VU TRUNG HOC CHUYEN NGHIEP DAY NGHE

'i"""ﬂ.{.g." r .y“‘*’* L

SACH DUNG CHO CAC TRUONG DAO TAO HE TRUNG HOC CHUYEN NGHIEP

NHA XUAT BAN GIAO DUC



TS. DANG VAN CHUYET (Chu bién)
TH.S. PHAM XUAN KHANH, BO QuOC BAO,
NGUYEN VIET TUYEN, NGUYEN THI PHUGC VAN

Gléo TRINH )
KI THUAT
MACH DPIEN TU

SACH DUNG CHO CAC TRUGNG BAO TAO HE TRUNG HQC CHUYEN NGHIEP

(7ai ban Ian thit tw)

NHA XUAT BAN GIAO DYC



Loi gidGi thiéu

Viéc té chite bién soan va xudt bin mot sé gido trink phuc vu cho dao tao
cde chuyén nganh Dién — Dién tii, Co khi — Pong lic J cde trieong THCN — DN
la mot sy cé'gdng lon ciia Vy Trung hoc chuyén nghiép — Day nghé va Nha xudt
bin Gido duc nham titng bude théng nhdat néi dung day va hec & cdc truong
THCN trén toan quéc.

N¢i dung ctia gido trinh dd duoc xay dung trén cd sd k€' thita nhitng néi dung
duge gidng day & cdc truting, két hop vdi nhitng néi dung mdi nham ddp ting yéu
cdu ndng cao chit lugng dao tao phue vu su nghiép céng nghiép hoa, hién dai
kéa. Dé cuong cua gido trinh dd duge Vu Trung hoc chuyén nghiép — Day nghé
tham khdo y kién ca mét s6 triing nhu : Truong Cao ding Céng nghiép Ha
Noi, Truong TH Viét - Hung, Truong TH Céng nghiép II, Truong TH Coéng
nghiép III v.v... va dd nhén duoe nhiéu ¥y kién thiét thuc, giip cho tdc gid bién
sogn phii hop hon.

Gido trinh do cdc nha gido c6 nhiéu kinh nghiém gidng day 0 cdc tridng
Dai hoc, Cao ding, THCN bién soan. Gido trinh duge bién soan ngén gon, dé
hiéu, b6 sung nhiéu kién thitc mdi va bién soan theo quan diém md, nghia la, dé
c@p nhiing néi dung co bdn, cot yéu dé tity theo tinh chét ctia cde nganh nghé
dao tao ma nha tritdng tuw diéu chink cho thich hop va khong trdi véi quy dinh
cua chudng trinh khung dao tao THCN.

Tuy cde tdc gia dd cé nhiéu cd ging khi bién soan, nhung gido trinh
chde khong tranh khéi nhitng khiém khuyét. Vu Trung hoc chuyén nghiép -
Day nghé dé nghi cde truong s dung nhitng gido trinh xudt bdn ldn nay d€ b6
sung cho ngudn gido trinh dang rdt thiéu hién nay, nhdm phuc vu cho viée day
vé hoc cua cédc trudng dat chét lugng cao hon. Gido trink nay ciing rdt bé ich déi
vdi doi ngd ki thudt vién, cong nhdn ki thudt dé ndng cao kién thiic va tay nghé
cho minh.

Hy vong nhdn cuge su gép ¥ cta cde truong va ban doc dé nhitng gido
trinh dugc bién sogn tiép hodc ldn tdi bdn sau c6 chdt luong tét hon. Moi gép ¥
xin gui vé NXB Gido duc — 81 Trin Hung Dao — Ha Néi.
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Mo déu

Giao trinh Ki thuat mach dién it duge bién soan theo dé cuong do
vy THCN - DN, B$ Gido duc & Dao tao xay dung va théng qua. Noi dung duge
bién soan theo tinh thdin ngdn gon, dé hiéu. Cde kién thie trong toan bé gido
trink c6 mdi lién hé logic chét che. Tuy vdy, gido trinh cing chi la mot phan
trong ndl dung cua chuyén nganh dao teo cho nén nguvi day, ngudt hoc cén
tham khdo thém cdc g;ao trink c6 lién quan d6i véi nganh hoc d€ viée siz dung
gido trink cé hiéu qud hon.

Khy bién sogn gido trinh, ching t6i dd ¢§ ging cdp nhit nhu‘ng kién
thize mo’z €6 lién quan dén mon hoc va phi hap vdi doi tugng si dung ciing nhu
céd gang gén nhitng ndi dung li thuyét vdi nhitng vin dé thye t& thuing gdp
trong sdn xudt, doi séng dé gido trink c6 tink thitc tién cao.

N¢i dung ctia gido trinh diige bién soan v dung lisong 60 tiét, g6m 9 chuong :

Chuong 1. Khuéch dai tin hiéu nhé ; Chuong 2. Ghép tdng khuéch dai;
Chuong 3. Khuéch dai céng suit ; Chz:o‘ng 4. Khuéch dai thuat toan ;
Chuong 5. Nguon dién ; Chuong 6. Dao déng didu hoa ; Chuong 7. Diéu ché :
Chuang 8. Déi tén ; Chu‘o’ng 9, Tach sdéng.

Trong qud trinh su dung, tity theo yéu cdu cu thé c6 thé didu chinh sé
Liét trong mot chuong. Trong gido trinh, ching t6i khong dé ra néi dung thue
tip cta titng chiudng, vi trang thiét bj phuc vu cho thye tdp cla cde truong
khong ddng nhat. Vi vdy, cdn ci? vao trang thiét bi dé c6 cua titng tricong va kha
néng t6 chiic cho hoc sinh thuc tép 0 cdc xf nghiép bén ngoai ma triimg xdy
dung thoi liigng va ndi dung thue tép cu thé - Thoi lwang thiic t@p t6i thidu néi
chung ciing khong it hon thoi luong hoc li thuyét ciia méi mon.

Gido trinh duwge bién soan cho déi tuong la hoc sinh THCN, Céng nhén
lanh nghé bdc 3/7 va né ciing la tai liéu tham khdo b8 .ch cho sink vién Cao
ddng ki thugt céng nhu Ki thugt vién dang lam viée & cde co 56 kink t€ trong
nhiéu link viic khdc nhau.

Mdc di dé c6 gdng nhung chde chén khong trinh khoi hét khiém khuyét.
Rt mong nhén duge y kién dong gép ciia ngudi stz dung dé ldn tdi ban sau duge
hodn chinh hon. Moi gép ¥ xin duoe gizi vé Nha XBGD - 81 Trén Hung Dao, Ha Néi.
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CHUONG 1
KHUECH DAI TiN HIEU NHO

1.1. GIGI THIEU VE BO KHUECH DAI DIEN TU

1.1.1. Giél thiéu

B6 khuéch dai dién tif 1a mot mach dién tir ma tin hiéu ddu ra cia mach
16n gdp K 1dn tin hiéu ddu vdo clia mach va dang tin hiéu & ddu ra gidng hét
dang ctla tin hiéu & ddu vao.

Tin hiéu cha mach 12 dong dién i(t), dién 4p u(t) hodc cong sudt P(t). Tin
hiéu ciing c6 thé 12 dién trudmg E(t) hodc tir trudng B(t).

So d6 khéi cia mot bd khuéch dai dién tit cho & hinh 1.1

Zn by Iy

_ K 2
€n le D Zy ‘ > Z Url Z
P o~

Hinh 1.1: B6 kKhuéch dai dign tir

Trong so d6, ky hi¢u hinh [> mo ta day 12 bo khuéch dai.

K dugc got 1a hé s6 khuéch dai cia bo khuéch dai. Hé s6 ndy 1a ti s8 giira
gi4 tri tin hiéu ra chia cho gid tri tin hiéu vao. Néu cac tin hi¢u vio, ra 12 dién
ap thi ching ta c6 he s6 khué&ch dai dién 4p.

K, = —L (L.1)

Néu céc tin hiéu vao, ra 12 dong di@n thi ching ta c¢é hé s6 khué&ch dai
dong dién:
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K, =-+F (1.2)
L,
Néu cdc tin hiéu vaora la
cOng sudt thi ta cé hé sé
khuéch dai cong suit:

Kp= -L (1.3)
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3 . UymV)
day U, , I, P 14 dién Hinhl.2. Dic tinh bién do clia bo khuéch dai

ap, dong dién, cOng sudt trén _
ddu ra bo khuéch dai vd Uy, , I, , Py 14n lugt 12 dién dp, dong dién va cong
sudt dat vao bo khuéch dai.

Trén hinh 1.1 e, va Z 1a sic dién ddng va trd khdng trong cua tin hiéu
dat vao bo khuéch dai. Zy, 1a trd khing vao tuwong duong cia b khuéch dai:

Zy= =% | (1.4)

Z,1a tr& khing ra cia bo khuéch dai va:

Z, = % 1.5)
T

~ Dac tinh bién d6 ciia mot bé khuéeh dai 12 quan hé gifra diu ra va diu vao
cia bo khuéch dai, xét & mét tdn s6 xac dinh. Quan hé ndy ¢6 thé 13 quan he
U, theo U, hoac I, theo . Hinh 1.2 chi ra dac tinh bién d6 & t4n s& thép.

Dac tinh tdn 36 cla bo khuéch dai 12 su phu thude clia he s6 khuéch dai
cta b6 khuéch dai vio tdn s6. Hinh 1.3 12 d¥c tinh t4n s& dién hinh ciia 1 bo
khuéch dai. :

Méo phi tuyé&n (khong
dudng thing) clia bo khuéch
dai 12 sy thay ddi dang cia "
tin hiéu so véi tin hiéu vao T2
do tinh phi tuy€n cla cic
phin tir cha mach gay ra,
méo nay duge tinh 13 ty sd
cia téng binh phuong cic '
thanh phin bac cao phdt sinh >

Kl &

khi ddu vio chi c6 thanh T f f
phén tdn s6. Hinh 1.3. Dic tinh tAn s6 ciia b khuéch dai
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Z, 1a tré khdng tai cia bo khuéch dai. Pay chinh 13 phdn tir tiéu thy tin
hi¢u ra ciia bé khué&ch dai hay bd khuéch dai cdn phai cung cip tin hién cén
thiét cho phin tir ndy.

Trong rat nhiéu trudng hqﬁ thuc t€ cdc trd khdng nay 14 thudn trd. D€ bo
khué&ch dai lam viéc t6t chiing ta phai phéi hop trd khéng:

Zy,=2Zy
Z, =2,

Néu b khuéch dai ¢6 K; =1 va Ky > 1 thi ching ta goi n6 1a bo khuéch
dai dién ap.

Né&u bd khuéch dai cé Ky =1 va K; > | thi ching ta goi n6 12 bo khuéch
dai dong dién, b6 khué&ch dai nay con duge goi la b lap lai dién dp.

Néu bo khuéch dai ¢6 K; > 1 va Ky; > 1 thi chiing ta goi né 1a bé khuéch
dai cong suit.

1.1.2. Bd khuéch dai tin higu nhé

Chiing ta thudng hiéu don giidn bo khuéch dai tin hiéu nhd 1a tin hieu
vio va ra 1a di nhd. Hiéu nhu vay 13 chua dd. D€ hiu khdi niém tin hiéu
nhé caa bd khuéch dai

chiing ta cdn nhic lai * I
khai niém dac tinh

truyén din hay dic tinh

vao ra cla phédn tit i:,_....__..
khuéch dai. Vi du, ta st lca

dung transistor ludng
cuc 1am bo khuéch dai.

Dic tinh truyén din clia A A

transistor thudng cé e >

dang cho & hinh 1.4, lBa 's8 s
Trén dac tuyén nay Hinh1.4: Dic tinh truyén din cla Transistor

chi ¢6 doan AB la cé

dang gin tuyén tinh. Néu tin hi¢u vio (Ip) thay déi trong doan Ig, Igg thi tin
hiéu ra (I} méi ty 1€ tuyén tinh v6i né hay tin hiéu ra c¢é dang gifng hé¢ tin
hiéu vao va khong bi méo dang. Néu tin hi¢u vao qud bé hodc qud 1dn thi tin
hi¢u ra thay d6i khong ty 1é tuyén tinh v6i né nén sinh ra méo dang. Chiing ta
goi bod khuéch dai tin hiéu nho 13 b6 khuéch dai ma tin hiéu vio cda né chi
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thay déi trong ving tuyén tinh clia dic tuyén truyén din (doan AB). Vi vay bo
khuéch dai tin hiéu nhoé con duge goi 1a b khuéch dai-tuyén tinh.

1. 2. TRANSISTOR LUONG CUC — BIJT (Bipolar junction transistor)

1.2.1. Cau trac cla transistor

Transistor 12 mot linh kién bédn din bao gém ba 16p ban din véi cac bdn
din p va n xen k& nhau. Ty theo trinh tu cia mién p va mién n ma ta c6 hai

loai transistor : pnp (transistor thuan — H.1.5a) va npn (transistor nguoc —
H.1:50).

Hinh 1.5: Cdu tric cua transistor
a) Transistor pnp va ki hiéu ; b) Transistor npn va ki hiéu

Mién p thit nhét cla transistor pnp (v6i transistor npn 12 mién n) dugc goi
12 mién emitter, mién nay dugc pha tap chét v6i néng d6 16n nhdt, né déng vai
trd phat xa céc hat din (16 tréng hoac dién tir), dién cuc n6i véi mién nay duge
goi 1a cuc emitter, ky hiéu 12 E. Mién n (vé6i transistor npn 1a mién p) dugc goi
12 mién base, mién nay dugc pha tap chit it nhdt, d6 rong cla né rdt nhé so
véi kich thuée toan bo transistor (v6i hinh 1.5 ty 1& nay 1a 3,8mm: 0,025mm =
152: 1), mién base déng vai trod truyén dat hat din, dién cuc n6i véi mién nay
dugc goi 1a cuc base, ky hiéu 1a B. Mién p tié€p theo (véi transistor npn 1a mién
n) duoc goi 12 mién collector, mién nay dugc pha tap it hon mién emitter
nhung nhiéu hon mién base, déng vai trd thu gom céc hat din, dién cuc n6i
v6i mién ndy goi la cuc collector, ky hiéu la C.



Vi cdu triic nhu vay, transistor bao gédm hai chuyén ti€p PN, chuyén ti€p
PN giita emitter va base dugc goi 1a chuyén ti€p emitter, chuyén tiép PN giita
base va collector dugc goi 1a chuyén ti€p collector.

1.2.2. Nguyén tic hoat dong cla transistor

Dé mo6 ta hoat dong cua transistor, ta 1dy transistor loai pnp lam vi du. Su
hoat dong ctia transistor npn s& tuong tu bing viéc thay thé€ 16 tréng bing dién
tir. Trén hinh 1.6 khi chuyén tiép collector khong dugc phan cuc, chuyén tiép
emitter dugc phan cuc thuan. Do rong ving ngheo s& bi giam, mic giam tuy
theo dién 4p phan cuc, két qua dong ctia cdc hat da s6 (cdc 16 tréng) khuéch
tdn tir mién ban din p (cuc E) sang mién ban din n (cuc B).

Khi chuyén ti€p emitter khéng dugc phan cuc, chuyén tiép collector phan
cuc nguoc khong c6é dong ciia cdc hat da s6 (dién tir & ban din n) chi c6 dong
ctia céc hat thiéu s6 (16 tréng & ban dén p) (hinh 1.7).

Dong hat da s& Dong hat thiéu s6
—-—-n—* ___'_’

tilkg 4.1

Ving nghéo

Ucc
Hinh 1.6: Chuyén ti€p emitter phan cuc thuin Hinh 1.7: Chuyén ti€p collector phan cuc ngugc

Trong trudng hgp, chuyén
ti€p emitter phan cuc thuén,
chuyén tiép collector phan cuc
nguge (hinh 1.8). Chuyén ti€p
emitter phan cuc thudn nén céc
hat da s6 khuéch tin qua chuyén
ti€p téi mién base tao lén dong
Ig. Tai mién base cdc hat da s6
nay lai chuyén thanh céc hat
thiéu s6, mét phin bi tdi hop Vi ginh 1.8: Nguyén tic hoat dong cua transistor pnp
cac dién tir tao thanh dong 1g.

Do d6 rong clia mién base rdt mong, chuyén ti€p collector phan cuc ngugc nén
céc 16 tréng & mién base bi cu6n sang mién collector tao 1én dong I.. Dong I,

Déng hat da s6 Dong hat thiéu s
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nay dugc tao boi hai thanh phdn: dong ciia cic hat da s6 tir mién emitter, va
dong clia cdc hat thiéu s6 (16 trong & mién base khi chua cé su khuéch tén tir
emitter sang). Dong cuia cdc hat thiéu s6 dugc goi 12 dong rd va ky hiéulaI_,.
I, c6 gid tri rdt nho cd nA t6i vai pA.

Ap dung dinh luat Kirchhoff ta c6: I = I + Ig

1.2.3. Cac cach miac co ban cla transistor

Transistor c6 ba cuc (E, B, C), néu dua tin hiéu vao trén hai cuc va 14y tin
hi¢u ra trén hai cuc thi phai c6 mét cyc 12 cuc chung. Do vay, d6i véi
transistor ¢6 3 cich mic co ban: Base chung, emitter chung, collector chung.

1.2.3.1.Base chung (CB — Common Base)
So d6 cach mac CB duoc minh hoa & trén hinh 1.9

i

(@)

(b)

Hinh 1.9: So d6 céch ghép CB
a) Transistor pnp ; b) Transistor npn

Trén hinh v& chiéu miii tén chi chiéu cha dong dién trén cic cuc cia
transistor. D€ thdy r5 quan hé gilta 3 cuc cia transistor trong cdch mic CB
ngudi ta dung hai dic tuyén: dic tuyén vao va dic tuyén ra. Dic tuyén vao

10



(hinh 1.10a) mo6 ta quan h¢ giita dong vao I véi dién dp ddu vao Ugg, tng v6i
cic gia tri dién 4p khdc nhau cua dién dp ra Ucp. '

Ic(mA)

Ving tich cuc

A gmA)

Ugg = 20V

o

B

N W

= NWAOO N

02 04 06 08 1 Ugg(V)

(a) b
( )_“
Hinh 1.10: Dic tuyén cia cdch mic CB

a) Dic tuyén vao ; b) Diac tuyén ra

Dic tuyén ra (hinh 1.10b) mo6 ta quan hé giita dong dién ra I vé6i dién 4p
ra Ucpg, Ung véi cdc gid tri khdc nhau cla dong dién vao Ig. Trén dic tuyén
nay dugc chia thanh 3 ving: viing tich cuc, viing cit va viing bdo hoa.

Ving tich cuc dugc ding Eo—e o oG
dé khuéch dai tin hiéu (nén con =0 r
duogc goi la vung khuéch dai). lego = lco
Trong vung tich cuc chuyén B

- e?“m_:r_ BN s oo o Hinh 1.11. Dong bio hoa ngugc Iq

chuyén ti€p collector phan cuc

nguoc. O phédn thdp nhit cha ving tich cuc (dudng Ig = 0), dong I 1a dong
bao hoa nguoc I, dong I rdt nho (cd pA) va thuong duge ky hiéu thay cho

Icgo (hinh 1.11).

Khi transistor hoat dong trong ving tich cuc ¢6 quan hé gin ding Ig = I .
Ving cit 1a ving ma & dé dong Io = 0. Trong ving cét chuyén tiép

emitter va collector déu phan cuc nguoc.

11



Ving bdo hoa la ving & bén trdi dudng Ucg = 0 trén dic tuyén ra. Trong
viing bdo hoa chuyén ti€p emitter va collector déu phan cuc thuan.

+ Hé 56 a.

Trong ché d6 mét chiéu, dé dinh gid mic hao hut dong khuéch tén trong
mién base, ngudi ta dinh nghia hé s6 truyén dat dong dién Olge-

I
Qge = 'Ii

V6i I, Ig 1a cdc dong dién tai diém lam viéc. Theo dic tuyén ra hinh 1.10b
thi o = 1, nhung thuc t€ o thudng trong khoang 0,9 + 0,998.

Trong ch€ d¢ xoay chiéu, khi diém 1am viéc thay déi trén dic tuyén ra, hé
s6 o xoay chiéu dugc dinh nghia:

~dalc

ac, T ME

He s6 o, con duge goi 12 hé s6 base chung, hé s& ngin mach, hay hé s6
khuéch dai. Thong thudng, gid tri oy, # o,..

o (1.6)

1.2.3.2.Emitter chung (CE~ Common Emitter)
So d6 cich mic CE duoc cho trén hinh 1.12

Hinh 1.12: So d6 cich ghép CE
a) Transistor npn ; b) Transistor pnp

1y 4
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Trong c4ch mic CE, dac tuyén ra la quan h¢ giita ddng ra I va dign dp ra
Ugg, ting v&i khodng gia tri ciia dong vao Ip. Dac tuy€n vao 13 quan hé giifa
dong vao I va dién 4p vao Ugg, ing véi khoang gi4 tri clia dién dp ra Ucg.

Chi § ring trén hinh 1.13, d6 16n clia Ig c& pA , cdn d¢ 16n cia Ic cd mA.
Ving tich cuc clia cich méc CE 12 mién & ben phél cua dudng nét dit Uepyy
va phia trén dudng I = 0.

{h Ic (mA) .
90 pA
8l
Ig(HA) I
A laluA U = 20V % .
1001 Ue=10v B | f 50 pA
80 b Ugg = 1V ,E,“_‘.‘_. 40pA
& - ' 30pA
3r
50 | 20uA
40 2
®r 10pA
10 |- 1 %
| I VI lg=0uA
02 04 06 08 1 .oy O s/ w0 T 15 -
Ucesn Viing cit UceM)
(@) lceo~ficeo  (p)

Hinh 1.13. Dic tuyén ciia cich méc CE
a) Dic tuyén vao ; b) Déc tuyén ra

Ving phia tréi dudng Ucgyy 12 viing b3o hoa. Ving cit la ving & phia
duéi dudng Ig = 0. Trong ving tich cuc chuyén ti€p emitter phan cyc thuan,
chuyén ti&p collector phan cyc nguge, ving ndy dugc ding dé khuéch dai dién
ip, dong dién hodc cong suit. :

Theo dic tuyén ra hinh 1.13b khi Ip = O thi ddng Ic # 0. Diéu nay dlxoc
giai thich nhu sau:

Tacéd: IC = UIE + ICBO (1.7

IC = CC(IC'FIB) + ICBO
Suy ra: '
0dB Ic 30
Ip = —=—+ =
C 1-a 1-

13
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Khi Ig =0, chon o = 0,996 ta c¢é

o.0 ICBO
I = _+
C%1-a 1-0,996

Ic = 250 Icgo

NéuIcgo = 1 BA, khi I 5= 0, dong I = 250.1 pA = 0,25 mA.
Dong I khi 46 chinh 1 dong Icgo.

Vay:

Lo = JCBO
CEO " 1-aliz=0

+ Héso' B
Trong ch€ d6 mot chiéu, d€ d4nh gid kha ning diéu khién cia dong Iy d6i
voi dong I, ngudi ta dinh nghia hé s6 khuéch dai dong dién B:

Bac = 1€ (1.8)

V6i I vaIgla gid tri ddng dién tai diém 1am viéc. Thong thudmg P c6 gid
tri trong khoang tir 50 t6i trén 400.

Trong ch€ dé xoay chiéu, hé s6 B xcay chiéu dugc dinh nghia:
_ Al

= 1.9
Pac Alg |UCE =const (1-9)
+ Quan hé gifta ava B
Taco: Ig=Ic+1g
: _Ic _Ic
Mt khidc : Ig =S, g =
Két hop cac diéu kién trén ta c6:
B
= 1.10
¢ B+1 10
o
Hoac : B = a—_'—l

14
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1.2.3.3. Collector chung (CC — Common Collector)
So d6 cach mic CC duge cho trén hinh 1.14

T Yee

e | (®)
o

Hinh 1.14. So d6 cdch mic CC.
a) Transistor npn ; b) Transistor pnp

Dic tuyén vao va dac tuyén ra cia cdch mic CC tuong tu nhu cich mic
CE, bing cdch thay I¢ bdi Ig, Ucg bdi U

1.2.4. Nguyén tic khuéch dai clia transistor
Xét so d6 CB nhu

hinh 1.15.
Theo dac tuyén vao
va dac tuyén ra cia CB =
S -1 1 . RV R
ta c6 iyt ra phin 368 Liy=2000e¥ @W 00 ; Ur
dién trd vao cla cédch

mac CB rdt nhd (khodng 2

10Q + 100QY) va dién tré 35 . R i
ra rit 16n (50 kQ + 1MQ). Hinh 1.15. Nguyén tic khuéch dai cia mach CB

Trong so d6 hinh 1.15 ta chon transistor ¢6 dién trd vao R, = 20Q, dién
tré ra R, = 100kQ.
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Dong dién vao:

200mVv
20Q

1‘,=-E—V= - 10mA
¥

Gid st ot o = 1(I,= I) thi I, =1, = 10mA
Khi dé dién 4p ra sé la:

U, = IR, =10.10 = 100(V)
Vay hé s6 khuéch dai dién 4p:

U, 100V
v =G, ~200mv X

Nhu vy, nguyén tic khuéch dai & day chinh 12 viéc truyén dat dong dien
tir mach dién tré thdp sang mach dién tré cao. Chinh vi vay, transistor 13 tir
ghép tir hai tir ti€ng Anh : transfer (truyén dat) vi resistor (dién trd).

1.2.5. Cac tham 8d gidi han

D6i v6i médi transistor c6 mot ving lam viéc trén dic tuyén ra. Néu
transistor hoat dong trong ving niy s& c6 ty 18 tin hiéu ra trén tin hiéu vao Ia
16n nhdt v6i d méo nhd nhét. Ving ndy s€ bi gisi han bdi mot vai tham s6

nhu : ddng I ¢ 16n nhdt Ie,, , dién 4p Ugg 16n nhat Ugg,,, (d6i véi céch
méc EC).

Véi transistor ¢6 déc tuyén ra nhu hinh 1.16 : I, = 50mA, Ugpga, = 20V.

Dudmg Ucgyy, trén dac tuyén 1a gi4 tri nhéd nhat cda Ugg, théng thudng

4 lc{ma)
Cong sudt tiéu hao 1én P
nhit duge dinh nghia: J/".-.. S0uA
fomax 50 F-frcamith 40 A
PCmax = U'CE'IC ﬁ a0tk ."-.. 30 pA
o . Poma=l A 20
Véi transistor cho trén g 30 : —x\im - nA
hinh 1.16 thi Ps = 300mW. g : e, L0
10 ""'---uu..“:_I
Ta c6 thé vé dudmg cong - v |B_0"A;
0 5 10,/ T 20

coOng sudt trén dic tuyén ra
bing cdch chon mot vai diém
thod min Ucg. I~ = 300mW,

i
Ucewn  Viing cit oo Veermax ceV)

Hinh1.16. Ving hoat dong cla transistor

16



Vi du, chon o= L= S0mA suy ra Upg = 6V. Chon Urg =Uegpmay = 20V,
suy ra I = 15mA. Néu chon I ndm giita hai khoang trén, I = 25mA thi

Ucg = 12V. V6i 3 diém trén ta c6 thé v& duge dudmg cong cong sudt (cé thé
14y thém céc diém khac).

Nhu vay, ving hoat déng cla transistor bi gidi han bdi cdc tham s&:
fceo < Ic = Iomax
Ucebh £ Yce £ UcEmax
UCE'tC £ PCmax
Chid ¥: d6i voi cich mie CB thi P, = UcgIc.
1.2.6. Phan cuc cho transistor luéng cyc— BJT
1.2.6.1. Gidi thiéu

D€ transistor ludng cuc hoat dong ta phai phan cuc cho né, nghia 12 dua
mdt dien 4p mot chibu tit bén ngodi vao chuyén ti€p emitter va collector véi
gi4 tri va cuc tinh phi hop. Dién 4p mot chidu nay s& thiét 1ap ch€ do mot
chiéu cho transistor. Khi phan cuc néu:

— Chuyén ti€p emitter phan cyc thuin, chuyén ti€p collector phan cuc
ngugc transistor s& hoat dong trong ving tich cuc. Khi tinh todn ché€ d6 mot
chiéu trong ving nay ta thudng st dung cdc cong thic:

Ugg = 0,7V (1.11)
Ig = (B+1)Ig =Ic o (1.12)
Ic=Blg

— Chuyén ti€p emitter phan cyc ngugc, transistor s& 1am viéc trong viing cét.

— Chuyén tiép emitter v collector déu phan cyc thuan, transistor s&€ 1am
viéc trong ving bio hoa. '

Chi ¥ ring, dé transistor khuéch dai tin hi¢u phai phan cuc cho né hoat
dong & viing tich cuc.

+ Diém lam viéc tinh

Khi phan cyc cho transistor, ddng dién va dién 4p moét chiéu s€ thiét 1ap
cho transistor mot diém 1am viéc ¢6 dinh trén dic tuyén ra, diém ndy goi 12

17
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diém 1am vigc tinh (con goi la diém céng téc tinh va thudmg ky hieu 1a diém
Q). B¢ transistor khuéch dai duge tin hidu, diém 1am viéc tinh Q phai nim
trong ving tich cuc, n€u chon duge diém Q thich hop thi bién dé tin hi¢u ra cé
thé 16n ma khong bi méo (thudng 1 gita dac tuyén ra).

1.2.6.2.Phdn cuc ¢6 dinh
So d6 mach phan cuc ¢6 dinh duge cho trén hinh 1.17.

Véi transistor pnp, 50 d6, cic cong thitc va céch tinh hoan toan tuong tu,
bing cach thay déi chiéu dong dién va cuc cia dién ap cung cép.

Ucc Uec
o
Rg S red|  Ro b
ig c
Tin higy
vio (ac)H "‘l_‘ B
E
by

Hinh 1.17. Mach phan cyc c6 dinh
a} 8¢ d4 mach ; b) So 48 wrong dwong

Pé phan tich ché do mot chiéu ta c6 thé bd cac tu dién v sir dung so dé
twong duong nhu hinh 1.17b

+ Xét vong base — emitter (hinh 1.18):

Viét dinh luat Kirchhoff cho vdng dién
dp ta dugc :
Ucc —IgRp— Upg = 0 | S$Re
B
I =H%UBE 113 L €
B N
Theo céng thiic trén, dién 4p Upe, Ugg E
luén khong d8i, vi thé gid tri Ry s& quyét (\ Us
dinh gia tri dong Ig, va dong Ig nay s& khong _ -
d6i (vi vay nén goi 1a phan cuc ¢6 dinh). Hinh 1.18. Véng base — emiltter
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+ Xét vong collector — emi{tef.' (hinh 1.19) :
Gid tri dong I chay qua dién trd R duge tinh theo cong thifc:

Ic=Plg

Chii ¥ rdng, ddng Ig phu thude vao gid tri R, ma Ity 18 véi [ theo mot
héng s6 B, vi vay gia tri clia I khong phu thuoc vao dién trd Re. Khi thay doi
Rc dong Ig va I khong doi. Tuy vay, ta sé thdy gid tri clia R quyét dinh gid
tri Ucg ma Ueg 12 mot tham s& rdt quan trong.

Ap dung dinh luat Kirchhoff

cho vong collector — emitter
(hinh 1.19) ta ¢é:
T
R
Ucg =Ucc - IcRe

Taco: UCE=UC_UE

V&i Ug, Ug lan lugt 1a dign
thé€ clhia cdc cuc collector va
emitter.

Hinh 1.19. Vong collector — emitter

Trong trudng hop nady : Ug = 0V, nén Ueg = Ue
Ngodi ra, Ugg = Ug — U g suy ra Ugg = Up.

Vidu 1.1 : Cho mach dién nhu hinh 1.20.

Hay tinh cdc gid tri cha ch€ do mot chidu I, Ugg = + 12V
I¢, Ucgs Uc, Upc-
Gidi:
Ig = Ucc -Ugeg _ 12V -0,7V
Rp 240kQ2

= 47,08pA o

Ic = Blg = 50.47,8pA = 2,35mA
UCE = UCC - IC'RC = 6, 33V

UB = UBE =0,7V Hinh 1.20
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UC = UCE = 6,83V
UBC = UB "UC = 0,7—6,83
= —6,13V

Gid tri Ugc 4m, chiing t6 chuyén tiép collector phan cuc ngugc.,

+ Puong tdi tinh

Dudng tai finh 13 dudng quan hé giita dong dién ra vA dién 4p ra trong ch&
d6 mot chiéu, Pudng tii finh duge vé trén dic tuyén ra, di€m 13m viéc finh Q
s& nam trén dudng nay.

bé6i v6i so 40 mach nhu hinh 1.19, quan he gita dong dién ra I va dién
ap ra Ucg khi c6 tai R

Ucg = Ucc - IcRe (1-15)
Phuwong trinh trén chinh 14 4 Ic(mA)
phuong trinh duong tdi finh, D€ U
v& dudmg tai (inh ta c4n xdc dinh Re —_
hai ¢i€m: Diém th& nh4t ta cho
Ucg =0 suyralps = “['I‘LC—C, diém Q‘ & s
C \ Q; &7
thd hai ta cho I-= 0 suy ra Ueg = U \\ Q Iy
Vi hai diém nay ta vé duge dudng b \
tai finh ohw hinh 1.21, N
o | Uec U
Néu thay déi gid tri cha dién
tré Rg s€ 1am cho Iy thay ddi, khi Hinh 1.21. Dudng ti tinh

d6 dudng tidi finh khéng déi,
nhung di€m lam viéc tinh Q s& dich 1én hoac xuéng (hinh 1.21).

Khi giit nguyén gié tri Rc va thay d6i ngudn Ucc thi dudng tai tinh sé
dich chuyén nhu hinh 1.22a.

Trong trudng hop thay d6i gié tri dién tré Re va gilf nguyén nguén Ugc sé
lam dudng tai tinh thay déi nhy hinh 1.24b.
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Q lBQ

Q,

a) Ucce

Hinh 1.22. Dudng tii tinh: a) Khi Re thay déi ; b) Khi Ugc thay déi
Vi du 1.2: Cho mach phan cuc ¢6 dinh ¢6 dudng tai tinh va diém 1am viéc
tinh Q nhu hinh 1.23. Hay tinh cdc gid tri Ucc, R, Re.

Gidi:
Tir hinh 1.23 ta co:
Taile =0
UCE = UCC = lSV
Tal UCE =0
_Uec _
o = 3% = 6ma
_Uge 15V _ 15 Ua¥)
= Re = = 22 = 2,540 l
Hinh 1.23

Lay Ugg =07V, tacé:

Ry = —CC 1; Use _ 15V3;2’7V = 4,77MQ

+ Transistor bdo hod
Theo dac tuyén ra cia transistor, khi transistor bdo hoa thi Ugg = OV do dé
dong dién collector bao hoa Iqpy s€ 1a dony I, va duge tinh theo cOng thitc:

Ucc
Iooh = Icmax = Re
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* Mach phdn cuc 6n dink cuc emitter

Mach phan cyc 6n dinh cuyc
emitter nhu hinh 1.24. Dién & Rg
duge méc thém dé tang do on dinh
hon so véi mach phan cyc ¢6 dinh o—
(diéu nay s& duoc minh hoa qua cdc vi
du rau nay). Trudc hé&t  xét vong
emiftter — colector.

. + Viéong base—colector (hinh 1.25)

Theo dinh luit Kirchhoff ta cé
phuong trinh:

+ UCC - IBRB - UBE - IERE =0
Ta da biét IE =(p +l)IB
Thay vao phuong trinh trén ta cé:
+ UC - IBRB - UBE — (B +1)IBRE =0
Rit I ta dugc:

Ucc - Ugg (1.16)

I =
Re +(B+ DR
B+ (B+LRe Hinh 1.25. Vong base—collector

V6i cong thic trén ta ¢6 thé v mot
mach ndi ti€p nhu hinh i.26. . Ig \‘ %R
B
Trong truong hop nay, dién 4p Upg tir base

dén emitter duge dién tr& R phdn héi trd vé 1
ddu vao vaGi he s6 (B +1). N6i cach khic dién E

Uge
trd cuc E 1a linh kién trong vdng emitter — Ucc ™
collector xuat hién vdi R, = (B +1)Rg trong
vong base — collector.
+ Vong emitter — collector (hinh 1.27})
Theo dinh luat Kirchhoff ta ¢ két qua :

IERE + UCE + ICRC - UCC =0

$ (B+DRg

Hinh 1.26

1
Thay thé Ig ~ I- v nhom céc s hang ta ¢6 : 1€ Yl

Ucg = Ucc — Ic(Rct+ Rg)
Pién dp Ug duge xdc dinh bing:

Ug = IgRg
Trong khi dién 4p tlr cyc C t8i mat 1a :

Ucz=Upp+ U
¢ CE E Hinh 1.27, Vong emitter—collector
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hOElC . UC = UCC - ICRC
Dién 4p tai cuc B ¢6 thé xdc dinh tir : Ug = U — IgRp hodc Ug = Ugg + Ug

Vi du 1.3 : V& mach phan cuc 20V
emitter nhu hinh 1.28 xdc dinh: Ugg, '
UBC’ UB, UE' UC‘ IB, IE‘

Gidi :
[.= _Jcc —Use _ 50
B™ Rg +(B+ )Rg
0V -0,7V
= T30k 51RO 0T HA

Hinh 1.28
I = Blg = (50)(40,1pA) = 2,01mA

Ucg = Ucc - Ic (Re +RE)
=20V - (2,01mA)(2kQ +1k2)
= 13,97V
Uc = Uge — IcRe = 20V — (2,01mAX2 k) = 20V — 4,02V = 15,98/

Ug = Uc — Ugg = 15,98V — 13,97V = 2,01V hoic ta c6 thé tinh theo
cong thic: ' ’

Ug = Ig Rg = Io.Rg = (2,01mA)(1kQ) = 2,01V
Ug=Ugg + Ug=0,7V + 2,01V = 2,71V
Ugc=Ug-Ug =271V - 15,98V = - 1327V

+ Mirc bdo hoa

Miic bao hoa curc C hodc dong cue C cuc dai véi mach phan cuc emitter c6
thé xé4c dinh tuong ty nhu mach phan cuc c6 dinh:

Lo = omu = s
Cbh Cmax — RC +RE

+ Pudng tdi tinh xac dinh gi6ng phuong phdp xdc dinh dudng tai tinh &
muc 1.2.6.2.

1.2.6.3. Mach phdn dp

Trong cidc mach phan cyc trudc, sy phan cyc dong dién I va dién dp Ucgq
12 moOt ham s cla hé s6 khuéch dai dong dién (B). Trong khi d6, 3 1a nhay cam
véi nhiét do, dac biét 13 chdt silicon, gid tri thuc 1€ ¢ia B thuimg khong duoc
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xdc dinh chinh xdc. Vi thé, xay dung
dugc mot mach phan cuc ma it phy
thudc, hodc doc lap véi B 1a vo cling
guan trong. Vi so dé cla mach phan
ap nhy hinh 1.29, néu chon dugc cic
tham s6 cta mach hoan hao thi dong
dién Ioq va dién dp Ucgq 6 thé hoan
toan doc 14p véi B.

+ Tinh todn cic tham s6 cha mach L

Pdu vao cha so d6 hinh 1.29 ¢é Hinh 1.29. Mach phan §p
thé v& lai nhu hinh 1.30.
Sir dung dinh 1y Thevenin ta ¢o R,
thé tinh dugc dong Ig nhu sau:
. N U
Ngin mach nguén cdp Ucc R, Re
(hinh 1.31a) ta c6: T
R4 = Ry//R, -L—
. Hink 1.30
Nguén tuong duong Uy (hinh 1.31b) :
R, Ucc
U= Upy = o2t
1d R2 Rl + R2
R,
U
UCC_L- RZ “
Hinh 1.31a. Xic dinh Ry Hinh 1.31b. Xdc dinh Uy
Tir so 46 twong duong Thevenin (hinh 1.32)
Ug—1Is Rio~ Ups ~ g Rg =0 R v
I = Uy —Uge J_ Iy
Ry +(B+DR
Véi Ig ta ¢6 thé xdc dinh duge Ie, tir il

dé6 xéc dinh duge Ucg theo cong thiic:
Ucg =VUcc~ Ic(Rc + Re)

+

Hink 1.32. So 46 tuong duong Thevenin
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+ Phan tich gan diing
Ddu vao ciia mach phan 4p cé thé dugc vé& lai nhu hinh 1.33. Tré khéng
gilta base va emiter 1a R; =(B+1)Rg. Néu R; » R, thi dong Iz « I, khi d6
I ~I; va Iz ~0. B

Do dé .
{ .
B :——1{21-].CC R1 gl ll IB
R +R; Uec™ "';
gin ding R phai thoa min diéu kién : 2evlh ] "=,
BRg = 10R, =
bi¢n ap va dong dién cuc E duge tinh : Hinh 1.33
Ug

Ue=Up-Ups Ig=0= g =lg
E

~Tu dé, dién 4p Ucg duoc tinh nhu sau :
| Ucg =Ucc —IcRe - IgRg
Uceq =Ucc ~Ic(R¢ +Rg)

V6i céch tinh nhu trén, 16 rang Iog vA Ucpg hoin todn doc 1ap vdi B.

Vidy 1.4 : Cho so d6 nhu hinh 1.34. Xdc dinh Ueg va Ic.
Gidi : Ta thiy diéu kién BRg >10R,

thoa man.
_RoUec _3922 _
R;+R; 39+3,9

Ug=Ug-Ugg =2-0,7=1,3(V)

Doéng dién tai cuc collector va emitter

2,

la :
v .
loolg =B Y 6 g67ma
RE 1,5k
Di{:n flp UCE : Hinh 1.34

Ueg =Uge —Ic(Re +Rg) =22 —-(0,867mA).(10kQ + 1,5kQ)) = 12,03V

+ Transistor bdo hoa

Dong Iry, trong mach phan 4p tuong tu nhir mach phan cuc emitter. Khi
transistor bao hoa, Upg = 0V do d6:
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Ucc
Icoh = Icmax = Rg +Rg

+ Pudmg tai (inh xdc dinh gi6ng 1.2.6.2.

1.2.6.4. Mach phdn cuc hoi tiép dm dién ép

Mach phén cyc héi ti€p 4m dién 4p
dugc cho trén hinh 1.35. Mot duong
héi ti€p tr cyc C v& cyc B lam cho
mach dat dugc sy én dinh ddng k€,
Tuy nhién diém 1am viec Q (dugc x4c
dinh bdi Icg vd Uggg) khong hoan
toan doc 1ap B, nhung én dinh hon so
v6i mach phan cyc c¢8 dinh hodc phan
cuc emitter .

+ Vong base — emitter (hinh 1.36)

Theo dinh luat Kirchhoff ta c6 két
qua sau:

ch:—* I(’: RC - IBRB - UBE-' IERE = 0

Mat khic: I = I + Ig. Tuy nhién,
dong Io va I, qué 1on so véi Ig nen
Ic = I . Thay th€ I = Ic = Blp vd
IE = IC sé ¢6 két qué la:

Hinh 1.36. Ving base — emitter

Uee - BlgR¢ ~IgRp — Upg - BlgRp =0
Ritgontacé:
Ucc - Upg — BIp(Rc+REg) - IgRp = 0
Vay dong Ig la:

I, = — Ycc —Upe
B~ Rp +B(Rc + Rg)

Két qua trén cho ta thdy phan héi cta dién trd R trd lai ddu vao, wong
duong véi sy phan héi cia Rg .

Cha y: Véi céc céch phan cyc trén ta ¢6 mot phuong trinh tdng quét tinh
Iz nhu sau: '
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trong do U= Uge —Upgg: R’= R¢ +Rg
va Ucg = Ucc — Ic(R¢ + Rg)

ban doc ¢6 thé tu chiimg minh biéu thic trén.

Vidu 1.5 : Xac dinh 1 va Ugg trong 10v
hinh 1.37.
- 4,7kQ
Gidi 2S0KQ) 10uF
lg = Do~ Uee 10uF |
il
Rg + B+ Rg o, B=90
9,3V _
= Z50k0 + 531k L DIluA 120

Ic= Blg = (90)(11,91pA) = 1,07TmA Hinh 1.37

Ucgq = Ucc~Ic(Re+Rp)
= 10V - (1,07mA)(4,7kQ + 1 ,2kQ)) =10V - 6,31V =3,69V
+ Ché do bdo hoa
Ly xdp xi I = I, phuong trinh ciia dong bio hoa giéng nhu mach phan
ap va phan cuc emitter dé la :
L =T = —0CC__
Cbh Cmax Rc + Rg
+ Buong tai tinh
Néu 1. = I¢, dudng tai tinh clia mach héi ti€p di¢n 4p dugc xdc dinh

tuong tu nhu mach phan 4p va mach phan cuc emitter.

1.3. KHUECH PAI TIN HIEU NHO DUNG TRANSISTOR
LUONG CcUC

1.3.1. GIdI thigu

Cic ki€u phan cyc da duge gi6i thiéu & phén trude s& dugc st dung dé
phan tich tin hiéu xoay chiéu nhd. Cic mach duge phan tich sau day 1a nhiing
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mach di¢n thuc 1€ thudng duge sir dyng. D€ phan tich bo khuéch dai tin hiéu
nhé ding BJT ngudi ta ding so d6 twong dwong d€ phan tich. Khi véE so d6é
tuong duong d6i vdi tin higu xoay chiéu cdn chii ¥ 2 diém sau:

— Thiét 13p tat cd cdc ngudn cdp mot chiu & mic dien thé OV (ngén
mach nguén cp) ;

— Ngén mach tdt cé cdc tu dién.

1.3.1.1. S0 d6 tuong duong ciia mach CB

Tren hinh 1.38a 12 so dé cdch mic CB cita transistor npn. Nhu phdn trén
chiing ta da biét transistor dugc cdu tao boi ba 16p ban din, tao nén hai chuyén
ti€p PN, vi th€ ta coi chuyén ti€p emitter (giita cuc B va E) 12 mot diode, ngoai
ra vi I¢ = o Ig nén giita cue B va cyc C duge thay the bing mot ngudn ddng c6
gid tri 12 alg . V4i sy thay th€ d6 ta ¢6 thé v& duge so d6 tuong duong nhu
hinh 1.38b.

Ie Ig k-
o —c E o-t— : C
Dy Ie=adg
B o OB BO } OB

Hinh 1.38. S0d6 CB
a) Cdch méc CB; b) So d6 twong duong

Khi transistor dugc phan cyc va hoat dong & viing tich cyc thi chuyén ti¢p
emitter phan cuc thuan, khi d6 diode D, (trong so d6 twong duong) tuong
duong v6i mot dién tr& ¢6 gid tri bing dién trd thuan cla diode, dién trd nay
dugce ky higu 1a r, va duge duge tinh theo cong thiic:

I. = UT
L T 1 .
V6i Ur 1a dien the nhiét, &
nhiét d9 binh thudng Ut = 26mV, I, Io=alg '
do dé: .
26mVv BO - -0 B
L. =
Ig Hink 1.39. So d6 wong duong ciia cich mic CB

Nhu véy, so 46 tuong duong
ctia cia mach CB dugc v€ lai nhu hinh 1.39. Véi so 46 tuong duong hinh 1.39
ta c6 thé tinh dugc trd khéng vao va ra cia mach CB nhur sau:

Z,=r1,

5
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Gi4 tri r,, r4t nho, t6i da 12 50 Q.

Trés khdng ra dugc tinh khi cho tin hi¢u vao bing khong, vi thé Ig = 0 nén

Ic = alg = 0, nghia 12 ddu ra cia hinh 1.39 hd mach, do d6:
Zo=o

r

Thuc €, trd khang ra cha mach CB ¢ vai MQ.

1.3.1.2. So d6 tuong duong cia mach CE

Tuong ty v6i cach méc CB, ta c6 thé v& duge so 46 twong dwong cua mach
CE nhu hinh 1.40.

£ .0

£, ¢
Ic =Bl

e

Te

Ed & o E E o * o E

Hink 1.40. 3) céich méc CE ; b) so d6 wong duong

Theo so d4 trén ta c6:

1L IC(mA) L) d6c=1!r0

So dé twong duong hinh 1.40b
khong x4c dinh duge tré khéng ra,
thuc 1€ trd khéng ra dugc xic

|
dinh theo d¢ ddc ctia dubng dac ?
tuyén ra (hinh 1.41). VeV
Gia sir tr& khéng ra cha mach Hink 1.41. X4c dinh rq cia mach CE
. B ' o C
Vé6i trd khang vao 12 Pr, trd
khéng ra 12 r ta v& lai dugc so dé pr, Pl 3T
tuong duong cha mach CE nhw o - l _ E
hinh 1.42.

Hink 1.42. So d6 wong duong ciia céch méc CE
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1.3.1.3. So 46 tuong duong ciia mach CC

Tuong tu nhu cdch méc CE , ta s€ ¢6 so 46 tuong duong ciia mach CC. So
d6 twong duong ndy s& duge vé trong cdc mach cu thé & phin sau.

1.3.2. Cac mach khuéch dai tin hiéu nhd thong dyng ding BJT
1.3.2.1. Mach phdn cuc cd dinh mdc E chung
So 6 mach nhu hinh 1.43 ~ Yee

Tin hi¢u vao U, dugc dua dén
cuc B clia transistor trong khi ddu ra L G
U, 14y tir cyc C. D& dang nh4n ra l”, G —ou,
dong I, 12 dong ngudn khong phai u,o—3
dong cyc B, trong khi ddng ra I lai _Z: ‘z
1a dong cuc C.

Vi tin higu AC, ta c6 thé vé lai
s d6 nhy hinh 1.44. Hinh 1.43. Mach phan cyc c6 dinh mic E chung

Pay 12 mach méc theo kidu CE
nén ta c6 thé v& so dé nrong dwong
nhu hinh 1.45, -

Chi § ring, hé s6 B, r,, 1, duge
tra tr bang cdc thong s¢ ky thuat

hodc dic tuyén ra. Nhu vay B, r, va Hinh1.44. 5S¢ 46 1.43 khi bé anh
hl.t('mg clia UCC va C], CQ

r, coi nhu di biét.

A 1, Je Tir hinh 1.45 cho thdy:
o————9 o
v 4 :,_ Tré khéng vio cia mach:
y g 4 Zv Ur .,
Uv? R 3 fr, BL, Iy ;RC Z,=Rg// Pr,
o L .. | o Véi gid tri Rg thudmg

Hinh 1.45. So db tuong duong l6n hon 10 l1dn Pre, do d6
cho phép tinh gén diing:

Z, = Pre
Trd khéng ra Z; duge x4c dinh khi cho U, = 0. Trén hinh 1.45 khi U, = 0,
I, = Ig = 0, v4i mot mach hd ngudn ddng ta cé:
Z,=Rc// 1o
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Néurg2 10R, = Re//ry =R thi:
Zl’ = RC

He s6 khuéch dai dién 4p K, duge tinh nhu sau ;

U, = - BI, (Rc // rp) nhung I, = 'BUl.'l

e

) U
do d6 U, =- B(BTV] (R¢ /1 1p)
1
nén Ku=&=-—M NéurOZIORCﬂlIKu=—R_C
Uv T T

Trong phuong trinh trén, khong c6 P, tuy nhién gi4 tri cha § duge ding dé
xéc dinh r,, d4u trix thé hién dién 4p ra ngugc pha véi dien 4p vio.

He s8 khué&ch dai dong di¢n duge x4c dinh theo cich sau:
Theo luat phan dong cho diu vao vi ddu ra.

L= @) L __ %

I + RC Ib I + RC
véi I = RpXl,) nén L __Rp
' Rp +Pr,

Iv _RB"'ﬁre

K=o (L)) (_oB }_Rs ). BRp1y
"I, B L) |o+Rc|Rp+Br ) (1 +Rc)Rg +Pr)

Néurg 2 10 R va Rg = 10fr, thi:

.- I _ PRy =B

=

iT 1, (p)Rp)

Quan h¢ giita K, va K; dwgc thé hién qua cong thic sau:

Zy

Ki=-Ku'§-(':—

Vidyu: 1.9: V6i so dé hinh 1.46
1. Xéc dinh 1,
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2. Tim Z,, Z,, K, K v6i 1y = o Q gy .

3. Tim Z,, Z,, K, K; vdi ry = 50
kQ réi so sdnh két qua.

Gidi:
1. Phan tich DC.

.= Ucc-Ups _12V-07V
B Rp 470kQ

Hinh 1.46

= 24,04 pA
Ig=(B+1)Ig=(101) (24,04 nA) = 2,428 mA

_ 26mV _ 26mV
T Ig  2,428mA

=10,71 Q

Ty

2. Br = (100) (10,71 ) = 1,071 kQ
Z, =Ry // Br, = 470kQ // 1,071 kQ = 1,069 kQ
Z,=Re=3kQ

= _Re _3KQ
Ky= ., | 10,71Q 280,11

ViRg 2 10 Br, (470 kQ > 10,71 kQ)
K;=8=100

3. Z =19 // R =50 kQ // 3 kQ = 2,83 kQ so sdnh v6i 3 kQ

K = _rolfRC =_2,33k9 =
u & 10,712

= PRpry _ (100)(470KkQ)50kQ)
i ™ (p * RO(Rp + Pr)  (50KQ + 3kQ)(470kQ + 1,071kQ)

- 264,24 so sanh v&1 —280,11

= 94,13 so sdnh véi 100
Kiém tra:

e Zy _ —(-264,24)(1,069kQ) .,
Ki= K, == o = 94,16.
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Qua vi du ndy cho thdy viéc 14y , = vd 1, = 5kQ détinh Z,, Z, Ku',
K; sai léch nhau khong ddng ké. Vi v4y khi tinh todn mach cho don gidn c6
thé coi r, = oo d€ tinh cdc tham s6.

1.3.2.2. Mach phdn ap

Mach phan dp nhx hinh 1.47.

So. 46 twong duong hinh 1.48. Chd y,
trong so 46 tuong dwong khong cé Rg 12
do & tdn s6 hoat ddng cua transistor, gid
tri dung khéng r4t nhd nén ta coi ngin
mach Rg d6i véi tin hi¢u AC.

Tr& khéng vio Z,:

Z,=R’{/Pr, Hinh 1.47. Mach phan 4p -
I i
— b
O “ » O
L —
—_— z,
U, Z, R, SR, Br. Bly Iy Re Ur
O y . ! : — O
et
R'

Hink 1.48. 50 d6 tuong duong mach phan 4p

Véai R’=R1//R2=£+;i§-;
Tré khéng ra :

Z.=Re /i1
Néu g2 10R-=Z. =R

Heé s6 khuéch dai dién ap Ku dugce tinh nhu sau:
Ur == (ﬁlb) (Rc i/ 1'0)'

Vi I, = =y dod6é U =-B v (R // rg)
Brc l'e
Néwr, > 10 Re. thi K, =—2c ~ ~Re
0= . € “ Uv Ie
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H¢ s6 khuéch dai dong dién K, :
So dé hinh 1.48 giéng v6i 1.45 néu ta coi R’ =R // Ry = R do d6 ta c6:

K. = I_r _ BR'I’O
"L, (g +ReXR'+ fr.)

Néu rg 2 10 R thi:

. K-=I—r= BR'TO = BR'
UL, T p(R+PBr,)  R'+Pr,
Van€u R’ > 10Br, thi K, = L Bi,= B
I, R
ZV

Quan hé gita K, va K : K;=-K . —*

Vidu 1: Cho so d6 hinh 1.49 xdc dinh:
a) re; ZV’ Zl” KI.I.’ KI vidi I'O = ocol)

b) vbirg = 50 kQ xic dinh cdc tham
sO trén va so sdnh két qua ra.

Gidi:
a) DC : Kiém tra BRg > 10R,
(90) (1.5 k) > 10 (8 . 2 kQ)

135 k2 > 82 k2 — thda man " Hinh 1.49
R, ' 8,2kQ
= — = e—— 2 =
Us R, +R, Uee = sgia+ s.okq 22V =231V

UE - UB_ UBE = 2,81 —0.7 = 2,11V

Ig=Ye 21V o1 41 mA

Rg  1,5kQ
~ 26mV  26mV
= = = 18,44 O
= T T 1.4ImA

R’ =R // Ry =(56kQ) // (8,2 kQ2) = 7,15 kQ
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+Z,=R’/Pr, = 7,15 kQ // (90)(18,44 Q) = 7,15 kQ // 1,66 kQ2 = 1,35 k&2

+Zr=RC=6,8kQ

R 6,8kQ
K = = 2 = -
+K, ‘ s aag = 368,76

I,

Diéu kién R’ 2 10Bre (7,15 kQ = 10(1,66 kQ) = 16,6 kQ) khong thoa
min, nén

k.= PR _ 907,15k

i= R+ PBr,  7,15kQ + L,66kQ 73,04

by Z, = 1,35 kQ

+Z,=Rell 19 = 68 kQ // 50 kQ = 5,98 kQ s0 sénh véi 6,8 kQ

_ _Reling _ 5,98kQ

M e F W ¥T)

=-324,3 so sdnh v&i -368,76

Diéu kién: 1y 2 10 R : (50 kQ) 2 10 (6,8 kQ) = 68 kQ khong thda man,
nén: :

K = BR 't _ (90)(7, 15k QH50kQ)
i~ (o *ROR+Pr.) (50K + 6,8KQ)(7, 15kQ + 1,66kD)

= 64,3 so sanh vdi 73,04
Vi diéu kién ry 2 10 R khong thoéa mién do d6 K;, K, Z, ¢6 sai khac.

