh dong va ap phan cyc:
VCC — VBE

RBI

101 = ]El = Icz = ﬂlIBl (6-40)

I, = (6-39)
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R
V. = 2 V 6-41
B2 (Rl + sz cc ( )
VCI = VEl = VBz - VBE (6-42)
ch = Vcc - Icchz (6-43)
VCEZ = ch - VE2 (6-44)

Q) c6 thé duge phan cuc bang cach ding phuong phap phan ap va mot dién tr¢ phat.
Hinh 6-21 1a mach tuong duong tin hi¢u nhé ctia mach khuéch dai Cascode.

B1 2’-5 C1 iy E2

— C’?
< Byip i
R < r 7175 < b
vs a $Aires -;f T2 € ) Rczit R
El ' L T B

Hinh 6-21: Mach twong dwong tin hiéu nho cua khuéch dai cascode

Theo mach tuong duong ta co:
rin (Stagel) = RBI || ﬁlrel (6-45)

Dién tr¢ vao cia Q; 1a dién tré phat re; cua tﬁng CB. Nhanh song song r.i/ B; va re; tao thanh
tai ac ¢ cuc thu cua Q. khir,/ S, >>re,

VC
rle(ﬂij Voo ® 7o (6-46)
vi vay:
A, vl (6-47)
r r

el el

Phuong trinh 6-47 cho théy do6 loi ap cua Q, gén bﬁng 1, tirc 1a Ig, = Ig; 1am cho rep = ;. Tai
AC ¢ cuc thu cua Q; la:

P =To | Rey IR, # Rey || R, (6-48)
Do d6 d¢ loi ap tang thir 2 1a:
— - R R
sz ~ rLZ — C2 || L (6'49)
VeZ re2

Do loi 4p ca mach Cascode la:
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Av = AVIAVZ ~ _AV2 (6-50)

Phuong trinh 6-50 cho thay tang CB cung cp d6 loi ap. Do loi dong ctia mach khuéch dai
Cascode khong ké dén phan dong & ngd vao hodc ngo ra la:

A4, = Ba,= p via, ~1 (6-51)
Téng tré ra cia mach khuéch dai 1a :

r,(stage) =1, || Re, = R, (6-52)
Vi du 6-10

Transistor trong hinh 6-22 ¢6 cac thong sb sau:
Ql :131 = 100,7‘61 ~ OO,C;,C = 4PF,C,,E = IOpF

0,:a,=L,r,~x

Tim:
1. Dbng va ap DC: I Jc2, Ver, Ve
2. Do loi ap tin hiéu nho vy /vs

3. Tan s gy £(C,) do dién dung r& nhanh tai ngd vao Q.

+12 V dc
$2k0
o
s Q
RLD I
+12 Vde ;
— ve
10 k0 10 k2
1000 2 10 k@
10k
-«
ve T.. - -

Hinh 6-22: (thi du 6 — 10)
Giai:

1. Dién 4p giita cuc B va mass tai ting vao (Q;) duoc xac dinh bing phan ap tai do:
5 10£Q2 || 100kQ2
1 (10AQ) [ 100kQ2) + (334€2)

}(121/) =2.6V

Do d6:
Ve =V —07=26-0.7=19V
V 1.9V
Io, =1y :R_}ZZEZIQMA:IM ~1,

Ap gifra cuc B va mass cua Q; :
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by = 10kQ (12r)y=6V
(10kQ2) + (10kQ2)
Do d6:
Vo=V =V, —07=6-0.7=53V

Vey =Veo =1 Rpy =12—(1.9mA)(2kQ) = 8.2V

2. Khi IE1:IE2,
e = 0.026 _ 0.026 _ 5
I, 19m4

r. (stagel) = (33kQ) || (10kQ2) || 100(13.7Q) = 1.164Q

—-r
p— 62~_
A4, =—==-1
v

el

4 T CKYA0KY) o
2, 13.7Q
v, _|  ru(stagel) 4 A B 1.07kQ2
ve |+ (stagel |07 | (100Q) + (1.074Q)

3. bién dung Miller tai ngd vao Q; dugc xac dinh béng do loi ap cua tﬁng 1:

Cy =C,.(1-4,)=@4pF)(2) =8pF

Tong dién dung vao la:
C,=C,+C,. =@8pF)+(10pF)=18pF
Khi do:
1 1

}(—1)(121.6) =—112

LHL(C))= = =96.7MHz

27(rg || 7, (stage)C,  2x[100](1.07 x10*)](18 x107'%)

Tan s6 gdy do dién dung vao géy ra la rat 16n. Mach khuéch dai Cascode c6 thé loai trir nhimng

vén dé cua ngudn suy hao tan s cao théng qua dién dung Miller ngd vao.
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chwong 7: KHUECH PAI HOI TIEP AM VA
DAO PONG SIN

C6 hai dang mach hoéi tiép. Thir nhat 13 hdi tiép Am: mot phan hay toan b tin hiéu ngd ra
(dién ap hodc dong dién) dugc dua vé trd lai ngd vao dé co thé dugce trir boi tin hi¢u ngd
vao. Theo cach nay, tin hiéu ngd vao dén bo khuéch dai dau tién duge giam xudng, nhu
vdy tin hiu ngd ra dugc giam xudng cho phi hop. Khuéch dai hoi tlep am dugc déc diém
1a c6 hé s6 khuéch dai thap hon bd khuéch dai tuong tu khong ¢ hoi tiép.

Dang thir hai 1a hdi tiép duong: mot phan hay toan bd tin hiéu ngd ra duoc dua dén ngd
vao dé cong thém vao nd. Hoi tiép duong thi khong c6 ai mudn trong khuéch dai ca boi
vi nd thuong giy ra khuyéch dai khong an toan va dao dong. Tuy nhién tinh chat nay
dugc su dung nhleu trong mach dao dong. Trong chuong nay chung ta chi dé cap dén
khuéch dai hoi tiép am.

7.1 Nhirng khai ni¢ém tong quat vé hdi tiép

Hoi tiép 1a cong cu vo cung hiru ich trong rat nhidu tmg dung, ddc biét trong hé thong
diéu khién. Hé thong diéu khién bao gom tét ca cac mach dién ¢ d6 ngd ra dugce sir dung
dé diéu khién hodc hi¢u chinh ngd vao, tur d6 lai cung cap 1 ngd ra nhu mong mudn. Sir
dung khac cua héi tlep la “cam nhan” ngd ra, sau do so sanh n6 véi nhiing tin hi¢u khac,
va cubi cung 1a diéu khién ngd vao (va nhur ng6 ra) cho phu hop véi sy khac nhau gitra
tin hiéu ngd vao va tin hiéu tham chiéu. Pic biét hoi tiép 4m trong su khuyéch dai c6 thé
duogc st dung dé:

1. On dinh hé sb khuéch dai (dién ap hay dong dién).

Mixer

\
iDifference

I t - signal i\ Output

signal

Feedback
signal

" Feedback
network

Hinh 7.1 : So d6 kh6i mach khuéch dai hoi tiép

2. Pat dugc phép tuyén tinh.
3. Lam rdng bang thong.
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Gidm hodc tang tré khang ngd vao.
Giam hodc tang tré khang ngo ra.
Giam nhiéu trong bo khuéch dai.
Lam giam céc hi€u ung nhi¢t.

Nowke

Dé 6n dinh hé s khuéch dai, nghia 1a ching ta muén 1am hé sb khuéch dai it phu thudc
vao nhiing thong s6 dac biét cua thiét bi. Su tuyén tinh thi rit quan trong cho bd khuéch
dai, nhung su cai tlen tinh tuyén tinh (Iam méo it) ndy lai cang quan trong hon trong
khuéch dai cong sudt. Nhidu ( tin hiéu dién gia duogc tao ra khong co khuéch dai ) dic biét
phién toai trong khuéch dai khi mirc tin hiéu hét sitc nho. Trong nhiing trudng hop nay,
héi tiép 4m co thé duoc sir dung 1am giam nhiéu trong bd khuyéch dai.

Chung ta s€ phén loai kiéu cta hoi tlep theo hoat dong cuia hoi tiép do loi. Hai kiéu d6 1a
mach hoi tlep dong va mach héi tiép 4p, chung duoc phan biét boi sy suy giam do loi.
Hai kiéu hoi tlep khéc, gidi han mach Shunt va mach hoi tlep lién tuc, cling s& dugc xét.

So d6 khdi mach khuéch dai hoi tiép co ban nhu ¢ hinh 7.1, véi dudng tin hi€u trén hinh
v€. Tin hi€u ¢ bat ki di€ém nao trong hinh 7.1 cting c6 thé 1a mdt di¢n ap hodc dong di¢n,
phu thudc vao dang mong mudn.

7.2 KHUECH PAI HOI TIEP AP

Xem hinh 7.1, ching ta thdy rang khi toan bo tin hiéu 1a dién ap, mach dién la mot bo
khuech dai h01 tiép ap. Dang chung cua khuéch dai héi tiép ap duogc thé hi¢n ¢ hinh 7.2.
Hoi tiép am dugc thiét 1ap bang cach lay mot phan cia dién ap ngd ra dua vé trir cho dién
ap ngo vao.

7.2.1 P§ lgi ap

Trong hinh 7.2, dién ap ngd ra xuat hién qua ca tai bén ngoai va hé théng hdi tiép. Heé
thong hoi tiép dién 4p nguoc dugc dinh nghia:

V,
B, =—+ (7.1)
Khuéch dai do 101 ap mach hé A, dugc dinh nghia.
v
A, = 7.2
Ty (7.2)
Dién 4p tong ¢ ngd vao déu bang 0 dwoc chi rd hinh 7.2. Chung ta tim duoc:
Vo=V +V, (7.3)
Do loi dong ho cua khuéeh dai hoi tiép A,r dugc cho boi
VO
v v 4
o =9 — °o = 1 (7.4)
e
4
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Feedback
amplifier

L/_—T

|
TT
=
+
Dl = +J:

i s M riaide e Sl S

m————————=

Hinh 7.2 : So d6 khéi mach khuéch dai hoi tiép ap

Tir biéu thuc (7.1) ching ta thiy ring Vi = BV, .Ciling chuy rang A, = V,/V, chiing ta
tim duoc
A
Ay =—"t—
S 1+ B4,

Chiing ta dinh nghia hdi tiép am cho (1 +3,4,) 1a 16n hon 1 va héi tiép dwong cho ( 1 +
S,A, ) lanho hon 1.
Thong thudng thi | A, | thi 16n hon nhiéu so véi 1, dén mirc chiing ta c6 thé xem gan diing

4 =
B,

(7.5)

~

, (7.6)

7.2.2 Pién tré ngo vao

bién tro ngd vao cho khuéch dai héj tiép duoc dinh nghia 1a ti s giira Vi véi 1.
Lay V¢ tur biéu thuce (7.1) thé vao bi€u thuc (7.3), ta duoc
I/s‘:Vvl—FﬂVICJ:I/1(1—+_18v/‘1v) (7‘7)

Chung ta c6 thé thay V, = Ril,. Nhu thé
V.

1
Khi dién 4p hoi ti€p &m dugc sir dung, dién tréd ngd vao dugc tang lén.

R

7.2.3 Pién tré ngo ra.

Gia sur rang dong duoc 14y ra tir mang hoi tiép nhu trong hinh 7.2 thi rat nho khong dang
ké, chiing ta co thé viét

Vo=AVi-1R, (7'9)
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Thé V, tir biéu thic (7.3) ching ta c6
Vo=AV,-AV,-1,R, (7.10)

Sau d6 sap xép lai ta dugc biéu thirc:
V.A+p,A4)=A4V,-I,R, (7.11)

Chia hai vé cho (1+ f3,4,) , chiing ta dugc

R,
V,=A4,V,—1,——— (7.12)
+ 5,4,
Chung ta tim dugc dién trd ra cia mach hdi tiép bang cach cho V=0
v R
R, =—>—= . (7.13)

Of - 10 1 + ﬂVAV
Khi héi tiép am, dién trd ra co hoi tiép thi thap hon dién tro vao khi khong c6 hdi tiép.
7.2.4 Mach twong duwong

Bleu thirc (7.12) dua ra dugc mét mach tuong duwong cho ngd ra cia bo khuéch dai hoi
tiép. Mach twong duong hoan chinh ctia mach khuéch dai h01 tiép dugc cho & hinh 7.3.
Céc cach xac dinh cac thong s6 ctia mach khuéch dai hoi tiép ap dugc minh hoa & vi du
7.1.

Vidu 7.1
M6t mach khuéch dai nhu & hinh 7.4 14 mot mach khuéch dai hoi tlep ap. Bao gdm mang

hoi tiép cua dién tré phan ap Ro va Ryq. Khuech dai khong hodi tlep c6 cac thong so A,
=100, R; =2k, va R, = 5 k. Xéc dinh cac thong sb ctia mach khuéch dai khi hoi tiép?

Giai

Hé s6 hoi tiép B, dugc tinh tir ti sd dién tro:
R, 01 1
b= R, +R T 0.1+22 23
Ké tiép chiing ta tim thanh phan hoi tiép:

1484, =1490 _5 35
23

Céc thong sb khuéch dai hoi tiép ap c6 thé duogc tinh toan nhu sau:
R, =R (1+B,4,)=2x535Q =10.7kQ (theo 7.8)

R
Ry=—0"—= >k = 0.935k0 = 930 (theo 7.13)
1+B,4, 535
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A
Ay =—r = 100 157 (theo 7.5)
1+B,4, 535

Chu ¥ khi sir dung gan ding trong biéu thirc (7.6) ching ta cd Ay¢~ 23, trong truong hop
nay 1a mot s6 gan ding nguyén. sé gan dung nay duoc st dung khi 3 4, 16n hon 10.

Tinh toan d¢ loi, tré khang vao va tré khang ra cho mach khuéch dai khong c6 héi tiép
phai dugc tinh riéng, boi vi phan hdi tiép khong thé dugc bo qua hoan toan. Tinh toan
cho ngd vao, bd khuéch dai trong hinh 7.4 khong c6 hi tiép phai duoc xem nhu ¢6 V, =
0 (ngan mach ngd ra).

Hinh 7.3 : Mach twong dwong
cua khuech dai hoi tiep dién ap

B ¢ ]
o—) 16
4+
V ‘.
4 R, L b3
R ]
_‘"'nl'l'
L 1000 Aq
22k

Hinh 7.4 : Vi du vé mach khuéch dai héi tiép dién dp
Tinh toan cho ngd vao, bd khuéch dai phai dugc xem nhu c6 Vi = 0 ( trong trudng hop

nay, Ry bi ngan). Tuy nhién tré khang ngd vao trong vi du nay dugc xem nhu khong co
su két hop cua R, va R, mic song song. Trd khang tong ngd vao bao gdm hai dién tré do.

7.3 KHUECH PAI HOI TIEP DONG
Toan bd tin hi€u trong hinh 7.1 1a nguén dong, mach 1a mét bo khuéch dai hoi tiép dong.

So d6 khéi duoc md ta ¢ hinh 7.5. Hdi tiép 4m dugce tao ra lam cho dong ngd ra trir voi
dong ngd vao.
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7.3.1 b0 lgi dong.

Trong hinh 7.5, dong & ngd ra 13 ngudn cung cap cho tai Ry va nbi ¢én mang hoi tiép. Do
loi dong ddo cuia mang hoi ti€p, f,, duge dinh nghia:

B =" (7.14)

Do do, khi dong ng6 ra I, chay qua mang hoi tiép, thanh phan di dén ngd vao ciia mach
khuéch dai la

Ie= g1, (7.15)
Dong khuéch dai & ngd vao I; dugc cho boi
L=Lk-I=L- B,1, (7.16)

Khuéch dai hoi tiép dong & ngd vao 14 I va co thé tim duoc tir biéu thic (7.16):

L=1+ 81, (7.17)
Feedback
amplifier

PR ity GRS, voslhny g
s I /, A '
O—.-: S s - "
[ / Amplifier |
| l F A, Yo |
o—j o o o -
|
|
|
|
| |
| |
I i)
I Feedback |
| network :
| O . —o—— |
| — -~ -
WS, et o st _._J'

Hinh 7.5 : So d6 khéi mach khuéch dai hdi tiép dong

Do loi dong ngén mach ctia mach khuéch dai la:

I
A =-= 7.18
177 (7.18)
Chung ta c6 thé viét
I, = Al (7.19)

D(:) lgi dong ngén mach cua mach khuéch dai hoi tiép Airla ti s6 cua I, va I,. Sir dung
biéu thirc (7.17) va (7.19) ta tim duoc
1 Al
Ap=—t=—T1— (7.20)
Is Il + ﬁ[ 10
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Chia ttr s6 va méu sd ctia biéu thirc (7.20) cho I; duoc
A[

A, =—""1 7.21
b1+ f4, 20
Biéu thuc nay c6 quan hé véi d6 loi dong ngén mach ctia mach khuéch dai hdi tiép, Air,

v6i do o1 dong ngan mach cua mach khong c6 hoi tiép, Ai.

Ta c6 thé tinh gn dang d6 loi dong ngin mach cta mach khuéch dai hoi tiép néu ching
ta dé y rang, thong thuong | A; | 16n hon nhi€u so véi 1. Vi vay, néu chia ca tr va mau cia
biéu thuc (7.21) cho Aj, ta co:

A.;L

(7.22)
"B

Véy thi, d6 loi dong ngan mach ctia mach khuéch dai hdi tlep ¢6 thé duoc lam khong phu
thudc vao tham s thiét bi ma chi phu thudc vao thanh phan ctia mang hoi tiép.

7.3.2 Tré khang ngo vao

Tro khang ngd vao cua mach khuéch dai hoi tiép Rir dugc dinh nghia 1a ti sé giita Vi va
I, & d6 Vi la dién ap dau vao trong hinh 7.5.
V IR R
R, =—s=—11 —_ "7 (7.23)

if
L I+l 1

1

Chu y rang Iy = B,1,, ching ta co
T 1+ 84,

Khi héi tiép 1a am, (1+3,4,) 16n hon 1 va tré khang ngd vao thi thip nhu két qua hoi

tiép.

(7.24)

7.3.3 Tré khang ngo ra

Theo hinh 7.5, tr¢ khang ngd vao cua mach khuéch dai h61 tiép duoc dinh nghia 1a ti sd
gitta V, va —I, voi didu kién 13 I, = 0. Néu chung ta gia sir rang dién ap ting qua mang hoi
tiép & vong ngd ra thi nho khong dang ké so véi V, hay dién ap qua R,, khi d6 chung ta
noi dién 4p qua R, thi xap xi gan bang V,

V,=(A41,~1,)R, (7.25)

Thay biéu thirc (7.16) vao I, chung ta co
Va:(AIIS_ﬂIAIIU_IU)Ro (7°26)

Bay gid chiing ta dat hé s6 (1+ £, 4,) ra ngoai:
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A
V =|| —X+—1|I.-1 |R (1+p,4 7.27
o |:[1+,81A1j5 o:| o( ﬁ[ I) ( )
Khi I; = 0, chtng ta ¢6 thé tim duoc tré khang ra ctia mach khuéch dai hoi tiép
V
R, = ; =R (1+p,4,) (7.28)

Vi thé, chiing ta thiy rang hiéu ing hoi tiép dong m thi lam cho tré khang ra ting lén.
7.3.4 Mach twong duwong

Ta di thay hiéu tng cua héi tiép dong am trén do loi dong, tro khang ngd vao va tro
khang ngo ra. Trong biéu thire (7.27), ching ta da tim duoc hé so cua Iy nhu Ajr. Néu st

dung dinh nghia ctia Ry, ta co thé viét:

V,=(A,1,~1)R, (7.29)

Hinh 7.6 : Mach tuwong duong
cua bo khueéch dai hoi tiép dong

Biéu thirc nay dwa ra mot mach twong duong ctia ngd ra voi mot dong phat Aie I va tre
khang ra Ror. DOng ngd vao 1a I, va trd khang vao 1a Ri;. Mach tuong duong khuéch dai
hoi tiép duogc thé hién ¢ hinh 7.6. Nhitng thong sé ctia mach khuéch dai héi tiép dong
duoc xac dinh 16 ¢ vidu 7.2.

Vidu 7.2

Cho maph nhu hinh 7.7 1a mot mach khuéch dai hodi tiép dong. Khi‘ khQng hoi tiép, cac
thong s{) chh k‘huéch dai la: A; = 800, R; = 1kQ, va R, = 10kQ. Hoi tiep du(jc,dua qua
mang hoi ti€p gom co Rg va Ry (220 € va 4.7 kQ). Chung ta hdy xac dinh hé s6 khuéch
dai khi hoi tiep.

Giai.

Hé s6 hoi tiép B, duoc tim tir ti s6 tro khang:
5 R, _ 022 1
"TR,+R, 022+47 224

1
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H=

Hinh 7.7 : Vi du ciia mach khuéch dai hoi tiép dong.

K¢é tiép chung ta tinh gia tri thuc cua hoi tiép

1+ 4,4, ~1+% 36.7

Nhitng hé s6 khuéch dai hoi tiép dong cé thé duoc tinh toan nhu sau:
R.
R, = L~ 1000 Q=27Q (theo 7.24)
1+ 6,4, 36.7

R, =R,(1+f,4,)=10x36.7kQ2 =367k (theo 7.28)
A 800

A, =—1 =" ~218 theo 7.21
Y1+ 8,4, 367 ( )

Biéu thtrc ndy nghia 1a trong mach khuéch dai hoi tiép dong, d6 loi dong trong vi du nay
thi khong phu thudc vao hé sd transistor va phu thudc vao gia trj dién tré hdi tiép ctia Ry
va Rg

Phai chu y khi xac dinh cac hé s6 khuéch dai khong c6 hoi tiép. Néu ta mudn xac dinh
cac thong sb ngd vao, thi dong ngd ra phai dé 1a khong (hé mach ngd ra & cuc phat thir
hai, xem hinh 7.7). Khi tinh toan cac hé s ngd ra, dong ngd vao phai dé 1a khong (ho
mach ngd vao voi cuc nén dau tién). Theo cach nay, héi tiép dugc loai ra, mic du tai caa
mach hoi tlep trén bd khuéch dai khong co hoi tlep duoc dua vao tinh toan.
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7.4 Hiéu wng hoi tiép khi dap tng tan sb.

Nhu di thdy trong hai phan trudce, hdi tiép lam thay dbi do loi, tré khang vao va ra cta
mot mach khuéch dai, né cling giam bot dap ung tan s6 cua mach khuéch dai.

M6t mach khuéch dai khong hoi tiép 6 tan sb thép va tan s cao 3 dB duoc ki hiéu tuong
ung la f; va f,. Mach khuéch dai twong tu, hoi ti€p ap s€ co tan so thap va tan s6 cao3 dB
(ki hiéu tuwong ung 1a fi¢ va f,¢ ) dugc cho boi:

fir= Jﬁ (7.30)
fz_/ = f,(1+ BA) (7.31)

¢ do ﬂ va A s& co gid tri thich hop (I hodc V) phu thudc vao nd 1a mot mach khuéch dai
hoi tiép dong hay hoi tiép ap. Anh huong cta hoi tiép 1a 1am giam tan s6 3 dB thap hon
va lam tang tan s6 cao 3 dB.

Vi vay, bang thong cua mach khuech dai hoi tiép 4p bi thay do6i. Néu chung ta gia st ring
tan s6 thap 3 dB rat nhé so vdi tan sb cao 3 dB, thi bang thong khi hdi tiép duoc cho boi

BW; =BW(1+ £4) (7.32)
Anh hudng cua hoi tiép trong bd khuéch dai dap tmg tin sé dugc minh hoa qua vi du 7.3.
Vidu 7.3:

Mot mach khuéch dai (khong hoi tiép) co d6 loi ap 1000 va co tan ’Sé thap va tﬁr} s trén
tuong l'mg la 100 Hz va 100 kHZ. N(’) duoc lam thf*mh mot })C) lghuéch dai hoi tiép co 20
dB hoi tiép. Xac dinh dap tng tan s6 cia mach khuéch dai hoi tiép?

Giai.
bap tmg tan sb cua mach khuéch dai dugc thé hién trong hinh 7.8.
Tdong luong hoi tiép 1a
dB of feedback = 20 log |1+ 4| =20 dB
Do do,
1+ 84=10

Khi héi tiép, do loi ctia mach khuéch dai 1a
1000

= —""-100 hay 40 dB
710 Y
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Without feedback
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Hinh 7.8 :Hiéu iing ciia héi tiép trong ddp vng ciia mach khuéch dai.
Tan sb thap va trén 3 dB 1a

ﬁf = %HZ =10Hz

fa, = (100)(10)kHz = 1MHz

Nhiing két qua nay dugc tinh trong hinh 7.8. Chay rang khi bang thong tang thi d6 loi
gidm. Trong truong hop nay, bang thong tdng 10 lan thi dJ lgi giam 10 lan.

7.5  Mach dao dong

Dao d(f)ng’lé mot trong nhfmg ’mach dién tur co ban, chung khong c¢6 ngd vao AC, nhur}g
lai cung cap ngd ra voi 1 tan s6 xac dinh. Ngd vao duy nhat cho bd dao dong chi 1a ngudn
ap cung cap dé phan cuc cho linh kién tich cuc hodc cac linh kién duoc sur dung trong

mach dao dong. Thong thuong cac mach dao dong 1a bo khuéch dai hoi tiép véi hé sb
tiép duong.

7.5.1 Tiéu chuin cho mach dao dong

Cho 1 mach dao dong tong quat nhu hinh 7.9. B$ khuéch dai (khong nhat thiét 1a
OPAMP) c6 d6 loi ép A, am, tong tro ngo ra R, & tong tro vao R; 1a rat 16n. Trong hinh
7.10 , chung ta v& lai mach dé thy rd mach hoi tiép gém ca Z, & Z, .Mach nay 1a 1
dang cﬁa hoi tiép ap. Ta c6 do loi mach 1a:

(7-33)

véi B 1a hé s6 hoi tiép
Tuy nhién néu mach nay dao dong thi d6 loi phai v6 han, tirc 1a mau s6 phuong trinh (7-
33) bang 0, vi vay :
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-4 =0

hay |84 =1 va goc pha ciia (8 A)=0 (7-34)
Trong d6 S A duoc goi 1a d6 loi vong lap, ca B va A 1a cac ham tan s6 & déu 1a cac s6
phure.

Piéu kién cua phuong trinh (7-34) dugc goi 1a tiéu chuan Barkhausen; n6 xac dinh diéu
kién d¢€ c6 dao dong. Theo ti€u chuan Barkhausen, tan s6 by dao dong 1a tan so ma tai do,
tin hi¢u di chuyén quanh vong lap.

Hinh 7.9: Mach dao déng tong qudt

Nhu & hinh v&, tin hiéu ban diu ¢ ngd vao; nd phai cung pha (dé bao dam hdi tiép
duong), va bién d6 cua tin hiéu khong duoc giam trong qua trinh 1ap vong. Tan s6 bo dao
dong dugc quyét dinh boi do dich pha (proper) ctia vong héi tiép. Chu y rang do loi vong
lap rat 16n (hon 1) s& gay sai dang tin hiéu & ngd ra khong con & dang sin.

Thay thé bo khuéch dai ba‘“lng‘ mach tuong duong nhu ¢ hinh 7.11. Hinh 7.12 v& lai mach
cua hinh 7.11 khi khong c6 hoi tiép, ta c6 do lgi khong hoi tiép:

7
A=A, L (7.35)
Z, +R,

Trong d6, ta dinh nghia Z; 14 tai khong hoi tiép :

Z _ (Zl +ZZ)ZS

= 7.36
bzZ+Z,+2, (7.36)
Tuong ty, ta xac dinh hé sb hoi tiép B tir hinh 7.5
ZZ
= 7.37
p Z,+7Z, (7.37)
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Thay thé phuong trinh (7.35), (7.36) & (7.37) vao ti€u (;huén Barkhausen, ta thdy ring
phuong trinh (7.34) cho tan s6 dao dong & d6 loi bo khuech dai can tim. Chung ta s€ xct
truong hop dac biét khi 3 tré khang déu 1a linh kién thy dong (thuan 40)

Z,=jX, Z,=jX, Z,=jX,  (1.38)

T

Hinh 7.10 : Mach dao dong t(fng quat duoc vé lai

Z
—ANN

LA AL

Hinh 7.12 : Xdc dinh dg loi khéng hoi tiép

Str dung cac moi quan hé trong phwong trinh d¢ lgi vong lp, ta cé:

pA=A4 REELE
’ _X3X1 _X2X3 +jRo(X1 +X2 +X3)

(7.39)
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Pé c6 goc pha ctia S4=0, thi cac thanh phan ao ctia mau s6 ¢ phwong trinh (7.39) phai
bang 0. Vi vay:
X, +X,+X;=0 (7.40)

O mach di cho nhu trén, phuong trinh (7.40) s€ cho ra tan s6 bo dao dong. Néu ta cho
bién do cua do loi vong lap bang 1, ta sé& co:

=23 (7.41)

phuong trinh 7.9 cho gia tri’ , bién do cua d6 loi khuéch dai cia bo dao dong. bé v réng
trong thyc t€, do loi b khuéch dai la am.

O > J:__ &

Hinh 7.13 : Xdc dinh yéu t6 hoi tiép
7.5.2 Mach dao dong Hartley

Mach dao dong Hartley dung OpAmp nhu hinh 7.14. Ta c6 thé kiém tra rang mach nay 1a
dang co ban tir hinh 7.9 néq ta xem by khuéch dai 1a OpAmp véi dién trd tao ra do loi la
R; & R¢. D6 lgi ap tir V; dén V,dugce cho boi :

Rf
4 =-—L (7.42)
Rl

Ta co thé so sanh vi tri ciia cac cudn ddy & tu dién cua hinh 7.14 . v6i tong tré & hinh 7.9,
ta s€ co:
-1

X, =—
oC,

X,=0L, X,=0L, (7.43)
tan s6 dao dong duoc tinh bang cach thay phwong trinh (7.43) vao phuong trinh (7.40)
_—Cl =a(L, + L) (7.44)

1
ta dugc tan s6 dao dong fy: v6i w=2xf

1
27 (L, + 1),

£, (7.45)
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D6 loi tdi thiéu dugc tinh tir phuong trinh (7.41):
gyt
LZ

v

(7.46)

it
Hinh 7.14 : Mach dao dong Hartley dung Op AMP

Vi du 7.4: Thiét ké mach dao dong Hartley nhu hinh 7.14, véi L,=0,4mH, L, =0,ImH &
C1=0.002 uF . Xac dinh tan s dao dong & giatri R, & R ; dé bao dam mach dao dong.

Giai: Tan sb dao dong duoc cho boi phuwong trinh (7.39):

I
= Hz = 159kH-
Jo = rtoa o210 :

Do loi téi thiéu tir phuong trinh (7.46):
PIELENY
0.1

Vi vdy, néu chon Ri=100kQ, thi R, =430kQ d¢ cho do loi 4p 1a 4.3, nhu vy s& bdo

dam dao dong.

