Khuéch dai tin hiéu nhé

Bai 8: KHUECH PAI TiN HIEU NHO

8.1 Khai niém

Khuéch dai 13 qua trinh bién d6i mot dai luong (dong dién hodc dién ap) tir bién
d6 nho ¢ ngd vao thanh bién do 16n hon nhiéu ¢ ngd ra ma khong l1am thay doi tan sb cia
nd. Mach khuéch dai duge sir dung trong hau hét cac thiét bi dién ti, nhu mach khuéch

dai 4m tan trong amply, khuéch dai tin hiéu video, ...

~

Hinh 8.1: Mach khuéch dai dién ap

C6 ba loai mach khuyéch dai chinh 1a :

- Khuéch dai vé dién dp: La mach khi ta dua mot tin hiéu c6 bién do nhé vao, dau ra
ta s& thu dugc mot tin higu ¢6 bién do 16n hon nhiéu lan.

- Mach khuéch dai vé dong dién: La mach khi ta dua mot tin hiéu c6 cudng do yéu
vao, dau ra ta s& thu dugec mot tin hiéu cho cuong do dong dién manh hon nhiéu
lan.

- Mach khuéch dai cong sudt: La mach khi ta dua mot tin hiéu c6 cong suat yéu vao,
du ra ta thu duoc tin hiéu c6 cong sudt manh hon nhiéu 1an. Thyc ra mach khuéch
dai cong suat 1 két hop ca hai mach khuéch dai dién ap va khuéch dai dong dién
lam mot.

Transistor duoc st dung trong mach khuéch dai gom: FET va BJT. Trong d6 FET

c¢6 uu diém vé kich thudc va dién ap cung cap thap, dan dén cong suit tiéu thy thap hon
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BJT va d¢ tin cay cao hon BJT. Tuy nhién FET lai c6 nhuogc diém 1a dién dan g nho va
nhay cam vdi dién tich tinh, do d6 FET thuong duoc tich hop trong mach IC, con BJT

thuong dung cho cac mach roi. Trong pham vi bai hoc nay s dung BJT trong mach

khuéch dai tin hiéu nho.

8.1.1 Phén cuec transistor BJT
Ta biét BJT c6 thé hoat dong trong 3 vung:
- Viing tdc déng: (ving khuéch dai hay tuyén tinh)
e Nbi phat —nén (E — B) phan cuc thuan
e Noi thu — nén (C — B) phan cuc nghich
- Vung bado hoa:
e Nbi phat —nén (E — B) phan cuc thuan
e Noi thu — nén (C — B) phan cuc thuan
- Viing ngung: Noi phat — nén (E — B) phan cuc nghich
Tuy theo nhiém vy ma hoat dong cua transistor phai dugc dat trong vung nao. Nhu
vay, phan cuc transistor 1a dua cac di¢n ap mot chiéu vao céc cuc cua transistor nhu thé
nao dé transistor hoat dong trong viing mong mudn. Di nhién ngudi ta con phai thyc hién
mot sd bién phap khac dé 6n dinh hoat dong transistor nhét 1a khi nhiét d6 cua transistor
thay d6i. Trong trudng hop ching ta dang khao sat mach khuéch dai dung transistor BJT
do @6 can phai phan cuc cho transistor hoat dong trong ving tac dong (viung khuéch dai).
Khi tinh toan phan cuc cin luu ¥ cac thong sb sau:
Ig=Ic+1Ig; Ic=Pls ;P la he s6 khuéch dai dong dién, B = 20 + 500 (dugc nha
san xuit cung cap)
Ic = alg + Ico (IcBo dong 10 1)
Ic~ alg (bo qua Iceo Vi rat nho)
o= 0.9 +0.998 (o 12 hé s6 truyén dat dong dién)

Cong thuce lién hé gitra o va f:



Khuéch dai tin hiéu nhé

C6 4 cach phan cuc co ban cua transistor nhu sau:

Vee

Phén 4p (cach 1) Hobi tiép (cach 2) Emitter (cach 3) Base (cach 4)
Hinh 8.2: Bn cach phan cyc co ban cua transistor
Trong do
- Cach 3 1a truong hop dac bi¢t cua cach 1 khi Ry =
- Céch 4 1a truong hop dac biét cua cach 1 khi R, =00, Re =0
Vay ta ¢6 2 cach phan cuc tong quat la:
- Céch 1: phan cyc bang cau phéan ap
- Céch 2: phan cyc bang héi tiép dién ap
V6i mdi cach phan cuc ta c¢é 3 cach dua tin hiéu vao/ra:
- Mach cuc phat chung (E chung): tin hi¢u vao ¢ cuc B vara & cuc C
- Mach cuc thu chung (C chung): tin hiéu vao & cuc B vara ¢ cuc E
- Mach cuc nén chung (B chung): tin hiéu vao ¢ cuc E vara ¢ cuc C
Xem xét cac dic tuyén cua transistor BJT mic theo kiéu cuc phat chung dugc trinh

bay nhu trong hinh sau.

Ving tac dong

Ic (mA) e e s e
120 uA Ic(mA)
& it Vee =10(V)
100 pA
s (1A) 5
Vee =0V = 80 nA
100 + Vee =1V
CE s 60 HA

80 + =10V =

= 40 pA Legs = lcso

0w 9
60 T =

> 20

) 20 nA Vee (V)
40 + M T
I(‘Eol Is= 0 pA U171 2 3 4 5 6 7 8
20 T : —— : | |
K v 0 2 4 6 s | r oV . :
T f } } Vae (V) Vee (V) Ving ngung | Ving | Ving bio hoa
0 02 04 06 08 Ving ngung P Viz(sat)
(a) (b) (©

‘Hinh 8.3: Cac dac tuyén cua transistor BJT ‘
(a) dac tuyén ngd vao (b) dac tuyén ngo ra (c) dac tuyén truyén dat
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Tir ddc tuyén ngd ra ta thiy cac ving hoat dong cua transistor: ving bao hoa, ving
tac dong va ving ngung. Tir dic tuyén ngd vao va dic tuyén ngd ra, c6 thé suy ra dic
tuyén truyén dat cua transistor BIT. Dic tuyén truyén dat biéu dién sy thay doi cua dong
dién ngd ra Ic theo dién ap ngd vao Ver v6i dién ap ngd ra lam thong sd. Poi véi
transistor Silicon thi ving hoat dong c6 Ve nam trong khoang 0,5 — 0,8V. Trong ving
tac dong, dac tuyén truyén dat c6 dang ham mii. Khi dong Ip tang thi Vpg ting, Ve ting
mot luong nho thi Ic taing duoc mot lugng 16n, day chinh 1a dac tinh khuéch dai cua

transistor.

