Bai 9: KHUECH PAI CONG SUAT

9.1 Khai niém

Mach khuéch dai cong suat c6 nhiém vu tao ra mot cong suat du 16n dé kich thich
tai. COng suat ra co thé tir vai traim miliwatt dén vai traim watt. Nhu vay mach cong suét
lam viéc véi bién dé tin hiéu 16n ¢ ngd vao: do d6 ta khong thé dung mach twong dwong
tin hiéu nho dé khao sat nhu trong cac chuong trude ma thudng dung phuong phap do
thi. Tuy theo ché d6 1am viéc cua transistor, ngudi ta thuong phan mach khuéch dai cong
suét ra thanh cac loai chinh nhu sau:
- Khuéch dai cong sudt logi A: Tin hiéu duoc khuéch dai gan nhu tuyén tinh, nghia 1a tin
hiéu ngd ra thay doi tuyén tinh trong toan bo chu ky 360° cua tin hiéu ngd vao (Transistor
hoat dong ca hai ban ky cua tin hiéu ngd vao).
- Khuéeh dai cong sudt logi AB: Transistor dugc phan cuc & gan ving ngung. Tin hiéu
ngd ra thay d6i hon mét nita chu ky cua tin hiéu vao (Transistor hoat dong hon mét nira
chu ky - duong hoac am - cua tin hiéu ngd vao).

- Khuéch dai cong sudt logi B: Transistor dwgc phan cuc tai VBE=O (vung ngung). Chi

mét nira chu ky &m hodc duong - cua tin hiéu ngd vao duoc khuéch dai.

- Khuéceh dai cong sudt logi C: Transistor dugc phan cuc trong ving ngung dé chi mot
phan nho hon nita chu ky cua tin hiéu ngd vao dugc khuéch dai. Mach nay thuong duoc
ding khuéch dai cong suat o tan s6 cao Vi tai cong huong va trong cac tng dung dic
biét.
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Hinh 9.1: C4c loai khuéch dai cong suat.
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Hinh 9.2: Tin hiéu ra cua cac loai khuéch dai cong suit.
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9.2 Mach khuéch dai cong suét loai A
Khao sat mach khuéch dai cong suit loai A don gian dugc trinh bay trong hinh

sau.

¥i

Hinh 9.3: Mach khuéch dai cong suat loai A

biém khéc nhau gitta mach nay véi mach khuéch dai tin hiéu nho 1a ngé vao v; co
bién d6 16n (hang trim mV). Mach cong suat loai A it duoc sir dung do c6 hiéu suat kém.
Chuy hé sé B cua cac transistor cong suat thuang nhé hon 100.

a) Khao sat phan cuc

Ta cé:

= Vee =07V
RB
Va lc =Bls, Vce=Vee —Rele

VCC

Dong Ic ¢6 giGi han t6i da 1a bang sy = R
C

Do d6 khi ¢6 tin hiéu vao, dé dong Ic c6 thé bién dbi 16n nhat va tét nhat thi diém

‘ lew V. v,
tinh diéu hanh Q phai duoc phan cuc sao cho leq = % = 2F§C , Vego = %
C

Pay la diém phan cuc dé mach cho hiéu suat Ion nhét.
Hinh 9.4 trinh bay diém tinh diéu hanh Q.
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Hinh 9.4: Diém tinh diéu hanh Q

b) Khao sat xoay chiéu

Khi dua tin hiéu v; vao ngo vao mach khuéch dai cong suat loai A (hinh 9.3), dong
Ic va dién 4p Ve (tin hiéu ra) sé& thay d6i quanh diém diéu hanh Q. Vi tin hiéu ngd vao
nhé (hinh 9.5), vi dong dién cuc nén thay doi rat it nén dong dién I va dién &p Vce & ngd
ra cling thay doi it quanh diém diéu hanh.

Khi tin hiéu ngd vao 16n, ngd ra s& thay doi rat Ion quanh diém tinh diéu hanh.
Dong lc s& thay doi quanh gigi han tir OmA dén Vec/Re. Dién ap Ve thay doi giira hai
giéi han OV va ngudn Ve (hinh 9.6).

