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Gido trinh Pién tf k¥ thuit “Mach dién o — Tép 17, duye
xuit ban 1in ddu vio nim 1999, di duge gido vién nhiu trudng
Pai hoc, Trung hoc chuyén nghiép chon lam gido trinh gidng day
chinh thite cho sinh vién, hoc sinh cdc nganh Ky thudt Bién tu,

biéu nay do gido trinh dwge soan khong qud ning vé phan
Iy ludn todn hoc ma dit trong tAm vio phan ing dung thuc 1€ va da
dang héa cdc mach cd bdn, d€ ddp Ung yéu ciu hoc tip ngdy cang
¢6 nhiéu mdn madi J ciac trudng Pai hoc va Trung hoc chuyén
nghiép — m&i mon hoc hién nay ¢é khuynh hudng gidm s6 ti€t hoc
xudng dé ¢é thé hoc thém duge nhiéu mon.

Gido trinh “Mach dién tif - Tip 2™ v “Mach tuong tu” xuat
bdn sau dé cling dugc ddc gid doén nhdn mdt cdch wu 4i.

Cd ba gido trinh trén cho dén nay déu di dugce tdi bdn nhiéu
lan. Lan tdi ban th 6 nay gido trinh dudc thue hién lai toan ba, i
khiu danh mdy dén v& sd dd mach, d€ stta lai nhitng sai s6t trong

nhitng 1an thuc hién trudc.

Tidc gid chan thinh cdm on ban doc di ¢é nhiéu ¥ kién ddng
gop dé 1an tdi bin nay sach duge hoan thién hon.

TP.HCM, thdng 6 nim 2008
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Chuong 1

LY THUYET CO BAN CUA MACH KHUECH DAI

§1.1- PINH NGHIA

Trong &y thudt, tir “khué€ch dai” dude dinh nghia 12 “ding
mdt ning lugng nhé dé diéu khién mot nang lugng khic 1dn hon gip
nhi€u [An. Niang lugng thit nhit - nhé - 1 ning lugng diéu khién,
ning lugng thit hai - 130 - 1 niing Iuing bi diéu khién ™,

Tur "khuéch dai” khong chi duge diing trong linh vife dién i
ma con dudge dang trong cdce {inh vite khdc nhu cd khi, ti hoc ... Thi
du: don biy 1a h¢ thdng khuéch dai cd khi hay bo khuéch dai tir
ting dung trong Iinh vuc diéu khién dién ¢éng nghiép.

Trong linh vyc dién i nhiéu linh kién ¢6 tinh niing khuéch
dai nhu: transistor lu@ng ndi, transistor trdng ¢ng, op-amp ..v1 cdc
linh kién trén nhin nang lugng § ngd vao rit nhd nhung ¢6 thé diéu
khién duge ning ludng & ngd ra 16n hon rat nhiéu 1An. Thi du:-
transistor nhiin dong dién & ngd vao a I ¢d tri $0 rdt nhd nhung ¢é
thé diéu khién dong dién ngd ra 12 Ic ¢6 tri s 1dn hon Iy hang
trim lan.

Mach khuéch dai dién t ¢6 ky hiéu nhu hinh 1.1. Ning Iuong
¢ ngd vao v ngd ra thuding dudge goi 12 tin higu vito va tin hiéu ra. Tin
hiév vao vi tin hiéu ra ¢6 thé & dang dién ap hay cudyng dd dong dién
va duce ky hic¢u la Vi, Vohay [, I,

‘l/i — > sV
i ln

Hinh 1.1: Ky hiéu c¢ia mach khu&ch dai
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§1.2- CAC HANG KHUE CH DAL

Trong gido trinh “Linh kién dién t™ ching ta da <6 dip khio
sdt ba trang thai hoat dong ciia transistor 13: trang thdi ngung din,
trang thdi khuéch dai va trang thdi bio hou (hinh 1,2).
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Hinh 1.2: Ba ving trang thdi cia transistor

Tinh todn cde dién trd phin cuc cho transistor nghia 13 chon
di¢m hoat dong tinh Q cho transistor dé. Khi ¢ tin hiéu xoay chiéu
tdc dong & ngd vao thi diém Q s& bi ddi chd va lam thay déi cic
thong s& khic cia mach. Dua vao diém hoat ddng tinh Q ngudi ta
chia mach khu€ch dai ra cdc hang khodch dai la: hang A, hang B,
hang C va hang AB.

- Hang A: transistor dudge phin cue cho diém hoat ddng tinh
Q & gilta ving khuéch dai.

- Hang B: transistor duge phin cuc cho diém hoat dong tinh
Q G trong ving ngung din.



Chudng | Ly thuy¢t cd ban ctia mach khuceh dai

- Hang C: wansistor duge phan cuc cho diém hoat déng tinh
Q ndm sdu trong ving ngung din.

- Hang AB: Ia mdt hang trung gian giita hang A va hang B,
transistor s& duge phin cue cho diém Q ¢ giita viing khuéch dai v
viing ngung dan.

1- Khué&ch dai hang A

Phin tich dic tuy€n ngd vio Iu/Vae cla transistor, mach
khuéch dai hang A ¢ diém hoat dong tinh Q & khodng gitra clda
dic tuyCn v ¢6 Ve = 0,7V cho transistor Si, Vue = 0.2V cho
transisior Ge. Khi transistor nhin tin hiéu xoay chiéu ¢ cue B, dong
dién I s€ thay ddi theo tin hidu xoay chidu nay (hinh 1.3a).

Phin tich dic tuyén ngd ra Ie/Veg cla transistor, mich

khuéch dai hang A ¢6 diém hoat déng Ginh Q & gilta duding 1di va
Ve = 1/2Vee. Khi dong dién [y thay doi theo tin hiéu xoay chidu sé
lam cho dong dién Ic thay ddi va kéo theo dién dp Vg ciing thay
ddi (hinh 1.3b).

0

Hinh 1.3a: Djc tuyén ngd vio & hang A
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Hinh 1.3b: Pidc tuyén ngd ra ¢ hang A

Cdc dic diém cda mach khuéch dai hang A 13-

- Khuéch dai trung thyc tin hiéu xoay chiéu (khuéch dai duge

cd hai bdan ky cida tin hiéu xoay chiéu hinh sin).

- Ditng cho ¢dc mach khuéch dai tin hiéu ¢6 bién dd nhd.

2- Khuéch dai hang B
Phin tich dic tuy&n ngd vao Iu/Vge, mach khuéch dai hang

B ¢6 diém hoat dong tinh Q ¢ diém Vgg= 0V nén Iy =0 va [0 = 0.
Khi transistor nhin tin hi¢u xoay chiéu & cue B thi ¢hi ¢6 mot bdn

10



Chuang 1 Ly thuyCt cd ban clia mach khuéch dai

ky dwge khu€ceh dai vi phan cye thudn moi ndt BE va Ty ting Ién,
con mdt ban ky 1Jam gidm phin cye mdi ndi BE xudng viing ngung
din nén khong duge khuéch dai (hinh 1.4a).

Iy
F 3

<

Hinh [.4a: Pic tuyén ngd vao & hang B

Phiin tich diic tuy&n ngd ra [¢/Vee, mach khuéch dai hang B ¢6
diém hoat dong tinh Q nim trén dudng bién gilta viing khucch dai va
viing ngung din, Veg « Vee Khi dong dién 1y ting 1&én theo tin hiéu
xoay chiéu, dong dién I¢ ciing ting €n va 1am cho dién dp Vg gidm
xudng. G ngd ra ciing chi ¢ mdt ban kY duge kKhuéeh dai (hinh 1.4b).

Cic dic diém cla mach khu€ch dai hang B 1a:
- khi khOng ¢d tin huéu, transistor ngung (Ig=0, le=0)

- mdi transistor ¢hi khuéch dai duse mdt bin ky nén mudn
¢é @G nguyén chu ky phai ding hai transistor dé khu€ch dai luin
phién cho hat bdn ky.

11
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- dung cho cdc mach khuéch dai tin hiéu ¢é bién d6 18n
- hi¢u suit cao do cdng sudt dién tiéu thu nhd

- tin hién ra bi bi€n dang xuyén truc (crossover distortion)
(hinh 1.4¢).
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Hinh I.4b: Bdc tuy€n ngd ra ¢ hang B

p Hinh |.4¢: tin hiéu ra

] bi b1€n dang xuyén truc
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3- Khué&ch dai hang C

Phan tich dic tuyén ngd vio Ig/Vy: . mach khuéch dai hang
C ¢6 di€m hoat dong tinh Q niim siu trong viing ngung din va ¢é
Ve <= 0V. Khi transistor nhiin tin hiéu xoay chiéu ¢ cuc B, néu tin
hiéu xoay chiéu ¢6 dién dp dinh Vpe<Vy thi transistor ¢fing chua din
dién duge nén khong ¢4 tin hidéu ra, néu tin hiéu 6 dién dp dinh
Vp>Vy thi chi ¢ mot phin tin hiéu duge khuéeh dai (hinh 1.5a).

I
[ 3

Ov

S~— ] i E

Hinh 1.5a: Pdc tuy@n ngd vao ¢ hang C

Tuung tr khi xét die tuyén ngd ra [¢/Veg, chi ¢6 mdt phin
cda bdn ky dudng dude khu€eh dyi va tin hidu ra bi ddo pha 1a mét
phin bdn k¥ dm (hinh 1.5b),
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[

Hinh 1.5b: Pic tuyén ngd ra § hang C

Cic diac diém clia mach khuéch dai hang C la:

- khi khéng ¢6 tin hiéu, transistor khong dan (Is =0, [c=0).

- transistor chi khu€ch dai duge mot phin cda ban k¥ nén tin
hiéu ra bi bién dang rat 1én.

- mach khu€ch dai hang C dung trong mach cit bd phin
dudi cta cde tin hiéu (mach cdt gbc) hay trong cdc mach dao ddng,
mach nhin tan so.

4- Khuéch dai hang AB

Trén dic tuyén ngd vao Ig/Vge mach khué€ch dai hang AB
cé diém hoat dong tinh Q@ & gitta hang A va hang B (ngay diém
thi€t doan) v ¢é Vgg = 0,6V cho transistor Si, Vge = 0,1V cho
transistor Ge. Khi transistor nhéin tin hiéu xoay chiéu 3 cuc B thi
ban ky dudng duge rdgi vio ving gin nhu tuy€n tinh nén duge

14



Chudng | Ly thuy&t cd bdn cta mach khuéeh dai

khué€ch dai manh, bin ky dm dugce roi vao ving dudi Vy nén
transistor khong din va khdng c6 tin hiéu ra (hinh 1.6a).

I
F

—> Vg

Hinh 1.6a: B4c tuyé&n ngd vao d hang AB

Trén dac tuyén ngd ra [¢/Veg, diém hoat déng tinh Q nim &
viing gin agung din nén Veg . Vee. G di€m nay chi ¢6 ban ky
duong cda tin hiéu duge khuéch dai va lam dong dién Ic tang 1én.
Tin hi€u ra bi ddo pha so vdi tin hiéu vio nén chi ¢6 bin ky dm ¢ia
tin hiéu & ngd ra (hinh 1.6b).

Cic dic diém cda mach khu€ch dai hang AB 1a;

- khi khdng ¢ tin hiu, cdc dong dién Ls, e ¢6 tr & it nhd so
vdi hang A

- hi¢u suft cao do ¢ong sudt dién tiéu thu nhé

- dung cho cde mach khueh dai tin hiéu ¢6 bién dd 1an

N
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- mdi transistor chi khuéch dai dude mdt ban kv nén mudn
co di nguyén chu k¥ phai diing hai transistor dé khuéch dai luan
phién cho hai ban k¥

- tin hiéu ra khong bi bi€n dang xuyén truc nhu hang B.
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Hinh 1.6b: Pic tuyén ngd ra & hang AB

§1.3- BA CACH RAP CAN BAN
Mach khué&ch dat diing transistor ¢6 thé dugc thiét k& theo
mét trong ba cdch ¢iin bin la ki€u E chung, B chung hay C chung.

- Mach khué&ch dai kiéu E chung (CE: Common Emitter)

16



Chuong } Ly thuy&l ¢d bdn cda mach khu€ch dai

+Vou

T

Hinh 1.7b

S¢ dd hinh 1.7a 12 mach khuéch dai rdp ki€u E chung, tin
hiéu vao d cuc Bvara §cue C. G trang thdi xoay chiéu cdc tu dién
lién lac va ty phdn dong Cg ¢6 t8ng trd rat nhd nén coi nhu bi ndi
tit. Hinh 1.7b 1a mach twdng duong cla transistor khi rap ki€u E
chung.

Trén mach tuwdng dudng ¢6 thé tinh cdc thong & k§ thuit
cla mach:

a) Tong tré ngd vao:

h =y = L _ lhrh +I(’r{.’ _ Ibrb +/8£bru
=¥k = = =

; 4 ly

h."e =rp+ ﬁre (z vitl kQ)

17
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b) Tdng tré ngé ra: r, =vai chuc kO dén vai tram k.
Do r, ¢ tri s0 rit 16n nén nhiéu trudng hgp ¢6 thé bé qua r.,.

c) B khuéch dai dong dién:

i i
Ar.:i:L:ﬁ:hﬁ’

i,

Ai= = hy (= vai chuc dén vai tram ldn)

d) PO khuéch dai dién dp:

g oY K R. PR
[E— \ - . - . ,‘.
"f!(' Ifb r:' I{J "J'L‘
R,
¢ T A
A = —ﬂ;— (=vai tram ldin)
1.
I

e} Goc pha: dién dp cia tin hiéu viio va ra ddo pha nhau
2- Mach khuéch dai rdp ki€u B chung (CB: Common Base)

S dd hinh 1.8a 12 mach khuéch dai rédp kiéu B chung, tin
hiéu vio & cue E v ra § eue C. O trang thdi xoay chiéu, cde ty dién
Hén lac va tu dién phin dong Cy¢6 tdng trd rdt nhd nén duge coi nhu
ndi tit. Hinh 1.8b 12 mach tudng duong ciia transistor rap ki€u B
chung.

Cidce théng s0 K§ thuédt ciia mach dude tinh nhy sau:

a) Tong trd ngd vao;

i i g, B

b) Toéng trd ngd vao:

i — !:"rh + lt'rr.' — ',hrb + ﬁ{h}‘t’ _ rb + /Brt‘

ro=

Vi b i+ pi,r. _r, + fr,

i i B, Ji]

po= (=vai chuc Q)

¢} Tong trd ngd ra:

18



Ly thuy€t cd bidn ciia mach khu&ch dai

Chudng }

v,y o . .
= {=vai tram kQ vi BC phdn cue ngugc)

d) P khuéch dai dong dién:

AZ—— - ﬁih - l[} o
L4, (f4i, B+l

i

o

L

¢) B khuéch dai dién dp:
i R. R PR

\'.’
— b - —_
A= ¥ ir. h h
ofi fe e

ofr i

R, . 3
A = ﬁf_( (=vai tram lan)

1

i

1) Géc pha: dién 4p ctia tin higu vio vi ra ddng pha nhau

+Vee
RBI 2 RL
+H yo Vo
+
T, ;
)
C[:_ Ry, R,

Hinh 1.8a
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3- Mach khuéch dai rdp kiéu C chung (Common Collector)

S¢f 6 hinh 1.9a 1 mach khuéch dai rdp kiéu C chung, trong do
cue C dude ndi Ihﬂllg lén ngudn +V'(-C vi nguﬁn +Vee duge gon 1
mass 401 vdi xoay chiéu, vi ¢d w loc ngudn rit 1dn. Hinh 1.9b 1a
mach twdng dudng ¢la transistor khi rdp kiéu C chung.

+¥ee

111

+

C
Vi hj + I I yo Vo
RHZ ﬁl{]t

Hinh 1.9a

C
||
11

MY



Chudng 1 Ly thuyé&t ¢ ban clia mach khuéch dai

Hinh 1.9h

Cdc thdng s6 k§ thudt cia mach dude tinh nhu sau:

a) Téng trd ngé vao:

v,
7
ri=ry+pr. + Ry
ri=h.+Rg

by Tong trir ngé ra:

, L i, +i,R,

f

I

(=vai trdm kQ)

Pi¢n trd Rg 12 dién 1rd tuong duong cda ciu phin 4p Ry,
song song Ry,.

Khi ditng 1rangd ra nhin vao transistor, ta thiy dién g Ry

song song néi trd ¢la ngudn r,. Thudng dién trd Rg rit 1dn so vdi 1.

nén dién trd wong duung cia Ry song song r, cling ¢hinh 1a r,. Mach
tweng duwong nhu hinh 1.9¢.

Hinh 1.9¢
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) v
A ) -~ s . _ oo i
Tongwdngdrala: r =*+=-—*%

Theo mach wiong dudng, cdc dién g 1y, rp, va Pre ghép noi
ti€p nhau va song song vdi dién trd tii R.
Tacé: v, =i.Reg=1ip(r, + 1, + Br,)
v L(r +r + fir ¥ +r + Or
Suyra:r:_a: h(.r 4] ﬁa)zs b ﬂr_

’ jv /)’ fb ﬂ

Fo ro+h
_ 5 b . -5 i — .
r,o= 7 +r, hay r = {=vai chuc Q)

c) D¢ khuéch dai dong dién:
o Y
g=le L JBEDL A= g
i, i
d) BP§ khuéch dai dién dp:
v, f.eR.E ﬁRL

i, vy g +ir, iR v +pr.+ PR,

A =1 (viry,+pr.<< BRy)

e) Gdc pha: Khi Vgtang lam Iy ting va Ig tang nén Vg cling
tang theo, do d6 dién ap cda tin hiéu vao va ra dong pha nhau.

§1.4 BANG SO SANH CAC THONG SO THEO BA CACH RAP

Mach khu&ch dai dung transistor & mdi cich rap E chung, B
chung hay C chung déu c¢6 nhitng théng s k¥ thuit khdc nhau nén sé
dudc Ung dung dé ddp ng nhitng yéu cau k¥ thuit khic nhau. Vi du:

1- Mach khuéch dai réap ki€u E chung ¢6 d khuécH dai manh nhat
vi A, va A, déu 6 tri s8 1on.

2- Mach khu€ch dai B chung ¢6 tdng trd vaio r, rilt nhd va tdng 1
ra r,, rat 16n nén dung dé ddi tdng trd tir nhd ra 16n.

3- Mach khuéch dai rdp kiéu C chung cf @&ng trd vao r, rit Idn va
tong trd ra r, rit nhd nén ding d€ ddi tdng trés £l 16n ra nho.
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Chuung | Ly thuy€t cg bin cila mach khucch dai

ach rip E chung B chung C chung
Thong so
Tong trd hie = rp+ pr. . A ro=h, + Ry
ngd vao (var ke "B (vaitram k)
I (vai chuc Q)
Tong trds Vai chue kQ Vi tram kO . _ht h,
ngo ra ! Jii
Ty {vai chuc )
B0 khuéch A= f=h A=l A=p+]
dai dong {vii chuc —vai {vai chuc — vai
dién A, trim) iram)
DC_‘? kﬁué’?h A = —45& 4 = ﬂR_f A, ]
dai dién dp h, h,
Ay (vai trim 1an) | (vai tram lin)
Géx pha giita Pdo pha Pong pha DPdng pha
tin hiéu vio
va ra

§1.5- CAC KIEU GHEP TANG KHUECH DAl

MGi thiét bi dién tlf thuimg c6 nhiéu mach khu&eh dai ghép lién
ti€p nhau, m&i mach ¢6 thé diing mét hay nhiéu transistor dé thuc hién
mot nhiém vu riéng duge goi la mot ang khuéch dai. BE ghép lién tiép
nhi¢u ting khu&ceh dai ngudi ta thuding ding mdt trong ba cich ghép la:

- Ghép bang ty dién lién lac

- Ghép bang bién ap

- Ghép bing cdch ndi e tiép

1- Ghép tang biing tu dién lién lac

S3 d6 hinh 1.10a la mach khuéch dai hai 1ing diung
transistor ki€u cue E chung dudge ghép lién ti€p nhau. Tu dién C, 14
tu ién lac tlr ngudn tin hidéu vao transistor T, tu dién C; 13 tu dién
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Mach dién tlir — Tip 1 Nguyén Tén Phudc

lién tac tir Ty sang T; va tu dién C112 tu lién lac tir Ty sang ting sau
hay ra tdi.

+Vee
T

Hinh 1.10a

Cdc ty 1ién lac ¢6 tri 88 tuy thude vio tdn s6 cda tin hiéu,
d61 vai Am tAn thi t 1ién lac thudng c6 tri 88 (i 1uF d€n 10pF. Cac
ty phan dong Cg ¢4 tri s0 tuy thude dién rd Re va thudng dudge chon
tir 25uF dén SOuF.

3 trang thdi xoay chibu, cdc mach khuéch dai ha tin dude
tinh todn vdi tin $0 qui udce 12 f = tkHz.

Ta c6:

Ri=Rg;// Rz, Ry=Rgi// Ry

hiey: tOng trd vio cda T,

hie2: tOng tré vao clia T,.

Dung khdng cta ty dién lién lac 1a:

1

XC| = Xcz= X(‘j{= m (Ch(}l’l C| = IOHF)
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Chuong 1 Ly thuyCtco bdn cda mach khucch dai

1
C2.314.10%.10.10°

1

Dung khing cua tu dién phin dong Cg la:
1

X!'F = 3 f

© o 2.3]14.10°.50.10 °

= 3,202 (chon Cg = 3tuk}

Cdc tri s& dung khdang rat nho so vdi cde dién trd trong mach
nén duge coi nhw ndi tit. Sd dd hinh 1.10b & mach tuong duong
trang thdi xoay chiéu clia mach khu€ch dai hai ting hinh 1.10a.

Tt ¢6 s¢ 40 mach wong duong hinh 1.10b ¢6 thé v& lai vdi
saf 36 don gidn hon nhu hinh 1.10c¢.

Voo b % % e v
| i 1!

R, h“l ............................. hu ........................ R,
Hinh 1.10b
Vi_% é J,icl licl V"
Ri R 1] RCZ
Hinh 1.10c¢
Ri= R/ hi RLi=Rei1#/ Ry hies

Vdi sa dd hinh 1.10c¢, viée tinh cdc thong s8 cda mach sé
dan gidn hon.
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Cidc cdch ghép ting biing tu lién lac ¢6 vu diém 13 viéc tinh

todn trang thdi mdt chi€u cho cdc transistor doe 1ip nhau.
2- Ghép tang biing bi&n dp

S¢ d5 mach hinh L.lla 13 hai 1dng khu€ch dai ding
transistor rdp ki€u E chung. Bién dp TR, ding d€ ghép gifta hai
ting 12 bién dp ¢6 i sO vong diy sd ¢ap va thit cdp La n/n,.

B&i vdi cac bi€n dp, tdng rd giita so va thit cdp duoe tinh
theo cOng thic:

zZ

u—'z[-l-} (hinh 1.11b)
Z!

Nhu vay t6ng trd tdi & thd cdp duge qui dbi vé sg cip la:

oY
z,=| 2z,
n,
D41 vdi bién dp TR, tdi & thi cdp 1 tdng trd ngd vio cla

transistor T; (hie2). D01 vdi bién dp TRy, tdi & thit ¢dp 1a Z,

Bi€n dp TR, ¢6 t8ng urd qui ddi vé s¢ cdp R

Sd dd hinh 1.11a ¢6 mach twdng duong nhu hinh 1.11c.

i ]
Vi\% é lig lie $ v
| S S I R

Z

Hinh 1.11l¢
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Chuong 1 Ly thuyCt cd bin cda mach khu€eh dai

8] ngd ra voi dién dp v, va dong dién i ta ¢6 thé tinh dude
dién dp Vi va dong dién [ trén tai.

Cich ghép ting biing bién ap ¢d wu diém 1a viéc tinh todn
trang thdi mot chiéu cho cdc transistor doc 1dp nhau, déng thdi ¢d
th& dung hdp éng tré gitta cic khai nhd (i 1€ cda cdc bd bién dp.