8.1.2 Piém lam viéc tinh va dwong thing liy dién tinh
Vai tro cua duong thang lay dién (dudng tai):
* Phan giai mach Transistor.
«  Xa&c dinh diém tinh diéu hanh Q.
« Cho biét trang thai hoat dong cua transistor (tac dong, bao hoa, ngung dan).
« Mach khuéch dai c6 tuyén tinh hay khong.
« Thiét ké mach khuéch dai theo y dinh (chon trudc diém tinh Q, tinh céc tri s6 linh
kién).
« Do loi dong dién thay d6i theo vi tri diém tinh diéu hanh Q.
«  Piém tinh diéu hanh Q thay d6i vi tri theo dién thé phan cuc transistor va con thay
d6i theo tin hiéu xoay chiéu (AC) tic dong vao mach.

Xét mot téng khuéch dai don gian nhu hinh sau.

Hinh 8.4: Mach khuéch dai cuc phat chung phan cuc ¢ dinh
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a) Xac dinh diém tinh Q ngé vao
Ap dung dinh luat Kirchhoff 2 cho ngd vao, ta co:
Vee =Ry + Vi

Suy ra:

Pay dugc goi 1a duong lay dién tinh (dudng tai mot chiéu) ngd vao cia mach.

Ig 4 , .
\'CEzVCEQ

>

Veeq Vee Vee

Hinh 8.5: Diém tinh Q ngd vao

Puong lay dién tinh ngd vao cat dic tuyén ngd vao tai 1 diém, goi 1a diém lam

viéc tinh ngd vao cua mach Q(Vgeq, Igg).

b. Xac dinh diém tinh Q ngé ra
Ap dung dinh luat Kirchhoff 2 cho ngd ra, ta co:
Vee =1cR + Vi

Suy ra:

Puoc goi 14 dudng ldy dién tinh ngd ra cia mach.
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nho

(=]

»
Vee

Hinh 8.6: Piém tinh Q ngd

v

ra

Puong 14y dién tinh ngd ra cit dic tuyén ngd ra tai 1 diém twong tng voi Isg (da

xac dinh ¢ ngd vao), goi la diém lam viéc tinh ngd ra ctia mach Q(Vcgq, Icq).

lc(mA) A

Ip(HA)

.
5=100pA 5
104 100 w
;
Ip=80pA
8 ot PR | [
2 9-—- I
|
| BQ I
| Q I5=60pA i | t
! leob 4 60 !
I I
1g=40uA
Ierg g _ ——4|-———- i IB1A (s s )
0 I
. i i L]
% : : ]“:._O[.l.‘\ 20 : :
I I I
I " PAUIES
| VeeQ : \ | //
\L JcE1 | b = 0 T Vee: l\"BE:‘ =
0 8 10 Vee(V) 0.5 1 Ve (V)
t
(b)

Hinh 8.7: Phan giai bang d6

thi

(a) dic tuyén ra (b) dic tuyén vao
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- Do loi dong DC (mot chiéu):
IC

Poc = -
Lo

- Do lgi dong AC (xoay chiéu):

A =B =AIC| e, — 1
i AC AIB ‘Q I

1132 ~BI

-~ Do loi ap

A = AV(:E| _ VCEZ _VCEI |

YAVl Ve -V,

BE |g BE1 Q

8.1.2 Mach twong dwong xoay chiéu ciia transistor BJT

Transistor BJT 1a linh kién phi tuyén, nhung khi xét véi tin hiéu trong pham vi
bién thién nho thi mac do phi tuyén anh huong khong 16n, nén ¢ thé xem nhu mach
tuyén tinh. Trong ché d6 tin hiéu nho do tinh tuyén tinh nén transistor duoc vé& thanh cac
mach twong duong xoay chiéu gém dién tré va ngudn dong, dé co thé tinh toan va phan
tich theo cac nguyén 1y ciia Iy thuyét mach dién. Cac mé hinh twong duwong nhu:

- MO hinh théng sb re (tan s thap)

- MBb hinh thong s6 hdn tap h (tan s thap)

- MO hinh thong sb hdn tap 7 (tdn s6 cao)

- MO hinh théng sb y (tAn sb cao)

Trong bai nay, chung ta khao sat chu yéu transistor BIT NPN va phan tich tin hiéu
nho theo mo hinh thong s6 re (cac két qua va phuong phap phan tich van ding voi BT
PNP, chi can cht ¥ dén chiéu dong dién va cuc tinh ctia ngudn dién ap mot chiéu).

BIJT 1a linh kién diéu khién dong ra bang dong vao nén mé hinh twong duong xoay
chiéu cta no ludn c6 ngudn dong duoc diéu khién béi mot dong dién khac.Véi moé hinh
trong duong xoay chiéu ctia BJT, cac tong trd vao va tong trd ra ta 6 mach twong duong
kiéu re. Trong kiéu tuong duong nay thuong dung chung mot mach cho kiéu rap cuc phat

chung va cyc thu chung va mdt mach riéng cho rap cuc nén chung.
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- Mach cuc phat chung (E chung) hodc thu chung (C chung):

Cuc phat chung Cuc thu chung

Trong md hinh twong dwong xoay chiéu ctia BJT mic cuc phat chung (E chung)
hodc thu chung (C chung) thi c6 dong dién ngd vao 1a i; = i, va dong dién ngo ra i,=1c=Pip
(nguén dong), r. la dién tré dong, 1, 1a dién trd ndi ngo ra.

- Mach cuc nén chung (B chung):

L

%)

vao ra

777"

Trong md hinh twong dwong xoay chiéu ciia BJT mac cuc nén chung (B chung) thi
c6 dong dién ngd vao 14 i = i va dong dién ngd ra 13 i= ic= ai. (ngudn dong).
Ghi chu:
- Do dién tré 1, cO gia tri rat 1on (ttr vai chuc kQ dén vai tram kQ) so vo1 dién trd tai, nén
nhiéu trudng hop ¢6 thé bo qua ro.

_ 26(mV) Q.

cQ

- Trong mo hinh trén ta c6 dién tré dong & nhiét do phong (25°C): re

r. phu thudc vao diém lam viéc tinh (mot chiéu) Q (Isq, Icq, Vcrg). Piém lam viéc tinh
anh huong dén r. nén anh huong dén kha nang khuéch dai tin hiéu xoay chiéu.
- Viéc tinh toan va phan tich mach khuéch dai dung transistor bao gém cac budc sau:

+ Buwde 1: Tinh toan ché d6 mot chiéu (hay tinh toan phan cyc transistor)

+ Buwde 2: V& mach twong duong xoay chiéu tin hiéu nhé theo mé hinh thong s re

+ Burde 3: Tinh toan cac tham s6 & ché d6 xoay chiéu (ché do dong).
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8.2 Pic tinh khuéch dai cia transistor BJT
Xem mach dién sau:
+Vcc

<

g

§R1 <{&:
c| G
Ch i

& %
| Be e

Hinh 8.8: Mach khuéch dai cu phat chung

Gia st ta dua mot tin hi¢u xoay chiéu co dang hinh sin, bién do nho vao chan B
ctia transistor BJT nhu trong hinh trén. Pién 4p & chan B ngoai thanh phan phan cuc mot
chiéu Vg con c6 thanh phan xoay chiéu cua tin hiéu vi(t) chong 1én.

ve(t) = VB + vi(t)

Céc tu C1 va C2 &6 ngd vao va ngd ra dugc chon nhu thé nao dé co thé xem nhu
ndi tit (dung khang rat nho) & tan so cua tin hiéu. Nhu vay tac dung cua cac ty lién lac C1
va C2 1a cho thanh phan xoay chiéu cua tin hiéu di qua va ngan thanh phan phan cuc mot
chiéu.

