Bai 8: KHUECH PAI TIN HIEU NHO

8.1 Khéi niém

Mach khuéch dai c6 tinh chat 1a khi ta dua vao mét tin hiéu nho, & ngd ra s& xuit
hién mot tin hiéu c6 bién do 16n hon nhiéu 1an. Mach khuyéch dai duoc sir dung trong
hau hét cac thiét bi dién tir, nhu mach khuyéch dai 4m tan trong Amply, khuyéch dai tin

hi¢u video, V.v ...

(=]
~

Hinh 8.1: Mach khuéch dai dién ap

C6 ba loai mach khuyéch dai chinh 13 :

Khuéch dai vé dién dp: La mach khi ta dwa mot tin hiéu c6 bién d6 nho vao, dau ra

ta s& thu duwgc mot tin hidu c6 bién do 16n hon nhiéu lan.

Mach khuéch dai vé dong dién: La mach khi ta dua mot tin hiéu c6 cuong do yéu

vao, dau ra ta s& thu duoc mét tin hiéu cho cuong do dong dién manh hon nhiéu

lan.

Mach khuéch dai cong xuat: L& mach khi ta dua mot tin hiéu cd cong xuat yéu

vao, dau ra ta thu duoc tin hiéu cd cdng xuat manh hon nhiéu lan. Thuc ra mach

khuéch dai cdng xuit 1a 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 BIT. Trong d6 FET
c6 vu diém vé kich thudc va dién &p cung cap thap, dan dén cong suat tiéu thu thip hon

BIT va d6 tin cay cao hon BJT. Tuy nhién FET lai ¢6 nhugc diém 1a dién din g nho va
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nhay cam véi dién tich tinh, do d6 FET thuong dugc tich hop trong mach IC, con BJT
thuong dung cho cac mach roi. Trong pham vi bai hoc nay tap trung vao viéc ung dung
BJT trong mach khuéch dai tin hiéu nho.

8.1.1 Phéan cwc transistor BJT
Ta biét BJT c6 thé hoat dong trong 3 vung:
- Viing tdc déng: (vung khuéch dai hay tuyén tinh)
e N&bi phat —nén (E — B) phan cuc thuan
e N&i thu — nén (C — B) phan cuc nghich
- Vlng bado hoa:
e N&bi phat — nén (E — B) phan cuc thuan
e N&i thu — nén (C — B) phan cuc thuan
- Viing ngung: N6i phat — nén (E — B) phan cuc nghich
Tuy theo nhiém vu ma hoat dong cua transistor phai duoc dat trong ving nao. Nhu
vy, phan cuc transistor 1a dua cac dién 4p mot chiéu vao c4c cuc cua transistor nhu thé
nao dé transistor hoat dong trong viing mong muén. Di nhién nguoi ta con phai thuc hién
mot sé bién phap khac dé 6n dinh hoat dong transistor nhat 1a khi nhiét &6 cua transistor
thay doi. Trong truong hop chiing ta dang khao sat mach khuéch dai dung transistor BJT
do d6 can phai phan cuc cho transistor hoat dong trong ving tac dong (viing khuéch dai).

C0 4 cach phén cuc co ban cua transistor nhu sau:

Phan &p (cach 1) Hoi tiép (cach 2) Emitter (cach 3) Base (cach 4)
Hinh 8.2: Bon cach phan cuc co ban cua transistor



Trong d6
- Cach 3 la truong hop dac biét cua cach 1 khi R, =
- Cach 4 la truong hop dac biét caa cach 1 khi R, =00, Re =0
Vay ta c6 2 cach phan cuc tong quét la:
- Céch 1: phan cyc bang cau phan ap
- Céch 2: phan cyc bang hoi tiép dién ap
Vi mdi cach phan cyc ta ¢ 3 cach dua tin hiéu vao/ra:
- Mach cuc phéat chung (E chung): tin hiéu 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 dac tuyén cua transistor BJT méc theo kiéu cuc phat chung dugc trinh
bay nhu trong hinh sau.

Ving tac dong
Ic (mA)

120 pA I (mA)
6 = Vee =10(V)
100 pA
Ts (LA S -
2 (14) Vee =0V ' 50 A
100+ Ve =1V 4 1
E s q 60 LA
20 1+ ce =10V =(3
’—: 5 40pA Legs = Leno
60 T s C 7
- 20 pA
a0+ ! . S Vee ™)
o | I oua T 251 5 6 7 8
20 + T T T T
oV 0 2 4 6 8 PV
1 ! Vae (V) ’ I Vee (V) Vi - o hoa
0 02 04 06 08 Vimg ngung
(a) (b)

,H‘|nh 8.3: Cac dac tuy,é'n cua transistor BJT ‘
(a) dac tuyén ngd vao (b) dac tuyén ngo ra (c) dac tuyén truyén dat

Tir dac tuyén ngd ra ta thay 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, co thé suy ra dic
tuyén truyén dat cua transistor BJT. Dac tuyén truyén dat biéu dién su thay d6i cua dong
dién ngd ra lc theo dién &p ngd vao Vge voi dién 4p ngd ra lam thdng sb. D voi
transistor Silicon thi viing hoat dong c6 Vge nam trong khoang 0,5 — 0,8V. Trong ving
tac dong, dac tuyén truyén dat c6 dang ham mii. Khi dong Ig ting thi Vge ting, Vge ting
mét luong nho thi lc ting dwoc mot luong Ion, ddy chinh 13 dic tinh khuéch dai cua

transistor.