1.3.2.3. Mach phdn cuc emitter

So dé mach duge cho trén hinh 1.50.

So d6 tuong dwong nhu hinh 1.51.
So d6 nay c6 dién trd cuc E, khong thé

b6 qua duge déi vdi thanh phan AC. -4 G
\ . U
Trén so dd khoéng c6 mat ry. Anh s
hudng cla rg 1am cho viéc phan tich rat Z,

phifc tap; nén trong thuc t&€ hdu hét cic
trudng hop ¢6 thé bd qua.

Hinh 1.50. Mach phan cyc emitter
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Ap dung dinh lnat Kfrchhoff
v@i ddu vao hinh 1.51 ta cé:

Uv = lbﬂre + lcRE

U\r = Ibﬁl'e + (B + ].) IbRE

Zb=-%‘i-=ﬂre+(B+I)RB

Vi B thudng 16n hon I do ,
dé phuo‘ng trinh duge rit gon. Hinh 1.51. So 46 tuemg duong mach phan cyc emitter

Zb = Bl’c + BRE = B (l'e + RE)
Vi Rg thudng 16n hon r,, rdt nhiéu nén: Z, = BRg
Tré khéng vio: Z,=2Z, // Ry

Trd khéng ra Z_ : Vi U, =0V, I = 0 va BI, =0 so d8 1.51 c6 th€ thay thé
bing mot mach tuong dwong hé mach. Két qua 1a;

Z, =R

He s6 khuéch dai dién 4p K, dugc tinh nhu sau;

I - Uv
b~ Zb
Uy
Ur==-IRc=~PlRc=-B1 5= Rc
b
Nen ¢ - U _gRe
v '_Zb
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He s6 khuéch dai dong K;: -

Gid tri cia Ry thudng chon gdn véi Z, nén cho phép xa’p xi Ip=l,. Theo
luat phan dong véi mach vdo ta sé c6 két qua:

Rpl I R
I ¥ _b - B
b RB + Zb nén Iv RB + Zb
Il'
Hon nita : 1= B
I I, 1 R
dé =L =_L.b_ B
Do K=, "1 1, Pz
. Z,
Quan h¢ gita K; va K, : K;=-K, .
C

Vidu 1.18 : Cho so d6 hinh 1.52 khi
khong c¢é Cg x4c dinh :

a) Ty

b) Z,
) Zpo
d) K,
e} K;»

Ap dung céc cong thitc 42 din trén,ban
doc tu tinh,v6i ci trudng hop ¢6 Cg.

1.3.2.4. Mach khuéch dai tdi cuc E
(mdc CC)

Khi ddu ra dugc 14y t¥ cyc E cha
tranzito nhu hinh 1.53. So d6 dugc mic cuc
C chung. Dién 4p ra luén nhd hon tin hiéu
vao chiit it bdi vi tiéu hao trén cuc B t6i
cyc E, do d6 K,, = 1 khong gi6ng nhu dién
dp cyc C, dién 4p cuc E cing pha vai U, va
diendp U, =U,.- :

Hinh 1.53. Mach tdi cyc E
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Vi trd khdng vao 16n va trd khdng
ra nhd, so d6 nay thudng duge sit dung
dé ph6i hgp trd khdng. Hiéu qua cla
mach cé thé dat dugc twong duong véi
mot bién dp.

Bd qua anh hudng cla ry ta vé duge
mach twong duong nhu hinh 1.54. Anh

hudng cla r,, s& duge xét sau.

Tra khén'g vao, duge xdc dinh nhu
cdc mach trén vai:

Z,=Rg )l Z,
Vai Zb = Bl’e + (B + I)RE = BRE
Z, : Trd khéng ra dugc xic dinh qua phuong trinh dong I,

Ib:g_:

sau d6 nhan v6i (B + 1) d c6 1. Ta cé:
U
Ie=(B+ l)Ib=(B+1) Z—V
. b

Thay Zb = BRE

__B+pyu, _ U,
© Pro +B+DRg [P /B+1D]+Rg

nhung (B+ 1) =p va Bre sﬁr"' =7

pY,
ﬂfﬁQ,’\i';

Hinh 1,54, So 46 tuong duong

B+1~ B °

do dé I, = Yy
Lt RE Ljf,\ o
Véi dong I, duge xéc dinh theo cong thic trén 2 T
ta c6 thé vé duge mach nhr hinh 1.55. W v, 5 Re
Trd khang ra duge xéc dinh khi U, = 0 nén —0
Z.=Rg/lv : Hinh 1.55, X4c dinh Z,

r . -4
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Vi Rg thudng 16n honr, dodé:
Z.=r,

Hé s8 khuéch dai dién dp K, dugc tinh :

U. = REU\'
r RE + I
Do d6 K,= ot = _SE_

u UV '_l;{E+l"3

Vi Rg thuong 16n hon r, nén Rg + 1. = Rg do do :

H¢ s6 khuéch dai dong dién X :

. Rpl I Ry
T = -2 Y ngp 2= 2
acoly RB+annIv Ry + Z;
va L=-I=-@B+DI nén;—r=_(|3+_l)
b
P T R
do dé K-:-r_:_..l'......ll = - | B
o dé T T, B+ )———RB+Zb
N X PR
Vi (B*‘I)EB“C“Ki——«ﬁ
. N Z,
Quan hé gita K; va K : Ki'—'_Kui—
E

Xét dnh hudng ciia r, : Bang viéc tinh todn chi tiét s&€ co :

z,: Z,=pr, + £+ DR

v

Néu diéu kién r, = 10 Rg dugc thoa mén nén cé thécoi 1 + Re =1, vivly:

Zy=Pre+(B+1)Rg =P (r. +Rp)

Ty
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Pre
B+1).

Z,: Z, =1, /IRg /I

CoiP+1=p, Z,=t,//Rg/1 vavirg>>r,,  Z=Rgl/1,

K, : K, = (B+ DRg/Zy

Né&u diéu kién r, = 10 Rg duoc théa mén vacoip+1=p

- PRe
K, = Z,
nhing Zy, =B (1. + Rg)
dodo K, = BRE Rg

B +Rg) ~ &, +Rg
Vidu 1.9. Cho so d6 hinh 1.56 xdc dinh :

te Zy Zp Ky Ko khi bd qua 1, khi
1, = 25 kQ va 5o sanh két qua.

Gidi :

+Khibd quarg:

= UCC _ UBE Hinh 1.56
B™ Rg +(B+ Rg

12V - 0,7V ‘
= ka0 - AEeA

Ig = (B +1) Ig = (101) (20,42 pA) = 2,062 mA

L _26mV _ 26mV
¢~ T1g  2,062mA

=12,61Q

Zy = Pr. + (B+ DRg =(100) (12,61 ) + (101) 3,3 k) = 334,56 kQ = BRg
Z,=Rg /l Z, = 220 kQ // 334,56 kQ = 132,72 k2

Z, =Rp//1,=33kQ//1261Q =12,56 Q=r,
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PRs _ _ _ (100y220kq)

.= = = - 6
Ki=-g 3 Zy ~ 220kQ+ 334,56k = " 39.67
V4 132,72k} .
=K Zv _ _ 5= = 40,0
Ki=-K, R (0,996)( T J 40,06

+ Khiry =250 -

Dicukienr, > 10 R khong théa man nep -

- B+ DRy (100 + 1)3,3k)
Zy=Pr, + R = (IOO)(12,610)+W

I, 25k$)

1+=E

= 295,7 kQ2

véi Z, = Rg // Z = 220 kq // 2957 kQ = 126,15 kQ so sénh véi 132,72 kQ

¢6 duge trude dé.

Z = Rg #/ T.=12,56 Q) nh_lr €6 duge trude dé.

Kk = B+ DRE /7, _ (100 + 1)(3,3k0) /295,70
uT T = T A5 IKEY)/295,7KQ

R 3,3k0)
ZE | 4 222882
g %%

Phil hop véi ket qua trudc.

= 0,996 = |

Tuy nhien véi diéy kién r, > 10 Rg khong thoi min, ket qué clta Z_, K
nhu phau, Z, giam khong ding k€. T d6 ta thdy, thuc t& c6 thé bo qua anh

hudng cia Iy ¥Gi so dé nay.

1.3.2.5. Mach base chung

Mach base chung dac trung 13 Cf_

Uce

2

tré¢ khéng vio ©hd, tr6 khdng ra ' i

16n va he s6 khuech dai dong nhé Zy
Uyl - Ry Ry

hon mach EC, trong khj hé¢ sg

khuéch daj dién 4p rat 1én. Sg dé

——o

L

nhu hinh 1,57, -

S0 d6 twong duong hinh 1.58. Hinh 1.57. Mach CB
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Theo so dé hinh 1.58 .
Iy e

Ic

T

Tré khéng vio: Z, =Rg /i T,

Trokhingra: Z =R W

—
z, T

A

fa ¥
4

Fm

Pal, Rog I

Hé¢ s6 khuéch dai dién 4p
dugce tinh nhur sau ;

WQ 4 am

o

A4

Ur=_IrRC=_'(_IC)RC=_a'IeRC Hinh 1.58. So dd twong dirong

do dé U=a —"JRC
suy ra K, = —2t="2="%

He¢ s6 khuéch dai dong dién K;
vi Rg>>r . nénl, = I,

Mat khic I, = al, = - al,

Uce
suy ra K;= L . —a = -1 glﬁc

1 Iv 4

: . I, —] (-—-o Ur
1.3.2.6. Mach héi tiép AC tit cuc C — C2

Mach héi tiép tir cyc C vé cyc B nhu u, %1 ey
hinh-1.59 dé ting d6 n dinh ctia mach. .

777
Véi so dé twong duong nhie hinh 1.60.

Cic buée thuc hién sau day 1a két qui ca
kinh nghiém lam viéc v6i mach dién nay.

Hinh 1.59. So d6 mach héi tidp
ACtircuc C

Tinh tré khing vao Z, :

I
e
_ Ur—Uu qv A, ' -0
Re

I R; .

véi U, =-IR¢

va I =PI, +1I"
e =Pl Hinh 1.60. Su d6 wong duong
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Vi BI, thudng 16n hon I’
I =PI,
va Ur =- (BIb)RC =- BIbRC

nhung I, = gT‘* nén

R
U= Jre == S

Vi thé
I’ = U -0, =_RCUV _Eg_=___l_ l+&- U,
RF I'eRF RF RF Ia
Mt khéc: :
U, = [pfr, =, + I")pr, = L Pr, + I'Pr,
U, =I,Bre - : [l t— ]Bre
Rg
. Br, R
nén U\,[1+R—; 1+r—:3 =LPr,
Ttrdésuyra:z‘,=U—~' __Pre
I, Bre +
RE re
Nhimg R thudng 16n hon 1, nén 1 + Br-‘l = Rr—C
£ 1=
do d6 z,= P __%
1+PRc 1 R
Re B Rg
Trd khéng ra Z, : Khi ddu 45 o
vao U, =0, hinh 1.60 dugc v& vie=0%; l
lai nhu hinh 1.61. Néu bd qua Ble=0 Re¢ $ Re zr
anh hudng cta Pr, thi : j_

Z,=Re//RE Hinhl.61. X4c dinh Z,
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Hé sd khuéch dai dién dp duge tinh nhir sau:
Tai cuc C (hinh 1.60).

I=Bl,+1’
vGi gid tri BI, >>T" va I = B,
Ur=-IRc=-(BlpRc
U .
thay I, = =~ tacé:
_. 5~ Br,
U
U = -BZYR
r Bre C

Do dé: Ku=%= [ic
v

Heé s6 khuéch dai dong dién K :
Ap dung dinh lust Kirchhoff cho vbng ra.
Uy = Ug, - U, =0 tuong duong véi :

IbBre + (Ib - IV)RF + II‘RC =0

véi I = B, ta cé TpPr, + [,Rg— LR + B,Rc=0

nén I, (Br, + Rp + BRe) = LRE

1
Thay I, = E‘ tit I, = P, ta cé:

I—ﬁr(ﬁl‘e +Rg + BR¢) =L Rg

— BRFIv
syt b= B Ry + PRe

Br,, rdt nho so véi Rg + R, ¢6 thé bd qua nén:

K = .IL=BR—F
! Iv RF+BRC
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Vi BR¢ >> R, thi:

Anh hudng cia ry:

Z, : Tinh chi tiét s& c6 két qua Z, = E
v - Tinh chi tiét s&€ c6 két qua Z, L+L+Rc”r0
B% RF RFQ

Thudmg R rdt 16n nén RL = 0 va n€u diéu kién r, = 10R thoa min thi:

F
1+Rc
Z, = Rp
Y1, Re
B% Rgre
Thufmg Re << 1 nén:
Rg
1 I, - » |
Z,= = giong ké&t qua trude

|  Rc 1 _Rg¢

Pr.  Rgre B ¥ F
Z.: Z, =1,//Rc// Ry
véir, = 10R,
Z. =R // Rp gifng két qua trude.
Vé6i diéu kién chung Rg >> R,

ZIERC
1 1 .
K = _L>F T
’ 1+ R/Re
F
ViRg>>r,:
B /R
T
K=z ——&——
’ 1+-——r°”RC
F
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Véir, 2 10R¢:
Re
K,= - L
R¢
1+-C

Rp

vi R—C thudmg nho hon 1 rat nhiéu, nén:
F
K, = -Re
I
Vidu 1.10: Cho so d6 1.62 xé4c dinh: ov
a)r,.
¢ 2,7kQ
b) Z.- 41
b) 2 180k LTZ U,
¢}z L Cy
y =200, ry ==f)
DK, v, &3 P
Z
—_

e) K;» z,
f) Lap lai tit b + e v8i 1, = 20 kQ va mn:} 62

so sdnh ké&t qua.

Ban doc tr 1Am vi cho nhén xét.

1.3.2.7. Mach héi tiép DC tir cuc C

So d6 mach dugc cho trén hinh 1.63, mach c6 dién tré héi ti€p mot chiéu
dé ting d6 8n dinh, tu C4 s& thay d6i ty 1¢ dién trd héi ti€p tir ddu ra vé dédu
vao cla mach d6i vdi thanh phin
xoay chiéu.

V@i tin hiéu xoay chidu tu
C; coi nhu ngin mach thanh phin
xoay chiéu xufng mit. Do dé

ta c6 so d6 twong duong nhu C1|
hinh 1.64. "'...p‘: )I
Tré khdng vao: —ZT !
Z,=Rg // Pr, Hink 1.63. Mach hdi tiép DC cyc C
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Trd khdng ra:

2 O
Z,=Rc// R /1,
Blb$ro Rez QR Ur
. -
v@iry, 2 10Re: zZ,

Z. =Re/f RFZ Hinh 1.64
Hé s6 khuéch dai di¢n dp K, dugc tinh:
bat R’ =1,// Ry, //Rc thi U =-BLR’

U U

nhung I, = i nén U, =- B—r:R’
' 1, //Rg /IR
do dé: K, = % = —-—‘-’—-—%
: ¥ -
Rg, //Rc

Véir, 2 10R- thi: K =%5 -
¥ 1=

Hé¢ s& khuéch dai dong di¢n K; dugc tinh nhu sau:

R'BL, nén L__RB

' R'+ RC Ib R+ RC

L _L I, RB Ry BRgR’
"I, I, I, R¥Rc R +Pr  (Rf, +BL)R'+Re)

Vi R, thudng 16n hon Pre, nén Rg + Bre = Rp,

RE (t, //Rg,
vithe K=l _PRRG/RE) _ B
Iv RFl (1’0 ” RFZ + Rc) 1+ RC
T //Rpp
1
K.=L=_-K Zv
Hoic K » K“-RC
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Vi dy 1.11: Véi so 46 1.65 o
xdc dinh: 3kQ
a) I BBKG . ¢Io10pF
+ E Ur
b) .Zv’
10uF =140
c)Zp U, oo ) — rg = 30k
d) K,» — 1 -—
zZ,
zZ, —
3) Kl’ =
Hinh 1.65
Gidi:
U -U 12v -0,7v
[o = —CC BE _ ; -
D Is=R5 BRc (120K + 68kQ) + (1A0pKn 130 KA
Ig = (B + DIg = (141) (18,6 pA) = 2,62 mA
26mV  26mV
I X T
b) Pr, = (140) (9,92 Q) = 1,39 kQ
Z,=Rg//Pr,=120kQ // 1,39 kQ =1,37kQ
¢) D€ dang thdy diéu kién r, = 10R( théa min , nén:
Z. =Rc//Rpy=3kQ// 68 kQ = 2,87 kQ
' Rgy /IR 68kL2 // 3kQ
d)rg > 10 R, nén: K, = - F2r¢ C=- 500 - 2833
e) Didu kién Rg,>>Pr, thod min nén: K; = __.BT_
1+ —=%
o //Rey

Sau khi thay s6, tinh duge K; = 122,8.

1.4. TRANSITOR TRUONG - FET

1.4.1. Sd lugc ciu tao cla transistor trudng FET

1.4.1.1. Gidi thi¢u chung

Khéc v6i transistor ludng cyc ma dic diém chi yéu 13 dong dién trong
ching do ca hai loai hat din (di¢n tir v2 18 tr6ng) tao nén, transistor trudmg
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N,
Cog,

(Field Effect Transistor — FET) hoat dong duwa trén nguyén ly hiéu ing
trudng, diéu khién d¢ din dién cia don tinh thé ban din nhd tdc dung chia mot
dién trudng ngoai. Dong dién trong FET chi do mot loai dién tich tao nén.
Cong nghé ban dan, vi di¢n tir cang tién by, FET cing to 15 wu diém quan
trong trén mat xiur ly gia cong tin hiéu véi do tin cay cao va mifc tiéu hao nang
lrgng cuc bé.

Su khidc nhau co ban giira Ic
BJT va FET duogc chi 1o &
hinh 1.66.

Transistor hiéu @ng trudng
FET gém c6 hai loai chinh:

a) Ues b)

— FET diéu khién bdng

tiép xiic p — n (hay goi la FET

moi néi don): Junction FET,
viét tit 1a JFET.

Hinh 1.66. So sinh BIT (a) vi FET (b)

— FET ¢6 cuc cuwa cdch dién : Insulated Gate FET viét tit 12 IGFET.
Thong thudng 16p cach dién 1a 16p 6xit nén goi 1a Metal Oxide Semiconductor
FET (MOSFET hay MOS). Trong loai transistor trudng c6 cuc cira cdch dién
lai chia lam hai loai 12 MOS c6 kénh sdn va MOS c6 kénh cam ing.

Mai loai FET lai dugc chia 1am hai loai, kénh N va kénh P.

Transistor trudng c6 ba chan cuc: cuc ngudn (Source) ky hiéu 1a S, cuc
cong (Gate) ky hiéu 1a G va cuc mdng D (Drain).

= Cuc nguén 12 noi ma céc hat din da s6 di vao kénh va tao ra dong dién
nguén Ig.

— Cuc mang D 12 noi cdc hat ddn da s6 di ra khoi kénh .
— Cuc cira G 1a cuc diéu khién dong dién chay qua kénh.

Transistor truong c6 nhitng wu diém ndi bat so véi transistor ludng
cuc BJT la dong dién qua FET chi do m¢t loai hat din da s6 tao nén, do vay
FET la linh kién mot loai hat din. FET c6 tr& khdng vao rdt cao, tiéng 6n
trong FET it hon nhiéu so v6i BJT. N6 khong bu dién 4p tai viing Ip=0vado
dé né la phan tir ngét dién, FET c6 d6 6n dinh vé nhiét cao va cé tdn s6 1am
viéc cao. Tuy nhién né c6 nhugc diém la hé s6 khuéch dai thdp hon nhiéu so
véi BIT.
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1.4.1.2. Cdu tao va ddc tinh cia JFET

1. Cdu tao vd'k)') hiéu

JFET dugc goi 1a FET c¢6 méi n6i don, c6 hai loai 12 JFET kénh N va

JFET kénh P.

JFET kénh N c6 cdu tao gdm thanh bédn din loai N, hai ddu n6i véi hai
day ra goi la cuc mang D va cuc ngudn S. Hai bén thanh ban dén loai N 12 hai
viing ban din loai P tao thanh m6i n6i p — n nhu diode. Hai ving nay dugc néi

v6i nhau goi 1a cuc cira G (hinh 1.67).

JFET kénh P cé cdu tao tuong tu nhung chat bén din nguoc lai véi JFET

kénh N.

Cuc mang
(Drain): D

Kénh N

g F
Cuc céng Lo
(Gate): G

" (Source): S

Hinh 1.67. Ciu tao transistor trudng JFET

Ky hiéu cta JFET nhu hinh 1.68a
(kénh N) va 1.68b (kénh P).

2. Ddc tinh

Xét JFET kénh N c¢6 cuc D né6i véi
duong nguén, S néi véi 4m nguén nhu
hinh 1.69.

A. Khi cuc G hé (Ugg = 0V):

Lic n3y dong dién sé di qua kénh
theo chiéu tir cwc duong cha nguén
vao cuc D va ra & cuc S dé tr& vé am
nguén cia Upp, kénh c6 tic dung nhu
mot dién tro.
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B S+
a) b)
Hinh 1.68. Ki hiéu JFET
D “‘ Ip +
Ving Kénh N
nghéo
\w' o !
s o ; -‘:
G ; A ’ _;_.Z
O 1_] DS UDD
U : ov A
oY e
Q. P

Hinh 1.69. JFET khi Ugg = 0V
va UDS >0V
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Néu tang dién th€ Upg tir OV 1én thi dong I tang lén nhanh nhung sau dé6
dén mot dién th€ gi6i han thi dong I khong tang dugc nita goi 12 dong dién
bao hoa Ipgg . Pién thé Upg c6 Ipgg goi 12 dién thé ngdt Up (pinch - off).

B. Khi cuc G &6 dién thé am (Ugg< OV) hinh 1.70

Khi cuc G c6 dién th€ am ndi vao chét ban din loai P, trong kénh N c6
dong dién chay qua nént-c6 dién th€ duong & giita ch4t bdn din N s& lam cho
mdi néi P — N bi phan cuc nguoc 1am dién tir trong ch4t bdn din clia kénh N bi
ddy va 1am thu hep tiét dién kénh, nén dién trd kénh din tang lén, dong Ip,
giam xudng. :

4 ipma)
L Ving bdo hoa
Ipss i Ugs =- 0V
- ol
.
6
5 UGS ==-1V
4
» 5 UGS =-2V
2 -
1 Ugs =- 3V Ugs=-4V
1 1 ) /z
10
22 e 15 ST
Hinh 1.70. JFET khi cuc G Hinh 1.71. Dic tuyé€n ra cia JFET kénh N

c6 dién thé am

Khi tang dién th€ am & cyc G thi
mifc phan cuc ngugc cang 16n l1am
dong Iy cang gidam nhd va dén mot
gid tri gi6i han thi dong Ip gdn nhu
khong con. Dién thé€ nay & cuc G goi’

12 dién thé ngét Up. '

Hinh 1.71 1a dac tuyén ra cia +
JFET kénh N dé chi su thay déi cua I,
theo Upg tng v6i timg dién thé Ugg &
cuc G (goi 1a ho dac tuyén Ip/Upg).

Déi voi JFET kénh P : JFET
kénh P cé mach thi nghiém nhu Ko il
hinh 1.72 v6i nguén — Upp cung Hinh 1.72. JFET kénh P
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cdp cho Upg, dién thé cung 1 ipmay

cdp cho cue G bay giv 1a dien | Vs = OV ‘J
th€ duong (Ug > Ug). JFET | _ |J
kénh P ciing c6 dic tuyén ra Ugg =1V

giong nhu JFET kénh N

- M W o oo~

Ugs =2V Ving
PR 5 ; 3 danh
nhung ?0 cic df}ng digén va Ugs=av ;| ] thing
dién th€ ngugc dau. 7
] . N jg: ,_,I_.— UGS =I5V
3. Bdc tuyén truyén ddn { s 10 a5 20 25 g

Dé&i véi transistor ludng
cuc BIT thi dong dién ra I- va Hinh 1.73. Dac tuyén ra ciia JFET kenh P
dong diéu khién Iz quan he
v6i nhau theo he 56 B: I = f(Ig) = B.I,.

G day P 1a hing s6 con I 12 bién diéu khién. Msi quan hé nay duge biéu
thi 12 mot dudng thang.

Con déi vai JFET, quan hé giita Iy va Ugg duge dic trung bai cong thirc
Shockley:

Ip = Ipss(1 = Ugg/Up)? (1.17)

O cong thic 1.1 thi Ipgg va Up 1a cdc hing s6, cdn Ugg Ia bién didu
khién. Phuong trinh 1.1 biéu thi m6i quan hé giita dong dién Ip va dién 4p
Ugs- D6 thi biéu dién ciia né la m6t dudng 6 dang gin nhu dudng cong
parabol, goi 12 dic tuyén diéu khién hay ddc tuyén truyén dat. Quan he nay

|D(|'I'1A] ry

& ID(mA)
|
pss Ups =0V
UGS=_1V
______ UGS='2V
U A Ugg = - 3V
L [1 es

] ) ]

b
o

-6 -5 -4-3 -2 _1

UGS UGS = Up =-—4ay UDS

Hinh 1.74. Cich v& dic tuyén truyén dat tir
dic tuyen truyén din

52

)
KX
s ut



R

dugc thé hign bing ham Ip = f(Ugg) khi dién 4p Upg khong déi. Ta cé thé vé
dugc dudng dic tuyén truyén dat ndy bing céch suy tir dic tuyén ra (hinh
1.74), hodc vé tryc ti€p theo phuong trinh Shockley.

Qua dudng dac tuyén truyén dat ta thdy: khi thay déi dién 4p trén cuc
cOng thi bé day ciia 16p ti€p xiic P — N s& thay déi, 1am cho tiét dién ciia kénh
ciing thay déi theo. Do d6 dién tr& clia kénh thay déi va cuong do dong dién
qua kénh ciing thay d6i. Nhu vay dién dp trén cuc cdng Ugg dd didu khién
duge dong dién & cuc méng Ip,.

Theo 1y thuyét, khi Ugg = Up thi bé rong ciia kénh giam xuéng 0 va dong
dién méng bdo hoa Ipgg = 0. Nhung véi linh kién thuc t& thi ¢6 mot s6 dong
dd van chdy qua kénh ngay ca khi & diéu kién ngit ! Ugs |>| Upl :

Dong dién ngugc cuc cdng Igg 1a dong dién chay tir cuc clng dén cuc
nguén khi cyc mang ngdn mach véi cuc nguén trong trudng hop | Ugs [>] UPI N

Thong thudng dong Ig bing khoang vai nA d6i véi FET ché tao bing Silic.

4. Nhitng moi quan hé giita BJT va JFET (hinh 1.75) .

D
e
JFET BJT

]
Ip = Ipss (1 - Ugs/ Up)” < I = Blg
Ip=ls = lg=le
IG =0A < UBE = O,N

Hinh 1.75. Quan hé giita BJT va JFET

1.4.2. MOSFET

MOSFET dugc chia lam hai loai 124 MOSFET kénh lién tuc va MOSFET
kénh gidn doan. Mdi loai kénh lién tuc (kénh dat sin) hay gidn doan (cam
ting) déu c6 phan loai theo chét b4n din 1a kénh N hay P. Ta chi xét c4c loai
MOSFET kénh N va suy ra c4u tao nguoc lai cho kénh P.

1.4.2.1. Cdu tao va ky hiéu cia MOSFET kénh lién tuc

Nguoi ta ché tao sdn kénh din dién gém hai viing ban din loai N ¢6 néng do
tap chdt cao dugc n6i lién nhau bing mot kénh din 1a ban din loai N cé néng
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do tap chat thdp hon. Céc 16p bén din ndy dugc khuéch t4n trén mot nén la
chat bdn dan loai P, phia trén kénh dén dién c6 phi 16p 6 xit cich dién Si0,.

Hai day dén xuyén qua 16p cich dién nGi vao hai ving bin din N néng do
cao goi la cyc S va D. Cuc G c6 tiép xic k1m loai bén ngoai 16p o0xit nhung
van céch dién véi kénh din, thudng cyuc S duge néi chung véi nén P.

Kénh N Kénh P
Cuc mang D D
(Drain)
Si0, Kénh N G
7
N s
O N . Nél'l
Cuc cdng G >4 P Cuc dé SS
Gate " (Substrate)
( ) T
Cuc nguén S S
(Source)
Hinh 1.76. MOSFET Hinh 1.77. Ky hiéu MOSFET

lién tuc kénh N

1.4.2.2. Ddc tinh cia MOSFET kénh lién tuc
A. Khi Ugg = OV

Truong hop nay kénh dén dién c6 tic dung nhu mot dién trd, khi ting dién
ap Upg thi dong Ip, tang lén dén mot tri s6 gidi han 1a Ipgg (ddng I bdo hoa ).
bién dp Upg 6 tri s6 Ipgg cling goi 12 dién ap ngét Up giong JFET .

B. Khi UGS{OV"

Khi nay cuc G c6 dién th€ am nén ddy céc dién tir & kénh N vao viing nén
P 1am thu hep ti€t dién kénh din dién N va dong I, bi giam xu6ng do dién tré
kénh dén di¢n tang lén. Khi tang dién th€ am & cuc G thi dong I, cang nhod va
dén mot tri s6 gi6i han dong I gdn nhu khong cdn, dién thé ndy & cuc G goi
1a dién thé ngat Up.

C. Khi U65>0V.'

Khi phan cuc cho cuc G ¢6 dién th€ duong thi cdc dién tir thiéu s6 & mién
P bi hit vao vang N nén lam tang tiét dién kénh, dién trd kénh bi gidm xuéng
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va dong ID tang cao hon tri s6 bdo hoa Ipgg. Trudng hop nay dong Ipy 16n dé
lam héng MOSFET nén it duoc sir dung.

Hinh 1.78 la dic tuyén ra Ip/Upg va dic tuyén truyén dat Ip/Ugg cla
MOSFET lién tuc kénh N.

ID(mA) 4
10,9
- Ugs =+ 1V
UGS =0V
UGS =-1Vv
Ugs = -2V
Ugs =Up/2=-3V
- =
Wed 570 §0! 159 g% 0 St
Up Upr2 03Up : g

Hinh 1.78. Cic dic trung ciia MOSFET lién tuc kénh N

1.4:2.3. MOSFET lién tuc kénh P (hinh 1.79)

M7 BESIAG S PRI (SRR O O Ugs =0V

Ugs=+0,5V
___________________ UGS =+ 1V

&
gi
ﬁ
%

UGS=+ 1,5V
_Ugg=+3V

[N

s 5 : > 270t >
S M e Ugs= Up= - 3V
a) b)

Hinh 1.79. Ciu tao va cdc dic tinh cia MOSFET lién tuc kénh P

1.4.2.4. Cdu tao va ky hiéu ciia MOSFET kénh gidn doan (cam irng)

Hinh 1.80 gi6i thiéu c&u tao cia MOSFET kénh gidn doan, hinh 1.81 1a ki
hiéu ciia chiing.
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Kénh N Kénh P

D Khong c6
0 kénh dén

Cuc dé

SS

Hinh 1.80. MOSFET gidn doan kénh N. Hinh 1.81. Ky hi¢u cia MOSFET gidn doan

Trong MOSFET gidn doan thi hai ving bdn dén loai N pha néng do cao
khong dinh lién nhau nén goi la kénh gidn doan, mat trén kénh din dién ciing
duge phi mot 16p 6 xit cdch dién SiO,. Hai day ddn xuyén qua 16p cich dién
ndi vao vung ban din N goi 1a cuc S va D. Cuc G ¢6 ti€p xiic kim loai bén
ngoai I6p 6 xit va cich dién d6i vé6i cuc D va S.

1.4.2.5. Ddc tinh cia MOSFET kénh gidn doan (hinh 1.82)

Do cédu tao kénh bi gidn doan nén binh thudng khong c6 dong dién qua
kénh, Ip = 0 va dién tr¢ giita D va S rét 16n.

Bat dau ngit

I
Si0, [ Ving nghéo "
D ID f .
3’ 4
N
E e *NEn Cucdé + |
1B P ?  UpsT b)
+ e\ - SS o
UGS i Bf I
i N . & D
L’ |5 = ID g UGS
T a) : C)

Hinh 1.82. Dic tinh cia MOSFET kénh gidn doan
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Khi phén cyc cho G ¢6 Ugg > OV thi dién tich duong & cuc G sé& hiit cdc dién
tir cha nén P vé phia giita cta hai ving ban din N va khi luc hit di 16n thi s6 dién
tur bi hiit nhiéu hon di d€ n6i lién hai viing ban din N va kénh duoc lién tuc. Khi
d6 c6 dong dién I, di tir D sang S, dién thé phan cyc cho cyc G cang ting thi
dong Ip, cang 16n. Dién th€ Ugg du 16n dé tao thanh kénh din dién goi 1a dién the

- ngudng Ugg (1) hay Ut. Khi Ugg < Uy thi dong cuc mdng Iy = OmA hay khong
¢6 dong dién chay qua kénh (kénh din chua duoc tao thanh).

Diac tuyén ra va dac tuyén truyén dat cia MOSFET gidn doan kénh N
dugc bi€u thi & hinh 1.83, khi Ugg > U thi dong Ip va Ugg quan hé v6i nhau
theo cong thirc :

2
I5= k(Ugs <'Uq) (1.18)
day chinh la phuong trinh ctia dac tuyén truyén dat & hinh 1.82b.

He s6 k 1a mot hang s6, n6 duge xdc dinh nhd cdc gid tri Iy va Ugg tuong
ing trén dac tuyén ra (ing véi moéi mot diém bat ky trén dac tuyén ra ta c6
mot cap (Ip, Ugg) tuong tng goi 1a Iy () va Ugg (on)» khi d6:

A ID(cun)
(Ugs(on) = Ut)?
Vi du 6 hinh 1.82b véi Iy () = 10mA khi Ugg (on) = 8V
= k = (10mA)/(8V - 2V)? = 0,287A/V>
= Ip=0,278.10 *(Ugs - 2V)*> mA

(1.19)

1.4.2.6. MOSFET gidn doan kénh P (hinh 1.83)

Tuong ty nhu MOSFET gidn doan kénh N, hinh 1.83a — mo ta ciu tao,
b — déc tuyén truyén dat va ¢ — dic tuyén ra cia MOSFET gian doan kénh P.
JD(MA) Ip(mA)

4
—|8 B e UGS=—5V
ek T 7=
— 6 L
28 5]~ Ugs = -5V
—4 4}
-3 3 Ugs = -4V
—2 2
\\J o4 sty | Yog® -3V
Lo fud) L 5 I 4
TR SRS 0
UGS=UT=2V UGS
Ur
a) b) )i

Hinh 1.83. Ciu tao va cdc dic tuyén caa MOSFET gidn doan kénh P,
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1.4.3. Phan cyc cho FET
1.4.3.1. Giéi thiéu
Ta da biét ring mdc do phan cyc cho 1 transistor ludng cuc ¢ thé duge
thi&t 1ap bing cdch sit dung cédc cong thitc:
UBE = O,TV IC = BIB va IC = IE

Quan h¢ giita ddu ra va ddu vio dugc dic trung bdi he s6 B, n6 12 1 hing
s6 thi€t 1ap m&i quan h¢ tuyén tinh giira I v Ig. D6i v6i transistor trudng,
moéi quan hé gilta ddu ra vad ddu vio lai khong tuyén tinh, sy lién hé khong
tuyén tinh giita I, vd Ugg c6 thé 1am phiic tap hod khi phéan tich FET & ché€ do
mot chiéu.

Sir khéc bigt nita gitta BIT va FET la: bién diéu khién ddu vao cho BIT 12
dong dién, trong khi & FET 12 dién 4p.

Cic cong thitc chung d6i v6i FET;
Ig=0A (1.20)
va: In=1Ig (1.21)

D6i v6i JFET va MOSFET kénh dit sin thi cong thitc Shockley cho quan
h¢ gitta ddu vao va ddu ra 1a:

Ip = Ipss( 1 -~ Ugs/Up )* (1.22)
Con d6i v6i MOSFET kénh cim ing:
I =k(Ugg — Up)’ (1.23)

Diéu quan trong 12 tdt cd céc cong thic trén day 1A dac trung cho linh
ki¢n, ching khong thay ddi trong qud trinh 1am viéc. Mitc d6 thay d8i coa
mach di¢n dugc coi nhu sy thay ddi clia dong dién va dién 4p két hop véi diém
lam viéc qua phuong trinh cia né.

1.4.3.2. So d6 phdn cuc c6 dink (hinh 1.84 va 1.85)
O ché& do tinh (khi chua c6 tin hiéu xoay chiéu):
Ig=0A va Upg = IgRg = 0A.RG = OV.
O ché do ndy, mach twong dwong duge vé lai nhu hinh 1.85.
Ap dung dinh luat Kirchhoff ta c6: — Ugg — Ugs=0
hay Ugs=-Ugg ©  (1.24)
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Hinh 1.84. So d6 phan cyc ¢6 dinh cho JFET

Hinh 1.85. So 46 tuong dwong & ché€ do tinh

Vi Ugg 1a nguén 1 chiéu 6n dinh nén Ugg ciing khong thay déi. Do d6
ngudi ta goi 1a “so dé phdn cuc cé dinh”.

Dong cuc méng I, dugc tinh theo cong thitc Shockley:

2
Ip = Ipgs(1 = Ugg/Up)

D6 thi biéu dién m6i quan hé trong phuong trinh Shockley duogc thé hien &
hinh 1.86. Cho Ugg = Up/2 thi ddng Ip, = Ipgg/4. Dudng cong di qua 3 diém:
(0, Ipgs), (Up, 0) va (Up/2, Ipgg/4) chinh 1a dudng cong biéu dién phuong
trinh Shockley.

IIID{mA)

Ipss

Ipss/4

Up

D—'

Ugs

Hinh 1.86. Dic tuyén-tinh

Jo(mA)

A

Ipss

Up 9
Ugsa =-Uge

Hinh 1.87. Tim diém lam viéc
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G hinh 1.87, mic ¢6 dinh Ugg duge biéu thi 12 mot dudng thang ding c6
phuong trinh : Ugg = — Ugg. Tai bét ky di€ém nao trén dudng nay ta ciing c6
Ugs = — Ugg , tir d6 dé dang xéc dinh duge mic I tuong ting. Diém giao
nhau cia 2 dudng goi 12 diém 1am viéc tinh Q. :

Theo Kirchhoff : Ups=Upp - IpRp (1.25)
Vi cuc S n6i dat nén Ug=0V (1.26)
= Up=Upg (1.27)

va Ug = Ugs (1.28)

Nhuge diém chinh clia cach phan cuc nay 1a cdn 2 nguén phan cuc, chinh
vi viy né it duge st dung trong thuc t€ va sé it duge dé cap trong hdu hét céic
muc tiép theo.

Vidu 1.12 : Cho céc s6 liéu &
hinh 1.8, tinh: Ugsg, IngUps »
B N L
Gidi :
* Str dung phép tinh todn hoc :
Ugsqg=~Ugg = -2V
Ing =Ipss (1 = Ugg /Up)*
= 10 mA[1 - (- 2V)/( - 8V)}?

Hinh 1.88. So d6 cho vi du 12

= 10 mA (1 - 0,25)°

+ Io(mA)

= 10 mA (0,75)

= 5,625 mA. Ipss = 10mA
Ups=Upp - IpRp

IDQ = 5.6 mA
= 16V - (5,625 mA).(2 kQQ)
=475V,
g "7 Ipss/4 =2,5mA

Up = Upg = 4,75V 5 e
UG = UGS= b 2 v | | 0 >
Ug =0V Up=-8v P27 ysq=Uge=-2v
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1.4.3.3. So dé tu phan cuc

So d6 tu phan cuc s€ loai trit yéu cdu 2 ngudn 1 chiéu. Pién dp diéu khién
Ugs bay gid dugc xdc dinh boi dién dp dat trén dién tré Rg dua vao cuc S nhu
¢ hinh 1.90.

e
T
: 3 ,L#S =lo
Hinh 1;]_, So dé tu phan cuc JFET Hinh 1.91. Phan tich 6;hé do 1 chiéu

& ché do finh (1 chiéu), tu dién c6 thé thay th€ bing hd mach va dién trd Rg
duge ngdn mach vi I = 0A. K&t qua ta c6 so d6 twong duong nhu hinh 1.91.

Dong chay qua Rg 12 dong Ig, nhung Ig = I nén:
Ugrs = IpRg
Chon chiéu cha vong nhu hinh 1.91, ta cé:
—Ugs— Urs=0 hay Ugg=—Ugs
Suy ra phuong trinh tai tinh:
UGS g IDRS (129)

Luu ¥ & day Ugg 12 ham cia dong dién ra I, va khong c6 dinh nhu so d6
phan cuc c6 dinh.

Tir (1.29), thay vao phuong trinh Shockley ta c6:
2
Ip = Ipss (1 = Ugs/Up)
2
= Ipss [1 = (= IpRg)/Up]

2
= ID = IDSS (1 -+ IDR'S/UP )
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bay 1a mdt tam thitc bac
2 d6i v6i I, dang téng quat
cia né: I3 + KyIp + K, =0
chinh 14 phuong trinh cia 1
dudng cong Parabol - goi 12

dic tuyén tinh (dic tuyén
truyén dat) (hinh 1.92).

Ta sé biéu dién d6 thi
cua phuong trinh (1.29), day
1a phuong trinh ciia 1 dudng
thing nén cdn x4c dinh 2
diém: :

Diém tht nhét: cho I = 0A
= UGS= - IDRS= ov
va diém thif hai: cho Ip = Ipgg /2

= UGS= - IDRS = - IDssRslz

4

oY
5

lossi4  Ugs =0V,
ID = OA(UGS =- IDRS

L

Uss

Hinh 1.92. D3c tuyén tinh

N6i 2 diém nay s& dugc dudmg tai tinh. Giao diém clia dudng ndy véi
dudng cong ddc trung eua linh kién — dudng dic tuyén tinh, chinh 12 diém 1am

viéc tinh.

Miic Upg ¢6 thé duge xdc dinh béi dinh lujt Kirchhoff:

URS + UDS + URD - UDD =0V

UDS = UDD - ID (RS + RD)
US = IDRS
UG = 0 V

Up = Upg+ Usg=Upp - Ug,

: URS = ISRS s URD = IDRD , ID = IS

(1.30)
(1.31)
(1.32)
(1.33)

Vi du 13: Cho céc gi tri biéu dién & hinh 1.93. Tinh : Ugg, Ipg. Ups. Us,

Ug Up.
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1MQ
» Ugg(V
Wi e F -2 cs(V)
(Up) (Up/2)
Hinh 1.93. So d6 cho vi du 13 Hinh 1.94. Cich tinh ding dé thi
Giai:
Ta cé:

Ugs = — IpRg (phuong trinh dudng tai tinh).
Chon Ip =4 mA = Ugg= (- 4mA) (1kQ)
=-4V
Ta v& dugc duong tai tinh nhu hinh 1.94.
V6i phuong trinh Shockley (phuong trinh déc tuyén tinh,hinh 1.96).

3

Giao diém ciia dudng tii tinh va dac tuyén tinh 12 diém 1am viéc tinh Q
toa d¢ cia diém nay 1a:

Ugsq =— 2,6V, Ipg = 2,6 mA,
Ups =Upp-Ip(Rs+Rp)
=20V - (2,6 mA ). (1kQ + 3,3kQ)
=8,82VUg = IpRg = (2,6mA). (1kQ )
=2,6V
Ug =0V

Up =Upg+ Ug=8,82V +2,6V = 11,42V
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Ip(mA)
F 3
8(Ipss)
4
.2 (Ipss/4)
i
i
| >
% >t 0
Up Upl2

Hinh 1.95. Céch tinh ding d6 thi

1.4.3. So doé phan cuc phan ap

*Upp

8

Hinh 1.97. Mach phan cuc phan dp

Hinh 1.98. So d6 tuong duong

O so dé phéan cuc phan dp d6i véi transistor FET (hinh 1.97), cic linh kién
dugc bg tri gi6ng nhu phan cuc phan dp cho BJT, nhung ¢ trang thdi tinh su
phan tich d6i véi 2 so d6 hiu nhu khac nhau. D6i v6i FET, Ig = 0, nhung do

16n I cha so d6 chung emiter d6i véi BJT lai anh hudng dén ci dong va dp &

ddu vao va ddu ra cia mach.

Dong Iy trong so d6 phan cuc phan dp d6i v6i BIT chinh la dai lugng lién
két giira clra vao va cira ra, cdn d6i v6i FET thi vai trd nay lai 1a Ugg. O ché
do tinh, ta c6 so d6 twong duong nhu hinh1.98.
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Khi I; = OA thi Iz = Iz, va dién dp chinh 1a dién 4p dat trén R,:
- Rodipp:

G-—.

Theo Kirchoff:

Ugs =Ug — IpRg

Phuong trinh (1.35) chinh
la phuong trinh duong tai tinh,
biéu dién m6i quan hé giita
Ugs va Ip, né ciing 1a mot
dudng thing. DE xdc dinh
dudng thing nay trén- dic
tuyén truyén dat ta cling xdc
dinh 2 diém nhu hinh 1.99.
Giao diém cia dudng tai
tinh v6i dac tuyén tinh (dac
tuyén truyén dat) chinh 12
diém lam viéc tinh Q cédc gid
tri tinh tuong @ng cta né la
Ipg va Ugsq- Khi céc gid tri
nay dugc xdc dinh thi ta cé:

R, +Ry

Ugs =Ug - IpRs

(1.34)

Ug - Ugs ~ Ugs = 0 ma Ugg = IsRg = IpR;

(1.35)

| Ip(mA)

'

Ipss

F.d

UGS = OV, ‘D = UG"RS

Ip = 0mA(Ugs = Ug)

¥ >
D y +Ug VYes
Hinh 1.99. Xéc dinh diém-lam viéc
+ 1P\ UDS= UDD_ ID (RD o Rs) (1.36)
UD = UDD - IDRD (13?)
Ug = IpRs (1.38)
Upp
I =g, = &)
R1=R2= (RLRy) (1.39)
Vi du 14: Cho so d6 hinh 1.100, tinh:
:I: 20uF a) [DQ vd UGSQ 7 b) UD
C) Us,' d) UDS ’” 3) UDG
Gidi:

Hinh 1.100. So d6 cho vi du 14

Néu ID =

Ipss
4

4

Y. WY

a) D6i v6i dac tuyén truyén dat

thi UGSQ = %

= =2V
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Ta vé dugc dac tuyén nay nhu hinh 1.101.

R,Upp _  (270kQ)(16V)
(R; +Ry)  (2,IMQ + 0,27MQ)

Tacé: Ug= =1,28V

, Ip(mA)

'

UGS - UG - IDRS = 1,28V o ID (l,SkQ)

Khi Ip =0 mA:

8 (Ipss)
UGS =+ 1,28V
Khi Ugg =0 V:
ID s 1‘28/1,5 = 1,21 A e s T Y T Ol Ipq = 2,4mA

Ip = 1,21mA(Ugs = 0V)

)
¥ )
Ta xéc dinh dugc dudng tai i
h

tinh nhu hinh 1.101 va diém lam

B
Lt

Up

viéc tinh c6 gid tri: Ussq =~ 1.8V bl d
(Ip = OmA)
Ipg = 2,4 mA ,Uggg = - 1,8V. Hinh 1.101. Minh hoa cho vi du 11

b) Up = Upp - IpRp = 16 — 2,4.2,4 = 10,24V

¢) Ug = IpRg = (2,4mA).(1,5kQ) = 3,6V

d) Ups = Upp - Ip(Rp + Rg) = 16 — 2,4 (2,4 + 1,5) = 6,64V
e) Upg = Up-Ug=1024-1,82=842V

1.4.3.5. Cdc loai MOSFET kénh ddt sdn

Dic tuyén truyén dat cha cic loai
MOSFET kénh dat sin ciing tuong tu
nhu d6i v6i JFET nén & ché do finh
cac phan tich ciing tuong tu. Chi khéc
la d6i v6i diac tuyén truyén dat, khi
Ugs > 0 thi I vuot qué gid tri bao hoa.

Vi du 15: Cho so d6 phan cuc cla

MOSFET kénh N dat sian v4i ciac giad
tri nhu hinh 1.102.

Tinh: a) Ipg va Uggg

b) Upg Hinh 1.102. So d6 cho vi du 15
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Gidi: a) D¢ v& dic tuyén truyén din, ta x4c dinh diém:

ID = Inssl4 =6 mAj4 = 1.5 mA, 4 ID{m:}

Ugs=Up2=-3V/2=-1,5V -“/

Ta cdn xdc dinh 1 diém nita khi Ugg > 0, > 8
cho Ugg= 1V

= Ip = Ings (1 - Ugs /Up )°

= 6mA [1 - (+1V)/( = 3V) |2

= 10,67 mA
Ta xdc dinh duge dac tuyén Ue Ugsq = - 0,8V Yes
truyén dat nhu hinh 1.103. Ap dung _ N
cdc cdng thic tuong tu nhy JFET, Hinh 1"1‘1‘::?;:'3?"‘(3]1 va céich
ta c6: '
Tir cong thite (1.34):
10MQ(18V)

UG=

oMo s 110Ma -~ Y

Cong thic (1.35):
Ugs = Ug = IpRg = 1,5 — I, 750
Ip=0mA = Ugg=Ug= 1,5V
Ugs =0V = Ip = Ug /Rg = 1,5/750 = 2mA.
Tir d6 ta xéc dinh dwge dudng t3i tinh va diém Iam viec finh:
Ipg = 3,1mA, Ugsq =~ 0,8V

b) Ups = Upp~ Ip (Rp + Rg) = 18 V — (3,1mA)(1,8kQ.750Q) =~ 10,1V

1.4.3.6 Cdc logi MOSFET kénh cdm ting

Dac tuyén truyén dat ciia cdc loai MOSFET kénh cim ing héu h&! déu
khéc vdi JFET va MOSFET kénh dit sin.

D6i vgi MOSFET keénh N thi dong Iy = 0 khi Ugg < Ugsn) (dién 4p ngudng
~ Threshold). .
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Khi UGS - UGS(Th) thi ID = k(UGS 7 UGS (Th) ) (1.40)
Khi dd xdc dinh dugc rd dién dp ngudng va 1 mic cia ddng cuc ming
(Ip(on)) V@ Ugs(on) turong ting thi ta s& xédc dinh dugc hé s6 k:
1. Phdn cuc bdng héi tiép:

Mot cach phan cuc cho MOSFET kénh cam {ng nhu hinh1.104. 3 ché do
tinh, khi I = OmA va Ug, =0V, tavélai so d6 nhu hinh 105.

G Upp
i
Rp ; Rp
R C2
I.—o D
$F W
D
(o8
N —
+
u, G . e
Ugs s
Hinh 1.104. Phan cuc héi ti€p cho Hinh 1.105. So dé
MOSFET kénh cam tng tuong duong

Mot su két n6i giita cuc D va G s& duoc tao ra, két qua 1a Up = Ug va
Ups = Ugs (1.41)

C) dﬁll ra. UDS = UDD g IDRD

= UGS = UDD i IDRD ‘ ID (1 42)

Phuong trinh 1.42 1a phuong
trinh ciia mot dudng thing, chinh 1a
dudng tdi tinh, dé xdc dinh né ta
ciing x4c dinh 2 diém:

L
Upp/Rp

Ugs=UpplIp=oma

Ip=Upp/RplUgs-ov

a-
Xéc dinh giao cua dudng thang 0 Ugs(mh) Ussa UppUgs

nay v6i dac tuyén tinh ta sé xdc
dinh dugc diém lam viéc tinh (hinh
1.106).

Hinh 1.106. Dudng tai va diém lam viéc tinh
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Vidu 16: X4ac dinh IDQ va UDSQ ¢ hinh 1.107.
Gidi:
* X4c dinh dac tuyén truyén din:

I 3
k= P (on) =0,24x 10" > A/V?
(Ugs(on) = Ugs(m))
* Cho Ugg = 6V ( giita 3V va 8V) e
Ip=0,24x10" % (6V - 3V)> E
=2,16 mA. 10M e

* Cho UGS =10V (> UGS (Th))

-3 1mF
Ip=0,24x 10 (10V - 3V)
U,
= 11,76 mA.

tir cdch tinh trén vé dugc dac tuyén
truyén dat (hinh 1.108). 2

* Pudng tai tinh: Hinh 1.107. So d6 cho vi du 16

Ugs=Upp-IpRp

=12V - Ip(2kQ) -
L Y lD % |D
Ugs =10V, Ip = 11,76mA
» 10
I
o Uoo/Ro
Ipq = 2,75V :
0 il &
Ussrny Uss) Rt T 12 Ues
UGSQ =64V
Hinh 1.108. X4c dinh dac tuyén Hinh 1.109. X4c dinh diém
: truyén din lam viéc
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UGS=UDD= 12V ID=0mA'

£ weigy o 18Y
MY Wl

=6mA | Ugg=0V

Ta v& dugc dudng tai tinh, dufmg' tai ndy cét dic tinh truyén dat tai diém
Q, Q chinh 12 diém 1am viéc tinh (hinh 1.109), véi :

IDQ = 2,?5 mA. UGSQ = 6,4V = UGSQ

2. Phadn cuc bdng dién dp phdn dp: (hinh 1.110)

Véilg=0mA, tacé:

_ Ry.Vpp
Ug= 22 : (1.43)

Ugs = Ug — IpRg

= Ugs=Ug~IpRs (1.44)
40V
Upp
Rp
D ¢
' Ig = 0A
G+
UGS -95
§ Rz
Rs
Hinh 1.110. So d6 phan Hinh 1.111. So d6 cho vi du 1.17
cuc phén dp
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Ups = Upp-Ugrs - Urp

= UDS = UDD - ID (RS + RD) (145)

Vidu 17: Tinh Ipg, Uggq va Upg véi céc s6 ligu & hinh 1.111.

Ban doc ty tinh dya vao cong thide va vi du ¢4 c6.

1.4.3.7. Cdc logi FET kénh P

O céc phén tren ta méi chi xét sy phén cuc cho céc loai JFET kénh N. D6i

v6i céc loai FET kénh P thi
dic tuyén truyén dat s& ndm
ddi xing so véi loai kénh N
qua truc I nhy hinh 1.112.

Chd ¥ ring & mdi so dé
hinh 1.112, chiéu cia céc dién
dp ngudén cung cdp va chiéu
cédc dong dien thi nguoc lai so
véi FET kénh N. Trong trudng

“hop FET kénh P thi Ugg luén
duong (c6 thé duong hoic am
46i v6i MOSFET c6 kenh dat
sén), cdn Upg thi ludn am.

D

lpss

Hinhk 1.112a)

Ipss

Ugs

Hinh 1.112b)
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SR
Sy -‘\‘_‘:\'\

-Upp
3 ]D
Ro
Up/Rp
|
Rs f °
Pns
+*
Uss -
= Upp Ugsm) 0 U;S
Hinh 1.112¢)
Vidu 18: Tinh IDQ’ Ugg d6i v6i JFET cho & hinh 1,113,
Gidi:
[20kQ(—20V)] '
Ugs ——————=. = — Vv
G~ T20kQ + 68kQ] 4,33
Cé UGS = UG + IDR.S .
Chon Ip=0mA = Ugg=Ug =-4,55V
Ug 4,55
Ugs =0V =2 lp= - =-—""—" =_. A,
GS D RS 1,8kQ 2,531’!’1
4lo
+ *_20v
415 8
2,7k2 Ipss
6 r
D+
4
o Ipa = 34mA -~ :
s 2 i
1,8kQ2 ) 1 H 1 1 1 : >
1
-5 -3 0 : 2 4 Ue Ugs
TIS Upsg =14V
Hinh 1.113. Hinh minh hoa vi du 18 Hinh 1.174. Xdc dinh diém Q

Két qué ta vé duoc dudng tai tinh nhu hinh 1.14
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Tir d6 ta xédc dinh duge toa do di€m lam viéc tinh:
Ipg = 3,4 mA Ugso= 1.4V
Theo Kirchoff: - IpRg + UDS —IpRp + Upp =0
=  Upg=~Upp + In(Rp + Rg)

=-20V + (3,4 mA)(2,7kQ + 18kQ) = — 4,7V.

