KHUECH PAI CONG SUAT

3.1. PINH NGHIA - PHAN LOAI

3.1.1. Pinh nghia

Céc mach khuéch dai da nghién clu & chuong trudc , tin hiéu ra & cic mach d6 con
nh0. PE tin hiéu ra dU 16n ddp Ung yéu cau cic phu tdi, vi du: cho loa (radio — casttset)
; cho cdc cubn 14i tia (tivi) v.v... ta phdi dung d€n mach khuéch dai cong sudt. D€ tin
hi€u ra c6 cong sudt 16n va chat lugng ddp Ung nhitng yéu cau cla tdi nhu d0 méo phi
tuy€n, hiéu sudt cdc mach vi thé mach cong sudt phdi dugc nghién cltu khic vGi
mach khuéch dai trudc doé.

Vay khuéch dai cong sudt 1a tang khuéch dai culi ciing clia bd khuéch dai, cé tin
hi€u vao 16n. N6 c¢6 nhiém vu cho ra tdi mOt cong sudt 16n nhat c6 thé dugc, vdi dd
méo cho phép va ddm bdo hi€u sudt cao.

Do khuéch dai tin hi€u 18n, transistor 1am vi€c trong mi€n khong tuy€n tinh nén khong
th€ dung sO d0 tuong duong tin hi€u nhd nghién clru ma phdi ding do thi.

3.1.2. Phan loai

Tang khuéch dai cong sudt ¢ thé lam viéce & cic ché dd A,B ,AB va C,D tuy thudc
vao céc ch€ d0 cong tac cla trasistor .

Ché d0 A: La ché d0 khi€ch dai cd tin hiéu hinh sin vao. Ché d0 nay c6 hiéu sudt
thap (vGi tai dién tré dudi 25%) nhung méo phi tuy€n nhd nhat, nén dugc ding trong
truOng hop dac biét
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Hinh 4.1
Ché d0 B : 1a ché d0 khuéuich dai n(ra hinh sin vao, day 1a ch€ dd c6 hiéu sudt 16n (
= 78%), tuy méo xuyén tdm 16n nhung c6 th€ khac phuc bang cich két hop véi ché do
AB va dung h0i ti€p am (hinh 4.1b)
Ché d6 AB: C6 tinh chat chuyén ti€p gilta A va B. N6 c6 dong tinh nhd d€ tham gia
vao vi€c gidm méo liic tin hi€u vao cé bién d nhod.



Ché d0 C: Khuéch dai tin hiéu ra bé hon nla hinh sin, c¢6 hi€u suat khd cao (> 78%)
nhung méo rat 16n . N6 dugc dung trong cic mach khu€ch dai cao tan c6 tai la khung
cOng hudng d€ chon 10c séng dai mong mudng va d€ c6 hiéu sudt cao .

Ché d6 Pién: Transistor 1am vi€éc nhu mét khoa dién ttr déng m& .DuUdi tac
dung cUa tin hi€u vao di€u khi€n transistor thong bao hoa la khoa déng , Dong IC
dat cuc dai, con khoa mo khi transistor tat, dong IC = 0.

3.2. KHUECH PAI CONG SUAT CHE PO A

3.2.1. Khuéch dai ch€ d6 A dung tdi dién tro

Trong tang khuéch dai ch€ do A , di€m lam viéc thay d6i d6i xting xung quanh
di€m lam viéc tinh . Xét tdng khuéch dai don mac EC va mach nay c6 hé sé
khuéch dai 16n va méo nho .Ta chi xét mach & dang ngudn cap néi ti€p . Mach
dién duoc cho & hinh 4.2

>

Hinh 4.2: S0 d6 khuéch dai ché dé A ding t3i dién ré
Ché do tinh
Dong phan cuc 1 chi€u duoc tinh theo Ucc va Rg:

;U 07V

B RB
Tuong Ung vGi dong collector s€ 1a :
IC = .IB

Dién 4p trén collector — emitter :

U =Ucc—Ic. Re

TU gid tri UCC ta vé& dugc duong tai mOt chi€u AB , tUr d6 s€ xdc dinh dugc di€m lam
viéc Q tuong Ung v&i IBQ trén dac tuyén ra .Ha dudng chiu tUr di€m Q d€an hai
truc toa do sé ¢4 ICQ va UCEQ nhu hinh 4.3.
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Ché d6 ddng (khi c6 tin hi€u)

Khi c6 mot tin hiéu AC dugc dua tdi dau vao cla b0 khuéch dai, dong dién va dién

4p ra s thay d6i theo duOng tdi mOt chiéu .

MOt tin hi€u dau vao nho (hinh 4.4a) sé giy ra dong di€n cuc gbc thay d0i G bén trén
va bén dudi cla di€m lam viéc tinh, dong colector va di€n 4p collect — emiter cling

thay d0i xung quanh di€m lam v€c tinhnay.

Khi tin hi€u dau vao 16n hon (hinh 4.4) dau ra s€ bi€n thién xa hon so vdi di€m lam
viéc tinh da dugc thi€t 1ap tUr thdi di€m trude , cho tGi khi ca dong dién va dién dp
déu dat toi mOt gia tri gidi hang. DOi v&i dong dién ,gid tri giGi hang nay c6 th€1a 0 &
di€m k&t thic thap hodt Ucc//Rc G diemé két thic cao cla chu kY hoat ddng cud né
Paoi véi dién 4p Colector — emiter, giGi han clng c6 thé 1a OV hay bang gi4 tri ngubn

cung cap. Ucc.
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Cong sudt cung cap tU ngudn mot chiéu
Py(dc) = IIJCC Jeo

Cong suat ra:

Tinh theo gid tri hi€u dung

Pr(ac) = UCE(ms).IC(ms)
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Hinh 4.4: Quan hé gitta tin hi€u vao va tin hiéu ra



Pr(ac) = PPems RC
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U C ms

Pr(ac)=

Tinh theo gid tri dinh

UCEP‘ICP IZCP

P ac R
r 2 2 C
U’ce p
' 2R,

Tinh theo gid tri dinh — dinh

UCE PP 'IC(P P)

P ac
8
IZC(P P)
P (ac) TRC
p U2CE(P P)
r(ac) T on
S8R,

Hiéu sudt mach :hiéu sudt clla mOt mach khuéch dai phu thudc vio tOng cong sudt
xoay chi€u trén tai va tOng cong sudt cung cap tU ngudn mOt chieu .hi€u sudt dugc
xdc dinh theo cdng thUc sau :

Pr ac
Zree 100%
v dc
Hiéu sudt cuc dai :
V&i mach khuéch dai cong sudt ché dd Ahiéu sudt cuc dai c6 thé dugc xic dinh
thong qua gid tri dong dién cuUc dai va dién dp cuc dai

UCEmat(P p) UCC
I UCC
CE(P P) R
C
UCC 'UCC
R
Prmat(ac) <
8

Cong suat mot chiéu (dc)tlr nguOng dién 4p cung cap cUc dai dugc tinh Ung véi gi4 tri
dong thién 4p bang mOt nilra gi tri cuc dai :
UCC

R U’cc
F, max(de) Uccdowa Uce- S
' 2 2R,

Ta tinh dugc hiéu sudt cuc dai :
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U-cc

P attac R

L et 100% 820 100%  25%
Vimat (dc) cc
2R,

Hiéu sudt cuc dai clla mach khuéch dai ché d0 A ding tdi di€n trd nhu ta thdy 1a
25%. Hi€u sudt nay chi dat dugc trong truOng hgp dac bi€t ,con hau hét cic mach
khuéch dai ch€ dd A dung tdi dién trd d€u c6 hi€u sudt nhd hon gia tri 25%

Vi du 1: Tinh cong sudt vao , cong sudt ra ,hi€u sudt va cong sudt tOn hao transitor khi
cho tin hi€u vao v&i dong Base I g peay = 10mA

A Ic(mA)
Uce le = Y€€ 1000 40
Rc N,
I\ 900 ™,
Re | =Re =200 8007 N 20
' 700 \, ) .
1KQ 600 . Pudng tai mot chiéu
Ci ~ N\ 20
1| Y g - o5 lc 500 [ ——— —
l | L 400~ " Diém lam viéc
300 N 10
l 100~ “\lB = OmA
| 1! 1 | 1 |-.
oV 5 10 15 20 25  |Jeg
Ucea  Uce= Ucc
a) b)

Hinh 4.5: SO'd6 cho vidu 1
Giai:
Tinh cic gia tri d€ xdc dinh di€m Q
Ig =Ucc—-0.7(V)/Rg = (20-0.7)/1(k ) =19.3mA
Ieg= 15 =25.19.3 =482,5mA
Ucgg =Ucc —Ic. Re =20 -482,5. 20 = 10,35(V)
Mach dién khong c6 Rg,nén Ucg = Uee = 20(V) va
A A
RC
Ta v& dugc dudng tai mOt chiéu RDC .(2 di€m UCE = 20V; IC = 1000mA).V&i ICQ
va UCEQ ta xdc dinh dugc di€m lam viéc trén duOmg tai .
Khi tin hi€u vao v&i dong base IB((P) = 10mA thi bién dd dong collector trén ddc tuy€n
s€la:
IC(P) = .IB(P)=25. 10=250mA (gi tri dinh)
250.10 °A°
5 )
Pyoc = Ucele = 20 . 482,5 . 10° = 9,65W
(%) = Py /Py 100% = (0.625/9.65).100% = 6.48%
Po=Py—-P,=9.65-0.625 =9.025W

20 0.625W

2
Prac)= 1< 2
2



Qud vi du ta thdy & mach khuéch dai RC ding ché d0 A c6 hiéu suat thap ,chi dat
6.5% so vGi hiéu sudt cuc dai 1a 25%.
3.2.2. Khuéch dai ché d6 A ghép bi€n 4p
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Hinh 4.6: Mach khuéch dai cong sudt am tan ghép bién dp
Pay 1a mOt dang khuéch dai ch€ dd A vdi hi€u sudt ti da 1a 50% ,s{ dung mOt may
bi€n 4p d€ 14y tin hi€u dau ra d€n tdi nhu hinh 3.6.
Hoat d0ng cUa may bi€n 4p :mOt mdy bi€n dp c6 thé ting hay gidm gid tri dién dp va
dong dién theo ty 1& da dugc dinh trudc00.Gid si mdy bi€n 4p dugc nghién clu 1a loai
may ting dp va bd qua su tOn hao cong sudt.
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Hinh 4.7: Hoat déng cUa bién dp

a) Bién doi dién dp; b) Bién d6i dong dién; c) Tro khding
3.2.2.1 Bién d6i dién 4p
NhU ta thdy hinh 3.7a,mdy bi€n 4p c6 th€ lam ting hay gidm dién ap phu thudc vao
nh{ng sO vong diy & mGi bén>
Su bi€n dGi dp theo cong thlrc U1/U2 = N1/N2
Diéu nay chi r0 rang néu s vong day cudn th( cap 16n hon cubn sa cap thi dién dp
ra th( cap s€ 16n hon dién dp vao sO cap .
3.2.2.2. Su'bién d6i cla dog dién
Dong dién bi€n d6i sé ty 1€ nghich vGi sO vong day & hay culn . TUc 1a :
12/11=N1/N2
MO0i quang hé nay dugc thé€ hién & hinh 3.7b . N&u s6 vong day & cubn th(r cap 16n
hon cudn so cap thi dong di€n chay G cudn th( cdp s€ nhd hon dong dién & culn &
culn sO cdp .
3.2.2.3. Ti cla bi€n 4p c6 bi€n dbi trd khang
Khi bi€n 4p thay dGi di€n 4p va dong di€n thi trG khang G cd hai cudn diy ciing c6 thé
bi thay d6i , nhu ta thdy & hinh 3.7c.
Ta goi RL La dién tré nhin vao tU cudng diy sO cdp may bi€n 4p, trén d6 da tinh dén
anh hudng cUa tai ghép tU culn diy th( cap thong qua hé sO bi€n dp :
A? = (N|/N,)?



