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Loi gidi thiéu

woc ta dang bude vao thot ky céng nghiép héa, hién
dai héa nhdm duwa Viét Nam trd thanh nuéc cong
nghiép van minh, hién dai.

Trong su nghiép cach mang to lon dé, cong rdc dao tuo
nhdn ltec luon giit vai tro quan trong. Bdo cdo Chinh tri ciia
Ban Chdp hanh Trung wong Ddng Cong sdn Viér Nam tai
Dai héi Pdng toan quéc ldn thir IX dd@ chi ré: “Phdt trién
gido duc va dao tao la mot trong nhitng déng lvc quan trong
thiic ddy su nghiép cong nghiép héa, hién dai héa, 12 diéu
kién dé phat trién nguén luc con ngudi - yéu 16 co ban dé
phdt tri€n xa hoi, tang trudng kinh t€ nhanh va bén vimng”.

Qudn triét chu trivong, Nghi quyét cua Ddng va Nha nuée
va nhdn thitc diing dén vé tdm quan trong ciia chitong trinh,
gido trinh dot véi viée ndng cao chdt luong dao tao, theo dé
nghi cia So Gido duc va Pao tae Ha Ngi, ngay 23/9/2003,
Uy ban nhan dan thanh phé Ha Noi dd ra Quyétr dinh s6
5620/QD-UB cho phép So Gido duc va Dao tao thuc hién dé
dn bién soan chuiong trinh, gido trinh trong cdc truomg Trung
hoc chuyén nghiép (THCN) Ha Néi. Quyét dinh nay thé hién
su quan 1dm sdu sdc cia Thanh iy, UBND thanh phd trong
viéc ndng cao chdt luong dao tao va phdt trién nguon nhan
Iwc Thu do. _

Trén co so chuong trinh khung cia Bé Gido duc va Pao
tao ban hanh va nhitng kinh nghiém riit ra tir thuc té dao tao,
So Gido duc va Pao tao da chi dao cdc truemg THCN 16 chitc
bién soan chuong trinh, gido trinh mét cdch khoa hoc, hé



théng va cdp nhdt nhitng kién thitc thuc tién phit hop véi doi
tuong hoc sinh THCN Ha Néi.

B¢ gido trinh nay la tai liéu gidng day va hoc tdp trong
cde truong THCN o Ha Noi, dong thoi la tai liéu tham khao
hitu ich cho cdc truong ¢ ddo tao cdc nganh k¥ thudt - nghiép
v va dong ddo ban doc quan tém dén vin dé hucng nghiép,
day nghé. )

Viéc 16 chirc bién soan bg chuong irinh, gido trinh nay
1a mot trong nhiéu hoat déng thiét thuc ctia ngarnh gido duc
va dao tao Thit dé dé ky niém “50 ndm gidi phéng Thii do”,
“S0 ndm thanh lap nganh” va huong 16i ky niém 1000 ndm
Thdng Long - Ha Noi".

Sc Gido duc va Pao tao Ha Nji chdn thanh cam on Thanh
uy, UBND, cdc sd, ban, nganh cia Thanh phd, Vu Gido duc
chuyén nghiép B6 Gido duc va Dao tao, cdc nha khoa hoc, cac
chuyén gia dau nganh, cdc giang vién, cac nha qudn 1y, cdc
nha doanh nghiép da tao diéu kién giip dd, déng gop ¥ kién,
tham gia Hoi déng phdn bién, Hoi déng thdm dinh va Hoi
ddng nghiém thu cdc chuong trinh, gido trinh.

Day la lgn ddu tién 56 Gido duc va Pao tao Ha Noi 16
chitc bién soan chuong trinh, gido trinh. D&t da@ hét sic co
gdng nhung chdc chdn khoéng tranh khdi thiéu sét, bat cap.
Chiing t6i mong nhdn dugc nhitng ¥ kién dong gop cua ban
doc d€ timg budc hoan thién bo gido trinh trong cdc lan tdi
ban sau.

GIAM DOC $3 GIAO DUC VA PAO TAO



Loi noi dau

Mach dién tr co bdn la gido trinh dugc bién soan theo dé cuong do So Gido
duc va Pao rgo thanh phé Ha Noi xdy dung va thong qua. Pdy la gido trinh danh
cho chuyén nganh ddo tao hé k¥ thudr vién trung cdp nganh k§ thudt vién thong.
Néi.dung bién soan theo tinh thdn ngdn gon, dé hiéu. Cdc kién thiic trong todn bé
gido trinh c6 méi lién hé logic chdr ché. Gido trinh dugc bién soan sau khi dd
tham khdo rdt nhiéu 1ai liéu vé mach dién e niong ne, dong thoi ciing duoc sy giip
dé nhiér tinh cia cdc dong nghiép.

Gido trinh goém 5 chiong:

Chuong ] : Nhitng kién thirc chung.

Chuong 2: Mach khuéch dai co bdn.

Chuong 3: Mach khuéch dai chuyén dung.

Chitong 4: Mach tao dao déng.

Chuomg 5.: Didu ché'va gidi diéu ché.

Gido trinh nay cd thé dirge ditng lam 1di liéu tham khdo cho hoc sinh trung
cdp, sinh vién hé cao ddng cdc nganh ky thudr dién ti khdc.

Trong qud trinh bién soan gido trinh, tdc gid dd nhdn dige sy dong gép y kién
cua rién st Nguyén Vdn Thudn, khoa Tu dong hba va thac st Nguyén Manh Hiép,
khoa Pdm bdo k¥ thudt - Hoce vién K¥ thudt qudn sw. Tdc gid xin chdn thanh cam
om vé sy ginp dd quy bdu do.

Mdc di tdc gid dd rdt cé gdng nhung gido trinh chdc chdn khéng frdnh khoi
khiém khuyét. Chiing 16i rdt mong nhdn duoc nhimg y kién dong gép cua ngudr s
dung dé gido trinh hoan chinh hon.

TAC GIA



Chuong 1

NHUNG KIEN THUC CHUNG

1. KHAI QUAT CHUNG VE TiN HIEU

1. Tin hiéu tudng tu va cac dai lugng dac trung

Tin hiéu Ia dién dp (hay dong dién) biéu hién dang vat 1y cda tin tic, nd
mang tin tfc. Con tin tic 4 thong bio vé trang thdi, vé su kién ciia mdt hé vit
chit nao dé dugc sdp x&€p theo mot quy luét bit budc. Dang biéu dién cu thé
hay gap nhdt cua tin ttrc 1 tin hiéu 4m thanh va tin hi¢u hinh anh. Nh& cdc thiét
bi nhir micro, camera ma cdc tin tifc dé duge bién déi thanh tin hiéu dién. Cic
tin hiéu dié¢n ndy la cdc tin hiéu tuong tu, 1a cdc ham lién tuc theo thoi gian. Tin
hiéu tuong tur cé cdc dang sau:

1.1. Tin hiéu diéu hoa

Tin hiéu diéu hoa 1a dang dién hinh cua tin hiéu tuong ty c6 chu ky, tin
hiéu diéu hoa thutmg dugc biéu dién bing biéu thic toin hoc sau:

S(1) = Sm sin (® t + @)

Trong dé:

- Bién do Sm 14 gid tri bién d6 16n nhat ma ham s6 ¢6 thé dat dugc.

- T4n s6 gbc o (rad/s), véi o = 2n f. Trong d6 f 12 tn s6, Ia s6 dao dong
toan phén trong trong thdi gian mot gidy va ¢6 don vi do 12 Hec (viét tit 1a Hz).

Nghich déao cia tdn s6 f 1a chu ky T:

- 17(3)

- Goéc pha dau o.

Tin hiéu 12 mot ham s6 duge bidu dién theo thoi gian thi dugc goi 13 dang
tfn hi¢u hay dang séng tin hiéu. Néu biéu dién tin hiéu d6 dudi dang mot ham
s6 theo tdn 56 thi dugc goi 1a phd ciia tin hiéu, D4 thi bi€u dién ham s& tin hiéu
hinh sin S (@) duoc goi 1a phé cda tin hiéu hinh sin.



Vi tin hi¢u hinh sin S(t) = S,sino,t chi c6 mot tin s8 o, tng vai chu ki T,
nén ham phd cia né chi 6 mot gid tri tai @,, d6 thi phé cta tin hiéu sin chi cé
mot vach nhur & hinh v& sau:

S(1) 4 S(e )4

D6 thi thoi gian Do thi pho

Hinh 1.1. Do thi thoi gian va dé thi phé cita tin hiéu hinh sin

Viéc chuyén ham S(t) sang ham S(w) gitip cho viéc nghién citu tin hiéu mot
cich dé dang hon.

1.2. Tin hiéun tuan hoan va cdc dai luong dac trung

M6t tin hig¢u S(t) thod min diéu kién:

S)=St+T)

3 moi thoi diém t, véi T 12 mot hang s0, thi ta ¢6 S(t) 12 mot ham tuan
hoan. Gid tri nho nhat cha T goi 14 chu k¥ cua tin hiéu.

Dang tin hiéu tuan hoin thudng gap 1a cic day xung vudng, xung tam gide,
xung nhon... Mot day xung vuong dugce biu dién nhu sau:

S(t) A

Sm -
W (]

0 t
T H

Hinh 1.2. Tin hiéu tudan hoan xung vudng



Tin hiéu xung c¢6 cac thong s6 dac trung co ban sau:

- Bién d¢ xung Sm la gid tri bién d6 16n nhat clia né.

- D6 rong xung t, la khodng thdi gian ton tai cha tin hiée xung.
- Chu k¥ T la thai gian nhoé nhét lap lai cla tin hiéu xung.

- D6 rong clia xung Q, dugc tinh theo cong thic:

Hay h¢ sé lap ddy (dién ddy) dugc tinh theo t/T.

Ngoai ra, con cé cic khdi niém vé dé rong sudn trude, do rong sudm sau,
thdi gian quét thuan, thai gian quét nguge, dé sut dinh xung. ..

2, Tin hiéu $8 va cac dai lugng dic trung

Tin hiéu 6 1a tin hiéu rgi rac theo thdi gian va ¢6 bién dé xdc dinh. Tin
hiéu s6 khéng c6 sdn, muén c6 tin hiéu s& thi phai thuc hién qud trinh chuyén
doi tir tin hiéu tuong tu sang tin hiéu s&. Qua trinh chuyén d6i duge thuc hién
theo cic budc sau:

- Lay mdu tin hi¢u theo dinh 1y 14y mau.

- Lugng tir hod.

- Ma hoa.

Viy tin hiéu s6 la tin hiéu ron rac theo thai gian va theo ca bién dg. Tin
hiéu s& chi gdm hai mic gi tri duge goi 1a mic hay gid tri 1ogic: Mitc (gid tri)
logic [ va mitce (gid tri) logic 0. Mic logic I duge goi la bit T, con miuc logic 0
duoc goi la bit 0.

Vi du mét ddy s¢ 10010001 duge biéu dién nhu sau: -

Bitso:1 0 01 0 001

Tin hiéu s5 ¢6 hai thong s6 dac trung co ban, d6 la:

- Bién 49, thudng dugc quy dinh bsi mdt muc dién dp ¢4 dinh la + 5V
tuong (ng vé6i bit 1, cdn mic dién 4p 1 OV tuong ing véi bit O (c6 thé quy dinh
ngugc lai).

- Do rong cua bit s6 1a khoang thai gian tén tai ciia bit s6 dé. D6 rong cua
bit 1 lu6n bing do rdng cna bit 0. Tuy thude vao timg hé th6ng ma do rong cia
bit s8 trong cdc hé théng ¢6 thé 1 khdc nhau. Vi du trong cdc hé thong ghép



kénh tin hi¢u s thr dé rong bit s6 chi ¢& ps, con trong cdc hé thdng x 1y s6
khdc thi do rong bit s& ¢é thé 16n hon.

3. Nhiéu va sy anh hudng cua nhiéu dén tin hiéu

Nhiéu [& loai tin hi¢u khong mong mudn, vi nhiéu tidc dong vao tin hicu
lam cho tin hiéu sat 1éch va mat chinh xdc.

V& nguyén tdc, nhiéu rit da dang nén khong thé xét hét duge, ta phal quy
vé¢ cde loai nhiu nhiét, nhiéu céng, nhiu nhan, nhiéu trang...

3.1. Nhiéu nhiét

Nhiéu nhiét, con goi 1a tap &m nhiét. Nhiéu nhiét thudng gip trong cdc linh
ki¢n dién tir nhu: dén dién tir, Transistor, diot... Xudt x& cla tap am nhiét la
nhiing dao dong dugc hinh thanh do cdc phén tir mang di¢n chuyén dong theo
nhi¢t do. Nhiéu nhiét la mot qud trinh ngdu nhién, bién thién theo thai gian va
vi¢e nghién citu, khao sat nhiéu nhiét thudng duge thue hién bang phuong phip
thong ke.

3.2. Nhién cong va nhiéit nhan

- Nhiéu cong 1i nhiéu cong duge véi tin hiéu (cin truyén) lam cho tin hi¢u
(dén mdy thu) bi sai lac. Néu goi nhiéu la N(t) va tin hiéu (cdn truyén) ka S(t)
thi (1ai diém thu) tin hiéu nhan dugc: X(1) = (1) + N(1).

- Nhiéu nhan Ia loai nhiéu nhan vdi tin hiéu (cdn truyén). Nhiéu nhan
thudng gay ra diéu ché€ phu trong di¢u ché thong tin.

Khi ¢é nhi¢u nhan, tin hiéu thu duge: X(t) = S(t). N(t).

3.3. Nhiéu trang

Cdc hién tugng xdo dong nhiét trong céc phin 1 cha mach dign, day dan
hoac hién tugng bic xa trong khi quyén déu gay ra tin hiéu nhiéu tdc dong bat
lgi dén sur truyén tin. Loai nhiéu niy ¢6 mot gidi phd rdt rong nén duge got |a
nhiéu {ring.

Dé chong nhidu, ngudi ta cé thé (ing cong sudt may phat, ting do nhay cla
mdy thu, ting tinh dinh huéng cla anten dé [am ting ty $6 tin hiéu (rén nhiu
hoiic diing phuong thitc diéu ché thich hgp, hoic diung phuong thic thong tin 6.

I1. KHAI QUAT CHUNG VE MACH PIEN TU
1. Khai quat chung vé mach dién tu

Cic mach dién tir ¢6 nhiém vu gia cong tin hiéu theo nhiing thuat todn khic
nhau, chiing dugce phan loai theo dang tin hiéu duge xir 1.

t0



Tin hi¢u [a s& do (dién 4p, dong dign) clia mot qué trinh, sy thay ddi cla tin
hi¢u theo thai gian tao ra tin tite hitu ich.

Trén quan diém k¥ thuat, ngudi ta phan biét hai loai tin hiéu: Tin hiéu wong
trr va tin hiéu 6. Tin hiéu tuong tyr 1a tin hi¢u bi€n thién lién tuc theo théi gian va
6 thé nhan moi gid tri trong khodng bién thién cha né. Ngude lai, tin hiéu s6 1a tin
hi¢u di duge roi rac hod vé mat thoi gian va lugng tr hod vé bién d6, né duge bidu
dién biing nhiing tip hop xung tai nhimg diém do rdi rac. Do dé, tin hiéu s chi lay
mdt $6 hitu han gia tri trong khoang bi€n thién clia né ma thoi.

Tin hiéu c¢6 thé duge khuéch dai, didu ché, tach séng, chinh Iwu, nhé, do,
truyén dat, diéu khién, bign dang, tinh todn (cong, trit, nhan, chia...). Cic mach
di¢n tlr ¢6 nhiém vy thuc hién cac thuat todn nay.

Dé gia cong hai loai tin hiéu tuong tu va tin hiéu 6, nguoi ta ding hai mach
co ban: Mach tuong tu va mach s6. G gido trinh nay chi dé cap dén cdc mach dien
tlr tvong tv. Trong nhitng nam gan day, k¥ thuat s6 da phdt trién manh mé va dong
vai {rd rdt quan trong trong viéc gia cong tin hiéu, nhung trong twong lai ching
khong thé thay thé hodn toian mach tuong ty. Thuc t& ¢é nhiéu thudt todn khong
thé thue hién duge bang cac mach sd hoic néu thue hién bing mach twong ty thi
kinh t& hon, vi du: khuéch dai tin hiéu nhd, ddi tan, chuyén déi tuong ty/sd. Ngay
cé trong hé théng s& cling ¢6 nhiéu phdn tir chitc nang tuong tu, néu nhu can g
cong tin hiéu twong ty & mét khau nio dé.

Bién do tin hiéu lién quan mat thiét d€n do chinh xdc ctia qué trinh gia
cong tin hiéu va xdc dinh mic do anh hudng cia nhiéu dén hé théng. Khi bién
do tin hiéu nhd thi nhiéu ¢é thé 1an 4t tin hiéu. Vi vay, khi thiét k& cdc hé théng
di¢n tir can luu ¥ ndng cao bién do tin hiéu ngay & tdng dau ctia hé thong.

Khuéch dai tin hi¢u 1 chifc nang quan trong nhat cua mach tuong tu.
Thong thudng trong mot hé thdng tuong tu, ngudi ta phan ra thanh cic tang gla
cong tin hiéu, cdc tang khuéch dai tin hi¢u nhd, cdc tdng khuéch dai dién 4p,
cdc tdng khuéch dai cong sudt...

Trong thdi gian qua, sir ra ddi clia mach t6 hop tuong 1y (hay con duge goi
14 mach (bd) khuéch dai thuat todn) da chiém maot vai trd quan trong trong k¥
thuat mach dién tr. Mach t6 hgp twong ty khong nhimg dam bao thod min cdc
chi tiéu k¥ thudt ma con c¢6 do tin cdy cao va gid thanh ha, tuy nhién ching
thuting duge dung trong pham vi tdn sd thap. Su ra doi clia mach khuéch da
thudt todn 1 mot bude ngoat quan trong trong qué trinh phdt tri€n cha k¥ thuat
mach wong tu. Trude day, khi bo khuéch dai thuat todn chua ra doi da 6 vo 6
cdc mach chirc nang khic nhau. Ngay nay, nho ¢é su xudt hién cua bo khuéch
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dai thudt todn nén s lugng cdc mach d6 dd giam xudng mot ciach ddng ké, vi
c6 thé ditng b khuéch dai thuat toan dé thuc hién nhiéu chirc nang khic nhau
nh mic mach héi ti€p ngoai thich hop. Trong nhiu trudng hop, ding bo
khué€ch dai thuat todn c6 thé tao ham don gian hon, chinh xdc hon va véi gia
thanh ré hom khi dung cdc mach khuéch dai roi rac.

Xu hudng phét trién clia k¥ thuat mach dién & twong ty 12 niang cao do tich
hop clta mach (dugc dic trung boi mat do linh kién), khi do tich hop tang thi ¢
thé ché tao cac hé théng c6 chiic nang ngay cang hoan héo trén mot chip (IC).
Déi vdi cdc mach 16 hop tuong tu thi nhi thiét k€ thuong ¢6 xu hudng gidm s6
ching loai mach, nhung lai tang kha nang st dung cla timg chiing loai. Tém
lai, ¢4 thé n6i c6 hai hudng phat trién cla k¥ thuat mach tuong tu d6 I3 giam
nhd kich thudc bén trong clta mach trong ché tao va ting tinh phé bién cla
mach trong ung dung.

2. Cac ing dung ca mach dién tl

Mach di¢n tir duge dng dung rat rong rdi va da dang, sau day ta s¢ ké tén
mot $6 (ing dung thuong gap:

2.1. Khuéch dai tin hiéu

Khué&ch dai tin hiéu 1a mot ¢ng dung phd bién nhat va nhiéu nhat cita mach
dién tir. Sir dung mach khuéch dai d¢ khuéch dai tin hiéu trong cdc thiét bi dién
tir, hay ndt cach khdc trong hiu hét cdc thiét bi dién tir d€u c6 cac mach khuéch
dai dung d¢ khuéch dai tin hi¢u. Tu¥y thudc vio ting loai tin hién va timg muc
dich khué&ch dai tin hiéu ma ta c¢6 cdc mach khuéch dai nhu: Mach khuéch dai
tin hiéu nho, khuéch dai cong suit tin hiéu (bién do 16n), mach khuéch dai mot
chiéu, khuéch dai xoay chiéu...

2.2. Diéu ché va giai diéu ché tin hiéu

Day 1a dng dung clia mach dién i diing d€ thu phét tin hiéu trong cdc hé
théng thong tin lién lac. Diéu ché tin hiéu duge thuc hién bang mach dién t&r
goi 1a mach diéu ché, vi du nhu ¢6 cdc mach diéu ché bién d6, mach diéu ché
tan s0, mach diéu ch€ pha..., cdc mach dién nay duge sir dung tai bén phat tin
hiéu. Ngugce Tai, bén thu tin hiéu dliing mach dién tir thu lai tin hiéu, mach d6
dugc goi 1a mach tach séng, vi du nhu mach tdch séng bién d¢, tan s&, pha...

2.3. Sif dung mach dién tir dé tao ra céc tin hiéu

Vi du nhu tao ra tin hi¢u hinh sin, tin hiéu xung vuong, tin hiéu xung ring
cua... Mach dién tr loai nay dugc goi la mach tao dao dong. Cac mach tao dao
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dong thudng gap la: Mach tao dao dgng hinh sin, mach tao xung vudng, mach
tao xung tam giac...

Ngoai ra, mach dién t& con dugc st dung dé tron tén tin hiéu trong cac mdy
thu thanh, mdy thu hinh; diing dé loc tdn s6 tin hiéu, loc nhiéu nguén cho céc thiét
bt ¢6 sir dung mang dién ludi; dung d€ xir 1y va chuyén d6i tin higu. ..

I1I. MACH MAC TRANSISTOR LUGNG CUC CU BAN

1. Mach mic Emitor chung (EC)

1.1. Nhan biét ciach mac

Mach khuéch dai duoc mic Emitor chung 1a mach khuéch dai ¢6:

- Cuc Emitor la chung giira dién &p (hay dong dién) tin hiéu vao vdi dién
dp (hay dong di¢n) tin hi¢u ra.

- Dién ap (hay dong di¢n) tin hiéu vao dugc dua vao cuc Bazo, va dién dp
(hay dong dién) tin hiéu ra duge ldy ra trén cuc Colector.

1.2. Mach khuéch dai Emitor

Sau day 1a mot vi du v€ mach khuéch dai mac Emitor chung:

- So d6 mach:

®

CI

]

]

U,
R,
L

Hinh 1.3. Mach khuéch dai mdc Emitor chung
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- Téc dung linh kién:

+ R, va R, 14 hai dién tr¢ dén dién mot chiéu cdp cho cuc Bazo (B) cia
Transistor Q, theo phuong phdp phén 4p.

+ R, 1a dién trd diin dién mot chiéu cap cho cuc Colector (C) cha Transistor
Q, valadién tré tai ctia mach khuéch dai.

+ R, 1a dién trd didn dién mot chiéu cdp cho cuc Emitor (E) cla Transistor
Q, theo phuong phap hai ticp.

+ C,, G, la cdc 1u ghép ting khuéch dat, ding dé ghép gifra U, va U, vdi
mach khuéch dai.

+ C, 1a ty dién néi mdt cyc E cla Q, vé thanh phin tin hiéu xoay chiéu.

+ Di¢n 4p (dong dién) tin hieu U, dirge dua vio cuc B thong qua €, dién
dp (dong dién) tin hiéu U, dugce 1ay ra trén cuc C thong qua u C,, va cuc E la
cuc chung gitta U, va U, nén mach 12 mach khuéch dai mic Emitor chung.

1.3. Dac diém cua mach

- Tong trd vao cd vai KQ.

- Téng (rdf ra tir vai chuc KQ dén vai trim KQ.

- Hé s6 khuéch dai dong di¢n: Ldn tir vai chuc dén hang trim lan.

K, = '[_r = L =p
i !,

- Hé s6 khuéch dai dién 4p: L.On ¢& hang tram lan.

5

bién dp tin hiéu ra cé ddo pha so v6i dién dp tin hiéu vao (ngugc pha nhau).

- Pai thong clia mach hep.

2. Mach mic Colector chung (CC)

2.1. Nhan biét cach mde

Mach khuéch dai méac Colector chung 13 mach khuéch dai ¢é:

- Cuc Colector (C) 14 cuc chung gitta dién ap (dong dién) tin hiéu vao vdi
dién ap (dong dién) (in hiéu ra.

- bién dp (dong di¢n) tin hiéu vao duge dua vao cuc Bazo va dién 4p (dong
di¢n) tin hi¢u ra duge lay ra trén cuc Emitor.
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2.2. Mach khuéch dai Colector
- So d6 mach:

Hinh 1.4. Mach khuéch dai mdc Colector chung

- Tdc dung linh kién:

+ R, vd R, 1a hai dién tr& dan dién mdt chiéu ¢dp cho cuc B cia Transistor Q,.

+ R; Ia dién trd dan dién mét chiéu cdp cho cuc E cua Transistor Q, theo
phuong phap héi tiép, va la dién trdr téi cia mach.

+ Ciap dién mot chi€u cho cuc C cha Transistor Q,, dugc cip dién truc tiép
tlr ngudn dién.

+ C, va G, 14 hai tu ghép ting khuéch dai.

+ Pién dp tin hiéu vao duge dua vao cuc B thong qua C,, dién dp tin hiéu ra
duge 14y ra trén cuc E thong qua C,, va vé thanh phén tin hiéu xoay chiéu thi
nguén dién V, bi ngin mach tao thanh cyc C chung, vi vay mach khuéch dai la
mach mic C chung.

2.3. Pac diém

- Téng tr& ddu vao (ngd vao) cif vai KQ.

- Tong trdr ddu ra (ngd ra) nho khoang vai chuc KQ.

- H¢ s6 khuéch dai dong dién: 1dn tir vai chuc dén hang tram lan.

I,

K, = =—=p0+1
et




- Hé s6 khuéch dai dién dp:

Y, _Us

v, U,

- Dién 4p tin hiéu ra khong ddo pha so vdi dién dp tin hi¢u vao (d6ng pha).
- Dai thong clia mach trung binh.

3. Mach méac Bazd chung (BC)

3.1. Nhan biét cach mac

Mach khuéch dai mic Bazo chung duge nhan biét nhu sau:

- Cuc Bazo (B) la cuc chung giira dién ap (dong dién) tin hiéu vao vdi dién
ap (dong dién) tin hi¢u ra.

- Dién 4p (dong dién) tin hi¢u vao dugc dua vao cuc Emitor (E), va dién ap
(dong dién) tin htéu ra dugc 14y ra trén cyc Colector (C).

3.2. Mach khuéch dai Bazo

- So do mach:

"=

—C,

y

Hinh 1.5. Mach khuéch dai mdc Bazo chung

Tac dung linh kién: _
~ + R, va R, la hai dién tr& ddn dién mot chi€u cdp cho cyc B cha Transistor
Q, theo phuong phdp phan dp.
+ R; 13 dién tr& dan dién mot chiéu cdp cho cyuc C cha Transistor Q,, 1a
dién (ré tai cha mach.
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+ R, d&n dién mot chiéu cip cho cuc E cha Transistor Q,, theo phuong
phdp héi 1iép.

+ C,va C, 12 hat tu ghép tang khuéch dai.

+ C, I tu néi cuc B cha Q, xuéng mit v& thanh phan tin hiéu xoay chiéu dé
tao cuc B ndi mat.

+ Dién dp tin hiéu vao duge dua vao cuc-E thong qua C,; dién 4p tin higu ra
duge 1dy ra trén cuc C thong qua C,, va vé thanh phén tin hiéu xoay chiéu thi
cuc B duge ndi mit nén tao thanh mach khuéch dai méc cuc B chung.

3.3. Pac diém

~ Tong tr& vao ¢ vai chue Q.

- Tong try ngd ra vai tram KQ.

- Hé s6 khuéch dai dong dién: Nhé.

I :
K.r =L :—{(— = ﬂ '::.'.]_
[, 1. p+1
- Hé¢ s6 khuéch dai dién dp: Lon ¢@ hang tram lan.
v U
KL —_r _-C
v, U

v s
- Dién &p tin hiéu ra khéng 6 dao pha so véi dién dp tin hiéu vao (déng pha).

- Dai thong cua mach rong.

.

IV.MACH MAC TRANSISTOR TRUONG CO BAN

1. Pac diém cua Transistor trudng

Transistor trudong 1 linh kién ban dan. Tuy nhién, khdc véi Transistor
ludng cuc, chiing duge diéu khién bing dién trudng nén it tiéu t6n cong sudt
cua tin hi¢u diéu khién.

Transistor trugng ciing ¢é ba dién cuc: Cuc ngudn S (Source), cuc miang D
(Drain) va cuc clra G (Gate). Trong d6, cuc nguon twong duong véi cuc Catdt
cia dén dién tIr hay cyc Emitor ctia Transistor ludng cuc; cuc mang tuong
duong véi cuc Andt cia den dién tir hay cuc Colector cua Transistor ludng cuc;
con cuc G twong duong véi cuc ludi cla dén dién ti hay cyc Bazo cua
Transistor ludng cuc.

Giita cyc S va D 16n tai mot kénh dan, do dan dién cua kénh phu thudc vao
dién dp trén cuc clra G. Thuong ¢6 sdu loai Transistor trudng co ban:

17
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Transistor trudmg

]

Transistor trudmg DK Transistor trudng cé cyc
Béng t1ép giap JFET ) cira cich ly MOSFET
Kénh N Kénh P Loai kénh Loai kénh

dat sidn cam ing

R N N

Kénh P Kénh N Kénh P Kénh N

L T

Hinlt 1.6. Phan loai Transistor truong

Cédc Transistor truomg ¢6 mot s6 diic diém nhu sau:

- Dién trd vao rdt 16n, khoang vai MQ dén vai tri¢u MQ.

- Tap dm nho.

- Nhiét do tang thi do déan dién giam.

Transistor trudng dung dé khuéch dai, tao dao dong, phsi hgp tro khdng,
nan dién c6 di¢u khién. ..

C6 hai loai Transistor truong chinh d6 13 loai JFET va loai MOSFET. Dé
don gian ta chi khao sit cho lbai Transistor JFET.

2. Mach mac Transistor trudng cd ban

Mach khuéch dai dung Transistor trudmg thudng c6 hai cdch méc co ban dé
Ia cich mic cyc ngudn chung (SC) va cich mic cye mang chung (DC) va it khi
cé cdch mdc cuc clra chung. Sau day ta s& khao sat hai cich mic nay.

2.1. Méc cue nguon chung (SC)

Cich mic cuyc ngudn chung tvong duong véi cich méc cuyc E chung ciia
Transistor ludng cuc.

2.1.1. Nhan biét cdch mdc

Ta c6 thé nhan biét cich mic circ ngudn chung dua vao hai dac diém sau:

- Cuc S la cue chung giita dién dp tin hiéu vao va dién 4p tin hiéu ra.



- Dién ap tin hi¢u vao duge dua vao cuc G, dién 4p tin hiéu ra duge 1dy ra
trén cuc D.

2.1.2. So dé cdch mdc cuc ngudn chung

- So d6 mach:

G

s
1

U

Hinh 1.7. Mach khuéch dai mdc cuc ngud‘n chung

Trén thuc t&, h¢ s6 khuéch dai dién 4p d6i voi Transistor trudmg kénh N vao
khoang 100 - 300 1an, d6i véi cic Transistor trudng kénh P thi tri $6 nay xap xi
bing mot nira. Nhu vay, hé s6 khuéch dai dién ap cla Transistor trudng chi
bang mo6t phan mudi hé s6 khuéch dai cua Transistor ludng cuc.

VE mait tap am, ta thdy rang dong dién tap am cla Transistor trudng nhd
hon so véi dong dién tap dm cia Transistor ludng cuc trong khi dién dp tap 4m
cé tri $6 cung bac. Nhu vay, véi nguén tin hiéu vio ¢é nodi trd cao thi cic
Transistor trudng déu ¢6 tap &m nho, con cdc ngudn tin hiéu ¢6 nodi trd thap thi
tap am cua Transistor trudng va Transistor luéng cuc 1a ahu nhau.

2.2. Cach mic cire mang chung (DC)

2.2.1. Nhdn biét cdch mdc

Cdch méc Transistor trudng cuc mang chung duge nhan biét théng qua hai
yéu g sau:

- Cuc mang (D) 1a cuc chung giGa di¢n 4p tin hi¢u vao va di¢n 4p tin hiéu ra.

- Bién 4p tin hi¢u vao dugc dua vao cuc G, dién dp tin hiéu ra dugc 13y ra
trén cuc S.
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2.2.2. So db céch mdc cuc mdng chung
- So 46 mach:

Hinh 1.8. Mach khuéch dai mdc cuc mdng chung

- Sa & mic cuc mang chung ¢6 tréd khdng vao 16n hon rdt nhiéu so véi
trd khdng vao cha so d6 mic cuc nguén chung, nhung dién dung vao cia
mach lai nho.