1.5. PHAN TICH CHE PO TIN HIEU NHO DUNG FET

1.5.1. Giéi thidu

Khu&ch dai diung FET c6 do lgi dién 4p t6t véi dic trung trd khdng ddu
vao cao. Ching ciing dugc st dung trong cdc so d6 c6 titu hao ning lugng
thép vdi gidi tdn s6 thich hop va kich thude, trong lugng nho. Ca hai loai JFET
va MOSFET keénh dat sdn déu duoc thiét k€ dé dang vai do loi dién 4p nhu
vdy. Tuy nhién mach ding MOSFET kénh dat sin thudng cé tré khdng vao
cao hon so v6i so d8 sir dung JFET tuong ing.

Trong khi & BIT ddng dién ddu ra (dong collector) dugc didu khién béng
mot dong dién & ddu vao (ddng base), thi & FET dong dién dau ra (dong cyc
maéng) lai duge diéu khién bing dién 4p & ddu vao (dien ap cdéng). N6i chung,
BJT 12 mot linh kién duge diéu khién bang mot dong dién va FET 12 linh kién
dugc diéu khién bing dién dp. G ca hai trudng hop, chi ¥ ring dong dién 13
dai lugng bi€n thien dugc diéu khién. Do FET c6 dic trung trd khdng ddu vio
16n nén cdc so d6 twong duong cha né & ché do xoay chiéu di sao ciing don
gian hon so véi BJT. '

Trong khi h¢ s6 dac trumg cho ché d¢ khuéch dai ciia BIT 13 B thi & FET
12 46 hé din g, | :

FET c6 thé dvgc sit dung nhu mot bo khuéch dai tuyén tinh hoac mot link
kién s6 trong cdc mach logic. Thyc t&€ MOSFET kénh cim ung xuft hién kh4
phé bién trong céc mach s6, dic biét 1a trong cic mach CMOS yéu cdu luong
ti¢u thy ning lugng rat thap .

Ciing nhu BJT, céc thoéng s6 dac trung cho su khuéch dai ctia FET duge
phan tich trong chuong nay bao gém dg Igi (hé s6 khuéch dai) dién dp, trd
khdng vao va trd khdng ra. c
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1.5.2. M hinh cha FET & ché& dé tin higu nhé

Trong ch€ do tin hiéu nhod, mét tinh ch4t cia FET dugc ing dung 1a d'ﬂng'
dign dp dét giita cuc céng va cyc ngubn dé diéu khién dong dién chay tit cuc
mdng vé cuc ngudn (dong dién trong kénh ddn).

Ta da biét ring & ché do tinh, dién 4p Ugg diéu khi€n dong mot chiéu Iy,
thong qua quan hé duge biéu dién theo phuong trinh Shockley:

U 2
I = IDss(l i} GS] (1.46)

Khi thay d6i dién 4p Ugg sé lam thay déi ddng cyc méng Ip, su thay déi
nay dugc dic trung bdi do hd din g

_ Alp
_%_w$

(1.47)

1.5.2.1. Cdch xdc dinh g, bing phuong phdp hinh hoc (hinh 1.115)

Xét dic tuyén truyén dat trén
hinh 1,115, ta thay rdng g, chinh 12
do déc cia dac tuyén tai diém lam lbss
viéc. D6 14

4lp

g =M= % - Iﬁ% (1.48)

Trén dubng cong dic tuyén alp
truyén dat, rd rang 12 do dfc cia né —
(chinh 1 g,,) ting 1én khi diém lam AUgs >
viec thay déi tit diém Up dén Ipgg,  Up o  Ves
hay néi theo céch khic, khi Ugg Hinh 1.115. Xéc dinh g, nhd
tang din dén OV thi 46 16n cla g, dac tuyn truyén dat
ciing tang 1én.

Vi du 19: X4c dinh g, cha mot JFET v6i Ipgg = 8mA va Up = — 4V tai
céc diém phan cyc:

a) Ugg=— 0,5V
b) Ugs=— 1,5V
) Ugg = — 2,5V
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Gidi :

Truéc tién ta phéi v& dic tuyén truyén dat clia JFET, phuong trinh cia dac
tuyén la:
Ip = Ipgs I“UGS]
P
Ugs ¥
hay: Ip=8mA| | ——3=. hinh 1.1
ay p=3 . {I (—4V)) (hinh 1.116) Al (mA)
_ "
Ta xdc dinh duge 3 diém trén dic 7
tuyén iing véi Ugg=— 0,5V, - 1,5V va ' 2 Bm8tdSV s] 2.1mA
-~ 2,5V. Ip = BmA (1-“—93 5
=y 4
_ Alp _ 2,lmA _ g at-1,5V
g, = Mg - 0,69 = 3,5ms 3
9 ab2.5V oY 12
. [1.5mA -1
b) gy = %1{,& =2,57ms Il i 2 ! -
) Up -— 2 - % Ugsv
c) = LImA _ 1,5ms | o '
Em=ov — 1 Hinh 1.116, X4c dinh g_ cho v{ du 19

1.5.2.2. Tinh g,, bdng biéu thitc todn hoc

Phuang phdp ding dac tuyén truyén dat d€ x4c dinh g, c6 vu diém 13 tric
quan, don gidn nhung thudng cho gi4 tri khong chinh x4c mot cdch tuyét d6i.
V1 vy ngudi ta c6 thé xdc dinh gy, ti¥ cic bi€u thic todn hoc dua vio tinh
chit: dao ham tai mot diém chinh lo do déc (h¢ 56 gbc) cia tiép tuyén tai
diém do.

_Alp | _ dip | _ _dlp {I' {I_UJS_J
Bm AUgsly  dUgsl, ~ dUgs| P~ Up

oS

2pss Ugs o
=] b 1_49
Em IUP| [: Up ( )

O day |Up| bidu thi gid tri caa g, 13 luon duong .
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Tu cong thitc (1.49) ta thdy g, dat gid tri max tai Ugg=0V. Khid6:
= R 1.5
Em0 |UP| (1.50)

Gié tri g0 bi€u thi gid tri g, tai di€m c6 Ugg=0V.
Ta cd:

gm=gmo[1-@] (1.51)

Vi du 20: Cho JFET c6 dic tuyén truyén dat nhu vi du 19,
Tim gid tri max cia g,,, .

Tinh g, tai cic diém trong vi du 19, so sénh két qua.
Gidi:

a) Bmo =

ZIDSS _ 2(8mA
[up] ~ "\ 4V

b) Tai Ugg = — 0.5V: g, = 4ms(l — ( — LSV)/( — 4V)) = 2,5ms (50 véi 2,57ms)

} = 4ms (so v& 3,5ms)

Ugs=—2.5V: g =4ms(l —(—-25V)/(—-4V)) = I,Sms (so vdi 1,5ms)

1.5.2.3. Anh huéng cia I, téi g,

M@éi quan hé todn hoc giita g, va dong phan cyc tinh Ip s& dugc x4c dinh
tir phuong trinh Shockley va duge vi€t dudi dang sau :

I_H& = Ip (1.52)
Up Ipss
U I :
= Bm = 8m0[ _Ui:)=gm0 'fgl')sg (1.53)

Ta sé dung (1.53) dé x4c dinh g, & mot sd gid tri ddc biét cha Ip:

+néu Ip = Ipgs: Em = &mo

+néuly= IDTSS B = &‘i@- =0,707 g0
+néulp = —IB:‘SS Em = -——’;0 =0,5 8mo
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1.5.2.4. Tro khédng yao Zy cua FET

Tr& khang vao ciiaFET 12 rét 16n va c6 thé coi gin ding né 12 trd khéng i}
cira vao clia mot hd mach.

Z,(FET) = < Q (1.54)
V6i JFET , Z, ~10°Q, con @6i v6i MOSFET thi Z, = 10'2+10'°Q.

1.5.2.5. Tro khdng ra Z,

Tré khing ra cua FET
thudng dugc biéu dién v6i tham 4 'o™Y
s6 dac trung 1a din nap ra y,
(o 12 biéu thi d4u ra output , s
biéu thi 14y ra & cuc nguén),
don vi cla y,, thudng la pS.

Z.(FET) =14 = YL (1.55)

0s

Tré khidng ra dugc xdic
dinh trén dac tuyén hinh
1.117, né chinh la d¢ d6c cia — f’ss
dac tuyén so v6i dudng nim : Ugs = UT -6V
ngang tai diém lam viéc, dic
tuyén cang nam ngang thi tr&
khéng ra cang 16n. Ta c6:

UGS=0V

— Ugs=-1V

AUgs Ugs=-2V

- N W s OO N
|

Hinh 1.117. Xéc dinh tr& khidng ra

__ AUpg
LRl

Ugs = constant (1.56)

- Dién tré méng ry biéu thi sy anh hudng cia dién 4p cuc ming Upg t6i
ddng dién cuc méng I khi dién 4p trén cuc céng khong dbi. Nhu vay, dién trd
méng ry chinh 12 trd khéng ra chia FET & ch€ do xoay chiéu trén cuc mang.

1.5.2.6. Mach tuong duong cua FET ¢ ché dé xoay chiéu (hinh 1.118)
0 so d6 twong duong cha FET, sy diéu khién clia dién 4p Ugg t6i dong I
dugc biéu thi bing nguén dong

gmUgs duoc néi gita cuc D va S, 6 D
chiéu ctiia nguén dong nay la chiéu tir

D dén S, n6 thiét 1ap mot sy dao pha

180° giita dién 4p ddu vdo va ddura S S

khi FET lam viéc.
: Hinh 1.118. So 46 twong dwong
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Tré khing vao dugc chi ra bing hd mach & cira vao va trd khang ra chinh
la dién trd ry gilta méng va ngudn . '

Trong nhitng trudng hop khi ry khong dugc nhéc dén (gia sir di 16n twong
Ung v6i hd mach) thi so d6 twong duong s& don gién 12 mot ngudén dong ma do
16n ctia né dugc diéu khién béng dién 4p Ugg va tham s6 g,

1.5.3. So dé phan cyc ¢d dinh cla JFET

So d6 phan cuc ¢6 dinh d6i vé6i
JFET dugc biéu dién trén hinh 1.119,
s0 dé twong duong hinh 1.120.

Khi céc gid tri g, va ry duogc xédc
dinh tr sy phan cuc thi mach thay
.th€ twong dwong v6i ngdn mach vi
dién khing X = 1/(2I1fC) la rédt nhod
80 v6i cdc trd khang khac cta mach,
déng thoi cdc nguén mot chiéu
Ugg va Upp déu duge dat & gid tri
OV béng ngin mach tuong ing . ]__UGG 1
Chiéu phan cyc cia Ugg xdc dinh i 3
chiéu cta nguén dong g,Ugs, néu
Ugs 12 am thi chiéu clia nguén dong
1a chiéu ngugc lai. Tin hiéu vao ky hiéu 1a U, va tin hiéu ra dat trén rq ky hiéu
1a U,

Hinh 1.119. So d6 phan cuc c6 dinh cho JFET

+Z,: hinh 1.120 da chi 16 ring: Z, = Rg (1.57)

+ Z,: cho U, = OV nhu dinh nghia clia Z, s& cho Ugg = 0V.

Xc1=0 Xc2 =0
S A e, 5
—_— i
R o Y
Ugg=0V Upp=0V

~  Hinh 1.120. So d6 tuong duong ctia mach hinh 1.119
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Két qua la: g, Ugs = OmA , do d6 nguén dong c6 thé dugc thay thé bing
mot hd mach twong dwong nhu hinh 1.121.

Tr& khang ra khi nay sé 1a :

Z.=Rp//ry (1.58)
Néu l"d e IORD == l'd//RD = RD‘ T
Khi d6 : ImUgs =0V< d Py A
Z.=Rp (1.59)
+ Ky U =~ gmUGs(l'dﬁRD) ma B ! P .
Ugs=U, Hinh 1.121. Tinh Z,

=2U=- gmUv(rd”RD)

& % = - g (ty//Rp) (1.60)

v

Néury > 10Rp:

0]
Ku= U—r =_ngD (1.61)
v

Gid tri am cua biéu thirc (1.61) chi & ring dién 4p vao va ra léch pha
nhau 180°. :

Vi du 21: Cho so d6 phan
cuc hinh 1.122 véi Ugsqg = -2V
V2 Ing = 5.625mA, Ipg = 10mA,
Up =-8V, Yos = 40”3

a) Tinh g ?

b) Tinh ry

i

¢)TimZ,ZvaK,

o Hinh 1.122. So d6 phan cyc c6 dinh cho vi du ;.3
Giai: .
2(10mA
) 8mo = 2pss //Up = 2 3 5mg
Em =g {1 <20 J
m mo UP
2V :
= 2,5mS(I _—_87) = 1,88ms .
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b) 1y = yios - ﬁ = 25kQ

¢)Z,=Rg= IMQ
Z, =Rpllrg = 2kQU25kQ = 1.85kQ ﬁ .
Ky = - m(Rp//ra) —

= — (1.88ms)(1.85kQ) = — 3.48

1.5.4. So dé ty phan cuc JFET
Hinh 1.123. So 46 ty phan cuc JFET

* Truomg hop c6 mdc tu Cg (hinh 1.123) :

So dé phan cuc c6 dinh c6 bét 1gi 1a cdn phéi c¢6 hai ngudn cung cdp mot
chidu dé thiét 14p diém 1am viéc mong muén. O ché& do xoay chiéu, tu coi nhu
ngén mach va Rg xem nhu dugc ndi dat, do vay ta c6 mach tuong duong JFET
nhu hinh 1.124 va dugc vé lai chi ti€t & hinh 1.125.

xCLiO:LF gl 24 . Xcz\=0pF U,
" -—
- & iy A
AL P
Upp

- = -

Hinh 1.124. So d6 thay th€ twong duong hinh 1.123

Vi so d6 tuong duwong c6 dang nhu hinh 1.125 nén céc cong thic cia Z,,
Z.va K, ciing tuong tu

+ Z; Z,=Rg (1.62)
+ Z;: Z.=r14/Rp (1.63)
néurg210Rpthi: Z =Rp (i.64)
+ K K, =-gn(rg//Rp) | (1.65)
néury 2 10Rp : K,=-2gmRDp (1.66)
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D4u am caa biéu thic K, chi ra ring tin hiéu vao U, va tin hiéu ra U, léch
pha nhau 180°.

Hinh 1.125. V& lai hinh 1.130 "

* Néu khong méc tu CS£

Néu bod tu Cg & hinh 1.123 thi dién trd Rg s& 12 mot phin clia mach hinh
~ 1126y ' :

Hinh 1.126. So d6 tuong duong khi khong c6 tu Cg

Trong trudng hop ndy, dé xdc dinh Z, , Z, va K, , mot c4ch don gian nh4t
v6i chi ¥ vé su phan cuc va chiéu cla chiing, trudc tién ryq sé dugc bo qua dé
hinh thanh mot trudng hgp co ban dé phan tich.

+ Z, : dua vao diéu kién hd mach giita cuc G va mach ddu ra thi ddu vao
con lai nhu sau
Z,=2Zg (1.67)
+Z: trg khdng ra Z, = |
UV|U,=0v
Vé6i U, = OV & hinh 1.126 thi cyc G coi nhu dugc néi dat (0V) dién 4p

trén Rg s€ 1a 0V vaRg coi nhu duqc ngin mach. Ap dung dinh luat Kirchhoff
vé dong dién: I, + Ip = g, Ugs
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Véi UGS == (11' =+ ID)RS
=>Ir+ID=_gm (Ir+ID)RS=_ngrRS_ngDRS
hay : I(1 + g, Rg) = = In(1 + g, Rg) = I, = - Iy (do g,,, R = 0A)

:U\':_IDRD:I]‘RD

=2,= <L =R, | (1.68)

lo +Ip
Hinh 1.127. So d6 twong duong khi tinh dén r,

; U IpR
V6i:Z = <L = W
rlu,=0 r

Theo Kirchhoff : I, = g Ugg + Irg - Iy
ma : Urg=U, + Ugg
—» I, = 8m Ugs + (U, + Ugg)/ 14 -Ip
V6i Ugs = = (Ip + I)Rg
= == (8n + Urg)(Ip + I)Rg = Iry/rg — Iy
= I =gnUgs + (U, + Uge)/ryg -Ipy

Vaéi UGS = - (ID o Ir)RS
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= Il’ = - (gm + llrd)(ID + Ir)RS - ID RD,rd - ID

_ ~Ip(0+gnRs +Rg /1y + Rp/1y)
= I.=
1+gnRg +Rg /1y

T

~IpR
=  Z=UJ=—1L
r

- 1+g,Rg + -—1}5-
Z, = Rd Rp (1.69a)
1+g,Rg +—2
Iq

néury > 10Rp = (1 + g, Rg+ Rg/rg) >> Rg/ry

= 1+ g, Rg+Rg/ry + Rp/ry= 1 + g, Rg+ Rg/ry
khido Z = Rp. (1.69b)
+ K, : d6i véi so d6 hinh 1.127 ing dung dinh luat Kirchhoff & mach ra:
Ugs=Uy,~IpRg
Dién 4p dat rén ry 1a: U, — Ugg va v6i I’ = (U, — Ug )ity
= dinh luat Kirchhoff v6i dong dién cho két qua:
Ip = g Ugs + (U, = Uity = 8m(U, — Ip Rg) — (Ip Rp + I Re)/ry

EBmUy
RD + RS ’
T

= ID=
l'l-ngS'i'

Ma dién 4p ddura U, = - I Rp

ngD .
K.=U = - 1.70
= R /Uy 1+ g,Rg +(Rg +Rp)/1y ( )
néu 1210Rn + R): K, = U, /U, = —EmRD_ (1.71)
d= D 5/ u™ “Yr V—l-+ngD .

=> quan hé vé pha : tir 1.70 cho ta bist U, va U, vin léch pha nhau 180°

Vi dy 22: So 46 phan.cyc hinh 1.128 ¢6 di€m lam viéc tinh dugc xdc dinh
bdi: '

Ugsg = — 2,6V; Ipg = 2.6mA v6i Ipgg = 8mA vi Up = — 6V, gid trl yoq
dugc 14y 1a 20pS.,
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a) Xac dinh g,
b) Tim ry
¢) TimZ,

d) Tinh Z, trong trudng hop cé va
khong ¢6 ry. So sdnh két qua.

e) Tinh K, trong trudng hgp cé va
khong c6 ry. So sanh két qua.

Giai:
a) gmo = 2Ipss/| Up|= 2.8mA/6V
= 2.67m8

8m = &mo(l — Ugsq/Up)
=2,67(1 - 2,6/6) = 1.51mS

b) g = 1/yos = 1/20uS = 50kQ
¢) Z, = Rg = IMQ

d) + Truong hop céry :

=  Z,=Rp=33KQ

+ Néu khong c6 ry:
e) + Néu cé ry:

8 ngD

C"
G .
-—-4 T
Zs N

p 7.8

Z,=Rp = 3,3KQ

Y

o
-

r
o2

Hinh 1.128. So d6 cho vi du 22

rg = S0kQ >10Rp, = 3,3KQ

1,51ms.3,3kQ

"~ "1+guRs + (R + Rp)/1g
+ Néu khong ¢6 ry:

Ky=-2gm Rp/(1 + g, Rg) =— 1,98

It LSIA+O3+D/50

w192

=> V@i cdc k€t qua trén cho thdy dnh hudng cua ry 12 rdt nhd

néu rg 2 10(Rp + Rg).

1.5.5. So dé phan ap JFET

So'd6 phan dp phd bién doi v6i céc loai BIT ciing dugc 4p dung cho JFET

nhu hinh 1.129.
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So d6 twong duong & ché do
xoay chiéu cho JFET nhu hinh
1.130. Thay th€ nguén mot chiéu
Upp bang ngén mach tuong duong,
tiic 1a Ry va Ry duge ndi ddt. Khi
d6 R, coi nhu mic song song v6i . I
R, va Rp c6 thé cing dugc dua
xuéng néi dit nhung & mach ra trén Z,
rg. Mach tuong dwong & ché€ do J'

xoay chiéu s& dugc dua vé dang co
béan cta vai mach da dugc phan tich
(hinh 1.131).

Hinh 1.129.-So dé phan cuc phan 4p cho JFET

+Z; R, vaR, dugc mic
song song v&i hd mach tuong
ing cua JFET, két qua la:

Z‘, = R|,/R2 (1.?2)

+Z.: choU, =0V séco
Ugs VA g, bing 0

S Z=rJRy | (1.73)
“* Hinh 1.130. So dé tuong duong :
ché& do xoay chiéu hinh 1.129 néu Iy > 10RD . Zr b RD (1.74)

Ry
s
T
Hinh 1.131: V¢ lai mach hinh 1.130
o ¥ Ky: Ugs=U, va U, = - g, Ugs(rg//Rp)
= : K, =U/U, = - g (rg//Rp) (E7Y)
Néu T4 = IORD : Ku =rfmn RD . { (1.76)
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Chd ¥ ring cong thitc d6i v6i K,
va Z, ciing nhu trudng hop phan cuc
¢6 dinh va tu phan cuc (khi ré nhédnh
R,), chi khdc nhau & cong thic cho
Z, do anh hudng cua sy song song
- két hop giita Ry va Ry,

1.5.6. So dé 13p cuc ngudn

Tuong duong v6i so do lap
emitter cia BJT 1a so d6 lip cuc
nguén ctia JFET nhu hinh 1.132, chd
y ring ddu ra dugc ldy trén cuc
nguén va khi nguén mot chiéu cung
cdp dugc thay thé bing ngan mach
tuong ng cyc méang ndi ddt va vi thé€ goi 1a mang chung.

Hinh 1.132. So d6 lap cuc ngudén JFET

Thay th€ mach tuong
duong JFET s€ cho ta so dé
1.133, ngudn diéu khién va
try khéng ra cia JFET n6i d4t
tai diém cu6i va ni véi Rg tai
diém kia, v6i U, dat trén Rg.
Vi gmUGS- Rs,rd dugc noi
v6i nhau va néi dét, ching c6
thé dwgc néi song song nhu
hinh 1.134, nguén dong s& c6
chiéu ngugc lai nhung Ugs

Hinh 1.133. So d6 tuong duong hinh 1.138

thi vin dat gitta G va S.
+ Z,: hinh 1.133 da chiraring: Z,=Rg- (1.77)
+Z.:Cho U, =0V thicuc G coi nhu £
néi d4t nhu hinh 1.134, thuc t€ Ugg va £ S ! ""‘_.+
U, dugc ndi song song vaU, =-Ugs ‘_Z,
Ap dung dinh luat Kirchhoff vé ¥ t Re.~
dong dién : GS " gmUcs r

L +8n Ugs= Igp + Igs = Urjrd + Ur{RS +1 + : .

= I.=U/l/rg + 1/Rg) - 8mUgcs Hinh 1.134. Tinh Z,

= U (1/rg + 1/Rg) = 8m( = Up)
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G %hy
“og,

hay:

1a mot s6 duong nén U, va U, déng

=  IL=U(l/rg+ 1/Rg+g,)

1

s iy

— Z=U/l=

Day la biéu thiic cho 3 dién trd mic song song, do d6

Z, = tg//Rg// /g (1.78)
Néu ry=10Rg: Z.=Rg// (1/gy) (1.79)
+ K, : Dién 4p ra U, dugc xic dinh :

U; = gm-Ugs(rg//Rg)
Ap dung dinh luat Kirchhoff cho vong ngoai ciia hinh 1.141:

U, =Ugs= U, ma: Ugs = U, - U,

k2 7 Ur S grn(Uv < Ur)(RD//RS)’

Ur = gm'Uv(rdﬂRS) 5 gm'Uv(rdﬂRS)
= K,=U/,= Py Ty (ta /IRs) (1.80)
Néury2 10Rg K, = U/U, = _8mRs (1.81)

1+gnRg

+9V
Quan hé vé pha: Biéu thic K,

pha trong so d6 lap cuc ngudén. Mat
khic K, < 1, titc 1a U, < U,. Sibab D'
' G

Vi du 23: Cho hinh 1135 véi [ ——

UGS =-2,86V va IDQ =4,56mA. ? § S—-”-——a
1MQ U
a) Tinh g, Uve s )
: 2,2K z,
b) Tim ry
¢) Tinh Z, o ok - -_L

d) Tinh Zr khi c6 va khOng co ry- Hinh 1.135. So dé mach vi du 23
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Gidi: |
a) gmo = 2lpss /| Up| = 2.(16mA)/14V = 8(mS)
Zm = Bmo(! — Ugn/Up) = BmS(1 — (- 2,86V)/(- 4V)) = .....
b) 14 = 1yo, = 1/25uS = 40k
&) Z,=Rg=1MQ
+ néu c6 ry:
Z, = ryfRg// Mg = 40kQ//2,2kQ//1/2,28mS
+ khong cory4 :
Z, =Rg// (1/gy) = 2,2kQ//438,6Q = 365,96Q
Nhu vy ta thdy ry chi ¢6 anh hudng rdt nho dén Z_.

_ Bmltg /IRg) _ (2,2mS)(40kQ [/ 2,2kQ)

e)+Néucérg: K= 1+ (rg //Rg) 1+ (2,28mS)40kQ //2,2kQ)

= 0,83

gid tri nay nho hon 1 nhu d4 dy dodn & trén.

| . k- _SmRs _ _(228mS22kQ) _
*Rhongedra: Ku= 10 Rs ~ T+ 2 28ms)3, 2k - 08

Diéu nay chimg 16 14 c6 anh hudng rat nhé dén 46 lgi (he s6 khuéch dai)
cla so dé.

1.5.7. So d6 JFET ¢8ng chung

S6 d6 cudi cing chia JFET duge phan tich chi tiét 1a s¢ d céng chung nhu
hinh 1.136, tuong tu nhu '
so 46 base chung & BJT. G 8 ' o
So d6 tren duge thay the  + 1 ' °
bing mach twong duong 2, ' ' -—
nhu hinh 1.137, chd  Rs ¢ Rp z
ring yéu cdu nguén diéu W — - Ur
khién g, Ugs dugc néi tir Upp
D dén S voi ry mic song — _ -
song, su cich ly doc lap .
gilta mach vao v mach ra Hinhk 1.136, Sa 48 c8ng chung JFET

L
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ro rang da bi mét di khi cuc G duoc néi dat. Hon nira, dién tré duoc ndi giita
cuc vao khong con 1a Rg nhung 12 dién trg Rg gita cuc S va dat. Cho ring vi tri
cta dién 4p diéu khién Ugs thuc sy da xuft hién tryc tiép dat trén Rg.

Hinh 1.137. So dé thay thé€ tuong dwong JFET

+ Z,: truée hét ta tinh Z,’ trén hinh 1.136 va Z, dugc coi nhu trd khdng
tuong duong ciia Z,” va Rg méc song song.

Ta v& lai mach nhu hinh 1.138 ki
véi U’ = - UGS' E +

Theo Kirchoff: U’ = Ury - I’.ry= 0 zy

= Urg=0U"-T.r,

P
¢ RpUry

Ap dung dinh luat Kirchhoff &
vé dong dién & niit a:

I + gm°UGS . Il'd Hinh 1.138. Tinh Z,” cho hinh 1.136

= I =1Iry - gy, Ugs = (U’ = I".Rp )/rg — g,,.Ugs
hay: I’ = U’/ry = I'Rp/ry — g,.[ - U’]
= I[1+Rp/rgl =U’[1/r4+ g, ]
=Z',=U/l" =[i + Rp/rgl/ [gny + 1/ry] (1.82)
hay: Z,’ = U’/U =ry + Rp/1 + &n-Tq
Do dé: Z,” = Rg//Z,’

3 Iy +Rp
=>Zv—Rsff[1+gmrd] e (1.83)
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Néu T4 = IORD'

1+Rp /T
Rpjry<< 1val -T°D.d
= Rpfrg<< 1 va l/rg << gn e 175,
1+Rp /14
=7 = ——D'd )
gm +1/rd /gm
=Z,” = Rg//lgy | (1.84)

+ Z,: v6i U, = OV & hinh 1.137 s¢ coi nhu ngén mach Rg va Ugs noi d4t
= g, -Ugs = 0 va ry méc song song v6i Rp,.
7. =Rp /g | ©(1.85)
Néury> 10Rp: =Z,=Rp " (1.86)
+ K, hinh 1.137 chirardng: U,=-Uggvd  U;,=L.Rp
Dien 4p datrén Rp 1z Ury=U, - U,
va: Irg = (U, - Uyirg
Ap dung dinh Kirchhoff vé dong di¢n & nit b hinh 1.137:
Irg + Ip + gmUgs=0=>U, =1,
=  Ip=U,~U)/rg+gm UymaU;=IpRp
=  K,=U,/U,=[gyRp+Rp/rgll + Rp/rg] (1.87)
Néu ry2 10Rp thi Rp/ 14 =0
=K, = gn-Rp (1.88)
= quan h¢ vé pha: K, 12 1 s6 duong nén U, va U, 1a dfng pha & so a6
cbng chung.

1.5.8. MOSFET kénh dit sin (D - MOSFET = Depletion MOSFET)

Thuc t€ cho thdy cong thic Shockley duge 4p dung cho MOSFET kénh dit
séin ciing cho ra cong thifc tuong ty d6i vai gy

90



e

That ra cdc miu xoay chiéu tuong ting cho MOSFET kénh dat sin gi6ng
mot céch chinh xdc nhu trudng hop dung cho JFET & hinh 1.139. Sy khac
nhau duy nhat tao ra & D — MOSFET la Uggq c6 thé duong cho loai kénh N va
am cho loai kénh P.

Hinh 1.139. Mach tuong duong MOSFET kénh dat sin
Két qua 1a g, ¢6 thé 16n hon émo duoc minh hoa bing vi du & dudi.
Vi du 24: Cho so d6 1.139 v6i: Uggq = 1,45 va Ipg = 7,6mA
(Pa tinh todn & phdn 1.4)
a) Tinh g, va so sédnh v6i g,
b) Tim ry

¢) Phédc hoa so d6 tuong duong
ché& do xoay chiéu cta hinh 1.140

d) Tim Z,
e) Tinh Z, .
U i
f) Tim K. 4t C,
ZU’
Gidi:

a) gmo = 2Ipss/l Upl = 2(6mA)/3V i .

Hinh 1.140. Hinh cho vi du 24
=4ms[1 - (0.35V/(- 8V)] = 4.47ms.

b) 14 = 1/yos = 1/10ps = 100kQ
¢) So d6 twong duong nhu hinh 1.141.

d) Z, = Ry//Ry = 10 MQ//110MQ = 9,17TMQ
(4p dung cong thirc 1.72).
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2 1omQ < 110MQ

Hinh 1.141. Mach twong duong hinh 1.140

e) Ap dung cong thic 1.73
Z, = rg/[Rpy = 100kQ//1,8kQ = 9,17 hQ
f) Ap dung cong thitc 1.56
K, = - gm-Rp = - (4,47ms)(1,8kQ) = 8,05.

1.5.9. MOSFET kénh cam tmng (E - MOSFET = enhancement mosfet)

MOSFE¥ kénh cam D
tng c6 thé 1a loai kénh N
hodc P nhu hinh vé 1.142.
Mach tuong duong & ca
hai loai trén hinh 1.142 D
cho ra hé mach giita G va G | AMOS
kénh DS va moét nguén I:I
dong tir D vé c6 do 16n phu
thuoc dién ap gitta G va S. Hinh 1.142. MOSFET kénh cam 1ng ché do tin hiéu nho

Dé6i v6i E — MOSFET, méi lién hé giita dong ra va dién ap dléu khién
duge xdc dinh:

Ip = k[ Ugs — Ugsrm)”
Véi g, viin duge xdc dinh bdi cong thic g, = AI/AUGg
ta c6 thé 14y ngudn tir phuong trinh truyén din dé€ tinh gm cling nhu diém

lam viéc:

dlp d d
8m = - e k(Ugs - UGS(Th)) S Frip. (UGs UGS(Th))

= gm=2k(Ugs - Ugs () (1.89)
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Nhac lai 1a hing s6 k dugc xdc dinh tir diém lam viéc dic trung. O céc
trudng hop cu thé khéc, viéc phan tich ché do xoay chiéu ciing gidng nhu so
d6 d6i véi JFET hay D — MOSFET. Chi ¥ ring d6i véi E — MOSFET thi su
phan cyc ciing chi giéi han & mot s6 cch dac trung.

1.5.10. So dé hadi tiép cuc mang MOSFET kénh cam (ng

So d6 héi ti€p cuc ming E - a

MOSFET dugc chi ra & hinh 1.143,

Nhéc lai tir tinh todn & ché d¢ tinh Ro e
rang Rg c6 thé dugc thay thé bdi mot B “2
ngin mach tuwong duong khi I5 = 0A
va do d6 Ugg = 0V, tuy nhién, & ché C o
do xoay chiéu né cung cdp mot try
khdng cao quan trong gitta U, va U,.
Mat khéc, cuc ra va vao dugc néi truc o
tigpva U, = U, .

Hinh 1.143. So d6 héi tiép

. e vc méng E -~ MOSFET
So d6 twong duong duoc vé lai & T

hinh 1.144.

Hinh 1.144. So d6 tuong duong cia hinh 1.143

+ Z,: dp dung Kirchhoff vé dong dién tai nit D hinh 1.144
Iy = 8m Ugs + Uy/(rg//Rp) va Ugg = U,
= L =gnU,+ U /(rg//Rp) = U, = (rg//Rp)(, — g, U,)
Véi I, = (U, -Up/Rg=[U, - (rg//Rp)1, - g UNI/RE
= L Rg=U, - @g/Rp)l, + (rg//Rp)gy, Uy
L= Uy [1 + gn(rg//Rp)] = [(Rg + rd//RD )
= Zy=U, /1, =(Rg + rg//Rp)/[1 + gp(rg//Rp)]
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ViRg>>ry//Rpnén: Z, = Rg/(1 + g, (r4//Rp))

Néu ry 2 10Rp:

RUES

Re
NV
Z,~Rp/(1 +g, Rp)  (1.90)
U, =Ugs =0V gmUgs = OmA .

+ Z.: thay U, =0V

= UGS=0VVégmUGS=0

Hinh 1.145. Ngin mach GS

v6i phdn ngédn mach tir c6ng téi
nguén nhu hinh 1.145.

R, 14, Rp mic song song nén:

Z, = Rel/tgl/Rp, .

Binh thudng Rg >> ry//Rp va véi é R,
Iy & IORD nén Zl‘ = RD 4
'C1
+ K: 4p dung dinh luat Kirchhoff *
2 S U, |
tai nit D hinh 3.146.
¢ 5
IV = gm UGS + Ur/(rd//RD) R2§
md Ugg=U,val, = (U, - U)/Rg
= U, = [1/(r4/[Rp) + 1/Rg] Hinh 1.146. So d6 phan 4p E - MOSFET

= U[1/Rg - g,]
= K, = U/U, = [1/Rg - gul/[1/(r4//Rp) + 1/Rg]

NhlIDg lf(rd”RD) 5 i IIRF = ll(rd//RD//RF)
= K, = - gn(rg//Rp//Rg)

Vi Rg >>ry//Rp va néu ry 210R thi:

Kuz_ngD

= quan hé vé pha: biéu thitc K, 12 s6 4m nén U, va U,, 1éch pha nhau 180°
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1.5.11. So dé phan 4p MOSFET kénh cam (ng

So d6 cubi cing dwgc nghién ciu d6i véi E — MOSFET 1a so d6 phan 4p
nhu hinh 1.146. Dang cua n6 gi6ng nhu dang da xudt hién & phén trudc.

So d6 twong duong & ch€ do xoay chiéu nhu hinh 1.147.

U, U,
o By iy é ! Ro +5
1 r

- S N

Hinh 1.147. Mach twong duong hinh 1.146

Nhu vay, d6i véi E — MOSFET thi ta c6:

w23 LB RRa (1.91)
e AR A (1.92)
Néu ry > 10Rp thi Z, = Ry (1.93)
+K,;  K,=U, /U, =- g, (rg//Rp) (1.94)
Néu ry > 10Rp thi K, = - g, Rp (1.95)

1.6. HOI TIEP

1.6.1. Khai niém

Héi ti€p 1a 14y mot phdn tin hiéu ddu ra dua trd lai ddu vido 1am thay
d6i ddu vao. Trong chuong cung cdp nguén va 6n dinh ché do cong tic
cho transistor, ching ta da xét truong hop dic biét cia héi ti€p d6 12 héi
ti€p dong dién. Tuy thudc cuc tinh cha tin hiéu tdc dong vé d4du vao ma
ngudi ta chia thanh héi ti€p am va héi ti€p duong. H6i ti€p a4m 1am gidm
nho dién dp ddu vao, ngudi ta sit dung né dé 6n dinh diém lam viéc tinh.
Nguoc lai héi ti€p duong lam ting dién 4p ddu vao, ngudi ta sir dung viao mach
tao dao dong.
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Trong phan nay nghién citu chi yéu la héi ti€p am. Vay khi n6i dén hoi
ti€p ta ngdm dinh dé6 12 héi ti€p am. -

So d6 téng qudt clia mach héi tiép (hinh 1.148)
Ut Tin hiéu vao STE0E B A5 6 nonh Sian

v+ Tin hiéu vao phan Us

|
khuéch dai Tin higu | 1 Tin hiéu ra
Up: Tin hiéu héi tiep oopi E
U.: T hiura "
B: He s6 héi tiép oo SRR S 5
K: Ham truyén dat cia Hinh 1.148. So d6 t6ng qudt ciia mach héi tiép

khéau khuéch dai

Tin hi¢u vao khau khuéch dai bao gém tin hiéu vao va tin hiéu héi ti€p.

Khi tin hiéu vao va tin hiéu héi ti€p nguge pha nhau thi duoc goi la héi
ti€p &m nhu hinh 1.148. Khi c6 héi ti€p am, mach s& c6 tinh chat sau :

— Tré khang vao 16n.

- Thu dugce dién 4p 6n dinh hon.

— Cai thién dép ing tdn s6.

— Tr& khdng ra nho.

— M6 rong viing hoat dong tuyén tinh.

— Giam dugc nhiéu.

1.6.2. Phan loai héi tiép :

Dua vao cdch 1dy tin hi¢u ddu ra dua héi tiép lai ddu vao ma ngudi ta chia
thanh : hoi ti€p dong dién va héi ti€p dién dp.

Dua vao cdch ghép tin hiéu héi ti€p vé diu vao ma ﬁgufri ta chia thanh :
héi ti€p ndi ti€p va héi ti€p
song song. Cu thé chia
thanh 4 loai nhu sau :

1. Héi ti€p dién 4p noi
ti€p (hink 1.149): Tin hiéu
héi ti€p ty 1& vé6i dién dp
ddu ra va n6i ti€p v6i tin i
hiéu vao. Hinh 1.149. Héi ti€p dién 4p n6i tiép
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2. Hoéi ti€p dién 4p song
song (hinh 1.150) : Tin hiéu
hoi ti€p ty 1é v6i dién 4p ddu ra
va song song vdi tin hiéu vao.

3. Héi ti€p dong dién néi
ti€p (hinh 1.151) : Tin hiéu héi
ti€p ty 1é v6i dong dién ddu ra
va ndi ti€p vdi tin hiéu vao.

Hinhl.150. Héi ti€p dién 4p song song

Ie=l

4. Hoi ti€p dong dién song
song (hinh 1.152) : Tin hiéu
hoi ti€p ty 1¢ véi dong dién ddu
ra va song song véi tin hiéu
vao.

Héi ti€p n6i ti€p 1am ting
tré6 khdng vao, cdon héi ti€p
song song lam gidm tr& khang

vao. Héi ti€p dién 4p lam giam
tro khdng ra, con héi ti€p dong
dién 1am tang trd khdng ra. Tré
khdng vao 16n va tr& khing
ddu ra nhd dé 12 mong muén
cia hdu hét cdc ting khuéch
dai. Ca hai yéu cdu dugc dédp
ing trong héi ti€p dién ap Hinhl.152. Héi ti€p ddong dién song song
ndi tiép.

1.6.3. Tac dung cla hdi tiép

1.6.3.1. Anh huéng ciia héi tiép doi véi hé s6 khuéch dai

Khi khong c6 héi tiép : K 12 h¢ s6 khuéch dai. Khi c6 héi tiép : B 1a he
s6 hoi ti€p clia khau héi ti€p thi hé s6 khuéch dai ctia mach c6 héi tiép giam di
(1 + BK) 14n so véi khi khong c6 héi tiép, chi tiét hé s6 khuéch dai ciia khau

khuéch dai, hé s6 héi ti€p cia khau héi ti€p va hé s6 khuéch dai cti mach cé
héi ti€p dugc thé hién theo bang 1.1 :

97



Bdng 1.1. HE SO KHUECH DAL, HE SO HOI TIEP VA
HE SO KHUECH DAI KHI CO HOI TIEP THEO HINH 1.148

Pién dp bién dp Dimg dién Dbng dién
ndi tiép SONng song ndi ti€p song song
He¢ s6 khuéch dai -
khong c6 hoi tigp| K U/Uy Uy LUy Ly
He s6 héi tigp i U,/U, I/U, U, Ig/T,
H¢ 56 khuéeh dai I
B I L Y L, s

Héi tiép diép dp ndi tiép :
Trong hinh 1.149 chi ra hdi ti€p dién 4p n6i ti€p. Tin hieu héi ti€p ndi ti€p

v6i tin hiéu vio, két qui 1am gidm toan b6 tin hiéu vao. That vay, n€u khong
¢6 héi ti€p (U; = 0) thi he s& khuéch dai dién dp :

N€u ¢ tin hiéu héi ti€p Uy n6i ti€p v6i ddu vao, ta c6 : U, = U, — Us
B&iviU =K U,=K (U~ Us) =K U;~KU; =K U, —K (BU,)
Cho nén (1 + BK) U, =K U, |

Tir d6 suy ra he s6 khuéch dai dién dp khi c6 héi tiép :

U K
K = —L = —
210, T1+BK
Theo céng thifc trén, hé s6 khu&ch dai khi ¢ héi ti€p s& giam di (l + BK)
lan so v&i khi khong cé héi ti€p. He s6 nay lam thay d6i trés khing vao ra vi
cac dic tinh khédc clia mach.

g = (1 + BK) dugc goi 1a do sau héi tiép.
Héi tiép dién dp song song :
H¢ s& khué&ch dai theo hinh 1.150 13 ;

U KL, _ KI, _  KI,
1

Ke= T I+ T I, +BU, T, +BKI,
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1.6.3.2. Anh hudng ciia héi tiép dén tré khdng vao

Hay Kf =

— Hoi tiép dién dp néi tiép
~Haéi ti€p dién 4p néi &
ti€p dugc thé hién chi
ti€t trong hinh 1.153.
Tro khdng vao cé thé
dugc tinh nhu sau :

Khau khuéch dai Zi

.. .

1. & Uv i Us o Uf
v = S B
o _Z" Khau héi tiép
_U;-BU, _ U, -BKU,
Zv Zv
I,Z, = U~ BKU,
Us = IVZV e BKUV - IVZV - BKI\.ZV Hinh 1.153. H6i tiép dién ép néi [iép 4
U
Zy = -5 = Ly ¥ (BK)ZV =Z,(1+BA)

Iy

Két lugn : Khi c6 héi ti€p tré khéng vao sé tang lén (1 + BK) lan so véi khi
khong c6 héi ti€p, diéu nay ding cho ci héi tiép dién dp n6i ti€p va hdi tiép
dong dién ndi ti€p.

— Hoi tiép dién dp song song :

Héi ti€p dién 4p song song dugc thé hién chi tiét trong hinh 1.154. Tro
khdng vao dugc tinh theo cong thic :
Uy U, . Uy g jig shihancigy

s o Ly+I1g I +BU.  I,/1, +BU, /I, 1+BK

Khau khuéch dai

Hinh 1.154. Héi tiép dién 4p song song
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Vay trg khing vao sé giam di (1 + BK) 14n so v6i khi khong c6 héi tiép.
1.6.3.3. Anh hudng ciia héi tiép dén tro khdng ra

Tré khéng ra chi phu thugc vao héi ti€p dién dp hoac héi tiép dong dién
ma khong phu thugc vao héi ti€p néi ti€p hay song song. D€ thuan tién chiing
ta nghién citu loai héi ti€p néi tiép.

Hoi tiép ndi tiép dién dp :
Hoi ti€p dién 4dp n6i ti€p dugc thé hién trong hinh 1.153. Trd khfmg déu

ra dugc xdc dinh bang dién 4p cung cép U, gay ra dong dién I, khi ngan mach
U (Ug = 0). Dién dp U duoc tinh :

U=1Z +KU,
Véi U, =0, thi U, = -U;
vivay U =1Z- KU; = IZ-K(BU)
Viét lai cong thitc nhu sau : U + BKU = 1Z,
Vay ta c6 trg khang dédu ra khi ¢6 héi tiép :

B\ afal .
S SO Y

Tir d6 ta thdy rang héi ti€p dién 4p n6i ti€p s& 1am tré khéng ra giam di
(1 + BK) 14n so véi khi khong c6 héi tiép.

Hoi tiép dong dién noi tiép :

Tré khdng ddu ra khi c6 héi tiép n6i ti€p dong dién dwoc xé4c dinh bang
tin hiéu U & dau ra, tao
ra dong dién I khi ngin .I.‘.L ok
mach Ug, ty s6 giita U U, (3 .
va I chinh Ia tr& khédng T 2%
dau ra. Trong hinh 1.155 "
chi rd chi ti€t héi ti€p
dong dién ndi ti€p. Gia
tri cia tr6 khdng ra
dugce tinh nhu sau : Vi
Us=0vaU,=Ustacé:

|
<
=

Ry

U =Bl Ur

Hinh 1.155. Héi ti€p dong dién néi ti€p
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vors

44
0

g

%

U U U
I=—-KU, =—-KU; = — — KPI
Zl‘ v Zl’ Uf Zl’ B

Z(1+PBK)=U
v
I

It

Zg =1 =2 (1+Kp)

Nhu vay, héi ti€p ddng dién néi ti€p Iam trd khang ra tang 1 + Kg l4n.

Béng 1.2 : TONG KET ANH HUGNG CUA HOI TIEP
PEN TRG KHANG VAO, RA

Dién ap Dong dign Dién dp Dang dién
ndi tiép ndi tiép song song ndi tiép
| Z(1 + BK) Z1 +BK) Z/1 + BK) Z./1 + BK)
Tang Tang Giam Giam
z, Z /1 + BK) Z(1 + BK) Z/(1 + BK) Z(1 + K
Giam Tang Gidm Ting

Vidy 25 : Xéc dinh h¢ s6 khuéch dai dién 4p, trd khing vio va ra cia
mach ¢6 héi tiép dién 4p n6i ti€p. Vi : K = —100, Z =10kQ, Z = 20kQ, he
s6hoiti€p:a. B=-0,1 vab. B =-10,5.

Gidi : Slt dung cong thiic trén ta ¢6 :

K ~100 ~100
YR TEER T Troncion - 1 - %
Z,  _20x10% _
Za =Ty hg = i1 = 182k
Zog=Z,(1 + PK) = 10 kQ(11) = 110kQ
by K=K _ ____-100 =100 _ ) g

1+PK ~ 1+(0,5)100) 51
Zyp=Z,(1 + PK) = 10 kQ(51) = 510k

7 Z, _ 20x103
f=7+BK 51

= 392,16Q
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Vi du 25 cho ta th&y khi h¢ s6 héi ti€p thay déi s& 1am thay déi he s6
khuéch dai, tré khdng vao, ra cha mach ¢6 héi ti€p. He s6 khuéch dai gidm di
11 14n (tix 100 con 9,09), tré khdng vao gidm di 11 14n, trd khdng ra tang lén
11 14n. Tuong tu trong trudng hop B = 0,5 hé sé khuéch dai cia mach ¢6 héi
tiép s giam di 51 l4n, ¢r& khéng ddu vao tang lén 51 14n va trd khing ddu ra
gidm di 51 14n. Vay c6 thé ding héi tiép am dé thay d8i cdc tham s& clia mach
khuéch dai.

1.6.3.4. Gidm méo tdn s

Trong bo khuéch dai héi ti€p Am ma c6 PK >> 1, thl hé s khuéch dai sé
12 K¢ = 1/B. Khi d6 cé thé xem nhu mach chi don thudn 13 dién trd, né khong
phu thudc vao tdn s6 cho dii b6 khuéch dai d6 c6 chita phén tir phu thudc tdn
s6. Thuc t€ thi méo tdn s6 gidm 12 do sy thay d6i cha hé s6 khuéch dai theo
tdn s8 trong mach c6 héi ti€p am dién 4p duge gidm ddng ké.

1.6.3.5. Gidm tap ém va méo phi tuyén

Khi c6 héi ti€p am s& 1am nhd tin hiéu nhidu (vi du ti€ng d cha ngudn
cung cip) va gidm nho méo phi tuyén.

Khi d6 méo phi tuyén gidm di (1 + Kp) 14n thi h¢ s6 khu€ch dai cing
giam di. D€ c6 thé gidm duge 46 méo phi tuy&n ma vin ¢6 hé s§ khuéch dai
cén thi€t ngudi ta sit dung phédn tit ¢6 hé s6 khuéch dai 16n hodc ting s6 ting
khuéch dai len.

1.6.3.6. Anh hudng ciia hoi tiép Gm dén hé s6 khuéch dai va ddi tdn
Theo cong thic tinh hé s6 khuéch dai khi ¢6 héi tiép Am 13 :

Kf = = —— = = v6i fK >> 1

Néu BK >> 1, he s6 khuéch dai x&p xi 1/B. O t4n s6 thdp, dic t'uye’n cé 26
déc 1en do dung khéng trong mach khuéch dai khé 16n, nguoc lai & tin s6 cao,
dac tuyén d6c xudng, dung khing trong mach khué&ch dai rit nho. Do vay hé
s6 khu&ch dai ciia mach & cédc tdn 56 khdc nhau s& khdc nhau (H. 1.156). Khi
ma hé s6 khuéch dai gidm xu6ng thdp dén gid tri ma h¢ s6 KP khong con 16n
hon r4t nhiéu so v6i 1, thi cong thic K¢~ 1/B khong con ding nita.

Trong hinh 1.156 chi ra m&i quan hé giita hé s6 khu&ch dai va tdn 6 lam’ .
viéc. Khi c6 héi ti€p Am dai t4n 1dm viéc By s& rong hon khi khong 6 héi ti€p

cdc gidi han tdn s§ trén va dudi duge xdc dinh khi hé s6 khuéch dai cha mach
giam di 3 dB.
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Hinh 1.156. Anh hudng ciia hdi ti€p dén hé s6 khuyéch dai v3 dai tin

1.6.3.7. Anh hudng dén 46 6n dinh hé s6 khuéch dai

( day chiing ta chi quan tam dén vin dé én dinh hé¢ s6 khué&ch dai khi ¢é héi
ti€p so véi khi khong c6 héi tiép. Liy vi phan hai vé ciia cong thitc tinh K :
[dKe| 1 |dK| i

|dK |
| Kr | |1+BK|| K|

hay
|Kf|

” l khi pK >> 1
BK|| K |

Nhin vio cong thic trén ta thdy mach c6 héi ti€p, he s6 khuéch dai cé do
6n dinh hon mach khi khong c6 héi ti€p v6i he s6 1a BK .

Vidu26:

Mot mach khuéch dai ¢6 hé s§ khuéch dai béi.ng -- 1000, he s6 khuéch dai
thay d6i 20% theo nhiét do. Hay tinh su thay d8i cha he s& khu&ch dai khi ¢é
héi tiép am véi B =-0,1.

Gidi :
Sir dung cong thitc

-1 -
| ~ |0 T000) 20%) = 2%

Nhu vay d0 6n dinh cla hé s8 khué€ch dai ting 1én 100 14n so v&i khi
khong c6 héi ti€p. He s6 khuéch dai thay d61 tir 1000 sai s6 20% xuéng cdn
10 va sai sd chi ¢dn 0,2%
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1.6.4. Cac mach héi tiép thyc t&

Céc vi du v€ mach héi ti€p s& giai thich, minh hoa dnh hudng cta hdi tiép
v6i cac ki€u két n6i khic nhau. Trong phdn nay chi gidi thiéu nhimg noi dung
¢o ban. '

1.6.4.1. Héi tiép dién dp néi tiép

Trong hinh 1.157 12 mot Upp
mach khuéch dai héi ti€p dién 4p
ndi ti€p sit dung FET. Mot phén -
tin higu ra (U,) théng qua céc |J g +
dién tr&6 R, va R, dugc dua trd .

. o Us
vé ddu vio dién 4p nay chinh 1a - 3 Re
dién 4p héi tiép U; n6i ti€p vai Lis@ 3R,
tin hieu nguén U, tin hiéu vao _
U‘, = Us“ Uf. ) -

Né&u khong ¢6 hoéi ti€p thi i tie
A Hinh 1.157. Mach khuéch dai héi ti€p néi
hé s6 khuéch dai 1a : tiép dien 4p ding FET
U
K=—%=-g R
U\.r gm L

Trong d6 Ry la dién 't1_'6 phéi hop song song
Ry =Rp// R//I(R; +R;)
Khau héi ti&p c6 he s6 héi ticp :

_Ur_ R
P70 TR R
Thay gid trj ca K va B ta ¢6 thé tim dugc hé s6 khuéch dai clia mach khi
6 héi ti€p am.
__K__ —8mRL
1+BK  1+[RRL /R| + Ry g

K¢

Néu BK >> 1tacé: _
_Rl + R2

1
Ks B R;

n

Vidu 27 :

Hay tinh hé s6 khuéch dai khi khong cé héi ti€p va khi cé héi ti€p
trong mach sir dyng FET & hinh 1.157. Theo céc gi4 tri nhu sau : R, = 80kQ2
R, =20kQ, R, = 10 kQ, Rpy = 10 k€, vi g, = 40004,
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Gidi :
Pdu tién tinh R,

RRp  10kQ(10kQ)

B = 5kQ
R, +Rp 10kQ+10kQ

RLE

Bo qua dién trd 100kQ do R, va R, mic néi ti€p, hé sé khuéch dai khi

chua c6 héi tiép :

K = —g,Rp = - (4000 x 10 ° S)(5 kQ) = -20

Hé s6 hoi tiép 1a :

= —20kQ
R;+R, 80kQ+20kQ

3

Heé s6 khuéch dai c6 héi tiép :

RO e
T 1+KB  14(=20)0,2) 5

K¢

Vidu28 : bt

Tinh hé s6 khuéch dai cua

mach theo hinh 1.158 biét : hé
s6 khuéch dai cia bo khuéch
dai thuat todn K = 100.000 va
cic dién trd R; =. 1,8MQ va
R, =200 kQ.

Hinh 1.158. Hoi ti€p dién dp nai ti€p sit dung
bé khuéch dai thuat todn
Gidi :
B R, 200k
"Ry +R, 200kQ+1,8MQ

_ K 100000 100.000
T1+KB  1+(0,1)(100 000) 10,001

K¢ =9,9999
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* Chii ¢, néu BK >>1 thi ta ¢6 : Uoe.
11
Ki===—=10 .
78 o1 R, Ry
Theo mach trong hinh 1.159 _ _
héi ti€p dién 4p n6i tiép. Tin hitu Js ros
dién 4p ngudn 12 U, dién 4p vao l1a B U, M

i U2 Ry U
U,. dién 4p ra la U, U, ciing 12 dién :

ap hoi tiép ndi tiép véi dieén dp vao.
Khi khong ¢6 héi tiép thi U = 0 = =

ta cé : Hink 1.159.Mach héi ti€p dien 4p n6i tiép
« - U _hglyRp _ heRe(Us/hye) _ heRe
’ Us Us Us hve
U
Vi M A
a B= 1,
Khi c6 héi ti€p thi
K. = Yr K heRg/hye ~ _  heRg
f

" Ug 1+BK 1+ ()heRg/hie) hye+heRp
Néu heRg >> b, thi K= 1.

Chii ¥ : Khi sir dung tham s6 h d€ phan tich mach ding BIT, c6 sy tuong
duong v6i céc tham s6 r, P, 1,, & nhu phdn 1.3.2 nhu sau : h,,, = pr,, hg = f,
h=-0, hy =r.