Dién trd tdi ¢ cudn diy th cdp phdn dnh qua di€n rd sG cap dugc tinh nhU sau :
RL/RL = R1[R2 = (Nl/N2)2 =3.2

TI'OIlg doé tg/ 86 :Ul/Uz = szl va Ig[[l = N1/N2

Hé s6 phan 4nh tU tdi qua sO cdp bi€n 4p biéu thi ty sO gilra tdi phdn 4nh RL va tai
RL qua ty sO bién dp :

2

RLRL= Mo g
N2

Vidu?2:

+ tinh tOng RL bi€t RL =8 va ty sO vong cla bi€n dp a = 15/1
2

R, NooR 1528 18k

2
Tinh sO vong cUa bi€n 4p khichoR. =16 ,R, =10
N, © R, 10000

625,suyra:& V625  25/1
N, R, 16 N,

3.2.2.4. X4c dinh duOng tdi mOt chi€u, di€m am viéc tinh va tai xoay chi€u
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Hinh 4.8: Puong tao cla mach khuéch dai cong sudt ché dd A ghép bién dp

Vi diién trd m6t chi€u cUa cudn day bi€n dp rat nho Iy tudng coi nhu bang 0. Nhu
vay dudng dac tuy€n tai mOt chi€u Rpc lic niy s& thang dUng song song v6i truc
tung (Ic) . Pién 4p tai di€m lam viéc tinh :Ucgg = Uce. N€u cho biét dong dinh thién IB
thi chi viéc k& mdt doan thang song song vdi truc tung IC ,cat dac tuyén vdi dong Ib
s€ tim dugc di€m lam viéc Q .Can luu y rang khéng dugc tu ¥ chon dong IB ma phai
cin cU vao ddc tuy€n d€ xac dinh sao cho c6 d0 méo 1a thap nhat . Di€u nay c6 quan



hévdi bién d di€n 4p va dong tin hi€u & ngd ra , c6 ngid la bién d6 cla ching khong
VUGt qua doan cong ddc tuy€n va dudng cong giGi hang t&n hao cho phép cla

transistor .

Pi€ém lam viéc dugc chon trén giao di€m cla dudng tdi RDC va dong IC Ung v&i
tham s6 IB = 6mA . D€ dam bdo cho tin hiéu 1am viéc § phan dac tuy€n thang thi
dong di€n va c6 bién dO 4mA (Peak).Tu d6 s€ xdc dinh dugc bién d6 cla di€n 4p va

dong ra trén tai

Xiéc dinh dudng tai xoay chiéu RAC bang cich ké doan thang c6 d nghién (-1/RL)

bi€n dp .

1&ch vé truc IC di qua di€m lam viéc Q.

Né&u tin hiéu Bat dau tUr di€m lam viéc & mic 0V, thi dong collector tr di€m Q, ICQ

s€ bi€n d6i mOt lugng :

IC = UCE/R’L

TUgidtri Ic trén truc IC, kéo dudng thang dén di€m Q t6i truc Ucg s& c6 ddc tuyén

tdi Rac.

3.2.2.5. Dang tin hiéu ra va cong sudt ra
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Hinh 4.9: Dang tin hiéu ra va cong sudt ra

Cong sudt xoay chi€u g@i tGi bi€n 4p :

UCE max

UCEmin ICmax ICmin

pruc

8

— Y

Phan cong sudt nay dugc g6i tGi cudn so cp cla bi€n ap, n€u bién 4p 1a Iy tudng thi
cong sudt trén tai gan bang gid tri nay .

Cong sudt ra ciing c6 th€ dugc tinh theo dién 4p rdi trén tai .

Vidu3

Cho mach dién (hinh 3.1)

Xdc dinh céc thong sO gi4 tri hiéu dung cla dong dién ,di€n 4p ,cong sudt trén tai .
Cho biét : Ty sO di€n 4p 3/1, dong tinh Iy = 6mA, bién d0 tin hi€u vio Ip = 4mA.

Giai



+Ucc=10V

Hinh 4.10: S0'd6 cho vidu 3
DPdc tuyén tdi RR(DC) bat dau tir diém .
TU ddc tuy€n tuong Ung véi Iy = 6mA , tim dugc
UCEQ = 10V
ICQ = 14mA
Dién tr& phan 4nh tUr tai qua so cdp RL:
Rp=(N/N,)2.R1 =328 =72
X4c dinh dudng tai xoay chi€u nhu sau :
Ic = Ug/Ry = 10/72 = 139mA
Gid tri dong tai diém A trén dac tuy€n IC (trén hinh 3.11b)
Icpg + Ic = 140 + 139 =279mA
NGi A va Q s€ dugc dac tuy€n tdi Rac
Xdc dinh gid tri cuc dai va cuc ti€u cla dong va cUa dp trén collector BJT :
PuoOng ddc tuyén tdi Ry cat ddc tuyén ra tai dudng c6 Iy = 2 va dudng c6 I = 10.
Tai dudng cé B = 2 xdc dinh dUQC Lo, = 25mA va Ucgna = 18.3V.Tai duOng c6 I =
1.7V Xéc dinh duQc Uggpin = 1.7V va L = 255A.