4- Ghép tang tryc ti€p

+Vee

‘%

R(_'l % RL'I %

L

T 3
T T

So d& mach hinh 1.12a 13 hai ting khuéch dai ding
transistor ghép truc ti€p. Theo cdch ghép ndy, hai transistor s& phin
cuc Jan nhau theo nguyén 1y hdi ti€p am d€ dn dinh nhiét ma khong
dung cau phan ap & cyc B, Cdch tinh dién 4p mét chiéu va nguyén
Iy hdi ti€p Am mot chiéu dé Sn dinh nhiét s& dudge phan tich chi tiét
trong chuong “Mach khuéch dai DC”.

I 1
vi_% é Li, L1, v,
/D W S S (R G

i R I.1 C2

Hinh 1.12b

.|||_i
..|H ]_

Hinh 1.12a
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Sd dd hinh 1.12b 12 mach twong duong cda hai wansistor T, —
Ty ghép true GEp, trong do, R, 1 t0ng 1rd tuing dudng ctia Ry song s ng
v hier, Re 12 tong trd tuong duong coa Rey song song vaéi hies.

Cidch ghép tang true iép ¢6 vu diém 1a mach di¢n ddn gidn,
do bdt dude w dién lién lac va dién trd cdu phan dp, dé Sn dinh
nhiét ctia mych rat 16t nhiy hdi ti€p am mot chiéu, bing thong rong
do khong dung tu,

§1.6- MACH KHUECH PAI HOI TIEP
1- Pinh nghia

Mach hdi Gép la mach &y modt phin ning lugng & ngd ra dua vé
cung ¢iip cho ngd viwo.

Trong s dd hinh 1.13 mach hdi Gép duce ky higu bang chit FB do
chit "Feed Back™ Bign idp ctia ngudn tin higu didu khién 13 v,, tin hieu
ngd ¢6 the 12 dang dién dp vi hay dang dong dién i, tin hiéu ngdra la v,
hay i,, di&n ap 1y ra sau mach hdi tiép 1a v,.

Truting hap mach khuéch dai khdng ¢6 hdi tiép —cdn goi B mach
khucch dai vong hd - thi o khuéch dai dign dp duge dinh nghia fa:

v, v

A — LI [
ey — T A e—

ra
1’3 ‘l/'!-

> >

Yo (Io)

Hinh 1.13
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Chudng 1 Ly thuy&led biin cda mach khucch dai

Mach hoi ti&p FB ¢6 dién dp vio la v, dién dp ra i v, HE 0 hdi
tiép dinh nghia 1a;

h=— = v, = bv,

Truing hop khuéch dai oo hdi tiép thi do khaéch dai dién ap hdi
tiép duge dinh nghia:

A, = . trong doi v, =v, +v, = v =y -y,

Suy ra: A, =2

2- Phan loai

) Theo tic dung khuéch dai:

- Héi ti€p dudng 12 mach ¢§ tic dung 1am ting dd khudch
dai. Trudng hdp nay ta ¢é: Ay > Al

- Hoi tiép am 14 mach ¢6 tic dung lam gidm 4o khuéch dai.
Trudng hop ndy ta ¢O: Ay < Ay

b) Theo dang tin hi¢u:

- Héi ti€p dién dp 12 mach 13y dién dp ra v, d& tao dién dp
hoi tiép vy dua rds lai ngd vao.

- HAi 1i€p dong dién 12 mach 13y d()ng dién ra i, dé 1ao dién
dp hoi ti€p vy dua trds lai ngd vao.

¢) Theo cich ghép:

- Hoi ti€p sung song 1a khi dién ap ngudn tin hi¢u v, va dién ap hdi
ti€p vi ghép song song nhau Noi cdch khac, hdi 68p song song 11 khi hai
tin higéu v, va vy cing dura viio mot cue cila transistor.

Trutng hopnay tacod: v, =v +v, — v =v -v

,
- HO1 1iSp ndi u€p 1 khi dién dp ngudn tin hidu v, va dién 4p hdi
ti€p vy ghép ndi ulp nhau N&i cich khae, hdi ti€p ndi ti&p 1a khi hai tin
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hiéu v va vy dua vao hai eye khic nhau cia mot transistor. Thi dus v, dua
vio cue B con vy dua vao cue E cla transistor.

Trutng hopnay tacd: v, =v . —v, — v =v +v,

Mach hoi ti€p ¢o18n goi diy dii gdm ¢ ba phin theo ba cich phiin
loai rén. Thi du: mach hoi ti€p am dong dién ghép ndi tiép, hdi tép am
dién ap ghép song song,

Viéc tinh toan, phin tich nguyén [y cla cdc kiéu khuéch dai hoi
tiep s€ dude néi 1 trong chuvng “Khuéceh dai hdi tiép™,

$1.7- CACH TiNH HE SO ON DINH NHIRT

Cdc thong s cla transistor déu bi thay ddi theo nhiét d9,
trong dé ¢G ba théng $0 chiu dnh hudng ldn nhat 13 dong dién i
leso, 30 khudch dai b va dién dp phin cuc Vg,

DE rinh Anh hudng cia nhidt do 1en cic thdng s clia transistor co
thé 1am sai diém lam viéc tinh Q, ngudi ta ding nhidu cich phian cuc cho
transistor, mdi cdch phiin cuc ¢6 tée dung vh hiéu qué 6n dinh nhidt khac
nhau. D€ dic trung cho tic dung va hiéu qua 6n dinh nhiét, ngutsi ta dinh
nghia hé s& on dinh nhidt 1a:

Al,

G _ S: stability (3 6n dinh)
Al

o S :pht dinh clia S

S chn duge goi 1a “dd bat én dinh ™. Cdch goi niy hap 1y hon
vi theo dinh nghia S cang nhd thi mach cang Gn dinh vé nhiét do,
nghia 1 S cing nhd thi “dd bat dn dinh cang thip™.

Cong thife tOng quét d¢ tinh he s& dn dinh nhidt S L&

s=_4

g—u

trong do: (12 hé s0 iy thude cdch phin cuic cho transistor
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Chudng | Ly thuy@t ¢d ban clia mach khudch dai

ala hé s0 khuch dai dong dién rip kifu B chung
I.
LI
I, [+l
H¢ 6 g duge xdc dinh theo cdch phan cye trinh bay trong
bing mach thiét k& miu sau:
+ Xét mach phiin cyc hinh 1.14a, hé s& 8n dinh nhiét 1a:
1 i
S = q = = = ﬁ +l
g-a l-a 1— B
p+1

Day [ hé s8 dn dinh nhigt kém nhat vi B 1dn khodng vai téam.

+ X¢t mach philn cuc hinh 1.14b, hé 6 &n dinh nhiét t:

R, Ry
l + _'F:'. l + £
S = q = RB - RB
g=@ %, l-a+ *
8 Fis
R.
I+ Rk
Néu transistor co B 18n thi 1- o = 0. Do dd: S = R .
I
RB
+Vco N
R“ Rl

g=1 Hinh 1.14a g=1+-" Hinh 1.14b

;”———0 &
hry . =)
&
s
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R,.
g = 1+R—( Hinh 1.14e
-

————— Yinh 1.14f

Thudtng thi Rp<< Ry

oo L R
RE_ R-".'
RB

Nhu viy hé s dn dinh nhiét § 18 nghich véi Re. Néu Rg lén thi

S nhd v mach On dinh nhiét 10t
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Chuong 2

MA CH KHUECH DAI TIN HIE U NHO

§2.1- DAI CUONG

Transistor 14 linh Ki¢n ¢6 tinh ning khuéch dai dién ip va
khuéch dai ddong didn nén vai ud cda transistor rat quan trong trong
ciic thi€t bi dién .

Transistor 13 linh kién phi tuyén nhung khi xét trong pham vi
bicn thi¢n nhd thi mc do phi tuy&n dnh ‘hudng khong 16n nén ¢
thé xem nhu mgch tuvén tinh. Trong cdc nmc,h khuch dai tin hiéu
nhd, transistor duge vé& thainh mach twang dudng gém & cde dién
trd vi ngudn dong dién dé ¢o the tnh todn va phin tich nguyén ly
theo 1y thuyCt cda mach tuyé&n tinh.

Vi¢e tinh todn, phan tich mach khuéch dai ding transistor
gdm cdc phin:

I} Tinh todn trang thii phin cue mot chiéu cda transistor,

2) Tinh cdc thong sd k§ thuit cha mach & trang thdi xoay

chidu.

Khi tinh todn trang thdi phan cue mot chidu cla transistor ta
¢o thé ding phuong phap todn hoc hay dung phudng phdap dd thi.
B¢ tinh tdn cic thong »0 ky thudt cia mach, ta thuting ding mach
tdng dudng cda transistor.

$2.2- TINH TRANG THAI MOT CHIEU CUA TRANSISTOR
1. Dung phudng phip todn hoe

Mach khuCch dai hinh 2.1a & cue B ¢6 cau phin dp Ry, -
Ry: vat cye E o6 dién trd R: 6n dinh nhiét.

D¢ inh wdn dién dp va dong dién & timg cye phai dp dung
dinh 1y Thevenin dé déi ngudn.

RR
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R,, ) 3,640

Vs =Vee % =

® =
R, +R,, 22k +3,6kQ

Ry Ry 22kQx 3,640
R, +R,, 22kQ+36kQ

= 3140

8

Mach dié€n hinh 2.1a sé& dugc ddi lai thanh hinh 2.1b d€ tinh
dong dién Ig theo cOng thite:

- Vaa B ng _ 1,? - 0,?
PR, PR, 31+ (100 % 054Q)
= [I,=~ 0,02m4

Suyra: Ie=pIg=100x0,02mA = 2mA
I = Ic =2mA
Tinh dién dp cdc cyc:
Ve=IRe=2.10"x 0,510 = 1V
Veg=Ve+Vee=1+07=17V
Ve=Vee - (IcRe) = 12 - (2.107 x 2,5.10H) = 7V
Vee=Ve—-Ve=7-1=6V
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Chudng 2 Mach khu&ch dai tin hi¢u nhé

+12V

Hinh:2.1b

2. Ding phuong phép do thi: (hinh 2.2)

Trén dic tuyén ngd ra Ic/ Vg, ¢6 thé vé dudng tdi tinh theo
phudng trinh duding 1di:

1. = VCC B VCF]
¢ R, + R,
Puting tdi tinh 13 dudng thing di qua hai diém:
\%
[.=-— ¢ vi V=V
C CE cC
R. + R;
I(I
n dudng tai tinh
Ve / I A
R. + R, / = 0,04m
I; = 0,03mA
' Q
2mA |- \ I; = 0,02mA
|
L \ I, = 0,0lmA
I
! > V..
0 8V Voo
a8V

Hinh 2.2
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Pi¢m 1am viéc tinh Q [ giao diém ciha duting tdi tinh va
duting dac tinh dng véi Iy = 0,02mA. Toa d6 didm Q 14 Q (¢ =
2[T]A, VCF_ = 6V]

Phuang phip todn hoc va phudng phdp dd thi nhu vira phin
tich & trén 12 dung d€ tinh trang th4i mdt chi¢u ¢Ga mach khuéch
dai di dude thi€t k€ sdn vdi dién dp ngudn v cde dién trd phin cue
nhat dinh. Van d¢ nguge lai 1a phdi chon dién 4p ngudn v tinh i
sO clla cde dién trd phin cue cho transistor sao cho transistor hoat
ddng theo mot yéu cdu k¥ thudt cy thé va goi la thi€l k& mach
khuéch dai tin hiéu dang transistor.

§2.3- THIET KE MACH KHUECH PAI TUYEN TiNG
1. Chon ki€u mach khu&ch dai
Gid st chon mach khuéceh dai theo ki€u thong dung nhat la
mach khuéch dai rdp kicu E chung, tdi Re, dién trd Ry én dinh nhidt
vi cue B duge phin cue biing cdu phin dp (hinh 2.3).

e

R,.

Ry,

|
R =
R,

[

Hinh: 23

Chon dién dp ngudn Vee = 9V 12 mide dién dp thong dung
cho cdac mach khuéeh daj tin hiéu nhd.

Chon transistor ¢ B = 100, hy. = 2,5kQ vd chon hé s& 6n
dinh nhié1 S =20
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Chudng 2 Mach khué&ch dai tin hi¢u nhé

2. Xic dinh diém lam viéc tinh cda transistor

Ta ¢o: hie =10 + Pr. = fr,
h, 25kQ
Suy ra: roe = — =250
Jij 100
Mt khdc, dién trd re cOn dudde tinh theo cong thife:
2oml’ 20mt” 20mV
ro=— = I, == = x4
T, r 250

I = b= ImA
Thong thuding, Jdicn trd Re va Ry dude chon sao chos

. , 1
V(-]:_ x 13 \f{'(' Vi [!R[ X i_{j V(‘(‘

:.ad

Tinh dién tré Ry,
.

E'f__

Chon: I Rg = - Ve = R=— = ———= =090
10 - 107, 10x 10 -

LAy dién rd R theo i 8G ticu chudn 1a Ry = 1kQ
4. Tinh dién trd Re

Chon Vep="2 Ve =W x 9V =45V,

G ngd ra ta ¢ ding thic:

Vee =l Re+ Vep + [ Rg
g Ve~V =1R, _9-45-(16"x10")
I, 10

=  Re=3.5kO

Lay di¢n trd Re theo tri 0 tiéu chudn 1a: Re = 3,3kQ. Khi
chon tri s0 Re va R theo tri $O tiéu chuan thi dién 4p Vg s@ bi thay
ddi chat it rén dic wyén ¢/Ve.

5. Tinh dién tro Rri = Ry2
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o
A
1 rl
. I, ‘j R. =39k
B
5
+ I, I\‘
Vig __j L 'j;_RE = 1k
Hinh 2.4a

Pé tinh tri s0 Ry — Ryo, diu tién phdi tinh tri $6 Ry v Vg
theo mach tuong duong dude quy ddi ra tif dinh 1y Thevenin (hinh
2.4a).

Ta di bi€t hé s& n dinh nhiét dude tinh theo cOmg thice:

]
v

S = -ﬁ—*zzo (hinh 1.14d)

R
Suy ra: R—” =20 = R, =20R,

f.
= Rp=20x 1k =20k
Theo mach dién hinh 2.4a & ngd vio ta ¢6 ding thdc:
Vi = [pRy + Ve + [:Rg
1 10

€ - =0,01lmA
B 100

Trong d6: le=1mA, I; =

Thay vio ta cd:
Vs = (0,01.107% 20.10%) + 0.6 +(107 x 10%) = 1,8V
Theo dinh Iy Thevenin ta ¢6: ,
R
o % #2 , RH — RBIRBJ
R.‘f] + RBI RBI + RBE

VBH_'
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Chuunyg 2 Mach khuéch dai tin hi¢u nhd

Gidi phuong trinh ¢4 hai 0 s8 nay ta tim dude i s6 cia Ry
v Ryo:
Ry = 100k€2,  Ry> = 25kQ2
Chon dién Ry, vt Rys theo tri s8 tiéu chuifin:
Ry = 100k€2, Rg»=27kQ2
6. Nghiém lai trén mach dién
Trinh t¢ nghi¢m lai trén mach dién gidng nhu cdch tinh
trang thdi mdt chiéu theo phuong phdp todn hoe va tinh trén mach

dién hinh 2.5 nhu di thiét k&,

VHH = V(.(- X L = 0x 2742 = |9V
R, +R,, 1004Q + 27402
R, R,
R, = RnRu  NOORQXTRQ 60
Rm + R,, 100kQ+ 2740
_ Vo =V
=
Rb‘ + ﬁRF
O
_ L9 - 1.7 = (0,01mA

21,25k + 100x1402

Suy ria: Ie =1 =Bly = 100 x 0,0ImA = ImA

+HV

100k - 3,3k
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Tinh di¢n dp cidc chiin:
Ve=IgRe= 107" x 10" = 1V
Vie=Ve+Vy=1+07=17V
Ve=Vee—1eRe=9 - (107 x 3,3.10N = 5,7V
Vee=Ve-Vp=537-1=47V
Mach dién hinh 2.4b ¢6 ¢de dién trd vdi wi s6 theo thidt ké
dudge chon theo tri sO ticu chuin.
7. Nghiém lai theo phuong phip dé thi
Phuong trinh duding i 1a:

12 Vee = Ve
¢ R‘(T + I{I:I
N&u Vg = OV thi:
V.. 9
lo=1 = L. =21mA

R.+R, 33.10° +10°
Néu Ie=01hi Vop = Ve

Buding tdi tinh 12 dudng thing ndi hai iém Veg = 9V va Ie =
2, 1mA, Piém lam viéc tinh Qedtadd A (Ve =47V, I = ImA).

L. mA

i dudng tai tinh

2,1mA /

Q

ImA - I,= 0,0lmA
\
|

|

|

|
0 4,7V \
9v

I,= 0,02mA

Y
<

CE

Hinh 2.5
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§2.4- PHAN TiCH MACH KHUECH DAl BANG MACH
TUONG PUGNG

1. Mach tuong duong cua transistor

_ Much wrgng dudng cda transistor ¢ thé vé nhu hinh 2.6,
trong do ry 1 dién rd tr cye B vao gitta viing bdn dan cua cue B, 1,
Ja dién trg thudn § trang thdi xeay chic¢u clia mdi ndi BE, r. 13 dicn
trdf nghich ¢lia mdi ndi BC.

Bién trd 1, ¢6 tri s6 nhd khoidng vai chue ohm d€n vai trim
ohm. Bién rd r. 12 dién trd dong cha mdi ndi BE nén duse tinh
theo cdng thite cia diod fa:

26mV - 20mV
yr =— A

W '

7, (m1) I, {m.1)

Bién trd r. 12 dién wd nghich ¢lia mdi ndi BC nén ¢b oty s6
rit 10n khodng vai trim kQ nén dude coi nhi cdch dién gitta B va
C. Do do, khdng ¢6 dong di¢n tif cye C qua méi ndi BC ra ¢ cue B
nhing ¢6 dong dién Ie qua m&i néi va ra & cye E. Nhur vy, & ngd
mach tuong dudng duge doi lai 1a cue € khong dinh vao cire B vi
¢6 ngudn dong dicn di tit C qua E nhu hinh 2.7,

C C
‘ B %
A naue - fe - L BN ile
... l] |I .
B0 B— " —0 X T
i
Y pimar K I g
- i ey v . v
E
E

Hinh 26: Mich tung dubng ldiod — Hinh 2.7: Mech tuomg dumg la ditm
va diem troy tro v nguon dong

4]



Mach di¢n i — Tép | Nguyén Tin Phuic

Mach turong dudng cla transistor diing thong sd h (Hybrid =
lai) goi 12 thong s4 lai. Trong hinh 2.7 cho thdy cdc thong 6 ¢6 y
nghia nhu sau:
- iy [2 dong dign cda tin hi¢u § ngd vao, dong ndy ¢ tri 86 thy
theo dién trd my, vix r, goi 13 dién trd ngd vao.
- I 1A dong dién cda tin hiGu & ngd ra, dong dién nlly ¢6 tri s0
ey theo dong ién ngd vao iy vi:
it. = ﬁih hdy Al{ = BAIB
T mach twdng hinh 2.10 ¢6 thé viét duse hai phudng trinh:
e vp. thay doi theo i, va v
* i thay doi theo iy va v,
Ta co: Vie = iy + h[g\/w hﬁ)’ AVyue =hAlg + h|3fSV(-L:
ik- = h2|ih + hg:\f“. h{ly &L- = hgpﬁl}; + h:gﬁV(E
Tir hai phutang trinh trén ta ¢6 thé xdc dinh duge ¥ nghia va
gid tri cta ¢dc thong $& h nhu sau:

+ Gid thidt AVeg =0, tde 1 Vg la hing s6 thi:

Al " \ . .
fo = —2- la di¢n trd ngd vao, don vi 1a Q. Trong
Af,
mach rdp E chung goi 1a b, (i: input).
LY e s a - . o .
h., = N la 1 s0 dong dién ngd ra va dong dién ngd
R ]

vao (dd khuéch dai dong dién), kKhong
co don vi. Trong mach rip E chung goi
la hy, (f : forward = thuin).
+ Gid thi¢t Al = 0, nie 13 13 hiing & thi:
Al

i, —R-?—’L it sO dién dp ngd vao va ngd ra (d6
R Y

khuéch dai dién dp ngude), khong ¢o
don vi. Trong mach rdp E chung goi la
he {r: reverse 1a quan hé ngude).
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Chudng 2 Mach khu€ch dai tin hi¢u nho

by, = 12 nghich dio cla dién oG ngd ra, don vi 1a
/€2 = mho. Trong mach rap E chung goi
14 hye (00 output).

Trong thue (& thong 8 hy. it dude st dung vi gid tri rat nho,
thong s6 h,e 12 nghich dio cda dién wd ra ¢ don vi 1a md khong
thuin tién cho tinh todn nén thutng cho dién ud ra 1a r, chinh 1a
nghich ddo cda h,..

Thong s8 h cia mOt transistor di€n hinh B321 co:

hie = 400002, hye = 100, hye = 610, hye = 20uQ

2. Mach tudng dudng kiéu E chung

- Téng trd ngd vao:

By Vet

}
h.o=r +p.r = rb(,]

Thong s& hie con goi 14ty , ¥ chi tong td gita cue B va cuc E.

a - - l - - - .
-Tong rd ngd ra: r, = o vat chuc k€2 dén vat trim kQ.
TUC
B rl.m C
Yoo | !
| RN RV .
‘ R ‘ e ro > R(, v
v. t il
\ E l v

Hinh 2.8: Mach tuong dvong kiéu cuc E chung
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Mach dién wt — Tip | Nguyén Tan Phude

Do tri 0 1, rat [dn nén nhiéu trudng hap ¢é thé bo qua T,

- D& khuéch dai dong dién:

I3
4

A =h, =-=f (vai chue d€n vai raim)
© =7

- B3 khuéch dai dién ip:
v v iR, PiR

/'I[ - v o e = - -
v, £ Lh

hty e

R
A =-p--
h

(vai triint lan)

3. Mach tuong dueng kiéu B chung

- Tong trd ngd vao:

r /3'['.":
A
r /;
R ..
= Fo= ] ( = vai chuc )
i
et
- Téng trd ngd ra:
v non e - -~
r, = - (= vai trdm k€ vi BC phan cuce nguge)
l(‘

- B3 khucch dai dong dicn:
| = 6oL By Jéi

. = x> |
Cd i (B, g+l

- B4 khudch dai dién dp:

14



Chudng 2

Mach khudceh dai tin hiéu nho

LV I R. R, PR,

A, A = — ==

Yo, —ir b Ry
s

i

E r, = C
S (0o A
| e e

\f v, - R A\
Y B \/

Hinh 2.9: Mach tuong duong kiéu B chung

4. Mach tudng dwong kiéu C chung

- Tong rd ngd vao:

p oY _bn Hin iR,

f i)

il

r=r,+ fr.+ PR,

————

- Tong trd ngd ra:

(= vil trdm k&)

Khi dimg tif ngd ra nhin vio mach va ndi tit ngudn v, thi
mach twong dudng dudge v& lai nhu hinh 2.11.