Tin hiéu vao
I-
Vee
RE
Donglen 'c':ué\ .
tha;.rd??i \ //’iﬂ__-— —
N

Tin hiéu (d1én thé) ngd ra
Hinh 9.5: Tin hiéu nho
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Hinh 9.5: Tin hiéu Ié6n

¢) Khao sat cong suit

Cong suat cung cap duoc dinh nghia:

Piioc)= Vce - leo (9.1)
Cong suat ngd ra lay trén tai, trong trudng hop nay 1a Re, duoc dinh nghia:

F)o(AC) = VCE(rms)'IC(rms) (92)

Ta co:

VCC A —_

Vee = Va Vee = Rele + Vee

Suy ra:

Ve = V;c = RCIC;VCE , 1t gon ta duoc: Ve = Rele , hay 1c=Vce/Re, lan

lugt thay vao (9.2) ta duoc:

I:)o(AC) = RC'Ié(rms) (93)
Hay:
VCZE(rms)
Po(AC) = R (9.4)
C



* Néu tinh theo dién thé dinh va dong dién dinh:
Ta co:

I Ic(p) VCE(D) (95)

C(rms) = \/E Vé. VCE(rms) = JE

Thay (9.5) vao (9.3) va (9.4) ta dugc:

I Y 12

Poiacy {%) R, =%.RC (9.6)

Hay:
2 2
PO(AC) = VCE(p) i — M (9.7)
J2 | R, 2R,
Hoac:
V, I AV
Poac) = V. | _ Veem ‘e _ VeEp):lcm) (9.8)

CE(rms)*"C(rms) — ﬁ ' ﬁ B 2

* Néu tinh theo dién &p va dong dién dinh doi dinh:
Ta co:
| \V/

e ~ Veepop)
lew) = ,  Va Vee = 5 (9.9)

Thay (9.9) vao (9.8) ta duoc:

p _ [VCE(p—p) /Zj[lc(p—p) /ZJ _ VCE(p—p)'IC(p—p) 9.10
o(AC) = 2 - 8 (9.10)

Thay (9.9) vao (9.6) va (9.7) ta duoc:

|2

Pocacy = C(gp) Re (9.11)
Hoac:
VgE( -p)
Pocac) = 8Rpcp (9.12)



* Higu sudt cia mach khuéch dai cong sudt:
- Hiéu suat caa mach khuéch dai cong suit duoc dinh nghia nhu sau:
I:)o(AC)
n% = —249 100% (9.13)
i(DC)
- Hiéu suit tdi da:

Ta thay trong mach khuéch dai cong suat loai A:

. Ve €0 thé thay d6i toi da 13 Vg pmax = Ve (9.14)
. Ic ¢6 thé thay d6i ti da 13 Tep pymax = Vee/Re (9.15)
Thay (9.14) va (9.15) vao (9.10) ta duoc cdng suat téi da 1a:
VCC'\F/QCC V2
Po(AC)max = 8 < = 8|§C (916)
C

Cong suat cung cap tdi da:

Pi(DC)max = Veelcmax (9.17)

Mataco: I, = ;/cm thay vao (9.17) ta duoc:
C
P- — V ) VCC — VCZC (9 18)
i(DC) max cc ZRC ZRC .
Suy ra hiéu suat toi da ctia mach 1a:
P 2
1% = 2™ 10004 w.mO% = 25% (9.19)
i(DC)max cc c

9.3 Mach khuéch dai cong suit loai B

Trong mach khuéch dai cong suat loai B, nguoi ta thuong phan cuc véi V=0V
nén binh thuong transistor khdng dan dién va chi dan dién khi ¢ tin hiéu du 16m dua vao.
Do phan cuc nhu thé nén transistor chi din dién duoc & mot ban ky cua tin hiéu (ban ky
duong hay 4m tiy thudc vao transistor NPN hay PNP). Do ¢6 mudn nhan duoc ca chu ky
cua tin hiéu & ngo ra ngudi ta phai dung 2 transistor, mdi transistor dan dién & mot nita

chu ky cua tin hiéu. Mach nay goi 1a mach céng suat day kéo (push-pull).



Hinh 9.6: Mach cdng suit day kéo

a) Cong suit cung cap (cong suit vao)
Ta co: Pi(DC):VCC-IDC
Trong d6 Ipc 14 dong dién trung binh cung cip cho mach. Do dong tai c6 du ca hai

ban ky nén néu goi l(x) 12 dong dinh qua tai ta co:

2
'Dc:?(p)
Va
Pioc) = VCC.{%.I@)} (9.20)
+ 2V
+V e
| |
— Qi — | @
AV — > [ Tai ﬁv — —] }—‘
L @ | | Q2 Tat
. PR
@) (b)