Puong thang lay dién (Load line):

Phuong trinh duong thang lay dién: Vee= IcRe + Ve

DPuong lay dién dugc V& trén dic tuyén ra qua 2 diém xac dinh sau:
- Piémngung, [c=0 2> V= Ve (Piém M)

Diém bdo hoa: Vce =0 = I = Veo/ Re (Piém N)

N&i 2 diém M va N lai ta c6 duoc dudng lay dién

Giao diém duong lay dién va duong phan cuc Ig chon trude cho ta tri s6 diém
tinh Q.

IC(mA) b0 hé
d0 Noa
S
T Q
ICQ [ I
i ngung
/ Vee(V)
0 Vceg M

Hinh 8.4: Buong thang lay dién

Vai tro ciia duong thang lay dién:

Phén giai mach Transistor.

Xéc dinh diém tinh diéu hanh Q.

Cho biét trang thai hoat dong cua transistor (tic dong, bao hoa, ngung dan).

Mach khuéch dai c6 tuyén tinh hay khong.

Thiét ké mach khuéch dai theo ¥ dinh (chon trude diém tinh Q, tinh cac tri sb linh
kién)

Do loi dong dién thay doi theo vi tri diém tinh diéu hanh Q.

Diém tinh diéu hanh Q thay d6i vi tri theo dién thé phan cuc transistor va con thay

d6i theo tin hiéu xoay chiéu (AC) tac dong vao mach .
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Hinh 8.5: Phan giai bang d6 thi

(a) dac tuyén ra (b) dic tuyén vao

Do lgi dong DC (mét chiéu):

Al le, — |
A =B = c| _lc2” a

AIB‘Q IBZ_IBl

P lgi &p

A = AV(:E| — Vee _VCE1|
AVBE ‘Q VBEZ _VBEl Q



8.1.2 Mach twong dwong xoay chiéu caa transistor BJT

Transistor BJT 1a linh kién phi tuyén, nhung khi xét véi tin hiéu trong pham vi
bién thién nho thi mirc do phi tuyén anh huong khong 16n, nén c6 thé xem nhu mach
tuyén tinh. Trong ché do tin hiéu nho do tinh tuyén tinh nén transistor dwgc vé thanh cac
mach tuong duong xoay chiéu gdm R, ngudn dong, dé co thé tinh toan va phan tich theo
cac nguyén ly cua ly thuyét mach dién. Cac moé hinh twong dwong nhur:

- M0 hinh théng sb r, (tan s thap)

- M0 hinh théng s6 hdn tap h (tan s thap)

- M0 hinh théng sb hdn tap 7 (tan s6 cao)

- M0 hinh théng s6 y (tan s6 cao)

Trong bai nay, ching ta khao séat chu yéu transistor BJT NPN va phan tich tin hiéu
nhé theo md hinh thdng sé r. (cac két qua va phuong phap phan tich van dung véi BIT
PNP, chi cin cha y dén chiéu dong dién va cuc tinh caa ngudn dién 4p mét chiéu).

BJT la linh kién diéu khién dong ra bang dong vao nén md hinh twong duong xoay
chiéu caa no ludn c6 ngudn dong duoc diéu khién bai mot dong dién khac.Véi md hinh
tuong duong xoay chiéu ciia BJT, c4c tong tré vao va tong tro ra ta co mach twong duong
Kiéu r.. Trong kiéu twong duong nay thuong ding chung mot mach cho kiéu rap cuc phéat

chung va cuc thu chung va mét mach riéng cho rap cuc nén chung.

- Mach cuc phat chung (E chung) hoac thu chung (C chung):

Cuc phat chung Cuc thu chung

Ngudn dong: i. = Bi, , p 1a do loi dong dién xoay chiéu trong cach mac cuc

phét/thu chung (duoc nha san xuat cung cap).



- Mach cuc nén chung (B chung):

e Ic E

&

vao ra

777

Ngudn dong: i. = aie , a 1a d6 loi dong dién xoay chiéu trong cach mic cuc nén
chung (dwgc nha san xuat cung cap).
Ghi chi: thuong thi c6 thé bo r, trong mach twong dwong khi dién tré Rc qua 1on.

26(mV) Q).

Trong mo hinh trén ta c6 dién tré dong & nhiét do phong (25°C): r, =
cQ

r. phu thude vao diém lam viéc tinh (mot chiéu) Q (Isg, lco, Vceo). Piém lam viéc tinh
anh hudong dén r, nén anh huéng dén kha niang khuéch dai tin hiéu xoay chiéu.
Viéc tinh toan va phan tich mach khuéch dai dung transistor bao gom cac phan sau:
- Tinh toén ché @6 mot chiéu (hay phan cuc transistor - di trinh bay trong céc
bai truéc)

- Tinh toan cac tham s6 & ché do xoay chiéu (ché d6 dong).

