KHUECH PAI TIN HIEU NHO DUNG TRANSISTOR LUGNG CUC
1.3.1. Gi6i thiéu
Cic ki€u phan cuc da dudgc gibi thi€u & phan trude s€ dugc s(t6 dung dé phan tich
tin hi€u xoay chi€u nhd. Cdc mach dugc phan tich sau diy 1a nhitng mach dién thuc té
thudng dugc s(t dung. DE phan tich bd khu€ch dai tin hi€u nho ding BIT ngudi ta
ding sO d6 tuong duong d€ phan tich . khi vé s dO tuong dudng doi v4i tin hiéu
xoay chi€u can luu ¥ 2 diém sau :
-Thiét 1ap tat ca cic ngudn cdp mdt chi€u & mlc dién thé Ov (ngdn mach ngudn
cap):
-Ngan mach tat ca cdc tu dién
1.3.1.1s0 dd tuong duong clia mach CB
Trén hinh 1.38ala sO d6 cach mat Cy cUa transistor npn. NhU phan trén chiing ta da biét
transistor dUgc cdu tao bdi ba 18p ban dan, tao nén hai chuyén ti€p PN, vi thé ta coi
chuyén téup emitter (gilta cuc B va cuc E )la mOt diode , ngodi ra viIc = Ig nén gi(ra
cuc B va cuc C dugc thay thé bang ngudn dong c6 gid tri la Iz VGi su thay thé dé6 ta
c6 thé vé dugc so d6 tuong duong nhu hinh 1.38b:
Hinh 1.38
Khi transistor dugc phan cuc va hoat ddng & viing tich cuc thi chuyén ti€p emitter
phén cuc thuiin, khi d6 diode D1 (trong sO d0 tudng duong )tudng duong v3i mot
dién trd c6 gid tri bang dién trd thudn cla diode, dién tr& nay dugc ky hiéu la r, va
duqc tinh theo cong thUc :

UT
= -~

IE
VéiUr 1a dién thé nhiét, & nhiét dd binh thudng Uy = 26mV do d6 :

26mV

r.= I,
hinh 1.39
Nhu vay, sO d0 tuong dudng clla mach CB dugc vé& 1ai nhu hinh 1.39 . v4 so d6
tuong duong hinh 1.39 ta c6 thé tinh dugc trd khang vao va ra clla mach CB nhU sau :
Z,=r.
Gia tri r. rat nho , tOi da 1a 50
Tr3 khéng ra dugc tinh khi cho tin hi€u vio bang khong , vith€ Iy =0nénlc = Ig
=0 ,nghia 12 dau ra cUa hinh 1.39 hd mach do d6 :
Zr =
Thuc t€ tr& khang ra clla mach CB ¢G vay M
1.3.1.2.S0 do tuong duong clla mach CE
tuong tu v&i cach mat CB, ta ¢ thé vé dugc so do tuong duong cla mach CE nhu
hinh 1.40
ve hinh 1.40
Theo sO d6 trén ta c6
& Upe Iprg
i, 1, I,

ZV: I



SO d6 tuong duong hinh 1.40b khong xdc dinh dugc trd khang ra, thuc t€ trd khang ra
dudgc xdc dinh theo d0 dOc cUa dudng dat tuy€n ra (hinh 1.41)

Gia st tr@ khang ra clamach CE1a Z, =,

Vi trd khang vao 13 1. trd khang ra 1a 1, ta vé 1ai dugc so do tuong duong clla mach
CE nhu hinh 1.42

Hinh 1.41,1.42

1.3.1.3. SO dd tuong duong clia mach CC

Tuong tu nhu cach mat CE , ta s€ c6 sO d6 tudng duong clia mach CCso db tudng
duong nay s€ dugc vé trong cidc mach cu thé & phan sau .

1.3.2cac mach khué&c dai tin hi€u nho théng dunh ding BJT

1.3.2.1 Mach phén cuc ¢d dinh mac E chung

SO d6 mach nhu hinh 1.43

Tin hi€u vao Uy dugc dua dén cuc B cla transistor trong khi dau ra Ur 13y tU cuc C .
DE dang nhén ra dong Iy 12 dong ngudn khong phai dong cuc B, trong khi dong ra I, 1ai
la dong cuc C

Hinh 1.43. 1.44

Vi tin hi€u AC ta c6 ta c6 thé v€ 1ai s0 donhu hinh 1.44

Pay 1a mach mat theo ki€u CE nén ta c6 thé vé so d6 tuong duong nhu hinh 1.45
Chi y rang , hé s 1, r. dUQc tra tU bang cic thong s6 kY thudt hodt ddc tuyén ra .
nhU vay ,re var, coi nhU di biét

hinh 1.45

TU hinh 1.45 cho thay:

Trd khang vao clla mach :

7y Ie

Trd khéng Zr dugc x4c dinh cho Uy = 0 . trén hinh 1.45 khi Uv =0 Iy = Iy = 0 ,v8i mOt
mach h& ngudn dong ta c6 :

Zr=Rcl/ To
Néur, I10R Rc//ry Rethi:
Z. Rc

Hé s6 khuéch dai dién 4p Ku dugc tinh nhu sau :

U
Ur=- Ib(RC/A10) nhung b= —-

e

U
Do d6 Ur = - ~— R/,
R

E

U, R.Ir,
NénK,= &= —
cn U

A

1 IC
néu r, 10RcthiKy=-—
r r

Vv e e
Trong phudng trinh trén , khong c6 ,tuy nhién gid tri clla  dugc dung d€ xdc dinh
r.,dau trlr th€ hién dién 4p ra ngugc pha vGi dién 4p vao .
Hé s06 khuéch dai dong dién dugc xdc dinh theo cdchsau :
Theo ludt phan dong cho dau vao va daura .



n 1, 1 o
Ir= nén —=
n R I, 1 R
R, I, I, R,
I,= nén — =
RBB re IV RB re
két qua:
K= I, _ 1, I, __N Ry _ Ry,

L, I, I, r, R R, r, 1, Ro R, r
Néur, 10RcvaRs 10 r. thi:

I, Ryr,
a I, h Ry -
Quan hé gilta K, va K; dugc th€ hién qua cong th(c sau:
Ki = -KuZ_V
RC
1.3.2.2.Mach phan ap

Mach phan dp nhu hinh 1.47

Su do tuong duong hinh 1.48. chii y , trong s d6 tuong duong khong cé R, 1a do &
tan s6 hoat dOng cUa tranistor , gi4 tri dung khdng rat nhd nén ta goi ngan mach Rg
d6i voi tin hiéu AC.

TrG khang Zy:
Hignh 1.47,1.48

7, i Rl 'RZ
V0oi R =R1//R2 = ﬁ
Tr@ khang ra
Zr = Rc// To

Néur, 10R: Z Rc
Hé s6 khuéch dai dién 4p K, dugc tinh nhu sau:
U, =-( I)(Re//ro)

U U
Vil,=—dodéU,=- —- R/,
r r

e e

R

r C
U v re

Hé s06 khuéch dai dong dié K;:
SO d6 hinh 1.48gi0Ong v&i 1.45néu ta coi R=R,//R,=Rg do dé ta c6 :

Néur, 10Rc-thiK,=-

I, R 7,
Ki = = T
1, r, R R r,
Néur, 10Rcthi:
o R, R
Kl = = N = T
IV T, R r, R r,



P I, R
VanéuR 10 r.thiKi=—=—-
I, R
A o~ . . ZV
Quang he gita Ku va Ki: Ki =- Ku -
C
1.3.2.3.Mach phan cuc emitter
S0 d6 mach dugc cho nhu hinh 1.50
SO d6 tuong duong nhu hinh 1.51. s0 d0 nay c6 dién trd cuc E, khong thé b qua
dugc d6i véi thanh phan AC
Trén s d0 khong c6 mat ry. dnh hudng 1, 1am cho mach phan tich rat phlc tap ; nén
trong thuc t€ hau hét ca truOng hdp c6 thé bo qua.
Auip dung dinh ludt kirchhoff v&i dau vao hinh 1.51 ta c6:
Uy =l re +I.R.
U,=1, re+( +1)Rg
Vi thudng 16n hon 1 do d6 phuong trinh dugc it gon.
Zy r+ Rg (r-+REg)
Vi RE thuOng 16n hon re rat nhi€u :nén Z, Re
TrG khang vao :Z, = Z, //Rg
Tr8 khang ra Z: v6i U, =0,,I,=0va I,=0s0d0 1.51 c6 thé thay thé bang mOt
mach tuong duong hd mach . két qua 1a :Z, = R¢
Hé s0 khuéch dai K, dudc tinh nhu sau

UV
Ib Zb
UV
Ur = -IrRC = - IbRC - —_ RC
Zb
U, R,
NénK,= —=- —
UV Zb
Thay thé Z,= (r.+ Rg) tacé :
U R
Ku _ r — C
UV re RE
LayxapxiZ, Rg
R
K,= —~=-—¢%
U, R,

Hé s6 khuéch dai dong K;
Gid tri R thuOng chon gan vG Zb nén cho phép sdp xi I, = I, . theo ludt pha dong véi
mach vao ta c6 két qua :

RBIV A Ib RB

nen =
B Zb 1 RB Zb

v




I I 1, R,
Dods K, -+~ —-.-%

I, 1,'’I, R, Z,

Z

v

r

Quang hé gilra K; va K,: Ki=- K, 7
C

1.3.2.4. Mach khuéch dai tai cuc E (mac CC)

Khi du ra dugc 18y tU cuc E cQa transistor nhu hinh 1.53. so d6 dugc mac cuc C
chung .di€n 4p ra ludn nhd hon tin hi€u vao chiit it bdi vi tiéu hao trén cuc B t6i cuc
E ,dodé Ky 1 khong giGng nhu dién dp cuc C, di€n 4p cuc E ciing pha vGi Uy va
dién 4p U, U..

Vi tr& khang vio 16n va trd khang ra nhd,s0 d6 nay dugc ding d€ phdi hgp trd
khang. Hi€u qua cla né c6 thé dat dugc tuong dudng v&i mOt dién 4p .

B0 qua anh hudng cUar, ta vé dugc mach twong duong nhu hignh 1.54 .Atinh hing
cUar,dugc sét sau .

Trd khéng vao dugc xdc dinh nhu cdc mach trén véi

Hinh 1.54

Z, = Rg//Z,

V6iZ, = Pr. + (B+1Rs  PR:

Zr:tr@ khéng ra dugc xac dinh qua phuong trinh dong 1,

Sau d6 nhan vGi (B+1) d€ c6 I, . tacé .

u,
L=@+) L= B+) "

Thay Z, PRg

U, U,
k=" IR, r/ 1 R
Nhung (B+1)  va ”el rg:re

UV

r, R,

Do d6 L.
Vi dong I, dudc xdc dinh theo cong thiic trén ta ¢6 thé vé dugc mach nhu hinh 1.55
TrG khang ra duQc xédc dinh khi U, = 0 nén
Z.=Rg// 1o
Hinh 1.55
Vi Rg thuOng 16n hon r, do do6 :
Z, r.
Hé s6 khuéch dai dién 4p K, dugc tinh :
REUV
Ry T,

U, =



U R

Dod6K,= —=—-+
CONTU TR,
Vi Rg thuOng 16n hon re nén Re+r. R do d6
U
K,=— 1
U,
Hé s6 khuéch dai dong dién K;:
R,I 1 R
Tac6l,= ——“— nén —>-= ———
RB Zb IV RB Zb
1
Val, =-I. -(B+1) I, nén I—’: -(B+1)
b
2 r rlb B
Do d6 K = —= =~ = ((B+1)
IV IbIV RB Zb
ViB+) nenK, —2
i(B+1) nénK; R, Z,
A e~ < ZV
Quan he giua K; va K: K; = - KuR—
E
Xét dnh hudng cla r,:Bang viéc tinh todn chi tiét s& c6 :
IR,
Zy Zy= 1t | Ry
o

s n , 0 R A
Néu diéu ki€énry, 10Rg dugdc thod min nén c6 thé coi 1+r—E I, vivay:
0

Zb = I +(B+1) RE (I'C+RE)

r
Z.: 7. =1y//Rg// 61
Coi +1 , Z.=1o//Rg //r. va vi 1y >> 1,
Z. Rg/lr.
IR, /Z,
K K, = | Ry
A
Néu di€u kiénr 10R. duoc thod min vacoi +1
RE
K. z,
Nhung Z, (r-+Rg)
Do do6
R R
Ku E E

r, R, r, R,

e e

1.3.2.5.mach base chung



Mach Base chung dat trung 12 tr@ khang vao nhd , trd khang ra 16n va hé sO khuéch
dai dong nhd hon mach EC, trong khi hé s6 khuéch dai dién 4p rat 16n . so d6 nhu
hinh 1.57.

SO d6 tuong duong 1.58

Theo s0 d0 hinh 1.58:

TrG khang vao :Zy = Re//r.