- Hé s6 khuéch dai dién 4p K;; < 1; tré khang vao Ry ~ oo; trd khdng ra Ry
=~ 100 - 300Q. Tr& khdng ra cla so d6 cuc mang chung khéng nho nhur trong so
dé cuc gbp chung cia Transistor lutng curec.

V. PHUONG PHAP CAP NGUON CHO TRANSISTOR

1. Nguyén tic chung vé cap ngudn cho Transistor iudng cuc

Transistor ludng cuc co 2 loai chinh:

Transistor thuan (pnp). Transistor ngugc (npn).
C J C
B B {\
E E
Trong do:

E la cuc Emitor (circ phat ).
C Ia cuc Colector {cuc gop).
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B 1a cuc Bazo (cuc g6c).
Goi dién ap trén cuc Colector 1a U, ; dién 4p trén cuc Bazo 1a Ug va dién 4p

trén cuyc Emitor 1a Ug. Tir d6 nguyén tic cdp ngudn cho Transistor ludng cuc
nhur sau:

- D61 v6i Transistor thuan: phai cdp dién (mot chiéu) sao cho thod min

diéu kién:

Uge < 0 va Uy > 0, tuong duong vdi Ug > Ug > Uc
- Bai v6i Transistor ngugc: ¢6 diéu kién hoan toan nguge lai:
Uge > 0 va Uge < 0, tuong duong vé Ug < Uy < Uc
Cu thé nhu sau:
- Néu diing ngudn dién duong: +E; -E twong duong OV thi:
+ Dién dp +E. duge nai vé phia cuc E; dién ap OV dugc ndi vé phia cuc C

khi cdp cho Transistor thuan.,

+ Di¢n dp +E¢ duge néi vé phia cuc C; dién 4p OV duge ndl vé phia cuc E

khi cap cho Transistor ngugc.

- Néu diing ngudn dién am: +E tuong duong véi dién 4p 0V - E thi:
+ Dién dp OV dugc ndi vé phia cyc E; dién dp -E. dugc néi v€ phia cuc C

khi ¢dp dién cho Transistor thudn.

+ Dién dp OV dugc néi vé phia cuc C; dién dp -E; duge ndi vé phia cyc E

khi cap dién cho Transistor ngugc.

2. Phuong phap cap ngudn co ban cho Transistor ludng cuc
- Cap dién cho cuc C cua Transistor:
Diing céc dién tr&d R, cudn day L v day dén (né1 truc 1iép) dé d&n dién mét

chiéu cdp cho cuc C cua Transistor,

+ Vi du: cap dién diing dién tr& R va ding cuén day L:

*Ec + E¢
R L
Q Q

Hinh 1.9. Cdch cdp dién cho cuc Colector chung ditng Rva L
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+ Vi du: cap dién dung day din n6i tryc tiép (trir trudmg hgp mach khuéch
dai méc Emitor chung)

| } *—ﬂ\-"{ '\-"ﬁ\a‘IJo +
~ _ m
o)
WC

Hinh 1.10. Cach cap dién cho cuc Colector dung day dan

- Cdp dién cho cuc E cua Transistor:

Ciing giéng nhu ciach cdp dién cho cuc C, cdp dién cho cuc E cua
Transistor ludng cuc ciing ¢ thé ding dién tr& R, cudn day L va day din (noi
truc tiép).

+ Vidu: cdp dién dung dién (ro R:

+ E.
Q
R

Hinh 1 11.Cdch cdp dién cho cuc Emitor ditng R
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+ Vi du: Céip dién dung cudn day L:

]+EC

Hinh 1.12. Cdch cdp dién cho circ Emictor diing R

- Cdp dién cho cuc B cia Transistor:

C6 thé diing dién tré R két hop vé6i cudn day L dé dan dién 1 chiéu cdp dién
cho ca cuc B theo phuong phap phéan ap hoiac theo phuong phdp phan dong.

+ Vi du: cdp dién theo phuong phdp phan dp dung dién tro:

+E.

Hinh 1.13. Cach cdp dién cho cie Bazo theo kiéu phan dap ding R

+ Vidu: cdp dién theo phuong phip phan dong ding dién trg:
+E¢
R,

Q

Hinh 1.14. Cach cap dién cho citc Bazo theo kiéu phin déng ding R
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+ Vidu: ding R két hop L cdp dién theo kiéu phan 4p:
+E¢

it
i

Hinh 1.15. Cdch cdp dién cho cuc Bazo ding R-L

3. Mét s8 vi du cap ngudn cho Transistor

Chiing ta s& khao st cic phuong phap cdp ngudn cho Transistor [uéng cuc
thong qua mot s6 vi du sau:
3.1. Sit dung nguon +E. va 0V cdp dién cho Transistor thuan

r l I

Hinh 1.16. Cdp dién cho Transistor thudn dung ngudn dirong

- Phan tich cach cap dién:

+ D& cho dién 4p Ug 16n han Uy nén ta phai chon dién tr& R, thudng cd tri
s6 nho hon R,.

+ bién 4p tai cuc C cita Transistor 14 0V vi duge n6i tryc ti€p nguodn mat.

Vi cach mic trén thi diéu kién U > Ug > U duge thod min.
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3.2. Sir dung ngudn +E, va 0V cip dién cho Transistor nguge
- So d6 mach:

Hinh 1.17. Cdp dién cho Transistor ngiege ding nguén duong
- Phin tich cich cdp dién:
+ Dién tr& R, thudng c6 tri s6 nhd hon R, nén dién dp U > U,
+Diéndpraicyc Ela U =0V.
Nén mach thoa man diéu kién Up < Ug < Ue
3.3. Sir dung nguon dién - E.. va 0V cap dién cho Transistor thuan

- So d6 mach:

T 17
|

L]

re —oEc

Hini 1.18. Cap nguon cho Transistor thudn ditng ngudn am
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- Phén tich cich cap dién:

+ Viro khing cta L, thudng nhé hon R, nén Ug > Ug
+ U = -Ec vi duge néi tryc tiép vdi ngudn -Ec

Nén mach thoa min diéu kién Uy > Uy > U,

3.4. Sir dung nguon dién - E. va 0V cidp dién cho Transistor ngugc

<R, R, l

- So d6 mach:

[JI Ti ]-’.’.
}‘? L Q

"EC
.

Hinh 1.19. Cdp nguén cho Transistor ngioe ding nguon ém

- Phan tich cach cdp dién:
+ Vi R, thudng nhé hon R, vé tri $6 nén Uy < U (cudn day L, ¢é tri s6 trd
khang khong diang k€).
+ Vi R, thudng nho hon R,, nén Ug > Ug (dién dp Uy am it hon dién ap Up).
Nén diéu kién cap dién U, > Uy > Ug van duge thod man.
4. Nguyén tic chung va phuong phap cap ngudn cho Transistor trusng
Dé cip dien mot chiéu cho Transistor trudng, ching ta cdp dién theo
nguyén tic sau:
- Cip di¢n cho Transistor JFET - kénh N:
Ups>0 e Uy > Ug
Ugs <0 Uy < Ug
- Cdp dién cho Transistor JFET - kénh P:
Up <0 Uy < Ug
Ugs >0 Uz > U
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- Cidp di¢n cho Transistor MOSFET - kénh N:
Ups > 0« Up > Ug
Ugs <0 Ug < U
- Cip dien cho Transistor MOSFET - kénh P:
‘ Ups < 0 Up < U
Ugs >0 Ug>Ug -
- Cip dién cho Transistor MOSFET céam g - kénh N (giong nhu Transistor
luting cuc nguoc):
Ups >0 Up> U
Ugs > 0 Ug > Ug
- Cdp di¢én cho Transistor MOSFET cdm iing - kénh P (giong nhu Transistor
ludng cuc thuan):
Ups <O U, < U
Ugs < 0 Ug < U
Cach dung céc linh ki¢n R, L, day dan cap di¢n cho cdc cuc cua Transistor
trudng ciing tuong tu nhu cach diing R, L, day dan dé c¢dp cho Transistor luGng
cuc. Ngoai ra, cdp dién cho cuc G Transistor truong con ¢6 mdt phuong phap
nira duge goi 1a phuong phap cdp dién tu dong hay con duge goi 1a e dan.
Vi dy: Cho mach dién nhur sau:

+E-

<R,
&

Hinh 1.20. Cdp nguon cho Transistor triucmg
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Trong do:

- QQ, 1a Transistor trudng JFET - kénh N.

- R, [a dign tr& ding dé dén ngudn cdp cho cuc D.

- R; 1A dién trd diing dé€ didn ngudn cip cho cuc S, day la cdch cdp theo kiéu
hoi ti€p am dong dién mot chiéu nai tiép.

- R, Ia dién tr& edp dién cho cye G theo phuong phap wr dan. Theo cach cap
dién cho cuc G kiéu ndy thi dién 4p tai cuc G 1a dién ap am.

VL CHE PO CONG TAC CUA PHAN TU KHUECH PAI

Transistor ludng cuc c6 ba trang thdi hoat dong: Trang thdi ngung dan,
trang thdi khu€ch dai va trang thdi bio hoi.

Khi tinh todn cdc dién trd phin cuc cho Transistor c¢6 nghia 1a chon
diém hoat dong tinh Q (diém lam viéc) cho Transistor d6. Khi ¢6 tin hiéu
xoay chiéu tic dong vio ngd vao (cira vao, ddu vio) cia Transistor thi diém
hoat dong Q s& bi ddi chd va lam thay dot cic thong s6 khdc cita mach. Dya
vito diém hoat dong tinh Q ngudi ta chia mach khuéch dai ra cdc ché do hoat
dong hay con duge goi 1a ché dg céng tdc. C6 cac ché do hoat dong co ban
sau: Ché dé hoat déng A, ch€ do hoat dong B, ch€ do hoat dong C va ché do
hoat dong AB.

Ic

Ving bio hoa

Vung ngung dan
Hinh 1 21. Cdc ving lam viéc ciia Transistor
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- Ch€ do hoat dong A: Transistor dugc phan cuc cho diém hoat dong tinh
Q ¢ gilra vung khuéch dai.

- Ché d6 hoat dong B: Transistor dugc phan cuc cho diém hoat dong tinh Q
g trong ving ngung dan.

- Ché dé hoat dong C: Transistor dugc phan cuc cho diém hoat déng tinh Q
ndm sdu trong ving ngung din.

- Ché d¢ hoat dong AB: la hang trung giaﬁ gilta ch€ d¢ hoat dong A va ché
do hoat dong B, Transistor s&€ duge phan cuc cho di€m Q nim gida ving
khuéch dai va ving ngung dan.

Sau day (a s& khao sdt timg trudng hgp cu thé:

1. Ché do hoat dong A

I
Boa

v, >

Ve
Hinh 1.22. Bdc tuyén vao o ché' do hoat dong A

Trén dac tuyén ngd vao (cira vao) Ip/Vge cla Transistor, mach khuéch dai
ché& d6 hoat dong A ¢6 diém hoat dong tinh Q ndm gifta dudng dic tuyén va ¢
Vee = 0,65V + 0,7V cho Transistor loai Si va Vg = 0,2V = 0,25V cho
Transistor loai Ge. Khi Transistor nhan dugc tin hiéu xoay chiéu & cuc B thi
dong dién I & bi thay déi theo tin hiéu xoay chiéu nay.
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Pudng tai
0 > Ve
]
\
>
Ver

Hinh 1.23. Ddc tuyén ra o ché d¢ hoat déng A

Trén dic tuyén ngd ra (clra ra) [o/V e cia Transistor, mach khuéch dai ché
do hoat dong A ¢6 diém hoat dong finh Q nim gilta dudng tdi va Vg = 1/2V e
Khi dong dién I bi thay d6i theo tin hiéu xoay chiéu s& 1am cho dong dién 1. '
bi thay déi va kéo theo dién ap V cling bi thay déi.

Cic dac diém cta mach khuéch dai ché do hoat dong A 1a:

- Khuéch dai trung thuc tin hiéu xoay chiéu (khuéch dai dugc ca hai ban
chu ky clia tin hiéu xoay chiéu hinh sin).

- Dung cho cdc mach khuéch dai tin hiéu ¢6 bién d6 nhd.

2. Ché db hoat dong B

Trén dic tuyén ngd vao (cia vao) IV thi mach khuéch dai ché€ do hoat
dong B c6 diém hoat dong finh Q & diém Vz = OV va I. = OA. Khi Transistor
nhin dugc tin hiéu xoay chiéu & cuc B thi chi ¢6 mét ban chu ky duge khuéch dai
vi lam phin cyc tiép gidp BE va I tang 1én, con mot ban chu k¥ [am giam phan
cuc ti€p gidp BE xuéng ving ngung dan nén tin hiéu khong duge khuéch dai.
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> v B

Hinh 1.24. Pdc tuyén vao ¢ ché' dp hoat dong B

Hinh 1.25. Ddc tuyén ra 6 ché d¢ hoat dong B

Trén dic tuy&n ngd ra (cira ra) Io/V e thi khuéch dai ch€ do hoat dong B ¢é
diém hoat dong finh Q ndm trén dudmg bién giita vung khuéch dai va ving
ngung din, Vg = Vo Khi dong dién I ting lén theo tin hiéu xoay chiéu thi
dong dién I cling ting 1én va 1am cho di¢n dp V; gidm xudng. O ngd ra (cira
ra) cling chi ¢é mot bdn chu ky tin hiéu duge khuéch dai.
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Cidc dic diém cia mach khuéch dai ch& do hoat dong B la:

- Khi khong ¢6 tin hiéu thi Transistor khong dan ( Iz =0, I = 0).

- Transistor chi khuéch dai dugc mot ban chu ky nén muén cé di ca hai
bin chu ky thi phai diing hai Transistor dé khuéch dai luan phién cho hai bin
chu ky.

- Diing cho cdc mach khuéch dai cé bién d¢ 16n.

- Hi¢u sudt cao do cong suit tiéu tdn nho.

- Tin hiéu ra bi méo dang (bi¢n dang) xuyén truc.

Méo xuyén truc

/\/ (méo do chuyén tiép dén)

Hinh 1.26. Méo do chuyén tiép dén

3. Ché& dd hoat déng C

IB T

<

Hinh 1.27. DBdc tuyén vao & ché do hoat dong C
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Trén dic tuyén ngd vao (cira vio) Ip/Vg. clia Transistor, mach khuéch dai
ch¢ do hoat dong C b diém hoat dong tinh Q nadm siu trong viing ngung déin
va €6 Vg < 0V, Khi Transistor nhan duge tin hi¢u xoay chiéu & cuc B, néu tin
hi¢u xoay chiéu cé dién dp dinh V, < V, thi Transistor vin chua dén dién dugc
nén khong ¢6 tin hiéu ra, néu tin hiéu xoay chi€u ¢6 dién ap dinh V, > V, thi
chi ¢6 mét phin tin hi¢u ra duge khuéch dai.

Tuong ty khi xét trén dic tuyén ngd ra (cira ra) Io/V chi ¢ mot phan ban
chu ky durong duge mach khuéch dai.

Cdc dic diém cla mach khuéch dai ch€ do hoat dong C la:

- Khi khdng ¢ tin hiéu vao thi Transistor khong din ( I; =0, 1. = 0).

- Transistor chi khuéch dai dugc mot phdn cia ban chu k¥ nén tin hiéu ra
bl méo dang (bién dang) rat Idm.

- Mach khuéch dai ch& do hoat dong C dung trong mach cét bd phédn dudi cia
céc tin hiéu hay trong cdc mach dao dong, mach nhan tin s6...

L,

Hinh ] 28. Ddc tuyén ra & ché' do hoat dong C
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4. Ch& dé hoat déng AB

|

-

Hinh 1.29. Ddc tuyén vao ¢ ché dé hoat dong AB

IcA

na==

Hinh 1.30. Ddc tyén ra o ché' dj hoat dong AB
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Trén dac tuyén ngd vao (cita vao) Ig/V thi mach khuéch dai ché d hoat
dong AB c6 diém hoat dong tinh Q nidm giita ché do hoat dong A vi ché do
hoat dong B, c6 Vi = 0,6V cho Transistor loai Si va Vg = 0,15V cho
Transistor loai Ge. Khi Transistor nhan dugce tin hiéu xoay chiéu & cuc B thi
bin chu k¥ duong duge roi vio ving gan nhu tuyén tinh nén duge khuéch dai
manh, bdn chu ky am dugc roi vao viing duéi V, nén Transistor khong déan va
khoéng c6 tin hidu ra.

Trén dic tuyén ngd ra (ctra ra) Io/Ve; diém hoat dong tinh Q nidm & ving
gdn ngung ddn nén Vg ~ Vee O ché do hoat dong nay thi chi ¢6 bin chu k¥
duong cla tin hiéu duge khuéch dai vi 1am dong dién I ting 1én.

Céac dic diém clia mach khuéch dai ché do hoat dong AB la:

-~ Khi khong cé tin hiéu vao thi cdc dong dién I, I c6 gid tri rdt nhd so vl
dong di¢én tuong ing & ch€ 46 hoat dong A.

- Transistor chi khuéch dai dugc mot ban chu k¥, bian chu ky am rot vao
ving ngung dan nén bién d¢ tin hiéu ra bing 0.

- Diing cho cdc mach khuéch dai ¢6 bién d¢ 1dn.

- Hiéu sudt cao do cong sudt titu tan nho.

- Tin hiéu ra khong bi méo dang (bi€n dang) xuyén truc nhu & ché do hoat
dong B.

VIL HOI TIEP TRONG MACH KHUECH PAI

1. Khai niém va phan loai hoi tiép

1.1. Khai niem

Héi ti€p la thuc hién viéc truyén mot phan tin hiéu (dién dp hay dong dién)

tlr ddu ra trd vé dau vao ctia mach khuéch dai. Mot mach khuéch dai ¢6 héi ti€p
c6 s 36 khdi nhu sau:

K » Up

B —

Hinh 1 31 So dé khot mach khuéch dai ¢ héi tiép
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Trong dé:

K: 12 hé s3 khué&ch dai ciia mach khuéch dat.

B: 1a hé s6 khuéch dai ctia mach héi tiép.

K =Ug/Uy B=U,/Ug

Héi ti€p cho phép cai thién céc chi tiéu va chat lugng cia mach khuéch dai
Trong mot 6 truong hop nd 1am cho mach khuéch dai ¢c6 mét s¢ tinh chat dac
biét. Héi ti€p trong mach khuéch dai ¢6 thé duge thue hién qua viec ghép diér
trd, ghép dién cam va mach ghép hén hop RC, LC, RL. Mach héi 1iép cling v&
mot phdn mach khuéch dai ma né ghép vao tao thanh vong kin goi 1a vong hé
ti€p. Mach héi ti€p kha da dang, né phu thudc vio ¥ d6 ciia ngudi thiét ké di
dam bdo mot yéu cdu cu thé nao do.

1.2. Phan loai hoi tiép

1.2.1. Phdn loai theo pha cua tin hiéu hoi tiép

- Héi tiép duong: Tin hiéu héi ti€p déng pha vdi tin hiéu vio, do d6 nd lam
cho tin hiéu vao 1dn 1én. H6i ti€p duong thudmg lam cho mach khuéch dai mit
on dinh, thudng dugc sir dung trong mach dao dong.

- Héi ti€p am: Tin hiéu hdi ti€p nguoc pha véi tin hi¢u vao nén [am yéu tin
hiéu vao. Hoi ti€p am c6 tic dung cdi thién chét lugng ctta mach khuéch dai, vi
th€ né duge sit dung rong rat.

1.2.2. Phdn logi theo dang tin hiéu

- Hoi ti€p mot chiéu: La cho thanh phan tin hiéu maot chiéu hoi tiép tir dau
ra vé ddu vao mach khuéch dai (c¢6 ca thanh phan xoay chiéu). Héi tiép loat nay
diing dé on dinh ché do hoat dong clia mach khuéch dai.

- Héi ti€p xoay chiéu: La cho thinh phdn tin hiéu xoay chiéu héi ti€p ti
dau ra vé dau vao mach khuéch dai (khong ¢6 thanh phan tin hiéu mat chiéu).
Héi tiép loai nay diing dé dn dinh cdc tham s& clia mach khuéch dai.

1.2.3. Phan loai theo cdch ldy tin hiéu héi tiép & ddu ra

- Héi ti€p dién &p: Lay dién ap ra dé tao hoi tiép dua vé dau vao.

- Héi tiép dong dién: LAy dong dién ra dé tao héi tiép dira vé ddu vio.

1.2.4. Phdn loai theo cdch ghép hoi tiép vé diu vao

- Héi tiép song song: Khi dién 4p ngudn tin hiéu va dién ap hoi ti€p ghép
song song v&i nhau (N6i cdch khdc, khi héi tiép song song la tin hiéu vao va tir
hiéu hoi tiép cung dua vao mot cuc clia Transistor).

36



- Hoéi ti€p nai ti€p: Khi dién dp ngudn tin hiéu va dién dp hoi 1i€p ghép néi
ti€p nhau (N&i cdch khdc, hoi ti€p ndi ti€p 1a tin hiéu vao va tin hiéu hdi tiép
duge dua vao hai cuc khic nhau cha Transistor).

1.3. Cach xéc dinh héi tiép

Thyc t&€ h6i ti€p trong mach khuéch dai rat phic tap va rat khé xéc dinh
loai héi tiép, trong trudng hop d6, ta cé thé dimg phuong phép sau:

- Néu ngan mach tai clia mach khuéch dai ma dién ap héi tiép mat thi dé6 1a
héi tiép dién ap.

- Néu hd mach i cia mach khuéch dai ma dién 4p héi ti€p mat thi do la
hai ti€p dong dién.

- Né&u h& mach nguén tin hiéu ma dién ap héi ti€p mat thi d6 14 hoi ti€p
ndi tiép.

- Néu ngan mach ngudn tin hiéu ma dién 4p héi ti€p mat & dau vao thi dé
14 hoi tiép song song.

1.4. Mot 56 mach khuéch dai ¢ hoi tiép

1.4.1. Mach khuéch dai hoi tiép dién dp song song

- So 46 mach:

Hinh 1.32. Mach khuéch dai héi tiép dién dp song song

- Dién trd R, 14y dién dp cuc C dé phan cyc mot chiéu cho cuc B, dong thoi
la dién tr& héi tiép dé 1ay dién ap ra dua trd lai ddu vio.
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- Dién 4p tin hiéu vdo va dién 4p hoi ti€p nguoc pha nhau, cling dwa vac
cuc B va ciing ty 1€ véi dién dp ra nén mach khuéch dai 1a mach khu&ch dai hé:
ti€p am dién 4p song song.

1.4.2. Mach khuéch dai hoi tiép dong dién song song

- So d6 mach:

Hinh 1.33. Mach khuéch dai hoi tiép dong dién song song

- R5 1a dién tro héi ti€p. ,

- Tin hiéu vao va tin hiéu héi ti€p duge ghép song song v&i nhau.

- Pha ciia tin hiéu hoi ti€p va pha tin hi€u vao nguge nhau.

- Tin hiéu hét ti€p dua vé ddu vao la dong dién.

Vay mach trén 13 mach khuéch dai ¢6 héi ti€p va hdi ti€p 1a hoi ti€p am
dong dién song song.

2. Anh hudng cla hai tidp d&n mach khuéch dai

Trong phin nay ta chi phin tich cdc mach héi ti€p am, mach héi tiép
duong dugce trinh bay trong gido trinh chuyén nganh khic. Sau day ta s€ lan
lugt xem xét anh hudng cha hoéi tiép am d€n cdc thong s6 cua mot mach
khuéch dai.

Anh hudng clia héi tigp am dén he s6 khuéch dai:
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Sa d6 khéi mach khuéch dai ¢6 héi ti€p nhu sau:

B —

Hinh 1.34. Anh hudng cia héi tiép dm dén hé s& khuéch dai

Hé s6 khuéch dai coa mach khi c¢6 héi 1iép 12 K: K = U/ U,,.

Hé s6 khuéch dai cia mach c¢6 héi tiép la K, 12 ty s6 cha dién 4p ra cla
mach khuéch dai va di¢n dp tin hiéu & ddu vio mach khuéch dai.

Ki=Up/ Uy: p=Uy, /U va U, = Uy - Uy,

Suy ra:
. K K
" U+, 1.,.% 1+ﬂ.ﬂf_ 1+ K
Ufr UR Uh

Tir d6 ta thdy hoi ti€p am lam giam hé s§ khuéch dai cha mach 1/1 + BK 14n.

Tuong ty nhu vdy khi khao sdt héi ti€p am, ta rit ra dugc cidc két ludn
nhu sau:

- Héi ti€p &m 4nh hudng dén d6 én dinh ctia mach khuéch dai: 1am tang do
on dinh ctia mach khuéch dai.

- H6i ti€p am anh hudng dén trd khang vao cia mach khuéch dai:

+ Héi ti€p am ndi ti€p 1am tang trd khang vao.

+ Hoi ti€p am song song lam gidm try khang vao.

- Hoi ti€p am anh hudng dé&n trd khdng ra cia mach khuéch dai:

+ Hoi ti€p am dién dp 1am gidm trd khing ra.

+ Héi ti€p am dong dién lam ting tré khdng ra.

- Héi ti€p am anh hudng dén tap am cha mach khuéch dai:
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Héi ti€p am khong 1am giam nho dugce tap 4m cla mach khuéch dai nhung
né l1am ting dugce ty s6 tin hi¢u trén tap am (S/N), lam tang hi¢u qué cla mach
khuéch dai.

- Hai ti€p am anh hudng dén déi thong clia mach khuéch dai: lam md& réng
ddi thong ciia mach khuéch dai.

Cau héi

1. Th& nao 14 tin hiéu tuong ty, tin hiéu s6? Tin higu twong tu va tin hidu s6 ¢6
nhifng dac trung nao?

2. C6 bao nhiéu loai nhi&u? Anh hudng clia nhiéu dén tin hiéu nhu thé nao?

3. Hay k& tén m6t s& loai mach dién tlrva (ng dung clia cac loai mach dién tir dé.

4, Nhu th& nao 1a cach méc Transistor theo kidu Emitor chung, Colector chung,
Bazo chung? Cac cach méc do c6 dac diém gi?

5. C6 bao nhiéu loai Transistor trudng va cach méc Transistor trudng co ban? Cac
cach méc Transistor trudng co ban dé la nhur thé nao?

6. Hay néu nguyan tic va phuong phap cap ngudn cho Transistor Iudng cuc va
Transistor trudng.

7. Ché& dd hoat déng A, B, C va AB clia Transistor 1 nhu thé nao? Dac diém cla
cac ché dd hoat déng dé la gi?

8. Thé& nao 14 hdi tiép? Cé bao nhiéu loai héj tiép? Cach xac dinh cac foai héi tiép
@6 la nhu thé nao?

9. Hoi tiép ¢6 4nh hudng dén céc théng s6 ndo clla mach khuéch dai va cac anh
hudng dé ra sao?
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Chuong 2.

MACH KHUECH DAI CO BAN

I. KHAI QUAT CHUNG VE MACH KHUECH DAl TiN HIEU NHO

1. Dic tinh cha tin hiéu nho

Tin hi¢u nho la tin hi¢u dién c6 bién d9 la dién ap hay dong dién nho (c&
1V dén 1-3V). Mét tin hiéu 6 bién d6 nhd c6 cic dic diém nhu sau:

- Tin hiéu c6 bién do nho thi khong thé dua ngay ra tdi (loa, dén hinh...)
hay s dung duge ma phai thong qua mét khau bién déi trung gian (khuéch
dai...). Vi dy, tin hiéu &m thanh cé bién do nhd khong thé dwa ra loa duge vi
tiéng qua bé hoac khong c6 biéu hién gi & loa ca.

- Tin hiéu ¢6 bién do nhd cé cong suat, nang lugng y€u nén khong c6 kha
nang diéu khién hay kich thich cdc mach dién 16n, ma tin hiéu phdi qua nhiéu
Jan khuéch dai lén thi mdi diéu khién dugc mach.

- Tin hiéu nhé nén thudng bi nhiéu 1an at hodc chén ép 1am cho bi sai lac.
Trong trudmg hop tin hiéu nhé qud thi bi tin hiéu nhiéu 14n at hoan toan.

- Viée xur ly va gia cong tin hiéu nho ciing rat phirc tap va khé, néu khéng
cdn than thi s& bi sai lac rat nhiéu, khi d6 tin hi¢u khong con ¢ nghia nita.

2. Diac diém cla mach khuéch dai tin hidu nhé

Mach khuéch dai tin hiéu nhé diing dé khuéch dai nhitng tin hiéu ¢6 bién
dd nhé hodc rat nhd, mach khuéch dai ¢ cic dic diém nhu sau:

- Mach thuomg c6 diém lam viéc mot chiéu & ché do A, hay con goi 1a ché
d6 hoat dong (cong tdc, lam viéc) A. VEi ché do hoat dong A thi mach khuéch
dai ¢6 thé khuéch dai ma khong 1am méo tin hiéu.
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- Mach thuong c6 hé s6 khuéch dai nho (d6 1gi nhd); mach khuéch dai tin
hiéu nho thudng ¢ hé s6 khuéch dai trong khoing vai ldn dén vai chuc lin
(hodc ti vai dectbel dé€n vai chuc dectbel).

- Mach khuéch dai tin hi¢u nhoé c6 hé s6 khuéch dat thip nén it khi c¢6 kha
nang khuéch dai 1am béo hod va cit tin hiéu, hay néi cach khic, mach khuéch
dat khong ¢6 kha nang 1am bién dang tin hiéu.

- Mach khuéch dai tin hiéu nhé thudng ¢6 cong suat nhd, nén ngudn dién
dung dé cung cip cho mach 1am vi¢c thudng ¢6 tri s6 nho; tri s6 ngudn cung
cép cho mach Iam viéc thuong tir vai von dén mot hai chuce von 13 ciing.

- Mach khué&ch dai tin hiéu nhé thuong it nén phai c6 bién phdp dp dung dé
tod nhiét cho nd, vi cong suit tiéu thy cta mach thdp. Cic mach dién khuéch
dai tin hiéu nhé thudng duge dat & cic ting khuéch dai ddu tién trong cdc thiét
bi dién tir.

Il. MACH KHUECH DAI TiN HIEU NHO THONG DUNG

1. Khai quéat chung

- Mach khuéch dai tin hidu nho thutng la nhitng mach khuéch dai sir dung
mot phan tir khuéch dai trong mach dé khuéch dai tin hi¢u, cdc mach dac biét
mdi ¢ 161 hai phan tir khuéch dai trong mot mach khuéch dai.

- Cdc mach khuéch dai tin hiéu nho dung dé€ khuéch dai tin higu c6 thé la
cdc mach khuéch dai diing Transistor ludng cuc mic theo kiéu Emitor chung,
Bazg chung, Colector chung; cdc mach khuéch dai diing Transistor trudng mic
theo ki€u cuc ngudn chung, cuc ming chung (nhu da xét & chuong 1); cic
mach khuéch dai sir dung mach khuéch dai thuat todn, str dung IC... Déi khi dé
ting dé khuéch dai cia mach 1én, hay dé tao ra mach khuéch dai c¢6 hiéu tng
ddc biét thi mdi sit dung hai phén tir khuéch dai mic trong mdt mach khu&ch
dai, vi du nhu mach khué&ch dai vi sai, mach khuéch dai Darlington, mach
khuéch dai Kaskode...

Sau day ta sé chi khao st mdt s6 mach khuéch dai dac biét, con cac mach
khuéch dai khac s& duge xem xét & cde chuong khac hodc trong cdc gido trinh
chuyén nganh khic. '

2. Mach khuéch dai théng dung

2.1. Mach khuéch dai Kaskode

Mach khuéch dai Kaskode 1a m¢dt mach khuéch dai ding hai Transistor,
mot Transistor méc theo kiéu mach khuéch dai Emitor chung, mét Transistor
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mac theo ki¢u khuéch dai Bazo chung. Mach khuéch dai Kaskode ¢6 loai ghép
mot chi€u, ¢6 loai ghép xoay chiéu. Sau day ta sé khao sdt mach khuéch dai
Kaskode ghép mét chiéu.

Sa d6 mach:

Hinh 2.1. Mach khuéch dai Kaskode ghép mot chiéu

Trong mach, Transistor Q, 13 Transistor khu&ch dai mic theo kiéu E chung,
Transistor Q, 13 Transistor khuéch dai méic theo kiéu B chung (vi ¢6 tu C, néi
mat tin hiéu xoay chiéu).

Cau phan 4p R,- R, dé phan cuyc mot chiéu cho hai Transistor va dién ap
Vg, phéi dl cao vi: Vg, = Vi, = Vg, - Ve = Vg, - 0,7V, Liic d6, V, méi cd
miic dién dp dd 16n dé Q, 1am viéc trong viing tuyén tinh (ving khuéch dai) cia
Transistor.

Tin hiéu ra sau Q, 1a V, chinh la tin hiéu vao V,, cta Transistor Q,. Do
Transistor Q; méc theo kiéu B chung nén c6 t6ng tr& vao nho, t0ng trd ra rat
16n, nho d6 Transistor Q, ¢é tdc dung ngan cich anh hudng cia ngd ra (ddu ra)
dén ngd vao (ddu vao), dic biét sy anh huéng & pham vi tan s6 cao.