8.2 Tinh khuéch dai cia transistor BJT
Xem mach dién hinh 8.6

vee
SR >
"}1 BRC
2

C
Vi C1 CJ—‘{ Vo

ot B
E
L

+Ve
Rg T Ce

Hinh 8.6: Mach khuéch dai cy phat chung



Gia sir ta dwa mot tin hiéu xoay chiéu c6 dang hinh sin, bién d6 nhé vao chan B
cta transistor BJT nhu trong hinh trén. Dién ap ¢ 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) = Ve + vi(t)

Céc tu C1 va C2 & ngd vao va ngd ra dugc chon nhu thé nao dé c6 thé xem nhu
ndi tit (dung khang rat nho) ¢ tan sé cua tin hiéu. Nhu vay tac dung cua céc tu lién lac C1
va C2 14 cho thanh phan xoay chiéu cua tin hiéu di qua va ngin thanh phan phan cyc mot
chiéu.
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i RN /—\ "
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Hinh 8.7: Gian d6 tin hiéu theo thoi gian




- Khi vg(t) > Vg, tic ban ky duong cua tin hiéu, Vg ting tirc dong I ting va do
Ic = BIg nén dong cuc thu l¢ cling tang. Ngoai ra ta co ic(t) = Ic + ig(t), do do
dién &p tai cuc thu: ve(t) = Ve — Reic(t) giam hon tri s tinh Ve.

- Khi vg(t) < Vg, ttc ban ky am cua tin hiéu, dong lg giam dua dén dong dong I¢
cling giam va lic nay ve(t) ting hon trj 6 tinh V.

Nhu vay & mach trén ta thiy vc(t) bién thién nguoc chiéu véi va(t), tic ve(t)

nguoc pha véi Vi(t). Dinh nghia ti $6: A, = ‘\’/—((tt)) la &6 khudch dai (hay o loi)

dién ap cua mach.
Céc chi tiéu cia mach khuéch dai:
Xem xét mach twong dwong xoay chiéu cua mach hinh 8.6. V& mach xoay chiéu
thi cac tu lién lac C;, C, va tu phan dong Cg xem nhu ndi tat. Tu Cg duwoc mic song song
Vi dién tré Re thi trong mach tuwong dwong ciing khong con su hién cua Re. Ta vé mach

tuong duong xoay chiéu ciia mach hinh 8.6 nhu sau:

1; —b. i b ‘ 1 i
= e
Vi :t Ry % Ry } < Re
zir_ [ + i —‘Tzn

Hinh 8.8: Mach twong duong xoay chiéu ctia mach khuéch dai cuc phat chung

Tir so d6 khéi ctia mach twong duong xoay chiéu, ta co:
- P§ lgi dién ap:
Mot trong nhitng ddc tinh quan trong nhit ctia mach khuéch dai 1a d6 loi dién ap,
chinh 12 ty s6 dién 4p ngo ra va ngod vao:
VO

Av = V_ (81)

- b0 lgii dong dién:

bJ lg1 dong dién dugc xac dinh bdi phuong trinh:



A== (8.2)

- Tong tré vao Z;:

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 cac ddu ngoé ra nhung hoan toan khac véi tong
trd. Su khac nhau dé la: téng tro ra duoc xac dinh tai cac diu ngd ra nhin vao h¢ théng

khi khong c6 tin hiéu ¢ ngo vao.

Z,==2 (8.4)

A=%:%%=AA (8.5)

- Méi quan hé vé pha:

Mbi quan h¢ vé pha cua tin hi€u vao va tin hi¢u ra dang sin rat quan trong. bdi vai
cac mach khuéch dai transistor & dai tan trung binh cho phép b qua anh hudng cua céc
phan tir dung khang, tin hiéu vao va tin hiéu ra c6 thé cung pha hodc ngugc pha nhau

180° tuy theo dac tinh cua mach.

8.3 Mach khuéch dai cuc phat chung

Tin hiéu dua vao cyc nén B, lay ra ¢ cyuc thu C. Cuc phét E dung chung cho ngd
vao va ngo ra.
8.3.1 Mach khuéch dai cuc phat chung véi kiéu phan cuc ¢ dinh va on dinh cuc
phéat

Mach khuéch dai cuc phat chung véi kiéu phan cuc ¢é dinh va én dinh cuc phat va

mach twong dwong xoay chiéu dugc trinh bay trong hinh 8.9.
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Hinh 8.9: Mach khuéch dai cuc phat chung

Trong d6 tri s6 B do nha san xuat cung cap (khoang tir 20 — 500).
Tri s6 r, duoc tinh tir mach phan cuc:
_26mV

leo
lcq dugc xac dinh béi cong thuc sau:

~ B(Vcc _VBE)
QR +(B+DR,

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

Ve = 0,3V vai transistor BJT la Germanium.

Céc tu C1 va C2 & ngd vao va ngd ra co thé xem nhu ndi tat (dung khang rat nho).