Tr® khdng ra :Z, = Rc

Hé s6 khuéch dai dién 4p dugc tinh nhu sau:

U, =-IRc=- (-Ic)Re=  LRc

U
Véil= —

r(‘?
Dod6U=  —- R.

re

U R R
VaK,=— € <

UV re re
Hé 56 khuéch dai dong dién K;:coi Rg >>r.
=1,
ValLL=- L=- 1,

Ir

SuyraKi:I—:— -1

\%

1.3.2.6.mach héi ti€p AC tir cuc C
Mach ho6i ti€p tir cuc C vé cuc B nhu hinh 1.59 d€ ting d6 On dinh cho mach .
Vi so d6 tuong duong nhu hinh 1.60 . cdc budc thuc hi€n sau day 1a k€t qua cla
kinh nghi€m Iam viéc v&i mach dién nay.
Hinh 1.59,1.60
Tr@ khang vao Z,:

U U,

RF

VéiUs=-LR¢
val,= [+1
Vi I,thuGnglén hon T
I, I
VaU,=-( I,)Re=- IRc

U,
Nhung I, = — nén
r

e

U R
U=- % Rc=-—"SU,
r(" re




Mac khiac Uy=1, re=(Av+1I) r=1, r+1 1.

1 R
Uv = IV e” 5 1 — reU
! RF re Y
R
NenU, 1 —<1 ¢ [ o
RF re
\ z, % r,
Tudésuyra Iy q R, { R
RF re
. z RC RC
Nhung Rc thuOng I6n honr.nén 1 — —
re re
r r
. ZV e e
Do dé 1 R. 1 R:
R R

F
TrG khang ra Z.:khi d8u vao U, = 0, hinh 1.60 dugc vé& 1ai nhu hinh 1.61. néu bo qua
anh hudng clla r.thi:

Hinh 1.61

Z.=Rd//Rg

Hé 56 khuéch dai dién 4p dugc tinh nhu sau :tai cuc C(hinh 1.60)

L= L+

Véigidtri I,>>I'valr I,

U =-IRc=- ( Ib)RC

UV 2
Thay [,=—taco:

U R,

r

U, r,
Hé s6 khuéch dai dong dién K;:

Aup dung dinh luat kirchhoff cho vong ra .
U, U, U, 0 tuongduong voi:

I, re + (I — )R+ LR=0

Vi I, I,tacol, re+ LRe- [Re+ [LRc=0
Nén I,( r.+ Rp+ Ro)=IVRg

r

N
Thay I, =—tu'I, I, taco:

1

— 1, R, R. IR,
I R 1,

suy ra Ir = " R R

r. rat nhO soi vGi Ry + Re, ¢6 thé bd qua nén:



RF

R, R,
Vél RC >>RF, thi
I R,
B ; RF RC
Vél RC >> RF, thi :

IV RF RC
Atinh huéng cUa ry:

1
Ki:_
IV

=
=

=
S

| R It

EF
1 RIR
r, R, R.r,

e

Zy: tinh chi ti€t s€ c6 két qua Zy=

., 1 A
Thu(‘jng Ry rat 16n nén R_ 0 va néu dieu kién r, 10
F

r, Rgr,
\ RC A
ThuOng e << 1 nén

F

1 r,
Zy 1 R. 1 R, gibng kétqud trudc
r, Rprg R,
2 7. =7Zro//Rc//Rx
VGir, 10Rc
Z. Rc gibng k&t qud trudc
Vi diéu kién chung Rr>> R

Z. Rc

Lt 1, I R,
RF re

ry Il R,
R

Ky
1

F
vi Rp>>re
ry Il R,
K £
v | T IR,

RF

Rc thod man thi :
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1.3.2.7.Mach héi ti€p DC tir cuc C
Sa d6 mach dugc cho trén hinh 1.63, mach c6 dién trd hoi ti€p mOt chi€u d€ ting dO
On dinh, tu C; s& thay dGi ty 1€ dién trG hoi ti€p tU dau ra vé€ dau vao clla mach doi
v@i thanh phan xoay chiéu:
Vi tin hi€u xoay chiéu tu Cs coi nhU ngan mach thanh phan xoay chiét xubng mat.
Do d6 ta c6 s d6 tuong duong nhu hinh 1.64
Hinh 1.63
Tr& khang vao :Zy = R // r.
Trd khéng ra :
Z.=RolI Ry, IIto
Véir, 10Rc:
Z. Rc//Rg
Hinh 1.64
Hé s6 khuéch dai Ky dugc tinh:
DatR=r,// RFz //RCthiU,=- LR
U

U ,
Nhung I, =—nén U,=- —R
r r

U r,//R,. Il R
Do d6 Ky = —~ LR C
U, r

i U R, IR,
VOi To IORC thi :KU = . -
UV re
Hé s6 khuéch dai dong K; dudgc tiinh nhu sau:
7 Ryl, 1, Ry
"R, NI, R, 7

Va v6i dau ra st dung R'=r1¢// R,
R I, I, R

A

. . nén — ,
R R. I, R R,




1.1

r r b

1,’I, R R.R,

1

R R, R.R
R. R, R R,

Do d¢ : Ki

Yy

Vi R thuOng I6n hon r.,nén R, R, R;

i I, R 1, /IR,
L\ =
Vi thé I, R, /IR, R, | R.
r IRy,
1 Z
Hoac K, — K, =
I, R,

1.41.S0 luot cau tao transistor trudng FET
1.4.1.1.Gioi thi€u chung
Khiac v§i transistor 1udng cuc ma dat di€m chl yé€u 1a dong dién trong chiing do cd hai
loai hat dan(dién t(r 16 tr6ng)ta0 nén ,transistor truOng (Field Effect Transistor-FET)
hoati dOng dua trén nguyén 1y hiéu Ung trudng,di€u khi€n d6 dan dién don tinh thé
ban dan nho tic dung cla mOt dién truGng ngoai.Dong dién trong FETchi do mOt loai
dién tich tao nén .Cong nghé ban dan ,vi dién t(f cang ti€n bd ,FETcang t6 rd uu di€m
quang trong trén mat sU If gia cong tin hi€u v&i dO tin cdy cao va mUc tiéu hao ning
lugng cuc bé
HHHH A AS

Su khéc nhau c¢O ban gilta BJT va FETdugc chi ré & hinh 1.66

Transistor hi€u Ung trudng FET gOm c6 hai lo@i chinh

_FET diéu khi€n banh ti€p stic p-n (hay con goi 1a FET m&i n0i don ):junction
FET,viét tat 1a JFET

_FET ¢6 cuc céch dién :Insulated Gate FET viét tat 1a IGFET thong thuong 18p cich
di€n 12 18p oxit nén goi 12 Metal Oxide semiconductor FET(MOSFET hay MOS). Trong
loai transistor truOng c6 cUc clra céch di€n chia 1am hai loaii 1a MOSc6 kénh dan sdn
va MOS c6 kénh cdm Ung

_ M@i loai FET lai dugc chia 1am hai loai, kénh N va kénh P
transistor truOng cé ba phin cuc :cUc nguOn (source)ki hiéu 1a S,cuc c6ng(Gate)k)’/
hiéu 12 G va cuc mang D (drain).
-Cuc nguOn 12 noi da sO cdc hat dan di vao kénh va tao ra dong diién nguon Is
-Cuc méng D la n0Oi cac hat dan da sO di ra khoi kénh
-Cuc clra DIa cuc di€éu khién dong dién chay qua kénh
trasistor truOng c6 nhing Uu di€m ndi bat so vai trasistor Iudng cuc BIT 1a dong dién
qua FET chi do mOt loai hat dan da sO tao nén ,do vy FET I linh kién mOt loai hat
dan.FET c6 trd khang vao rat cao ,ti€ng On trong FET it hon nhiéu so vGi BJT . N6
khong b dién 4p tai viing I = 0 va do d6 né 1 phan t(f ngat dién , FET c¢6 d0 6n dinh
v€ nhiét cao .Tuy nhién né c6 nhugc di€m 1a hé sO khuéch dai thdp hon nhiéu so v&i
BIT
1.4.1.2 c@u tao va dat tinh cla JFET
1 cau tao va ky hiéu
JFET dudgc goi 1a FET c¢6 mOi nOi don , ¢6 hai loai 1a JFET kénh N va JFET kénh P



JFET kénh N ¢6 cdu tao gbm thanh ban dan loai N ,hai du n6i v6i hai day ra goi la
cUc mang D va cuc ngu6n S. Hai bén thanh ban dan loai N 12 hai vung bin da4an loai P
thanh m&i néi p — n nhU diode . hai viing nay n6i v&i nhau goi 1 cUc clra G(hinh 1.67)
JFET kénh P c6 cdu tao tuong tU nhu chdt ban dan ngudgc 1ai vGi JFET kénh N

Ky hi€u cUa JFET nhu hinh 1.68a(kénh N)va 1.68b (kénh P)

HHHHHHH AR AR AR S0

2.Dat tinh

HHHHHHH S0

Xét JFET kénh N ¢6 cuc D ndi véi duong ngudn , S ndi véi Am ngudn nhu hinh 1.69
A. khi cuc G h& (Ugs= Ov):

Liic nay dong dién sé di qua kénh theo chi€u tUr cuc duong cla ngudnvao cuc D vara
3 cuc S d€ trd vé am nguln cla Upp, kénh co tic dung nhu mot dién trG.

Néu ting di€n thé UpstU Ov thi dong I, ting 1én nhanh nhung sau d6 tGi mOt dién thé
gidi hang thi dong I, khdng ting dugc nlta gQi 12 dong di€n bdo hoa Ipgs . Pién thé
Ups ¢6 Inss gOi 1a dién thé ngat Uy (pinch — off)

B. Khi cUc G c6 dién thé 4m (Ugs<Ov) hinh 1.70

Khi cuc G c6 dién thé 4m ndi vao chat ban dan loai P, trong kénh N c6 dong dién
chay qua nén c6 dién thé duong & gilta chat ban dan N sé lam cho m&i nGi P — N bi
phan cuc ngugc 1am dién t{ trong chat ban dan kénh N bi ddy va lam thu hep tiét dién
kénh ,nén dién trd ti€t dién diy dan ting 1én, dong I, gidm xuOng

HHHHEHHH A S 1

Khi ting di€n th€é am & cuc G thi mUc phan cUc ngugc cang 16n 1am dong I, cang gidm
nhO va dén mOt gid tri gidi han thi dong I, gan nhu khdng con . Dién thé nay & cuc G
20i 1a dién thé ngat U,

Hinh 1.71 la dat tuyén cla JFET kénh N d€ chi su thai dGi I, theo Upg Ung vGi tltng
dién thé Ugs 6 cuc G (g0i 12 ho dat tuyén Ip/Ips)

D0i v&i JFET kénh P: JFET kénh P ¢6 mach thi nghiém nhu hinh 1.72 véi ngudn —Upp
cung cap cho Ups , di€n thé€ cung cdp cuc G bay gi0
1a dién thé duong (Ug.Us) JFET kénh P cUng c6 dat tuy€n giOng nhu JFET kénh N
nhUng c6 dong di€n va dién thé ngugc dau

HHHHHHHHAHH S 1, 52

3. Pat tuyén truyén dan

DGi vGi transistor 1udng cuc BIT thi dong dién ra I va dung di€u khién I quan hé
vGi nhau theo hé s :

Ot day 12 hang s6 con Iy 12 bi€n di€u khi€n . MOi quang hé nay dugc bi€u thi 12 mOt
dudng thang

Con d0i vGi JFET , quan hé gilta I va Ugs dugc dat trung bdi cong thlic shockley

Ip= IDSS( 1- UGS/UP)2 R

Cong thUc 1.1 thi Ipss vaUp 1 cdc hang sO ,con Ugs 1a bi€n di€u khi€n . Phuong trinh
1.1 bi€u thi m&i quan hé gilra dong dién I, va dién dp Ugs .DO thi bi€u di€n cla né Ia
mOt dudng c6 dang gan nhu duOng cong parabol, g0i 1 dat tuyén di€u khi€n hay dat
tuy€n truy€én dat . Quan hé nay dugc thé hién bang ham I = f(Ugs) khi dién dp Ups
khong d6i. Ta c6 thé vé dugc dudng dat tuy€n truyén dat nay bang céch suy tUr dat
tuy€n ra (hinh 1.7)hodt vé truc ti€p theo phuong trinh Shockley
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Qua duOng dat tuy€n truyén dat ta thy :khi thay dGi dién 4p trén cUc cOng thi bé day
cUa 18p ti€p xiic P -N s& thay dGi, lam cho ti€t dién cUa kénh cling thay ddi theo .Do
d6 dién tr@ cla kénh thay dGi va cuOng d0 di€n qua kénh cUng thay d6i . Nhu vy
dién ap trén cUc cOng UGS di di€u khi€n dugc dong dién & cuc méang ID

Theo 1y thuy€t , khi Ugs = Up thi b€ rOng cUa kénh gidm gidm sudng 0 va dong dién
vao mang bdo hoa Ipgs = 0 nhung voi linh kién thuc t€ thi c6 mOt s6 dong do van chdy
qua kénh ngay ca’ khi @ di€u kién ngat | Ugsl >IUjl

Dong dién ngugc cuc cOng Igs 1a dong dién chay tU cuc cOng dén cuc ngudn khi cuc
mdng ngan mach véi cuc ngudn trong trudng hdp [Ugsl >IUl

Thong thudng dong Igs bang khodn vai nA d6i véi FET ché tao bang Silic

4. nh{mg m&i quang hé gilra BIT va JFET ( hinh 1.75)
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1.4.2. mosfet

MOSFET dudgc chia lam hai loai 1a MOSFET kénh lién tuc va MOSFET kénh gidn
doan .Mo0i loai kénh lién tuc (kénh dac sén) hay gian doan (cdm Ung) d€u co phan
loai theo chat ban dan 1a kénh N hay kénh P . ta chi sét cic loai MOSFET kénh N va
suy ra cau tao ngudc laj cho kénh P

