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Chuong 1: Mach khuéch dai cong suét Am tan

CHUONG 1
MACH KHUECH PAI CONG SUAT AM TAN

Trang bi cho sinh vién: Kién thirc vé phan tich nguyén ly va tinh toan cac thong s6 cong
suat cac cua mach khuéch dai cong suat am tan.
1.1.KHAI NIEM VE KHUECH DPAI CONG SUAT

Pugc thiét ké dé cho tai co cong suét 16m, khong bi méo va trung thyc.

Mach khuéch Mach khuéch
Vi dai tin vhiéu dai cong suat RL
nho

Hinh 1.1. So d6 vi tri mach khuéch dai cong suét
Phéan loai: Mach khuéch dai cong suét _
dugc phan loai theo dang song hinh sin 4 le
di qua cyc C cua transistor.

/\
C6 4 loai chinh: \/ \/

[1 Khuéch dai cong suit 16p A: t

1 Khuéch dai cong suit 16p AB: t
Aic
SAWANE
[] Khuéch dai cong suit 16p B: «Q 0 >
Aic
: : AANE
1 Khuéch dai cong suat lép C: 0 >

Hinh 1.2. Phan loai mach khuéch dai cong suat

v



Chuong 1: Mach khuéch dai cong suét Am tan

Trong chuong nay chi nghién ctru hai dang mach théng dung nhat 1a khuéch dai 16p A va
khuéch dai 16p B.

1.2. KHUECH PAI CONG SUAT LOP A
1.2.1. Mach dung cugn chan

Xét mach khuéch dai cong suét 16p A dung cudn chan RFC nhu sau:

VCC
)
!
E | =N
Cz—)CD
1
C]_—)OO 1
L\ /P)l N
11 \b
Ro § RL
fi
Ij § J Ves §Re = Ce—0

Hinh 1.3. Mach khuéch dai cong suét 16p A dung RFC
Phan tich mach:
Do L— o nén xem nhu ngén mach & DC va ho mach & AC.

e Phan tich DC: (ngin mach L)

Vg -V,
leo :g Va Vegg = Voo —Releg
b
—+R,
p
DCLL: V. =V +icR, (Roc = Re) (1.1)
e Phan tich AC: (hé mach L)
Rac =RL
. 1
ACLL: i g =(—R—}<VCE Vo) (1.2)
Ac

biéu kién maxswing:

VCE

: Q

| e | :mm{lcQ,R_
AC



Chuong 1: Mach khuéch dai cong suét Am tan

VCM|ITBX :min CEQ!ICQ.RAC} ic
N DCLL (-1/Rac)
V..
Thi i =1, sihot=—I_sin ot I, +—<
S “ R, 5 ACLL (-1/Rec)
. oae R \V \V/
Tai diém Qmaxswing: |CQ = cc = cc Icg
R.+Rs R.+R,
Vce
Voo =R, = R, vV .
CEQ cQ-Nac R . N R ] cc 0 VCEQ VCC VCEQ N ICQRaC

Lic d6 Q 1a trung diém cua duong ACLL. Hinh 1.4. DCLL va ACLL

_ Vcc

= =] =—_€c
max LM | mex CcQ
R, +R,

ICM

o NéuRe<<RL
B6 qua di¢n ap roi trén Re: Vceg = Vee khong phu thude vao Icq.

ic DCLL
A

o N

““ R +R, )
Ve \
> ACLL

I, =
(&0
L R\’.’ +R.’ /,, /

Luu y rang gi4 tri dong ic thay doi tir 0 dén 2Icq Va Vce sé thay doi tir 2Vee dén 0.

Tinh toan cong suat:

Ta co:

. . Ve .
|C—ICQ+|C_R +1,



Chuong 1: Mach khuéch dai cong suét Am tan

Vee = Ve + Ve = Ve = 1R
vav, =i R =-i.R_
Néu dong dién vao co dang hinh sin: i, =1, _sin ot

thi i, =1, sin ot

c

Bién do dong ic 14 lem dat gia tri bang Icq hay lem < Ico.