Tir mach twong duong ta tim dugc cac thdng s6 ciia mach nhu sau:

a) Do loi dién ap:

Ta co:
Vo = 'BibRC
Vi = Brely + Reie = Preip + (1+B)Reip , Vi ta co: ie = (1+ P)iy
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szﬁz_ BRc
V. Br.+(1+P)R:

Do B >>1 nén:

R
A, ~— &
r,+R¢
4 RC
NéuR>>r, suyra: A, ®——=
I:QE
Dau “— cho thay V, va v; nguoc pha nhau.

b) Tong trg vao:

7=
Ii
Ta dat:
z, = PEL QPR g 1)~ pR,
i, I
Ta co:
Zi = RB // Zb

¢) Do loi dong dién

A==
Ii
Trong d6
IO — — Vo ’II :i:>AI :__OA
RC ZI i C

Z
Hay A =-A,—/
y A "R

C
d) Téng tro ra:

Vo
Zo :i—

(o]

(8.6)

(8.7)

(8.8)

(8.9)

(8.10)

(8.11)

(8.12)

(8.13)

Pé tinh tong tro ra cia mach, dau tién ra néi tat ngd vao (v; = 0), 4p mot nguon

gia tudng ¢ tri s6 v, vao phia ngd ra nhu hinh sau, sau d6 1ap ti s6 z,
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Hinh 8.10: Mach tinh téng tro ra

Khi v; = 0 => i, = 0 => Bip= 0 (twong duong mach ho) nén

V

Z,=—=R, (8.14)

0

Ghi_chd: Trong mach co ban hinh 8.9 néu ta mac thém tu phan dong Cg, nhu hinh
8.10(a) hoac ndi thang chan E xudng mass, nhu hinh 8.10(b) thi trong mach tuong duong

xoay chiéu s& khéng con sy hién dién cua dién tré Re (hinh 8.11)

+Vee
— +Vec
Re 2 Re
Co Vo
- ' — éﬂn Be
Vi -
1T " T, c c? Yo
| W 3
RS —c. I
(a) (b)

Hinh 8.10: Mach khuéch dai cuc phat chung phan cuc ¢6 dinh
(@) mac thém ty ph&n dong Cg (b) noi thang chén E xuong mass

Mach tuong duong xoay chiéu duoc trinh bay nhu sau:
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Hinh 8.11: Mach twong dwong xoay chiéu cua hinh 8.10

Phan giai mach ta s& tim duoc cac théng s6 ctia mach nhu sau:

a) Do loi dién ap:

b) Tong trg vao:

z=Yi_R_/pr,
i

¢) Tong tro ra:

ZO = RC
d) Do lgi dong dién
A =-A,Z
RC

Céc két qua trén co thé suy ra tir cac két qua hinh 8.9 khi cho Rg = 0.
8.3.2 Mach khuéch dai cuc phat chung véi kiéu phan cuc biang cau phan ap

Pay 1a dang mach rat théng dung do c6 d6 on dinh tét. Mach co ban va mach

tuong xoay chiéu cia nd duoc trinh bay trong hinh sau:
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Hinh 8.12: Mach khuéch dai cuc phat chung véi kiéu phan cuc bang cau phan &p

Trong d6 tri s6 B do nha san xuat cung cap (khoang tir 20 — 500).
Tri s6 r, duoc tinh tir mach phan cuc:
- _26mV

e

leo
V6i lcq duge xéac dinh boi cong thirc sau:
Ry
I N CC R1+R2 BE
CQ RE

Ghi cha: Ve = 0,7V véi transistor BJT la Silicon.
Vge ~ 0,3V Véi transistor BJT la Germanium.
Céc ty C1 va C2 & ngd vao va ngd ra co thé xem nhu ndi tat (dung khang rat nho).
So sanh mach & hinh 8.9 va hinh 8.12 thi ta thiy hoan toan giéng nhau néu thay
Rg bang R1//R, nén ta cd thé suy ra cac két qua phan giai mach nhu sau:
a) Do loi dién ap:

A =— Re ~
Y r,+R. R.

I:QC

~

b) Téng tré vao:

Z =R, /IR, 11Z, Véi Z, =B(r, +R.)~PR.
¢) Tong tro ra:

Zy=Rc
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d) D6 loi dong dién: A, :_Avs_i
C

Ghi ch(: Tuong tu nhu trén thi trong mach co ban hinh 8.12 néu ta mac thém tu phan
dong Cg, nhu hinh 8.13(a) hoic ndi thang chan E xudng mass, nhu hinh 8.13(b) thi trong

mach tuong duong xoay chiéu s& khong con sy hién dién cua dién tré Re (Re = 0).

Rﬁl Ro Ré Re
o L & i e C1 _K'— T -
$ 2
Rx< < L R2<
1 ReT” L
(a) (b)

Hinh 8.13: Mach khuéch dai cuc phéat chung phan cuc bang cau phéan &p
(a) mac thém tu phan dong Ce (b) noi thang chan E xuong mass

8.3.3 Mach khuéch dai cuc phat chung véi kiéu phan cuc biang héi tiép dién ap
Mach co ban va mach tuong xoay chiéu caa mach khuéch dai cuc phat chung véi

kiéu phan cuc bang hdi tiép dién ap duogc trinh bay trong hinh sau:

+ W M
1 v = B i «.. ; - v
l TRy — v
Re ] Spee (| e (15
RE- 4- 2 'i, E Ny i
Ca P { ==V b
| — JF 1_ g i L % Re
— ¢ -
4
Re Z -1 Zo

|
-

Hinh 8.14: Mach khuéch dai cuc phat chung vai kiéu phan cuc bang hoi tiép dién ap

Trong d6 tri s6 B do nha san xuat cung cap (khoang tir 20 — 500).