1.4.2.1 ca@u tao va ky hiéu ctia MOSFET kénh lién tuc

Ngudi ta ché tao sang kénh dan dién gOm hai viing ban dan loai N ¢6 nOng d6 tap
chat cao dugc ndi lién nhau bang mdt kénh dan 1a ban dan loai N ¢6 ndng dd tap
chat thap hon.Cac 10p ban dan nay dugc khuéch tdn trén mOt nén 1a chat ban dan loai
P, phia trén kénh dan dién c6 phu 18p 6 xit cach dién SIO,

Hai diy d&n xuyén qua 1&p céch di€én nGi vio hai viing ban dan N nOng d0 cao g0i 1a
cuc S vaD . Cuc G c6 ti€p stic kim loai bén ngoai 18p 6xit nhung van cich dién véi
kénh dan, thudng cuc S dugc ndi chung vGi nén P
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1.4.2.2. Pat tinh cua MOSFET kénh lién tuc

A khi UGS =0v

TruGng hop nay kénh dan di€n c6 tdc dung nhu mOt di€n trd khi ting di€n dp Ups thi
dong I= ting 1én d€n mOt tri s6 gidi han 1a Ipgs (dong I, bdo hoa ). Pi€n 4p Ups & tri sO
Ipss cUng g0i 1a dién 4p ngat UP gidng JFET

B. khi UGS< Ov

Khi nay cUc G c6 dién thé am nén ddy céc di€n t& G kénh N vao viing nén P lam thu
hep ti€t dién kénh dan dién N va dong I, bi gidm xudng do dién trd kénh dan dién
ting 1én . Khi ting di€n th€ am & cuc G thi dong I, cang nhd va dén tri sO gbi hang thi
dong I, gan nhu khong con , dién thé nay & cuc G g0i 1a dién thé ngatUs

C. khi Ugs > Ov

Khi phan cuc cho cUc G ¢6 dién thé duong thi cdc dién t(r thi€u s& & mién P bj huit
vao viing N nén lam ting ti€t dién kénh , dién tr& kénh bi gidm suOng va dong I, ting
cao hon tri sO bdo hoa . TruOng hgp nay dong I 16n d€ 1am hdng MOSFET nén it s{t
dung

Hinh 1.78 1a dat tuy€n ra Ip/Ups va dat tuy€n truy€n dat I/Ups Ua MOSFET lién tuc
kénh N.
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1.4.2.3.MOSFET lién tuc kénh P (hinh 1.79)
HHHHHHHHAHH S S
1.4.2.4.ky hi€u va cau tao clla MOSFET kénh gian doan (cam Ung)
Hinh 1.80 gudi thi€u cau tao clla MOSFET kénh giang doan ,hinh 1.81 l1a ky hi€u cla
ching .
HHAHH S 6
Trong MOSFET gi4n doan thi hai viing ban danloai N pha nOng d6 cao khong dinh lién
nhau nén g0i 1a kénh gidng doan ,mat bénh kénh dan dién clng dugc phl mdt 16p 6
xit cach dién SIO,.Hai ddy dan xuyén qua 18p cich dién ndi vao viing ban dan N goi 1a
cuUc S va gD . cuc G c6 ti€p xiic kim loai bén ngoai 18p 6 xit va cach di€n d6i véi cuc
DvasS
1.4.2.5. Pat tinh cila MOSFET kénh gian doan ( hinh 2.82)
Do cau tao kénh bi gidng doan nén binh thuOng khong c6 dong di€n qua kénh ,I, = 0 va
dién trG gilra D va S rat 16n
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Khi phan cuc cho G ¢6 Ugs > Ov thi dién tich dudng & cuc G sé hiit céc di€n t cla
nén P v€ phia gilta hai viing ban dan N va khi luc hit dU 16n thi sO dién t( bi hiit
nhi€u hon dU d€ ndi lién hai viing ban dan N va khi 1uc hit dU 16n thi s6 dién t& b
hit nhi€u hon dU d€ noi lién hai viing ban dan N va kénh dugc lién tuc . Khi d6 c6
dong dién I, di tU D sang S , di€n th€ phan cuc cho cUc G cang ting thi dong I cang
16n. Pién thé Ugs dU 16n d€ tao thanh kénh dan dién goi 1a dién thé ngudng Ugs rhay
U . khi Ugs <Ur thi dong cUc méng Ip = OmA hay khong ¢6 dong di€n chay qua kénh
(kénh dan chua dugc tao thanh )
Pat tuy€n ra va dit tuyén truyén dat cla MOSFET gidng doan kénh N dugc bi€u thi &
hinh 1.83, khi Ugs > U thi dong I, va Ugs quan hé véi nhau theo cong thlc
Ip = K(UGS - Ur ) g
DAy chinh 14 phuong trinh cUa dat tuyén truyén dat & hinh 1.82b
Hé 506 K 12 mOt hang s6 , né dugc sat dinh nhd cdc gia tri I, vaUgs tuong Ung trén dac
tuyén ra (Ung véi mOi mot di€m bat ky trén dic tuy€n ra ta c6 mOt cdp(Ip,Ugs)tuong
(g 20i 12 Toyen V2 Ugsion khi d6
ID(on)

(UGS(on) UT)?
Vi du & hinh 1.82b v&i I = 10mA khi Ugsen = 8V
K = (10mA)/(8v-2v)* = 0.287A/V?
I =0,278.10%(Ugs — 2v)’mA
1.4.2.6. MOSFET giang doan kénh P(hinh 1.83)
Tuong tU nhu MOSFET gidng doan kénh N, hinh 1.83a- md ta cau tao ,b — dat tuyén
truy€n dat va c — dat tuy€n ra cla MOSFET gi4n doan kénh P
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1.23. Cac cich m@c co ban cua transistor

Transistor ¢6 ba cuc (E,B,C),n€u dua nin hi€u vao trén hai cUc va 18y tin hiéu ra trén
hai cuc thi phai c6 mOt cuc 1a cuc chung. Do vay ,d0i vdi transistor c6 ba cach mat co
ban :Base chung , emitter chung ,collector chung.

1.2.3.1. Base chung (CB — common Base)

SO d6 cich mat CB dugc minh hoa trén hinh 1.9

HHHHHHHHHHEHEHHHHHH A1

Trén hinh v& chi€u miii tén chi chi€u cla dong dién trén cic cuc cla trasistor. D&
thdy ro quan hé gir 3 cuc cla transistor trong cdch mat Cg ngUdi ta dung hai dac
tuy€n: dac tuy€n vio va dac tuy€n ra . Pdc tuy€n vao( hinh 1.10a) md ta quang hé
gilra dong vao Ig v&i dién 4p dau vao Ugg Ung vGi céc gid tri dién 4p khic nhau cla
dién 4p ra Ucy

HHHHH R R | |

Pat tuy€n ra(hinh 1.10b)mo td quan hé gilra dong Ic v&i dién dp Ucg, Ung vai cac gid
tri khac nhau cUa dong dién Iz . Trén dat tuy€n nay dudc chia thanh 3 viing :vling tich
cUc ,viing cac va viing bdo hoa .

HHHHH AR ]
Viing tich cuc dugc dung d€ khuéch dai tin hi€u (nén con dugc goi la viing khuéch
dai). Trong viing tich cUc chuyén ti€p emitter dUgc phan cuc thudn , chuyén ti€p
collector phan cUc ngudc .0 phén thap nhat cla viing tich cUc (dudng I = 0) dong Ic
12 dong bdo hoa ngugc Ico, dong Ico rdt nhd (c@ A) va thuOng dugc ki hiéu thay cho
Icpo (hinh 1.11)
Khi transistor hoat dOng trong viing tich cUc c¢6 quan hé gan ding Iz = Ic
Viing cat 1a viing ¢6 dong Ic = 0. Trong viing cat chuyén ti€p emetter va collector déu
phan cUc nguQc
Ving bdo hoa 1 viing & bén trdi dudng Ucg = 0 trén dat tuy€n ra. Trong viing bdo hoa
chuyén ti€p emitter va colletor phan cUc thudn .
+ Hé s6
Trong ch& d0 mot chiéu , d€ danh gid mUrc hao hut dong khuéch tin trong mién Base,
ngUQi ta dinh nghia hé s0 truyén dat dong dién pc

IC

1

dc= £



Vi Ic g 1a dong dién tai di€m lam viéc. Theo dat tuyén ra hinh 1.10bthi =1,
nhung thuc t€  thudng trong khodn 0,9 = 0,998
Trong ché dd xoay chi€u, khi di€ém lam viét thay d6i trén dat tuyén ra , hé sO  xoay
chiéu dugc dinh nghia :
IC

ac = IE
Hé sO .. con goi 1a hé s6 Base chung , hé sO ngdn mach,hay hé s6 khuéch dai.
Thong thuOng, gid tri 4= .
1.2.3.2. Emitter chung (CE — common Emitter)
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S0 dd cdch mac Cy dugc cho trén hinh 1.12
Trong cich mat Cg, dac tuyén ra Ia quang hé gilra dong ra I va dién 4p ra UCE, Ung
vGi khodn gi4 tri cUa dong vao IB. DOAc tuy€n vao 1 quan hé gilta dong vao IB va
dién 4p vao UBE, Ung v3i khodng gia tri cla di€én 4p ra UCE
Chd y rang trén hinh 1.13, d6 16n cUa IB c¢@ uA, con d0 16n IC c& mA. Ving tich cuc
cUa cich mat CE 1a mién & bén phdi cUa dudng nét dt Uy, va phia trén dudng IB =
0

HHHHHHHARHHHH A S

Ving phia trdi du0ng Uce, 12 viing bdo hoa. Viing cat 1a viing phia dudi dudng 1B = 0.
trong vung tich cUc chuyén ti€p emitter phan cUc thudn, chuyén ti€p collector phin cuc
ngUdc, viing nay dugc dung d€ khuéch dai dién 4p , dong di€n hodt cong sudt .

Theo dat tuy€n ra hinh 1.13b khilB = 0 thi dong IC # 0. di€u nay dudc gidi thich nhu
sau:

Taco IC

1.2.4. nguyén tac khué€ch dai cQa transistor
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xét sO d6 CB nhu hinh 1.15
Theo dat tuy€n vao va dat tuy€n ra cla CB ta c6 thé riit ra nhan xét ; di€n trd vao cla
cdch mat CB rat nh® (khodn 10 + 1M )
Trong sO d0 hinh 1.15 ta chon transistor ¢6 dién tr& vao RV =20 , dién tré ra Rr =
100k
Dong di€n vao
U, 200mV

R 20

Gia st aac = 1(Ie = IC) thi IV = Ir = 10mA

10mA




Khi d6 dién 4p ra sé la:
U, =L.R. =10.10=100(V)
Vay hé s0 khuéch dai dién dp :

U0
U 200V

v

Nhu vy, nguyén tat khuéch dai ¢ day chinh 1a viéc truyén dat dong dién tlr mach
dién trG thap sang sang mach dién tr& cao. Chinh vi vay, transistor 1a tUr ghép tU hai tUr
ti€ng anh :transfer(truyén dat)va resistor(dién trg)
1.2.5. C4c tham s0 gié han
d0i vdi transistor c6 viing lam vi€c trén ddc tuy€n ra. N€u transistor hoat dOng trong
viing nay s€ c6 ty 1& tin hi€u ra trén tin hi€u vao 12 1én nhat v4i d0 méo nhod nhat .
viing nay s€ bi gidi han bdi mOt vai tham sO nhu :dong IC 16n nhat ICmax , Di€n 4p
UCE 16n nhat UCEmax (d0i v&i cdch mat CE)
Vi transistor c6 ddc tuy€n ra nhu hinh 1.16 :ICmax = 50mA, UCEmax = 20V
Puong UCEbh trén d8dc tuyén la gid tri nhd nhat cla UCE, thong thudng UCEbh =
0.3V
Cong xudt tiéu hao 16n nhat dugc dinh nghia :
Pemax + Uce.Ic
Vi transistor cho trén hinh 1.16thi PCmax = 300mW
Ta c6 th€ v& dudng cong cdng sudt trén dat tuy€n ra bang cdch chon mdt vai di€m
thod mang UCE.IC = 300mW
Vidu, chon IC = [Cmax = 50mA suy ra UCE = 6V. chon UCE = UCEmax = 20V, suy
ra IC = 15mA. N€u chon IC ndm gil hai khodng trén , IC = 25mA thi UCE = 12 V. véi
3 di€m trén ta c6 thé vé dugc dudng cong cdng sudt ( c6 thé€ 18y thém cac di€m khac )
Nhu vay , viing hoat d0ng cUa transistor bi giGi hang bai cic tham sO :
ICEO 1IC ICmax
UCEbh UCE  UCEmax
UCE.IC  Pcmax
Chi ¥ : d6i vGi cach mac CB thi Pepy = Ucg.Ic
HHHH A 16
1.2.6. phan cuc cho transistor luéng cuc - BJT
11.2.6.1. giGi thiéu
d€ transistor Iudng cuc hoat dOng ta phdi phan cuc cho né , nghia 1a dua mot dién dp
mOt chiu tU bén ngoai vao chuyén ti€p emitter va collector v&i gid tri va cUc tinh phu
hgp. Di€n d4p mOt chi€u nay sé thi€t 1ap ch€ dd mot chi€u cho transistor. Khi phan
cuc néu :
Chuyén ti€p emitter phan cUc thudn, chuy€n ti€p collector phan cUc ngUgc transistor
s& hoa dOng trong ving tich cuc. Khi tinh todn ché d6 mot chi€u trong viing ny ta
thudng st dung cdc cong thUc :

UBE =0.7V

[E=( +DIB IC

IC= Iz



Chuyén ti€p emitter phin cUc ngUdc, transistor s& 1am viét trong viing cat.
Chuy€n ti€p emitter va collector d€u phan cUc thudn , transistor s€ lam viét trong viing
bdo hoa .
Chi ¥ rang, d€ transistor khu€ch dai tin hiéu phai phan cuc cho né hoat ddng & viing
tich cuc.
Piém lam viét tinh
Khi phan cUc cho transistor, dong di€n va di€én ap mOt chi€u sé thiét 1ap cho transistor
mOt di€m lam viét cO dinh trén dac tuyén ra, di€m nay goi 1a di€m lam viéc tinh(con
g0i 1a di€m cong tic tinh va thuOng ky hi€ula d7i€ém Q). PE transistor khuéch dai
dugc tin hiéu, di€ém lam viét tinh Q phdi nam trong ving tich cuc, n€u chon dugc
di€m Q thich hop thi bién d0 tin hi€u ra c6 th€ 16n ma khdng bi méo (thudng 1a gilra
dac tuyénra)
1.2.6.2.Phén cuc cd dinh

SO d6 mach phan cuc ¢ dinh dugc cho trén hinh 1.17

Vi transistor pnp, sO d0 , cdc cong thlc va céch tinh hoan toan tuong tu , bang

cach thay d6i chi€u dong dién va cuc cla dién 4p cung cap .