4 lc(mA) 4 lc(mA)
14mA 14mA
4004 - 400+
350 ."( 12mA aso+ | 12mA
|- ;
300 | 10mA 3007 [ 10mA
250 - [ 250
200 |- 8mA Ale 200 [ —> mA
150 | _ BmA leal 150 | ~.|Q 6mA
100/ 4mA 100/ . _4mA
50 _ 50" . lg=
- 1 1 1 IB 2|'Tl’lll'a| > ICEIT’Iiﬂ=25mA [l 1 hl"*l-u,ls 2I-I.IIA .
ov 5 10 15 20 25 \ge(y oV 5 10 15 |20 25 Vee(V)
UcEmin=1 ,?V UcEmax=1 8,3‘."

Hinh 4.11

UCE(min): 17V, Icmin =25ma
Ubime =18.3V ; Lm = 255A
Cong sudt ra trén cudn sd cap bién ap :



P UCEmax UCEmin 'ICmax ICmin 183 17 255 25 =O477W

r ac 8 8
Gi4 tri dién 4p hiéu dung trén culn sO cap:

Ui Up /2 Uepne Ucpmn)!242 16.6/2,828 587V

rms

Gia tri dién 4p hi€u dung trén tai :
Uimo = (No/ND U = 1/3.5,87 = 1,96V
Cong sudt ra trén tai tinh theo 4p UL
Prac) = U% = 1.96/8 = 0,48W

Gia tri hi€u dung cUa dong tai

IL(rms) = Ll.IC rms N ICmax ICmin €
N2 N2

V2

=3.230mA/2.828 = 244mA
Cong thUc ra tinh theo dong 1.
PL(AC) = IZL.RL = (244 10_3)2 :0,476W
3.2.2.6. Tih cong sudt 1 chi€u va hiéu suat
Cong sudt cla ngudn DC
PV(DC) = UE: . ICQ
Cong sudt tiéu tan trén transistor G ch€ d0 tinh
PQ = PV(DC) -Pra(AC)’
Vi céc thong sO & vi du 3,ta tinh dugc:
PV(DC) = UCC -ICQ = 10(1401073) = 14W
PQ = PV(DC) — Pr(AC) = 14 - 048 = O92W

= (Pyac/Pyic - 100% = (0.48/1,4).100% = 34,3%
Nhu vay mach khuéch dai cong sudt & ché d0 A ghép bi€n 4p da dat trén 25% . Hiéu
sudt cuc dai cla né c6 thé dat dudc tGi 50%
Ta c6 thé tinh hiéu sudt cuc dai theo UCC va UCE bang cong thlc kinh nghiém cho
mach cho mach ghép RC va bi€n 4p :
DGi vGi mach ghép RC:

=25 Ucpmx  Ucrmin : IUce Ucpmx  Ucmin %
DGi vGi mach ghép bién 4p :

=50 Uctgmax Uctmin 'Ucc Uckmax U ckmin " %
Vidu4
Tinh hi€u sudt clla mach khuéch dai cong sudt ghép bi€n 4p v&i Ucc= 12V trong céc
trudng hop :
A)U e = 12V bi€n d6i xung quanh dinh thién cUa di€m Q vGi Ucgg = 12V
b)Upeak = 6V, UCEQ = 12V
C)Upeak = 6V, UCEQ =18V
Giai:
UCEmax = UCEQ + Up = 12 + 12= 24V
Uctmin = Ucgg— Up=12-12 =0V

= 25 UCEmax UCEmin ’ /UCC UCEmax UCEmin %



= 25[(24 — 0Y2/24.(24 +0)].% = 25%
UCEmax = UCEQ + UP = 12 + 6 = 18V
Uckmin = Ucgg —Up =12 -6 =6V
= 25 UCEmax UCEmin ’ /UCC UCEmax UCEmin %
=25[(18 — 6)*/18.(18 + 6)].% = 6.25%
UCEmax = UCEQ + UP = 18 + 6 = 24V
Ucemin = Ucgq - Up=18 -6 =12V
= 25 UCEmax UCEmin ? /UCC UCEmax UCEmin %

=25[(24 — 12)*/24.(24 +12)].% = 4.17%

Qua vi du trén ta thdy mOi tuong quan gita bién d0 ra U, v&i dién dp nguébn UCC.
Khi Ujea = Ucc thi hiéu sudt dat mUc 18n nhdt (= 50%). Néu U = 1/6 . Uee = 2V
thi hiéu sudt gidm rat nhanh dén gia tri nhd nhat ( = 1,39%).

DO méo séng hai clla mach khuéch dai ché dd A tuong doi nhd. Trong truOng hgp
ghep bi€n 4p, do c6 dong mOt chi€u chay trong cudn diy khd 16n 1am ting dong tUr ho
cUa 16i sat bi€n 4p dan dén tran thii bao hoa. Piéu nay sé gay méo dang tin hi€u ra.
P& gidm méo do bao hoa tlr, ngUdi ta ting tU trd cUa 16i sat bang vat liéu cdc tir dac
3 khe ha gilra cdc 14 sat .

Nhu vay, khuéch dai ch€ dd A chi dung cho tin hi€u nh6 nhu tang khuéch dai mino,
tién khuech dai va ddo pha ..