- Khi vg(t) > VB, tlic ban ky duong cua tin hi¢u, Vgg tang tirc dong Ip tang va do

Ic = BIg nén dong cuc thu Ic cling tang. Ngoai ra ta c6 ic(t) = Ic + 1c(t), do do
dién ap tai cuc thu: ve(t) = Vee — Reic(t) giam hon tri s6 tinh V.
V() >V, =1, T= 1. T= v () = Voo —Riic (D)
- Khi vg(t) < Vs, tlrc ban ky am cua tin hiéu, dong I giam dua dén dong dong Ic
cling giam va liic ndy vc(t) ting hon tri s6 tinh V.
V() <V, 2 [ d= 1. d= v (t) = V. —Rio (1) T
Nhu vdy ¢ mach trén ta thiy vc(t) bién thién nguoc chiéu voi va(t), tic vo(t)

nguoc pha véi vi(t). Dinh nghfa ti s6: A, = V—((tt)) la do khuéch dai (hay do loi)
Vi

dién ap cua mach.
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“’i(t)

vg(t)

0 ;
V(1)

Ve A /¢
NN
Vo (1)

ANEE
VARV

Hinh 8.9: Gian do tin hiéu theo thoi gian

Cic chi tiéu ciia mach khuéch dai:

Xem xét mach twong duong xoay chiéu cta mach hinh 8.8. V& mach xoay chiéu
thi cac tu lién lac Ci, C; va ty phan dong Cg xem nhu ndi tat. Tu Cg duge méc song song
v6i dién tro Rg thi trong mach twong dwong ciing khong con sy hién dién cia Re. Nguon
mot chidu Vee duoc xem nhu ndi dat. Ta v& mach twong dwong xoay chiéu ctia mach
hinh 8.8 nhu sau:

Vi R 1'_55 R;{ZQ.

o

Hinh 8.10: Mach tuong duong xoay chiéu ctia mach khuéch dai cuc phat chung

Tir so do khéi ctia mach twong duong xoay chiéu, ta co:
10
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- D0 lgi dién ap:
Mot trong nhitng dac tinh quan trong nhét ctia mach khuéch dai 1a @6 loi dién ap,
chinh 13 ty s6 dién ap ngd ra va ngd vao:

A == (8.1)

- P§ lgi dong dién:

Do lgi dong dién duogc xac dinh bdi phuong trinh:
A == (8.2)
- Tong tré vao Zi:
Téng tr¢ vao Z; dugc xac dinh bdi dinh luat Ohm c6 phuong trinh:
Z =— (8.3)
- Tong tré ra Zo:
Tong tré ra thuong dugc xac dinh tai cic dau ngé ra nhung hoan toan khac véi tong

trd. Su khac nhau dé la: téng trd ra duoc xac dinh tai cac dau ngd ra nhin vao hé théng

khi khong c6 tin hi€u ¢ ngo vao.

Z, =-2 (8.4)

Vi
A =P _Yolo _p A (8.5)

- Mi quan hé vé pha:

Mbi quan h¢ vé pha cua tin hiéu vao va tin hi¢u ra dang sin rat quan trong. béi vai
cac mach khuéch dai transistor ¢ dai tan trung binh cho phép bo qua anh huéng cua cac
phan tr dung khang, tin hiéu vao va tin hiéu ra c6 thé cung pha hoic nguoc pha nhau

180° tuy theo dac tinh ctia mach.
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8.3 Mach khuéch dai cuc phat chung

Tin hiéu dua vao cuc nén B, iy ra & cyc thu C. Cuc phat E ding chung cho ngd
vao va ngo ra.
8.3.1 Mach khuéch dai cue phat chung véi kiéu phan cuc ¢6 dinh.

Mach khuéch dai cuc phat chung véi kiéu phan cuc ¢ dinh va 6n dinh cuc phat.

Mach tuong duong xoay chiéu dugc trinh bay trong hinh 8.11.

+Vce

&
WAVAS
+
™
© ¢
@
‘_
e
—
o
—pe
[
-]
+

Hinh 8.11: Mach khuéch dai cuc phét chung

Trong d6 tri s& B do nha san xut cung cap (khoang tir 20 — 500).
Tri 6 re duge tinh tir mach phan cuc:

26mV
r =

(S IC

Q

Icq duoc xac dinh bdi cong thire sau:

— B(VCC_VBE)
QR+ (PR,

Ghi chu: Vi = 0,7V voi transistor BJT 1a Silicon.

Vae = 0,3V véi transistor BJT 1a Germanium.

Phén tich trong mach xoay chiéu thi cac tu lién lac C1 va C2 & ngd vao va ngd ra
c6 thé xem nhu ndi tit (dung khang rat nho).

Tir mach twong duong ta tim duogc cac thong sd cia mach nhu sau:
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a) Do loi dién ap:

Ta Cé ic = Blb Vé io = ic => io = Blb, mé ta Cé Vo ='i0RC => Vo Z'BibRc

Vi = Preip + Rele = Prein + (1+P)ibRE ; vi ta ¢d: 1c = 1p + Pip = (1+ P)ip

Suy ra:
v R
A =Yoo PR (8.6)
Vi Br. + 1+ PR,
Do B >> 1 nén:
R
A ~-— c 8.7
Y L +R, ®.7)
r RC
NéuRg>>r. suyra: A, ~—— (8.8)
RE
Dau “— " cho thay v, va vi nguoc pha nhau.
b) Tong trd vao:
Ta c6 tong tré vio:
Zi=Rp // Zy (8.9)
Trong d6: Zp = vi/ip , ma ta c6 v; = Prei, + (1+p)1,RE , nén suy ra:
7, -2 P A UPRe gy R,)~BR,  (doRe>>ro) (8.10)
1, L,
c) Do loi dong dién
p i
L
Trong do:
iOZ_VO ;1|:£:>Al:_&£ (8.11)
R, Z v, R¢
Z
Hay A, =-A, R—‘ (8.12)

13
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d) Tong trd ra:
Z, == (8.13)

D¢ tinh tong trd ra cia mach, dau tién ra noi tat ngd vao (vi = 0), &p mot ngudn
gia tudng cd tri sO v, vao phia ngd ra nhu hinh sau, sau do 1ap ti s6 z,

ip
—

tor, (P | L.