Mach khuéch dai Kaskode cd hé s6 khuéch dai dién dp bang hé so khuéch
dai dién dp cia mach mac E chung, nhung ¢6 dién dung & ngd vao nho nén ¢
dai thong rong cua mach khuéch dai méc B chung.
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Dién 4p tin higu V;, va V,,, ddo pha nhau, nhung dién dp tin hiéu V,, va V,
ddng pha nhau.

Khi diéu chinh dién 4p phan cyc clia cdu phéan 4p R,-R, s& 1am thay déi
mifc dién dp mot chiéu ciacad V,, va V.

Mach khuéch dai Kaskode hay dugc diing dé khuéch dai tin hiéu video
trong cidc mdy thu hinh.

2.2. Mach khuéch dai Darlington

Trong cdc mach khuéch dai cdn cé d6 khuéch dai dong dién 16n hay céc
mach cén c6 tong trd vao 16n, ngudi ta thudng ¢é thé dung hai hay nhiéu
Transistor rap theo t6 hgp so dé Darlington d€ thay thé cdc Transistor don
trong cac mach khuéch dai da dugce trinh bay.

Mach Darlington ¢d bén ¢6 so d6 nhu sau:

I = Ip, ¢IEQ
L)

Finh 2.2. Mach mdc Darlington

Vi cuc E; néi true tiép vao cuc B, nén I, = Iy,.

Transistor Q, c6: Ig)=1e, = By Iy (1)

Transistor Q, cé: Il =02 1p (2)

Nén khi thay (1) vio (2) ta c6:

g = Ba Ly = Bo: Iy = By By Iy

Suy ra: Ie2 = By B Iy

Neu goi dong dién ngd vao (ddu vio) cua mach la I; = B,. I, dong dién
ngd ra (ddu ra) cta mach la I, thi 1, = I, vd B 1a 40 khuéch dai dong dién cua
toan mach thi:
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— 10 _ [E:‘.' .
18 - _E - I - 181'182

Gid st Q, 6 B, =100, Q, ¢6 B, = 80

D¢ khuéch dai ctia mach Darlington la:

B =p,. B, = 100.80 = 8000.

Nhu vay, dong dién ra trén tai s&€ bang 8000 ldn dong dién & ngd vao (dau
vao, clta vao), mach Parlington c¢6 d9 khuéch dai dong dién rat lon. Mach
khuéch dai Darlington khéng nhimg duge sir dung lam khuéch dai dong dién,
ma con duge st dung dé déi tdng trd 1 rat I16n & ngd vao thanh téng trd ra rat
nho & ngd ra dé dung hogp véi tai nhd & ngd ra.

81

Ngoai ki€u mach trén thi mach khuéch dai Darlington con c6 cac kiéu
mach khic nhu sau:

° [ ]
Ql Ql
Q !
Q: 2 Q
»
»

Hinh 2.3 Cac kiéu mic Darlington khac
Mach khuéch dai Darlington thuong duge fng dung lam cdc mach
khuéch dai khi c6 yéu cdu hé s6 khué&ch dai dong dién 16n, lam mach
khué&ch dai cong sudt...

III. MACH KHUECH PAI VI SAI

Dé khuéch dai tin hiéu ¢é tdn s6 rdt thdp hay céc tin hiéu bién thién cham
vi khong ¢6 tinh chu ky, ngusi ta thudmg ding mach khuéch dai DC theo kiéu
lién lac trirc tiép. Mach nay cé ddp tng tdn sg rat thdp tot nhung lai ¢é hién
tugng dién 4p troi. Do d6, dé tranh hién tugng dién ap troéi va ting kha nang
chdng nhiéu & cdc tang khuéch dai ddu tién, ngudi ta dling mach khuéch dai vi
sai (Differential Amplifier).
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1. So dé va cac tham sé co ban

Hinh 2.4. Mach khuéch dai vi sai co bdn

Mach khuéch dai vi sai co ban ¢6 so d6 nhu hinh v& trén. Trong d6, hai
Transistor Q, va Q, 12 hai Transistor cliing loai, cic dién trd phan cuc d6i xing
nhau ¢6 tri s6 gidng nhau.

Tin hi¢u vao dugc dua vao hai cuc B, va B,, trong d6 R, ;. R,;; 13 dién trd
nhan tin hiéu vao cia mdi Transistor.

Khi & ngd vao (dau vao, clra vao) ¢ dién dp V,; thi 1/2V, s€ tic dong vao
mdi Transistor do tinh phan 4p cia hai dién tr&d Ry, 3, Ryy; v s€ ¢6 hai trudng
hop khi cuc B, nhan dién ap duong thi cuc B, nhan dién 4p 4m so v&i mat va
nguce la.

Theo hinh v&, & ngd ra (dau ra, cvra ra) dién ap V., giam va dién 4p V,
tang, dién 4p 18y ra giira hat cuc C 1

AV,= AV - AV,

Thong thudng Transistor duge phan cyc véi diéu kién Ry, >> 1, nén do loi

(h¢ & khuéch dai) dién ap chia m6i Transistor la:

Ay AV, R

AV =AY, = _
AV, AV, Ry +1,

AVq = AV,. AV, = 12AV,. AV,
AVCZ = AV2. Avi2= —1/2AVZ. &VI
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Suy ra:

Trong do:

r =+ (14 p). 20
. !a",'

2. Pic diém cla mach khuéch dai vi sai

Nhu da phan tich & trén, khi ¢6 dién dp tin hi¢u & ngd vao (ddu vio, cira
vao) thi do cdu phén ap dung hai dién trd R;3, R,,; 1am cho cuc B, ¢6 dién dp
duong va cuc B, ¢d dién dp am hay nguge lai, lic d6 Q, ddn manh lam V,
giam va Q, dan y€u lam V, ting s€ cho tin hiéu ngd ra (ddu ra, clra ra) AV, va
AV, nguoc ddu, dién dp ra clia mach vi sai la:

AV,= AV - AV, =2AV = 2AV,

Khi ¢6 tin hi¢u nhiéu phéa roi thi tin hieu nhicu s€ tic dong dong thoi lén
cuc B, va B, véi dién dp déng pha (cting duong hodc cing am). nhu vay & ngd
ra (ddu ra, cira ra) AV, vi AV, bién thién cling huéng s€ triét tién nhau va
AV, =0.

Nhu vay, mach khuéch dai vi sai ¢6 kha nang chéng nhiéu rat tét. Tin hiéu
nhiéu & diy ¢6 thé 1a tin hiéu di¢n tit, nhiét 46 moi truong hay su hi€n thién
dién dp ctia nguén.

3. So dé mach khuéch dai vi sai théng dung

3.1. Mach khuéch dai ngd vao - ra can bang

Hinh 2.5. Mach khuéch dai vi sai ngé vao - ra cdn bang
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Pay 1a mach vi sai co ban ¢6 R dé tang kha niang chéng nhiéu. Mach diing
hai ngudn +V, va -V, d6i xing (cé thé khong ddi ximg). Véi cich phan cuc
nay cuc B ¢ thé khong diing cdu phan dp Ry, Rg, v cue Bcd Vg, = Vg, = OV.
Lic do, Vi sé cé dien dp dm Vi~ - 0,7V,

Cac thong so k¥ thuat cia mach:

- HE s3 (d0) khuéch dai dién dp vi sai:

Av - _ ﬂ __R_ﬂ__
R, +r,

- Ty s6 nén tin hi¢u dong pha 4t 16n:

- T6ng trd ngd ra (ddu ra, clrara): r,= 2 Re

Mach nay thudng duge chon lam mach khuéch dai ngd vao (dau vio, cira
viio) cua cdc tang khuéch dai DC ¢b ngd ra (ddu ra, clra ra) d6i xing.

3.2. Mach khuéch dai ngo vao can bing va ngoé ra khong can biang

Mach di¢n c6 ngd ra khong can bang, tin hiéu chi 14y tir cuc C, xuéng mat

nén dién ap ra bi giam di 1/2.
R, —_L

—_T_—v1

gai

v,

:T{ :

Hinh 2.6. Mach khuéch dai vi sai ngé vao cdn bdng va ngé ra khéng cdn bing

Dién trd Rg ¢6 tdc dung giam hién tugmg dién dp troi.
V¢& phan cyc ta vén cé:

Vg = Vi = 0V va Vg, = V= - 0,7V

Céc thong s6 k¥ thuat cua mach:
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- He $6 (d9) khuéch dai dién ap vi sai:

A, = - l_ __.Rf“_
2 R a, T T
- Téng trd ngd vao (ddu vio, clra vao): r;= 2.(Rg + Iy,.)
- Tong trd ngd ra (ddu ra, clra ra): 1, = Re _
Mach nay thuong ding lam cdc tdng khuéch dai trung gian trong Ampli
hay lam cdc mach khuéch dai DC.
3.3. Mach khuéch dai ngd vao khéng can biing, ngd ra can bing

A R, —
® AVavLy Q, Q, H
l n =
V. I
1 : V2
L Re =

Hinh 2.7. Mach khuéch dai vi sai ngé vao khong cdn bdng,
ngoé ra can bang

Mach chi ¢6 tin hiéu V; cho vao cuc B, so vdi mit.
V¢ phan cuc mot chiéu ta cé:

Vg = Vg =0V,

Vg, = Vg =-0,7V,

Khi ¢é tin hi¢u V, & ngd vao (ddu vao, clra vao) thi Q, khuéch dai s& chora
hai tin hi¢u & cuc C, va E,, lic d6 Q, duge xem nhu Transistor khuéch dai rap
theo kidu B chung c6 tin hié¢u vao cuc E, va ra & cuc C,.

Ta xét trudng hop tin hi¢u V,cd ban chu ky duong vio cuc B,, cuc C, ¢6 tin
hiéu ra dao pha 1a ban chu ky am, trong khi d6 cuc E; ¢6 tin hiéu ra déng pha
la ban chu ky duong. Boi véi Q, c6 tin hiéu vao E, 1a ban chu k¥ duong nén
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cuc G, tin hiéu ra 1a déng pha va ¢6 ban chu k¥ duong (vi mach khuéch dai B
chung la mach khuéch dat déng pha).

Nhu vay, tin hi¢u ra trén hat cuc C, va C, ciing 1a hat tin hiéu ngugc pha
nhau s€ lam cho dién dp ra V, tang gdp doi so voi tin hiéu V.

Cdc thong s0 k¥ thudt clia mach:

- He s6 (d6) khuéch dai dién 4p vi sail Ay=- B R/(Rg + 1p,,)

- Tong trd ngd vao (ddu vao, clra vao): 1, = 2.( Ry + 1, )

- Téng trd ngd ra (ddu ra, clia ra): r, = 2 Re

Mach nay ¢6 tdc dung déi tix tin hiéu khong can bing ra tin hiéu can bing.

3.4. Mach khuéch dai ¢6 ngd vao va ngo ra khong can bang

L 1
2R, R.,
Vv,
Rhl v()
® AN I Q _L QzA H

:

Hinh 2.8. Mach khuéch dai vi sai cé ngd vdao va ngé ra khong can bdanyg

Mach chi ¢6 tin hiéu vao V, duge dua vao cuc B, so véi mat va tin hiéu ra
lay trén cuc C, so v4Gi mat. ‘
Hai Transistor Q, va Q, van ¢6 tdc dung loai trir cdc tin hiéu nhiéu dong
pha hay khir &nh hudng cla nhiét dd tdc dung Ién hai Transistor.
Vé phan cuc mot chiéu ta vin cé:
Vo =V =0V,
Ve = Ve =-0,7V.
Q, 1a Transistor khuéch dai ddo pha, rdp theo kiéu Emitor chung.
Cac thong so k¥ thuat cda mach la:
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- He 36 (dd) khuéch dat dién ap vi sai:
1 R

_ [

- Téng tr& ngd vao (dau vao, clra vao): r, = 2.(Rg + 1y,.)

- Téng trd ngd ra (dau ra, clra ra): r, = Re.

Mach khuéch dai vi sai thudng duge tng'dung dé ché tao cac mach khuéch
dai thuat toan, cdc IC. ..

IV. MACH GHEP TANG KHUECH PAI

Trong thuc t&, dién 4p ra tir micro, dau tir cla mdy cassette, tir tdng tach
s6ng... thudmg cé bién d6 rit nho, c& vai tram pV dén vai mV. Dé dat dugc
cong sudt ra yéu cau thudng phai c¢6 mot mach (bo) khuéch dai gdm nhiéu tiang
khué&ch dai mac n6i tiép nhau, vi moét tang khuéch dai khong ddm bao du hé sd
khuéch dai cén thiét. Mot bd khuéch dai gdm nhi€u tdng duge méc véi nhau
theo so d6 khdi sau:

Upi=Uy;  Upy Uy

Uvrll—.—z n—h_iUR

Hinh 2.9. So dé khéi ghép tdng khuéch dai

H¢ s6 khuéch dai nhiéu tang bang tich hé s6 khu&ch dai clia méi tang.
k,-%e Y lUn Yu_g g k.
u, U, U, U
Yéu cdu ghép tang khuéch dai:
- Hé s6 khuéch dai 6n. '
- D6 méo tan s6 nho.
- Do méo khong dudng thing nho.
Muén dat duge yéu cdu nay cin phai chon:
- Chen va dam bao ché d6 tinh, ché& do dong thich hop.
- Chon mach ghép tdng sao cho dam bdo phdi hop tro khdng gitta cdc tdng
theo chuc ning cia bo khuéch dai.
+ Bo khuéch dati dién ap: Zoy >> Zgguen VA Ly, << 2.,
+ Bo khuéch dai c6ng sudt: Loy = Zngusn VA Zypy =7,

32
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+ BO khuéch dai dong dién:  Zy <<Zy,, VA Zg, >> 7,

Trong dé: Zy, Zyuusn Zre VA Z, 140 luot 12 trg khdng vao bo khuéch dai, trg
khang ngudn tin higu, trd khang ra bo khuéch dai va trd khang cha tai.

Nhu viy, viéc chon mach ghép giita ciac tang khuéch dai & mot vdn dé rat
quan trong, ching ta s& 1dn lugt khao sat cdc cach ghép tang dé.

1. Mach ghép truc tiép

So d6 mach:

G

¥ N
o

.
le
—

Hinh 2.10. Mach khuéch dai ghép tdng truc tiép

R, 12 dién trd dinh thién cho Transistor Q,.

R, 14 dién trd tai cha Transistor Q,, vira 1a dién trd dinh thién cho Transistor Q,.

Ta co: Ug, = Uy,

Dé cho tin hiéu khong bi méo dang, ta phai chon tri s6 R, sao cho dién dp
cuc gop cia Q, khong nho hon 1,2V, day ciing 1a dién 4ap dit 1én Bazo Q,. Néu
dién 4p nay dit hoan toan lén ti€p gidp Bazo-Emitor cta Q, thi ¢4 thé Jam hong
ti€p gidp ndy. Do dé, trong mach ta phai mic thém R, d€ 1am sut bét dién dp
Usp,. dam bao thién dp cho Transistor , lam viéc.

Uge; = Upy - Ugs

Thudng chon R, = 5 - 15KQ d¢ dién dp cuc gdp Q, khoang 1,2 - 2,5V,
bien trd R, = 1,5 - 2,5KQ.

D¢ khir héi ticp 4m d6i vdi tin hiéu trén R, ta ding tu dién C, ¢& 3 - 100uF.
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U'u diém cia kiéu ghép ting tryc ti€p 13 hé s6 khuéch dai 16n va khong gay
ra hién tugng méo tan s& nhu cdc cich ghép khac. Tuy nhién, diéu chinh mach
phifc tap va rat khong 6n dinh.

2. Mach ghép dién tré
So dé mach:

2

Q
—_V,
Ry
Ry
A4
|

Hinh 2.11. Mach khuéch dai ghép tang dang dién tro

Do céc dién trd R, va R4 nén trong mach ¢6 t6n hao va tao ra mot mite dich
dién 4p nao dé. Trong thyc t€ dién dung vao cua Transistor tang sau cé tham
gia vao mach ghép, do d6 day 12 mot mach ghép phu thudc vao tdn 6. Dé
truyén cdc tin hiéu tin s6 cao, ngudi ta thudng mic song song véi Ry mot tu
dién. Mach phai thoa man diéu kién I, (dong qua R;, Ry) >> Iy, sao cho dién
thé tai B, hdu nhu khong déi.

So vdi cach ghép truc tidp, cach ghép nay c6 uvu diém hon & chd nhd ¢b
dién 1o han ché nén ch€ do 1am viéc (hoat dong) finh cha cdc tdng khuéch dai
it bi anh huéng 1dn nhau. Do d6, d6 6n dinh ctia mach khuéch dai 16t hon.

Ghép dién tro it duge sir dung trong cdc mach 16 hgp vi cdc dién trd I6n
thudng chiém thé tich 1én. |
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3. Mach ghép dién dung
Sa d6 mach:

._T[
le
L

Hinh 2.12. Mach khuéch dai ghép tdng bang dién dung

Ghép dién dung con duge goi la cach ghép RC. Trong mach cé Ry, C,, C,
va C; la céc phan tlr ghép. Vi trg khdng vao cta dén nhd 200Q - 2KQ, nén
thudng chon tu néi tdng C, khoing 2 - [0uF d&€ ngén mach d&i v6i thanh phén
xoay chiéu. Tuy theo tirng loai dén duge st dung ma ddu tu sao cho tu dugc
phan cuc thuan.

N6t chung R; 16n thi hé s& khucch dai 1dn, nhung do R; gay giam dp
mot chiéu nén néu chon R, 16n qua 1am Ue va I déu nho, hé s& khuéch dai
cta mach lai giam va gidm nhi€u & tdn s6 cao. Néu chon R; nho s& lam
giam hé s6 khu&ch dai va gidm cd tr& khdng vao ting sau. Vi vay R; thuong
chon tir 2 - SKQ.

Trong mot dai tdn s6 lam viée, tu dién va su phu thuéc cic tham s& cia
Transistor vio tin s6 s& lam cho dién dp ddu ra bo khuéch dai thay déi ca bién
d6 va pha khi tin hi¢u vao thay déi.

- O mién tdn s6 trung binh, cho phép bd qua sir dnh hudng cha tu dién trong
bo khuéch dai va khong tinh d€n sy phu thudc cha cac tham sé Transistor vao
tdn s6.

- O mién tan s6 thap, tu ghép ting C,, C,, C, va C, dnh huong [6n dén
hé s6 khnéch dai cia mach. Lic nay tu C,, C,, C; ¢6 tro khdng Idn, sut dp
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trén fu ciing tang len, nén dién ap tir ngudn tin hiéu dit vao tang ddu tién
hoac di¢n dp ra tdng sau bi giam. Vi vay, bién do dién dp ra clia mai tdng va
cta ca mach bj giam.

Tré khdng cta tu C, tang 1én ciing 1am giam su r€ mach cta t C, d6i vdi
thanh phidn xoay chi€u, lam héi ti€p am dong dién xoay chi€u trén R, cling
tang 1én, hé sd khuéch dai cia mach giam.

- mién tdn s& cao, cic tu ghép ting C,, C,, C, va C, s& lam dai thong cua
mach rong ra va hé s& khuéch dai cia mach ting Ién.

Ki¢u ghép bing dién dung hay bing RC c¢é nhugc diém 1a khang phoi hop
duge trd khdng ra 16n cha tdng trude véi trg khdng nho cha tng sau. Hon nira,
tréd khang cna tu ndi tdng C, & tan s6 thdp Idn hon & tan 6 cao nén tin hicu ¢
tén s& thdp bi suy giam nhiéu hon su suy giam tin hiéu & tin s6 cao. N&u mach
14 mach khuéch dai am thanh thi tiéng trdm bi thiét hon tiéng thanh.

4. Mach ghép diot

So d6 mach:

7
l =

Hinh 2.13. Mach khuéch dai ghép tang dung diot

| —
U, Zn Y
L L

Trong mach phdn tir ghép Ia mot diot zener. Loal ghép tang nay van tao ra
mot mitc dich dién dp ndo d6 trong khi ha dp trén né khong ding ké. Vi trg
khang cha diot zener nho, dé diot luén 1am viéc trong khu vic zener thi phéi c6
dong qua diot khoang 1mA.



Ghép tang bang diot zener ¢4 gi4 thanh dit hon céc loai ghép khéc neén it
dugc sir dung. D€ gidm gid thanh, c6 thé thay diot zener bing diot thudng mic
n6t i€p theo chiéu phan cyc thudn. Mach ghép diot c6 dic diém 12 truyén duoc
tin hiéu véi dai tan rong.

5. Mach ghép bién ap

Sa d6 mach:

Hinh 2.14. Mach khuéch dai ghép tang ditng bién dp

Phdn tir ghép 1a bién 4p gébm hai cudn day L, va L,. Ghép bién dp khong
chi cdch ly cdc tdng vé€ dong dién mot chiéu ma con 1am tang hé s¢ khuéch dai
K, hay K, (tuy thudc bi€n dp gidm dp hay tang dp).

Vi dién trd mot chiéu clia cudn so edp bi€n dp nhd nén ha 4p mot chiéu trén
né nho, nghia [4 hiu nhu toin bo dién ap ngudn cung cdp duge dua dén cyc
Colector clia Transistor, diéu d6 cho phép diing nguén dién dp thdp cung cap
cho céc ting khuéch dai ghép bién ap.

V¢ mit xoay chiéu tu C, vi C, ¢6 tré khang rdt nho nén toan bo dién &p tin
hiéu & hai ddu cudn thit cip duge dua vao cuc Bazo cia Transistor Q,, lam cho
tfn hi¢u ra 16n. Ngodi ra, ghép bi¢n dp s¢ dé dang phéi hop trd khdng va thay
déi cyc tinh tin hi¢u trén cdc cudn day.

Khi xét dén su phdi hop trd khdng gitra cic tang thi trd khiang vao cia tang
sau s€ phan dnh v€ tdng trude qua bién dp (quay vé cudn so cdp) s€ 1a:
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Ze,=0" . Zy=(W,/W) .7,
Trong 46, W, va W, 1a s vong day cua cdc cudn L, va L,.
Vi trd khang ra cia Transistor tdng trudc 16n hon trd khdng vao cha
Transistor tAng sau nén s6 vong cudn so cip thudng nhicu hon cudn thit cap.
Méo tan s& trong bd khuéch dai ghép bién dp la do cudn day bién dp va
cidc tu C,, C,, C; va C.¢ gay ra, lam cho dac tuyén tan s6 trong dai tang
khong bang phang.
A
K

u

Tin1hap  Tin s6 trung binh - Tancao

Hinh 2.15. Ddc wyén wan sé ciia mach khuéch dai ghép bién dp

( mién tan s6 trung binh, hé s& khué&ch dai thuc & khong phu thudc vao
tan s6 vi trd khdng cla dién ¢dm rd nhéd nén khoéng anh hudng dén viée truyén
tin hi¢u dén tdng sau. Ngoii ra, dung khing Cc, C,, L, {dién cam cudn sd cdp)
di1 16n, tic dung méc & cia chiing d6i vai mach ré coa tdng ddu va tai 1a khong
ddng k¢, vi vay c6 thé khong tinh dén ching.

3 mién tan s6 thap, X, = 2nfL, bi gidm s& gay tdc dung mic r& ddng ké véi
Z,, va 1am cho hé s6 khuéch dai gidm. Tu Cgg va C, ¢6 trd khang > X, ¢ mién
tan s& trung binh nén khéng anh hudng dén tin hiéu & tan s6 thap.

$ mién tan s6 cao, dién cam rd ting nén dién Ap tin hiéu dua ra tai tdng sau
bi giam, dung khdang X = 1/2nf. clia Co v C, s€ 1am giam dién dp xoay chiéu
trén Colector clia Q,, k&t qua 1a lam cho h¢ s6 khuéch dai bi giam. Can chi y
ring, tiang khuéch dai ghép bién 4p & mot mién tdn s6 cao cé thé xudt hién
cong hudng lam cho dic tuyén vong Ién, d6é 1a do cic ty dién néi trén tao vdi
dién cam L cua bién dp thanh mach cong hudng song song ¢é trg khing rat 16n
& tan 5§ do.
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Mach ghép bi€n dp 1a loai mach ghép 6 nhat, cé dai tdn lam viéc hep,
khong thé ghép mot chiéu duge vi vay né it duge sir dung.

6. Mach ghép dién quang

Sg d6 mach:

Phan tir ghép

Hinh 2.16. Mach khuéch dai ghép dién quang

Trong dé:

D, la diot phat quang.
QQ la Transistor quang.

Ca hai linh lién nay thudng duge déng gdi trong moét vi mach gém c6 bén
chan. Nguyén 1y hoat dong cia linh kién nay s€ dugc trinh bay O cic gido trinh
linh ki¢n khdc.

Ghép dién quang c6 thé truyén dat dugc tin hiéu mot chiéu dén cdc tin hiéu
¢6 tdn s6 nim trong pham vi GHz. Mach ghép ¢6 thé cdch dién cao, khoang vat
KV. Do phén tir quang ¢6 sai s6 phi tuyén tuong d6i 16n nén d6 chinh xdc loai
nay cé gidi han. Néu ding mach nay trong so d6 khuéch dai ddy kéo thi sai s
phi tuy€n duge bdt di mot phan.

V. KHAI QUAT CHUNG VE MACH KHUECH pAl TIN HIEU VUA
VA LON

1. P3c tinh cua tin hiéu vira va 1dn

Tin hiéu vira va 16n la tin hié¢u dién ¢6 bién do la dién 4p hay dong dién
trung binh hodc 16n (bién do t&r mét, hai von t6i ndm, bay vén). Tin higu vira va
iém ¢6 cdc dic diém nhu sau:
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- Tin hi¢u c6 bién d6 trung binb va 16n nén chi cin xi ly, khuéch dai so
bo... 12 ¢6 thé sir dung duoc (c6 thé dua ra tai).

- Tin hi¢u ¢6 bién d6 trung binh v 1én nén tin hiéu khoé, ¢6 kha ning diéu
khién hay kich thich cdc mach dién 16n ma khéong phéi qua nhiéu tdng khuéch
dai trung gian.

- Tin hi¢u 1dn nén nhiéu lan 41 hoic chén ¢p tin hiéu la rdt khé. Trong
nhiéu trudng hgp nhiéu nho khong thé chén ép duoc tin hiéu. Vi du, & ting
khuéch dai cdng sudt tin hiéu ¢d bién do rit 16n nén nhiu it khi 14n 41 duoc
tin hiéu.

- Viéc xir 1Y va gia cong tin hi¢u trung binh va Ién ciing it phic tap hon va
dé dang hon. D61 véi nhitng noi ¢6 yéu ciu khéng cao thi viée tin hi¢u ¢6 méo
dang d6i chiit ciing ¢6 thé chip nhan dugc.

2. Dic diém cla mach khuéch dai tin hiéu vifa va 1dn

Mach khuéch dai tin hiéu vira va 16n la cic ting, cic mach khufch dai
trung gian hay cédc tang khuéch dai cong suat trong cdc thi€t bi dién tir. Cic
mach khué&ch dai nay c6 dac diém nhu sau:

- Mach khuéch dai lam viéc & ché dd hoat dong A, B hac AB. Néu mach
lam viéc & ch€ do hoat dong A thi ciing c§ két cdu twong tu nhu cdc mach
khuéch dai lam viéc & ché do hoat dong A did duge hoc. Con nhitng mach
khuéch dai 1am viéc & ché d6 B hoac AB thi phai mic theo kiéu day kéo.

- Mach thudng cé hé s6 khuéch dai 16n (do loi 16n). Mach khuéch dai tin
hiéu vira va 16n thudng ¢6 hé s& khuéch dai trong khoang vai chuc lan dén hang
tram lan, hang nghin l4n.

- Mach khuéch dai tin hiéu vira va 16n ¢6 hé s6 khuéch dai 16n nén d6i voi
tin hi¢u vao khong 1én 1dm thi mach vin lam vi¢éc binh thudng ma khong lam
bao hod hay cit mat tin hiéu.

- Mach khuéch dai tin hiéu vira va 16n thudng cé cong sudt 16n, nén nguon
dién dimg d€ cung cdp cho mach [am viéc thudng c6 tri 6 rdt 16n, tir hang chuc
von dén hang trim von. Vi du nhu ngudn dién moét chiéu cung c¢dp cho mach
khuéch dai cong sudt tin hiéu video cua ti vi mau 1€n tdi 180V,

- Mach khuéch dai tin hiéu I6n thudng cé cong sudt 16n nén mach tda nhiét
rat 16n, vi vay phéi cé bién phdp dé tod nhiét cho mach. Mot s mach khuéch
dai cong suat 16n phai diing quat gi6 két hgp véi cdc tdm tod nhiét dé toa nhidt
cho mach.



- Mach khuéch dai cong suit méc ddy kéo c6 hiéu suit 1én hon céc mact
khuéch dat tin hi¢u nhd. ..

VI. MACH KHUKCH DPAI PAO PHA

Néu tang khuéch dai cudi cung 12 ting khuéch dai cong sudt mic day
kéo thi trudc nd phai ¢6 tdng khuéch dai ddo pha. Tang khuéch dai dao pha
cd nhi¢m vu tao ra hai tin hiéu nguge pha va bién d6 bing nhau dé kich
thich cho ting cong sudt. Sau day ta sé khao sdt mot s6 mach khuéch dai
dao pha cu thé.

1. Mach dao pha diung bién ap

So d6 mach:

X R g
9 + 1
C, 0, —V,
-~ Q i-‘ i
R, —

R,

-+
G,

Hinh 2.17. Mach khuéch dai ddo pha diing bién dp
Tang khuéch dai ddo pha dung bién dp thudng dugc mic theo so do cuc

phét chung. Bién dp dao pha ngoai nhiém vu tao ra hai t{n hiéu cé dién ap béng
nhau nhung ngugc pha nhau con [3m nhiém vu phdi hgp tr& khing giita tro
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khing ra 16n cua tdng trudc vSi trd khiang nhd cla tdng sau. Do vay, mach
khuéch dai dao pha phai c¢6 chit lugng t6t va cudn that can, néu cudn khong
cén thi hai cudn thif cdp cé dién trd léch nhau va hai Transistor cong suat s&
dugc dinh thién léch nhau, do vay tin hiéu ra s€ bi méo dang.

Tang khuéch dai ddo pha mic theo so do trén 12 ting khuéch dai Q, mac
theo cyc phdt chung. Dién tré R, dinh thién cho Transistor bang dong cuc
g6c ban ddu. Nguon cip cho cuc gép duge cip qua cudn so cdp cua bién dp
dao pha. Dién trd R, va R, déng vai tro én dinh nhié¢t. Tu C, loai bo héi tiép
am trén R,

Nguyén 1y tao ra dién 4p déo pha ciing bién d6 bang bién dp dao pha duge
trinh bay trén hinh sau:

A g

Ay
b Vﬂ
Hinh 2.18. Mach ddo pha ding bién dp

Gia st trong mét na chu ky duong cia tin hiéu ddu A c6 dién thé duong
hon ddu B, néu cudn thir cdp cudn cung chiéu vé1 cudn so cap thi dau C sé
duong hon d4u D vi gira cudn thif cap ddu ra mdt cla dién trd dinh thién cia
ting khuéch dai cong suit.

Nhu vay cuén thi cap duge chia 1am hai nra, mot ntra trén l1a dau ra C
vi mat, con dau D ¢6 dién 4p am hon so v61 mat. Hai nira cia cuén day tha
cdp ¢ cing s6 vong thi sut dp xoay chi€u trén hai nira ¢6 bién do bang
nhau va ngurge pha. Diém C va D duge néi cuc géc cla hai Transistor cong
suit méic ddy kéo thi mdi Transistor chi cong tdc trong moét nlra chu ky
(ch& do B).

Tét nira chu ky am cia tin hiéu thi qua trinh dién ra hoan toan nguoc lai
nén tai ddu ra C va D so véi mat 1a hai dién dp c6 bién d6 biang nhau nhing c6
pha léch nhau 180 hay con goi 14 nguge pha nhau.
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2. Mach dao pha phan phu tai

So dé mach:

Hinh 2.19. Mach khuéch dai ddo pha phéan phu tdi

Mach khuéch dai ddo pha phin phu tai (gianh) 1a mach khuéch dai ddo pha
khong sit dung bi€én 4p. Di¢n dp l1dy ra trén cuc goc va cyc phit clia tang
khué€ch dai dugc 1dy ra trén hai dién trd R, va Ry, v&i R, va R, bang nhau.

Khi 18y di¢n dp ra trén cuc gop thi tang khuéch dai dugec méc nhu sg dd cuc
phét chung, dién dp tin hiéu ra dao pha 180 d6 so véi dién dp tin hiéu vio.

Khi 18y dién dp ra trén cyc phdt thi mach dugc mic nhu so d6 1dp lai cuc
phdt (mach méc cuc gép chung), va dién dp tin hiéu ra déng pha véi dién dp tin
hi¢u vao.

Vé mat bién d¢, hai tin hiéu ra xdp xf bang nhau vi R, = R, trong khi d6
dong cuc gbp xap xi bing dong cuc phit. Uu di€m cta so dé nay Id mach don
gian, khong can dung bién dp, nhuge diém la d6 khu&ch dai clia mach nho.