Hinh 9.7: Mach cdng suat day kéo (a) dung ngudn dbi (b) dung ngudn don

b) Coéng suit ra
Cong suat ra lay trén tai R, c6 thé duoc tinh:
2

\
Poac) = ;;rmS)
L




d)

Tinh theo dién ap dinh:

2
_ VL(p)

P =
0(AC) 2R|_

Tinh theo dién ap dinh-dinh:

2
P _ VL(pfp)

o(AC) — 8R
L

Hiéu suat

P V2. /2R
n%:%.m%:%&m%
Y
3 - VL( )
V|. I(p) :R—p
L
\Y
Nén: n%=Z—2 100% (9.21)
4V,

cC

Tri t6i da cua vy ) 12 Ve nén higu suat téi da 1a:
n% = 2.100% ~78,54% (9.22)

Cong suat tiéu tan trong transistor céng suit
Tiéu tan trong 2 transistor:
P2Q = Pi(DC) - PO(AC)

Vay cOng suat tiéu tan trong mdi transistor céng suat:

P
p —_29
2

Cong suét ra s& tdi da khi vy ) =Vee

P _ V(?C
o(AC)max —
2R,

Luc d6 dong dinh la:
VCC

|, =—C&
(p)
RL



Va tri t6i da cua dong trung binh la:

2, 2V

I |\ =—
(p) T R|_

(DC)max — ;
Tri tdi da cua cong suat ngd vao:
Pi(DC)max = VCC'I(DC)max
2V 2V?

Suy ra: P =V, .- St =-—Cc

y i(DC) max cC . RL TERL
Hiéu sut t6i da cia mach céng suat loai B Ia:
P 2
n% = e 10006 — Vee! 2R 5000 %.100% —78,54% 9.23)

i(DC) max cc ! TR

So sanh (9.22) va (9.23) ta thay rang cong suat tiéu tan toi da cua 2 transistor cong

suat khdng xay ra khi cong suat ngd vao toi da hay cong sut ngd ra toi da.

Nhgn xét: ta thay rang hiéu suat toi da ctia mach cong suat loai B (78,54%) lén

hon so véi hiéu suét tdi da ctia mach cdng suit loai A (25%).

9.4 Dang mach cdng suit loai B

Trong phan nay ta khao sat mot s6 dang mach céng suét loai B théng dung.
Tin hiéu vao c6 dang hinh sin s& cung cap cho 2 tang cong suat khac nhau. Néu tin hiéu
vao 13 hai tin hiéu sin nguoc pha, 2 tang céng suat giong hét nhau dugc ding, mdi tang
hoat dong & mot ban ky caa tin hiéu. Néu tin hiéu vao chi c6 mét tin hiéu sin, phai dung 2
transistor cong suat khac loai: mot NPN hoat dong & béan ky duong va mot PNP hoat
dong ¢ ban ky am.

Pé tao duoc 2 tin hiéu nguoc pha & ngé vao (nhung cung bién do), nguoi ta cd thé
ding bién thé co diém giira (bién thé dao pha), hodc dung transistor mic thanh mach

khuéch dai c6 d6 loi dién &p bang 1 nhu dién ta bang cac so d6 sau:
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(a) (b)
Hinh 9.8: Mach tao 2 tin hiéu nguoc pha

(a) Dung bién thé co6 diém giira (b) dung transistor mac thanh mach khuéch dai

9.4.1 Mach khuéch dai cong suat day kéo lién lac bang bién ap

O ché dd B, transistor s& diéu khién dong dién & mdi nira chu ky cua tin hi¢u. bé
thu duogc ca chu ky tin hi¢u ra, thi can str dung 2 transistor, mdi transistor duoc sir dung &
mdi nira chu ky khac nhau cia tin hiéu, sy van hanh két hop sé& cho ra chu ky day du cia
tin hiéu va mach dién trén dugc goi 13 mach khuéch dai cong suat day kéo. So do  khdi

ctiia mach khuéch dai céng suat day kéo dugc trinh bay trong hinh sau:

BAN A—

MACH

Y ker | U //\\
HOP v

N 4

Hinh 9.9: So d6 khéi mach khuéch dai cong suat day kéo

BAN
MACH

So d6 mach khuéch dai cong suit day kéo song song ding bién &p duoc trinh bay
trong hinh sau. Mach dién gdm c6: 2 transisstor T va T, 2 bién ap BA; va BA,, cac dién

tro Ry, Ry, Ry va nguon cung cap Ug.
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Hinh 9.10: So ¢4 mach khuéch dai cong suét day kéo

Trong do:

- T.va T, lahai BJT ciung loai NPN c6 tham sb giong hét nhau (Bl = p2 = B) la
thanh phén tich cyc trong mach, lam nhiém vu khuéch dai.