7.5.3 Mach dao dong Colpitts

Mach dao dong Colpitts twong tw nhu mach Hartley nhung ta thay thé tu bang cudn day
& nguoc lai (hinh 7.15). Ta co6 thé phan tich mach dao dong Colpitts bang cach st dung
két qua tong quat & muc 7.5
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Ry
Y
A,
—AMW— )
—0
= E:muprinp
— I
2 3
009 ——
L,
Hinh 7.15 : Mach dao dong Colplitts
Chu y rang
-1 -1
X, =ol, X,= X,= (7.47)
oC, oC,

1
Jo=T—"F7— (7.48)
271, L,C
v6i C, 1a gia tri ciia tu C, ndi tiép C,:
_ C2C3
G, +C

Do loi ti thiéu tir phuong trinh (7.41) véi [ X,| = 1/(@C,) &|X;| = 1/(aC;)

la

A =—= (7.49)
bdi vi do lgi 16n hon 1, nén C, phéi I6n hon C,
Vidu 7.5:

Mach Opamp dao dong Colpitts nhu hinh 7.15 ¢6 L,=0,1mH, C,=800pF & C,=400pF
Xéc dinh tan s6 bd dao dong va d6 loi tdi thiéu can thiét dé mach dao dong?
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Giai:
Dau tién, ta tinh dién dung tuong dwong:

c ~ (800)(400) P
S T7g00+400 L TP

Tan s6 dao dong:
1

f =
" or2.67x107

Do loi téi thiéu d¢é mach dao dong:
s = 800 _ )
400

Hz =097MHz

Vi viy, néu chon R;=1004Q2, thi R, = 2004Q hoac chon R, = 220kQ) (cho dung gia tri

chuan dién tr&) thi mach s& dao dong.

7.5.4 Mach dao dong dich pha RC

Ca 2 bd dao dong Hartley & Colpitts hoat dong vé cin ban 13 giéng nhau, tai tin s6, mach
hdi tiép cho d6 dich pha 1a 180°. Bo khuéch dai cung cép 180° khac dé bao dam do dich
pha quanh vong lap 13 0 (hodc bdi s6 ciia 360°). Ta co thé dat dugc didu nay biang mach
dich pha RC nhu hinh 7.10 véi tdi thiéu 3 bo RC cung cap d6 dich pha 1 180°. (1 tu dién
Iy tuéng cho dich pha 90°_vi vay can tdi thiéu 3 by RC, mic dit mach ¢ thé ¢ 4 hogc
nhiéu hon).

Mang hoi tiép cho d6 dich pha 180° tai tan s6 dugc cho boi :

1

_ - (7.50)
27(2.45)RC

fo

Tai tan sd nay, do loi mang hoi tiép 1a 2% Vi vay bo khuéch dai phai c6 do loi ti thiéu
14 29 dé bao dam dao dong. Suy ra, phuong trinh
R.
A, =29=—"L (7.51)

1
cho ta tim ra cac dién tré can thiét. Ta c6 thé chon R;=100kQ & R, =3.3MQ dé co do

loi 1a 33
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ARAA

Hinh 7.16 : Mach dao dong dich pha
Vi du 7.6: Thiét ké mach dao dong nhu hinh 7.16 véi tan s dao dong 1a 10kHz
Giai
Chung ta bit dau bang viéc chon tu dién C =0.0014F . Sau d6 tinh gia tri tir phuong

trinh ( 7.50)
1

R= - — ~ 6.5k
27(2.45)(0.001x 10°)(10x 10°)

pé cung cép d6 lgi & ngan chan viéc giam tai tir mang hoi tiép ta chon R1=100kQ2 &
R, =3.3MQ

Hinh 7.17 minh hoa 1 mach dao dong dich pha RC dung BJT. bé co ghép 3 bd RC, ta
phai bo dién tré R cudi ciing vi tai ning cia mang hdi tiép bang tong trd ngd vao h,, cua
BIT.

Pé c6 tan sb dao dong, két hop song song Ry, Ry & £, tit ca ndi tiép véi R’, dugce tinh

ie ?

sao cho twong duong voi R.
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e

o
o
3

I

Hinh 7.17 : Mach dao dong dich pha RC

7.5.5 B dao dong cau WIEN

Mach dao dong ciu WIEN diung OpAmp duoc minh hoa nhu hinh 7.18. Mach hdi tiép
duong gébm mach két hop dién tré & tu dién: R, song song voi C; va R; ndi tiép véi Ce.
Dién tré R:& Ry quy dinh d6 loi cia OpAmp.Ta c6 thé vé& lai mach dé phan tich don gian
hon nhu hinh 7.19 (nhung twong duong nhau).

Dao dong xuét hién khi dich pha qua mang hoi tlep =0; va d6 loi duoc cung cip boi Rs.
R, di 16n dé khong bi mat tin hiéu trong mang hdi tiép.

Tan s cua bd dao dong duoc xac dinh tu diéu kién ma téng tré cua nhanh R;-C, bﬁng
vo1 tong tré nhanh R,-C,. Vi vay,
1

f =
" 22RR,CC,

Tai tan sb nay , dé cho do loi vong lip 1a 1, thi d6 loi bd khuéch dai phai thoa:

(7.52)

R
A, 2_1+2+1 (7.53)
» G

Tu d6 , chon dugc dién tr6 Ri& R, , C18§ C, va dé dang suy ra tan s dao dong tur phuong
trinh 7.52. Dién tré R3& R4 dugce chon d€ cho d6 loi nhu phuong trinh 7.53. Cong thire do
loi c6 R3& Ry la:
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A =310 g (7.54)

Hinh 5.18

Hinh 7.19 : Vé lai mach dao dong OPAMP cau Wien
Vi vay, ta tim duoc gia tri R3,& Ry bang cach két hop phuong trinh 7.53 & 7.54

RBRo&LG (7.55)
R, R, C

Trong truong hgp dac biét, khi Rj= R, =R & C,=C,=C, tan dao dong s¢ 1a

-

=— 7.56
27RC (7.56)

va d6 loi tdi thiéu cho mach dao dong l1a 3. Di nhién la R, > 2R, dé bao dam mach dao
dong (xem phuong trinh 7.54)
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Bai tap:

Bai 1: Cho mach dao dong Hartley, nhu hinh 7.14, dung OpAmp, véi tan s6 dao dong 1a
455kHz. Xac dinh cac gié tri linh kién trong mach.

Bai 2: Cho mach dao dong Colpitts dung OpAmp nhu hinh 7.15 voi:
C, =5000pF ,C, =500pF & L=1mH. Xac dinh tan s6 dao dong & céc gi tri dién tro
dé bao dam mach dao dong.

Bai 3: Can thiét ké mach dao dong dich pha dung OpAmp voi tan sé dao dong 1a 18kHz.
Xéc dinh céc gia tri trong mach ( tat ca cac tu dién déu 1a 0.1 pF')

Bai 4: Lap lai bai 3 voi mach dao dong dich pha dung BJT nhu hinh 7.17 véi thong )
BIT la &, =2kQ , h, =100 vabo qua 4,,,h,,. Xac dinh gia tri R’

Bai 5: Cho mach dao dong cau Wien nhu hinh 7.18 v6i Ri= R, =1 kQ &
Ci=C,= 0.02uF . Xéac dinh tan s6 dao dong va gia tri cac dién tré bao dam do loi cho
mach dao dong?
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8-1 KHUECH PAI THUAT TOAN LY TUONG.

Nhic lai ring dai thuat toan 1a mot khuéch dai ghép truc tiép (vi sai) v6i hai ngd vao va
mot ngd ra. Chung ta s€ dinh nghia mot bd khuéch dai thuat toan ly tuéng theo nhirng
dac tinh nhu sau:

1. N6 ¢6 hé s6 khuéch dai vo cung.
2. Tré khang ngd vao 1a vo cung.
3. Tré khang ngo ra 1a 0.

Mic du trén thyc té, khong c6 bo dai nao thoéa man hoan toan bat ky cac yéu cau
trén, nhung ching ta xem nhu mé hinh khuéch dai c¢6 hé sb khuéch dai va trd khang
ngd vao rat 16n, va tré khang ngd ra rt nho, d6 1a nhimng két qua sai sé nho khong déng
ké so v&i nhitng dic diém 1y tuong do.

Hinh 8-1 trinh bay ki hi¢u chuan cho mét bo khuéch dai thuét toan. Cha y r?mg:
hai ngo6 vao dugc dat 1a “ + ” va “ - “ va nhiing tin hi¢u ngd vao da dugc chi rd tuong
tmg v;" va v;. Néu nhitng ngd vao 1a cac tin hiéu khac pha, thi ngd ra bo khuéch dai s&
cung pha véi vi” va nguoc pha véi vi'. Vi ly do ndy, ngd vao cuc duong duoc goi la ngd
vao khong dao va ngd vao am dugc goi la ngd vao dao. Trong nhiéu tmg dung, mot
trong cdc ngd vao by khuéch dai duoc ndi dat, nén v, cing pha véi ngd vao néu tin hiéu
duoc ndi véi ngd vao khong dao, va v, 1a ngugc pha voi ngd vao néu tin hiéu duoc nbi
v6i ngd vao dao. Nhimng y tudng nay duoc tom tit trong bang kém theo hinh 8-1.

Vi O———

Yo Vi~ V"‘P Vo
vt o——m 4+ 'é‘ AVE Ea
AV N Ve

Hinh 8-1: Ky hiéu dai thudt todan, ngo vao dao (-) va ngo vao khong dao (+)

O thoi diém nay, mot cau hoi chinh dang ma c6 18 da xay ra véi nguoi doc 1a: néu
hé s6 khuéch dai 12 v6 cuing, ngd ra c6 thé 1a nhiing dang gi khac hon 1a mot dang song
xén? Vé ly thuyét, néu khuéch dai co hé sb khuéch dai 1a vo cung, thi mot dién 4p vao
rat nho phai cho két qua ¢ dién ap ngd ra 1a rat 1on. Cau tra 10, di nhién 1a hé s6 khuéch
dai d6 khong 1a vo cting, ma chi 1a rat 1on. Tuy nhién, né chi ding khi mét dién ap ngd
vao rit nho s& giy ra khuéch dai dién ap ¢ ngd ra dé 1ai t6i gidi han dién ap duwong
hodc am rat 16n. Thuc té tra 161 1a khuéch dai thudt toan thi it khi st dung toan b hé $6
khuéch dai cho ngd vao. Pang 1y ra, nhitng dién trd vo cung thi duoc ndi vao bd khuéch

Trang 8.1



Nguoi soan: NGUYEN NGOC MAI KHANH Bo Mon Ky Thudt Dién Tur

dai sao cho tin hi¢u duoc khuech dai khong 16n nhu v@y. Nhing dién tré gay ra giam hé
s6 khuéch dai qua tin hiéu héi tiép, chiing ta s& lam quen trong phan hoi tiép am.

KHUYECH PAI PAO

So d6 mach nhu hinh 8-2. Pay 1a mot ung dung kha hitu ich cua bo khuéch dai thuat
toan. Ng6 vao khong dao duoc nbi dat, vi, duoc ndi qua R, véi ngd vao dao, va dién tro
hdi tiép R¢ dugc noi gitta ngd ra va v;. Boi vi sir dung bo khuéch dai & ché do dao, nén

ta chi 16 hé s6 khuéch dai dién ap 12 —A, vi Vay
=-Av/ 8-1)

Chu y v; khac v; . Ching ta s& tim hiéu moéi quan hé gitta v, va v;, khi do 16n cia A 1a
vO cung.

Hinh 8-2: Mot ung dung cua dai thudt toan voi tin hiéu v, di qua R, dién tro hoi tié'p
Rf: vo/v,-_ =-4

Hinh 8-3 chi ra két qua cua dién ap va dong dién d6 khi tin hi¢u vao vi, dugc két ndi.
Twr dinh luat Ohm, dong dién i; 1a sy chénh 1éch v¢ 4p trén Ry, chia cho R;:

b0V, = _AVE'

-

Hinh 8-3: Két qua dién ap va dong dién voi dién ap vao vi,.
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11= (Vin — Vi )/R;. 8-2)
Tuong tu, dong dién ir 1a sy sai bi€t 4p qua Ry, chia cho Ry.

ir= (Vi - Vo )/R¢ (8-3)
Theo dinh luat Kirchhoff dong ¢ ngd vao ddo, chiing ta co6

=i +i (8-4)

O do i 1a dong di vao b khuéch dai & ngd vao dao. Tuy nhién, khuéch dai 1y tudng co
tré khang ngd vao vo cung, ma gia tri i phai bang 0. Vay thi rat don gian

i1 = if.
Thay thé (8-2) va (8-3) vao (8-5) duoc

(Vin — Vi-)/ R] = (Vi- - VO)/Rf

hoic
Vln/Rl - Vl /Rl Vl /Rf = VQ/R.f (8-6)

Tir dinh nghia ( biéu thuc 8-1),
Vi = -V /A (8-7)
néu by gio gia dinh rang |A| = v6 cung, ta thiy ring —v,/A = 0. Va do dé
vi =0 ( khuéch dai Iy tuong, voi |A| = v6 cling) (8-8)
thay vi = 0 vao (8-6) duoc
Vio/R1 = -vo/Ry hay  vo/vin=-R¢/Ry, (8-9)

Chuing ta thdy rang hé s6 khuéch dai 1a s6 am, ching to day 1a mot bo khuéch dai dao.
Biéu thirc 8-9 ciing cho thdy 1 diém dic biét thuong dugc dung trong thuc té d6 1a do
16m cta vo/vi, chi phu thudc vao ti 1€ gia tri cua dién trd va khong phu thude vao chinh
bo khuéch dai. Mién 1a hé sé khuéch dai va tré khang van kha 16n, su bién thién trong
dic tinh khuéch dai (vi du, sy thay d6i nhiét d6 hodc dung sai ché ‘tao) khong lam anh
hudng dén v /vi,. Vi du, néu R; =10K Va Rf = 100K, chung ta c6 thé chic chin rang Vo=

-[(100 K)/(10K)]vin= -10 vin, ma hé s6 khuéch dai cung dén -10 nhu dién tré chinh xéac
cho phép. Hé s6 khuéch dai vo/vi, duoc goi 13 dé loi vong kin cua bo khuéch dai, trong
khi A duogc goi 1a d6 lpi vong hé. Trong ung dung nay, ta thdy rang hé do loi vong ho
v cing 16m, co thé t6i 10°, trong khi d6 loi vong kin chi bang 10.

Ching ta str dung hé s6 khqéch d,ai gid dinh }é vO cung dé dat dugc v =0 ( biéu thirc 8—
8) . Trong thyc t¢ thi, h¢ sO khuéch dai A rat 16n nhung hiru han, vi 1a mot dién ap rat
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nho, gan nhu 0. Vi Iy do dé, & dau vao c6 mot dién tro hodi tiép dwoc ndi dat thi dwoc
goi 14 dit ao. Muc dich cua su phan tich, chung ta thuong gia s rang vi = 0, nhung
khong thé ndi diém d6 xudng dét trong thuc té. Trir khi vi 1a dét 4o, trd khang thiy boi
tin hiéu nguén phat vi, thi R; 1a ohm.

Thi du 8-1
Cho dai thuat toan ly tuéng nhu hinh 8-4, hay tinh:
1. gia tri hi¢u dung (rms) cta v, voi vi, = 1.5Vrms
2. gia tri hi¢u dung cia dong dién qua dién tré 25kQ khi vi, = 1.5Vrms, va
3. dién &p ngo ra khi v, =-0.6V dc.
137.5 kO

AAA
yr

25k
Hinh 8-4: (thi du 8. ]) Vin O——y \

Giai

1. Tur phuong trinh 8-9,
VY, _ -R, 137.5kQ
v, R, 25kQ

mn

=-5.5

Vivay, |v, |=5.5|v, |=5.5(1.5V rms) =8.25V rms.
2.Do v, ~0 (dét 40), nén dong qua dién tré 25-kQ 1a

z':vi: 1.5V rms — 60 A rms
R, 25kQ

3. v, =(=5.5), =(-5.5)(-0.6V)=3.3Vdc.Chuy rang 4p ngd ra duong khi ap ngd vao
duong, va nguoc lai.

KHUECH PAI KHONG PAO

Hinh 8-5 cho thay 1 _ung dung khac cua bd khuéch dai thuét toan, goi la mach khuéch dai
khong ddo. Chu y rang tin hiéu ngd vao vi, duoc ndi truc tiép véi ngd vao khong dao va
dién tré R, duge ndi v6i ngd vao dao véi dat. V& 1y tuong, tro khang ngd vao la v6 cung
16n, khong c6 dong chay qua ngd vao dao, vi vdy i) =i¢. Nhu thé,

Vi-/Rl = (Vo — Vi- )/ Rf. (8-10)
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Hinh 8-5: Khuéch dai thugt
toan voi cau hinh khong dao

Vo = A(vit = v7)

Nhu & trén hinh,

v, =AW, -v;) 8-11)
Suy ra,

v, =v, —v, /4 (8-12)

Cho A=, v,/A tién vé 0, ta co:
v, =V, 8-13)

1

Tru v cho v, trong (8-13) cho ta:

vioov =y
L= i 8-14)
R R,
Do v/ = v, ,taco:
R, R+R
VozlJ?f: ‘R / (8-15)

O phuong trinh (8 — 8), ddi voi bo khuéceh dai thuét toan khong dao, khi vi =0, gia su
|A| = vo cung, cho vi = 0(dit 40), vi = v;". Ciing vy, trong cau hinh khong dao, gia st
tuong ty ciing cho két qua giéng nhau: vi = v;* (biéu thirc 8-3). Nhu thé, ching ta di
dén két luan quan trong chung d6 13 hdi tiép cung v&i hé sb khuéch dai dién ap rat 16n,
gy nén dién ap O ngd vao dao va ngd vao khong dao xap xi bang nhau.

Biéu thuc 8-15 cho théy la d6 loi vong kin cuia mach dai khong ddo, cling nhu cua
mach dai ddo, chi phu thudc vao gia tri cia di¢én tr¢ bén ngoai. Mot uu diém nira cua
bd khuéch dai khong déo 1a tré khang ngd vao dugc nhin bdi vi, 1a v6 cung 16n, hodc &
rat 1on déi v6i mot bo khuéeh dai thyc té. Bo khuéch dai dédo va khong dao dugc sit
dung trong tmg dung nhan dién ap, voi dién ap dugc nhan 1én boi mot hang s6 ¢b dinh,
hodc hé s ti 16. Hang s6 nhén 1én trong bd khuéch dai dao 12 R¢R; (c6 thé nho hon 1),
vanod la 1 + R¢R; (luén ludn 16n hon 1) trong b khuéch dai khong ddo. Pham vi rong
cua cac hﬁng s6 c6 thé duoc thue hién cach chon Ry va Ry cho thuan tién khi ty s6 hé sd
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khuéch dai 1a R¢R, va it thufn tién hon trong trudng hop ti 1& hé s6 khuéch dai 1a 1 +
R¢/R;. Vi ly do d6, b khuéch dai ddo dugc str dung nhi€u trong nhiing rng dung nhan
dién ap chinh xéac.

Nguoi doc co thé tu hoi tai sao lai can thiét su dung mot b khuéch dai dé nhan dién ap
1én bang mot s6 nho hon 1, béi vi diéu ndy co thé dugc thuc hién don gian bang 1 bd
chia 4p?. Cau tra 10i nay 1a bo khuéch dai d6 cung cap mot hé sé khuéch dai cong suat
dé 14i 1 tai. Ciing vay, bo khuéch dai 1y tudng co tré khang ngd ra 1a 0 vi vay dién ap
ngd ra khong bi anh hudng boi sy thay ddi tro khang cua tai.

Hinh 8 — 6: B¢ dém dp

Vin O——i+

Y

Hinh 8-6 trinh bay 1 truong hop dac biét cia bd khuéch dai khong ddo, dugc st dung &
cac tmg dung khuéch dai cong suat va cach ly trd khang & phan so cdp. Cha ¥ rang Ry =
0 va R; = vb cung, vi vay, vdi cong thirc 8-15, d6 loi vong kin 1a v/vi, = 1 + R¢R; = 1.
CAu hinh nay duogc goi 1a b theo dién dp bdi vi v, ¢ dd 16n va pha tuong tu nhu vy,
Nhu mét BJT theo cuc E, nd c6 tré khang vao 16n va tré khang ngd ra nhd, va duoc su
dung nhu mot bo khuéch dai dém gitra ngudn trd khang cao va mot tai trd khang thap.

8.2 MACH CONG, MACH TRU VA MACH NHAN
Mach cong dién ap

Nhu phén trén, chiing ta c6 thé khuéch dai ti 16 tin hiéu dién 4p, tirc 1a nhan nd voi 1 hang
) thong qua vi¢c lya chon cac dién tré bén ngoai, cac dién tr¢ nay quyét dinh d6 loi
vong kin ctia 1 mach khuéch dai. Diéu nay déu c6 thé duoc thuc hién trén mach khuéch
dai dao va khong dao. Ta ciing co thé cong cac tin hiéu dién ap trén 1 opamp cung 1 luc
voi hé sb ti 1¢é khac nhau. Vi duy, voi tin hleu ngo Vao Vi, V2, Va V3, ta co thé tao biéu thtc
ngd ra nhu sau: 2V1 + 0.5v, +4v;, goi la 16 hop tuyen tinh cua vy, v, va vi, va mach nay
duoc goi 12 mach té hop tuyén tinh.

Hinh 8 — 7 trinh bay 1 mach khuéch dai dao co thé duge st dung dé cong ti 1€ 3
tin hiéu ngd vao. Cha ¥ rang 3 tin hiéu ngd vao vy, v», va v3 duoc cung cap qua 3 dién trd
Ry, Ry, va R3 vao mach khuéch dai voi Ry 1a dién tro hoi tiép (R, 1a dién tro bu offset).

Ta c6 phuong trinh dong dién tai 3 ngd vao bo khuéch dai :

i1+i2+i3:if (8—16)
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: i Ry
‘] R o A
—_— 1 Y'Y

Yy

i

" . Ry R R, R
¥i0——WWN—— Vo = _(EPI + Fz{vz + #31‘9

R,

Hinh 8 — 7: Mach khuéch dai opamp cho ngé ra la tong (ddo) ciia cdc ti 16 tin hiéu vao

Dién 4p tai ngd vao (-) opamp bang 0, két hop v6i phuong trinh 8 — 16 , ta co:
iy Vs TV 8-17)

R R, R, R,

Ta tinh duoc v, :

R, R, R,
V, =~ =V, +—V, +——V, @8-18)
Rl R2 R3

Phuong trinh 8 — 18 cho thiy ngd ra la tong dao ctia cac ngd vao da duoc ti 18 khac nhau,
goi 1a 16ng ¢6 trong s6, hoic 13 to hop tuyén tinh cic ngd vao. Bing cach chon céac gia
tri hop ly cho Ry, R, va Rj, ta co thé tao ra cac hé sb ti 1& can thiét va phu hop thuc té.
Néu chon R; =R, =R3=R, taco:

y = Rf (v, +v, +v;) 8-19)

o

va néu R¢=R,
v, =—(v, +v, +v;) (8-20)

Theo ly thuyét, co thé mé rong thanh 2, 3 hay bao nhiéu ngd vao ciing duoc. Ti 1é hoi
tiép cua mach la:
R

B=—u->t (8-21)
Rp+Rf

v6i R, =R || Ry || Rs. V6i gia tri # nay, ta c6 thé ap dung phéan 1y thuyét & chuong trudc
dé xac dinh tat ca cac dic tinh phu thudc vao £, bao gdm bing thong vong kin va offset

ngd ra Vos(Vio). Gia tri t6t nhat cua dién trd bu dong phan cyc 1a:

Rc=R¢|| Ry =R¢|| Ry || Rz || R3 (8-22)

Trang 8.7



Nguoi soan: NGUYEN NGOC MAI KHANH Bo Mon Ky Thudt Dién Tur

Vidu 8 - 2:

Giai:

Thiét ké mot mach khuéch dai opamp cho phuong trinh song ngd ra 1a —(4v; + v,
+ 0.1v3).
Viét biéu thirc va vé dang song ngd ra khi v; = 2sinwt, v, = +5V dc, va v3 = -
100V dc.

Chung ta chon tuy y Rg= 60 kQ

R.

4o =250
R, 4

R.
—f=1:R2=%=60kQ
R, 1

R.

—L =0.1= R, _ 80K _ G0k
R 0.1

Vi phuong trinh 8 — 22, gia trj tot nhét cho dién tré bu 1a Re=R¢|| Ry | Ry || Rs =
(60kQ) || (15kQ) || (60kQ) || (600k Q) =9.8 k Q. So d6 mach nhu hinh 8 — 8:

Hinh 8 — 8 (Thi du 8 - 2)

60 k{2
"“‘7
15 k@ }
V1 O———MW——
60 k0 !
L5] -
600 k0
V]o———%——-— . Vo = —(4\" + Va + 0-[\"3)
£
9.8 k0
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'

+13V

+5V&-————
> [

-3V

Hinh 8- 9: (Thidu 8- 2)

2. v, =—{4(2sinawt)+1(5)+0.1(-100)] = —8sinwt —5+10 = 5 - &sin wr.

Ngd ra c6 dang sin voi offset 13 -5V va thay d6i giira 5- 8 = -3V va 5 + 8 = 13V.
Dang song nhu hinh 8§ — 9.

Hinh 8 — 10 12 mach t6 hop tuyén tinh khong dao dung opamp. O vi du nay, chi c6
hai ngd vao véi 4o ngd ra la:

R, +R
y, =e N[ Ry v, + R v, (8-22)
R, +R,

’ R

RS
1
= _Re+ R [ R, v R
R, R, \R,+R2’ RI+R21')
PO
Ry
V2 O—-

Hinh 8 — 10 : Mach té hop tuyén tinh khéng ddo

Mac du mach nay khong ddo tong cac ti 1€ ngd vao, nhung no lai phién ha hon mach dao,
chdng han nhu viéc chon gia tri cac dién tréd dé cho cac h¢ so ti 1€ chinh xac. Cling nhu
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vdy, dang song ngd ra bi gidi han boi phuong trinh K[av; + (1 —a)v,] v6i K va a cac héng
s0 duong. Viéc dao pha thuong khong quan trong, ngoai trur trong 1 s6 tng dung doi hoi
tong khong dao, khi do ta chi can stir dung 1 mach cdng ddo ndi véi 1 mach ddo vai do loi
don vi (bang 1).

Mach trw

Gia su, chung ta tao mgt dang song ngo ra béng dd chénh 1€ch 2 tin hiéu ngd vao, diéu
nay c6 thé duge thuc hién bang cach sir dung mach khuéch dai & ché d6 vi sai, v6i cac tin
hiéu duoc dua qua cac dién tré ndi voi ngd vao dao va khong dao nhu hinh 8 — 11. Ta sur
dung phuong phap chong chét dé xac dinh dién 4p ngd ra. Pau tién, gia st rang v, duoc
nbi dat, ta co:

R
v = 2y, (8-23)
R +R,
nén:
, _R3+R3V+_(R3+R4j( R, JV 8- 24)
ol — - 1
R, R, R, +R,
R4
Ry
V: —
Ry + R\[ R, _ R
g2 R3 Rl + Rz Rj, 4
R,
Yy +
R,

Hinh 8 — 11: Sur dung bo khuéch dai & ché dé vi sai dé tao tin hiéu ngo ra ty lé voi sai
biét 2 tin hiéu ngo vao
Bay gio, gia st v; ndi dét, ta co:

-R
Vyy =, (8-25)

Vi vay, ngo ra la:
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R, +R R R
vo =V(11+v02 = 3+ : : Vl_ — VZ (8_26)
R, R +R, R,

Phuong trinh 8 — 26 cho thiy ng ra ti 1& v&i sai biét cia 2 tin hiéu ngd vao da
dugc nhan hé so. Pé ngd ra c6 dang:

v, =AW, —v,) 8-27)
vol A la héng sb, ta phai chon céc gia tri dién tré nhu sau:
Ri=R;=RvaR,=R;=AR (8-28)

Thay thé vao phuong trinh (8 — 26), ta duoc:

(R+AR]( AR) AR AR AR

v, — V, =—V, ———V, = A(v, = v
RR+AR1R2R1R2(12)

Khi d6, dién tré bu phan cuc (R, || R2) chinh 13 (Rs || R4), bang R || AR.

Gia str dang song ngd ra hinh 8 — 11 c6 dang:
Vo = a1Vy — aaVvp (8 -29

v6i a; va a, 13 hing sb duong. Theo phuong trinh 8 — 26, ta co:

a, = 1+£ R (8-30)
R, \ R, + R,
va
R4
a, =— 8-31
Y ( )

Thay thé phuong trinh (8 — 31) vao phuong trinh (8 — 30) cho ta:

R
a, =(1+a 2 8-32
1 =( 2)R1+R2 ( )

Nhung Ry/(R;+R,) luén nhoé hon 1. Vi vay, néu sir dung so d6 mach hinh 8 — 11 dé tao
song ngd ra c6 dang v, = a;v; — a,vy, thi phai co6 dieu kién:

(1 +a2)>a1 (8_33)
Vidu8-314-2
Thiét ké mach khuéch dai dung opamp tao séng ngd ra v, = 0.5v; — 2v,.

Giai
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Chua ¥ rang a; = 0.5 va a, =2, vi vay (1 + a) > a;, nén ta c6 thé thiét ké mach nhu hinh
14 -5.

So sanh v, v&i phuong trinh 8 — 30, ta phai co:

1+& B =0.5
R, \ R, +R,

My
R3

va

=

Ta sé chon tuy y R4 =100 kQ suyra, R;=R4/2=50kQ. Vi vay

[H&I R, J 3R, g5
R, \ R, +R, R, +R,

Chon tuy y R, =20 kQ, ta co:

320kQ) s

R, +(20£Q)
60kQ =0.5R, + (10kQY)
R, =100k

So d6 mach nhu hinh v& 8 — 12.

S0kD

v
20 Wy -

—O v, = 0.5y = 21,
100 k0
¥

20kQ

Hinh 8 — 12 (Thidu 8 - 3)

Trong vi dy, ta chuy rang dién tré bu (R || R, = (100kQ) || (20k Q )=16.67kQ)
khong phai la gia tri toi vu (Rs || R4 = (50k€2) || (100k€) = 33.3 k€2). Bang phép toan
kha phurc tap, ta co thé ép dat thém diéu kién R, || R, = Rs || R4 va vi vay, gid tri dién trd
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bu dat duge ti wu. Vi vo = a;vy — apva, 6 thé ching minh réng dién tr¢ bu (R, || Ry) dat
duoc to1 vu khi ta chon cac dién tré nhu sau:

Rs=aRi=aR3=Ry(1 +a,—ay) 8-34)

Theo tiéu chuén thiét ké, nguoi ta chon Ry va tim Ry, R, va R3. Trong vidu 8 —3,a;=0.5
va a, = 2. Néu ta chon R4 = 100k Q, thi R; = (100kQ)/0.5 =200 kQ, R, = (100kQ)/2.5
=40kQ, va R3; = (100kQ)/2 = 50k Q. Viéc chon cac gia tri dién tré nay cho ta: R; || R,
=33.3kQ =R; || Ry, thoa yéu cau.