S s s

PE phan tich ché d0 mO chi€u ta c6 thé bo cac tu dién va s dung s d0 tuong

duong hinh 1.17b

+Xet vong Base — emitter (hinh 1.18)

Vi€t dinh ludt kirchhoffcho vong dién 4p ta dugc :

Ucc—IgRp - Uge =0

o U Uy

RB

HHHHHHH 1S

Theo cong thic trén , dién dp Ucc, Ugg ludn khong d6i, vi thé gid tri R s€ quyét

dinh gi4 tri dong di€n I, va dong Iy nay s& khong ddi(vi vay nén goi la phan cuc cO

dinh ).

+ Xét dong collector — emitter (hinh1.19)

Gi4 tri dong I chay qua dién tr@ Rc dugc tinh theo cong thltc

Ic= I

Chu ¥ rang , dong Iy phu thudc vao gid tri R, ma Ic t¥ 1& véi I theo mOt hang sO

, vi vay gid tri cUa Ic khong phu thuQc vao dién trG Re. Khi thay dGi Rc dong I va

I khong d6i. tuy vay ta s€ thay gid tri Rcquyét dinh gid tri Ucg ma Ugg 12 mOt tham

sO rat quang trong .

Aup dung dinh luat Kirchhoff cho vong collector — emitter(hinh 1.19)ta c6:

Ucg + IcRc— Ucec =0

UCE = UCC - ICRC

Tacod :Ucg=U=- Ug

V&i Ue,Uglan luot 1a dién thé cla cdc cUc collector va emitter
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Vidu 1.1



Cho mach di€n nhu hinh 1.20 Hay tinh cdc gid tri cla ché d6 mOt chiéu

IB,IC,UCE,UC,UBE.

e (Y

Giai

U Uy 12V 07V
R, 240k

Ice= Ig=50.47,8 A=2,35mA

Ucg = Uce — Ic.Rc = 6,83V

U =Ug=0,7V

Uc =Ucg= 6,83

Upc=Ug-Uc=0,7-6,83 =-6,13V

Trong truOng hop ndy :Ug = Ov, nén Ucg = Uc

Ngoaira, Ucg + Ug — Ug suy ra Ugg = Up

+ Puodng tadi tinh

Puong tai tinh 12 duOng quan hé gilra dong di€n va dién 4p ra trong ch& d0 mOt
chiéu . PuGng tai tinh dugc vé trén ddc tuy€n ra, di€m lam viéc tinh Q s& nam
trén dUOng nay

P6i v& so d6 mach nhu hinh 1.19, quan hé gita dong di€n ra IC va dién 4p ra U
khi ¢6 tai R¢:

Uce = Ucc — Ie.Re

Phuong trinh trén chinh 12 phuong trinh dudng tai tinh. DE vé& dudng tai tinh ta

1 47,08 F

B

can sét dinh hai di€m:Pi€m th( nhat ta cho Ucg = 0 suy ra I = % , di€m th( hai
C

ta cho Ic = 0 suy ra Ugg=Ucc vOi hai di€m nay ta vé& dugc dudng tai tinh nhu hinh

1.21
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Néu thay dGi gi4 tri dién tr& Ry s€ 1am cho Iy thay d6i, khi d6 duGng tdi tinh khong

d0i, nhung di€m lam viét tinh Qsé dich 1én hodt xubng (hinh 1.21)

Khi gilt nguyén gi4 tri Rc va thay d6i nguOn Ucc thi duOng tdi tinh sé& dich chuyén

nhU hinh 1.22a

Trong truOng hgp thay dbi gi4 tri dién tr& Rc va gilt nguyén ngubn Ucc s€ 1am

duong tai tinh thay d6i nhu hinh 1.24b
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vi du 1.2 cho mach phan cuc c¢6 dinh c6 dudng tdi tinh va di€m lam viéc tinh Q

nhU hinh 1.23. hay tinh céc gia tri UCC, RB,RC

Giai

HHH R R R R R D |
TU hinh 1.23 ta ¢6 .

TailIC=0

UCE =UCC =15V

Tai UCE =0

Ic

6mA

Ucc
RC



DV sk

€ Ucc
. 6mA

14y UBE = 0,7V, ta c6

RB

U, U, 15V 07V
I, 3 F
+ Transistor bao hoa

Theo dac tuyén cUa transistor, khi transistor bdo hoa thi Uz OV do dé dong dién
collector bao hoa I, s€ 1a dong Ien., va dUQc tinh theo cong thuec :

4, 7TM

Ln= [Cmax = —<
bh max RC

Mach phén cuc On dinh cuc emitter

Mach phan cuc 6n dinh cuc emitter nhu hinh 1.24 dién tr& Ry dugc mat thém dé
ting dO 6n dinh hon so voi mach phan cuc co dinh (di€u nay). TruGt hét xét vong
emitter — collector.
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+ vong base — collector (hinh 1.25)

Theo dinh luat kirchhoff ta c6 phuong trinh

+Ucc — IgRg — Upg — [gkRg =0

Taddbiét [r=( +1) 1z

Thay vao phuOng trinh ta c6 :

+Uc — IgRg — Upg — ( +1)[zgRg =0

Rut I ta dugc :
Ucc UBE
[= — "
R ( DR,
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V@i cong thic trén ta c6 th€ vé& mdt mach ndi ti€p nhu hinh 1.26

Trong truGng hgp nay, dién 4p UEB tU base d€n emitter dugc dién trd RE phan
hOi trG vé dau vao vi hé sO ( +1). Né6i cach khéc dién trd cuc E 12 linh kién trong
viing emitter — collector xudt hién véi Ri = ( +1)Retrong vong base — colletor .

+ Vong emitter — collector (hinh 1.27)

Theo dinh luat kirchhoff ta c6 k€t qua :

IERE + UCE + ICRC -UCC =0

Thay th€ IE  IC va nhém céc sO hang ta c6 :

UCE = UCC - IC(RC +RE)

Pién 4p UE dudc x4c dinh bang :

UE = IERE

SR R R A D

Trong khi dién dp tur cuc C tGi mat 12 :

Uc=Uc + Ug

Hodt :Uc= Ucc — IcRc

Dién 4p tai cuc B ¢6 thé xdc dinh tir :Ug — IzRp hodt U = Ugg + Ug

Vi du 1.3 v&i mach phan cuc emitter 1.28 xdc dinh:UCE,UBE,UB,UE,UC, IB,IE



T 3
gidi

U, U, 20V 07V
R, (DRE 430k S5lk

IC= IB=(50).(40,1 A)=2,0ImA

UCE = UCC - IC(RC + RE)

=20V - (2,0lmA)2k +1K )=13,97V

Uc = Uce - IeRe = 20V — (2,01mA)(2K ) = 20V — 4,02V = 15,98V

UE = UC — UCE = 15,98V — 13,97V = 2,01V hodt ta c6 th& tinh theo cong thic:
Us = Uce— IcRe = (2.01mA)(IK ) =2,01V

UB =UBE + UE=0,7V + 2,01V = 1,71V

UBE=UB-UC = 2,71V — 15,98 = 13,27V

IB

40,1 F

+ MUrc bao hoa

mUc bdo hoa cuc C hodt dong cuc C cUc dai véi mach phan cUc emitter c6 th€ x4c

dinh tuong tU nhu mach phan cuc cO dinh :

_Yec

RC RE

+ Pulng tai tinh x4c dinh giOng phuong phép x4c dinh dudng tdi tinh & muc

1.2.6.2

1.2.6.3. mach phan ap

Trong cdc mach phan cUc trudc, sU phan cuc dong di€n I va di€n dp Ucgg 12 mOt

ham s6 cUa hé s6 khi€ch dai dong di€n ( ). Trong khi d6, 14 nhai cAdmvai nhiét

d0,dat biét 1a chat silicon, gid tri thuc t€ clla  thudng khong dudc xic dinh chinh

x4c . Vi thé xdy dung dugc mOt mach phan cuc ma it phu thuQc, hodt doc 1ap vGi
1a vd cting quang trong. VGi s@ d0 clla mach phan 4p nhu hinh 1.29, néu chon

dugc cdc tham s6 clia mach hoan ho thi dong dién Icq va di€n dp Ucggcé thé hoan

toan dbc 1ap véi

Hinh 1.29

+ Tinh todn cac tham sO trong mach

Pau vao cla so d0 hinh 1.29 c¢6 thé vé 1ai nhu hinh 1.30

SU dung dinh ly Tthevenin ta c¢6 thé tinh dugc dong Iz nhu sau:

Ngan mach ngudn cdp Ucc(hintBlaytac 6:

R4 =Ri/R,

NguOn tuong duong Utd(hink31b):

R,Ucc

Rl R2

chh = ICmax =

Uqs=UR, =

Hinh 1.31
TU sG dO tuong duong thevenen (hinh 1.32)
Uy —Ig.Rra — Ugg —Ie.Rg =0



|B = Uzﬁ UBE
R, ( DR,
Hinh 1.32
V6l ta coltheat fidnh RG6E | C, togiotkaa fanh fodic UCE theo coag thoa
Uce =Ucc Ic(Rc +RE)
+ Phaa tich gaa fiung
Naé& vag cué math phaé ap cotthediodt vedhd hinh 1.33.trédkhatig gi6é base vag
emitter laRi =( +1)Rg. Ned& Ri>>R,; thi domg Iz <<, khi fiod, | vadg O.
Do fiou
Ug = R,Ucc
Rl R2
ViR, =( H1)Re R khi phaa tich gaa fiung Re phalithoalimatg fiea kiea :
Re 10R,
Niea ap vaalogg fiieé cot E ROOE tinh :
Ue =Up - Ugele =£|co le
RE
Toghoy Niead ap Uce NOOE tinh nho sau :
Uce =Ucc - IcRc - IeRE
UcEq =Ucc - Ic(RcHRe)
Vélicath tinh nho tred, rodang | cq vadJcEq hoam toag fiod lap vol .
1.2.6.4. Maih phaa cot hoidtie p ain fiiea ap
Maich phaé c6t hoidiep aén fiea ap co trea hinh 1.35 . motindoag hoatiep toadt C ve
cOt B lagn cho maith fiat AOOE soiod ftnh fiatig kedTuy nhiea fiiedn lagn vietiQ(ROGE
xat ficnh bdill .q vad) Eq ) khoag hoaa toag fioé lap vol , nhdng oa fianh hon so voll
math phaé cot codidnh hoa€phaa cot emitter.
Hinh 1.35
+Vomg base - emitter (hinh 1.36)
Theo fah luakkirchhoff ta cotkequalsau :
Ucc- 1. 1cRc - 18Rg = Uge [eERe =0
Ma€khat: /., =lc Hg. tuy nhiea, dogg |c vagr,. quaddn so vgolls nea . Ic. Thay
theds. Ic Ig vade |c sed@olkebqualiag
Ucc- IsRc-18Rg - Uge - IgRg =0
Rutigon ta cou
Ucc - Uge- Is(Rc +Rg) - 1gRg =0
Vag dogg I |ag
IB = Uce Uge
R (R Ry)
Ketiqualrea cho ta thag phat hoacua fiea trolR ¢ trodai Raa vag, tddng RGONG vOUSHI
phat hoacué Re




GHEP TAN KHUECH DAI
M6t bO khuéch dai thudng gbm nhiéu tan khuéch dai mac lién ti€p nhu hinh 2.1 vi
thong thuOng mot tan khuéch day khong ddm bdo dU hé s khuéch dai can thiét
,trong sG dO nay tin hi€u ra cUa tan trudc va tin hi€u vao cla tan sau .
$ESTFSTFSFFSFFHFSTFSFSEFSF55$5517
Theo hinh 2.1 Hé s6 khuéch dai cUa toan mach 1a :
Uy U, U, Uy

‘v, U, U, U,
Tinh theo don vi dB ta c6 :
Ky (dB) = Kui(dB) + Kya(dB) + ... + Kn(dB)
DE thuc hién viéc ghép gilra cic tan ngUdi ta c6 th€ dung tu di€n , bi€n 4p hodt truc
tiép ...
2.1. MACH KHUECH PAI GHEP RC
Hinh 2.2 mach khuéch dai gdm 2 tan ghép vGi nhau bang RC .
Hé s6 khuéch dai dién 4p & m&i tan :