. v
Ta co: r = --2=_=¢
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Mach dién tif — Tap | Nguyén TAn Phude

B .rl],
S
- H ih

ro

: RB
| v,

Hinh 2.10: Mach tuong duong kiéu C chung

Theo mach tuong duong hinh 2.14 thi cdc dién trd r, 1y va
B.r. ghép ndi 1€p nhau va song song vdi dién trd tai Re.
Ta cd: ve=iRg =iy (i + 1, + Br)

Ve _ iy ("‘: Tt ﬁ") bt t /3"}

L

o !-v ,9 I-b ﬁ
1 .

ro=r +—(r. +r) { = vai chyc Q)
B

B

o i°¢ Ry

= L

Hinh 2.11: Mach tuong duong nhin tit ngo ra
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Chuanyg 2 Mach khuéch dai tin hic¢u nhd

- PO khu€ch dai dong dién:
A_%_i @f”%

e =

1 Ly 1y

1

= [4=p+]]
- D6 khuéch dai dién dp:
Ve i{: RE ﬁ R.‘-'

g =Y Ve = :
I - . . . -
vi, v, Lnt+irn+i R, n+Br.+0R,

= A4, =1 {(viry + Pre << BRE)
5. Phén tich mach khué&ch dai biing mach tueng duong

Cho mach khuéch dai hinh 2.12a, ta ¢ thé chuyén sang
mach tudng duong nhu hinh 2.12b va 2.12¢,

o
i
B : _______ 1 C
] T
| |
| Ll
. o | h i i . )
o= : ie vl c R‘( -
|
: E |
] I I
L
L. ____1
Hinh 2.12a: Mach khuéch dai Hinh 2.12b: Mach tugng duong ctia
dién. hinl transistor theo théong s6 h
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Mach dién tt — Tip | Neuyén Tin Phude

_———— e ————

gom cd Ry, - Ry, - R,

Hinh 2.12¢: Mach tuong duong bao

Trong hai mach twdng duvng 6 cic thong s&:

- hye t(“;ng trd vao cla transistor theo kiéu B chung

zi 10ng trd vao cla mach bao gdm Ry//Rya/fhe

- 1,0 tOng rd ra cta transistor theo kicu E chung

v dign dp ngd ra lie mach khong o tdn Ry
- vy dién dp ra Wie mach ¢o tdi Ry,
Tir hai mach wong dudng trén ta <6 thé tinh duge cic thong
50 sau:
- Tong trd vao ¢da mach:
RB!RB’
R, +R

#1 "2

Z', = RB]HRBQ_H!}“_- vl RB

- D) khucch dai dién dp ctia transistor:

Trong mach twdng ducng 2.12b ta ¢ Re/Ry, goi [a Ry,

48



Chudng 2 Mach khuéch dai tin hidu nhd

_ R('RL

= = .t &
R(" + RL

L

- B¢ khuéch dai dién dp ki€u E chung:

- Bd khuéch dai dién dp toan mach:

v, R, 7.
A 2 — A N L fe— _L‘ 1
Vs y v. B Z. x 7+ -
= ‘AH = - ..,__.&__‘
1 Z, 41 ]

- Trong mach wong dudng hinh 2.12¢ ta ¢on ¢6 ¢de quan hé:
Pién dp ra khi ¢6 tdu
R,

v — VD PR L
ru + R‘I.

(v, dién dp ra kKhong tdn)

Suyra: v (r, +R)=v R,

§2.5- TINH \CAC THONG SO CUA MACH (0 TRANG THAI
XOAY CHIEU

Mach dién hinh 2.4 duge vé lai diy ¢4 nhu hinh 2.13a vdi
cdace ty dién hén fac vt dico phin dong.

Hinh 2.13b Ia sd d6 mach twong dudng § trang thdi xoay
chié¢u ma hinh 2.13¢ 2 diic tuyén ngd ra vdj dudng tii dong.

1. Trudng hgp cé tu dién la Cy
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Mach dién t — Tip | Nguyén Tan Phudc

P61 voi tin hiéu xoay chiéu cdc tu dién lién lac v w dién
phin dong duge coi nhu ndi tdt nén trong mach tudng duong hinh
2.13b, cyc E duge v& ndl mass. Phuong trinh dudng tdi dong dudc
vi€'t lai:

Hinh 2.13a Hinh 2135
I (tmA)
A dutng tai tinh
R,
V('.(‘.
R. + R,
Q dubng tai tinh

~N—
N> L,

0 Voo CK
6V

Hinh 2.13¢
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Chudnyg 2 Mach khuéch dai tin hiéu nhd

Pudng 1di dong 14 dudng thing cdt diém I, = —L va di
[
qua diém lam viéc tinh Q (hinh 2.13¢).

Thong sd ctda mach duge tinh theo ¢Ong thic cla cdch rdp
cuc E chung.

Ta ¢

- TOng trdf vio clha transistor:

r, = h,. = 2,5kQ2 fdd cho trude)
- B0 khuéch dai dong dién:
Ai=p =100 (dd cho trude)
- PO khuéch dai dién dp riéng cla transistor:
R, 3.3.10°
Ar,z—ﬁf—‘:—lO(}x . o= —132
1. S0

- Téng trd vivo chung clia mach:
Ri=h//Ry {(vdi Ry = Rg /Ry
hoRy _ 25K2x21250Q
ho+ R, 25Kk + 212540

i

R =

il

2.2k

Né&u ngudn tin hiéu xoay chidu i micro thi ndi ted ngudn r, = 600€.

- D3 khuéch dai dién 4p chung cda mach:

vooow R
A = 2 b4 L = A . !
o vi vx I Rf' + rs
A, =~132 2,2 k2 ~103

X =
2,2k + 60002
2. Trudng hgp khdng ¢é tu dién Cy

Né&u khdng ¢6 tu dién phin dong Cg thi cuc E khdng dudge
ndi mass & trang thdi xoay chi€u, mach tudng duong duge vé lai
nhi hinh 2.134.
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Mach dién t¥ - Tép | Nguyén Tan Phudc

B % B C
< r T 1 &""; i
) < Ry E =2 Ry
.'\_.'_l \r’s . L

3

Hinh 2.13d

Truting hgp nay dudng tai ddng cling chinh 14 duting tai tinh.
Cidc thong s& ctia mach & trang thdi xoay chiéu dude tinh lai:
- Tong trd vao cla transistor:

Vi iy, +i 5 +i R,

ro=

I

_,'J_ i,
r,= 1y + Bre + PRy = hie + Ry’
= 2,5k + 100 x 1kQ = 102,5kQ
- B0 khuéch dai dién dp riéng cla transistor:
A Ve _ iR, _ PiR. - _p R,
v, i, i, (h, + PR,) h. + AR,

Do BRg >> h;. nén:

R, .
A= -5 va v, = iR
R.F:' r ﬁ :
3
Nhu viy: A = - 3;’;;2 =-33

Do khuéch dai dién dp khi khong ¢6 tu Ce bi gidm rit nho.

-Téng trd vao chung clia mach:
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Chudng 2 Mach khuéch dai 1in hién nhd

1025k x 21,252

R =r iR, =
- 102,55 + 21.254C2

=17,6 k0

H

- D3 khuéch dai dién dp chung clia mach:

R, 17,6 k02

Apy = A, % i = =33 x .6 ~
R +7, 17,6 £Q + 600Q

4

Nhin xét:

Khi mach khuéch dai dung transistor rdp ki€u E chung ¢6
dién tr3 Rg &n dinh nhiét va khdng ¢6 tu phin dong Cg thi tng trd
vao s& tang 1én va d6 khu€ch dai dién 4p bi gidm xudng. Pay 1
mach khu€ch dai hdi ti€p s€ phin tich k¥ trong chuong “Khuéch dai
héi tiép ™.

3. Trudng hgp ¢ dién tré tai R

+v(‘(~.

=
'.'.) -
]

Hinh 2.13e Hinh 2.13f

St d06 hinh 2.13e va 2.13f 12 trudng hgp ¢6 dién ud tdi Ry va
mach tong duong.

Theo mach tuong duong ta ¢6 RL‘ = R¢//Ry, ldce dé cdce théng
s34 ctia mach duge tinh lai nhu sau:

7
A, = - ﬂr’- (khi ¢6 tu Cg)
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. R
A = - —k—’— (khi khong <o tu Cg)
E

Trong dé Ry goi 12 tii xoay chiéu cda mach.

§2.6- MACH KHUF CH PAI NHIEU TANG
Xét mach khué€ch dai hai ting ding transistor rip kifu E
c¢hung nhu hinh 2.14a vd mach tuong dusng hinh 2.14b,
Trong mach twong duang c6 cdc dién trd:
Ri = Ry //Rp;

hict = 1 +BR.  (18ng trd viao ctia T))

hi.o =1, +pR.  (18ng trd viio cta Ta)
R> = Ry3//Rps

@ ©

J Lvé ? | } J

1 R Ry

Hinh 2. 14a Hinh 2.14b

D€ tién viéc tinh todn ta ¢6 thé vé lai mach twong dusng don
gidn hon nhu hinh 2.14¢.

Trong hinh 2.14¢ ¢6 R;; = Ry//hi; 13 ¥ng rd vao chung cla
ting khu€ch dai thit nhdt, R; = Ry//hies 1a tdng trd vao chung cla
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Chuong 2 Mach khué&ch dai tin hi¢v nhd

tang khuéch dai thd hai. Nhu vay, 8ng trd ngd vao chung clia ting
khuéch dai thit hai chinh 13 tdi cda transistor T,.

Hinh 2. 14¢

Do: Ri; »> hyy va Ra>> hie2 nén
Rij = hie; va Rjy = hja

Ta ¢dn ¢6: Ry = Ref/Ri; = Rei/hyes goi 1 tdi xoay chiéu
ctia T| va Ry, 12 131 xoay chiéu clia T,

Ta ¢6 thé tinh A6 khuéch dai dién dp cla titng ting khuéch
dai theo ¢bng thite:
R
A = —f L
h

R/ h,
h,

il

Tang 1 ¢o: A = - B %‘-=~ﬁl

Do Rey »» hiez nén Rmﬂh,cg B hicZ

Ting 2¢6: A, =— ff, ~12 =-4 Ry,

D0 khu€ch dai dién dp chung cla ci hai tang:

35
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hit"‘ R 2
Ay = A, A, =55, A ) }"'!':"
icl Ih"_‘
R,,
= 4 =pp "

icl
Nhu vay, do khué€ch dai di¢n dp chung cda hai ting khuéch
dai ti 1€ vdi tich s By. By va (i s8 cda dng trd ngd ra ting cudi va
tdng trd ngd vaoe ting dau.

§2.7- MACH KHUECH PAIRA § CUCE

Mach khué€ch dai ra ¢ cye E 1a mach khuéch dai dung
transistor rdp ki€u C chung, ¢¢ tin hi¢u vio cue B vd ra & cuc E.
Mach nay con dude goi la mach khucch dai dém vi ¢6 tic dung ddéi
tr t0ng trd 16n & ngd vio thanh 18ng rd nhd & ngd ra dé dung hep
v3i cdc tdi can dong ldn (tdce 1a tai ¢ tong trdd nhd).

1. So d6 - Mach tuong duong
Cdc thong s0 k¥ thudt clia transistor:
- Téng trdd ngd vao nhin tr cve B vao transistor:
r=h+ BRE (viiihj,=r, + BI‘L., hi. ¢On g(_)i 13 rpe)
- Téng trd ngd ra nhin tit cure E vio transistor:
r, + h,
r,=r, + — hay r, =-2 =
plr, +r,) p

- B0 khu€ch dai dong dién: Aj=p + |
- P6 khuéch dai dién dp: Ay = |

- Goc pha: dicén dp tin hiéu vio va ra dong pha nhau.
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Chudng 2 Mach khuéch dai tin hiéu nho

+V
‘ T,
: 1
i ‘ | ib’ r ;]ii
C T il fa
o Ry ‘ O TS :
Ll Ll M
Hink 2. 15a: Moch Ehech dat

Hinh 2 15b: Mach tuong divng

o 'A‘)
2. Piac diém caa mach

Khi tinh thong $8 k§ thudt cda toan mach thi phai xét dén
cdce dién trd phin cuce v dién ud tai.

+ O ngd viio cu phin dp Ry+Ry- ddi thanh R = Rg)// Rga.
Tacd: v, =1, he+i. Re
vi=ly hie + (1 + B)is Re
Suy ra tdng rdf vito ¢da todn mach nhin tit e E khi ¢6 Re:
ro=2 =k +(1+ B)R,
{
Tdng wd viio cla toan mach khi nhin tir ngudn: Z;= Ry / 6

+ Khi xét téng trd ra, ding dinh 1y Thevenin d€ tinh lai
ngudn tin hi¢u va dién dp ngd vao:

. R
R, =R, /ir =t
SR, 4
1!'_ juund "}~ RH
R, + R,
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. X v,
Ta co: i, =— .
: R, +h, +(1+p)R,
vi v, =i Rp=(1+ B) 1.Rg
— - (1 + ﬁ) R.‘:"',s — R.‘:'vs
"Ry +h,+(1+B)R, R, +h, TR
1+ /4 d
NEw ¢6 dién trd 133 Ry thi tong trd tii:
R, =R./Re
R.v.
Licdo v, 1a: v, = 5 ;;v_\
+ A .
A ie + R‘,
1+ 5 )

Trong phiin phin tich mach tuong duong, ta ¢ cong thife tink
tong tré ngd ra:
v .
r,=| —-1|R,
v, ’

Thay trj 6 clia v, vio r, don gidn ta ¢6:
Fo= RH + hﬂ'
¢ 1+ B

B ‘ 1.11');- E
Ry, g I X
I Ry ; R, =
Vs ,‘
[ C
il |

Hinh 2.16: Mqch tuong duong theo dinh ly thevenin
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Chudng 2 Mach khuch dai tin hi¢u nhé

Qua ¢Ong thife trén cho thiy, néu do khuéch dai dong dién p
cang Ién thi t8ng rd ra r, cing nhd va mach ¢d khd ning cap dong
cho tdi cang idn.

Mach khuéch dai ra & cyc E ¢6 tdng trd ngd vao Z;,idn, tong
tré ngd ra r, nhd nén mach thudng ding dé dung hop tong trd, phin
cich gitta ngudn tin hidu vdo va tdi & ngd ra. Téng trd vao 1dn ¢on
¢ uu diém 12 khong bi suy gidm bién dd cha dién dp tin hidu & ngd
vao, tong rd ngd ra nhd nén mach ¢é khd ning cung cdp dong cho
tai 1dn. -

Tuy nhién mach ciing ¢é nhucge diém 1a khong khuéch dai
duge dién dp cda tin hiéu vi Ay =~ 1.
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Chudng 3

MACH KHUECH PAI HOI TIEP

§3.1- DAI CUONG

Mach khu€ch dai ¢6 ky hiéu dang sd d6 khéi nhy hinh 3.1;
khi ¢4 tin hi€u dién dp v, & ngd vio, s& cho ra tin hidu dién apv, d
ngd ra. Ti 58 A, = v,/v, dude goi 1a do khuéch dai dién dp nhu da
trinh bay trong cdc chudng trude. Mach khuéch dai ki€u nay con
goi la khu€ch dai vong hd vi va d€ phan biét vdi mach khuéch dai
hoi ti€p, dd khuéceh dai dién dp cda mach khuéch dai vong hé duge
k¢ hi€u 1a Ayq (0: open = hd).

I3 b 4 f— ° fra ——
Ta ¢é: Ay ==

Mach héi ti€p 1 mach 18y mét phin ning lugng & ngd ra
dua vé cung ¢ap cho ngd vao d€ didu chinh lai cdc thong sb va chi
ti€u k¥ thudt ctia mach khué€ch dai. Mach hdi ti€p wong s¢ dd khoi
duge vigt tit 1a FB do “Feed Back ™.

P&1 vai mach hdi 6iép, tin hieu vao chinh 12 tin hiéu ra cia
mach khu€ch dai (co thé 12 v, hay i,), tin hiéu ra clia mach hdi ti€p
ky hi€u 1a vy dua vio mach khuéch dai chung vdi tin hiéu v,. Ti s6
gitta tin hi¢u ra va vio mach hoi ti€p duge goi 1a hé 6 hdi ti€p ky
hiéu la b,

Ta cé: bh=—" => vy= by,

Mach khuéch dai ¢6 dudng hdi ti€p nhu hinh 3.2 duge goi la
mach khu€ch dai hoi u€p (hay mach khuéch dai vong kin). Ti s6
gitfa di¢én dp ra v, va dién dp ngudn v, by gits goi 13 d6 khuéch dai
hdi ti€p k¥ hidu 1a Ayr (F do Feed Back).
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Chudng 3 Mach khuéch dai hbi tiép

v D

Vo
Ys _ J;

Hinh 3.1: Mach kKhuéch dii ving hé

Hinh 3.2: Mach khuéch dai hoi tiép

. Yo
Tach: Avrp=

5

NE€u v, vii vy dong pha:

‘J
VisvVitvi=>v.=vi-vy = A4, = ——
"J'J_ — l!f
NEu v, vd vy ngudgc pha:
l'}
VisVi— Vs> vo=vi+yvp =>4, = ——
v, + v
i !
TS it A .
Ong quit: =
£4 VET v+ Vi

61



Mach di¢n 1 — Tip 1 Nguyén Tan Phudc

§3.2- PHAN LOATI MACH HOI TIEP

Mach hdi 1iép duge phin loai theo ba cich:

- theo tdc¢ dung khuéch dai

- theo danyp tin hiéu

- theo edch ghép gitta tin hiéu hdi 1€p va tin hiéu vao.

1. Theo tdc dung khuéch dai

- Mach héi (€p dudng khi ¢6 hdi tiép s& lam ting do khucch
dai di¢n dp. Trudng hgp ndy ta ¢o: Ave > Avo.

- Mach hdi ti€p am khi ¢6 hdi tié€p & lam gidm do khuéch
da1 dién dp. Trudng hap ndy ta cd: Ave < Avo,

2. Theo dang tin hiéu héi ti€p

- Mach héi uép dién dp 1a mach 13y dién dp ra v, d€ tao
dién dp hoi tiép vy dua trd lai ngd vao.

- Mach hdi tiép dong dién 1 mach 1dy dong dién ra i, d€
tao dién dp hdi ti€p vi dua trd lai ngd vao.

3. Theo cdach ghép vdi tin hiéu vao

- HAi ti¢p song song 1a khi dién dp ngudn tin hidu v, v dién
dp hoi ti€p v ghép song song nhau. NGi cich khdce héi uép song
song 1a khi hai tin hiéu v v vy cing dua vao mdt cye cda mot
transistor.

Trudng hdp nay ta ¢o:

Vi=V, + vy == Vo= V- Vy

- Ho1 1iép noi 1iép khi dién dp ngudn tin hi¢u v, va dién dp
héi tiép vy ghép ndi 1i€p nhau. Néi cdch khde, hdi ti€p ndi 1ép 1a
kKhi hat tin hiéu v, vd vy dua vio hal cyc khic nhau cia mot
transistor. Thi du: v, dura vio cue B con vy dua vio cye E cda cling
mot transistor.

Truting hgp ndy ta ¢6:

Vi=V,—Vy => Ve =V + vy
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Chudng 3 Mach khu¢ch dai hdi Gép

MOt mach héi GE€p ¢d tén goi di gdm ¢d bd phin theo ba
cdch phin logi rén.
Thidy: - Mach hdi ti€p dm dong dién ghép ndi tiép

- Mach hdi i€p Am dién dp ghép song song,

§3.3- CACH XAC PINH LOAI oI TIEP
i. Cong thic tong quat
Trong mach khué&ch dai vong hd hinh 3.1 ta ¢6:

Lt Vn e o o & - *
Avp = V_ = \_ (nd1 trd ry cua nguodn thuting nho)
5 1

=>  V,=Vi Avo
Trong mach khucch dai hdi tiép hinh 3.2, néu ¢hi xét ngod
vao v dén ngd ra v, thi 36 khuéch dai chinh Ia d6 khuéeh dai vong
hd A\;() v
Vi

A\a’(] = V_ => Ve Vi AV()
1

Trudng hgp x60 tlf ngudn v, dén ngd ra v, bao gdm ¢d mach
hdi ti€p thi ¢ dd khuéch dai hbi tiép Ja:

Vi . e
Ayp = \_ va v, =Vt vy vl vyi=b.v,
hY
S A Vi.Avo Vi.Avo
uy ra: F= =
y I VB v, + b.\fn ¥, + b.Vi‘Av()
Avo
= A\-’F =
¥ + b.A\r()

Goi miu sd 1 £ b.Ayg 1a thira s6 hdi tiép F. ta ¢6:

Avo

F=1+ b.Av() Vi 'AVF: F

2. Truong hdpF =1 - b.Ayg

Trong phin 3.1 da phén tich, néu v, va vy ddng pha ta ¢é:
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Mach dicn ti - Tap | Nguy&n Tan Phudc

vl'l
Vi=vi+Vvi=> v, = V-V => Ayr=
Vi-Vy
Avo
Suy ra: Avg = =>F=1-hAy,
1-b.Avo

Ta ¢d cde trudng hgp sau:
a NeuF=1-bAvo>1 => Ay <Aw
Mach hdi G€p ¢6 tde dung Tam gidm d khuéch dai nén 1a mach
hoi ticp am. Khi d6 -b. Ay >0 => b.Av, <0, nghia 13 b va Ay trii dau.
b.NéuF =171-bAy< | => Ay > Ay
Mach hdi ti€p ¢ tdc dung lam ting d6 khu&ch dai nén 1a
mach hdi tép dudng. Khi d6 -b.Ayvg < 0 => b.Aye > 0 va diéu nay
¢d nghia 12 b vi Ay cling diu.
¢. Néu transistor ¢6 —b.Avg >> 1 thi:

Avo N Avo B 1
| -b.Avo  -b.Avo b

Ave =
Trucing hdp nay do khuéch dai hdi ti€p Avr 1a nghich ddo
vi ngude diu vai hé s& hdiucp b,
d NéuF=1- hAvo =10 => b.Avo =/
Trudng hup ndy ta cd:

A AV()
- — o0
VOT 1o b Ay
A M
[&! Avo=1 == . =] == =1
o Vi Vi

Suyra:  vy=v;

Luc do, mach tu tao ra tin hiéu va trd thinh mach dao dong
(phidn ndy sé duge phan tich trong gido trinh “Mach dién tf - Tip
27y

Trudng hop F = 1- h.Ayo 12 trwdng hop dién dp hoi 1iép vy
dude ghép song song vaéi ngudn tin hidu v,.
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Chuang 3 Mach khuéch dai hdi tiép

3. Truong hop F =1 + h.Avo
Trong phin 3.1 ta cling ¢ Xét truding hgp v, va vy ngudc pha.

vt\

Vi = Vo — ¥ =3 Y, = Vi + Vy => Avyg=
i . [ s i f VF Vi+ vy

Avo

T+ bAve =>F=14+b.Avo

Suyra: Ayg=

Ta ¢d cic trugng hgp saw:
WNEuF=1+hbAvw>1 =>Ay <Ay
Mach hdi 1i€p ¢ tdc dung lam gidm do khuéch dai nén Ia
mach hdi ti€p Am. Khi d6 b.Ayp > 0, nghia 12 b va Ay ciing dau.
b)NéuF=14+bAvo<] =>Avw>Aw

Mach hdi ti€p ¢6 tdc dung lam ting dd khuéch dai nén la
mach hdi ti€p duang. Khi do b.Ave < 0, nghia 1a b vd Avp trdi dau.
¢) Néu transistor ¢6 b.Avo>> 1 thi
Aue o Avo . Avo 1
YF"l+bAve bAvo b
d)NéuF =1+bAvo=0 => bAyo=-]

Trudng hgp nay ta co:

A Avo .
VET 1+ b.Avo ®

b.A | N e l u
Avo=l => -y = =y =

Ldc d6 mach ty tao ra tin hi€u va trd thanh mach dao dfng.