Mic di so ¢6 mach hinh 8 — 11 rat hiru ich va tiét kiém dé 1iy sai phan tin hiéu
dién 4p theo dang A(v, — v»), nhung né lai phtrc tap va c6 nhiing han ché khi ta mudn c6
dang song ngd ra v, = a;v; — a;v,. Dé thyc hién didu nay (sai phan cua ti 1& khac nhau 2
tin hiéu vao), ta sir dung 2 bd khuéch dai dao nhu hinh 8 — 13. Ngé ra ctia b khuéch dai
tht nhét 1a:

_R2
Vv, = % 8§-35
ol Rl 1 ( )
va ngd ra bd khuéch dai thir hai 1a:
R R R.R R
Vo = IVt =y -2y (8-36)
R, R, R.R, R,

Phuong trinh ndy cho thdy ta c6 thé uyén chuyén lua chon céac gia tri dién tré khac nhau
deé c6 dugc dang song v, = a;v| — a,vy, boi vi ¢o rat nhiéu cach két hop dé thoa:

R.R R

=g va —=a, 8-37)

R.R, R,

Hon nita, & day khong c6 gidi han trong vi¢e chon a; cling nhu a,, va khong con rac roi
trong viéc thi€t 1ap gia tri toi uu cho R..

Ry
AAA
LA A S
Ry
Rl V0 AN AAA
V|c ‘v"‘v -
Ry
"“"'
_RI
v = —
ol RI 1 Rij 4 RS
+ 25 f et i)
R3R, R
Ry = R{R, -
4 Rey =R31 R 1R

Hinh 8 - 13 ’ 7
St dung 2 bo khuéch dai dao dé tao song ngo ra v, = a;v; — av;
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Thidu 8—4

B6 Mén Ky Thudt Dién Tir

Thiét ké mach khuéch dai ding op amp str dung cau hinh ¢6 2 bo dao voi séng ngd ra v,
=10v; = 0.2v,. (Chty 1 + a; = 1.2 < 20 = a;, vi vay khong thé st dung mach sai phan
nhu hinh 8 — 11.)

Giai

C6 rat nhiéu cach lya chon cac dién tr¢ dén noi ta c6 thé chon truc ti€p, ma khong can

phai str dung phuong trinh s6 hoc nhu (8 — 34).

200 kO

AAA

—0 v, = 20v; = 0.2v,

LAAL
100 kQ 20 kQ
V20— AW
10k0
VIO A
20 k0
o+
9.5 kQ
= 9.9 k0
(2)
100 kQ
AT"‘V
100 kQ 20 kD
10 k0 Va O—AAA A
\‘]CF“ ‘__4'1'4' = j Ty wr
10 kQ
""
=10y,
+
2.1k0

(®)

Hinh 8 — 14 (Thi du 8 — 4)

—0V, = 20v - 0.2,
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Chang han nhu chiing ta c6 thé bat dau bang viéc thiét ké bo khuéch dai dau tién dé tao -
20v;. Chon R; = 10 kQ va R, =200 kQ . Ké tiép, bo khuéch dai thir hai can phai dao -
20vy, vataora 0.2v,. Chon Rs =20kQ . Do Rs/R3;=1=>R3=20kQ va Rs/R4=0.2 =>
R4 =100 Rs/R;.

Toan bd viée thiét ké dugc trinh bay & hinh 8 — 14(a). Hinh 8 — 14(b) 1a mot dap an khac,
v6i ting khuéch dai tht nhét tao -10v;, va ting khuéch dai thr hai thuc hién mach nhan
Vo1 hﬁng s6 -2. Cac gia tri dién tré dugc tinh todn nhu trén hinh ve.

8.3 MACH TiCH PHAN VA VI PHAN

Mach tich phan

Mach tich phan 1a mach ma dang séng ngd ra tai mot thoi diém bat ky ¢ gia tri bang véi
tong dién tich phia dudi dang séng tin hiéu vao tinh t6i thoi diém dang xét (trong phép
tinh tich phan, phuong phap tinh nay 1a mot ham bién dbi theo thoi gian ['oviy(t)dt.) Dé
mo ta khai niém nay, gia sir ngd vao mach tich phan la tin hiéu DC muc E volt dugc dua
vao mach tich phén tai thoi diém t=0. Xem hinh 8-17. D6 thi dang séng DC theo thoi
gian 1a mot dudng ndm ngang song song vdi truc hoanh tai mirc E volt, vi mirc dién ap dc
1a hang s6. Thoi gian tin hiéu qua mach cang lau thi dién tich phia dudi dudng tin hiéc
DC cang cao. Tai thoi diém t bat ky, tong dién tich bén dudi duong tin hiéu dc gitra thoi
diém 0 va thoi diém t 1a Et. Vi du, néu E=5V dc, thi ngd ra sé& 13 5V tai thoi diém t=1s,
10V tai t=2s ...ta théy ré“mg dién &p ra la mot doan dbe vo(t)=Et

Vb:r(’ ) vo ( t)
£ electronic

s Et// lo integrator

2 J
0 time

Hinh 8-17: Ngo ra mach tich phan tai t gidy, Et, voi song ngo vao

Khi tin hiéu vao mach tich phan thyc té 1 tin hiéu DC thi tin hiéu ra s& tang tuyén tinh
theo thoi gian nhu trong hinh 8-17 va s& dat dén mirc dién ap ngd ra lon nhat c6 thé co
ctia mach dai va qua trinh tich phan s& dimg & d6. Néu dién ap vao xuéng mirc 4m trong
mot khoang thoi gian nhat dinh thi dién tich duwong da tich luy trude do6 trir di dién tich
trong khoang thoi gian xuéng murc 4m s& 1am giam dién ap ra. Do d6, ngd vao phai c6
mirc duong va am theo chu ky dé tranh cho ngd ra ctia mach tich phan dat dén muc giéi
han 4m hozc dwong. Ta s& tim hiéu qua trinh nay k¥ hon & phan dang song. Hinh 8-18 1a
mot mach tich phan dung dai thuat toan. Mach dai c6 tu C hoi tiép vé nén la mach dai
dao. Bén canh nhiing gia thiét ciia mot mach dai 1y tuong thong thuong, ta gia thiét ngd
vao offset 13 0, thi tin hiéu DC bét ky ¢ ngd vao s& duoc ldy tich phan nhu hinh 8-17 va
cudi cung s& lam cho mach dai bdo hoa. Dung ky hiéu chudn [\, v dt d biéu dién tich
phan dién ap v gitra thoi diém 0 va thoi

Trang 8.15



Nguwoi soan: NGUYEN NGOC MAI KHANH Bo Mon Ky Thudt Pién T
diém t, ngd ra cua mach 1a:

—1
o = [ vinde (8-40)
1

Tur phuong trinh 8-40, ngd ra 1a tich phan (dao) ciia ngd vao, nhan véi hang s6 1/R,C.
Néu mach nay dung dé tich hop dang song DC nhu trong hinh 8-17 thi ngd ra s& 1a mot
doan dbc xudng theo chiéu am (v, = —E, / R,C).
Ta s& chimg minh tai sao mach trong hinh 8-18 la mach tich phan. Khi dong vao mach la
0, theo dinh ludt Kirchhoff vé dong di¢n ta co:

i, +i.=0 (8-41)

Vin O—AMY =

+

Hinh 8-18: Mach tich phan Iy tuong

-1 ¢
L——o»v,,(r) = ..._.Rlc A Vi (t) dt

Trong d6 i; 1a dong tir ngd vao qua R; va i, 1a dong hdi tiép qua ty. Khi v- = 0, dong qua
tu la:

dv,
i=C20 8-42
c 0l (8-42)
vi vay:
Yo oMo _ (8-43)
R, dt
hodc:
Do, (8-44)
dt RC

Lay tich phan hai vé theo t ta co:
—1 ¢
v, =——|v,dt 8-45
o= ek (8-45)
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Phép tinh tich phan cua song sine Asinot la:

.[(A sin wt)dt = i(sin(a)t +90°) = icos(a)t)
10} @

Khi tin hi¢u vao mach tich phan dao trong hinh 8-18 1a v;, = Asinwt thi ngd ra la:

v, =—— 1 J.(A sin t)dt = i(— cos r) = - cos ot (8-46)
R.C @R,C C

1

Tur phuong trinh 8-46 ngd ra ciia mach tich phan c6 ngd vao dang sine 1a moét tin hiéu
sine cO bién d§ dao dong ty I¢ nghich véi tan s6 ctia nd. Vi du, néu tin hiéu vao dang sine
tan s6 100Hz cho ngo ra co bién d dinh 1a 10V thi véi cung diéu kién nhu vay, mot song
sine tan s 200Hz s& cho ngd ra ¢ bién do dinh 1a 5V. Cha y 1a ngd ra sém pha so véi
ngd vao 90° & bt ké tan s6 ndo vi cosot = sin(ot + 90°)

Vi du 8-8:

1. Tim gia tri dinh cua tin hiéu ngd ra mach tich phan trong hinh 8-19 v4i ngd vao
la: vip=0.5 sin(100t) V

2. Lam lai khi viy=0.5 sin(10%t) V

0.01 pF

100 k0

s AL
Yin O- W

Hinh 8-19: (Thi du 8 - 8)

100 k0
Gidi:
1. Tur phuong trinh 8-46:
A 0.5
v, = cos(wt) = 5 c—c0s(1007) = Scos(100¢)V
oR,C 100(10”)(107°)

giatridinhlas Vv

2. Tur phuong trinh 8-46:
0.5

vo =
1000(10°)(10°*)
gia tri dinh 12 0.5 V

c0s(1000¢) = 0.5cos(1000¢)V
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Vi du 8-8 cho thiy khi tin sb ting 1én 10 lan s& lam cho bién do ngd ra giam xudng 10
lan. Tuong tu ddi véi gian dd Bode, d6 loi ctia mach tich phan ly tuong sé co do dbc -
20dB/decade hay -6dB/octave. D9 16n (gia tri tuyét ddi) ctia do loi 1a ty sd giita gia tri
dinh cua ngo ra va gia tri dinh cua ngo vao.

4
Vol _[@RC_ 1 (8-47)
v, A wR,C

phuong trinh nay cho thiy do loi ty 16 nghich véi tan sb. Gian d6 Bode trong trudng hop
R;C=0.001 trong hinh 8-20.

Vi bién do ngd ra mach tich phan giam theo tan s6 nén néd 1a mot dang cua mach loc
thong thip. Mach nay d6i khi con duoc 'got 1a mach xén vi bién d¢ cua thanh phan cao
tan c6 dang song phuc tap s€ bi giam xubng, nhu thé sé xén di gai dién ap xuét hién trong
dang song. Pic diém nay thuong dugc st dung dé giam nhiéu cao tan trong tin hiéu.
Mach tich phan ciing dugc sir dung trong cic may tinh twong tu dé tim thoi gian thuc cho
cac phuong trinh vi phan.

C =
0.001 4F
R| —
N 1Mo
1000] Vi O
Hinh 8-20: Biéu do Bode
mach tich phan ly twong, voi 100p====~ : I Ma
R,C=10.001 i
PN I _E _______ ~20 dB/decade

—
—
(]

Mach tich phén thyec té

Mac du co chét luong cao, cac mach tich phan chinh xac nhu trong hinh 8-18 dung trong
cac img dung tan sd thip nhu may tinh tuong tu, nhung cac tmg dung nay doi hoi mach
dai chat luong cao voi dién ap offset rat nho hodc thiét bi ngat 6n dinh. Nhu da dé cap,bat
ky offset nao déu tao tin hiéu tich phén ngo ra, vi n6 duge xem nhu 1 tin hiéu DC , tham
chi n6 con gdy ra bdo hoa mach khuéch dai. Bé tranh van dé nay, mach tich phan thu:c té
str dung mot dién tré mic song song véi tu hoi tiép nhu trong hinh 8-21. Khi tu lam ho
mach & DC, mach tich phan chi dap trng véi tin hi¢u DC khi va chi khi n6 1a mach dai
dao. N6i cach khac, do loi vong mach kin & DC ctia mach tich phan 1a —R¢#R;. O tan s
cao, trd khang cuia tu dién nho hon rat nhiéu so voi so voi Ry nén nhanh song song C va
R¢xem nhu chi c6 C va tin hi€u dugc tich phan nhu binh thuong.
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Trong khi dién tré hoi tiép ¢ hinh 8-21 ngan sy hop lai ciia cac ngd vao DC, né ciing lam
giam sy hop lai cta cac tin hiéu tan sd thép Tai cac tan s6 ma dung khang cta tu C co thé
so sanh duoc véi Ry, tro khang hoi tiép khong 16n hon nhiéu so voi dung khang thi tich
hop khong xay ra. Tich hop chi xay ra tai tan s6 16n hon nhiéu so véi tan sb ma tai do
Xc=Ry. Dé tich phan xay ra ta can co:
Xo <<R,
1

24fC

<< Rf

hoac
f>> !
27R . C
Tén sb f, tai d6 Xc=Ry1a:
1
Je = C
xac dinh tan sd giy trén gian d6 Bode cuia mach tich phan thuc té. Nhu trong hinh 8-22,
tai tn s ¢ phia trén f;, d loi giam xudng theo ty 1¢ -20dB/decade, giong vdi mach tich
phén ly tudng, va tai tan s6 ¢ phia dudi f. do loi dat tdi gid tri DC ctia né 1a R¢/R;

(8-48)

(8-48a)

WA
C
Ry
Vin O———AMY -
—R
S
-V €0
—O Y,
1

R. = R|IR,

Hinh 8-21:
Dién tro R; duwoc mac song song voi C lam cho mach tich phdn thuc té giong nhu mach
dao voi cdc ngo vao dc va giong nhu mach tich phdn voi cdc ngo vao tan so cao.
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A
o4
R
Vin O=——Ay -
'RTV‘-" (dC)
—O0 ¥V,
. Vin dt (ac)
+ s Rl C m

R = RIR,

Hinh 8-22: ) ) ) i
Biéu do Bode cua mach tich phan thuc té, cho thay tinh tich phan xudt hién tai cac tan
so trén 1/(27R ,C)Hz

Vi du 8-9:

Thiét ké mach tich phan thuc té:

1. tich phan nhitng tin hiéu c6 tan s6 thap hon 100Hz

2. Cung cép bién d6 dinh ngd ra 13 0.1V khi bién d6 dinh ngd vao 1a 10V, song sine
tan so 10kHz.

Tim thanh phan dc & ngd ra khi ngd véo 1a 50mV DC.

Giai:
Dé tich phan tin hiéu o tin s6 nho hon 100Hz, f.<< 100Hz. Ta chon f. nho hon 100Hz :
f-=10Hz. tir phuong trinh §8-48a:

fo=10=—
27erC

chon C = 0.01xF khi do:
0= ;8
27R,(107°)
hay
1
Rf T Aovin-Sy L.
272(10)(107°)
Dé thoa yéu ciu 2 ta phai chon R; sao cho d¢ loi tai tan s6 10kHz la:
001
10V

Gia st ta bo qua Ry tai tin s6 nay, do loi s& bang voi do loi trong mach tich phén 1y tuéng
cho boi phuong trinh 8-47:

59MQ

Yo

\%

in
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AL [ Y
V| oRC
do do:
41 ——=0.01
27 x10" R, (107°)
hay

1
Rf = 4 -8
27 x10" x (0.01x107°)
mach theo yéu cdu nhu trong hinh 8-23, véi Re=(1.59M)//(159K)=145K

=1.59kQ

1.59 MO

AAA

wr

0.01 uF

159 k@2

Vin O——AWy -

b0 Vo

Hinh 8-23: (Thi du 8 - 9)

145 kQ

Khi ngd vao 1a 50mV dc, ngd ra la 50mV nhan véi d6 lgi vong mach kin DC:
— R _
vy = Y (50mV) = 1.59MQ

(50mV) = 0.5V
R, 159kQ2

D¢ tich phan nhiéu tin hiéu vao cing mot liic, ding cach sip xép twong tu véi két ndi
mach tuyén tinh da hoc. Hinh 8-24 1a mot vi du, mach tich hop 3 ngd vao c6 thuat toan
tai tan so trén f, nhu sau:

v0=—j ! v, + ! v, + ! v, |dt (8-49)
RC ' RC’ RC
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Ry
A'A'A'
C
R, Kf
V) O———AW—
R,
o ‘v‘v‘v -
RJ v v v
v o——a—— ' F—Ovo=-f L2 Dar
R,C  R,C Ry C

Rc = RﬂRle}'Rj

Hinh 8-24: Mach tich phan 2 ngo vao

phuong trinh 8-49 tuong duong voi:

-1 -1
Vo dt — v, dt — v.dt 8-50
I RC —— v x " (8-50)
Néu R;=R,=R3=R thi:
-1
W= [y +v, + vy (8-51)
Mach vi phan

Mach vi phan cho dang séng ngd ra c6 gié tri tai thoi diém bat ky bang voi ty 1é thay doi
clia ngd vao tai thoi diém d6. Vi phan 1a thuat toan nguoc, dao so voi tich phan. Néu ta
cho tin hi¢u di qua mdt mach tich phan ly tuéng ghép cascade véi mach vi phan ly tuong,
tin hi€u ngd ra chinh la tin hi¢u vao.

Hinh 8-25 mo ta hoat dong ciia mot mach vi phan ly tuéng. Trong vi du nay, ngod
vao 1a doan ddc dién ap vix=Et. Ty 1¢ thay d6i hay do dbc ciia doan dbc nay 1a héng sOE
volt/second (sau m01 gidy, tin hiéu s& ting 1én mot gid tri 1a E Volts). Vi ty 18 thay ddi cta
ngd vao 1a hang s6 nén ngd ra ctia mach vi phan 1a muc de E voilt khong doi.

Ky hi¢u chuén duoc su dung cho phép vi phan di¢n ap 1a dv/dt. Trong vi du ¢ hinh 8-25,
ta phai viét la:
dv, d(E,)

mn

dt dt
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vh-a

Hinh 8-25: Mach vi phan Iy tuong cho 2 ngo ra bang téc do bién thién ciia ngé vao. Do
dé déc ciia ham déc la hang s, nén ngé ra trong vi du ndy la mire de.

Dao ham cua hang s 1a 0 vi hang s6 khong ddi theo thoi gian nén ¢ ty 1¢ thay doi theo
thoi gian 1a 0.

Hinh 8-26 14 cdu trac mach vi phan 1y tuong dung dai thuét toan. Chu y 1a dién dung ngd
vao va dién trd hoi tiép cling nguoc v6i mach tich phan. Ngd ra cia mach vi phan la:

o =—R,C—1 8-52
& (8-52)

Dién 4p ra 1a dao ham cua ngd vao nhan vdi hang s6 R¢C. Néu doan doc dién 4p trong
hinh 8-25 dugc cung cap cho ngd vao ciia mach vi phan nay thi ngo ra s€ la murc dc am
Ry

AdA
oy

- o]
!

Vin O—

d
Hinh 8-26: Mach vi phdn Iy tuong oY% = ~RCG"

R. = R,

Vi dong ngd vao 1a 0, theo luat Kirchchoff vé dong :
i +i, =0 (8-53)

Do v-=0, vc=vj, nén:

dv,
i.=C—= 8-54
c It (8-54)
1=v,/R¢ nén:
cPu Y g
dt R,
hay
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dv,,

dt (8-55)
Ta co:
%itna)t) = Awcos ot (8-56)
Khi ngd vao mach vi phén ¢ hinh 8-26 1a vi,=A sinwt, thi ngo ra la:
= —R‘fcw —AwR ;Ccos(at) = AwR ,Csin(wt — 90°) (8-57)

phuong trinh 8-57 cho thdy khi ngd vao 1a séng sin, bién dg ngo ra cua mach vi phan ty
1¢ thudn véi tan sé. Ngd ra léch pha 90° voi ngd vao bat ké tan s6. Do loi mach vi phan
la:

y AwR ,C
V—_O =——=wR,C (8-58)
Mach vi phin thyec té

Kho khan chu yéu cua mach vi phan 1a né dai tin hi€u vao ty 1€ thuan véi tan s6 nén no
cling 1am tang muc nhidu cao tan cua tin hiéu ngd ra. Khac véi mach tich phan, mach vi
phan khong xén tin hiéu bang cach giam bién d cua thanh phan cao tan ma lam ting
nhidu cao tan. Do vay, mach vi phan it dugc sir dung trong cac Gmg dung doi héi tinh
chinh x4c cao nhu cdc may tinh tuong tu.

Trong mach vi phan thuc té, viéc khuéch dai tin hiéu ty 1€ thuan véi tan sb khong thé tiép
tuc khi tan sb tang vi mach dai c6 bang thong xac dinh. C6 mét vai tan sé ma tai do bién
dd ngd ra phai bat dau giam xudng. Ta thiét ké mach dai vi phan thuc té sao cho tan s6
gdy nho hon ca tan sb cat cao ciia mach dai dé dic tinh do loi cua no6 chi dao dong trong
khoang tan s6 thap. Dé lam diéu nay, ta mac mot dién tro ndi tiép véi tu dién C ngd vao
nhu trong hinh 8-27. Xét tr khang cia td hop R-C & tin s thap va cao:

Z,=R,~jlaC (8-59)

| =R +(1/wC)’ (8-60)

Tai gié tri rit nho, Z;, duoc xac dinh bai thanh ph'?ln dung khéang, do d6 xem nhu chi con
c6 C mot minh va tac dung vi phan van dién ra. Khi o rat 16n, 1/oC xem nhu bo qua, nén
Zin chi con R, mach hoat dong nhu mdt mach dai ddo thong thuong c6 do 1gi R¢/R;.

Tan s6 giy f, 1a tan s6 ma tai d6 khong con xay ra phép vi phan, khi ¢ dung khang ciia
tu C bang vdi dién tro R:

L _g (8-61)
21f,C
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hertz

Sy =

27R,C

R,
Ry C

Hinh 8-27: Mach vi phan thuc té, ” -
xdy ra tqi tan sé thap, do dién tro
R; chan vi phan tai tan sé cao. 0%

+

Rt = Rj
Khi thiét ké mach vi phan thuc té, tn s6 giy phai 16n hon tan s 16n nhat
1, >> 1, (8-62)

trong d6 f; 1a tan sé vi phén cao nhét Hinh 8-28 14 gian d6 Bode d9 loi cuia mach vi phan
ly tuong va thuc té. O ving tan so thap, d6 loi tang theo tan sb ¢ ty 16 20dB/decade. Dg
loi s€ nam ngang, khong do6i o tan s0 lon hon f;, va bat dau giam xudng theo ty 1€ -
20dB/decade & tan s 16n hon tan s cit cao. Bang théng vong ngan mach hay tan sb ct
cao cho boi:

S =08 (8-63)

Trong do £ 1a Ri/(Ri+Ry)

Trong mot s6 tng dung c6 sir dung mach dai thudt toan c6 bang thong rat rong, dap ung
tan sO phai nhanh hon dap tng tan so ctia mach vi phan thyc té trong hinh 8-28. Diéu nay
¢6 thé thuc hién duogc bang cach méc tu Cy song song voi dién tro hoi tlep Rt

Diéu nay sé& lam cho dap tmg dao dong tai -20dB/decade bat dau ¢ tan sd giy

1
=——hertz 8-64

Si2 2R,C, (8-64)
RO rang la fy; phai dugc dat 16n hon f,,.
Vi du 8-10:
1. Thiét ké mach vi phan thyc t€ s& vi phén tin hi¢u c6 tan s6 nho hon 200Hz. Do lgi
tai tan s0 10Hz 14 0.1 o o
2. Néu mach dai thuit toan st dung trong thiét ké co tan so6 do loi don vi la 1MHz,

tan so cat trén ciia mach vi phan la bao nhiéu?

Giai:
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1. Chon R; va C sao cho tan s gay f, cao hon f,=200Hz. Chon f,=10, f,;=2k,
C=0.1pF. Tu phuong trinh 8-61:
1
=2x10° =
Sy 27R,C
1

R = =7
27 (2x10°) 1077

96Q2

Dé dat d6 1oi 12 0.1 tai 10Hz, tir phuong trinh 8-58:

Y01 0.1= wR,C = (27 x10)R, (107)
vin
= 0.1 —=15.9kQ
27 x10x 10

Thiét ké hoan chinh nhu trong hinh 8-29:

15.9 k0

r

290 0.1xF
Vin O ——| -

Hinh 8-29: (thi du 8 — 10)

15.9k0

5 R _ 796
' R +R, 796+15.9x10° =0.0477

Tir phuong trinh 8-63, f= 3 £;=(0.0477)(1MHz)=47.7kHz. Gian d5 Bode nhu trong hinh
8-30.
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¥y ’
o dop s

R
J
<= 1991k e e e =

0.1~

e o - e = ——

b -

-

10 H2 fp = 2kHz S = 41.7kHz
(log scale)

Hinh 8-30: (Thi du 8 — 10)
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Mach swa dang song
tuyén tinh RC

Trong mach xung, cac tin hi¢u ngd vao thuong khong c6 dang sin. Qua trinh sta dang soéng
tuyén tinh 13 qué trinh 1am cho dang cua tin hiéu vao khong sin bi thay d6i khi di qua mot mach
tuyén tinh. Qu4 trinh nay dugc thuc hién bang cac mach stra dang song tuyén tinh RLC, va ¢ day
chuing ta khao sat mach RC.

9-1 Mach thong cao RC

Mach trong hinh 9-1 1a m¢t mach lgc thong cao. Pién khang cua tu gidm khi tan s6 tang, do
do, cac thanh phan tan so cao cuda tin hi¢u vao s€ it bi suy gidm hon so véi cac thanh phan tan so
thap.

H¢ ¥
+ Cc + Hinh 9-1
Mach RC thong cao.

Tai tan sb dc, tu c¢6 dién khéang 1a v6 cung va do do6 tu hé mach. Thanh ph?m dc cua dién 4p ngd
vao s& bi nghén (blocked) va khong dén dugc ngd ra. Tu C duoc goi 13 tu blocking. Mach hinh 9-1
1a mach co ban thuong duge dung nhit dé ngin dc giita ngd vao va ngd ra. Néu ngd vao 1a tin hiéu
sin ta da biét 46 loi 4 va do léch pha cta tin hiéu ra so véi tin hiéu vao s& 1a

Al= ! 0= arctan? (9-1)

(]

trong d6 f, =1/27zRC la tan s6 cit thap. Tai tan s6 nay, do loi bang 0.707 tuong ung véi do

suy giam la 3-dB.

9-1-1 Ngo vao la dién ap buée
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Dién ap budce (step voltage) co gia tri 0 khi £ <0 va c6 gia tri V' khi #>0. Hinh 9-2 v€ dang
dién 4p budc va dap tng ctia mach RC thong cao. Pap tng ctia mach 13 mot ham lily thira v6i hang
s6 thoi gian, hay con goi 1a thoi hing RC =z, va dién ap ngd ra c6 dang
v, =B + B (9-2)

Hang s6 B, la gia tri xac lap ctia dién ap ngd ra vi khi ¢ —o0,v, — B,. Néu gi trj cudi cling
cia dién 4p ngd ra 1a ¥, thi B =V,. Hing s6 B, duoc xac dinh tir diéu kién dau cia dién 4p ngd
ra. Gia st tai thoi diém =0, dién 4pngdrala ¥, thi v =V, =B, +B,, tac 1a B, =V, —V,. Dang
tong quat cua di€n ap ngo ra la

v, =V, +(V,-V, )" (9-3)

Bay gio ta sé tinh cac hang sb V, va ¥V, cho mach hinh 9-1 v6i ngd vao 1a ham buge. Ta da
biét 13 tu C ngan thanh phan dc ctia ngd vao, va di véi ham budc, ngd vao 1 hing sé khi £ >0 nén
dién ap ngd ra cudi cung phai la V, =0. Néu dong tic thoi qua tu la i thi sy thay d6i dién ap trén

.o \ h, A s A A~ x A 24 ST AL AA A
tu trong thoi gian ¢ 1a (1/C )IO idt . Néu ¢, — 0 thi tich phan nay cling s tién dén 0 vi bién do cua

dong dién ludn c6 gia tri xac dinh. Do d6 dién ap trén tu khong thé thay doi tirc thoi. Tir nguyén tic
nay ta co thé két luan 1a tai thoi diém =0, vi dién ap vao thay ddi dot ngdt mot lugng 1a V' nén
dién 4p ra ciing phai thay doi cing mot luong nhu dién ap vao dé giir cho ap trén tu khong thay d6i
dot ngot. Néu ban dau tu chua tich dién thi ngd ra, tai thoi diém ¢ =0+ phai co gia tri 1a ¥ . Nhu
vdy ¥, =V va biéu thirc 9-3 tr thanh
v, =Ve" (9-4)
Hinh 9-2 v& dang dién ap ngd vao va ngd ra cua mach RC thong cao khi ngd vao la dién ap
bude. Ngd ra dat 0.61 1an gia tri dAu tai thoi diém 0.5z, 0.37 14n tai thoi diém 17 va 0.14 lan tai
thoi diém 27 . Ngd ra sé dat hon 95% gia tri cudi ciing ctia né sau mot khoang thoi gian 1a 37 va
nhiéu hon 99% sau 57 . Sau khoang thoi gian ndy, mach dugc xem la dat dén trang thai xac lap.

Yo -t/r -x
= =¢ =¢ v;
Vv =1
&
1.0 / v
osl\ = | ¥
\ 05 |0.607
08 1.0 | 0.368
orl 2.0 |0.135
B 3.0 |0.050
06— 40 |0.018
\ . 50 | 0.007
0.5
AN
0.4 \ N\
\
0.3 ‘\ \
02 \. \\
o l‘
01 \ \\--\..__
vi =0 \ P—
0 1 2 3 4 5

"
]
RIS

Hinh 9-2
Dap wng dien ap buoc cua mach RC thong cao.

9-1-2 Ngo vao la xung vudng
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Mot xung vuong 1y tuong cé dang nhu hinh 9-3(a). Bién d cua xung la V', d6 rong xung la
t, . Tur hinh 9-3(b) va (c) ¢ thé thiy dang xung vudng 1a két qua cta viéc cong hai dién ap budc,

mot c6 dién 4p 1a +V xuét hién tai =0 va mdt c6 dién 4p — xuét hién tai thoi diém 1=1,.

Néu xung vudng ctia hinh 9-3(a) dugc 4p dén ngd vao ctia mach hinh 9-1 thi dap ting ctia mach
cho khoang thoi gian nho hon 7, 1a giong voi trudong hop ngd vao 1a dién ap bude. Nhu viy, bién
d6 ngd ra tai thoi diém = t,—s€lavy, = Vexp(—tp/RC) =V,. Tai cudi xung vuodng, dién ap ngd
vao dot ngdt roi xudng mot lugng 13 ¥ va vi dién ap trén tu khong thé thay d6i dot ngdt nén ap ngd
ra cling dot ngdt roi xudng mot lwong 13 ¥ . Tai thoi diém ¢ =1 ,Hv, =V, =V . ViV <V nénép

ngd ra bi 4m va s& suy giam dan vé 0 theo dang ham mii nhu trong hinh 9-3(d).