SBre -~

vx=o§RB 4%—‘ Rc ‘ 69 Vo
24

Hinh 8.12: Mach tinh téng tro ra

YAVAY,

Khi vi=0=> 1, = 0 => Bir= 0 (twvong duong mach hd) nén
Z, = =R, (8.14)
Ghi chii: Trong mach co ban hinh 8.11 néu mac thém tu phan dong Cr song song vdi R,

(tu Cg thoat thanh phan xoay chiéu tir cyc E xudng mass), thi trong mach twong duong

xoay chiéu s& khong con sy hién dién cua dién tré Rg (hinh 8.14).

+Vece
Res  <Re
CQV
. ' +—ik=re
V|__| _K
=t

RE?/
Hinh 8.13: Mach khuéch dai cuc phat chung phan cuc ¢ dinh méc thém tu phan dong Cg
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Mach tuong duong xoay chiéu duoc trinh bay nhu sau:

ii_. B c
Pre
vy KRB g 0P vl g Re Vo
= 2
=]

- = 20

Hinh 8.14: Mach twong duong xoay chiéu cta hinh 8.13
Luu y:
- Khi tinh toan trong thanh phan mét chiéu (DC) thi van c¢6 Rg
- Khi tinh toan trong thanh phan xoay chiéu (AC) khong c6 Rg

Phan giai mach ta s€ tim dugc cac thong s6 cia mach nhu sau:

a) Do loi dién ap:

b) Tong trd vao:

Z =Yi=R,//pr,

i .
i

c¢) Tong trd ra:

Zo = RC
d) Do loi dong dién
NN
R

Céc két qua trén c6 thé suy ra tir cac két qua hinh 8.11 khi cho Rg = 0.
8.3.2 Mach khuéch dai cue phat chung véi kiéu phan cuc bang cau phéan ap
bay la dang mach rat thong dung do c6 do 6n dinh t6t. Mach co ban va mach

tuong xoay chiéu ciia n6 dugc trinh bay trong hinh sau:

15
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.y‘oc % i&, 14 e C
in R . N
e oG
R< < < Pre v |
e, | JFwl v g 5T o
"i*“—ﬂ ‘Re
Rzz\ < F’ ¥_' x_iL ’2
R{} Zs Zy

Hinh 8.15: Mach khuéch dai cuc phéat chung vé6i kiéu phan cuc bang ciu phan ap

Trong d6 tri s& B do nha san xut cung cap (khoang tir 20 — 500).

Tri1 s0 re dugce tinh tir mach phéan cuyc:

_26mV

[§ IC

Q
V61 Icq duge xac dinh bdi cong thuc sau:

_ B(ETh_VBE)
€ R, +(B+DR;
Ghi chu:
R. R R
R, =R, //R, =—1>2_. =V, 2
Th 1 2 R1+R2 Th cc R1+R2

Vae = 0,7V véi transistor BJT 1a Silicon.

Vee = 0,3V voi transistor BJT 1la Germanium.

Céc tu C1 va C2 & ngd vio va ngd ra c¢6 thé xem nhu ndi tat (dung khang rat nho).
So sanh mach & hinh 8.11 va hinh 8.15 thi ta thay hoan toan giong nhau néu thay
Rp bang Ri//Rz nén ta c6 thé suy ra cac két qua phan giai mach nhu sau:

a) Do loi dién ap:

A = — RC ~_&

r,+R; R;

b) Tong trd vao:

Z,=R,//R,/IZ, v&6i Z,=PB(r,+R;)~PBR, (tr cong thirc (8.9))
16
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c¢) Tong trd ra:
Zo=Rc
d) D6 lgi dong dién: A, = —A 2=
c
Ghi chii: Tuong tu nhu trén thi trong mach co ban hinh 8.15 néu ta mic thém tu phan
dong Cg, thi trong mach tuong duong xoay chiéu s& khong con sy hién dién cua dién tro

Rk .

+\rf‘oc
_— e -
& tio
RE RS
o | Yo womg v
Vi | w3
. = — 5

Hinh 8.16: Mach khuéch dai cyc phat chung phan cuc bang cau phan 4p mac thém tu Ck
Luu y:
- Khi tinh toan trong thanh phan mét chiéu (DC) thi van c6 R
- Khi tinh toan trong thanh phan xoay chiéu (AC) khong c6 Rg

8.3.3 Mach khuéch dai cue phat chung véi kiéu phan cue bang hoi tiép dién ap
Mach co ban va mach tuong xoay chiéu ctia mach khuéch dai cuc phat chung véi

kiéu phan cyc bang hoi tiép dién ap dugc trinh bay trong hinh sau:

T = i';_’ B 4‘; ‘_’ C <

g - ~ i /—I‘\ s ®

SRe | /[ B':B_ es T
e

B .
Ci AAN— {F=Vo S Re

P }l; 4’/7 | S
S Re
2 z |_’ i '_lzo

Re < . =

Hinh 8.17: Mach khuéch dai cuc phét chung véi kiéu phan cuc bang héi tiép dién ap
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Khuéch dai tin hiéu nhé

Trong d6 tri s6 B do nha san xuat cung cap (khoang tir 20 — 500).
Tri 6 re dugc tinh tir mach phan cuc:

26mV
I, = .

cQ
Icq dugce xac dinh bdi cong thic sau:

_ P(Vee = Vi)
“ Ry +B(RC+R,)

Ghi chu: Vae = 0,7V vai transistor BJT la Silicon.

Vae = 0,3V véi transistor BJT 1a Germanium.
Céac tu C1 va C2 & ngd vao va ngd ra c¢6 thé xem nhu ndi tat (dung khang rat nho).
Tir mach twong duong ta tim duoc cac thong sé cia mach nhu sau:

a) Do loi dién ap:

Ta co: i, =i, +i ~Bi, (do Rp thuong rat 16n, nén dong dién i nho hon nhiéu so
v61 i, nén co thé bo qua).

Vatacod: v, =-1 R,

Suyra: v, =-1, R.=-pB1,R.

Ma ta ¢O: vi = Breip + Rele = Breir + (1+B)Reiv= P(re + RE)ib

Suy ra:

Ta co: v, =B(r, +R)i,

Vo _Vi

Voi: i, =i, +i'=1, +

B

18



Khuéch dai tin hiéu nhé

Suy ra: v, =B, + R, )G, + Y2 =B+ R, + PR P ARV,
B RB RB
Thay vo=Ayvi vao ta duogc:
v; =PB(r, +Rp)i; + PG +Re) AV — PG Ry Vi
B B
Suy ra:
B(re +RE)ii — Vi + B(re +RE) Vi _ B(re +RE)AVVi
B B
<= B(I‘e —|—RE)ii _ Vi 1+ B(I'e +RE)_ B(re +RE)AV — Vi 1+ M(I_AV)
RB RB RB

v B,+R,)
i PEAR) gy

B

PR
BRy
1+ E(1-A)

B

Néu Rg >>re suyra: Z =

Do Ay<Osuyral-A, =1+|A |~|A| (vi|A,|>>1)

Twr do suy ra:

__ BReRy
] RB+BRE|AV

c) Do loi dong dién:

