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1. Mach ghép Cascade

- La mach gébm nhiéu mach khuéch dai néi tiép nhau.
- Ngb ra ctia mach khuéch dai nay la ngé vao cia mach khuéch dai tiép
theo.

: Stage 1 Stage 2 Stage 3 ;
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1. Mach ghép Cascade

Vi du: Mach cascade CE-CE nhw hinh. s
Bo quar, (r, = ).
Xacdinh A, =v,/v,, R, Ro.

Ry=05kQ Cci
—wn—|
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1. Mach ghép Cascade

So do6 twong duong tinh hiéu nho:
Ri [

L © ® ¢ =

—AMA———

+ —

Vs C_) Ry ”Rz§ ¥l §V,;1 <{ §RC1 ’”;z2§ Vi <f §Rc2 §RL
_ g1Vl N 8m2V 2
& @

= gm1gm2(RC1 //r7Z'2)(RC2 //R’-)
V. R

Ri:R1//R2//r7z1; Ro:RC2
Lwu y: Néu khong mudn str dung g,,, thi ¢ thé sir dung B.

v
_ "o
A, =

Ri
+R

S
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1. Mach ghép Cascade

Vi du: Mach cascade CE-CC nhw hinh, B =125, VBE = 0.7V.

V=45V

Bo quar, (r, = ).

a. Xac dinh diém lam viéc tinh ctia Q,, Q,.
b. Xac dinh A, =v./v,, R, R..

Ddp dn:

d. ICQ1:O.364mA, VCEQ1: 7.92V
lcq:=4-82MA, Vpq,=2.71V

b. A, =-17.7; R; = 4,76k}, R, = 43.7C2.
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1. Mach ghép Cascade

Vi du: Mach cascade CS-CD nhu hinh.
k.,=0.5mA/V2, k,=0.2mA/V2,

Vin=Vin,=1.2V, A,=A,=0 (ro=w). ’
l5,=0.2mA, 15,=0.5mA. Ro- — é
4 kQ

XéC d!nh AV:VO/Vi) Ri’ RO' I
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1. Mach ghép Cascade

Ddp an: R
.
Rg; |
| o
+
RlR, Vg Ve
A, =—6.14 =
RSZ
R =R./IR,; R, = =1.32kQ)
1+ RSzgmz
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2. Mach ghép Cascode

- La mach ghép tlr 1 mach khuéch dai CE va T
m&t mach khuéch dai CB (hodc 1 mach CS va ‘.
mot mach CG). ) §R1 i
- Tin hiéu vao cap cho mach CE, tin hiéu ra lay 1 0, §R
tr mach CB. - B
- Uu diém I&n nhat cdia mach la cé dap ng Cai =
tan s6 t6t hon cac kiéu mach ghép khéc,
cting nhw t6t hon mach khuéch dai don tang. (&) R, B o
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2. Mach ghép Cascode

) L Vee
Xét ché dbé DC: T
- C6 thé gid st Ig, = Ig, = s, ttr d6 tinh dworc Re
. §R1 Cer
VB1 vVd VBZ' Cy ” ——01,
- Tinh dwoc I 0, §
|~ VB1 _VBE1 = . B
E1 2
. RE Cci =
valg =l =g, = . | 0
Tl d6 tinh dwoc tat ca cac dai lwgng DC khac. e B,
= RE ::CE
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2. Mach ghép Cascode
Xét ché do AC: so do trong dwong tin hiéu nho nhuw hinh.
m2 V2
© ® " @
N

RIRy 1y SV r72S Ve Re Ry

oV

o
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2. Mach ghép Cascode

Vi dy: Mach cascode, v&i hai BJT giong nhau
co B =100,V =9V, R, =10kQ.
a. Tinh todn cac dién trd con lai dé mach cé:
Veer = Ve, = 2.5V
VRE —- O.7V

IRy = |g, = Ig3 = 0.1MA v, C)
b. Xacdinh db lgidp A, = v, /v..
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2. Mach ghép Cascode
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2. Mach ghép Cascode

Vi du: Mach cascode dung NMOS:

VT1 —- VTZ — O.8V, kn1 — an — 6mA/V2, 7\41 — 7\.42 = 0.
a. Tinh lpq, Vpsq Va Vpsqs-

b. Xacdinh A, = v /v.
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2. Mach ghép Cascode

badp dn:
d. Tllnh IDQ - 0.471mA, VDSQ1 - 2.5V Vé VDSQZ — 1.61V.
b. A, =-5.94.