3. Mach dao pha dung Transistor - Diot

So dé mach: Hinh 2.20

Tic dung linh kién:

- R, va R, diing d€ phan dp cho tdng ddo pha Q,.

- R;, D,, D, dung dé phan ap cho hai Transistor khuéch dai cong suat Q, va
Q,, day ciling 12 tdi cha tdng khuéch dai Q,. Ta phai diing tdi hai diot trd 1én dé
dao pha thi mdi dii phan cuc mot chiéu cho hai Transistor Q, va Q,.
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Hinh 2.20. Mach khuéch dai ddo pha diing diot

Nguyén 1y clia mach nhu sau:

Khi dién 4p tin hiéu vio giam thi trén cuc C (diém B) clia Transistor Q, c¢6
dién ép tang, 1am cho Transistor Q; khod, nén Transistor Q, khong 1am viéc.
Trong khi d6, dién 4p trén cuc C (di€ém B) clia Transistor Q, ting 1am cho D,
va D, cé xu hudng phan cuc nguge va khoa lai, lam cho dién 4p tai cuc B cia
Transistor Q, (di€ém A) tang, Q, lam viéc.

Khi dién dp tin hiéu vao ting thi qud trinh dién ra hoan toan nguge lai, ¢
nghia 12 dién 4p tai diém B gidm va dién 4p tai diém A ciing giam, Transistor
Q, khong lam viéc va Transistor Q, lam viéc.

V1 vy & hal nita chu k¥ cia tin hiéu vao 12 hin sin thi dién 4p tai cdc diém A,
B khong cé ddo pha (déng pha) nhung chiing ¢6 thé ding d€ diéu khién mach
khuéch dai cong suét ddy kéo giong nhu mot mach khuéch dai dao pha thuc thu.

Mach trén ¢6 vu diém 12 két cdu don gidn va dé dang diéu chinh.

Ung dung clia cic mach déo pha la diing dé diéu khién (kich thich) cdc
mach khuéch dai cong sudt ddy kéo.
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VII. MACH KHUECH PAI CONG SUAT PON

1. D3c diém cla mach khué&ch dai cdng suit don

Mach khuéch dai dung mét Transistor 1am phén tir khuéch dai, lam nhiém
vu khuéch dai cong sudt nén duge goi 1a mach khuéch dai cong sudt don. Mach
khuéch dai cong suat don c6 mot sé dic diém nhu sau:

- Mach khuéch dai ding mot Transistor dé khué&ch dai nén phai 1am viéc o
che¢ do A dé tin hi¢u ra khuéch dai khong bi méo dang.

- Cong sudt cia mach khuéch dai cong sudt don thudng nho nén chi ddp
tng dugc cho cic tai yeu cdu c6 cong sudt khong 1dn 1am.

- Hi¢u sult ciia mach thudng nho, vi mach lam viéc 0 ché do A nén khi
khong ¢4 tin hiéu vao mach thi mach van tiéu thy cong suat ngudn mot chiéu.

- Ngudn mot chiéu cung cip cho mach khu€ch dai cong sudt don lam viéc
thudng nho, hon nita coHng sudt cia mach ciing thdp nén mach khuéch dat
thudng it khi 6 gdn toa nhiét di keém. Mach khuéch dai cong suat don c6 thé la
mach khuéch dai miac Emitor chung, mach khuéch dai méic Colector chung (lap
Emitor) nhung it khi 1a mach khuéch dai Bazo chung. Sau ddy ta s€ khao sdt
mot s¢ mach khuéch dai cong sudt don.

2. Cac loai mach khuéch dai cdng suit don

2.1. Mach khuéch dai co ban
So dd mach:

R,

1o

12V

Hinh 2.21. Mach khuéch dai cong sudt don cé tdi mdc tric 1ép
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Mach trén & mach khuéch dai mic Emitor chung 1am viéc & ché do hoat
dong A. Tai dugc dat truc ti€p d cuc C ciia Transistor Q,. Thong thudng tai c6
tri $6 dién tr& nhé dé ¢ the nhan dong dién I6n s& cho ra cong sudt 16, vi cong
sudt ra ty [& voi hinh phuong dong dién.

bién tro R; nhan dong dién tai rat Idn nén tiéu hao cdng suat ciing rat 16n
mot cich vo ich, do dé nguasi ta thudng hd dién trd R, di. Trudng hop ding
dién tr& R, dé &n dinh nhiét thi chi chon chi s6 R, rdt nhé.

Mach khuéch dai ¢6 hi¢u suit thap n < 25%

2.2. Mach khuéceh dai ¢6 bién ap ra

So d6 mach:

Hinh 2.22. Mach khuéch dai ¢ong sudt don ¢6 tdi ghép bién dap

Mach khuéch dai trén diing bién dp ra d€ dua tin hiéu xoay chiéu & ngd ra
cua Transistor ra tai R,.

Xél vé yé&u 1§ dong dién maot chiéu thi dién trd cha cudn ddy so cdp cha
bi€n dp T, co tri $6 rdt nho va cyc Emitor cia Transistor Q, trong mach duge
ndi truc ti€p xudng mat nén mach khong tiéu hao cong sudt vo ich trén dién tro.
V1 vay ¢6 thé diing nguén c6 dién 4p thap hon dé cung cdp cho mach.

Cong suit ra trén tai (so cip);

i Ve

2
emax OO max VCC

Oﬂur .\/— .\/— 2RL

Cong sudt tiéu tdn nhiét trung binh trén Transistor 1a:

Vi V4
Py =Veedp = Vet =55
R, R,
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Trong mach, cuén day so cap bién 4p T, ¢é dién trd nhd khong ddng ké nén
cong suat tiéu hao rén cudn day coi nhu khong c6.
Nhur vay hiéu sudt cia mach la:

Ve
P, 2R
Pa VCC
RL

Nhur viy, véi cach méc bi€n ap ra thi hidu sudt cia mach duge ting lén tir
25% dén 50% .

Trong thuc t€ vin ¢ cong sudt tiéu thy mot chiéu trén cudn day so cdp cla
bi€n 4p nén hi¢u suat cia mach khuéch dai chi dat khoang 35%.

Cac mach khuéch dai cong sudt don thutmg duge ing dung [adm cdc mach
khuéch dat cong sudt trong cdc thiét bi dién tlr ¢6 cong sudt ra nho.

VIIL. MACH KHUECH PAI CONG SUAT PAY KEO

Mach khuéch dai cong sudt don ¢ hiéu suét thdp, vi khi lam viéc ¢o6 dong
tinh 1én (dong mot chiéu). Pé khic phuc nhuge diém ndy, ngudi ta mac ting
khuéch dai cong sudt ddy kéo lam viéc & ché do B, hodc AB.

1. Mach khuéch dai dung bién ap

So d6 mach:

q}

Hinh 2.23. Mach khuéch dai cong sudt ddy kéo ding bién dp ra
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Transistor Q, va Q, 12 hai Transistor cling loai. Bién 4p T, cung cdp tin hiéu
vao hat cuc Bazo clia hai Transistor. Bi€n ap T, dung d€ cdp nguén cho cic cuc
Emitor cha hat den cong sudt va ldy tin hiéu ra.

Dién trd R,, va R,, 1 bod phan 4p, ding dé dinh thién cho méi dén. Trong
ch& d¢ lam viéc AB, R, va R,; duge chon sao cho dong dién tinh qua chang
nhd. Con trong ch€ do 1am viéc B thi s& khéng c6 dién trd R,, nén thién 4p ban
ddu U= 0. R, diing dé dam bdo cong tdc cia mach & ché do ngudn dp.

Nguyeén Iy lam viéc nhu sau:

- Khi khong ¢6 tin hiéu vao thi Q, va Q, déu uit. U, va U,,, déu bang
khong, dong dién I, va I, bing khong, U, va U, déu bang dién dp ngudn.

- Khi ¢6 tin hiéu vao:

+ O nira chu k¥ duong, gia st trén cuon W, ctia Transistor T, ¢6 nira chu
ky dién 4p am, con trén cudn W,, ¢ nilra chu ky dién 4p duong, két qua la
Transistor Q, khod vi Transistor Q, thong, ¢6 dong chay qua Q, va cudn day
W,,, ddng dién ndy cam tng sang cudn day thit cdp nén trén 1ai s€ c6 tin hiéu
ng voi nira chu ky duong.

+ O nita chu ky am, cuc tinh trén cac cudén diy W,, va W,, do6i chiéu Iam
cho Transistor Q, khod va Transistor Q, thong, khi dé ¢6 dong dién chay qua
cudn diy W,, va Transistor Q,, dong dién nay lai cam iing sang cudn day thi
cip vA ta0 ra trén tai nira chu k¥ tin hiéu 4m con lai.

Nhur vay, quéd trinh khuéch dati tin hiéu duge thyc hién theo hai nhip nua
chu k¥, nira chu k¥ ddu mot Transistor 1am viéc, nira chu k¥ sau Transistor con
lai lam viéc.

Hiéu suat clta mach khuéch dai cong sudt ddy kéo 1am viéc O ché& do B l6n
hon hiéu suét ctta mach khuéch dai don lam viéc & ché€ d6 A rat nhiéu. Tuy
nhién & ch& do B, vi dién 4p thién dp ban ddu bang khong nén méo khong
dudmg thang cha dién 4p ra ldn (vi doan ddu ctia dudng dic tuyén cla
Transistor la phi tuyén).

Dé gidm méo, ngudi ta mac thém vao mach R,, dé chuyén mach trd vé lam
viec 0 ché& do AB. Vi & ché d6 AB c6 dong I khac khong, nén dong I cling
khac khéng, do d6 higu suat ctia mach bi gidm di d6i chit va 1am giam hé s§
khu&ch dai ctia mach.

Ngay nay, mach khuéch dai cong sudt day kéo c6 bién dp ra duge ding
trong nhirng trudong hop yéu cdu phéi cich dien mot chiéu d&i véi tai hodc yéu
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cau mach phai ¢ hiéu sudt cao, trong khi nguén cung cip nhdé. Mach khuéch
dai cong sudt ddy kéo c6 mot s6 nhugc diém rédt dang ké do bién 4p gay ra méo
tin hiéu nhiéu, dai tdn hep, kich thudc 16n, gia thanh cao va khong thé thuc hién
dugc dudi dang mach tich hop.

2. Mach khuéch dai khéng dung bién ap

Tang khuéch dai cong sudt day kéo e6 thé lam viéc theo so d6 khong bién
ap ra, nhg d6 sé giam duge kich thuéc, trong lugng, gid thanh; nang cao duge
céc chi tiéu chat lugng ciing nhu dé dang tich hop trong vi mach.

2.1. So dd khuéch dai diy kéo dung hai Transistor cung loai

- So d6 mach

3®
TI

»— Wy, R
> —
E—‘A C —V
+| !
' : |

F N
o

T

Hinh 2.24. Mach khuéch dai day kéo dimg tu xuot

- Tac dung linh kién:

Transistor Q, va Q, la hai Tranststor cung loai (NPN).
bi¢n rd R, R, 14 b6 phan dp cho Transistor Q.

bién tré R,, R, 12 bo phan dp cho Transistor Q,.
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Céc dién tr& R, R,, R;, R, duge chon sao cho Transistor Q,, Q, 1am viéc &
ché d6 AB.

Tu C, 12 tu ghép tdng cla tdng khuéch dai cong suidt ddy kéo Q, va Q,
v@i tal.

Bién dp T, 1a bi€n dp dao pha tin hiéu.

Transistor Q, dugc mic theo kiéu Colector chung, Transistor Q, dugc mac
theo kiéu Emitor chung.

Dé dam bao ch€ dé Iam viéc cha Transistor Q, va Q, 12 nhu nhau thi phéi
cé diéu kien R, =R, R,=R,.

Di¢n thé tai di€ém chung giita Colector Q, va Emitor Q, bing +V /2.

Nguyén ly lam viéc:

- Khi chua c6 tin hi¢u vao:

Upr = Upgy = Uy = Uy,

Trong do:

Ugp, = Ec. R,/ 2 (R, + R,) do bd phan 4p R, R, tao ra va dat 1én mat tiép
gidp B-E cua Transistor Q, qua cuén day W ,,.

Ups = EcR, /2 (R + R,) do bo phan dp R, R, tao ra va dat 1&én mit ti€p
giap B-E cua Transistor Q, qua cudén W ,.

- Khi ¢6 tin hiéu vao (gia sit 1a hinh sin) dat 1én so cdp cta bi€n 4p ddo pha, trén
cudn W, W, ciia cuodn thit ¢dp cd dién dp cung bién dd nlimg nguge pha nhau.

+ O nira chu ky duong cha tin hiéu vao, gia sit dién ap trén W, 1a nguge
pha v6i Uy, trén W, [ dong pha vdi Uy,. Transistor Q, 1am viéc, Transistor Q,
khod. Lic nay ty C, sé& nap theo dudng:

+V, 25 Q, 5 C >R > Miat (-V)).

Trén tai s& c6 dong dién chay theo quy luat nlra duong tin hiéu vio.

+ O nita chu k¥ 4m cdia tin hiéu vao, qud trinh Xy ra hoan toan tudng ty va
ngugc lai. Tu C, phdng dién theo dudng:

+C, —» Q, > Mit - -C,.

Trén tai s& cd dong dién chay theo quy luat nira am cia tin hiéu vao.

Nhu véy, dién 4p ra trén tdi cling bién thién theo quy luat cla tin hiéu dau
vio nhung c6 bién d¢, cong sudt 1én hon nhiéu.

2.2. Mach khuéch dai diy kéo dung hai Transistor khac loai

- So d6 mach:
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Hinh 2.25. Mach khuéch dai ddy kéo ding hai Transistor khdc loai

- Tac dung linh kién:

Transistor Q, va Q, la hai Transistor khdc loai nhung giéng nhau vé mat
théng s6 ky thuat. Transistor Q, va Q, déu méc theo kiéu Colector chung va c6
ciing chung tai R, ca hai Transistor déu lam viéc & ch€ do AB.

Dién tr&d R, R, vd R,, R, la cic bo phan dp dung dé dinh thién cho
Transistor Q, va Q,.

- Nguyén ly lam viéc:

+ Khi chua cé dién 4p vao:

Ugei = Uggz = Uggy nhd chon R, =R, R, =R,
lo=Ig=1y

+ Khi ¢6 tin hiéu vio hinh sin Uy:

& nira chu ky dvang cia Uy, Transistor Q, thong (lam viéc), Transistor Q,
khod (khong lam viéc). Ty C, nap dién theo dudng sau:

+V, 25 Q >G> R —» Mat(-V))

Dong nap bi€n déi theo quy luat clia dién 4p tin hiéu vio nén trén tai nhan

duge dién dp gidng vdi nira chu ky duong caa dién dp tin hiéu U,,.
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3 ntra chu ky am cua Uy, Transistor Q, khod (khéng lam viéc), Transistor
Q, théng (lam viéc). Tu C, phong dién theo dudng sau:
+C, > Q, > Mit » Rt » -C,. _
Lic nay dong dién phéng nguce chiéu véi dong dién nap nén trén tai nhin
dugce dién ap dng v&i nlta chu ky am.
Sa dé nay khic phuc duge méo tin hiéu triét dé so v&i Transistor 1am viée
& ché o B, dic biét khi U, nhd. '
3. Mot sd mach khuéch dai cong suat khac
3.1. Mach ghép dung diot dao pha
- So d6 mach:

Hinh 2.26. Mach khuéch dai ddy kéo ddo pha ding diot

Theo hinh v&, dién dp kich thich duge din tryc ti€p vio Bazo clia Transistor
(., con dién ap kich thich cho Transistor Q, Idy tir cuc Colector clia Transistor
Q, ghép qua diot sang dé diéu khién cho cuc Bazo cha Transistor Q.

71



B6 phan 4p R, R, xdc dinh diém lam viéc cho Transistor Q, dé Transistor
Q, din dong v&i mifc trung binh.

J ban ky am Transistor Q, khod (khéng lam viéc), dign ap trén Colector
Transistor Q, tdng lén, lam cho dién 4p Uy cia Transistor Q, ciing tdng 1én, lam
cho Transistor Q, m& (1am vi¢c), dong dién chay qua tai theo chi€u:

+V, =2 Q, - D, o R, - Mat(-V)).

3 bén ky dudng Transistor Q, md {(lam viéc), dién dp trén Colector
Transistor Q, giam, nén lam cho di¢n p U, cta Transistor Q, giam, Transistor
Q. khéa (khong lam viéc) va dong dién chdy qua tai giam (dong dién qua tai
giam do Q, khda, déng thai Transistor Q, md nén dong dién qua tai duge 1€ bat
dong qua Q,). Vay dong dién chdy qua tai tang giam bién doi theo quy luat cha
dién dp tin hiéu Uy nhung nguge pha vdi dién dp tin hiéu U,,.

Néu cin phai ting hé s6 khuéch dai dong dién hoic tang tr khdng vao d¢
c6 dugc mot cong sudt ra 1dn, ta ¢é thé thay méi mot Transistor biang mot cap
Transistor méc theo kiéu Darlington.

?
—
— o
S

Hinh 2.27. Mach mdc Darlington

Goi B, va B, lan lugt 12 hé sé khuéch dai dong dién cha cdc Transistor Q, va
Transistor Q,. B 12 hé s6 khuéch dai cha cip Transistor Darlington.

Ta cé: B=p,x P,

Nén hé s6 khuéch dai dong dién ciia mach dugc tang 1én ddng ké, 1am cho
céng suat clia mach 16n 1én rdt nhiéu.
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3.2. Mach khuéch dai phan phu tii ghép truc ti€p
So dé mach:

_
U,
2
=

Hinh 2.28. Mach khuéch dai ddy kéo ghép truc tiép

Transistor Q, va Q, 1a hait Transistor cing loai 1am nhiém vu khuéch dai
cong suét day kéo.

Transistor Q, 1Am nhiém vu khuéch dai ddo pha va dinh diém lam viéc cho
Transistor QQ, va Transistor Q, nhd dién 4p tinh trén cac cuc Colector va Emitor
cla né.

Trong cdc mach rdi rac thuong ding cach ghép dién dung giita cic tang
khuéch dai ddo pha va tdng cong sudt, nhdy d6 c6 thé dinh di€m lam viéc riéng
cho Transistor Q, va Transistor Q,. Nhung trong mach tich hgp khong thé thuc
hién dugc diéu nay, vi viy trong sg dé nay rdt khé chon R dé thod mén yeu
cdu vé do méo va cong suat ra. Dé khic phuc khé khan d6, ngudi ta thay dién
trd R, bing mot diot méc theo phan cuc thuan.

Nguyén 1Y hoat dong cua mach nhu sau:

- V@i nira chu k¥ am cla tin hi¢u vao:

Tai cyc B caa Transistor Q, ¢6 dién dp duong (chu ky duong) lam cho
Transistor (3, md, con tai cuc B ctia Transistor Q, ¢6 dién 4p am (chu k¥ am)
lam cho Transistor Q, khod, vay dong dién chay qua dién tr& tdi R theo
dudong sau:

+V, > Q, -5 R» Mat(-V ).
Dong dién nay c¢6 quy luat giong nhu ban ky 4m clia dong dién tin hi¢u vao.
- Véi nira chu ky duong ciia tin hiéu vao:

73



Tai cuc B cia Transistor Q, ¢6 dién dp 4m (chu k¥ 4m) 1am cho Transistor
Q, khod, con cyc B cia Transistor Q, ¢6 dién dp duong (chu ky duong) lam cho
Transistor Q, m& nén dong dign chay qua tai gidm thco quy luat cha nira am tin
hiéu vio.

bic diém ciia mach khuéch dai kiéu ndy 12 két cau mach don gian, nhung
khé diéu chinh vi diém 1am viéc mot chiéu cha cdc dén anh hudng 1an nhau.
Mach lam viéc khong duge 6n dinh, khi nhiét d6 tang rdt dé gay méo tin hiéu.

3.3. Mach khuéch dai cong suit day kéo ¢6 mach han dong

Binh thuong mach khuéch dai cong sudt két ¢6 tai Emitor dé xudt hién nguy
co qud tai (qua dong) néu trd khang cha tai qua nho. DE khic phuc hién tugng dé
ta sir dung s0 d6 mach khuéch dai cong suat ddy kéo ¢6 bao vé qua tai.

So do6 mach:

U\,l
L

Hinh 2.29. Mach khuéch dai ddy kéo cé han ché dong dién

Tdc dung linh kién:

- Transistor Q, va Q, 1a hai Transistor khuéch dai cong suat ddy kéo, 12 hai
Transistor Khdc loai.

- Dién trd R, va R, 12 cdu phan 4p diung dé dinh thién dp cho Qs lam viéc.
Transistor Qs 1a tang khuéch dai kich thich.
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- bién tré R, diot D, va D, diing dé thién 4p cho Transistor Q, va Q, lam
viéc & ché€ do AB.

- Transistor Q, va Q, I4 hai Transistor bao vé qud dong (han ddong).

Khi mach cong suat 1am viéc binh thudng thi hai Transistor hdo vé Q, va
Q, déu khod (khong hoat dong), dién 4p Bazg-Emitor clia chdng phu thudc vao
ha dp trén cdc dién tré Rg;, va Rp,.

Khi dong di¢n ra tai qua 1dn, ha 4p trén cdc dién ud Ry, vi R, déu ting
lam cho hai Transistor Q, vi Q, déu dan (lam viéc), thi dién dp Bazo-Emitor
cha hai Transistor Q, va Q, déu giam va dong dién ra tai giam.

Dién tr& R, va Ry, duge chon ¢6 tri s¢ bang nhau va duge chon sao cho
dong dién ra bi han ch¢ trong truong hgp dong dién vugt qua tri sé dong dién
dd tinh toan mot chit.

Céc mach khuéch dai cong sudt diy kéo thudng dugce dng dung 1am mach
khuéch dai tang cudi trong cdc thiét bi dién tir ¢6 cdng sudt trung binh, 1én.

Cau hai

1. Tin hiéu nhé c6 d4c diém gi? Mach khuéch dai tin hiéu nhé cé dac diém gl’? Hay
ké tén mot s6 mach khuéch dai tin hiéu nhd.

2. Mach khuéch dai Darlington c6 cdu tac nhu thé nao? Mach khuéch dai Darlington
cé hé sd khuéch dai dong dién bang bao nhiéu? Mach khué&ch dai Darlington
duge ing dung khi nao?

3. Mach khu&ch dai vi sai c6 cdu tao nhu thé nao? Mach khué&ch dai vi sai ¢
nhimg d3c diém gi?

4. Muc dich ghép tdng khué&ch dat dé (am gi? C6 bao nhiéu cach ghép tang khuéch
dai? Cac loai ghép do co dac diém gi?

5. Tin hiéu vira va 16n cé dac didm gi? Mach khuéch dai tin hiéu vira va 1én cd d3c
diém gi?

6. Cac mach khuéch dai ddo pha dung dé lam gi? Cé bao nhiéu loai mach khuéch
dai ddo pha? PAc diém cia tiing loai mach déo pha 1a gi?

7. D&c diém vé cau tric chung clia cac mach khuéch dai ddy kéo 1a gi? Mach
khuéch dai day kéo hoat ddng & ché d6 nao? Nguyén ly chung cla cac mach
khu&ch dai ddy kéo Ja nhu thé nao?



Chuong 3
MACH KHUECH DAI'CHUYEN DUNG

I. MACH KHUECH PAI DAT RONG

1. Y&u td anh hudng dén hé s6 khuéch dai cia mach

Hé s6 khué&ch dai [HSKP] clia mach khuéch dai phu thuoc rat nhiéu vao
tdn s& cua tin hiéu vao. V&i mot mach khuéch dai cu thé, c6 mot dai tan sé
dugce wu tién khuéch dai goi 1a dai tan cong tdc, ngoai dai tan s6 d6 thi hé s8
khuéch dai bj suy gidm. Vi vay, dé dam bao khuéch dai tin hiéu trung thuc,
phai thi€t k&€ mach khuéch dai cho dai tin cong tdc cua né bao ham dai tan s6
clia tin higu vio.

Cédc b khuéch dai tan s thip thudng lam viée trong dai tan tir vai chuc Hz
dén vai chuc KHz.

Cic bd khuéch dai video lam viéc trong dai tdn réng hon tir OHz dén vai
chue, vai tram MHz.

Vé nguyen tic, c6 thé diing cdc mach khuéch dai thong thudng dé khuéch
dai dai rong. Tuy nhién, khi thiét k€ phai chi ¥ ding cdc bién phip dé md rong
dai tan cong tac clia mach.

H¢ s6 khuéch dai [K] clta mot mach khuéch dai phu thudc vao dai tdn s6
cta tin hiéu vio duge khuéch dai theo so d6 sau:

Hinh 3.1. Ddc tuyén tan sé mach khuéch dai

Ving (1) la ving tdn s6 thap (tir f = O dén f = f)), viing (2) 1a viing tan s6
trung binh (tir f; dén f;), viing (3) 1a viing t4n s6 cao (tir f, d&n: o).
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Ta thdy hé s6 khuéch dai cha mach & ving (1) va (3) nho hon hé s6 khuéch
dai & viing (2). Khi tdn s6 cang thdp thi h¢ s6 khuéch dai cing nhé, hién tugng
nay cling ding khi tan s6 1én hon f,.

bé tim hiéu hién tugng nay, ta hdy xem xét mach khuéch dai ghép ting
bing dién dung nhu hinh vé sau:

R,, ’ Ry
i AN

Hinh 3.2. Cdc yéu 16 dnh hudng dén ddi thong mach khuéch dai

Céc Transistor Q, va Q, la phén tir khuéch dai.

Cic dién tro R,,, Ryy, Rya, Ry, 12m nhiém vu tao diém Iam viéc cho Transistor
Q, va Transistor Q,.

Dien trd R,,, R, 6n dinh nhiét cho Q, vi Q,, R, va R, la dién tré tai.

Tu dién C,, va C,, chéng phan hdi 4m xoay chiéu trén R, vad R_, d¢ khong
lam suy giam bé s§ khuéch dai d6i véi tin hiéu xoay chiéu.

Cic dién trd R, R\, va C,,, C,, lam nhiém vu loc ngudn.

Tu C,, Cp C, 12 cdc tu ghép gilfa céc tang, C, 12 tu dién ki sinh ¢ ddu ra tang
khuéch dai thir nhat, C, 1 tu dién ki sinh ¢ ddu vao tang khuéch dai thit hai.

Tu ki sinh 14 tu di¢n khéng phai dugce ché tao va 1ap rdp vao mach, né t6n
tai trong Umg vai su tich luy dién dp trai ddu d cdc mat ghép P-N, giifa cdc linh
kién, gilra cdc mach in... tri 86 cha tu ki sinh rat nhé (vai PF dén vai chuc PF).

Dic diém cha tu dién 1a c¢6 trd khang nho (it can 0 tin hiéu) doi véi tin
hiéu qua né cé tan s6 cao va ngugce lai ¢6 tro khing 1dn d6i véi tin hiéu qua né
tdn s6 qud nho.
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Gid sir ta dua t6i tdng khuéch dai thid nhat tin hiéu c6 tin s6 thay d6i & ca
ba viing tan sé thap, tn s4 trung binh va tdn $6 cao.

-0 vling {an s6 trung binh, cic tu C,;, Cp,, C,, C,,,.Cy, C,,, €y, ¢6 tr& khéng
rit nhd va ¢d thé coi nhu bing khong Trong khi d6 cdc i C,, C, ¢6 trd khdng
rat ldn nén tin hiéu qua né vé dat khong dang ké. Vi vay tin hiéu coi nhu khong
bi t6n hao & thanh phdn tdn s6 nay khi di tit ddu vao t&i ddu ra cha mach
khu&ch dai. He s6 khuéch dai cuc dai bang K,

-3 vling tan s6 thép, cic tu C,), C,, C,, ¢6 trd khing déng ké, vi thé gay sut
dp tin hiéu trén ching lam cho tin hi¢u 1ir ddu ra ting trude tGi dau vao ting sau
gidm, gay ra sy suy giam hé sd khuéch dai. Cic tu C,, C., lam nhiém vu chéng
hoi 1i€p am xoay chiéu, trd khdng d6i véi tin hiéu xoay chiéu cilia chiing yéu
cdu phat gin bing 0, song diéu d6 khong thoa mian duge khi tdn s& tin hidu
nho, vi vay hién tuong pbin hdi am khong khir duge lam cho hé s6 khuéch dai
cla mach bi gidm. Tén s& tin hiéu cang thdp thi trd khing cua cdc tw C, va C,
cang ldn, dan 16i HSKD cing bi suy hao manh. _

Mt khic, & tan s6 thap tu (tu loc) loc ngudn ¢6 tré khing ddng ké 1am cho tin
hiéu qua né it di va qua dién trd loc nhiéu hon. Do d6, R,,, C,, tham gia vio téi
Colector khién cho tai Colector khi d6 1ém hon Re. Vi hé s khuéch dai ty 1€ dién tr&s
tai trén R, C,, 1am ting hé s6 khuéch dai & viing tan s6 thép, song vai tro 14 ting hé
s6 khuéch dai ctia Ry, va C;, khong bl duge su suy giam manh & ving tan s thap.

- J ving tan s6 cao, cdc tu C, va C, c6 tro khdng khong ddng ké nén khong
anh hudng dén viéc truyén va khuéch dai tin hi¢u. Trong khi d6 cdc tu C, va C,
lai giam trd khang rd rét khién cho tin hiéu qua né vé mat nhi€u hon (lam suy
gidm tin hiéu), tin hiéu di téi ddu vao cha tang sau bj giam dan t6i hé so
khuéch dai cBa mach bi gidm. T4n sé cao, hé¢ s6 khuéch dai cang giam manh va
khi f = oo thi hé s& khuéch dai bang 0.

Céc tu ki sinh khong thé loai bo duge, chi ¢6 thé gidm nhd né bang cich
chon céc linh kién va méc n6i mach hop 1. Tu ki sinh 12 mét trong nhitng s&
liéu dé thiét k& va phan loai Transistor cao tin, am tén...

2. Bién phap md rong dai tan s6 cua mach khuéch dai

Mach khuéch dai dai rong 13 mach khuéch dai cé dai thong 16n (¢6 thé
dat t6i hang MHz), né cé thé 1am viéc binh thudng khi tdn s& cha tin hiéu
vio thay déi trong pham vi rdt 16n, dung dé khuéch dai tin hiéu xung, tin
hiéu thi tdn. ..

V6i mach ghép dién cam hodc tu dién thong thudng dai thong clia mach
khuéch dai chi tir vai chuc KHz dén vai tram KHz, dé trd thanh mach khuéch
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dai dai rong, can phai mo rong dai thong clia né vé€ hai phia tan s6 thip va tan
6 cao, mudn vay phai nang cao hé sd khué&ch dai clia mach & hai viing tan so
ndy. D€ dat dugc muc dich d6, ta diing cdc mach sira tdn s& thap vi tan s6 cao
hoic dong thai sira ca tdn s6 thdp va cao.

2.1. Mach khuéch dai ¢6 sira tan s6 thap

Nhu di phan tich & trén, nguyén nhan gy ra sy suy giam hé sé khuéch dai
ciia bo khuéch dai & viing tdn s6 thap 1a do cdc tu C, va C, c6 tr6 khing 16n, tu
C, gay sut dp tin hig¢u trén né tam cho tin hiéu ti tang sau bi suy giam, con tu
C. gy ra hoi tiép am trong mach do dé ciing 1am gidm hé s6 khuéch dai cua bo
khu&ch dai. Ta c6 thé giam trd khéng ca g C, va C, bang cich tang gid tri clia
ching, song diéu dé lai khién cho kich thude clia tu dién 16n, mach di¢n cong
kénh. Mat khac, tu C, phai chiu dung dugc dién dp mot chi¢u kha 16n (dién thé
cao ¢ Colector tdng trude vdi dién thé thip & Bazo ting sau). Mudn tu chiu
dung dugc dién ap cao lai phai ting kich thudc cta ty thém nifa vi thé ma e C,
va C, khong thé chon qud 16n.

Ta biét tu C,, va dién trd R,, 1am ting hé s& khuéch dai cia mach & tan s6
thdp, tu C,, cang nho thi cang ting hé s6 khuéch dat & viing tdn s6 ndy, diéu d6
cang diing khi R;, ¢6 tri 56 lén. Song R, va C,, diing dé loc ngudn nén khong
thé tuy tién thay doi chiing. Ta cd thé slra tdn s& bing cidch mic néi ti€p vdi
dién tr& R, hat thanh phdn R, va C, nhu mach sau:

o—|
|
=

Hinh 3.3. Mach khuéch dai sita tan s6 thdap
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Tu C, dugc chon sao cho & viing tdn s6 trung binh, vi tdn s6 cao rd khing
clia né rdt nho (xdp xi bang khéng), vi vy & hal viing tdn s6 nay, tai Colector
cua Transistor coi nhu bdng R, khi dé6 R, va C, khéng anh hudng gi dén viéc
khuéch dai tin hiéu. Con & viing tin s6 thép trd khang cla C, 1a ddng ké, vi vay
ma tai Colector dugc cdng thém moét lugng R, = (R, // C,) va nhu vay, hé sd
khuéch dai ca mach dugce tang 1&én (hé $6 khuéch dai K ty 1¢ thuan vdéi dién trd
tat). Tan s6 cang nho thi tr& khing cla tu cing 16n va vi thé h¢ s6 khuéch dai
ctua mach cang lon.

bién tr& R, bao gid ciing nho hon R,,. Khi tin 6 tin hiéu tién dén khong
(£, = 0) thi R, tién dén R, (R,; - R), vi vay dé€ sira tdn sO thdp (6t cin phdi
ting R, song R, khong thé chon qud 1dn vi né con lam nhiém vy cung cap dién
ap moét chiéu cho Colector cla Transistor qua R.. Khi mic R, va C,, vio mach,
dac tuyén s€ duge nang 1én & vilng tdn s6 thap.