- Bién ap BA;: c¢6 hai ntra cudn tha cép bﬁng nhau, c6 nhiém vu tao ra hai dién ap
nguoc pha dé kich thich cho T;va T,

- Bién ap BA,: ¢06 hai ntra cudn so céip W, va W, béng nhau: dé léy ra trén W»
dién &p & ca 2 ntra chu ky.

- R;VAR,: 13 hai dién tré dinh thién cho T; va T, néu mach 1am viéc & ché d6 B thi
chi cAn mic R,

- Ry la dién tro tai, dién ap ldy ra chinh 1a syt 4p trén R,

- Ug: la ngudn dién cung cap cho mach lam viéc
a) Nguyén ly hoat déng ciia mach khuéch dai cong suat day kéo:
Khi khéng c¢6 tin hi€u vao, di¢n ap trén cuc B cua Ty, T, so voi cuc E cua ching

déu bang khong (Ugg; va Uge,), dién 4p ra tai bang khong. Khi o tin hiéu vao, gia thiét

12



tin hi€u vao c6 dang hinh sin, do cach cau tao cua bién ap BA; nén & 2 cudn thir cap cua

no6 s€ c6 hai ntra dién &p c6 bién do bang nhau nhung ngugc pha nhau.

R;
_________ _:l--.......

UV(U“/"‘\ N t
BA, Usedt) \_/' \_/ i

U, ' ! :

" []Rt Uged() i i |

~_ _— ~_

Hinh 9.11

O ntra chu ky duong cua tin hiéu vao, 2 cudn thir cap cua BA; s& co hai nira dién

ap co bién do bang nhau nhung ngugc pha nhau dit vao T, va T, 1am T, din, T, ngung.

R;
I
BA; E é BA; U, (4
AN 72 . | .
N 7 wp e ;
W1§1 R U i W § ! i : .
| 2 ]
Uy 1 '—E—E |' i W, [ R U >
/\ ;W‘E W22§ Uged(t)
F V I/‘l 1T2_ :“ \—/ t:
Hinh 9.12

T, thuc hién khuéch dai cong suat, trong mach cuc thu cta ctua Ty ¢6 dong xoay

chiéu l¢; chay tir : +Ucc — Wy — CE ctia T;— -Ucc
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Hinh 9.13

Do c4u tao cua bién ap BA, nén Ig; cam tGng sang W, 1am cho trén W, sinh ra mot
suét dién dong cam wng, trén R, c6 dong dién Ig; chay qua, dAu ra ta nhan duoc mot dién

ap ¢ ban chu ky duong. Trén tai ta c6 nira song dién ap duong.

Uv 4 t
UBEukU i |
i L
UBEEL(U . .
| w
A, (0 4
————————— L e Doy
iea(l) & i :
: bt
U, U 4 |
N | .
E ot
Hinh 9.14
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Khi tin hi€éu vao ¢ ntta chu ky am thi trén cudn thu cép BA; dién 4p dbi dau dan
dén Ty ngung, T, dan. T, thuc hién khuéch dai cong sut, trong mach cuc thu cta T, cO

dong xoay chiéu I, chay tur : +Ucc — Wy, — CE cua T,— -Ucc

Uiy —— ;

Uaah) : :

F Y

v

¥

Uged(t)

&

<

C
v

let(t) &

v

R . icE(U A

BA,

¥

Hinh 9.15

Do ciu tao cta bién ap BA, nén lc, cam tng sang W, lam cho trén W, sinh ra mot
suat dién dong cam tng, trén R, c6 dong chdy qua, dau ra ta nhan dugc mot dién ap o ban

chu ky am. Trén tai ta c6 nira song dién ap am.
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Hinh 9.16

Nhu vay qua trinh khuéch dai duoc thuc hién theo hai nira chu ky cua tin hi¢u vao,
ntra chu ky dau T, lam viéc, nira chu ky sau T, lam vi€c, ct nhu vay hai transistor thay

nhau lam viéc, trén tai ta nhan dugc tin hi¢u c6 du chu ky va duogc khuéch dai 1én K lan.
U 4

Ugesll)

Uge:(1)
A

let(t) &

iea(f) &




Nhan xét:

- Uu diém:

+ O ché db tinh s& khong tiéu thu dong do ngudn cung cip néu khong cé ton hao
trén transistor

+ Hiéu suat cia mach cao (= 78,5 %)

- Khuyét diém:

+ Dai tan hep, mach cdng kénh, yéu ciu tinh dbi ximg cao, gia thanh cao.