Tri s6 r, duoc tinh tir mach phan cuc:
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b)

lcq dugc xéac dinh boi cong thirc sau:

~ B(Vcc — VBE)
“ Ry +B(R+Ry)

Ghi chu: Ve = 0,7V vai transistor BJT la Silicon.
Vge = 0,3V vai transistor BJT la Germanium.
Céc tu C1 va C2 & ngd vao va ngd ra co thé xem nhu ndi tat (dung khang rat nho).
Tir mach twong duong ta tim dugc cac thdng s6 ciia mach nhu sau:
Do loi dién ap:

A
Vi

Taco: i, =i, +i ~pi, (doRg thuong rat Ion)
Suyra: v, =-R.i, =—BR.i,
Ma  V; = Brely + Rele = Brely + (1+B)Rely= P(re + Re)ip

Suy ra:
A :&:_ RC N_RC
v, r+R. Rg
Tong tro vao:

Taco: v, =B(r, +Rp)i,

T T e 1/
VoI i, =i, +i'=i, + =—
R

Suy ra:

— i Vo TV _ : B(re+RE)Vo _B(re+RE)Vi
=Bl R+ =+ R+ K =

Thay v,=A; vao ta duoc:
17



d)

v, =B(r, + R)I, +MA v, —Mv.
i e E/% RB VUi RB i

Suy ra:

B(r +RE)i- =V +B(re+RE) V. _B(re_'_RE)A V.
<=> PR <v [1+l3(re+RE)_l3(re+RE) AV}:Vi {H

I?B RB
L, Vi BLR)
T L BRI
RB
PRe

Néu Rg >>r, suyra: Z ~

PRe
L+ = (1-A,)

B
Do A,<0Osuyral-A, =1+|A|=|A,| (Vi|A,|>>1)
Tur do suy ra:

__ BReRg
I RB+BRE|AV|

Do loi dong dién:

A==
Ii
Ta co: iy =—— i, =2
RC Zi
Suyra: A, = =_Yo Z__ V4
ki Re v, Vi Re

Z
Hay: A, =-A,—
Y- A VR

C

Tong tro ra:

N&i tat ngd vao (v; = 0) => i, =0 va Bi, = 0
Suy ra ZO = RC Il RB
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Ghi chii: Twong ty nhu trén, & mach hinh 8.14, néu mac thém tu phan dong Ce vao cuc E
cua BJT hoic ndi thiang chan E xudng mass thi trong mach twong dwong xoay chiéu s&
khong con su hién dién cua dién tro R, lic nay céac thong sb caa mach duoc suy ra khi
cho Re = 0, ta c6 dugc cac thong sé nhu sau:

a) Do loi dién ap:

b) Téng tré vao:

pr. pr.

Zi= Br ~ Br
1+52(1-A,) 1+-2|A]

RB RB

c) Tong tro ra:

Zo=Rc /I Rg
d) Do loi dong dién:
A —-A,ZL
R

C
Nhan xét: Mach khuéch dai cuc phat chung vai céc kiéu phan cuc déu cho thay do loi ap
va do loi dong 16n nén thuong dugc sir dung dé khuéch dai tin hiéu, do léch pha gitra tin

hiéu vao va tin hiéu ra la 180°.

8.4 Mach khuéch dai cuc thu chung
Tin hiéu dwa vao cuc nén B, ldy ra & cuc phéat E. Cuc thu C dung chung cho ngd
vao va ngd ra. Mach co ban va mach tuong xoay chiéu cia mach khuéch dai cuc thu

chung vai kiéu phan cuc bang hoi tiép dién ap duoc trinh bay trong hinh sau:
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b)

'k

j—?z Vo I J'_i: —

Zi Zb Zo

Hinh 8.15: Mach khuéch dai cuc thu chung
Tir mach twong duong ta tim dwgc c4c thdng s6 cuia mach nhu sau:

Do loi dién ap:

Tir mach tuong xoay chiéu ta co:

v, =Ry, +BR,i, = (L+B)Ryi,

v, =Bri, +Rgi, +BRei, =Bri, + (1+P)Rei,
Suyra

A Vo A+PRe, o Re
Y v, Bri,+(@+B)Rq, r+R.

~

Tong tro vao:

z=Yi_R, 1z,
i

Trong do
7, Bt WO )
i, I
Suyra
7 _Vi_ Ry /1Z, =R, 1Ip(r,+R.) ~R, / IPR,

Tong tro ra:

N&i tat ngd vao (v; = 0), &p mot dién thé v, & ngd ra, so dd mach tuong dugc trinh

bay nhu trong hinh sau:
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B 2, E —e
- A - -
= = s
wd e T
LT O
J c | |
T
Zh o

Hinh 8.16: Mach twong dwong véi ngd vao duoc ndi tat

Tur mach twong duong ta cé:

ARV Y/ .
Ioz_o_lb_Blb = Ro _(1+B)|b
E E
Vol iy =——2=i, = Vo +1+Bv0 i+i Vv,
re RE Bre RE re
Suy ra i:|—°:£+—:>Zozre//RE
0 VO re E

_Vo
AI=I—°= RE =—Av£
Vi Re

Z

Chi _chd: Mach khuéch dai cuc thu chung ciing c6 thé duoc phan cuc bang cau chia ap

nhu trinh bay trong hinh 8.17(a). Cac cong thic phan giai mach bén trén van ding, chi

can thay Rg= R1//R,. Mach ciing c¢6 thé dugc mic thém dién trd Re nhu hinh 8.17(b), cac

cong thirc trén van dung khi thay Rg = Ry // R,. Tong tro vao Z; va tong trg ra Z, khong

thay d6i Vi Rc khdng 1am anh hudng dén cuc nén va cuc phat. Bién tro Re duoc dua vao

chi 1am anh huéng dén viéc xac dinh diém tinh diéu hanh.
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R, < <
. T
Wi ..1 Vi i |r1 |
S = Vo -L hl_ﬁ;m
R.% g Rg %
Re< Re
£ —L_ l J_—
(a) (b)