[] Céng suit nguon cung cip: khong phu thudc vao dong tin hidu vao
Vee

Pec :VCCICQ ~ R
L

(1.3)
[] Cong sut trén tai: Vi iL = -ic nén Ium = lem.
2
IimRL — IcmRL
2 2

Cong suat tidu tan trung binh cuc dai xay ra khi Iem = lcg

2 2
= IR\ _ Ve

L 2 2R,

P, =

(1.4)

P

[] Cong suit tiéu tan trén cuc C:

2 2
_ VCC _ IcmRL

P, =Py —P, =
C cC L RL 2 (15)

Vee
2R,

Pc cuc tiéu khi P dat cuc dai: Perin =

e . VE
Pc cuc dai khi khong c6 tin hiéu vao: Pg = —==Volog

(] Hi¢u suat:

o (R 2 va| Pec=PerP |
P, /2 E(I_j 16 R ' 50%

cm

n = = = A
Pcc VCCICQ 2 ICQ i
2 |
i _____________________ 1
Hiéu suét dat cyc dai khi Iem = lco: 2K, 7 |
Nwex = 20% L i |
I cm
0 >

Ico

[] Heé sb str dung: (chi sb chét luong c6 ich) . )
Hinh 1.5. D0 thi cong suat



Chuong 1: Mach khuéch dai cong suét Am tan

P
C,max =2
P

(1.7)

L, max
Do d6, dé cung cap ra tai 25W thi chon transistor c6 cong sudt tiéu tan 1a SOW.
buong Hyperbol tiéu tan cyc dai: Cac thong s6 can thiét khi chon transistor cong suat
khi thiét ke
1 Phai chiu dong khoang 2lco.
[ Dién ap chiu dung Vce > Vce.
[ Tan sb hoat dong khéng nho hon tan s tin hiéu.

1 Pcmax = Vceq.lco

A ic
max ic PC,max = VCEic (sau khi suy giém)
. ; Pcmax (trudce khi suy giam)
Vung lam <
vigc an (
toan
VCE
0 BVceo

Hinh 1.6. Puong Hyperbol cong suét

Pé 1am viéc an toan, diém tinh Q phai nim duéi dudng hyperbol. Puong tai AC c¢6 do
doc (-1/RL) giao vdi truc vce ¢ dién ap bé hon BVceo va giao voi truc ic & dong nho hon
ic cuc dai. Tic la:

2V < BV g,

2l o <mMaxic

Dbé c6 maxswing doi xung thi 1., = [R—jVCEQ két hgp v61 phuong trinh (1), diém tinh
L
Q tai vi tri:

C,max

ICQ: R va VCEQ: P
L

I:QL

,max

Tai diém Q, d6 dbc cua dudng hyperbol 1a:
8ic _ ICQ _ l

ov CE VCEQ Ry



Chuong 1: Mach khuéch dai cong suét Am tan

VCC
Vi du 1.1: Cho mach nhu hinh vé: ?
Transistor ¢c6 Pcmax = 4W,
BVceo = 40V, icmax = 2A, RL g L—o0
= 10. X4c dinh diém Q dé Co—a0
cong suét trén tai dat cuc dai. |
Xac dinh ngudn cung cap Cioo l ic
Vee. [ &
Rp § RL
i @D g 1
SO

Giai:
. \% . 2 . . X
V& duodng c6 phuong trinh i, = Ri.vCE = % , diém Q la giao diém cia duong nay va

L
duong Pcmax =lcq.Vceg =4. Tur hinh vé, ta suy ra:

leg =% =063
Vego = V/4.10 = 6.3

bién 4p Vcce duge chon =Veeg néu bo qua sut ap trén Re:

Vce =6.3V

Vcemax = 12.6V < BVceo.
lc, Ad — DCLL
1.26
0.63 PC, max =

<« ACLL .
0 6.3 12.6 VCE
Xéc dinh cong suét:
Cong sut tiéu tan cuc dai trén tai:
C1%R, _(0:63)° 10 _ W

Lmx = 9 2



Chuong 1: Mach khuéch dai cong suét Am tan

Chon Re, Rp va Ves:

b
B+1
6 thé chon Re = 1.

Pe. =160-1=04W << Py . =4W

R, >> , hon nita chon Re nhd dé cong suat ti€u tan c6 thé bdé qua. Ta

Chon Ry sao cho: R, = % .Néu =40 thi Ry ~ 4.