Em2 VgsZ = 8ml Vgsl
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3. Mach ghép Darlington

- La mach dung 2 BJT két n6i nhu hinh.
- C6 thé xem nhu trong duwong véi1BJT ¢

B = B1B2
khi khao sat ché do AC.

l1c1
Ig;
—>
(o, QI
-+ i ]C — [CZ
VBEl}\q Jl
Ig; = [EIL Q,

VBE b o
VBE2

- Nguyén Phuwéc Bao Duy - HCMUT
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3. Mach ghép Darlington

Vi du: Mach khuéch dai Darlington, v&i 2
BJT giong nhau ¢é B = 100.
a. Xac dinh diém lam viéc tinh cda 2 BJT.

Ris |
b. X4c dinh d6 lgi 4p va cac tré khdng vao  —=

11
ra. Cc
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3. Mach ghép Darlington

Ddp dn:

a. le, =12.8UA, I, = 1.29mMA, V¢, = 5.14V,
Ve, = 5.84V.

b. A, =-55.2, R: = 74.3kQ), R, = 2.2kQ.
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Chwong 3 - Mach khuéch dai lién tang

1. Mach ghép Cascade

2. Mach ghép Cascode

3. Mach ghép Darlington
> 4. Mach ghép vi sai

Nguyén Phuwéc Bao Duy - HCMUT


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4. Mach gheép vi sai

- La mach gém 2 BJT hoan toan giong nhau,
két n6i nhw hinh bén.

- Ngubn dong cwc E xem nhu nguon dong
ly twdng, véi tré khang — .

- C6 thé str dung R; thay cho nguén dong,
nhwng & day tap trung phan tich trwvdong
hop str dung ngudn dong, truong hop str
dung R¢ sinh vién tw phan tich, thong qua
mot sO bai tap & cudi chuong.

Bl
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4. Mach gheép vi sai

- Xét trvong hop vg, = vg, = Ve Do 2 BJT
hoan toan giéng nhau nén dé dang xac dinh
cac gia tri dong ap nhu hinh.

- Trong trudng hop nay, néu thay doi gia tri
Vew Nhung van da dé duy tri cho 2 BJT hoat
déng trong vung tich cwc, thi cac dai lvong
dong - dp & cwc C duy tri khéng do6i, va
khong phu thudc vao Ve,
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4. Mach gheép vi sai

- Xét trrong hop vg, = 1V,
Vg, = 0 va trrong hop vg, =
1V, vg, = 0, ta thay dién ap
cwre C thay doi khi s chénh "<~
|&ch gilra hai dién ap ngo

vao thay déi. Ty
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4. Mach gheép vi sai

- Néu chénh léch ap ng6 vao la v; di nho, thi
dong dién cwc E chia 2 BJT l[an lwot la 1/22Al,
voi Al tilé v,

- Khi d6 ap tai cwc C ctia 2 BJT sé chénh nhau
mot lvgng 20Al.R., cd nghia la cling ti [é vJi
Vi.
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4. Mach gheép vi sai

- Treong hop tong quat, bo qua hiéu rng

V,
Early: «c
. | _ . | _ i _
’E1 :_Se(VB1 VE)/VT; ’Ez :_Se(sz ve)l Vs — ﬂ — e(VB1 Vg, ) Vr
ra « ’EZ \Li(‘l ’(Z\L
i, 1
[ [ - (V >V 1)/\/
:>4’E1+’E2 1+e 8 °F T 0,
g, _ 1 Up| \L’Ll iﬁ?\l/
{ { - (V 1~V 2)/\/ '
\’E1 + 1, 14 e 8 "B .