Truding hgp F = 1 + b.Avg [a truding hgp dién dp hdi tiép v,
duge ghép ndi uép vdi ngudn tin hiéu v,.
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Mach dién tt — Téap | Nguyén Tan Phudc

§3.4- BANG PHAN LOAI HOI TIEP THEO THUA SO HOI TIEP F

Hdi tié€p song song Héi ti€p ndi tiép
Avo Avo
Avr = l-b AVO Avr Il +b.Avp

F=1-bAvw>1=> b.Avo<() F=1- b.Avo> 1 => h.Avg >0 !

b v Avo cling diu => Hdi ti€p | b va Ay ciing ddu => HAi ti€p am
im

F=1- b.A\fn < | => b.AV() >{) F=1- b.AVU <] => b.AV( <0

b va Ayo cbng didu => Hoi u€p | b va Avg ciing didu => HSi tiép am
dudng

-b.Ayp > | => b va Avo trdl | b.Avg>> 1 =>b va Ay trai dau

dav. HO1 tép am vOI Ave=- 1 | 143 tigp &m vai Ay = - b

F=1- b.A\r() =0=>b.Ayg=1 F=1-bhAyo=0= b.Avo=-1

=> Ayr — o va thinh mach daok> Ayg — o vi thinh mach dao dong
dong

§3.5- HOI TIEP AM DONG PIEN GHEP NOI TIEP

1- S¢ db (hinh 3.3 va 3.4)

2. Nguyén ly

Trong sd db hai mach khu&ch dai trén hinh 3.3 va 3.4, cdc
dién lién lac C, - C> va ty dién phin dong Cg dugce chon ¢é tri 6 dd
ldn sao cho  tin s tién bidu cda tin hi€u ngudn v, thi dung khdng
Xc rat nhd nén duge coi nhu ndi 131,

Thudng chon:
Ci=Cy=1puF < 10pF (chot = 1kHz7)
Ce = 24pF + 100uF (cho = 1kHz)
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Chugny 3 Mach khu¢ch dai hd 1iép

e e

Hinh 3.3: Mach khuéch dai khéng hdi tiép

+¥¢o

R(.
Rlll C2
+
1 e
+ o
db— vo
T Ve=¥f
¥i—
Vs R ‘ L j/ic l

Hinh 3.4: Much khuéch dai hdi tiép

Nhu viy, tu Cg trong mach dién hinh 3.3 coi nhy ndi tdt dién
trd Re xudng mass d6i véi tin hiéu xoay chi€u, Pay chinh 13 mach
khuéch dai rdp kiéu E chung di duge phan tich trong chudng 2. B9
khu€ch dai dién dp cla transistor 12

Re . .
Avo=-} 7 =vaitrdm lan.
hic

Trong mach dién hinh 3.4 khdong diung tu dién Cg nén dong
dién tin hiu & ngd ra i i, = L. di qua R tao ra dién dp xoay chiéu

ve ciing chinh 1 dién dp hot G€p vr.

Taco:vi=v.=1.Rg
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Mach dién u¥ — Tap | Nguyén Tan Phudc

Trong chivong 2 dd phin tich va tinh d6 khucch dai dién dp
clia mach chinh 12 khu&ch dai hoi tiép:

Av=A Re
v=Ave=p
Diing Iy thuy¢t hoi ti€p dé phiin tich ta ¢6:
A Vi Ve . ]
-Hé sO hoiticp: b = VT {diu - do E va C ddo pha)
i.Re  Rg
= P=YRe T Re
Trong bing phiin loai hdi ti€p theo thita s0 F ta ¢6:
Avo
AAF— 1 + b./—\v(]

Do Ay = vai trim ldn nén bAyg >> 1, nhu viy:
A Avo 1 R
YT bAw T b T Re

Ta van ¢6 k€t qud nhu rén mach wong dudng nhung cdch
tinh don gidn han.

§3.6- HO1 TIEP AM PIEN AP GHEP NOI TIEP
1) So dob

I

Hinh 3.5: Mach khuéch dai khong hdi tiép
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Chuong 3 Mach khu€ch dai héi tiép

Hinh 3.6: Much khuéch dai hdi tiép

2) Nguyén ly
Mach dién hinh 3.5 1& mach khuéch dai hai ting khong hdi
ti€p. Mach nay di dude phio tich trong chudng 2 v d6 khuéch dai
di¢n dp chung ctia hai ting 1a:
Re 1
Avo = Avor Avor = B1,B1.h_ I (rat 1dn}
n
Trong mach dién hinh 3.6, dién trd Rgy va Ry duge thém vao
1a cdu phiin dp 18y dién dp ngd ra v, cho ra dién dp vy trén Rg, dé
tao sur hdi 1ép.
Dién dp hoi tiép vy lay trén Ry dudce tinh bdi cdng thie:
Vi= Vv —Rei_
TR + Ry
Theo dinh nghia ciia mach héi tiép ta ¢é:
Y= bV::
Suy ra h¢ s& hdi ti€p b ¢da mach fa:

_Rei \ _—
b= Re +R, Y4 bh>0 {(bla s6 duung)
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Mach di¢én 1t — Tép | Nguyén Tan Phudc

Trong bdng phiin loai hdi tiép theo thira 3 F ta ¢6:
Avo

AVF = 1 + b.AV()

Do Avo rat 1on (= vai trim [an) nén b.Aye >> [, nhut viy:
AV() l _ RH + Rf

= h.A\,'U _b R

VE (Avr < Avo)

1

P3 khuéch dai hdi tidp s& phu thude rat 1én vio dién rd R,
Bién trd Rgy ¢6 pham vi thay doi khong Idn (dm vi dnh hudng dén
trang thai phan cuc mot chidu cta transistor T).
Ta cling ¢o thé phin tich nguyén Iy cda mach dya vao goc
pha clia tin hi¢u ngudn v, — v; - v, vi v; nhu sau:
o Khi v, ¢& bdn ky duong thi T, diin manh va cue C, ¢6
bdn k¥ dm ra dua vio cuc Bo.
¢ Khi T2 nhdn bdn k¥ dm vao cue By thi T> din yvéu va cue
C» <6 bdn k¥ duong ra, v, ¢ bin k¥ duong.
e Tin hi¢u bin k¥ dudng cda v, t@o ra dién dp hoi Heép v,
cing la bian k¥ dudng nén v, vQ vy cling dau.
Ta di co: Vi=Vi+ vy
=> V= v, - v
Do v, va vy cling ddu nén khi v, bj gidm bién do sé 1am gidm
bién d6 di¢n dp ra v, mach hoi Gép 1a loai hdi tidp am.

§3.7- HOI TIEP AM PIEN AP GHEP SONG SONG
1) So dé
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Chudng 3 Mach khu€ch dai hdi tiép

Vo
Yy l
Hinh 3.7: Mach khuéch dai khong hbi tiép

+Vee

Vs
Hinh 3,8: Mach khuéch dai ¢6 hdi tiép
2) Nguyén ly

Mach di¢n hinh 3.7 14 mach khu€ch dai ¢cd ban diing mot
transistor va khong ¢6 hdi ti€p. Po khuéch dai dién dp cda mach a:

Re .. R
Avo = -Bl‘]_ (= vl trim lin)
w
Mach hinh 3.8 ¢4 dién trd Ry thay Ry 13y dién dp cuc C (V)

dé phin cuc mat chidu cho cue B ddng thisi 1a dién wd Ldi tep dé
lay dién dpra v, dua trd lai ngd vao.

71



Mach dién tif — Tap 1 Nguyén Tin Phudc

bién trd Ry k€t hgp véi téng trd ngd vao hy tao thanh ciu
phén dp cho ra dién dp hdi ti€p v, tinh theo ¢ong thic:
v hic
=V T o
I il h|c + RT'
Theo dinh nghia clia mach hdi €] ta cd:
Vy= b‘Vn
Suy ra hé s& hdi tGé€p b ta:
hic

b:hic+R|'

(b 12 hé s& duong)

Theo s0 d6 nay, dién dp ngudn v, va dién dp hdi tiép v ciing
duge dua vio cife B nén ddy [a mach hoi 1i€p ghép song song.

Ta co: vi=v + vy => V(T V- vy

Trong bing phin loai hdi t€p theo thira 8 F ta ¢6:

Do Avo ratIén (= vai triim 1dn) nén b. Ay >> 1 v nhu vay:

}A Avo 1 hi+R;

V' bAve b hy

B3 khuéceh dui hdi ti€p s& phu thude it dn vio dién trd R,
vitdng tef ngd vao hi. d6i vdi mi transistor gin nhu khong ddi.
Ta ciing ¢6 thé phin tich nguyén ly ciia mach dya vao goc
pha cla tin hiéu agudn v, — v, — v, va vy nhu sau:
* Kkhi v, ¢6 bdn ky dudng thi ng6 ra v, ¢6 bdn k¥ dm do
mach khu&ch dai ddo pha, v, ¢6 tin hiéu bdn ky am,
e dohé sd b dudng nén dién dp hdi tiép vy cé ban ky am.
e di€n dp ngd vao v; nhin hai tin hiéu v, vd v, 4 hai tin
hiéu ddo pha nén tin hiéu vio bi gidm nhd s& lam cho tin
hiéura v, bi gidm, mach hdi tiép 14 loai hdi tiép am.
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Mach khuCch dai hii Liép

§3.8- HOI TIEP AM DONG DIEN GHEP SONG SONG
1) So d4d

+¥eo

ﬁ}.

+¥ee
FaN
R('] R“ é R(':
2
i aaY 0
i <

t— &
-
. é-.z
-
=g

Hinh 3.10: Mach khuéch dai hoi ti€p
2) Nguyén ly

Mach dién 3.9 12 mach khuéch dai khong hoi tiép ¢ hai
ting. B khuéch dai dién dp chung cho hat ting l1a:

Rei .
Avo = Pi1.B; h_l_ (rdt Idn)

Trong d6 $1.B; ta do khu€ch dai dong dién chung cho ci hai
tang goi la do khuéch dai dong dién hd (khong hdi GEp) Ay

73



Mach di¢n tir - Tap | Nguyén Tin Phuwde

Taco: A =P.p2 =  Avo=Ap Rey
T“-[I]

Mach dién hinh 3.10 dung dién wd Ry 14y dién dp Ve dé
phén cye cho cire By thay cho Ry, ddng thiti 18y tin hiéu ra trén cue
E» de hdi uép vé cue By. Tin higu dién dp trén cue E; do dong dién
ral, =i = i qua Res tao ra nén duge goi 1 much hodi tid€p dong
di¢n. Tin hiéu ngudn v, va tin hiéu hdi G€p v, cling dua vio cuc B
nén diy & mach hdi tiép ghép song song.

Trong mach hdi 1iép loai nay ta s& phan tich biing do khudch
dai dong dién hd Al va dO khuéch dai dong dién hdi GEp Ay
- i\! ]KE - . -
Tacd: A= 'l‘ = i““= Bi.f>  (di tinh nhu trén}
j bi

Tir mach hdi tiép dong dién biing Ry, ¢ 1thé v& mach tuong
duong nhu hinh 3,11,

Hinh 3.11: Mach tuong duong

Ta ¢o: 1o =1y + 1>
LR+ he) =R =v,;

i; _ R| + h,c]

=2 i Rm
I L Rp Ry+hiy  Rgz+Ri+hy
= i| + i] B R|53 * RE3 N R[il
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Chuong 3 Mach khuéeh dai hdi udp

= =
| Rg>
. 12 R[:_1+ Rg
dohj<<Ry nén = =
I Ry
S i R . . 0
uy ra: o= nia 1y =1y Vi 1=
y ¢ 1o RE’+ RI' d ] [ o2

nén hé s& hoi tiép dong dién 1 b, duge tinh theo conyg thire:
b L Rz
"1, R+ Ry
PO khuCch dai dong dién ¢6 hdi tiép goi la A dude tinh
theo ¢dng thite:
L R

A”: - ]: = R[gj + Rf

Tir do khuéch dai dong dién hdi tifp A ta ¢o thé tinh do
khuéch dai dién dp hdi tip Ay theo cong thite:

RCE

Avi = A

el
R, +R, R,
= AV[: R — =
]ef'.'f hu'i

Nhu thé dd khuéch dai hdi ti€p phu thude rat 1dn vao Ry con
dién dp trd Rea ¢O pham vi thay doi khong 130 1dm i dnh hudng
dén trang thdi phdn cye mot chiéu.

N&u dya vio goe pha ctia tin hiéo dé phin tich thi ta ¢d:

e khi di¢n dp ngudn v, ¢6 bin k¥ duong thi T, khucch dai

ddo pha cho ra bdn ky am, qua T» lai khudeh dai dio pha
cho ra bidn k¥ duong & ngd ra v,

e tin hi¢u hoi GEp 1Ay rén cue B 13 tin hi¢u dido pha vdi

cuc Ca & ned ra nén tin hi¢u hdi GEp s& 1 bdn k¥ am.

o tin hi¢u hoi UEp vy e ban ky am ciling dia vao cue B vdi

dién dp ngudn v,. Do nguge pha vai v, nén no 1am giiim
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Mach di¢n uf — Tip ! Nuuyén Tan Phudc

bién d6 cda dién dp tin hiéu vao v; vd gidm dién dp tin

hi¢u ra v, vi th¢ mach hdi G¢p nay 14 loai mach héi uép
am.

§3.9- ANH HUGNG HOI TIEP AM DEN CAC THONG SO

Mach hdi u€p 4m ngodi tic dung 1am gidm d6 khucch dai
dién dp con lam thay ddi cde théng s& va c¢hi tiéu k§ thudt khic cla
mach nhw 1ong trds vio Z,, (Sng rd ra Z,,, 30 rong biang thing B.

. D€ thay tdc dyng cda héi tiép am dnh hudng 1&n cic thong

G trén nhu thé ndo, ngudi ta thudng ding mach twang dugng dé
phiin tich. O ddy chi c¢ho hing két qua sau khi phin tich, tinh todn
(phan tich phan, tinh todn rat dai).

Goi Z,, Z.. Avo. B 12 cdce thong s3 clia mach khi khéng ¢é
héi tiép dm v goi Zy, Zo, Br 13 cde théng s ¢ia mach khi ¢6 hdi
am ta ¢ hing k&t gud nhur sau:

—
Cic  thong | HOI  ufp | HOi  tiép | HOi  tiép | HAi ti€p am
s ky thudt {am  dong | am  dién | 4m dién 4p | dong  dién

dién  ndi | dp ndi | song song | song song
tiép Gép
T(';ng ird Z; Z,
Ziy=7Z.F i = Zi. = =
ngd vao ! B Zu=2F 4 Z, F Zi="Tg
Téng  uwd Z, 7
Zu = 7‘\:-F Zo="C y W= = er = lI-F
nga ra | Z’:Jt F Z(I F | Z
Bd khucch A= Ay =
e e M v Avo Avo
dar di€n dp Avp ! Avg Avp = F'_ Avr= E
F F
bo rong ] .
) . Br=B.F Br=B.F Br=BF Br=B.F
biang thong
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Mach khué&ch dai hdi tiép

h./\\.-'()

dong cho tai.

Trong bdng k€t qud trén F 13 thita s¢ hdi tiép v F =1 +

Nhin xét;

”~

Mach hdi 6€p Am dong dién héi ti€p lam ting tdng
rd ngd vio vi ngd ra lén F lan.

Mach hoi ti€p Am dién dp ndi Gdp lam ting tdng wd
ngd vao va gidm tong trd ngd ra F tan.

Mach hoi 1i€p Am dong dién dp song song lam gidm
tOng tré ngd vao va ngd ra xudng F lin.

Mach hdi 1i€p dm dong dién song song lam gidm
tong trd ngd vio va ting tdng trd ngd ra F 1an.

Tat ¢d cic mach hdi ti€p am déu lam dd khuéch dai
dién dp gidm xubng F lan vd dd rong bing thong
ting Ién F lan.

Cdc mach hdi ti€p Am 1am ting 18ng rd ngd vio thuling
dude dang cho tdng khuéch dai ddu tién dé€ khong 1am gidm bién
dd ciia tin hiéu ngudn v,. Cdc mach hdi ti€p dm lam gidm tdng rd
ngd ra thutng dude ding cho tdng cudi ching dé ting kha ning c¢ip

Ngoai cdc thong s6 k¥ thudt trén, mach hdi ti€p con ¢6 tdc
dung gidm bién dd nhi€u, gidm do6 méo phi tuy€n va méo tan so.
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Chuong 4
MACH KHUECH PAI CONG SUAT

§4.1- PA1 CUONG

Mach khu€ch dai ¢dng suit Id mach khuéch dai & ting cudi
cling d€ tao ra cdng suit cung ¢ip cho tdi. Cong sufll cdp cho tii
thudng khodng vai watt d€n vai tritm watt, cong suit nay thudng ¢o
mufc dién dp kha cao hay cuding dé dong dién 1dn.

Do mach khuéch dai cong suit & ting cudi nén tin hi¢u dua
vao mach cdng sufit cé bién d6 16n vi di qua nhiéu ting khuéch dai.
Khi khu€ch dai tin hiéu ¢6 bign do tdn thi transistor khong dude xem
1a mach khu@ch dai tuyén tinh, do do khong thé diung mach tudng
duong theo thong s§ h d€ phan tich, tinh 1odn cho mach khuéeh dai
cOng sudt ma ngudsi ta dung phudng phap dd thi.

1. Hang khuéch dai trong mach céng suat

Trong chudng 1 “Ly thuy€t cd bidn cla mach khuéch dai” ¢6
trinh bay dic di€m cda cdc hang khuéch dai A -~ B — AB va C.

bai vai mach khuéch dai tin hiéu nhé thi thudng chi ding
khué€ch dai hang A nhung d6i v6i mach khuéch dai cong sudt thi ¢
thé dung ca bon hang trén thy theo nhiém vu clia timg mach.

Mach khuéch dai hang A ¢6 hi¢u sudt thip (< 50%) nén chi
diing trong trudng hgp ¢dng suit ra nhd khodng vai watt.

Mach khuéch dai hang B hay AB ¢ hiéu sudt cao hdn
(khodng 609 - 70%) nhing moi transistor ¢hi khuéch dai duge mot
bdn ky nén phdi diing hai transistor khuéch dai ludn phién.

Mach khuéch dai hang C ¢6 hiéu suit cao nhdt {(75% - 80%)
nhung ¢é dO méo dang tin hiéu rat Ién nén chi ding trong cic mach
khu€ch dai cao tdn ¢6 tdi chng hudng hay dung trong cdc mach
logic.
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Chuong 4 Mach khudch dai cong suil

2. Cic théng st cia mach khuéch dai cong suat
Ngoai cdc thong s3 k¥ thudt chung clia cde mach khuéeh dai
nhu: Wng od ngd vao, ting rd ngd ra, do khudch dai dién ap, do
khu¢ch dai dong dién ... mach khuéch dai ¢ong suit con ¢6 hai
thong sO k¥ thudt dic trung khdc 1a:
- B3 khuch dai ¢hng sudt: 1a tf sa gitta cong suit ra P, va
cOng sudt vio P;.

- Hiéu sufit clia mach 12 tf s gilfa cdng suit ra P, vi cong
sudt dién mot chidu cung ¢dp cho mach. Hiéu sudt thudng tinh theo
ti 1¢ phin tram.

P
n=—-2100%

I
3. Céng suit tid¢u tan cyce dai cia transistor
Trong cdc thong sd k§ thudt cla transistor, ¢dng sudt tiéu
tan cuc dai Ppos 13 mdt thong s6 quan trong ddi vdi mach khudch
dai cOng sudt. Bay 1 ¢ong suit [dn nhit ma transistor co thé chiu
dung lién e néu dudge gidi nhiét diy dd. Ppgus do chit dissolution
{tiéu tdn),
Trén dac tuy€n Ic/VeE tri $O Ppmax chinh 12 dudng hyperbol
. P
md: Py = Vg Ie, suyra: [ = —Dma
Ver
Néu ¢6 gid tri Py, thi tng véi mdi tri s§ Vg s¢ cho mét tri
s0 Ie tudng @ng nhu trén hinh 4.1, _
Thi du: mdt transistor ¢ Ppmax = 500mW
o . 500mW
-néu Ve =5V thilp = ———— = 100mA
14
500mw
104

-néu Veg = 10V thile = 50mA
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, 1%
0B Vep = 20V thide= 2207 s
20

. 00mW
CnEu Ver = 50V thile = 200" omA
501

Hinh 4.1 13 diic tuy€n 1c/Veg minh hoa dudng gidi han Py
cho thi du trén. Hai di€m nim trén duting Ppaas vE1 toa do 1d A (I
= 25mA, Ve = 20V) v B (I = TOMA, Vg = 50V),

N€u transistor lam viéc trén viing ¢6 gach chéo nghia 1a
VUG qud tri 8 gidi han Py, thi transistor & bi hu do qua nhiét.

I. (mA)
|
s
25 \ 250pA
20 : 200pA
| \ o - Pllmax
15 f 150uA
L \.B
10 1 \ 100pA
1 i
+ -+ -5
5 i L \In -JO].LA
| |
' . = V. (V)
0 20 50

Hinh 4.1: Duong gigi han P,,

§4.2- MACH KHUE CH PAI CONG SUAT HANG A
Mach khuéch dai ¢6ng sudt hang A chi ding mdt transistor
nén cdn goi 13 mach cdng sud't don.

1. Mach co ban
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Chuung 4 Mach khuéeh dai cdng suit

‘R Tai 80

Th

vy < Ry, Ry 8Q

[

Hinh 4.2: Mach céng sudt co ban

Trong mach dién hinh 4.2 diing mdt transistor rip kiéu E
chung, tai dit tnre tiép G cue C.

Thong thudng tai ¢6 tri s& dién trd nhé dé khi nhin dong
dién 1dn sé cho ra ¢Ong sudt 1dn, vi cOng sudt ti 1€ vdi véi binh
phudng dong dién theo ¢dng thire: P = RI%

Thi du: Tai Ia loa trong cde mdy khuéch Am thuding ¢6 tng
trd 1a 4€2, 8Q hay 16€2.

Gigd thi€t 181 ¢o dién trd Ry = 8Q2, Rg = 8Q v2y Ve = 12V nhu
hinh 4.2. Transistor khuéch dai hang A sé ¢6:

Vee="2Vee=%212 =6V

1

Ve = Ve

; Ve Ve 0 2 1 Ve 112 ang
¢ Rf_ + R}_‘ RL + Rf:' 2 Rl‘- + RE 2 8+8

Nhu viy, di€m lam viéc tinh cla transistor ¢6 toa 46 Q (Vg
=6V, [c=375mA).
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= Vi (V)

+ +

Y i
LM

ol
-

L J

AV(‘E

Hinh 4.3: Dgng sdng trén ddc tuvén ngé ra

Khdo sdt dang séng trén die tuy€n ngd ra hinh 4.3 ta ¢o:
Ale = 21 = 750mA
AVeg = 2viequ = 12V
Suy ra: lemay = 375mA = 0,375A
Veemax = 6V

Cong sufit xoay chiéu ra trén 141 R, vi Rg 12 ¢dng sudt hidu
dung dudge tinh theo cong thire:

[

vr"i’l“a-\ cHlEy

P ! y i
o - =T ===V ]
[FRIIFEN (_2 \/5 2 ey e naN
= % 6 x0,375=1,125/

Cdng sudt xoay chiéu ra trén tdi Ry
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. . 2 7 2
P{Jnm\ = le [ff\l/‘_‘-'\ J = 8 (9‘9“5'] - O,SGZH/
' 2

CoOng sudt tiéu tin nhi€t trung binh trén transistor:

1 V.. 1
JP” = Jr(-V{-J__- = -j' x }é‘;—"i:g'}é": X E V(.(‘
1 “Vﬁ 1 12

b R I ,
4 R +R, 4 8+8

Cong sudt liéu 1dn nhiét trung binh trén 41 vi Ry:
1 ;
Po=(R, +R)I =R, + R, | —x——-"nn
2 R, + R,
1 8 V(%C 1 122

' —_

"4 R,_+R, “178+8

= 2,25W

Do vai hang A do Veg =2 Ve nén ¢dng suit P = Py,
Cong sudt dién dude cung ¢dp bdi ngudn Ve 1a:
1 V' 1 Ve
_t cc_ Lt ce
R, + R, 4" R, + R,

2 2
—, pcczl L_lx 12 = 45W
2 R +Ry 2 8+8

P..=P, + P

Hi¢u suat cia mach la;

P
7 = L 100% = 0,562 100% =12,5%

(. »
Trudsng hop khong ¢é Re thi hidu sudt cda mach 1a:

ll‘)
?? - 3 man 1000/0 — 17125

e *

=25%

Piy 1a hi¢u sudt 3i da ¢ thé nhin duge trén @i ddi vai
mach khuch dai cong sudt hang A theo s dd cd bdn hinh 4.2,
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Nhin xét;

- Dién trd Rg trong mach cdng sudt nhin dong dién tdi rit
Idn nén tiéu hao ¢Ong sudt ciing rit 1dn mot cich vo ich. Trong cic
mach khuéch dai cOng suat nhu trén ngudii ta thudng khong dung
dién trd Rg. Trudsng hop cén dung Rp d€ 8n dinh nhiét thi ¢hi chon
tri s& Re rdt nhd so vditdi Ry d€ ¢ong suit tiéu hao trén Ry khong
ding ké.