Mach stra tin s6 thap ding R, va C, rat thong dung trong nhitng mach dién
thuc t€.

DPé nang cao hé s6 khuéch dai & viing tdn s6 thdp, ta cling c6 thé ting trd
khdng vao cia tang sau. Mot trong nhitng cich tang tré khang vio i diing mot
dién trd dé tao diém lam viéc cho Transistor (bo dién trd R,,). Trong mach dién
khong ding dién trd R, tin hiéu t§i chan B cla Transistor s& khong ton hao
qua R, xudng dat, vi thé€ ma hé s6 khuéch dai clia mach tiang lén.

Ta da biét C, gdy ra phan h6i 4m tin higu & ving tan so thap, béi vay néu
yéu cdu can on dinh cho Transistor khéng cao, ta c¢é thé khong diing C, v R;
ma ndéi trye tiép chan E xudng dat.

2.2. Mach khuéch dai sita tan s6 cao

Nguyén nhan gay ra suy giam hé s6 khuéch dai ¢ viing tan s6 cao 1a do cic
tu ki sinh & ddu ra cta tdng trude va ddu vAo cla tang sau. C6 thé bu lai su suy
gidm nay bing cdch nang cao hé s khuéch dai & viing tén s6 cao.

S d6 mach khuéch dai sita tan s6 cao bing phuong phap mic thém di¢n
cam vao tii Colector nhu sau:
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Hinh 3.4. Mach khuéch dai sita tdn s6 cao

Dic diém cla dién cam 1 tr& khing cla né ty 1& thuan véi tan sé tin hicu
qua né. Trong mach dién cam, L, duge chon sao cho trd khidng cua né khong
ddng ké 0 viing tin s& thap, trung binh va ddng ké & tdn s6 cao.

Khi mach dién 1am viéc v&i tin hiéu tdn s6 cao, phu tai Colector s& la
dién tr0 R mic ndi ti€p v&i tré khdng cha dién cdm L,, vi vay phu tai
Colector khi d6 16n hon R va vi thé hé s khuéch dai cia mach duge nang
lén G viing tan s0 cao.

Tu ki sinh t6ng cOng & ddu ra ting thit nhat va ddu vao ting thit hai cla
mach 1a C,= C, + C, va ¢6 tri s6 ddng ké, ta ¢6 thé tdich riéng hai tu nay bing
mot dién cam ndi gilta chiing, hé s6 khuéch dai ciia mach ciling dugc nang lén &
tan s cao.

Néu nhu h¢ s6 khuéch dai cua mach ¢ ving tin s6 thip va trung binh 1ém,
ngudi ta s€ 1am cho héi ti€p 4m nhiéu & ving tdn s thap va trung binh con héi
ti€p am & tan s6 cao it, khi dé hé s§ khuéch dai ¢cha mach & ca ba ving déng
déu hon. C6 th€ thuc hién diéu niy bing cich tich doéi dién trd R, thanh R, va
R,; sau d6 dung tu khit héi 1i€p am xoay chiéu trén R,,.
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Hinh 3.5. Mach khir mot phdn hoi tiép am xoay chiéu

II. MACH KHUECH PAI CHON LOC

Mach khuéch dai tin hiéu chon loc ¢é nhiém vu khuéch dai tin hi¢u trong
mot dai tan va nén tin hiéu ngoai dai tan dé.

Trong cidc mach khuéch dai tin higu chon loc, dién (rd tai duge thay thé boi
mot mach cdng hudng hodc mot mach loc. Cic dién dung ra cua ting song
song voi mach cong hudng s& [am thay déi doi chiit tin s6 cong hudng nhung
khong anh hudng dén hé s6 khuéch dai cua mach & tan s6 cao nhu trong mach
khuéch dai dién tir. Do d6, mach khuéch dai chon loc cd thé khuéch dai tin
hiéu ¢ tin 6 cao hon so v@i mach khuéch dai tai dién tré.

Mach khuéch dai tin hiéu chon loc thuong duge dung trong cdc tang cao
tin ctta mdy thu thanh, dugc ding dé khuéch dai tai tin trong cdc mdy phit
thanh. Cdc tang khuéch dai trung gian eic mdy thu thanh, thu hinh ciing la
mach khuéch dai chon loc.

1. Chon loc tin hiéu theo tan sé

Néu dua tin hiéu qua mot mach loc tin sé thi mach foc s& cho mot dai tdn s6
di qua va chin dai tan con lai. Khi dé ta nét mach loc ¢ tinh chat chon lge tan 6.

Trong k¥ thuat ¢é thé cé nhing loai mach [oc tidn s6 nhu sau:

* Phan loat theo linh kién:

- Mach loc thu dong: 1a mach chi gébm nhitng linh kién dién tr& R, cudn
day L va tu dién C. Cic loal mach loc thu dong nhu sau:

+ Mach loc RC, RL, RLC.

+ Mach [oc hinh I, T, [ 1.
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- Mach loc tich cuc: 1a mach loc k&t hgp cdc linh kién R, L, C vdi cédc linh
kién tich cuc nhu Transistor, khu&ch dai thuat toan..

* Phan loai theo tic dung:

Tuy theo tdc dung chon loc hay loai bé tin s6¢ ciia mach loc, ngudi ta chia
ra thanh cic loai nhu sau:

- Mach loc ha thong (Mach loc thong thip).

- Mach loc thuong thong (Mach loc thong cao).

- Mach loc dai thong (Mach loc thong dai).

- Mach loc dai triét (Mach loc chin hay chan dai).

Sau day ta nghién ciru tin hiéu chon loc tan 6 cua cac mach loc nay.

1.1. Mach loc thong thap

Mach loc thong thdp ta mach loc cho thanh phan tin hi¢u tdn s6 thip di qua
dong thai lam suy hao hay chan lai thanh phén tin higu cé tin sé cao.

So d6 mach lgc thong thap:

R L
. A .______ﬁ‘v‘m—I—_’
U, ] - l U, c U
. Lq - T -
Loai | Loat 2

Hinlt 3.6. Mach loc thong thap

V&i mach loai I:

- Tai dai tan & thap: Tu dién C ¢ trd khang 16n nén 1am suy hao tin hiéu
xuéng mat it, trong khi dién tro cho tin hi¢u tdn s6 thap di qua d& dang nén
dién 4p tai ddu ra 16n.

- Tal dai tdn s6 cao: Ty dién C ¢6 trd khang nhod nén 1am suy hao tin hicu
xudng mat nhiéu, dién trd it nh hudng dén tdn s6 cao nén dién 4p ra nho.

V& mach loai 2:

- Tai ving tan sd cao cé: X 1dn, X nhd nén tin hiéu ra bi chan lai nhiéu va
suy hao nhi¢u nén dién 4p tin hiéu ra nho.

- Tai viing tin $6 thap, X; nho, X 1dn nén tin hi¢u ra bi chan [ai it vi cling
suy hao it nén dién ap tin hi¢u ra 1én.



bic tuyén cia mach loc thong thip nhur sau:

U4

r

0

Hinh 3.7. Ddc tuyén tan 56 mach loc thong thdp

1.2. Mach lgc thong cao

Mach loc thong cao 14 mach loc cho tin hiéu tan s& cao di qua, déng thoi
lam suy hao hay chan lai tin higu c6 tin s6 thdp.,
So d6 loc théng cao:

C

C
A w——iT
U, R U, U, L U,

Loal |
Loai 2

Hinh 3.8. Mach loc théng cao

Tuong tr nhir trén ta cé:

- Tai mién tdn s thap:

+ Mach loai 1: X 1ém, nén tin hiéu bi chin lai nhiéu 1am cho U, nho.

+ Mach loai 2: X 16n, X, nhd, nén tin hiéu bi chan lai nhiéu va ciing suy
hao nhiéu lam cho tin hiéu U, nho.

- Tai mi€n tan sé cao:

+ Mach loai 1: X nho, nén tin hiéu bi chiin lai it 1am cho U, 16n.

+ Mach loai 2: X, nhd, X, 1dn, nén tin hiéu bi chin lai it, suy hao ciing it,
lam cho U, 16n.
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Diac tuyén tin s6 nhur sau:

1

4 —
@

Hinh 3.9. Déc tyén tin s& mach loc théng cao

1.3. Mach loc thong dai

Mac loc thong dai la mach loc cho tin s6 tin hi¢u trong dai tin so trung
binh di qua, déng thoi [am suy hao hay chin lai tin hiéu ¢6 tdn s& thip va tan
$0 €40.

Scs d6 mach loc:

Hinh 3.10. Mach loc thong dai

- Tai mién tan s thap:

X 16m, X, nho - (X, + X)) [6n — tin hiéu bi chin lai nhiéu & nhdnh néi tiep.

Xe, 160, X, nhod = (Xe, | X1,) nhd — tin hiéu bi suy hao 16n & nhdnh song
song.

Neén dién ap tin hiéu ra nho.

- Tai mién tdn 88 cao:

X nhé, X, 16m — ( X+ X)) 16n — tin hiéu bi chén lai nhiéu & nhdnh ndi tiep.

X, nho, X, 10n = (X |1 X,,) nhd — tin hiéu b suy hao 16n & nhdnh song
song.

Nén dién dp tin hiéu ra nho.
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- Tai mién tan s@ trung binh: trd khiang cia nhdnh néi ti€p 1a nhd nhét va
tr khing cta nhdnh song song la 16n nhatl nén dién dp tin hi¢u bi chan lai &
nhdnh ndi tiép nhod va bi suy hao & nhanh song song t. Vi vay dién 4p tin hicu
ra 1on.

Dic tuyén tdn so:

U a

—}- —»
0 ®

Hinh 3.11. Bdc tuyén t1an s& mach loc thong ddi

1.4. Mach loc chan dai

Mach loc chan dai 1a mach loc cho tin hiéu tan s6 ¢ dii tdn 56 thdp va tan s6
cao di qua, dong thdi lam suy hao hay chan lai tin hiéu & ddi tdn $6 trung binh,

So dé mach:

C

L,

Hinh 3.12. Mach loc chén dai

Véi 1y ludn tuong tu ta cd:

-  mién tdn 6 thap vi tdn s§ cao ¢d dién 4p tin hicu ra lén.
- mién tdn s& trung binh ¢4 dien 4p tin hiéu ra nho.

- Pac tuyén tin s6 clla mach nhu sau:
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Hinh 3.13. Ddc tuyén tan sé mach loc chan ddi

Céc loai mach loc thudng duge dng dung 1am mach loc nhiu nguén, nhiéu
tin hiéu; lam cdc mach loc tdn s& trong cdc mach khuéch dai. ..

2. Mach khuéch dai chon loc tin hiéu theo tan sé

Dé dam béo tinh chon loc va tén s6 clta mach khuéch dai, c6 thé thuc hién
bang cdc cdch sau day:

- Mic xen k& mot s6 mét loc vdi ting khuéch dai (Ioc phan bo).

- Mic mot mach loc gém nhiéu mét loc vdi tdng khuéch dai (loc tap trung).

- Ghép ndi nép tir ddu ra vé ddu vao bo khuéch dai bang mot mach loc (loc
tich cuc).

Sau day ta s& xem xét mdt trong cac kiéu mach trén.

Vidu I: Ta c6 mot mach khuéch dai nhu sau:

Hinh 3.14. Mach khuéch dai chon loc ding bé loc
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Mach trén 14 mot mach khuéch dai trung tdn gém mot bo khuéch dai két
hgp v6i cadc mach loc tan s6.

Gia str mach cho tin hiéu c6 tdn s6 trung tam di qua 1a f, = 30MHz, dai tin
hi¢u di qua 12 2Af = 7MHz thi mach loc s& cho tin hiéu ¢6 tdn s6 di qua tir (30-
3,5) MHz dén (30 + 3,5) MHz. Nghia 13 cho cédc thanh phdn tin hiéu c6 tdn s6
tir 26,5 MHz d¢n 33,5MHz di qua. con cdc thanh phan tan $6 khong thude dai
tan nay sé bi chan lai. .

Vidu 2: Cho mdt mach khuéch dai nhu sau:

I
<

.\F

Hinh 3.15. Mach khuéch dai cong hudng két hop loc tdn 56

Mach khuéch dai trén la mot mach khuéeh dai thong déai ding Fam mach
khuéch dai trung tan. Trong mach sir dung mach loc dé€ nén tdn 8. Mach nén
tdn s& lam nhiém vu ngin mach nhitng tin hi¢u khong mang théng tin ¢6 ich
xudng dat.

Gia sir c6 hai tin hiéu ¢6 tan s6 f, va f, khong mang thong tin c6 ich, vi vay
cdn phdi khir bé né bang mach loc.

Mach L,, C, cong hudng, trd khdng cia mach biang khéng vi thé tin hiéu ¢6
tan s4 1, bi ngdn mach xuéng dat. Do viy, tai cuc Bazo cua Transistor dng voi
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tin hiéu cé tan so f, ¢ bién do bing khong. Tuong tu L,, C, duoc chon dé cong
huodng tai tin s6 §,. Vay tin hiéu nam trong dai tdn s6 tir {; dén [, méi 161 duge
mach khuéch dai va duge mach khuéch dai 1én, con tin hiéu ndm ngoai dai tin
s0 nay khong duge khuéch dai. '

I1I. MACH KHUECH PAI THUAT TOAN

1. Tinh chat va tham sb co ban

Mach khuéch dai thuat toan thudng dudgc goi (at ta OP-AMP (Opcrational-
Amplificr) dugc thiét k& dé thuc hién cdc phép toin nhu: cong, trir, nhan, chia,
vi phén, tich phdn... trong cdéc mdy tinh tuong tu. Trong qué trinh phét trin,
OP-AMP con ¢6 thé thém nhiéu tng dung khdc va tré thanh linh kién tich cuc
quan trong nhat trong cdc mach khuéch dai AC, ma_lch khu¢ch dai DC, mach so
sanh, mach dao dong, mach fao xung, mach do..

Trong cac loai OP-AMP di dugce san xudt va sir dung hién nay IC 741 dugc
xcm 12 OP-AMP tiéu chuan, 1a loai vi mach don khéi tich hgp 1dn duge ché tao
theo cong nghé mang mong. Nho kha nang tich hop I6n nén IC 741 duge ung
dung rit rong rai va da dang.

Trong phan nay chi y&u chi gidi thiéu dac tinh k¥ thuat va cdc mach dng
dung ca ban cta IC 741.

Hau hét cic OP-AMP ¢6 ngd vio kiéu vi sai va duge k¥ higu nhur hinh v& sau:

ARI
741
I 1
—V,
Jl_ T

Hinh 3.16. Ky hidu bé khuéch dai thudt todn

Cic chin ra:

- I,*: ngd vio (ddu vao) khong dao.
- 1,1 ngd vao (d4u vao) dao.

- Vo: ngo ra.

- +V: ndi nguén duong .
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- ~V: néi ngudn am.

- GND: diém chung, diém OV (mat).

Theo ticu chuan, OP-AMP phai duge cdp bai hai nguén dét xdng £V nhu
hinh v&. Tuy nhién, trong nhiéu trudmg hop OP-AMP ciing ¢6 thé lam viéc véi
nguén don.

Trudng hop OP-AMP dung nguén doi, tin hiéu ra ¢6 thé bién déi vé phia
di¢én dp duong hay dién 4p am so vdi mat (mass).

Trudng hop OP-AMP dung ngudn don thi tin hiéu ra chi ¢é mic dién ap
duong nhung $& bién déi chung quanh mot gid tri trung binh, thudng la 1/2
nguon +V.

bic tinh k¥ thuat chia OP-AMP:

Mot OP-AMP y tudng la mach c6 téng trd vio vé cing 1dn, tong trd ra vo
cung nho, d6 lgi dién dp va bing thong cling vo cung 1dn, téc dd oim gilra tin
hi¢u ra vdi tin hiéu vio khong bi han ché.

Trong thue t€, OP-AMP ¢6 d9 lgi, bang thong, tdng trd vao,.. hitu han va
¢d 16¢ d6 bam bi han ché giira tin hitu vao vi ra, Do d6, khi s dung OP-AMP
loat ndo, can thiét phai biél cdc thong s6 dic trung sau diy:

1.1. Hé¢ s6 khuéch dai dién ap vong ho: Ay,

Mach khuéch dai khong cé duong héi ti€p duge goi 1a mach khué&ch dai
vong ha. Ay, 1a ty 0 gilta dién 4p tin hi¢u ra va dién dp tin hiéu vao.

v
_ 0
Ay =

Vi— VY,

Ay, thudng dugc biéu dién bing don vi deciBel (dB).

Do khuéch dai dién dp theo don vi dB dugce dinh nghia la: A(dB) =20 1g A.

Vidu: A,,= 10000 cho ra A(dB) = 20 lg 10000 = 20.4 = 80dB

Ay, = 10000 cho ra A(dB) = 20 Ig 100000 = 20.5 = 100dB

1.2. Téng tré ngd vao (ddu vao): Z,

7, 1 s8 do tro khidng nhin truc tiép tlr cdc ngd vao cua OP-AMP. Z, duge
tinh bing don vi dién tr& va thuting 7, ¢6 ti s6 khoang vat chuc MQ.

Pai vdi cdc tin hiéu 6 tin s6 cao thi tdng trd Z, bt gtam tri s6.

1.3. Tong trd ngd ra: Z,

Z. 2 36 do trd khdng nhin truc tiép tir ngd ra va ciing duge tinh bing don vi
dién tré. Z,, thuong ¢6 trj s6 tr vai Q dén 100Q2. Déi véi cdc tin hiéu ¢d tan s6
cao thi tong tr& 7, tang tri s0.
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1.4. Dong dién phan cuc ngd vao (dau vao): I

Ngd vio cia OP-AMP thudng diing Transistor nén cdn mot dong dién phan
cuc cho cuc B & moi ngd vao. Dong dién phan cue ngd vao I, ¢6 tri s6 khoang
dudi 1 micreo-ampe.

1.5. Nguon dién cung cap

Thudng diing ngudn dién d6i xiing +V, ngudn cung cip phdi d trong gidi
han nhd nhat va Idn nhit. Néu ngudn cé dién dp qud cao s€ dé tam hong OP-
AMP; n€u ngudn c6 dién dp qud thap thi OP-AMPD hoat dong kém, khéng thuc
hi¢n ddy di va chinh xdc cdc chiic nang cia no.

Midc gidi han clia ngudn dién cung cdp la: £3V dén £15V.

1.6. Mire dién ap tin hiéu vao: V, .,

Mitc dién dp tin hiéu vao khong duge vugt qua mire dién 4p ngudn cung
cdp. Tri 80 V|, thuong nho hon nguon 1ir 1V dén 2V,

1.7. Miic dién ap tin hiéu ra: V, .

N¢u dién dp tin hiéu vao qud 1dn thi & ngd ra (ddu ra) s€ ¢ trang thdi biio
hoa. Dién 4p tin hiu ra V), phu thudc vao dién dp ngudn va thudng nho hon
1V dén 2V.

1.8. Dién ap léch ngd vao vi sai: V),

Pién 4p vao vi sai Vi, 13 hiéu s6 giita hai dién dp V, va V,.

Trudng hgp OP-AMP ly tudng, néu ngd vao (ddu viao) ¢ V, = V, thi dién
ap vao vi sai V=0, dién dp ra vi sai V, = 0. Trong thuc (&, cic Transistor ¢
ngd vao rat khé ché tao dé c6 cdc thong s6 hodn toin giong nhau, do 46 s& ¢
mot dién dp 1éch rat nho giita cdc ngd vao (dau vao).

bién dp léch ngd vao (dau vao) vi sai ¢d tri s6 khoang vai milivon nhung
do OP-AMP ¢6 d6 khuéch dai rét I6n nén dién dp & ngd ra (ddu ra) cua khuéch
dai thudt todn c6 thé & trang thdi bio hoa.

- D€ tranh dnh hudng cla dién 4p léch ngd vio (ddu vao) vi sai, ngudi ta phai
dung mach diéu chinh b trir,

1.9. Ty s6 nén tin hiéu dong pha CMRR (Common Model Rejection Ratio)

Bo khuéch dai thuat todn 1y twong ¢6 dién dp ra V, ty 1& voi hiéu sé hai
dién dp vao V, va V,. Khi hai tin hiéu & ngd vao (ddu vio) bing nhau (goi la tin
hiéu dong pha) thi V, - V, =0, dngdra s€ c6 V,=0.

Thue €, khi ngd vao (dau vao) ¢é tin hi¢u dong pha thi ngd ra (ddu ra) vin
c6 tin hi¢u ra nho. Kha nang giam tin hiéu dong pha clia bd khuéch dai thuét
todn duge dinh nghia [4 ty 6 gilta do (hé s¢) khuéch dai tin hiéu vi sai vai do
khuéch dai tin hi¢u dong pha.
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CMRR — A\- = UF gui

A V- b pha

CMRR ciing cé thé tinh theo cong thitc decibel:

CMRR = 20[g-2 tiw _

A U eliimp phat.

Ty I¢ nén tin hiéu déng pha CMRR 6 thé dat tir 80 dén 100dB.

Ngoai ra, bo (mach) khuéch dai thuat todn con rt nhiéu cdc thong s6 khdc
nita (s& duge gidi thiéu ¢ cdc tai li¢u chuyén nganh khdc).

2. Mach khuéch dai thuat toan co ban

2.1. Mach khuéch dai thuat toan khong dao

Mach khuéch dai thuit todn khong ddo hay con duge goi la mach khuéch
dai thuat todn thuan, 12 mach ¢é di¢n dp ngd vao V, ndi dén ngd vao thuan
(khong ddo) qua dién trd ngd vao R,. Ngd vio ddo s& nhéan tin hiéu héi tiep tir
ngd ra qua cau phéan dp R,-R,. Mach khuéch dai thuat todn khong ddo c6 so do6
mach nhu sau:

Hinh 3.17. Mach khuéch dai thudt todn thudn

Do khuéch dai héi ti€p con duge goi 1a do khuéch dai vong kin, duge tinh
theo cong thic:
_R+R R

1+=2
R R

A

I
I
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bién trd R; & ngd vao thuan ¢é tic dung n dinh nhiét, tranh kKhéng cho
dién dp ngd ra (ddu ra) tréi dén trang thai bio hoa.

Qua biéu thiic Ay cho thay:

- Néu gidm R, = 0Q thi Ayp = 1.

- Néu giam R, = 0Q thi Ay = . Thuc 1€ thi Ay ti€n t6i gidi han la do
khuéch dai vong ho cia bd khuéch dai thuat todn.

Mach khuéch dai khong ddo ¢ uu diém 13 tdng tr& vao rat lén. Theo Ly
thuyét, tdng trd vao 1A tich s6 cla tdng trd vio cha bo khuéch dai thuat todn
trong mach vong hd ( Z, ~ 1MQ) nhin vdi ty s6 cua 4o 1gi vong hd trén 6 lgi
vong kin.

Ta c6:

A,
L, =2, f
-

Tri s6 cla Z; ¢ thé 1én dén hang tram MQ. Di¢n trd ngd vao R, thudng
dugc chon ¢é 1ri $6: R, = R, // R,.

2.2. Mach khuéch dai dao

Mach khuéch dai thuat todn dao ¢d dién dp ngd vao V, duge dua dén clra
dio qua dién tréd R, = R,. Dién trd R, la dién trd héi tiép am, dién trd R, ndi clra
thuan xudng mat c6 tac dung 6n dinh nhiét, tranh khong cho dién 4p ngd ra réi
dén trang thii bio hod. Mach khuéch dai dao ding khuéch dai thuat todan dugc
mo ta nhu sau:

R,
A

R, I
*— A A—

—»
L
V', V“
L -

Hinh 3.18. Mach khuéch dai thudt todn ddo
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Do bd khuéch dai thuat todn ¢d tong trd ngd vao (ddu vao) Idn nén dong
dién ngd vao || rat nho. Ngé vao (diau vao) thudn ¢é R, n6i méit nén cé dién
ap V" = 0V. Ngd vio (ddu vao) dao cd dién ap chénh léch véi ngd vao (dau
vao) thudn riat nho nén V)" = OV vi ngd vao (dau vao) dao duge xem nhu
diém mat gia.

Do tin hiéu V, vao ngd vio ddo nén tin hiéu ra V s€ ¢ dién dp nguge ddu.

Néu V, > 0V thi V, < 0V vi nguoc lai.

Theo so d6 mach, dong dién I, di qua R, tit ngoai viao la do V, > 0V. Nhu
viy dién dp V, < OV va dong dién 1, s¢ di tlr ngd vio dac qua R, dén ngo ra.
Thuc € dong I, chinh la dong dién 1, —» |, = 1,.

Hai dién tré R, va R, tao thanh cau phin dp c6 diém giita 12 ngd vao dao

vdi dién dp ngd vao dao V| = OV.
Suy ra:
Suy ra:
V.' — VO
R R,
Vil =1,
Cuéi cling ¢6:
V R,
Ay =—"L=-=%
Rf Rl

Qua biéu thiic Ayr ta thay:

- Néu giam R, =R, thi A =-1.

- Né€u giam R, = 0Q thi A, — . Thue t& thi A tién téi gidi han bio hoa
14 d6 khuéch dai vong ha Ay,

Khi thay déi tri s6 R, thi s& lam thay d8i téng trd ngd vao (ddu vao), khi
thay d6i tri s& R, chi lam thay d&i do khu&ch dai con tdng trd vao khong
d6i. Tuy nhién, gid tri R, phai duge chon trong gidi han cho phép. Néu chon
tri 56 R, qud nhé thi dong ngd ra cia bo khuéeh dai thuat todn s& vuot qua
tri 88 I py,. vi dong ngd ra (dau ra) 1a dong qua tai va dong hoi ti€p qua R,
Néu chon tri 56 R, ¢6 tri s6 qud 1dn thi mach khuéch dai s¢ bi nhiéu va lam
vice khong on dinh.
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Thong thudng R, thudng duge chon trong khodng 2KQ dén 2MQ. Dién tr 6n
dinh nhiét R, thudng chon cé tri s8: R, =R, // R,.

Trong mach khuéch dai dio. téng tud vio clia mach Z, chinh 13 R, vi ngd
vao (ddu vao) dao duge xem la diém mat gid. Mudn tang tng trd ngd vao (dau
viio) thi phai tang R |, diéu nay s& lam giam do (he s6) khutch dai hoi tiép Ayr.

D€ ¢6 téng tré vio ctia mach Z, 16n ma do khuéch dai héi tiép vén 16n thi
6 thé dung mach khuéch dai dao theo so do sau:

R;
IMQ

\;"'\'u"'r"u'__“_
R;

1M€2

AN ~

. - -
| l ; R, 100kQ2 l
L L

R,
> ko

Hinh 3.19. Mach khuéch dai ¢6 téng trd ngd vao lon

Vi cdc tri $0 cna dién trd trong mach, d§ khuéch dai ciia mach la:
Ayr=-100

Dién tro R, = 1M nén tdng trd ngd vito clia mach Z; vin ¢4 tri s 16n.

2.3. Mach khuéch dai Iap hay mach khuéch dai dém

Mach lap la mach khuéch dai khong dao ¢6 d¢ (hé s6) khuéch dai Ay = 1.
Trong mach nay, tin hi¢u vao dua dén ngd vaoe thuidn, ngd vao dao duge noi
truc 11€p dén ngd ra. Nhu vay, dién dp hoét ti€p V, bang di¢n 4p ra V, (mach hoi
ti€p im 100%). So d6 mach nhur sau:
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(I:II o “
| 2 | I +
v, -
+4V
L R,
— 1M

Hinh 3.21. Mach ldp AC

Hé 56 (d0) khuéch dai héi tiép 1a: A4, = = 1

i

Vg oap

I'F

Téngtrdviochamach e Z, =Z.

! £

Tong tré nay rat 16n, khoang xap xi vai tram MQ.



Trong mach Iap AC cé tu lién lac C, va C, dé cdch ly dién dp moét chiéu
gilfa cdc khai. Dién trd IMQ & ngd vao thuan néi xudng mit ¢é tic dung
on dinh nhiét cho bo khuéch dai thuat todn va dé tao dong nap xa cho tu
C,. Do ¢6 dién trd IMQ nén tdng trd vio clia mach s€ giam va bing tri s6
IMQ.

Dac diém cha mach 12 téng trd vao rét 1dn, téng trds ra rat nhd (xdp xi vai
Q) nén mach lap dugc dung 1am mach déi (6ng trd tlr 1n ra nho.

Cédc mach khuéch dai thuat todn thudng duge sir dung dé thay thé cho cic
mach khuéch dai ding Transistor, dén dién tir dé khuéch dai tin hiéu; dung dé
gia cong XU 1y va tao cic loat tin hiéu, tao dao déng...

IV. MACH KHUECH PAI DUNG IC

1. Mach khuéch dai tin hi¢u nho dung IC

Ngay nay, viéc sir dung IC trong khuéch dai rat phé bién, nhét 1a dé khuéch
dai tin hiéu nho thay cho cic mach khuéch dai dung dén dién tl, Transistor 1a
rit can thiét, vi mach khuéch dai ding IC khuéch dai tin hiéu cho chat lugng
khuéch dai t6t (tin hiéu trung thuc). Hon nita mach khuéch dai c¢6 két cdu don
gidn, dé sir dung va lam viéc én dinh. Viéc sir dung IC dé khuéch dai tin hig¢u
nho rat da dang vi méi moét loai IC thi€t k& ra ¢6 mot chic nang riéng nén viéc
nghién cifu ching rdt mat nhiéu thdi gian. Trong phén nay ta chi tap trung xem
xét viéc st dung IC trong khué&ch dai cong suit.

2. Mach khuéch dai céng suat diung IC

Mach IC (Integrated Circuit) vi cdc bd khuéch dai théng thudng vé co
ban khéng cé su khdc nhau, ca hai loai ndy déu dugc dung dé khuéch dai
dién ap, dong di¢n, cong sudt. Trong khi tinh chét cia bo khuéch dai thong
thuong phu thudc vao két cdu bén trong cia mach thi tinh chét cia mach IC
¢6 thé thay d6éi dugc va chi phu thudc vao cdc linh kién mic & mach ngoai.
Pé thuc hién diéu d6, IC phai c6 hé s khuéch dai 16n, trd khdng vao rat 16n
va trg khidng ra rat nho.

IC véi vu diém gon nhe, hé s khué&ch dai 16n, do tin cdy cao, gid thanh ha,
tiéu ton it nang lugng ngudn cung cdp nén da duge dng dung rong rai trong k¥
thuét khuéch dat, tao dao dong, bo én ap, bod loc tich cyc. ..

Cho mét so d6 tdng quit cha tdng khuéch dai cong sudt dung IC nhu sau:
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Hinh 3.22. Mach khuéch dai céng sudt dung IC

Chanl: noi dat.

Chan 2: dau vao dao. Buge ddnh ddu la (-).

Chan 3: dau vao khong dao (+).

Chan 4: n6i v6i duong ngudn.

Chan 5: dau ra.

Chan 6, chan 7 méc thém tu C, goi 1a tu bl pha d€ chéng dao déng tu kich.

Tin hiéu vao c6 thé dua téi ddu vao dao hodc khong ddo, nhung thudmg tin
hiéu duge dua tdi ddu vio khong ddo. Ddu ddo mic thém mach héi tiép am R,
C, nhiim 6n dinh ch& do lam viéc cho IC.

Tu C, 12 tu ndi tang, cb tri s6 ¢ 1 dén 10uF.

H¢ s6 khuéch dai cong sudt K,,= P,,/P, = vai chuc dén vai tram.

Nguén cung cap cho IC ¢é thé 1a ngudn don hoic 1a ngudn d6i xing.

IC cong sudt ¢ thé duoc ché tao rieng hoac déng thol lam cic nhiém vy
khic nhu khuéch dai cao tan, khuéch dai trung tan, khuéch dai am tdn... Ciing
c6 thé ¢6 2 kénh khuéceh dai cong suat déc lap duge ché tao trén cling mot vo.