I
Do ig, + i, =l vadat vg, - vg, = Vi
r. ’
| =
E1 —Vig [ Vy
lg, = 1+ olalV Nguy&n Phuéc Bao Duy - HCMUT
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4. Mach gheép vi sai

- Xap xTa =~ 1, khi dé néu v,4 A
dd nhod thi ¢ thé diéu khién
dong ic gan nhw tuyén tinh n 1.0 o -
theo vy,. E o8l I I
3
5 0.6
% ___________
S 04 |
2 I
N I
7 |
~ 0 | | | | |
—10 8 —6 —4 —2 0 4 6 10
Yid

Normalized differential input voltage, V.
A
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4. Mach gheép vi sai

Phan tich mach tin hiéu nho:

- Dién ap ngo vao cua 2 BJT la:

V.
— d
2

1,2

Lwru y:

e CM: common mode
e d: differential mode

Vid

. ad ale™
e = Vd  Vd Vi
1+e 7 e’ 4e "

Uiq
VET(" o _Q_R( — 8m R(_z—

C C Em R(‘?»’m

A
Ol[ (){1)
R et Lo R
Cg\t 9 gmz
A d
0—#—0(]/(( %RC)

r r I/Ql Q2\| -
Vid vger = Vap T ?};7 ﬁlm:z = W= Zé_/
o R S
Uy <2V, 7
_al
=27,
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4. Mach gheép vi sai

Gia str vy << 2Vq:

Vee
all 1+ Vi 1 A
2V
|~ T ol id) § ol _ E_f)
’C1 q vd 2 + Em ) ¢ RC RC ;l 4 Em 2
1+ —+1——"
2V 2V _ ol Vig R i al Uig
T T VC(' 2 R(“ — 8m R(_z— O——T—O ng(‘vm' O0——0 ( V(( o 7R() + ng('7
ol ol v. al V.
— id __ id
== =—+8n 7 o o) o
2 2V, 2 2 ° n n
Yiq vgp = Ve T % Uy = Var — 7”[
Twong tu: _ - -
o
’- ~ g’ . g V_,d Vg < 2V7p 7
C2 m B a_]
2 2 8m — 2V1
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4. Mach gheép vi sai

Do lgi ap vi sai (Differential Voltage Gain):

. V. V.
’C1:’C1+gm_,d sz(vcc_’cRc)_ngc_,d:V TV
J vz = vz
iC2:’C1_gm7id VCz:(Vcc_’cRc)'Fngc?id:V TV

.

Aj=—b=-2—a_g R
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4. Mach gheép vi sai

- Do 2 BJT dwoc phan cuc hoan toan giong nhau
nén cd thé tach thanh 2 mach khuéch dai CE. ”
- Néu chi xét riéng ngd ra ciia mot BJT, gia s
Q1, khi dé:

Ad_vo1 _ gm(RC//ro)_ ﬂ (Rc//ro)

y
\

V,-d 2 2r Biased at %

O —9- —0 U, = 7z%r
2 2r +
% C+> Vo U EmUsn r, §R(

o

ll{
il
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4. Mach gheép vi sai

- Tredng ho'p nguon dong cé ndi trd Ree < oo, bai

todn sé phirc tap hon nhiéu:

)

(Vid{ Iy } ( Vid
1+ —| —
y :_,BRC4 2 (1+ SR, 2
01 r rﬂ-
7 2+
(1+ B)Ree

- Tuy nhién do théng thwong (1+5)R

triedng hop nay van c6 thé xap xi

R
Ad:_v01 _gm C: ﬂR

N/
"~/

Vi, 2 2r

3\

J

e >> I, NéN

Nguyén Phuwéc Bao Duy - HCMUT



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4. Mach gheép vi sai

b6 lg'i mode chung (Common-Mode Gain): ngd vao
Vi=V3 = Viem

- Néu mach vi sai phan cyc véi ngudén dong | ly
tuwdng (tré khang = ) nhw & phan trwdc thi A, =
0 (ngd ra cia moi BJT chi ¢4 thanh phan DC,
khéng cé thanh phan AQ).