1.6.4.2. Hoi tiép dong dién néi tiép

Ciing gidng nhyv céic vi du ta vira xét
trén, héi ti€p dong dién ndi tiép 12 14y mét
phin ddng dién & ddu ra dua tré lai n6i
ti€p v6i tin hiéu ddu vio. H6i ti€p dong
dién néi ti€p 6n dinh hé s& khuéch dai va
1am ting trd khdng déu vao. Ug

Hinh 1.160a cho ta mdt mach khué&ch -
dai ding transistor, dong dién héi tiép ndi
ti€p duge 14y tit cuc emitter. Ddng dié¢n = ' -
nay qua dién trd Rg, tao ra dién &p héi Hinh 1.160a. Hoi ti€p ddng dién néi tiép
ti€p nguge pha véi tin hiéu ngudn, két qua :
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! I,

12 1am nhoé dién 4p ddu ra u. 3 >
Muén bd héi ti€p dong dién +
n6i ti€p chi cdn béd dién trd hee
emiter hojc mic thém mot 1y @ Ry hyelp chU(
dién song song vdi né. Us Re

Xét khi khong c6 héi tiép - |-

Dya vao hinh 1.160b va 7”7 4
bang 1.2, ta c6 : Hink 1.160b. So 46 wong duong

K = I = “Iphge ___~he

U, Iy(hy +Rg)  hy, +Rg

Trd khdng vao va tré khdng ra
ZV = RB”(h\fc +‘RE) = hve + RE

' Z. = RC
Khi c6 héi tiép :
= _“Ir_ = K = ~hge /hye = ~hee
U 1+ BK - h,. + heR
s B 1+ ("'RE) hfe ve fe™E
ve T RE

Tré khdng vao va tros khéng ra c6 thé dugc tinh theo bdng 1.2

Zs =Zr(1+ﬁK)=RC(l+h—;‘ER—E-) -

Yo

Zyi =Z,(+PK) = h,, +(1 +h—fl=3£}= hye + heRE

ve

H¢ 56 khuéch dai dien 4p K, khi
¢6 héi ti€p duoc x4c dinh

F = & = -—-_IrRC = [—!r_]RC =

Us  Ug Us
) R
= KfRC = feh (;{
ve fe'™sE Ug
10mV rms
Vidy29 :

Tinh hé s6 khué&ch dai dién dp
cua mach sau v6i cic s6 lieu cho Hinh 1.161. Mach khuéch dai BJT hé;
trén so 46 (H. 1.161). 1i€p dong dién
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Gidi :
Khi khong c6 héi tiép

wo & ~hgy . -120

= —0,085

U, hy +Rg 900 +510
=31 - Ry =-510
I]’
Hé so6 khuéch dai khi c6 héi ti€p :
I, K _ -0,085 3
=1 = = = —1’9
Ke =30, "T+pK ~ 44,35 2x10

)
Hé s& khuéch dai dién 4p khi cé héi ti€p :

Kur = g = KiRe = (-1.92x10)2,2x10%) = 4.2

- He s6 khuéch dai dién 4p khi khong c6 héi tiép (tic khi d6 R = 0)

Ry _ -2,210° _
K, = P 293,3

1.6.4.3. Héi tiép dién 4p song song

Ta xét mach héi ti€p dién 4p song song si dung b khuéch dai thuat toan

hinh 1.162. Theo hinh 1.162 va bang | 4p dung cho bd khuéch dai thuat todn
1§ twong, dong dién vao 1, = 0, dién dp vao U, = 0, h¢ s6 khuéch dai bang vo
clung, ching ta cd :
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Ir
Ul‘

U 1
K:-———r—=oo, = —_—
I, B Rp

-3
>
-
>
-3
>

F
<
<
o«
L+
L~

R4 15 = UJ/Ry hf
Uy - >_ U, ' ™ | > 1Y%
W N .
4
J L (a) ! (b}

Hinh 1.162. BO khué&ch dai héi ti€p Am
dién 4dp diing OA

a) 8¢ ¢6 mach ; b) So dé trong duong




=) 'f'.""gr
fog,

® 0

H¢ s6 khuéch dai khi c6 héi tiép

Thong thudmg, hé s6 khuéch dai 12 khuéch dai dién 4p khi c6 hoi ti€p .

I, 1 Ry
I 8 _(Rn)— =——20
I, "U, Ro) R; R
béi v6i mach dién hinh 1.163 mach khuéch dai héi tiép dién dp song song
sir dyng FET, khi khong c6 héi tiép , Ue= 0

Ul'

I

K= = "ngDRs

He 6 héi tiép p = :J_f - _Tzl_
r F

Khi cé hdi ti€p he s khuéch dai cha mach :

K, = & = K = -ngDRSRF
7%, " 1+BK  Rp +g,RpR,

H¢ s6 khuéch dai dién 4p cda mach khi c6 héi tigp

U, I, -g RpRRp , 1 R
Ky=—L. -8 =_8m®DBVE 1 _  p__ RF
W= T, T, - Rp + g RpR, Rs) (-&mRp) Rf + 8mRpR,
Use
Ro
Ry U, Ry U,

'
z

(a) - ()

i

Hinh 1.163. Bo khuéch dai héi 1i€p dién 4p song song sit dung FET ;
a) So 46 mach ; b) So 4§ twong duong
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Vidu30:

oY

Tinh h¢ s6 khuéch dai dién 4p khi c6 héi ti€p va khi khong c6 héi ti€p cho
mach 1.163a, biét c4c gid tri g, = S mS, RD 3,1k, Rg = 1kQ va R = 20 kQ.

Gidi ;

Khi khong c6 héi tié’p h¢ s6 khuéch dai di¢n 4pla:

Ky =—g,Rp=—(5x 10 >)5,1 x 10°) = 25,5
Khi c6 héi ti€p thi hé s6 khuéch dai :

Rp
Kot = CEnl) R glioRs ™

=-25,5(0,44) = -11,2

1.7. KHUECH DAI VI SAI

So d6 mach khuéch dai vi sai
duge cho trén hinh 1.164,

Chi ¥ ring, mach gém hai diu
vao, hai ddu ra vi cuc emitter ciia hai
transistor dugc ndi véi nhau, mach
lam viéc theo nguyén 1y cdu can
bing néu hai transistor dugc ché tao
cing diéu kién va R¢; = Rep = R
Dién 4p ra dugc ldy giita hai
collector (kiéu d6i ximg) hodc trén
méi collector d6i v4i dét (kiu khong
d6i xing). Tuy theo cdch dua tin hiéu
vao ma cé cdc ch& 49 khac nhau :

— Dua tin hiéu vao mot ddu vao,
con mot ddu ndi dat — ché d6 don.

- 20x10°

25,
3 (20x10%) + (5x10%)(5, 1x103 X1x10%)

>
; Rey Rea
Ucy Ueo
Uyt U
m—q T T,
Re
- Uge

Hinh 1.164. Mach khuéch dai vi sai

— Hai d4u vao dua hai tin hiéu khic nhau — ché 46 vi sai. -
= Dua ciing mét tin hiéu vao hai d4u vao - ché d6 déng pha.

1.7.1. Ch& dé mét chidu

Sc d6 phan cuc cho mach vi sai nhu hinh 1.165.
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Theo hinh v& ta tinh dugc : Ucc
Di¢n thé tai cuc E : T
UE = UB - UBE = 0 - 0,7 = "0.? (V)
. , e1d $ Re Re$l
TOng dong dién cuc Eclla Ty va T, :
Uc Ucz
Ug - (~Ugg) _ Ugg - 0,7V
IE = =
Rg Rg Ty T2
Néu T, T, hoan toan gidng nhau thi: —=: |L' | ._) L
E1 g2 -
Iy = Ipn = Ig ]El R
E1=E2% 5"
N I - UEE
va ey =lez=lc~ -

. -, » Hirhk 1.165. Phan cuc cho mach vi sai
-Dién 4p trén mdi colector 5€ 13 :

- Uc1=Ucz=Ucec~IcRe
1.7.2. Ché& dd xoay chiéu

1.7.2.1.Ché a6 don
So d6 mach nhu hinh 1.166

{ U Ugz b2
S Re
Uo” B1lo1 Re Re Balnzd r2
' i 1c4 '
T4 - - -

Uyq

- Uge

Hinh 1.166. a) Ché d¢ don ; b) So 44 tuomg dirong
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- Néu hai transistor hoan toan nhu nhau thi :
Ip1 =l =1y
Bi=B=8B
r=1p=r=Pr,

Vi Rg thudng rdt 16n, nén 4p dung dinh
luat Kirchhoff ( hinh 1.167) :

Uy ~Lyr=ILir=0 Hink 1.167. Xdc dinh I,
U
Suyra: Iy = —2—‘1_;]-
N . . le
Dong di¢n tai collector : I-= I, = B T
Dién dpra:
_ —_ RC — RC — RC
Ur=IcRc=p5>Uy = BZBl‘e Uy = 2, pvl
He s6 khuéch dai dién 4p :
U
K,= —= Re
le Zre

Vidy 31 : Cho mach dign nhu hinh 1.168. Hiy xdc dinh dién 4p ra U,
oV
Gidi : T

Dong Ig duge tinh ;

_Ugg -0,7V _ 9V -0,7V
B Rg T 43kQ

IE = I93uA

Dong tai cyc emitter :

I
Ig; = Igp EE' =96,5uA  y, =2mv

Gid tri dién trdrr, : 43K0
26mV (a)
I, = = 269 -9V
96, SHA : Hinhk 1,168
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Hé s& khuéch dai dién 4p ;
- Rc _ 47kQ _
T 2r,  2.269Q 81.4
Pién dprala:

U, =K, U, =87,42mV = 0,175 V
1.7.2.2. Ché 46 vi sai

Khi dua tin hiéu khdc nhau vao hai ddu v3o cia mach vi sai, mach s& lam
viéc trong ch€ d9 vi sai. Tuong ty ch€ 6 don, d& dang tinh dugce hé s6 khuéch
dai vi sai : '

U, _R¢

Ko =0 "2

Vi Uy=Uy - Uy, U =Uy - Uy

1.7.2.3.Ché d¢ déng pha
So d6 mach vi sai hoat dong & ch€ d¢ déng pha duge cho trén hinh 1.169.

= Re = )
(a)

—Uge

Hinh 1.169. a) Ch& 49 dong pha ; b) So 4 twong duong

Theo so d6 tuong duong ta viét duge :
_ u, - 28 + l)IbRE
r

L = Uv
P r+2B + DRg

Iy

Suy ra :
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Dlén ép ra : Ul‘ = IC‘RC = BIbRC = W
He 56 khuéch dai déng pha : Kyp = BRc

P r+2(B+ DRg

Mot mach khuéch dai vi sai t6t khi he s6 khuéch dai vi sai K, 16m, hé s§
khuéch dai déng pha nhd, K4p => 0. Theo cong thitc tinh Kgp - n€u Rg 16n thi
K4p s€ gidm. Trong thyc 1€, d€ tang Rg, ma dong Ig khéng d6i, ngudi ta ding
mot nguén dong c6 dinh nhu hinh 1.170a. Trong so dé ndy, tr& khéng ra cia
mach CE 1 ry déng vai trd ciia Rg, trong céc so 46 trude. So 46 tuong duong
xoay chiéu nhu hinh 1.170b.

Uec

Uyz

- Uge

Hinh 1,170, a) Mach khuech dat vi sai ding nguén déng ; b) Su 46 twong duong xoay chidu

CAU HOI VA BAI TAP CHUONG 1

1. So sdnh 3 cdch mic co bén ciia transistor vé tr& khing vao, ra, he s6 khu&ch
dai di¢n 4p, dong dién.

2. Néu cic phuong phdp phan cuc cho transistor. U nhuge diém cia ting
phuong phép.
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3. Cho mach dién nhu hinh 1

a) Xéc dinh c4c dién 4p v dong dién mot
chifu tai cdc circ cia transistor. Khi B
tang thi cdc gi4 tri d6 ting hay giam?

b) Tinh trd khang vao ra ciia mach.
¢) Cho U, =20mV. Tinh U,
d) G10r0=°°.Xﬁ:CdinhUccdéKu=—200.

4. Cho mach dién nhwr hinh 2

a) Xdc dinh ch& do mot chidu cia transistor
b) Tinh trd khdng vio ra clia mach.

¢) Tinh hé s6 khuéch dai dién 4p va dong
dién.

5. Cho mach dién nhw hinh 3

a) Xic dinh di€m 1am viéc tinh Q cia
transistor.

b) TinhZ,,Z_.
¢) Tinh K, K,
d) Lam lai cdc phdn trén khi ngét bd ty Ck.

Hinh 1

6. Cho mach dién nhv hinh 4

Biét K, =-160 va K; = 19 . Hay xdc dinh U, Re. Rp.
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7. Trinh bay céu tao va nguyén Iy hoat dong ciia céc loai FET kénh P.
8. Tinh Up & so d6 phan cyc hinh 5.
20V
20V
2,2KQ
D
1MQ
1
Hinh 5

: #
b)
10.

11.

12. Tinh dién dp d4u ra cha so d6 hinh 9
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e
5, 10MQ 1,1kQ
Hinh 8

Cho so d6 hinh 6.
Tinh todn céc gia tri phan cuc

TinhZ,,Z.,vakK,

Tinh tr& khéng vao, ra va hé s6
khuéch dai dién dp trén hinh 7,

néu ry = 33kQ. Uy
Tinh c4c gid tri phan cyc va tinh

tréd khdng vao, ra, hé s6 khuéch
dai dién 4p cia so d6 hinh 8.

néu dién 4p vao U,=0,8mV va ry = 40kQ.

o
2
o N
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CHUONG 2
GHEP TANG KHUFCH DAI

Mot bo khuéch dai thudng gbm nhiéu tdng khuéch dai méc lien ti€p nhu
hinh 2.1 vi thong thudng mot tdng khuéch dai khong dim bio di h¢ s& khuéch

dai cén thiét, trong so d6 ndy tin hiéu ra cla tdng tru6e 12 tin hieu vao cia
ting sau.

U, (N-1) . Usn

Ur1 =Uz U.Q

Hinh 2.1. So 46 kh6i mach khuéch dai ghép nhidu tdng

Theo hinh 2.1, h¢ s6 khuéch dai clia todn mach la:

UrN Url Ur2 UrN
= . =K;.K,..K
le le Uv2 UVN 12 N

Tinh theo don vi dB ta cé:

K, =

K, (dB) = K,,|(dB) + K,5(dB) + .... + K x(dB)

Dé thyc hi¢n viéc ghép gifrta cdc ting ngudi ta c6 thé diing ty dién, bi&n 4p
hoac tryc ti€p...

2.1. MACH KHUECH DAI GHEP RC
Hinh 2.2 12 mach khuéch dai gém 2 tdng ghép v6i nhau bing RC.
He¢ s6 khuéch dai dién 4p & méi tdng :

_ Rc/Ry
u rc
Trd khdng vao clia mach

Zv = R]//R2// ﬁrc

K
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o,

Ry -’;L
|

- 64 )
mem e AN o=
'_m

l\.

2

> +

Cs1 3 R4 g Rgo I 20uF
Hinh2.2. Mach ghép tdng RC

Tré khéng ra cha mach
Z; = Reffrg

Vi du 1 : Tinh hé s6 khuéch dai dién 4p, dién 4p ra, trd khing vao va tro
khang ra ciia mach khuéch dai ghép tdng bang RC (hinh 2.3). Biét dién tro tdi
Rp = 10kQ,

- 20v

L)
>
$ 15k $ 220 qukn gz.zm_

, 3
- 10uF ’ 10uF 10uF :

U, = 25pV._ . ' Il; B=200 .—t B=200 2a
L
aTe 3 1k ;[-

—
3 - =

Hink 2.3. Machchovidu 1’
Gidi:
Céc gid tri phan cuc (ch€ 46 DC) tinh duge 1a:
Ug = 4,7V, Ug = 4V, Uc=11V, Ig=4mA
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Ta ¢6:

‘ r=2-2_650
Ig 4

H¢ s6 khuéch dai dién &p & tdng 1:

_ R /IRy /iBr,)

Ie

_ _ (2,2kQ) /15K // 4, T2 //(200)(6, 58))]
- 6,5Q

- Ky =

_ 665,20
6,50

He 8 khuéch dai & tdng 2

=-102,3

Kp=- 2S¢ . _22KQ 0006

A 6,50

He¢ s6 khuéch dai dién 4p ciia ci mach

K, =Ky Ky = (-102,3)(338,46) = 34,624
Diéndpra .

U, = K, U,= (34,624)(25uV) = 0,866V
‘Trd khang vao.

Z, = Ry/[Ry// Br, = 4,7kQ//15kQ//(200)(6,5Q) = 953,602
Trd khdng ra

Z,=Rg=2,2%Q
Néu & ddu ra mic v6i 1 dién trd 10k thi dien 4p trén tai 1a:

U - _Ru o 10kQ
L™ Z 4R 22kQ 7 10kQ

(0,866V) = 0,71V

2.2. MACH KHUECH DAI GHEP BIEN Ap

Mach khuéch dai ghép RC c6 1 s§ nhuge diém 12 tu ghép lién tdng 1am
suy gidm bién do tin hiéu & ving.tdn s6 thdp, dién trd tai 1am tiéu hao cong
sudt AC va DC gidm hiéu sudt mach va khé ph6i hgp tr& khing giita c4c tdng...
Do viy loai mach ghép RC chi dugc sir dung d€ khuéch dai tfn hi¢u nho,
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Mach khuéch dai ghép bi€n 4p tuy c¢6 1 vai yéu diém nhu: 1am gidm bién
d6 tin higu & viing tdn s6 rit cao do ty tap tdn giita c4c vdng day bién 4p, tén
hao & 15i sit va hoi céng kénh. Song né ¢6 1 s6 uu diém ma mach ghép RC
khong thé c6 duge, 46 13 hoan toan cich dién DC giita cic tdng. Noi trd cha
vong day déng rat nho (khodng vai Q) nén tieu hao cong suit 1 chiéu nho, lam
tang hiéu sudt mach. Viéc ph6i hgp trd khdng giita cdc tdng ludn duge dép ing
dé dang d€ giam méo va tang cong sudt ra cyc dai, nhd v diém nay nén mach

ghép bién 4p c6 th€ vira ding 1am mach khuéch dai tin hi¢u nho, nhat 12 dé
khuéch dai cong suit.

Mach khuéch dai hai tdng ghép bién &p dugc mo ta nhu hinh 2.4: .

>=50k0)
220“9 ézoka | g" 20k
L -
&1
H A | qouF k2 BouF

10#&‘."‘9 50uF ‘ “ —‘
11 i I L.

S8

Hinh 2.4. a} Mach khuéch dai ghép bién dp (B = 50, Br, = 2KQ)
b) Mach tuong deong AC

|||
it
I
|
|

b}

Tir mach tuong duong b, ta c6:

Ul = I;—i' U‘,.= 4'UV
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2.3. MACH KHUECH DAI GHEP TRUC TIEP

Mach khuéch dai ghép tryc ti€p (khong c6 tu ghép) nén khong cé tén hao
dién 4p & tdn s6 thdp do ty ghép. Cic tdng khong bj ngan cdch ngudn DC nén
anh hudng lin nhau r6 rét tir viéc tinh todn d€n viéc thay thé transistor vi sy

“thay ddi nhi&t d6 moi trudng.

Do v@y cdn phdi ¢6 mach én dinh ch€ d¢ lam viéc va én nhiét bing héi
ti€p 4m emitter hojc tir ddu ra va déu vao. Néu nhu ding 3 tdng trd lén thi dé
gay ty kich, thong thudng 12 mic thém tu ¢6 gid tri hang chuc pF & 2 cyc C-B
cua transistor. Loai mach ndy c6 d6 khuéch dai khéng 16n.

M6t mach khuéch dai ghép truc ti€p nhu vi du sau: (hinh 2.5).

+12V
Rc1=3kﬂ % RCZ = 0,8kQ
Rg=186kQ C4 C; 8v
l IJ o+
3,02v v
o — 2 [ 8.2V rl: T,
+
Es 1 B2
U =
v § Rey=1.2K Rez 1.1m§
T13 B1 =40 Tz: Bz =100
o= 13.47Q le2™ 5.2Q

Hinh 2.5. Mach ghép tdng truc ti€p

* Xdc dinh phdn cuc DC

+ V@i Ty: Tir dién &p ddu ra U, = 8V, ta c6:

12-8
I = <2 _smA
08K = o

Nhu vay: Iy =Igy=5SmA
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Va: Ug, = (3mA)X(1.1kQ) = 5,5V
Tir: UBE2 =0,7V, ta co: UBZ = UCl =535+07=62V

ap dung quan h¢ I, = Blg, ta cé:

_ Icz _ 5mA
Ig2 = B, = 1o = 50pA
+V6i T :
12-6.2
I(3|(Q) = 3 = l,93rnA

Ta théy I3,y > Ipy, nén:
Iy = IagQy = 1.93mA va: Igy = 1.93 mA

Vay Ug, = (1.93mA)X(1,2kQ) = 2,32V

Va: Up,y = U, + Uggy = 2,32 + 0,7 = 3,02V

* Xdc dinh cdc gid tri AC

Tré khing vao mdi tdng 1ap emitter gdn bing PRg nén ta cé:
Z,; = BjRg; = 40(1.2kQ) = 48kQ

Z.s = ByRg = 100(1.1kQ) = 110kQ

K - R _ “Rei/BRg;  BK/OK 3K
"1 R Rg; 12K 12K

K., < -R; _ -Rey _ 0.8K
Y Rpy Rg; L1K

=-0.7273

K, = K, Kyp = (- 2.5)(- 0.7273) = 1.818

1,818)(48k£2
oK 2202 QSIS 0

|Kp|=IKy|-[Ki| = (1,818)(109,08)= 198.3
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2.4. MACH KHUECH DAI CASCODE

Pic diém cha mach khuéch
dai Cascode 13 ding 2 tdng khuéch
dai mic n6i ti€p (hinh 2.6).
Tédng thi hai mic kiéu BC dé
tang tdn s& cit, gidm tap nhiém
(vi ni vao cua tdng tht nhdt |
mdc kiéu EC nhé nén hé s§ u,
khuéch dai cta tdng nay nho),
gidm thiéu hi¢u ing miller & tdn j_REZ
s& cao, Ting thit nhdt méic kiéu
EC, 1am viéc & dién dp thdp, h¢
s8 khuéch dai dién dp nho (ciing Hinh 2.6
nhim gidm hiéu Wng miller cha '
tu & tin s8 cao). Song hé s§ khuéch dai dign dp todn mach lai I6n (khoang vai
tram ldn).

A AN

Ta c6 thé diing vi du tinh todn cho mach Cascode thuc t€ & hinh 2.7:

Upe=18V
B6.BkQ
RAb1
¢ U
N+
4 o
1 10pF 5.6k0
o Rb2
U 3+
SuF
4.7kQ
Ao3
' Hink 2.7

Gidi :
* Tinh cic thong s6 DC
Igz =Ig; hodcle, =I¢

Tit Bl = Bz ta @6: 'IQ: "I'C—l hoac IBZ zIBl

B, B
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Dong Iy, 1& mach qua BRg ma né duge méc song song vdi Rpy = 4,7kQ,
V1 BRg =100(1kQ) = 100kQ, cé gid trj 16n hon Rp3 nhi€u 14n nén c6 thé

bb qua hi¢u tng Iy, len mach Rg. Tir cch tinh gin ddng, c6 thé coi Iy, =1,
Ap phan cuyc:

RpsWee) 4.7kQ(18) _ 84,6
RB3 +R32 +RB] 4,7k 45, 6k.Q.+6 Skﬂ 17,1

=495V

Ug; _ Up -Ucg _ 4.95-07

R R 1k

Vﬁ IE! -

=4,25mA

Dién tré ti€p gidp BE ciia Ty 1a:

U, = 2mV_ 2%6mv _ oo
IE] 4,25mA

TitIg; =Ig;. ta ¢6: 1y = 6,12Q
* Tinh cédc théng s§ AC:

Un _-Rp

K 1=
! Uv] el

Téi cta T} 12 tré vio cda T, tic Ia tré ti¢p gidp EB clia n6, nén: Ry ; = &2

Vay: K ; = Te2 _ —1 (hé s6 khuéch dai nho nén gidm dugc hieu ing miiler).
Tei
Va Kyp=L-Re_ 180 ..
l'e2 6.12
Vay: Ku= 5 I—Ku, Ky = (~1)(294.1) = - 294,
v

2.5. MACH KHUECH DAI DARLINGTON

Mach khuéch dai Darlington kiéu ¢o bin dwge mo ta & hink 2.8. Pic didm
cha né 1a: dién trdr vio 16n, dién trd ra nho, hé s6 khuéch dai dong 16n, he s6
khuéch dai dién 4p =1 tren tai emitter.

124



K3
Og

c6 Bp =P.B, va Ugg =1,6V, khi d6 dong cuc
goc dugc tinh :

* Cdch phan cyc cia mach nay giong nhu moét ting lap emitter ding héi

ti€p dong dién & emitter, chi ¥ ring dong emitter cla ting thi nhat chinh 1a
dong bazo ciia tdng thit hai.

Hai transistor s& twong duong véi 1 transistor

I. = Ycc—Ugg
Rp +BpRE

Do B, rat 16n nén :

Ig = (Bp+DIg ~Pp.Ig
Dién dp phan cuc 1a :

Ug=Ug + Ugg Hinh 2.8. So d6 Darlington co ban
Vidu 2 : Tinh dién dp va dong dién phan cuc & hinh 2.9 sy

18V -1,6V
Ig - ~2,56 pA

3,3MQ + 8000.(3900Q) 3,3MQ
Ig =8000(2,56pA) = 20,48 mA ~I- Ugg = 1,6V
Bp = 8000
Ug =20,48mA(390Q) ~8V
Ug=8V +1,6V=96V
390 Q

Véi: Uc=18V
* Mach tuong duong xoay chiéu Hinh 2.9. Mach vi du 2

Mot mach Darlington lap emitter nhu hinh 2.10. Tin hiéu dugc dua vao

qua tu Cy, tin hiéu V; dugc dua ra qua tu C,.

Mach tuong duong nhu hinh 2.11.

+ Tinh tré khdng vao AC :
Uv L Ur

Ty

Dong bazo chay quar, la: Ig=
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Hinh 2.10. So 46 Darlington lap emitter B e dh [g’*gf:i:fg‘““ lap
Vi: U, = (Ig + BpIB)Rg
= Igry=U, - U, = U, - Ig(1+Bp)Rg
= Uy=Igl, + (1+BpRg] =Ig (t, + BpRy)

Tré khang vao nhin tir bazo cta transistor:
U
=1, +BpRg
Ig

= Tré khéng vao cia mach:

Z, =Ry/l(r, +BpRg )
+ Hé¢ s6 khuéch dai dong:
Dong dién ra trén Rp:

Ir = IB + BDRE = (BD +I)IB zBDIB.

Ig
= Heé s6 khuéch dai dong ctia mach 1a:

i o OLS Iy

Iv IB v
R
Véi I = Rp 2 B__1,
(ry +BpRE)+ Ry BpRg +Rp
. R R

PoRg +Rp  BpRg +Ry
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+ Tré khéng ra AC : (Hinh 2.12a,b).

1 1 = = =
=(——+—+ﬁ—D-).Ur )
RE r, 1, :
Mat khéc: Hinh 2.12. So d6 twong duong AC dé tinh Z,
U, 1

Z =—L
" I, 1/Rg+1/r,+Bp/r,

+ Heé s6 khuéch dai dién 4p:

L&
U =(p+PpIg)Rg = '
=Ig (Rg+PBp Rg) Ur
U, =Ipry + (Ig + Bp Ip)Rg o
Ta cé: - o

b)

Uv g IB (r\r"" RE + BD lv)

U
U, = Y (Rg+BpRg)
WS RS PoRe) O E OB

Hinh 2.13. So d6 tvong duong AC dé tinh K,

s, RpthpRy .
U, rv+(RE+BDRE)
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1. Cho so d6 phan cuc

BAI TAP CHUONG 2
hinh 1.
a) Tinh déng va dp phan

24kQ 2 5,1kQ $24m 1K
cuc tai mdi tdng. 0,5uF 0 5p.F _
b) Tinh h¢ s6 khu&ch  _, 7"
dai dién 4p tai mébi !
tdng va cha ca mach. 6,20 BDp.F 2 sk 50uF
) 8.2kqf
¢} Tinh trd khdng vdo L 11 I

vi ra cia mach.

Hink 1

2. Cho mach khuéch +20V
dai cascode nhu
hinh 2.

a}) Tinh cac dién 4p
phﬁﬂ cuc UBI’ UB2’ C1

AY RS

vi UCZ‘ 21 IJ Q2
_ 50pF 5.6k ko
b) Tinh he s6 khuéch 2 {sz ]”” Pr=Bp =200

7,5k 15Q o4

dai dién 4p va tinh Y1 eI

dien 4p ra cla
mach.

c)-Tinh dién 4p trén ' I 10007
tai néu diu ra =
dugc n8i véi tai
10 kQ,

+18V

3. Cho mach khuéch dai darlington
nhu hinh 3.

a) Tinh dién dp phan cuc U52 va dong
phan cyc Ig,.

b) Tinh hé¢ s6 khué&ch dai dién ap
clia mach.

128

.y
RN



NS

“og

W

CHUONG 3
KHUECH DAI CONG SUAT

3.1. PINH NGHIA - PHAN LOAI

3.1.1. Pinh nghia

Cic mach khuéch dai di nghién citu & chuong trude, tin hiéu ra cta céic
mach d6 con nho. DE tin hieu ra dii 16n ddp dng yéun cdu cic phy tai, vi dy :
~cho loa (radio - casttset) ; cho cdc cudn l4i tia (Tivi) v.v... ta phai ding dén
mach khuéch dai cong sudt. D€ tin hiéu ra ¢6 cong sudt Idn va chat lugng ddp
ing nhitng yéu cdu cha tai nhu d6 méo phi tuyén, hiéu suft cic mach vi thé
mach cong sudt phai dugc nghién citu khic v6i cdc mach khuéch dai rude d6.

Vay khuéch dai cong sudt 13 tdng khuéch dai cudi cung ctia bd khuéch
dai, c6 tin hiéu vao 16n. N6 ¢6 nhiém vy cho ra tdi mét céng sudt 16n nhét c6
thé duge, v6i do méo cho phép va bao dam hiéu sudt cao.,

Do khuéch dai tin hi¢u 16n, transistor lam viéc trong mién khong tuyén

tinh nén khong thé ding so d6 twong dwong tin hiéu nhd nghién cifu ma phai
diing do thi.

' 3.1.2. Phan loai

Téng khuéch dai cong suat ¢6 thé 1am viéc & cdc ch€ dé A, B; ABvaC, D
thy thudc vao ché do cong tic cua transistor,

* Cheé do A : La ché€ dé khuéch dai ca tin hiée hinh sin vao. Ch€ d6 nay c6
hig¢u suéit thdp (v6i tai dién tré dudi 25%) nhung méo phi tuyén nhé nhét, nén
duge ding trong trudng hgp dic biét (hinh 3.1a).

* Ché do B : 1a ch€ d6 khuéch dai nira hinh sin vio, day la ch€ do ¢é hiéu
sudt I6n (n= 78%), tuy méo xuyén tam 16n nhumg c6 thé khic phuc bing céch
két hop vdi ch€ d6 AB va ding héi ti€p am (hinh 3.1b).

* Ch€ do AB : C6 tinh chit chuyén ti€p giita A vd B. N6 ¢6 dong finh nho
dé tham gia vio viéc giam méo kic tin higu vio cé bién do nho.
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Hinh 3.1

* Ché€ do C : Khuéch dai tin hiéu ra bé hon nira hinh sin, c¢6 hiéu suat kha
cao (>78%) nhung méo rat 16n. N6 dugc ding trong cdc mach khuéch dai cao
tdn c6 tai 12 khung cong hudng dé chon loc séng dai mong mudn va dé c6 hiéu
sudt cao.

* Ch€ d6 D : Transistor 1am viéc nhu moét khéa dién tit déng m&. Dudi tic
dung cia tin hi¢u vao diéu khién transistor thong bao hoa 1a khéa déng, dong
I¢ dat cuc dai, con khéa md khi transistor tat, dong I = 0.

3.2. KHUECH DAI CONG SUAT CHE 0 A

3.2.1. Khuéch dai ché& dé A dung tai dién tré

Trong tdng khuéch dai ché do A,
diém 1am viéc thay d6i d6i xing xung
quanh diém lam viéc tinh. Xét tdng
Khuéch dai don mic EC va mach nay cé
hé s6 khuéch dai 16n vd méo nhd. Ta chi
xét mach & dang ngudén cdp néi tiép.
Mach dién dugc cho & hinh 3.2.

* Ché d¢ tinh :
Dong phan cuc 1 chiéu dugc tinh theo

UCC va RB - -

-0,7V
Ig = UL YA Hinh 3.2. So 46 khuéch dai
Rg ché€ do A ding tai dién trd
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Tuong ting v6i ddng collector s& 12 :

Alc
IC = BIB Ucc

. Dién 4p collector — emiter : Re
B -

Uce =Ucc - Ic Re

Tu gid tri Uge ta v& duge P
dudng tai mot chiéu AB. Tir d6
s& x4c dinh dugc diém lam vigc
Q tuong vng véi [pq trén dac
tuyén ra. Ha dudng chiéu tir
di€ém Q dén hai truc toa d6 sé
¢6 Icg va Uggg nhu hinh 3.3

\
/

Uceq Uce Uge
Hinh 3.3
¥ Ché'dp dong (khi c6 tin hiéu) :

Khi ¢6 mét tin hieu AC dwoc dua t6i ddu vao cha bo khuéch dai, dong
dién va dién 4p ra sé& thay ddi theo dudng tai mot chiédu,

Mot tin hi¢u ddu vao nhé (hinh 3.4a) s& gay ra ddng dién cyuc gdc thay déi
O bén trén va bén dudi cta diém lam viéc finh, ddng collector va dién 4p
collector — emiter ciing thay ddi xung quanh diém lam viéc tinh nay.

Khi tin hig¢u ddu vao 16n hon (hinh 3.4b) ddu ra s& bién thién xa hon so
v6i di€m 1am viéc tinh da dugc thiét 1ap tir thai diém trude, cho t6i khi ci
dong dién va dién 4p déu dat dén mot gid trj gi6i han. P6i véi dong dién, gid
tri gidi han nay 6 thé 12 0 & diém ket thiic thdp hoac Upc /R & diém ket thiic
cao clia chu ky hoat dong ciia né. D6i véi dién 4p collector — emiter, gidi han
ciing c6 thé 12 OV hay bing gid tri nguén cung cap Ucc.

Tin higu

Tin hiéu
A Ic vao e vio
Yge Yec b
Rc RC 5,
n— N
/JL/
Déng
diénra 4 \| ~
0 u s Dong ] Uce Uge
:) cc  Uee dGiénta < cc  Uece
Pien ]
™ apra >\ Bign
a) b) apra

Hinh 3.4. Quan he giifa tin hiu vo va tin hiu ra.
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* Cdng sudt cung cdp ti ngudn I chiéu :
P, (dc) = Ucc—ICQ
* Cong sudt ra : '
+ Tl'nl{ theo gid tri hiéu dung :
Pr(ac} = Uck(msy-Icams)
Pr(ac) = I Re
2

UC(rms)

P.(ac) = Re

+ Tinh theo gia tri dinh :

Uckpyle Iz
P.(ac) = (92) P _ 2(13) Re

2
p .Y
r{ac) - 2RC

+ Tinh theo gid tri dinh — dinh :

UCE(p—p)-IC(p-p)

P.(ac) = 3

12
Cip—
P(ac) = —EERc

Udg,
. Pr(ac) =—8é1:: p)

* Hiéu sudt mgch : hiéu sufit cha mot mach khuéch dai phy thude vao
tdng cong sudt xoay chiéu trén tai va téng cong sudt cung cap tir nguOn 1
chiéu. Hi¢u suit duoc tinh theo cong thic sau ;

Pr(ac)

.100%
P, (dc)

'n = —
— Hiéu sudt cuc dai :

V6i mach khuéch dai cong sudt ch€ do A, hidu suft cuc dai cé thé duge
xdc dinh théng qua gid tri dong dién cyc dai va dién dp cuc dai.

Uce max(p—p) = Ucc
I _ Ucc
CE(p—p) R
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Ucc.Ucc

R
P.. (ac) = 8C

Cong sudt mot chiéu (dc) tir ngudn dién 4p cung cdp cuc dai dugc tinh tng
vGi gid tri dong thién 4p bang mot nita gi4 tri cuc dai :

Ucc d
Re U
Py max (dc) = UCC . IC max — UCC'TC e '2_§CE
ta tinh dugc hiéu sudt cuc dai :
2
S Utc
ac
Mot = 22100 e = 1009 =|25%
Py max (dc) U(23C
2R

Hiéu sudt cuc dai ciia mach khuéch dai tai ch€ do A dung tai dién trd nhu
ta thdy 1a 25%. Hiéu sudt nay chi dat dugc trong trudng hop dic biét, con hdu
hét cdc mach khuéch dai ch€ do A ding tdi dién tré déu c6 hiéu sudt nhd hon
gid tri 25%. :

Vidy I : Tinh cong suét vao, cong sudt ra, hiéu sudt va cong sudt tdn hao
transistor khi cho tin hiéu vao véi dong base I (peak) = 10mA

Ic (mA)
A
o= Yee _ 4400 40
R
¢ Re g9
800 30
700 Pudng tai mot chidu
600 -
500
400 . Diém lam viéc
300 10
200
100 g = OmA
1 1 1 A | va———r ¥ -
U N T i
e R cE

Hinh 3.5. So d6 cho vidu 1
Gidi : Tinh céc gi4 tri dé x4c dinh diém Q :
Iy = Ucc-0,7 (V)] /Rg=(20-0,7)/ 1(kQ) = 19,3 mA
ICQ =B.Ig=25.19,3=482,5mA
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Uceg =Ucc - Ic - Re = 20 - 482,5 . 20 = 1035 (V)

Mach dién khéng c6 Rg,nén Ugg = Ucc =20 (V) va

/T ) R
Ic—R_C-— 2OQ-IA—10mmA.

Ta vé duge dudng tai mot chiéu Rpe. (2 diém Ucg =20V ; I = 1000mA).
V6i Igq va Ucgq ta xdc dinh duge diém 1am viéc trén dudng tai.

Khi tin hiéu vao véi dong base IB(p) = 10mA thi. bién d6 dong collector
trén dac tuyén sé 1a :

Ic (p) = BIg (py = 25 . 10 = 250 mA (gi tri dinh)

P.(ac) =

2 B T
IC—Z(@.RC = @-1—20——&.(209) =0.625W

Py pc)=Ucc-1c=20.482,5. 102 =965 W
N(%) = P(ac) / Py(dc) . 100% = (0,625 /9.65) . 100% = 6,48%

Pq =Py - P, = 9,650,625 = 9,025 W

Qua vi du ta thdy r6 mach khuéch dai RC ding ch€ do A c6 hiéu suit
thdp, chi dat 6,5% so véi hiéu sudt cuc dai 12 25%.

3.2.2. Khuéch dai ché& do A ghép bién ap

+Ucc
N,: N,

= u :
—

Uv—z.; Uz=Ug I1r \IIZ m R,
|

- R,

Hinh 3.6. Mach khuéch dai cong sudt am tén ghép bién 4p.

Day la mot dang cta khuéch dai ché do A vé6i hiéu sudt t6i da 12 50%, sir
dung mot mdy bién 4p dé 14y tin hiéu ddu ra dén tai nhu hinh 3.6,
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Hoat dong cia mdy bi€n 4p : mot mdy bién 4p c6 thé ting hay gidm gi4 tri
dién 4p va dong dién theo ty 1¢ dd dugc dinh trude. Gia sit mdy bi€n 4p dug:
nghién cifu [a loai médy tang 4p va bd qua sy tén hao cong sust.

N, N, N, N, N, Ny
I, A |
- R2= R1
U1 U2 R'l - RL
b)

a)

c)
Hinh 3.7. Hoat d9ng cia bién 4p
a) Bi€n déi di¢n 4p ; b) Bién d6i ddng dien ; ¢) Trd khing
3.2.2.1. Bién déi dién dp :

Nhu ta thdy & hinh 3.7a, mdy bién dp c6 thé lam tang hay gidm dien 4p
phu thudc vao nhitng s§ vong day & méi beén.

Sur bién d6i 4p theo cong thitc :  U,/U, = Ny/N,
diéu ndy chi 5 ring néu s6 vong day cudn thi c4p 16n hon cudn so cp thi
dién 4p ra th c4p sé 16n hon dién 4p vao so c4p.
3.2.2.2. Su bién ddi cia dong dién :
Dong di¢n bi€n déi s& ty 1¢ nghich v6i s6 vong day & 2 cudn. Tiic 1a :
/Iy =Ny/N,

Méi quan h¢ ndy dugc thé hién & hinh 3.7b. Néu s6 vdng day & cudn thit
cdp 16n hon cuén so cip thi dong dién chay & cudn thi cdp s& nhd hon dong
dién & cudn so cap.

3.2.2.3. Tdi cia bién ép c6 bién ddi tro khéng

Khi bién 4p thay déi di¢n &p va dong dién thi trd khdng & ca 2 cudn ciing
c6 thé bj thay d6i, nhu ta thdy & hinh 3.7c.

Ta goi R’L 1a dién tré nhin vao tir cudn day so cp may bi¢n dp, trén 46 di
tinh dén anh hudng tai ghép tir cudn day thi cdp thong qua hé s6 bien 4p :

a’ = (N;/Ny)>

Dién trd tai & cudn day thit cdp phin 4nh qua dig¢n trdy so cdp dugc tinh
nhu sau :

Ry /Ry =Ry/Ry = (N}/Ny)” = a?
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Trong d6, ty s6 :  U;/U; = Np/N; va I/1; = N;/N,
He s6 phan 4nh tir tdi qua so c&p bién dp biéu thi ty s6 giita tai phan 4nh

+

R | va tdi Ry qua ty s6 bién 4p :

2
’ N
R /Ry = {N_;) = 2’

Vidu 2 : +Tinh R | bi€t R = 8Q va ty s6 vong chia bién ép a = 15/1

2
RL=(;I—;} Ry =15%.8=1,8kQ

+ Tinh ty s6 vong clia bién 4p khi cho Ry = 16Q, R | = 10kQ

2 .
R, 10000 N1
(—»] "R T-ﬁZS,suyra.m—\!& =25/1

3.2.2.4. Xdc dinh duong tdi mot chiéu, diém lam viéc tinh va tdi xoay chiéu

A lo(A}
Buding tai 1 chiéu

- 0,5
04 |-
Ao =2 10 mA,
Déng dién i 8 mA i
collector /\ l 03 b F / gfmiec
0.25 6 mA

leg 0.2 AmA
- 015 2 mA-
0'1 IB ={mA
o ! | ; LN Uce
0 5 10 15 20 25

[e— AL —
CE UCE = UCC =12v

<%mlledm

Hinh32.8. Budng tai cha mach khuéch dai cong suft ché d A ghép bign 4p

Vi dién trd mot chiéu clia cudn day bién 4p rit nhé, 1¥ tudng coi nhu bing
0. Nhu viy dudng dic tuyén tdi mot chiéu Rpe lic ndy sé& thing dimg song
song vdi truc tung (1) . Dién dp tai diém lam viéc finh : Ucrq = Ucc - Néu

136



]
‘og,

YA

cho bi€t dong dinh thién Ig thi chi viéc ké mot doan thing song song v6i iruc
tung Ii, cit dac tuyén v6i dong Iy s& fim duge diém lam viee Q. Cin luv §
rang khong duge ty § chon dong Iz ma phai ¢an cff vio dic tuyén d€ xdc dinh
a0 cho ¢6 d6 méo 1a thdp nhét. Diéu ndy c6 quan hé v6i bién do dién 4p va
dong tin hiéu & ngd ra, c6 nghia 1a bién d¢ cta ching khéng vugt qui doan
cong dic tuyén va dudng cong gi6i han tén hao cho phép ciia transistor.

Diém lam viéc duge chon trén giao diém cla dudmg tdi Rp va dong I
Ung voi tham s§ Iz = 6mA. D€ dam bdo cho tin hiéu 1am viéc & phin dic
tuyén thing thi dong dién vio c6 bien do 4mA (peak). Tix d6 sé& xéc dinh duge
bién d clia dién 4p ra va ddng ra trén tai bién 4p.

Xdc dinh dudng tdi xoay chiéu Ra¢ bang cdch ké mot doan thing c6 do
nghleng {(-1/R ) lech vé truc I di qua diém 1am viéc Q.

Né&u tin hiéu bit diu tr diém lam viéc & mic OV thi dong Collector tir
di€m Q, I s bign d6i mot lugng :

Alc=AUcg /R,

Tir gi4 tri Al trén truc I, kéo dudng thing dén diém Q t6i truc Ugg s&
cd dic tuyén tai R 4.

3.2.2.5. Dang tin hiéu ra va cong sudt ra

Tir hinh v& ta x4c dinh duge cic gid tri sau :
UCE(p -p = Uckmax ~ UcCEmin

IC(p -p= Icmax = Icmin

& UCE(V) 'y IC {A)
= |

T T
Ucetppr=(UcemaxYcemn) _ _ 3

¥ . ! -

| ] Veea Icq

u )
] t 5 !
(e) )
Hinh 3.9
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Cong sufit xoay chiéu gii tGi bign 4p :

P, (ac) = (UCE max ~ UCEmig )-(ICm_gx —Icmin)

Phdn cong suit ndy dugc gl t6i cudn so c4p clia bign &p, néu bi€n 4p 1a Iy
tudng thi cong sudt trén tdi gdn bing véi gid tri ndy.

Cong sut ra ciing c6 th€ dugce tinh theo dién 4p roi trén tai,
Vi du 3 : Cho mach dién (hinh 3.10).

Xéc dinh céc thong s6 gid tr] hi¢u dung cha ddng dién, dién 4p, cOng suft
trén tai.

Cho biét : ty s6 bién 4p 3/1, dong tinh Iz = 6mA, bién d¢ tin hiéu vao
. Gidi :

+ Dic tuyén tii Ry
bét ddu tir diém

UCEQ - U'UCC = IOV

+ Tir dic tuyén tuong
ung v Ip = 6mA, tim duge :

UCEQ = 10V M

+ Dién tr¢ phan inh tir _
thi qua so cAp R : | Hik 3.10. S 46 cho v du 3

R =(N/N)’R =3°8=72Q
+ X4c dinh dudmng tai xoay chiéu nhu sau :
Gid tri bi€n d6i cha dong [ k€ tr di€m Q :
Io=Ug/ R’ = 10/72 = 139 mA
Gi4 tri dong tai diém A trén dac tuyén I (trén hinh 3.11b)
Icgg + Ic = 140 + 139 = 279 mA

N&i A va Q s& duge dic tuyén tai R
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i

+ Xéc dinh gi4 tri cuc dai v3 curc ti€u cla ddng va 4p trén collector BJT :

. Dudng dic tuyén tdi R,c cét dic tuyén ra tai dudng ¢6 Ip = 2 va dudng c6

Ig = 10. Tai dudng c6 Tg =2 xdc dinh dugc ey =25mA vA Uggpax =18,3V.
Tai dudng ¢6 Iz = 1,7V x4c dinh ditgc Uggmin= 1,7V V2 Icmax = 255A.

A 1cima) ' A ig(ma)
350} 12 mA 350 12 mA
300 300 |- - =
13 mA . RL=T20 0 ma
2501— lomay=255mAZL 250 [ \
150 6 mA e + 150 Q &mA
100 4mA 100 4mA
50 Ig=2 mA L apera 50 Ig=2 mA
I 1 I I R Cemin I ] T
) 0
5 10 15 20 25y ol s s {2y
UCEm{n=1 ,TV UcEmt=1a,3V
Hink 3.11

UCE (min) = 1.7 Vs Ic min =25 mA
Ug (max) = 18,3 Vi I ax = 235 mA

+ Coéng suft ra trén cudn so cip bién 4p :

_ (Ucemax ~UcEmin)-Ucmax — Iomin) _ (18.3~ L7}255 - 25)
P (ac)= 2 = g

=0,477TW.
+ Gi4 tri dién 4p hieéu dung trén cudn so c4p :
Utrms) = Up—py/2 = (Ucemax™ UCEmin)/z‘E =16,6/2,828 = 5,87V
+ Gid tri dién Ap hiéu dung trén tai :
U (rms) = (NZINI) . U (rms) = 1/3 . 5,87 = 1,96 Vv
+ Cong sudt ra trén tai tinh theo d4p Uy
PL {AC) =U2L - 1.96 / 8 - 0,48 W

+ Gié tri hiéu dung clia dong tai
N, N, [ 1 }
I =—.1 = —|(I -lemin)—/—
L (rms) N, C(rms) N, Cmax C-mm \E
= 3. 230mA/2,828 = 244mA
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+ Cong sudt ra tinh theo dong I
2 ' -3.2
PLiacy=1"L . RL=(244.10 )" =0,476 W

3.2.2.6. Tinh cong sudt 1 chiéu va hiéu sudt
Cong suit cha ngudn cung cip DC

Pyiogy = Uc - Ieq
Cong sudt titu tdn trén transistor & ché d¢ tinh

Pq =Pvpey -Pracacy

Véi cic thong s6 & vi du 3, ta tinh duge
PV (DO = UCC . ICQ =10 (14010_3) = 1,4 w
PQ = PV(DC) - Pr(AC) = 1,4 - 0,48 = 0,92 w

1= (P, (ac)/ Py (pcy)- 100% = (0,48/1,4).100% = 34,3%

Nhu vay, mach khuéch dai cong suft & ch€ d¢ A ghép bi¢n 4p-di dat trén
25%. Hiéu sudt cuc dai cia né c6 thé dat duge t6i 50%.

Ta c6 thé tinh hi¢u sufit cuc dai theo Uge va Uqg bing cong thifc kinh
nghiém cho mach ghép RC va bién 4p :

+ D6i v6i mach ghép RC:

2
N =25 [(Ucg max — Uce min )/ Ucc (UCE max + UCE min)]-%
+ D6i v6i mach ghép bién 4p :

. 2
N =50 [(Ucg max — UcE min Ucc (UCE max + UcE min)]~-%

Vi dy 4 : Tinh hi¢u suft cia mot mach khuéch dai cong sust ghép blé'n ip
v6i Uge = 12V trong cdc trudng hop :

a) Upeak = 12V bién d6i xung quanh dinh thién ciia diém Q véi Ucgg = 12V
b) Upeak = 6V, Uggq = 12V

¢) Upeak = 6V, Ucgq = 18V

Gidi : |

8) Uck max = Ucpg+ Up= 12+ 12=24 V
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UCEmin=UCEQ_Up= 12"' 12=0V
2
N =25 [Uck max ~YUce min )/ Uce (UCE max + UCE min))-%
= 25 [(24 - 0)%/24.(24 + 0)].% = 25%
UCEmak = UCEQ + Up =12+6=18V
UCEmin=UCEQ_Up= 12—6=6V
2
n=25 [(UCE max — UCE min J / UCC (UCE max T UCE min}l-%
= 25 [(18 - 6)*/18.(18 + 6)]% = 6,25%
UCEmax =UCEQ+UP= 1I8+6=24V
UCEmin=UCEQ_Up= 18—6= 12V
2
N =25 [(Ucg max = UCE min )/ Uce (UCE max + UCE min))-%
=25 [(24 - 12)%/24.24 + 12)].% = 4,17%
Qua vi duy trén ta thdy méi twong quan giita bien do ra Upeak V6i di¢n 4p

ngudn Uge. Khi Upeyy = U thi higu sust dat mitc 16n nhét (n = 50%). Néu

Upeak = 1/6 .Ugc = 2V thi hiéu suft gidm r4t nhanh dén gid tri nho nhdt n=
1,39%).

D6 méo séng hai cia mach khuéch dai ch€ d6 A twong d6i nho. Trong
trudng hop ghép bién dp, do c6 dong mét chiéu chay trong cudn day kh4 16n
lam ting dong tir hod cha 16i sht bi€n 4p din dén trang th4i bio hod. Didu nay
s€ gdy méo dang tin hiéu ra. D€ gidm méo do bio hoa tir, ngudi ta tang tir tr&
cua 15i sit bing vat liéu cdch tir dat & khe hé gifia cdc 14 sit.

Nhu vay, khuéch dai ché do A chi ding cho tin hi¢u nhd nhu ting khuéch
dai mino, ti€n khuéch dai va ddo pha ...

3.3. KHUECH DAI CONG SUAT CHE b0 B

3 ché d6 B, transistor s& diéu khién dong dién & méi nira chu ky cia tin
hiéu. D€ thu dugc ca chu ky tin hiéu ddu ra, thi cdn sir dung 2 transistor, mdi
transistor dugc sit dung & mdi nira chu ky khéc nhau ciia tin hiéu, sy van hanh
k€t hgp s& cho ra chu ky ddy di cda tin higu. Khi mot bo phan ciia mach Ay
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tin hiéu 1én cao trong sudt nita chu ky con lai mach dién khi d6 goi la mach
ddy kéo. Mot tin hiéu ddu vao AC dugc dua vao trong mach dién ddy kéo véi
su hoat dong & m6i phén trén méi nira chu ky thay ddi nhau, tai sau d6 sé nhan
dugc ca chu ky cua tin hiéu dé.

Uy o |

Hinh 3.12

- Transistor cong sudt dugc sir dung trong mach ddy kéo c6 kha ning cung
cdp cong sudt mong mudn cho tdi, vd sy van hanh ché d6 B cia nhiing
transistor nay s& c¢é hiéu sudt 16n hon so véi viéc sit dung 1 transistor don
trong ch&€ do A. -

3.3.1. Cong suat va hiéu suat
Cong sufit vao DC (cong sudt ngudn cung cip)

Ppc=Ucc: Ipc
Ipc =I5y 12 dong trung binh chay qua nguén cuhg cép.

Bién do hay dong dinh Ic) = 2 2 Ic , nén dong trung binh chay qua
ngudn trong toan chu ky sé 1a :

Lyvg= 2lcpy/n - (25)
Vi dong trung binh I,,, = ic, +icynéntacod: -
Lyg=2v21c/n
Coi Ugpin = 0thi Uy = 2 Ug, nén
Poc = Ueddpe = V2 Uc. 242 Ig/m = 4Uclc/n
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Cong suft trén tdi Ry chia 1 transistor 1a :

P’ = Ucle
4P
Nén : PDC = T

Cong suét trén tai Ry s& tinh theo cdc gid trj sau :
2 2 2
Pr (ac) = U'Lp—p/8RL = U'L(py2RL = U 'L (rmsy/RL
Higu suit : |

n="PJ/P, .100% =n/4 .100% = 78,5%

Vidul5:

X4c dinh coOng sufit cung cip, cong suft ra va hiéu suit ¢ ch€ do B trong
trudng hop cho dién 4p tin hi¢u ra trén tai 16€2 12 20; (5, va U= 30V.

Gidi :
Dong dinh trén tai 16} :
I, =Up /Ry = 20/16 = 1,25A

Ddng chay qua nguén U, :

Ipc = %Ip =0,796 A

Cong sust ciia dién 4p nguén : -
Pyoey = Ueclpe = (30V) (0,796A) = 23,9W
Cong sudt ra trén tai Ry :
Pyac = UlLy/2R = 20V)%/ (2.16) = 12,5W
Hiéu suft ;
N = Pyacy/Pyog -100% = 12,5W/23,9W x 100% = 52,3%
Cong sudt t6n hao trén 2 transistor va 1 transistor :

P2T = PV - Pl’ PT = P2T12

.
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3.3.2. Gia tri cuc dai
O ché do B, khi Uy p) = U thi cong sudt ra dat gid trj cyc dai.
Py (AC) max = U co/2Ry
Dong trung binh qua ngudn cung cp
e 21, =2 e
n n Rp
Cong sudt ngudn cung cdp cuc dai

2 U0 2
Pyv(bc) max = Yeelpe = Ucc(E‘ R(]:f )=2U" /Ry

Hiéu suat cuc dat

n= Pr (AC)/PV(DC) 100%
20
= (UZCC/R'L)/[ (Uccﬁ'i)] . 100%
n RL
= -} 100% = 78,54%

Khi dién 4p ra trén tai dat 0,636U_( %.Ucc) thi tdn hao cuc dai trén 2
transistor (nim trong dudng gidi han tén hao cho phép) s€ la:
P2Q max = %Ili_%c
T L
Tai cia 2 transistor trén cudn sa cip bién dp :
Reo= (2)° R =4a’ Ry = 4R’
Vi du 6 : Xéc dinh cong suft cyc dai & ché do-B khi cho U, = 30V, tii
R = 16Q.
Gidi :
PR(AC) max = U ce/2Ry, = 28,125W
Pymax®C) = 2U%c / ARy = 35,81W

Mnax = % 100% = 78,54%

P; max = Par max/ 2=35,7W
Hiéu sufit cuc dai & ch€ do B cdn c6 thé xdc dinh theo gis tri dinh :

U3
Prag = R
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2 Uy
Py = UchDC = Ucc . EE

P u
n= 49 100% = 78,74%. P

P, U

Lw(DC) cc

Qua ket qua ta thdy ring, hiéu sudt ting theo ty s6 giita Up-p/Ucc-

3.3.3. Cac mach khuéch dai ché do B

Mach dién khuéch dai ch€ d6 B phai diing {t nh4t 12 2 transistor ¢é cing
cyc tinh hay khéc cyc tinh (P hodc N). Khi cdn ting c6ng suit ra, & mdi ting
cong sudt cudi thudng hay ding 2 transistor & mdi vé, mic kiéu Darlington.
Néu tdng cong sudt diing 2 transistor ciing cyc tinh thi tdng kich phai 1 ting
ddo pha d€ cfp 2 tin hiéu nguge pha & cira vio.