98

7 RTMOT.R



V. MACH KHOA PIEN TU DUNG TRANSISTOR

Trong sg d6 cua mach khuéch dai ding Transistor hay con goi 1a so dé
khuéch dai tuyén tinh, dién thé cuc gép Transistor duge thiét 1ap ndm trong
gi6t han nho hon E (Ec 14 ngudn cung cdp). Liic d6 xay ra hién trgng tri s6 tin
hiéu vao nhd dén ndi tin hiéu ra phu thudc tuy€n tinh vao nd va khong vugt qua
khoi cdc gidi han c4n trén va can dudi cita khu vuc tuyé€n tinh cia dic tuyén,
hay néi cdch khdc, su khuéch dai tin hiéu x4y ra lan can diém 1am viéc. Bot vi,
trong truong hop nguge lai s& xuat hién méo tin hiéu ro rét. Pong thoi, nhu
chiing ta di biét, dé dam hao cho Transistor 1am viéc & ch& d6 khuéch dai thi
tiép gidp Bazo-Emitor duge phéan cuc thuan, ti€p giap Bazo-Colector duge phén
cuc nguge (d6i véi Transistor loai pnp: U, > 0, U, < 0; loai npn hoan toén
ngugce lai). Con khi Transistor 1am viéc & ché d¢ khoa thi tiép gidp Bazo-Emitor
va Bazo-Colector déu duge phan cuc nguge, khi d6 Transistor déng vai trd mot
khod dién tlr déng m& mach véi t6c 46 nhanh (10 dén 10%) do d6 ¢6 nhiéu
dac diém khic véi ché d6 khuéch dai da xét.

Yéu cdu co ban doi véi khod dién tix:

Céc loai khoa dién tir chi 1am viéc & hai trang thdi dédc trung. Cac trang théi
nay biéu thi bang dién 4p ra cé thé 1a 16n hon mot mic dién dp vao U, nao do,
hodc nhd hon mét mitc dién dp U, cho trude, trong dé U, < U,,.

Néu dién 4p ra vugt qud Uy, thi ngudi ta nét rang so do ndm & trang théi cao
H, con néu nho hon U, thi néi ring so dé & trang thdi thdp L. Cic tri s& mic
U,, U, chi phu thuéc vio so d6é duge chon dung. Chiing ta s& x€t van dé nay
qua mét mach dao diing Transistor nhu hinh v& sau:

Hinh 3.23. Khéa dién tit ditng Transistor
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Trong so d6 phai thyc hién céc yéu cdu sau:
U,.> U, khi Uy < U,
vi U,<U khi U,2 Uy G-1).
Cdc diéu kién nhu vay ¢6 thé dugce thue hién bing cdch lua chon tiong tng
cdc miric Uy va U ciing nhu céc tri s6 R va Ry, Dé tinh todn don gian, khi U,
c6 dang nhu hinh v&:

U 4

E,
Lo
[ ‘

Hinh 3.24. Dang tin hiéu diéu khién khéa

Ta coi khoa Transistor thoa méan dugc diéu kién:
Ry >> Ry, E, >> ¢, E; >> €. (3-2)

Trong d6 Ry la dién trd cha khod, e, 1a dién ap dinh thién cho khoa, E,, E,
12 cac mic dién 4p. S& di khoé phai thod man di€u kién (3-2) 1a d€ dam bao
khong suy gidm nguén tin hiéu, ddng thdi 1am cho khod & han mot trong hat
trang thdi thong hiin hodc tit hin. Hay néi céch khdc, khod lam viéc khi mat
ghép cuc phdt thién ap thuan di & ch€ do khuéch dai hay bio hoa thi dong dién
I, cling do mach ngoai quyét dinh. B&i vay, mach ngoai cha khoa coi nhwr ngén

mach (R, = 0). Khi d6, dong cuc géc c6 thé xac dinh theo biéu thitc:
I, =1, = %
B

3 thoi diém t < t, kho tat do Uy = E,, E, < 0. Tai thti diém t = t,, U, dot
bién chuyén sang tri s6 U, = E, > 0, khoa dan thong réi chuyén ché do bio hoa
(qud trinh qua do nay dién ra rét nhanh).

Sau khi cédc dién dp trong khoa da xdc 12p, nghia 14 khod da hoan toin ndm
trong ch€ d¢ ing vdi U, = E,, phai chon sao cho cdc tham s& ctia mach dam
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bdo cho khod ndm & ch€ d6 bao hoa khi Transistor ¢6 hé s khu&ch dai $ 1a nho
nhét. Boi vi & ch€ do bdo hoa ca mat ghép cuc gép do mach ngoai quyét dinh
tirc 1a:

Mit khdc I, >> I, la dong gép nguge bédo hoa, ta xdc dinh duge dong dién
cuc gic & ché d6 bdo hoa theo biéu thic:

chh EC

— ~

[ PR i, SR SR
cih ﬂ ﬂRC

Do dé, dé dam bdo khéa tén tai & ché d6 bdo hoa cdc tham s& clia mach
phai chon sao cho I, 2 I, tic 1a phéi thod min diéu kién:

E , E. 33)
R, = PR,
Néu chon E, = E, khi d6 (3-3) duge viét thanh:
R, < BRc (3-4)

Minh hoa cu thé cdc din gidi trén qua mot s6 vi du dudi day:

Néu trong so dé Transistor khod thi lic khong tai dién 4p ra s& béang
+E¢. Vi dién trd tai nho nhat R, = R, dién 4p ra U sé bang E¢/2. Nhu
vay, E¢/2 la dién dp ra nho nhdt clia so 46 & trang thdi H. D€ phan biét chic
chan céc trang théi, ching ta chon U, < Ex/2. Chiang han Uy = 1,5V vé6i Ec=
5V. Phi hgp véi cac diéu kién trén khi U, < Uy, dién 4p vao phii tuong Ung
v&i mitc L, mitc L duge hiéu 1a dién dp 16n nhat dé khi d6 Transistor vin con
bi khod chac. D61 véi cac Transistor silic Iam viéc & nhiét d6 phong, cé thé
chon dién dp 0,4V lam mic L. Khi mifc U, va U, d3 chon xong, ¢in phai
tinh cdc tham s6 cla so dé dé khi U, = Uy dién dp ra thoa man U, < U,. Sg
dé cdn phai tinh sao cho yéu cdu nay duge thoi mén ca khi trong trudng hop
bat lgi nhét, tic Ia ngay ca khi U, = U,y = 1,5V thi dién 4p U,, vdn cit nhd
hon U_ = 0,4V. Dién tré cuc R duge chon thich hgp dé€ thai gian chuyén
mach cha Transistor di nhd, con tri s6 dong cuc gép khong dwge qud 16m,
chang han ta chon R¢ = 5kQ. Tiép theo, ta tinh tri 56 Ry dé véi dién ap vao
Uy = 1,5V, dién dp ra khong vugt qua tri s6 0,4V. Muén thé, dong cyc gép
can phai vao khoang I, * E//R¢ ~ ImA. Cidc Transistor dung trong so d6
nay cdn phdi c6 hé s6 khuéch dai dong dién 8 ~ 100.
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Khi dé dong cuc géc bdo hoa.
I, 1mA
Ly ==t =——=

Jd 100
Dé Transistor bio hoa, chiing ta chon I, = 100pA tic 12 du trit gdp 10 lan.
Lic d6 R, ¢6 tri s6:
_ L5V — 0,6V _ 0.9V _oKkQ
10014 10004

Khod dién ti dung Transistor thutmg dugc (ng dung lam khod chuyén
mach, diéu khién tin hiéu xung; ding dé khuéch dai, bién ddi dang xung. ..

10 uA

i

Cau hoi

1. C6 nhifing yéu t6 nao 1am anh hudng dén dai thdng tan sd ciia mach khuéch dai?

2. Bién phap md rong dai thong tin sé thap va tan sé cao cla mach khuéch dai la
nhu thé nao?

3. Thé& nao & mach loc théng thap (ha thdng), théng cao (thugng thdng), théng dai
(bang thang) va chin dai (triét dai, chan dai)? Cac loai mach loc dé dung dé
lam gi?

4. Hay cho biét ky hiéu va dac diém ciia mach khuéch dai thuéat toan,

5. Khoda dién it sir dung Transistor [am viéc trong ving dic tuyén nao? Khoa dién
tr st dung dé lam gi?
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Chuong 4
MACH TAO DAO DONG

L. KHAI QUAT CHUNG VE MACH TAO DAO PONG HINH SIN

1. Khai quat chung

Trong Iinh vuc dién - dién tir, dong dién xoay chiéu hinh sin rdt quan trong
vi nhitng dac tinh riéng cda né nhu:

- Dong di€én hinh sin rat dé phat sinh.

- C4c dong dién xoay chiéu cd tinh chdt tudn hoan déu c6 thé phan tich
thanh moét chudi cdc tin hiéu hinh sin. Diéu nay thuin lgi cho viéc phan tich,
tinh todn nhd ¢4 nhiéu céng cu todn hoc.

- Dong dién hinh sin thutmg dugc ding dé khao st dac tinh k§ thuat clta
cdc mach dién tir nhu mach loc, mach khuéch dai...

Mach dao dong dwoce hiéu 1a mach khu&ch dai nhung khong c6 tin hiéu vao
ma no tu tao ra tin hiéu ra.

Mach dao déng tao xung vuéng nhd hién tugng nap xa cia mach RC két
hgp véi hai trang thai bao hoa va ngung dén cia linh kién tich cye.

Mach tao dao dong hinh sin dya trén hién tugng cong hudng cha mach LC
két hgp vdéi mach khuéch dai hoi ti€p dé tao tin hiéu.

Dé€ c6 tin hiéu hinh sin ra, mach khuéch dai héi ti€p phai thod man cdc diéu
ki¢n sau:

+ Xét rieng mach khuéch dai c6 tin hiéu vao V,, tin hiéu ra V,. H& so
khuéch dai vong hd (khong ¢6 héi tiép) ciia mach khuéch dai la:

V
A, = VO. =V, =V.A,

f
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v, Vi v,
- Mach —»
khuéch dai / S
\'z
; : VU
Mach W E—
hoi ti€p duong

Hinh 4.1. So d6 khéi mach tao dao dong

+ Xét rieng mach hoi 1i€p duong ¢6 tin hiéu vao 14 V,, tin hiéu ra 1a V. Hé
s hoi tiép hay do loi cha mach héi tiép la:

vy
b=—2V,=bV,
V

[

Do ¢6 héi tiép duong nén V, va V, cing pha. Tin hiéu V, chinh la téng cla
V.vaVv,.

Ta cé:
V.=V +V, =V =V -V,
+ Xét mach khué&ch dai c6 hdi ti€p duong (dudng roi nét) bao gém ca mach

khuéch dai va mach hoi ti€p duong. Tin hi€u ngd vio 1a V,, tin hiéu ra [a V..
Hé s6 khuéch dai cha toan mach 13:

4. = v,_ V., _ Vi— Ay,
VE TV, VLV, TV -bVA,
A,
Suy ra: = 2
y Ayp 1-5.4,,

Do day 1a mach khuéch dai déng pha nén b va A, c6 tri s6 duong, do d6
b.A,, cling c6 tri s& duong.
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Tich s3 b.A,, chinh la tich s8 cha hai hé¢ s6 khuéch dai, hé s& khuéch dai
vong hd cita mach khuéch dai va hé s8¢ khuéch dai clia mach héi ti€p. Tich s6
b.A,, con duge goi 12 hé s6 khuéch dai vong hay dé 1oi vong (loop gain).

Khi hé s khuéch dai vong b.A,,= 1 hay 1 - b.A,, = 0 thi:

A
Ay ==

Lic d6 mach c¢é dd khuéch dai vo cling 16n va mach s€ dao dong, va tr tao
ra tin hi¢u ma khong can (in hiéu vao V.,

Tir d6 ta nit ra diéu kién ctia mach la:

e Hé 56 khuéch dai vong b.A,, = 1. (Tich hé s§ khuéch dai cia mach
khuéch dai va hé s6 khuéch dai cia mach hai ti€p). Diéu kién nay con dugc goi
12 diéu kién can bing vé bién do dao dong.

» Géc léch (dich) pha clia mach béng 0° hoic 360°. (Téng géc dich pha cla
mach khuéch dai va mach héi ti€p phdi la hoi ti€p duong). Diéu kién nay con
duoc goi 12 diéu kien can bing vé géc pha.

Néu hai di¢u kién trén khong duge thoa man thi mach khéng ¢é kha nang
dao dong.

N¢u b.A,, > 1 thi mach dao dong tu kich, bién d¢ dao dong ting ddn. Dén
mot mitc nao dé thi mach & trang thai bao hoa.

Néu b.A, < 1 thi mach dao dong tr tat ddan. Pén mot mirc nao dé thi mach
trd vé trang thai cit (khod), khong ¢6 tin hiéu ra.

Néu didu kién géc pha khong duge thoa min thi mach chi 1a mach khuéch
dai ¢6 hoi ti€p. V1 khong ¢6 dién dp tin hiéu vio nén ciing khong ¢6 tin hiéu ra.

2. Cac loai mach dao dong hinh sin

Mach tao dao dong hinh sin ¢6 rét nhiéu loai, tuy theo timg cdch phén loai
ma ta c6 cac loal mach dao déng nhu sau:

* Néu ta phan loai theo phén tir tich cue, ¢é:

- Mach dao dong dung Transistor.

- Mach dao dong dung IC (mach khuéch dai thuat todn).

* N€u phan loai theo linh kién thy dong RLC, cé:

- Mach dao dgng RC.

- Mach dao dong LC.

* N€u phan loai theo mach sit dung bién ap, c6:

- Mach dao dong ghép bién ap.
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- Mach dao dong khéng dung bién ap.

* Néu phan loat theo két cdu cla mach hoi tiép, c6:

- Mach dao d6ng 3 di€m dién cam, 3 diém dién dung.
- Mach dao d9ng diing cdu ch@r T, chir T kép.

- Mach dao ddng ditng khau héi 1iép di pha RC, CR.

- Mach dao déng cdu vién.

* N¢u phan loai theo linh kién k&t hop khéc, co:

- Mach dao dong dung thach anh.

- Mach dao dong dung diot bién dung. ..

Il. MACH TAO DAO PONG 3 BIEM

Mach dao dong 3 diém cling ding d¢ bién ddi dién 4p mot chiéu thanh
dién dp xoay chi¢u hinh sin tin s6 cao.

Goi la mach dao dong 3 diém vi tir khung dao dong ¢6 3 diém dugc néi véi
3 cuc cita Transistor (con d6i vai IC khuéch dai thuat todn s¢ duoce trinh bay &
gifo trinh chuyén nganh khdc) theo nguyén tic:

Cuc E pbai mic vao diém trung gian giita B va.C.

Q
§Rch

Rch

i

Hinh 4.2. Nguyén Iy mach tqo dao dong 3 diém

- Xét vé tinh chét dién khang cia timg doan mach thi Z,, phai ciing tinh
chdt véi Z, va ci 2 nguoc tinh chit véi Z,,,.
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7.t 2w+ Z= 0. Do vay ta ¢é 2 loai mach dao dong 3 diém do6 la:

- Mach dao d¢ng 3 diém dién dung khi Z, va Z, déu mang tinh dung khang.

- Mach dao dong 3 diém dién cdm khi Z,, vi Z,,, déu mang tinh chat cdm khdng.
1. Mach tao dao déng 3 diém dién cam

Mot trong cac mach dao d6ng 3 diém dién cam nhu hinh v& sau:

Hinh 4.3. Mach tao dao déng 3 diém dién cdm

Khung dao dong gom cudn day L va ty C tac dao dong cé:

Trong mach nay, cuc B néi mét qua C,; cuc E qua C, néi vao 1 di€ém trnng
gian cla cuén day L. Con cuc C cé thé ding R,C. dé mic véi ddu trén khung
dao d6ng, cdch mic nay 1am gidm Ug,. Do d6, trong cdc mach 3 diém ngudi ta
thay nhém R,C, bang cuén day ghép Lgh cuén trén cing mot 181 véi cudn day
L nén ta vin coi ddu trén khung dao dong méc véi cuc C vi khi ¢6 i qua Lgh
s€ bd sung ning lugng cho dao dong trong khung LC..

Trong mach khi bat nguén, ¢é ic qua Lgh s& hd cam sang L tao ra sitc dién
dong hd cam ey, nhd ey, trong khung tao ra dao dong. Lay mot phin dao dong
& phan duéi cuon day L dua vé B-E diéu khién i qua Lgh d€ b6 sung ning
lugng trong khung LC. Mach niy ¢6 Transistor mac B chung va rd rang Uy,
cung pha v&i U, .

107



2. Mach tao dao dong 3 diém dién dung

C6 nhi€u kiéu dao dong ba diém dién dung khic nhau, mét trong cdc mach
loai nay nhur hinh v€ sau:

Hinh 4.4. Mach dao déng 3 diém dién dung
Trong d6 khung dao dong gom cuén day L vatu C,, C, cé:
1

W, = ——
S e
C +C,

Cuc E qua tu C, duge mac vao diem giira C,, C,. Cuc B qua tu C, ti€p mat. Cuc
C qua tu Cc mic véi ddu trén khung do d6, Zy,= X3 Z = X VA Z, e = X Céc
tu G, C,, C. cé dién dung lén ¢é X = 0, R\R, mach phan 4p tac +U,,= U, R R,
han ch€ dong xoay chiéu ic, i, € ching it anh huéng sang kKhung dao déng.

Khi bat ngudn, nhd dong nap ban dau clia Ce va C, qua khung ma trong
khung LC,C, c6 dao d¢ng. Mot phian dao dong duge 18y & C, dua qua C,, C, téi
doan mach E-B. R3 rang U, hoan toan dong pha vét U, cé tac dung diéu
khién ic bd sung nang lugng cho khung dao dong.

Do diéu kién Z . + Z, + Z4,= 0 nén néu C,, C,, L, d4 c& dinh thi chi ¢é mot
tdn s6 ddp ting duge diéu kién trén nén tai tdn s6 dé mach sé dao ddéng. Mach
dao dong kiéu nay c6 do6 6n dinh hon mach dao dong ghép bién 4p.
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ITI. MACH TAO DAO PONG DUNG THACH ANH

1. Dic tinh cla thach anh

Tinh thé thach anh la loai d4 (trong md) ¢6 cdu tao sdu mat va cd hai thdp &
hat dau.

' |
7
o ,

Ky hiéu

Hinh dang

.
1

Tinh thé Ciu tao

Hinh 4.5. Tinh thé - cdu tao ky hiéu - hinh dang thach anh

Ngudi ta cdt tinh thé thach anh theo mat phuong vi goc xac dinh theo dang
tron, dang vudng dai hay dang thanh.., Dién tich cua lit thach anh khodng vai
cm’® vd bé day rdt mong, khodng vai mm. Hai mat lat thach anh dugc mai
phang, ma lén 16p kim loai thudng 12 loai bac va néi ra cdc dién cuc. Cudi ciing
ldt thach anh dugce bd trong hop c6 chita bot cdch dién va duge ndi ra hai chan.
Tinh thé thach anh ¢é ky hiéu nhu hinh v&.

Tinh thé thach anh c¢6 dic tinh 12 khi bi kich thich bot mot luc ép co hoc thi
thach anh s phdt ra dién truong, giita hai bdn cyc s& xuat hién mot dién ap goi
1a hiéu @ng dp dién. Ngugc lai, khi kich thich tinh thé thach anh bing ngudn
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dién AC, tinh thé thach anh s& rung & tdn s& khong déi va hién tugng rung nay
gay ra hiéu \ing 4p dién, thach anh lai phdt ra dién trugng va cho tin hi¢u xoay
chiéu c6 tdn s& khong doi.

Tinh thé thach anh cé mach tuong ducng va dic tinh trd khang nhu hinh sau:

X

L &
Cam khéng
—
f [
5 r >
X, Dung khéng Dung khdng
Mach tuong duong Hinh 4.6. Mach twong ditong va ddc tuyén

tdn 56 cong hrong cua thach anh

Cdc thong s6 cha tinh thé thach anh ¢6 tri s6 wy thudc mat cit, thudng
trong khoang:

R, = val chuc Q 61 vai kQ

L, = vai chuc mH t&1 vai ngan mH

C,= nho hon 1pF

C, = vai pF t6i vai chuc pF

Tinh thé thach anh cong hudng & hai tdn s§ khac nhau:

- Cong hudng noi ti€p d tan sé f, do L, va C, theo cong thifc:

1
5s=on L,.C,

Cong hudng song song ¢ tdn s8 f, do L, va C, (C, song song C;) theo
cong thirc:
1 -

M [L.. _C.\"__C_f:_
SO +C,

Jr=
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C.C,

DO Cp > CS l'lél'l -_1-_ o] 5
Ci+C,p

Nhur vy, f, va f, ¢6 tri 6 gdn bing nhau.

Thach anh con ¢6 X, >> R, va X, >> R nén dao dong thach anh cé hé so
phdm chét Q rat 16n. Diéu ndy cé nghia Ja lmh thé thach anh trong mach dao
dong c6 dd 6n dinh t4n s6 rat 16m.

Cic thong s6 cha tinh thé thach anh rét it thay déi theo nhiét d6 va thoi gian
nén thutmg dugc diing trong cdc mach dao déng can do 6n dinh tdn 56 cao.

B9 dao dong thach anh ¢6 thé cho mach dao dong & tdn s6 f,, lic d6 trd
khang céng hudmg Z — 0Q. Nguoc lai ciing ¢é thé cho mach dao dong & tan sd
fp, Iic d6 tro khdng cong hudng 7 — o Q. Nhu vay, dao dong thach anh duge
chia ra hai loai la dao ddng néi tiép va dao dong song song.

2. Mach dao dong dung thach anh

2.1. Mach dao dong thach anh néi tiép

Hink 4.7. Mach dao dong ding thach anh mdc néi tiép
Trong so dé, thach anh X nhu 1a mach céng huong LC ghép néi ti€p két

hop véi hai tu C;- C, dé tao tin hiéu ddo pha. Nguyén Iy nhu mach dao dong
Colpitts (dao d6ng 3 diém chung).
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Thach anh X ndm trén dutmg héi tiép tir cuc C vé cuc B nén chi ¢6 tin hié
& tan s6 cong hudng duge héi ti€p dé tao dao dong ra tin s6 nay.
2.2. Mach dao dong thach anh song song

U,
+V_.

Hinh 4.8. Mach dao dong ding thach anh mdc song song

Trong mach dién, thach anh X nhu mach cong hudng song song & ngd ra
dé chon tan s6. Tan s6 cong hudng chinh 13 tan s6 f; clia thach anh.

Dé tao hoi ti€p, hai tu C,; va C, 1a hai cau phan 4p xoay chiéu 1ay tin hiéu r
& cuc C héi tiép vé cuc E. Nhur vay, Transistor duge rdp kiéu B chung nén mach
khuéch dai c6 tin hiéu vao cuc E va tin hiéu ra & cuc C 12 hai tin hiéu déng pha
nén mach héi ti€p nho cau phan 4p C,-C, la mach héi tiép duong ding thec
diéu kién cia mach dao dong.

Thuc chdt mach dao dong nay cling 14 mach dao dong Colpitts cai tién (loa
mach ba dién dung).

Hién nay, dao dong thach anh dugc dng dung rat rong rai trén cdc thiét b
dién tir dan dung hay chuyén dung nh& d6 6n dinh tin s6 rat lén. Tay nhién
thach anh chi duge ché tao c6 tan s6 dao ddng tir I00KHz trd 1én, & tin s6 thif
rit khé ché tao vi cén thach anh cé kich thudc 16n.
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IV. MACH TAO DAO PONG DUNG R-C

1. Mach dao déng dung khau di pha
Sodd mach:

Hinh 4.9. Mach dao ddng dung RC

Trong so d6, Transistor Q, duoc rdp kiéu E chung nén 14 mach khuéch dai
dao pha 180°. Mach héi tiép tir cue C vé cuc B gdm ba mach loc RC 13 loai loc
théng cao. O day, mach loc RC duge chon tri s6 sao cho méi mach lam sém
pha 60° (tinh chat clia mach vi phan). Nhu vay, qua ba mach loc RC s& lam
sém pha 180°. Tin hiéu tir cuc C qua mach héi ti€p s& tring pha véi tin hiéu vao
& cuc B, tao thanh héi ti€p duong,

Dé c6 hé s6 khuéch daj vong b.Ay,= 1, ngudi ta cé thé thay déi tri s6 dién
tr& Rz dé cé do khuéch dai dién dp cta Transistor thich hop.

Mach loc RC thif ba (trén dudng hdi tiép) ¢b tu C két hgp véi dién tra R
(R = R, = Ry} chinh 14 mach tuong duong cua Ry, # Ry, 7 r; ciia mach khuéch
dai T,. Do tri s6 cla ba dién trd nay song song nhau va cé gia tri nhd nén phai
ghép n6i tiép thém R dé€ ¢b gid tri chung bing cdc dién tré R phia trudc.

Tin s6 dao dong ctia mach duge tinh theo cong thic:
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1

]% = R
ZHRCJG + 4};—

Transistor Q, 14 mach khuéch dai dém rip kiéu C chung, ¢6 tac dung 1am
gidm t6ng trd ra ctia mach, dung hgp véi 16ng trd cilta tai thuong cé gid tri s6
nho va khong 1am anh hudng dé€n mach dao dong dung Transistor Q,.

2. Mach dao dong dung cau vién
2.1. Mach loc dung cau vién

7

R, G
Y ‘% v
. 7 L s l :

—

Hinh 4.10. Mach loc cdu vién

Trong so d6 mach loc cdu vién chia ra hai cdp linh kién, dién tr¢ R = R, néi
ti€p vdi tu C = C, c6 téng trd chung 1a Z,, dién trd R = R, song song vdi tu C = G,
c6 tdng trd chung 13 Z,. ’

Ta cé: Z,=R+ X¢

Hai tong tr& Z, va Z, tao thanh cau phan 4p cho ra dién 4p tin hidu V, tinh
theo cong thife:
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Nhan xét:

- Khi ¢6 tan s6 f thap — 0 thi X — « nén tong trd Z, — «. Dién dp ra V,, bi
gtam rit nho.

- Khi ¢4 tdn s6 f cao — oo thi Xc — 0 nén téng ird Z, — 0. Dién dpra V,
ciing bi giam rat nho.

Bang phuong phdp phan tich va tinh todn, ngudi ta chiing minh ring tin s¢
¢6 bién do dién 4p V,,ra I6n nhit ia:

1
L /o= Shre
Tai tan s f;
Z, =~J2.R
Va:
a , R
T V2
Suy ra:
v 2Ly

La bién dd ra cuc dai.
2.2. Mach tao dao dong cau vién
So d6 mach:

Hinh 4.11. Mach dao dong cau vién
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Hai Transistor QQ, va Q, déu rdp theo kiéu E chung nén la mach khuéch dai
dao pha. Tin hiéu vao cuc B, va ra cuc C, s& 12 hai tin hiéu déng pha d€ tao héi
ti€p duong.

Mach héi tiép tir cuc C, v& B, l2 mach cdu vién d€ chon lgc tin s6.

1
/o= mre
Theo phan tich trén, mach cdu vién cé h¢ s6 khuéch dai hoi tiép la:
1 (5 = 2,)
b = 5 o 3 i

Theo di€u kién cha mach dao dong phai c6 hé sd khuéch dai vong la:
b-AV{) = 1-
Do: 4 = % nén chi cdn cé: Ay,= 3 thi dii dé cho mach dao déng ducc.

Ay, 12 hé s6 khuéch dai cua T, va T,

V. SUDUNG IC TRONG CAC MACH TAO DAO PONG HINH SIN

1. Khai quat chung

Ta da biét ring, mach dao dong bao gdm mach khuéch dai va mach héi
ti€p. Vay mach dao dong ding IC 14 mach st dung IC (thudng 12 IC khuéch dai
thuat todn) 1am mach khuéch dai, con mach héi ti€p 1a d€ tao ra héi ti€p duong.
Mach héi tiép rdt da dang, do d6 mach khuéch dai dang IC két hgp véi mach
hoi tiép d€ tao thanh mach dao dong ciing rat da dang. Mach dao d9ng dung IC
c6 thé ¢6 céc loai sau:

- Mach dao dong diing bi&n 4p.

- Mach dao dong kiéu ba diém: Ba diém dién cdm, ba diém dién dung.

- Mach dao déng dung thach anh.

- Mach dao dong diing khau di pha (léch pha) kiéu CR (loc théng cao), RC
(loc thong thip), kiéu ba khau hay bén khau.

- Mach dao déng diing cdu vién.

- Mach dao dong dung hai ti€p 1a mach loc chit T hay chit T kép...

Trong phan nay ching ta chi khao sit mot s6 mach dao déng, cic mach
con lai s& dugc trinh bay & céc gido trinh chuyén nganh khac.
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2. Mach dao déng hinh sin dung IC

2.1. Mach dao dong diing khuéch dai thuat toan két hop véi bién ap
* So d6 mach:

ey
M '\A/\P—Ti

T,
——c L l'}&l Uy,

Hinh 4.12. Mach dao dong khuéch dai thudt todn ghép bién dp

Trong dé:

- A 1a mach khuéch dai sir dung IC khuéch dai thuat todn.

- R,. R, 1a cdc dién trd héi ti€p am ding dé 6n dinh mach dao ddng.

-L,, Cla khung cong hudng dé tang cudng dién 4p ra dua vio mach héi ti€p.

- R 1a dién trd ghép lam gidm su anh hudng gitta tr& khang ddu ra mach
khuéch dai nhé dén khung cong hudng L, C.

- Bi€n 4p T, gbm hai cuén day L, va L, ding d€ tao héi ti€p duong (dua vé
ddu vao hay ctra vao thuan). Muén cho mach dao déng dugc thi lugng héi tiép
duong phai 16n hon lugng héi ti€p am.

Vi mach khué&ch dai 12 mach khuéch dai thuan nén hé s& khuéch dai ctua
mach 12: K = (R, + R,/R, = 1 + R, /R..

Do dé, d€ dam bao diéu kién can bing vé bién do dao dong K. K,, = 1 thi

K= Up/Up = 1/ K = 1/(1 + Ry/R ) =R/(R, + R)

U,y 12 dién dp 18y ra trén cudn day L, cia bi€n 4p T, ty 1& v&i s6 vong day
cha cudn L, (n,).
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U, la dién 4p dwva vio cudn day L, cua bién dp T, ty 1& v6i s& vong day
cha cudn day L, (n)).

Nhu viay K, = R /AR, + R,)) < 1ty ¢ vdi ny/n, = ny/n, < 1 (s6 vong day n,
nho hon $6 vong day n,).

Con diéu kién can bing vé géc pha dé tao héi ti€p duong luon duge thod
man khi cu¢n day L, dugc cudn cling chiéu vdi cudn day L.

* Hoat dong ctia mach nhu sau:

Khi mdi déng mach K . K, phai tudn 16n hon 1 1am cho bién do dao dong
ting ddn cho dén khi mach khuéch dai chuyén sang lam viéc & trang théi bao
hoa, khi dé hé s6 khuéch dai cha mach giam dan cho K . K, = 1. Liic nay dao
dong duge tao ra nhung khong phai 1 dao dong hinh sin. D€ ¢é dao dong diéu
hoa hinh sin thi mach phai di¢u chinh h¢ s6 khuéch dai sao cho K. K, =1 va
xdc lap tai d6 khi mach khuéch dai chuyén sang lam viéc & trang thdi bdo hoi.

2.2. Mach dao dong cau vién dang IC

* So dé6 mach:

Hinh 4.13. Mach dao dong cdu vién ding IC
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Trong dé:

A la mach khuéch dai dung IC khuéch dai thuit todn, trong trudng hgp nay
mach dong vai tré 1a mach khuéch dai thuan.

Nhinh R, va R, déng vai trd 1a nhanh hdi tiép am d€ 6n dinh dao dOng, va
khong phu thudc vao tan so.

R, C, va R,, C, 1a mach loc cau vién diing 1am mach héi ti€p, cé hé so
khuéch dai héi tiép 1a: K, =K, max = 1/3.

Goc léch pha (di pha) cua mach héi ti€p 1a: ht = 0 khi odd = 1/R, C, =
1/R, C, = I/RC.

D,, D, mic song song v&i Ry 1am nhiém vu én dinh bién doé dao dong cho
mach dao dong. Khi bién d¢ dao dong tang thi dién trd tuong duong cia nhanh
R; giam lam cho héi ti€p am ting va do do6 hé s6 khuéch dai cha mach giam va
ondinhvéi K . K, =1

* Di¢u kién ciia mach nhu sau:

- Diéu kién can bang vé bién do:

Khi wdd = 1/R, C, = 1/R, C, = 1/RC thi nhdnh héi ti€p duong tao dao dong
c6 K, (+) = K,,(+) max = |/3.

Va mach khuéch dai 1a mach khuéch dai thuan ¢6 nhinh héi ti€p am la R,
va R, (b6 qua tro khdng cua D, va D,). Khi d6 hé sé khuéch dai cha mach
khuéch dai la: K = Ur/Up, Up 1a dién dp vao dau vao thuin (Vl mach khuéch
dai ta khuéch dai thuan).

Mach khuéch dai thuat todn luén ¢6 Up= Un .

Suy ra K = Ur/Un ; Un=Ur x R,AR; + R,). Vay K = (R; + R,/R,.