A==
L
L vV, .V,
Taco: i, =——>;i, =—
R, Z
Suy ra: Ai:l‘—":—v"éz—&i
1, R. v, v; R¢

Z.
Hay: A. =—-A —-
Yy A "R

C

d) Tong tré ra: Z, = 5
10
N&i tat ngd vao (vi=0) => i, = 0 va i, = 0 => Suy ra Zo = Rc// Rp
19
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Ghi chu: Tuong ty nhu trén, & mach hinh 8.17, néu méc thém tu phan dong Cg vao cuc E
ciia BIT hodc nbi thang chan E xubng mass thi trong mach tuong duong xoay chiéu s&
khong con su hién dién cua dién tré R, lic nay cac thong s6 ctia mach duoc suy ra khi
cho Rg =0, ta c6 dugc cac thong s6 nhu sau:

a) Do loi dién ap:

b) Tong trd vao:

Br Br,
z, = <~
WPgay 1P
RB RB

c¢) Tong tro ra:

Zo = RC // RB
d) Do loi dong dién:
A
R

Nhan xét: Mach khuéch dai cuc phéat chung véi cac kiéu phan cuc déu cho thay do loi ap
va d6 loi dong 16n nén thudng duoc st dung dé khuéch dai tin hiéu, d6 1éch pha giira tin
hi€u vao va tin hiéu ra 1a 180°.
8.4 Mach khuéch dai cuc thu chung ( Tham %&b 7

Tin hiéu dua vao cuc nén B, liy ra & cyc phat E. Cuc thu C ding chung cho ngd
vao va ngd ra. Mach co ban va mach tuong xoay chiéu ctia mach khuéch dai cuc thu
chung v&i kiéu phan cuc bang hoi tiép dién ap dugc trinh bay trong hinh sau:

+Vec
= B b, E ix

. A e
viJPL . 1 3 q/ﬁih } ]
fa v,

— =

= Zo

I
Zi Zb
Rg<
o
Hinh 8.18: Mach khuéch dai cyuc thu chung
20



Khuéch dai tin hiéu nhé

b)

Céach xac dinh

re tuong tu nhu trong mach hinh 8.11.

Tir mach twong duong ta tim duogc cac thong sd cia mach nhu sau:

Do o1 dién ap:

Tir mach tuong xoay chiéu ta co:

v, =i,.R; mataco: i, =i, +Bi, = 1+p)i,

Suyra: v, =(1

+P)i, R

Taco: v, =Pri, +(1+P)Ri,

Suy ra

[9)

_V_

v
A

Tong trd vao:

Z,=
11
Trong d6
zZ, =t
1,
Suy ra
Z =

i
i

Tong tro ra:

i

__ (+BRyi, Ry
Bri, +(1+P)R;1, r +R;

R,//Z,

_ Bri, + 1+ PR,

Ly

~P(r, +Ry)

YR, //Z,=R,//Br.+R,)~R,//BR,
1

Noi tat ngd vao (vi = 0), &p mot dién thé v, & ngo ra, so dd mach tuong duogc trinh

bay nhu trong

hinh sau:
B 2o, E -—io
T AN - 4
] Pre ] R ]\ | -
/> Ty B> ¥
Rgp*, ( 5 ~
5 \D BibJ uj&'
J c ] | |
-
Zn ®

Hinh 8.19: Mach twong duong véi ngd vao dugc ndi tat
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Khuéch dai tin hiéu nhé

Tt mach tuong duong ta co:

: v, : % )
1, =— _lb_Blbz > _(1+B)1b
RE E
leb:__:>o_v_0+1+[3 S L+l .
re RE Bre RE re
1 1
Suyra —=—-=—+—=>7 =r1,//R;
A r. R

aobRe_ 7
L Vi Ry
Z

Chi _chii: Mach khuéch dai cuc thu chung ciing c6 thé dugce phan cuc bang cau chia ap
nhu trinh bay trong hinh 8.20 (a). Cac cong thitc phan gidi mach bén trén van dung, chi
can thay Rg= R1//R2. Mach cling co thé dugc mic thém dién tré Re nhu hinh 8.20(b), cac
cong thic trén van ding khi thay Rg = Ry / Ra. Tong trd vao Z; va tong tro ra Zo khong
thay ddi vi Re khong lam anh hudng dén cuc nén va cuc phat. Bién tré Rc dugc dua vao

chi lam anh hudng dén viéc x4c dinh diém tinh diéu hanh.

+¥cc +Vec
|
R1< : -
' R1:\§ Rc%
Vi ?.Ll —t) Vi (ij}l ! ] -
2 m;’_\fg > 2 va
Ra% 3 R,<
RE\ RE<
S :l_ ——L
(a) (b)

Hinh 8.20: Mach khuéch dai cuc thu chung

(a) phan cyc bang cau chia ap (b) dién tré Rc dugc mic thém vao mach
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Khuéch dai tin hiéu nhé

Nhan xét: Mach khuéch dai cuc thu chung c6 dién ap vao va ra cung pha nhau, dg lgi
dién ap xap xi bang 1, diéu nay c6 nghia 1a mach khuéch dai cuc thu chung 1a mach lap
(13p lai tin hiéu). Bén canh d6, mach nay c6 tong trd vao rat 16n va téng trd ra lai rat nho.
Vi cac 1y do trén, mach khuéch dai cuc thu chung thuong dugc dung lam mach dém —

Buffer (cach ly ngd vao va ra) gitp cho viéc truyén tin hiéu dat hiéu suét cao nhat.

8.5 Mach khuéch dai cwc nén chung
Tin hiéu dua vao cuc phat E, 1dy ra ¢ cuc thu C. Cyc nén B dung chung cho ngd
vao va ngod ra. Mach co ban va mach tuong xoay chiéu ctia mach khuéch dai cuc nén

chung dugc trinh bay trong hinh sau:

+§EE
¥i i ;IRE H
=l S T “ [ L m [t:,
; \I,//a'i@ ch Yo

G ‘];7 ! R;.;é 2,
Z\i_' Reg LCe $Re z;r ] J—i 1 J =

Hinh 8.21: Mach khuéch dai cuc nén chung

Tir mach twong duong ta tim duogc cac thong sd cia mach nhu sau:
a) Do loi dién ap:

R R
a—c 5 Zc
re re

b) Tong tré vao:
Zi=Rg//te = 1e

¢) Tong trd ra:
Zo=Rc

d) Do loi dong dién:
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Khuéch dai tin hiéu nhé

VO
ab  Re_vZ_ 7 Ren |
L Vi i Re R r, Re
Z

Nhan xét: Mach khuéch dai cuc nén chung c6 dac diém 1a do loi dién ap 16n nhung do
loi dong bé, tin hiéu vao va ra cing pha. Nhung tong tré vao cta mach nay kha bé do d6
can phai cai thién tong trd ngd vao. Mach nay thuong tmg dung trong cic mach khuéch

dai tan so cao.