3.3.3.1. Mach ddy kéo ghép bién bp (hinh 3.13)

Uu di€m cta mach nay 12 & ché ¢ tinh s& khong tiéu thy dong do nguén
cung cap né€u khong ¢6 t6n hao trén transistor. Mat khéc, vi khong cé dong
mot chiéu chdy qua bién 4p nén khong gay méo do bio hoa tir. Hiéu suft cia
mach dat 1én nhat, khoang 78,5%.

Nhuge di€m cha né 12 méo xuyén tam I6n khi tin hiéu vie nhd, khi ca 2
v€ khuéch dai khong duge can bing,

———— | R —
Chia 2 nita d2o Kéthop ddy kéo Bién 4p ddu  Két hop
ra ddy kéo
Hinh 3.13
Nhu mach hinh 3.13 di chi 5, & nia chu ky duong cta tin hiéu ddu vao,
T, phan cuc nghich nén khong din, T, phan cuc thuan nén din. 3 nira chu ky
am thi qud trinh x4y ra ngugc lai. Lic chua c6 tin hiéu (Ug = 0) thi T}, T, déu
tit, s&€ khong ¢6 ddong nguén Ucc chay-qua bi€n dp ma chi c6 dong nguge Ig
rdt nho chay qua.
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Tai thdi diém chuyén ti€p giita qud trinh din, ngit cha T; va T2 s& gay
nén hién tugng méo dang séng, goi 12 méo dang xuyén tam.

3.3.3.2. Mach ba d6i xting

Duing céc transistor (khdc cuc tinh) méc nhu hinh 3.14a, 2 transistor sé
lam vi¢c thay phién trong hai nita chu ky cung c4p dong ra trén tii. Hai nira
tin hiéu ra s& dugc t8ng hop thanh tin hiéu hodn chinh trén tai. 3 hinh 3.14b 12
transistor npn 1am viéc, PNP tit, con hinh 3.14¢ mo td & bén ky 4m cta tin
hi¢u vao, khi nay npn tit, con PNP mé.

Mot su bat lgi clia mach nay l1a cén phai ¢6 hai nguén cung c4p riéng biét,
V2 han ch€ nita cia mach bu 13 méo xuyén tdm (hinh 3.14d). Day la sy giy
khiic cia tin hi¢u ra trén tdi & thbl diém chuyén tiép tir nira chu ky duong sang
am. Pé€ giam méo xuyén tam cho ché€ d6 B lic tin hi¢u d4u vao con yéu, ngudi
ta s& ding ch& do AB dé 1am tdng kich thich cho tdng cOng suit cusi ch& do B.

Mot dang mach ddy kéo diing céc transistor by dugc trinh bdy & hinh
3.15. Mach nay & méi v& 12 mot cap transistor ciing tinh d6ng thoi khéc tinh
v6i cap transistor cling tinh kia, goi 12 mach Darlington b d6i xing. O mach
nay thi dong dién déu ra s€ cao hon, con tr& khéng thi th4p hon, '

Mach gia b duge céi tién tir mach b d6i xing d€ don gin b6t cong nghe
ch€ tao vi mach. Mach ndy diing 2 cap transistor & mot v€ thi cdng tinh, con
v€ kia thi khéc tinh.

Nguyen tic 1am viéc ca hai mach Dalington bii v gia bd gi6ng nhau, chi
khic & dién 4p phan cuc dé tao dong tuyén tinh ban ddu.

= Uec,

Hinh 3.14
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Hinh 3.15

i
)
g
W

o

-

¢} Mach ddy kéo gid bi

fcc.
c, 3R
H
' N/ ¢
lnput—%—- /]?’Rz —i 3 Ouput Hinh 3.16

L —_— H . .

) f\v KE Ry

Cp %:Ra L

Vidu7:
Tir mach phan cyc dong finh bing diode, x4c dinh
a) Cong sudt tiéu tdn trén mdi transistor khi c4p dién 4p hieu dung & dau

vao 13 12V . N
b) Néu tin hiéu vdo ting dén $R,
gid tri cuc dai ma tin hiéu ra chua : i 1 q,
méo dang, hdy tinh gid tri cyc dai G ¥
cla cong sufit vdo va ra va cong W L p U
sudt tiéu tdn trén mdi transistor. ARy L
, —h——1C a0, I
¢) Xéc dinh cong suit tiéu tdn C2 3R, =
cuc dai cho phép & méi transistor,
Gidgi : “Uge=-25V
a) Gia tri dinh cia dién ép vap ; " Hinh 3.17

Uy = V2 Uy ey =¥2 . (12)= 16,97 = 17 V.
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Xem bién do tin hi¢u ra trén tai ra R trong trudng hgp 1y tudng gin
bang dien 4p vao (d0 lgi dien dp = 1) thi U () = 17.
Cong sudt ra trén tai :
Priacy =UL /2R =177 /2.4 236,125 W
Iy = UL () /RL= 17/4 =425 A
Dong DC chay qua ngudn ludng cuc :
Ipe=21p py/r=2.425 /=271 A
Céng suflt nguén :
Py oy =Ucc Ipc=25.27=67,75W
Hiéu suflt (v6i U, = 12V )
N =(Pr,/P, ) 100% = (36,125 / 67,75).100% = 53,3%
Cong sudt tiéu tdn trén mébi transistor :
Pp=Pyp/ 2= (Py - Pa)/2 = (67,75 - 36,125)/2 = 15.8 W
b) Néu di¢n dp vio tang bing dién &p Uec, Uy = 25.Upey
(Uy = 17.68 V) thi Up () = U =25V

suy ra:
P, max = Ulcc 2R, =254/ 2.4 =78,125 W
Py max = (28 ).(U%ce /R ) = (2/ 1) . (257 /4) = 99,47 W
Neoax = (P/Py ). 100% = (78,125 / 99,47).100% = 78,54%
Vdi tin hiéu vao cyc dai thi cong sudt tiéu tdn méi transistor s€ 13 :
Pr = Pyp/2 = (P, — Py )2 = (99,47 — 78,125)/2 = 10,67 W
¢) Cong sudt tiéu tdn cuc dai cho phép & médi transistor :

Pytmax = (2/ 7). (Ulcc / Ry) = (2/n ). (257/4) = 31,66 W

Pr= PzTT =31.66 /2= 1583 W
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3.4. MEO TRONG TANG KHUECH DAI

Mot tin hiéu ham sd sin thudn tuy c6 mot tdn s6 don & dé dién 4p thay déi
am hay duong vdi s6 lugng bing nhau. B4t k¥ tin hi¢u nao thay déi khong di
1 chu ky thi dugc coi 1a bj méo. B khuéch dai ly tudng c6 thé khuéch dai mot
tin hi¢u ham sin thuén tuy dé duva ra tin hiéu 16n hon, dang séng trd thanh tin
hi¢u sin tan s6 don. Khi méo xay ra, ddu ra sé khong con nguyén dang (ngoai
trir 4m lugng) cha tin hiéu ddu vao.

Méo c6 thé xuat hién bdi vi cdc thi& bi cé tinh chat khéng tuyén tinh,
trong d6 nhiing trudng hgp khéng tuy&n tinh hay méo bién d¢ sé xdy ra. Disu
nay ¢6 thé xudt hién & 4t ca cic ché do khuéch dai. Méo ciing ¢6 thé xay ra
bé&i vi phan tir cha mach dién va thiét bi dién 4p ng v4i tin hiéu ddu vio mot
cich khédc biét & nhitng tdn s khac nhau, lic nay ndé da trd thanh méo t4n s6,

Mot k¥ thuat dé miéu td méo chia nhitng dang séng tuin hoan 13 sir dung
su phan tich cia Furi¢, mo ta dang séng tudn hoan bat ky trén phuong dién
thanh phin tdn s co ban va nhiing thanh phdn tin s6 & b6i nguyén. Nhiing
thanh phdn & boi nguyen nay dugc goi 12 thanh phdn séng hai hay ham diéu
hoa. Vi du : 1 tin higu ¢6 dién 4p tng g6c¢ t4n s6 12 1kHz sau khi bi méo, né cé
thanh phdn t4n s6 12 1kHz va thanh phdn diéu hoa 13 2kHz ... T4n s6 glc clia
1kHz dugce goi 12 t4n s6 co ban, nhitng tdn s6 & bdi nguyén 1a cic séng hai.
Thanh phdn 2 kHz duge goi 12 séng hai bac 2, va 3 kHz 1a séng hai bac 3 ...
Tén s6 co ban khong duge goi la séng hai. Furié¢ di khong thira nhan tdn s&
séng hai phan sd, chi thira nhan boi nguyen cia quy tic co ban.

3.4.1. Méo hai

Mot tin hiéu duge goi 1a c6 d0 méo hai khi né c6 thanh phén tin s6
di€u hoa (khong cho thanh phdn co ban). Né&u tin s6 co ban cé mot bién do A
va thanh phén tdn 86 n cé bién do Ap, thi d6 méo hai c¢6 thé duge dinh nghia
nhu sau : '

%n (méo hai bac n) =D, % = (|A,1/]A,]).100%
Thanh phéan co ban thi thuong 16n hon bat ky thanh phén hai no.

Vi dy : Tinh thanh phan méo hai cho mot tin hiéu ddu ra cé bien do gdc
1a 2,5V, bién d6 hai bac 2 12 0,25V, bién dé hai bac 3 12 0,1V va bién d6 hai
bac 4 1a 0,05V,
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Gidi : |
D% = (| A;1/1A1).100% = (0,25V/2,5V). 100% = 10%
D3% = (| A5 1/1 A1 ).100% = (0,1V/2,5V). 100% = 4%
D% = (| Agl/1A;]).100% = (0,05V/2,5V). 100% = 2%

3.4.2. Méo hai téng

Khi mot tin hiéu d4u ra c¢é c4c thinh phdn méo hai, tin hiéu c6 thé coi 12
méo hai téng cla nhimg phén tir rieng biét dugc két hop thong qua phuong
trinh sau : '

THD% = \D,? +D32 + D +........ . 100%

(THD 12 méo hai téng)

Mot cong cu nhu méy phan tich quang phé thira nhan sy do ludng cla
séng hii trong tin hiéu bing cdch dua ra thanh phén co ban cia tin hiéu va 1
s6 lugng cdc hai cha nd trén man hinh. Tuwong tu nhy vay, 1 miy phan tich
séng cho phép thira nh4n mic do ludng chinh xdc hen cia nhimng thanh phén
hai chia tin hidu méo béng céch loc ra timg thanh phin va doc nhiing thanh
phin dé. '

Trong bét ky trudng hop nio, k¥ thuat coi 1 tin hiéu méo bit ky nio ciing
chita 1 thanh phin co s& va cdc thanh phdn hai 12 tién dyng va hitu ich, trong
d6 thanh phdn hai bac hai 12 16n nhi4t, Vi vay, mic di tin hieu méo vé Iy
thuyst 13 chia t4t ca cdc thanh phén hai tir bic 2 tr& 1&n, thanh phdn
quan trong nh#t trén phuong dién d6 méo & cac ché do & trén chinh 1a méo hai
bac 2.

3.4.3. Méo hai bac 2

Hinh 3.18 chi ra mdt dang séng
str dung dé dat dugc d6 méo hai bac
2. Dang sdéng hién thoi duge dua ra
& mirc d6 khong hoat dong, nhod
nhit va 16n nhét khi ching xdy ra
duge thé hién trén dang séng. Tin
hiéu chi ra vai d0 méo & hien tai. | 3
Phuong trinh mo ta dang séng tin

Sy

1
hiéu méo nhu sau : . g_ a 3B 2n

Ic=1cg + Ip + Iy coson + I2c0s i Hinh 3.18

150



«o-
AR
® 0n
8508

.

Dang séng hién thii chita dung dong dién tinh I xust hién & tin hiéu ddu
vao 0, mot dong dién 1 chiéu Iy cin cit vao d¢ trung binh nonzero cia tin hiéu
méo, thanh phdn co ban cia tin hiéu xoay chiéu co ban, vi thinh phin hdi bac
hai 1, c¢6 t4n s6 co ban gdp 2 14n. Mic dit nhitng hai khéc déu xust hi¢n nhung
chi ¢6 hai bac 2 méi dugc dé cap & day. Ta xét cdc thoi diém sau :

+ Tai thoi diém thit nhdt : wt =0
ic=Icmax =log*+ o+ i cos 0+ L2 cps o-
Icmax = Icq+lp+ 11 + 12
+ Thoi diém thi hai : ot =« 2
ic = Icg =Ico * Io * Tcosn 2+ 12 cps 2m72-
Icg=Icg+lo-1
+ Thi diém thit ba: ot ==
ic = Icmin = Icq + 1o + Licosn + Iocps 2m
Iemin=lcg+lp-1i -1
Tir céc phuong trinh trén ta c6 két qua sau :
by =1 = Uemax + Icmin — 21cp)/4
1) = Uemax + Iomin)/2
Nhu vay dinh nghia méo hii bac 2 ¢6 thé duge nhdn manh nhu sau :
D, = |1,/1,].100%

Thay 1, I vao :

D, = |1/2.0¢max + Iomin) — log/ Tomax = Iomin) | -100%

3.4.4. Cong sudt clia tin higu méo

Khi d9 méo xudt hién, cong sudt ddu ra duge tinh cho tin hiéu méo khong
cdn chinh x4c nifa. Khi d9 méo hién dién, coéng suflt ddu ra dugc phan phdi
d€n cho dién trd tai R theo thanh phén co ban ciia tin hiéu méo 13 :

P, =I*,R.C12
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Cong suit tng :
P=(C + %+ 1%+ .. )RC2
Cong sudt téng ciing c6 thé duge bidu dién dudi dang méo hai téng :
P=(l+ D’ + D% +..).0% . RC/2= (1 + THD?.P, ’

Mot dang séng méo nhu xuét hién & ch€ do B c6 thé duge thé hién bing
céch st dung phén tich cia Furié nhu mot nguyén tic co ban véi cdc thanh
phdn hai. Hinh 3.19a chi ra nita chu ky duong cla tdng khuéch dai ché d6 B.
Thanh phén co ban cta tin hiéu méo ¢6 thé dat duge nhu & hinh 3.19b.

AU ,rU

0 - r o
) ot 0 wt
a) b)

) d)

0 7a\
VA%

£y

Hinh 3.19
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Thanh phén hai bac 2 va 3 duoc chi ra & hinh 3.19¢ va d. Sir dung k¥ thuat
Furi¢, dang séng méo c6 thé duge tao ra bing cdch thém vao nhimg thanh
phén hai v co ban nhu hinh 3.19¢. N6i chung, bit k¥ dang s6ng tudn hoan
nao ciing c6 thé duge bi€u dién bing cdch thém thanh phdn co ban va tat ca
cac thanh phdn hai, mdi bién d¢ khic nhau & mdi géc pha khéc nhau.

3.5. KHUECH DAl CHE O C VA D

Mic du cac bo khuéch dai ch€ d6 A, AB va B thuémg dugc ding trong
khuéch dai cong sudt, khuéch dai ché d¢ D ciing duge ting dung kh4 phd bién
vi ¢6 hig¢u sudt cao. Cic mach khuéch dai ch€ d¢ C lai it duge sl dung trong
khuéch dai am thanh ma chi ding trong cdc mach khuéch dai cao t4n d€ chon
Igc s6ng hai mong mudn.

3.5.1. Khuéch dai ché dd C

Mot mach khuéch dai ch&€ d¢ C nhu hinh 3. 20 hoat ddng trong khoéang
dudi 1/2 chu ky tin hiéu vdo. Dang tin hiéu & cira ra cung bidu dién duge ddy

. &0 ca chu k¥ cha tin hiéu co s& hosc clia mach cong hudng (mach LC ching

han) & cira ra. Hoat dong cua loai khuéch dai nay ddu sao ciing chi ¢6 gidi

han, nhu & tdng tron tin ching han, U
C

3.5.2. Khu&ch dai ch& do D

Khuéch dai ch&€ d6 D duoc thiét k& dé
lam viéc vdi cdc tin hiéu xung hodc s6.
Vi higu sudt trén 90% cia né sé& 1am tang
thém hié¢u qua trong khuéch dai cong suit.
Ngudi ta thudng chuyén tin hiéu ddu vao
bdt ky thanh dang xung trude khi sit dung
né dé truyén mot lugng tdi cong suft 16n
va s& chuyén ngugc lai thanh dang tin higu
sin d€ phuc héi tin hiéu géc.

'UBB

Hinh 3.21 chi ra cdch d€ tin hiéu hinh
sin dugc chuyén dang ring cua hay dang
séng cit d€ dua dén ddu vao clia mach khué&ch dai (loai miy so méu). Do dé
mot tin hiéu xung dic trimg s€ dugc tao ra.

Hinh 3.20

Trong khi chit D duge sir dung dé€ miéu 1 thi ty ca mot loai ché do, sau
ch C . Thi ngudi ta cing cé thé xem D 1A chit viét téi cla “Digital’’, day 1a
ban chat cua tin hiéu dugc tao ra cho khuéch dai ch€ do6 D.
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Hinh 3.21

=

Hinh 3.21 chi ra so d6 khdi clia mach khué&ch dai ch€ d6 D vi bi€n déi lai
thanh dang sin thong qua mot mach loc thong thdp (LPF). Transistor ciia bo
khué&ch dai dugc sir dung dé tao ra tin hiéu co ban khi ching tit hoic mé, tao
ra dong dién chi khi chdng dugc bat 1én v6i mot t6n hao cong sudt ft .

Hinh 3.21
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BAI TAP CHUONG 3

1. Cho so d6 nhu hinh 1. Tinh coéng suit
vao va ra néu cuong do tin hiéu vao

hiéu dung la S5SmA.

2. Tinh cong sudt vao tén hao trén so d6

hinh 1, néu Rg = 1,5kQ.

3. Tinh cong suit cuc dai c6 thé nhan

dugc trén hinh 1 khi Rg=1,5kQ.

+Ucc= 18

4, Hay vé so d6 cia mOt mach khuéch dai

cong sudt ché do A ghép bién dp dung

transistor nghich NPN.

Hinh 1

5. Mot mach khuéch dai cong sudt ch€ do A ghép bién dp duoc ndi véi tai 16Q2
qua 1 mdy bién dp ha dp 3,87:1. Dung nguén cung cdp 36V, nhan dugc cong

sudt 2W trén tai. Tinh:

a) P,. qua cudn so cap bién 4p.

1) Up(acy’

c) U,. &so cdp bién dp.

d) Gi4 tri hiéu dung cla dong dién
O so cdp va trén tai.

e) Tinh hiéu sudt cia mach néu
dong phan cuc Icg = 150mA.

6. V& 1 mach khuéch dai ch& d6 B
ddy kéo ghép bién 4p & ddu vao.

7. Cho 1 mach khuéch dai ché do B
v6i Uge = 25Vn6i véi tai 8Q.
Tinh: cong suft vao cuc dai,

cong sudt ra cuc dai va hiéu sudt
cuc dai ciia mach.

8. Cho mach khuéch dai cong suit
hinh 2. Tinh:

a) l:'r(ac)
b) Pyc)
cn

+Ucc(+40v)
Ry
Cq 100Q
- o
100puF
U, &
=18V/ms Rg
({,2 1009 R,
| 02 8Q
100uF R, v
10082 =
- UEE =-40V
Hinh 2

d) Cong suit tén hao trén ca 2 transistor.
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CHUONG 4 _
KHUECH DAI THUAT TOAN

4.1.GI161 THIEU

4.1.1. Cac khai niém co ban

Bo khuéch dai thuit todn (Operational Amplifier - OA) 12 mach khuéch
dai t6 hop c6 hé s6 khuéch dai rdt 16n, tré khdng vio 16n va trd khéng ra
nho ... Hién nay cic bo khuéch dai thuat todn (OA) déng vai trd quan trong
va duge s dung rong rdi trong k¥ thuat khuéch
dai, tao tin hiéu sin, xung, trong bo 8n 4p va bo loc  Un o] U
tich cuc ... . Up 6 + ‘

Ky hiéu clia OA cho trén hinh 4.1.

OA khuéch dai hiéu dién 4p U, = Up - Uy véi
h¢ s6 khuéch dai K. '

Do d6 : Ul’ = KdUd = Kd(Up - UN)

Hinh 4.1. K¢ hieu OA

Néu Uy = 0 thi U, = KyUp nén U, d6ng pha véi tin hieu vao Up, vi vy
d4u vao P (Positive) dwge goi 1a ddu vio khong dao va ky hiéu boi ddu (+).

'Néu Up = 0 thi U, = ~ K4Uy nén U, nguge pha v6i tin hieu vio Uy, vi vay
ddu vao N (Nagative) dugc goi la ddu vao ddo va ky hieu bdi dfu (-).

Ngoai ra OA cdn ¢6 hai chan d€ cdp ngudn d6i xing, cdc chan ba dién 4p,
bul tin s4...

Mot bo khuéch dai thuat todn 1y twdng c6 c4c tinh ch4t sau :
— Tré khéng vao Zy = oo,

— Tré khdngra Z, = 0.

— Hé s6 khuéch dai K = .
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Theo so 46 twong duong hinh 4.2b, OA 1y tudng s& c6 dac diém Uy = Up,
ddng dién vioc OA §ddu Pvaddu N, I} = I = 0.

U;l I ;; ":& § » Uy 5
Ug Z KaUg U, Ug KyUg Uy
r "
Uny 2 » Up | |

(a) (b
Hinh 4.2. (a}So d6 wong tuong OA, (b) So 46 tuong duong OA 1y tudmg

Tren thyc t€ khong c6 bo khuéch dai thuit todn 1y tudng, thong thudng
mot OA ¢6 Zy c§ hang tram kQ t6i hang MQ, Z, c& hang Q t6i hang vai chuc
Q, K4 khoang tir vai tram t6i hang tri¢u l4n.

4.1.2. Hé $d nén ddng pha

Néu dat vao ddu vio ddo vd ddu vdo khong ddo céc dién 4p bing nhau
nghia la :

Uy =Up = Ugpp # 0 (U, goi 1a dign dp d6ng pha), theo Iy thuy&t thi U, =0,
nhimg thuc 1€ khong nhu vay

Ur=K; Usy
V6i K duge goi 12 he s6 khuéch dai ddng pha. Néu OA 1y tudng thi K, = 0.

Dé ddnh gid kha ning 1am viéc clia OA thuc so véi OA 1§ tudng ngm’n ta
dung hé s6 nén déng pha CMRR
{Common Mode Rejection Ratio).

Jr U
CMRR = 54 =
K, _ T
_ By vao dho Béu vao khing Jao

Gid tri CMRR cang I6n thi
OA cang gin vai OA lgr tudmg, -
thudng CMRR = 10° - 10 Uy

Ur

4.1.3. D3c tuyén truyén dat et

Dic tuyén quan trong nhit ke
cia OA 1A dac tuyén truyén dat Mié"b“‘“"ﬂ i tyén th | Mién bao hoa

(hinh 4.3), theo dic tuyé&n nay, U
chi ty 1¢ v6i U, trong déi dién 4p Hink 4.3. Dic wyé&n truyén dat cia OA
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(Urmin — Urmax) N0 d6. Déi dién 4p nay goi 1a dai bi€n déi dién dp ra cha OA
(hay mién tuyén tinh). Ngodi dai ndy, dién 4p ra khong thay d6i va dugc xébc
dinh bing céc tri s6 U i, Urmax 201 12 dién 4p bio hod, gia tri dién 4p nay
khong phy thudc vao dién dp vao va gin bing tri s6 nguén cung cép (dién 4p
bao hoa ndy thuong thdp hon tri sd ngudn tir 1V dén 3 V vé& gi4 tri).

4.1.4. Dong vao tinh, dién ap vao léch khong

Dong vao tinh 12 tri trung binh cia dong vao ddu vao dio va ddn vao
khong dao.-

D+
I, =—°—-§———‘1—V61 U, = Uy
Dong vao léch khong 13 hiéu dong vao tinh & hai ddu vao
+ -
10 = 1 0~ IO
Thong thueng Iy = 0,11,

Dong vao léch khong phu thuéc nhiét d6, do 46 khi nhiét d6 thay d8i tri
6 dong vao léch khong ciing thay ddi theo.

Trong OA thirc, khi U, = Uy =0 thi U, vin khéc khong. Lic nay dién 4p
ra do dién 4p léch khong & ddu vao gay nén. Vay dién 4p léch khong Uj 1a
hiéu dién dp c4n phai dat giira hai ddu vdo OA dé cho U, =0.

U0=UP—UNkhi Ur=0'

bién 4p léch khong Uy s& bi téi dau «im»
ra mot dién 4p U
amot di¢n dp U, W R N U;c

Ufo = KdUd = Kd (UP - UN) |+: '

Theo hinh 4.4 ta ¢6 thé tinh dugc : T W
__ R R
N"R +Ry, Ur,

Up=Ug Hinh 4.4. Dién 4p lech khong

Do 46 :
_ R,
Uy, =KaWo ~ 5 g —Ur,)
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Tir d6 ta rit ra dugc ;
K
Ul'u = UO d = UO

Ry
1+ K j(————
d(Rl + Ry

4.2.CAC UNG DUNG CUA OA

4.2.1.86 khuéch dai dao

B¢ khuéch dai ddo cho trén hinh 4.5, ¢6 thuc hién héi ti€p am song song
dién 4p qua Ry,.

e R
Néu coi OA 1y nrdng, dong vio QA, | n
—
IO =0 _ 5\1’ N
Tai nit N ta ¢6 : Uy : u,
: -4 -4
I =1 = — =
U,-Uy _Un-U; Hink 4.5. Bo khuéch dai ddo
R, Rp

Ta da biét, vdi OA 1§ tuong Uy = 0 nén Uy = Up ma U, = Onén Uy =0

Do d6 :
S _ Y
R; Rp
He s6 khuéch dai dien dp : K, = —r = Rbt
Uv l:{l

Ddu (-) thé hi¢n tin hiéu ra ngugc pha véi tin hiéu vio.
Néu Ry, = R, thi K, = —1, sa d6 hinh 4.5 ¢6 tinh chit lap lai ddo tin hiéu.
NéuR| =0, tir phuong trinh I, = I, , tacé '

I =—§L—I’— hay U, =-1|Ry,, tic 1a dién 4p ra ty i& v6i dong dién vdo. bay
ht
chinh 12 mach bién d8i dong thanh 4p.
U, U

Tré khidng vao : Z, =I_V'="FV_=R1
I =
R,
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Trong trudng hop yéu cdu hé s khuéch dai 16n thi phai chon R nho, nén

tré khdng vao Z, = Ry nho. Khac phuc diéu ndy bing so d6 khuéch dai dio
hinh 4.6.

. \’

Rn
Bing céch tinh tuong tu nhu trén ta cé t

U, _ Us ANV L :. U
R] Rht ) 4
Ry U, (cong thic = Re

Mit khdc: Uz =

Ry +R3y -
phan 4p)-
. Rh Rz Us R
Vi vy : =——"1 3
ivay U, R, ( +R3)U
Tri s6 hé s& khué&ch dai : Hinh 4.6. Khuéch dai dio

¢é trd khing vao 1dn
_Ru(, R2
1+=—=
" "R, ( R; ]
Néu ta chon Ry = R 5, thi K, chi phy thugc vao ty s6 Ry/Rs, c6 thé tang
ty s6 nay tuy ¥ ma khong anh hudng dén tré khdng vio ciia mach.

Vi du 4.1 : Cho bo khuéch dai nhu hinh 4.5, v6i Ry = 100k€2, R}, = 500k,
Tinh dién dp ddu ra khi tin hiéu vao Ia 2V,
S00kS2

Rpt
;T U, = U, =- 2V=-10V
Gidi : Tac6: U, R, ¥~ 100k 0

4.2.2.Mach khuéch dai khdng dao

B6 khuéch dai khong dao ¢6 mach héi ti€p am dién 4p dat vao ddu vao
dio, con tin hiéu dat vao du vao khong ddo, nhu so d6 hinh 4.7.

Vi Uy = Up. Trong trudng hgp nay

U.,-——-|+
Up = UV nén UN = UV' L

Mat khéél tacd: N ¢
) Rt
Uy =—RL_y (theo cong thic phan 4p) ‘ R‘g
N = R] +Rht T ] . g p p
Vi \}a U - ! dai da
dy - Uy = R, + Ry Hinh 4.7. Bd khu&ch dai khong ddo
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Hé s6 khuéch dai :

Rhe

U
K,==L=1+
. Uv R1

Khi Ry — =, Ry — 0 thi K, = 1, s0 d6 hinh 4.7 tr& thanh bo lap lai
dién 4p.

Vidy 4.2 : Cho mach khuéch dai khéng ddo nhu hinh 4.7 v6i R, = 100kS},
Ry, = 500kQ, U, = 2V. Tinh dién 4p ra.
Gidi :

bign dp ra duoc tinh theo cong thic :

(1R )y [, 500KQY, .,
Ur_(1+ R }UV—(1+1001{Q]2V-—12V

4.2.3. Mach céng
4.2.3.1. Mach cong ddo
So d6 mach céng déo nhu hinh 4.8.
L+bL+ .+ =1,

U, -Uy +Y2-Ux + +Ya-Un _UnN-Up

R; R; Rp Ry

e o
. P
Uy =0nén: Ut ok ps
: U, Ry 12 U,
R Ry Rpt N
Ur'—"— —U1+—'—U2 +...+ U:I'I H
R R R R, I
1 1 n n
UnO——W\r—.
n R, = _ .
hay U, =-Y oU; v6i o = = Hinh 4.8, Mach cong dio
i=1 !
4.2.3.2.Mach cjng khong dio Uy o Ret

Ry I Uy
So d6 mach cong khuéch dai khong 2% '3"-[>__<.__0
dido nhu hinh 4.9. i P

RI'I II"‘I 3
Uno—aan—p R,
Tai mit N :
RO '
=] =
UN Ro + Rhl r

Hinh4.9. Mach cong khong dio
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TainitP: Ig=0nén
L+ +..+,=0
-Up Up~U U,-U
1=4Vp t2-lp n"¥ P _g
R, R; R,
1 1 1 Uy U u
Upl —+— 4.t — [=—t 42 i 1§
Ry Ry Rnj Ry Ry R,
Thay Uy=Uptacé:
R 1 1 U, U U
— 0 U |—t—tot— =L Z4. 41
Rp + Ry R; Ry R, R Ry R,
Néuchon:R; =Ry=..=R,=R thi:

Vidyu 4.3 : Cho mach dién nhy hinh-4.10 Ry, = 1M biét :

AU =1V;U,=2V;U;=3V;

Ry
R1 Vi
u o—‘-‘\Az'—i ur
B)U =-2V;U,=3V;U3=1V; ol —o
. Uao—lvv%—-—
R; =200kQ ; Ry= 500k ; Ry = IMQ
Tinh U, trong hai trudng hgp dé. Hink 4.10
Gidi :
Day 1a mach cong dao nén ta cé :
Rm Rm Rht * 1000 1000 1000
ayU,=- U+ Uy +—U;y |=- 1+ I=-7v
R, R, R, 500 1000 1000
R R R 1000 1000 _ 1000
DU, = | U + Uy + =2 U; |= | ———(2)+——3+——1 |=3V
R, R, R; 200 500~ 1000
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4.2.4. Mach trir
So d6 mach trir dugc cho trén hinh 4.11.

Tai ntit N : Ry
PR A N —
Ui -Un _Un-U;
= R1 N U
R] R2_ Uy o—nrn—d :'
Ry
U Lq..._ —ﬁq. U V2 P
MR TR TR R2 Ry
Tainit P :
Ry "
Up= mUz Hinh 4.11. So 46 mach trir
Thay Uy=Uptacé:
Ry (1 1) Uy
+— |==t+=L
R3 + R4 U ( R2 } Rl Rz
RyRi+Ry) . Ry
U, =220 U
""Ri(R3+Ry) 2 R; !
Néu chon Ry = 0,.R; , Ry = aty. Ry ta c6 :
1+0
r= 1+(!.; (12.U2 —(I.IU1
Néu o) =Uy =0 thi
Ur=a(U-U1)  uofNe
R
Khi mu6n tr nhiéu thanh phdn dien  Uyo—E—4
4p ngudi ta sir dung mach trit nhiéu thanh N
pl‘lﬁn l'lhl.l' hinh 4.12. UI'I O—ru, : UI‘
Dé tinh todn dién 4p ra, ta xét dong . Ryar TRP
dién tai niit N va nit P. IR Ao euseeon
Uz g—rarn—r¢g P
Tai niit N : =
Un  Ryop
EU ~Un , Ur-Uy _g " o—a—]
RN /(Il RN

Hinh 4.12. Mach tri¥ nhiéu thanh phén
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Rt
S

n
Zai(Ui —UN)‘I‘Ur _UN =0

i=1
n ]
Y oiUi +U Uy Yo +1[=0
i=1 i=1
Tuong tyu tai mit Pta cé :

m . m

Y Uy ~Up| Y og+11=0

=1 i=1

Thay Uy = Up ta s€ tinh dugc :

m n
ZaiU;[HZai] ]
i=1 =1 -SaU;

m -
1+ Ea‘i =1
i=l

4.2.5. Mach tao dién ap ¢é cyc tinh thay ddi
S¢ d6 mach tao dién 4p ¢6 cye tinh thay déi duge cho trén hinh 4.13.

U._..

r=

Tai ndt N : Y Ri N R
U,-Uy _Uy-U,
Rl - R2 P \ : oy
Ry " y r
Ul L )b, U o
MR, R, R, R,
Tai nit P : Hinh 4.13. Mach 1ao dién 4p c6 cuc tinh thay ddi'
R ,
Up=E33U =puU, (véi0<p<D)

R3
Thay Uy = Up vd néu chon Ry =R, =R ta éé :

U, = (2p ~1)Uy
Khi thay déi vi tri chi€t 4p R; ta c6 cuc tinh cla dién 4p ra thay ddi. Néu

p=1/2thiU, =0.
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~ 4.2.6. Mach tich phan

Mach tich phan 14 mot mang bén cuc, trong dé tin hléu ra ty 1¢ vdi tich
phan tin hiéu ddu vio.

t Mach —I
U, = ij\,dt U, I | tich phan Ur

0 - b——o
‘Ngudi ta c6 thé ding OA dé 1am mach tich phan nhu hinh 4.14.
- That vay : - c
Tai nit N : i, =i, ——

U _UN R N

s My U
i R_.. ) Y O—AAn, +> o U,

dU¢c Cd(UN -U,)

—c -
Ic (lt dt —
Thay i, =i, va Uy = 0 ta duoc Hinhd, 14. Mach tich phan
U,  .dU,
R - C dt

t
1
U, =—§EE|;Uth+Ur0

Urg 12 di¢n 4p trén ty C tai thdi di€m t = 0, thong thudng U = 0, khi t = 0.
Vivay:

1 | 1§
U, =-ﬁ_[u‘,dt =—¥J'Uvdl

V6t 1=RC duge goi la hiing 56 nch phan.

Khi mudn cong hodc trir céc tich phan, ngudi ta ding mach tich phan téng
va tich phan hiéu nhw hinh 4.15 va 4.16.

c
Ry 11
u1o—~ﬁ~_._| |__ 1
Yz °""“§"_"N U R N
U, O—'va.——o’_—_D- U, - >—0~——-—0 U
R

1 | l"

Hinh 4.15. Mach tich phan t6ng Hinh 4.16. Mach tich phan hitu
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Bing cach tinh twong ty nhu mach cong, mach trir vd mach tich phan ta cé
thé tinh duge

V6i mach tich phan t6ng :

t
I(Ul s 02 +...+-I-J——“~]dt
Rn

V@i mach tich phén hiéu :
1 | '
Ur =ﬁ’{[(U2 -Ul)jt

4.2.7. Mach vi phan .

Mach vi phan 12 mét mang bén cuc, trong d6 tin higu ra ty 1& véi vi phan
tin hi¢u ddu vao.

_ . dU, I— Mach
™™ 4t U, vl phan 1rU'

e e

So d¢6 mach vi phan ding QA duge cho trén hinh 4.17.
Tinh todn trong ty mach tich phan ta c6 : R

U, = du, _q du, . c
B dt dt Uy o—| —> u
+ ’ U,

Véi 1=RC dugc ggf Ia hing 56 vi phan. |

Khi tin hiéu vao 13 hinh sin, mach vi
phan 1am viéc nhu mot bo loc tdn cao, hé sd
khuéch dai cia né ty 1é thuin v&i tdn s6

tin hiéu viao vi 1am quay pha tin hi¢u vio mot géc 90°. Thudng mach vi phan

Hink 4.17. Mach vi phan

1am viéc kém 6n dinh & tdn cao vi khi 46 Z¢ =-(:—C—)0. lam he s& héi ti€p

aAm giam.

' D
4.2.8. Mach logarit _ —P
So d6 mach logarit dugc cho trén hinh 4.18. [, o Ny

\ |
OGN
TainitN: Ig=Ip - v,

I—M e —
R™™R

Hinh 4.18. Mach logarit
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ta tinh dugc.

Ta da biét, dong qua diode dugc tinh theo cong thic':

U
Ip =Ig exp( ijkT )

Trong d6 :

Ig — dong ngugc tinh ;

Ur - dién thé nhiét, Uy =KT/q véi K = 1,38.10 2> J/K (héng s6 Boltzman)
q=1,6.10"'°C, & T=300K thi Uy =25,5mV ;

m - hé s6 diéu chinh giira 1y thuyét va thuc t€;

Ui~ dién 4p trén diode. Trong trudng hop nay Uy = Uy - U,

Thay Ig =Ip, v6iUy=0tacé:

'L:T" =Is°xp( 0 ]; U, =-mUr In—2

mUT IsR
o R
4.2.9. Mach doi loga SR e A
So d6 mach dé6i loga dugc cho trén U D
hinh 4.19. —Pp-= :> | o

Tinh todn twong ty nhu mach logarit

U, =-Rlgexp Uy Hinh 4.19. Mach d6i loga
mUT

C6 thé két hop gilta mach logarit, mach d6i loga va mach cong dé tao

thanh mach nhén tuong tu nhu so d6 khéi hinh 4.20.

U .
: «l U.=k.Uqs.U
M@ch- & ,,-Mﬂch;._'-' A r 1858
clng | dGiloga :
U, Mach 1
| long

Hinh 4.20. So d6 kh6i bo nhan tuong ty
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4.3. PHAN BAI TAP

4.31. Cac bai tap giai mau

D6i v6i céc bai tap vé OA, khi coi QA 1y tuéng thi nguyén tic chung dé
gidi cdc bai tap 1a :

— Vi€t ddng dién tai cdc nit (nit N, P ...v6i dong vio OA, Io=0)
~ Tinh Uy, Up - -

— Lap quan h¢ Uy = Up
— Tir quan hé d6 x4c dinh céc yéu céu cha bai todn.

Chi y : Khi gap bai todn ghép nhiéu tdng thi ta xét rieng ting tdng v6i
quy tac néu trén. ;

u, Téing 1 | Téng2  Téngn Ur
Ky K2 - | ' Kn
Hink 4.21

Hé s8 khuéch dai toan mach :
' K=UJ/U,=K;K,..K,

Trong d6 : K, ,.Kz, ... sKyq lan lugt 12 hé s¢ khuéch dai coa cdc ting
1,2,...n. VR
Rz M br

Baitip 1 : |
Cho mach dién nhu hinh 4.22 ' Ry

Cho:R, =20kQ:R,=250kQ; U R, |l =
1 254 ';Ml'ﬁ,q N oUr

Ry=25kQ; VR = IMQ; >
E. =19V ; U, =20mV. Coi OA 1y tudng

a) Thiét 14p cong thic tinh hé s6 khuéch
dai ca mach (Kyj)- - '

Hinh 4.22

b) Xdc dinh khodng gi4 tri cha VR d€ tfn hiéu ra khéng bi méo dang (gia
thiet [U .| = 0,9 E,).

Gidi : .

a)Tal l'llth ‘Il =12+10
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Tir gia thi€t OA 1§ tudng nén Iy = 0 do d6 :
L=1

Véi: I =
o) 1 Rl R2

Thay vao ta cé :

U,-Un _Un-Um
Ry R,

ViUP=0m:‘1UN=UpnénUN=0vithé'

Uy, _-Um
R - R, (1)

Tainit M : 1, +Iyg =13

“Um +Ur_UM _Um
R, VR Rs

U, 111
b 2
VR~V [ +R3+VR] 2)

Thay (1) vao (2) ta duoc :

b) Theo phén (a) ta c6 :

- __Ry 1 1
U, = R, VR.U {Rz R3+VR)

Theo baira : [Ury,/=09E.=099=8,1V
Pé tin hiéu ra khong bi méo dang thi |U| < |U_,,| vithé:

R, 1 1 1
~S2VR. — |<81
R, U [ R3+VR]

Thay s6 vao ta tinh dugce :
' VR < 713,64kQ
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Nhu vay, dé tin hiéu ra khong méo thi ta didu chinh VR trong khoang
0 £ VR £713,64kQ.

Baiwgp 2 :
Cho mach dién nhy hinh 23 véi :
R1 = 100kQ U R,
R2 = 100kQ O AAN—
R3 = 100kQ I LAY
o >
R4 = 500kQ N
AN
UI = 25mV 13" |4 R4
U,=35mV ‘
Ra
OA 1y tudng i
Tinh U, . b
Hinh 4.23
Gidi :

TainatP: I, +1,=1,

Theo gia thi€t OA 1y tudng nén [ =0nén

170

Il+12=0
Ui-Up Us-Up _,
R; R;
1 1) U U,
Up| o+ |==Ll+=2
P(Rl Rz) R; R

Tainit N : UN =R_}}3Ii_
3 4

Hodc ta ¢6 thé tinh theo céch sau :
TainitN:I;=1,

Un _U,-Uy

R,
R; R, v

nén UN =R3—+R—4— r
Vi Uy = Up nén thay (2) vao (1) ta ¢6 -

R, 1 1) U U,
L T Y LI I L]
‘R3 + R4 (Rl Rz ] Rl R2

U, (cong thirc phan dp)

(1)

(2)



%3
g,

U, =[I+EiJR2U] +RU,

R3 Rl + R2
Thay s6 ta cé :
500 1 100.25 + 100.35
= —_— ——T v
Ve (” 100) 100+ 100  180m
Baitdp 3 -

Cho mach dién nhu hinh 4.24
Thi€t 1ap biéu thitc tinh dién 4p U,.

)
e e
UC:‘--IVTJ\ \ Ury Rs
y R
U R
| 2 R P :+ U,
) N|l——.—»\/w.___
Re
fs
Hinh 4.24 ~
Gidi :
Bay 13 mach hai ting. Téng | 13 bo khuéch dai dao, ting 2 1a bo coéng.
Ting 1 :
R
Uy = ‘ﬁ'lz-Url
Ting 2 :
R¢ \R4U, +RU, | :
U, = [1 + ﬁ?JW (4p dung bai 2)
Véi
R,
‘ Ul’l =——R—1—Ul
R¢ YRiR3U, — R,R,U
a U =146 1™ 3V 472V
e ‘ [ +R5J Ri(Ry + R3)
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4.3.2. Cac bai tap ty gidi

Bai 1 : Cho hai mach dién nhu hinh 4.235.

R

[ —rr—— PP iy

u, Ry C_J

{a) =

>—<.—-o

Uy

Hinh 4.25

%.
20
Py *é

VR

R; = 10kQ ; Ry = 500kQ ; VR = 10kQ ; U, =1,5V.

(b)

X4c dinh khodng dién 4p ra cia mdi mach khi thay d6i chiét 4p VR.

Bai 2 : Hay tinh céc dién 4p ra trén cdc mach cho trén hinh 4.26 (gia thiét
QA 1y wedng, cdc tri s cho trén hinh vE).
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200K 100K
Y e ™
500K
20K
> U, 1K 10K
+ b A . r \ U.:f,
 Uy=15V Uy = 20mv x
{a) - 1 {b)
200K
20K
Upy
~ 20K
U, =02V Ly A —t — U,
200K
N
|
10K
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100K
T i
U0V o ¥ 20K '
10K
avava Ve o
400K U
i e r
> 20K =
B
> ()
1K
s
300K
15K v
+25MmV o————~AA > 3k !
+
30K '
—-20mv "
WV o A 15K u
- L\ 5
v
|:iE- (e)
Hinh 4.26
Bai 3 : Cho mach dién nhu hinh 4.27. Rz
PP
Thiét 1ap biéu thic tinh 1,. V6i
U Ry

didu kién ndo thi I, = U, oA > e

Bai 4 : Thi&t k& cic mach thyc
hién cdc phép todn sau : >

a)U,=5U,-2U,+3U,
b) U, = k. U;.Up

(véi U].’ Uz‘ U3 l1a céc dién ép =
ddu vio, k 12 mét hing s6). Hinh 4.27
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Bai 5 : Cho mach dién nhu hinh
4.28. Biét tai thdi diém t = O dién 4p ra

Urg = 0,5V, OA 1y tuéng, C = 4,7uF,
R = 10kQ.

a) X4c dinh biéu thic tinh U, theo
cdc tham s6 ciia mach.

b)ChoU; =Uy=Us;=Uv6i Ula
xung c6 bién do 5V xuat hién trong
khodng thoi gian 0 <t £t; = Sms. Tinh
bien 4o dién 4p ra tai thdi diém t,.
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CHUONG 5
NGUON PIEN

5.1. GIOI THIEU CHUNG

Ngu6n dién c6 nhi¢m vu cung cép nang lugng mot chiéu cho cdc mach va
thi€t bi di¢n tir hoat dong. Nang lugng mot chiéu dé duoc 1dy tir nguén xoay
chiéu cha lui dién thong qua mot s6 qud trinh bién d6i duge thuc hién trong
hinh 5.1.

™ AN - — N\~ :
Ui | miENAR |y, | SR ] us | oBOLoe [ v, | Moﬁ"cf{‘;ﬁ,:q (R

Hinh 5.1. So d6 kh6i ngudn dién

— Bién dp d€ bién déi dién 4p xoay chiéu U, thanh dién 4p xoay chiéu U,
¢6 gid tri thich hop v6i yéu cdu. Trong mot s6 trudng hop c6 thé ding truc tiép
U, khong céan bién 4p.

- Mach chinh luu ¢6 nhiém vu chuyén dién 4p xoay chiéu U, thanh dién
dp mot chiéu khong bang phang Uj (c6 gid tri thay ddi nhap nho). Sy thay déi
nay phu thudc vao timg dang mach chinh luu.

— B0 loc ¢6 nhiém vu san bing dién 4p mot chiéu U thanh dién 4p mot
chiéu Uy it nhdp nh6 hon.

— B0 6n dp mot chiéu (6n dong) c6 nhiém vu én dinh dién dp (dong dién)
0 ddu ra ctia n6 Us (I,) khi Uy bi thay déi theo su mét 6n dinh ca Uy (hay I,)
Trong nhiéu truong hgp néu khong c6 yéu cdu cao thi khong cdn bo 6n 4p hay
6n dong mot chiéu.
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— Tily theo diéu kién va yéu cdu cu thé ma bo chinh luu cé thé mic theo
nhitng so d6 khdc nhau va diing cdc loai diode chinh luu khéc nhau.

5.2. BIEN AP NGUON VA MACH CHINH LUU

Bién 4p ngudn 14 1 may bién dp c6 nhiém vu bién déi dién 4p xoay chiéu
dat vao cudn so cip thanh dién 4p theo yéu cdu 1dy ra & cudn thit cdp. Mudn
tim hi€u sau hon vé mdy bién 4p céc ban ¢6 thé tim doc cu6n gido trinh
Miy dién.

Hiu hét cdc thigt bi dién tlr hién nay déu ding linh kién bdn din véi miic
dién 4p mot chiéu cung c&p thap do d6 bién dp thudng dung 12 bién 4p ha 4p.
Céc so do chinh luu thudng ding 14 so d6 chinh luu nita chu k¥, chinh luu hai
nira chu k¥ diing diode.

Yéu cdu d6i vdi mach chinh liu 13 dat dwge hiéu sudt cao, it phu thude
vao tai va d9 gon séng cla di¢n 4p ra nho.

5.2.1. Mach chinh luu nira chu ky

Mach chinh luu nita chu ky chi sit dung mét diode dé€ chinh luu, diode
chinh luu ¢6 thé duge mic ndi ti€p v6i cudn day thit clp bi€n 4p hodc mic
song song vdi bién 4p. O day ta chi xét mach chinh luu ding diode mic
ndi tigp vi trong thuc t€ mach chinh hru ding diode mic song song ft khi
duoc sir dung, chi thudng sir dung trong chinh luu boi d4p, mach nay s& duge dé
cap sau.

~ So dé mach nhu hinh 5.2a

L, I Uy R 2 | \] b)
B Ug,
a) /\

)

L I

Hinh 5.2, Mach chinh hru nira chu k¥
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Nguyén Iy hoat ddng

Khi cép dién dp xoay chiéw U, vao hai ddu cudn L thi & hai ddu cuén L,
xufit hién mot dién 4p cdm ing xoay chiéu U, (hinh 5.2b). )

Né&u & nita chu ki ddu dién thé tai A (+), diede D duge phan cuc thuin nén
c6 ddng dién qua tai (di tit A qua Ry t6i B). & nira chu ki ti€p theo dién thé tai
A (-), diode D bi phan cuc nguge khong cho dong dién di qua. .

Nhu vay dong dién chi di qua tai theo mt chiéu nhat dinh (di tir (+) Ry
dén (-) Ry) & cdc nita chu ki ddu coa U,. '

‘

5.2.2. Chinh luu hai nifa chu ky
5.2.2.1.Chinh luu hai nita chu ki sw dung diode

Dy
B |
Una U1 Y2
] . U21 R Rt I \ .
o v A A \
22 L
= D, l

Hinh 5.3. Mach chinh luu 2 nda chu k¥ dung 2 diode

Nguyén Iy hoat déng

Dic diém cla mach chinh luu hai nita chu k¥ 1a trong ca hai nira chu ky
cua dién 4p xoay chiéu déu c6 dong dién qua tai. So d6 mach chinh luu hai
nita chu ky sir dung 2 diode chinh 14 2 so d8 chinh luu mot nira chu k¥ mac
song song ¢4 tai chung.

5.2.2.2.Chinh luu hai nita chu ky si dung mach chinh luu cdu

So d6 mach chinh luu cdu nhu hinh 5.4,

: ‘NN
-1 Y
o

Y-

B

[
S
o
L)
 Aod

Hinh 5.4. S0 d6 mach chinh luu cdu
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biac di€m cha mach chinh luu cdu 1a chinh ey ca hai nia chu k¥ clia dién
p déu ra ciia cudn thit c4p va dién 4p ngugc dit lén diode trong treding hgp
ndy chi bing mot nira dién 4p ngugc dit lén diode trong so d6 mach chinh luu
hai nira chu k¥ sir dung 2 diode.

Trong so dé mach chinh lvu cdu néu néi d4t diém giita cuén thit c4p va
miéc thém t3i s& dwgc mach chinh luu cé dién 4p ra hai cyc tinh,

5.2.2.3. Mach béi ap
5o dé b6 chinh Ieu boi d4p nhir hinh 5.5.

Mach nhén déi dién 4p dvge ding trong nhiing trudng hop dic biét, vi du
khi yéu cdu dien 4p ra cao ma dong tiéu thu lai nhéd (c& pA). Néu dilng mot

Sy

%]
-+
c‘?.t\@

tdng (hinh 5.5a) thi dién 4p mot chiéu & ddu ra gdp doi tri s6 dinh cla dién 4p

xoay chiéu & ddu vao, vi C, va C, duoc nap dén gid tri dinh cdia dién 4p vao
qua D; va D, trong hai nita chu ky (~) va (+). Trén hinh 5.5b trong nira chu ky
(-) cia dien &p U,, C; dugc nap dén gid tri dinh U, thoéng qua D;. Trong nita
chu ky ti€p theo C; dwoc nap thong qua C, va D, v6i gida tri
Ug, =Ug, + Uy =2U,. Néu ¢6 n tdng nhu vay thi dien ap ra tdi U < nU,.
Thudmg chon n<10.

Dy R <nU, Téng thir 1 Téng thirn
A M +] i | C N
U1l u Cy e
2 z ! c,
+ Ur 02
D2 ¢ I -t
—— e p
a) Hai ldn C. Y

k) 2n Kn

Hink 5.5, Mach boi 4p
a) Mach nhan 2 dién 4p ngoai ; b) Mach nhan n l4n disn 4p vao

5.3. TONG QUAN VE BO LOC

Chifc néng cla bo chinh Iuu 13 chuyén déi dién &p xoay chiéu thanh dién 4p
mot chiéu. Bdu ra cla bo chinh liu ta thu duge dién 4p mot chiéu. Tuy nhién
dién dp nay chuwa duge 6n dinh nhy mong mu6n. Vi vay ta phai cho qua b6 loc
dé dugc dién 4p mot chiéu én dinh hon.
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Tin hiéu ra saw khi loc dugc biéu dién nhur hinh vé g6m thanh phin mOt
chiéu va thanh phén thay d8i (46 gon séng) thanh phin nay cé gia tri nho.

Dé d4nh gi4 dién 4p ddu ra cha bg loc ta sit dung von mét mot chidu (DC
voltmeter) vd von mét xoay chiéu (AC voltmeter). DC voltmeter cho ta gia tri
trung binh hodc gid tri cla dién 4p mot chiéu Uge» AC voltmeter cho ta gia tri
thanh phén thay ddi U, 46 gon séng dugc tinh theo cong thic ;

U .
r = —nms) 100%
Udc
Vi du 5.1 : St dung von mét 1 chiéu va vén mét xoay chiéu do tin hiéu ra
ctia mot mach lgc ta doc duge tir von mét mot chidu 12 25V va von mét xoay
chiéu 12 1,5V. D¢ gon séng & ddu ra ctia bo loc khi d6 s& 1a -

Ur(n‘ns) l,SV
r= Tdc——lm% = WIOO% = 6%

Sw 6n dinh dién dp : Mot nhan t6 quan trong khéc trong bo ngudn cung
cdp d6 [a lugng chénh léch dien 4p mot chidu giita ddu ra caa b6 ngudn va yéu
cdu thyc t€ clia mach dién. Dién 4p cung cdp & ddu ra cha bd ngudn khi chua
c6 ti s& bi gidm di khi c6 tai. Lugng chenh lech dien 4p trong trudng hop
khong tai va cé tai dugc xdc dinh bdi hé s6 goi 1a hé s§ én dinh di¢n dp AU,
dugc x4c dinh ;

Bia = Vet 100,

Ue

Vidy 5.2 - Mgt ngudn dién 4p mot chidu cung cép 60V khi dau ra khong
c6 tai. Khi ndi v6i tai, dién 4p thuc t& trén d6 12 56V. Tinh gid tri dn dinh
dién 4p.

Gidi :

AUR =

Ukt - Uct .
= ——02=100% =
Ug

100% = 7,1%

AUg 605— 56

Néu gid tri clia dién 4p c6 tai bing gis tri cia di¢n ap khi khong c6 tai thi
sy 6n dinh dién 4dp 1a 0%, day ciing chinh 12 diéu mong muén dat duge.

H¢ s6 gon song cia cde by chinh heu - Dien 4p sav khi da duge chinh luu
bao gém thanh phdn mot chiéu va thanh phdn hai (gon séng).

+ D3i v6i tin hi¢u chinh luu nifa chu k¥, dién 4p mot chiéu ddu ra 1a -
UdC = 0,3 1 SUm
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Gid tri cna dién dp gon song la :
Uy = 0,385 U,

Do gon séng r clia mach chinh e nira chu k¥ duge tinh :

U 0,385U
r =M 6000, - M 100% =121%

de 0,318U,,

+ Pé&i véi mach chinh luu hai nira chu k¥, dién dp mot chiéu ddura 1a ;
Uge = 0,636 U,

Gid tri cha digén dp gon song 14 .
Uy gmsy= 0,308 Uy,

D6 gon séng r cua tin hiéu chinh liru hai nita chu k¥ dege tinh :

U, . 0,308U
r=—MY 1000 =——_® 100% = 48%
Uge 0,636U

Tém lai : Tin hiéu chinh luu hai nita chu ky ¢6 do gon séng nhod hon tin
hiéu chinh lwu nira chu ky.

5.3.1. B% loc dung tu dién BS loc

Mach loc thong dung L Ta
nhat hién nay 1a mach loc tu c:"'iih 1 J_ E mét
dién, bao gém mot tu dién AC WU E T chiéu

duge néi vao ddu ra cia bd
chinh luwu, dién 4p mot chiéu
duoc 1dy ra gitta hai diu tu Hinh 5.6. 50 d6 khoi b6 loc dung tu dié,

dién (hinh 3.6).