3.3. KHUECH DAI CONG SUAT CHE 1510)

O ché dd B, transistor s& diéu khién dong dién & m8i nlra cla chu kY cUa tin hiu.
PE& thu dugc cd chu kY tin hiéu dau ra, thi can st dung 2 tranistor, mOi transistor dugc
st dung & mOi nra chu kY khéc nhau cUa tin hiéu, su’ van hanh k&t hgp s€ cho ra chu
ky day du cUa tin hi€u. Khi mOt b0 phdn cd mach ddy tin hi€u 1én cao trong sudt nlta
chu kY con 1ai clla mach dién khi d6 g0i 14 mach day kéo. MOt tin hi€u dau viao AC
dugc dua vao trong mach dién déiy kéo vGi su hoat ddng & mOi phan trén moi nlra
chu kY thay d6i nhau, tai sao d6 s& nhan dudgc ca chu ky cUa tin hiéu d6 .

A

BAN MACH ‘

BAN MACH

Hinh 4.12



Trasistor cong sudt dugc st dung trong mach ddy kéo c6 khd ning cung cap cong sudt
mong muOng cho tdi, va sU van hanh ch€ d0 B cla nh{ng trasistor nay s€ c6 hiéu suat
16n hon so v&i viéc s dung 1 trasistor don trong ché d6 A.
3.3.1.Cong sudt va hiéu suat
Cong sudt vao DC (cdng sudt nguOn cung cap )
Ppc = Ucc . Inc . ’
Inc = Iav 1a dong trung binh chay qua ngubn cung cap,
Bién d6 hay dong dinh IC(P) = +/2.1,., nén dong trung binh chay qua ngudn trong toan
chuky séIa:
Iavg = 2IC(P)/
Vi dong trung binh I, = 1c; + 1> néntacod:
Lye = 242U, nén
PDC = UCCIDC = N2U .2v21./  4U I,/
Cong sudt trén tai RL cla 1 trasistor 12 :
P’L = UCIC
4P

Nén PDC =

Cong sudt trén tai RL tinh theo céc gid tri sau :
Puac) = UlLpp/8RL = U?Lp/2R . = U me/Re
Hi€usuat =P/P,.100% = /4.100% =78,5%
Vidu 1.5:
Xdc dinh cong sudt cung cap, cong sudt ra va hi€u sudt & ché d6 Btrong truOng
Cho dié€n 4p tin hi€u ra trén tdi 16 12 20, vd Uec = 30V.
Gidi
Dong dinh trén tai 16
Ip = Urp /RL =20/16 = 1.25A
Dong chay qua ngudn Ucc:
o= 21, 0.796A
Cong sudt cUa dién dp nguln :
Pyvoc) = Ucclpe = (30V)(0,796A) = 23.9W
Cong sudt ra trén tai Ry
Puse = UL o /2Ry = (20V)2/(2. 16) = 12.5W
Hiéu sudt :
= Pusc/Pyoc - 100% = 12,5W/23.9W  100% = 52,3%
Cong sudt tOn hao trén 2 transistor va 1 transistor:
Pyr=Py-P,
Py =P/2
3.3.2. Gid trj cuc dai
O ché dd B, khi Uy = U, thi cong sudt ra dat gid trj cUc dai>
Pr(AC) max— UZCC/ 2R, ) i
Dong trung binh qua nguOn cung cap



% U(,'L'
R,
Cong suat ngudn cung cap cuc dai

21

IDC = P

2 U
PV(DC)max = UchDC = Ucc( (_%) 2U2CC / RL

L
Hiéu sudt cuc dai
= Pr(AC)/PV(DC) . 100%

2 U
= (Uzcc/RL)/ Ucc /==
RL

.100%

R 100% 78,54%

oA A 2 2 o o . .
Khi dién ép ra trén tai dat 0,636Ucc —U . thi tOn hao cuc dai trén 2 tansistor (nam

trong dudng gidi han ton hao cho phép)sé la:

2 U’
P2Qmax = —. RCC

Tai cla 2 transistor tré cuOn sO cap bi€n 4p :

Rec = (2a)R, = 4a°R, = 4R’,

Vi dy 6:

Xdc dinh cong sudt cuc dai & ché dd B khi cho Ucc =30V, tai R, = 16
Giai

PR acmer = Ulec/ 2Ry = 28,125W

Pymaxoo) = 2U%/ Ry =35,81W

_ %.100% 78.54%

\%4
Pr max — PZTmax/ 2 = 5»7W
Hiéu sudt cUc dai & ch€ d6 B con c6 thé€ xdc dinh theo gia tri dinh :

L

max

U2
Pr(AC) 2RP
L

2 U,

P, = Ucclpe = Uce. _'R_

L

P
- 9 100% 78,74%. Uy

V(DC) UCC
Qua két qua ta thdy rang ,hiéu sudt ting theo ty sO gilta U ,_, /U...
3.3.3. C4c mach khuéch dai ché d0 B
Mach dién khuéch dai ché€ d0 B phdi dung it nhat 1a 2 transistor ¢ ciing cUc tinh hay
khic cuc tinh (P hodc N). Khi can ting cong sudt ra, 8 mOi tang cdng sudt cubi thudng
hai diing 2 transistor & moi v€, mac ki€u Darlington. Néu tagng cong sudt ding 2
transistor cling cUc tinh thi tang kich phdi I tdng ddo pha d€ cdp 2 tin hi€u ngugc pha
cUa cUa vao.




3.3.3.1 Mach ddy kéo ghép bién 4p

+Uce /l:?t T
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Mach phén cuc =
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Chia 2 nlia ddo  Ké&t hgp day kéo Bién 4p diu ra
~ day kéo
Hinh 4.13: Mach day kéo ghép bién dp

U'u di€m cla mach nay 1a ch€ dd tinh s€ khong tiéu thu dongdo ngudn cung cdp néu
khong c6 t6n hao trén transistor . Mac khac,vi khong c6 dong mdt chi€u chdy qua bi€n
4p nén khong giy méo do bdo hoa tUr. Hi€u sudt cla mach dat 1én nhat , khodn
78,5% .