Yi
|4
(a)
0 =0 t=t, t
v
® " Hinhos
0 : (a) Mot xung vuong; (b,c) cdc dién ap
budc tao nén xung; (d) xung sau khi
—t truyén qua mach RC thong cao.
0 ='p
t
(c)
-V
UO
(d)
Khi ¢>1,, dién ap ngd ra co dang
v, =V (e_t"/ e 1) P )/re (9-5)

Xung vudng s& bi méo dang khi dua qua mdt mach RC. Dé giam tdi thiéu sy méo dang nay,
thoi hang RC phai rat 16n so voi ¢, . Vi ngd ra ciia mach RC thong cao c6 thanh phén dc, tuc la
thanh phan trung binh, bang khong nén trén dang song ngd ra, ving dién tich nam phia dudi truc
hoanh phai bang véi ving dién tich nam phia trén truc. Néu hang so thoi gian rat 16n, RC / t,>1,
thi do dbc trong dién 4p ngd ra va d6 méo dang 14 rat nho. Tuy nhién, phan dién ap 4m s& giam dan
veé khong rat cham vi dién tich phai bang véi phan duong. Néu hang so thoi gian rat nhd,
RC/ t, <1, ngd ra s€ xuat hién mot gai xung dwong voi bién do V' tai thoi di€ém bat dau xung va
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mot gai xung Am vai cung bién do tai thoi diém két thuc xung ngd vao. Hinh 9-4 cho thay dap ung
ngo ra trong hai truong hop nay.

Yo

|4

Areas are
A4 (a)

7 I

P n N 2z e Hinho-4 )

tp " (a) Dap ung cua mach thong
2 cao voi xung vuong néu

______ - RC/t,>1; (b) néu RC/t, <1

| Input

-/ Al—Ag. ()

9-1-3 Ngo vao la song vuong

Song vuong la dang song trong d6 n6 c6 bién do V' trong khodng thoi gian 7, bién do V"

trong khoang thoi gian 7,, dang song nay duoc lap lai lién tuc vé1 chu ky 7' =7, +7, nhu trong
hinh 9-5(a). O déy ta quan tdm dén trang thai x4c 1ap cua ngd ra khi song vudng 13 ngd vao cia
mach trong hinh 9-1.

Taco
_ 49
Vv, =—+V (9-6)

1 o

vdi g =dién tich cua hai ban tu. Léy dao ham

v6i i =dq/dt 1a dong qua tu. Vi v, =iR nén
v _ v, v, (9-8)
dt RC dt
Nhan dt va lay tich phan trong mot chu ky 7' ta c6
t=T T
" v, =v,(T)-,(0) :% [[vdt+v, (1), (0) (9-9)

N T r N r
Vi tin hi€u la tuan hoan nén .[0 v.dt =0. Ta da biet 1a mgt tin hi¢u tudn hoan bat ky ludn bao

gém mot thanh phan de (thanh phan trung binh) va mot s6 v6 han cac thanh phan sin v6i tan sb 1a
boi s6 cia f =1/T . Vi tu blocking trong mach RC thong cao di ngan thanh phan dc nén dang séng

ngo

9-1.

ra s& 1a mot tin hiéu tuan hoan vdi chu ky 7' nhung c6 dc 1a khong.

Nhu vay, ta c6 ba nhan xét quan trong trén tin hiéu ngo ra cua mach RC thong cao trong hinh
Thtr nhat, mtrc de cua tin hi¢u ra luén luoén bang khong bat chap mirc dc cua tin hi¢u vao. Ngd
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ra ludn bao gom phan duong va phan am, hai phan nay phai c6 dién tich bang nhau. Thir hai, khi
ngd vao thay doi mot cach dot ngdt mot lugng 13 ¥, ngd ra ciing sé thay d6i dot ngdt cing mot
luong va theo cung mot hudng nhu tin hi¢u vao. Thur ba, trong subt mot khoang thoi gian xac dinh
bét ky, néu ngd vao 1a hang sb, ngd ra s& ludén suy giam vé khong theo ham mii. Trong trudng hop
giéi han khi RC/T, va RC/T, rat16n hon 1, dang séng ngd ra s& c6 dang twong ting nhu ngd vao

véi de 1a khong. Hinh 9-5 trinh bay dang song ngd vao va ra cho truong hop gidi han nay.

Y;

V:

i .

_ Y v
(@) }"* T14’|‘7 T, ;"‘ v . T’Lc
o Zero voltage - i L l t
7 /7 T
Uiy (s
- /‘/ 4/‘}2//// I
. PR T T, —
(®) o : :
» T .
Hinh 9-5

(a) Ngé vao séng vuéng, (b) Dién dp ngd ra néu thoi hang rdt lém (so véi T).
Thanh phdn dc cua ngo ra luon bang khong. Dién tich A, bang dién tich A,.

Nguoc lai, néu RC/T, va RC/T, rat nho hon 1, ngd ra s& 1a cac gai duong va am lién tiép nhu

hinh 9-6. Gai duong s€ xuat hi¢n tai canh 1én va gai &m s€ xuat hi¢n tai canh xudng cua xung.

Hinh 9-6
Dang song ngoé ra khi thoi
hang nho so voi T .

Yo
Input
_____ X : e

' I
1
1 74 :
1
1 1
1 1
. I

0 t

v

1
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Mot cach tong quat, dang song ngd ra duge trinh bay trong hinh 9-7. Cac biéu thirc tuong (g

v6i hinh nay 1a
Vi =Ve e Vi-v,=V (9-10a)
v, = Vze’TZ/RC V.-V, =V (9-10b)
Vi
Tn_- — Vi Hinh 9-7
Dap wng song vuong cua

mach RC thong cao.

pe w— —

Ve~ TW/RC

e— T, —>e——— T, ——— >

Déi v6i song vuong dbi xtng thi 7, =T, =T, V,=-V, va V, =—V,. Biéu thirc 9-10(a) va 9-

10(b) 1a twong trng v61 nhau, khi do ta co

V , V
1T 14 ¢ T/2RC 1= 14 e'7/2RC (9-11)
Khi 7/2RC <1 thi
|4 zK 1+L VlzK I—L (9-12)
2 4RC 2 4RC

Phén liy thira duoc xap xi tuyén tinh nhu trong hinh 9-8. Mach RC théng cao d tao ra do déc
trén dang song. Phan tram d¢ doc P dugc dinh nghia nhu sau

P= 100~ L w100% (9-13)
V)2 C
Output
Vi Input'%
vi T Hinh 9-8
|4 Giam tuyén tinh cua dap vng song
2 4 vuong RC/T > 1.
0 l
T T
e 3 g E ——— ]
L =—_1 Vi [
\£

Vi diém 3-dB tan s6 thap 1a £, =1/27RC ta c6
pw%m()% (9-14)
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v6i f =1/T =tan s ciia séng vudng ngd vao.

9-1-4 Ng6 vao la ham mii

O phan trén ta da biét 12 néu thoi hang cua mach giam, cac gai xung ngd ra s& hep hon nhung
blen d6 cua dinh van bang voi d6 16n cua sy khong lién tuc cia tin hiéu vao, V. Piéu nay la ding
néu ngd vao co cac canh xung thang dtng nhu trong cac trudng hop trude. Trong thuc té, dang
song nay la khong thé c6. Néu RC rat nho, thoi gian canh 1€n cua xung phai dugc xem xét.

Xet truong hop trong dé tu khong c6 dién tich dau va dién ap ngd vao thay d6i mot cach nhanh
chong, nhung van lién tuc, tir mirc 0 dén mirc ¥ nhu trong hinh 9-9. Vi dién ap trén tu 1a khong va
tin hiéu vao 1a khong tai thoi diém 7 =0 nén v,(0)=0.Taco

)2
dt initial dt initial

Input A

~ RC Hinh 9-9
0.8 S~ Dap ung cua mach RC thong

f\ n=100 cao voi ngo vao ham mii.
0.7 \ B

2 <l

0.9

0.5

0.4

0.3
n=1 \

0.2

0.1 \

\<\‘- n=0.1 Iy
0 \_l [ —————

0 5 10 15 20 25 30 35 40 45 50 55 60 . —

e

Vi tc do thay ddi dién ap cta ngd vao va ngd ra la bang nhau ¢ thoi diém dau nén trong lan
can cua thoi diém ¢ =0, ngd ra s€ bam sat véi ngd vao. Mat khéc, trur khi thot hang RC rat 16n so
v61 thoi gian canh 1én cua v, , tu s€ nap dién tich trong khodng thoi gian nay. Do d6 dién dp ra v, sé&
suy giam dan vé khong theo ham mil.

That vay, véi tin hi€u vao cé dang
v, :V(l—e”/’) (9-16)

trong d6 7 = thoi hang cua tin hiéu vao thi tir 9-8 ta c¢6
d

Ve 2 Yo (9-17)

T RC dt

n=RC (9-18)

L
T T
Giai biéu thuc 9-17 véi diéu kién dau 1a khong thi két qua 1a
Vn —x/ _
y = e —e"),nzl 9-19
° n=1 ( ) ( )
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v, =Vxe",n=1 (9-20)

Céc biéu thirc nay duoc vé trén hinh 9-9. Néu RC rat 16n hon 7 (n>>1) thi s6 hang thir hai
cua biéu thirc 9-19 ¢6 theé bo qua ngoai trir do1 véi cac gia tri rat nho cua ¢. Khi do

Vn —x/n ~Ve t/RC (9_21)

Vo=

o

n—1

Biéu thirc trén xac nhan lai hoat dong cua mach khi ngd vao Ia dién ap budc ly tuong. Tur hinh
9-9 ta c6 thé nhan thiy 1a ngd ra xp xi ngd vao tai nhitng thoi diém gan gbc toa d6. Néu hang sb
thoi gian cang nho thi xung ngd ra ¢ dinh cang nhé. Vi du, néu n =1, ngd ra s& c6 dinh 1a 37 %
cua dinh ngd vao.
9-1-5 Ngé vao la dién ap doc (ramp)

Pién ap dbc c6 gia tri 1a khong khi <0 va ting din mot cach tuyén tinh khi >0, v=ar.
Dang song nay duoc v& trén hinh 9-10(a). Néu dang song nay dugc dat vao ngd vao cua mach hinh

9-1, ngd ra ciia mach c6 thé dugc xac dinh nho biéu thic 9-8
v o dv

a=——+—7=
RC dt
Giai phuong trinh nay véi diéu kién v, =0 tai =0 taco
v, =aRC(1-¢"") (9-22)
Khi ¢ rat nho so v&i RC, ta c6 thé viét lai 9-22
vzt 1-——+.. (9-23)
2RC

Ta thay ngd ra bi suy giam mot chiit so véi tin hiéu vao nhu trong hinh 9-10(a). Do sai s6 giita
ngd vao va ngo ra duoc danh gia bang e,
=rnfT (9-24)

v, =V, T
e, N —
v, 2RC

1

trong 46 f, =1/27RC 1a tan s cat thap 3-dB. Vi dy, néu ta mudn dwa mot tin hidu vao véi
thoi gian quét 1a 2 ms qua mach véi d6 sai s6 nhé hon 0.1%, ta cdn c6 f, <0.16 Hz tic la

RC>1s.Neéu ¢ 12 16n khi so sanh v6i RC, ngd ra s& xap xi hang s6 &RC nhu trong hinh 9-10(b)
va biéu thiac 9-22.

Signal| . . __. . A" """

Input=at /) Hinh 9-10
_ } (a) Dap vng cua mach RC thong cao voi ngo vao
Output  Deviation from ham déc khi RC/T >1; (b) khi RC/T < 1.
linearity
(a)
¢ T t
Signal Input = at
\ Output
1aRC ®)
0 T 7
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9-1-6 Mach thong cao RC nhw 1a mach vi phan

Néu nhu trong hinh 9-1, thoi hing ciia mach rit nho khi so sanh vé6i thoi gian can c6 dé ngd
vao thay doi dang ke thi mach dugc xem nhu 1a mach vi phéan. Lic nay, dién &p roi trén di¢n tr¢ R
s€ rat nho khi so sanh véi dién ap roi trén tu C. Do do, gan nhu toan bg 4p ngd vao v, dugce dat lén

tu C va dong dién s€ dugc xac dinh béng dién dung cua tu i = Cdy, / dt . Ngd ra la ap trén dién tro
X 13 dv, A A Ao
s€¢lav, =RC 7’ . Nhu vay, ngo ra ti 1€ vdi dao ham cua tin hi¢u ngd vao.
t

Pao ham ciia song vudng 1a bang khong ngoai trir cac diém c6 sy khong lién tuc, tic 1a canh
l1én va canh xudng ctia xung. Tai cac di€ém nay, mach vi phan s€ tao ra cac gai c6 bién d§ khong xac
dinh, do rong la khong va cuc tinh tuy theo hudng cua canh. Trong hinh 9-6 ta c6 thé thay cac gai
ngo ra nay trir mot diém la bién do cua gai la V' chur khong phai la vo cung. Diéu nay la dung vi tai
cac canh xung, gid tri dién ap trén dién trd 1a khong thé bo qua khi so sanh vdi ap trén tu.

Déi v6i ham doc v, = at, gia tri cia RC dv, ./dt 1a aRC. Két qua nay cé thé thdy trén hinh 9-
10(b) ngoai trir vang gan gbc toa do vi trong vung nay dién ap trén dién tro 1a khong the bo qua.
Néu ta gia str canh 1én cia mot xung co6 thé xap xi bang mot ham dbc thi ta co thé do tbe do canh
lén o cua xung bang mot mach vi phan.

Néu mot song sin dugc ddt vao ngd vao cua mach hinh 9-1, ngd ra s€ la mdt song sin bi dich
pha s6m mot gbe € voi
X, 1
tanf=—-=—— (9-25)
R oRC
va ngd ra s& ti 18 véi sin(wr + @) . Pé c6 mot mach vi phan chinh x4c ta phai c6 6 1a 90°. Piéu
nay xay ra khi R =0 hodc C=0. Tuy nhién, néu @RC =0.01 thi 1/wRC =100 va 6 =89.4" xap
xi 90°. Néu wRC =0.1 thi =84.3".

Néu gia tri dinh cua song sin ngd vao 1a V' thi ngd ra la sin(wt + ), va néu

V. R
JR> +1/ 0’ C?
@RC <1 thi ngd ra xép xi V, @wRC cos ot . Két qua nay chinh 1a RC dv,/dt. Néu wRC =0.01 thi
bién d6 ngd ra 1a 0.01 1an bién d6 ngd vao.

Trong trudng hop mach vi phan duge thiét ké v6i khuéch dai thuét toan (opamp), mach twong
duong cho mach vi phan s& 1a mot tu C mac ndi tiép véi dién trd R/(1—A), voi 4 1a do loi cua
opamp. Goc dich pha s€ 1a

1-4

tanf =—— (9-26)
wRC

9-2 Mach théng thap RC

Mach RC trong hinh 9-11 s& cho qua céc tin hiéu tin s thip va suy giam céc tin hiéu tan sd
cao vi dién khang ciia tu giam khi tan sd ting. Mach nay thudng dwuoc ding nhu mé hinh tuong
duong Thevenin ctia mot ngudn tin hiéu. Mach trong hinh 9-11 twong tu nhu mach trong hinh 9-1
ngoai viéc ngd ra bay gio dugc ldy ra trén ty chir khong phai trén dién tro.

Néu dién ap ngd vao 1a tin hiéu sin, bién do & trang thai xac lap A4 va goc dich pha € cia ngd
ra duoc xac dinh nhu sau

|A| = ! i 0= —arctani (9-27)
(714 ] /.

v6i f, =1/27RC . Do 1gi 12 0.707 tic 1a diém 3-dB tai tan s cit cao f,.
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AVAAY *
+T T*’ Hinh 9-11 ’
Mach RC thong thap.

v:

o L
. |

9-2-1 Ngo vao la dién ap buée

Dap ung ctia mach hinh 9-11 khi ngd vao la dién 4p budc s€ cd dang ham mi voi thoi
hang RC . Vi dién 4p trén tu khong theé thay doi tirc thoi nén ngd ra s€ bat dau tr 0 va nang dan Ién
dén gid tri xac lap V' nhu hinh 9-12. Ngd ra dugc cho boi biéu thuce

v, =V (1-¢"") (9-28)
E v,
|4 =1
|4 R
1.0 Y Hinh 9-12
0.9 Dap vwng budc cua mach RC
thong thap. Thoi gian lén la ..
[
|4
0.1
0 t
t, >

Thoti gian 1én ¢, dugc dinh nghia 1a thoi gian dé dién ap nang tir 0.1 dén 0.9 lan gi4 tri cudi
cung cua no. ¢, cho thdy téc d6 ma mach c6 thé dap ting v6i su thay ddi dot ngdt cua dién ap ngd
vao. Thoi gian can c6 dé v, dat dén 0.1 1an gia tri cudi cung 12 0.1RC va thoi gian dé n6 dat dén
0.9 1an gié tri cudi cung 1a 2.3RC . Nhu vay
22 035

27fy,  fy

Thoi gian 1én ¢, ti 1€ thuén véi thoi h?mg 7 va ti 1¢ nghich véi tan s cit cao /-

t =22r=22RC= (9-29)

9-2-2 Ngd vao la xung vudng
Pap mg ctia mach khi ngd vao 13 xung vudng tai cac thoi diém nho hon d6 rong xung f,
tuong ty nhu d6i v6i truong hop ngd vao 1a dién ap budc. Tai cudi xung, dién ap ngd ra la v, va

phai bi suy giam dan vé khong vai thoi hang RC nhu trong hinh 9-13. Dang song ra bi méo dang
la do xung dugc dua qua mach loc thong thap RC'.
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Vi=———————a b
: Hinh 9-13 ’
o Dap ung xung cua mach RC thong thap.

= Ve (-t)/RC

0 .
|"‘7"” tp "'I t

Néu ta mudn giam tdi thiéu sy méo dang thi thoi gian 1én phai du nho khi so sanh véi d6 rong
xung. Néu f, dugc chon bang 1/ ¢, thi 7, =0.35¢,. Ngo ra cho truong hop ndy duge vé trong hinh
9-14. Ta c6 thé théy 14 ngd ra luc nay c6 thé dugc xem nhu xép xi xung ngd vao. Trong thyc té, ta

thuong dung qui tic 13 xung ngd ra sé& giit nguyén dang néu tan sé 3-dB duoc chon xap xi voi
nghich ddo ctua do rong xung. Do d6, dé mot xung c6 d6 rong 0.5 us di qua mach thong thap RC

thi mach cén c6 tan s 3-dB 1a khoang 2 MHz.

Hinh 9-14

0.9V~ Dap vng xung cho truong hop f, = l/tp )

0.1V
0

—

9-2-3 Ngd vao la song vuong

Néu dang song ngd vao 1a chudi xung tuin hoan cé gia tri 7' trong khoang thoi gian T, vacod
gid tri V" trong khoang thoi gian 7, nhu hinh 9-15(a) thi dap img ngd ra xac lap cua mach s€ co
dang nhu hinh 9-15(b) khi thoi gian 1€n 7, so sanh duoc voi d9 rong xung 7, . Néu thoi hang RC

c6 thé so sanh v6i chu ky ciia song vudng ngd vao thi ngd ra s& c6 dang nhu hinh 9-15(c).
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v
r i T
< T, T, ———> v v { Avlet;a:e
VO e
I
S 1 Vae (a)
V' }

’ : ' 5 — inh 9.
| L_\ - L\_ , ® Hinho-15

Pt — (a) Ngo vao song vuong; (b-d)
g t Ngo ra cua mach RC thong
S 1 A 1 thap; Thoi hang nho nhat la
: Vas .o Vi (b) va lon nhat la (d).
E Vo1 i Upg : A ‘ Ki-c
i ' \I
1 ) d I (c)
t
Fd p
: Vyi | Va1
H T w t [‘-‘___‘_4
i A . I
0

Biéu thtrc ctia doan di 1én 13 ham mii v6i thoi hang RC va gia tri cubi s& 1a V'. Néu V, 1a gia
trj diu ctia ngd ra thi tir biéu thirc 9-3 ta co
v, =V, -V")e " (9-30)

Tuong tu, biéu thirc cua doan di Xuéng la
v, = V”+(V2 —V")e_(’_Tl)/RC (9-31)

Néu ta ddt v, =V, tai t=T, va v, =V, tai =T +T, thi ta s& c6 thé giai dugc hai phuong
trinh trén cho hai bién ¥, va V.

Néu thoi hang 13 rat 16n so voi chu ky ciia song vudng ngd vao thi ngd ra s& c6 dang 1a mot
phan nhé cua ham mii do d6 gan nhu tuyén tinh. Hinh 9-15(d) v& ngd ra trong truong hop nay.

Vi dién ap trung binh trén R 1a khong nén thanh phan dc tai ngd ra s& bang thanh phan dc &
ngo vao. Gia tri trung binh nay dugc ky hiéu la V, , trong hinh 9-15.
Trong truong hop dang song vudng 1a d6i xing véi trung binh 13 khong, tuc 1a T,=T,=T/2
va V'=V"=V/2,biéu thirc 9-30 va 9-31 chi rarang V, = -V, va ta c6
V-1V

=— =—tanh 9-32
2Ty v g (-32)

v6i T 1a chu ky cua song vudng va x=T/4RC .

9-2-4 Ngo vao 1a ham mi
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DPéi véi ngd vao c¢6 dang nhu biéu thire 9-16, Vv, = V(l—e*’/ ’), dién ap trén di¢n trd R duoc

xéac dinh bang biéu thirc 9-19 khi n = 1. Do d6, dién ap ngd ra trén tu s& 1a hiéu cua biéu thic 9-16
va 9-19. Ta co

V_U:]+ e’ — " e (9-33)
V n—1 n—1

Néu n=1 thi
%:1—(1”)@‘ (9-34)

v6i x=t/r, n=RC/r. Biéu thitc 9-33 va 9-34 1a dép tng ngd ra khi mot ham mii v6i thoi
gian 1én ¢, (=2.27) dugc dat tai ngd vao cua mach thong thip v6i thoi hang RC (thoi gian 1én
t,, =2.2RC). Bap ung vai thoi gian 1én ¢, duoc v& trén hinh 9-16 cho cac gia tri n=RC/r =t /1,
khéc nhau. Ta thiy khi n tang thi cAn phai c6 mot thoi gian lau hon dé mach dat dén 50 % gié tri

cudi cung cua no.
U,

0

7
1.0

[ __——a
09 ’;01/ |

ly. <77, e

0.8 4
0.7 n‘&‘/{’ // i BC _In
: 4 T t,,
RE=T2//AV4

0:5 / /// Hinh 9-16

/ Dap ing cua hai mach RC
o4 / ). : thong thap mac cascade
/ / - e L voi ngo vao dién dp buoc.

0.3 / // 7 /,/
02 / ! / /" =10 L
0.1 |

: —

/ n =|100
1
% 1 2 3 4 5 6 -t
T

Néu mach gdm hai ting RC c6 thoi gian 1én 1an luot 1a t., vat, ghép cascade voi nhau va néu

t, 1a thoi gian 1én trong duong cta mach thi hinh 9-17 cho thay quan hé cua ¢, /¢, va ¢, /t, =1/n.
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tr

trl

16 Hinh 9-17 ,
Thoi gian lén tuwong doi cua hai
14 \ mach RC thong thap madc cascade.
1.2
\--.._
1.0 ‘F

0 1 2 3 4 5

NN
Il
1“

S

Ta c6 bicu thuc xap xi

t. =1.05{t; +1;, (9-35)
L 1051402 (9-36)

t

rl

hoiac

Ti s6 t./t., trong biéu thirc 9-36 c6 sai s6 so voi ti s6 chinh xdc trong hinh 9-17 khong qua
5%.
9-2-5 Ngé vao la ham doc

béi véi ngd vao c6 dang v, = at, dién ap trén dién tré duoc cho boi biéu thic 9-22. Pién ap
tréntyla v, —v, 1a

v,=a(t—RC)+aRCe "™ (9-37)

Néu ta mudn giam sy méo dang & ngd ra thi thoi hang ctia mach phai nhé so voi thoi gian doc
1én 7. Ngo ra ciia mach dugc v€ trong hinh 9-18. Ta c6 thé thay 1a ngd ra bam theo ngd vao nhung
tré hon mot khoang bang véi thoi hang RC (ngoai trir ving gan gdc toa do). Do sai léch e, duoc
dinh nghia nhu sau, véi RC/T <1

JRC_ 1

e = 9-38
" T 2xfiT 6-38)

voi f, 1 tan s6 cit cao 3-dB. Vi du, néu ta mudn dua mot tin hi¢u voi thoi gian quét 1a 2 ms
qua mach véi do sai 1éch nho hon 0.1 % thi f, >80 kHz va RC <2 us.
aRC

Hinh 9-18
Dap ng cua mach RC voi
ngo vao la ham doc.
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Néu thoi hang 16n khi so sanh véi thoi gian quét 7, RC/T > 1, ngd ra s& bi méo dang nhur
trong hinh 9-18(b). Tur 9-37 ta c6
at’
v R
2RC
9-2-6 Mach thong thip RC nhw 13 mach tich phan
Néu trong hinh 9-11, thoi hing rat 1on so voi thoi gian can dé tin hiéu vao thay doi dang ké thi
mach duoc goi la mach tich phan. Lac nay dién &p roi trén tu C s€ rat nhé khi so véi dién ap trén
dién tré¢ R, do do gén nhu toan bo dién ap ngd vao v, s€ dat Ién dién tré. Dong dién trong mach la

(9-39)

v,/R vangd ra trén tu la
1 1
v =—|idt =— | v.dt 9-44
o= Jide=—— [ (9-44)

Ngo ra ti 1€ voi tich phan cua tin hi€u ngd vao.

Néu v, =at , két qua s& 1a at’ / 2RC nhu trong biéu thirc 9-39. Khi thoi gian ting, dién ap roi
trén tu C s& khong con co thé bo qua so voi dién ap trén dién trd R, nén ngd ra s& khong con 1a
tich phén cua ngd vao. Hinh 9-18(a) cho ta thay 1a khi thoi gian tang thi ngd ra thay doi tir ham béc
hai thanh mgt ham tuyén tinh theo thoi gian.

Tich phan ctia mot ham hang 1a mot ham tuyén tinh va diéu nay dung véi do thi trong hinh 9-
15(d), twong tmg v&i RC/T > 1. Khi gia tri cia RC/T cang giam thi tinh chat tich phan ctia mach
cang giam theo nhu trong hinh 9-15(¢) va (b).

Céc vi du nay chimg t6 13 bd tich phan phai duoc sir dung mot cach hop 1y. Néu ta dinh nghia
1a mach tich phan twong dbi s& tao ra do dich pha 89.4° (thay vi 90°) vé6i song sin ngd vao nhu

trong phan vi phan di xét thi ta cAin RC > 157 vé6i T 1a chu ky cta séng sin. Vi bién d6 ngd ra la
mot phan nho cua bién d6 ngd vao, thuong thuong sau mach tich phan can cé khuéch dai.
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10

Mach xén va mach so sanh

10-1 Mach xén

Mach xén dugc sir dung dé cho phép chi mot phan ctia dang song nam trén hodc dudi mot mirc
dién ap tham khao di qua. Mach xen thuong duoc tao nén tur mét trong cac dang sau: (1) mot mach
nbi tiép gdbm mot diode, mét dién trd, va mot nguon tham khao; (2) mot mang gdm vai diode, vai
dién tré va vai ngudn tham khao; (3) mot bo khuéch dai vi sai gdm hai transistor ghép emitter. Mot
s6 mach xén thong dung s& dugc mo ta trong phan sau.

10-2 Mach xén diode

7 Trong hinh 10-1(a) ta c6 t}}é thay lai dic tuyéq VA xép xi ciia diodez. Dic tuyén nay c6 mot
di€ém khong lién tuc trong do doc tai dién ap V,, diém nady duge goi la di€ém gian doan. Nhu ta da
biét, diém gian doan xay ra tai ¥, ~0.2 V d6i véi Ge va V, ~0.6 V dbi véi Si. Véi déc tuyén xap
xi n’éy ta cg') thé thady mach xén trong hinh 10-1(b) s€ c6 dac tuyén truyén dat phu hinh 10-1(c). Béac
tuyén truyén dat vé dién 4p ngd ra v, nhu mot ham cua 4p ngd vao v,. Diém gian doan cua dac
tuyén truyén dat xay ra tai dién ap V, + V,. Phia bén trai diém gian doan (Gmg voi v, <Vi+V))
diode bi phan cuc nguoc (Off). Trong vung nay, tin hi€u v, co thé truyén truc tiép dén ngd ra vi
ngd ra hé mach nén 4p roi trén dién tré R 13 khong. Phia bén phai diém gian doan, khi ngd vao
tang mot luong Av,, ngd ra s€ gia taing mot lugng Av, = Av, R, / (Rf +R), v6i R, la dién tr¢ phén

cuc thuan cua diode.
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I R
dv + | D j+
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(a) Y (b)
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|
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|
lTime
Hinh 10-1

(a) Ddc tuyén VA ciia diode dwoc xdp xi bang cdc dwong thang; (b) Mach xén trén ding diode;
(c) Ham truyén dat va dang song vao — ra cua mach xén.

Hinh 10-1(c) v€ mot ngd vao sin voi bién do du 16n dé vuot qua diém gian doan. Ta thay dinh
duong cua tin hi¢u ra bi nén lai so v6i tin hi¢u vao. Néu R, < R thi ti s0 nén la rat 16n va ngd ra s€

¢ dinh duong bi xén ngang tai dién ap V, +V, . Thong thuong V, >V, , khi d6 ta co thé xem dién
ap tham khao ciia mach xén 1a V.
Trong hinh 10-2(a), mach xén di duoc hiéu chinh bang cach xoay nguoc chiéu cua diode trong

hinh 10-1(b). Pic tuyén truyén dat lic ndy dugc vé& trong hinh 10-2(b). Trong mach nay, phan dang
song duong hon V, -V, ¢6 thé di qua mach ma khong bi suy giam, phan con lai bj xén.

2/12



Bién soan: V6 Ky Chau — B¢ mon DPién tir, Khoa Pi¢n — Dién tir
Email: vkchau@dee.hcmut.edu.vn

(b)

| mime
Hinh 10-2 ‘ ’
(a) Mach xén dudi dung diode,; (b) Ham truyén tuyen tinh tung doan ciua mach
10-2-1 Vung gian doan (break region)
Su x4p xi tuyén tinh timg doan trong hinh 10-1(a) cho thdy mdt su gian doan dot ngdt trong do
déc tai V,. That ra, diode chuyén tur trang thai Off sang trang thai On khong dot ngdt nhu vay. Do

do, mét dang song khi duoc dwa qua mot mach xén s€ khong bi xén mot cach dot ngdt tai mot diém
gian doan ma la trong mét vung gian doan. Vung gian doan cua dac tuyén 1a doan dic tuyén di tur
khong suy giam dén suy giam tin hiéu vao. Bay gio ta s& udc lugng ving gian doan ciia ddc tuyén.