+ Méo xuyén tam l6n khi tin hiéu vao nhé

Thuc té, & ché do A tin hiéu ngd ra lay duoc trén tai khong duoc tron ven nhu trén
ma bi bién dang. Ly do I khi bat ddu mot ban ky, transistor khdng dan dién ngay ma phai
cho khi bién d6 vuot qua dién thé ngudng Vee. Su bién dang nay goi 1a sy bién dang

Xuyén tam (cross-over).

Hinh 9.18: Bién dang xuyén tim (& ché do A)

Dé giam bién dang xuyén tam triét dé hon, ngudi ta cho mach day kéo lam viéc &
ché 46 AB voi thién 4p ban dau duoc xac dinh bang cip Ry, R, . Khi d6 dic tuyén cta
mach duge biéu dién trén hinh sau.
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Hinh 9.19: Giam bién dang xuyén tdm (¢ ché do AB)

9.4.2 Mach khuéch dai cong suat Kiéu doi xing-bé tac

Mach chi c6 mét tin hiéu & ngd vao nén phai dung hai transistor céng suat khac
loai: mot NPN va mot PNP. Khi tin hiéu &p vao cuc nén cua hai transistor, ban ky duong
lam cho transistor NPN dan dién, ban ky &m lam cho transistor PNP dan dién. Tin hiéu

nhan duoc trén tai la ca chu ky.

0 J___*ch
) _
A— | W—t—,

R _
Q2 T -VC 2
FYP

Hinh 9.20: Mach cdng suat kiéu déi xtng-b tic

_ﬁ_‘j” [ 4 p
N s T
-

Vv
_ad") e _——_Tlfcj t
/\ OFF

Hinh 9.21: Ban ky dwong —Q1 dan, Q2 ngung
18
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Hinh 9.22: Ban ky &m —Q1 ngung, Q2 dan

Ciing gidng nhu mach ding bién thé, mach céng suat khdng dung bién thé mac
nhu trén vap phai su bién dang cross-over do phan cuc chan B bang 0V. Bé khic phuc,
ngudi ta cling phan cyc mdi cho cac chan B mot dién thé nho (duong d6i véi transistor
NPN va am ddi véi transistor PNP). Dé 6n dinh nhiét, & 2 chan E ciing duoc mac thém

hai dién tré nho.

560€2
__‘__:‘ch
Q
162
AT T
o | Wt ____:f' /7&
Q2 VCCQ
LS00

Hinh 9.23: Mach d6i xng-bo tlc loai AB

Trong thuc té, dé ting cong suit cua mach, ngudi ta thuong ding céc cip

Darlington dugc m0 ta ¢ hinh sau.
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Tal AC khi chora ndl loa ;

ﬂ 4-6¢1

Hinh 9.24: Mach KBCS dung 2 cap Darlington

20



Bai tap
Cau 1: Cho mach khuéch dai cong suat loai A nhu hinh bén duéi, biét rang tin hiéu séng
sin dinh—dinh Vggp = 8V, Rg = 16KQ, Rc = 80Q. Xéc dinh cong suat vao, cong suat ra
va hiéu suét ctia mach.
Vee= +16V

Re
B=100/Si

Cau 2: Cho mach khuéch dai cong suat loai A nhu hinh bén duéi, biét rang khi c6 tin hiéu
¢ ngd vao dong lg sé dao dong véi bién do dinh la 10mA (hay lgp) =10mA). Tinh cong

Suat vao, cdng suat ra va hiéu suat caa mach.

Fee =+20v
Erp=1k R~ =200
Ol B =25/5i

Wi

Cau 3: Cho mach khuéch dai cong suit loai B, transistor ghép day kéo ding bién &p c6
dong dinh qua tai 1a 4A va dién ap dinh & ngd ra mdi transistor 14 12V. Ngudn cung cap
la 24V, ty s6 vong cua bién ap 1:1. Gia st bo qua cac ton hao day quan cuaa cac bién ép.
Hay tim:

a) Cong suat ra lay trén tai

b) Céng suit trung binh dwoc cung cap tir nguén DC

¢) Cong suat tiéu tan trén madi transistor

d) Hiéu suat ciia mach trong truong hop nay

e) Gia st dién tré tai R_=8Q, tinh cong suat ra toi da 1y trén tai
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