Hinh 3.7a chi ra dang dién dp cta bo chinh luu ca hai ntra chu ky trude
khi lgc. Hinh 5.7b 12 dang dién dp ra cGa bo chinh iuu sau khi da dug~ néi véi
tu dién. Dang dién 4p sau khi di loc 1a dién 4p mot chiéu nhung van con nhip
nho (con thay déi).

| U
é*‘ LT v m
Um Rl
% = -
%-‘- -‘L Vv C A W\ -
U L
_m [~ I |
L1

Hinh 5.7a. Mach chinh luu khi chura ¢6 tu
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~ Hink 3.7b. Mach chinh Ivu khi cé ty

Hinh 5.8b la gidn d6 dang song ddu ra cla bo loc tu dién, thoi gian T; 1a
khodng th&i gian tu dién dang nap dién va nap dé€n gid tri bing bién do dién dp
dau ra bd chinh luu U, T, 1a khodng thai gian tu dién phdng dién vio tai.

a) b)
Hinh 5-8. B¢ loc dung tu dién
a) 5o d6 mach ; b} Dang séng diu ra.
Nhu vay dang song ddu ra gébm dién d4p mot chiéu Uy, va hai, U, chinh la
su nap va phéng cia tu dign.
: duqé tinh theo céng thic :
U oIy 2,41, 2,4U4
T aBte € RC

Trong d6 : I;.{mA] dong dién I chiéu qua tai tinh bang mA, C[uF] dién
dung cua tu loc tinh bang pF, R [kQ] 1a di¢n trd tai tinh bang kQ, f 14 tdn s¢
cha dién dp dua vao bd chinh luu tinh bing kHz.

Dién dp gon séng U(

riis)

Vi du 5.3 : Tinh todn dien dp gon séng clia bd chinh luu hai nira chu'ky
voi tu C = 100pF ndi véi 1ai tiéu thy dong 50{mAl].
Gidi :
Tacd:
Uromey = loe  _ 2,414 _ 2,4Uq
T e € RC
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Thay s6 vao ta cé

2,4.50

Ur(rm:;) = 100

=12V

Dién dp mét chiéu Uy,

Dién 4p mot chiéu & ddu ra b loc dung tu dién duge tinh theo cong thic:

I 4,171
Ugs = U — g6 = Uy — %

Trong do :
U, : Bién d6 dién 4p sau bd chinh luu
I4c : DOng dién tai tinh mA
C : Bién dung tu loc tinh pF.
~f: Tan s6 tin hiéu vao, tinh bing kHz.

Vidi 5.4 : Bién d6 dién 4p sau khi chinh luu 13 30V, gi4 tri tu loc C = 100yF.
Tai tiéu thu ddong 50[mA]. Tinh todn dién 4p mét chidn & ddu ra bo loc.

Ta co
I RS ) PR
Ude = Um =356 = Um - =
Thay 56 vao ta tinh duge Uy, :
B 4170 .. 417.50
Uge = Up - 500 =30 - 22— = 27,9V

Vidy 5.5 :Tinh todn d6 gon sdng cia bd loc tu dién véi bién d6'dién dp
chinh luu 1a 30V, tu dién c6 dién dung 50 uF, dong tréa tai 1 50[mA).
Gidi ;
Tacé:
= 2,414,
- Uy,
2,450
T 100.27,9

Ciing c6 thé tinh theo cich khic.

.100%

100% = 4,3% (Uy= 279V theo vi du 5.4)
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. 4,171 4, 4,17.50
Bié&t Uge =Up - cT 30 - o0 = 27,9V
U e
ma r =~ 40ng
Udc
trong dé U,(mm) = 2"::1‘10 = 2’11'.30 =12V
vy : r=-£-y—.100%=4.3%

5.3.2. B lec RC

Dé giam nhé do gon séng & déu ra b6 loc ty dién ta mic thém khau loc RC
{(xem hinh 5.9a). Tin hiéu d4u ra ciia khau loc dugce chi ra trén hinh 5.9b, 5.9¢.

U; {rms) Urirmay
Udl: L

) S Ut 4

t
\ .I b; / c)
R

tl-'c,‘«\w-c;zd: -
T r

Hink 5.9, Mach loc RC va dang séng déu ra

~ Xét anh huong cia b6 loc RC d6i véi thanh phédn DC, dién 4p mot chiéu
trén tai duge tinh nhu sau ;

MW _ VW—-¢
L

. fac C
T Ve q Ve SR Urtrms) -J— )

Hinh 5.10. So d6 wong duong cila mach loc RC
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Vi du 5.6 : Tinh dién 4p mot chiéu ra tai c6 dién tr6 R=1k Q. Khau loc RC
6 thong s6 R = 120Q, C = 10uF. Dién dp Uy, qua b6 loc tu dién Uy.= 60V.

Bl et e 60 83,6V

¢ "R+ R, V% = 1207 1000

Xét anh hudng cia bo loc RC doi v6i thanh phan AC, d gon song dugc
biéu hién nhu so d6 hinh 5.9b.

Khi d6 dién dp gon séng déu ra duge xdc dinh nhu sau :

j Xce
Ur(rms) :: T'U

r(rms)

PGi v6i 1 bo chinh luu ca chu ky, n€u tin hi¢u vao c6 f = 60Hz thi dung
khang cua tu dién dugc tinh theo cong thirc.

s

Xc C

v6i don vi ctia C 1a pF, X 1a kQ

Vi du 5.7 : Tinh todn céc thanh phidn mot chiéu va xoay chiéu cua tin hiéu
ra tai R, cua mach sau :

Uge = 150V Uge

Ur(rms) =15V ‘U;(ms)
_ \ P /
Py ":'"'MACH 5000
AC |cHINHLUU| + C4 + c, Ry

~ 2NUA T 150F T 104F SkQ
#—1 CHUKY ;

Hinh 5.11. Mach loc RC

€rtai =
Tinh toan thanh phian DC
g R ] S5kQ2
U, = —2t Uy =———150V =136,4V
d " RT R, % 5000+ 5kQ "
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by,

Tinh todn thanh phdn AC:
1,3 13

Xe = 5= = 2= = 0,13kQ = 130Q
C=C 10 0 Q=1
Di¢n dp gon séng ddu ra :
Ur(rms) = T'Ur(rms} = BHOE.USV) = 3,9V
U.
Do gon séng ddu ra : r= L’,m?-l.IOO% A 100% = 2,86%
| U, 136,4V

5.4. MACH ON Ap

5.4.1. Mach &n ap dt‘mg‘diode zener
-So d6 mach 8n 4p diing diode zener nhu hinh vé 5.12a.

Diode dn 4p (diode zener) lam viec nhd hi¢u img ddnh thing zener va
hi¢u ing dédnh thing thdc 1fi cia chuyén ti€p p—n khi phan cc ngugc. Khéc
v6i diode thong dung, cic diode 6n dinh cong tic & ché do phan cuc ngugce,
Nhimng tham s& k¥ thuat cia diode zener 12 ;

R
o LV VN o
IUV IUZ
'y
a) 100 -
AL, Uy :k T
aﬂz'l U, - 50
Ry 4
Ro \ -+
R
0 L :

b) \ <)

Hinh 5.12. a) : Mach 6n 4p ding diode zener ; b) D46 thi déc tinh 6n dinh ;
c) Su phu thugce cia dién tré dong vio dign 4p 6n dinh

,4-
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Di¢n 4p én dinh U, (dién 4p zener) : 1a dién 4p ngugc dit 1én diode lam:

phat sinh ra hién tugng dénh thing.

Pién trd dong ry, : duge dinh nghia 12 d6 d6c dic tuyén tinh cha diode tai
diém lam viéc,

du,
Taz = "(E

Can cit vdo cong thitc.trén c6 thé thdy ring do déc clia dic tuyén & phén
dénh thiing c6 tdc dung quyé&t dinh dén chat lugng 6n dinh cia diode. Khi dien
trd dong bing khong (hic d6 phdn dic tuyén dénh thiing song song véi truc
tung) thi su &n dinh dién 4p dat t6i mifc 1y tudng.

bi¢n tr& tinh R, duge tinh bing ti s6 giita dién 4p dat vao va dong dién di
gua diode.

R =U.1,
He s6 6n dinh duge dinh nghia bing ti s6 giira cdc bign ddi tuong d6i cia
dong dién qua diode va dién 4p roi trén diode do dong nay gy ra ;
Z = @L/L)(AU,/U,) = Rirg, = Ryftg,
Ching ta thdy hé s nay chinh bing ti s6 giita dién trd tinh va dién trd
dong tai diém s6ng tic cia diode.

Dé dat hé s& 8n dinh cao, v6i mot sy bién ddi ddng dién qua diode di cho
trude, dién 4p roi trén diode (do ddng ndy gay ra) phai bi€n d8i nhd nhat. Céc
diode én dinb Si thutmg ¢6 Z > 100. Trd khéng ra ciia mach 8n dinh ciing 12
mot thong s6 chit yéu ddnh gid chat lugng cia mach :

R, = AUJ/AIL
& day AU, 13 gia s& cua dién 4p ra, gay ra boi gia s6 AL clia dong $ai.

R rang ti s6 v& phai cang nhé thi chat lugng mach 6n dinh cang cao, vi
th€ céc mach én dinh diung diode zener ¢6 dién tr& cang nhd cang t6t (diéu
ndy phu hgp véi vai trd mot ngudn dién 4p 1y tudng).

Hé¢ s6 nhiét d9 cta dién dp 6n dinh 6, h¢ s6 ndy cho biét su bién ddi
twong d6i cha dién 4p 6n dinh khi nhiét do thay ddi 1%

8, = (1/U,)(du,/dt) I, = conts
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Hé s6 ndy x4c dinh bdi hé s6 nhiét d6 cha dién dp danh thiing chuyén ti€p
p—n. Su phu thudc clia dién 4p én dinh vio nhiét d¢ c6 dang :

U, = Uy [1+ 6, (T-Ty)
Trong 46 U, 1a di¢n 4p 4n dinh cba diode zener & nhi¢t do Ty,

He s6 nhiét 4o 8, c6 gié tri &m né€u hién tugng dinh thing chi yéu do hig¢u
Ung zener gy ra. N6 ¢6 gi4 tri duong néu hién tugng ddnh thing do hién
tugng thac li gay ra,

Vi du 5.8 : Cho mach dién nhu hinh R

5.13 v6i R = 1kQ, U, = 50V, U, = 10V,
Lnax = 32mA. Hay xéc dinh khoang

U
gi6i han ciia R, 4 mach dm viéc trong Ry Uy
dai 6n 4p. . .

Gidi : Hinhk 5.13. Mach 8n 4p diing diode zener
Khi R, = Rypy;, thi dong qua diode zener 1a I, = i, = 0.
Theo cong thic phan 4p :

Ur=U, = RI:tg:?nin U= &
= Rtniin“"_"-iTUigﬁz“ vz
thay s6 tinh dugc : 22mA

Rymin = 2502 /

Khi R, = Ry ta c6 Hinh 5.14. Dic tuy€n ra clha diode zener
Ug = U~ U= 50V- 10V=40V:

Dong chay qua R :

g = 40/1kQ2 = 40mA
Dong chay qua R, : I, = Limin = Ik — Limax = 490mA ~32mA = 8mA
Suy ra : : R, = Ripax = Upflimin = 10V/8mA = 1,25k,

Vay, khi R, bién d4i trong dai (250Q ~ 1,25kQ) thi mach lam viéc trong
dai én 4p.
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5.4.2. Mach &n ap dong transistor

C6 hai loai mach dn 4p diing transistor 12 mach 6n 4p néi ti&p va mach én
ap song song. Cic mach én 4p ndy ¢6 thé cung cfp mot dién dp mot chidu ddu
ra 6n dinh § mot gi4 trj nh4t dinh ngay ca khi gi4 tri ddu vao cia mach thay
ddi hojc tai ciia mach thay déi.

5.4.2.1. Mach 6n dp ndi tiép

3
PUEl

Sg.d6 khoi mach @n . o, . A
dp ndi ti€p duge biu dién gk K]-!Ié[g, U
& hinh 5.15. t .
Phén ti diéu khién dé -eAY MAU
diéu chinh dién 4p ddu vio - : —

¥

va di¢n 4p ddu ra. Dién 4p '::23&,4 80 SANqu——,
dau ra dugc 1dy dua trd lai - - 2
so sinh v6i nguén dién dp '

chuidn. Hinh 5.15. So 46 mach &n 4p ndi tidp

Gia sit dién 4p ddu ra ting, bo so sdnh cung ci&p mot tin hiéu diéu khién,
phén tlr diéu khién s& lam gidm dién 4p & d4u ra.

Gia sir dién 4p ddu ra gidm, bo so sénh cung c4p mof tin hitu diéu khlén
phén tlr di€u khién s& 1am ting dién 4p ddu ra.

Trén hinh 5.16 12 mot mach én 4p ndi ti€p don giadn diing mot transistor va
mot diode zener. Trong so d6 T; d6ng vai trd phén tir didu khién, diode zener
déng vai trd ngudn dién dp chudn, hoat d6ng clia mach nhu sau :

Néu dién 4p ddu ra gidm — lim Ug gidm R Uggr) tang lam cho T,
dan manh hon. Vi vy ting duoc dién 4p ddu ra— duy tri duoc dién 4p d4u ra
6n dinh.

Néu di¢n dp déu ra tang, Ug ting — Uggp gidm — T, din y€u di — wi
vdy lam gidm*di¢n 4p ddu ra — duy tri dién 4p ddu ra én dinh.

. U, T U,
. Vidy 5.9 : Tinh todn dién 4p ddura vd o * N +—0
dong qua diode zener mach én dp hinh R%
5.16, cho R, = 1k, Uz = 12V, R = 2200, | R
B =50, U, =20V, Ugg = 0,7V. | o,
Gidi ; i

Ur=Uz - Upg =12V 07V =113V. Hink 5.16. Mach 6n 4p don gidn
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Ucg=U,-U, =20V -11,3V =87V

U, -U, 20V-12V

= = = 4
Ir R 300 SodmA
. oo _ U 11,3V
Dong chay quaR,: I, = ‘——H?-Q—
Lo lo_1L3mA
B™ B~ %0

I; = Iy ~ Iy = 36,4mA — 226pA ~36mA °

a) Mach 6n dp bi

=113mA = Ig ~ I

So d6 mach dugc bi€u dién trén hinh 5.17. Hai dién tr& R, va R, déng
vai trd nhu mot mach 14y mdu, diode zener Dz cung cép dién 4p chudn

va transistor T, diéu khién
dong bazo clia transistor T; Y

dé thay déi ddng qua
transistor T| duy tri duogc
dién ap & ddu ra.

Né&u di¢n dp ddu ra tang
qua phén dp R, va R,, dién
ip U, tang, lam dién 4p
Ugg cba T, tang (dién 4p
Uz khéng déi), lam dong

‘Hinh 5.17, Mach én 4p bu

qua T, tang dan dén dong I cla T, giam lam cho dong qua tdi giam. Pién ip
ddu ra giam, vi vay duy tri duoc dién 4 4p dau ra clla mach. Trudng hop dién ap

ddu ra gidm giai thich twong t.

Di¢n dp U, bang t6ng ciia dién dp Ugg ctia T, va Uy va duge tinh ;

R
U;=Uggy + Uz = 2

Do d6 dién dp ddu ra U, dugc xic dinh

RI+R2
U=——=
r Rz

Vidu 5.10 : Cho mach dién nhvr hinh vé& 5.17

Ry +R; Ur

(U +Uggy)

Trong d6 cho R = 20kQ, U, = 8,3V, Ry = 30kQ. Tinh dién 4p 6n dpra ?
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Gidi
Rl + Rz

R2 (U Z+UBEZ )

Theo cong thic : U, =

Thay s& vao ta c6 dién ép 6n dp ra s& 1a :

_20kQ + 30kQ)

U 30kQ2

8,3V +0,7V) = 15V

b} Mach én dp néi tiép ding OP-AMP

Hién nay méot s§ mach 8n 4p n6i ti€p da sir dung khuéch dai thuat toin
OP — AMP.

Trong hinh 5.18 bo OP — AMP so
sdnh dién 4p chudn trén diode zener véi

dien &p héi 1i€p tix bo phan 4p R, va |
R,. Néu dien 4p ddu ra thay d6i T, s& A
diéu chinh dé dién 4p ra ndy khong
thay déi. Pién 4p ra dugc tinh theo 3R,
cong thiic : 1;
R, |
U, = [1 +R_JUZ Hink 5.18. Mach 8n 4p néi tiép ding OA

c) Mach han ché dong dién

D€ biao vé mach én 4p khi bj qud tai hosic ngén mach thi so d6 én ép duac
vé lai nhu hinh 5.19. '

Khi dong tdi I, tang thi dién 4p roi trén Ry (sampling circuit— dién trd nay
déng vai trd mach 14y mau) cling u, T Ry '
ting lén. Khi dién 4p trén Ry !
ting du 16n, lam T, md, T, md
lam dong cyuc base ciia transistor
T, giam, va lam giam dong tai
qua transistor T, trdnh cho R,
qui tai. Nhu vy hoat dong cua
R, va T, lam han ch€ dong tai
cuc dai. _

Hinh 5.19. Mach han ch€ dong
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- vuot qud gia tri gidgi han.

Mach han ch& dong
(hinh 5.19) chi 1am giam
dién 4p tai khi dong dién

Hinh 5.20 13 mach han
ch& dong cai tién. Mach
nay s€ lam giam ca dién
dp ra va dong dién ra bao
vé tadi khdéi qud dong.
Trong so dé nay c6 thém Hinh 5.20. Mach han ché€ dong cii tién

bo phan dp R, va Rs, bo

phan 4p sé ldy mot phén dién 4p tai ddu ra cha T,. Khi dong I, ting 1én dén gi4
tri cuc dai, dién 4p roi trén Ry, dii 16n md T, dé han ch€ dong. Néu dién trd tai
nho, dién 4p diéu khién T, m& nhé. Khi dién trd tai trd lai gid tri cia n6, mach
dién trd lai hoat dong 6n 4p. '

5.4.2.2.0n dp song song

Mach 6n 4p song song thyc hién 6n 4p bing dong tiéu hao song song véi
tai dé 6n dinh dién 4p ra. Hinh 5.21 1 so d6 kh6i ciia mach én 4p d6.

Uy e
Tin hidu l ,
diéu khién

SR

Hinh 5.21. So d6 kh6i mach 6n 4p song song

Dién dp ddu vao khong 6n dinh cung cdp dong cho tdi. Mot phin dong
dién bi mat di do phdn tir diéu khién dé bdo dam cho dién 4p ra duoc 6n dinh
dua dén tai. Mach 14y miu cung cép tin hiéu héi ti€p t6i bo so sénh, sau dé 14y
ra mot tin hiéu diéu khién dé 1am thay déi dong dién chay qua phdn tir diéu
khién. Vi du khi dién 4p ddu ra tang, mach 14y méu cung cdp tin hiéu héi ti€p
t6i mach so sanh, ddu ra mach so sinh dwa tin hiéu diéu khién lam ting dong

~ dién song song qua phén tir diéu khién, 1am cho dong tai gidm xu6ng giir dién

4p 6n dinh.
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a) Mach én dp song song don gidn ding transistor

Mot mach 6n 4p song song don Rs
gidn nhu hinh 5.22. + Yy +

Trén dién trd Rg dién 4p chua bz le
dn dinh, sut 4p do dong cung cip t6i Y Ib ut § at
tai R.. Dién dp trén tai dugec xdc Ube
dinh boi dién 4p zener va dién 4p
gilta base — emiter. Néu dién tro tdi o - .
gidm, dong diéu khién cyc B cta T,
ciing gidm, lam dong collector cfing
gidm, s& 1am dong tii 16n 1én hon va 6n dinh dugc dién 4p trén tii. Dién 4p ra
trén tai 1a :

Hink 5.22. Mach én 4p song song don gidn

U, = Uz + Ugg
Vidu 5.11 : Cho mach di¢n nhu hinh 522 véi Ry = 120Q, R, = 100,
U, =82V, U, =22V. X4c dinh dién 4p 8n 4p ra, dong I, I, Ig?
Gidi :
Dién 4p 6n 4p trén tai 14 :
U =Ugz + Ugg = 8,2V + 0,7V =8,9V
Dong qua tai la:
U 39V
R, 1002
Véi dién dp vao 22V, dong qua Rg 1a:
U,-U, 22V-89V

= 89mA

= = =1
Ig Rs 300 09mA
Do d6 déng qua collector 1a :
Ig=Ig-1; = -——WRS‘. .
U U,
= 109mA - 89mA = 20mA - T, |
_ T4 - D, L

b) Mach én dp song song 2R

dung 2 transistor
Mach dién nhu hinh vé 5.23.

Diode zener cung cdp mot . o -e—
di¢n 4p chudn, do dé dién 4p
trén R, s&€ quyét dinh dién 4p ra.

R4

Hink 5.23. On 4p song song diing transistor
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Khi dién 4p ra thay d6i, 1am dong song song qua T, cling thay ddi dé gi¥ cho
dién 4p ra 6n dinh. Transistor T, 1am cho ddng cyc base cla T} 16n hon mach

diing mot transistor vi vy 6n dinh dong qua tai 16n hon. Pién 4p ra dugc xdc
dinh nhu sau :

U.=U;=Uz + Ugg + Ugg,

c) Mach én ép song song ditng OP-AMP

Hinh 5.24 12 mach én Ry
dp song song ding OP-AMP

& IN' "
Uy R % U,
nhi 12 bd so sdnh dién 4p. 3 lISH R ll,_
T1 '

Dién 4p zener dugc so - T_D_F $ R
séoh véi dien 4p hoi tipry L T
b6 phan 4p R; va R, dé
diéu khién T,. Dong qua
Rg sé dwgc diéu khién sut = = =
ép trén Rg , vi vay dién 4p Hinh 5.24. Mach 6n 4p song song ding OA

ra durge 6n dinh.

5.4.3. On ap ding IC

R4t nhidu mach dn 4p sl dung céc loai IC 6n 4p. C4c IC 6n &p chia ngudn .
dién 4p chufn, khuéch dai so sinh, phan tir diéu khién bao v¢ qud tii, t&t ca
trong mot IC don 1. Mac di cdu tao bén trong IC ¢6 khdc v6i cdc mach 8n 4p
truée nhung hoat dong bén ngoai thi nhu nhau. Dién 4p én 4p ciing c6 thé didu
chinh dugc hodc c6 thé 1a ¢6 dinh. Ddng tdi cha cdc IC tit hing tram mA dé&n

‘hang chuc A, do 46 rat phd hop vdi nhiéu mach thiét k€ yéu ciu gon nhe.

Hinh 5.25 cho thdy
su ghép n6i IC 6n 4p 3 o—
chan vdi mach. * GND "

IN ouT

bien 4p vao U, dugc TAI
duva t6i mét chan, dién 4p - . -
ra dugc 6n 4p U, tir chan

thit 2, chan thit 3 duge ndi -
v&i mass. Hinh 5.25. So 46 kh&i bo 8n 4p ding IC




5.4.3.1. On dp cé dinh dang IC
Ho IC 78xx cung cp dién 4p ra c6 dinh tir (+)5V dén (+)24V. K¢ hiéu xx

dé chi dién 4p ra, vi du 7805 12 6n 4p 5V, 7824 12 6n 4p 24V. So d6 mach mic
trong thyc t€ nhir hinh 5.26.

qua

cao.

dén

37V, dién o Ry va R, xidc dinh
dién dp ra (1,2V dén 37V).
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Trong dé6 : : Véo Ra

+ ] 7812
~ Chén 1 duge ndi véi dién dp vao. y c GND
v k]

— Chan 2 duge ndi v&i mass. _ ”
- Chan 3 duoc ndi véi tai. :L I J_ I J:

_ Ty dién C = 0,1uF dé cdi thien - =
trinh qud do va loc nhiéu tdn s Hinh 5.26. Mach 6n 4p ding 7812

Dong dién dura ra ciia ho, 78xx thudng <1A.

Ho 79xx twong tu nhur ho 78xx nhung cung c&p dién 4p ra c6 dinh tir -5V
-24V.

5.4.3.2. On dp ding IC c6 thé diéu chinh duge dién dp ra

Cic IC 8n 4p ciing sdn c6 mot

s6 loai cho phép ngudi sir dung ¢  + | Y LM317 Y I
thé diéu chinh dién 4p ra nhu mong ADJ Uret b
muén. LM317 (hinh 5.27) 1a mot SR
vi du. Uy | Ur
LM317 ¢6 thé hoat dong vdi ,T' Rz
pham vi dién dp ra tr 1,2V dén 4o

Hinh 5.27. Mach 8n 4p ding LM317

bién 4p ra duoc tinh theo cong thifc sau :
R
Up=Uger (1 + 2) +1gjRy (*)
R, ]
Trong d6 Uger = 1,25V va Ly, = 100pA

Vidu 5.12 : Xéc dinh dién dpra ciia ICLM317 v6i R = 240Q va R, = 2,4kQ).

Gidi : Theo céng thic (*) ta ¢6 :

2,4k}
2400
= 13,75V + 0,24V = 13,99V

U, =125V + ) + (100pA)(2,4kQ0)



IC LM318 ciing tuong ty nhu vay nhung diéa dp ra 1a dién dp (-).

5.4.4. Mot s& mach &n ap khac dang IC

54.4.1. Mach tang dong ra .

IC ho 78xx hay 79xx .__a.—\l\_)]:@‘_ﬂ_.
thudng c6 dong ra khong 16m, ' TR
do d6 d€ tang dorig ra ¢6 thé Uy U
k&t hop v6i transistor nhu hinh _ .
5.28. . )

Hinh 5.28. Mach tang dong ra
5.4.4.2. Mach tang dién dp ra

[ S ——
D€ tang dién dp ra ddu 1] T T—"a
thém diode zener vao chén 2 2 R

cua IC nhw hinh 5.29. u,

M_
L1

Khi d6 dién dpraséla:

Up =Uz + U, 985« - -
Hinh 5.29. Mach tang dién 4p ra

CAU HOI VA BAI TAP
1. Biét dién 4p mot chiéu ra sau bo chinh lvu 1a Uy, = 20V. Hay tinh dién 4p
gon séng khi bo chinh lwu 1 ;
1) B6 chinh luu nifa chu k¥.
b) B6 chinh lwu hai chu k3.
2. Cho mot bo chinh luu hai nira chu ky ¢6 t loc C = 100uF. Khi n6i v6i mot

dién trd tai R, = 2,5kQ dién dp mot chidu ra 1a Uy, = 12 V. Tinh dién dp -
gon séng 7 (dién Ap ddu vao bo chinh luu c6 tdn s6 f = 50Hz).

3. Cho mot bo chinh lun c6 dung ty loc C = 500 pF, dong dién chay qua tai 1a
200mA vdi hé s6 gon séng 12 8%. Tinh di¢n dp dinh (U, ) dua vdo bo chinh
lyu va di¢n dp trén tu, bi€t dién 4p ngudn cap c6 f = 50 Hz.
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4. Hay tinh dién 4p gon s6ng tai d4u ra
cua bo loc RC (R =100Q, C = 100uF). o » —0

. Bi€t tin hi¢u vio bo loc 12 50V véi dign R
4p gon séng 2,5V(tin hiéu ndy duoc 14y Ry
tlr b§ chinh luu hai nira chu ky cé ding
tu loc).

5. Cho mach dién nhu hinh 5.30.
Biét R = 1,8kQ, U, = 8,3 V,
R, = 2kQ.
Uy =20V, transistor ¢6 p = 99
Hay tinh dién dp ra U, va dong dién chay qua zener.
6. Cho mach dién nhu hinh 5.31.
‘Bi€t Rg = 33Q, U, = 10V,
- B= 50, R, =100Q. Hiy tinh dién

4p On 4p ddu ra va cdc dong dien U
tai cdc cyc cia transistor.

Hinh 5.30

7. Cho mach én 4p nhu hinh

- 5.32. Hinh 5.31
Hiy xdc dinh dién 4p ra.

ouT Uy

2200 -
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CHUONG 6
DAO DONG DIEU HOA

6.1. CAC VAN BE CHUNG VE TAO DAO PONG

Céc mach tao dao dong diéu hoi dugc sit dung réng rii trong cdc hé théng
thong tin, trong cic may do, mdy kiém tra, thiét bj y t€...

Cdc mach tao dao ddng ¢6 thé 1am viéc trong khodng tin s& tir vai Hz cho
dén vai nghin MHz. D¢ tao ra dao d6ng ta ding céc thanh phén tich cuc nhy
den dién tu, transistor, diode ...

Xét mdt mach dao dong diéu hoa ¢ 5o d6 khéi nhy sau :

— biéu ki¢n d€ t6n tai dao dong 12 : . |
K.p=1 =« K=
Pat f;)B =2nm .

Trong d6 : K — he s6 khuéch dai. = s ﬂ -~ fe—

B — he s6 héi ti€p .
Pk — gbc di pha cia bo khuéch dai,

Hinh 6.1

¢p — gdc di pha clia mach héi ti€p.
~0On dinh bién d¢ dién 4p dao dong :
+ Han ch€ bién d¢ dién 4p ra bing céch chon tri s6 nguén nudi thich hop.

+ Dich chuyén diém 13m viéc trén dac tuyén phi tuyén ciia phdn tir tich
cyc nhe thay déi dién 4p phan cyc d3t 1én cyc diu khién cda phén tir
khuéch dai.

+ Dung mach héi ti€p phi tuyén hosic phén ti hiéu chinh, vi du dién try
nhiét, dién trd thong clia diode.
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~6n dinh t4n s6 dao d¢ng :
+ Diing nguén 6n 4p.
+ Diing céc phdn tir ¢6 he s6 khuéch dai nho.
+ Diing c4c linh kién ¢6 sai s6 nho.
- -+ Ding c4c phan tir én dinh nhiét.

N6i chung, mach dién cia bé dao dong c6 thé mic theo ki€u nhu sau

— Mach dao dong ba di€m dién cam.
- Mach dao dong ba diém dién dung.
— Mach dao dong ghép bién 4p.
— Mach dao déng déi pha.
— Mach dao dong cdu Wien.
— Mach dao dong cOng hudng.
Ngoai ra con c6 cac mach tao dao dong ding thach anh.

6.2. MACH TAO DAO DONG BA DIEM

6.2.1. Mach tao dao déng ba diém dign cam

Hinh 6.2a 12 so d6 nguyén 1¢ cha mach dao dong theo kidu ba diém dign
cam. Hinh 6.2b 13 so 46 trong duong clia nd. L va C tao thanh mach dao dong
dugc méc giira collector — base, ching quyét dinh tdn s6 1Am viéc cla b dao
dong. Loi dung dic diém 12 dién 4p & hai ddu cudn cdm l¢ch pha nhau 180°,
qua diém rdt ddu ra trén cudn cdm s& c6 mot phédn dién 4p héi ti€p dua vé
gilta emitter — base cla
transistor khién dién 4p hdi
ti€p vé base thod mién diéu
kign hdi ti€p duong va
mach c¢6 thé dao dong. /

Dién trd R, khodng 500Q "

ding dé én dinh ch& d¢ 0

lam viéc cho transistor.

Néu vi mot nguyén nhén

ndo d6 lam cho bien do )

dao dong tang ddng din Hinh 6.2. So d6 nguyén ly mach tao dao
: dong ba difm dién cim
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emitter cling tang, di¢n 4p sut trén R, s& ting ]dm cho bien d¢ dao dong gidm
xudng. Ngmj'c lai, n€u bién 4¢ dao dong gidm nho, sut 4p trén R, cling gidm
nhd, 1am cho bién d6 dao dong ting lén. Nhu vay mach di thuc hién duge ty
dong 6n dinh. Dién tré Ry, khodng 50kQ.

6.2.2. Mach dao déng ba diém dién dung

Hinh 6.3a 1a so d6 nguyén 1y clia mach dao dong ba diém dién dung.
Trong d6 L va C tao thanh mach dao déng, ching quyét dinh tin s& 1am viec
cha bo dao dong. Di¢n 4p trén mach cong hudng LC qua cic tn phan 4p Ci=
C, = 22pF dua di¢n 4p héi 1i€p trd vé giita emitter — base clia transistor, nhur
vdy dién 4dp & colecter va base s&€ léch pha nhau 180° thoa man didu kién vé
pha d€ c6 thé dao dong. Cic dien trd Ry = 500Q, R, = 50k, Ry = 100kQ
didng d€ dinh thién va én dinh ché d6 1am viéc cho transistor. Céc ty dién C;,
C4 déu 1a ty thodt cao tdn, tri s6 khoing 0,01puF. Transistor dugc mic theo
mach base chung. Hinh 6.3b 12 so d6 tuong duong.

Hink 6.3. Mach tao dao dong ba diém dién dung

6.3. MACH DAO DONG GHEP BIEN AP

Mach dao déng kiéu gi)ép bién 4p (hinh 6.4a). Dién 4p trén mach dao
dong LC dugc hdi ti€p mot phén qua cuén ghép Ly, dua vé base. Néu cic
cudn L va Lgy, déu dugc.quin cing chidu va khi ddu cha cudn L, ndi vao
colecter, cudi caa cudn L;, n6i vao base thi di¢n 4p héi ti€p vé base s& léch
pha véi dién 4p & colecter 180°, thod man diéu kien vé pha dé c¢6 thé dao
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dong. Néu bién d¢ dién 4p hdi ti€p vuat qué tri s6 gidi han thi dao dong sé
xulit hién va dugc duy trl. Trong mach hinh 6.4a vi hai cudn day L va Lgh
quén nguge chiéu do d6 s6 diu day 1, 2, 3, 4 méc nhu vy 12 ding.

Hinh 6-4. Mach dao ddng ghép bién dp

Mach dao dong LC khong chi dugc mic & mach collector ma cdn cé thé
mdc & mach base nhu cdc hinh 6.4b, ¢ vd méc & mach emitter nhu hinh 6.4d.

So sanh gilta c4c mach dién 6.4b v2 6.4c ta thiy nguyén 1y 1am v1ec nhu
nhau nhung chiing c6 nhitng diém khéc nhau cuy thé nhv sau :

Hinh 6.4b diing mét cudn day riéng blét Ly d€ ghép v4i L dua dién 4p héi
~ ti€p vé base ; hinh 6.4c. Dién 4p héi tle’p 14y trén cudn cam L dé dua dién 4p
héi ti€p vé base. -

+ Céc cuén day Ly, trong mach colecter cla hai mach dién n3y phai méc
dao ngugc ddu nhau nhy trén hinh vé thi méi c6. thé dao dong dugc.

Mit khic vi trd khing vho cha transistor rit nhd, nén méc toin bd mach
dao dong LC song song v6i mach vio cla transistor thi h¢ s6 phdm chit Q cia
mach dao dong s& gidm nhiéu, khé duy tri dugc dao ddng. Bai vay chi duge
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mic v3do mot phan ciia cuén cam L hoic dung mdt cudn day L c6 s6 vong rit
it &€ ghép v4i mach dao dong.

Diém 1am viéc cha transistor cé quan hé dén tdn s6 1am viéc cla bo dao
déng, vi di¢n dung vio va dién dung ra cia transistor bi€n d8i phu thuoc vao
di€m lam viéc cia né, ma cdc tri s6 dién dung ndy lai 1a mot bo phén cla
mach dao dong, do dé phai ghép 1dng transistor v8i mach dao dong d€ nang
cao d¢ 6n dinh t4n s6 va phai fim cdch 6n dinh t6t nhét cho diém lam viec cha
transistor. Thudng thudng chon dong colecter cla transistor dao dong ngoai
sai vao khodng 0,2 + 0,5 mA. Néu transistor ¢é tdn s& cit thdp thi dong
collecter pha1 chon cao hon mot chiit.

6.4. MACH DAO PONG DOI PHA

Mot vi du vé mach tao dao dong
ddo pha ding phuong phdp héi tiép co
ban 13 mach dao d6éng dio pha. Mot
mach dao dong dio pha ly tudng nhu
hinh 6.5. D& tdn tai dac dong thi yéu
cdu BK = 1, va su thay ddi vé pha cia
phin héi tiép 1a 180" (cung cép héi
ti€p duwong). Trong diéu kién 1y tudng,

+
xét ngudn cip cho mit héi tiép 1\5 mot < . Ry Ry
ngudn 1y tudng (dién tré trong bing 0)

TN
p

+

r";w

va d4u ra cha mit héi tiép duge néi
v6i mét tai 1y tudng (tdi cé trdy khdng
v6 ciing 16n). Khi didu kién 1y tudng _
nhir trén duge thyc hién ta xem xét va Hinh 6.5. B dao dong d6i pha
tinh todn mach d6i pha sau :

Tin s6 ma tai d6 pha thay ddi ding 180° 12 -
1
2RCV6

1

[3='2—9-

f=

lic ndy sy thay déi pha 12 180°.
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D€ cho he s§ khuéch dai vong B.K 16n hon 1, thi hé s6 khuéch dai cia
tdng khuéch dai phai 16n hon 1/ hodc 29 :

K >29

Khi xem xét hoat dong ciia mét hdi.tié'p, mot diéu cén chd ¥ 13 gid tri R va
C : M6&i mét dao dong R va C s dich pha ja 60°.

6.4.1. Mach dao dong ddi pha dung FET

Hinh 6.6a cho ta thdy mot mach dao dong ddi pha diing FET ta sit dung
thong s6 g, va ry. J mot ting khuéch dai ding FET, hé s6 khuéch dai duge
tinh to4n 12 |K| = g,,..Ry

Ve
LVDD
Re

< Rp

Ry J

s_!— G fd
Ry
.
> Rs |+ Cs Re Ce
—
= 21:3 BRC

-1 1
f ZRC B+ HRCIRY =L
(. )
t+—i¢ +1{ +=& —AN—] ¥ +E"
c %R ¢ % ¢ ¢ c R © < C
gn R

Hinh 6.6. Mach tao dao dgng d8i pha trong thyc t&
a) ding FET ; b) dung BJT

O day R, dugc tinh nhu sau :

R, = RDrd
L RD +14

Ry la di¢n trd song song ca Rp va rg.

Gia sit trd khdng vao cha tdng khuéch dai ding FET 12 v cing 16n.
Néu thira nhan diéu ndy tic 12 tdn s6 hoat dong du thip do d6 phai tinh dén
dung khédng cha FET. Dién trg ra ciia tdng khuéch dai Ry nén nhd hon so véi

202



tr& khdng vao caa mét héi ti€p, do d6 xuit hién su suy gidm tai. Trong thyc t€
nhimg vén dé trén khong ddng chi ¥ nhiéu 14m, hé s¢ khué&ch dai cha ting -
khu&ch dai lya chon 16m hon chi s8 cho phép 1a 29 d€ dam bao diéu kién
dao dong.

Vidul:

Hay thi€t k€ mot bo tao dao dong dbi pha (hinh 7.6a) sit dung FET c6
gm = 5000 uS, ry = 40 kQ, va tr¢ khang ciia mach héi tiép 1a R= 10 kQ. Chon
gid tri C sao cho bo tao dao dOng dao ddng tai tdn s6 | kHz va Ry hodc K >29
dé dam bao diéu kién dao dong,.

Gidi : |

Tinh todn gid tri tu tir phuong trinh
_ ! -1 _- ! = 6,5nF
2nRCV6 2nRev6  (6,28)(10 x 103)(1 x 10°)(2.45)

f=

Tinh R : gid sit K = 40 (diéu ndy ch4p nhan dugc véi tdi nim giia
khoéng Ry va tré khdng vao ctia mét héi tiép)

Al = g8mRp

Ding cong thic trén ta tinh duge Rp = 10 kQ.

6.4.2. B tao dao dong ddi pha ding transistor

Né&u transistor duge ditng nhu mét phdn tir tich cyc cia tAng khuéch dai,
ddu ra clia mit héi ti€p 12 mot ti khé I6n do trd khdng vao (k;,) clia transistor
kh4 thap, & day sir dung tdng khué&ch dai emitter chung. Néu tdng khuéch dai
transistor don Ia 1 tudng thi sit dung dién 4p héi ti€p 1a thich hop hon (hinh
6.6b). Biing viéc k&t néi nay tin hiéu héi ti€p dugc ghép thong qua dién-tré héi
ti€p R’ méc néi ti€p v4i dién trd vio cha ting khuéch dai (R,).

Cu6i ciing ta c6 tdn s6 dao dong 1a : -
1 1

f=
2nRC
=

R
Dé t6n tai dao dong thi he s6 khuéch dai dong tim dugc :

R  R¢
h —_—
fe > 23+ 29 Re TR
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6.4.3. Mach dao dgng déi pha ding IC

Ngay nay mach dién ding IC d4 trd nén khé phé bién, né rit thich hgp dé
di€u khién mach tao dao dong. Chi céin mot bo khuéch dai Op—amp ta di cé
h¢ s6 khuéch dai 6n dinh két hgp véi mot vai phuong phép héi tiép ta s& c6
mot mach tao dao dong . Hinh 6.7 1a mot mach dao déng déo pha ding IC.
Mach nay dung ba ting Ry
héi ti€p RC dé sy chuyén M
pha cén thiet 13 180° (véi R
chi s suy giam 13 1/29),
thi hé s& khuéch dai cua

c C C
—-ﬂ + + .
R R R
dién tr& R; vd Ry) phai 1

op—amp (dugc dat bdi
Ién hon 29. Lic nay mach
tao ra duge tin s6 dao Hinh 6.7. Tao dao dong ddi pha ding IC
1

2MRCV6

dong theo cong thic f =

6.5. BO DAO DPONG CAU WIEN

Mot b dao dong trong thuc t€ 12 dung khuéch dai thuit todn va mach ciu
RC, vdi tin s6 dao dong duge xdc dinh bdi R va C. Hinh 6.8 cho thiy mot
mach ciu Wien co sd.

Tin hiéu ra

Hinh 6.8. B) tao dao dong cdu Wien

Bo qua hi¢u qua cia trd khdng vao va trd khéng ra clia bo khuéch dai
thuét todn, phan tich mach cfu ta ¢6 két qud 12 :
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B.RK,G
R, R; C
" 1

- Zﬂ\lecle(:z

Trong trudng hop dic biet Ry = Ry = R v C; = C, = C thi t4n s6 dao

dong sé 1a ;
£ = 1
07 2aRC
va Bi =72
R4

Nhur vay ti s6 cia Ry va Ry 16n hon 2 du diéu kién d€ tinh todn tén s6 dao

dong theo cong thiic f, = SRC

Vidu

* Tinh toé4n tdn 6 cOng hudng ciia mach cdu Wien sau hinh 6.9 :
Gidi :

St dung céng thitc trén ta c6 :

1 .
~ 21RC  2m(51x 10%)(0, 001 x 1075)

fo = 3120, 7kHz

* Thiét k& mach cdu Wien theo hinh 6.9 d€ c6 tin s6 dao dong fy = 10 kHz.

Voo

Biura
| 0.001uF
c, L R “Vee
AN
Ry 300 k2

100 k2

Hink 6.9. By tao dao dong cdu Wien
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Gidi :

St dung gi4 tri can bing R va C ta chon R = 100kQ va tinh todn gid tri C
theo cong thitc trén ta c6 : :

__ 1 _ 1 _ 107
- 2mfpR - 6,28(10x10°)(100x10%) 6,28

C

= 159nF

Ciing c6 thé sl dung R; = 300 kQ va Ry = 100 kQ dém béo ti s6 R3/Ry
16n hon 2 dé mach c6 thé dao dong.

6.6. MACH TAO DAO PONG CONG HUOGNG

Mach tao dao dong cOng hudng
ddu vio, cong hudng ddu ra.

Sy da dang cua mach dién
nhu hinh 6.10 bing viéc cung c4p
khung cong hudng & ca diu vao X4 ' X2
va ra cua mach dién. Phan tich
mach dién hinh 6.10 thu dugc cic Xa
bo tac dao dong khi thay déi cdc
" phén tit dién khang.

Hinh 6.10. Mach tao dao dong cong hudng co ban

6.6.1. Bd tao dao dong Colpitts

6.6.1.1. Bé tao dao déng Colpitts dung FET

Mot mach dao dong Colpitts
ding FET trong thyc t€ nhu hinh
6.11 . Mach dién ¢6é dang nhu mach
hinh 6.10 v&i mot vai phdn t cén
thi&t dé phan cuc cho tdng khuéch
dai FET. T4n s& cta b tao dao
dong la:

Hinh 6.11. Mach tao dao dong
CiCy Colpitt ding FET
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6.6.1.2. B¢ tao dao dong Colpitts ditng transistor
Bo tao dao dong Colpitts dung transistor nhu hinh 6.12. T4n s6 dao dong

ciia mach nhu cong thitc phan trén.

Vee

R¢ = 100kQ
oy
+Vcc

E Vo R, = 10kQ2
‘N'
+ o OUt

o\

R S -
CC < o
#E B ~Cee
Re 3 At JE:
«£ RE + CE C1 l-._ Cz
LYY

Hinh 6.12. Mach tao dao dong Hink 6.13. Mach tao dao dong
Copittsl diing transistor ' Colpitts diing IC

6.6.1.3. Bd tao dao dong Colpiits ding IC
B¢ tao dao dong Colpitts ding IC nhu hinh 6.13, tdn s6 dao dong do mét

héi tiép L.C quyét dinh va dugc tinh theo céng thitc phdn 1.

6.6.2. B$ tao dao dong Hartley
Mach tao dao dong Hartley 1a mach ba diém dién cidm theo hinh 6.10 thi

X; va X, 12 cam khédng con X; 13 dung khdng.

. 6.6.2.1. Bé tao dao déng Hartley diing FET
B¢ tao dao dong Hartley ding FET nhu hinh 6.14. Mach dién ¢6 mit héi
ti€p nhu mach cong hudng hinh 6.10. Chi ¥ ring dién cdm L, L, dugc ndi
chung, cdm dng tir giita chiing 12 M Téan s6 dao ddng cia mach nay dlIQC tinh

theo cong thic sau :
1

Ly
Ltd = Ll + L2 +2M

fo =
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Hinh 6.14. Mach dao dong Hinh 6.15. Mach dao dong
Hartley ding FET Hartley diing transistor

6.6.2.2. B6 tao dao déng Hartley dung transistor

Hinh 6.15 12 bg tao dao dong Hartley ding transistor vdi tdn s& dao dOng
dugc tinh theo cong thic :

1

2n4 LaC

fo =

6.7. CAC MACH TAO DAO PONG DUNG THACH ANH

Khi yéu ciu mach tao dao dong c6 tdn s& dn dinh cao ma ding cdc bién
phdp binh thudng nhu én dinh nguén cung cdp, én dinh tdi,... vin khong dam
bdo dugc d¢ 6n dinh tdn s6 thi ding mach
thach anh d€ én dinh tdn s6, vi thach anh ¢6
tinh chdt rat dang quy la do bén co hoc cao, it
chiu 4nh hudng cta nhiét 4o, 46 4m va cdc tic A

L.

A

dung hod hoc.

_ L
Thach anh cé tinh chdt 4p dién, nghia 2 &= ™

[+

=
dudi tic dyng cia di¢n trudng thi sinh ra dao T .
dong co hoc va nguge lai khi ¢6 dao déng co B
hoc thi sinh ra dién tich, do 46 c6 thé dung | | .
thach anh nhuy mét khung cong hudng. Tinh

chdt dao dong cua thach anh dugc biéu dién gy 6 6. S0 46 quy ube va s 46
bdi so d6 twong duong sau : i twong duwong cda thach anh

Cc
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Thach anh ¢6 kich thuéc cang | .| W ~
nho thi L, C, R cdng nhd nghia 12 iL! At

t4n s6 cong huémg rieng cia né o Mot bi¢n phép dé thay déi tdn s6
cang cao. cOdng hudng rieng clia thach anh

Dé thay déi tén s6 cong hudmg riéng cla thach anh ngudi ta méc néi tiép
n6 véi mot ty xoay nhu hinh 6.17.

Sau day 12 mot s§ bo tao dac dong diing thach anh.

6.7.1. Mach cdng hudng néi tidp

D¢ kich thich phdn tit thach anh hoat dong trong mach cOng hudng néi
ti€p, ngudi ta méc n6i ti€p phan tir ndy v6i phan tir héi ti€p. Tai tdn s6 cong
hudng néi ti€p cha thach anh tr& khéng ciia né 12 nhé nhat va héi ti€p duong 1a
16n nhat. Mach di¢n nhu hinh 6.18. Dién trd R , R, 12 cfu phéan 4p cho cuc B
cila transistor.

g Ucc _
% RFC
>|(TJ'I\|- Ce ' ; RFC
I o Qut XTAL
Ry [II R ) Ce
Y _||]I__*|H"' o
I
Rz
Re % .-i-R Ce : Rc:

Hink 6.18. B 130 dao d¢ng thach anh diéu khién bing hdi tiép noi tlép
a) Sir dung BIT ; b) Sir dung FET

Cugn RFC cdp dién &p mot chiéu, ngin khong cho tin hiéu xoay chiéu
trén dudng cong sudt anh hudng téi tin hitu ra. Héi ti€p diong tir cuc collector
vé cyc base 1a I6n nhdt khi tré khing clia thach anh 13 nhé nhét (khi cong

~ hudng n6i tiép), trd khdng ty C, tai t4n s6 dac dong 12 khong d4ng ké nhung

né ngin khong cho dong mét chiéu di tir cuc collector dén cuc base.
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K€t qua 12 tdn s§ cOng hudng cla mach dao dong da duge x4c dinh bing
tdn s6 cong hudng ndi ti€p cha thach anh. Thay ddi dién 4p cung c4p, théng s6
clia transistor thay d8i nhung khong &nh hudng dén tin 56 dao dong, tdn s6
dao dong duge git 4n dinh nh& phén ti thach anh,

6.7.2. Mach cdng hudng song song

Khi thach anh cOng
huémg song song thi trd
khdng cia mach dat gia tri
16n nhét. N6 duge két ndi

nhu hinh 6.19. Tai tdn s6

hoat dong cba mach cong
huéng song song, phlﬁn e
thach anh dugc coi nhy 13
mot phdn tr dién khéng
l6n nh4t. Hinh 6.19 duge
mic gdn gi6ng nhu mach
Colpitts. Dién 4p phan cyc
moét chiéu 16n nhdt duge
ting lén khi di qua phin tir
thach anh tai tdn s6 cOng
huéng song song cia né.
Pién 4dp duge ghép t6i
emitter bing dién dp & bo
chia dién dung C; va C,,

B tao dao dong Miller
ding phdn tlit thach anh
nhr  hinh 6.20. Khung
cdng hudng LC duge didu
chinh gidn t4n s6 coOng
huéng song song clia thanh
anh,
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Hinh 6.19. B) tao dao dong thach anh diéu khién
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anh dung IC nhu hinh 6.21.
Phan tlr thach anh dugc méc
n6i tiép trén dudng hoi tiép.
Mach nay ¢6 hé sé khuéch dai
16n va c6 song ra hinh vudng
nhd sir dung mot cip diode
zener dé bién do dién 4p ludn
bang dién dp cha diode (V)

P W M =

. 6.7.3. Bd tao dao déng thach anh dung IC Re

A A

B4 tao dao dong thach 100 kQ

+Vee

R;
AN =
_J_ 1kQ out

= +
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Hinh 6.21. Mach dao ddng thach anh ding IC

CAU HOI VA BAI TAP CHUONG 6

. Nguyeén tic dé€ 18n tai dao dong la gi ?
. Neu nguyen 1§ hoat dong ca mach tao dao dong ba diém dién cam dién dung ?
. Néu cdu tao va nguyén Iy hoat dong ctia mach dao déng ghép bién &p ?

. Mot mach dao dong d6i pha dung FET ¢6 g

=6000ps, 14 =300k va dién
trd n6i ti€p R = 12kQ) dé dao dong tai tdn s6 2,5kHz. Hiy tim gid tri tu C ?

. Tinh todn tdn s6 dao dong cda bd taoc dao ddng déi pha dung BIT véi

R = 6k, C = 1500pF va R =18k ?

. Tinh todn tin s& clia bo tao dao dong cau Wien khi R = 10kQ2 vd C = 2400pF ?
- Mot bo tao dao dong Colpitts nhur hinh 6.11. Hay tinh tdn s8 dao dong biét rﬁng

C; =750pF, €, =2500pF va L = 40uH ?

. Cho b tao dao dong Colpitts dung transistor nhit hinh 6.12. Hay tinh tan 56

dao d¢ng bi&t rdng : L = 100uH, Lggc=0,5uH ; €, =0,005uF ;

C,; =0,01uF va C¢ =10pF.

. Tinh todn tdn s6 dao dong ciia bd tao dao dong Hartley ding FET nhu

hinh 7.14 véi cac giad tri duge cho nhu sau
Ly =15mH vaM =0,5mH ?

: C=250pF ; L, =15mH ;

10. Tinh todn tdn s6 dao dong cia bo tao dao dong Hartley dung transistor nhu

hinh 6.15 v6i cdc gid tri san : Lgpe =0,5mH ; L; =750uH; L; =750mH ;
M = 150puH va C = 150pF.

11. V& sg d6 va néu nguyén 1y hoat dong clia mach tao dao dong ding thach anh ?
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CHUONG 7
PIEU CHE

7.1. PIEU CHE BIEN bO VA PIEU CHE PON BIEN
Muc dich :

X4c dinh tin hiéu AM trong pham vi thdi gian (hién thi trén oscilloscope)
va tin s6 (hién thj phé) hogc 12 d6 thi hinh hoc (dwdi dang bidu d8 hinh hoc).

Tinh todn ti 1¢ di€u ch€ cla tin hi¢n theo cdc s6 do dudi dang séng.

Tinh todn bién tin trén hodc duéi cla tin hiéu AM theo séng mang vi tin
sd tin hiéu diéu bién.

Tinh toén cbng sudt bing tdn cia s6ng AM theo cong sudt s6ng mang va
ti 1& diéu ché.

Binh nghia thust ngit DSB, SSB va l¢i ich cta SSB thong qua tin hiéu AM.
Mét trong nhitng nguyén tic kj thust duge sir dung trong dién tir vién
thong d6 13 diéu ché. Diéu ché 12 qud trinh chuyén ddi tin tic sang dang tin
hiéu cao hon tén s6 cao hon sao cho c¢6 thé truyén tin tic t6i moi noi duéi
dang séng dién tir thong qua séng vo tuyén, diy din hodc cdp quang. Ngay

nay nhu ching ta di biét 1a néu khong c¢é diéu ché, thong tin khong thé truyén
di duge.

C6 3 nguyen 1y co ban ca truyén thong 1a diéu bién, diéu tdn va didu pha.
Kiéu diéu ch€ don gidn vi 1au d&i nhat 13 didu bien AM.

7.1.1. Phuong phap didu ché& bién dé (AM)

Tin hiéu mang tin titc nhw giong néi, hinh anh, d liéu nhi phan duge
truyén tr noi nay t6i noi khdc thong qua hé théng thong tin trung gian. Vi du
tin hi¢u &m tdn ding day din d€ truyén di xa. Cip déng truc truyén tin hicu
video giita hai diém vi cdp xodn d6i ding d€ truyén tai dit liéu nhj phan. Tuy
nhién khi khoang cich truyén tai 16n viéc ding cép khong thyc hién duge.
Trong truémg hop ndy ngudi ta ding thong tin vo tuyén.
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Dé truyén thong tin vo tuyén di xa mot cdch tin cay thi phai si dung tin
hi¢u tdn s6 cao. N&u tin hi¢u tin tic dugc truyén thing di thi cdn phaii c6 anten
dai va khong truyén di xa dugc. Phuong phép diéu ché tao ra tdn s§ tin hiéu
cao hon chita dyng thong tin ban ddu (thong tin nguyén thuy) d€ c6 thé truyén
di xa duge,

Diéu ch duge dinh nghia 12 phuong thitc bi¢n di dic diém cha mot tin
hi¢u theo dic diém cGa moét tin hiéu khéc. Tin hi¢u thong tin 12 giong néi,
hinh &nh, di¥ liéu nhi phan hay 1 tin titc khic dugc si dung d€ bién déi thanh
tin hi¢u cao tdn dé truyén di. Tin hiu mang thong tin dwgc goi 12 tin hiéu didu
ch€ va tin hi¢u cao t4n bi didu ch€ dugc goi 1a séng mang hay séng bi diéu
ché. Séng mang thudng 1a s6ng hinh sin, tin hi¢u théng tin dd 12 tin hi¢u tuong
ty hay tin hiéu sd cho phép giit nguyén hinh dang khi truyén di. Trong hdn hét
céc trudng hop thi tdn s6 s6ng mang 16n hon rét nhiéu so véi tdn s6 thong tin
16n nhét duge truyén di.