Bang so sanh cac dic diém cua ba kiéu rap Transistor BJT trong mach khuéch dai:

Pic diém E chung C chung B chung
Diém chung Cuc E Cuc C Cuc B
Tin hiéu vao Cuc B Cuc B CucE
Tin hi€u ra Cuc C Cuc E Cuc C
D¢ 1éch pha Nguoc pha Cung pha Cung pha
Khuéch dai dong Lén Nho Khong
dién

Khuéch dai dién Lén Khong Nho
ap

Khuéch dai cong Lén Nho Nho
sut

Tré khang vao Nho Loén Nho
Tré khang ra Lon Nho Lon

Vi du 1: Cho mach khuéch dai nhu sau, transistor NPN (Q1) 1a loai Silicon, c6 B = 100.

Tinh todn va mo6 phong d6 loi dién ap Av cia mach sau va nhan xét.

+12V

RB RC
270k 2.2k

C1 Q1
i . K
10uF

Hinh 8.22: Mach khuéch dai cuc phat chung
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Khuéch dai tin hiéu nhé

a) Tinh d¢ lgi dién ap Av

Taco: 1, = 26my
ICQ
Ap dung dinh luat Kirchoff 2 ta cé:

Vcec = IR + VBE

Suy ra dong dién Ig:
I, = Vee =V 12V-07V 0,04185mA =~ 42uA
R, 270KQ

Day ciing chinh 1a dong dién Ipg, tir d6 suy ra dong di¢n Icq nhu sau:
Ico= Bleo = 100 x 42 uA = 4200 uA =42 mA =4,2 . 10°3A
26mvV. - 26.10°V

Suyra: 1, = — = — =6,2Q
42.10°A 42.10°A
Do o1 dién ap:
A :_RC :_2ZOOQ _ _355
r, 6,202

b) Mé phéng mach dé xac dinh dd loi dién ap Av
Thuc hién moé phong mach khuéch dai trong Proteus:
- Str dung bg tao song Sine: tao tin hi€u nho & ngd vao c6 bién d§ SmV va tan s6 1kHz.
- Sir dung may hién song (Oscilloscope): dé hién thi dang song cua tin hiéu ngd vao va
tin hi¢u ngo ra.

:‘; Sine Generator Properties ? b3
Generator Name: Offset (Volts): }D =
- Al (Volts):

gz?ue Types ©Amplltude: 175"‘ =

@ Sine (OPeak: =

Opuise ORMS: S

O Pwiin

OFie Timing

OAudlo <

(O Exponent (@ Frequency (Hz). [1k 2 12v "
OsFrm O Period (Secs): : FEEETT
(OEasy HDL >3 B

(O Cycles/Graph: - e
Brberfrtoty

Digital Types Delay: RB RC i
O steady State (O Time Delay (Secs): = 270 22

(O single Edge :

(O Single Pulse @ Phase (Degrees): 10 | 5 c2

(O Clock —|1O C

O Pattern Damping Factor (1/s): lo = 1 u

Easy HDL C1(2) 1
(OEasy ~ I I . K NQP !
10uF

[[]current Source?

Dlsolale Before?

[[IManual Edits?

Hide Properties? OK. Cancel 1

25



Khuéch dai tin hiéu nhé

Két qua mo phong nhu sau:

Digital Oscilloscope n

Channel C

Hinh 8.23: Két qua m6 phong do loi dién 4p Ay

Do loi dién ap:
A" 3,53V . : :
=—2=— =—-353 (dau “-” la do tin hiéu ngd vao va tin hi€u ngd ra

V4 10mV

mn

nguoc pha nhau).
Nhan xét: Do loi dién ap A, trong tinh toan va trong mo phong cho két qua gan bang

nhau.

8.6 Anh hwéng ciia ndi tré va tré tai 1én mach khuéch dai

Trong cac muc trudc, ching ta da phan tich va tinh toan cac thong sb ctia mach
khuéch dai dung BIT khi khong c6 tai va ngudn tin hiéu duge xem nhu 1y twong (khong
c6 ndi tro). Thuc té, nguff)n tin hi€u luén co6 noi trd nguff)n tin hi€u rs va mach cé téng tré
tai Ry. V6i ndi tré rs va tro tai Re nhu vay s& 1am thay ddi cac thong sé ctia mach nhu
téng trd vao, tong tré ra, do loi dién ap va do loi dong dién. Trong muc ndy chung ta

khao sat anh hudng cua rs va Ry 1én cac thong so6 ciia mach khuéch dai.
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8.6.1 Puong thang lay dién dong

Xem xét mach nhu hinh sau:

Hinh 8.24: Mach khuéch dai phan cuc ¢ dinh c6 méc dién tré tai Ry

Xéc dinh duong thang 14y dién dong (xoay chiéu):
Ta co:

- bién tro tai DC: Ri=Rc

- Diéntrotai AC: R, =R, //R,

- Phuong trinh ngd ra chi véi tin hiéu AC:

1R, +v, =0

1. =1, +ICQ &1, =1 —ICQ
Trong do:
ic: Dong dién cuc C d61 véi ca tin hi¢u xoay chiéu va tin hi€éu mdt chiéu.
1c: Dong dién cyc C do6i vai tin hi€u xoay chiéu.
Icq: Dong dién cuc C doi véi tin hiéu 1 chiéu.

Veg = Ve T VCEQ < Vee = Ve~ VCEQ

Trong do:

vce: Pién ap vce doi voi ca tin hi€u xoay chiéu va tin hi¢u moét chiéu.
Vee: Di€n ap vee do1 véi tin hi€u xoay chiéu.
Vceq: Dién ap Ve doi véi tin hi€u mot chiéu.
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Vay phuong trinh ngd ra khi ¢6 ngudn tin hiéu AC la:

. 1
(e — ICQ) =—— (Vg — VCEQ)
R,
. 1 VCEQ
S = —R—,LVCE + R +1eg

Phuong trinh nay chinh 1a phuong trinh duong thang iy dién dong ctia mach.

_ Verg

- Khi vcg =0 thi .=

+ ICQ

L
~Khiic=0 thi Ve =IoR; + Vg
Trong d6 R, =R, //R,.
Ghi chu:
- Puong thang ldy dién tinh (dwong tai DC) la tdp hop tdt ca cac diém lam viéc tinh
O(lc, Vcg), khi chwa co tin hiéu AC.
- Puong thang ldy dién déng (dwong tai AC) la tdp hop tdt cd cdc diém (ic, vcg), bao
gom ca diém Q, khi ¢6 tin hiéu AC.

Puong thang lay dién tinh va dong cung dic tuyén ngd ra duoc trinh bay ¢ hinh
8.23. Pién trd tai Ry khong tham gia vao duong thang 13y dién tinh vi n6 duoc co 1ap véi
mach phan cuc boi tu lién lac Ca. Khi phan tich véi tin hi€u xoay chiéu, tu Cz duoc xem
nhu ndi tat va tai cua mach dién duoc xem 1a Ry va dién tré cuc thu Re mic song song
v6i nhau. Tac dung cua dién tré tai Ry 1am cho duong thang 13y dién dong c6 doc dimg
hon dong dién lay dién tinh. Piém cha y quan trong 1a ca 2 dudng thang nay déu qua
cung mot diém Q.