Biéu thirc cua diode ban danla /=1, (eV/"VT - 1) .
Trén diém gian doan, dong 7 c6 gié tri 16n khi so sanh véi 1, ta c6 thé viét
I=1¢"" (10-1)

Vi mach xén c6 thuc hién xén hay khong 1a phu thudc vao dién tré dong cua diode 1a rat 16n
hay rat nho so véi dién tré R, ta dinh nghia mét cach tuy y vung gidn doan 1a vung trén do dién tré
dong cua diode bi thay doi 16n, vi du 100 lan. Ta da biét dién tré dong cua diode 1a
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= vy MV (10-2)

1, I

Luu y 1a 7 ti 1€ nghich v6i dong tinh va ti 1¢ thudn véi nhiét do tuyét ddi. bién trd dong sé
duoc nhan v6i 100 14n khi dién 4p thay ddi mot luong AV néu e/ =107. Ta di biét n =1 véi
Ge, n=2 v6i Si, V, =0.026 V tai nhiét 4o phong va ¥, =0.086 V tai 7 =1000 K.

AV =2nV,Inl0
=0.12 V (Ge) (10-3)
=0.24 V (Si)

Ving gian doan doc 1ap véi dong tinh. Do d6, tai mot dong I bat ky thoa man 7 > I, (tai mot
gia tri dién tr¢ bat ky), dién tr& dong dugc nhan véi 100 néu dién ap giam mot lugng AV va dién
tré dong bi chia boi 100 néu dién ap taing mot lugng AV dugc cho bdi biéu thirc 10-3.

10-2-2 Pac tuyén ngugc

Trong phan nay ta s& xét anh hudng ctia doan phan cyc nguoc trén dic tuyén. Trong mot diode
ly twong, khi bi phan cuc nguoc, dong nguoc 14 hiang s6. Péi v6i mach hinh 10-1(b), dong nay sé
tao ra mot dién ap roi c6 dinh trén R nhung van khong 1am ngd ra bi suy giam so véi ngd vao
nhiéu vi bién d6 ap rit nho. Tuy nhién, ddi voi mot s6 diode, bién do cua dong nguoc tang khi dién
ap phan cuc nguoc ting. Mot mo hinh tuyén tinh timg doan cta dic tuyén VA cho cac diode nay
duoc ve€ trong hinh 10-3. Bén phai cua diém gian doan, trong vung phan cuc thuén, di¢n tr¢ ctia
diode 1a R .. Bén trai diém gian doan, dién tr¢ cua diode 1a R .

I
Hinh 10-3

R Pdc tuyén diode xdp xi tuyén tinh tirng doan. Diém

f gian dogn la V =V, . Bén phai diém gidn doan R,

nho, va bén trai diém gian doan R [on.

— — T v
v ;

Trong hinh 10-1(c) 10-2(b) ta da gid st R, rt 16n so v6i R . Néu diéu kién nay khong ding,
dac tuyén truyén dat cia mach xén phai dugc hi€u chinh lai. Phan dic myén c6 d6 déc 1a don vi
that ra phai c6 do déc 1a R /(R +R).

Do1 voi mach xén, ta thuong can ¢6 R > R, vidu R =kR v61 k 1a mot so 1on. Tur hai biéu

thic trénta c6 R= /R, R, va k=R /R, .

10-2-3 Cac mach xén

4/12



Bién soan: V6 Ky Chau — B¢ mon DPién tir, Khoa Pi¢n — Dién tir
Email: vkchau@dee.hcmut.edu.vn

Hinh 10-4
Boén dang mach xén. (a) va (c) cdc diode diege mdc shunt. (b) va (d) cdc diode dwoc mdc noi
tiep. Dudi moi mach la dang song ngo ra doi voi ngo vao sin.

Hinh 10-4 trinh bay mot s6 dang mach xén khac. Néu trong mdi trudng hop, mot séng sin duge
dat vao mach thi ngo ra s€ c6 dang nhu cac duong dam. Trong cac dang séng ngd ra nay ta da bo
qua V, khi so sanh voi V,, va ta gia st 1a vung gian doan c6 th€ bo qua khi so sanh véi bién df cua
dang song vao. Ta cling gia su la R, > R> R, . Hai trong s6 cac mach nay, phan dang song dugc
truyén qua 13 phan nim dudi V. ; hai mach con lai, dang séng dugc truyén qua 13 phan nim trén Ve.
Trong hai mach, diode 14 phan tir mic ndi tiép, trong hai mach kia, diode 1 phan ttr shunt. Viéc st
dung diode 1a phan tir mac noi tiép c6 bat loi 1a khi diode Off, nhiing tin hi¢u tan so cao c6 the di
qua mach nh¢ dién dung cua diode. Vi¢ce sir dung diode nhu 1a phan tir shunt c¢6 bat 1¢1 1a khi diode
phén cuc thuén nhung chua On thi dién dung cua diode va cac dién dung shunt khac & ngd ra sé&
lam cho cac canh xung ngo vao khong con sac dong thoi lam suy giam tin hi¢u tan s6 cao. Mot bat
loi thir hai cia cdc mach nay 1a ndi tré6 R ctia ngudn V, phai du nho.

Khi diode dugc st dung véi cac dang song co su bién d6i nhanh, vi du sau sé& trinh bay anh
huong cua tu 1€n cac xung. Gia st mach xén trong hinh 10-5(a) dugc dung voi dang song ngd vao
nhu hinh v&. Ngd vao nay c6 thé 1a mdt xung hodc 1a mdt nira chu ky cua séng vudng. PDién dung
C, 1a dién dung hiéu dung tong cong mac shunt voi diode (gia tri thuong khoang 5 pF), C, 1a dién
dung shunt tong cong & taii ngd ra R (R> R,). Giatri C, ¢6 thé khoang 20 pF, thuong xuét hién

do dién dung ngd vao cua dau do trén oscilloscope. Cong vi¢c cuia ta la tim dang song ngod ra, gia stir
dién trd khi phan cyc nguogce 1a vo cung.
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5V——F
fp_)-
ov e

(b)

5V— ;
f|=(c-_ +C2)Rf
L RS - 5V—r1
' 2V—
-5V oV

1.=(C; +C,)R

N (c)

Hinh 10-5
(a) Mach xén diode véi ngé vao xung. (b) Ngé ra khi bé qua dién dung; (c) Ngb ra khi ké dén dién dung.

Néu diode 14 Iy tudng va cac dién dung co thé bo qua, dang séng ngd ra dugc vé trong hinh 10-
5(b). Gia sur trang thai xac 1ap tng v6i ngd vao l1a =5V va ngd ra la 0 V. Khi ngd vao dot ngot
nang 1én mdt lugng 1a 10 V, né€u ndi trd ctia ngudn cd theé bd qua thi trong mach s€ xuat hi€n méot
xung dong, va dién 4p ngd ra dugc xac dinh hoan toan boi gid tri cua cac tu. Vi C, =4C,, chi mot
phan nam dién ap ngd vao xuit hién trén C,; do d6, ngd ra s& dot ngot nhay lén 2 V. Di¢n 4p trén
diode lac nay 1a 3 V va phan cuc lam cho diode dan. Ngd ra v, s& dat dén gia tri cudi cing 13 5V
voi thoi hang 7, = (C,+C,)R, . Tuong tu, khi ngd ra dot ngdt roi xudng mot lwong 1a 10 V, dién
ap ngd ra s€ dot ngdt giam xudng mot luong 1a 2 V. Diode ltc nay bi phan cuc nguoc nén tat va
ngd ra s& suy giam dan vé khong véi thoi hing T, = (C1 +C, )R . Dang séng két qua duoc v& trong
hinh 10-5(c).

10-3 Mach xén dung transistor

Transistor 13 linh kién phi tuyén va c6 thé dugc dung cho mach xén. Didu nay xay ra khi
transistor di tur vung tat vao trong ving tich cuc hodc khi transistor di tir ving tich cuc dén ving
béo hoa. Nhu vay, néu tin hiéu ngé vao thay d6i 1am cho mot trong hai qué trinh nay xay ra, ngd ra
s€ bi xen. Vi ta mong mudn dién ap ngd ra cua phan khong bi xén s& giir nguyén dang cua tin hiéu
vao nén ta can c6 dong ngd vao (khong phai dién ap ngd vao) s€ ¢6 hinh dang cua tin hiéu. Ly do 1a
vi trong ving tich cuc, dong dién c6 do thay d6i tuyén tinh hon 1a dién ap. Do dé, trong cic mach
xén dung transistor cling nhu trong cac mach transistor tin hi€u 16n khéc, ta s€ st dung mach lai
dong nhu hinh 10-6. Pién tré R, thuong biéu dién ndi trd nguén hodc mét dién trd can phai co
trong mach, phai 16n khi so sanh véi dién trd ng6 vao cua transistor trong Vl‘mg tich cyc. Dudi cac
diéu kién nay, dong ngd vao s& c6 hinh dang rit gidng véi dién ap vao, i = / R

Hinh 10-6

Mach xén dung transistor.

10-3-1 Ving tit
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Ta da biét 1a tai dién ap khoang 0.1 V, dong emitter 1a khong va dong collector s& bang CBO -
Dong collector bat dau tang 16n hon 7, cso Khi ta bat ddu phan cyc thun transistor. Tuy nhién, dong
nguoc bio hoa 1a qua nho do d6 dé c6 thé co duge mot dong dang keé ta phai ting dién ap phan cuc
thuén Ién dén V, . Gia tri nay c6 thé thay doi trong khoang tir 0.5V dén 0.7 V ddi voi Si.

Trong thuc té, dién ap chinh xac lam cho transistor bt dau dan 1a phu thudc vao loai transistor
va mach ung dung. Ta c6 thé gip nhimg truong hop trong d6 dong collector chi can thay ddi
10 1A 1a transistor da di vao vung tich cuc, nhung cling c6 nhiing rng dung doi hoi dong nay phai
thay doi 100 #A hodc nhiéu hon. Noi chung, bang thuc nghiém ta c6 thé thiy 1a transistor Ge co
khoang chuyén tiép gitta vung tit va vung tich cuc 13 14n can ctia 0.1 V trong khi d6 dbi véi Si 1a
0.5 V. Nhu viy, & nhiét d6 phong, dé giit cho mot transistor & trong ving tit ta c6 thé ndi base va
emitter bang mot dién tré ma khong can dén ngudn phan cuc nguoc, tuy nhién, d6i véi transistor
Ge hodc khi nhiét d6 cao hon, ta c6 thé phai st dung thém ngué)n phan cuc ngugc.

10-3-2 Dién tré ngo vao

Mot thong s6 khac cén phai quan tam déi voi mach xén dung transistor la dién tré ngd vao cua
transistor. Khi transistor ndm trong vung tat, dién tro nay rat 16n, c6 thé dén vai chuc MQ. Gi4 trj
chinh x4c ciia n6 1a khong quan trong lam mién 1a no 16n hon so voi R trong hinh 10-6. Khi dién
trg collector nho (khoang dudi 5 kQ) va transistor nim trong vung tich cyc, dién tré ngd vao cua
mach c6 thé dugc xem nhu 1 %,. Ta c6

h,
i =V + Bye = Ty +—— (10-4)
Vo1 7,,, 1a dién tré cuc base va g, = h—ml% Khi do6
+17
fe r
_ U
hie_rbb'+(h_fe+l) |1 | (10-5)
E

Dién tré ngd vao ti 1& nghich voi dong emitter. Do d6, khi transistor di chuyén ra khoi ving tat
va di chuyén vao ving tich cyc, dién tré ngd vao ctia n6 giam. O day ta da bo qua sy thay doi cua
thong s6 /£, theo dong transistor vi sy thay d6i nay nho khi so sanh voi su thay doi cua g, .

10-3-3 Cac dang song

Céc dang séng cho mach xén trong hinh 10-6 dugc vé trong hinh 10-7. O day ta xem ngd vao
v, 1a mot ham doc bat dau tai dién ap dudi dién ap tat va tdng dén di€ém lam cho transistor di vao
vung bio hoa. Bo dbc dv,, [dt cia dang song base duge xac dinh bang

dv h, dv,
BE _ __ e (10-6)
dt  R+h, dt

Dién tré ngd vao A, s€ cang giam khi transistor cang di vao vung tich cyc, do d6 do déc
dv,, /dt giam. Trong ving bdo hoa h,=0 va h, roi xubng dén gia tri T 1V / |I E| thap. Vi du,
néu dong bdo hoa 1a 1 mA thi dién tré ngd vao tdi thiéu trong ving tich cuc ngay trude khi bio hoa
la 1400 Q, khi transistor vao vung bao hoa, tré khang nay giam xuong con 126 Q. Viéc giam dot
ngot cua dién trd lam cho dién 4p v, bi xén va dang song la khong ddi tai dién ap lam cho
transistor bao hoa.
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Voltage, V

Saturation
1 e e ety S =~

5

t Hinh 10-7
Dang song cua mach xén transistor trong
hinh 10-6. (a) Dién dp v, khi ngo vao

=0dr=7 “Cutoff TTTTT T

ham déc ldi transistor tir viing tdt dén viing
bdo hoa. (b) Dong base va collector.

Current

cs
heg

Do dbc cua dong base 1a
dip __1 v,
dt R+h, dt

Do d6 dong base s& tang khi transistor di siu vao ving tich cyc va ngay ca chuyén sang ving
béo hoa. Trong vung tich cuc, nhu hinh 10-7(b), dong collector s& c6 cung hinh dang véi dong
base. Tuy nhién, trong viing bio hoa dong collector s& 1a hing s va co gia tri 1a

Vee =V,

CE(sat) __
i = =7

RC
Gidi han nay xay rakhi i, > I./f3 .

Céac dang song két qua khi transistor di tir ving tit sang ving tich cuc va vao ving bdo hoa
dugc vé trong hinh 10-8.
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(@)

(6)

(d)

10-4 Xén tai hai mirc doc lap

Hinh 10-8

Dang song cua mach xén transistor trong hinh 10-6.
Ngo vao v, la hinh sin va du lon dé mang transistor
vao cd vimg bcy?o hoa va vung tat. Cuc base dwoc
phan cuc dé tat xay ra tai dién ap V . (a) Ngo vao v,
va dién dap v, ; (b) Dong base; (c) Dong collector
va (d) Pién ap ngo ra (collector).

Dang song i. trong hinh 10-8 b1 xén tai hai dong. Tuy nhién, trong dang song nay cac mirc

xén khong doc 14p ma bi phy thude vao 7., . Cac mach xén dung diode co6 thé thuc hién xén tai hai

muc doc 1ap. Dang xén véi cau hinh song song hodc ndi ti€p déu co6 thé dugc s dung. Cau hinh

song song duogc trinh bay trong hinh 10-9(a).

doan cua mach. Dac tuyén co6 hai diém gian doan, mot tai v, =v, =V, vamot tai v, =v, =V,

¢6 dac tinh nhu sau

Vi Vo

Vv, <V Vv, =V
Vi <V, <V, v, =V,
v, 2V, V, = Ve,

Hinh 10-9(b) v& dic tuyén truyén dat tuyén tinh ting

R2> Va

Diode
D1 on, D2 off

D1 off ,D2 off
D1 off ,D2 on
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Mach hinh 7-12(a) c6 thé dugc dung dé chuyén mot séng sin thanh soéng vudng néu bién do
song sin rat 16n khi so sanh v6i do chénh 1éch murc xén.

U" UO
Vi
-L = '[ Ivm > Vi |-
(a) . b
v, Y%
Slope=1
\ -
Vaz >
R — - e S
I
|
Vi A N . .
" Dlox | 7 'Diorr ! D1 oFF_

I
| D2 orr »* D2 oFF ! D2 on
1
|
|
|
|
1
1
I
|
1
1
]
|
I
|
|
]
1

(b) ¢
Hinh 10-9
(a) Mach xén hai diode xén tai hai mirc doc lap; (b) Ham truyén tuyén tinh tirng doan ciia
mach. Ngo ra cua tin hiéu vao hinh sin ciing dwoc vé trong hinh.

10-5 Mach so sanh

Céac mach phi tuyén ma ta da dung dé thuc hién mach xén ciing c6 thé dung dé thyc hién so
sanh. Trong truong hgp nady, mach tr¢ thanh mot phan tir trong mot h¢ thong so sanh va thuong
duoc goi 1a bd so sanh hay comparator. Mot bo so sanh la mdt mach dién c6 thé xac dinh khi nao
thi mot dang song ngd vao tuy y dat td1 mot mire ap tham khdo cu thé. Su khac biét gitta mach so
sanh va mach xén do6 1a mach so sdnh khong tai tao bat ky phan nao trén tin hi¢u ngo vao.

Mach diode cua hinh 10-10 c6 thé duoc dung nhu b so sanh. Ta xét tin hiéu vao 1a ham déc.
Ngo vao nay di qua muc dién ap v, =V, tai thoi diém ¢ =¢,. Ngo ra duy tri tai mitc v, =V, cho
dén = t,, sau do nd nang lén theo tin hi€u vao. Dang song ngd ra dugc vé voi gia sur 1a diode ¢o
diém gian doan tai dién ap khong va dién tro diode thay d6i mot cach dot ngot tai diém gian doan
tur gia tri vo cung dén mat gia tri dién trd phan cuc thuan xac dinh.

Mot thiét bi ndi dén ngd ra cua b so sanh s€ nhan ra sy vuot ngudng khi dién ap ngd ra ctia bd
so sanh c6 gia tri ¥ 16n hon V,. Tuy nhién muc dién 4p ngudng chinh xac c6 thé dao dong mot
luong Av, quanh ngudng t8i wu vi tudi tho cua linh kién, anh hudng cta nhiét dog,... Két qua la s¢
c6 mot sy dao dong Ar quanh thoi diém chinh xac ma thiét bi dap Gmg véi ngd ra ctia bo so sanh va
mot su dao dong Av, trong dién 4p vao twong Uing voi A¢. Lic nay, thiét bi c6 thé khong dap ung
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tai ¢ =¢, ma c6 thé tai thoi diém ¢, sau d6. Piéu nay c6 thé cai tién bang cach ting d6 doc ciia doan
di Ién cua dang song ngdra v, . Néu diode 13 1y tudng, ta c6 thé dit phia sau bo so sanh hinh 10-10
mdt bd khuéch dai. Khi nay, néu 4 1a do loi ctia bo khuéch dai, ngd ra v, s& di qua Av, trong
khoang thoi gian At/ A va thoi gian tré trong viéc dap ing véi ngd ra cia bo so sanh s& giam xubng
con (£, —t,)/A. Tuy nhién déi véi diode thyc thi két qua khong dat dugc nhu vay.
D v;
”_ i

R

()

Hinh 10-10
(a) Mach so sanh ding diode; (b) Minh hoa véi ngé vao la ham doc v, va ngé ra twong iing.

Trong céc phan trudc ta da biét diém gian doan 1 diém ma xung quanh n6 dong cua diode xap
xi 1% dong dinh mic. Pinh nghia nay khong dinh nghia cho mot t6 hop ndi tlep gom c6 diode va
dién tré nhu hinh 10-10. Trong cac trudng hop nhu vay, ta c6 thé dinh nghia diém gian doan theo
cach sau. Phia bén trai diém gian doan, dién tré dong cua diode sé& rat 16n hon R, phia bén phai
diém gian doan, dién tré dong cua diode s& rat nhé hon R . Dé hop 1y ta c6 thé xem nhu diém gian
doan 1 diém tai d6 7 =R. Tai diém nay, d6 loi truyén dat la Av, /Av, = R/(R+r)=1/2. Bay gi¢
gia str ta ndi bd so sanh nay dén mot thiét bi. Thiét bi ndy s& dép ung dén trang thai cta bd so sanh
khi dong diode 1a 7 va ap roi trén dién tré 12 RI . Giita b so sanh va thiét bi ta dat mot bd khuéch
dai v6i do loi 4. Lic nay bo so sanh s& gdy ra dap ung trén thiét bi khi ngd ra bo khuéch dai 1a
RI, tirc 12 khi &p roi trén dién tré R 1a RI/ A, tuong Gng v&i dong qua diode 1a 1/ 4. Mat khac,
dién tré dong cua diode 1a ti 16 nghich véi 7 nén néu dung bo khuéch dai, thiét bi bi tic dong boi
bd so sanh s& dap tng khi » = RA.. D6bi véi diode thuc, ta co

Av, R AR A

4 - = (10-7)
Av, R+r R+AR 1+4

Do d6, néu A rat 10n thi ti s nay sé tién dén 1. Ta c6 thé thay 1a do loi truyén dat khi khong ¢
mach khuéch dai 13 % thi khi ding mot by khuéch dai v6i d6 loi khong xac dinh hé sb nay chi ting
duoc 2 lan. Nhu vay, ta c6 ba nhan xét trén diém gian doan cua mot mach to hop diode — dién trd:
(1) dién ap ngd vao tai do b so sanh tac dong phu thudc khong chi vao diode ma con vao viéc chon
dién tré6 R; (2) diém gian doan cua bg so sanh cling phu thudc vao dd lgi cuia b khuéch dai; va
cudi cung (3) d6 ro rang, sdc canh ctia bd so sanh khong phu thudc vao b khuéch dai. Tét ca nhiing
diém nay duoc trinh bay trong hinh 10-11.
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(a)

Hinh 10-11
(a) Minh hoa mot bo khuéch dai phia sau mot mach so sanh khong cadi thién dwoc do sdc clia

b so sanh ma chi di chuyén diém gian doan; (b) Minh hoa sw thay doi R khéng thay doi d¢
sdc cua bo so sanh ma chi di chuyén diém gian doan.
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11

Mach kep va mach
giao hoan

11-1 Mach kep

Mot cong viéc thuong dugce th}_IC hién ddi v6i cac tin hiéu tudn hoan la dat lai vi tri cua dinh
duong hodc dinh am cua tin hi¢u dén mot muc tham khao ¥, nao do. Cac mach thyc hi¢n viéc nay
dgqc goi la mach kep (cla;npping circuit).‘N(')i chung, bat ctr khi nao m(f):[ diém trong mach duoc két
noi qua mot trd khang thap dén mot nguon tham khao ¥, ta néi 1a diém do6 duoc kep tai dién ap
Ve, vi dién ap cua diém nay s& khong thé qua sai 1éch so véi V.. Mach diode trong hinh 10-2 la
mot vi du ciia mach kep nhu vay vi ngo ra bi kep tai V, bét ¢t khi nao ngo vao vuot qua V,. Trong
céc‘ mach nay, chi m(f):t chiéu thay d(f)i cua di¢n ap 1a bi kep nép ta goi ching 1a cac mach kep mot
chi¢u. Hai diode c6 thé dugc dung dé tao nén mach kep hai chicu.

Nhu ta da biét, khi mét tin hiéu duoc dua qua mdt mach bfmg cach ghép tu, thanh phén dc cua
tin hi¢u s€ bi mat. Trong nhitng trudng hop nay, mach kep thuong dugc ding dé phuc hoéi thanh
phan dc, do d6 n6 con co tén 1a mach tai tao dc.

11-1-1 Dang so6ng

Xét hinh 11-1, bao g@)m mot ngué)n v, vOi noi tr¢g cod thé bo qua, mdt tu va mot diode D . Gia
str 1a diode 1y tuwong, tirc 1a diém gian doan cta nd xay ra tai 0 V va dién tré phan cyc thuan 1a
khong. Tin hi¢u vao 1a mt song sin bat dau tai 1 =0. Tu C khong mang dién tich tai #=0. Ta s€
tim dang song ngd ra v, trén diode.
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(a) =V

(c)
-2V,

Hinh 11-1
(a) Mach kep co ban, (b) Tin hiéu vao hinh sin dwoc dat vao tai thoi diém
t=0; (c) Dang song ngo ra.

Trong mot phan tu chu ky dau tién, tin hidu vao ting tir khong dén gia tri tbi da V. Diode laly
twdng nén ap roi trén n6 1a khong. Két qua 1a trong sudt mot phan tu chu ky dau tién, v , =V,.bién
ap trén ty C tang theo hinh sin, ty nap dién thong qua ngudn va diode. Nhu vay, luc nay v la

khong. Tai cudi ctia khoang thdi gian nay ap roi trén ty 1a v =V

m*

Sau mot phan tu chu ky nay, tin hiéu bat dau giam xudng, dién ap trén tu khong thé bam theo
tin hi€u vao vi tu khéng thé xa thong qua diode lic nay dang bi phén cuc nguoc. DPién ap trén tu
tiép tuc duy tri la v, = dién 4p ngd ra la v, =v. -V . Trong sudt cac chu ky tiép theo, dinh

duong cua tin hiéu ra ch1 c6 thé dat dén khong. Diode khong bao gid dan tré lai va dinh duong ctia
tin hi€u ra bi kep tai khong.

Gia st 1a sau khi dat dén trang thai xac 1ap, bién do tin hiéu vao tang lén. Khi do, trong subt
mot phﬁn tu chu ky dau tién, diode s& lai dan. Pién ap dc trén tu C s€ lai ting va mot l4n nita dinh
duong cua tin hiu ra s€ bi kep lai tai mire khong. Nhung néu bién do cua tin hiu vao giam xubng
thi diéu gi s& xdy ra? Trong truong hop nay, ro rang la dién ap dc trén tu can phai giam theo nhung
trong mach hinh 11-1 khong c6 cach nao dé 1am duoc diéu nay. Dé dién ap trén tu co thé giam, can
c6 mét dién tré mac shunt voi tu hodc qua diode. Trong truong hop thir hai, tu s& xa thong qua mot
mach nbi tiép gdm dién tré shunt cua diode va noi trd ngudn.

Mach hinh 11-2(a) trinh bay trudong hgp c6 dién tré R . Hinh 11-2(b) v& dang song ngd ra cho
truong hop bién do tin hiéu vao hinh sin dot ngdt giam xudng. hai chu ky dau tién twong tng voi
giai doan xac 1ap trudc do. Tai thoi diém ¢ = t,, bién do tin hiéu dot ngot giam xuéng. Vi tu khong
thé xa mot cach nhanh chong, dinh duong ciia ngd ra giam xudng dudi khong mét chit trude khi b
kep lai tai 0 V. Pi¢n ap trén tu C giam dan theo ham mil khi tu xa va sau mot vai chu ky, dinh
dwong s& bang khong tr¢ lai. Trong truong hop nay, khong gidng véi truong hop khong c6 R, c6
dong chay qua tai moi dinh dwong. Ngay ca khi dién ap trén tu giam dén gia tri lam cho dinh duong
dat dén khong tu van tiép tuc xa thong qua R va ndi trd ngudn. Lic nay diode s& hd trg cho tu
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dién. Vi tu xa cham nén diode khong phai luon dan ma chi can dan trong mot phan nhé ciia chu ky
dé nap lai cho tu cac dién tich bi mét.

Ta thir xem dang séng xung quanh dinh dwong khi diode dan. Phan dang séng nay dugc trinh
bay trén hinh 11-2(c). Néu khong c6 diode, tin hi€u s€ di theo duong dit nét véi dinh tai 7 =+¢,.
Nhung nho diode, phéan tin hiéu giita ¢, va ¢, bikep tai 0 V. ¢, 1a thoi diém tai d6 tin higu sin vira
dat dén khong. Pé it méo dang, tu phai bi mat it dién tich trong qua trinh xa, diéu nay doi hdi thoi
hang RC phai rat 16n khi so sdnh v6i chu ky cua tin hi¢u.

C Expanded
| * ~ voltage Expanded
i scale timescale
+ 0 R
GD R D I Zero voltage
(@) (c)

U U U i

Hinh 11-2
(a) Mach kep vdi dién tro xa. (b) Tai t =t,, bién do ngo vao dot ngot giam xuong.

Ngé ra tién dan dén trang thdi xdc lap. (c) Chi tiét ciia v, tai dinh duwong ddu tién.

11-2  Mach kep khi xét dén dién tré diode va ngi tré ngufm

Hinh 11-3 1a mach da duoc bd sung noi tro ngué)n R, va mot dién trd phan cuc thuan cho
diode R,. Dién tr6 R, co gia tri khoang vai chuc dén vai tram ohms tuy theo loai diode dugc su
dupg. Noi tré ngudn cé thé bo qua hodc ¢ thé 1én dén vai ngan ohms tiy theo ngudn. Gia sir 1a
diém gian doan cua diode V, xdyratai 0 V.

I . .
AN T I T Hinh 11-3
8 + C + ., s ae, , A
+ Mach kep khi tinh ca ngi tro Rg cua nguon.
GD T & B 1‘: Trong thoi gian dan, diode la mét dién tré R,.
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Nhu ta s€ the”iy, dd chinh xac cua mach tuy thudc vao diéu kién R> R = pé phan tich mach ta
c6 thé v& mach twong duong cua mach nay khi can tinh v nhu hinh 11-4(a). Mach hinh 11-4(a)
dugc dung khi diode din va hinh 11-4(b) duoc dung khi diode khong dan. Néu R > R, la khong
dung thi tir hinh 11-4(a), R, phai dugc thay bang hai dién trd R va R, méc song song. Trong hinh

11-4(b), néu dién tré trong ving tit ctia diode khong rat 16n hon R thi dién tré R ciing phai duoc
thay bang t6 hop song song cta hai dién trd. Trong mdt so truong hgp, trong mach that ra khong co
R, dién tr¢ nay c6 thé 1a dién trd phan cuc nguge R, cua diode.

11-2-1 Dang s6ng qua do

Bay gi¢ ta s€ xem x¢t dang song ngd ra khi mot tin hiéu dot ngét duoc dat vao mach va xem
mach dat d&én trang thai xac 1ap nhu thé nao. Sau mot s6 chu ky, mach s& dat dén trang thai xac lap
trong d6 dinh duong s€ bi kep tai khong. Trong truong hgp do ta s€ dung mach tuong duong nhu
hinh 11-4 va xtr Iy nhu trong vi du sau.

Im-l-
Ly
im-lr
S

(a) (b)
Hinh 11-4
Mach twong dwong ciia hinh 11-2 dé tinh v, (a) khi diode dan, (b) khi

diode khong dan. Gia sila R > R>R,.

Gia su trong mach hinh 11-3, R; =R, =100 Q,R=10k, va C=1 4F. Tai =0, mot tin hiéu
song vuong dbi xtng véi bién d§ 10 V, tan s 5 kHz duoc dat vao mach. Nhu duge trinh bay
trong hinh 11-5, tin hiéu v, di tir 0 V dén +10 V. Hiy v& vai chu ky d4u tién cta dang séng ngd
ra.

bpé phan tich dugc mach nay, ta gia su tu C khong tich dién & thoi diém dau. Dung mach
tuong duong trong hinh 11-4(a) ta cd, tai lan nhay 1én 10 V dau tién cuta tin hi€u vao, ngd ra nhay
dén +5 V. Ngo ra sau d6 suy giam dan vé khong theo ham mii v4i thoi hang
r=(Rs+R,)C=200 us

Vi chu ky T =200 us nén tai cudi nira chu ky séng vuong, tai thoi diém ¢=T7/2, ngd ra roi
xudng dén v, (t=T/2)=5¢"*" =3 V.