: H Séng tin hidu didu ch&

N

Séng didu ché AM -l* rr- .

b> m—n—n—n
chua bl didu ché

u ‘ ) ’
r

LY \“

L ]I e 8

Hinh 7.1. Qué trinh didu ch€ séng hinh sin

v

Budng bao

-

Trong diéu ché bién do, bien d) séng mang... bi€n ddi theo tin hidu tin
tic. N6i cach khdc, gid tri tic thdi cha bién do séng mang thay déi phu hop
véi su bi€n d6i bien do va tdn s6 cda tin hi¢u diéu ch&, Hinh 7.1 cho thiy séng
Linh sin diéu ch€ thanh tin hiéu séng mang c6 tdn 56 cao hon (khi ti€n hanh
diéu ch€ thi tdn s6 séng mang 12 khong thay ddi nhung bién d6 cla né bién
déi theo tin hiéu tin tic — tin hieu diéu ché), bién d6 cia tin hitu didu ch&
ting thi bién 40 séng mang ciing ting. Ci hai-dinh dwong va 4m cla séng
mang déu bi&n déi theo tin hiéun didu ché.

Néu dem néi lién céc dinh cba séng mang O cuc tinh duong va cyc tinh
am nhu mot dudng nét 1ién (xem hinh 7. 1). Ta s& téi tao lai dugc chinh x4c
hinh dang tin higu diéu ché. Dudng tudng twong ndy trén dang séng mang
dugc bi€t nhu mot dudng bao va né giéng nhu tin hieu diéu ché.
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Bdi dang séng phic tap SWn9bee

nhu hinh 7.1 rét kh6 v& nén "o - ché
ngudi ta thudng don gian y . ) (il
bing cdch mé 4 s6ng mang 1 ' 1

cao tdn bing nhiing doan "" mm

thing ¢6 do dai bi€n d6i cich "nfrmrﬂ[

g u

d€u nhau thé hi¢n cho bién d¢ { IUJULU ul[l””
bi€n d6i theo tin hiéu diéu

ch€. Hinh 7.2 cho thdy tin { 4 | ¥

\ ‘ N
- r‘

hiéu &m thanh hinh sin duge L
song ca? tdn truyén di. Ching Hinh 7.2. Phuong pt;ﬂp don gidn bidu dién séng
ta s& sir dung phuong phédp hinh sin cao tdn

biéu dién nay xuyén suét theo

cudn sach ndy,

Nhu chiing ta da biét tin hiéu xoay chiu c6 thé duge biéu dién todn hoc
béi mot ham lugng gide. Séng mang hmh sin dwge biéu dién bing mot bidu
thitc don gian :

u, = Uc.sin2n_fc.t
Trong biéu thic ndy u_ biéu dién gid tri dién 4p hinh sin tic thoi trong
moét chu ky, _ :
U, — bién d6 dinh (do tir di€m 0 dén di€m c6 bien do 1én nha't) ;
f. — tdn s6 séng mang ;
t — thoi gian,
Tuong tu, mOt séng diéu ché€ hinh sin ¢6 thé duge biéu dién véi mot cong
thitc don gian.
uy, = Up,.sin2nf, .t
Trong dé :
f, — t4n s§ cta tin hiéu diéu ché.

Trén hinh 7.1 ta thdy ring tin hi¢u diéu ch& ding gid tri dinh ciia séng
mang 16n hon khong gidng nhu sy lién quan giita cdc dinh. Dudng bao cia tin
hi¢u diéu ché bi€n ddi theo dinh trén hoic dinh dudi cha bién do séng mang.
Boi vay dudng biéu dién mic 0 cla tin higu diéu ch€ tring khép véi gid tri
dinh ctia séng mang khong bi didu ché. Vi Iy do ndy m6i quan hé giita bién d¢
séng mang vA tin hidu diéu ché 12 rdt quan trong. Nhin chung bién d¢ cua tin
hi¢u diéu ch€ nén nho hon bién d6 séng mang. Néu bién do cita tin hiéu diéu
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ché€ 16n hon bien d6 tin hieu séng mang thi méo s& xu4t hién. Méo gay ra sy
mat chinh x4c cia théng tin dugc truyén. Mot didu quan trong trong viéc diéu
ch€ bién 49 1a gi4 tri dinh cda tin higu diu ché phdi nhd hon gi4 tri dinh cla
séng mang.

S&r dung phuong trinh todn hoc cho séng mang va tin hi¢u diéu ch& chiing
ta s€ thi€t 14p dvgc phuong trinh todn hoc cho song da bi diéu ché&. Trudc hét
phai lvu ¥ ring gi4 tri dinh cha séng mang bign d6i timg diém theo tin hieu
diéu ch&. Gié tri cha tin hiéu dién ch& cbng hodc tri gid tri dinh cta séng
mang. Gid tri tic thoi ciia dudng bao dign 4p trén hodc dudi c6 thé duge biéu
dién bing mot phuong trinh don gian :

u =U, +u,
Thay u, bang biéu thic lugng gidc ta 6 :
u=Ug + Upp-sin2nfy .t

Tir c4c biéu thitc trén cho thdy gid tri titc thdi ca tin hiéu diéu ché dugc
cong vdi gid tri dinh clia s6ng mang. CS thé thdy gi4 tri cha u, thuc chat 13
dudng bao cia séng mang. Gis trj tdc thdi cia séng dd diéu ch€ v, nhy sau :

Uy =uy.sin2nf,
Trong biéu‘ thifc nay éié' tri dinh Icﬁa. séng mang U, dugc thay the bdi u,.
Thay biéu thifc vao U; vi khai It.lrién' ta dugc :
Uy = (Ug + Upy-sin2mtfy, 4).sin2nf .t = U SIn2Mf,.t + (Uyp SIn2nf,, 1), 5in20f, ¢
Trong d6 : .
U,.sin2nf .t — s6ng m'ahg
Upp-sin2nf .t — séng didu ché

Bi€u thic ndy gém hai phdn, phdn thi nh4t 12 séng mang binh thudng

" (khong mang tin) va phén thi hai 12 séng mang di bi diéu ch& bdi tin hitu

diéu ché. Phdn thi hai cda bidu thdc 1d dic diém cia diéu ché bien d6. Mach
dién s& phai tao ra phép nhan todn hoc clia céc tin hiéu twrong ty thich hgp 4é
lam xudt hién tin hiéu didu bien.

Mach di¢n sit dung d€ tao tin hieu AM dugc goi 12 bo didu ché. N6 c6
hai ddu vao cho séng mang va tin hiéu diéu ché, két qué nhan dwge & du ra
(hinh 7.3).
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B0 diéu ché bién d6 tinh tich s6 cha séng mang va tin hiéu diéu ché :

Thoéng tin hay
thhidudbuchd — | BO DIEU CHE » Tinhidura

Tin hidu
sdng mang

Hinh 7.3. Diu vio vi ra cha bd didu ch€ AM

7.1.2. Chi 86 diéu chd va ti 18 diéu ché

Nguyén tic dé-diéu ch& bién do (AM) la dién 4p tin hién diéu ch& U, phai
nhd hon dién dp séng mang U.. Bdi viy quan hé giita bién 49 cua tin hidu
séng mang 13 r4t quan trong. M6i quan he ndy thé hién trong gi6i han cia ti 56
dugc bi€t nhit chi s6 didu ch€ m ma con duge goi 12 hé s6 diéu ché hodc mic
46 didu ché, m 12 ti s6 gita dién 4p tin hidu didu ch€ va dién 4p tin hiéu séng .
mang : '

- Y -
AT ITh AT

U i f
m /| o 4 Wt

.,
[

Chi s6 diéu ch€ phii i
nim trong khodng tir 0 + 1. l
Néu bien do dién 4p diéu |
ch& 16n hon bién d¢ dién \ o y
4p séng mang thi m s& 16n W ¥ il
hon 1. b6 1a nguyén nhan , .
gy méo dang séng bi diéu Hinh 7.4. Méo dang khi xdy ra hi¢n tugng qud diéu ché
"ch&. Pidu nay dugc minh {Xdy ra khi bign d¢ tin hi¢u 16n hon bién 4¢ séng mang)

hoa trong hinh 7.4.

e
- L

(3 day tin hiéu hinh sin diéu ch€ bdi séng mang hinh sin nhung dién 4p
diéu ch€ 16n hon dign 4p s6ng mang rdt nhiéu. Diéu ndy duge goi 12 qud trinh
didu ché&. Nhung c6 thé thdy dang séng bi din méng gdn v6i dudng O hon.
Dudng bao clia dang séng tin hi¢u & d4u ra s& bi ct cut. Néu nhu giit cho bién
db tin hién diéu ch& nhé hon bién d9 séng mang thi méo s& khong xudt hién.
Diéu kién 1y tudng cho diéu ché bién 49 12 Uy, = U, hosic m = 1, diéu ndy lam
cho d4u ra 1y tudng nhét va khong cé méo dang tin hiéu,

Chi s6 diéu ché c6 thé dugc xéc dinh bng viéc do gid tri thyc t& ciia dien
4p diéu ché, dién 4p s6ng mang va tinh ti s (h¢ s6 truyén). Tuy nhién thudng
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tinh todn chi s6 di€u ché thong qua céc gid tri séng da diéu ché. Bat ot liic nao
tin hi¢u di€u ch€ bién do ciing dugc hién thi trén may hién séng, chi s6 diéu
ché ¢6 thé duge tinh nhu trong hinh 7.5.

1 b ry L 3

Urnaxtopy

h
U.-,,.-.-.T r‘ Uningg-p)

[
|

Hinh 7.5. Tinh todn chi s& diéu ché

Gid tri dinh cia tin higu diéu ch€ U, bing gid trj tir dinh dén diém thap
nhat cia dudng bao tin hiéu da diéu ché, duge tinh todn bing cong thifc :
Um = Umax 2 Umm
Qua hinh 7.5 ¢ thé thdy ring U, 13 gi4 tri dinh cta tin hiéu dang diéu
ché, trong khi d6 U,;, 13 gid tri thap nhat hoac doan th4p nhat cia séng da
diéu ché. Uy,, bing gid tri tir dinh t6i dinh cia tin hiéu AM hoac bing
U

max{p—p)
—-——2 .

Thuc hién phép trir U, cho Unin ta nhan duge gid tri dmh t6i dinh cia
tin hiéu diéu ché&, gia tri nay 14 gid tri dinh.

Gid tri dinh cha tin hiéu séng mang U, Ia gid tri trung binh cha U
Unpin d6ng thai duge tinh todn bing cong thiic :

U. = Umax + Umin

c >

Thay th€ cac gid tri nay vao cﬁng thitc ddu tién cho chi s& diéu ché ta s&
nhan dugc két qua :

max a

. . m= U;ﬁéx_Umin
t - Umax + Unin
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Gid tri Up,y va U, c6 thé doc thing tir man hinh may hi¢n séng va dua
thing vao coéng thirc tinh chi s6 diéu ché.

Trong thuc té€ chi s diéu ché cang gin 100% cang 1y tudng. Bing cdch
nay bién d¢ tin hiéu lén nhit s& duge truyén di, cong suat tin hiéu 16n hon
duge truyén di nhdy d6 tin hiéu dua ra duge khoé hon, d& nhan hon. Khi bién
do cha tin hiéu bién déi khong theo nguyén tic va cidch qud xa pham vi cho
phép thi khé ¢6 thé duy tri 100% diéu ch€. Tin hiéu 4m thanh, ching han nhu
su thay déi bién do clia mét ngudi nédi. Chi ¢6 dinh cia tin hiéu méi ¢ 100%
diéu ché,

Bat ¢t lic nao séng mang cing duge diéu ché bdi tin hi¢u, nhing tin hidu
mdi tai cdc tdn s6 khdc nhau dugc sinh ra nhu 14 mot phin cha qua trinh diéw
ché. Nhitng tdn s6 mdi ndy duge goi la tdn s6 bién hay dai bién, dugc xuit
hién tryc ti€p phia trén va dudi cha dai tdn s6 séng mang (hodc phé tén sé
séng mang). Ddc biét hon 12 dai bién xuit hién tai cdc tdn s6 12 téng v hitu
cla tdn s6 séng mang va tdn s6 séng diéu ché. Gia thiét tin s§ séng mang 12
f., tdn s8 diéu ch€ 1a f,, dai bién trén la fi;gg va dai bién dudi f| gg duge tinh
nhu sau : '

fusg =1fc + I

frsp="fc — I

Su t6n tai clia nhirng tin hiéu bd sung 13 k&t qua tir phuong thirc didu ché,
diéu nay c6 thé dugc chitng minh bing todn hoc. C6 thé bt ddu véi phuong
trinh cho moét tin hiéu AM, u, dd dugc mo ta truée day.

uy = U .sin2af, .t + (U, sin2nf  t)(sin2nf .t}
Bién d6i lugng gidc tich ciia hai séng hinh sin cho ta két qua :

cos(A —B) cos(A + B)

sinA.sinB = 5 5

Ap dung cong thitc ndy vio phuong trinh séng di diéu ché bién do tic
thoi cha tin hiéu ta ¢d ;
: Um Um
E,=U.sin2nf.t + > cos2mt(f, — ) - - cos2mt(f, + f,)
Séng mang LSB USB
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C6 thé thay s6 hang thi 2 va 3 clia biéu thifc trén chia téng (f, + f) va
hig¢u (f, — f,,) cta tdn s6 séng mang va tdn s& tin hi¢u diéu ché€. Phén tir ddu
tién trong biéu thic trén chi 1a séng mang dugc cOng them vao thanh phin cé

téng va hiéu tdn s6.

Theo phuong phap dai
sO ta cOng séng mang va
hai tin hiéu dai bién véi
nhau qua su mé ta dang
séng AM tiéu chudn d3
thu duge wtudc d6. Diéu
nay dugc minh hoa trong
hinh 7.6.

Vian dé nay chi rd ring
mot song AM khong chi
chita nguyén séng mang
ma con chifa ca cic tdn s6
bién. Quan sat mot s tin
hi¢u AM trén hién séng ta
c6 thé thdy sy thay déi
bién d6 cia soéng mang

AN A DA
U, sin2nft V \/ v v v \/ \/
Dai ben dsi [\ NNNNAN AN

UT’"cos2n1{fc-f,,)\/ V V V V V
!

Tin hiéu AM
t8ng hap

Hinh 7.6, Tin hieu AM 12 phép cong dai s&
cla song mang va ¢dc dai bién

theo théi gian. Day goi 1a hi€n thi trong pham vi thoi gian. Diéu dé khong

dwa ra chi s6 thuc € cha dai

diéu ché.

bién mac di né di duge tao ra trong qué trinh

C6 thé thdy duoc tin hiu dai bién
bing cdch vé d6 thi séng mang vi bién
d6 dai bieén theo tdn s6. Diéu nay dugc
minh hoa trong hinh 7.7.

$ day truc hoanh biéu thi tdn s6, truc

flse f. fusse

tung biéu thi bién d6 cha tin hiéu. Suém
cua bién d9 tin hiéu ngugc vG6i tin sd

Tans6 ___ o dugc thay déi nhim biéu thi cho pham vi

Hinh 7.7. Hién thi pham vi tin s&

cia tin hi¢u AM

cia tdn s6. Thiét bi kiém tra nhu mdy
phan tich ph8 s& hién thi pham vi tdn 6
cua tin hiéu.

Tuy nhién tin hiéu diéu ché€ phic tap hon tin hiéu hinh sin don gidn nhiéu,
s€ phat sinh dai bién tdn phia trén va phia duéi phic tap hon. Ching han nhu
tin hiéu giong néi bao gém rat nhidu séng hinh sin duge tron véi nhau tao
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thanh. Ta biét rang tin s& giong néi & trong khoing 300 + 3000 Hz. Vi vay tin
hi¢u giong néi nim trong pham vi chia gid tri phia trén va dudi cla tdn 5§ s6ng
mang nhu hinh 7.8. Cdc dai bién nay chiém mot khoang phd. Cé thé tinh todn
tdng do rong bang cla tin hieu AM béng c4ch tinh dai bién tdn 16n nhat va
nhd ahit. Piéu nay dugc thuc hién bing viéc tinh téng v hidu cha tin s8 séng
mang vdi tdn s& diéu ch& 16n nhdt. Tin s§ giong néi 16n nhét nhu & trén 13
3000 Hz hay 3 kHz. Né&u tin s6 séng mang 13 2,8 MHz hay 2800 kHz thi dai
bién t4n 16n nhdt va nhd nhat 1a ;

fusp = 2800 + 3 = 2803 kHz. 3 kHz 3 kHz

D LRV ST S, L »
fi gg = 2800 — 3 = 2797 kHz. A |
, _ | o e— :
Téng do rong bang 12 hiéu ] —={ | 800Hz ]
cha bién tin trén va dudi :
D3i bign Dai
BW = fUSB - fLSB =6 kHz. dud bidn tréea
Tir cong thic trén ta ¢6 do
rong bang clia tin hicu AM ggp '~ 3 fo for 3tz
doi tdn s6 16n nh&t cha tin higu Tén 88 >

diéu ché&. Véi tin hiéu giong néi o L
c6 tin s6 16n nhat 1a 3kHz, téng Hinh 7.8. Dai bién trén va dudi ciia tin hieu AM

doé rong bang c¢6 gia tri gdp doi
la 6kHz.

7.1.3. Phan bd cdng suit diéu ché bién dé

Viéc truyén thong tin bing séng v6 tuyén diéu bién tin hiéu duge cip cho
anten véi trd khdng rieng R. Toan bo céng sult truyén di dugc chia ra thanh
cong sudt séng mang, cong sufdt dai bién trén va dai bién dudi. Cong suit
truyén di Pr béng t6ng cia cong sudt séng mang P va c6ng sudt cha hai dai
bién Pygp va Py gp.

Pr=Pc+Pysp+Prsp
Cong sufit cua cdc dai bién phu thudc vao gid tri chi 56 diéu ch€. Ti 1&
di€éu ché€ 16n s& cho cong suit ddi bien cao hon. T4t nhién cong sudt cha daii
bién dat gia tri cyc dai khi diéu ché séng mang dat 100%. Céng suit cllia méi
dai bién Pg dugc tinh theo cong thifc sau ; .

P.m?
Pg=Prgp=Pysp = c4

Gia sir diéu ché dat 100% khi he s6 diéu ch€ m = 1 thi cong suft & mdi dai
bién c6 gid tri bing 25% cong sudt s6ng mang. V&i hai dai bién thi cong suit
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s€ bang 50% cong sudt séng mang. Vi du, cong suft song mang 14 100W, diédu

. ch€ dat 100% thi & dai bién s& 13 50W véi 25W cho méi dai. Toan bd cong

sudt dugc truyén di 12 tdng cla cong sudt séng mang va cong sudt cha 2 dai
bién va ¢o gid tri 12 150W.

C6 thé thdy ring cong suit séng mang bing 2/3 toan bo cOng suft truyén
di (gia sir cong sudt truyén duge diéu ché 100%). Vé6i cong sust séng mang 1a
100W, téng cong sudt 1a 150W thi % cong suit séng mang dugc tinh nhuy sau :

100
Pc% = m.lOO% =66,7%

- % cong sudt & cdc dai bien ciing duge tinh toin tuong tu :

Ps% = ~11.100% = 33,3%

Bin than séng mang thi khong mang théng tin. C6 thé truyén va nhan
séng mang nhung néu khong diéu ché thi thong tin s& khong dugc truyén di.
Khi didu ch& thi s& c6 cdc dai bien, didu ndy gidp cho toan bo thong tin sé&
dugc truyén di bén trong cdc dai bién. Cic dai bien chi sit dung 1/3 cong suft
truyén tai trong khi d6 2/3 céng sudt ding cho song mang. Mac di vay ta cé
thé thdy ring né kha hitu qua va vin duge sir dung rong rdi, thuc t&€ AM 12
phuong phip khong hiéu qua 14m.

Vi cdc ti 1¢ diéu ché thdp hon thi cong su4t cia cdc dai bién con 16n hon.
C6 thé tinh téng cong suit cha mbi dai bién theo céc cong thitc & trén. Gia st
cong sudt s6ng mang 1a S500W, ti 1¢ diéu ché 12 70% thi cong sudt chia mbi dai
bién s€ 1 :
_ Pem? _ 500.(0.7)2
4T s ,

Khi diéu ch€ dat 70% thi méi dai bien chi c6 61,25 W, céng suft cho toan
dai bien 1a 122,5W. Cong suit song mang s& 12 phdn cdn lai trong s6 S00W.

Mot cdch khéc dé tinh toan bo cong sust cha AM 13 cOng thic sau :

2
PTch.(l +“‘TJ

Pg = 61,25W

Trong d6 :
Pc — cong sudt séng mang khéng duoc didu ché :
m — h& s8 diéu ché.
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Trong nhiéu trudng hgp, cong sudt ddu ra khong duge do truc ti€p & mdy
phdt AM ma dugc do tir dong ra trén anten. Toan b ddng da diéu ché It duge
xéc dinh bing dong s6ng mang khong diéu ché€ I va chi s§ diéu ché :

2
IT=I _.nl._
Jiom)

Néu dong séng mang chua diéu ché 1a 4A, ti 1¢ diéu ché 12 70% thi toan

bd dongralad:
2
It = 4, #(I + OT?} = 4.4/1,245 = 4,46A.

Trong thyc t&€ viéc diéu ché rat khé dat duge ti 16 100%. Nguyén nhan la
do dac thil chia tin hiéu thong tin nhyu giong néi va hinh 4dnh khong c6 tinh 6n
dinh. Sy phitc tap clia tin hiéu giong néi va hinh anh 12 né bién déi trong mot
khodng tidn s6 khd rong, vi vay viéc didu ch€ chi dat 100% & tai dinh cia tin
hiéu diéu ché. Do diéu ndy nén cong sudt dai bién trung binh ¢é gid tri nho
hon nhidu so véi 50% khi didu ché€ 1y tudng dat 100%. Vi viéc truyén cong
sudt dai bién nhé hon thi tin hiéu nhian duge sé yée hon va théng tin kém
trung thyc hon.

Maic dii khong cho hiéu sudt cao nhung AM vin duge sir dung rOng rai vi
né don gian. N6 duge str dung & hé théng phat thanh radio AM, radio CB, phit
thanh truyén hinh va trong mot vai hé théng cha mdy bay, khi cdu va thong tin
dudng bién.

7.1.4.Théng tin dai don bién

Nhu dd trinh bay & trén, AM 13 mot phuong thitc truyén tin lang phi va
khong hiéu qua. 2/3 céng sudt dugc sit dyng dé truyén séng mang ma séng
mang thi khong chifa thong tin. Thong tin thuc chét chi duge chita dyng &
trong cdc dai bién. Cach dé khéc phuc van dé nay 1a nén séng mang. Vi séng
mang khong chtta dung thong tin ¢6 ich nén khong cé 1§ do gi dé phai truyén
né. Bing cdch nén séng mang thi két qua nhan duoc chi 1a dai bién trén va dai
bién dudi. Tin hiéu chi nhu 1 tin hiéu cé hai dai bién va séng mang da bi nén
(DSSC hoac DSB). Lgi ich clia né 12 khong mat mat cong suft trén séng mang
va todn bo cong sudt duoc st dung cho cdc dai bién. Diéu ché nén séng mang
dai bién do6i 12 mot phuong thitc don gian cia diéu ché bién do khong c6 song
mang. Hinh 7.9 m6 tad mot tin hiéu DSB dién hinh.
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Hink 7.9. Hién thj theo pham vi thdi gian cda tin hieu DSB AM

Trong d6 tin hiéu chi
don gian 1a mot phép cong
dai 568 cia hai dai bign hinh
sin, Day 1a két qua cia viéc
di¢u ch€ séng mang bing
tin hi¢u am thanh don 1&
hinh sin. Trong quéd trinh
diéu ch€ séng mang bi nén
nhung hai tin hiéu dai bien Tén 6 —_—
duge gilt Iai. Mac db séng
mang bi nén theo thoi gian
nhung tin hi¢u DSB 12 m6t séng hinh sin ¢6 tin s6 séng mang vi bién d6 big€n
déi dugc mo ti nhu hinh 7.9. Luu § ring duomg bao cia dang séng khéng
gidng tin hiéu diéu ch€ nhu & phuong phdp didu bién thudn tuy.

ot i £+,

Hink 7.10. Hién thi pham vi t4n s6 ciia tin hieu DSB

Hinh 7.10 m6 ta& mét tin hi¢u DSB bién déi theo tdn s6. Lwu ¢ rang
khoang cdch phé tao ra do tin hiéu DSB gidng quy u6c ciia tin hidu AM.

Mach dién tao ra tin hiéu DSB goi la bo diéu ch€ can bang. Muc dich cta
b6 di€u ch€ can béng Ia thic hién viéc cong va trix tdn s6 nhung loai bo thanh
phdn séng mang.

Bing viéc sir dung DSB AM thi mot lugng c6ng sudt ddng ké duge danh
cho DSB nh& séng mang di duge khir. Cong suflt ndy duge st dung cho céc dai
bién dé chiing ¢6 tin hiéu manh hon va truyén duge xa hon. Xét k¥ ta thdy tin
higu DSB khd phic tap vi théng tin g6c dugc truyén trén ca hai dai bién. Do
céc dai bien 1a cong hodc trir giita tin hiéu séng mang va tin hi¢u diéu ch€ nén
thong tin phai chia trong cd hai. Vi vay khong cé 1y do gi ma ta lai phai siy
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dung ca hai dai bien d€ truyén thong tin. Mot dai bién co th€ s& duge nén va
dai bién con lai duge goi 12 dai bién don ¢6 séng mang bi nén (SSSC hay SSB).
Hinh 7.11 cho thdy hién thi pham vi t4n s6 vi thdi gian coa tin hiéu SSB khi
tdn s@ tin hiéu 12 2 KHz v tdn s6 mang 14,3MHz.

E

-g mang

| usB
| Tin hidu SSB

hinh sin 14,302 MHz
| w___,..v-?l T Z— Tin hidéu SSB

....

14,208 143 14,302

Tén s6 (MHz) —

a) Pham vi tdn s6 b) Pham vi thai gian
Hirh 7.11. Tin hiéu SSB¢é duge tir tin hidu 2kHz va séng mang 14,3 MHz

St dung tin hiéu SSB ¢6 4 wu diém sau :

1. Tin hiéu SSB sit dung d6 rong phé chi bing mot nira so véi tin hiéu
AM va DSB. Diéu niy tiét kiem phédn 16n bang phé va cho phép truyén nhiéu
tin hiéu hon trong cing moét viing tdn s6 va lam giam sy anh hudng gilta cic
tin hiéu.

2. Toan b6 cong suat sit dung cho séng mang vd mdt dai bién danh hét
cho dai bién don con lai, tin hiéu sé khoé hon vi truyén duge xa hon, nhan
duge thong tin trung thyc & khodng cdch xa hon.

3. C6 rat it tin hiéu nhiéu. Tin hiéu nhiéu sinh ra trén dudng truyén trung
gian hoic ngay tai diu thu. Nhiéu 13 cdc dién 4p nglu nhién tao thanh tir rit
nhiéu tdn s6. N&u d6 rong biang cia tin hiéu duge gidi han mach coa mdy thu
c6 d6 rong bing hep hon thi s& loc dirgec mot lugng nhiéulén. Do tin hiéu SSB
¢ do rong bang nhd hon tin hiéu AM hay DSB nén it nhiéu hon. Day 12 wu
diém chinh trong viéc truyén céc tin hiéu y&u véi khoang cich idn.

4. ft bi anh hudng clia hién twgng pha dinh hon tin hieu AM. Pha dinh 12
hién tugng tang hay gidm cudmg do6 tin hiéu ma mdy thu duge. Diéu nay la do
c6 thé séng mang va dai bién cling mot thdi diém gidng nhau nhung v& pha thi
khic nhau. S6ng mang va dai bién c6 cdc tdn s6 riéng biét v phan xa qua tdng
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dién li theo cdc cach khdc nhau. Géc phidn xa clia s6ng mang vi dai bién tin
hi¢u ciing khic nhau va truyén t6i mdy thu bing cdch d6. Cdc tin hiéu ndy cé
thé cong hudng hosc khit nhau gay ra hién twong Pha dinh. V&i SSB, do chi ¢6
mot dai bién nén s& khong ¢6 hién tugng pha dinh nhu trén.

Mot s6 dic diém riéng cta tin hiéu SSB :

Khi.khong c6 thong tin hay khong cé tin hif_bu' diédu ché€ thi s& khéng
truyén tin hieu cao tdn di. 3 mot mdy phdt AM chudn, né vin truyén séng
mang di mac di khong diéu ché. Day 12 mot hién twgng ¢6 thé xu4t hién trong
khi di ngit ddng & tram phdt AM. Nhung v6i hé théng SSB thi séng mang
khong dugc truyén, s& khong c6 tin hidu nao duge truyén di néu khong c6 tin
hiéu mang thong tin. Dai bién chi dwgc sinh ra thOng qua qud trinh diéu bién
(titc 1a chi khi c6 tin hiéu diéu ché).

Hinh 7.11 mo ta pham vi tdn s6 va thoi gian cha mot tin hidu SSB.

Khi mot s6ng am thanh hinh sin ¢6 t4n s6 khéng déi 13 2 kHz, tdn s6 séng
mang 13 14,3 MHz. Diéu ch€ AM s& cho két qua cdc dii bien 1214,298 va
14,302 MHz. D6i v6i tin hieu SSB thi chi sit dung mot dai bién. Hinh 7.11a,
cho thély chi xudt hi¢n déi bién trén. Tin hiéu cao tdn chi don gian 1a cong sust
khong déi cha séng hinh sin c6 tdn $6 14,302 MHz. Hinh 7.11b m6 td pham vi
thai gian tin hiéu SSB.

Phdn 16n tin hiéu ma SSB truyén tai khong chi 12 séng hinh sin thuén tuy,
thong thudng tin hi¢u diu ché 1A glong néi vdi nhidu loai tdn s6 va bién do
khéc nhau. Tin hi¢u am thanh gay phitc tap cho tin hiéu cao tdn SSB, né lam
cho tdn s& va bien d¢ bi¢n dbi vugt ra ngodi viing phé di quy dinh cho khoang
bang cua tin hi¢u am thanh.

Khi khong ¢é am thanh hodc tin hiéu diéu ch€ thi khéng ¢6 SSB nio ca
(tin higu cao tdn SSB chi dugc sinh ra trong qué trinh diéu ché&). Véi AM, khi
khong c6 tin hiéu didu ch€ séng mang vin truyén di do d6 SSB lai hién qua
hon AM.

Theo cdch diéu ch€ bién do (AM), cong sudt truyén di dugce chia cho séng
mang va hai dai bién. Néu ta gia sit ring cong suft séng mang 13 100W, m =
100% thi méi dii bién s& chi€ém mot cong suft 12 25W v toan bo cong suft
truyén di s& 13 150W. Hi¢u qud truyén clia m4y phit AM kiéu ci 43 dugc thiét
1ap bing cach két hgp cong sust & c4c dai bién 1A SOW nhu vi du trén,

Tai mot miy phét SSB, do khong 'truy'én séng mang nén cong suft song
mang bing 0. N&u hai médy phét c6 hié¢u qua truyén nhir nhaw thi may phdt AM
s& tiéu t6n nhiu cong suft hon, Mot m4y phat SSB 50W s& c6 hiéu qua bing
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mot mdy phdt AM c6 téng cong sudt 13 150W mic di ca hai déu c6 todn bod
cong suft dai bién 1a 50W.

Loi vé cong sudt cha SSB so v6i AM 14 3 ;1.

Ca hai phuong phép truyén thong tin DSB va SSB déu dugc sit dung réng
rdi, Tin hié¢u SSB thufn tuy duge sit dung trong he théng dién thoai ciing nhu
hai dudng truyén SSB cho radio. Hai dudng truyén SSB st dung trong thong
tin dudmg bién, quan ddi va nhitng ngudi thich sit dung radio.

Tin hi¢u DSB dugc sit dung trong FM va TV d€ truyén hai kénh tin hiéu
stereo. Ngudi ta ciing st dung mot vai loai mi vong khéa pha dé truyén di
liéu nhi phan,

7.1.5. Cac bd diéu chd bién dd
C6 hai c4ch co ban dé€ thyc hién diéu ché bién do,

Céch thit nh4t 46 13 nhan séng mang véi he s& ting hodc gidm bién déi
theo tin hidu diéu ché.

‘Céch thd hai tron tryc ti€p hodc cOng dai sd séng mang v6i tin hiéu diéu
ch€, sau d6 ghép tin hi¢u téng vao thiét bi phi tuyén hoac mach phi tuyén. T4t
ca cic bo diéu ché bign do déu tuan theo mot trong hai phuong phép trén.

C6 thé khio sit hieu qua cha phuong phép thit nh4t bing céch tham khio
phirong trinh co ban : '

Uam = Ug.sin2nf.t + (U, .sin2xf . t).sin2nf .t
Ta c6 chi s6 diéu ché€ 12 :

U
m= Ul(l; =>U -m.UC

Bién d6i phuong trinh trén vi phén tich thanh thira s6 ta c6 :
Upp = sin2nf,.t (U, + m. U_.sin2nf, t) = U_sin2nf,.t (1 + m.sin2nf,,.t)

Tir phuong trinh trén ta thdy diéu ché bién d6 di thuc hién duge viéc nhan
séng mang voi tdng cha 1 va séng diéu ch€ hinh sin. Vay ta ¢4 thé tao ra mot
mach dién tang hay gidm theo tin hiéu didu ch€ AM dugc tao ra khi cho séng
mang di qua mach nay.

G phuong phép thit hai, ta trdn truc ti€p séng mang v6i tin hi¢u diéu ché
sau do6 diing céc dién dp nay tich hgp theo dong dién trong thi&t bi phi tuyén,

Thi€t bi phi tuyén 1A transistor trudng (FET) ¢6 dudmg dédp ing 1a dudng
parabol. Ta thdy ring dong dién trong thi&t bi nay ti 1& binh phuong vdi dién
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dp ddu vao (hinh 7.12). Khi
d6 ta n6i ring thi€t bi hay
mach dién dé c6 ddp dng
tuan theo luat binh phuong,
Viéc nang l&n luj thira bic
2 1a do cOng séng mang va
tin hiéu diéu ché€ theo
phuong trinh AM. Cic tin

hi¢u khong ¢6 ich khdc nhy Séng mang

séng hai bac hai (goi 12 san
phdm bac hai) dugc tao ra
bing mach ndy. Sir dung
cdc bo loc hodc mach diéu
chinh & diu ra d€ loai
nhitng thanh phin ngoai y
mudn nay va chi dua ra
séng mang cing vdi cic

a=hingsd

Piégn dp V

.

Hinh 7.12. Ti 1¢ giita dong dién v dién 4p cia FET

dai bién. M6i trong quan theo ham mil ndy 12 co s& cho viée diéu ché bien do,

trén va bo tao khic,

Diode va transistor ludng cyc 13 céc thiét bi phi tuyén. Cic dac tuyén cha
ching khong theo quy luat bac hai nhung chdng ciing c6 kha nang thuc hién
diu ch& bién d¢. Dic diém cla viéc st dung thi€t bi c6 quy luat bac hai (nhu
FET) 1a tao ra cdc thanh phén bic hai (hay cdc séng hai bac hai). Céc thiét bi
phi tuyén khdc nhu diode, BJT lai ¢6 sin phdm séng hai bac 3. Khi d6 bo loc
c6 thé loai bd duge thanh phédn hai bac cao. Vi vay diode va BIT rat hitu ich

cho bo diéu ch€ bién d6.
Tin hidu diéu ché

Ry

A AN

Séng mang

Vv

R,

AP

VY

vy

Rs |

r—

Hink 7.13. Didu ch&€ AM ding diode

—

Bo diéu ch€ lau ddi va don gidn nhit dugc mo td & hinh 7.13. N6 bao gém
hé théng dién tr& tron, diode chinh luu va mot mach loc LC. S6ng mang duge
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ghép v6i dién trd vao va tin hiéu diéu ch® dugc dua vao thong qua mot dién trd
khac. Tin hi¢u da dugc tron xudt hién qua R,. '

He th6ng nay cho phép hai tin hiéu trén v6i nhau mot cdch tuyén tinh,
nghia 12 duge cong dai s6. N&u ¢ séng mang va tin hiéu diéu ché déu 12 séng
hinh sin thi s& c6 k&t qua dang séng nhan dvoc tai di€m ndi hai dién tré nhu
trong hinh 7.14. Cu6i cing s6ng mang s€ tai tin hidu diéu ch€ nhung tin hiéu
nay khong phai la diéu ché€ bién d¢ ma 13 hai tin hi¢u dugce cdng véi nhau mot
cdch don gidn hay trén v§i nhau mot cdch tuyén tinh. Diéu ch€ 12 qud trinh
nhéan cht khong phai cong.

(a)Tin hidu didu ché ﬂv
b ng man A /\ A [\ /\ /\ [\ A
) senamens VAVAVAVATAVAVAY

(c) T8ng clia séng mang va
tin hidu didu ché

.(d)Dbngquadiode l\ [\[\ /\ /\ f\ /\ /\

(o) Tin higu AM ra [\/\A/\/\[\
Wty

Hink 7.14. Dang s6ng qua bo diéu ché& ddng diode

Téng hgp cic dang séng d€ cung cfp cho diode chinh lwu c6 dac tuyén
theo quy luat ham md. Diode chi thdng qua trong m6t nita chu ky séng vio

con trong nita chu ky am thi s6ng cia diode s& cit di va khong cho.tin hiéu di

qua. Dong qua diode 12 mot chudi xung dwong ma bién do bién déi ti 1¢ véi
bién d6 cua tin hiéu diéu ché (hinh 7.14d).

Cic xung duong nay duge dua vao mach cdng hudng song song LC. Mach
LC cong hudng tai tdn s6 séng mang.

Nguyen If lam viéc cina mach ¢Ong hudng nhu sau : & nita chu ki duong
chia séng mang diode din, & nira chu ki am, diode khéa. Khi diode din, dong
dién nap cho tu dién, khi diode khéa, tu phéng qua cudn cdm, do mach LC
dwgc diéu chinh cOng hudng vdi tdn s6 séng mang nén qué trinh phéng - nap
ning lugng trén LC tao ra su "dao dong” trong mach véi tin s§ va bién d¢
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~ hi¢u dich dueng duge

" Tin hiéu diéu ché -

tuong ing véi tdn s§ séng mang. Két qué 12 dang s6ng sau khi qua mach diéu
hudng 12 AM (hinh 7.14¢). He s6 Q cba mach diéu hudng di 16n dé tao ra mot
séng hinh sin c4n d6i nhung ciing khong qu4 16n d€ dai bing ciia né cdn chita
dugc dai xung duge phét ra. Coi mach LC nhu mot bg loc dii thong, c6 nghia
1a cho thanh phin séng mang va cic ddi bién di qua va loa1 bd céc th.énh phén
khong cén thiét.

Mot phuong phép di€u ch€ don gian khéc nhu hinh 7.15. N6 bao gébm mét
bo khuéch dai thuat todn va 1 transistor truémg (FET) dugc sit dung nhy mot
bi€n trd. Bo khué&ch dai thuat todn dugc két n6i nhu mot phin tir khong khuéch
dai d6i v6i tin hi¢u séng mang. He s§ khuéch dai K clia mach d6i v6i tin hiéu
tao dao dong dugc tinh theo cong thic :

Pi¢n tro héi tiép
R¢ 12 mot gid tri dugc
dinh truée trong khi
d6 R; 13 trd khéng Cy a _
cta JFET kénh N. — > , Tin higu
The hi¢u dich &m dat  Tinhiéu AM
vao cbng (B ), the ®buché @

Séng mang

dat vio cbng (BY). v

dugc dua vao cuc Hinhk 7,15, Sit dyng JFET bién 48i v3 khu#ch dai
céng thong qua tu C, dé tao ra tin hi¢u AM

ddu khong ddo (+) '
clia by khuéch dai thuat todn. Bing viéc thay ddi h¢ s6 khuéch dai cia bo
khuéch dai theo tin hiéu diéu ché ta s& cé tin hiéu didu bién AM.

Khi khong c6 tin hi¢u diéu ché, trd khéng cta FET di dugc c6 dinh do d6 .
bién d¢ séng mang & day 14 hing s6. Khi dua tin hi¢u diéu ch€ hinh sin vao,
trg khdng FET s& bi€n déi. Tin hi¢u diéu ché ddu vio 13 duong tinh s& 1am cho
di¢n tré cha FET gidm, nguge lai khi tin hiéu vao 12 Am tinh thi s& lam dién
trd caa FET tang. Viéc tang di¢n trd cda FET din dén gidm he s6 khuéch dai
clia b khu€ch dai thuat todn va nguge lai. Két qua 12 & d4u ra ciia b6 khuéch
dai ¢ tin hiéu AM. :
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Linh kién t6i han trong mach dién ndy 1a FET. Nén phan cyc¢ FET sao cho
trd khdng tir cyc méng t6i cuc ngudn cang tuyén tinh cang t6t, qua dé gidi han
cang rong. Diém 16t nhit cla dudng tuyé’n tinh c6 thé tinh trudc duge trén
doan dudng cong cia FET. Phan cyc sao cho cuc cua G ¢é thé & trong khoang
. gifta cha tuyén tinh.

Mot mach dién khéc cho ta tin hiéu FM 1a sir dung linh kién ¢6 tré khdng
nhu hinh 7.16. C4c mach dién ndy sit dung diode PIN dé€ tao ra tfn hiéu AM tai
tdn s6 VHF, UHF va tdn s6 ciyc ngén. PIN diode 12 mot loai diode silic dugc
thiét k&€ € sir dyng tai c4c tin s6 16n khodng 100 MHz. Khi phan cyc thuan,
nhitng diode ndy hoat 46ng nhu nhitng dién trd bi€n d6i. Tré khing clia diode
bi&n ddi tuyén tinh véi cudng d6 dong dién chiy qua né. Mot dong dién 16n
cho tré khing thap, nguge lai mot ddng dién nhd cho trd khdng cao. Bing
cdch diing tin hiéu diéu ch€ bién déi theo dong phan cyc thuin qua diode PIN,
AM sé& dugce tao ra.

Trong hinh 7.16a, 2 diode PIN duge d4a lung véi nhau va dugc phan cuc
thuan bai dién 4p 4m mot chidu c6 dinh. Tin hieu didu ché dugc ghép vao
diode thong qua C;. Tin hi¢u diéu ch& xoay chiu ndy x&p chéng lén dién 4p
phan cyc mot chiéu, do dé né cong hodc trir di ddong mot chiu. Trong khi d6,
né ciing 1am bién d8i tr& khidng cha diode. Khi tin hiéu didu ché€ vao 1 duong
(> 0) dit trén cuc cha diode 1dam cho: dién tr& clia né ting lam cho bién 40
séng mang qua tai gidm. Khi tin hiéu diéu ch€ 13 am (< 0) 1am cho diode phan
cuc thuan nén dién trd ciia né gidm do d6 1am ting bién dd séng mang.

Mach diéu ché ding diode PIN nhu hinh 7.16b cic diode duge néi theo
dang hinh IT,
D;
»

Dy D , Séngmang Dy D, STAl

Séng mang T4

Tin hidu diu ché_) Tin higu gy ché —

a) b)
Hinh 7.16, B) diéu ch€ bi¢n d¢ diing diode PIN
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Trong ca hai mach dién cia hinh 7.16 diode tao thanh mach suy giam bién
ddi ; ma sy suy gidm bién ddi cing v6i bien d6 cia tin hieu diéu ché. Nhu vay
mach diéu ch€ 1am gidm déng k€ lugng tin hieu, do 46 cdn phai ¢6 bé khué&ch
dai d€ khuéch dai tin hiéu AM t6i mic thich hgp. Mac da bat 1gi nhu vay song
bo di€u ch€ PIN vén dugc sit dung rong rii vi dﬂy la phuwong phép tao ra tdn s6
séng AM cuc ngin.

Céc mach dién ciia bo di€u ché vira trinh bay & trén dugc bi€t nhr mot bo
diéu ch€ mitc thdp. “Miic th4p” dugc xem nhu I3 tin higu xust hign v6i midc
di¢n dp va cong sudt khé thdp. Trudc khi truyén tin hiéu AM phai nang céng
sudit 1én. Trong mot he théng sit dung bd didu ché mitc thap, tin hiéu AM dugc
ghép qua moét hoac hai tdng khuéch dai tuyén tinh nhu hinh 7.17. Cé thé 1a
mach khuéch dai ch€ d9 A, AB, B. D4 tang cong suft mach dién t6i mic 1y
tuéng trudc khi dua tSi anten phdt, thi b khuéch dai phai 14 bo khuéch dai

khong gay méo tin hidu AM.
Anten

Y

Songmang [ pigy che | Tin hidu
bian a6
K cao tin

Tin hidu AN

dibu ché am tén

Micro l — - _
Hirh 7.17. By didu ch& mic thdp

Diéu ch€ & mic cao ciing c6 thé thuc hién duge. Khi didu ché mic cao, bo
diéu ch€ bién d6i dien dp va cong sudt & tdng khuéch dai RF cuéi cing cha
may phdt. Mot vi du vé mach diéu ch& mic cao 13 by diéu ch€ collector nhy
hinh 7.18.

Téng ra cha mdy phat 12 bo khuéch dai cOng suft cao lam viéc & ch€ do C
chi cdn nita chu ky duong ciia tin hiéu vao. Dong xung ra & collector gay ra
dao dong cho mach cong hudng tai tdn 56 ra Iy tudng. Mach cOng hudng do 46
tdi tao lai dugc thanh phén cyc tinh 4m cia tfn hiéu séng mang.
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B diéu ché 12 mot bo | N/
khuéch dai cébng suft
thing, din tin hiéu diéu )
ch& & muc thap va khuéch KD cao thn-
dai nd t6i mic cao hon. Séng mang dua vao _l':
Tin hiéu diu ch€ ddu ra — )n :
dugc ghép qua bién ap .
diéu ch& T, t6i bo khuéch
dai 1am viéc & ch€ do C.
bién 4p C,, cdp ngudn
cho mach. Khi khong ¢6  Tin hidu diéu ché BA,
tin hiéu ddu vao thi sé& D ' KD
khong c¢6 dién 4p di qua ‘ : cs j‘
cudn thi cip ctia T; do 46 Mioro
collector dugc cung cép *+Uce '
dién 4p 1 chiéu cho bo
khuéch dai lam viéc, séng
mang & diu ra 14 séng hinh sin khéng déi. Khi c6 tin hi¢u diéu ch€ thanh phin
dién 4p qua cudn thi cdp T; bi cong hodc trix di trudec khi cfp cho cuc
collector ciia Ty. Sy bién ddi dién dp cip ndy duogc dva tdi bo khuéch dai che
do C. T4t nhién bien do ciia xung chay qua T sé bién déi. Két qua I1a bien do
séng mang bi€n ddi theo tin hitu dugc diéu ch&. Khi tin hidu diéu ché & nira
chu k¥ duong thi né s& cong thém vao dién ip cép cho collector 1am dong '
chay qua T; s& 16n hon do vay c6é bién do séng mang 16n hon. Khi tin hi¢u
didu ch€ & nira chu k¥ 4m thl n6 s& triét tiéu bt ngudn c4p cho collector nén
dong qua Ty nho 1am cho bién d¢ s6ng mang nhd hon. '

Hinh 7.18. Bo diéu ch& mic cao

Vi diéu ch€ 100%, mach didu ché mic cao nén nita chu k¥ duong cia tin
hiéu diéu ch& cong vé6i dién 4p ngudn 1am cho dién 4p thong qua BA, dat vao
T, tang lén (gia thiét bien 4o dinh cba tin hiéu bing U, thi bien d¢ dinh cia
séng mang biing 2 U_.), @ nira chu ki 4m cia tfn hién diéu ché, thong qua BA,
1am cho di¢n 4p trén T, gidm xu6ng (nhu gid thi€t trén bién do dinh cda s6ng

" mang bing 0 khi & mifc chu ki 4m, tin hi¢u dat bién d¢ dinh).

Piéu nay dugce minh hoa & hinh 7.19.

Trong thuc t€ khong thé dat dirge 100% véi bo didu ché collector mitc caa .
nhu hinh 7.18. D& khic phuc duge diéu ndy d6ng thdi diéu khién tdng khuéch
dai kich hoat va tdng khuéch dai cudi cing 12 bd diéu ch€ collector. Phuong

'phép ndy duoc mo ta trong hinh 7.20.
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Ddu ra clla bign th€ diéu ch€ duge mic nbi ti€p véi dign 4p c4p cho
collector clia hai transistor diéu khién T, va T, v6i cdch méc ndy khi ning
dat dwgc 100% diéu ch& 1a ¢6 thé. Ky thuat ndy duge s dung rong rii trong
may phdt cong suét thap.

VANV
NS N/

Hink 7,19, Dé c6 hé s6 didu ch& 12 100% dinh cha
tin hiéu didu ch& phii bing Uec

Y

Téng KD lam viéc §ché 30 C _ ¥ v,
Tity hidu AM
RFC t4i anten
Q,
Sdng mang
Q4
? RFC Y

I~

N
Tin higu YN AMA
didu ché 4 ¥ y
3 [, A
e
-

+UCC

Hink 7.20, B diéu ch& Collector

Piéu ch€ miic cao t6t hon cho tin hieu AM, nhung lai yéu cdu mot mach
dién diéu ch& c6 cong suft rit cao. Thuc t&€ cOng sust cha bo diéu ch& phai
bing téng cong sudt clia bo khuéch dai ch€ 46 C véi he s6 100%: Néu bo
khué&ch dai ché d6 C cé cong sudt 13 1000W, thi bd diéu ch€ cé cong suft 12
S500W.
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7.2. DIEU CHE TAN SO (FM)

Trong FM, bién d¢ séng mang khong thay ddi trong khi d6 tdn s6 bi thay
d6i do tin hiéu diéu ché. Khi bién d¢ tin hieu thong tin thay déi, t4n s6 séng
mang thay déi chuyén tuong éng, khi bién d¢ tin hiéu didu ché ting, tin s6
soéng mang tang, néu bién dé tin hiéu didu ché gidm, tdn s6 séng mang gidm.
M6i quan hé nguge lai cling ¢6 thé duge thyc hién. Khi bién do tin higu diéu
ché thay déi lam tdn s séng mang thay ddi 1én xuéng xung quanh tin s6 trung
tam (tdn s6 trung tam 12 tdn s& séng mang khi khong bi diéu ché). Su thay déi
tan s8 séng mang duogc tao ra do tin hiéu didu ché, coi nhir sir sai 1&ch tdn s6.
Su sai léch tdn s6 cire dai xudt hién khi bién d6 tin hiéu diéu ché cuc dai.

/\ /\ {b) Tin hidu diéu ch&
\/

AN ‘“h.m“: AWAYA “I (c) Tin hidu FM
YRYRVARRL [ RELVRYR AT

Hink 7.21. Diéy ché tin s¢

Tin hiéu théng tin difu ch€ hinh 7.21 12 mot séng hinh sin t4n s6 thap. O
mitc chu ki duong, khi bién d¢ cia tin hiéu ting 1én, tdn sé cha séng mang
cling tang lén. Tdn 36 cao nh#t xudt hién tai dinh bién dé tin hiéu diéu ché.
Khi bién do tin hi¢u diéu ch€ gidm, t4n 56 s6ng mang gidm. Khi tin hiéu diéu
ché bién d¢ bang 0, tdn s§ séng mang dng v6i diém nay goi 1a diém tdn s6
trung tdm cua né. Khi tin hi¢u diéu ché€ chuyén sang ban ky am, tdn s& séng
mang gidm, t6i dinh cha nita chu ky am, sau d6 tin hiéu diéu ch€ ting dén 0,
tin sO lai ting lén.

Gia sir tan 8 séng mang 12 50MHz néu dinh bién dé cia tin hiéu diéu ch&
lam cho tdn s6 dich chuyén 200kHz, tdn s8 séng mang sé thay déi tang t6i
50,2MHz va giam t6i 49,8MHz. Toan bo bign déi 12 :

50,2 - 49,8 = 0,4 MHz.
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Trong thyc 1€ sy bign déi tdn s§ cho thdy sy dich chuyén tdn s6 séng
mang lén xudng xung quanh tdn s& trung tdm. T4n s6 cha tin hiéu didu ché
xdc dinh ti 1¢ bi€n déi tdn s6 ma khong dnh hudng téi sy bién déi bién db cia
tin hiéu diéu che.

7.2.1. Cac dai bién va cac tham sé diéu ché

Bt ci quy trinh diéu ché€ nao ciing tao ra dai bién tdn nhu trong AM, khi
mot séng hinh sin tdn s6 khong doi didu ché véi séng mang s& co hai dai bién
duge tao ra. Cdc bién tan 14 tdng va sai léch cla séng mang va tin hiéu diéu
ché. V6i FM ciing vay, céc cip bién tdn trén va dudi duoc tao ra. Phé cla tin
hi¢u FM réng hon AM. Hinh 7.22 cho mét vi du vé phé clia mét tin hiéu FM
sau khi di¢u ch€ séng mang v6i mot séng hinh sin tdn s§ don. dai bién dugc

tao ra tlr séng mang f, va tir mét tdn s6 khdc.
" Néu tin s& diéu ché a 500Hz thi cap dai bién d4u tién 12 trén va dudi séng

mang 500 Hz. Cap dai bién thit hai 12 trén va dudi séng mang 500 x 2 = 1000Hz
va tiép tuc nhu theé.

Séng mang
Dai bién dudi Dai bién trén
~ e - ~ A —
| ' ‘ ‘ ‘ ' I |
| i IR | | i
| l | I fcHm | | ,
I | fe—fm
| I | fe=2fm fc+2fm | |
| fo+3fm
| | I fc-3fm feedfm | |
| fo—4fm or5m |
| fc-5fm -
fc—6fm
Hinhk 7,22

Luu ¥ : Dai bién ¢6 thé dugec md réng tir tdn s6 séng mang ra hai phia
bang cdch cong them hodic trir di lién ti€p cdc khoing cich bing tdn s6 tin
hig¢u di¢u ché€. Néu méi dai bién duge gia sir 12 mot séng hinh sin véi tdn s§ va
bi¢n d6 nhu hinh 7.22 thi tdt ca cdc séng hinh sin nay duge cong vdi nhau dé
tao ra tin hiéu hinh sin.
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Khi bien d¢ ctia tin hiéu diéu ch€ bién déi, 40 lech tdn s6 s& thay ddi.
Lugng dai bién dugce tao ra, bién d¢ va khodng cdch phd clia né phu thudc vao
sy chénh l¢ch tdn s6 va tdn s6 didu ché. Chi § ring tin hiéu FM cé bién 40
khong déi. Néu tin hiéu FM 12 sy téng hgp clia cdc tdn 56 dai bién, c6 thé thay
ring 46 rong dii bieén bit bude phai bi&n dbi cing vdi 4o chénh léch tin s& va
tdn s6 diéu ché. Vi vay phéi cong chiing lai dé cho tin hiéu FM c6 bién do
khong déi.

Mic dit FM 1a céch thic tao ra s6 lugng v6 han dai bién trén va dudi,
nhung chi nhitng céi ¢6 d6 rong nhéit 14 ¢6 ¥ nghia trong viéc truyén tin tdc.
B4t cif mdt dai bién titu bifu nido cé 40 rong nhd hon s6ng mang chua diéu
ch€& 1% déu khong ¢6 § nghia.

Nhu ta d4 biét kh6i legng ciita dai bién quan trong va 4o rong cla chiing
phu thudc vdo téng d6 léch tdn s6 va tdn s@ diéu ché. :

Ti l& giita 36 l1&ch tdn s6 va t4n s@ diéu ché 1a chi s§ diéu ché m.

e 2
fm

fq— do léch tdn s6.
f, — tdn 5§ diéu ché.

Vi du : gia sir khoang chia tdn s6 16n nhdt cla séng mang la £ 25kHz, tdn
s6 diéu ch& 1a 10kHz. Chi s6 diéu ché sé l1a :

25 _
10

Trong phén 16n cdc h¢ thong tin sit dung FM gid tri 16n nh4t dugc dat 1én
ca khoang chia tin s@ va tdn s6 diéu ché.

2,5

Vi du : trong hé théng phdt thanh FM gid tri 16n nhit cho phép khodng
chia tdn s6 1a 75kHz, khi d6 gi4 tri cho phép 16n nh4t cba tin s§ diéu ché 1a
15kHz.

K&t qua ta c6 chi s6 diéu ché 1a:

]
LhjLn

=J.

m=

Tuy nhién khoang chia tdn s6 16n nh4t c6 thé cho phép va tdn s& diéu ch&
ién nhit duge sit dung trong tinh todn d€ tinh chi s6 diéu ch€ m, m dugc biét
nhu 13 t s6 d6 lech. -
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C6 thé thdy ring 0.77
phd cha tin hieu FM
bién déi theo d6 rong
bang phu thudc vao chi
sO diéu ché trén, chi s6
diéu ché cang cac thi 011 0.11
cho d¢ rong bing cang 0,02 0.02
I6n. Viéc bio toan phd L L
12 hét stc cdn thiet, do 8) H4 56 diéu ché = 1
rong phé cha tin hiéu
FM cén dugc cin nhic
va gi6i han bing viec 0,35 033
dit gid tri trén cia ch1 ' 022

s& diéu chinh. 0,13 0,13

0,03 0,03
Hinh 7.23 cho mot | i

vai vi du v& phd clia tin b) H§ 58 dibu ché = 2
hiéu FM véi cdc chi s6
diéu ch€ khic nhau.