Ves = 0.7 + (0.63)(1) = 1.33V

Thay d6i max ic = 1A. Néu diém Q khong thay doi thi max Iem = 0.37A. Do do6
i =0.37sin ot(A) va cong suét tiéu tan cuc dai trén tai:

P = (¥5)0.37) x10 = 0.69W .
Vi R = 10 khong d6i nén duodng tai AC cung khong doi. Tuy nhién, néu duong tai dich
chuyén sao cho n6 giao véi truc ic tai di€ém max ic = 1A, diém Q tai:
lco = 0.5A va Vceg = Vee = 5V.

Dong dién ic = 0.5sint (A) va cong suat tiéu tan trén tai:

P = (15)0.5) x10=1.25W

Ta thiy rang cong suét trén tai tinh duoc trong hai trudng hop trén luén nho hon 2W. Do
1a béi vi ta khong thé bu su suy giam bién do cua dong ic. Bi€u nay sé dugc cai tién trong
mach khuéch dai ghép bién ap.

Vi du 1.2: Cho mach nhu hinh vé. C6 R =

10. Transistor c6 cac thong sb nhur sau: vee
Pcymax =2.5W
BVceo = 80V L
VCEysat =2V C “—>OO
Xac dinh diém Q dé cong suat trén tai dat C —w o
cuc dai. L s,
| in
@
Giai: = Vg z Re T Ce
Cong suét trén tai cuc dai khi dong dién trén T

tai dat cuc dai. Phuong trinh ACLL:
RL(iC - ICQ): _(VCE _VCEQ)
Khi ic dat cuc dai:

ic = 2lcq va Vce = VcEsat.



Chuong 1: Mach khuéch dai cong suét Am tan

Do d6: R Icg =Veeq = Vee Aic, A
Dé tranh hién twong qua cong suit tiéu tan >
trén collector, ta cho:
1.02
IcoVceq = Pcmax
Giai hé phuong trinh, ta dugc: Rilcq = Veeq — Veesat
> 041
o Vew | Jpc,m (Vj
cQ —
2R, R, 2R,
2 61 \ 102 >
A VCE sat VCE sat ’ VCE,Sat \ VCE, \
VA Vo =—= 4 PR 4| —E ACLL

Toa d6 diém Q: Ico = 0.41A va Vceg = 6.1V vi thé ngudn cung cap:

Vcc=6.1V

Chu y: ACLL tiép xtic dudng Hyperbol khong cé nghia 14 cong suat tiéu tan trung binh
vuot qua Pcmax, Vi cOng suat tiéu tan cyc dai trén cuc C chi xay ra khi khong c6 tin hi¢u.

Vi lem = 0.41A nén cong suat trung binh trén tai:

= W1%R, = ¥(0.41)°(10) = 0.84W

P

L, max
Hiéu suat cuc dai (bo qua tiéu tan trén Re) 1a:

PL e 0.84

M = =

P (6.1)0.41)

Heé s6 st dung (chi s6 chat luong cé ich):

Pomx 25
P . 084

1.2.2. Mach ghép bién ap

=33.6%

=——=298

Xét mach khuéch dai cong suit 16p A ghép bién ap nhu sau:

Rb N:1 il_
i \E
;VBB § Re prmnd Ce—>oo RL VL
VCC

Hinh 1.7. Mach khuéch dai cong suét 16p A dung bién ap.

8



Chuong 1: Mach khuéch dai cong suét Am tan

Gia st bién ap 1a 1y tuong. Ta co:
Ve = Nvi (1.8)
va Nlc = 'iL
Ta duoc: Ve(-ic) = viiL

V. \ .
— = N{_—Lj: N’R, =R,

— Il I
Do d6 tré khang AC R’ nhin vao bién ap 1a N?.RL. Phuong trinh DCLL va ACLL:
DCLL: Vcc = Vce + iERc = vee + icRe

ACLL: Ve = Vee = ‘ic.R’I_

Ic DCLL
A
2lco
|
% R
! zV(—( Q '
0~
4 ACLL
0 ;VCE
Vce 2Vcc
Ve
R
1+ ¢
p'