Dé cho diéu kién can bang bién do dao dong duge thoa man K. K, = 1 =

(Ri+R)Ryx 1/3=1= (R, +R,/R,=3 =R, =2 R4

- Diéu kién can bang vé gbc pha:

Diéu kién cin bang vé géc pha luén duge thoa min véi cdch mac nhur trén.

Vi mach héi ti€p cdu vién cé ¢ht = 0 vA mach khuéch dai 13 khuéch dai
thuén ciing ¢é ¢ = 0, nén ¢ + @ht = 0 thod mén diéu kién géc pha dao dong.

* Nguyén ly hoat déng nhu sau:

- Khi méi déng nguén dién moét chiéu cho mach thi hé sé khuéch dai cia
mach khuéch dai tang 1am cho h¢ s khuéch dai vong K. K,, > 1, khi d6 mach
khuéch dai ti€n tdi lam viéc & trang thai bao hoa,

- Hé s6 khuéch dai cia mach khuéch dai tang lam cho héi ti€p am vé dau
vao dao cua mach khuéch dal tang manh, kéo hé s6 khuéch dai cia mach
khuéch dai giam xudng.
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- Khi mach hoat d6ng 6n dinh thi hé s6 khuéch dai vong sé dat K. Kht = 1
va khi d6 mach sé& phat ra tin hiéu dao déng hinh sin.

VI. MACH TAO DAO PONG NGHET
1. Mach dao dong nghat dung Transistor

;
-

Hinh 4.14. Mach dao déng nghet

Mach nguyén ly dao dong nghet (Blocking) tu tao dao dong gdm mot
Transistor Q, mac Emitor chung v&i bién dp Xung ¢6 3 cudn: W, 1i cudn sg
cdp, 2 cudn thit cAp W, vd W,. Qua trinh thyc hién héi ti€p duong tir W, qua
cudén W, nhd cyc tinh ngugc nhau cia ching (¢é chiéu cuén nguge nhau).
Tu C va R dé han ché dong dién cuc Bazo. Dién trd R tao dong phéng cho tu
dién C (lic Transistor khoa). Khau mach R,, D, dé bao vé Transistor khi
transistor chuyén tir thong sang tat. Cac hé s6 bién 4p xung v, va v, duge xdc
dinh bdi:

w, Wi
Y ="— YT T
W, w,
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U, + /
N
IEC/ B
Ut
E/yt \
- —»
1
C
UC? phong
~ 7
i

Hinh 4.15. Dang dién dp mach dao déng nghet

Cic qud trinh vat 1y xay ra trong mach dién:

Trong khoang thdt gian O d&n t,, Transistor bi tat do dién 4p d@ nap trén tu
C, Uc < 0Otu C phéng dién qua cudn day theo dudmg sau:

+C 9R 5 R, —=-E-—> Mit 5wy > -C

Cho téi t = t, thi U-~ 0, trong khoang thdi gian trén thi Ug va U= 0 vi sut
dp trén cudn wy rat nho do dong ngugce trong Wy gay ra, cam (mg sang cudn
day Wy vi w, mot dién dp rdt nhd, coi nhu x4p xi khong.
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Trong khoang thoi gian t; dén t,, khi Us = O xuat hién qud trinh Blocking
thuan nhd hoi ti€p duong qua wg lam cho Transistor thong ddn dén bao hoa lam
cho Ug tut tir gia tri 0 - -E/y, (Vi ¢6 cuc tinh nguge v&i W, ) con U, tang tir 0
—= Ef.

Trong khodng t, dén t;, T bio hoa sau dién dp trén cudén W, gin bang E, do
dé U, s& co gia tr1 < 0. Pay 14 giai doan tao dinh xung, ¢é su tinh lang tir trong
cac cudn day ciia bicn ap. Khi d6, héi tidp qua cudn Wy s& 13 Uy = E fy, va dién
ap trén cudn tai s¢ la

¥,

Trong khodng t, dén t, lic nay t6c do thay déi clia dong Colector gidm nho
do dé suat dién dong cam tng W,, W, giam, din dén gidm dong cuc Bazo I,
Vi thé, lam giam miic bdo hoa cua Transistor. Lic nay ty C duge nap dién do
nang luong tich luy trong cudén Wy:

+Ug = Iggr—> R Co -Uy

Luc d6 I giam té1 gid tri téi han Iy, = Lo, /B xudt hién qua trinh Blocking
nguge (hoi tiép duong theo hudng nguge lai): T thodt khoi trang thai bio hoa I
V1,4 dua Transistor ot bién trd vé trang thdi tit dong I = 0, tuy nhién do
quén tinh cla cudn day, trén cuc Colector xudt hién suat dién dong ty cam
clng chiéu chong su giam caa dong dién I do d6 gay ra mdt mic dién dp am
bién do 1dn (tai thdi diém 1, = t,) vugt qua ca gid tri -E¢, day 12 qud trinh ticu
tin nang lugng t trudng da tich luy tr trude nhd dong thuan tir chay qua mach
D,R,:

+W, > D, 5 R, > -W,

Lic nay cuon W, cam tmg dién dp am lam cho D; bi tit vi tdch mach khoi
so d8, ¢on Uy > 0 va ¢d gid tri nhd dan dén O (t, dén ).

Sau dé tu C phdng dién duy tri T khod cho t&i khi U= 0 s& lap lai mét nhip
lam viéc mai.

P06 rong xung Blocking dugce tinh 1a:

BRt

t =t~ =(R+r)cIn—"——
x 3 | ( \) /IB(R:. +W)

Trong d6 R, + }’f R, 1a tai phan 4nh v& mach cuc Colector (mach so
cdp) P 12 hé so khucch dai dong tinh cha Transistor khi mic chung Emitor,
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VII. MACH TAO XUNG VUONG

Mach dao déng tao ra xung vudng con dugc goi 1a mach dao dong da hai.
Mach dao dong da hai ¢ nhiéu loai, vi du phu: mach dao dong da hai dgi hay
con duge goi 1& mach dao dong da hai don én (mat trang thdi 6n dinh), mach
dao dong da hai ludng 6n (hai trang thdi 6n dinh), mach da hai phi 6n (khong
6n dinh) hay cdn duge goi 14 mach da hai t¥ dao dong... Trong phin nay sé&
trinh bay mét trong cdc mach dao dong dé.

1. Mach tao xung vudng dung Transistor

Mach dao dong tao ra xung vuong dién hinh va thudng hay gip nhdt 1a
mach dao ddong da hai tw dao dong.

* Sa d6 mach nhu sau:

+V

Lc

Q, Q.

Hinh 4.16. Mach dao déng da hai vu dao dong

* Nguyén 1y hoat dong:

Thong thuong mach da hai tv dao dong 12 mach d6t xitng nén hai
Transistor cling tén va cdc linh kién dién trg, tu dién c6 cung tri s&.

Tuy hai Transistor cing tén, cdc linh kién cing tri s6 nhung khong thé
gidng nhau mot cich tuyét d6i. Diéu nay 1am cho hai Transistor trong mach
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dan dién khong bing nhau. Khi méi cdp dién s& c6 mét Transistor din dién
manh hon va mot Transistor din dién yéu hon. Nho tdc dung cia mach héi
ti€p duong tir C, vé B, va tit C, v& B, s& lam cho Transistor d4n dién manh
hon ti€n ddn dé€n trang thdi bdo hoa, Transistor din dién y€u hon ti€n dédn
dén ngung dan.

Gia thi€t T, din dién manh hon, tu C, dugc nap dién qua R, 1am cho dong
I3, tang cao nén T, ti€n dén trang thdi bio hoa.

Khi T, ti€n dén trang thdi bao hoa lam cho I, ting cao va V¢, = 0,2V, C,
phong di¢én qua T, va R,. Khi tu C, phéng dién, dién dp am trén tu C, dua vao
cuc B, lam Transistor T, ngung din. Thoi gian ngung dan cia T, chinh I3 thoi
gian phéng cta C, qua R,,.

Sau khi C, phéng xong, cuc B, lai duge phan cuc nhd Ry, nén T, din bio
hoa, lam cho Vi, = 0,2V. Diéu nay lam cho ty C, phéng dién qua R,, va dién
dp am trén C, dua vé T, 1am cho T, ngung dan. Lic d6 tu G, lai duge nap dién
qua R, 1am cho dong I;;, ting cao va T, ti€n té1 trang thai bdo hoa nhanh.

Thoi gian ngung dan cua T, chinh 1a thoi gian tu C, phéng dién qua R,,.
Sau khi tu C, phéng xong, cuc B, lai duge phan cuc nho Ry, nén Transistor T,
lai trd vé trang thai din bdo hoa, nhu trang thdi gia thiét ban ddu. Vi qud trinh
nay dugce lip di lap lai mot cich tudn hoan.

* Dang tin hiéu:

Xét cuc g, khi ¢, bao hoa Vg, =~ 0,8V. Khi T, ngung dan cho tu C, phéng
dién lam cho cuc B, ¢6 dién dp 4m khoang - V., va dién 4p am nay giam dan
theo him $6 mi.

Xét cuc C,, khi T, bdo hoa V., = 0,2V. Khi T, ngung dén V¢, = + V.. Dang
séng tin hiéu ra & cuc C la dang séng vudng.

Tuong tu khi xét cuc B, va C,, dang séng tin hiéu & hai cuc nay giong vdi
dang séng tin hiéu & cuc B, va cuc C, nhung ddo pha nhau.

Chu k¥ cta tin hiéu xung vuéng la:

T=t,+1,

Trong d6, t, 1a thoi gian tu C, phéng dién qua Ry, tir dién 4p -V lén = OV.
Vit C; phéng dién tit -V 1én ngudn +V nén dién 4p tdc thdi cha tu (ldy
mifc -V lam géc) la: V(1) = 2 Ve exp(-t,/R;,.C)).

Thai gian t, dé tu C, phéng dién qua R, 1l -V 1én OV cho bai cong thic:

Ve =2 Ve exp(-1,/Rg,.C)).
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Suy ra: exp(t,/Ry,.C)) =2

=t/ (Rg. C)=1n 2

= 1,=Rg. C. In 2 = 0,69 Ry,. C,

Tuong tu, thdi gian t, d€ tu C, phdng dién qua Ry, tlr -V 16n OV 1a:
t, =~ 0,69 Ry,. C,

Vi,

osv |

- VCC‘. /
+—Pp

N

i 4

<
\ —»
-~V

Hinh 4.17. Dang tin hiéu mach dao dong da hai

Chu ky dao dong la:
T=1,+1,=0,69 (Rg. C, +Rg. C)
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Trong mach da hai d&i xing ¢6: Ry =Ry, =Ry va G, =C,=C
Khi dé chu k¥ dao dong la:
T=2069.R5.C
Tén s6 dao dong cna xung vuong la:
f=1/T=1/0.69 (Rg,. C, + Rg,. C,)
Néu la mach da hai déi xing thi:
f=1/T=1/14R;C
2. Mach tao xung vudng dung IC _
Sau day ta s& khao sdt mot trong cac mach dao dong tao xung vuong la dao
ddng tich thoat.
Mach dao dong tich thoat dung mach khuéch dai thuat toan dé cho ra tin
hiéu vuong ¢é so dé nhu sau:
* So d6 mach:

Hinh 4.18. Mach dao déng tich thodt ding IC

So d6 ¢6 hai mach héi tiép tir ddu ra vé hai dau vao. Ciu phén dp RC héi
tiép v€ ddu vio dao I, cdu phan dp R~ R, hdi 1i€p vé dau vao thuan I,*.
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D€ giai thich nguyén 1§ cla mach, ta gia sir tu C chwa nap dién va mach
khuéch dai thudt todn dang & trang thii bido hoa duang, V,, = +V.. Lic nay,
cau phan ap R,-R, dua dién dp duong vé ddu vao thuan 1} vdi mic dién dp 1

R
V> =4+V.. 2

m - = V;l (v
R +R, '

> 0V)

n

Trong khi dé, dau vao dao I ; cé dién dp tang dan lén tir OV, dién dp tang do
tu C nap qua R theo quy luat hAm mii véi cdc hang 6 thdi gian T = RC.

Khi ty nap va c6 V" < V,,” thi mach khuéch dai thuit todn van & trang
thii bdo hoa dwong. Khi tu C nap dén muc di¢n dp V,;° > V,.* thi mach
khué&ch dai thuat todn déi thanh trang thdi bdo hoa 4m, dau ra cé V,, = - V.
Lic nay, cdu phdn 4p R,-R, dwa dién 4p am vé ddu vao thuan I, véi miic
dién ap Ja:

m = Ve le_—sz: Vi (Yi"+ < 0V)

Trong khi d6, & dau vao dae I vin con dang & mic dién dp duong voi tri
$O Vi, >+ Ve . Ry/ (R, + R,), do tu C con nap dién. Nhu vay, khuéch dai thuat
todn s& chuyén sang trang thdi biio hod am nhanh, cho canh xung vuéng thang
dung. Tu C bay gid s€ phong dién 4p duong dang nap trén tu qua dién trd R, va
tai & dau ra xudng mat.

Khi tu C phéng dién dp duong dang cé thi V,;* vin & mitc dién 4p am

‘nén khuéch dai thudt todn vin & trang thdi bdo hoa am. Khi tu C da phéng
hét dién 4p duong thi s& nap dién qua R d€ c6 dién dp am dang cd, do ddu ra
dang & trang thdi bdo hoa am. Chiéu nap dién bay gid ngugc véi chiéu dong
nap trén.

Khi tu C nap dién dp am dén mic V7 < V,,* (dién dp ddu vao ddo nhd hon
dién 4p ddu vao thuan) thi khuéch dai thuat todn lai déi thanh trang thai bdo
hoa duong va daura cé V= +V .

Mach tr& lai gia thi€t ban dau va qud trinh trén ti¢p tuc dién ra mot cich
tudn hoan.

* Dang tin hi¢u:
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Hinh 4.19. Dang dién ap tin hiéu mach dao déng tich thodt

Mirc gi6t han dién 4p ddu ra 1a: Vyyax ~ +Vee VA Vuin = - Vee
Mifc gidi han dién ap & hai dau vao la: '
R,

Ve =V, R
R +R,

V,=+V
A cC cC RI+R2

Dang di¢n dp & ddu vao ddo I, ¢6 dang tam giac. Thoi gian dién dp & vao
dau vao dao I;; tang tir Vg 1én V, la khué&ch dai thuat todn & trang thdi bao hoa
duong, thai gian dién dp ddu vao dao I gidm tir V, xudng Vg 12 khuéch dai
thudt todn & trang thdi bdo hoa am. Dang dién dp & ddu vao thuan [,,* va ddu ra
13 xung vudng d8i xing. Chu k¥ cha tin hiéu duge tinh theo cong thic:

T:zgcm_@_ﬁ&_

!

Suy ra, tdn s6 chia tin hiéu duge tinh theo cong thire: £ = 1/T.

128



Trudng hgp dac biét:

Ri=2R, 5> T=2R.C.In2=2 .R.C.0,69 (In 2 = 0,69)
- {=1/2.069.R.C=1/T4R.C '
Ri=R,-»>T=2R.C.In3=2.R.C.1,1 (In3=1,1)

= f=1/22R.C

Cic mach dao dong duge sit dung lam cde mach tao ra tin hiéu séng mang
trong cac hé thdng thu phdt tin hiéu, cdc mach tao tin hiéu quét trong cic thiét
bi tac man sang...

Cau hoi

1. So d6 khéi mach dao déng tao tin hiéu hinh sin gébm cé nhitng khdi co ban nao?
Quan hé gilia cac khdi do ra sao? Diéu kien dé cho mét mach dao déng la gi?
Hay ké tén mét s& mach dao déng tin hiéu hinh sin,

2. Mach dao déng ba diém |4 gi? C6 bao nhiéu loai mach dao déng ba diém? Hay
phan tich nguyén Iy dao dong clia mach dao déng ba diém dién cam.

3. C6 bao nhidu loai mach dao déng sif dung thach anh? Bic diém cla cac mach
dao ddng thach anh la gi?

4. C&u tric clia khau di pha nhu thé nao? Céac khau di pha cé thé két hap dugc véi
cac mach khuéch dai nao dé tao thanh mach dao dong?

5. Hay ké tén cac loai mach dao déng ding IC.

6. Hay trinh bay nguyén ly mach dao ddng da hai sir dung Transistor.

7. Hay trinh bay nguyén ly mach dao d8ng da hai sit dung IC.
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Chuong 5
PIEU CHE VA GIAI PIEU CHE

I. KHAI QUAT CHUNG VE PIEU CHE VA GIAI PIEU CHE

1. Khai niém vé diéu ché va giai dieu ché

Diéu ché€ I1a chuyén dién 4p hay dong dién mang tin téc & mién tdn s thap
lén mién tdn s6 cao dé truyén dugc di xa. Qud trinh diéu ch€ 1a ghi tin tic vao
mét dao dong cao tin nhd bién déi mot thong s6 nao d6 clia dao dong cao tin
theo tin tdc.

Vi du: Bién déi bién do ciia dao dong cao tdn theo tin tirc duge goi la dicu
ché bién d6. Trong trudng hop nay tin tic duge goi la tin hiéu di€u ché, dao
dong cao tan dugc goi 1a tai tin, con dao déng cao tdn mang tin tdc duoc goi la
dao dong cao tan da di€u ché.

Giai diéu ch€ déng nghia v4i qud trinh tich séng, 1a qua trinh khéi phuc lai
tin hiéu diéu ché ban dau. Tin hiéu di€u ch€ sau khi duge tach séng phai giong
dang tin hiéu nguyén thuy ban d4u. Trong thuc t€, tin hiéu sau khi qua diéu ché
va dua qua kénh truyén dén mach téch séng da bj méo dang, hon nita do méo
phi tuyén trong bd tdch séng nén sau khi tach séng tin hiéu nhdn dugc khic vai
tin hiéu nguyén thuy & phia diéu ché.

Trong mét hé théng thong tin, diéu ché€ duge thuc hién & phia phat, con giai
diéu ch& dugc thyc hién & phia thu.

2. Cac loai diéu ché va giai dieu ché

2.1. C4c loai diéu ché

- Phan loai theo dang tin hiéu:

+ Dicu ch€ tin hiéu tuong tu.

+ Diéu ch¢ tin hi¢u xung.
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+ Diéu ché tin hiéu s6.

- Phan loai theo thong s6 diéu ché:

+ Diéu ché bién do.

+ Dicu ché tan s6.

+ Diéu ché géc pha.

- Phan loai theo linh kién:

+ Diéu ch€ diing Transistor.

+ Diéu ché dung diot.

+ bicu ché diing dén dién (1. ..

Tir d6, ta ¢6 cic loai di€u ché nhu: diéu ché bién do tin hiéu wong tu, diéu
ch€ bién do sd, diéu ché bién do xung... Ngodi cdc phuong phdp diéu ché co
ban, con cé cich phuong phap di€u ché dic biét khdc, vi du nhu: diéu ché bién
do don bién, diéu ch€ cdu phuong. ..

2.1. Cac loai giai diéu ché

Tuong dng véi modi loai diéu ché duge thuc hién & phia phét thi & phia thu
¢é it nhat mot loai gial diéu ché. Nhu vay, o6 the ¢é céc loai giai diéu ché sau:

- Giat diéu ché bién d¢ tin hicu twong tu, 0.

- Giai diéu ché tdn s tin hiéu tuong tu, s0.

- Gidi di€u ché pha tin hiéu tuong ty, $6...

IL PIEU CHE BIEN PO TIN HIEU TUONG TU (AM)

biéu ché bién d6 tin hiéu twvong tu 14 1am cho bién do tai tin bién doi theo
bién d6 (dién ap hay dong dién) cua tin higu.

1. Nguyén ly va mach diéu ché bién dd

1.1. Nguyén ly diéu ché bién do

- So do khéi:
U, Piéu che U,
’ AM

U

sm

Hinh 5.1. S0 d6 nguyén Iy diéu ché bién d¢
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Trong d6:

Uy, 12 tin hiéu can dugce diéu ché, ¢6 dang bat k.

U,,, 12 tin hiéu séng mang cao tdn, ¢6 dang 1a séng sin, séng vuong hoic
séng rang cua, nhung nhat thi€t phai c6 t4n s6 cao (dao dong cao tan).

Uy, 12 tin hiéu di duge diéu ché bien do.

- Dang s6ng diéu ché:

Gia st tin hi¢u cdn diéu ch& c6 dang 1a tin hiéu hinh sin c6 tan s6 thap (am
tan), tin hiéu s6ng mang la s6ng mang cao tan c¢6 dang hinh sin, thi dang song
tin hiéu ra duge thé hién theo hinh vé sau:

Us,
A

SM

Hinh 5.2. Dang tin hiéu diéu ché bién do



Trong d6 tin hiéu séng mang 14 séng sin cao tdn ¢é bien do khoéng ddi.

Hai tin hi¢u: tin hi¢u am tan U, vi tin hiéu cao tdn U, dugc dua vao mach
diéu ché bién do dé tron vdi nhau, 1am cho bién d¢ cha séng mang cao tdn U,
bién thi¢n theo bién do cha tin hiéu am tdn U,,. Dau ra mach diéu ch€ s& 12 tin
hi¢u da duge diéu ché bién do Uy, (c6 dang nhur hinh v&).

- Phé cta tin hiéu diéu ché bién do:

Phé cha tin hiéu diéu ché€ bién do 1a dang biéu dién tin hiéu dudi dang dac
tuyén bién do tin s& (trong khi dang séng diéu ché 1a biéu dién tin hiéu duéi
dang bién do thdi gian). Pho cha tin hi¢u diéu ché bién dé c6 dang nhur sau:

U(®) T I

f

>
@

USITI((D) A

‘ 1 | .
@

Hinh 5.3. Dang phd diéu ché bién d¢ tin hiéu sin

Trong d6:

Dang phd tin hiéu U,,(w) 12 mot vach ph6 c6 tdn s6 12 f, (vi tin hiéu sin chi
cé mot tan s6 duy nhat).

Dang phé cta tin hiéu U, (w) ciing ¢ mot vach phS duy nhat ging nhu
phé cua tin hiéu U,,(w) nhung ¢6 tdn s6-16n hon rat nhiéu.

Trong khi d6, dang phé cha tin hiéu di diéu ch& 1a mot t6 hop gém mot
séng mang (khong mang tin tirc) ¢é bién do rdt 1én, va hai bién tidn (mang tin
tic) cé bien do nho hon. Bién tdn F+f goi 1a bién tdn trén, con bién tan F-f goi
1a bién tan dudi. Bién do cua séng mang va bién dod cdc bién tdn c6 ¥ nghia vé

133



mét ning lugng 16n hay nhd, trong khi séng mang ¢6 bién do 16n lai khong
mang tin té¢ nén diéu ché bién do theo kiéu nay thudmg khong cé hiéu qua vé
mat nang lugng.

1.2. Mach diéu ché bién do

Mach diéu ch€ bién dé cé nhiéu loai, mach don gian nhit 1a mach diéu ché
dung diot.

- So d6 mach:

T,
Usml g Ci_ U:Ic

| |

h. dllw
SN—
[ ]

Hinh 5.4. Mach diéu ché bién do ding diot

- Tac dung linh kién:

Bién 4p T, dung dé€ ghép tin hiéu séng mang v6i mach diéu ché.

Bién 4p T, dung dé ghép tin hiéu diéu ché véi mach diéu ché. .

Diot D 14 phén t&r phi tuyén, dang dé tron hai tin hiéu U_, véi tin hi¢u U,

Tu C diing dé loc bd nhiéu cao tdn tir tin hi¢u diéu ché U,,.

Nguén dién E ding d€ x4c dinh mitc diéu ché ban diu (xdc dinh mifc thong
ban d4u cho diot D).

- Nguyén 1¥ hoat dong:

+ Khi ¢d tin hiéu vio U, nhung khong c6 tin hiéu séng mang thi tin hiéu ra
trén tai R, 12 tin hiéu 4m tdn ¢é dang gidng nhu dang tin hiéu U,. Tin hiéu nay
khong thé truyén di xa duoc.

+ Khi ¢6 cd hai tin hiéu U, va U, dugc dua vao mach diéu ch& théng qua
hai bi€n 4p, hai tin hi¢u nay déu duge dua t6i diot D va nhan véi nhau tai day,
sinh ra tin hiéu diéu ch€ ¢6 dang séng mang cao tin vdi bién do bién ddi theo
dang tin hiéu am tan,
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Mach diéu ch€ bién d6 ki€u nay con duge goi mach diéu ché song bién
khong triét séng mang, goi tit 1a mach diéu ché bién do.

Uu diém cua mach 1a don gian, nhung hiéu qud khong cao. Chinh vi vay
mach loai nay thudng {t duge sir dung.

2. Mach diéu ché bién dé nén

Mach diéu ché bién do nén 1a mach diéu ché bién dé c6 nén séng mang,
séng mang bi nén hoan toan khi khéng c¢é tin hiu vao. Mach diéu ché bién do
nén ¢ nhiéu loai, sau diy ta s€ khao sdt mach diéu ché diing Transistor.

- So d4 mach:

Hinh 5.5. Mach diéu ché bién dé nén dang Transistor

Trong d6:

T, ddng d€ ghép tin hiéu diéu ché va tin hiéu séng mang vao mach diéu ché.

T, diing dé 1dy ra tin hiéu diéu ch& va ghép tin hiéu di€u ché vdi tai.

Q, va Q, 12 hai Transistor méc theo kiéu ddy kéo.

- Nguyén 1y hoat dong:

Khi khong ¢é tin hiéu vao (U,) va chi ¢é tin hiéu séng mang dua vao
mach, thi tin hiéu séng mang (U,,) tdc dong Ién hai cuc B ciua hai Transistor Q,
va Q, mdt lugng (dién 4p hay dong dién) nhu nhau, 1am cho Transistor Q, va
Q, ciing thong (hoat dong) hoac cliing khod (khoéng hoat dong) véi mét lugng
nhu nhau. Khi d6, dong dién chay qua hai Transistor la:

+ Dong qua Transistor Q:

+V, > L, > Q, » Mat(-V)
+ Dong qua Transistor Q2:
+V, 5> L;> Q> Mit(-V))
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Hai dong dién nay c6 bién d6 bing nhau nhung ngugc chi€u nhau trén
cudn 50 cdp cha bién 4p T,, lam cho dong dién téng bing khong nén khong ¢6
dong cdm Gng qua thit cdp bign dp T,, lam cho dién 4p ra diéu ch& U, bang
khong. Khi d6 séng mang ciing bi triét tigu.

Khi dong thdi ¢6 hai tin hieu U, va U, dua vao mach, dudi tdc dong cua
tin hiéu vao (U,) nén dién ap tai cuc B cia hail Transistor khac nhau, lam cho
hai Transistor thong hoic kho4 léch nhau, do dé dong dién tdng trén cuon day
so cdp cua bién dp T, khic khong. Dong dién khiac khong nay cam ing sang
cudn day thif cdp tao thanh dong dién (hay dién dp) tin hi¢u diéu ché.

Su tang gidm clta dong dién téng trong cudn day so cdp bién 4p T, va cam
ang sang cudn day thi cip c6 bién do bien thién theo dang tin hi¢u vao diéu
ché (U} va ¢6 tdn s bang tdn s6 clia séng mang cao tan.

- Séng tin hiéu diéu ch€ c6 dang nhu sau:

Una

Diém séng mang
bi nén hoin toan

Hinh 5.6. Tin hiéu diéu ché bién dé nén
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Chid y: Néu séng mang di qua diém ¢6 bién do tin hiéu diéu ché bing
khong thi pha cha séng mang bi thay doi.
- Dang phd tin hiéu diéu ché nhu sau:

Up(w) * |

>
f W

Uﬁm(ﬂ)) T
1 >
F @

Udu(m) A
! >
F-f E F+f W

Hinh 5.7. Pho diéu ché'bién do nén
3. Biéu ché don bién
Phuong phdp diéu ch€ don bién don gian nhit 13 diéu ché€ theo phuong
phép loc. Diéu ché theo phuong phdp loc ¢6 so dd khoi nhu sau:

£+ 1,

! +(f_ +£,)
le sml th
flml flh f"ml ¥ flh :.m2 ( sm + th)
— I?iéu Pién |y Lec I Diéu;bién Loc
can bangl 1 can bang 2 ) »
. D + (£ + £
T(f-\ml) (fxml) T “112 ( sml lh)

Hinh 5.8. Sv dé khéi diéu ché don bién theo phwong phdap loc
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Tir sy phan tich phé clia tin hiéu diéu ché bién d, ta thiy 16 ring mudén cé
tin hiéu don bién chi cdn loc bo bSt moét dai bién tadn s6. Nhung trong thuc t€
khong lam dugc nhu vay, vi khi tai tdn cao thi van dé loc dé tach ra mot dai
bién tan gap khé khan do khodng cich giira hai bién tin rit nho.

Trong s d6 trén, trude hét dung tin tidc dé diéu ch& mot tdi tin trung gian
¢6 tdn s6 f,,,,, kha thdp so v4i tai t4n yéu cau nén viéc diing bd loc dé loc bd mot
bién tin 14 d& dang. Trén ddu ra bd loc thit nhét s& nhan dugc mot tin hiéu cé
dai phé bing dai phd cua tin hiéu vao nhimg dich di mot lugng béng f,,,.

Tin hiéu nay lai dua dén b6 diéu ch€ can bing 2, tuong tu nhu vy diu ra
cia mach di€u ché cétditan la f,, = f,, + .

Cdc mach diéu ché bién 4o duge st dung trong cdc hé théng phdt tin hiéu.
Vi du nhu trong cdc hé thong phdt tin hi¢u am thanh audio, trong cdc hé thong
pht tin hiéu truyén hinh (video). ..

II1. PIEU CHE TAN SO, PHA TIN HIEU TUONG TU
1. Nguyén ly chung vé diéu ché tan s va pha

Ta da biét quan hé gifta tdn s6 va goc pha cla dién dp dicu hoa theo cong thic:

dy
w=—
dt
nén wt)= Ja}dt + @,
[y

Nhu vay, diéu ché tan s6 va diéu ché pha déu lam cho géc pha thay déi
theo tin hiéu diéu ch€ Ug nén di€u ché tn so va di€u ch€ pha duge goi chung
14 diéu ché gbc.

Diéu tdn lam cho t4n s6 séng mang o, bi€n i ty 1€ theo tin hiéu Ug . Biéu
thitc diéu t4n nhy sau:

i
U, =U, co{m, - K, jUth]
0
Trong dd, K, 1a mot hé so.
Con diéu pha 12 1am cho pha clia séng mang bién déi ty I& theo tin hi¢u Uy,
Biéu thitc diéu pha nhu sau:
Uy = Uycos[ogt + KaUq]
Trong d6, K, 1a mot hé so.
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Do d6, diéu tan va diéu pha ¢6 quan hé theo so d6 nhu sau:

Us ,Mach I Dléu I Tin hieu diéu ché€ tin s6
tich phin ch€ tan

us Mach Piéu ., Tinhigu diéu ché pha
vi phan ch€ pha

Hinh 5.9. So dé khoi diéu ché tdn s6 - pha neong quan

2. Mach dién diéu ché tin s& va diéu ché pha

Sau day ta s& khao sdt mach dién diéu ché tdn s6, cdn mach dién diéu pha
s& dugc thyc hién theo so d6 khéi tuong quan nhu & trén.

Cé nhiéu phuong phap diéu tan: diéu tdn ding Transistor, diéu tdn dung
diot bi€n dung... Trong phéin ndy ta chi khdo sdt phuong phdp diéu tdn dung
diot bién dung. Mach dién diéu t4n nhu sau:

Udu

L,

e el Y Y

Hinh 5.10. Mach diéu ché'tan s&

Trong dé:

Q, 14 Transistor tao thanh modt mach dao dong hinh sin ghép bién 4p.
R,, R, I3 mach phan 4p, phan dién 4p mot chiéu cho cuc goc.

R,,C, 1a mach 6n dinh nhiét.

C, 12 tu thodt cao tan.
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L,, C,, G, 1a khung dao dong (C, la dién dung ciia diot bién dung D).

C; 1 tu ngan dién dp mot chiéu, Cy >> C; nén khong anh hudng dén dién
dung cua khung cong hudng.

L, ta cudn chan, L, la cudn day n6i tiép.

C, la tu ngan dién dp mot chiéu E,.

L,,Ls 12 hai cudn day ciia bién ap dua tin hiéu Ug vao dé€ diéu ché.

D, 1a diot bién dung. _

R, 1a chiét ap, xdc dinh diém l1am viéc clia diot bién dung.

E, 1a nguon cap cho mach dao dong, E, nguén cap cho diot bién dung.

Binh thuong, néu chua c6 tin hiéu diéu ch& Ug, thi mach dao.dong lam viéc
cho ra dién ap hinh sin ¢6 tdn 56 khong déi:

I
LG +Cy)

Khi c6 tin hiéu di€u ch& Ugq, lam cho dién 4p dat 1én diot bién dung thay
dot, dién dung cha diot C; thay ddi theo Uq nén tdn s& clia dién 4p dao dong ra
bién doi theo Ug, dién dp nay chinh 1a dién ap tin hiéu di€u tan.