R.I/R,

r

Tr& khéng vao cla mach

Z,=R,//R, /] .
$$FFFFFTTSSSFFFFFFTTSSSSSFFSFFSSS$$$$$118

Trd khang ra cUa mach

Z.=Rc /1o

Vidul:

Tinh hé s6 khuéch dai dién 4p ,dién 4p ra ,tré khang vao va trd khang ra cla mach
khuéch dai ghép tan bang RC (hinh 2.3). Biét dién tré tdi R, = 10K
$$FFFFFFTSSSSFFFSFFTSS$$$$$$$S$$$118

Gidi

Céc gia tri phan cuc (ché d6 DC ) tinh dugc 1a

Up=4.7V

Ug =4V

Uc=11V

Iz =4mA

K .K,.K,

K,

26 26
Tac6r, — — 65
I, 4
Hé s0 khuéch dai dién 4p G tan 1 :
R. I R T,
re

22k /I15k 1147k 11 200 6.5
6.5

102.3

K

U

665.2k

6.5
Hé s6 khuéch dai & tan 2



R .
k,, R 2 33546

r 6.5

Hé s6 khuéch dai dién 4p cla cd mach

Ku = Ky Ky, = (-102.3) (-338.46) = 34,624

DPién dp ra

U, =Ky Uy =(34.624) (25 V) =0.866V

Trd khéng vao

ZV =R1//R2// re=4.7k [/15k [/ (200)(6.5 )=953.6

Trd khang ra
Z.=Rc =22k
Néu & dau ra mac v4i 1 dién trd 10kQ thi dién 4p trén tdi la :
R
LU 10k 0.866V  0.71V

U, U,

Z. R, 22k 10k
2.2. MACH KHUECH DAI GHEP BIEN AP
Mach khuéch dai ghép RC c6 mdt s6 nhuge di€m 12 :tu ghép lién tan lam suy gidm
bién d6 tin hi€u G ving tan sO thap , dién trd tdi lam tiéu hao cong suat AC va Dién
gidm hiéu sudt mach va khé phOi hgp trd khang gilta céc tan g ... Do vay loai mach
ghép RC chi dugc st dung d€ khuéch dai tin hiéu nho .
Mach khuéch dai ghep bié€n 4p tuy c6 mOt vay y€u di€m nhu :1am glam bién do tin
hiéu & Vung tan sO rat cao do tu tap tdn gan cdc vong day bi€n 4p ,t6n hao & 16i sat
va hoi cOng kénh . Song né c6 mOt sO Uu di€m ma mach ghép RC khong thé c6
dugc ,d6 1a hoan toan cach dién DC gilta cac tan . NOi trd cUa vong diy dOng rat nhod
(khodn vay Q) nén tiéu hao cong sudt mOt chi€u nhd ,lam ting hi€u sudt mach . Viéc
phOi hgp trd khang gilra cc tang luén dugc dip Ung d€ dang d€ gdm méo va ting
cong sudt ra cUc dai , nhO Uu di€m nay nén mach ghép bi€n dp c6 thé vira dung 1am
mach khuéch dai tin hi€u nho ,nhat 13 d€ khuéch dai cong sudt .
Mach khuéch hai tan ghép bi€n dp dugc md ta nhu hinh 2.4 :
$FFFHHFFFFSSFFFFSSFFFFSS$$$$$$$$$$$5120
TU mach twong duong b ta c6

N
U, VZUV 4U,

1
U2 ZL
U, r.
2.3. MACH KHUECH DAI GHEP TRUC TIEP
Mach khuéch dai ghép truc ti€p (khong c6 tu ghép) nén khong c6 tOn hao dién dp G
tan sO thdp do tu ghép . Céc tang khong bi gin cich ngudn DC nén dnh hudng 1an
nhau rd rét tU vi€c tinh toan d€n vi€c thay thé transistor va su thay d0i nhiét d0 moi
truOng .
Do vay can ¢6 mach 6n dinh ché d6 1am viéc va 6n nhiét bang hoi ti€p am emitter
hodt tr ddu ra vao ddu vao . Néu nhu diing 3 tan trd 1én thi dé gy tu kich , thong
thudng 12 mac thém tu c6 gid tri hang chuc pF & hai cuc C — B cUa transitor .loai mach
nay c6 d6 khué€ch dai khong 16n .

KUI



MOt mach khuéch dai ghép truc ti€p nhu vi du su (hinh 2.5)
$$$$$5555555555$$$$$$$$$$$$$$$$$$$121

Xdc dinh phan cuc DC

V&i T, : TU dién 4p ddura U, =8V, tacé

12 8
I(O.Sk )= W SmA

Nhuvay : I,  Ig=5mA

VaUg =0GmA) (1.1k )=5.5V

TU Upp= 0.7V, tacé :Ug, = U =5.5+ 0.7 =6.2V
Aup dung quan hé Io,= Iy, ta cé

I A
1, ez Si 50 A
, 100
Véi T,
12 6.2
I, 1.93mA
Ta thay

Ik ) >Ip2,nén

IC1 I y=1.93mA va:Ig =1.93mA

Vay UEI =(1.93mA)(1.2k )=2.32V

VaUg;=Ug + Ugg =2.32 + 0.7 =3.02V

Xéc dinh gid tri AC

Tr@ khang vao mdi tang 18p emitter gdn bang Rg nénta c6 :
ZV1= 1RE1 =40(1.2k )=48k

ZV2= 21RE2=100(1.1k )= 110k

R, R,/ R, 3k/110K 3K

KUI
Ry, R, 1.2K 1.2K
R R :
K,, -2 2 98K 5073
R, R, LIK
Ky = Kui Kuz = (-2.5) (-0.7273) = 1.818
K| |K.|[z,, /Z| 1818 48k 49 08
0.8k
k,| |K,|/k| 1818 109.08 1983

2.4. MACH KHUECH DAI CASCODE

Pac diém cla mach khuéch dai Cascode 1a dung hai tang khuéch dai mac ndi ti€p
(hinh 2.6) Tang th( hai mac ki€u BC d€ ting tan sO cat, gidm tap nhi€u (vi ndi vao
cUa tan th( nhat mac ki€u EC nho nén hé s6 khuéch dai clia tan nay nho ) gidm
thi€u hiéu Ung Mille & tan sO cao .Tang th( nhat mac ki€u EC , 1am viéc & dién 4p
th&p hé s6 khuéch dai dién dp nho (clng nham gidm thiéU hiéu Ung miller & tan s6
cao ). Song hé s6 khu€ch dai di€n 4p toan mach 1ai 16n (khodn vay trim 1an )

Ta c6 thé dung vi dU tinh todn cho mach Cascode thuc tt€ & hinh:



$SFFFFFISSSHFFFFFFFISSSHFFFF$ 55555123
Gidi
Tinh cic thong s6 DC
I, Ig hodtle, Ig
TU = ztacézlﬁ la
5 1

Dong IB1 ré qua mach RE ma né dugc maic song song v&i RB3 = 4,7k
Vi RE=100(1k )=100k ,c6 gi tri 1én hon Rg; nhi€u 1an nén c6 th€ bd qua hiéu
Ung I, 1én mach Rg. TU cdch tinh gn ding c6 thé coi Iy, Iy,
Aup phan cuc

Ry, U 4.7k 18 84.6
R,; R, R, 47k 5.6k 6.8k 17.1

U, U, Ug 497 07

hoatls, Iy

Up 495V

val 4.25mA
At R, R, 1k

Dién trG ti€p gidp BE cla T1 1a:

U 26mV.- 26mV 6.12

I, 425mA
TUlg Ip,tacdre= 6.12

Tinh céc thong s6 AC:
U R

KU] rl _ L
Uy, T

Tai cla T1 12 trG vao cla T2 tlc 12 trd ti€p gidp Es cUand , nén R, =1,

A re A o 7 . 2 A .2 « A ’ .
Vay K, = : 1 (hé s6 khuéch dai nhd nén gidm dugc hi€u Ung miler)
el

K, S B L8 g4
R 6.12

vay K, % K, K,, 12941 294.1

V1
2.5. MACH KHUECH DAI DALINGTON
Mach khuéch dai Dalington ki€u cO bdn dugc mé ta & hinh 2.8 . Pac di€ém cla né 1a :
dién trd vao 16n dién trd ra nho ,hé s6 khu€ch dai dong 16n ,hé sO khuéch dai dién
dp 1 trén tai emitter .
Céch phan cuc cla mach nay gidng nhu mOt tang 1ap emtter dung hoi ti€p dong dién
cUa emitter ,chi y rag dong emitter cUa tang th( nhat chinh 1a dong Bazd cla tang th(t
hai .
Hai trasistor s€ tuOng duong véi 1 transisorc6 p= . ,va Ug= 1.6V, khi d6 dong
cuUc gbc dugc tinh :
$$$FFFFTTSSSS$FFFFFTTS$$$$$$$$$$8125



Yee Upe

RB DRE

Do pratlénnén:

L=( p+1)IB  D.I;

Dién dp phan cuc 1a :

Ug = IgRg

Up=Ug+ Rge

Vi du 2:Tinh dién 4p va dong dién phan cuc & hinh 2.9
Gidi

1

B

18V 1.6V
2 33M  8000.390

I, 8000256 A 2048mA 8V

U, 20.48mA 390 I,

UB 8V 1.6V 9.6V

Véi: Uc= 18V

AMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM A

Mach tuong duong xoay chiéu

Mobit mach Darlington 18p emitter nhu hinh 2.10 . Tin hi€u dugc dua vao qua tu C, ,tin
hiéu V. qua tu C,

Mach tuongduong nhu hinh 2.11

Tinh tr& khang vao AC

256 A

r

. \ u, U
Dong bazO chay quala [, ——

$$FFFFFFTSS$SFF$$$F$$$$$$$$$$5$126
Vi

Ul‘ IB DI RE

Igry = Uy — U, = Uy - Ig( I+ p)RE

Uy, Iyr, 1 L, Ry Iyn R
Trd khdng vao nhin tU bazd cUa transistor :

E

TR& khang vao clla mach :
Z, Ryllr, »Re
Hé s06 khuéch dai dong
Dong dién ra trén Re.
L=1 + pRe=(p+1)Is pls
. 1L
VGi D
B
Hé s6 khuéch dai dong clla mach Ia :

~N



i D

DRE RB DRE RB
Trd khéng ra AC :hinh 2.12a,b
$ESTFSFFEFFSFSFTFSFSFFSFSSFSEFS$58$55127

Tacé:

, uv,u, U U U L1
g RE rv o RE rV rV RE rV

$HETFFFFFFSSSFETFFFFFSSSSST$55$$$$5127
Mac khéc :
U 1

r

& I. 1/R, l/r, ,/rn,
Hé s6 khuéch dai dién 4p :
MMM )
Ur =g+ bplg) Re =Is(Rg + pRe)

UV = IBI‘V + (IB + DIB) RE

Tacé:
UV =1B(rv+RE + DIV)
U
U, v .R, LR,
rV RE DRE
K Ur RE DRE 1

U r R; o Ry
KHUECH PAI CONG SUAT
3.1. PINH NGHIA - PHAN LOAI
3.1.1. Pinh nghia

Céc mach khuéch dai da nghién cltu & chuong trudc , tin hiéu ra ¢ cdc mach d6 con
nho . PE tin hiéu ra dU 16n d4p Ung yéu cdu céc phu tdi,vi du :cho loa (radio — casttset)
:cho cdc cun l4i tia (tivi) v.v... ta phdi dung d€n mach khuéch dai cong sudt .PE tin
hi€u ra c6 cong sudt 16n va chat lugng ddp Ung nhiing yéu cau cla tdi nhu d0 méo phi
tuy€n ,hiéu sudt cic mach vi thé€ mach cong sudt phdi dugc nghién clu khic vGi

mach khuéch dai trude do.

Vay khuéch dai cong sudt 1a tang khu€ch dai culi cing cla bd khuéch dai , c6 tin
hi€u vao 16n . N6 c6 nhiém vu cho ra tai mOt cong sudt 16n nhat c6 thé dugc , vdi a6

méo cho phép va ddm bdo hi€u sudt cao .

Do khuéch dai tin hi€u 16n , Transistor 1am viéc trong mi€n khong tuy€n tinh nén
khong th€ ding so d6 tuong duong tin hi€u nhd nghién c(fu ma phdi ding do thij .

3.1.2. Phan loai



Tang khu€ch dai cong sudt c6 thé lam viéce & cic ché d6 A,B ,AB va C,D tuy thulc
vao céc ch€ d0 cong tac cla trasistor .

Ché d6 A : La ché d6 khi€ch dai ca tin hi€u hinh sin vao . ch€ d6 nay c6 hiu suat
thap (vGi tai dién tré dudi 25%) nhung méo phi tuy€n nho nhat,nén dugc diing trong
truOng hgp dac biét (hin 3.1a)

Chhé d0 B : 1a ché d0 khuéuich dai n(ra hinh sin vao ,day 13 ch€ d0 c6 hiéu sudt 16n (
= 78%),tuy méo xuyén tdm 16n nhung c6 th€ khac phuc bang cich k&t hop vGi ché db
AB va diing h0i ti€p am (hinh 3.1b)

Ché d6 AB : C6 tinh chat chuyén ti€p gilta A va B . N6 ¢ dong tinh nhd d€ tham gia
vao viéc gidm méo lic tin hi€u vao c6 bién dd nho.
$HIFHIFEIFSISSEFIFHIFHIFSI5$$555130

Ché d0 C: Khuéch dai tin hi€u ra bé hon nlta hinh sin ,c6 hi€u sudt kha cao (> 78%)
nhUng méo rat 16n . N6 dugc dung trong cic mach khué€ch dai cao tan c6 tai 1a khung
cOng hudng d€ chon 10c séng dai mong mudng va d€ c6 hiéu sudt cao .