Nhugc di€m cla né 1a méo xuyén tam khi tin hi€u vao nhd, Khi cd hai v€ khuéch dai
khong dugc can bang .

Nhu mach hinh 3.13 dé chi 13, & n(ta chu ky dudng cUa tin hi€u ddu vao ,T1 phan cuc
nghich nén khéng dan, T2 phan cuc thudn nén dan. O n(a chu kY 4m thi qud trinh xay
ra ngugc lai. Lic chua c¢6 tin hiéu (Us = 0) thi T;,T>. béu tét, $€ khong c6 dong ngu6n
Ucc chay qua bi€n dp ma chi ¢6 dong ngugc Icgrat nho chdy qua.

Tai thoi di€m chuyén ti€p gita qud trinh dan, ngat cla T1 va T2 s& giy nén hién
tugng méo dang séng, goi la méo dang xuyén tam.

3.3.3.2. Mach bui d6i xUng

+
= Ucet

+
— Uccz

b)

——:i Ucce d)

Hinh 4.14



Dung céc transistor (khéac cuc tinh) mac nhu hinh 4.14a, 2 transistor s& 1am viéc thay
phién trong hai nlfa chu ky cung cap dong ra trén tdi. Hai nUa tin hi€u ra sé dugc tOng
hQp thanh tin hi€u hoan chinh trén tai. O hinh 4.14b 1a transistor npn lam viéc, PNP tat,
con hinh 4.14c m6 ta ban ky 4m cUa tin hi€u vao, khi nay npn tat, con pnp ma.

MOt surbat 10i clla mach nay 12 can phdi ¢6 hai nguOn cung cap riéng biét. Va han
ché

N(ra cia mach bu 12 meo xuyén tim (hinh 4.14d). Py 1a su gdy khic cUa tin hiéu ra
trén tai G thOi di€m chuyén ti€p tU nlra chu ky duong sang am. D€ gidm méo xuyén
tam cho ch€ d0 B tc tin hi€u dau vao con y€u, ngudi ta s& ding ché d6 AB d€ lam
tang kich thich cho tang cong sudt cudi ché dd B.

Mot dang mach day kéo dung céc trasistor bt dugc trinh bay & hinh 4.15. Mach nay &
mGi v€ 12 mOt ciip trasistor cling tinh dOng thdl khdc tinh v&i cap tran51st0rcung tinh
bén kia, goi la mach Darhngton b d0i xUng. o) mach nay thi dong di€n dau ra sé cao
hon, con trd khang thi thap hon .

R1=1000

+
= Ucc1=20V

40uF <

%22&
— D,EE_HF

Hinh 4.15
Mach gid bu cai ti€n tUr mach b di xUng d€ don gidn bét cong nghé ché tao vi
mach. Mach nay dung hai cdp transistor & mOt v& thi cing tinh, con v€ kia thi khac
tinh.
Nghuyén tac 1am viéc clla hai mach Darlington bii va gid bui gi®ng nhau, chi khic &
dién 4p phan cuc d€ tao dong tuy€n tinh ban dau .
C) Mach day kéo gia bu



Hinh 4.16: Mach d&y kéo gid bi

Vidu7:

TU mach phan cyc dong tinh bang diode, xéc dinh :

a) 6ng sudt tiéu tan trén mOi transistor khi cdp dién dp hiéu dung ¢ dau vio 1 12V,
b)N&u tin hi€u vao ting dén gi4 tri cUc dai ma tin hi€u ra chua méo dang, hdy tinh gid
tri cUc dai cUa cong sudt vao va ra va cong sudt tiéu tdn trén mOi transistor.

¢) X4c dinh cong sudt tidu tin cUc dai cho phép clla mOi transistor.

Giai:
Ucc
S

—

c
=
g
W
S~
e
2
I—A\\\—
A
!

Hinh 4.17

a) Gi4 tri dinh cUa di€n 4p vao



Uvey = V2.Uy,, ¥2.02) 1697 17V
Xem bién d0 cUa tin hi€u ra trén tai ra RL trong truOng hop ly tudng gan bang dién 4p
vao (d0 10i dién 4p = 1)thi Upp, = 17
Cong sudt ra trén tai:
Puscy= Ul /2 . Ru= 1772 . 4= 36,125W
Lo = U /Re = 17/4 = 4.25A
Dong DC chay qua nguOn 1uéng cuc:
Ipc=21p/ =2.425/ =271A
Cong sudt ngudn :
Pyvooc) = Ucc . Ipc =25.2,7 =67, 75W
Hiéu sudt (vi Uy = 12V,):

= (P../Py). 100% = (36,125/67,75).100% = 53,3%
Cong sudt tiéu tan trén moi transistor:
Pr=Px/2=Py—-Pn)2=(67,75-36,125)/ 2 =15,8W
b)NE&u dién 4p vao ting bang dién dp Ucc , Uy = 25. Upeu
(Uy = 17,68V,ns) thi Upp) = Uce = 25V
Suyra:
Ponax = Ucc/ 2R =25%/2 . 4 =78,125W
Pyma = (2/ ).(Uc/RD) = (2/ ). (25%/4) = 99.47W