Hinh 8.17: Mach khuéch dai cuc thu chung

(a) phan cuc bang cau chia ap (b) dién tré R dugc mac thém vao mach

Nhan xét: Mach khuéch dai cuc thu chung c6 dién ap vao va ra cing pha nhau, do loi
dién ap xap xi bang 1, diéu nay c6 nghia 1a mach khuéch dai cyc thu chung 1a mach lap
(13p lai tin hiéu). Bén canh d6, mach nay c6 tong trg vao rat 16n va tong tré ra lai rat nho.
Vi cac ly do trén, mach khuéch dai cuc thu chung thuong duoc ding lam mach dém —

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

8.5 Mach khuéch dai cuc nén chung
Tin hiéu dwa vao cuc phét E, 1y ra ¢ cuc thu C. Cuc nén B dung chung cho ngd
vao va ngd ra. Mach co ban va mach twong xoay chiéu ctia mach khuéch dai cuc nén

chung dugc trinh bay trong hinh sau:

+V
0 EE

¥i i gRE C

— — S A 1 & '1;
LIRS i Da e
Rc =
Ra g CBT zir | T J | <—|

Hinh 8.18: Mach khuéch dai cuc nén chung
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Tir mach twong duong ta tim dwgc cac thdng s6 cua mach nhu sau:

a) Do loi dién ap:

A Yo _Rc _ Re Re
! Vi reie re r.e
b) Téng tré vao:
c) Tong tro ra:
Zo = RC
d) Do lgi dong dién:
—_ VO
A L _ Re z_ﬁﬁz_A Az_&_ez_
I II L VI RC ! C re C
Z

Nhan xét: Mach khuéch dai cuc nén chung c6 dic diém 1a do lgi dién 4p 16n nhung do

loi dong bé, tin hiéu vao va ra cung pha. Nhung tong tro vao cua mach nay kha bé do do

can phai cai thién tong tré ngd vao. Mach nay thuong tng dung trong cac mach khuéch

dai tan s cao.

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

Piic diém E chung C chung B chung
Diém chung Cuc E Cuc C Cuc B
Tin hiéu vao CucB CucB CucE
Tin hiéu ra CucC Cuc E CucC
Do Iéch pha Nguoc pha Cung pha Cung pha
Khuéch dai dong Lén Nho Khéng
dien

Khuéch dai dién Lén Khong Nho
ap

Khuéch dai cong Lén Nho Nho
Suat

Tro khang vao Nho Lon Nho
Tro khang ra Lon Nho Lon
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Bai tap

Cau 1: Cho mach nhu hinh sau:
a) Xac dinh cac gia tri phan cuc: Ig, Ic, Vce
b) V& mach tuong duong xoay chiéu véi tin hidu nho
¢) Tinh tong tré vao Z;, tong tré ra Z,, do loi dién ap A,, 46 loi dién ap A,

Vec =+ 12V
L]
Rs Re
270K 1.2KQ
L:
c | Ie — |E+ngﬁraac
i 3 W ™ 10uF
ngd vio ac.—)l fo Vee
10uF 2
" =60

Cau 2: Cho mach nhu hinh sau:
a) Xac dinh cac gia tri phan cuc: Ig, Ic, Ve
b) V& mach twong duong xoay chiéu véi tin hidu nho
¢) Tinh tong tré vao Z;, tong tro ra Z,, do loi dién ap A,, 4o loi dién ap A,

\'YC(_' =+ 12V

ﬂ
RB ) (‘ RC
240K < < 3,3KQ
C:
" . Ic t— {(— e ngd rz ac
% 3 "1™ 10uF
ngd vao ace )r jlf\ Vi
10uF _/
B =50
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Cau 3: Cho mach nhu hinh sau:
a) Xac dinh cac gia tri phan cuc: Ig, Ic, Vce
b) V& mach twong duong xoay chiéu véi tin hi¢u nhé (khi mac thém Cg)
¢) Tinh tong tré vao Z;, tong tré ra Z,, do loi dién ap A, d6 loi dién ap A,

Vee =+ 20V
R, 2 Re
430K O Ie { 2 kQ
C-

' . i v,
10uF t,i +\' llnil:

| ¢
\’i I-l}

C, 2

o

I SR =
<10 ‘ 40uF

Cau 4: Cho mach nhu hinh sau:
a) Xac dinh cac gia tri phan cuc: Ig, Ic, Vce
b) V& mach twong duong xoay chiéu véi tin hidu nho.
¢) Tinhtong tré vao Z;, tong tro ra Z,, do loi dién ap A,, 46 loi dién ap A,

Ve =+ 22V
L
Rui< I ZR¢
30k0< Ll@, 10kQ
Ve ¢ i
1 eV
V.. “!, Va |"f ‘:: 10uF
! \ . CE - 140
10uF # B=
vEJ[
RHH-(:\F &
, I.]<R
3.9k0 < 41 sk
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Cau 5: Twong ty cau 4 (khi mac thém Cg)

Vee =+ 22V
-

|

R I <Re
39Kk02% 4@ 10kO
Ve 7
| A
Vi / Va f'/ \\._CL 1OuF
Y _
10uF & p=140

vﬁi

]E \}:R" _(_‘I-_'
%1.5k0 10pF

| L

Céau 6: Cho mach nhu hinh sau:
a) Xac dinh cac cong thuc tinh gia tri phan cuc: g, Ic, Vce
b) V& mach twong duong xoay chiéu véi tin hidu nho.