Ché do Pién: Transistor lam vi€c nhu mot khoa dién tir déng mé .Duéi tiac
dung cUa tin hi€u vao di€u khi€n transistor thong bdo hoa l1a khoa déng , Dong IC
dat cuc dai , con khoa m@ khi transistor tat , dong IC = 0.

3.2. KHUECH PAI CONG SUAT CHE PO A

3.2.1. Khuéch dai ché dd A dung tai dién tr&

Trong tang khuéch dai ché dd A , di€m lam viéc thay d6i d6i xtng xung quanh
di€m lam viéc tinh . Xét tang khu€ch dai don mac EC va mach nay c¢é hé sé
khuéch dai 16n va méo nho .Ta chi xét mach & dang ngudn cap noi ti€p . Mach
dién duoc cho & hinh 3.2

$HFFFFFFIEHBHFFFFFFPSPHH$$$$$$5$5$130

Ché do tinh

FEIFHIFEIFSISSTHIFHIFHIFEIS$$585131

Dong phén cuc 1 chiéu duoc tinh theo Ucc va Rg:

, Uee 0TV

B RB
Tuong Ung vGi dong collector s€ 1a :
IC = .IB

Dién 4p trén collector — emitter :

Ucg=Ucc—Ic. Re

TU gid tri UCC ta vé& dugc dudng tai mOt chi€u AB , tUr d6 s€ xdc dinh dugc di€m lam
viéc Q tuong Ung v&i IBQ trén ddc tuyén ra .Ha dudng chi€u tU di€m Q d€an hai
truc toa dO sé c6 ICQ va UCEQ nhu hinh 3.3.

Ché d0 d0ng (khi c6 tin hi€u)

Khi ¢6 mOt tin hiéu AC dugc dua tGi dau vao cla bd khu€ch dai, dong dién va dién
4p ra sé thay dGi theo duGng tdi mot chi€u .

MOt tin hi€u dau vao nho (hinh 3.4a) sé giy ra dong dién cuc gbc thay d0i G bén trén
va bén dudi cUa di€m lam viéc tinh, dong colector va dién 4p collect — emiter cling
thay dGi xung quanh di€m lam véc tinhnay.



Khi tin hiéu dau vao 16n hon (hinh 3.4)d4u ra s€ bi€n thién xa hon so v4i di€m lam
viéc tinh da dugc thiét 1ap tU thGi di€m trudc , cho tGi khi ca dong dién va di€n 4p
déu dat toi mOt gia tri giGi hang. POi vGi dong dién ,gia tri gidi hang nay c6 th€ 120 &
di€m k&t thic thdp hodt Ucc//Rc & diema két thic cao cla chu kY hoat ddng cud né
DEi vGi dién 4p Colector — emiter, gidi han cling c6 thé 1a 0V hay bang gid tri ngubn
cung cap. Ucc.
$$$$$$$$55$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$131
Cong sudt cung cap tU ngudbn mOt chi€u
Py(de) = Uce - Ieg
Cong suat ra:
Tinh theo gid tri hiéu dung
Pr(ac) = UCE(ms).IC(ms)
Pr(ac) = PPemg) .RC

U’cms

(o
Tinh theo gid tri dinh

Ugpdcr I’cr

P ac R
r 2 2 C
U’ce p
' 2R,

Tinh theo gid tri dinh — dinh

UCE P P 'IC(P P)

P ac
8
IZC(P P)
P (ac) R,
p Ulceer p)
r(ac) T on
8R.

Hiéu sudt mach :hi€u sudt cla mOt mach khuéch dai phu thudc vao tOng cong sudt
xoay chi€u trén tdi va tOng cong sudt cung cap tU nguOn mot chieu .hiéu sudt dugc
x4c dinh theo cong thlc sau :

P
—~.100%

v dc
Hiéu sudt cuc dai :
V&i mach khuéch dai cong sudt ché d6 A,hiéu sudt cuc dai c6 thé dugc xac dinh
thdng qua gid tri dong dién cUc dai va dién dp cuc dai
U U
Uee
RC

CEmat (P P)

ICE(P P)



UCC 'UCC

RC
rmat (ac) 8

Cong suat mOt chiu (de)tlr nguOng dién 4p cung cdp cUc dai dugc tinh Ung vGi gia tri
dong thién dp bang mOt nlra gi tri cuc dai :
UCC
R Ucc
P, Uqod U..—<
V max(dc) CC ** Cmat cc 2 2Rc

Ta tinh dugc hiéu sudt cuc dai :

U’ce
P
L ) 100% 81;?@ 100% 25%
Vmat (dc) cc
2R,

Hiéu sudt cuc dai clla mach khuéch dai ché d0 A ding tdi di€n trd nhu ta thdy 1a
25%. Hiéu sudt nay chi dat dugc trong truGng hgp ddc bi€t ,con hau hét cic mach
khuéch dai ché d6 A dung t3i dién tré d€u c6 hi€u sudt nhd hon gi4 tri 25%
Vidu 1: Tinh cong sudt vio , cong sudt ra ,hi€u sudt va cong sudt tOn hao transitor khi
cho tin hi€u vao v&i dong Base I g peay = 10mA
$HTFFFFFFSSSFTTFFFFFFSSSTF$$$$$$$$$$133
Giai:
Tinh cic gia tri d€ xdc dinh di€m Q
Ig =Ucc—0.7(V)/IRg = (20-0.7)/1(k ) =19.3mA

Ico= I =25.19.3 =482,5mA
Ucpg = Ucc —Ic . Re =20-482,5.20 = 10,35(V)
Mach dién khong c6 Rg,nén Ucg = Uee = 20(V) va

o Yo 2V 4 1000mA

RC

Ta vé dugc dudng tdi mOt chiéu RDC .(2 di€m UCE = 20V; IC = 1000mA).V&i ICQ
va UCEQ ta xdc dinh dugc di€m lam viéc trén dudmg tai .
Khi tin hi€u vao v&i dong base IB((P) = 10mA thi bién d0 dong collector trén ddc tuy€n
s€la:
IC(P) = .IB(P) = 25. 10= 250mA (gi4 trj dinh)

250.10 A’

5 )

Pyoc) = Ucede =20 . 482,5 . 107 = 9,65W

(%) = Py /Py, 100% = (0.625/9.65).100% = 6.48%
Po=Py—-P,=9.65-0.625 =9.025W
Qua vi du ta thdy rd6 mach khuéch dai RC dung ch€ dd A c6 hiéu sudt thap ,chi dat
6.5% so vOi hiéu sudt cuc dai 12 25%.
3.2.2. Khuéch dai ché d0 A ghép bi€n ap

2
Pr(ac) = 1 Czp R, 20 0.625W
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Pay 1a mOt dang khuéch dai ch€ dd A véi hi€u sudt ti da 1a 50% ,si dung mOt may
bién 4p dé 1é’y tin hi€u dau ra d€n tai nhu hinh 3.6.

Hoat dong cla may bi€n 4p :mOt mdy bi€n 4p c6 thé ting hay gidm gid tri di€n 4p va
dong dién theo ty 1& da dugc dinh trudc00.Gid si mdy bi€n 4p dugc nghién clu 1a loai
mdy ting 4p va bo qua sU tOn hao cong sudt .
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3.2.2.1 Bién dGi dién 4p

NhU ta thdy hinh 3.7a,mdy bi€n 4p c6 th€ 1am ting hay gidm di€n 4p phu thudc vao
nhitng sO vong diy & moi bén>

Su bién d6i dp theo cong thlrc U1/U2 = N1/N2

Diéu nay chi r0 rang néu sO vong day cudn th(t cap 16n hon cudn sd cdp thi dién ap
ra th( cap s€ 16n hon dién 4p vao so cdp .

3.2.2.2. Subién d6i cla dog dién

Dong dién bi€n d6i sé ty 1€ nghich vGi sO vong day & hay culn . TUc 1a :
12/11=N1/N2

MO0i quang hé nay dugc thé hién & hinh 3.7b . N&u s6 vong day & cubn th(r cap 16n
hon cudn so cap thi dong di€n chay G cudn th(r cdp s€ nhd hon dong di€én & culn &
culn sO cdp .

3.2.2.3. Tai cla bi€n 4p c6 bi€n dbi trd khang

Khi bi€n 4p thay dGi dién 4p va dong dién thi trd khang & ca hai cudn day ciing c6 thé
bi thay dGi , nhu ta thdy & hinh 3.7c.

Ta goi RL La dién tr& nhin vao tU cuOng diy sO cap mdy bi€n 4p, trén d6 da tinh dén
anh hudng cUa tai ghép tU culn day th( cap thong qua hé sO bi€n 4p :

A= (NI/N2)2

Dién tr@ tai G cudn day th(r cdp phdn anh qua di€n rd s0 cap dugc tinh nhu sau :
Ri/R. = R/R; = (N/N,)* =a*

Trong d6 ty sO :U,/U, = No/N, va L/I; = N/N,

Hé s6 phan 4nh tU tdi qua sO cdp bi€n 4p biéu thi ty sO gilra tdi phdn 4nh RL va tai
RL qua ty sO bién dp :

2
RLRL= M g
NZ
Vidu?2:
+ tinh tOng RL bi€ét RL =8 va ty sO vong cla bi€n 4p a = 15/1
2
R, NooRoiss 18k

2
Tinh sO vong cUa bi€n 4p khichoR. =16 ,R, =10
2
Ny R, 10000 625,suyra:ﬂ V625 25/1
N, R, 16 N,

3.2.2.4. X4c dinh dudng tdi mOt chi€u ,di€m am viéc tinh va tai xoay chi€u
$FSFSSSFFISSFFISSSF$FS$$$$$$$$$136



Vi diién trd m6t chi€u cUa cudn diy bi€n dp rat nho Iy tuGng coi nhu bang 0. Nhu
vay dudng dac tuy€n tai mOt chi€u Rpc lic nay s€ thang dUng song song v6i truc
tung (Ic) . Pién 4p tai di€m lam viéc tinh :Ucgo = Ucce .n€u cho bi€t dong dinh thién IB
thi chi viéc k& mot doan thang song song v6i truc tung IC ,cat dac tuyén véi dong Ib
s€ tim dugc di€m lam viéc Q .Can luu y rang khéng dugc tu' ¥ chon dong IB ma phai
cin cU vao ddc tuyén d€ xdc dinh sao cho c6 d0 méo 1a thap nhat . Pi€u nay c6 quan
hévdi bién d di€n 4p va dong tin hi€u & ngd ra , c6 ngia la bién dO cla ching khong
vUQt qui doan cong ddc tuy€n va dudng cong gidi hang ton hao cho phép cla
transistor .
Pi€ém lam viéc dugc chon trén giao di€ém cla dudng tdi RDC va dong IC Ung véi
tham s6 IB = 6mA . D€ ddm bdo cho tin hiéu lam viéc & phan dac tuy€n thang thi
dong dién va c6 bién dd 4mA (Peak). Tl d6 s€ x4c dinh dugc bién do cUa dién 4p va
dong ra trén tai bi€n 4p .
Xiéc dinh dudng tai xoay chi€u RAC bang cich ké doan thang c¢6 d nghién (-1/RL)
1&ch vé truc IC di qua di€m lam viéc Q.
Né&u tin hiéu Bat dau tUr di€m lam viéc & mUc 0V, thi dong collector tU di€m Q, ICQ
s& bi€én d0i mOt luong :
IC = UCE/R’L

TUgidtri Ic trén truc IC, kéo dudng thang dén di€m Q téi truc Ucg s& c6 ddc tuyén
tai Rac.
3.2.2.5. Dang tin hi€u ra va cong sudt ra
TU hinh vé ta x4c dinh duQc cdc gi4 tri sau:
MMM Y
Cong sudt xoay chi€u g@i tGi bi€n 4p :

U U 1 1

CE max CE min

8
Phan cong sudt nay dugc gdi tGi cudn so cap cla bi€n 4p, n€u bi€n 4p 12 1y tuGng thi
cong sudt trén tai gdn bang gid tri nay .
Cong sudt ra ciing c6 th€ dugc tinh theo dién 4p roi trén tai .
Vidu3
Cho mach dién (hinh 3.1)
Xdc dinh céc thong sO gid tri hiéu dung cla dong dién ,di€n 4p ,cong sudt trén tai .
Cho biét : Ty sO di€n 4p 3/1, dong tinh Iy = 6mA, bién d0 tin hi€u vio Ip = 4mA.
Gidi
Pac tuyén tai RR(DC) bat dau tUr diém .
TU dac tuyén tuong Ung v&i Iy = 6mA , tim dugc
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UCEQ = 10V
ICQ = 14mA
Dién tr& phdn 4nh tU tdi qua sO cap RL:
R.=(N/N,)’Rl1=328=72
X4c dinh dudng tdi xoay chi€u nhu sau :
Ic = Ug/Ry, = 10/72 = 139mA
Gia tri dong tai diém A trén dac tuy€n IC (trén hinh 3.11b)