max = (P/Py) . 100% = (78,25/99,47). 100% = 78,54%
V@i tin hiéu vao cUc dai thi cong sudt tiéu tdn mOi transistor s€ a:
Pr=Py/2=(P,-P,)/2=(99,47 -78,125)/ 2 = 10,67TW
¢) Cong sudt tiéu tin cUc dai cho phép G moi transistor:
Pormax = (21 ?) (U*/RL) = (2/ %). (252/4) = 31,66W
P, i; 31,66/2 15,83W
3.4. MEO TRONG TANG KHUECH PAI
MOt tin hi€u ham s0 sin thudn tuy c6 mOt tang sO don & d6 dién dp thay dGi 4m hay
duong v6i sO luong bang nhau. Bat ky tin hi€u nao thay d6i khong d0 mOt chu ky thi
dugc coi 1a bi méo. BO khuéch dai ly tudng c6 th€ ku€ch dai mOt tin hi€u ham sin
thudn tuy d€ duoa ra tin hi€éu 16n hon, Dang séng trd thanh tin hi€u sin tang s6 don.
Khi méo xdy ra, dau ra sé khong con nguyén dang (ngoai trlf Am lugng) cla tin hiéu
dau vao .
Méocé th€ xudt hién bdi vi cic thi€t bi c6 tinh chat khong tuyén tinh, trong dé nhiing
truOng hgp khong tuy€n tinh hay méo bién d0 sé xady ra. Di€u nay c6 thé xudt hién &
tat cd cac ché d0 khué€ch dai. Méo cling c6 th€ xdy ra bdi vi phan tl clla mach dién
va thiét bi dién 4p Ung vGi thi€t bi dau vao mOt cich khac biét & nhitng tang s6 khac
nhau, ltic d6 né di tré thanh méo tang s0 .
MOt kY thudt d€ miéu td méo cla nhiing dang séng tudn hoan va st dung su phan tich
cUa Furié , md td dang séng tudn hoan bat ky trén phudng dién thanh phan tan s6 co
ban va nhiing thanh phan tang sO bOi nguyén. Nhiing thanh phan & bdi nguyén nay
dugc goi 1a thanh phan séng hai hay ham di€u hoa.Vi du: 1 tin hi€u co dién 4p Ung
gOc tang s0 1 1kHz sau khi bi méo, né c6 thanh phan tang s6 1a 1kHz va thanh pha



diéu hoa 12 2kHz ... Tang sO gbc cla 1kHz dugc goi 1a tang sO cO ban, nhiing tang
sO 3 bOi nguyén la cdc séng hai . Thanh phan 2kHz dugc g0i 12 séng hai bat 2 , va
3kHz 1a séng hai bat 3 ... Tang s c0 ban khong dugc goi 12 séng hai. Furié di khong
thUra nhan tang sO séng hai phan sO, chi thira nhan bdi nguyén cla quy tic cO ban.
3.4.1. Méo hai.

MOt tin hi€u dugc goi 12 c6 d6 méo hai khi ¢ thanh phan tan sO di€u hoa(khdng cho
thanh phan c0 ban). Néu tangsd co ban c6 mOt bién dO A, va tanh phan tan s6 n c6
bién d0 A,, thi & méo hai c6 th€ dugc dinh nghia nhu sau :

%n (méo hai bac n ) = Dién, % = (|4,]/|A,)).100%

Thanh phan cO ban thi 16n bat kY tanh phan ha nao.

Vi dy

Tinh tha phan méo hai cho mOt tin hi€u dau ra c6 bién d0 gbc lan 2.5V, bién d0 hai bat
212 0.25V bién d0 hai bat 312 0.1V va bién dO hai bat 412 0,05V.

Giai.

D,% = (|A,|/|A]).100% = (0,25V/2,5V). 100% = 10%

D;% = (|A]/|A)).100% = (0,1V/2,5V). 100% = 4%

D.,% = (|A,]/|A]).100% = (0,05V/2,5V). 100% = 2%

3.4.2. Méo hai tOng

Khi m6t tin hi€u dau ra c¢6 cdc thanh phan méo hai, tin hiéu c6 thé coi 1a méo hai tbng
cUa nhiing phan t( riéng bi€t dugc két hgp thong qua chuong trinh sau :

THD% D, D; D] .. 100%

(THD 1a méo hai tOng )

MOt cong cu nhu may phan tich quang phO thUra nhdn su do 1uGng cUa séng hai trong
tin hi€u bang cdch dua ra thanh phan co ban cUa tin hiéu va 1 s6 1ugng cdc hai clia né
1én mang hinh. TuOng tu nhU vay, 1 mdy phén tich séng cho phép thtra nhan mUc do
1udng chinh x4c hon nhitng thanh phan hai cUa tin hiéu méo bang céch 10c ra tlng
thanh phan va doc nhlng thanh phan dé.

Trong bat ky truGng hgp nio, k¥ thudt coi mOt tin hi€u méo bat ky nao ciing chlra mbt
thanh phan c0 s& va cdc thanh phan hai 14 tién dung va huu ich, trong d6 thanh phan
hai bac hai 12 16n nhat. Vi vay. Vi vay, mac du tin hi€u méo v€ 1y thuy€t 1a chira tat
cd céc thanh phan hai ti bac tr& 1én, thanh phan quang trong nhat trén phuong dién
d6 méo G cic ch€ d0 G trén chinh 12 méo hai bac 2.