Tai thoi diém nay, vi dién ap trén R ,1a 3V nén dién ap trén ty la 4 V. Tai thoi diém
t=T/2+, ngd vao ha xubng khong, diode tit va ta dung hinh 11-4(b). Trong mach nay, v =4V
va v =0, néu bo qua R, khi so sanh véi R thi v, =—4 V nhu trong hinh 11-5. Ngé ra sau d6 lai
bt dau suy giam vé khong. Tuy nhién, thoi hang bay gio 1a RC =10 kx1 £F=10000 us, tirc 14 16n
hon 100 1an so véi T/2 . Do d6 d6 suy giam la c6 thé bo qua va khong duoc chi ra trong hinh.
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Vi trong khoang ¢ =T7/2 dn ¢t=T dién 4p trén tu khong thay doi, nén tai thoi diém ¢=T +,
ngd ra s& tré lai +3 V. Sau d6 ngd ra lai tiép tuc suy giam vé khong. Phan suy giam trong khoang
t=T d&n t=3T/2 1a mot sy lién tuc cua phan trong khoang =0 dén ¢=T/2. Néu tit ca cac
doan suy gidm dugc ghép chung lai v6i nhau, chung s€ tao nén mét dang song lién tuc suy giam
theo hAm miitor +5V dén O V.

Tai t+=37/2 thi v, = 3¢ =1.38. Qua trinh tinh toan lai 1ap lai nhu trén va két qua dugc trinh
bay trong hinh. Cac chu ky tiép sau, dang séng da xap xi trang thai xac 1ap khi dinh dwong bi kep
tai giatrixap xi 0 V.

11-3 Mach giao hoan vai tai cam

Trong hinh 11-6 v& mdt transistor trong do tai 1a mot cudn cam L méc song song voi dién tro
R . Dang séng véi muce dc tuy y trong hinh 11-7(a) dugc dat vao mach. Khi dé transistor s€ chuyén
tir trang thdi bdo hoa sang trang thai tat. Dién tr R, trong mach collector dugc dung dé han dong
trong trudng hop transistor bao hoa.

P Yee

Hinh 11-6
Transistor lai tai cam.
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Sau khi transistor nam trong viing bo hoa trong mét thoi gian du dai dé tat ca qua trinh qué do
bi suy gidm, cudn cdm s€ c6 dong [, = [VCC ~Ver(san } / R.. . Tac thoi ngay tai thoi diém transistor
chuyén sang trang thai tit, mach twong dwong dé tinh ngd ra duoc vé& trong hinh 11-6(c). Ta bo qua
dong ro cua transistor khi ¢ trang thai tat. Dong cudn cdm, phai chdy qua R, s€ giam dan tir 7, vé
khong voi thoi hang L/R . Dién ap ngd ra dugc v& trong hinh 8-24(b) va dugc cho boi

v, =V, +1 Re™™"* (11-1)

Do do, khi transistor bi 1ai vao trang thai tat, tai collector s& xuit hién mot gai duong vdi bién

do I R xép chong lén dién ap ngudn cung cap. Gai duong nay c6 thé trd nén rat 16n khi R 16n.

Trong thuc té, dién ap dinh c6 thé bj giéi han boi dién dung ngang qua cudn cam, nhung ngay ca
trong truong hop nay, dién 4p dinh ciing c6 thé 16n hon vai 1an so véi ap ngudn.

Khi cong tic tro lai trang thai bao hoa tai thoi diém ¢ = T, , cudn cam luc nay tire thoi hd mach.

Dong transistor chay qua R 1a [VCC - VCE(W)J / (R+R.)

Dit 1, 1a dong transistor tic thoi chdy qua transistor tai thoi diém On. Dong chiay qua R s&
giam dan tir I vé khong v6i hang sb thoi gian L/R', trong d6 R' bang R song song voi R..Ngo
rakhi t>7, la

v, =V, —I Re "I (11-2)
va co dang gai am nhu trong hinh 11-7(b) xép chong 1én dién ap ngudn cung cap. Gai am ludn

luén nho hon dién ap ngudn vi dién ap collector khong thé dao nguge cuc tinh. Thoi hang cua gai
am 16n hon thoi hing gai duong do d6 gai 4m suy giam cham hon.

11-4 Mach giao hoan véi tai dung

Mach giao hoan véi tai dung duoc vé trong hinh 11-8(a). Tai thoi diém ¢ =0—, khi transistor
bao hoa, dién ap ngd ra va dong collector la
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Vee =V,

CE(sat) — [

R, ’

V, = VCE(sat) va i, =

(;éc dai luong nay dugc chi ra trong hinh 11-8(d). Tai thoi diém >0+, khj mag:h di vao trang
thai tat, mach twong duong dugc ve€ trong hinh 11-8(b). Dién ap collector ting dan dén V. véi thoi
hang R.C;.

Tai thoi diém ¢ = T, +, ngod vao dot ngdt nang lén, chuyén tiép base — emitter dugc phan cuc
thuan va dong base 1a 7, = (VCC -V, ) / R, . Dién ap collector tai thoi diém nay 1a dién ap V. trén
C,. Vi dién 4p nay phan cuc nguoc chuyén tiép collector, transistor lam viéc trong ving tich curc
v6i dong collector 1a 1. ~ BI, =1, . Mach tuong duong dung dé tinh qua trinh xa cta tu dugc vé
trong hinh 11-8(c), véi I, 1a hang s. Dién ap ngd ra bat dau tir Vo va giam xubng theo ham mil
voi thoi hang R.C, huéng dén gia tri xac 1ap V.. —I R.. Khi ¢>T, va cho dén khi transistor trg
lai trang thai bao hoa, ngd ra la

v, =V, —I R +1 R.e Rk (11-3)

Cac diéu kién nay duoc v& trong hinh 11-8(d), & day ta d chi ra la I,>1, vi I, 1a dong
collector bio hoa nén I, < BI, trong khi &6 I, = I,. Do d6 I, > I, . Khi collector giam xudng
dén Vek(sary » transistor roi vao trang thai bao hoa, dong collector giam dén gia tri bao hoa I, va v,
nhu trong hinh 11-8(d). Néu 7, > I thi v, giam gan nhu tuyén tinh theo thoi gian

glu tal VCE(Sat)

va thoi gian xuong nhé hon nhi€u so véi thoi gian 1én.
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Hinh 11-8

(a) Transistor véi tdi dung; (b) Mach twong dwong dé tinh ngé ra khi transistor tat; (c) Mach
twong dwong khi mach base bi kep nhung collector van o trong vung tich cuc; (d) Ngo vao v,,

dong collector i.., va dién ap ngo ra v,.

Trong hinh 11-8(d) ta dd ngam gia st 1a thoi hang rat nho khi so véi T, hodc 7;. Néu thay vi
vay ta gia sit R.C, rat 16n hon 7, thi duong 1én dang ham mii c6 thé xap xi véi mot ham tuyén

tinh. Mach hoat dong giong nhu mot mach tich phan va mot dién ap budc ngd vao sé& chuyén thanh
ham doc ngo ra.
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12

Mach dao dong da hai
(multivibrator)

12-1 Mach dao dong da hai hai trang thai bén (bistable multivibrator)

Mach bistable 1a mach c6 thé c6 mot trong hai trang thai bén (stable state) va co thé chuyén tur
trang thai bén nay sang trang thai bén kia bang mdt kich thich bén ngoai (trigger). Mach hai trang
thai bén dugc dung nhiéu trong cac thao tac trén tin hi€u s6 nhu dém, luu trit thong tin nhi phan,...
Mach bistable con c6 tén goi khac 1a mach binary, flip-flop.

12-1-1 Cac trang thai bén ciia mach binary

Hinh 12-1 biéu dién so d6 cia mdt mach binary. Cac linh kién 4, 4, 1 céc transistor; ngd vao
X 14 base cua transistor, ngd ra Y 1a collector cua transistor va Z 1a emitter. Cuc tinh ctia nguén
cung cap trén hinh 1a danh cho transistor loai NPN. Luu ¥ 1a ngd ra cia moi bo khuéch dai duoc
ghép dén ngd vao cua bo khuéch dai kia.

Hinh 12-1
Mach binary voi A,, A, la cdc transistor
va Vi, =VeesVix =V R, =R

Vi tinh d6i xtng ctia mach nén c6 thé dong tinh ctia mdi transistor 1a nhu nhau. Piéu nay s&
ding néu ca hai transistor déu dugc phan cyc du am dé tat hoac du duong dé bao hoa. Tuy nhién,
trong thyc te, trang thai nay it dugc st dung nhu ta s€ thay ¢ cac phan tich sau.

Bay gio ta thir xét trudng hop ca hai transistor déu lam viéc trong vung tich cuc véi dong nhu
nhau. Trong truong hgp nay ta co thé tim dugc dong /, = I, phu hgp véi dinh luat Kirchhoff va dac
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tinh linh kién. Tuy nhién, trang thai ndy s& 1 trang thai khong bén (unstable state) ciia mach. Ta gia
sir la dong I, c6 mot thay doi nhd. Néu /, tang thi dién 4p tai ngd ra ¥, s€ gidm va ngd vao X, s€
giam theo. Sy thay ddi nay s& dugc khuéch dai dao boi A4, vangora ¥, sé€ tang. Do do, dién ap tai
X, s€ tré nén duong hon va két qua 1a dong I , s€ tdng hon nita. Chu trinh nay 1dp lai ban than no.
Dong I, tiép tuc ting va dong I, tiép tuc giam, trang thai ciia mach sé& di chuyén ra xa trang thai
khoi dau cta nd. Piéu nay xay ra 1a do mach c6 hdi tiép duong va sé& chi xay ra néu d6 loi vong cua
mach 16n hon mot.

Tir thao ludn & trén ta thdy 13 trang thai bén cia mot mach binary s& 14 trang thai ma trong do
dong va ap thoa man dinh luat Kirchhoff; phu hgp dac tinh linh kién; nhung thém vao dé, do loi
vong phai nho hon mét. V€ mat nguyén 1y, dé flip-flop & vao trang thai bén thi ca hai transistor s€
tat hodc ca hai bi bao hoa.

Trong thuc té, d& mach binary & trong trang thai bén, ta chi can mot transistor tit va transistor
kia bdo hoa la di. Néu nhu ta phén cuc cho mot transistor tat, transistor con lai hoat dong trong
vung tich cuc. Khi nhi¢t do thay ddi hodc do tudi tho cua linh kién va céac thong s6 linh kién thay
doi, diém tinh c6 thé thay do6i va dién ap ngd ra c6 thé thay d6i dang ké. Tham chi, khi d6 transistor
dugc phan cuc trong vung tich cuc cé thé s€ bi tat.

Do d6, cac mach binary thuong dugc phan cuc sao cho trong mét trang thai bén, mot linh kién
s& tat va linh kién con lai s€ & vao trang thai bao hoa.

12-1-2 Mach binary dung transistor
Mot mach binary ding transistor dugc v& trong hinh 12-2. Gan nhur toan bd 4p ngudn Vee s€
dit 1én transistor bj tit. Do d6, dién 4p nay phai nho hon dién ap danh thing collector ciia transistor

BV, , thuong co gia tri khoang vai chuc volt.

TVCC (12V) .

Hinh 12-2
Mach binarjy voi transistor NPN
phdn cuc co dinh.

Khi transistor bao hoa, dong collector /. la tdi da. Do do, R, phai dugc chon sao cho gid tri
nay cua /. ~V,./R. khong vuot qua dong cho phép t6i da. Cac gia tri R, R, va V,, phai dugc
chon dé trong mét trang thai, dong base phai du lon de lai transistor bao hoa; va trong trang thai thir

hai, chuyén tiép emitter — base phai ndm trong ving tit. Tin hiéu tai collector, duoc goi la dao dong
ngd ra V, , 1a sy thay d6i ctia dién ap collector khi co sy chuyén dbi tir trang thai ny sang trang thai

kia, tic 1a V, =V, —V,,. Néu tai R, co thé bo qua, dién ap collector ciia transistor bj tat 1a V.. Vi
dién ap bao hoa collector khoang vai chuc milivolt nén dao dong V,, = V. doc lap voi R,..

Céc nha ché tao transistor ding trong cac mach binary thuong xac dinh déc tinh bio hoa va tit
cho transistor. Dong ngugc bao hoa /., cua transistor phu thudc nhiét do. H¢ so khuéch dai dong
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dc trong cdu hinh CE, f, duoc xac dinh nhu mot ham cua dong collector .. Dién 4p bao hoa
V.

crsany 1@ ham cua [ va dong base I, . Tuong tw, V., 18 phu thudc vao 7. va I,.

Vidu 12-1

Tinh dong va &p trong trang thai bén ciia mach binary trong hinh 12-2. Gia sir gi4 tri A tbi thiéu la
20.

Huéng din

Mach hinh 12-3(a) v& két nbi giita base cua O, va collector cia Q,; va hinh 12-3(b) vé& két ndi giira
collector cia Q, va base ctia Q,. Gia st transistor O, 1a tat va transistor Q, 1a dan. Vi dién 4p bio
hoa nho (khoang vai chuc milivolt) nén d4u tién ta thir bo qua ching va gia st V,, =0 va V., =0.
Tur hinh 12-3(a) ta c6 Q, bdo hoa va Q, tat. Do do, néu bo qua 7,

v, =-12|—2 )16V
15+100

Vi dién ap can dé tit transistor la khoang 0.1 V (d6i v6i Ge) hodc 0 V (dbi véi Si) nén Q, that sy
tat.

Dé x4c nhan 1 véi Q, tit, O, that sy bdo hoa ta sé& tinh dong 7., . Tir hinh 12-3(a), b6 qua 1,

I, =£=5.45 mA
22
) = 12 =0.10 mA
15+100

va

I.,=1-1,=545mA-0.10 mA =5.35 mA
Néu loai transistor 1a x4c dinh thi dong base t6i thiéu 7,, cin dé c6 dong bdo hoa collector 1a
5.35mA c6 thé doc duoc tir dic tuyén collector. Trong vi du nay, £ d xac dinh nhung khong c6

dic tuyén nén ta c6 thé dung cong thirc thay thé dé tim 7,, dé bao hoa

(13,),. L 335 657 ma
min ﬁ 20
Tir hinh 12-3(b) ta c6 thé tinh dong base cua 0,.Do do
12
P22+15

L=22_012mA
100

=0.70 mA

va
I,,=1,—-1,=0.70-0.12=0.58 mA

Vi cac gia tri nay vuot qua dong base t6i thiéu (0.27 mA ) can dé bio hoa, O, that sy bao hoa. Dién
ap collector cia O, tir hinh 12-3(b) 1a
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Ve, =12-221,=12 —(2.2)(0.70) =105V
Toém lai, mot trang thai bén ctia mach binary dugc xac dinh béng ap va dong nhu sau

I.,=0mA [.,=535mA I, =0mA I,, =058 mA
Ve, =105V V,=0V Ve =-156 V Vg, =0V

Trang thai bén tht hai 13 trang thai trong do6 0, tat va Q, dan. Khi d6, cac dai lugng dong 4p da
tinh & trén dugc trio doi 1dn nhau gitta Q, va Q,. Dao dong ngd ra la V., —V,., =10.5 V, xép xi
dién ap cung cap tai collector 14 12 V..

Céac gia sur (V,, =0 va V., =0) da dung trong vi du nay c6 thé bo di khi sir dung didc tuyén tir nha
ché tao. Vi dy, néu transistor 1a loai 2N914 thi 7,, =0.58 mA va I, =535 mA (I.,/1,, =9.2),
Vegasay =0-15V va Vo =0.7 V. Str dung céc dién ap nay ta co thé tinh lai dong va ap cua cac

trang thai bén. Vi dy, tir hinh 12-3(a) véi V., =0.15 V, ding nguyén 1y xép chong ta c6

v, =-12| —2_Jioas| =% |- _ja3v
15+100 15+100

va O, 1a Off. Tt hinh 12-3(a), ta cling c6 thé tinh duoc

12-0.15 015412

I, =539mA  [,=———=-0.11mA
15+100
5.28
I.,=1-1,=528 mA (13,) =0 " 0.26 mA
Tir hinh 12-3(b) v6i V,, =0.7 V
212707 heema =272 g 13ma
2.2+15 100

va Iy, =1,—1,=0.53 mA . Vigia trj I, ndy vuot qua (/,,) =026 mA nén Q, 1 dan bao hoa.
Vi V., =12—-(0.66)(2.2)=10.5 V, c4c gi4 tri méi cla trang thai bén 1a

I.,=0mA ., =528 mA I, =0mA I,,=0.53 mA

V., =105V V,=0.15V V, =-143V V,, 0.7V
Khi so sanh hai tap két qua trén, ta thdy 1a viéc gia sir transistor bdo hoa chi gdy ra cac két qua co

sai s0 nhd. Sai s0 nay c6 thé dugc bo qua néu céac di¢n &p trong mach 1a 16n khi so voi cac di¢n ap
cua chuyén tiép.
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12V

Hinh 12-3 7 ‘
Mach twong dwong dé tinh cdc trang thai bén cua mach binary trong hinh 12-2.

12-1-3 Mach binary c6 tai

Mach binary c6 thé duoc d}hng dé 14i cac mach khéc nén tai mot hodc ca hai collector ¢6 thé ¢
tai. Céc tai nay phai duogc xét dén khi tinh todn vi chung lam gidm bién d¢ cua dién ap collector ¥,
clia transistor tit. Anh huong dau tién 1a tai 1am giam dao dong ngd ra. Hon nira, giam V., s€lam
gidam [, vado do Q, co thé khong bi bao hoa. Vi vay, cac thanh phén cua mach phai dugc chon
dé khi tai nang nhét, mot transistor van bi bdo hoa trong khi transistor kia tat.

Vi dién tré& R, cling la tai cta transistor tit, ta nén dung gia tri R, 16n so v61 R.. Tuy nhién, dé

dam bao d6 loi vong phai vuot qua don vi trong qua trinh chuyén gitra hai trang thai, ta phai co
R, <h,R,.

Péi v6i vai ung dung (trong may tinh), tai s& khac nhau khi cac toan tir khac nhau duge thyc
thi. P61 voi cac mach nhu vy, di€u kién dé transistor bi bao hoa la thay doi. Mot dao dong ngd ra
hang s6 V, =V va dong bao hoa base hang so6 /;, co thé c6 dugc bang cach kep collector dén mot
dién ap phu V <V . thong qua diode D, va D, nhu hinh 12-6. Khi Q, tat, dién ap collector nang

1én va khi no d&én ¥, diode D, dan va kep ngd ra tai ¥ (ngoai trir mot dién 4p roi nho trén diode).
12-1-4 Tu giao hoan

Mot flip-flop sé& gilt nguyén trang thai bén ctia nd cho dén khi c6 mot tin hiéu kich thich bén
ngoai (thudng duogc goi 1a tin hiéu trigger), vi du nhu mot xung. C6 nhiéu trudng hop ta mudn flip-
flop phai thay d6i trang thai mot cach nhanh chéng ngay sau khi co tin hiu trigger. Thoi gian
chuyén dugc dinh nghia Ia khoang thoi gian can dé chuyén tir trang thai nay sang trang thai kia.
Thoi gian chuyén c6 thé duoc giam xudng bang cach tao ra cac dién dung nho song song véi dién
tré R, cua flip-flop. Mot flip-flop véi cac tu nay dugc vé trong hinh 12-4. Vi céc tu ndy hd trg cho
mach binary trong viéc tao ra cac chuyén trang thai nhanh, ching duoc goi 1a cac tu giao hodn
(commutating capacitor) , tu ting toc (speed-up capacitor).
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j Vyy

i Hinh 12-4
R, R; Mach binary khi co tu speed-up (C; =C)
C; o
IL 1{
1LY A

Giasula 4, dan va 4 tit va dé tao ra sy chuyén trang thai thi mot xung am duoc dit vao X, .
Piém Y, s€ tang 1én nhanh chong va ta mudn su ting 1én nay duoc truyén dén X | V6 do tré tbi
thiéu. Linh kién 4, c6 dién dung ngd vao C., néu khong co C,, cau hinh mach bao gébm R, R, va
C,. Luc nay, néu Y, nang lén voi thot gian 1€n co thé bo qua thi dién ap tai X , s€ tang lén voi thoi
hang RC,, trong d6 R la R, song song voi R, . Téc do nang 1én cua X, , €0 thé duoc ting 1én bang
cach bo sung tu C,. Néu tu C, co6 dién dung vo cling 16n thi dién 4p tai X, s& nang lén cling mot
tdc d6 nhu dién ap tai Y, va toan bg bién do dién 4p s€ duoc truyén qua ty. Tuy nhién, gia tri tu qua
16n ciing 1a mot khuyét diém.

bién ap trén Cl' va C, la khong giéng nhau vi transistor mot bén dan con mot bén tit. Vi du,
trong hinh 12-4, dién 4p trén C, 1a V,, —V,,=9.8 V va dién dp trén C, 1a V., —V, =1.58 V véi
A tit va A4, dan. Khi mach duoc trigger dé 4, din va A4, tat, dién 4p trén C, phai thay do6i dén
1.58 V va d6i véi C, 1a 9.8 V. Khi do flip-flop sé khong ¢ trong trang thai mé1 mot cach hoan
toan cho dén khi quéa trinh thay dbi dién ap trén tu hoan tét. Luc nay, mot xung trigger ké tiép s&
phai cho qua trinh nay ket thiic moi c6 thé thyc hién chuyén doi trang thai. Khoang thoi gian nho

nhat gitta hai lan trigger lién tiép duoc goi 1a thoi gian phén giai (resolving time) cua flip-flop va
nghich dao ctia n6 1a tan s toi da ma flip-flop c6 thé dap tng.

Néu mach binary duoc trigger dé 4 tat va A, dan, mach twong dwong dé tinh thoi hang 7 khi
cd tu C, duogc cho trong hinh 12-5(a). Néu tré khang ngd ra cua A4, (bao gdm R)) la R,, thi
r=C.R,v6i R bang R, song song v6i R, + R, . Dbi v6i mot transistor bao hoa, R, rat nho hon so
voi R, nén R~R,R, /(R +R,).

Tuong tu, tr hinh 12-5(b) ta c6 thé tinh duoc thoi héng ' két hop véi Cl' . Dién tré ngd vao
cia 4, 1a R,. Gia trj caa R, it khi vugt qua 1k va thuong R, < R,. Do d6, '~ C,R' v6i R' 1a t6
hop song song cia R, va R +R,. Vi R + R, thuong nho hon R, hodc R, nén 7>7' va

RR,C

T=RC, ~—121L (12-1)
R +R,

v6i C, = C, la dién dung giao hoan.
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OFF

(a)
Hinh 12-5 7 ‘
Mach twong dwong dé tinh thoi hang.

Néu dién dung ngd vao khi tinh dén hiéu tmg Miller 1a C, thi C, co thé duoc chon theo cong
thirc

C =2 (12-2)

Néu 27 14 thoi gian cho phép giira hai 1an trigger thi tan s6 hoat dong tbi da la
I R +R,

I =52 = 50k,

(12-3)
12-2  Mach Schmitt trigger

Mot dang mach bistable quan trong dugc v€ trong hinh 12-6. Mach nay dugc goi tén 1a mach
Schmitt trigger.

Hinh 12-6

Mach Schmitt trigger. Pién ap
nguon V,, la danh cho
transistor NPN va phdi déi
dau doi voi transistor PNP.

Ciing nhu mach co ban trong hinh 12-1, mach nay chi c6 hai trang thai bén vi vong hdi tiép
duong vo1 do 191 vong 16n hon don vi. Ta s€ phan tich mach nay ky hon bang cach gia st la ta da
hiéu chinh dé d6 loi vong nho hon don vi. Mot cach, trong nhi€u kha nang, d€ hi€u chinh d6 loi 1a
giam céc dién tro R, . Néu R, du nho thi sy tai tao tin hi¢u l1a khong thé. Do d6, mach sé khong
hoat dong nhu mot flip-flop ma cod thé dung nhu mot bo khuéch dai. Gia sir 1a mach 13 mot bo
khuéch dai v6i ngd vao v vangd ra v, nhu hinh 12-6.

Néu A, dang dan thi trén R, s& c6 dién ap roi 1am cho emitter ctia 4, nang lén. Két qua la néu
v da nho thi 4, s& tit. Khi v ting 1én, mach s& khong dép tmg cho dén khi 4, dén diém cat. Luc

do,ngdra v, s€la v, =V,, — LR, vo6i I, la dong qua R, dé 4, tit. V6i A, dang dan, mach sé &

7/13



Bién soan: V6 Ky Chau — B¢ mon DPién tir, Khoa Pi¢n — Dién tir
Email: vkchau@dee.hcmut.edu.vn
ché d6 khuéch dai va vi do loi Av, / Av duong nén ngo ra s€ tdng khi v tang. Khi v tiép tuc tang,

X, tiép tuc roi xudng va Z, tang lén. Do d6, s& c6 thoi diém v di 16n 1am cho A4, bi tat. Tai diém
nay, v, =V,, (6 day ta bo qua dong ngugc bdo hoa) va ngd ra sé lai khong dap tng theo ngd vao.
D6 thi ctia v, theo v duge vé trong hinh 12-7(a). Dién 4p tai d6 4, bitatla v="V,.

Vo
VY\'
Hinh 12-7
Vyy—IR
. o Dap rng cua mach Schmitt
: (a) trigger (a) khi do loi vong
: <1, (b) do lgi vong >1.
\ % v
;
|
VYY :
|
|
l
|
VYY'_ IfRyE = |
- (b)
| |
L 1
vV, v v U

Bay gio gia st ta ting d6 loi vong bang cach ting R, . Anh huéng cua su thay doi nay trén
diém cit v = V, co thé bo qua. Tuy nhién, trong vung tich cuc, do lgi khuéch dai Av, / Av s€ tang va
két qua 1a d6 ddc ctia phan di 1én trong hinh 12-7(a) s& dbc hon. Po dbc nay s& ’tié’p tuc tang cung
Vo1 sy gia tz“%ng cua do loi vong cho dén khi do lgi vong }a don vi. Tai d,('), do d\éc s€ la khong xac
dinh. Va cuoi cung, khi d¢ loi vong 16n hon don vi, d6 doc ddo nguoc dau va do thi cua v, theo v
c6 dang nhu hinh 12-7(b).

Duodng cong trong hinh 12-7(b) c,(') thé du:(_)’c ding dé m@ ta hoat dong ciia mach. Khi v nang
1én tir khong, v, s€ gilt tai ngudng thap cho dén khi v dat dén V. Khi v vuot qua ¥, mach sé dot
ngdt chuyén sang ngudng cao. Tuong tu, néu v ban dau 13 16n hon V, thi khi v gidm, ng0 ra s€ giir
tai ngudng cao cho dén khi v dén gia tri V, va tai diém nay mach s& dot ngdt chuyén xudng mirc
thap. Ta noi rang mach c6 tinh chét tré.

Mot dudng thing dung tai v=¥ nim giita V, vaVl, sé cit dd thi tai ba diém. Cac diém trén va
dudi cung, a va ¢, la cac diém On dinh. Piém b 1a diém khong on dinh. Tai v =¥ mach s& hodc &
diém a hodc ¢ diém c¢ tuy thudc vao huéng cia v. Khi v=J trong giéi han gitta V, va V;, mach
Schmitt trigger s& & vao mot trong hai trang thai bén nén mach 1a dang bistable.

12-3 Mach dao dong da hai mot trang thai bén (monostable multivibrator)

So d6 mach trong hinh 12-8 1a magh monostable.’ Céc cyc tinh cua ngudn cung cip chi trong

hinh 1a danh cho transistor loai NPN. O day, ciing giong nhu trong mach binary, ngd ra ¥, dugc

ghép dén ngd vao X, thong qua mot cau phan 4p dién tro, trong 46 C, 1a mot tu giao hoan nho. Ty
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nay c6 cung muc dich nhu da xét trong phan trén. Ghép dc ma ta da thiy trong mach binary tir Y,

dén X , dugc thay bang ghép thong qua tu C. Pién trd R tai ngd vao A, tao nén duong tra vé

ngudn V,, . Diéu nay khong bat budc, dién tré nay c6 thé duoc ndi dén mot dién 4p thap hon.
TVYY

Hinh 12-8
Mach monostable voi A, A, la transistor

PNPva Vyy =Vee Vg =Vypo R, = Re..

0 — Vyx

Ta gia st 1a cac thong s6 ciia mach duoc hiéu chinh sao cho nd ¢ trong trang thai bén véi 4
tat va 4, dan. Mach nay sé co thé di ra khoi trang thai bén khi mét xung trigger &m duogc dat tai
ngd vao X, hodc Y. Ta can phai luu ¥ 1 tin hiéu trigger 1a khong d6i xing, né chi dugc dit 1én
mot ngd vao chir khong phai hai ngd vao dong thoi.

Gia st la mot xung trigger dugce dat vao X, va lam cho 4, tt hoan toan. Dién ap tai Y, sé
nang lén x4p xi V,,, va vi co tu gilta ¥, va X, ting 4, s& di vao trang thai dan. Linh kién nay c6
thé duoc lai vao vung bao hoa hodc co thé hoat dong trong vung tich cuc. Trong 02:1 hai truong hop,
dong I, s€ chdy qua dién tr¢ ngo ra R, cua 4, va dién 4p tai Y, dot ngdt roi xuong mot luong la
IR,. Dién 4p tai X, roi cung mot lugng vi dién ap trén tu C khong thé thay doi tirc thoi. Mach
monostable bdy gio dang ¢ trang thai giéng nhu bén (quasi-stable).

Yev  Hinh 12-9 ‘)
_IRJ R Mach don gian dé tinh v, tai ngo vao A, trong

R, , C trang thai giong nhie bén. Pién dp twong dwong

_L—'\/\/\’—"‘—I _ffz Thevenin la dién ap tai Y, néu tu C bi cat khoi

v, Ij Uxs Y,. Tai t =0 diéndp tréntu C la V,, -V, . Vi
__.L O- VBE(sat) = Vo‘ Vé VBE(cutin) = I/;/ :

Mach s& tiép tuc ¢ trong trang thai giéng nhu bén nay chi trong khoang thoi gian 7 vi X )
duoc ndi dén V,y quadién tr¢ R.Do d6 X, s€ nang dién ap 1én, va khi dat dén dién ap ngudng V,
cia 4,, A sé€ tat va mach tr¢ lai trang thai bén khoi dau. Bay gio ta s€ xem cai gi anh hudng lén
thoi gian mach & trang thai gidng nhu bén. Trong khoang thoi gian A4, tat, cac thay ddi dién ap tai
X, co thé duoc tinh tir mach 12-9. Trong mach nay tang A, dugc thay bang mach twong dwong vai
ngudn V. va dién tr& R, biéu dién tro khang tré khang ngd ra ciia bo khuéch dai ké ca R, . Dang
song dién 4p tai X, dugc vé trong hinh 12-10. Su chuyén tir trang thai 6n dinh sang trang thai
giong nhu on dinh xdy ra tai thoi diém ¢ =0. Néu ta dat Vy, ., =V, V& Vo =V, thikhi <0,

vy, =V, dién ap bio hoa base cuia transistor. Vi ¥, va X, 1a ghép qua tu, mot sy thay d6i dot ngot
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cua di€n ap tai ¥, phai tao ra mot sy gidn doan tuong tu trong dién ap tai X,. Tai 1 =0+, dién ap

tai ¥, roi xuéng mot lwong 1a IR,. Vivay, tai t=0+, v,, =V_ IR . Dién ap v,, s€ nang lén
theo lity thira hudng dén V,y V61 thoi hang
r=(R+R,)C

Vitai t =00, v, =V, néndién ap ngd vao tang hai la

Vi =V =(Viy =V, + 1R, )" (12-4)

Sy nang 1én nay chi tiép tuc cho dén khi v,, ning 1én dén dién 4p ¥, , tai thoi diém ¢ =T do,
mot su chuyén nguoc lai s€ xay ra. Giai biéu thirc trén cho =T khi vy, =V, taco
Viy +IR, -V,

Vo =V,

/4

T=rln (12-5)
Trong biéu thirc ndy, ¥, 1a dién 4p bdo hoa (0.3 V ddi v6i Ge va 0.7 V d6i véi Si), ¥, 1a dién

ap ngudng tit (0.1 V di véi Ge va 0.5V ddi vé6i Si). Ta c6 thé str dung gia tri trong bang 12-1 dé
tinh cho cac dién ap ngudng tat va bao hoa.