- Do tdi thu@ing ¢6 tri s dién trd nho nén dong dién tinh qua
transistor rdt Idn, tri s8 nay ¢é thé qui gid tri Lo cla mot s¢
transistor trong khi ¢ong sudt tiéu tan thyre sy khong 16n 13m.

- Mach khuéch dai ¢6 hiéu sudt thip (n < 25%:).

D¢ cdi tién ngudi ta ding mach khuéch dai ¢6 bifn dp ra.

2. Mach khuéch dai hang A c¢6 bién dp ra .

Mach dién hinh 4.4 14 mach khu€ch dai ¢Ong suit ding bién
dp ra dua tin hiéu xoay chiéu @ ngd ra cda transistor ra tdi Ry

BO biGn dp ¢6 ba ti 1¢ theo s§ vong day Ny & sd ¢dp va N, @
thtt ¢ap la:

. : N
e Til¢ diéndp: - = 1
. N,
» N ) . I N
e Ti11¢ cuing do dong dién: it T
I, N,
. . P
e Ti1¢ cOng suit: L -1
P,
2
2 ., Z N
e Til¢ tong trd: S s
Zy AN,

Cdc gid tri dién dp, dong dién, cong sudt trong cdc 1§ 1¢ trén
1d gid tr1 hiéu dung.

N&u tdi ndi true 1i€p vio eye C clia transistor nhy trong hinh
4.2 thi ¢Ong suil Py 12 ¢Ong suit nhiét téu hao vo ich trén t4i vi Ry.
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Mudn ting hiéu suat cho mach khuéch dai ngudi ta ding bién dp &
ngd ra d€ loai bo ¢Ong suit Py,

Hinh 4.4: Khuéch dai ¢6 bién dp ra

By gits tdi 12 R dat ¢ thit ¢dp nén wong tinh todn phai quy
d6i vé& tdi & so cap goi 1a Ry vi tinh theo 17 1€ vé& dng trd,

. 2
Ta ¢o: E’—“ = 5 = —N:-‘—
R, Z, N,

. NY
Suyra: R, = RL[N—:]

: . ... N .
Thi du: tdi R = 8Q, bién dp ra ¢d ti 1& N—l = 25 thi tdi quy
2

2 P - ! N] ’ 2
ve sdcap L R, =R, v | 8(25) =50
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1. (mA)
L.
Fy - Thnax
2V ..
A -
R » duding tai tinh
| dudng tai déng
AL ¢
L J 5 - V(‘E
Vie Ve

&

L
™

AV

Hinh 4.5: Pdc_tuvén ngé ra vdi tdi tinh va tdi déng

Khi xét trang thdi mét chiéu thi dién trd mét chiéu cda cudn
s¢f cdp chinh 14 dién trd clia ddy dong quan cudn so cip ¢ fri s0 rat
nhd khodng vai chue Q. Nhu vay, duding tai tinh ¢6 tri $6 dién trdd
rit nhé (vai chuc Q) nén ta dudng gin nhu thiing ding (hai nghiéng
vé phia trdi) tr di€m Vee.= Ve ké thiing 1€n. Buting tii dong ¢6 tri
s& dién trd Ry I6n hdn hang tdm lin (vai kQ) nén ¢ do doe
nghiéng nhu hinh 4.5.

Pé tin dung cOng sudt iéu tdn cue dai cda transistor, thuting
chon di€m hoat ddng Q 13 giao di€m gitta duding tdi tinh va duding
cONg suit Ppuuy, dudng tii dong s& di qua Q va tép xic vai duding
Pbuwx. Pudng 1di ddng s& cdt truc hodnh d tn s8 Veg = 2Vee va cdt
truc tung & tri 8 lemax = 2Vee! Ry (hinh 4.5).

Qua diic tuy€n ngd ra véi dudng tdi dong, khodng bi€n thién
dién 4p ra AVce by gid 1a tir OV dén 2Vec nghia 13 ting gap hai
ldn so véi mach co ban khong ¢6 bién dp ra.

Ta ¢o: AVCE = ZVCC = Viemax = VCC
2V, . Ve

A I(' = —{C = l(‘ max ["C

' R, R,

COng sudtra rén (di: (xét 3 sd cap)
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Chuong 4 Mach khu€ch dai cong suat

V.

P' — e "Jr'rmax —_
s - - :
V22 2R,
Qua bién dp 1y twdng ¢6 1 1é ¢ong sudt Py/ P, = | thi cong
sudt ndy cling chinh {a cOng suit ra trén 1di G thi cap.

Cong sudt ticu tdn nhiét trung binh trén transistor:

Ve Vo
P, = V('('](‘ =V -}iL :RL::

Trong mach, cudn sd cdp ¢é dién tr¢ mét chiéu nhd khong
ddng ké nén cong sudt tidu hao wén dién trd cia cudn diy Pg xem
nhu bing khong.

Cong sudt dién dudge cung cip bdi ngudn Ve
2
Vee

L

Pcc = PD =

Hiéu suat cia mach:

Ve

7= R’an.\ - }?f‘ 100% = S50t
P, cc
R‘

i

Nhu vay, khi ¢6 bi€n dp ¢ ngd ra hidu suat clia mach da
dudgce ting l€n tir 25% thanh 50%.

Trong thuc t€ vin ¢6 ¢Ong sudt tiéu hao trén dién trd mot
chiéu clia cudn s cdp nén vin cé 12 Pg va cde bi€n dp 6 hidu sudt
t61 da khodng 80% dén 90% (do ¢6 tdn hao trong mach tif) nén hiéu
sual clia mach khuéch dai cong sudt ¢6 bi€n dp ra ciing chi dat dén
khoang 35%.

3. Bai toan phin tich mach

V3 mot mach khu€ch dai cdng suit cu thé ta ¢6 thé tinh cic

thdng s k¥ thudt cia mach nhu sau:

Tinh dién dp phén cuc Vg:
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R,,
VH = I/{-(- #2
RE] + RHE
12082 _soep
2,2+082

Tinh dong di€n tinh I¢:
VeV 325-07

fo.= 1, =54mA
R, 47
Cong sult ra trén tai & sd cAp:
: 1
FPomae = 3 Ve Ie = % 12 x 54x 10 7 = 0,324

Cong suat dién cung cip cho mach bdi ngudn Vec:
Py =Py =1V =54.10712=10,648W
TSng trd tii quy vé sd ¢ap:
V.. 12

R, == — = 2200
I, 54.10

Vi t{‘;ng trd tdi 13 loa ¢6 Ry = 4€), ¢6 thé tinh tf 1& cda bién
ap ra loa lia:

Suy ra:
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|
‘ 1 I,
4 o=

L LLI

Hinh 4.6: Mach cong sudt tiéu biéu

4. Bai toan téng hgp mach
Tinh chon linh kién cho mach khuéch dai cdng sudt c6 cong
sudtra 12 5W, tong trd loa 12 4Q, ngudn Ve = 12V,
Chon sd dd nhur hinh 4.6 nhung phdi tinh lai trj s§ linh kién.
Gi thi€t ¢6 bi¢n dp [y twdng va 18n hao ¢Ong sudt trén cudn
50 ¢dp khong ddng k€ nén mach ¢6 hiéu suit:

n = 30%
Cong suat dién cung ¢dp cho mach bdi ngudn Ve
P'
p=fo_3 _jow
n 05
Tinh dong dién tinh ¢
P
=" LN 830mA
Ve
Bién trd tdi quy vé sd cip:
.V,
Ro=leel 12 is0
T T 08

Ti 1& cia bi€n dp:
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N R, \
Mo TR g,
N, \ R, 4
Ta chon dién dp Vg = 1V thi;
I
R, =1 = L 1,20
B 0,83

Chon transistor khuéch dai ¢6 p = 80

I, = 1-('—:]0,3::1/4

B¢ mach duge phin cue én dinh, chon dong dién qua ciu
phin dp Ry va Ry 1A Ig = 101,.
Nhit viy: Igs = 10l = 10 x 10,3 = 103mA.
Tinh dién trd Ry»:
Vo V407 1407

R, = = 162
1., 1, 0103
Tinh dién trd Ry, :
g 2V He 12001
S 0,103

Ty dién licn lac thudng chon € = 5uF + 10uF
Tu dién phin dong Ce thuding chon Cg = 47uF + 100uF.
5. Nhan xét

Qua c¢dc mach phin tich trén cho thdy & moi thai diém,
mach khué€ch dai lién tuc nhin cOng sudt dién tir ngudn Vee. Khi
mach § trang thdi tinh thi toin b3 cong sudt Pp = I¢Vee chi la cong
sudl tiéu tin dé dot nong transistor mot cdch vo fch. Mach chi ¢6
hiéu sud't cao khi tin hiéu vao cé bién dd 1dn, lic d6 coHng sudt clda
ngudn Ve duge cung ¢dp ra trén tdi. Hidu suit 181 da cla mach niy
chi dat d€n mutc 50%.
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Pé ting hiéu sudt 1én cao hdn ngudi ta gidm dong tinh Ic
bing cich dit di¢m lam vige gin vé muc nguimg din theo ki¢u
khuéch dai hang B hay AB.

§4.3- MACH KHUECH PAI CONG SUAT HANG B

Nhu dd phin tich trong phan cdc hang khuéch dai (chuong
1}, mach khuéch dai hang B ¢6 mtc phin cuc Vge = OV nén trong
mach di€n hinh 4.7, hai transistor Ty va T, khong duge phan cuce.

+Vi
T
A ' a ‘i -
- I a I(‘l _
A1 - . l_ +Voe N i [
I’ o i ol I(z —
.~ TR, ‘Q_ , L—K\_J TR,
U

Hinh 4.7: Khuéch dgi céng sudt hang B

Mach khué€ch dai hang B chi khuéch dai duge mot ban k¥
nén ting cOng suit hang B phdi diing hai transistor T, va T» dé ludn
phién khuéch dai s¢ tao lai di hai bdn k¥ trén tdi. D€ thuc hién
diéu nay can dimg hai bi€n dp gdm TR, 1 bi€n dp ddo pha (¢On goi
{a bi€n 4p thic hay ldi do ¢hif Driver), TR; 1a bi€n dp ngd ra.

Bién dp TR, ¢6 cudn thd ¢dp ba diu ra véi ddu gilta ndi
mass nén tin hiéu xoay chiéu trén hai diu ra 13 hai tin hi¢u ddo pha
nhau (hinh 4.7}.

Khi T nhin dude bdn ky dusng lam transistor dudgc phan cuc
nén T, dian dién va ¢o dong ¢ (dudng lién nét) gua nta cudn trén
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cla cudn s¢ cdp bicn dp TR, Lic d6, T nhdn dige ban k¥ am nén
T> khdong dudc phin cifc s& ngung din.

Khi Ty nhin dudge bian ky dm lam T, khong dudge phan cue, T,
ngung din. Lic do, Ty nhin dude ban ky dudng lam transistor dugc
phin cue, Ty din dién va ¢o dong lca (duting rdfi nét) qua nla cudn
dudi ctia cudn sd cip bién ap TR,.

Nhu viy, hai transistor Ty vii Ty s& ludn phién din dién dé
tao hai dong di€n Ieq va I¢z chay ludn phién nguge chiéu nhau trong
cudn sd ¢idp. Khi hai dong dién ndy cdm @ng sang thi ¢ip & cho di
hai bin k¥ vio tii.

Hinh 4.8 14 dac tuy&€n ngd ra clia mach ¢dng suitl hang B.
di€m lam viée tinh Q 12 di€m cit truc hoidnh & dié¢m Vee, duting tii
tinh gin nhy thing ding tir di€m Q song song vdi truc tung vi dicn
tr cudn so ci’p nhd.

D€ ¢ cOng sudt ra I6n nhat thi duding tdi dong 1a dudng
thing tit Q vé 1i€p xdc vdi dutng cOng suit tiéu tdn cuc dai Py,
tai di€m Q vdi ta do:

1, = e v, =l
“ 2R, “ 2
Io (mA) dusng tdi dong
4\ PDmax du&ng tai tinh
Vee -
A R, -
+
ﬂI(: h ______ ///
+ -
2R| Q’ : \ ’/
| 7
i -~
i s
¥ \} -Q - Ve M
ce Vee
2
Hinh 4.8: Ddc tuyén ngo ra cia mach ¢éng sudt hang B
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Vee

Pudng tai ddng ¢t truc tung tai diém Iopu = —2
L
Tii Ry 13 1di Ry duge quy vé& sd ¢dp nhung chi xét nlta cudn
trén hode dudi, NEu goi s8 vong diy clia nita cudn sd ¢ip 12 N; va s0
vong diy thi ¢idp 1a N, thi:

. RS v\
E!-_: h = R:, =R, | —L
R, N, ’ N,

Pié¢m Q HEp xlc vidi duding ¢Ong sudt cuc dai Popas nén 3
diém niy cOng sult tiéu tan cung chinh la Py, Ta ¢o:

’ 7 o2
Vo o= I'f'r' _I{'{' _ !t'('__

!J :! E T ! - '
2R, 2 4R,

Ihmay [

Nhu vy, néu ¢6 mOt transistor vai Ppp,, cu thé thi khi chon ngudn
Ve ta st tinh dugie i Ry, d€ chon GEp bidn dp va tdi Ry & thit ¢ap,

Theo diac tuyCn ra hinh 4.8 ta ¢6:

, Vi e A
Al =i, =-—*X (vi chi ¢ mot bdn ky)
RL
AV, =v, .. =V, (Vichi céd mdt bdan ky)

Nhu vdy, cong sudt ra cuc dai do hat transistor cung cap:

]_)' _— It'THa\ vrg' mys,
ol ‘\/5 \/5
Vie Vee V&

V2R, V2 2R,

G trang thdi {inh, hai transistor khéng tiéu hao dién. Khi
khu€ch dai thi dong dién dot néng transistor chinh 1 dong dién I¢ ¢
tri sO trung binh:

:r(‘ — funa\ - Vl":"
T 7R,
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Cong suit dién cung ciip cho mach bdi ngudn Ve Ta:

V. 2V
Poe =2V Ao =2V, —= = Fop = —=
TR, T R,
Suy ra hiéu sudt cue dai cla mach:
Ve

= o 100% = 27]?"‘,100% =T00% = 1 ="785%
P. o 4
T R,

Nhu viy, mach khu€ch dai hang B ¢6 hiéu sudt cao han (n =
78,5%) so vdi mach khuéch dai hang A (n = 50%). Tuy nhién, &
hang B ¢6 nhuge diém it 1dn 13 tin hidu ra bi bién dang xuyén truc
vi khi phiin cue Vge = 0V thi tin hi¢u trong khodng dién ap tir OV
dén V,, hai transistor chua dan dién. Khi dién dp qua tri & V., hai
transistor mdi din dién va khuéch dai. Hinh 4.9 ¢ho thiy dang tin
hiéu ra bi bi€n dang xuyén truc (Crossover - Distortion).

Dang dong dién Iy - [; cling chinh 14 dang dong dién 1¢ -
Iea va 12 dyng tin hiéu ra bi bién dang xuyén truc. bay chinh la ly
do ma mach cong sudt hang B khong dude sit dung.

bien dang

»

> VHF.I

dang tin
hicu ra

dang Lin
néu vag

flinh 1.9
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§4.4- MACH KHUECH PAI CONG SUAT HANG AB

D€ trinh nhuge diém giy ra bién dang xuyén truc & tin hiéu
ra trong mach khuéch dai hang B, ngudi stt dung mach khuéch dai
hang AB nhy sd dd hinh 4.10.

Trong mach dién hinh 4.10 hai transistor ¢ong sudt T, — Ts
dude phin cye bing cdu phin dp Ry — Ry, dé ¢6 dién dp phin cue
cho hai cuc B vdi miie Vg = Vg2 =V, (0.6V cho ¢hdt Si va 0.2V cho
chat Ge).

e trang thai tinh hai transistor duge phian cue vira dan dicén
nén cdc dong dién Iy, Ic coi nhu biing khong. Khi vira ¢6 tin hiéu thi
hai transistor s¢é ludin phién din dién va cling cho ra du hai bdn ky
trén tdi. V3i cdch phan cye nay s¢ trdnh duge hién tuong bign dang
xuyén truc. Cdce thong s§ k§ thuit clia mach nhu Py, Pee. n vin ¢6
cdch tinh gidng nhit mach cong sudt hang B.

+V

!

[N

Ry, T, i_h'
o,evl - "
. —— 0,6V | ___ _:
_:-{“."ITRI R, T, | ‘ TR,

Hinh 4.10: Khuéch dagi céng sudt hang AB
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§4.5- MACH KHUE CH PAI CONG SUAT KIEU OTL

Hién nay cdc mach khué€ch dai cong suit hang AB dung hai
bd bi¢n dp ddo pha va bién 4p ra khong duge thong dung vi hai
bién dp ndy ¢6 kich thude 1dn, niang né, dit tién, hidu suat thip va
dai tin sO 1am viéc khong rong. Nguidi ta diing nhiéu cich dé lan
lugt bd cde bi€n dp ndy va mach ¢ong suit biy gid goi 1a mach
OTL (do vi€t tdt clia Ouiput TransformerLess: khéng ¢d bién dp
ngd ra).

1. Mach OTL cé bién dp dao pha

S¢ d6 mach dién hinh 4.11 12 mach cong suat chi con diing
bi€n dp ddo pha. Bay gi¢ cudn thd ¢dp chia ra hai phian doc lip
nhau nén cdn duge goi 12 bién dp cd sdu day ra.

+30V

= 3900
+12V . S 30V

P

= 220 - 0,50

[y

1]

&

=

L AAN——

-
on
<

< 390C;

A
4 ’\\/\\'— ,,._."-\' ,u"
2
=
Lo
W
o
<
W
=]
o
_E_q

= 220
l Ecz

Hinh 4.11: Mach OTL ¢6 bién dp ddo pha 6 ddy ra
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Hat cudn thi cdp cda bi€n dp ddo pha duge quin ciing s6
vong nhung cudn trén duge [y di€ém dau néi vao cue By, cudn dudi
dudc 18y di€ém cudi n6i vao cye Ba. Nhu vy, tin hiéu dua vao hai
cy¢ By va B; cling 14 hai tin hiéu ddo pha nhau.

Bé&n dién trd trong mach tao thanh cdu phén dp cho ra dién
ap di€m gilta [ Viy = Ve, Mdi cdu phan dp diing d& phan cue
cho hai cuc By va B; d€ hai transistor ¢6 Vgg = V, = 0,6V.

Do hai transistor chi dudge phan cuc & mie vira din dién nén
mach van ¢6 cdc dong dién Iy, lus, Iey, T2 bing 0. Bién 4p trén céc
cuc ¢6 tri 8O nhu trén sg dd.

Khi ¢ife By nhiin duge bdn ky dwong 14 T duge phan cuc s&
dan dién, liic d6é cue B, nhin duge bin ky dm lam T; kkdng dudgc
phén cuc nén ngung dan. Dong dién I¢) s& di tif ngudn qua T, nap
vao ty 470uF va di ngang tdi theo chiéu tif rén xudng cho ra bén
ky dudng (dong dién cé duding lién nét).

Nhu vy, trén tdi vin nhin dd ¢4 hai bin k¥,

Trong mach ndy mdi transistor ¢cdng suat chi nhian %2 ngudn
Vee nén ¢ cde thdng s3 cfa tin hiéu ra;

1
AV =§VCC =V

{8 max

1 V., ,
Al = 5 }ﬁ# =/ (Reg<<RL nén bd qua Rg)
A

Cong sudt ra trén 13i do hai transistor ¢ip:

P = frm::.\ vn-mat
[/
v2 42
A
Vee Vee Vi

P = =
14 Z-JER! 2‘\/5 8R1

d trang.- thdi tinh hai transistor khong dan nén khdug tiéu
hao cong sudt dién. Khi khuéch dai, dong dién d6t néng hai
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transistor chinh la dong dién trung binh Ic dudce tinh theo c¢ong
thitc:
J_((_ :_irmax — V(‘f'

7 2rR,

Cdng suit dién cung cdp cho mach béi ngudn Vee:

- V.. y2

Foo Ve e =V =
2xR, 27R,

Hiéu suit cia mach:

Vée
=22 x100%= SR~ 1009 = 78,5%
PCC VCC 4
2n R,

Ta vin ¢6 hi€u sudt Id 1 = 78,5% va day 1a hiéu sudt thue
chif khdng bi gidm nhd do tdn hao trén bién dp ra nhu cdic mach
trudc.

2. Mach cong suat OTL rap bé phu

Néu bd bi€n dp ddo pha thi mach s& cé hiéu suit cao hon,
gidm gid thanh, gon nhe va ddi tin s 1am viéc rdng hon vi tranh
cde nhuge di€m cha bi€n dp dio pha. Vi thé ngudi ta dang mach
OTL b3 phu vdi hai transistor ¢6ng suat khéc loai, Ty 13 transistor
NPN, T; 1a transistor PNP va T3 1a transistor thic thay cho bién 4p
ddo pha (vi mach bdy gi® khong cin ddo pha nifa).

a) Pi¢u kién cda mach b phu:

- T, va T3 1a hai transistor ¢6 cling c6ng Suit Pppay.

- Ty va T 1a hai transistor ¢6 cung d9 khuéch dai B.

- Ty va Ty 1a hai transistor dugc ¢hé tao cing chit Si hay Ge
(thudng la Si).

- T, la loat NPN va T, 1a loai PNP.
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Do T; va Ta ¢6 cung cde thong sd k§ thudt nén trong mach
di¢n phdi ¢d clng diéu kién lam viéc, mdi transistor phdi chiu
VaVee. Nhu vy dién dp diém gilra:

Vau=WVee =15V

Hai transistor duge phin cuc hang AB ¢ miic vita din dién

nén ¢d dong dién tinh rit nhd di qua T, T, .

Bi¢én dp trén cie cye cda Ty, Ts -

Ver = Vee = 30V Ver =0V
Ve =V =15V Ve =Vy =13V
Vi1 = Ve + Vg Vi2=Vy - Ve
=15V + 0,6V = 15,6V =13V - 0,6V =144V
(T loai NPN phin cue duong) (T, loai PNP phin cyc 4m)

b) Xét transistor thiac Ty
Trong mach nay Ty 14 transistor tao phin cue cho Ty = T,
Ta co: V52 = V(_"} =144V
V1= Ve + 2V = 144V + (2. 0,6V) = 15,6V
Hai diod Dy — D» ding d€ tuo muc chénh 1énh dién dp 2Vp =
1,2V dé phan cuc chénh {éch cho cuc B, va Ba.
Dﬁng thdn: Vi = Vee = IeaRez = 15,6V
Nhi viy, dé ¢6 dién dp phin cuc ding cho cye B; - B; va
cho ra dién dp diém giita Vy = %Vcc thi phai ¢6 dong dién Ic;
ding. Theo s¢ dé ta ¢o:
Vi1 =Vee— IcaRes = 15,6V
Vee =V 30V =156V _

= Il,= l =10mA
R, LSkQ
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I'1

I.. b F '
cw % I:C:kn

p; e
A 30V ".\
b. ¥ 15,6V Ss!r 15V @
L 0,50 =
Cz e . W,
VR 5 —115\! ..+| L.. >
] "=
[ D, ¥ L 1000uF
= “VB1 14,4V ./_M)l\lav::‘ ;
. 1] : L
_ﬁ‘ Cl \H..iov I". R ,"I
| WA A
N 40) : @ :

l D 1V = e |
| ® 1,
i J_mon

e

Hinh 4.12: Mgch cong sudt OTL bg phu

T do suy ra:
* Vei=I[caRez = 10mA x 100Q =1V
=  Vey=Ve+Vege=1V+0,7V=17V

T3 1a transistor phin cif¢ hang A nén ¢6 Vg = 0.7V

D€ ¢6 Ics = 10mA thi dién dp Vs phdi biing 1,7V. Céc tri 6
nay phai thit chinh xdc. D€ ¢6 duge dién 4p phin cue chinh xdc
ngudi ta phdi dung bi€n rd VR diéu chinh phin cuc cho cuc Bs.