¢) Tinh téng tro vao Z;, tong tra ra Z,, do loi dién ap A, do loi dién ap A,

Cau 7: Thiét ké mach khuéch dai am thanh (ampli) ra loa c6 cong suat 0,5W, 8Q bang
cach ghép 2 tang khuéch dai st dung transistor NPN TIP 41 véi hé sb khuéch dai p=100,
theo cau hinh phan cuc ¢6 dinh (nhu hinh bén dudi). Cho C2 = 100uF, C1 la tu 104 (104
=10 * 10* = 100.000 picofarad (pF) = 100 nanofarad (nF) = 0,1 microfarad (uF)).

26



Tin hiéu AL
vao AC Z:

Ghi chi: Khi thiét ké mach thi chon céc gia tri dién tré theo tiéu chudn
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PHU LUC

A. Phan cuc Transistor hoat ddng ¢ ché d§ khuéch dai

Hinh A.1: Phan cuc transistor hoat dong ¢ ché do khuéch dai

Su dan dién cua trasistor dugc giai thich nhu sau:

> Do mébi néi B-E duoc phan cuc thuan :
- dién tir (electron): di chuyén tir B -> E tao thanh dong Ig,
- 18 tréng: di chuyén tir B -> E tao thanh dong Ig,
Do lugng tap chat E > B, nén lg, >> lg, , do d6 dong g = lg, + lgp = lgy

> Cac dién tir nay sang dén B, do ving nén B mong, ndng do 13 trdng it, nén chi c6
mot sé rat it dién tir tai hop véi 16 tréng trong viing nén.

> Cuc B nbi véi cuc duong ctia ngudn Veg, nén s& hit mot sb it dién tir trong vang P
xuéng tao thanh dong nén Ig

> Cuc C ndi véi cyc duong ngudén VCC cao hon, nén nd hat hau hét cac dién tr &
vung P sang vung N cuaa cuc C, tao thanh dong cuc thu collettor I¢

> Cuc E ndi voi ngudn am nén vang ban dan N & cyc E mét dién tir s& hat dién tir ¢

ngudn am Ién thé chd tao thanh dong Ig
Véi viéc phan tich mach nhu trén ta thay :

le=lc +1g (al)

DPita=Ic/lg goi la hé sb truyén dat dong phat (0,95< o <0,99).
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=> |c = a.. Iz do mdi ndi thu nén phan cuc nghich nén qua mdi ndi ngoai dong Ic
noi trén con cd dong dién nguoc lcgo do vavs hat tai nhiéu gay ra, nén dong qua cuc C:
lc = alg + Icgo (a2)
Tur (al)(a2) ta co: Ic = a(lg + I )+ lcgo
=> lc = (alg + lcgo) / (1-a)
Piatp=a/(1-a) duocgoilahé sé khuéch dai dong cua transistor.
O nhiét do thuong dong lego rat nhé c6 thé bo qua nén :

=> Ic = Blg (@3)

=>lg=lc+Ilg=(B+1) I (ad)
Doa <1, nénp>>1, tir (a3)(ad) ta co:

lc=1e =Bls (a5)

Ta noi transistor ¢ chirc ning khuéch dai dong mot chiéu.

B. Phan cuc transistor BJT dé tim diém Iam viéc tinh
Piém lam viéc tinh anh hudong dén r, nén anh huong dén kha niang khuéch dai tin
hi¢u xoay chiéu. Truéc khi xét tinh khuéch dai ciia mach ta phai tim gid tri lcq va re trong

ché @6 mot chiéu bo qua céc tu lién lac C1 va C2.

B.1. Mach khuéch dai cuc phat chung véi kiéu phan cuc cé dinh

+

[

—

Ry RS

>

Vee
'-..5
Cq 'JP;?G
v i —

L v

Hinh B.1: Mach khuéch dai cuc phét chung véi kiéu phan cuc ¢ dinh
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Ap dung dinh luat Kirchoff 2 ta co:

Vce = 1gRe + Vee +IeRe (b1)
Mataco: lg= (B +1)Ig thay vao (bl), ta duoc:
Vece = IR + Ve +(B +1)IgRe (b2)
R{t gon va suy ra dong dién lg:
Vcc _VBE

5" R, +(B+DR, (b3)

Day ciing chinh 1a dong di¢n lgq, tir d6 suy ra dong dién lcg nhu sau:

Vcc — VBE

o =P TR R,

(b4)

B.2. Mach khuéch dai cuc phat chung véi Kiéu phan cuc bang cau phan ap

Xét mach sau:

Hinh B.2: Mach phan cuc BJT bang cau phan &p

Ap dung dinh ly Thenvenin ta co:
RZ

Ve = R, +R, Vee (b5)
Ap dung dinh luat Ohm ta co:
V,
| —=—E b6
=R, (b6)