VCE(sat) VBE(sat) = Vcr VBE(act[ve) VBE(cut[n) = Vy VBE(cut(z[f)
Si 0.3 0.7 0.6 0.5 0.0
Ge 0.1 0.3 0.2 0.1 -0.1
Bdng 12-1
Cdc gid tri dién dp chuyén tiép thong thirong cia transistor NPN ¢ 25 °C.
Uxs
VYY
P Hinh 12-10
/" Sy thay doi dién ap tai X, trong
/’ trang thai giong nhw bén. Dién dp
P ngudng tat V, va dién dap bao hoa
’
Ve 7 V. la dwong doi véi transistor NPN
k /I" vy va dm doi véi PNP.
. 0 T :
LR,

K}: hi¢u T 1? thoi gian tr§ (dfalay time), hay 96n dqu goi la do rong xung (pulse width). Thoi
gian tré¢ T c6 thé dugc thay doi bang cach thay doi thoi hang r hodc /,. Dong [, chdy qua A4, khi
linh kién dan, dugc diéu khién bang dong base. Dong ngd vao nay phu thude V,, . Do d6, T co thé
duoc thay ddi bang cach thay d6i V,, .

Thoi gian 7' cua mach monostable thuong khong on dinh rpé Phu thuoc dac tinh linh kién
thong qua 7, ¥, va V,. D9 6n dinh s&€ 16n hon khi R dugce tra vé dén mdt dién ap c6 bién do 1on
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nhu V,, hon la dén ¥, hodc dén dat. Hinh 12-11 minh hoa diém nay. Puong cong 1 tuong ung véi
R tra vé dén V,y , duong cong 2 tuong ung vé1 duong tra vé dén dién ap thip V.. Thoi hang da
duoc higu chinh dé c6 cung gia tri khoi dau 7, .

Néu R duoc tra vé dén dat thi mach s& khong hoat dong. Duéi cac diéu kién nay, V,,, ~0
trong trang thai bén, va dong collector ctia O, la kha nho, khoang vai lan 1 CBO - Néu transistor o,
bi phan cyc nguoc thi dong collector sé 1a /,,. Do do, v61 R dugc tra vé dén dit, Q, s& ludn bi
tat. Dé co thé chuyén trang thai, ¥, phai du 16n dé 1am Q, ra khoi trang thai tat. Nhung néu R ndi
dat thi sy thay ddi trong ngd ra Q, 1 qua nhé va mach khong thé bj trigger.

Vx2 To Vyy o
p Hinh 12-11
——To ,/ Minh hoa wu diém ciia viéc
i Vi dién tré R néi dén Vi, s0Voi
Vo -

S g cdc dién dp thap hon.
L_LV.,

(2] |

AV,

—
Time

(1]

e

'-I——-Tl—-—)-I

12-4 Mach dao dong da hai khong trang thai bén (astable multivibrator)

Hinh 12-12 v& so dd cta mach dao dong da hai ghép collector dung transistor loai PNP. Vi
ghép tu dugc stir dung gitra cac tang nén khong co transistor nao co thé giir ¢ trang thai tit lau. Thay
vao d6, mach c6 hai trang thai giéng nhu bén, va mach chuyén lién tuc giira hai trang thai nay.

Hinh 12-12
Mach astable ghép collector.

Dang song tai base va collector cua mach hinh 12-12 dugc v€ trong hinh 12-13. Ta théy la tirc
thoi tai trude thoi diém ¢ =0, transistor Q, dan bido hoa va mang dong collector I trong khi Q, bi

tat. Do do, khi <0, v, duong, v, =—Ve.,v,, = Vecan> V& Ver =Vepa - T8 € nap thong qua
R, va v, giam xudng theo ham mil huéng dén —V,.. Tai thoi diém ¢ =0, cuc base B, dat dén

dién ap ngudng V, va Q, dan. Khi Q, di vao trang thai bdo hoa, v, nang lén mot luong IR, dén
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Ver(sary Dhu hinh 12-13(b). Do v, néng Ién nén v, cling néng Ién mot lugng nhu vay vi ca hai
dugc ghép tu. Sy nang dién 4p tai v,, lam tat 0, va collector cua n6 hudng dén V... Dién ap
giam tai v, dugc ghép qua tu C, dén cuc base cla O, lam xuét hién gai am & trong vy, nhu hinh
12-13(a), va dién ap v, dot ngot roi xubng mot luong & . Mach twong duong dé tinh § giéng nhu
hinh 11-12. Biéu thirc tinh cho & 1a

S=1y, +V, -V, (12-6)

v6i dong base 7, tai gai dugc cho boi

[;g _ Vee = VCE(sat) —V, + Vy (12-7)
R.+r,,

Dang séng tai base cia O, va collector ciia Q, thay ddi theo ham mii véi thoi hang

t'=(R. +r,,)C, déncacmuc V, va —V..

Dién ap v,, 1a IR.+V, tai t=0+ va giam theo ham mii véi thoi hang 7, = R,C, hudng dén
V... Tai t=T,, B, dat dén muc ngudng V, vacosu chuyén trang thai ngugc lai. Dang song cua
tang dau tién trong khoang thoi gian T la giéng dang séng cta tang thir hai trong khoang thoi gian
T, nhu hinh 12-13. Néu thoi hang co ban cua hai transistor khac nhau, hai phan ciia mot chu ky day
du sé& khong giéng nhau.

QloFF | Q1loN Q1 OFF

Q2 oN Q2 OFF Q2 oN
t=0 t=T, t=T1+T,=T
T ——T —"‘ | Hinh 12-13

IO r=R,C, Dang song ciia mach hinh 12-
12. Tai t =0—, tang dau tién
(a) Q, tdt va tang thir hai Q, dan.

Up1

=
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12-4-1 Xem xét thoi gian

Chuky T dugc cho boi
T=T,+T,=0.69(RC, +R,C,) (12-8)

Déi véi mach d6i ximg véi R, =R, =R va C,=C,=C
T =1.38RC (12-9)
t?lp sO daovd(f)ng c‘() thé duoc :[hay ddi tir vai ’Hz dén vai MHz bang cach hiéu chinh R hoic C.
Co6 thé thay doi T bang cach néi R, va R, dén moét dién ap phu -V (collector gitt nguyén tai
~V..). Néu V bi thay doi thi T thay doi theo biéu thirc

T:2RCln(l+%j (12-10)

Mot mach nhu vay dugc goi la bo bién d6i dién ap sang tan sb (voltage- -to-frequency
converter). Néu mdi dién tro R dugc thay bang mot tran51st0r hoat dong nhu mot ngudn dong d6i
v6i su nap x4 ctia tu C thi gifra ap va tan s s& ¢6 quan hé tuyén tinh.

Trong hinh 12-13 ta dé ¥ 1a c6 thoi gian qua d6 (thoi hang ') trong dang song cia mot
transistor khi né dwgc 1ai siu vao viing bao hoa. Thoi gian phuc héi ¢, nay c6 thé 1a mot phan dang

ké ctia nira chu ky 7/2 ctia mot mach ddi xtng. Ta co

t,=2.20'=22(R.+1,)C~2.2R.C va g =0.69RC

v6i R=R =R,. Do do

t _ 2.2R. :32£ (12-11)
T/2 0.69R R

Néu ta bo qua dién ap bdo hoa trén chuyén tiép thi

Dé dam bao bao hoa, I, > 1./ nén

R< SR, (12-12)
va
¢ 3 2
12-13
72 (12-13)
Vi dy, néu ... =16 thi thoi gian phuc héi it nhat bang 20% cua nira chu ky.
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13

KV thuét so co ban

13-1
13-1-1 Dinh nghia tin hiéu twong tyw

Khai niém tin hiéu so

Tin hi¢u tuong tu (analog signal) 1a tin hi¢u c6 cac gia tri lién tuc theo thoi gian. Hinh 13-1
biéu dién su thay doi cua nhiét dJ theo thoi gian, su thay doi nay 1a lién tuc, do doé tin hi¢u nhiét do

1a tin hi€u tuong tu.

Temperature versus Time

jllg ] Hinh 13-1
o 14 4 Tin hiéu tuong tu.
3 12 1
g 10
2 6
§ 31
F 0 -
22 4
-4 L] L] L L ] L L L] L] L L] L] 1

—
N
w
'S
o
[+}]

7 8 9

Time

10 11 12 13 14

13-1-2 Pinh nghia tin hiéu s6

Tin hiéu s (digital signal) 1a tin hiéu c6 tap hop cac gia tri 1a roi rac. Tin hi¢u s6 thuong duoc
tao ra tur tin hiéu tuong tu thong qua qua trinh ldy mau va luong tir héa. Hinh 13-2 minh hoa tin
hiéu s6 dugc tao ra bang cach 1dy miu tin hiéu twong ty trong hinh 13-1.
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Temperature versus Time

Hinh 13-2
o CL Tin hiéu so duwoc tao ra twr tin
|
|
|
|
|
|
|

hiéu twong ty trong hinh 13-1.

— i — -

Temperature
ANONLMNOON OO

A4 8 1 3 3 1 ~ 1

o)

7 8 9 10 11 12 13 14

Time

—
[ V]
w
S~
3
[+}]

13-1-3 H¢ théng nhi phin va cac mirc dién 4p

Céc s6 trong hé théng nhi phan, thudng goi 1a s6 nhi phan, dugc tao nén chi tir hai chit s6 0 va
1. Hai chit sé nay duoc goi 1a cac bit. Trong mach sd, hai muc dién 4p khac nhau s& duoc dung dé
biéu dién hai bit nay. Bit 1 thudng dugc biéu dién bang mirc dién ap cao HIGH va bit 0 dugc biéu
dién bang murc dién ap thip LOW.

13-1-4 Mikrc logic

Gia tri dién 4p dung d¢ biéu dién hai bit 0 va 1 duoc goi 14 mirc logic, mot mirc dién 4p bicu
dien trang thai HIGH, mt muac bi€u dien trang thai LOW. Trong thuc té, mgt tam di¢n ap s€ xac
dinh mot muc logic chir khong phai mdét gia tri dién &p duy nhat. Ta thur xét so do trong hinh 13-3.

V. H(max}A 5.0 volts
HIGH =1 Hinh 13-3

V Hmin) 2.0 volts Sor do murc logic.
Uncertain

Vi(max) 0.8 volts
LOW =0

V1 min) > 0.0 volts

Trong so d6 nay, mic HIGH twong mg v&i cic gia tri dién ap tr 2 V Vit euiny ) dén 5V
(Ve ) V& mitc LOW tuong g véi cac gid tri dién ép tir 0V (V) dén 0.8 V (V... ). Néu
dién ap roi vao khoang 0.8 V dén 2V, muc logic la khong xac dinh. Day la tam dién ap khong
duoc xuat hién trong céc thiét ké so.

13-1-5 Dang séng s6

Dang séng sb 1a dang tin hiéu trong cic mach s6. Dang song ndy bao gém su chuyén ddi giira
hai muc logic, HIGH va LOW, trong m¢t khoang thoi gian. Hinh 13-4 1a vi du cua mt dang song
s0.



Bién soan: V6 Ky Chau — B¢ mon DPién tir, Khoa Pi¢n — Dién tir
Email: vkchau@dee.hcmut.edu.vn

. Ideal Positive Ideal Negative

Logic Level going Pulse going Pulse

0 0 & 1 * 10 01 1 0 1 0 {1 Q <« BinayCode
HIGH i’ 71 <«— Digital Waveform
LOW J L

T L U I U N N O B R L
Rising Leading Falling Trailing Falling Leading Rising Trailing
Edge Edge Edge Edge

Hinh 13-4
Dang song ly twong cua tin hiéu so.

Vi tri tin hiéu chuyén tir LOW sang HIGH duoc goi 1a canh 1én cua tin hiéu (Rising Leading
Edge). Vi tri tin hiéu chuyén tir HIGH sang LOW duoc goi 1a canh xuéng cua tin hié¢u (Falling
Leading Edge). Dang song nay la dang song ly twong vi trong thuc té thoi gian canh 1én va canh
xuong khong bao gid bang khong. Hinh 13-5 cho thdy dang séng trong thuc té cua tin hiéu so.

290%@ ®
Hinh 13-5
Amplitude V. S0% @ ® Dang song so trong thuc té.
0 :
‘ 10%e © Pulse Width
Base line 1
I tr
Rise time Fall time

Trong dang song nay, khoang thoi gian khi tin hiéu ting tir 10% dén 90% gia tri 16n nhat duoc
got la thoi gian 1én (rise time), tuong tu, thoi gian khi tin hiéu giam tir 90% xudng 10% duoc goi la
thoi gian xuong (fall time). Thoi gian 1én va thoi gian xuong 13 hai thong s6 khong thé bo qua trong
thyuc té khi xét canh 1én va canh xudng ciia tin higu s6. Tuy nhién, trong truong hop do rong xung
(pulse width) 16n hon rat nhiéu so véi thoi gian 1én va thoi gian xudng, ta c6 thé xem tin hiéu sb
xap xi tin hi¢u ly tudng.

Bén canh sy khong 1y tuéng ciia tin hiéu tai canh 1én va canh xubng, mot sb dic diém khac co
thé xuat hién trén dang song cua tin hi€¢u s6 nhu overshoot, undershoot, va ringing nhu trong hinh
13-6.

Overshoot Ringing

Hinh 13-6 ’ ‘
Minh hoa mot so kha nang co thé )
xay ra trong dang song tin hiéu so.

Undershoot Rlll"m“

Tin hiéu sd c6 thé 1a tin hiéu tudn hoan hodc khong tuan hoan. Hinh 13-7 minh hoa hai truong
hop nay.
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Non-Periodic Waveform

1

0
| tw | .
Periodic Waveform
e B e e e B
Hinh 13-7

Tin hiéu s6 khéng tuan hoan (hinh trén) va tuan hodan (hinh duwdi).

Trong hinh trén, 7' 1a chu ky cua tin hi€u tuan hoan, do d6 tan so cua tin hi¢u s6 tuan hoan nay
la

1
f= (13-1)

Duty cycle cta tin hiéu tudn hoan duoc dinh nghia bang ti sé cta d6 rong xung t, va chu ky
cua tin hiéu 7.

Duty cycle = t?w (%) (13-2)

13-1-6 Mach tich hop sb

Thong thuong cdc mach logic thuong c¢6 sin dudi dang mach tich hop (IC — Integrated
Circuit). IC duoc dung nhiéu trong cac hé thong so6 vi kich thudce nho, d6 6n dinh va tin cdy cao, gia
thanh thap.

IC thuong dugc tao nén tir mot thanh ban dan silicon, sau do dat vao trong mot 16p vo
(package) bang plastic. Cac linh kién ban dan trén thanh silicon duoc ndi ra ngoai package bang cac
day kim loai méng tao nén cac chan linh kién. IC loai nay dugc goi 1a monolithic IC, trong do, tat
ca cac thanh phz‘in tao nén mach nhu dién trd, transistor, diode, tu dién déu 1a mot phén tich hop tu
mot thanh silicon duy nhat.

Cac IC package thuong c6 hinh dang rat khac nhau, tuy nhién c6 thé chia thanh hai loai: gin
xuyén 10 (through-hole mounted) va gin bé mat (surface mounted) dya vao cach thirc ma package
dugc gan trong mot mach dién. DIP (Dual-in-inline package) 1a dang package Xuyén 16 thuong gip
nhat. V&i DIP, IC duoc dit trén mot phia cta board mach in, cac chan IC dugc cam xuyén qua va
han & mat bén kia ciia board mach. Déi v6i dang gin bé mit (SMT), package thudong bao gom
nhiéu loai khac nhau nhu: SOIC (small-outline IC), PLCC (plastic leaded chip carrier), LCCC
(leadless ceramic chip carrier), va flat pack. Hinh 13-8 v& mot s6 dang package thudng gap.
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Dual-in-line package (DIP)

Small-outline IC (SOIC) Plastic leaded chip carrier (PLCC)

T —

Leadless ceramic chip carrier (LCCC) Flat pack
Hinh 13-8

Mot s6 dang package thuwong gap.

Mbi dang package s& c6 mot qui tic dé danh s chan cho IC. Hinh 13-9 minh hoa qui tic nay.
Pin 1 Identifier Notch
Pin 1 Identifier

3212019
1
2
3
4
5
6
7
8
910111213
Pin Number Format for DIP, SOIC Pin Number Format for PLCC and
and Flat Pack LCCC

Hinh 13-9 )
Qui tac danh so thur tw chdn cho cac loai package.

IC con duogc phan loai dua vao d phtrc tap ctia nd. Viéc phan loai nay dua vao ) céng chira
trong mot IC. Ta c6 mot sO dang nhu sau

SSI — Small-Scale Integration: ¢6 tir 1 — 11 cong. Vi du nhu cac cong co ban, flip-flop,...
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MSI — Medium-Scale Integration: co6 tor 12 — 99 céng. Vi du nhu cac IC decoder, encoder,
counter, register,...

LSI — Large-Scale Integration: c¢6 tir 100 — 9999 cdng. Vi du nhu cac IC nhd (memory), vi Xt
1y (microprocessor) don gian,...
VLSI — Very Large-Scale Integration: ¢6 tir 10000 — 99999 cong. Vi du nhu microprocessor,. ..

ULSI — Ultra Large-Scale Integration: co tir 100000 cong tro 1én. Vi du nhu cac bo didu khién
cho cac card d6 hoa 3D,...

Céc transistor dugc dung trong IC thuong 1a BJT hodc transistor MOS. Hai loai IC dung BJT
la TTL (transistor-transistor logic) va ECL (emitter-coupled logic). Trong do TTL la loai dugc
ding rong rai nhét, tuy téc d6 khong nhanh bang ECL nhung cong suit thap hon nhiéu. Ba loai IC
dung ky thuat transistor MOS 1a CMOS (Complementary MOS), NMOS va PMOS. Trong dé
CMOS va NMOS la hai dang thuong dugc dung nhat.

Céc IC c6 thé duoc thiét ké bang ki thuat bat ky trong cac k¥ thuat trén, tuy nhién trong thyc té
TTL va CMOS la thong dung cho cac IC loai SSI va MSI. CMOS va NMOS dugc dung cho LSI,
VLSI va ULSI vi chiing ti€u thy cong suat rat thap va it ton dién tich trén chip.

13-2  Biéu dién s6
13-2-1 S6 thap phan

S6 thap phan 1a cac sd trong hé 10. Piéu nay co nghia 1a mdi sé chir s6 thap phan (decimal

digit), co6 gia tri tur 0 dén 9, 1a mot boi so cua liiy thura cua 10. Vi du
Decimal | =4 1 0 7 3 . 6 2 0 5

Number

Weights 104 10 102 10" 10° . 10' 102 107 104
4x104  1x108  0x102  7x10' | 3x100 . 6x10" 2x102 0x10° 5x104
40000 1000 0 70 3 . 06 0.02 0 0.0005

Result - 40000 + 1000+ 0+ 70+ 3+ 0.6 +0.02 + 0 + 0.0005 = 41073.6205

Gia tri 10" duoc g01 1a trong sb cua chir s6 thap phan tuong mg, trong so nay mo rong mot
cach khong xac dinh v€ hai phia cua s6 thap phan. Chi sb cua trong s ting 1 vé phia trai va giam 1
vé phia phai.

0~ - 10% 102 10' 10° . 10 102 103 - 10™
13-2-2 S6 nhi phan
Sb nhi phan 1a cac sb trong h¢ 2. Diéu nay co6 nghia la m(:)i, chit s6 nhi phan (binary digit), c6
gia tri 1a 0 hoac 1, 1a mot bdi s6 cua lly thura cia 2. Moi chit s0 dugc goi 1a mét bit. Bit tan cung

bén tréi dugc goi 1 bit ¢6 trong s6 1on nhat (MSB), va bit tan cing bén phai 1a bit ¢6 trong s6 nho
nhit (LSB).

Binary 1 1 0 1 1 . 1 0 1 1
Number
Weights 4 23 22 21 20 24 2-2 2-3 2-4
1x24  1x28  0x22  1x2'  1x20 |, 1x21  (0x22  1x23  1x24
16 8 0 2 1 | 05 0 0.125 0.0625
Result 16+8+0+2+1+05+0+0.125+0.0625 = 27.6875
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Twong ty nhu d6i voi sd thap phan, gia tri 2" dugc goi la trong s6 cua bit trong tng, trong so
nay mo rong mot cach khong xac dinh vé hai phia cta s6 nhi phén. Chi sd cua trong so ting 1 vé
phia trai va giam 1 vé phia phai.

e | e = 0 s = =l | =
13-2-2-1 Chuyén d6i gitta nhi phan va thap phan

Vi gi6i han chir s6 ctia sb nhi phén it hon so thap phan nén sd nhi phan s& co nhiéu chir s6 hon
so v6i s6 thap phan khi biéu dién cing mot s6. Mot sd thap phan d s& can c6 n bit nhi phan dé
biéu dién, véi quan h¢

log(d +1)

Vi du 13-1
Tim s bit can dé biéu dién s6 8 dudi dang nhi phan.
Huéng dan
d=8
n> w ~3.17
log2

Chon 7 =4 . Nhu vay can 4 bit nhj phan dé c6 thé biéu dién sb 8.

C6 thé két luan 13 v6i mot s6 nhi phan 7 -bit, tong sb gia tri ma né c6 thé biéu dién 1a 2" véi
gi4 trj ndm trong khoang tir 0 dén 2" —1.

Phuong phap dé chuyén s6 nhi phan thanh thap phan gidng nhu cach ta da d& cap ¢ phan trén.
MBOi bit trong s6 nhi phan duogc nhan véi trong so twong g, sau d6 cong chung lai voi nhau.

Viée chuyen s6 thap phan thanh nhi phan co6 thé thuc hién bang hai cach: _phuong phap tong
cac trong sO va phuong phap 1ap phép chia/nhan cho 2. Péi véi phuong phap tong cac trong so, ta
s& viét gia tri thap phan thanh tong ctia cac lity thira ctia 2. Vi du s6 9.625 c¢6 thé duoc viét lai 1a

9.625=2+2"+2"+27, do d6 biéu dién nhi phan cta no6 1a 1001.101. Pbi véi phuong phap lap
phép chia/nhan, ta s€ thuc hién chia phﬁn nguyén cho 2, sau do6 léy thuong dé tiép tuc thuc hién
phép chia cho 2, két qua nhi phan sé& 1a cac s6 du v6i LSB 1a s6 du déu tién, viéc chia s& nging khi
thuong 12 0. Phan thap phan s& dugc nhan cho 2, sau d6 lay phan thap phan tiép tuc nhan cho 2, két
qua nhi phan s& 13 cac s6 nhé véi MSB 1a sé nhd dau tién, viée nhan s& ngimg lai khi phan thap
phan 14 0. Vi du ddi véi gia tri 9.625 & trén ta cd

9/2=4R1 1
4/2=2R0 0
2/2=1R0 0
112 =0R1 1_l‘

=9.625

0.625x2=125 1

0.25 x2=050 0
r0.50 x2=1.00 1

e I
——

Notice the
carry is o
subtracted This is the
from the carry value

result

13-2-2-2 S6 hoc nhj phan
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S6 hoc nhi phan twong tu nhu s6 hoc thap phan ngoai trir 13 s6 nhd xuat hién tai 2 chir khong
phai tai 10. Céc vi du sau trinh bay céc phép toan cong, trir, nhan va chia trén s6 nhi phan.
Phép cong
1 0 1 0 1 1 1 1. 00 1 1401
+ 1 04 144 160 1 00 1 04 144 10 1 0 0 04 1 +23921

11 10 10 0 1 0 1 M 1 101 01 10 25322

T+ 0ottt 0 1 00 1 1 1 0 0 0 1 23921

e et 0st 141 0sr 144 1 14001 0 0 1 - 1401
10 1.0 1 1 1 1 1 1 1 1 0.0 0 22520

Phép nhan

1 0 1 /1 /1 0 0 0 1 369
% 1 1 0 0 1 x 25

1 0 1 1 1 0 0 0 1

0

0 0
1 0 1 1 1 0 0 0 1 0 0 0 1845
+ “  1v 04 140 140 140 044 044y 044 1 0 0O 0 O +7380
1 10 10 1 fop 1op 9 10 10 0 1 0 0 1 9225

Phép chia
1 0 0 . 0 1 0 1 0 1 .. 4.6
1 1. 0|1 1 0 1 0 0 0 0 0 0 O 6[ 28
1 1 0 24
0 1 10 10 10 4 0
a 14 0 3 6
0 0 1 0 0 0 40
1 1 0
0 0 1 0 0 0 Or28/6=4R 4
1 1 0
1 0

13-2-2-3 S6 bu 1 va s6 bu 2 cia mot s6 nhij phan

S6 bu 1 cia mot s nhi phan c6 duge bang cach dao mdi bit trong s6 nhj phan, tirc 14 0 chuyén
thanh 1 va 1 chuyén thanh 0. Vi du

1 1 0 1 0 0 0 1 0 0
) ! ! ) ! ! ! ) ! 1
0

0 0 1 0 1 1 1 1 1

S6 bu 2 cua mot s6 nhi phan c6 duge bang cach cdng 1 vao so bu 1 cua so nhi phan. Vi du
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1 1 0 1 0 0 0 1 0 0

l 1 l l l l l l l l

0 0 1 0 1 1 1 0 1 1

+ +1 +1 1

0 0 1 0 1 1 1 1 0 0

= 0 0 1 0 1 1 1 1 0 0

13-2-2-4 Biéu dién s6 c6 dau
D& bieu dién s0 am, bit MSB dugc ding lam bit dau trong s6 ¢6 dau. Néu MSB 1a 1 thi s6 nhj
pl}én la am, MSB la‘} 0 thi sO nhi phép la duong. C6 ba h¢ thong dé bi€u dién s6 c6 dau: hé thong
du — bién d9, hé théng bu 1 va hé thdng bu 2.
Trong hé thong dau — bién do, MSB chi dau va phan con lai chi bién do. Vi du
+25 = 0001 1001
-25 = 1001 1001

Tam biéu dién cua sb co ddu n-bit trong hé théng diu — bién do la tur —(2”‘1 —1) dén
+(2"‘1 —1). bé Chuyén tor nhi phan sang thap phan ta chi viéc tim phﬁn bién do trude sau do dua
vao bit MSB dé xé4c dinh déu ctia s6 thap phén.

Trong hé thdng bu 1, s am duoc biéu dién bang bu 1 cua s duong. Vi du

+25 = 00011001
-25 = 11100110

Tam biéu dién cua sé co dau 7 -bit trong hé thong bu 1 1a tir —(2""1 —1) dén +(2”"l —1). pé
chuyén tir s6 nhi phan sang thap phan ta chi viéc tinh tong cac trong sd cua timg bit trong s6 nhi
phan nhu thong thuong, nhung phai luu y 1a bit MSB ¢6 trong s6 am. Sau do cong 1 vao két qua.

Trong hé théng bu 2, sb 4m dugc biéu dién bang bu 2 cila s6 duong. Vi du
+25 = 00011001
-25 = 1110 0111

Tém biéu dién ciia s6 c6 ddu n -bit trong hé théng bir 2 1a tir -2 dén +(2"" ~1). D& chuyén

tir s6 nhi phan sang thap phén ta chi viéc tinh tong cac trong sd cua timg bit trong sb nhi phan nhu
thong thuong, nhung phai luu y 1a bit MSB ¢6 trong s6 am. Thao tdc nay tuong ty h¢ thong bu 1
ngoai trir viéc ta khong cong 1 vao két qua.

H¢ thong bu 2 1a hé thong thuong duge dung dé biéu dién s6 co dau vi sy don gian khi thyc
hién cac phép toan s6 hoc trén no. ’
13-2-2-5 S6 hoc dung s6 c6 dau 7 -bit trong hé thong bu 2

Trong thyc té, hau hét cac loai microprocessor déu sir dung hé théng bu 2 dé biéu dién sb c6
ddu. Phan nay ta s& xem xét cach thire thue hién cac phép toan s6 hoc cong, trir, nhan va chia trén
hé théng bu 2. N6i chung cac s6 thuong duoc biéu dién bang 7 -bit nhi phan. Trong cac vi du sau ta
s& dat n=8 cb dinh. Piéu nay ciing phu hop trong thuc té vi cac loai microprocessor déu c6 do
rong bit ¢6 dinh. Do d6, kha ning két qua ctia phép toan vuot qua tam biéu dién cta sd 7 -bit phai
dugc xem xét mot cach cin than khi thiét ké cac hé thng sb.

1301 vo1 phép cong so c6 dau, ta xét bon kha ning: ca hai s6 déu duong, s6 duong 16n hon 5O

am, s6 dwong nho hon s6 4m va ca hai s6 déu am. Vi du sau biéu dién truong hop ca hai sé déu
duong.
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0000 0111 7
+ 0000 0100 +4
0000 1011 1

Trong truong hop nay, két qua nam trong kha nang biéu dién cta sb 8-bit va c6 dang nhu nhi
phan khong du. Trudong hop két qua vuot qua tim biéu dién dugc trinh bay trong vi du sau.

0111 1101 125
+ 0011 1010 + 58
0 1011 0111 183
Incorrect Sign-Bit Magnitude Incorrect

Luc nay ta thdy két qua nhi phan biéu dién mét s6 am, trong khi d6 két qua thuc sy lai 1a mot
s6 duong. D6 1a do sb c6 dau 8-bit trong hé thong bu 2 chi ¢6 thé biéu dién tir -128 dén +127 nhu ta
da biét trong phan biéu dién sb co dau, trong khi d6 két qua 1a +183 nén sb 8-bit khong thé biéu
dién dugc. Didu nay duoc goi 1a hién twong tran s c¢6 dau (overflow) va thuong dugc canh bao
bang mét bit co (flag) trong cac hé thong dung microprocessor. Néu co tran bang 1 (con goi 1a gia
tri true) thi c6 hién tuong tran trong két qua, néu cd tran bang 0 (con goi la gia tri false) thi khong
c6 tran trong két qua. Nguoi thiét ké dya vao cd tran dé xem két qua thuc hién cua phép toan co
diung hay khong.