3.4.3. Méo hai bac 2

Hinh 3.18 chi ra mOt dang séng st dung d€ dat dugc d0 méo hai bac 2. Dang séng
hién thOi dugc dua ra 3 mlc d6 khong hoat ddng, nhd nhat va 16n nhat khi ching xay
ra dugc th€ hién trén dang séng.Tin hi€u cOi ra vai d0 méo hi€n tai. Phung trinh md
td dang séng tin hi€u méo nhu sau:
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Hinh 4.18

I Icq+Io+1icos + Locos ¢

Dang séng hién thoi ch(ta dung dong di€n tinh IC Xudat hién 4 tin hi€u dau vao, mOt
dong di€n 1 chiéu I0 cin c vao dO tring binh nonzero cUa tin hi€u méo, thanh phan co
ban cUa tin hi€u xoay chi€u c0 bdn, 4 thanh phan hai bac hai 12 ¢6 tan sO co ban gap
2 1an. Mdc du nh(n hai khac déu sudt hi€n nhung chi c6 hai bat 2 mdi dugc dé cap &
day. Ta xét cac thOi di€m sau :

Tai thoi di€m th¢nhat: t=0

ic = lomax = Ieq + Lo + Ticoso + Ichs0~

lemax=Ico+ lo + 1 +1,

Thoi diém thG hai : t= /2

1IC=1CQ =Icq+ Io + Licos n+ Laeps2 12

Icg=lco+Io- 11

Thoi diém thUba: t=

ic = lomin = Icq + To + Licos + | EY

Iemin=Icq+ Io - I, -1,

TU cic phuong trinh trén ta c6 k€t qud sau:

I =1, = (Iemax + Icmin — 2Ico)/4

I = (Temax + Iemin)/ 2

Nhu vay dinh nghia méo hai bac 2 c6 th€ dugc nhdn manh nhu sau :

D2 = |I,/1,.100%

Thay I;, I, vao :

Dy = 172.(Icmax + lemin) — Ieo/(Iemax — Iemin) -100%

3.4.4. Cong suatt tin hi€éu méo

Khi d0 méo sudt hién, cong sudt dau ra dugc tinh cho tin hi€u méo khong con chinh
xét n(ra. Khi ¢6 méo hién di€n, cong sudt dau ra dugc phan phdi dén cho dién trd tai
RC theo thah phdn c0 ban cla tin hiéu méo 1a :

P, =1*.R.C2

Cong sudt tong :



P=(P+%+1%+.....).RC2

Cong sudt tOng ciing c6 th€ dugc bi€u dién véi dang méo hai tOng:

P=(1+D% + D%+ ....) .I’,. R.C/2 = (14THD?.P,

Mot dang sOng méo nhu xudt hién G ché dO B c6 thé dugc thé hién bang cich st
dung phan tich cUa Furié nhu mOt nguyén tdc co ban vdi cic thanh phan hai. Hinh
4.19a chi ra n(ra chu ky dudng cUa tang khuéch dai ché d0 B. Thanh phan c0 ban cla
tin hi€u méo c6 thé dat dugc nhu & hinh 4.19b.

Thanh phan hai bac 2 va 3 dugc chi ra & hinh 4.19¢ va d. ST dung kY thuat Furié, dang
s6ng méo c6 thé dugc tao ra bang cich thém vao nhlng thanh phan hai va c0 ban nhu
hinh 4.19e. N6i chung, bat ky dang séng tudn hoan nio ciing c6 th€ dugc bi€u dién
bang céch thém thanhh2 phén co ban va tat ca cic thanh phan hai, moi bién dd khéc
nhau & mOi géc pha khéc nhau .

3.5. KHUECH PAI CHE PO C VA D

Mac dii ché d0 khuéch dai ché dd A, AB va B thuGng dugc dung trong khu€ch dai
cong sudt, khuéch daai ch€ dd D ciing dugc Ung dung kha phd bi€n vi ¢6 hi€u sudt
cao.Cac mach khuéch dai ché d6 C lai it dugc si dungtrong khuéch dai 4m thanh ma
chi diing trong khu€ch dai 4m thanh ma chi diing trong cic mach khuéch dai cao tang
d€ chon loc séng hai mong mudn.
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Hinh 4.19
3.5.1. Khuéch dai ch& d6 C

+ L.l;:c
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Hinh 4.20: Khuéch dai ché dé C

MOt mach khuéch dai ch€ d§ C nhu hinh 3.20, hoat ddng trong khodng dudi V2 chu
kY tin hiéu vao. Dang tin hi€u & clra ra ciing bi€u dién dugc day du chu ky cla tin



hiéu c0 s@ hoat clla mach cOng hudng (mach LC chang han)d clra ra. Hoat ddng clla
mach khuéch dai nay dau sao ciing chi c6 gidi han, nhu' G tang trdn tan chang han.
3.5.2. Khuéch dai ché d6 D
Khuéch dai ché d6 D dudc thi€t k€ d€ 1am viéc vdi tin hi€u xung hodt sO. V&i hiéu
sudt trén 90% cla né s€ 1am ting thém hiéu qua trong khuéch dai cong sudt. Ngudi ta
thuOng chuyén tin hiéu dau vao bat ky thanh dang xung trudc khi st dung né dé
truyén mOt Iugng tai cong sudt 10n va s€ truyén ngudc 1ai thanh dang tin hiéu sin dé€
phuc héi tin hiéu goc.
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Hinh 4.21
Hinh 3.21 chi ra cdc c4ch d€ tin hiéu hinh sin dugc chuyén dang ring cUa hay dang
séng cat d€ dua dén dau vao clla mach khuéch dai (loai may so mau). Do d6 mOt tin
hiéu xung dac trung sé dugc taora .
Trong khi ch(r D dugc s dung d€ miéu ta th( tu cla mOt loai ch€ dd, sau ch{t C, Thi
ngUdi ta ciing c¢6 th€ xem D 1a chir viét tac cUa”Digital”, ddy 1a ban chat cUa tin hiéu
dugc tao ra cho khuéch dai ché d6 D.
Hinh 3.21 chi ra so d6 kh&i clla mach khuéch dai ch€ dd D va bi€n dbi 1ai thanh dang
sin thong qua mOt mach 10c thong th&p (LPF). Transistor cUa b0 khuéch dai dugc st
dung d€ tao ra tin hi€u c§ ban khi chiing tac hodt md, tao ra dong dién chi khi chiing
dugc bat 1én v&i mot tGn hao cong sudt it .
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