Hinh 1.8. Phuong trinh duong tai.
Néu chon Re sao cho R . <<R'_ thi dong tinh dé dat maxswing la:

~ Vee
R'.

leo

Tinh toan cong suit:
Tinh toan twong ty nhu phan trude, thay Ry thanh R’\. Tin hiéu vao ii ¢6 dang hinh sin:
I, =g, sin ot

Cong suit ngudn cung cip:

2
Pec = VCC'ICQ = \F\:_(':f
Cong sudt trén tai:

i, =1,,sin ot

|2 A
P :%RL- Do ILm = N.lem nén



Chuong 1: Mach khuéch dai cong suét Am tan

2
Icm 1

2

Cong sut tiéu tan trén Collector:

2 2
L

Pc dat cuc dai khi khong c6 tin hi¢u:

2
——VCC =V |
comx R’ = Veeo-leo
L

=P =

P

Hiéu suat:

2
n:(lj o |, = 50%
2\ 1eq

H¢ s6 str dung:

P

C,max :2

P

L, max

Vi du 1.3: Mét transistor ¢6 Pcmax = 4W, BVceo = 40, max ic = 1A véi mach ghép bién
ap dﬁn t’éi 10. Thiét ké bd khuéch dai dé c6 cong suat trén tai dat cuc dai. Tinh Vcc, Py,
ty sO bién ap N.

Giai:

Ap dung cac cong thire da hoc, ta dugc:

P rax f4 0.63
N°R, N? A

Veeo = 4/ Pemm N2R, = 6.3N (V)

Mach ghép bién ap, c6 thé chon diém Q bat ky mién la:

12.6
=——<l=maxi,
N

21,

VA 2V =12.6N <40 = BV,

Nhitng bat dang thirc nay xac dinh gi6i han ctia N: 1.26<N<3.17

Van dé chon khoang cua diém Q, trong thuc té thudng chon dong cang nho cang tdt, néu
dong cang 16n s€ kéo theo ngudn cung cap, kich thudce, gia ca.

Thuong thi ngudn cung cép Ve da xac dinh trudc, con thong sd quan trong khac 14 ty sd
vong cua bién ap. Thuong chon N = 2:

lcg = 0.32A VA Veeg = 12.6 V = Ve

10



Chuong 1: Mach khuéch dai cong suét Am tan

PLmax = (1/2).(0.32)%.22.10 = 2W.

1.3. KHUECH PAI CONG SUAT LOP B

Trong mach khuéch dai 16p A, hiéu sudt 16n nhat 1a 50% bai vi gia tri dinh cia dong
collector Iem < Icq. Trong khuéch dai 16p B, dong tinh lcq < lem vi thé cOng suat ti€u tan
collector thap va hi¢u suat tdng lén dén 78.5%.

iB2 *\
—> T2 Ic2
1:1 »
Vce
li
I
= 1:11* :
IB1 ™ '(C_lj

Hinh 1.9. L6p B
Bién 4p dao pha cung cép 2 tin hiéu nguoc pha 180° cho T1 va T2. Ngd ra s& ¢ dong ic1
va ico:
iL = N(ic2 — ic1) (1.9)
Hoat dong cta mach: trong ban ky dau is1 = 0 nén T1 dugc phan cuc & trang thai tat dan
dén ic1 = 0, con ig2 > 0 nén T dan dong ic2 c6 dang nhu hinh v&. O ban ky tiép theo thi
T1 din va T tat. Nhu vay dong tai ir s& lién hé v6i dong ic1 Va icz theo biéu thirc (1.9) ¢6

dang nhu hinh vé. IB1
A
i lim
| A /\
im
.......... t O :
- N4 glc
L) PO I(;m = hfelim
|cm
iB2
A t
lim 0 >
""""" t
0 > A
Itm = Nlem
. ILm
R Ic2
lom| , t
""" Meéo crossover >
f B t
0k =\ >

Hinh 2.10. Dang séng ra

11



Chuong 1: Mach khuéch dai cong suét Am tan

Déi v6i dang mach nay, dong tai s& bi méo xuyén 0, hiéu Gmg nay goi 1a méo crossover.
Do mach phéan cuc, khi khong c6 tin hiéu vao thi vee = 0, transistor hoat dong trong vung
tuyén tinh khi ig du dwong dé vee =~ 0.7V (dbi voi Si).