Truong hop sé duong 16n hon s6 4m duge minh hoa trong vi du sau.

0000 1111 15
Siecarg 1111 1010 +-6
Camy —> 1 0000 1001 9

Ta thay két qua 1a s6 9-bit, trong khi d6 do rong bit dd dugc cb dinh 1a 8-bit, nén bit nhé thir 9
(bit MSB) sé& dugc bo di. Luc nay ta nhan dugc dang biéu dién nhi phan chinh xac. Mot ) truong
hop két qua ndm gon trong 8-bit, khi d6 két qua ciing 1 biéu dién nhi phan chinh xac. Trudng hop
s6 dwong nho hon s6 4m ciing ¢ két qua tuong ty.

0001 0000 16
+ 1110 1000 +-24
1111 1000 -8

Truong hop nay khong tao ra bit thir 9 trong két qua, ta thay 1a két qua la dang biéu dlen chinh
xac cua so co dau trong hé thdng bu 2. Nhu vay, trong truong hop c6 mot sé 4m va mot sé duong,
kha nang tran sb c6 diu s& khong xay ra.

Déi v6i truong hop ca hai sb déu 4m, ta ciing xét hai kha nang twong tu nhu trudng hop ca hai
s0 déu duong.

1111 1011 -5
Sieeaq’ _* 1111 0111 +-9
Cary —> 1 1111 0010 -14

Neéu két qua nam trong tam bicu dien, ta s€ ludon nhan dugce biéu dién chinh xac voi d§ rong bit
co dinh 1a 8. Néu két qua vuot qua tam bi€u dién ta s€ nhan dugc mot bi€u dién nhi phan sai nhu
trong vi du sau.

10
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1000 0011 -125
+ 1100 0110 +-58
1 0100 1001 -183
Incorrect Sign-Bit Magnitude Incorrect

Tom lai, ddi véi phep cong trén sO ¢6 dau, viéc cong duoc thyc hién binh thudng nhu trong sd
khong dau, trong d6 s6 nhd néu co can phai dugc loai bo. Trudng hop ngoai 1€ s& xay ra khi ¢ hién
tugng tran sb c6 dau.

D01 véi phép trir s6 c6 dau, ta s& thuc hién bang cach dung phép cong so c6 dau. Trudc tién ta
tim bu 2 cua so trur, sau d6 cong két qua co6 dugce dén so bi trir. S6 nhan dugce chinh 1a hi€u can tim.
Viéc thuc hién thao tac lay bu 2 va cdng da duogc dé cap ¢ trén.

Phép nhan s6 c6 ddu dugc thuc hién dya trén phép cong va lap. Tuy nhién, c¢6 hai qui tic phai
luu y khi nhan s6 ¢co dau trong h¢ bu 2. Th nhét, ca sd nhan va bi nhan phai 1a trong dang nhi phan
khong d4u. Thi hai, néu hai s6 hang ngd vao trai dau, két qua s& 4m va két qua s& duong néu hai sd
hang ngd vao cing diu. Nhu vy néu s6 hang ngd vao 1a am, ta phai tim dang bu 2 ctia n6 trude khi
thuc hién nhan.

Phép chia dugc thuc hién dua trén phép trir va 1ap, trong khi d6 nhu ta da biét phép tru lai duoc
thuc hién dua trén phép cong va bu 2. Nhu vay c6 thé thay phép chia ciing duoc thuc hién dya vao
phép cong va bu 2. Tuong ty nhu phép nhén, phep chia cling duge thue hién dwa trén hai qui tic do
1a ca s6 chia va s6 bi chia phai c6 dang khong dau; két qua sé 1a duong néu hai ngd vao cing dau va
am néu hai ngd vao trai diu.

13-2-3 S6 thap luc phan

S6 thap luc phan (thuong dugc goi tat 1a sb hex) la cac s6 duogc biéu dién trong hé 16. Piéu nay
c6 nghia 12 mdi chir sé thap phan (hexadecimal digit), c6 gid tri tir 0 dén F, s& 1a mot boi s6 cua liy
thira ctia 16. Bang sau s& trinh bay su twong Gng giita mot chit sé hex, gia tri thap phan va dang
biéu dién nhi phan tuong tng.
Hexadecimal Decimal Binary
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Bdng 13-1 )
Su twong vng gitka chir so hex, gia tri thdp phan
va dang biéu dién nhi phan.

TMMOO WDI>OWoO~NoObh WN=2O
O R AW NOOUR WN SO

11
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Ta thay 1a cac chir cai A dén F duoc dung dé biéu dién cac gia tri tir 10 dén 15, va mot chir s6
hex s€ dugc bi€u dién day du bang 4-bit nhi phan. Vi du sau cho thay cach tinh gia tri cua mét so
hex, hoan toan twong tu nhu ta da bi€t trong so6 thap phan va nhi phan.

Hexadecimal 3 C 7 A . b6 E 0 )

Number

Weights 163 162 16"  16° . 167 162  16°  16*
Ix16°  12x162 = 7x16' = 10x16° , 6x1671  14x162  0x1673 5x16+4
12288 3072 112 10 . 0375  0.0546875 0 0.000076293

Result 12288 + 3072 + 112 + 10 + 0.375 + 0.0546875 + 0 + 0.000076293 = 15482.42976

Ciing nhu dbi voi hé thap phan va h¢ nhi phan gia tri 16” 1a trong s cua cac chit s6 hex s& mo
rong mot cach khong xac dinh veé hai phia. Chi s6 cua trong s6 tang 1 khi di vé phia tay trai va giam
1 khi di vé phia tay phai. S6 hoc d6i voi s6 hex duge thyc hién tuong tu nhu s6 thap phén va nhi
phan va co thé duoc thuc hién bang cach doi sang s6 nhi phan. Piéu nay hoan toan cé thé vi trong
thuc té, microprocessor biéu dién cac sd trong dang nhi phan, dang s6 hex thuong dugc dung dé
viét ngin cho s6 nhi phan.

bé Chuyén tir b I}hi phan sang s6 hex hodc nguoc lai’ta chi viéc q}li ddi ,1 chit s6 hex thanh 4
bit nhi phan nhu da thay trong bang 13-1. Vi du sau cho thay cach chuyén tir s6 hex sang nhi phan.
F 2 4 B 0 3 = Hex

0 J y 0 I 0 15878915 Decimal
1111 0010 0100 1011 0000 0011 Binary

A

13-2-4 S6 BCD

S6 BCD, con duoc goi 1a so thap phan dugc ma hoa bang nhi phan (Binary Coded Decimal),
dugc dung dé biéu dién cac s6 thap phan dudi dang nhi phan. Ma 8421 la mét trong cac dang so
BCD. Bang 13-2 cho thiy cach ma hoa thip phan bang nhi phan ctia ma 8421.

Decimal Binary

0000 Bing 13-2
0001 Ma 8421,
0010

0011
0100
0101
0110
0111
1000
1001

oo~ bhwWN-2O0

Luu ¥ 13 trong ma nay, 4-bit nhi phan dugc dung dé biéu dién mot chit sb thap phan. Cac chudi
4-bit 7C(‘)Il qlai la 10}0, 1011, 1100, 1101, 1110, 1111 khong duogc sir dung. Vi du sau trinh bay cach
chuyén doi gitra so 3519 thap phan sang BCD 8421 va ngugc lai.

3 9 1 9
¢ ! ! !
0011 0101 0001 1001

12
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13-2-5 Ma ASCII 7-bit

Ma nay dugc dung dé biéu dién cac ky tu hién thi bao gdm chit hoa, chit thuong va chit sb, va
cac ky tu diéu khién duodi dang nhi phan. Bang 13-3 cho thay bang ma nay.

7-bit American Standard Code for Information Interchange (ASCII)

Dec Hex | Symbol Control Dec Hex | Symbol Dec Hex | Symbol Dec Hex Symbol
0 00 | NULL NUL 32 20 | Space 64 40 @ 9 60
1 o1 © SOH 33 21 ! 65 41 A 97 61 a
2 02 ) STX 34 22 h 66 42 B 98 62 b
3 03 v ETX 35 23 # 67 43 C 99 63 C
4 04 ¢ EOT 36 24 $ 68 44 D 100 64 d
5 05 s ENQ 37 25 % 69 45 E 101 65 e
6 06 [ ACK 38 26 & 70 46 F 102 66 T
7 07 . BEL 39 27 ! 71 47 G 103 67 g
s 5| W BS 40 28| ( 72 48 | H 104 68 h
9 09| O HT 41 29| ) 73 49 I 105 69 1
10 2| & LF 492 22 * 74 4A J 106 62 j
nm os| & VT 43 28| + 75 4B K 107 6B k
12 oc Q FF 44 2cC , 76 4cC L 108 6C 1
13 0D D CR 45 2D - 77 4D M 109 6D m
14 OE I SO 46 2E . 78 4E N 110 6E n
15 oF | & sl 47 2| / 79 4 | O 111 6F 0
16 10| » DLE 48 30| O 80 s0| P 112 70 p
17 11 <4 |Dpci/xon 49 31 1 81 51 Q 113 71 q
18 12 1 |oc2 50 32| 2 82 12 R 114 72 r
19 13 1] DC3/ XOFF 51 33 3 83 53 S 115 73 S
20 14| 9 |oca 52 32| 4 84 54| T 116 74 t
21 15 § NAK 53 35 S5 85 55 U 117 75 u
2 16 | _ SYN 54 36 §) 86 56 Vv 118 76 Vv
23 17 I} ETB 55 37 7 87 57 W 119 77 w
24 18 1 CAN 56 38 8 88 58 X 120 78 X
25 19| | EM 57 39| 9 89 59| Y 121 79 y
26 1A - suB 58 32 . 90 52 Z 122 A y4
27 1B | « ESC 59 3B ; 91 5B [ 123 7B 1
28 1c| L Fs 60 3c| < 92 sc | \ 124 7C
29 10| e Gs 61 30| = 93 so | ] 125 7D }
30 1E A RS 62 3E > 94 5E A 126 7E ~
31 1F| V¥ Us 63 3F ? 95 5F | _ 127 7F | O DpEL
Bdng 13-3

Bang ma ASCII 7-bit.

_ Bang md ASCII 7-bit 1a bang m dau tién. Dén nay ta da c6 mot s bang ma khac ding dé bicu
dien ky tu hién thi va ky tu di€u khién nhu ma ASCII m¢ rdng 8-bit, ma Unicode,...
13-3  Cong logic
13-3-1 Mach logic

Mach logic t6 hop sur dung cac cong logic dé tao nén cac ham logic. Ching 14 thanh phan tao
nén cac hé théng sb. Bay loai cong logic co ban 1a AND, OR, NOT, NAND, NOR, XOR, XNOR.

13
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Nhu ta s& thay trong phan sau, mdi loai cong sé& co dap tng khac nhau khi ap tin hiéu logic vao ngd
vao, chiing s& c6 biéu tugng logic va biéu dién dai s6 khac nhau.

Cong NOT chi c6 mdt ngd vao va mot ngd ra, cac loai cong con lai déu c6 nhiéu hon mdt ngd
vao nhung van chi c6 mot ngd ra.

13-3-2 Cong NOT

Hoat dong: ngo ra la dao cua ngd vao nhu trong bang sau. Bang nay duoc goi 1a bang sy that
(truth table) cua cong NOT.

Truth Table
Input | Output
A X
0 1
1 0
Biéu tuong:
Vi du:

>0 x

Dang dai s&: X =4
13-3-3 Cong AND

Hoat dong: ngd ra la 1 khi va chi khi tit ca cic ngd vao 1a 1.

= >
=

Truth Table
Inputs Output
ABC X
000
001
010
011
100
101
110
111

Biéu tugng:

Vi du:

Dang dai s6: X = ABC
Bang sy that:

ROoOoOoOOOOOOoO

14
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13-3-4 Cong OR
Hoat dong: ngd ra la 1 khi c6 mdt hoac nhiéu ngo vao la 1.

Biéu tuong:

) O
Vi du:
A
— >—x

Truth Table

Inputs Output
ABC X

000
001
010
011
100
101
110
aLalal

N w

Dang dai s6: X =A+B+C
Bang su that:

RFERFHERRHEKERO

13-3-5 Cong NAND
Hoat dong: ngd ra 1a 0 khi tat ca cic ngd vao 1a 1.

Biéu tugng:

= »— Ao >
" i »x

Dang dai s6: X = ABC
Bang su that:



Bién soan: V6 Ky Chau — B¢ mon DPién tir, Khoa Pi¢n — Dién tir
Email: vkchau@dee.hcmut.edu.vn

13-3-6 Cong NOR

Truth Table

Inputs
ABRC

Output
X

000
001
010
011
100
101
110
111

OHRHRRHRERRPRE

Hoat dong: ngo ra la 0 khi mdt hoac nhiéu ngd vao la 1.

Biéu tugng:

Vi du:

_1'_\
—_/

Qo

Dang dai s6: X =(4+B+C)

Béng su that:

13-3-7 Céng XOR

Truth Table

Inputs
ABC

Output
X

000
001
010
011
100
101
110
111

(=N elelNelNeNeNeN -

Hoat dong: ngd ra 1a 1 khi c6 mot s6 1é ngd vao 1a 1.

Biéu tuong:

—~

Vi du:

>— -
Sp=

Yy

(Y

16
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A
B X
C

Dang dai s6: X =A®BDC

Béng su that:

Truth Table
Inputs Output
ABC X
000 0
001 il
010 1
011 0
100 1
101 0
110 0
kil il

13-3-8 Cong XNOR
Hoat dong: ngd ra 1a 0 khi c6 mot s6 16 ngd vao 1a 1.

Biéu tuong:

=) >»—

>
-
—) >

Vi du:
A
B
C
Dang dai s6: Xz(A@B@C
Béng su that:
Truth Table
Inputs Output
ABC X
000 1
001 0
010 0
011 1
100 0
101 1
110 1
111 0
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13-3-9 Mot so tinh chit ciia cong NAND va NOR

Mot to hop ciia cac cong NAND hodc cong NOR c6 thé thay thé dugc cac cong logic khac.
Tinh chat nay rat ¢6 ich vi thong thudng cac IC cong logic chira vai cong cung loai chtr khong chi
mdt cong duy nhét. Do do, viéc thiét ké chi bang NAND hoic NOR gitip 1am giam gia thanh, tan
dung hét tai nguyén cua cac IC, giam dién tich board mach thiét ké. Cac hinh sau cho thay cach
ding céng NAND hodc NOR dé thiét ké cac loai cong khac.

Universal Property
of NAND gates

I 11
Q\/

5 g
SRR

B4 b ¢

Universal Property

of NOR gates —CD»— i
| T
13-3-10 Mach t6 hop, bang su that va gian do xung

18
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Céc cong logic s& duoc phdi hop v6i nhau trong cac mach logic t6 hop dé thuc hién mot chirc
nang cu thé. Hoat dong cua mach co thé duoc mo ta béng bang su that (truth table). Hoat dong cua
mach ciing ¢ thé dugc mo ta bang gian d xung (timing diagram), nghia 14 dang song tai cac diém
trong mach. Vi du sau minh hoa céch dung so dd mach, bang su that va gian dd xung mo ta hoat
dong ctia mach.

A B C

T

Inputs

Béang su that va gian d6 xung cia mach mo ta hoat dong ciia mach nhu sau, gia tri cua céac
di€ém trung gian cling dugc xac dinh trong bang su that va v€ gian do xung.

Truth Table
Input Intermediate Nodes Ouptut
A B C d e £ IFEESEY i x B X
0 0 0 1 1 (i 1 0 0 g 1 0 1
o 0 1 (NN 0 0 0 0 W 0
0o 1 0 (RN 0 0 0 [ 1 0 0
o 1 1 (N 0 0 1 1 0 W 1
1 0 0 0 1 1 U 0 1 0 0
1 0 1 0 1 0 mUEESEENE 0 0 B 1
1 1 0 0 0 1 BRI (0 1 0 1
1 1 1 0 0 0 [VEEE. 1 0 0 B 1
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1
Clock 0 ,|'|||'|||||||||

I

13-4 Pai s6 Boolean
13-4-1 Biéu thirc Boolean va cac dinh nghia

Trudce tién ta dinh nghia m@t §6 thllélt nglr cua dai s6 Boolean. Mot bién Boolean 1a mot ky
hiéu, vi du A4, duoc dl‘n}g dé biéu ,dién mot dai lugng logic, gié, tri,cﬁa no la 0 ho;_ic 1. Bu
(complement) cua mot bién 1a mdt bién khac c6 gia tri 1a ddo cua bién lay bu, bu ctia bién thuong
duge ky hieula 4.

Phép cong (+) va phep nhén (x) 1a hai phép toan dugc dung nhiéu nhat trong dai s6 Boolean.
Trong phan trudc ta da biét qua 7 loai cong logic co ban va ta s& thiy rang cong OR 1a biéu dién
ctia phép cong va cong AND 14 biéu dién cua phép nhan.

Bay gio ta s€ xet phép cong trong dai s6 Boolean. Phép cong 1a twong dwong vai cong OR, két
qua s€ 1a mot khi c6 mgt hodc nhiéu ngd vao la 1. Viduy
0+0+0 =
0+0+1
0+1+0 =
O+1+1 =
1+0+0 =
1+0+1 =
1+1+0 =
1+1+1 =

HRERRRRRRO
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Trong dai s6 Boolean, thuat ngir sum term dugc dung dé chi tong cua cac bién, trong d6 bién
c6 thé c6 bu, c6 thé khong co6 bu. Trong mach logic, mgt sum term c6 thé dugc tao ra chi bang cong
OR.

Phép nhan trong dai s6 Boolean 1a tuong duong véi cong AND, ngd ra s& 1a 1 khi tit ca cac
ngd vaola l. Vidu

OX0OX0 =
OX0OX1 =
0X1X0 =
OX1X1 =
1X0X0 =
1X0X1 =
1X1X0 =
1X1IX1 =

H O o o © o o o

Trong dai sb Boolean, thuat ngit product term duogc dung dé chi tich cia cac bién, trong d6
bién co6 thé c6 bu, cd theé khong cé bu. Trong mach logic, mot product term cé thé dugc tao ra chi
bang cong AND.

13-4-2 Ba tinh chit trong dai s6 Boolean

Tinh giao hoan:

A+B=B+ 4
AB = BA
Tinh két hop:
A+(B+C)=(A+B)+C
A(BC)=(4B)C
Tinh phan phéi:

A(B+C)=A4B+AC.

13-4-3 Cac dinh ly trong dai s6 Boolean

21



Bién soan: V6 Ky Chau — B¢ mon DPién tir, Khoa Pi¢n — Dién tir
Email: vkchau@dee.hcmut.edu.vn

A+0=4
A+1=1
A-0=0
A-1=4
A+ A=A

w0 00 ~N O O AW N =

—
o

A+ AB= A4

—
—

A+ AB=A+B
(A+B)(A+C)=A4+BC

=
N

13-4-4 Dinh ly DeMorgan

Pinh 1y DeMorgan 1a mot dinh 1y rat quan trong trong thiét ké sd. Pinh Iy nay cho phep
chuyén 601 giita phép cong va phép nhan logic, néi cach khac, nd cho phép chuyén doi céng AND
thanh cong OR va nguoc lai.

AB=A+B
(A4+B)=A4B

13-4-5 Riit gon dung dai s6 Boolean

Ta da biét 1a ta c6 thé biéu dién mot biéu thirc Boolean bang mot mach té hop cila cac cong
logic va nguoc lai. Trong thiét ké sd thuc té, dai s Boolean dugc dung dé phuc vu cho viéc nay.
Béng cach biéu didn mot mach sb dudi dang biéu thirc Boolean, ta c6 thé thuc hién rat gon biéu
thirc nay tir d6 tao ra mot mach logic ma trong d6 cac cong logic duge sir dung hiéu qua hon. Ta s&

thir rit gon bidu thuc A+BE+D(E+F). Ap dung cac tinh chét, dinh 1y va dic biét 1a dinh Iy
DeMorgan da biét ¢ trén ta c6 thé rut gon nhu sau

A+BE+D(E+?)= A+BE-D(E+F)=(A+BE)-D(E+F)=

~(4+BCH D+E+F |=(4+BCH{(D+E+F)
Xét biéu thiee sau ABC + ABC + ABC + ABC + ABC . Ta ¢6 thé rut gon biéu thirc nay nhu sau
ABC+ABC+ABC+ ABC+ ABC = BC( A+ A)+ ABC + ABC + ABC =
:BC+A§(C+E)+Z§E:BC+AE+EE:
:BC+§(A+ZE):BC+§(A+E):
=BC+ AB+BC

13-4-6 Hai dang chuin ciia biéu thirc Boolean
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Biéu thirc Boolean c6 thé dugc viét dudi rat nhiéu dang khac nhau, tuy nhién c6 hai dang dugc
goi 1 dang chuén gitip cho viéc x@y dung biéu thirc Boolean tir bang su that dugc dé hon. Dang
chuan 1 con duoc goi la dang tong cua cac tich (SOP — Sum of Products), va dang chuan 2 con
duoc goi 1a dang tich cuia cac téng (POS — Product of Sums). Dé don gian ta xét bang su that sau

Truth Table
Inputs Output
ABC X
000 0 pos = (A+B+C)
001 1 S0Pl DG
010 0 ros = (A+B+C)
011 0 pos = (A+B+0C)
100 1 dop LiidBG
101 0 pos = (A+B +C)
110 0 pog8 = (A+B+C)
111 il sop = ABC

Pé Viét dugc dang chuén 1, ta s& quan tim dén céc td hop ngd vao ma ngd ra tuong Gng béng
1. Mbi t6 hop ngd vao nay s€ tuong ing v6i mot sO hang cua tong. SO hang nay la tich cua ba blen
A, B, C, bién s& c6 bu néu gia tri tuong Umg cua bién trong t6 hop 14 0 va bién s& khong c6 bu néu
gia tri twong ng cua bién trong t6 hop 1a 1.

bé Vlet dugc dang chuén 2, ta s& quan tam dén cac to hop ngd vao ma ngd ra twong ung bang
0. Mbi t6 hop ngd vao nay s€ twong Gmg véi mot thira 5O cua tich. Thura 5O nay la téng cua ba blen
A, B, C, bién s& c6 bu néu gia tri tuong ung cua bién trong t6 hop 1a 1 va bién s& khong c6 bu néu
gi4 tri twong tmg cua bién trong to hop 13 0.

Duya vao qui tac do ta co thé xac dinh dugce cac sd hang va thura sb6 nhu trén. Nhu vay, ta co thé
viét duoc dang chudn 1 cua bang su that & trén 13 ABC+ ABC+ ABC va dang chuén 2 13
(A+B+CXA+§+CMA+§+EXZ+B+Eﬂ2+§+€»

MGdi sb hang trong tong cua dang chuan 1 dugc goi 1a mot minterm, va mdi thira sd trong tich
cua dang chuan 2 dugc goi la mot maxterm. Nhu vay, dang chuan 1 1a téng cla cac minterm va
dang chuan 2 1a tich ctia cac maxterm. Ta ciing c6 thé viét tit cho dang chuin 1 va chudn 2 bang
cach chi ra vi tri ctia to hop ma tai d6 ngd ra bang 1 (d6i véi chuan 1) hodc ngd ra bang 0 (ddi véi
chuén 2). D6i véi vi du trén ta c6 thé viét f(A4,B,C,D)=m, +m,+m, =M M,M .MM, hodc viét

tit nhu dang sau f(4,B,C,D)=> m(1,4,7)=][M(0,2,3,5,6).

13-4-7 Riit gon biéu thirc dung bia Karnaugh

Bia Karnaugh, ta s& goi tat la bia K, 1a mot phuong phap biéu dién ham Boolean thich hop cho
viéc rat gon ham. Moi 0 cua bia K biéu dién mot t6 hop cua cac bién ngd vao, va gia tri trong 6 1a
ngd ra twong tng cua td hop, noi cach khac mdi 6 cia bia K twong Gmg vi mot hang trong bang su
that. Ta chi giéi han xem xét cac bia K 3 bién va 4 bién.

Doi voi bia K ctua 3 bién A, B, C, vi tri cia cac 6 tuong ung véi cac hang trong bang su that
duoc sap xép nhu hinh sau
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F

AB

C 00 01 11 10

0 |[0|2]|6]|4
1 {31715

Déi voi bia K cuia 4 bién A, B, C, D, vi tri cila cac 6 twong g véi cac hang trong bang sy that
duoc sap xép nhu hinh sau

F
AB
D 00 01 11 10
00 |0 ]|4]|12]8
01 1151(13]9
S5 s
10
216 14|10

Ta thir xét ham f(A,B,C) = Zm(l, 4, 7) . Ham nay duogc viét & dang chuén 1, ngd ra cua ham

bé'mg 1 tai cac hang 1, 4, va 7 ctia bang sy that. Bia K 3 bién ctia ham nay dugc lap nhu sau

F
AB
c 00 01 11 10
0 1
L1 1

Ta théy la tai cac 6 twong Gng véi vi tri 1,4 va 7, gia tri cia 6 1a 1, cdc 6 con lai ta khong dién
gia tri vi ta da ngam hi€u la gia tri ciia 6 do 1a 0. Bia K nay cling c6 thé dugc 1ap nhu sau

F
AB
c 00 01 11 10
0 loflo]o
1 0 0

Hai bia K nay 1a hoan toan tuong duong nhau.
D6i v6i ham 4 bién f(4,B,C,D)=[]M(0,1,5,7,8,13,14), trudc tién ta viét lai ham nay

dudi dang chuan 1 nhu sau f(4,B,C,D)= Zm(2,3,4,6,9,10,11,12,15). Dua vao mot trong hai
dang chuan ta c6 thé 1ap duoc bia K cho ham nhu sau
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F
AB
D 00 01 11 10
00 11
01 )
11
1 1|1
10
1|1 1

Tuong tu, ta cing ¢ thé lap bia K bang cach dién cac 6 co gia tri 0 nhu sau

F
AB

D 00 01 11 10
00 |0 0
01 0lo0]o0
11

0

10

0

Bay gio ta s& thir rat gon biéu thirc dung bia K. Dé lam duoc diéu nay trude tién ta s& dinh
nghia hai 6 ké nhau. Hai 6 ké nhau 1a hai 6 trong bia K c6 cung gia tri va hai to6 hop céc bién ctua
chung chi khac nhau mét bién. Vi du ciia mot so truong hgp c6 hai 6 ké nhau 1a

F F F
AB AB AB
D 00 01 11 10 00 01 1110 00 01 11 10
0 |1 1 0 |0 00
01 01 01 nE
1 1 11
10 10 10
0

Duya vao dinh nghia hai 6 ké nhau ta s& c6 dinh nghia lién két 2, lién két 4 va lién két 8. Céac
dang lién két nay xuat hién trong bia K ctia cac biéu thirc 3 va 4 bién. Mot lién két 2 bao gdm hai 6
ké nhau. Mot lién két 4 1a hai lién két 2 ké nhau va mot lién két 8 13 hai lién két 4 k& nhau. Mot sd
truong hop co lién két 4 va lién két 8 1a
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F F F
AB AB AB
D 00 01 11 10 00 01 11 10 00 01 11 10
0 |1 1 00 |00 00 |1 1
or [, ) 01 01
11 11 11
10 10 10
0o 1 1
F F F
AB AB AB
D 00 01 11 10 00 01 11 10 00 01 11 10
00 1|1 00 |1 |1 [1 |1 00 |00
01 L 01 or [ o
11 11 11
0|0
10 10 10
Ll | 0|0

Bay gid ta s& bat dau thao tac rat gon biéu thic dung bia K. Trude tién ta xac dinh tit ca cac
lién két 2, 4 va 8 néu co. Viéc xac dinh lién két nao nén duoc chon phai tuan theo nguyén tac 1a lién
ket d6 phai loai bo duoc nhiéu bién nhét, va n6 khong phai 1a mot lién két bao gém cac 6 ma da
nam trong mot lién két khac dugc chon trudc do.

Mot lién két 2 s& loai di dugc mot bién, d6 chinh 1a bién khac nhau gitra hai td hop. Tuong tu,
lién két 4 sé& loai di hai bién khac nhau gitta hai t6 hop va lién két 8 s& loai di ba bién. Két qua cia
viéc rut gon duoc viét theo cach thic giong v6i dang chuan 1 va dang chuan 2, tirc 13 néu ta rat gon
cho céc 6 c6 gia tri 1 thi biéu thire dugc Viét dudi dang tong ciia cac tich, bién s& c6 bu néu gié tri 1a
0 va bién khong lay bu néu gia trj 13 1; néu ta rat gon cho cac 6 ¢6 gia tri 0 thi biéu thirc phai dugc
viét dudi dang téng cila cac tich, bién s& c6 bl néu gia tri 1a 1 va bién khong lay bu néu gid tri 1 0.
Mot sb vi du s& trinh bay cach thirc rat gon cho céc lién két.
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F

CD

CD

CD

CD

AB
00 01 11 10
00
01
11
10
(1] 1]
ACD
AB
00 01 11 10
00
01
11
10 1|1
1|1
AC
AB
00 01 11 10
00 1]
01
1 1
10 1
1]
AB
AB
00 01 11 10
00 |[1]1
01
ot
10 1|1
1|1
A

F

CD

CD

CD

CD

AB
00 01 11 10
||
00 1]
01
11
10
|T|
T
ABD
AB
00 01 11 10
00 ([t [1]1]1]
01
11
10
CD
AB
00 01 11 10
00 1|1
01
11
10
1|1
AD
AB
00 01 11 10
00 [|1]1]1]1
01
11
10
1111
D

F

CD

CD

CD

CD

AB
00 01 11 10
00
01
1| B
10 1] ]
BCD
AB
00 01 11 10
00
01
. 1 1
10 |1 1
BD
AB
00 01 11 10
| | | |
00 |[1] 1]
01
11
10
A
T —— T
BD
AB
00 01 11 10
00 | 1 1
01
. 1 1
10 |1 1
1 1
B
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F

CD

CD

CD

CD

AB
00 01 11 10
00
01
11
10
[0 ] o]
A+E‘+D
AB
00 01 11 10
00
01
11
10 0|0
010
A+E’
AB
00 01 11 10
00 0]
01
1 0
10 0
10 ]
A+B
AB
00 01 11 10
00 010
01
10 0|0
010
A

F

CD

CD

CD

CD

AB

00
01
11
10

AB

00
01
11
10

AB

00
01
11
10

AB

00
01
11
10

00 01 11 10
| |
lo]
0]
]
A+B+D
00 01 11 10
lo[o]o0]o]
C+D
00 01 11 10
0110
0O
A +D
00 01 11 10
0(0]10]O0
0(0]10]O0
D

F

CD

CD

CD

CD

AB
00 01 11 10
00
01
11 ]
10 _[o] [0
B+C+D
AB
00 01 11 10
00
01
10 0 0
B+D
AB
00 01 11 10
| | | |
00 {lo] Lo]
01
11
10
ol )
] ]
B+D
AB
00 01 11 10
00 0 0
01
10 0 0
0 0
B
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