Tom lai: NE€u Vs dang thi T, - T, ciing duge phin cue ddng
hang AB v cho dién dp di€ém gilta Vy = ¥ Ve, Bién 1rd VR con
dudc goi 1a bién tr¢s chinh diéin gilta V.

¢) Xét trung thdi xoay chiéu:
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T; Ja mach khuéch dai hang A rdp ki€u E chung nén 1a
mach khu€ch dai ddo pha. Tin hiéu xoay chiéu clia ngudn v, dudge
dua vao cue By va khuéch dai ra & cue Cy 13 hai tin hiu ddo pha du
¢d hai ban ky (hinh 4.12). Tin hi¢u nay ddng thdi duge dita vio cue
B, va B; ciia ting cong sudt OTL bd phy.

Hai diod D) — D, ding d€ tao dién dp 2V, phin cue chénh
t€ch mot chiéu cho cute By, B> nhung do diod ¢6 tinh ghim dp nén
déi vai tin hiéu xoay chiéu thi AV, = 0V, myc dién dp cva tin hidu
xoay chi€u dua vio cye By va Ba gin nhut biing nhau.

- Khi T; c¢ho ra bin k{ duang thi dién dp Vg, ting nén T,
duge phan cue va Ty din dién. Lic d6. dién dp Vg, cling ting nén
Tz khdng duge phin cye va T, ngung din (vi T, a1 ransistor loai
PNP). Dong dién I¢q s& di tif ngudn +Vee qua Ty nap qua tu HO00pF
va di gua tdi theo chiéu tir trén xudng mass cho ra bdn ky duang
trén 1di (dong dién ¢6 duding lién nét).

- Khi Ty ¢ho ra ban ky am thi dién dp Vg, gidm nén T, khong
duge phin cure va Ty ngung din. Lic do, dién dp Vi ciing gidm nén
T dude phin ciwre va T din dién (vi T, 1a transistor loai PNP). Dong
dién Ic; s€ do ty 1000pF xd dign qua T» xudng mass va di qua tai
theo chi€u 1 mass 1&n cho ra ban ky m trén tai (dong dién ¢ dudng
(1 nét).

Nhu vy, hai transistor Ty va T, cling luin phién din dién va
cho ra tdi da ¢d hai bdan ky.

Khi d6 hoat déng mdi transistor ¢hi chiju Y2 ngudn Vee ta ¢6:

y

5 };! (RE << Rs.)

1l

I{' IERY

Cdng sult ra cue dai trén tai:
- R .2 o Ii;rmam
=0, 0 I, = ——

T2

a11gy
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Ve V>
= 1)11 IIFEY = R.l'. =
2 J2R, | SR,
Cong sudt dién cung ¢ip cho mach bdi ngudn Vee
{ 4

_ F: _ SR R 4 ¢
Foo =Veed =V —==1 P
T 2T R,
!3
o
S
27 R,
Hiéu suit cia mach :
s
Lf'('

P 8. R
= —”)”ﬁ 100% = )71"100%
o J/(-'('

21 R

£

- = % 100% = 78,5 %

O trang thii tinh hai transistor Ty v T> din dién rdt yéu nén
duge xem nhu khong tiéu hao ¢dng sudt. Khi khuéch dai tin hiéu thi
hai transistor bi d0t ndng vidi ¢ong suat téu tdn:

PT = P('(' - P()nmt

_ Ve Ve
21 R, 8K,

Thue ra ¢Ong thie tén chi ding vdi rudng hdgp ngd ra ¢é
Pomas. Tri 80 Pr ¢6 thay doi theo Pg, dé xde dinh tri s Py ngudi
ta phdi tim di€m cufc dai clia cOng thife trén biing cdch 1dy dao ham
va cho dao ham biing 0 dé tim gid tri cue dai.

Ta s€ co:
Ve . _
P, =005 P (chung cho hai transitor)

L

Lip ti $0 v3i Py ta ¢6:
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el

Ve
0,05 ¢
Ty - jRL — 0,4
fj{) [11E B _I/(:('
8 R,
N V.
Nhu vay: PF'HH\ = 0"4])()111::\ =04 ——
‘ 8 R

i

M3i transistor s& chiu V2 cong sudt Py, trén.

§4.6- MACH KHUECH PAI CONG SUAT KIEU OCL

Trong mach OTL, dién dp diém giita Vy = V2Vee va & trang
thii finh w ngd ra phii chiu dién dp nay. Khi khuéch dai tu ngd ra
s€ nap di€n lam di€n dp trén tu ting 1én khi T, din va x3d dién lam
dién dp gidm xudng khi T, din.

Tu C ¢o dung khing X . =—1.--— ti 1€ nghich vdi f nén khi
27 JC

tin hiéu ¢¢ tin 6 t khd thap thi X dl Idn va bién do tin hiéu ra tai
bi gidm nhd. Picu nay lam cho ddp tuyén tin s§ & ngd ra bi giam
trong khodng tdn s& thip va thit thap.

Nguthi ta ¢6 thé b6 i dién ngd ra va goi 13 mach khuéch dai
cOng suit OCL (do vi€t tit ctia Output Capacitor Less: khong c6 tu
di€n ngd ra),

Hinh 4.13, mach ¢dng suidt OCL vdi hai ngudn ddi xitng + Vee.

Trong mach T, va Ty vdn 12 hai transistor khic loai riap ki¢u
bo phu, Ts 13 transistor thic. Céc linh kién khdc vin ¢6 tri s§ gidng
mach dign hinh 4.12 nhung dung vdi hai ngudn ddi xitng £ Vee = +
ISV nén dién dp cde cue by gidf ¢6 tri 8 véi mass:

T\ loai NPN ding ngudn +Vee, T loai PNP diing nguén - Vee

Ve =0V Vi =0V
Vg = +0,6V (hdﬂg AB) Vypz=-0,6V (hang AB)
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1 | t
(';k:\' > ®

+ Vﬁ(_‘ = +15V
I # f Res {f fex
] 1,50 I +15V | BE
+0, S'V\“=~ ov ® B
Dl
0,5kQ =
: -mu Il'
VB | v, =0V !
— D, 0Bk~
b 2
- »2 Ry a 06V, lj o A+
g 15V @ N
13,3V A
E’E -14V "
< By
71000
1 Vo= -15V

Hinh 4.13: Mach cong suét OCL b6 phy

Hai diod D,

— D; cling dung d€ tad chénh 1&ch dién dp phan

c’c cho cyc By va B,. Dong dién Ies phdi ¢6 tri s6 ding khodng
10mA d€ gidm dp qua Rc; cho ra dién dp diing phin cuc B, B; va
chora dién dp diém gilta Viy = 0V,

Di€m giita ¢6 dién dp Vi =0V nhung khéng phii mass, do dé
Ta phii duge phin cuc ding bing bién trd VR (Rg)) va trong mach
nay Ty ¢d dign dp cde cye nhy sau:

Vei=Vge=-0,6V

VE3 = Ic3 . RE.} + (- Vcc) = 10mA x 100Q2 - 15V = - 14V

VH_‘; = Vg1 + Ve =-14V + 0,7V =

-13,3V (hang A}

NEu bién trd VR bi diéu chinh sai s& lam T; bi sai phiin cuc
dan tdi Ic # 10mA, Piéu ndy din dén Vg, v Vg, sai 1am cho dién
ap di€m gilta Vi # OV (¢6 thé am hodc duong). Lic d6, ¢6 dong
dién mot chiéu qua 1di (cd thé 1a loa) s& 1am hu tai. Trong thuc t€
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ngudi ta ¢ nhiéu cich bio vé cho mach khi dién dp diém gitfa Vi
=0V.

Do diing ngudn d6i xitng nén T, diing ngudn dudng +Vee va
T, dung ngudn Am -Vee. Dong di€n icnpy bay gid:

L'f'('

R,

tf‘ Mmax -

Cong sudt ra cuc dai trén ai:
,

V.. 2
P(Jn1a_~; :RL If =RL i = _
: J2R, ) 2R,

Cdng suit dién cung cip cho mach bdi ngudn + Veer

T E:-ma\; V g

Pee =2V 122V =2 =2V ﬂ;

i

= P,.=2-—"" (Vecchiladiéndp cta mdt ngudn)
TR,
Hiéu sudt ctia mach .
“'r(‘.(l2
n = Yo 100% = 2R 1000 - 78,5%

PCC 2VCC
R,
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Chuong 5
MACH KHUECH PAI DC

§5.1- PA1 CUONG

Mach khuéch dai DC con duoe goi 1a mach khuéch dai ghép
trye tiép. Thong thudng cic mach khuéch dai tin hicu AC duge
ghép li¢n lyc bing t dién, khi d6 tu dién lién lac s& ¢d dLl[‘lé khing
thay déi theo tin sd cilia tin hi¢u. N&u 1in hiéu ¢d tin s6 cao thi
dumD khamgq nhé ¢6 thé xem nhu khong ddng ké. Néu tin hiéu ¢6
tdn s thip hay cdc tin hi¢u ¢6 mitc bi€n ddi chim thi dung khing
cla tu s& rit Idn, tr d6 fam tdn hao dién dp trén tu 1dn.

Much khuéeh dai DC duge diing dé trinh 4nh hudng elia
én lac trong c¢de trding hop khuéch dai cdc tin hiéu bi€n ddi chim
hay cdce tin hi¢u khong ¢6 tinh chu ky.

§5.2- CAC KIEU KHUECH PA1 DC

1) Mach c¢ ban

Trong mach khuéch dai AC ding tu dién lien lac, mdi
transistor dirje thi€t k€ phin cue mot chidu ddc 1ap. Trong mach

khuéch dai DC ¢d bin (hinh 5.1), mic dién dp mot chiéu trén T | ¢hinh
[a dién dp phin cire ¢ho To.

Ta ¢ VC| = VBZ = (),?V, VB] zU,?V. Vi IR(_"| = I('I + [}5]

Gid st ¢du phan dp Ry - R; bi thay ddi theo hrdng lam Vi,
tang s€ lam Igy, Icy ting. Luc do Ig, gidm lam Vi, giam va T chay
yéu hay ngimg din. Nguge lai, n€u Vy; ting s& lam cho T, chay
manh hay bio hoa.

Nhur vily, trong mach khué€ch dai DC viée tinh todn rang
thdi tinh rdt quan trong vi dién dp mdt chiéu cda transistor s& dnh
hudng lan nhau rat 1on.
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Hinh 5.1: Mz;ch cd ban

Mach cd bdn hinh 5.1 ¢¢ nhuge diém 1a Vep ¢6 mife dién ap
lh':ilp do VB1 =0,7V.

D¢ ning cao mitc Veg) ngud ta thuding diing thém Rea.

2) Mach khué&ch dai DC cé Ry,

Hinh 5.2a: Hai transistor cung loai
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-
'

Hinh 5.2b: Hai transistor khdc loai

.1||_. <

Trong mach dién hinh 5.2a ngudi ta ding thém REZ dé ¢o

Viacao v Vs = Vi cung duge ning cao vi:
Vi2=Vci=Ve + Ve

Nhd d6 viée tinh chon diém lam viéc tinh cia T, duge dé
dang han. Tuy nhién, khi ¢6 Rga thi d6 khuéch dai dién dp clia ting
hai bi gidm do tic dung hdi ti€p dm dong dién clia R,

Mach dién hinh 5.2b [a truting hgp dang hai transistor khic
loai nhung ¢d hai transistor trong hai mach déu duge rép kiéu E
chung, dién dp tin hi¢u vio vi va tin hi¢u ra v, 13 hai tin hi¢u dong
pha cho ¢d hai mach.

Hinh 5.2a ¢6: Iy = [+ 133

Hinh 5.2.b ¢d; lger = Iy + Ig3

Khi ¢6 sy thay déi dién dp phin cuc & ngd vao thi tic dung
phiin cyc 1€n T ¢d hai mach ¢6 su khdc nhau nhir sau:

- Hinh 5.2a: khi Vy, ting lam I¢, ting nén Ve, gidm $é [am
Vg gidm v Ty chay yé&u.
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- Hinh 5.2b: khi Vy, ting lam I¢; ting nén Ve gidm s€ lim
Vg2 gidm va T; chay manh vi 12 loai PNP.

3) Mach khu&ch dai DC ghim dp 6 cuc E,

Khi diing dién trd Ryy d€ ndng dién dp Vs, Vo v Ve thi
Rgz s€ lam gidm do khuéch dai dién dp cda T, nhu trong hinh 5.24
va 5.2b,

Mudn trdnh tde dung hdi ti€p am do Res tao ra ngudi ta ¢6
thé thay mach phin cyc &n dp cho cuc E; biing ciu phin dp Rz va
Zener. Lic d6 Zenrer duge chon ¢6 dién dp thich hop dé€ tao phiin
cue cho cuc C, va Ba.

+Veo

R1

R2

!

Hinh 5.3: Ghim 4p bing diod Zener

§5.3- MACH KHUE CH PAI DC THONG DUNG

Mach dién-hinh 5.4 1a mach khué&ch dai DC thong dung nhat
c6 th€ dung khué&ch dai AC dé loai bd tdc dung hdi ti€p 4m trén Re, va
lam tang d6 khuéch dai dién 4p clia mach.

Do hai transistor ghép truc ti€p trén dién 4p mot chiu clia
hai transitor s€ I4 dién dp phan cuc ldn nhau vi:

Vo=V Vi) = Vi — Ig(R,
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bién ud Ry 1y dién dp Vg gidm dp dé hdi G€p phan cuc
cho cyc By, Dién trd R, 1a mach hdi ti€p dm dong d€ &n dinh nhiét
cho ¢a hai transistor.

Nguyén ly mach hdi ti€p dm dé dn dinh nhiét duge giii
thich nhu sau:

* Gid thi€l T, bi nong do nhiét dé clia mdi trudng lam Ie
ting, Ve gidm 1am Vi gidm. Lac 46 T, chay yéu nén Igs gidm,
Vs gidm, qua Ry s€ lam Vg, gidm nén Ic| gidm trd lai.

* Gid thi€t T, bl nong 1am Iz tang, I ting va Vi tang. Lic
do Vi cling ting nén T, chay manh 1am I, ting vi Ve gidm 1am
Vg2 gidm I¢; gidm 14 lai,

Hinh 5.4: Mach khué€ch dai DC ¢6 hdi ti€p Am dong dién

Né&u khong ¢6 tu Cg, dién trd Ry cdn ¢ tac dung hdi ti€p 4m
dd1 vdi tin hiéu xoay chiéu dé cdi thién cdc thdong s& k§ thudt cla
mach,

bo khuéch dai dién ap dudgc tinh theo cong thire:

Ry 11t
rb('] + ﬂlR!{I

e T ¢o Ay :-B|
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L W
s T,c¢o A —B3 M (tu Cg ndi 1t Res)

1l

I

el
e D0 khuéch dai chung clia Ty — T [a:
Rolr. R,IR,

Pt T PR Vier

Mach thye t& thuting ¢d dudge diéu kién:

Av=Ay Av= B 5,

Rey > 1pep 080 Ry / ther = e

Thel << 1Ry nén e + BiRe = PRy
Nhu viy 1a ¢6:
Fow Re /1R, R-. /'R,

= AV = /}2 (‘:7
BiRg, Frea Ry

Ay =By .Ba

§5.4- HIEN TUGNG “TROI BPIEN AP MUC KHONG ”

Pai vdi cdc mach khuéch dai DC (ghép trye 1i€p) dién dp
mdt chidu gilfa cde transistor dnh hitdng nhau rat Idn. Thi nghi¢m
cho thi'y khi khong cho tin hiéu vao mach bing cich ndi tdt cuce B,
xudng mass qua mdt dién wd, do dién dp ra & cue Cy ta thiy dién ap
ra bi thay d6i khdng ¢6 tinh chu k¥, hic cao lic thip, ldc nhanh lic
chim. Hi¢én wigng nay dude goi 1a hién wgng rdi dién dp mifc
khéng. Muc troi dién dp & ngd ra cang 16n néu mach ¢é d6 khuéch
dai dién dp cang 1dn.

Bién dp mic¢ 3 ngd ra bi trdi do cde nguyén nhin chinh nhu
sau:

1) Anh hudng nhiét d6 1én cdc théng 6 cia transistor

Nhu ta dd biét (trong gido trinh "Linh kién dién 0™ cdc
thong s k§ thudt clha transistor déu bi thay ddi theo nhiét d6 da)
véi ca hai logi transistor §; va G, trong dé ba thong s& chiu dnh
hudng t6n nhat 1a dién dp phan cuc Vge, dd khuéch dai p va dong
dién rt Icgo.

a) Dién dp Vg thav déi theo nhiét d6
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Theo thue nghiém va 1y thuyét ban din, khi nhiét do ting
1°C thi dién ap phin cufc Vg gidm 2mV. Hé sd nhiét cla dién dp
VHE la:

dVgi

T s 2mvAc

b) B khuéch dai B thay dbi theo nhiét dé
Theo thute nghiém, khi nhiét do tang 1°C thi 46 khuéch daj p
tang thém khodng 1%. Hé sd nhiét cda B la:
dp
-9’%;00% <1%/°C

C. .’)(3ng dién vi fepy theo nhiée do
Trong transistor, nd1 CB dugce phan cue ngude nén dong dién
qua CB chi 12 dong dién ri. Tuy nhién, dong dién i Iepo ting cao
khi nhié€t d6 tang. Dong dién ri Icgo duge tinh theo cong thiie:
k '
Ieso = Icso k€ (TV - 25"
Trong d6:  Iepok) dong dién ri & nhiét do ti¢u chuin 1
25'C.
T'  :nhiét d6 mdi truiing dang thi nghiém,
Icko @ dong dién i § nhiét &6 T
K : hé $G nhiét (k = 0,08/°C cho G, va 0,12/'C cho Si)
Khi nhiét d tang s& 1am gidm Vg, diéu nay ¢d nghia 1a v
mifc dién dp phin cuc dang c6 thi dong dién Ig s& ting, Lic A6, db
khu&ch dai f cling ting sé lam dong dién I¢ ting manh k&t hap vdi
dong dién i Icgy ting cang 1am I¢ ting manh hon, din dén dién dp
V¢ gidm nhd lam “dién dp mitc khdng bi troi ™,
D€ gidi han dnh hudng cda nhiét d6 lam “dién dp mdc
khdng bi troi” ngudi ta thudng phin cyc cho transistor [am viée vdi
dong di€n Ip nhd, ldc d6 transistor ¢6 Iego cdng nhd cing o1,
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2) Bt anh hudng cia nhiét do

Pé trinh hién wiong dién dp mife khong bi tréi ngudi ta ¢d
thé dung cdc mach bl dnh hudng cda nhiét dd 1én dién dp Ve va
dong dién 11 legg nha mach dién hinh 5.5a va 5.5.b.

a) B muie thay doi dicn dp Vg

Mach di¢n hinh 5.54 dung cau phin dp R va diod D ¢6 uic
dung ghim dp cho cue E. Do ndi dén ngudn im -Vee nén cye B e
di€n dap am 1 dién 4p phin cue cho diod D.

Hinh 5.5a: Ghim dp d cuc E

Ve=-Vp=-0,7V va Va=0V
= VHE=VB-VE=VH+VD:VDﬁU,?V

Khi nhi¢t do ting s€ lam gidm Vye nhung do diod D cing
chiu dnh hudng ctia nhiét d6 nén Vp, cling gidm nhd hun 0,7V. Do
d6, diod D ¢6 tic dung bd cho mdc thay déi cia dién dp Vge khi
nhiét dj ting.

b) Bit cho dong dién ri Iy,

Khi nhi¢t d6 ting dong dién ri Icgg cling ting va dong dién rf
ndy tam dong Ig tang din 16i Ic ting vi lam dién dp mitc khdng bi
troi. Trong s¢ dd hinh 5.5b, diod D ghép song song ngudce chicu vii
md&i ndi BE. Khi nhiét do ting lam ting leuo va died D cling ¢d dién
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trd nguge gidm nén dong dién 11 Iege cla transistor s& qua diod D
xudng mass chi khdng vao mai noi BE. Nhwr vay, dong Iy khong ting
va I khdng ting nén khdng lam thay déi mic dién 4p ra.

Ngoai y&u to nhiét do 1am thay ddi cdc thong s& k¥ thuiit
clda transistor 1am cho dién dp mdc khong bi trdi codn ¢d yéu td khic
12 su thay doi mde dién dp ngudn Vee. Khi dién dp ngudn thay ddi
tri 8O s& lam thay ddi dién dp Vi -V va din d&n trdi dién dp muc
khong. Tuy nhién van dé ndy dugc gidi quy&t mot cdch dun gidn 1a
st dung ngudn én dp dé ¢6 dién ap Vee 12 hiing s0.

+Voee +Voee

1 /

Hinh 5.5b: Khong ¢6 diod va ¢d diod D song song BE

§5.5- CACH TiNH HE $O ON PINH NHIET

Qua cdc phdn phin tich va 1y ludn trén ta thiy dé tranh dnh
hudng cta nhiét dd cdc thong O cha transistor dan t6i sai di€ém lam
viéc tinh, ngudi ta dang nhiéu cich phin cuc cho transistor khic
nhau, mdi cdich phén cyc ¢6 tic dung va hidu qud dn dinh nhiét
khic nhav. Pé dac trung cho tic dung va hiéu qud dn dinh nhiét,
nguti ta dinh nghia hé s& dn dinh nhiét la:

Al,.
A]('H{J

S =

S: stability = d9 dn dinh
S :phi dinhcia S
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Chuding 5 Mach khu€ch dai DC

S ¢hn duge goi [ "dd bat 6n dinh nhiét”. Cdch goi ndy hop
ly hdn vi theo dinh nghfa § cang nhd thi mach cang on dinh vé
nhi¢t do, nghia [A S cang nhd thi »do bt 6n dinh nhiét” cang thip.

Cong thife tdng quit d€ tinh hé s§ dn dinh nhiét S la:

S

g-u

S =

- ¢ 1a hé s§ thy thudce cich phan cue che transistor

- 12 hé s0 khuéch dai dong dién rip kiéu B chung.
e B

- II:' - B + |

Hé s8 g dd dudge gidi thiéu rong Chuong | bing thiét k&
mau hinh 1.14.

o
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Chuong 6

MACH KHUECH PAI VI SAI
DARLINGTON, CASCODE

§6.1- MACH KHUECH DPAI VI SAl

Bé ¢6 th¢ khu€ch dai cde tin hiéu ¢6 tdn s§ rat thdp hay cic
tin hi¢u bién thién chim va khong ¢6 tinh chu k¥, ngudi ta thutmg
ding mach khuéch dai DC theo kiéu lién lac truce €p. Mach niy
ddp tng tin s& thap rat t6t nhung lai ¢6 hién wang dién ap wai, do
do, d&€ trdnh hién wong dicn dp trodi va ting khd niing chdng nhidu
3 cice ting khudeh dai ddu tién ngudi ta ding mach khucch vi sai
(Ditterential Amplitier).

1) S¢ dé mach ¢d ban

Mach khu€ch dgi vi sai ¢d bin ¢6 sd dd nhu hinh 6.1, trong
do hai transistor Ty - T [2 hai transistor cting tén, cdc dién trd phin
cue ¢6 tri sO gidng nhau.

+V o

Rlll
- — S A

Hinh 6.1: Mach vi sai ¢d bdn
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Chudng 6 Mach khuCch dai vi sai, Darlington. Cascode

Tin hiéu vao duge dua vao hai cuc By - B trong d6 R fa
Aién trd nhin tin hidu cda mdi transistor.

Khi & ngd vao ¢ di€n dp v, do tinh phin 4p cla hai dién trd

L1 w e \ x. , X st

R nén —2—1’, s€ tic dong vio mdi transistor. Mach s& ¢ hai trudng
hgp: khi cye By nhin dién dp dudng thi cue B, nhin dién dp 4m so
vidi mass va ngudce fai.