C max C min

prac



Icgg + Ic = 140 + 139 = 279mA

NGi A va Q sé dugc dac tuyén tdi Ruc

Xdc dinh gid tri cuc dai va cuc ti€u cla dong va cUa 4p trén collector BJT :

Pudng dac tuyén tai Rac cat ddc tuy€n ra tai dudng ¢ Iy = 2 va dudng c6 I = 10.
Tai dudng c6 B = 2 xdc dinh dUQC Lo, = 25mA va Ucgna = 18.3V.Tai duOng c6 I =
1.7V Xéc dinh dugc Uggmin = 1.7V va Ly = 255A.
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Uckmin)= 1.7V Lemin = 25ma

Ukmax) =18.3V ; Lmax = 255A

Cong sudt ra trén cudn sd cap bi€n ap :

P UCEmax UCEmin 'ICmax ICmin 183 17 255 25 :O477W

r ac 8 8
Gi4 tri dién 4p hiéu dung trén culn sO cap:

Ui Up /2 Uepne Ucpnn)/2V2 16.6/2,828 587V

rms

Gi4 tri dién 4p hi€u dung trén tai :
Utms) = (No/NY). Uy = 1/3.5,87 = 1,96V
Cong sudt ra trén tai tinh theo 4p UL
Prisc = Ul = 1.96/8 = 0,48W

Gia tri hi€u dung cUa dong tai

IL(rms) = ﬂ.IC rms N ICmax ICmin €
N2 N2 NG
=3.230mA/2.828 = 244mA
Cong thlc ra tinhtheo dong I,
PLsc = PR, = (244.10%) =0,476W
3.2.2.6. Tih cong sudt 1 chi€u va hiéu suat
Cong sudt cla ngudn DC
Pyoo = Ue - Leg
Cong sudt tidu tan trén transistor & ché d0 tinh
Po =Pvie) -Prac
Vi cac thong sO & vi du 3,ta tinh dugc:
Pyoe = Uce Jeo = 10.(140.10%) = 1.4W
P = Pyoc — Pracy = 1.4 — 0.48 = 0.92W
= (Pusc/Pyic, . 100% = (0.48/1,4).100% = 34,3%
Nhu vay mach khuéch dai cong sudt & ché d0 A ghép bi€n 4p da dat trén 25% . Hiéu
sudt cuc dai cla né c6 thé dat dudc tGi 50%
Ta c6 thé tinh hiéu sudt cuc dai theo UCC va UCE bang cong thlc kinh nghiém cho
mach cho mach ghép RC va bién 4p :
Db6i véi mach ghép RC:
=25 Ucpmx  Ucrmin ’ IUce Ucpmx Ucmin %
DOi v&i mach ghép bién 4p :
=50 Uctgmax Uctmin 'Ucc Uckmax  Uckmin " %



Vidu 4
Tinh hiéu sudt cla mach khué€ch dai cong sudt ghép bi€n dp v&i Ucc= 12V trong cic
truOng hop :
A)U,a = 12V bi€n d6i xung quanh dinh thién cUa di€m Q vGi Ucgg = 12V
b)Upeak = 6V, Ucgg = 12V
C)Upeak = 6V, Ucpq = 18V
Giai:
Ucgmax = Ucgg + Up =12 + 12=24V
Uckmin = Ucgq - Up=12-12=0V
=25 Ucpmx  Ucpmin ’ IUce Ucpmx  Ucmin %
= 25[(24 — 0)°/24.(24 +0)].% = 25%
Uctmax = Ucgg+ Up =12+ 6 = 18V
Ucgmin = Ucgo—Up=12-6 =6V
=25 Ucpmx  Uckmin ’ e Ucgmax  Ucpmin -%

=25[(18 — 6)*/18.(18 + 6)].% = 6.25%
Uckmax = Ucgg + Up = 18 + 6 = 24V
UCEmin = UCEQ - Up =18-6=12V

=25 Ucpmx  Ucpmin ’ e Ugmax  Ucpmin -%
=25[(24 — 12)*/24.24 +12)).% = 4.17%
Qua vi du trén ta thdy mOi tuong quan gita bién d0 ra U, v&i dién dp nguébn UCC.
Khi Ujea = Ucc thi hiéu sudt dat mUc 18n nhdt (= 50%). Néu U = 1/6 . Uee = 2V
thi hiéu sudt gidm rat nhanh dén gia tri nhd nhat ( = 1,39%).
DO méo séng hai clla mach khuéch dai ché dd A tuong d6i nho. Trong trudng hop
ghép bi€n 4p, do c6 dong mOt chi€u chay trong cudn day kha 16n 1am ting dong tUr hod
cUa 16i sat bi€n 4p dan dén tran thdi bio hoa. Pi€u nay s€ gdy méo dang tin hiéu ra.
P& gidm méo do bao hoa tlr, ngUdi ta ting tU trd cUa 16i sat bang vat liéu cdc tir dac
G khe h gilra cic 14 sat .
Nhu vy, khu€ch dai ch€ d0 A chi diing cho tin hiéu nhd nhu tang khuéch dai mino,
tién khuéch dai va ddo pha ... ]
3.3. KHUECH PAI CONG SUAT CHE PO
O ché d0 B, transistor s& diéu khién dong dién & m&i nlra cUa chu kY cUa tin hiéu.
PE& thu dugc cd chu kY tin hiéu dau ra, thi can st dung 2 tranistor, mOi transistor dugc
st dung & mOi n(ra chu ky khéc nhau cUa tin hiéu, su van hanh k&t hgp sé cho ra chu
ky day du cUa tin hi€u. Khi mOt b0 phén cd mach ddy tin hi€u 1én cao trong sudt nlra
chu kY con 1ai cla mach dién khi d6 goi 14 mach day kéo. MOt tin hiéu dau viao AC
dugc dua viao trong mach dién day kéo vdi su hoat ddng & mOi phan trén mOi nlra
chu kY thay dGi nhau, tdi sao d6 s€ nhan dugc ca chu ky cUa tin hiu dé6 .
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Trasistor cong sudt dugc st dung trong mach ddy kéo c6 khd ning cung cap cong sudt
mong muOng cho tdi, va sU van hanh ché d0 B cla nhiing trasistor nay sé& c6 hiéu sudt
16n hon so v&i viéc st dung 1 trasistor don trong ché d6 A.
3.3.1.Cong sudt va hiéu sudt
Cong sudt vao DC (cdng sudt nguOn cung cap )



PDC = UCC . IDC . ;

Inc = Iy 1a dong trung binh chay qua ngubn cung cap,

Bién d6 hay dong dinh IC(P) = ~/2.1,., nén dong trung binh chay qua ngudn trong toan
chu ky sé la:

Lave = 2Ice)/

Vi dong trung binh L, = ic; + ic; néntaco:

L = 242U, nén

PDC = UCCIDC = V2U 221/ AU/

Cong sudt trén tdi RL cla 1 trasistor 13 :

P’L = UCIC

Nén Po = 4.P 1

Cong sudt trén tdi RL tinh theo céc gi4 tri sau :
Piac) = UlLpp/8RL = U?Lp/2R, = U me/Re
Hiéusuat =P/P,.100% = /4.100% =78,5%
Vidy 1.5:
X4c dinh cong sudt cung cap, cong sudt ra va hi€u sudt & ché d0 Btrong trudng
Cho dién 4p tin hi€u ra trén tdi 16 12 20,4, va Ucc = 30V.
Giai
Dong dinh trén tdi 16
Ip = U /Ry = 20/16 = 1.25A
Dong chay qua ngubn Ucc:
Ie= 21, 0.796A
Cong sudt cUa di€n dp nguoln :
Pvioc) = Ucclpe = (30V)(0,796A) = 23.9W
Cong sudt ra trén tdi Ry
Puscy = ULy /2R1. = (20V)2/(2. 16) = 12.5W
Hiéu sudt :

= Piacy/Pvoc) - 100% = 12,5W/23.9W  100% = 52,3%
Cong sudt tOn hao trén 2 transistor va 1 transistor:
PzT = Pv - Pr
Pr=Px/2
3.3.2. Gid trf cyc dai
O ché d0 B, khi Uy, = U, thi cong sudt ra dat gia tri cuc dai>
Pr(AC) max— U2CC/ 2RL . ’
Dong trung binh qua nguln cung cap
2 2 U
2y, S«

RL

Cong suat ngubn cung cap cuc dai

Ipc =

cc

2 U
PV(DC)max = UchDC = Ucc( (_R_) 2U2CC / RL

L



Hiéu sudt cuc dai
=Pr(AC)/PV(DC) . 100%

2 Uge

= (Uzcc/RL)/ UCC /_- R 100%

L

7 100% 78,54%

. . A » A 2. 2 N . ~ . >
Khi dién ép ra trén tai dat 0,636Ucc —U . thi tOn hao cuc dai trén 2 tansistor (nam

trong duOng gidi han ton hao cho phép)sé la:
Ucc
RL
T4&i cla 2 transistor tré cudn sO cdp bi€n 4p :
Ree = (2a)’Ry = 4a’R; = 4R,
Vidu 6:
Xdc dinh cong sudt cuc dai & ché dd B khi cho Ucc =30V, tai R, = 16
Gidi
PR xcm = Uce/ 2R, = 28,125W
Pymaxoe) = 2U0%/ R.=3581W

2
P2Qmax = —.

_ P 000 7854%
|4
Pr max — P2Tmax/ 2 = 5’7w
Hiéu sudt cuc dai & ch€ d6 B con c6 thé xdc dinh theo gia tri dinh :

max

2
Pr(AC) U ’
2R,

2 U,

P, = Ucclpe = Uce. _.R_

L

P
= 9 100% 78,74%. Uy

v(DC) cc
Qua két qua ta thdy rang ,hiéu sudt ting theo ty sO gilta U ,_, /U...
3.3.3. C4c mach khuéch dai ché d6 B
Mach dién khuéch dai ché d0 B phdi dung it nhat 13 2 transistor ¢ cling cUc tinh hay
khéc cuc tinh (P hodc N). Khi can ting cong sudt ra, & mOi tang cdng sudt cudi thudng
hai diing 2 transistor & m&i v€, mac ki€u Darlington. N€u tagng cong sudt ding 2
transistor cting cUc tinh thi tAng kich phai I tAng ddo pha d€ cép 2 tin hiéu ngudc pha
cla cUa vio.
3.3.3.1 Mach day kéo ghép bi€n 4p (hinh 3.13)
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U'u di€m cla mach nay 1a ch€ dd tinh s€ khong tiéu thu dongdo ngudn cung cdp néu
khong c6 tOn hao trén transistor . Mdc khac,vi khong c6 dong mOt chi€u chdy qua bi€n
4p nén khong giy méo do bdo hoa tUr. Hi€u sudt cla mach dat 1én nhat , khodn
78,5% .




Nhugc di€m cla né 1a méo xuyén tdm khi tin hi€u vao nhd, Khi ca hai v€ khuéch dai
khong dugc can bang .
Nhu mach hinh 3.13 da chi rd, & nlra chu ky duong cUa tin hi€u dau vao ,T1 phin cuc
nghich nén khong dan, T2 phan cuc thudn nén dan. O nlta chu ky am thi qua trinh xay
ra ngUgc 1ai. Lic chua cé tin hiéu (Us = 0) thi T,,T,. Déu tat, sé khdng c6 dong nguOn
Ucc chay qua bi€n 4p ma chi ¢6 dong ngugc I rat nhd chdy qua.
Tai thoi di€m chuyén ti€p gilta qua trinh dan, ngat cla T1 va T2 s€ giy nén hién
tuong méo dang song, goi 1a méo dang xuyén tam.
3.3.3.2. Mach bu d6i xUng
Diing céc transistor (khdc cUc tinh) mac nhu hinh 3.14a, 2 transistor s& lam viéc thay
phién trong hai nUa chu ky cung cap dong ra trén tdi. Hai nUa tin hi€u ra sé dugc tOng
hgp thanh tin hi€u hoan chinh trén tai. O hinh 3.14b 1a transistor npn lam viéc, PNP tat,
con hinh 3.14¢c mb ta ban ky 4m cUa tin hiu vao, khi nay npn tat, con pnp mG .
MOt su bat 10i clla mach nay 1a can phdi c6 hai ngudn cung cap riéng biét. Va han
ché
N{ra cia mach bu 1a meo xuyén tim (hin 3.14d). Day la sy géy khic cUa tin hi€u ra trén
tdi & thGi di€m chuyén ti€p tl nlra chu ky duong sang am. D€ gidm méo xuyén tim
cho ché d0 B tc tin hi€u dau vao con y€u, ngudi ta s€ ding ché d6 AB d€ 1am tang
kich thich cho tang cong sudt cudi ché d0 B.
MOt dang mach ddy kéo dung céc trasistor bi dugc trinh bay & hinh 3.. Mach nay &
m&i v€ 1a mOt cAip trasistor ciing tinh dOng thGi khac tinh v6i cdp transistorcing tinh
bén kia, goi 1a mach Darlington b d6i x(ng. O mach nay thi dong di€n dau ra sé cao
hon, con tré khang thi thap hon .
Mach gid bui cai ti€n tUr mach b dOi x(tng d€ don gidn bdt cong nghé ché tao vi
mach. Mach nay dung hai cdp transistor & mOt v€ thi cling tinh, con v€ kia thi khic
tinh.
Nghuyén tac 1am viéc cUa hai mach Darlington b1 va gid bu gifng nhau, chi khéc &
dién 4p phan cUc d€ tao dong tuy€n tinh ban dau .
AMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM EY
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C) Mach day kéo gia bu
AMMMMMMMMMMMMMMMMMMMMMMSMMMMSMMMSA £
Vidu7:
TU mach phan cuc dong tinh bang diode, xdc dinh :
a)Cong sudt tiéu tdn trén mOi transistor khi cap di€n 4p hi€u dung & dau vao 12 12V,
b)NE&u tin hiéu vao tdng dén gid tri cUc dai ma tin hi€u ra chua méo dang, hdy tinh gid
tri cUc dai cUa cong sudt vao vara va cong sudt tiéu tdn trén moi transistor.
¢)Xdc dinh cong sudt tiéu tan cUc dai cho phép clia mOi transistor.
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Giai:
a)Gid tri dinh cUa dién 4p vao