Dé loai bo méo dang nay, mdi ndi BE duoc phan cuc xép xi 0.7V. Két qua nay lam mach
tré thanh loai AB hon 13 loai B. Trong thyc té, ngudi ta thudng cho phép méo crossover
vi chiing sé bi loc mét tai ngo ra (do bo loc gém transformer va dién dung phan bd ky
sinh).

Xic dinh duwong tai: N:1

iB2 Ic2)\

'
)

2 R

Vce E
T
—

Hinh 1.11. Mach tuong duong

Do dic tinh ctia mach, mdi transistor hoat dong trong 1 ban ky nén chung ta chi can nghién

cuu hoat dong cho 1 con transistor. Aico
Ve | _DCLL
Xét hoat dong cua transistor Ta: “ R,
DCLL: vce = Vcc ACLL
: P
ACLL: o -1 ”
Ve R'. Vce
0 Vce 2Vce

Hinh 1.12. Phuong trinh ACLL

Trong khoang thoi gian T tat, ico = 0 V& Vcez = Ve + Nvi sé thay doi tur Vee (Khi vcer
=Vcc vado d6 Nvi = 0) dén 2Vcc (khi veer =0 va do d6 Nvi = Vcc). Vi the khi transistor
tat ACLL la duong nam ngang ic2 = 0.

A s s V,
Nhu vdy max cuaici vaicz 1a I, =—%.
L
Tinh toan cong suat: Gia st tin hidu vao 14 tin hidu sin: i, =1,_sin ot
Isupply
A . . -
Ic2 Ic1 Ic2
lem 12
t
0 T/2 T 3T/2

Dang song ctia ngudn cung cap



Chuong 1: Mach khuéch dai cong suét Am tan

Cong suat ngudn cung cap:

Prc =Vee| 3 [l O+ i

ma Gj [ lialt) +ics (0t = [E)m

T

2
= Pec = (;jvcclcm

Gia tri max cua no la:

2 \Y/ 2V2
P N V CcC — CcC
CC,max [ﬂ:j CC[Rle TCRIL
Cong suat trén tai:
PL =%|2LmRL =%I§mN2RL =%I§mR'L

Gia tri max cua no la:

7 N’R, N°R,

Hinh 1.13. D6 thi cong suét 16p B
Cong suat tiéu tan trén Collector:
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Chuong 1: Mach khuéch dai cong suét Am tan

Tong cong suat tiéu tan trén T1 va Tz
2 R' I
2P, =P =P = (_jvcclcm -
T 2

Gia trj cuc dai cua Pc duoc tim bang cach vi phan Pc theo lem va cho bang 0, ta

duoc: I :(gj Vee
T\ R,
Do do, gia tri max cua Pc:
SN AR
C,max TCZ RIL RlL
Hiéu suit:

n_ PL _ ]7/2R'L|§m _(Ej{lcleLj
Pec (2/ TE)VC I 4 Vee

C " cm

. . S V, .
Hiéu suat dat cuc dai khi 1, = R—CC . Khi do:
L

Mmx = — = (8.5%

M3

H¢ s6 st dung:

v(y
I:)C,max _ IL i
2

n°R
PL e - chc o
2R',

Néu cong sut tai PLmax = 25W thi mdi transistor tiéu tan chi SW. Mot thuén loi khac 1a
khi khong c6 tin hi¢u thi khong c6 dong tinh trong mach (khong ti€u thu cong suat).

~
~

g~

Vi du 1.4: Thiét ké mot mach khuéch dai 16p B dé cho cong suat cuc dai ¢ tai 10, biét
Pc.max = 4W. Dung hai transistor c6: BVceo = 40V, max ic = 1A. Tim Vcc, N va mach
phan cuc dé tranh méo crossover. Tinh todn cong suat va hiéu suat.

Giai:
Cong suét trén tai dat cuc dai:

2
VCC _ VCC'cm

P =
LR, 2

Cong suit ra co thé ting bang cach ting Ve VA lem. Tuy nhién Ve VA lem khong thé ting
dén vo han. Transistor c6 cac thong s6 gioi1 han nhu sau:

Vee < VBV, = 20V
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