Theo hinh v& 6.1, & ngd ra dién dp V¢ gidm va dién dp Ve
ting. Pién dp ra 1y gitta hai cue C la:

AVU = AVC] - AVCE

Thong thuting, transistor duge phan cuc véi diéu kién Ry>>
The NEN A3 161 dién dp cla mdi transistor:
AV. AV, Re

A.r :A-‘1= — e =
AN

" Ry
SU)/ rel: AV(‘] = A\'|.AV,| = 1/2 Aw.AVi

A\X[“_’ = A\'E.QVQ = —IKEA\Jz.ﬂVi
Do AVU = AV('| - L’XV(*: = AL\AV‘

AV Re¢
Suyra:lAy= —2% = f7—
y > AJ-! RHI+rhc
26mA

Trong d6: re =1y + (1+)). :
£

Cong thite trén cho thily mach khuéceh dai vi sai dimg hai
transistor nhimg do 191 dién dp chi biang dd 1gi eta ting khudch dai
v mdt transistor.

r =at 2 at PR ]

2) Pidc diém cua mach khué'eh dai vi sai

Nhu dd phiin tich trén, khi ¢é dién dp tin hiéu 3 ngd vio thi
do cau phin dp dung hai dién trd R lam cho cwe By ¢o dicn dp
dudgng va cuye By ¢6 dién dp dm hay npude lai. Lac dd, Ty din manh
[am Ve gidm va Ty din y&u lam Ve ting s& cho tin hi¢u ngd ra
AV ey v AV ngutde diu.
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Pién dp ra ciia mach vi sai:

AV“ = AVC| - AVC}_ = 2AV(“| = 2QVC2

Khi ¢6 tin hién nhiéu pha r6i thi tin hiéu nhi€u sé tic dong
ddng thai 1én cuc By vd B, vdi dién dp ddng pha (cung dudng hay
cing am). Nhu vly, & ngd ra AV vi AVer bién thién ciing hudng
s€& triét tiéu nhau v AV,=0.

Nhu viy, mach khuéch dai vi sai co kha niing chdng nhiéu rit
tot. Tin higu nhiéu & day ¢4 thé 13 tin hiéu dién 1, nhiét do mdi truding
hay su bién thién dién 4p clia ngudn,

3) Ti s6 nén dong pha (CMRR: Common Maode! Rejection
Ratio)

D€ ddnh gid khd ning chéng nhidu cia mach khuéch dai vi
sai ngudi ta dua ra khdi niém tf s& nén ddng pha CMRR.

Trong sd d6 hinh 6.2, dién trd Ry ¢6 tic dung 1am tang kha
nang chdng nhiéu cda mach, bi€n rd VR ¢6 tdc dung tao sy cin
bing dong dién I¢, va Iea.

+Veeo

Hinh 6.2: Mach vi sai ¢ Rg
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Chudng 6 Mach khu&ch dai vi sai, Darlington. Cascode

Trong cdc mach khuéch dai dung transistor, dién rd Rg ¢6
tdc dung én dinh nhiét va la mach hdi ti€p am dong dién.

Trong mach khuéch dai vi sai, dién rd Rg nhin dong thoi
hai dong dién Ty va Ig. Tdc ddng &n dinh nhiét Rg trong trong
mach khuéch dai vi sai ¢d nguyén 1y sau:

» Gid thiét nhiét d6 moi trudng ting lam T, bi néng 1én =>

ley thng => I, tdng qua Rg => Vg chung ting. Lic d6
Iger gidm nén Ty chay yéu ted tai => dong dién I¢, gidm
=> Ig, gidm xudng mifc dd trung binh,

e Ngugc lai, gid thiét nhiét do mdi rudng ting lam T bi

nong lén => Ig; ting => lg; tdng qua Rg=> Vg chung tang,
Lic d6 Ve gidm nén T, chay yéu trd lai => dong Ic; gidm
=> Ig> gidm xudng miic trung binh.

Nhu vdy, n€u chon tri sd Rg di 1n thi khi dong Ig tang it
cling 1am Vg ting cao di d€ tao hdi ti€p &n dinh nhiét, gidm hién
tugng dién dp trdi G ngd ra va chdng cdc tin hiéu nhiéu ddng pha.

Trudng hop ¢ ngd vao nhin tin hiéu vi sai s& diéu khi€n hai
transistor chay ngudc hudng nhau (T, chay manh thi T; chay yéu va
ngude lai) nén khi gy ting thi Iep gidm va do 2lg = I¢; + Iez nén
dong dién qua Rg 13 21 ¢6 tri s& gdn nhu khéng ddi.

Nhu vy, dién trd Rg khong c6 tdc dung hdi ti€p am déi vai
tin hi€u vi sai v nhu thé do 1gi cda mach khu€ch dai vi sai khong
déi va van dude tinh theo cOng thie:

Ao Ao _ _Re
Yo AV, ~ "Ryy+pe

Khi phén tich, tinh todn cho mach khuéch dai vi sai ngudi ta
x€t riéng hai truding hgp:

- ¢ tin hiéu vi sai
- ¢6 tin hiéu nhiéu ddng pha.

Hinh 6.3 1a mach twong duong kht x€t ngd vaoe 1a tin hiéu vi
sa1, di€én dp dit vao cyc By va B, 1a hai tin hi€éu nguge pha nhau.
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Mach dién tf - Tip | Nguyén Tin Phudc

Lic do, dién réd Rg khdng ¢ tic dung nén & cue By va E; chi con Y
VR (bié€n trd di¢u chinh tao sy ¢in biing dong dién Iy - o).

+¥Yue

R
RIH
— + PN
R
Vi fr 12VR 1/2VR
R e i
Rlil

Hinh 6 3: Mach twong duong véi tin hiéu vi sai

Téng trd ngd vio cta mach hinh 6.3:
r = Z(Rm + Ihe + 12 ﬁVR)

va do: The = [y + Pt

nén ta ¢d: ri= 2(Rg + 1, + Pr. + 2 BVR)

Dafi Rn =Ry, +r1 vi Re=r.+¥“ VR

Suy ra: ri=2(Ry + BRg)

3 ngd ra, dong tin hidu 18y & hai cue C), C; nén dong tin
hiéu di tir cwe Cy qua C; phidi qua tdng tré ngd ra [a: r, = 2Re

Hinh 6.4 12 mach twong dudng khi xét tin hiéu ddng pha
nhau. Lic d6, dién trd Rg ¢6 tic dung &n dinh nhiét va dong dién
qua Re la 2Ig nén khi vé trong mach twong dudng, dién tréd Rg cho
mdi transistor 12 2Rg d€ vin ¢d dién dp & cuc B 1a Vg = 21gRe.
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Chudng 6 Mach khu€ch dai vi sai, Darlinglon. Cascode

+¥eu

Vi R
Rlil

Hinh 6.4: Mach tudng dudng vdi tin hiéu dong pha

Vdi cich phin tich twong tr. vin ¢6 thé tinh duge Ong s &
ngd vao va ngd ra cua mach hinh 6.4, nhung luu ¥ ia tin hi€u vao v,
dat vio cue B clia timg transistor so vdi mass chit khong dat vao gilta
hai cufc B nhu tin hid¢u vi sai.

Pé ddnh gid chat lusng cda mach khu€ch dai vi sai ngudi ta
thuong diing tf s& nén déng pha (CMRR) dude dinh nghia theo hé
thite sau:

Ay visal (B¢ lgi dién dp vi sai)

CMRR =4 ddng pha = (D0 i dicn dp dong pha)

Né&u mach ¢ tinh ddi xitng mot cich 1y wdng thi @0 1di dp
dong pha biing 0, nhu viy, ti s¢ CMRR tién dén vo cuc, khi ning
chdng nhiéu clia mach vo cang ldn.

§6.2- MACH KHUE CH PAI VI SA1 CO NGUON ON DONG
1) Mach én dong cd bin

Mach 6n dong viét it [A VCCR (Voltage Controlled Current
Source = ngudn dong dién dude ki€m sodt bing dién dip) con dude
£01 12 ngudn dong hiing.
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Mach &n dong 12 mach giif cho dong tdi dn dinh ma khong phu
thudc theo dién dp ngudn Ve hay tri s6 cda dién rd i R trong mt
#1831 han cho phép.

Su db hinh 6.5 12 mach Sn dong ¢d bin ding mt transistor v
diod Zener.

+V oo

zi 1l

Hinh 6.5: Mach 0n dong co ban  Hinh 6.6: Ky hiéu ngudn én dong

Theo mach phiin cue ta ¢6:

Vg =V, (hilng s3).

VF_ = VB - VBE = VZ - O,TV (h:ing S(':)’).

Ve V.,-0,7V X .
Suyratlg=35" = £~ (hing s0)
y ¢ RE RE b .

Do: I = Ic = g nén dong dién tdi cling ¢d tri 6 On dinh theo
cong thite trén ma khong tay thude tri & tdi Ry hay dién dp ngudn
Ve trong mét gidi han cho phép.

Theo dinh nghia, mach dn dinh dong hay ngudn én dong ¢o

2 ., . . . AV
tong trd dugc tinh theo cong thite. = ——
N

Trong do: AV la mic bién doi dién dp

Alg 12 mife bi€n ddi dong dién ctta ngudn.



Chudng 6 Mach khuéch dai vi sai, Darlington. Cascode

Do dong Is 1a hiing s& nén Al = 0, Nhar vay tong trd 1 s& v
cung lon. '

2) Mach khué&'ch dai vi sai c6 nguén 6n dong

Trong mach khu€ch dai vi sai, khi ¢d tin hiéu vio vi sai &
lam T) didn manh -> Ig; ting -> T; din y&u -> Ig; gidm. Diéu nay
lam cho dong dién qua Rg 1a 21 khong ddi nhu mach én dong. Nhu
viy, ¢6 thé thay Rg biing mach én dong nhy mach dién hinh 6.7
trong d6 Tz §a mach 6n dong thay cho Re.

Hinh 6.7: Mach vi sai ¢6 ngudn én dong Ts

Hai ngudn +Vee va -Vee 1 hai ngudn duong va dm, ¢6 thé
dot xing hodc khong doi xing, va 13 hai ngudn 8n dp. Ciu phén dp
R-R; ¢d tdc dung phin cuc on dinh cho T3 nén ¢6 dong Ieca $n dinh
tinh theo ¢Ong thic:

vV

R3

[cy=Ig = va Iea=1lg + Liis

k]

Theo phén tich, trén mach én dong Ty ¢6é ndi rd r; rit 1dn
thay c¢ho Rg. Khi Rg rdt 16n 1am ting tdc dung hdi ti€p 6n dinh nhict
va lam cho do khuéch dai ddng pha Ay = 0. Lic d6, tf s6 nén dong
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pha CMRR s& vd clng 16n vd mach khuéch dai vi sai ¢ kha ning
chéng nhidu rat ot

§6.3- CAC MACH KHUECH DAI VI SAI THONG DUNG

1) Mach khué'ch dai ngé vaoe va ra cin biing

Hinh 6.8 13 mach khu&ch dai vi sai cd bin ¢6 Re d€ ting kha
ning chéng nhiéu.

Mach ding hai ngudn +Vee va —Vee ¢6 thé dbi xitng hodc
khong d6i xtng. Vdi cdch phin cuc nay cuc B ¢6 thé khong dung
cau phin dp Ry; ~ Rga v cue B ¢d Vi) = Vyy = OV. Lic d6, Vi sé
ca dién ap Am Vg =~ -0,7V.

R, "_ +¥Yeco
n® 2 AN T
1‘{“.
R s
vi ll' T -Yeo
R
Rl!
ve AN

Hinh 6.8: Ngd vao va ra cin biing

Cédc théng O k¥ thudt cia mach:
- PO khuéch dai dién dp vi sai:
R¢
Ay=-f——
Y BRBJ + Fhe

- Ti s& nén diing pha CMRR rat Idn

- Tong trd ngd vao: 1= 2(Rp + rye)
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Chudng 6 Mach khu€ch dai vi sai, Darlington. Cascode

- Tong trd ngd ra:  1r,= 2Rc

Dady 1a mach khuéch dai ngd vao cia cde ting khuéceh dai DC
¢6 ngd ra do1 xing.

3) Mach khuéch dai ngé vao cin biing, ra khéng c¢én biing

Mach dié¢n hinh 6.9 ¢6 ngd ra khdng c¢in biing, tin hiéu chi
1y tif cife C) xudng mass nén dién dp ra bi gidm mot phin hai so
vdi mach 6.8.

Rll
N 4 AN
R
Vi I
R
R]!
v & S %

Hinh 6.9: Ngo ra khong ciin bing

Bi¢n trd R ¢O tde dung gidm hién tudng dién dp troi.
V¢é phin cye ta vin ¢d:
Vm = VBJ =0V vil VEI = VEg =-0,7V

Cdc thong s k§ thudt cia mach:

X . o 1 Re

- D6 khuéch dai dién dp visai: Ay= ——p ,
2 Ry + Fhe

- Téng tréf ngd vio: ;= 2(Rg + o)

- Téng trdf ngd ra: r, =Re

Mach nay thuting diing lam tdng khuéch dai trung gian trong
Ampli hay ¢ic mach khuéch dai DC.
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4) Mach khuéch dai ngé vio khéng cin biing, ra can biing

Hinh 6.10: Ngd vao khong ciin bing

Mach dién hinh 6.10 12 trudng hdp ngudic lai cda hinh 6.9,
tin hiéu v; chi cho vio cuce By so vdi mass.

Vé phin cuc mdt chidu ta van ¢é:

Vi =V =0V
Ve = Ve =-07V

Khi ¢i tin hiGu v; & ngd vao, T, khu€ch dai s& ¢ho ra hai tin
hi¢u & cue C) va Ey. Lac d6, T; dudge xem nhu transistor khuéch dai
dp ki€u B chung ¢6 tin hi¢u vio cye E; va ra & cye Cs.

Ta xét truding hdp tin hi¢u v, ¢6 bdn k¥ duong vio cue By,
cue Cy ¢6 tin hiéu ra dio pha 1a bdn ky dm trong khi cuc By ¢o tin
hiéu ra dong pha 12 bin k¥ dudng. DB3i véi Ta ¢ tin hiéu vao Es 13
bdn k¥ dudng cla cye Ch ¢o tin hi¢u ra ddng pha [3 hin k¥ ditsng vi
mach khu€ch dai B chung 12 mach khuéch dai dong pha.

Nhu viy, tin hi¢u ra trén hai cuye C, va C; cling 1a tin hiéu
ngudc pha nhau s€ lam cho dién dp ra v, ting gdp doi so vdi tin
hidu v,.

Cidc thong s6 k¥ thudt cda mach:
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. . o ‘ Re¢
- B0 khuech dai dién dp sui: Ay = -p Ry + o,
- Tong trd ngd vio:; 1, = 2(Rg + The)

- Tong trds ngd ra: r, = 2R¢
Much nay ¢ tie dung doi tir tin hiéu khong cén biing ra tin
hiéu cin bing.
§) Mach khué&ch dai ngd vao va ngd ra khong clin biing
Mach di€n hinh 6.11 cung diing hai transistor nhu mach
khucch dai vi sai ¢d bdn nhung tin hiéu vao v, chi dua vio cue By
so vdi mass va tin hi¢u ra chi 13y trén cuc €, so véi mass.
Hai transistor Ty va Ty vin ¢d tde dung telr tin hiéu nhidu
dong pha hay dnh hutng ctia nhiét do tdc dung l€n hai transistor.
V& phin cue mot chidu ta van ¢6:
Vg = Vg =0V
Ve =V =07V

T, 12 transistor khudch dai ddo pha rdp ki€u E chung.

R,
Rl; ;_:_ +Vee
. ANAA T
l—-{ ||
Vi l
i_ -Vee

Hinh 6.11: Ngd vao va ra khdng can biing

Ciic thong s4 k¥ thudt etia mach:
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. o e e 1 R
- B khuech dai dién dp visair Ay = -—f———
2 R,‘f+rh:'
- Tong trd ngd vio: Ty = 2(Rg + Ie)

- TOng rd ngd ra: to=R,

§6.4- PHUONG PHAP GIAM HIEN TUGNG PIEN AP TROI -

Mach khucceh dai vi sai ¢6 hién wong dién dp tron 1a do dic
tinh k¥ thudt cia hai transistor khong giong nhau hodn hodn toan,
mat do i hai ransistor cong tén, do cing mdt hing sdn xudt trong
cang mot loat hitng (series). BE tranh hién twng dién dp troi trong
mach khuceh dai vi sul ngudii ta thudng dang cic bién phip sau:

1) Diing dién tré Ry khéng déi xitng

Su miat dd1 xing cda hai transistor 1 do dién ap Vi khic
nhau. D¢ bu fai st khidc biét ndy ngudi ta didu chinh dong dién Ir
hiing cdch thay ddi Re.

Trong mach hinh 6.12 bién trd VR sé lim thay ddi gid tr s&
Rer v Rga. NCU chinh bién trd VR sang cue E| thi Rg, gidm, Ry
tdng va nguyce lai. Khi hai dién trd Rg; va Ry khde nhao thi dong
di€én Ig, va Ig: cling khic nhau,

Cich thue hién:

- Budce t: Biéu chinh R¢y = Res

- Bude 2: Biéu chinh bién ¢ VR dé€ cho dong I khic s
nhiim b lai sw mat ddi xdng giita hai Vg va Vgeo. Khi d6 I¢ khic
lca s€ lam cho Ve khic Veo.

- Bude 2: Biéu chinh lai bi€n trd Ry sao cho Ve = Ve dé
COV, =0V,

Cdch di¢u chinh nay lam cho Rey khde Rea nén s& Jam mach
bi gidm kha ning chdng nhiéu dong pha.
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Hinh 6.12: Dién trd Rg khong ddi xing

2) Diing mach héi ti€p déng pha

Trong sd d6 mach dién hinh 6.13 ¢6 hai mach khu€ch dai vi
sai, trong d6 mach vi sai Ty - T» ¢6 Ts 13 transistor 6n dong thay cho
Ry, mach vi sai Ty - Ts ¢é Re 1a cdu phindp R, - R, aé ]ffy dién dp
hoi ti€p vé cue Ba.

Khi ¢6 tin hi€u nhiéu ddéng pha hay ¢6 dnh hudng clia nhiét
dd, ¢d hai transistor clng chiu tdc ddng nhu sau: gid thiét tin hidu
nhi¢u ddng pha lam V- Vg tang nén ¢y - Ies ting 1am Ve, - Ves
gidm. Biéu ndly 1am cho Vgy — Vs gidim nén Iy ~ les gidm dua dén
Ves= Vs gidm v dién dp hdi 6ép Vi gidm nén Vg gidm. Nhu da
biét: Iez =1y + Ieo ne .. Khi Vi glﬁm $¢ lam cho I guim twe 14 Iy
va Ie» khong ting duge, mach cd d6 8n dinh t6t.

Nhu viy, tin hiéu nhi€u ddng pha da bi gidm hay bi loai b
bdi tic dung ctda mach hoi ti€p, nhd do, tranh hién twgng dién dp
1ron,
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+V e

i

LY

k2
R,

Hinh 6.13: Trdnh dién dp trdi bang mach hdi ti€p dong pha

AN
4k
ail
-
&

§6.5- MACH DARLINGTON

Trong cdc mach khuéch dai cdn ¢6 do khuéch dai dong dién
thit {6n hay cdc mach cin ¢6 tong trd vio [dn, ¢6 thé ding hay hai
nhi€u transistor rap t3 hgp theo s¢ dd mach Darlington dé dat cdc
yéu ciu irén.

1) Mach Darlington ¢d ban

Mach Darlington ¢d bdn ¢ so dd nhu hinh 6.14, trong do
cuc By ndi true tiép vao cue B nén Ig| = s,

+Vee

(2

= Hinh 6.14: Mach Darlington cd bdn
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Transistor T ¢é: lgy = 1oy = Bl (1

Transistor Ts ¢ ler = Ien = Balgo (2)

Do mach Darlington ¢6 1gy = gy nén thay (1) vao {2) ta ¢6:

Ig2 = Polga = Palg)
= BaPils1 = BiPoaly;

Suy ria: Igs = Bifalg,

Néu goi dong dién ngd vao cia mach 1a L th §; = Ig,, dong
dién ngd ra cia mach 1a I, thi I, = Ig> vit goi B 12 dd khuch dai dong
dién cua toan mach thi:

L I
P=1=1, =P
Gid st Ty ¢6 By = 100, Taecé B, =80
D6 khuéch dai dong dién cGa mach Darlington:
B=pp2=100.80=8000

Nhu viy, dong dién ra trén tdi s¢ biing 8000 l1an dong dién &
ngd vio. Mach Darlington ¢é d0 khuéch dai dong rat 16n.

2) Xét tdng trd vao mach Darlington

Nhu di biét, tong trd vio cla transistor rap kiéu C chung:

I, = rpe + PRe
Néu nhin vao tir cye B thi ta’i’ng trd vio cia Ty
I2 = They + 3Ry

Né&u nhin vao tf cuye B thi tong trd vio cia T, 1 tdng ord

vio cta todn mach:

I = L) = Ihel + Bri2

=> Ty = the + Pilmne + B2R)) (cho The = hea)
=> =B+ D rne + BiPoRL (rit 16n)

Nhu di ching minh phin trén, tich s& B,B2 rdt 1én nén tEng
trs vao ¢da mach Darlington sé ra1 Ién.
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Mach Darlington ngodi tic dung tao do khuéch dai dong
dién rit I6n, con ¢6 tic dung déi tSng trd ir rat 16n ¢ ngd vao ra it
nha cla tai.

3) Cdc ki€u mach Darlington

Trong thue € mach Darlington ¢6 thé dang hai trunsistor
cang loai NPN hay clng loai PNP vd ciing ¢6 thé dung mot
transistor NPN (6 hop véi mat transistor PNP,

C6 bon ki€u mach Darlington nhy sau:

+¥ e Ve

Hinh 6.154 Hinh 6.15b

+¥ e

Hinh 6.15¢ Hinh 6.15d
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S dd hinh 6.15a dung hai transistor NPN vdi ngudn dudng
+V¢e, 6 d0 hinh 6.15b diing hai transistor PNP vii ngudn dm —Vee.
Hai mach ndy ¢6 quan hé dong gitta hai transistor 1a: Ig, = g,

Sd dd 6.15¢ v 6.15d diing hai transistor khdc loai véi ngudn
dién theo loai transistor T,. Hai mach nay ¢6 quan hé dong dién
gitta hai transistor:  Iey = Tp

3) Mach tuong duong cua cach rap Darlington

St dd hinh 6.16 [ mach wdng duong cha hai transistor
Darlington trong hinh 6,152 va 6.15b. Trong mach nay hai transistor
rap kidu C chung, tin hiéu 1iy ra & cyc Es. Thit ra, mach Darlington
van ¢o thé rdp ki€u E chung nhumg do mach ¢ do khuéch dai dong
Idn nén thutsng dudge ding 3 1dng khuéeh dai cong suit va ting nay
lai ¢6 yéu cdu doi tdng trd 16n ra 8ng UG nhd d& dung hop vai tdi
¢6 t8ng trd nhd. Vi the mach Darlinton thuting dude rip kiéu C
chung nhut cdc ki€u mach trong hinh 6.15.

IIH

CIEC‘!

]
o
[ &)

»

L ]

Hinh 6.16: Mach twrong dudng cla hinh 6,150 va 6.15b

§6.6- MACH CASCODE

Mach Cascode gdm hai transistor khuéch dai ghép ching
1&én nhau nhu sd d6 hinh 6.17, trong d6 Ty 4 transistor khuéch dai
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ngd vao rip kiéu E chung, Ta 13 transistor khuéch dai ngd ra rip
ki¢u B chung vi ¢ tu C phan dong.

Ciu phan dp R, — R d€ phian cue mot chiéu cho hai
transistor va dién dp Vo phii du cao vi;

Ver=Ve2=Viga- Ve =V — 07V
Lic dd, Ve ¢d mie dién dp do 16n dé Ty lam viée trong

viing tuy€n tinh {viing khuéch dai) ciia transistor.