- Thyre té thi nguon dong cé ndi trd Ree < oo, nén cé
mach twvong dvong AC nhu hinh.
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4. Mach gheép vi sai

- Do tinh d6i xrng, c6 thé tach thanh 2
mach doc lap.

- Trrong hop nay, néu xét:

Voom =V "V =0
thi hé s6 khuéch dai cling bang o, tuy
nhién dé xem xét k§ hon, ta tinh dé loi F
riéng cho twng BJT. Viem O
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4. Mach gheép vi sai

b1 ic

iy _¢
+ -
Voe S 7y égmvbe
) - 1 Re & vy
2Rgg

- P06 lgi mode chung (common mode gain):
A _ Vo _ IBRC

vicm r;r + (ﬂ + 1)ZREE
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4. Mach gheép vi sai
Ti sO nén (triét) tin hiéu dong pha CMRR (Common-Mode Rejection
Ratio):

A, ]
CMRR = - CMRR .. =20lo
A, | e T 008 A

M6t s6 nhan xét:

- Néu mach vi sai phan cwc bang ngudn dong ly twdng thi CMRR — .

- Thiyre té thi nguon dong khong ly twdng: CMRR < oo.

- C6 thé phén cwc mach vi sai dung dién tr& Re ch khéng nhat thiét
phai dung nguén dong, tuy nhién CMRR sé bj giam dang ké.
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4. Mach gheép vi sai

Trwong ho'p hai ngo vao v, va v, bat ky:

° /7 e . r v
. — _ _ d
Khl do’ dat vid o V1 vz V1 T vicm +
4 V. +V, =+ 2
vicm — V. =V . vd
L 2 2~ Vicm 5

Do dang xét mach & vung (gan nhw) tuyén tinh, nén cé thé ap dung
phurong phap x&p chdng, bang cach xét lan lwot:

- Mode vi sai: v, = v4/2; v, = -v4/2, tinh duwoc Ay = v, /vy

- Mode chung: v, = v, = v,, tinh dvoc A, = Vou/Vierm-

Xép chong: v, = Agvy + A Viem:

Néu ngb ralay & v, thi cling lam tuvong tu.
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4. Mach gheép vi sai

Vi du: Cho mach vi sai nhw hinh vaéi:
V+=10V, V- =-10V, |5 = 0.8mA, Rc = 12kC.
BJT c6 3 =100,V, =00, V; =26mV.

Nguon dong ¢é ndi tré R, (hay Reg) = 25kQ.
Xét ngo ra tai v, tinh Ay, A, CMRR.
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4. Mach gheép vi sai
Ddp dn:

lcqs = 1g/2 = 0.4mA.

r. = 6500Q).

SR
A, x ——==-02.3
2r

V4

PR,

A =— =—0.2
o r_+(B+1)2R, 3/

CMRR =389
CMRR ; =51.8dB
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4. Mach gheép vi sai
Vi du: Cho mach vi sai nhw hinh, R = 66k(2. +10V
B=100,V, =, V;=26mV.

a. Tinh toan cac gia tri phan cwc DC.

b. Tinh Ay, A, va CMRR v@ingo ra v,,.

-10V
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4. Mach gheép vi sai

Ddp dn:
a. Do tinh d6i x&rng: lcg, = lcqy +-e--
10 —0.
I, =1, = / —0.70 A
500 +2X101xX 66000
le, =1, =700A

Tw do tinh duwoc cac gia tri DC khac.

r =r_ = 26mVy =37.1kQ)

71 T2 O75,LIA

Nguyén Phwéc Bao Duy -
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4. Mach gheép vi sai
Ddp dn: +10V

b.
R

A, = PR =—66.5

2(r_ +R;)

R
o = PR =—0.374
r +R,+ (6 +1)2R,

CMRR =189.84

CMRR ;; = 45.56dB

-10V
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