Khi chua mic tai Rr, néu ta ap mat tin hiéu nho hinh sin vao cuc nén cua transistor,
dong dién cyuc nén cua transistor s& bién dong tir Is; dén Ips nén dién ap ngd ra Ve cling
bién dong nhu hinh v&. Néu ta mac tai Rr vao, vi su bién dong cua Is van khong thay doi
nhung d doc cta duong thang lay dién di thay doi (dimg hon) nén tin hiéu ra Ve nho

hon.
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Ieq

Hinh 8.25: Pudng thang 1ay dién tinh va dong cung dic tuyén ngd ra

‘Ic

Puing thang lay dién ding
/ Buthg tidnig v disn bk
I~ VCC/ RC\
IEZ
B Q Iea
IBI
Y
— : e il Ver
Vee - i
CéRy
Ve # ’ =R/ /R

Khng 6 Ry

Lt

| >

8.6.2 Anh huéng ciia ndi tré' ngudn rs

Tin hiéu
nguon

1
1
1
. 1
I\Ei/\, lin 2'
VS Vin — Zin
IL+Z,
—L—

$

Hinh 8.26: Mach xét anh hudng ctia nd1 tré nguon
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Khuéch dai tin hiéu nhé

- Do loiap:

. Ap dung dinh 1y Thenvenin ta c6 dién ap vao bd khuéch dai:

Z.
_ in
V., = ( }.VS
I + z,

.Suy ra dién ép ra:

v,=A v, = Av.[ Zin ].Vs (8.15)

r +2z
s in

Nhu vay dé c6 do loi ap Ay cang 16n thi zin>> 15
- Do lgi dong:
.Dong di¢n ngd vao bd khuéch dai:

Ta co:

. V. 1 Z. 1
_ _in __ in _
1 = = —[ }.VS —[ j.VS
z, z, \L+zZ, L+2z,

Matacod: V, =T,

N

. T .
Suyra: 1, = — |,
r+z,

Dong dién ngo ra:

i =Ai = Ai{ L jl (8.16)
rs + Z.,

Dé c6 d6 loi dong A; cang 16n thi ry >> z;,

8.6.3 Anh huwéng ciia dién tré tai Ry
Mot bo khuéch dai AC dung dé cung cip cong sudt cho mot tai & ngd ra. Tai co
thé 1a loa, ang-ten, co1, dong co dién hodc bat ky mot thiét bj hiru ich nao. Khi phan tich

mach nay, ta thay thé bang mot dién tro tai Ry.
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Hinh 8.27: Mach xét anh hudng cta dién tro tai

- D¢ loi ap tir nguon den tdi:

v, = (—RL } \%
L *vo
Zout + RL

D¢ co6 ap roi to1 da trén tai thi RL >> zou

(8.17)

Xét ca anh huong ctia ngudn va tai thi do g1 ap tr nguon dén tai dugce xac dinh

bang viéc thay (8.15) vao (8.17), ta duoc:

Vs rs + Zin Zout + RL

- D6 loi dong tir nguon dén tai:

.Dong trén tai:
Ta co:

\Y% 1 R

L L

1, = = . Vv =—————[V

" R, R,z +R,) " |z +R,

Mataco: V, =2 .1

out*"o

: z :
Suyra: 1 = [—0‘“ }10
Zout + RL

Do lgi dong tong (tir ngudn dén tai):

Thay (8.16) vao (8.18) ta dugc:

1 r z

L _ s out
L= Ai{ j( - }
1 rL+z, Z, TR

Pé c6 dong tdi da trén tai thi zow >> Ry
31
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8.6.4 Mach khuéch dai cwe phat chung véi kiéu phéan cwe ¢é dinh khi ¢é ndi tré va
dién tré tai
Xét mach khuéch dai cuc phat chung véi kiéu phan cyuc ¢ dinh v6i ndi tré rs va

tro tai Ry nhu hinh sau:

+N¢C

< Cout

<Rs o
L
s Cin r :

* i &

il
\f.l\)vs

Hinh 8.28: Mach khuéch dai phan cuc ¢ dinh v&i ndi trd rs va tro tai Re

Khao sat anh hudng cua rs va Ry 1€n céc thong s6 cua mach khuéch dai. Ta co6 so

doé mach tuong vé mat xoay chi€u ctia mach trén nhu sau:

| L 4
— A *
|
1
| §RC RL
7 +> i
/¥ I" I
Vin 1 —
v P ARV
| Zin Vout Zout

Hinh 8.29: Mach twong xoay chiéu cia mach Hinh 8.26

Trong truong hop khong c6 dién tré tai va ngudn tin hiéu thi ta co:
- bién tro vao: zin=Rs // Pre
- bién tréra: zowr = Rc

- Do loiap: (khi khong co tai ngo ra xem nhw ho mach)
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Trong truong hop c6 dién tré tai va ngudn tin hiéu thi ta co:

- Tacd d0 loi ap toan phan (hay do loi ap tir ngudn dén tai):

Iﬁk ) -}iL; ) Iﬁk [: :Zin :][: Iz‘ld :]
vETP — - v R
Vs I's + Zin L + Zout

R
Voi: A, :—r—c;zin =R, //Pr;z

¢

A [ R R, //Br, R,
vETP r \r+@®R,/Pr) \R, +R,

1 R, // R.R 1 R, //
= Ayprp =~ o P, = — n /1 Pr. (R.//R,)
r.\r,+(R;/Pr,) AR, +R. r.\r,+(Ry//Pr,)

- Taco d6 loi dong tong (hay do loi dong tir nguon dén tai):

1 r z
A —__L _ A S out
iETP — . i'[ j( R j
1 I, +Z, Z ot +R,

Voi A, =Bz, =R, //Pr,;z

:RC

out

=R,

out
=A_ = l—L = B L RC
P r+(R,/Br) \R, +R,

Vi du 2: Tuong tu vi du 1, méc thém dién tro tai Ri=10k Q & ngod ra. Tinh todn va mo

phong dd lgi dién ap Averp ciia mach sau va nhan xét.

+12vV

A

RB RC
270k 2.2k

C2

10uF

c1 a1
—| ‘ t NPN RL
10uF 10k

Hinh 8.30: Mach khuéch dai phan cuc ¢ dinh c6 méc dién tré tai Re
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a) Tinh d¢ lgi dién 4p Avere

Khi c6 dién tr¢ tai thi ta c6 do 1o1 4p toan phén duoc tinh nhu sau:

A _A Zin I{L
TPz o+ AR +R,
R

220002
Véi Ay 1a d6 loi dién ap khi khong co tai A =— C—_ 00 =
r 6,2Q2

[

—-355

Zin 12 tong tré vao cuia mach
1s1a dién tré ngudn

Xét trudng hop: zin>> 15 (d€ c6 d6 1oi ap Avere 16n)

oa o[ R RO ) gss, 10kQ 3550
r (R, +R, 10kQ+2,2kQ 12,2

[

b) M6 phong do lgi dién ap Avere
Thuc hién moé phong mach khuéch dai trong Proteus:
- Str dung bg tao song Sine: tao tin hi€u nho & ngd vao cd bién d§ SmV va tan s6 1kHz.
- Sir dung may hién song (Oscilloscope): dé hién thi dang song cua tin hiéu ngd vao va

tin hi€u ngo ra.