+Veo

R,

(12

R

\r

0l

1

T
o

%
%

.||]_4

Hinh 6,17: Much Cascode

Tin hi€u ra sau T, vd V,; chinh 13 tin hiéu vao V,» cha To.
Do T- riip kiéu B chung nén ¢6 t8ng trd viio nho, tdng trd ra rat lon,
nhd do. Ty ¢6 tic dung ngin cdch dnh hudng cta ngd ra dén ngd
vao, nhit1d 3 tin s§ cao.

Mach Cascode ¢6 d0 khuéch dai dién dp bling d6 khucch
dai dién dp clia mach rdp ki€u E chung nhung ¢6 dién dung Miller
¢ ngd vio nhd (tde dung nay s& dwge phin tich trong gido trinh
“Muach dién td — Tap 2™,
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Pién dp tin hiéu V;; va V,,, ddo pha nhau nhung dién dp tin
hiéu V., vat V,,» ddng pha nhau,

Khi diéu chinh dién dp phin cuc clia ¢iu phin dp R, — Ry s¢&
iam thay doi mae dién dp mdt chi¢u cla ¢d V, va Vo



Chuong 7

MACH KHUECH PAI DUNG FET

§7.1- PHAN CUC CHO TRANSISTOR TRUGNG UNG
1. Phan cue cho JFET

Cach phiin cue don gidn viy thong dung cho JFET I phin cue or
dong nhuhinh 7.1,

a) Kénh N bt Kénh P

Hinh 7.1: Phén cue ty dong cho JFET

Xétmach kénh N ta ¢6:
Vb= Vee - IpRyy
Vs =1I5Rg
Vs = Vee - Ip (Rp + Ry)

3 are G duge phan cue nguge mdi ndi PN nén khong ¢d
dong dién Ig (Ig = ) v V= 0V,

Bi¢n trd Re ¢4 tri s§ ridt 16n khodng TMQ dén 1OMC.

Bi¢n dp phiin cyc ngd vio:
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Vies = Vg - Vg =0V - [pRg = - [R;

, Vee — Vs |
Phudng trinh dudng tdi tinh: [, =S8
R, +Rq
I, tmA)
A
.
R. + R
[I] = - \
|
T
[ \
1
' >V, (V)
V[JS Vl'ff

Hinh 7.2: Duong tdi tinh cia mach kivuéch dgi daung JFET

Ciach xdc dinh dudng tii tinh cho mach dung JFET tuong e
nhu transistor udng ndi va dude vé nhu hinh 7.2.

2. Phén cyc cho MOSFET lién tuc

MOSFET lién tuc ¢6 thé phin cue theo hai hudng, hudng
ting i€t dién kénh néu Veg > 0V va hudng gidm tiét dién kénh néu
VC:S <)V,

Trong thye & MOSFET lién tuc thudng dude st dung &
trudig hop gidm et dién kénh v Vg < OV nén cich phan cuc
giéng nhu JFET. Mach dién hinh 7.3 12 mach phin cuc 1y ddng cho
MOSFET lién tye. Cdch tinh cde tri s8 dién dp Vi, Vs, Vs, Vos,
dong di¢n I va cich xdce dinh dudng tai tinh gidng nhu mach JFET.
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o

1

Hinh 7.3: Plidn cue tu dong choe MOSFET lién tuce

L

3. Phan cyc cho MOSFET gian doan

MOSFET giin dogn chi din dién khi dude phin cuc theo
hudng ting tiét di¢n kénh. Mach dién hinh 7.4 13 mach phian cuc
cho MOSFET grian doan.

D¢ cung cap dién dp dudng cho cue G ta thuing dung ciu
phin dip Rgi— Rgy (twong tor nhu ciu phin dp Ry — Rys clia
transistor ludng ndi). DA vai MOSFET, cue G cdch dién so vdi
kénh vd nén P nén khong ¢o dong dién Ig di W cue G vio
MOSFET.

+V

e
R:':] '.
v, :T
Rr‘.zi Ly I,
Hinh 7.4: Phdn cuc tuw déng cho MOSFET gian doan
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Xét mach phin cue ta co:

Vp=Vee - IbRp

Vs =1pRs
Vis = Vee— In (Rp + Rg)

R..

Ra + R

Vgs = Vg - Vg

. Ve — Vi

Phuong trinh dudng 3i: 1, = ——%
Ry, + Ry

|

Cdch xdc dinh dudng tdi tinh ¢cho MOSFET gidn doan clng
gidne nhy cich xde dinh dudng tai tinh cho transistor ludng ndi va
JFET.

Cau phin dp Rgi — Rea thuding dude chon tri s& sao cho dong
dién yua cau phiin dp nay khodng vai pA. Dong dién nay khad Idn
so vdi dong dién ri ¢ cye G nhung phii khd nho so vdi dong dién I,
Thong thuting Rg + Rz khodng vai méga 6m dén vai chue MQ.

§7.2- MACH KHUECH PAI CO BAN
1. Phén tich mach khué&ch dai FET

Mach khuéceh dai hinh 7.5 ding JFET kénh N. Ngudn phin
cue cho eye G 1 ngudn Am — Vg, ngan cf{p cho cue thdo [ ngufm
dLr{l'['Ig + Ve

Tin hi¢u dua viao cue G 1 ngudn v, ¢ ndi rd 13 r Do dong
dicn & cuc clta Ig ¢o tri 88 rdt nhd khong ddng k& nén gidm dp mdt
chidu va xoay chi¢u qua r, khong ddng ké. Nhw viy, dién dp mt
chiéu v tin hiéu xoay chiéu ¢ cuc G a:

e Pién dp mit chiéu: Vgs = - Voo
o Tin hi¢u xoay chidu: v, = v,

Dién dp todn thé gdm ¢d mot chiéu vi xoay chicu 1a:
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Vs = Vo + Vg

Dién dp todn the tai cue thio:
vos = Vpp — Rpip
Trong do ip gdm thanh phin mot chidu I va tin hiéu iy,
Dién dp mot chiGu Vs phii 16n hon dién dp nghén Vy vii:
Vp=Vgs + Vpg
Dong dién toan thé (mdt chidu va tin hi¢u) & cye thio 1a:

2 v 2
ip =l {1 + :{,GS J = Ins[l + VGS + %‘]
PO PO Po

Thay vao dién dp toan thé & cue thdo ta ¢6:

2
vV A
_ Gs g
Vns = Vpp — Ry g (1 + v -+ _\}
PO Jee)

Truting hgp tin hi€u ngudn v, 13 tin hiéu hinh sin, thay vio
khai tri€n vi don gidn s¢ ¢6 dién trd ngd ra § cue thio:

V... .
Vi = = 2R Tpgg (1*‘ %J s - Vo

PO VPO

14(}
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bo lg1 di¢n dp ctia mach:

JAV:XQ:::EE£ES(1+Y%J

Vg Vo

2. Cdc tri cOng sudt cita mach
XEt truding hop tin hiéu vio 1a hinh sin. Cong suft tiéu tin
nhiét tire thi cda FET 1a: Py, = vps ip

Trong cong thitc nay ¢6 ¢d thanh phiin mdt chidu vi xoay chidu

Ip=1Ip+ig, vps=Vps+ vy

6] trang thdi tinh, cong sudt iéu tin:  |P, = VnslyJ

Cdong sudt e thai cung cip ur ngufm dién: Ppp = Vi i =
Vi Ip+ Vip iy

Do dong dién iy 1& tin hi¢u hinh sin ¢6 tri trung binh bing
khong nén c¢ong suit cung cap trung binh:

pm; = Vi Irj

Diy chinh 1a cong sudt cung ¢Ap khi chua ¢6 tin hiéu.
COng sudt e thiti ra trén tai Ry § cye thdo:
Pr =Rpip® = Rp (Ip + 1y) 2
=RpIpy" + 2 Rp Iy iy + Ry iy’
Dong dién iy cda tin hi¢u s3 tri $3 trung binh biing khong va
tri trung binh cta iy’ chinh 13 binh phudng tri s& hiéu dung 1 nén:

‘PT = RDID2 + RDIt12

Cong sudt do ngudn cung cip chinh 12 ¢ong sudt tidu tin
trén FET va cOng sudt ra trén 3i.

Tu ¢6: IPDD =P, + Pﬂ
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§7.3- MACH TUGONG DUONG

Tudng ¢ nhu transistor hudng noi, JFET vd MOSFET ciing
¢6 thé ddi thinh mach tuong ducng gdm cde phin t& nhir dién trd,
ngudn dong dién, ngudn dién 4p trong diéu kién tuyén tinh hay doi
vdi tin hiéu nho. _

0] ngd vao, cue G dude coi nhut cich ly hiin so vdi kénh din
dién cta cuc S va D. O ngd ra ¢o thé ddi thinh nguf)n dién dp vy
hay ngudn dong dién iy

Tructing hgp déi thanh ngudn dién dp ta ¢o:

4“ = = vds = lu v_e.v

Truting hdp d6i thanh ngudn dong dién ta cé:
il."l .
gm = v = ld =gmvgs
ES

Mach tuong duong cia JFET va MOSFET nhu hinh 7.6, 7.7.

G D G

A | 4 yoilrit
| Ty <~ v T | . d .
Vgs EI Vit vg:s gmvgs¢ @ ;: L Vs
i r,’\\ HVgs | I .
Y 1 Y Y Y
5 5 5 S5
Hinh 7.6: Ngo ra la nguén Hinh 7.7: Ngé_ra la nguén

dién_ap dong dién

Khi khido sdt mach khuéch dai dang FET & tan s8 cao, ngudi
ta con xét dén cdc dién dung ky sinh gifta cdc cue goi 1a dién dung
lién cue nhu: ¢, gilta cyc cbng va cyc ngudn, Cpe gllTa CUC cdng va
cue thio, ¢y gilfa cye thao va cyc nguﬁn. Cac dién dung ky sinh ¢O
tri 6 khodng vai pF.
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Chuang 7
Cil
G D
A \ A
Vis Cu., T s Vi
g"lvu
v
5 8

Hinh 7.8: Mach tuong dugng ¢ tan sé cao

§7.4- CACH DANG KHUECH PAI THONG DUNG

1. Mach khuéch dai cife nguén chung

a) Mach khuéch dai cue nguon chung ¢ tu C.

Thong thudng, mach khuéch dai dung FET cing dudce phin

cue ty ddng nhdt dién trd Rs & cue ngudn nhu hinh 7.9.

+v:.‘(:
A
R, ' G D
. C2 _ —
C, . | + » » iy A

o . .Yy
5 rs . . + i RU \fﬁ <‘> ‘ ‘ RD V)
| R,-> Ry I ¥
' \j

Hinh 7.9: Mach khuéch dai ngudn
chung c6 C,

¥y 5
N

Hinh 7.10: Mach tuong duong

Pi¢n trd cue thido Ry d¢ 14y tin hiéu ra, cdc ty dién lién lac
¢6 tdc dung cich ly dién dp mdt chiéu va c¢hi cho tin hi¢u xoay
chi€u qua, tu phin dong Cs ding d€ ndi tit tin hiéu xoay chidu
xudng mass loai bd tdc dung hoi ti€p am trén Re. Cdc tu dicén C; -
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Cz - Cg phdi chon tr s0 di [3n d€ ¢o dung Khing rat nhd & khodng
tin sd clia tin higu khudeh dai nén ¢é thé xem nhu ndi e
Nguon tin hiéu ngd vio ¢é bign do 1 v, v ndi 1 clla nguon r,
Hinh 7.10 Id mach tuong dudng vdi ngd ra 1a ngudn dong
dién.
(J ngod ra Ry; ghép song song ry nén ¢d tong trdd ngd ra wiing
duing:
R _ rr.f R!)
[ ; R
frf + I
Pién dp cda tin hiéu ra:
Vo = j(l RU
v

o= ~EmV R()

Diu trir (-) trong ¢Ong thite do tinh khuéch dai dido cia

mach.
o - e . v, v
D4 khuceh dai dién dp cda mach la: A, = 2 = ¢
Vg V..
Do dién trd Rg rit Idn khodng vai MQ, trong khi 1, rit nhé
khodng vii triim €2 nén; Vo ® Vg
L. v R
Licds: A, =% =-g R, = - "
LS .
";3.1 rn’ + RD

Truting hop chon dién trd Ry, khi nhé so vdi o (rg = vii chue
K) thi Rg = Ry,

D3 khu€ch dai dién dp dudce tinh theo cong thite gian ding:
A4, =20 = ¢ R
[ _gu! i}
Voo
Theo ¢dng thite gan ding trén thi dd 1¢i dién ap i !¢ thudn
vdi Rp véi diéu kién Rp phii khid nhd so vdiry.

Thudng do Igi chi dat d&n mue vai chue lan,
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b) Mach khuéch dai ngudn chung khéng cé tu Cs
Khi bd tu phin dong Cs nhu mach dién hinh 7.11 thi mach
tuong dudng duge v€ lai nhuy hinh 7.12. Nhu vay, dong dién tin hiéu
iy $& gua Rg cing dong dién mot chi€u I va tin hiéu qua Rg sé tao
dién 4p hdi ti€p 1am thay ddi nhiéu théng s& ctia mach, trong dd ¢d
dd lgi dién 4p.

+V
A GIm—TTmoo- 7D
l A | - A
| i .
S, f [ P :
N | Lo A ll Lo
f | ERe L vy b R v
‘ (70 v, (P, S -S—I ‘
v, ] R, ’ i :
s v

;LLL

Hinh 7.11: Khéng ¢ tu Cs Hinh 7.12: Mach tuong duong

Gid thiét dién 4p gidm qua ry khong ddng k&, theo mach
tuong duong ta ¢o:

VS=vg.~.‘+id RS (1)
. . KV
vi 1, = 2
d Rg+r, + R (2)
a - V R |
Ongdra: v,=—i R, = TH Ve %o 3

Ry +r, +R,
T phuong trinh (1) va (2) suy ra:
R;+r, + Ry,
(1+ p)RS +r, + Ry

XV, (4)

g

T phuong trinh (3) suy ra dd khu€ch dai dp riéng cia FET:
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Vo -HR,

4= Yo o
Re+r, + R,

(5}

A=t

g:
Thay thé: p=g.ry vao (5) ta ¢

A.a = }iq_ — _gm rn' RD (6)
Y v, R,+r +R, |

Tu phuang trinh (4) va (6) suy ra d6 khuéch dai dién dp
chung cho toan mach:
JI{') - gm rd R.’J

A, === = (7)
v, (I+,u) Re+r, +R,

So sdnh do khué€ch dai dién dp cla (7) vdi do khu€ch dai
di€n dp trong mach ¢6 ty Cs phan dong thi & miu s& ¢6 thém (1+
Rs. Pi€u nay tam dd khuéch dai dién dp bi giam do tdc dung hdi
ti€p am.

Phudng trinh (7) ¢6 thé viét dang khdc va suy ra dién dp v,

A =_vi= _ﬂRU (8)
g v, (1+,u)R3+rﬂ,+RD
RD
= Vv, = -4V X 9
© Vs (i+,u)RS+r“,+RD )
R
Vo ® =V, X 2 (1)

(I+x)R, +r, + R,

V&i phuong trinh (10) mach wong dugng c6 thé vé lai:

G (1+p) Rs
T, :;3 Ty ;;
: i
l__ R, j': Ry
s \’ L/'," H.Vgs

Hinh 7.13: Mgch tuong duong riit gon
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2. Mach khué'ch dai cuc thao chung

Mach khu€ch dai cue thio chung dung FET ¢ s¢ dd va
mach teang duong nhu hinh 7.14 va 7.15.

+V
i
|
C . : l"s
‘ !"H . \,rs ’
IR R }
. . V5 ’ L l
Hinh 7.14. Mach cuc thao chung Hinh 7.15: Mach tuong duong

Trong sd dd, cwe D ndi 1én ngudn +Vee nén duge xem nhu
ndi mass 361 vdi tin hiéu xoay chiéu. Nhu vdy, dién ud ry va Rg
dudge ndi song song nhau.

Tit mach tuong duong kiéu ngudn dong, dién dp xoay chiéu
ra duge tinh theo cong thite:

r R,
TN
#] =gm"rw x (l)
‘ re + Ry

Di¢n tr¢ r, cia ngudn tin hiéu thudng ¢6 tri s§ nhd (= vai

rim Q) trong khi dién trd Rg tri s0 rit 1dn (= vii M) nén: Ve =V,

Ta ¢o: Ve, = Vg — ¥, {2)

Thay theé (2) vao (1) suy ra 40 1di dién dp ciia mach:

AI- :LJ-: gur - R.\' (3]
v 1 l (,“+])R5' +ry
R
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Théng thutng g, khd l6n so véi Vrgnén c6 thé viet
v R,
A =Yoo _8u
v l+g, R,

LY m

(4)

Phuong trinh (4) cho thdy d 1¢i dién 4p ctla mach nhé hon |
va 14 mach khuéch dai dong pha.

§7.5- MACH KHUE CH PAT HOI TIEP DUNG FET

Nhu da phan tich trong chudng 3, mach hi tép Am ¢6 (e dung
cdi thi¢n chal hugng cla tin hidu ra & cic mach khuéch dai trong khi
hoi tiép duong ding dé oy tao tin hiéu trong cic mach dao ddng. Do
d6, trong phin nay chi gidi thiéu cac mach hdi GEp am.

1. Hbi ti€p 4m dong dién ghép ndi tiép
Mach khuéch dai ¢6 héi ti€p am dong dién ghép ndi tiép
chinh 12 mach khuéch dai dung FET khdng <6 t phin dong Cg nhu
hinh 7.16.

r}_
U

Hinh 7.16: Mach khuéch. dai héi tiep am dong dién

Khi khuéch dai, dong dién ¢Ga tin hiéu ra ig qua dién (4 Ry
tao ra di€n dp xoay chiéu v, chinh 13 tin hiéu hdi ti€p vy.
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Khi tin hiéu vao v, ting 1am v tdong din dén iy tang s¢ 1am

¢ho tin hiéu hoi G&p vy cling ting. Nhu viy. tin hiéu hdi iép v ddng
pha vdi tin hiéu vio v,

Taco: vy=ve-vg

Do vy va v, LTGng pha nén vy nhé hon v, nghia & mach hoi

uép am.

Trong phan mach khuéch dai, cue ngudn chung khong ¢ Cy,

dd 1oi dién dp la:

A = A, = Yo _ M Rf?

v (l+p) R, + r, + R,

L1
Theo nguyén 1y hoi tiép thi hé s& hdi ép etia mach:

h= L — ﬁ - _’IE\
v LR, R

2 I

Ngudi ta phin biét dd i vong hd (khi chua ¢6 hoi tidp):

- ;t‘ 1’,].:.“
A _ Y -i,R, _ + R, + R, _ T H R,
[NA)
"g.w ";:\' “.L'\' ‘Jn’ + RH + R\

D46 1t vong kin hay do 1gi hdi ucp:
gk A

K Yy

Thuy A, viccong thie tinh Ay ta van ed:
I_IH R.rr

4, =
Y u) Ry, 4R,

-

m dién dp ghép ndi tiép

14y



Mach dién uf — Tép | Nguyén Tin Phudc

[E N
R, o c,
C, ] X
[ R,
. R . i v,
Ve R, T Ve Reos -G R v

, ; ; , .

S J_ _L L A X

Hinh 7.17: Mach khuéch dai héi tiép am dién dp

Trong mach hdi ti€p dm dién dp hinh 7.17 tin hiéu hdi tép
Idy trén cdu phiin dp Ry = Ry ¢ ngd ra duge ghép néi G€p vdi ngudn
tin hiéu v, ¢¢ dua vio cue G.

Tu phin dong Cs ghép song song vdi Rg ¢6 tic dung ndi it
tin hiéu xoay chiéu trén cue § xudng mass. Tin hiéu vio ¢ v, chinh
14 tin higu i eue G xudng mass.

Nhu vily ta cor v = v+ vy

o

Trong mach kKhuéch dai rdp cye ngudn chung, tin hiéu vio
vd ra ddo pha nhav nén v, vi vy ddo pha nhau.
Do dé, v, nhd hon v, v mach 1 loai mach hdi 1i€p dm.

DA

Theo dinh nghia. hé s@ hoi tép:

Hh=—= e

Do ciu phandp Ry — Rs nén dién trd 141 & ngd ra:

R, (R .
R, =R, VR +R,)= _(1_+R_)
' ) R, +R +R,

Ba khudeh dai vong hd ctia mach (khi chia ¢d hoi Gép):
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Chuong 7 Mach khuéch dai dung FET

Vo _ T M R;_
+ R,

v oy III..'.f

B0 khuéch dai hdi tiép la:
v, A

A = - TV
N v, 1-b Am

Thay Avg va b vao cong thife Ayr ta ¢o:

H

- 1 b X R;_
+
Ay :—r‘!— (2)
T+ R,
1+ ub '

So sinh dang bidu thite (1) vi (2), ta dit:

. 1t . - r,
H = vd =
1+ ub 1+ ub
R
Ta s€& ¢a: A, = —.'“7;' (3)
.+ R,

Nhu vy, khi ¢d hdi G€p thi hé s khuéch dai p va nodi wrd ry
s€ bi gidm 1+ pb 1dn. Piéu ndy ¢4 nghia 12 mach khu€ch dai hoi
ti€p s& bi gidm do khufch dai nhumg ciing gidm noi wd ngod ra dé
thich dng vdi cdc 141 ¢6 tri $8 dién trd nhd hon.
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* GIAO TRINH PIEN TU KY THUAT

1- Linh kién dién t¢ (khd 16x24)

2- Mach dién tif - Tap 1 (khd 16x24)

3- Mach dién tf - Tap 2 (khd 16x24)

4- Mach dién tit - Tap 3

5-Machso -tap 1,2

6- Mach tuong tu (khd 16x24)

* GIAO TRINH PIEN TU CONG NGHIEP
1- Linh kién diéu khién

2- K§ thudt xung cidn ban va niang cao

3- bién tlf &ng dung trong cdng nghiép- Tap 1
4- Dién ti¥ ng dung trong cdng nghiép- Tap 2
5- Pién tlf cOng suit

* GIAO TRINH PIEN CONG NGHIEP

1- Pién ky thuat

2- Po ludng dién va dién tf (khd 16x24)

3- Khi cu dién - Truyén dong dién

4-Trang bi dién

* GIAO TRINH PIEN TU TU PONG HOA

1- Lap trinh vdi PLC Logo, Easy va $7-200 (khd 16x24)
2- Lap trinh v8i PLC Zen, CPM2-A va Inverter Omron
3- Cdm bi€n -Po ludng va diéu khién (khd 16x24)

TU SACH KY THUAT PIEN - PIEN TU
CUA TAC GIA NGUYEN TAN PHUGC

(tdi bdn 1an thi 10)
(tdi bdn lan thi 6)
(tdi badn 1an tha 5)

(sdp xudt bdn)
(da xud'tban)
(tdi bdn 1an thi 3)

(tdi bdn 1an th 6)
(tdi bdn 1an th 4)
(tdi badn lan thit 4)

(sdp xudt bdn)
(tdi bdn 1an thit 2)

(sdp xudt bdn)

(da xudtbdn)
(sdp xudt bdn)
(sdp xud't bin)

(tai ban lan thit 6)
(tdi ban lan thit 4)

(da xuit ban)

4-Trang bi dién khong ti€p di€m-Thang mdy cong nghiép  (sip xuat ban)
* GIAO TRINH DAY NGHE - HUGNG NGHIRP (kh 14x20)

1- Stta chita Thi€t bi Pién - Pién tif gia dung
2- Bién va DPién tlf cin ban

3- Pién tif cong nghiép va Cdm bién — Tip 1
4- Dién tf cong nghiép va Cdm bién — Tap 2
5- Ampli — Ly thuy&t va Thuc hanh

(da xuat ban)
(da xudtbdn)
(da xuat ban)
(sdp xudt bdn)

(sdp xud't ban)

Gis: 26.000 déng
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