Uvin = V2.U,  V2.12) 1697 17V
Xem bién d6 cUa tin hi€u ra trén tai ra RL trong truOng hgp ly tudng gén bang dién ap
vao (d6 1gi dién 4p = 1)thi Uy, =17



Cong sudt ra trén tai:
Puscy= Ul /2 . Ru= 1772 . 4 = 36,125W
Liw = U /Ry = 17/4 = 4.25A
Dong DC chay qua nguOn 1uéng cuc:
Ipc=21Ip/ =2.425/ =271A
Cong sudt ngudn :
Pyoo = Uce . Ine = 25.2,7 = 67,75W
Hiéu sudt (v&i Uy = 12V,,):

= (P./Py). 100% = (36,125/67,75).100% = 53,3%
Cong sudt tiéu tan trén mOi transistor:
Pr=Pyr/2=(Pv—-P)/ 2=(67,75-36,125)/ 2 =15,8W
b)NE&u dién 4p vao ting bang dién dp Ucc , Uy = 25. Upew
(Uy = 17,68V,ms) thi Upp) = Uce = 25V
Suy ra:
Ponax = Ucc/ 2R =257/ 2 . 4 =78,125W
Pyma = (2/ ).(U?cc/Ry) = (2/ ). (25%/4) = 99.4TW

max = (P/Py) . 100% = (78,25/99,47). 100% = 78,54%
Vi tin hi€u vao cUc dai thi cong sudt tiéu tdn mOi transistor s€ Ia:
Pr=Py/2=P,-P,)/2=(99,47-78,125)/ 2 = 10,67TW
¢) Cong sudt tidu tan cuUc dai cho phép & mOi transistor:
Pormax = (21 ?) (U*/RL) = (2/ ?). (252/4) = 31,66W
P, % 31,66/2 15,83W
3.4. MEO TRONG TANG KHUECH DAI
MOt tin hi€u ham s0 sin thudn tuy c6 mOt tang sO don & d6 dién dp thay dGi 4m hay
duong v6i s6 luong bang nhau. Bat ky tin hi€u nao thay d6i khong di mOt chu ky thi
dudc coi 1a bi méo. BO khuéch dai ly tudng c6 thé kuéch dai mOt tin hi€u ham sin
thudn tuy d€ duoa ra tin hi€u 16n hon, Dang séng trd thanh tin hi€u sin tang s don.
Khi méo xdy ra, dau ra sé khong con nguyén dang (ngoai trlf Am lugng) cla tin hiéu
dau vao .
Méocé thé xudt hién bai vi céc thi€t bi c6 tinh chat khong tuy€n tinh, trong d6 nhlng
truOng hgp khong tuy€n tinh hay méo bién d6 s€ xdy ra. Pi€u nay c6 thé xudt hién &
tat cd cac ché d0 khuéch dai. Méo cling c6 th€ xdy ra bdi vi phan t clla mach dién
va thi€t bi di€n 4p Ung vdi thi€t bi d&u vao mOt cich khic biét ¢ nhiing tang s khic
nhau, lic d6 n6 da trd thanh méo tang sO .
MOt kY thudt d€ miéu td méo cla nhiing dang séng tudn hoan va st dung su phan tich
cUa Furié , mo td dang s6ng tudn hoan bat ky trén phuong di€n thanh phan tan s6 co
ban va nhling thanh phan tang sO bdi nguyén. Nhiing thanh phan & bdi nguyén nay
dugc goi 1a thanh phan séng hai hay ham di€u hoa.Vi du: 1 tin hi€u co dién 4p Ung
gOc tang s0 12 1kHz sau khi bi méo, né c6 thanh phan tang s6 1a 1kHz va thanh pha
di€u hoa 12 2kHz ... Tang sO gbc cla 1kHz dugc goi 1a tang sO cO ban, nhiing tang
sO 3 bOi nguyén 1a cdc séng hai . Thanh phan 2kHz dugc g0i 12 séng hai bat 2 , va
3kHz 1a séng hai bat 3 ... Tang s6 c0 ban khong dugc g0i 12 séng hai. Furié da khong
thUra nhan tang sO séng hai phan s, chi thlra nhan bOi nguyén cla quy tic cO ban.



3.4.1. Méo hai.

MOt tin hi€u dugc goi la c6 d0 méo hai khi ¢ thanh phan tan sO di€u hoa(khong cho
thanh phan c0 ban). N€u tangsd cd ban c6 mOt bién dd A, va tanh phan tan s n ¢
bién d0 A,, thi & méo hai c6 th€ dugc dinh nghia nhu sau :

%n (méo hai bac n ) = Dién, % = (A4, |/|A]).100%

Thanh phan cO ban thi 16n bat kY tanh phan ha nao.

Vi dy

Tinh tha phan méo hai cho mOt tin hi€u dau ra c6 bién d0 gbc lan 2.5V, bién d0 hai bat
212 0.25V bién dO hai bat 312 0.1V va bién dO hai bat 412 0,05V.

Giai.

D% = (|4,]/|A]).100% = (0,25V/2,5V). 100% = 10%

D% = (|A;|/|A).100% = (0,1V/2,5V). 100% = 4%

D% = (|A,|/|A).100% = (0,05V/2,5V). 100% = 2%

3.4.2. Méo hai tOng

Khi m6t tin hi€u dau ra cé cac thanh phan méo hai, tin hi€u c6 thé coi 1a méo hai tEng
cUa nhiing phan t( riéng biét dugc két hgp thdng qua chuong trinh sau :

THD% D, D; D} .. 100%

(THD 12 méo hai tOng )

MOt cong cu nhu mdy phan tich quang ph6 thUra nhdn su do 1uGng cUa séng hai trong
tin hiéu bang cdch dua ra thanh phan co ban cUa tin hi€u va 1 sO lugng cic hai clia né
1én mang hinh. TuOng tU nhu vay, 1 may phan tich séng cho phép thUra nhan muec do
1udng chinh x4c hon nhiing thanh phan hai cUa tin hiéu méo bang cich 1oc ra tlng
thanh phan va doc nhlng thanh phan dé.

Trong bat ky truGng hgp nio, k¥ thudt coi mOt tin hi€u méo bat ky nio cting chlta mot
thanh phan cO s& va cdc thanh phan hai 13 tién dung va huu ich, trong d6 thanh phan
hai bac hai 12 16n nhat. Vi vay. Vi vdy, mac du tin hi€u méo v€ 1y thuy€t la chira tat
cd céc thanh phan hai ti bac trd 1én, thanh phan quang trong nhat trén phuong dién
d6 méo G cdc ch€ db G trén chinh 1a méo hai bac 2.

3.4.3. Méo hai bac 2

Hinh 3.18 chi ra m0t dang séng st dung d€ dat dugc dd méo hai bac 2. Dang séng
hién th¥i dugc dua ra & mUc d0 khong hoat dOng, nhd nhat va 16n nhat khi chiing xdy
ra dugc th€ hién trén dang séng.Tin hi€u cOi ra vai d6 méo hién tai. Phung trinh md
ta dang séng tin hi€u méo nhu sau:
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Ic Ico+Io+1cos + Iocos

Dang séng hién thGi chlta dung dong dién tinh IC Xuat hién § tin hi€u dau vao

, mOt dong dién 1 chi€u I0 ciin c( vio dO tring binh nonzero cUa tin hiéu méo, thanh
phan co ban cUa tin hi€u xoay chi€u c0O ban, a thanh phan hai bac hai 12 ¢6 tan s co
ban gap 2 1an. Mdc dut nhln hai khac déu sudt hi€n nhung chi c¢6 hai bat 2 mGi dugc
dé cap O day. Ta xét cac thOi di€m sau :

Tai thoi diém thrnhat: t=0

ic = Iomax = Icg + To + Licoso + LopsO-




Iemax=Ico+ lo + 1 +1,

Thoi diém thG hai: t= /2

1IC=1CQ =1Icq+ o+ Licos n+ Leps2 12

Ieg =lcq+ 1o - 1b

Thoi diém thUba: t=

ic = lomin = Icg + To + Licos + Ichsz

Iemin=Ico+ Io-1i -

TU céc phuong trinh trén ta ¢ k€t qua sau:

I = I = (Iomax + Iemin — 21co)/4

I = (Iemax + Iomin)/ 2

Nhu vay dinh nghia méo hai bac 2 c6 th€ dugc nhdn manh nhu sau :

D2 = |1,/1,/100%

Thay I, I, vao :

Dy = 172.(Icmax + lemin) — Ico/(Iemax — Iemin) -100%

3.4.4. Cong sdat tin hi€u méo

Khi d0 méo sudt hién, cong sudt dau ra dugc tinh cho tin hi€u méo khong con chinh
xét n(ra. Khi ¢ méo hién di€n, cong sudt dau ra dugc phan phdi dén cho dién trd tai
RC theo thah phdn c0 ban cla tin hiéu méo 1a :

P, =I*,.R.C/2

Cong suat tong :

P=( +1%+ 5+ ... ).R.C/2

Cong sudt tOng ciing c6 th€ dugc bi€u dién véi dang méo hai tOng:

P = (14D% + D%+ .....) ). R.C/2 = (1+THD?).P,

MOt dang sGng méo nhu xudt hién & ché dd B c6 th€ dugc thé hién bang cich st
dung phan tich cUa Furié nhi' mOt nguyén tac co ban v&i cic thanh phan hai. Hinh
3.19a chi ra n(ta chu ky duong cUa tang khuéch dai ché dd B. Thanh phan co ban cla
tin hi€u méo c6 thé dat dugc nhu G hinh 3.19b.
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Thanh phan hai bac 2 va 3 dugc chi ra & hinh 3.19¢ va d. ST dung kY thuat Furié, dang
s&ng méo c6 thé dugc tao ra bang cich thém vao nhing thanh phan hai va co ban nhu
hinh 3.19e. Néi chung, bat ky dang séng tudn hoan nao ciing c6 thé dugc bi€u dién
bang céch thém thanhh2 phén co ban va tat ca cic thanh phan hai, moi bién d0 khéc
nhau & mOi géc pha khéc nhau .

3.5. KHUECH PAI CHE bO C VA D

Mac dii ché d0 khué€ch dai ché dd A, AB va B thudng dugc dung trong khuéch dai
cong sudt, khu€ch daai ch€ d0 D ciing dugc Ung dung kha phd bi€n vi c6 hi€u sudt
cao.Céc mach khué€ch dai ché dd C lai it dugc st dungtrong khué€ch dai Am thanh ma
chi dung trong khué€ch dai Am thanh ma chi diing trong cdc mach khuéch dai cao tang
d€ chon 10oc séng hai mong mudn.

3.5.1. Khuéch dai ché do C

MOt mach khuéch dai ché d0 C nhu hinh 3.20, hoat ddng trong khodng dudi ¥ chu
kY tin hi€u vao. Dang tin hi€u & cUra ra ciing bi€u dién dugc day du chu ky cla tin
hiéu c0 s@ hoat clla mach cOng hudng (mach LC chang han)d clra ra. Hoat ddng cla
mach khuéch dai nay dau sao ciing chi c6 gidi han, nhu' G tang trdn tan chang han.



3.5.2. Khuéch dai ché d0 bién

Khuéch dai ché d¢6 D dugc thi€t k€ d€ lam vi€c vdi tin hi€u xung hodt s6. Vi hiéu
sudt trén 90% cUa né s& 1am ting thém hi€u qud trong khuéch dai cong sudt. Ngudi ta
thudng chuyén tin hi€u dau vao bat ky thanh dang xung trudc khi st dung né dé€
truyén mOt IUgng tai cong sudt 16n va s€ truyén ngudc 1ai thanh dang tin hiéu sin dé€
phuc hoi tin hiéu goc.
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Hinh 3.21 chi ra céc c4ch d€ tin hiu hinh sin dugc chuyén dang ring cUa hay dang
séng cat d€ dua dén dau vao clla mach khuéch dai (loai may so mau). Do d6 mOt tin
hiéu xung dac trung s& dugc taora .

Trong khi ch(r D dugc s& dung d€ miéu ta th( tu cla mOt loai ch€ dd, sau ch{t C, Thi
ngUQi ta ciing c6 th€ xem D 1a ch{f viét tac cUa”Digital”, ddy 1a ban chat cUa tin hiéu
dugc tao ra cho khuéch dai ché d6 D.
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Hinh 3.21 chi ra so d6 kh6i clla mach khuéch dai ch€ dd D va bi€n dbi 1ai thanh dang
sin thong qua mOt mach 10c thong thap (LPF). Transistor cUa b0 khuéch dai dugc su
dung d€ tao ra tin hi€u cG ban khi chiing tac hodt md, tao ra dong di€n chi khi chiing
dugc bat 1én v&i mOt tOn hao cong sudt it .
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