+12v |

A

o o w >

RB [ RC

270k 2.2k

C2

10uF

c12) C1
S e
10uF ]] 5)['(_

Hinh 8.31: So d6 mach mé phong
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Khuéch dai tin hiéu nhé

Két qua mo phong nhu sau:

Digital Oscilloscope n

I Channel C

Hinh 8.32: Két qua mo phong
b4 o1 dién ap khi co tai:
\Y 2,88V .
A= =—— =—288 (dau “-” 1a do tin hiéu ngd vao va tin hiéu ngd ra
\'A 10mV

nguoc pha nhau).

Nhén xét: Do loi dién ap Aerp trong tinh toan va trong mo phong cho két qua gan
bang nhau.

8.6.5 Mach khuéch dai cwe phat chung véi kiéu phan cwe ciu phan ap khi ¢é ndi tré

va dién tré tai. Xét mach dién nhu hinh sau:

+Vce
e B8 -
Is o~ 11
_/V\.’_{ t__e\;\\]ﬁﬂoo& I
R
N C 2 ,.~/ L
P
Vs ( -\~\| R, § <7
\H—‘-—"J ~ /77
Re
zr> = ]—CE
e
S/

77 /77

Hinh 8.33: Mach khuéch dai phan cuc cu phan &p v&i ndi tro rs va trd tai Ry
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Khuéch dai tin hiéu nhé

- Xac dinh Ay, Zi, Z,khi chua co tai.
- V& mach tuong duong xoay chiéu theo mé hinh re.

- X4c dinh d¢ loi 4p toan phan (A.ere), d0 loi dong tong (Aiere) khi co tai.
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Khuéch dai tin hiéu nhé

Bai tip - Khuéch dai tin hiéu nhé

Cau 1: Cho mach dién nhu hinh sau, st dung transistor NPN loai Silicon.
a) Xac dinh cac gia tri phan cuc transistor: Igq, Icq, Vceg
b) V& mach tuong duong xoay chiéu véi tin hiéu nho theo mé hinh thong sé re
¢) Tinh d6 loi dién ap Ay, tong trd vao Zi, do loi dong dién A;, téng trd ra Zo
Vee =+ 12V

T

Rg Re
270KQ 2.2KQ
C>
& ] le — {e-ongé ra ac
! B Y X 10uF
ngd vioace )r —1 Ve
10uF _’/
B =60

Cau 2: Cho mach dién nhu hinh sau, st dung transistor NPN loai Silicon.
a) Xac dinh céc gia tri phan cyc transistor: Izq, Icq, Vcrq
b) V& mach tuong duong xoay chiéu véi tin hiéu nho theo mé hinh thong sé re

c) Tinh d¢ loi dién ap A, téng trg vao Zi, do loi dong dién A;, téng tré ra Z,

\".CC =+ 12V

1
Ra g SRe
240K S $3.3 Kél
. , Ic] 4— 1(— - ngd rz ac
le B )™ 10uF
ngd vao ace )l #j\ Visia
10uF £ o
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Khuéch dai tin hiéu nhé

Céau 3: Cho mach dién nhu hinh sau, st dung transistor NPN loai Silicon.
a) Xac dinh céac gia tri phan cyc transistor: Igq, Icq, Vcrq
b) V& mach tuong duong xoay chiéu véi tin hiéu nho theo mé hinh thong sb re

c) Tinh d¢ loi dién ap A, té)ng tro vao Zi, d6 loi dong dién A;, té)ng tré ra Zo

\".-CC =+ 20V
R,7 < Re
430K < Ie 2 2kQ
| Yii
10uF ||1s b {E—=Vo
| N 10uF

v o Vi

; [\ b FE 8 =100

N
-
— |\
(®)
m

Céu 4: Cho mach dién nhu hinh sau, st dung transistor NPN loai Silicon.
a) Xac dinh céac gia tri phan cyc transistor: Izq, Icq, Vcrq
b) V& mach tuong duong xoay chiéu véi tin hiéu nho theo mé hinh thong sb re
c) Tinh d¢6 loi di¢n ap A, téng tro vao Zi, d6 loi dong dién A;, téng tré ra Zo

\’rcc = 22\-

'

Ru;f; Icl(;R(
39k0< <10k
” o
‘\c |< oV,
: - v JN\  10uF
VY v
10uF » B=140
Ru‘/l" 3\
= 1-.I<R
3.9k0Q< i P

b
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Khuéch dai tin hiéu nhé

Cau 5: Tuwong tu cau 4 (khi méc thém Ck)

Vee =+ 22V
L d
!—]_]
39k0< /?l()kQ -
e v,
T v JW  10uF
Vie—|{ — Ve
10uF l» p=140
Ru'\\" I <Re —= Ce
3.9k0< (\]'SKQI 10uE

Cau 6: Cho mach nhu hinh sau:

a) Xac dinh cac cong thirc tinh gia tri phan cuc transistor: Isq, Icq, Vcro
b) V& mach tuong duong xoay chiéu véi tin hiéu nho theo mé hinh thong sb re
c) Tinh d6 loi di¢n ap A., téng trg vao Zi, do loi dong dién A;, téng tréd ra Z,
Cau 7: Cho mach di¢n nhu sau, transistor NPN (Q1) 1a loai Silicon, c6 = 100.
a) Xac dinh A, Zi, Z, khi chua c6 tai.
b) V& mach tuong duong xoay chiéu tin hiéu nho
theo mé hinh thong s6 re

¢) Xac dinh d6 loi ap toan phan (Avere), d0 1oi

dong tong (Aiere) khi c6 tai Ri=10kQva ni tro
RL

ngudn rs=100Q2..
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Khuéch dai tin hiéu nhé

Cau 8: Cho mach khuéch dai phan cuc cau phan ap vdi ndi trd rs va trg tai Ry nhu sau:

+22V

R, Rc
6,8k -
56k i Csy ] IPuF Vo

rs=0,32k |
Nt ) L
n C=10uF 10k
Vs C‘) R> ﬁzn
8,21({; Vo

: -

£ 77 /77
a) Xac dinh A, Zi, Z, khi chua c6 tai.
b) V& mach tuong duong xoay chiéu tin hiéu nhé theo mé hinh thong sb re
¢) Xac dinh d6 loi ap toan phan (Avere), d6 loi dong téng (Aiere) khi o tai

Ri=10kQ va ndi tré ngudn rs
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