Ap dung dinh luat Kirchoff 2 ta co:
VE + VBE - VB =0
=>  Vg=Vg— Vg (b7)

Thay (b5) vao (b7) ta duoc:
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R
VE = F\,lTZRZVCC - VBE (b8)

Thay (b8) vao (b6) ta duoc:

RZ
R, +R,
Ic = R
E

Vcc - VBE

Mata co: I ~ 1. (tir cong thic (a5))

RZ

Suyra: I, = R1+R2R
E

Vcc - VBE

(day cling chinh 1a I¢q) (b9)

B.3. Mach khuéch dai cuc phat chung véi kiéu phan cuc bang héi tiép dién ap

Xét mach sau:

Hinh B.3: Mach phan cuc BJT bing héi tiép dién ap
Ap dung dinh luat Kirchoff 2 ta co:
Ve :|'CRC+|BRB+VBE+IERE (b10)

Ap dung dinh luat Kirchoff 1 tai nt A, ta co:

lo=1g+1 (b11)
Mata céd: Ic = Blg (tir cdng thuc (a3)) (b12)
Thay (b11) va (b12), ta duoc:

o =1g +Blg = (L+PB)l; (b13)
Vataco: Ig = (1+p)lg (b14)

Thay (b13)(b14) vao (b10), ta thu duoc:
Vee = @+B)IgRe +15Rg + Vi + (L+B) IR,
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RUt gon va suy ra dong dién Ig:

| = Vee = Vee
® Ry+(1+B)(R.+R;)

(b15)

Day chinh 1a gia tri dong dién lgq, tr d6 suy ra dong dién lcg:

B(VCC_VBE) — B(VCC_VBE) ViB>>l
R, +(1+B)(R.+R.) Rg+B(R.+Ry) ~

ICQ =BIBQ =

C. Phan tich tin hiéu nhé theo mé hinh thong sé h
Viéc phan giai cac mach dung BJT theo thong s6 h ciing twong duwong nhu kiéu
mau re. O day ta s& khong di sau vao cac chi tiét ma chi dung lai ¢ nhitng két qua quan
trong nhat cua mach. Céac thdng sé h thudng dugc nha san xuat cho biét. Ngoai ra ta can

nhé dén céac lién hé gitra 2 mach twong duong.

h;,,=Pr, hg=r,
hfe=[3 h{h=-'3{-
ht|e=1 fr[l

C.1 Mach khuéch dai cuc phat chung
Xem mach hinh c.1(a) va mach twong duong hinh c.1(b).

Phén giai mach tuong duong ta tim dugc:
- Tong tré vao Z=R /IR JIZ,

v6i: Z =h +(1+h )R #h +h R
b e fe E ie fe E

+Vce
=| + 1_1-’ [ . c +
K j’ RC g ‘,T /J\ Tlo
s e s (L)
C J—‘ S Thie -
Vi || g 4|: = Vi Rl‘b} R L %RC Vo
R-< l _I Cg — e f Rg _
Re I . - N . ‘—[z.,
= = = * b
(a) (b)
Hinh c.1
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- Do loi dién ap

A =2 —_ heR ¢ 4 hg R
Towy h,.+(1+h, Ry h, +h Rg
Thuong thi:
E
hy, <<h,ERp = AF#—R_E

- Do loi dong dién

- Tongtrora: Z, = Rc

Ghi chi: Truong hop ta méic thém tu phan dong C_hogc mach dién khdng c6 R_ (chan E
méc xudng mass) thi trong mach twrong dwong s& khong c6 su hién dién cua R_
Cac két qua sé la:
Z=Ry//Raf /.
Z,=Rc
heR ¢

VR—C

C.2 Mach khuéch dai cuc thu chung
Xem mach hinh c.2(a) véi mach twong dwong hinh c.2(b)

*¥cc . i, B —ibg E .
| hje Felh >Ti.,
RT = i R% R,%I |/Jj) jle Vo
ey pSe LT ~r— =2,
| "1 "
4 L
(a) (b)
Hinh c.2
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- Tong tro vao: Z=R IR /IZ,

V5

Zy, :
1y,

- Tong tro ra: Mach tinh téng tro ra nhu hinh ¢.3

ih| .
B A 1 +La
ol e g .
vi=0 RS Re
i Rl‘z 22’ é Vo
[ c | —
= Zo
Hinh c.3
Z, =—2 | i, =—2 —(1+hg Ji,#—2 —hgi,
1, E Rg
Trong a6 i, =— Vo — i-: _ Vo +hﬁ Vo
hn RE e
1 10 I=
= = + = Z,=Rgll—
Z-D F._E h' 1&
hg
A _ Yo (ab A, R bR
Y. ﬁi.e + b, jHE]i. b, th R
Thong thuongh <<h R = A #1
ie fe E \%
- B0 loi dong di¢n:
=i_—n=—Av Zi
1 RE

C.3 Mach khuéch dai cuc nén chung

Dang mach va mach twong duong nhu hinh c.4
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Cs ¥

Ti D"’I 1 \ T FJD\’.-. II—F-‘

RE< chT

| | B

’_. VET —I:Vcc‘_‘ J

= L

Hinh c.4

Phan giai mach tuong duong ta tim duoc:

Zi=Rg/ihy, # hy,
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