0.44 0,44

0.58 0,58

Hink 7.23. Phé tin hi¢s FM

7.2.2. So sanh giira didu ché tdn s3 va didu ché bign do

Nhin chung diéu ché tin s6 c6 chdt lugng cao hon diéu ché bién do. Mac
dd ca hai phuong phip diéu ch€ déu cho phép truyén thong tin tir noi nay dén
ndi khdc. Ca hai phuong phédp déu c6 kha ning twong dwong, ¢6 d6 tin cay nhu
nhau song kiéu truyén tin téc bing FM mang lai nhiéu 1¢i ich hon.

+ Uu diém cia FM so v4i AM :

— Tinh chéng nhiéu : Nhiéu do r4t nhiéu ngudn sinh ra, bo phan ddnh lira,
chuyén mach va cdc hé th6ng thong tin khic. Nhidu bdm vio tin hiéu va lam
mit tinh chan thuc cha tin hiéu vA ¢6 thé 1am m4t hoan toan tin hi¢u. Nhiéu
thyc chét 1a su thay ddi bien do, nhung tin hiéu FM c6 bién do khong déi.
Mdy thu FM ¢6 mach han ch€ bién dé tin hi¢u nhén duge. Moi sy bién déi
bién d¢ xudt hién trén tin hiéu FM déu bi cit bd. Didu ndy khéng 1am &nh
huéng dén théng tin chita dyng trong tin higu FM. Vi tin hiéu FM chi chia
dung thong tin trong tdn s6 cla né. Bang viéc sir dung b han ché, phén ldn
nhidu s& bi cit bo.

— Khé nang loai bo nhidu : Khi ¢6 hai hay nhiéu tin hiéu FM xu#t hién
déng thoi & cing tdn s6 : Néu mot bién d6 cé bien do gdp do6i cdc tin hitu .
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khdc s& “bat giir” duge kénh ¢6 tin hi¢u khoé hon, va leai bd kénh ¢4 tin hiéu
yéu hon (chinh Ia tin hiéu nhiéu). Diu nay dugc biét nhe hiéu tng bét gitt
trong FM. Khi hai tin hiéu AM xudt hién & cing mot tdn s6, ci hai tin hiéu s&
duge nghe chung ma khong dé ¥ dén mdéi quan hé vé cuong do giita chiing.
Tin hi¢u AM c6 nghia s& khoé hon céc tin hiéu khdc, tin hiéu khoé hon s& dé
nghe hon, nguogc lai tin hi¢u yéu hon s& khé nghe hon, né duge nghe nhu 1a
4m thanh nén. Khi cudng d6 tin hieu AM gan nhu nhau, né s& giao thoa véi
nhau 1am rét khé nhan biét dau 1a tin hiéu cén thiét. Trong diéu ch& tdn s6
hi¢u Ung bdt giwr cho phép tin hiéu khoé hon vugt cao hon hin trong khi tin
hiéu y&u hon bj loai bo di.

Tuy nhién khi hai tin higu FM “khde” gdn nhu nhau hiéu tng bit giir 12
nguyén nhan gy nén sy bt git luan phién cdc tdn s&. Ban s& gap hieu img
nay khi nghe radio FM trén xe 6 t6 doc theo mot quang dudng dai. Ban dang
nghe tin hiéu FM tir mot dai phit riéng biét, nhung trong khi xe ban chay di ra
xa khot dai phdt nay, dén mot ldc ndo d6 ban s& bt duge tin hiéu tir mot dai
phét khdc & cling tdn s8 d6. Khi hai tin hiéu c6 bién d6 gin bing nhau ban sé
nghe tin hi¢u tr dai ndy sau d6 lai nghe tin hiéu tit dai khéc. Bién do tin hiéu
s€ thay ddi trong khi ban 14i xe, dén mot diém nao d6 sé c6 mot tin hiéu khoe
hon vugt cao hon hin, tin hiéu yéu hon sé bi loai bd.

— Hiéu sudt truyén tin hi¢u : Ta biét ring tin hiéu AM nhan dugc bdi hai
k¥ thujt diéu ch€ mic thdp va diéu ché mic cao. Pidu ché mifc cao ¢é nhiéu
hiéu qua hon ca, & day bo khuéch dai 1am viée & ch€ do C giong nhu mot ting
khuéch dai cao tdn cudi ciing. Tin hiéu bj diéu ch€ bsi bo khuéch dai diéu ché
cong sudt cao. Nhu vy mdy phdt AM phdi tao ra cé hai tdn s6 cao RF, cong
sudt tin hig¢u diéu ché. Nhu vay diing mot b khuéeh dai didu ch€ mic cao 12
khong thue t€, cing diéu kién nhu thé ngudi ta sit dung diéu ch€ mic thap. Tin
hiéu AM dugc tao ra & mifc thap hon sau d6 duge khuéch dai va truyén di. D&
gilf nguyén dang tin hi¢u bo khuéch dai 1am viéc & ch€ d6 A hoac B cé hién
qua cao hon ché dg C.

Tin hi¢u FM ¢6 bién do khong déi, do d6 khong cén thi€t phai sit dung bo
khuéch dai tuyén tinh d¢ nang cong sudt. Thyc t&€ tin hiéu FM thudng dugc
phait ra & mic thip sau dé dugc khuéch dai béi bo khuéch dai 1am viec & ché
46 C dé nang cong sudt. K&t qua ta c6 cong sudt cac hon béi bo khué’ch dai
1am viéc & ché d6 C cho hé s6 khuéch dai 16n hon.

+ Nhuge didm clia FM so véi AM va céch khdc phuc :

— Trong thuc t&€ FM loai bo dugc mot lugng 16n nhiéu, nhimg nhiéu vin
anh hudng dén tin hieu FM. Diéu nay dac biét ding cho tin hiéu cé tdn s6 cao.

238



Nhiéu ciing 14 mot dang ning lugng, né bao gém mot lugng 1dn céc séng hai
va thanh phén tdn s6 cao hop thanh. Nhimg tdn s6 cao niy tai mot thdi diém
nao dé ¢é bién d6 16n hon bién d6 t4n s6 cao ciia tin hi¢u diéu ché. Didu nay
12 nguyén nhan gay méo dang tin hiéu & tan s6 cao.

Dé vuot qua vén dé nay, phdn 16n hé¢ théng FM sit dung k§ thuat “tién
nhdn” (hay khuéch dai trudc — pre—emphasis) d€ loai bé nhifu & viing tén cao.
Tai méy phdt tin hiéu dugc dua qua mot he thong khuéch dai tin s6 cao nhiéu
hon khuéch dai tdn s6 thdp. Dang don gian nhét cia mach nhu hinh 7.24a.
Mach nay cho phép tang he s& khuéch dai tai ving tdn cao, 1am tin hiéu tai tdn
$6 nay khoé hon nhiéu, 1am tang ti s§ tin hiéu trén tap am, ting d¢ chon loc va
tinh trung thuc.

Mach khuéch dai trudc ciing ¢6 tdn s6 gi6i han trén f,, tai dé 46 tang tin
36 12 khong ddi. Xem hinh 7.24b. Tan s6 gi6i han trén duge tinh todn bing
biéu thifc :
Ry

f, =R, +=—2
=Ry 2mRR,C

Tén s6 ndy thuong duge dit tai mot vai gia tri cao hon t4n s§ am thanh
khoang 30 kHz.

1
A A Dléu Ché
WYY tén 56 ‘_’FM
R,
Rz b)
a}
= 3dB -
— 0dB |
"“Tach sbng| Mach han ché trute
c) __FM - out Hz kHz
Bién 84
0dB - A
—308 — |
Bép ing KB
+3dB / e
ods f—— ==,
-3dBFr - """ Bép ing
d) : han ché

t=75ms  Thnsg
2122 Hz e)

Hinh 7.24. Mach khuéch dai trudc, han ché truéc va 6 thi
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Pé tin hiéu thu duge & mifc binh thudng, mach “giai tién nhan™ (hay mach
han ché trudc — de — emphasis) duge sir dung & miy thu. Pay 13 mach loc
thong thdp vdi hiing s6 thoi gian 1a 75 ps (hinh 7.24c), né cit bd bét tin hiéu
tai viing tdn cao, 1am gidm tin hiéu tai viing tdn cao khoang 6 dB. Dudng ddp
tuyén nhu hinh 7.24d. Nhu vay mach khuéch dai trude tai may phét va mach
han ché truéc tai mdy thu bu dip cho nhau cho ta mot dutng dic tuyén tén sd
binh thudng. Sy két hgp dép dng gida bo khuéch dai trudc va han ché trudc
13m ting tin hiéu tai ving tdn cao trong khi truyén 1am tin hiéu khoé hon va ¢6
it nhiéu hon.

— FM sit dung qué nhiéu khoang ph8. Khi cdn truyén cing mot lugng
thong tin d¢ rong bang cda tin hi¢u FM rong hon nhiéu so v6i AM, mic di c6
thé chon chi s6 diéu ché& sao cho dai bang dugc sir dung & khoang tdn sé thip
nh4t, nhung d6 réng bang vin lén hon tin hiéu AM. Hon nita giam chi s6 diéu
ché chinh 14 giam tinh chéng nhiéu cda tin hi¢u FM. Trong h¢ théng radio FM
hai duémg, 46 léch tdn s6 cho phép 1a 5kHz vdi tdn s diéu ché 16n nhat 13 3
kHz. Ta c6 ti s6 d6 lech 1a 5/3 = 1,67. Day dugc coi la dai bing FM hep
(narrow band FM-NBFM).

Do FM chiém mot dai bang réng né dic biét ding cho nhiing tdn s6 rdt
cao. Thuc t&€ no it sit dung trong h¢ théng thong tin ¢é tdn sé nho hon 30MHz.
Phén 16n hé théng thong tin FM 1am viéc tai tdn s6 UHF, VHF va tin s6 séng
cuc ngin 13 nhitng khoang phd dugc chia cho tin hi¢u FM, d6 1a nhiing pham
vi phé bién, diéu nay 1am cho pham vi truyén tin clia n6 c6 gid tri hon.

~ Nhuge diém khéc cia FM 13 mach dién ding d€ diéu ch& va tich séng
qué phic tap so v8i AM, khé thiét k&€ hon 1am cho gid ca mach FM cao hon.

7.2.3. Bd didu ché tin so

Nguyén tic co ban ciia FM la bi€n d6i tdn s6 s6ng mang theo tin hi¢u diéu
ché€. Mach dao déng LC hoic mach dao dong thach anh tao ra séng mang.
Muc dich ti€p theo 13 tim cdch thay ddi tin s6 cia bo tac dao dong. Trong
mach tao dao dong LC, tdn s6 séng mang dugc xic dinh béi gid tri dién cdm
va dién dung ctia mach cong hudng. Tén s6 séng mang thay d6i tuy theo sy bi€n
ddi dien dung hoac dién cam. D€ c6 tin hiu diéu ché tan s6, cin tim mach
dién c6 sy bi€n ddi dién dp theo sy thay déi gid tri dién dung holc di¢n cam.

Khi bo tao dao dong thach anh tao ra tdn s6 séng mang, tinh thé thach anh
xéc dinh tn s6 dao dong. Chi ¥ ring mach dién twong duong cia tinh thé
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thach anh la mach LCR véi hai diém cong hudng ndi ti€p va song song. Bing

~ viéc két n6i tinh thé thach anh v6i tu bén ngodi ta s& thu dugc tdn s6 hoat dong

cta tinh thé ndy ho4c ding mot mach dién c6 dung khéng thay d6i theo dién
4p dat vao. Mot thanh phdn hay dugc sir dung 46 1a ty dién c6 gid trj bién déi
theo dién 4p dat vao (voltage—variable capacitor — VVC). Thanh phdn nay
chinh 12 diode bi€n dung hay varicap, day 12 loai diode c6 dién dung bi€n d6i

~ theo dign dp dat vao. o8

7.2.3.1. B¢ diéu ché dung diode bién dung

Hinh 7.25 cho thiy m¢t b9 diéu ch€ tin s6 co béin sir dung diode bi€n dung.
Trong d6 L;C; 12 khung cOng hudng & tdn s6 séng mang. Diode D, néi ti&p
véi tu C; ngang qua mach cdng hudng. Gid tri tu C, rdt 16n tai tdn s§ hoat
dong do d6 tré khdng cia né r4t nho, c6 thé coi nhu D, duge néi ngang
qua mach céng hudng. Khi d6 téng dung khéng ciia mach sé& 13 dung khing
cua diode D, song song v6i tu C,. Nh& d6 xdc dinh dugc tin s6 séng mang

trung tAm.
Ji' |_1

. Ry .
Khuéch dai RFC C,

H{ i 1 !

D | > | \
Micro .Cs
R2 D1

hY|
Jl+

Hinh 7.25. Diéu ché tn s6 véi VVC

C6 hai nhan t6 diéu khién dién dung cia diode D, 12 phan cyc mot chiéu
va tin hi¢u diéu ché. Trong hinh 7.25 phan cyc dién 4p cho D, céu phan 4p R,
vd Ry. Mot trong hai dién tr& nay tao nén sy bi€n déi do d6 tdn s séng mang
trung tam vugt ra ngodi pham vi hep. Tin hiéu diéu ch€ dwge ghép qua ty C;
va RFC. Ty G; 12 tu ngiin khong cho phan cyc mét chiéu 4nh hudng t6i tin
higu diéu ché, RFC (radio frequency choke) 12 cudn chin, né c6 trd khing cao
tai tdn s6 séng mang ngin khong cho tdn s6 séng mang inh hudng t6i mach
dién tin hien diéu ché. '
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Tin hi¢u diéu ché xudt phat tir micro dugc khuéch dai va dua tdi bo didu
ch€. Khi tin hiéu diéu ch€ thay ddi né lam ting hodc gidm dién 4p phan cuc
lam dién 4p cdp cho diode D, bién déi g4y ra sy bién d6i dung khdng cla
diode D,. Diéu nay lam thay déi tdn s6 s6ng mang theo yéu cdu. Gia st tin
hiéu dang & ban k¥ duong thi dién 4p phan cyc & diém A dugc cong thém vio,
lam dicde bi phan cyc nguge hon din d&€n dung kiadng cha né bi gidm gdy nén
su ting tdn s& séng mang. Ngugc lai & bdn k¥ 4m cla tin hid¢u dién 4p phan
cuc nguge cdp cho diode bji gidm 1am tang dung khing din dén tdn s6 séng
mang bi giam.

Vién dé chinh véi mach dién hinh 7.25 132 mach tao dao dong LC don giin
va khong du 6n dinh dé cung c4p tin hi¢u séng mang. Mach LC phu thuoc vao
chat lugng san phdm ciia nha thiét k&, tdn s6 dao dong cha mach s& thay déi
theo nhiét do, theo sy bi€n déi dién 4p, va cdc nhan t6 khic, do d6 bo tao dao
dong thach anh thudng dugc st dung d€ tao ra tdn s6 séng mang. Phin tit
thach anh khong chi cung cép tdn s6 séng mang c6 d9 chinh x4c cao ma tén s§
clia né con rit 8n dinh trong khoang nhiét d6 rong.

C6 thé bien déi cha bo tao dao dong thach anh bing céch thay dbi gi4 tri
tu dién néi ti€p hoac song song vdi né.

7.2.3.2. Bé diéu ché dang tinh thé thach anh

Hinh 7.26 cho thay
mit bd tao dao dong
thach anh tiéu biéu, khi
n6i néi ti€p tinh thé é
thach anh véi tu dién va
“kich” dé cho phdn tit Thach anh
thach anh dao dong véi “_
tin s& ty nhién cla né. = §
Bang viéc néi tiép diode Tin hiea
bién dung véi tinh thé diduchs
thach anh ta thuc hién D4
dugc didu ch€ tin s6 = = = -
bing tinh thé thach anh. Hink 7.26. Diéu ch€ t4n s6 ding tinh thé
Tin hieu diu ché dugc thach anh vi diode bi#n dung

ghép vao diode bién dung 1am thay déi tdn s6 dao dong.

Tin hidu
ra FM

Mot diém quan trong cdn chi ¥ trong bo diéu ché tdn sé ding phén tir
thach anh 13 pham vi bi&€n dé8i tdn s& r4t nhé. Mach diing phén tir tao dao dong
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12 LC ¢6 d¢ chénh léch tin s& cao hon. T4n s6 cha bd tac dao dong thach anh
chi thay déi t6i da 12 100 Hz so véi gi4 tri danh dinh. D6 chénh léch tin s6

“'thye t€ c6 thé con nhd hon gid tri 1y tuéng. Trong hé théng phat thanh FM
pham vi thay d8i cha tdn s6 1a 75 kHz, khi d6 phai sit dung k¥ thuat khéc.
Mach diéu ché sir dung phén tir thach anh chi dugc ch4p nhan trong hé théng
thong tin hai dudng (bang hep) — 12 hé théng ¢6 do léch tin s6 nhd hon.

Mic du c6 d9 1¢ch tdn s6 nhd nhung mach diéu ché€ diing phédn tir thach
anh vin dugc sit dung. Bing c4ch dung cdc mach nhan t4n s6 d€ lam ting do
léch tin s6 tir 24 dén 32 14n.

7.2.3.3. Bo diéu ché dién khing

Mot cich khic d€ tao ra didu ch€ tdn s 1a sit dung bo diéu ché& dién
khing. Mach ndy sir dung transistor khuéch dai 1am nhiém vu nhu 12 diode
bi€n dung. Khi mach dién dugc két néi ngang qua khung cong huéng cla
mach tao dao dong, nhd bo khuéch dai tin hi¢u bi&n déi theo tdn s6 cha bo tao
dao dong. '

Bo di€u ché dién khéng dugc minh hoa & hinh 7.26. D6 13 bé khuéch dai
1am vi¢c & ch€ do A, Di¢n trd Ry, R, 1a cdu phan 4p phan cyc cho transistor
lam viéc trong mién tuyén tinh, RFC, dung dé cung cfp tai cé trd khing cao
tai tdn s6 hoat dong.

e

; RFC,

k1]

Pl

O
=}

Tin hidu RFC, ﬂ7
Cs Ug
Rg
Ry é
3 Rs 7:03

Hink 7,27, Bo diéu ch€ ding dién khing

Chd ¥ rang collector cua transistor n6i truc ti€p vdi mach cong huéng tao
dao dong, tu C; c6 dung khéng r4t nhd tai tdn s6 dao dong. Cé thé coi nhu
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ngdn mach cuc C ctia transistor v6i d4t théng qua cudn Lg. Ta thdy ring tré
khang cta mach diéu ch€ n6i song song v6i khung cong hudng tao ra tdn s6
dao dong.

Tin hiéu dao d¢ng tir mach cong hudng duge dua tré lai mach thay déi pha
Rs Cs. Tu C, c6 trd khéng nho tai tdn s6 hoat ddng nén né khong 1am 4nh
hudmg t6i sy thay d6i pha nhung C; va Rg lam anh hudng t6i su phan cuc cia
transistor Q. Lua chon tu Cs, sao cho dién khing ciia né tai tdn s6 dao dong
gdp khoang 10 14n di¢n trd Rs. Néu dién khdng 16n hon tré khdng qud nhiéu
thi mach dién chil y€u mang tinh dién dung, do d6 dong qua Rs s& cham pha
hon gié tri dién 4p 90°. Didu nay c6 nghia dién dp cép cho cuc B cia Q; s6m
pha so vdi dién ap tir bg tao dao dong. '

Do dong & cyc C cung pha v6i dong cuc B, dong dlen d cuc C clia Q; sém’
pha hon so vdi dién 4p bo tao dao déng V mot goc 90° giong nhu mot tu dién
dugc cdp ngudn dp. Nhu vay dién khing cha bd diéu ch& gidng nhy mot tu
dién trong mach cdng hudng tao dao dong.

Tin hi¢u di€u ch€ dua t6i cyc B cua transistor thong qua tu C; vd RFC,,
RFC, ngan khong cho dong dién tao dao ddng c6 tdn s6 cao inh hudng t6i tin
hi¢u di€u ché. Tin hi¢u 4m thanh s& 1am bi&n déi dién 4p va dong dién c4p cho
cuc gbc cha Q, theo tin tic duge truyén. Ddng dién qua cuc C ciing bi€n d8i
twong ung, khi bién d6 ddng collector bién d6i, géc pha ciing thay déi theo
dién 4p cha bo tao dao dong. Nhw vay khi tin hiéu diéu ché thay d6i gay ra sy
bién ddi dung khdng cia todn mach va lam t4n s6 ciia bo tao dao dong bién
ddi theo. Mach ndy tao ra tin hi¢u diéu tin FM.

Néu dem dio vi tri cia Rg va C5 & mach dlen hinh 7.27 dong dién vén
sém pha hon dién dp tac dao ddng mot géc 90°. Tuy nhién dién 4p di qua tu
gid day lai duge ghép tryc ti€p vao cyc B cia Q,. Vi sy sip x&p nay, dién
khdng clia bo diu ch€ gi6ng nhu 12 mot phin tir dién cdm. Luong dién cim

thay déi theo tin hiéu diéu ch€ lam cho tdn s6 cla bo tan dao dong bién déi -

theo bién d6 tl’n'hieu.
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CAU HOI ON TAP

. Th€ ndo la diéu ch€ bieén d¢ ? Néu nguyen tic diéu ché bien do6 ?
. Néu c8u tao va nguyén 1y hoat dong clia mot s6 bo didu ché bien do?

3. Cong sudt séng mang & mot mdy phdt tin hicu AM 13 90W, he s6 diéu ch&

m = 90%. Hay tinh todn cong suit tdng vi cOng suft cdc dai bién duoc
truyén di ? Tinh dong dién da didu ché biét ring dong séng mang chua diéu
- ch&la3A 7

. Thé nao 1A diéu ché tdn s6 ? Néu nguyen tic didu ché tdn s6 7

5. So sdnh hai phuong phép didu ché€ bién d¢ va diéu ché tdn s5 ?

- Mach khuéch dai tru6c va han ché truée c6 tic dung gi trong v1éc thu phat
tin hi¢u FM ? Giai thich tai sao ?

- Néu cdu tao va nguyén 1y hoat déng ciia mot s6 bo didu ché tdn s6 ?
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CHUONG 8
POI TAN

8.1. LY THUYET CHUNG VE pOI TAN

Péi tdn 12 qua trinh tdc dong 1én hai tin higu sao cho trén ddu ra bd trén
tdn nhan dugc thanh phin tdng va hiéu coa hai tin hi¢u d6.

Tron tdn duge diing trong m4y thu déi tdn, nhd bd trén tdn ta thu dwge tin
s6 trung tdn khong déi.

Néu dua dién 4p tin hidu va dién 4p ngoai sai vdo giita base va emitter cda
transistor tron tdn, nhd dic tinh khong dudng thing cla né ching ta s& thuc
hién dugc viéc déi tdn va 14y ra dién 4p trung tdn trén mach cong hudng chon
loc (bién 4p trung tdn) mic & mach collector. Dya vao cdch dua dién 4p ngoai
sai vio transistor cé thé chia mach tron tdn ra 1am 3 loai mach dién nhu sau :

a) Mach tron tin dién 4p ngoai sai dwa vao base

b) Mach tron tdn dién 4p ngoai sai dua vao emitter

¢) Mach trén tdn dién dp ngoai sai dua vdo collector

b} c)

Hinh 8.1. Cic loai mach tron tin
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Mach dié¢n hinh 8.1c néi chung khéng ding vi dién dp ngoai sai dua vio
cdn 16n. Mach dién hinh 8.1a yéu cdu dién ap ngoai sai dva vao nhé, song inh
hudmg gilta mach tao dao d6ng va mach vio 16n. Mach dién hinh 8.1b tuy dién
ap ngoai sai dua vao cdn 16n hon so v&i mach hinh 8.1a nhung mach dién |am
viéc én dinh, anh hudng giita mach tac dao ddng v mach vao it hon do d6 né
dugc diing rong rii.

8.2. MOT SO MACH bOI TAN

8.2.1. Mach d&i tdn c6 b tao dao dong ngoai sai chung

Mach d6i tdn ding Lo | Ly
mQt transistor vira tao dao JL_
dong vira trén tdn con goi
la mach déi tdn c6 bo /7
ngoai sai chung nhy hinh 4 \U
8.2 va 8.3. Didu khéc
nhau gita hai mach nay Le
chi & phén tao dao dong. RS RZ_LC_ >R, 7
Trong hinh 8.2 khi xét T
vé phin tao dao dong, 1
transistor mic emitter
chung, tin hiéu cao tdn vy Uec
cdn thu va dién 4p ngoai
sai déu duge dwa vao .
base. O hinh 8.3 xét d6i s V1,
v6i phan tao dao dong, : L
transistor méic base chung,
tin hiéu cao tdn cdn thu
dua vao base con dién 4p 1
ngoai sai dua vao emitter. 7
Phdn tao dao dong & ca
hai mach déu mic theo
kiéu ghép bi&n 4p. Trong
hinh 8.2 mach céng hudng
do Ly va C; tao thanh 12
mach vao, né didu chudn : - v -Ugg

v6i tdn s6 cla tin hiéu dai Hinh 8.3, Tin hiéu ngoai sai dva vao emiter

{7
&
—

L, ¢

N
TER
r

—

o

C

A

Hink 8.2, Tin hi¢u ngoai sai dua vao base
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Ly
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phdt thanh, khi ding anten tir thi cu¢n L, dugc cufn trén thanh pherit. Néu
mdy thu c6 thém tdng khuéch dai cao tdn thi mach cong hudng L,C, s& dugc

thay bing mach ra clia tdng khuéch dai cao tdn. L, 12 cufn ghép dé dua tin

hiéu vao base ciia transistor, nd thudng duge cudn chung trén thanh pherit vdi
L;. Mach cong hudng L,C, va cudn ghép héi ti€p L, tao thanh h¢ théng dac
dong, chiing quyét dinh tdn s6 ngoai sai, tdn s6 ndy ludn cao hon tin s6 tin
hiéu mot trung tan, vi vay tu dién C, va C, phai la tu bién d6i déng truc. Mach
cong huéng do LgCs hop thanh, didu chuédn & trung tdn va chi ghép mot phén
véi transistor, do d6 ddi v4i tdn s6 ngoai sai (trén 1000kHz) c¢6 thé coi gdn
nhu ngin mach. Néu bd qua mach cdng hudng L6C5 thi mach hinh 8.3 c6 thé
quy vé mach tao dao dong.

Ry Rs?ﬁ

Hinh 8.4. Tin hi¢u ngoai sai dua vio base

Mach déi tdn c¢6 bod ngoai sai chung vita phii 12m nhiém vu tao dac d¢ng,
vira phdi 1am nhiém vu tron t4n, vi vy yéu céu transistor phéi c6 tinh nang t6t.
Néu h¢ s& khuéch dai chia tdng 46i tdn khoing 20dB thi tdn s6 cit cia
transistor vio khoing 6 + 7 MHz. Néu tén s6 cit clia tfénsistor th4p thi he s
khuéch dai cha tdng ddi t4n s& bi gidm. Mach d6i tdn diing 2 transistor, mot
chuyén 1am nhiém vu tao dao dong va mot chuyén lam nhiém vu trén tdn goi
12 mach déi tdn ¢é bO ngoai sai riéng nhu hinh 8.4 va 8.5. Trong hinh 8.4,
transistor T; 1am nhi¢m vu tron tdn, T, 1dm nhiém vy tao dao dong. Ca hai
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dién 4p tin hiéu v dién 4p ngoai sai déu cling dua vao base cua transistor tron
tdn T; (mach tron tdn dién 4p ngoai sai dua vao base). Ta thdy tin hi¢u cao tin
cdn thu dugc chon loc bdi mach cong hudng C, C, L, qua cudn ghép L, dua
vao base, con dién 4p ngoai sai tir bd tao séng do T, ddm nhiém qua cudn
ghép L, di qua L,C; réi cing dua vao base cia transistor Ty. Tin hi¢u trung
tdn sau khi tron tdn ra, duge T khuéch dai l&én va qua mach cong hudng Cs Lg
chen loc ri qua cudn ghép L, ghép sang base cla transistor khuéch dai trung
tAn phia sau.

8.2.2. B ddi tdn ¢6 mach tao dao dong ngoai sal riéng

Hinh 8.5 c¢6 nguyén 1y lAm viéc ciing nhu hinh 8.4 chi khic & chd 13
dién 4p tin hiéu cao tin cdn thu duge dua vao base, con dién dp ngoai sai lai
dua vao emitter cha transistor trén tdn T; (mach trn tdn dién 4p ngoai sai dua
vao emitter).

&
11

&
AAA

Hinh 8.5. Tin higu ngoai sai dua vao emiter

~ DG6i véi bo tron tAn viéc chon di€m 1am viéc cho transistor 12 rét quan
trong vi vita cAn doan khong dudng thing clha dic tuyén d€ tron tdn vira cdn
dat dugc hé s6 khuéch dai 16n nhdt. Néu chon dong I 16n thi hi¢u sudt tron
tdn r4t thdp vi tham chi c6 thé mdt tic dung tron tdn. N&u chon dong I, qué
nhd thi tdc dung khuéch dai d6i v6i thanh phdn trung tén lai nh6. Dong I,
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thudmg chon trong khodng 0,3 + 0,6 mA va dugc x4dc dinh cu thé trong qué
trinh diéu chinh,

v “Yee

Hinh 8.6. B) tron tin

Dién dp collector cang 16n cang t6t nhung khi qud 4V thi da gn bio ho,
¢6 nghia 13 he s8 khuéch dai cha tdng tron tdn khong tdng ién rd rét. He s6
khuéch dai ndy con c6 quan hé véi dien dp dao dong ngoai sai ; ldc dién 4p
ngoai sai tir s¢ 0 tang ddn 1én, he 56 khuéch dai ciia bo tron tdn ciing tir s6 0
ting lén nhanh chéng, khi dién &p ngoai sai vio khoing 80 + 150 mV, heé s6
khuéch dai cua b tron tdn s& 16n nhat, sau d6 dién dp ngoai sai tang lén thi hé s6
khuéch dai clia b6 trén tén lai giam xu6ng. Khi diéu chinh thirc t& ta phéi chd
¢ dén d¢ ghép tir b ngoai sai sang bo tron tdn d€ c6 he s6 khuéch dai caa b¢
tron tdn 16n nhét. Khi thiét k& ta c4n biét tr& khdng vao va trd khéng ra ciia bo
trén tdn dé quyét dinh s6 lieu mach dién ddu vio va diu ra, vi du nhu ti s6 cia
bi€n dp trung tdn. Vi bo tron tdn lam viéc & doan dic tuyén khong dudng
thing, viéc tinh todn trd khéng vao va trd khdng ra cua né rdt phic tap va di
¢6 dung nhitng phirong phdp phic tap dé xdc dinh thi ket qua cling khong that
chinh xdc, do d6 trong thyre t€ thudmg diing phuong phdp thuc nghiém dé€ xdc
dinh. N6i chung tré khdng vao clia bo bién tdn vao khoing 500 Q dén 2 kQ,
trd khéng ra vao khodng 25 + 100 kQ. Do d6 ti s6 gifta cdc cuén day thudng
diing nht sau (hinh 8.6).

l\I—l-=5+15; &=10+2S;
N, Ns

Na _7.15

N3
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dao dong lai dugc thod méan. Cu thé B

Transistor khi 1am nhié¢m vy tron tdn, dac tinh tdn s6 cha né chi yéu quyét
dinh b&i dac tinh cia ti€p gidp PN giilta base va emitter, ngodi bd phan &y ra
mach collector chi gay tic dung khuéch dai trung tdn do d6 khi xét vé mat nay
ta ciling c6 thé coi né nhu mot tdng khuéch dai trung tén. Transistor trén tdn
cén chon loai ¢6 tdn s6 cét cao hon,

Transistor khuéch dai trung tdn. Transistor d6i tdn yéu cdu tin s6 cér lai
cang phai cao hon vi né vira phdi bdo ddm tao ra dao dong ldi vira phdi ghép
vdi mach vao, t6n hao nhiéu hon. Thi du véi transistor IT401 tAn s6 cét fy 12
30 MHz, néu chura méic thém mach bi tdn s6 thi khi ding 1am d8i t4n né chi
lam vi¢c dugc tir 7 + 10 MHz, con ding tron tdn thi it nhat ciing c6 thé 1am
viéc dugc dén 20 MHz,

Khi tin s8 tang lén, hé s6 khuéch dai dong dién khong nhitng gidim ma né
con bi€n thanh s6 phic. N6i mot cich khdce khi 1am viéc & tdn s8 thép, dong
dién vao va dong dién ra 1a déng pha hodc ngugc pha ding 1800, nhung khi
lam viéc 0 tdn s6 cao xdp xi v&i tdn s& cit cha transistor thi hién twgng léch
pha xufit hién 1am dang séng méo nghiém trong va hé s6 khuéch dai gidm
rit nhiéu. N€u ta mic thém mach bit tdn s6 vio emitter goi 14 mach bi
emitter hodc hiéu dng s6 do emitter thi c6 thé nang cao tdn s6 1am viéc cia
transistor lén.

Nguyén 1§ mach bu 46 nhu sau : khi tdn s6 1dm viéc cua transistor x4p xi
v6i tdn s6 cit, dong dién collector cham pha sau dong dién base mot goc 6
(g6c © bing khoang 60° khi tdn s6 am viéc bing tdn s6 cit), dong dién trong
mach dao dong ngoai sai do dong collector kich thich vi th€ ciing cham pha so
v6i dong base, di€u d6 dua dén két qua 1a khong thod man diéu kién dao dong.
Néu bay gi dua vao mach emitter mot tai dung tinh dé cho dong dlén chay
qua d6 ludn vuot trudc dién dp mot
géc pha va diéu chinh cho géc pha
vuot trirde vita bang géc pha cham
sau cia dong collector thi diéu kién

»-Ec

trén hinh 8.7 12 diéu chinh tu dién
C, trong mach emitter ; hoic bing -

céch khdc thuan tien hon, ta khong C“I X o

néi tu thodt cao tdn Cj tryc ti€p ' ,

xudng dit ma néi qua diém nit dédu -

ra trén cudn L, cia mach vio réi

Hink 8.7. Mach b tin s6 (C; ndi dit)
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méi xudng dit, nhw vay cling tuong dwong nhr d3 mic vio emitter mot tai

dung tinh nhu hinh 8.8.

Trong cdc miy thu ddi
tdn, tdn s& ngoai sai luén cao
hon tdn s6 tin hiéu cho nén d6i
vdi dong dién ngoai sai mach
cong hudéng vao L,C; ludn
thé hién la dung tinh. Qua
viéc bl nhu vay véi transistor
7401 ta ciing c¢6 thé cho né
lam viéc d6i tdn dén tdn s6 15
MHz va ¢6 khd nang dung
transistor cao tdn v&i tdn s6
cdt khong cao d€ lip tdng d4i
tdn & bang s6ng ngin.

. £,

Py
LA

b —

T

IL

T

N
Ca

Hinh 8.8. Mach b tin s§
(C; ndi qua cudn day mach vao)

CAU HOI ON TAP

1. Hay néu nguyén ly tron tdn va cdc mach trén tdn co ban ?

a
r

2. Néu c4u tao vd nguyén 1y hoat déng clia mach tron tﬁn cd bd tao dao dOng

ngoai sai chung ?

3. Neéu céu tao va nguyén 1§ hoat dong cia mach tron tdn cé bo tao dao déng

ngoai sai riéng ?

4, Néu cdu tao va nguyéﬁ ¢ mach bi tdn 56 ?
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CHUONG 9
TACH SONG

9.1. TACH SONG AM

Bo tach séng 1a mach nhan tin hi¢u d3 duge didu ch& va khoi phuc lai
théng tin nguyén thuy ban ddu. B tich séng 12 mach then chét trong bat ky
mdy thu thanh no, thyc t& né c6 thé duge sir dung nhrr mot méy thu thanh don

gian nhat, ﬂ
“ “ A A AVAU

Tin hidu AM

L J

Tin hidu
tach sbng

Hinh 9.1. Mach tich séng diing diode

Bo tich séng AM don gian vi rong rdi nhét sit dung diode t4ch séng nhu
hinh 9.1. Tin hi¢u AM thudng duge ghép bi€n 4p t6i mach tich séng d€ tich
14y 1/2 thanh phin séng co bin. Mach tich séng bao gém D, va R, sau khi
tin hi¢u qua diode ta thu dugc cdc nira chu ky duong, diode khong cho tin hiéu
¥ ban k¥ 4m' qua. Két qua dién 4p qua R 12 mot chudi xung vuOng bién d6i
theo tin hMu diéu ché.
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Dé khoi phyc lai tin hi¢u ban ddu tu C; méc song song R, phi lua chon tu
520 cho n6 ¢6 tré khang thép tai tdn s6 séng mang, c6 tr& khéng cao hon tai tin 56
tin hi¢u diéu ché. Két qua 1a tu loc bd phan séng mang va dé lai tin hiéu ban ddu.

Hodc c6 thé gidi thich bing st phéng nap ciia tu ma ta cé tin hiéu ra bign
déi theo quy luat ban d4u nhu hinh 9.1.

Bdu ra clia bo tich séng Ia tin hiéu nguyen thuy. Vi diode tich khoi phuc
lai dudng bao cha tin hiéu AM chinh 12 tin hiéu diéu ché, mach nay doi khi
duoc goi 1a mach tich séng dudng bao.

Mach diode tdch séng co ban
c6 thé coi nhy m6t mdy thu thanh A .
hoan hio, thyc £ mot mach twong e, @
tu nhu th€ di duge st dung trong g ‘, C; A~
radio crystal trong qud khif.

Trong hinh 9.2 mach tich-
song ding diode dugc vé lai.

bé thyc hién viéc tich séng ' Dy
¢6 thé sitr dung mach chinh lwu . - —p—
nhu hinh 9.3, & day 2 diode duge
n6i véi cudn thi cip ciia bién 4p Tinhidu

Tai
= nghe

Hink 9.2, Mot radio don gidn

cao tin twong tu nhu dang mach T Tin higu d3i

chinh luu 2 nlra chu k¥, véi cich ‘.“gu ché

méc nhu trén D; sé& din tin hiéu |
trong bdn chu k¥ duong, D, din . i I

bin ky 4m. Diode tich séng nay
cho gid tri dién 4p trung binh cao
hon va dé& loc hon. Gid tri tu dién Hinh 9.3. Mgch tich séng hai nira chu ky
cdn thi€t d€ loai bd thanh phédn
séng mang 12 bing 1/2 gi4 tri dugc ding & mach tdch séng diing 1 diode.-

Uu di€m hang ddu ciia mach ndy 12 tdn s6 diéu ché& cao khong bi méo do
dao dong hay suy gidm nhu mach tich séng diing 1 diode.

Mic db phic tap hon nhung b diéu ché bién do dung transistor ciing da
duge ché tao trong nhiéu nam, trong phin 16n céc trudng hop ngudi ta khong
sit dung né. Bo tich séng diode vén dugc sit dung hiéu qué va phé bién.

9.2. TACH SONG FM

Mach tich séng diéu tdn ddu tién chuyén sy bién ddi vé tdn s6 cia tin
hi¢u sang su bi€n d8i v€ bién d¢ rdi dua dén diode dé tich s6ng bien do 14y ra
tin hi¢u am t4n ban ddu. C6 m&y loai mach tdch séng diéu tdn nhu sau :
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hiéu didu bien.

9.2.1. Mach tach séng didu tin loch cdng hudng

Néu ta thi€t k& cho tdn s§ cong ug 4
hudng ty nhién f cda mach cong hudng
song song gém L va C, léch vé phia cao _ Dang séng
hon ho#c th&p hon so v6i tdn s6 trung c sau khi tach
tam cua tin hi¢u diéu tdn (f) thi ta c6 thé Afau, T 7N
dem tin hi¢u diéu tdn chuyén thanh tin Ur

—Y

Trén hinh 9.4 ta thdy néu chon t4n
s6 trung tam f cta tin hiéu didu tdn ving
v6i di€m A 12 diém giita clia doan théng J
& v€ bén sudn cla dic tuyén cong hudng !
thi trén 2 ddu mach cong huéng s& cb |
mot di¢n 4p twong dng 12 Uy. Bay gid ta -
dua vao mach cong hudng mot tin hi€u mink 9.4. D6 thi mach téch s6ng diéu tdn
diéu tin c6 46 di tdn 16n nh4t 13 Af thi 1éch cong huémg
khi tdn s6 12 f + Af, tdn s& cang léch xa t4n s6 cOng huong ty nhién clia mach
hon, hic ndy dién 4p trén 2 ddu mach cong hudng s& gidm nhé di, tir di€m A tut
xudng diém B vi c6 bién do Ui — AU, khi tdn 56 1a f — Af, t4n s6 lai dich vé gén
tdn s6 cong hudng ty nhién cha mach hon, lic ndy dién 4p trén 2 ddu mach cong
hudng s& tang lén tir diém A dén diém C va c6 bien do 1a Uy + AUs. R3S rang
1a mach dién da chuyén tir tin hiéu diéu t4n sang tin hidu didu bién va néy dung
diode A€ tdch s6ng 14y dudng bao, ta s& 1ap lai duoe tin hiéw Am tAn ban dfu, Mach
tich séng ndy don gian nhung c6 nhuge diém 1a méo khong dudng thing 16n,
n6 chi ding trong nhitng m4y thu diéu tdn don gidn kiéu siéu t4i sinh.

fo

9.2.2. Mach tach séng didu tén diing mach léch cdng hudng ké
Dya trén nguyén ly B '
lam viéc clia mach tdch —0 2

séng di€u tin ngudi ta 3R,

: = C4 Cy L :
cdi ti€n thém mot budc, T o0—y E Dy _ ‘
ding hai mach coéng —, Co 3 — > — if

1
U
hudng riéng biet B va C 1 ?l . he

¢6 tdn s6 cong hudng ty 10— Lo Dz

nhien f, cao hon va f, | T “T $w,
thdp hon tdn s6 trung ¢ add
tam f cua tin hiéu diéu ¢

tdn (hinh 9.5). Dac tuyén Hink 9.5. Mach téch song diéu tén léch cong huémg kép
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cHng hudng cua riéng timg mach; YRa

Fy
cong hudng B vd C dugc vé bing c B
. . : ~i™ Paind
dudng chdm chidm trén hinh 9.6. 7 0 NN
Ding diode D; vd D, d€ tich séng // S : \\
riéng r&, dong dién tich séng ify va © . | I >
i¢y chay qua R, vd R, ¢6 chiéu nguoc _ Y U
nhau, do 46 dién dp & ddu ra 2-2° s& .
12 hiéu s6 clia ching vAd dugc biéu

dién bing dudng dam nét trén hinh
9.6. Dudng bi€u dién ndy chinh Ia Hinh 9.6. D6 thi mach téch séng
dudmg dic tinh S cla bo tich séng * diéu tdn léch cong hudng kép

diéu tdn, né thé hién mdi quan hé ' :

giita dién 4p ra phu thudc vio sy bién déi cha tdn s6 nhur th€ nao. Néu mach
thch séng ctia D, va D, hoan toan d6i xdng nhau khi tdn s6 trung tam cla dai
‘phat séng didu tdn khong 6n dinh, & d4du ra 2-2° s& c6 dién 4p mot chiéu
hoac duong hodc 4m twong Ung. Ngudi ta thudng 1gi dung dién 4p mot chidu
ndy dé dwa vé€ khong ch& varicap nhim ty dong diéu chinh lai t4n s6 cua bo
tao dao dong ngoai sai trong mdy thu cho phd hgp véi tdn s6 trung tdm dén
mdy phét. '

9.2.3. Mach tich séng digu tin ding mach céng hudng kép

Mach dién nguyén 1y nhu hinh 9:7. Néu & d4u vao 1-1’ ta dua vio mot tin
hiéu trung tdn diéu tdn c6 dién 4p Ey-, gilta so c&p va thi cip thyc hién ghép
16ng thi dién 4p E4y» & 2 dfiu 2-2° bén thi ¢dp dugce tinh nhu sau :

1

15,5 SN ﬂ151 'y

. 1 Y\ L
K +] (0L2 _—[D'C_z

Néu tdn s6 cong hudng ty nhién clia mach cdng hudng bén thir cfp triing
v6i tdn s6 ciia tin hiéu vio thi phuong trinh trén s& bi€n thanh :
M
(!JCzl'le

Egyr =

Eypy =- Eir

Ta thdy ngay ldc nay E,,: cham pha bing mot géc 90° so v6i Ey .. Ciing
tir nhimg phuong trinh trén ta c6 thé rit ra nhan xét khi tén s& cia tin hi¢u dua

vio thap hon so véi tdn s§ cong hudng ty nhién cla mach cong hudng ben thi
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cdp thi By, s€ cham pha
mot géc nhdé hon 90° so
voi E ;- va nguoce lai néu
tdn sO cua tin hiéu dua
viio cao hon so véi tan s§
cong huong wy nhién cha
mach céng hudng bén
thit cdp thi E5y- s& cham
pha hon 1 géc 1dn hon
90° so vdi Eyp-

out

Khi thiét k€ thod man
Hinh 9.7. Mach tich séng diéu tin
wC, diing mach cong huong.

diéu kién wLy >>

do d6 dién dp trén 2 ddu cuon L ¢6 thé coi gan ding béng E||-. Néu goi dién
ap tin hiéu trung tdn diéu tdn dat trén 2 diu diode D| 1a E,,, vi trén 2 ddu
diode D, 1a E;-,, va Cy vi Ly n6i vao diém gilta cudn day L, ta c6 thé viét :

b)f<fy C)f>fg

Hinh 9.8. Bidu dién ciic véc 1o dién dp

Trong hinh 9.8a 14 trudng hop tan 6 tin hiéu vao trling véi tdn s6 khung
cong huong cla mach ; 9.7b 1a trudng hgp tdn s6 tin hiéu vao thdp hon tan s6
cong hudng ty nhién ctia mach ; 9.7¢ 12 trudng hop tan s6 tin hiéu viio cao hon
tan sO cong hudng ty nhién cia mach. Lic ndy mac di1 tdn s& tin hiéu vio bién
doi, bien do ctia E{ -, Egy- v€ co ban c6 thé la khéng d6i, ma chi ¢6 bien do
E, ., va Eo-,, thay déi. Qua tich séng dién 4p mot chiéu ha trén céc dién trd tai
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Ry. Ry 1a Uz, va Us+yp, 1an lugt ti 1¢ thudn véi bien do cia By, va Ey ), do d6
dién 4p ra & hai ddu 3-3’ cha bo tach séng diéu tdn 12 :

URa = !U3m| - IU3’I‘I‘II = |T]E2m| - IT]Ez‘m!
Ugra = NMEpl = [Ey: h)
Trong dé v 1a hiéu suit tdch séng cla diode.

Ta thdy khi :
+  f=f IEoml = [Egopl Ur,=0
+ f<fy IEp > [Eqepl Up,= duong.
+ f>f |Eg ! < [Eq:pl Ug, = am.

Pudng dac tinh S ctia b téch séng diéu tdn ding mach cong hudng kép cé
dang nhu hinh 9.9. Ura :

Ta thay rdng mach tich séng 1
hinh 9.7 da thuc hién t6t viéc tach
song diéu tdn va doan thing cha dic
tuyén tach séng ciing khd 16n nhimg
vi dién 4dp tich séng ra khong loai trir
duge dnh hudng cla sy bi€n déi bién :

- d¢ chia séng diéu tdn do nhiéu gay ra, Tén iizg"tgn':‘a"g
vi vay ngay phia trudc né phai ¢6 ting
han bién. P4y ciing 1a 1¥ do mach nay
bi han ché sir dung rong rai.

. Hinh 9.9. Duimng dic tinh cha b tich song

9.2.4. M@ch tach séng ti s&

fo

.;“‘“

Nhugc di€ém cia ba loai mach tdch séng trén 1a khi bien do clia séng didu
tdn bi€n d6i thi & ddu ra déu c6 dién 4p bién déi tuong g, do d6 trude ting
tach séng cdn phai ¢6 tdng han bién, déng thdi dé cho han bién c6 hiéu qua
yéu cdu cic ting phia treGe phéi ¢6 hé s6 khuéch dai du 1¢én.

Mach tdch séng ti s6 ¢6 wu diém néi bat 1a vira tich séng diéu tdn lai vira
c6 kha nang han ché€ bién d¢, bdi vay hdu hét cic mdy thu diéu tdn hién nay
déu sir dung mach n2y. Hinh 9.10 1a mach dién nguyeén Iy ca b6 tich séng ti
6. So v&i mach dién hinh 9.7 mach téch séng ti s6 ¢6 nhitng diém khéc 1a :

— Bién tr¢ R, =Ry ;tu C3=C4.

258

el
R
S

poyr el



Hai diode D, D, mic déo ngugc diu nhau, déng thdi ddu ra 3-3’° con
méc them tu Cg ¢6 tri s khd 16n (khodng 10pF). Trude tién chiing ta hay phan
tich tac dung han bién clia mach tach song ti s6. V1 hai diode mic nguogc chiéu
nén dong dién i chay qua D, Ry va dong dién i, chay qua Dy Ry dei var 2
diém 3-3° 12 cling chiéu, do d6 dién 4p ra trén hai ddu 3-3"1a:

Usy = [ Uzl + U3l =g

Vi c6 thém tu dién Cg khé 16n mic & hai diu 3—3’ nén di bién do dién ap
vio By}, ¢6 bién déi thi dien 4p ra Ug van c6 thé duy tri khong déi.

Pé phan tich rd hon ' r—-{H Dy ' 5
ching ta hdy xét : Neu 1 o C1 2 o . .
bién do dién dp vao tic c o
thdsi tang 1én, dong dign !
4p nap cho tu Cg s€ tang ' L1
len, dién tro Si(:o tuong — L2 C2 =Co
dwong cla mach tach Cs =
séng s& gidm xudng lam | D —1— SR
cho bién dd dién ap vao o+ wl =~ < N
bi giam nhd. Nguge lai Ls

néu bién do dién ap vao
dot nhien gidm nhd,
dong dién nap cho tu Gy
s& giam di, dién trd vao tuong duong clha mach tach séng ting lén lam bién do
dién 4p tang. K&t qua la git cho bien do dién ap khong doi.

L—o
URra
Hirh 9.10. Mach tdch séng & s 1 :

Lic ndy tuy dong nap cho tu Gy ¢6 bi€n d6i song vi dung luong cia Co rat
16n, hing s6 thoi gian Cy Ry Ry rét 16n do d6 dién 4p ddu ra vé co ban la
khong déi. Nguyén 1y lam viéc cha bo tdch song v& co ban ciing twong ty nhu
nguyén 1y lam viéc ciia bo t4ch séng diéu tdn dung mach cong hudng kép. o]
day dién 4p Am tdn trén ddu hai w C3, G4 1a Uspy Uy cling bién ddi tuong
{ing theo tdn s& va gia thi€t dic tuyén cla hai diode hoan toan giéng nhau, ta
c6 quan hé : :

Urm Ez'm

Ngoai ra vi dién ap & diém “dat” (diém gitta Ry, Rp) th4p hon dién 4p &
diém 3’ 1a Ugy/2 do d6 dién 4p U, lay tu diém a dén “dat " 1a:
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u 1 |
Ugra = |U3vm| —_'TO = |U3'm' = "2‘('U3m’ + |U3’m'|)‘

: |
Ug,= '2‘(!U3‘m' - U3 h = %'ﬂ('Ez,mI = |Byp )

Tiee 14 :

- f=f, |Eyl = By, ] ~ Upe=0.

- f<fy |Eyp| > 1By | Ug, = duong.
- >, |Eyml < [Eprpy | Uga = Am.

Nhu vay mach dién da thuc hién duge viéc tdch séng diéu tdn nhung déng
thoi cling thdy d¢ nhay clia bo tdch séng ti s6 chi bing moét nira so v6i bo téch
séng di€u tdn diing mach cGng huéng kép.

C6 thé chitng minh duge 1a :

1+ L2m

2'm
Cong thic trén ta thiy 6 dién 4p ra cha bo téch séng diéu tdn nay khong
quyét dinh béi dién 4p tin hiéu E,,, E,. ban than 16n hay bé ma quyét dinh

bdi ti 56 cha chiing. Do d6 ngudi ta goi bd téch s6ng diéu tdn nay 1a tich séng
ti s6. Déng thdi tir cong thic trén ching ta thdy r6 them 1a khi bién do cia

tich séng di€u tdn dua vio bien d6i tri s6 thi dien 4p E,,, E,., cing tang

hogc cling giam, ti s6 cia ching vin khong déi, dién 4p Ug, vin khong déi,
d6 chinh 12 han bién cua tich séng ti s6.

CAU HOI ON TAP
1. Tai sao lai phai sir dung b tach séng ? Néu cfu tao va nguyén tic hoat
dong clia bo tich séng AM ?

2. Neéu cdu tao va nguyén tic hoat déng cha mach téch séng diéu tdn léch
cong hudng ? '

3. Neu cu tao va nguyén tic hoat dong cia mach diéu tdn diing mach cong
hudng kép 7 -

4. Neéu cdu tao va nguyén tic hoat dong ciia mach tich séng ti sG ?
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7.2. Dién che tdn s6 (FM)
Chuong 8

pOI TAN L DU
8.1. Ly thuyét chung v& d8i t8n ....ccoevreivririciriscsermeereecneenens

8.2. M6t s6 mach déi tin
Chuong 9

TACH SONG (3 HET) wooeeereeeeeesreererereeesesenmeseee e s eersemas e s esaa s seens

9.1. T4ch séng AM

9.2. TAichsSng FM v sns st sa s bm e srsrns
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Chiu trdch nhiém xudt bdn :
" Chd tich HDQT kiém Téng Gidm d6c NGO TRAN Al
Phé Téng Gidm ddc kiem Téng bién tap NGUYEN QUY THAO

Bién tdp noi c}fung :
THANH BINH
Trinh bay bia :
QUANG TUAN

Sita hdn in :
BINH MINH
Ché bdn :
MINH CHAU



GIAO TRINH KI THUAT MACH DIEN TU
. M s6: 7K 558 T6 - DAI

In 2.000 cudn, khd 16 x 24 cm. Tai Céng ty In va Vin héa pham.

S6 dang k¥ ké hoach xuéit ban: 04 - 2006/CXB/143 - 1860GD.
In xong va ndp Iuu chiéu thang 8 nim 2006.
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HEVOBCO

CONG TY C6 PHAN SACH DAI HOC - DAY NGHE

Bia chi; 25 HanThuyén, Ha Néi

S

TIM BOC GIAQ TRINH DUNG CHO CAC THUONG DAQ TAQ HE
TRUNG HOC CHUYEN NGHIEP CUA NHA XUAT BAN GIAO DUC

N ot it ot ot et et i ot - —
— 2 0 0 W AW N -~ O

OB N O RN —

. An todn dién
. K¥ thudit didn
May dién

. Ky thudt 1ap dat dién
- Bign dén dyng va céng nghiép

Cung cdp dién
Po ludng cde daqi lugng dién va khang dién

. K¥ thudt didu khién déng co dién
. Bién td cbng xudt

. Linh kién dign I va ing dyng

. Dién Wi dén dyng

. Ki thudit 58

. K¥ thuat mach dién ti

. Co ky thuat

. An todin lao déng

. V@ ki thuat

. Véat ligu va cdng nghd co khi

. Dung sai Iap ghép vé ky thuét do ludng
. K¥ thuét stia chda 616, méy né

. Céng nghé han (Ii thuyét va (ng dyung)
. Co 56 k¥ thudt cét got kim logl

Nguyén Binh Thdng

Ddng Van Bdo

Nguyén Héng Thanh

Phan Ddng Khéi

Va Vén Tam

Ngé Héng Quang

Nguyén Van Hoa

VO Quang HSi

Tran Trong Minh

Nguyén Vigt Nguyén

Nguyén Thanh Tra. Théi Vinh Hién
Nguyén Viét Nguyén

Dang Van Chuyét

06 Sanh

Nguyeén Thé Dat

Trén Hau Qué

Hodng Tung

Ninh DBe Ton, Nguyén Thi Xudn Bdy
Nguyén Tdt Tign, D6 Xudn Kinh
Nguyén Thuc Ho

Nguyén Tign Ludng

Ban doc co thé tim mne tar cde € Song v sdch - thid bi treimg hoo

or dies plieong hode cde Cria ung seich cria Nha xudr ban Gide due

81 T'ran Hung Dao, 187 Gidng Vi, 25 Han Thuyén - Ha Noi

15 Nguyén Chi Thanh - TP. D¢ Néing

104 Mai Thi Luu - Qudn | - TP, Hd Chi Minh

8”934980 685792”

Gia : 21.400d
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