Cdc mach diéu tdn s§ va diéu ché pha ciing dugc st dnng trong cédc hé
théng phat tin hi¢u gic‘ing nhu tng dung cia cdc mach diéu ch€ bién do, c6
nghia la diéu ch€ tin s6 va diéu ché phd cling dugc (ing dung dé phdt tin hiéu
am thanh audio va hinh anh video..

Wga =

IV. PIEU CHE XUNG

1. Khai quat chung

CS mot vai k¥ thuat diéu ché tin hiéu tuong tu duge phé dung trong ky
thudt truyén dén radio, truyén din tin hiéu truyén hinh, d6 1a diéu ché bién d9,
di€u ché tin s6. Trong hé théng dién thoai, diéu ch€ xung ngay cang dugc phat
trién rong rii. Dién ch€ xung thuc hién duge khi tin hiéu & dang tin hiéu sd, c6
nghia 12 tin hiéu tuong tv phai duge chuyén ddi sang tin hiéu s6. So d6 khéi sau
miéu ta qua trinh chuyén déi nay:

S(nT) S(nT) Sx
_S([_)_> Lay | Luongtl (— Mi L »
mau héa héa R
Budmg
truyén

Hinh 5.11. Sodo khéi nguyén ly dieu ché xung
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Trong so d6 trén, S(t) la tin hiéu tuong tr duge 14y miu v6i chu ky T (tai
khoi 18y mdu). S(nT) la tin hi¢u diu ra cia khéi 14y miu, thyc chat day 1a trich
“doan tin hiéu S(t) véi chu ky T va thoi gian trich doan tin hiéu tai m&i miu 1a 1.
Nhu vay S(nT) 12 ddy xung, c6 bién 4o ty 1& véi bién do tin hi¢u S(t). Qua trinh
nay duge goi la diéu ché bién d6 xung (PAM) va S(nT) goi la tin hiéu PAM.
Sau khi qua kh6i lugng tr hod S(nT) duge déi thanh S(nT), thuc chat day 14
sur 1lam tron tin hi¢u S(nT) tai m&i miic lugng tr.
Cué6i cung, S(nT) qua kh6i ma hod, dé biéu dién cic mau tin hiéu dudi
dang tap cac bit nhi phan, trudc khi dua ching qua duéng truyén dan.

De hiéu rd hon qud trinh xir 1y théng tin, hiy quan sat dang tfn hiéu trong

qud trinh x{ ly nhu sau:

S a

-
S(nT) 4 o
N .,
<> >

S(nT) 4

S ..|' "i >
Hinh 5.12. Dang séng diéu ché xung
S(t): Tin hiéu tuong tu.

S(nT):  Tin hiéu 44 14y mau.
S(nT):  Tin hiéu di lugng t& hod.
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Con tin hidu mad hod PCM sé phu thudc vao timg loai mi sir dung.

Ngoai viéc thé hién tin hiéu diéu ché dusi dang bién d6 xung & trén, con ¢6
hai phuong phap diéu ché nira 1a:

- Diéu ch¢ d6 rong xung (PWM - Pulse Width Modulation)

- Biéu ché vi tri xung (PPM - Pulse Position Modulation)

* Vdn dé co bdn ciia Iy thuyét Idy mdu

Ldy mau [a qué trinh trich doan tin hiéu theo chu k¥ (thdi gian) nhit dinh
T, thoi gian 1y mau thudng nho (r). Cic doan tin hiéu duge trich ra nhu vy
goi 1a cdc mau. So d6 khéi sau day minh hoa qud trinh nay:

S(t) > }K¥ S(nT)

Hinh 5.13. So do khéi nguyén 1y ldy mdu

Trong d6, S(t) 12 tin hién twong tu. Chuyén mach dugc déng sau moi
khoang thoi gian T, lic d6 & ddu ra chuyén mach s€ c¢6 tin hiéu S(nT) ia tin
hi¢u da duge 14y mau. Chu ky 18y mbu qua trinh trén chinh 1a T. TU tin hiéu
S(nT), ngudi ta hoan toan ¢d thé khoi phuc lai duoc tin hiéu S(t) trong nhing
diéu kién nhdt dinh.

Dé dam bao do chinh xdc qua trinh xr 1§ thong tin thi diéu kién sau phai
dugce thoa man:

Puogc biéu dién
Tin hiéu trude > - Tin hiéu
khi 14y miu S(t) d3d dugc 18y mau
S(nh
<

C6 thé khoi phuc

Pé c6 thé thoa min diéu kién trén, theo thuyét Shannon thi tdn s6 1dy miu
phai 16n hon hoidc bing hai 14n gidi tan s6 tin hiéu duge 1ay miu.
No6i cach khdac: =2B
f: 1a tan s6 1dy mau f = I/T (T: chu k¥ 1dy miu)
B: 14 giai tan tin hiéu dugce 1ay méu S(t)
Néu f < 2B thi hién tugng chéng pho s& xay ra.

142



2. Diéu ché& bién db xung

S(t)

T

Sim

<

SPAM NT

THTSNALUTHHA T

t

SPAMF

a. Tin hiéu niong

c. Tin hiéu PAM kiéu twong te(Spyum)

Hinh 5.14. Dang tin hiéu diéu bién xung

b)

d)

tie (St ) b. Xng 1y mdu (S,.,)

dTin hi¢u PAM kiéu phing (Spup. )
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Tin hiéu di€u ch€ bién d xung PAM Ila tin hiéu méu duge tao boi mot
chudi cdc xung ma bién d6 cha chiing ty 1& vdi bién dd tin hiéu twong tu
diéu ché.

Ldy miu gém hai kiéu: Kiéu tu nhién va kiéu phing. Trong trudmg hgp thit
nhit cdc mau tin hiéu sau khi 14y méu 1a doan trich nguyén ven ciia tin hiéu
tuong tu. Trong trudmg hop thir hai bién d6 clha cac xung Idy mau duge giir
nguyén trong thdi gian 6 xung va bién dd nay chinh la bién dé tin hiéu tuong
tur tai thoi diém bat ddu 1ay méu. ‘

2.1. Lay mau PAM tu nhién

Sa d6 khoi:
Tin hiéu -
diéu ché Loc Diéu che PAM
T thong thap PAM T/
34Kz -
Xung lay

mau
Hinh 5.15. So dé khoi ldy mdu PAM tu nhién

Tin hiéu rgng tr dau vio qua bd loc thong thap, bd loc nay cé tac dung loai
trir hiéu g rang cua (nhiéu). Sau d6 tin hiéu duge dua téi bo diéu ché PAM, tai
b6 diéu ch& nay tin hiéu duge 18y miu vao cic thoi diém xudt hién xung 14y méu,
ddu ra 12 tfn hiéu xung PAM c6 bién do bam theo tin hi¢u ddu vao.

2.2. Ldy miu PAM phing

So do6 khaéi:
Tin hiéu
dicuchg| | 5 Fv v ol Diéu ché PAM
=~ %| Locthong | —» Layvagit | —p} Di€uché PAM [———p
thap 3.4 Kz méu —
r 4
-

Xung 14y mau

Hinh 5.16. So d6 khoi 1y mdu PAM phdng
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Mo ta nguyén ly bang gidn d6 dang séng nhu sau:

TN

(VA
I,
D HHHHHU UHHH”H ,

Hinh 5.17. Dang tin hiéu diéu ché PAM
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A: Tin hiéu tuong ty

B: Cac xung méu

C: Dau ra khoi gifr va 1ay mau

D: Tin hiéu 1dy miu PAM phang

3. biéu ché dé rong xung (PWM)

So do khon:
Tin hiéu
diéu ché Loc LAY Vi i Diéu ché PWM
» thong thip > Lay \;‘1 gl PWM ’
34Kz mdu (4>
A

Tao xung
ring cua

NN\
|

Xung lay
mau

Hinh 5.18. So dé khot diéu ché PWM

Trong s d6 khéi, bd diéu ché PWM 1a mot bo so sanh, so sdnh hai bién d6
tin hiéu:

- Tin hiéu PAM nhan dugce tir bo 14y va gitt mau.

- Tin hi¢u (déng bO) xung rang cua.

B so sdnh trong didu ché PWM s& chuyén trang thdi dau ra khi bién do tin
hieu PAM vugt qua bién do tin hiéu xung ring cua, diéu nay din dén két qua la
do rong xung sau di€u ch€ phu thudc vao bién do tin hiéu PAM (hay ty 1¢ vdi
bién dé tin hiéu dau vao).

M6 & nguyén Iy hoat dong bing gian do dang séng sau:
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Et

Hink 5.19. Dang tin hiéu diéu ché’ PAM - PWM - PPM
A: Tin hiéu trong tu.
B: Cic xung miu.
C: Cédc xung rang cua (xién).
D: Tin hi¢u PAM
E: Tin hiéu PWM.
F: Tin hiéu PPM
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4. Diéu ché vi tri xung (PPM)

Sa dé khoi;
Tin hi€u
diéu ché ié & PPM
Diéu ch
——»| Loc thong | Lay va —» Pi:'M ¢ PPM
thap 3,4 Kz gilt mau S »

Tao xung
rang cua

NNN
1

Xung ldy
méu

Hinh 5.20. S0 d6 khéi diéu ché PPM

Tin hiéu PPM nhén dugc tir tin higu PWM bang cdch tao ra cdc xung ¢
d6 1ong cd dinh, trong dé sudm trude cdc xung PPM trung véi sudn trude cdc
xung PWM, vdi két qua nay vi tri cdc xung PPM phu thude vio bién do tin
hi¢u dic¢u ché.

Cac phuong phdp diéu ché xung duge sir dung trong cac hé thdng phat tin
hiéu thoai va phdt dit liéu trong hé théng téng dai.

V. TACH SONG BIEN PO TiN HIEU TUOGNG Ty

1. Tach séng bién do

Tdch séng bién d¢ duge thuc hién nhd cdc mach chinh luu ding phan
phi tuy&n hodc cdc mach ding phan tir tuyén tinh tham s6. Trong phin nay ta
chi khao sit cdc mach tach séng ding diot, con céc loai mach tdch séng khic
s€ duoc nghién cidu & cde gido trinh chuyén nganh khac.

C6 hai loai mach tach séng ditng mach chinh lru: mach tach séng noi tiép
va mach tdch séng song song. Trong mach tach séng ndi ti€p, diot tich sdng
mic ndi tiép vdi tdi. Con trong mach tdch song song song, diot tich séng mic
song song v tai.
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1.1. Mach tach séng ndi tiép
So d6 mach:

Hinh 5.21. Tdch séng bién do ndi tiép ding diot

Nguyén ly tach song:

- Khi dién 4p U, duong thi diot D duge phidn cuc thuédn, théng. Tu C duogc
nap dién. '

- Khi dién dp U, am thi diot D bj phan cuc nguoc, tat. Tu C s& phong dién
qua dién tro R.

Su phdng va nap ctia tu dién theo quy luat bién dét cia bién do séng mang
nén bién dé tin hiéu am tan duge khdi phuc lai.

Dang séng tach séng nhu sau:

d MM“[\ ....... nMMA 7
U, ‘/_\/\

Hinh 5.22. Dang tin hiéu rdch song bién do
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Trong do:

- Uy, 12 tin hiéu diéu ché bién do duge dua vio dau vio cia mach tich
séng (U,).

- I, 1a dong dién chdy qua diot tich séng D hoac l1a dién dp tin hiéu ra khi
chua cd loc.

- U, la dang dién ap tin hi¢u da dugce loc bo cdc thanh phin s6ng mang cao
tdn bdi tu C.

1.2. Mach tach séng song song

S d6 mach:

g

,

U

v

-
4 -

Hinh 5.23. Mach tach séng bién d¢ song song diing diot

Nguyén 1y tich séng va dang séng tuong tu nhu mach tach séng néi ticp.

2. Tach séng don bién

Téach séng don hién cé nhiéu phuong phap khdc nhau. San day ta s€ khio
sit phuong phap tich song don bién bing bo nhan tdn s6.

So do khoi tach séng:

Eaf Tf l 2F+f f '
g’ »
SSB

Bo tdch
song nhan

Bolocthong,
thap

Tin hig¢u
tach song
Dao déng

sdng mang T f

.»
Hinl 5.24. So do khét tiach song dom bién
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Bo tach s6ng nhéan 12 mot bo nhan dung dé nhan tin hiéu diéu ché don bién
SSB c6 tan s6 F + f vdi tin hiu séng mang c6 tin s6 F, ddu ra cua bd tich séng
la tin hiéu c6 cdc thanh phdn tan s6 1a f va 2F + f.

Sau d6, tin hiéu ddu ra bo nhan duge dua qua mot bo loc théng thap dé loc
13y thanh phdn tin hiéu ¢6 tan s6 la f, con thanh phan tin hiéu c6 tdn s6 12 2F + [
bi loai bo.

Nhur vay, ddu ra ctua bo foc thong thap 1a tfn hiéu Am tdn c6 dudng bao bién
d6 giong vdi duong bao cuia song mang cao tan SSB.

Cac mach tdch séng bien do dugce st dung & phia thu tin hiéu dé tich lay
tin hiéu da duoc diéu ché bién do trong cdc hé théng phét thanh va truyén hinh.

Ay

VI. MACH TACH SONG BIEU TAN, BPIEU PHA TIN HIEU TUONG TU

Tach s6ng tin hiéu didu tdn 12 qua trinh bién d6i d6 léch 1dn 6 tde thoi (so véi
tn @ trung binh) cla tin hiéu di duge diéu tan thanh bién thién dién dp & diu ra.

T4ch séng tin hi¢u diéu pha Ia qud trinh bién doi d6 léch pha (so vdi pha
dao dong séng mang chudn) tin hi¢u da diéu ché pha thanh bién thién di¢n dp
tin hi¢u ra.

Téach séng tin s6 va tdch séng pha thudng duge thue hién theo mot trong
nhiimg nguyén tac sau day:

- Bién tin hiéu diéu tdn hoic diéu pha thinh tin hi¢u diéu bién rdi thuc hién
tach song bién do.

- Bién tin hi¢u diéu tdn thanh tin hiéu diéu dé rong xung roi thuc hién tich
séng tin hiéu di€u ché do réng xung nhd mdt mach tich phan.

- Lam cho tan s& c¢ha tin hiéu can tich séng bam thco tan s clia mot bo
dao dong nhd moét hé théng vong khod pha PLL (Phase Locked Loop), dién dp
sai s0 chinh la dién dp can tich séng.

Sau day ta s€ khao sdt mot s phuong phip téch song tan s thong dung nhat.

1. Tach séng tan sé dung mach léch cong hudng

So d6 mach: Hinh 5.25

Khung cong hudng L, C, 14 tdi nhan tin hiéu vao diéu ch& FM, cong hudng
tal tan so trung tam fi,

L,, C, va L;, C; 1i hai khung cong hudng dugc diéu chinh cong hudng & hai
tdn s¢ ddi ximg nhau qua tin sé trung tAm: mach L,, C, cong huong & tan s6
cao hon tin s& trung tam mot lrgng 14 Afm; mach L., C, cong hudng & tin so
thip hon tan s& trung tAm mot fwong la Afm. Trong dé Afm 14 lugng di tin cuc
dai clia tin hi¢u diéu tan.
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ftt
f-Afm fii+Afm

\

Af

:l’

Hinh 5.26. Ddc tuyén tach song cong huong léch

Mach L,, C, cong hudmg tai tn sé ftt + Afm con L,, C, cong hudng tai tan
5§ ftt - Afm. Af(t) 12 d¢ di tdn s6 cua tin hiéu FM bién déi theo quy luat cia tin
hiéu am tan; Udb(t) 1a dién dp tin hiéu bién thién trong khung cong hudng. Vay
cac mach cong hudng ¢6 nhiem vu la bign ddi tin hiéu diéu ch& tn s6 FM
thanh tin hi¢u diéu ché¢ bién do AM.
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Nhu vay cdc linh kién Dy, C,, R, va D,, C;, R, 14 hai mach tach séng bién-
dé 1am nhién vu tdch séng d6i vdi hai nira tin hiéu (nguyén 1y tdch séng bién
do xem & phin tach séng AM). R,, C,, R dung dé 14y tin hiéu ra.

2. Mach tach séng diéu bién theo pha

So d6 mach:

AL

Hinh 5.27. Mach tdch séng diéu bién theo pha

Hai khung cong hudng & so c¢ip va thit cdp déu duge chinh cong hudng &
tan s6 trung tam (. Ty ghép C, ¢6 tri $6 khd dn dé tdn s6 trung tam gay sut dp
trén né khong ding ké. Diém a goi 1a diém gifta clia L, chia dién dp (rén cudn
niy thanh hai nira U,, va U,, ludn bang nhau vé bién do va nguoc pha. L, 1a
cudn chin dot bign vdi tdn s6 cao lam gidm anh hudng cua mach tich séng dén
mach tha cap tach song.

Nguyén 1y tich séng clia mach 14 bin déi tin higu diéu tan thanh tin hiéu
diéu bién sao cho bién d6 dién 4p tin hieu FM dat 1én méi diot s¢ ty 1& vai sy
bién thién clia tdn s6 tin hiéu; cdc diot thuc hién tich séng bien do dé tach 1ay
tin hi¢u am tan.

Khi khong bi diéu tan, tin hiéu chi ¢6 tdn s& 14 fit thi ca hai nlta cudn day
L, cong hudng véi mot Iuong nhu nhau tao ra cac dién 4p trén hai diot D, va D,
mot fugng bang nhau, dién dp trén C,//R, va C4//R, 12 bang nhau nhung ngugc
pha nhau nén gid tri dién dp trén C¢//R; 12 bang khong.
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Khi ¢6 diéu tdn, trén hai nira cuon day L, cong hudng 1a khdc nhau tao ra
cdc dién dp trén hai diot D, va D, mdt lugng khic nhau, dién ap teén C,//R, va
Cs//R; 1a léch va ngugce pha nhau, nén gia trj dién ap trén C.//R, 1a khic khong.
Néu tin hiéu di¢u tin ¢& tdn s I6n hon tdn $6 fit 1hi trén C,//R,, c6 dién dp 16n
hon dién dp trén C//R,, khi d6 dién dp tin hiéu am tdn ra trén C//R; ¢ mic
dién dp tin hiéu duong (1ang). Nguge lai, néu tin hi¢u diéu tdn ¢ tan s& nhd
hon tan s6 ftt thi wén C/R,, ¢d dién dp nho hon dién dp trén C//R,, khi d6
di¢n dp tin hiéu am tan ra trén C,//R; cd mibc dién dp tin hi¢u am (giam).

Nhu vay, quy ludt bién doi tdn s6 cia tin hiéu FM da duge mach tach séng
bi¢n doi thanh s bignp doi bién do clia tin hiéu am tan.

Cdc mach tach séng tan s6 va tdch séng pha duge st dung trong cic hé
thong thu tin hiéu khi phia phit tin hiéu duoc diéu ché tdn $6 va pha. Cic mach
nay cling duge sir dung trong cac mdy radio, tivi mau, tivi den trang (thu tiéng).

VII. MA HOA VA GIAI MA PCM
1. Ma hoa va gidi ma PCM

Mi hod va gidi ma PCP dugce thuc hién theo so dd khoi sau:
- Ma hoa PCM:

Lay mau Mai hod

Hinht 5.28. Sor do khéi md héa PCM

Trong do6: U, 1a tin higu tuong tu.
U, 1a tin hiéu s&.
- Gidi md PCM:

Uy,
Tii tao mau Loc
théng thdp

Hinlt 5.29. 8o do khoi giai md PCM



Sau day ta s€ xem xét cdc qud trinh cta di€u ch& PCM.

1.1. Lay mau

L&y méu Ia trién khai ¢6 chu k¥ tin hiéu tuong tu d¢ thu ducgc bién do tin
hi¢u ¢6 gid tri tic thoi tai thai diém 1ay mau. Gidi han cla tin s6 iy miu duogc
xdc dinh theo dinh ly Niquist.

Sau day chiing ta s& nghién ctru nguyén 1y 1iy mdu mot tin hicu tuong .
f()

Lay mau mot tin hiéu wong ur.

F(1)

Bo 1ay mau

-
3 (1-nTs) _ 1

UL oz
>

Hinh 5.30. Nguyén 1y ldy mdu

Chu k¥ 18y mau khong duge vugt qui nira chu k¥ ldn nhat cia tin higu hoidc
néi mot cich khac, tan sd 1dy mau khong duge nho hon 2 1an tan s6 16n nhat
cla tin hiéu duge 14y mau (tin hiéu diu vao tuong tu). Nghia la:

(TsImax < Taf2= 1/2fa (5-1)
Ts max  : Chu k¥ 14y miu 16n nhat
Ta : Chu ky tin hi¢u tuong tu dau vio.
fa : Tan 8 tin hiéu tuong ty ddu vio

(5-1) ¢6 thé tuong duong fs min = 2fa

fs min: Tdn 6 18y madu nho nhat.

Ts max goi la khoang cich (chu ky) Niquist va 12 khoang thdi gian dai nhat
dugc dling dé ldy mau tin hiéu c6 bing tan han ché.

1.2. Luong tir hoa

Lugng tir hda 1a qud trinh thay the mét tin hiéu tueong tu dd 18y mau bang
mot tap hitu han cdc mitc bién do, titc 14 qud trinh bi€n déi tin hiéu ¢ bién do
lién tuc thanh tin hi¢u cé bién do roi rac.
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Lugng tua hod 6 hai phuong phip cg ban d6 1a lugng tir hod tuyén tinh hay
con goi la lugng tir hod déu va lugng tir hod phi tuyén hay con goi la lugng tir
hod khong déu.

* Lirgng tir hod déu: Cho phép cac mic lugng tir cich déu nhau. Véi
phuong phdp lugng tir nay thi khi phuc hoéi tin hi¢u tuong ty tlr cdc xung lugng
tr & phia thu s& ¢é su chénh léch (sai $8) gitta tin hiéu khoi phuc duge va tin
hiéu goc. Su chénh léch nay duge goi 14 méo lugng tlr hodic sai s6 luong t.

* Luwgng tiv hod kliong dén. Luong 1o khong déu duge thue hién theo quy
luat logarit, o nghia 1a khi muc tin hiéu nho thi sit dung mitc lrong tir nho
va nguoc lai vdi mace tin hi¢u [&n thi sit dung mic lugng tr 16n. Phuong
phdp nay thuc hién nén tin hi¢u & phia diéu ché va ¢ phia thu mudn thua duge
tin hiéu thi phai tién hanh theo phuong phip ngugce fai, ¢é nghia i phai giai
nén (gidn) tin hicu. O phia thu si dung phuong phdp gidn tin hi¢u theo quy
ludt doi logarit.

1.3. Ma hoa

Mad hod 14 mét qua trinh so sdnh va thay thé cdc gid tri lugng tr r&i rac
nhan duge & qud trinh lugng tir hod bang tap cdc bit nhi phan; tap cdc bit nhi
phin duge got fa tIr ma.

Thong thudng, cdc mi nhi phan duge sir dung trong viéc ma hod la cdc mi
nhi phén ty nhién, cic mi Gray...

O phia thu, cdc bit nhi phan duge sip xép thanh cdc xung miu PAM, rdi
chiing dugc phuc héi bién dé nhd modt mach loc thong thép.

Trong cic hé thong PCM thuc t¢ thi bo luong tr hod va méd hod phdi hop
mot cdch ¢é hiéu qud trong bo bién doi A/D (Analog/Digital) - Chuyén doi
tong w/so.

2. Ma hoa va giai ma delta

bicu ché€ delta (DM) 1a mot loai dicu xung ma vi sai (DPCM), trong dd,
mdi tir mi chi ¢é mot bit nhi phan. Uu diém cha diéu ché dclta so vai cdc loai
dieu ché khdc [a mach don gian va dé dang ché tao cdc vi mach CODEC (ma
hod va giai ma...).

Dicu ché delta 1a phuong phidp mi hod don gian nhat hién cé, vi (i ma chi
cO 1 bit nén tdn 6 1dy mau va tdn sd bit nhu nhau. Tuy nhién, d€ phéi hap cdc
h¢ thong tlr ma bit cac thong thudng phai tang din tan s& 18y mau mdt cich
ding ké.
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So d6 ma hod va giai ma delta:

Vao XCH Xn e &=

rang tur T "
—» £ [P Liymdu 4>®—> Luong tr
/i/zXn_l ®

o) e

Hinh 331, So dé khéi md héa - gidi mda delta

Tai phia diéu ché, tin hi¢u tuong tu X(1) duge han ché hing tin, dugc ldy
méu d¢ tao ra tin hiéu PAM X, tin hi¢u nay dem so sanh véi tnn s6 du doidn X
do chénh léch gitta ching e, duge lugng tir thanh mét trong hat tri s& bién do
+A hay -A. Dau ra bo lugng (I duge dua tdi bd ma hod. Mi hod ¢ day 1 su
dung mot bit nhi phan dé mi hod cho mot xung 1ay mau, sau dé tin hicu ma
hod duge chuyén dén phia thu.

Tai phia thu, cic bit duge dai dién cho cic xung ldy mau e, ¢é bién do 1a
*A (gid tri chénh léch), bién do nay duge cong véi gid ui dy dodn tirc thai o
dau ra phia thu dé khoi phuc lai bién do thuc cla cdc xung mau. Tin hiéu xung
miu ndy duge loc thong thap dé khoi phuc lai bién do (hinh dang) tin hiéu
giéng nhu dang tin hiéu twong tu & d¢du vao phia di¢u ché,

Cic phuong phip ma hoad va giai ma PCM, mi hod vi gidi ma delta duoge
ing dung trong hé thong thu phdt tin hiéu va dit lién theai, thu phdt tin hiéu d
liéu... trong h¢ thong tong dai.

VIIL BIEU CHE VA GIAI PIEU CHE TiN HIRU SO

1. Khai quat chung

bicu ché va gidi diéu ch& s¢ la mot phan ciia mdy phdt vi mdy thu tin hi¢u
$6 trong hé thong thong tin 6. Tai phia phdt thue hién qud trinh diéu ch& s6 1a
k¥ thuat dung tin hiéu s¢ dé lam thay ddi mot trong cdc thong 36 clia song
mang. Trong diéu ché tin hi¢u s6 thuong c6 cic loai diéu ché co bin sau day:

- Diéu ché€ bién do 56 (ASK).

- Diéu ché tan sa s& (FSK).

- Diéu ché& pha s6 (PSK).
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Ngoai cdc k¥ thuidt co ban trén, dicu ché s6 con ¢6 cic loai diéu ché dic
bi¢t khdc nhu: diéu ché bién d¢ va pha k&t hgp (CASK), diéu ché cdu phuong. ..
Mai loat déu ¢ wu va nhuge diém khic nhau.

V¢E phia thu, k¥ thuat téch tin hi¢u s& ra khdi séng mang duoge goi 1a gia
diéu ch¢ 56 hay cdn goi 1a tich séng tin hiéu s¢. Tuong ting véi mdi k§ thudt
diéu ch& duge sir dung & phia phat thi & phia thu s& st dung k¥ thuat giai di¢u
ché turong tting. Vi du tai phia phét st dung k¥ thuit dicu ché bién do sé thi phia
thu phai diing k¥ thuat giai diéu ché bién dé s6 dé thu lai tin hiéu nguyén thuy
nhu trude khi diéu ché.

Sau day ching ta s& khao sidt mot s& ky thuat diéu ché va gidi diéu ché tin
hicu s& ¢o ban.

2. Bieu ché va giai diéu ché bién dd s6 (ASK)

2.1. Diéu ché

Bicu ¢hé bién do s6 hay con goi 1a diéu bién s&. 14 k¥ thuat dane tin hi¢u
s0 d¢ lim dich chuyén hién d¢ ciia séng mang. Chinh vi vay ma diéu ché bién
do 50 con duge bict dén véi tén goi 1a “khod dich chuyén bién do” (Amplitude
Shift Keying).

* S d6 khai dicu cheé:

Séng Diéu ché ASK
Mang fc > / » ASK
A
bit ligu
D

Hinlt 5.32. S do khot nguyén 1y diéu ché” ASK

Trong dé:

- Séng mang (fc) 1a mot dao ddng cao tan (dao dong cé tin $6 cao). Dang
cua séng mang ¢6 thé 1a hinh sin, ¢ thé 13 séng ring cua va cling cé thé fa
s6ng xung vudng, nhung thudng su dung séng mang dang hinh sin.

- Dix licu (D) la mét diy so nhj phan gém 103n bit khong (0) va bit mét (1),
Ia day s8 duge dua dén bo diéu ch dung dé didu khién sdng mang ([¢).
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Bo diéu ché bién do duge vi nhur mot khod chuyén mach K, ding dé déng
mo sOng mang.

Pau ra bo diéu ché i tin hiéu di diéu ché bién d6 so ASK, 12 tin hiéu dai
dién cho ddy s diing d€ truyén di trong cdc h¢ thong thong tin s6.

* Nguyén 1y dic¢u ché nhu sau: }

Song mang fc 1a mdt dao déng cao tan hinh sin luén hién dién taj dau vao
song mang, con dong tin hiéu s6 la mot ddy s6 nhi phan gém toan 0 va | duge
dua dé€n ddu vao dir liéu timg hit néi ti€p mot dé didu khién bo diéu ché theo
nguyén tic sau:

- N¢u hit dua dén [4 hit [ thi khod K déng, khi d6 cho séng mang f¢ di qua
161 dau ra.

- Néu bit dua dén la hit 0 tht khod K mé, khi d6 khong cho séng mang fc
di qua téi dau ra.

D¢ dién ta mot ciach truc quan ta xét vi du sau:

o1 1o 0010

Hinl 5.33. Dang tin hiéu diéu ché’ ASK

2.2. Giai diéu ché
Gidi diéu ché la qud trinh khoi phuc lai ddy tin hiéu s6 nhi phén tir dong thong
tin tin higu ASK. Qui trinh giai dic¢u ché (tich séng) duge thuc hién tai phia thu.
Ung véi mdi phuong phép diéu ché & phia phat thi & phia thu ¢ thé ¢é nhiéu gidi
phip tich séng khdc nhau, sau day 1a mot phuong phdp tich séng ASK.
So d6 khéi giai difu ché tin hieu ASK:
Uts Ul Ur

ASK o Bé loc e
ol Bochinhluu | ) thong thip | Bososidnh |

Hinh 5.34. S do khoi gidi md ASK



Trong do:

- BO chinh luu dung d€ loc 18y bién d6 tin hiéu ¢6 cuc tinh cdn thiél.
- Bo loc thong thdp diing dé toai bo 1in hi¢u séng mang ¢ tdn s cao.
- B0 so sdnh dung dé sira dang tin hiéu.

Ta c6 thé mo ta nguyén |y clia mach thong qua vf du sau:

Hinh 5.35. Dang tin hiéu gidi diéu ché ASK

3. Diéu ché va giai didu ché tan s 56 (FSK)

3.1. Diéu ché tan so 50

Diéu ché tdn s6 s6 14 ding tin hiéu s6 dé diéu khién lam cho tan s6 séng
mang thay d6j theo cac bit tin hiéu. Diéu ché tdn $6 56 con duge goi [a khod
dich chuyén tin s6 (Frequency Shift Keying). Diéu ch& tdn s8 sd ¢6 the cd
nhiéu loai, sau day ta xét mot $6 loai cy thé.

3.1.1. Diéu ché FSK theo kiéu pha lién tuc

So o khéi:

D FSK
E— VCO %

Hinh 5.36. So do khoi nguyén 1y diéu ché FSK
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Trong dé:

D Ia dong tin hi¢u s6 cin duge diéu ché gém toin bit O va bit 1.

FSK 14 tin hi¢u ra diéu ché tdn s6 s6.

VCO 12 bo dao dong duge diéu khién bing dién 4p, déng vai trd 12 bo
diéu ché.

Nguyén 1y diéu ché nhu sau: .

- Khi khéng ¢6 dong dif liéu D tai dau vao thi bd dao dong VCO phat ra
mot dao dong ¢6 tdn s6 1a f, nén ddu ra FSK 1a mot dao dong ¢6 tdn s6 khong
ddi la f,, tdn s6 khong déi nay khong mang trong né théng tin cla tin hiéu s6.

- Khi dong di licu diéu ché D duge dua t6i bo dao dong ting hit n6i tiép
mot, thi tdn s6 cha bo dao dong VCO thay déi theo nguyén tic:

+ Néu bit diéu ché€ 1a 1 thi tAn s6 dao dong f, d6i thanh tdn s6 ) (gia sir f,
tang thanh f,).

+ Néu bit diéu ché 12 0 thi tdn s6 dao dong f, d6i thanh tan s6 f, (gia st f,
gifm thanh £,).

Vif, < f,.

Nhir vay, tan s6 f, clia boé dao dong VCO da b thay déi theo bit tin hi¢u
diéu ché & dau vao. Tén s6 séng mang f, dai dién cho bit théng tin 1, va tdn so
séng mang f, dai dién cho bit thong tin 0, cac tdn s& nay déu la séng mang cao
tan nén ¢6 kha nang truyén dan di xa dugc.

Vi du dang séng cia tin hiéu dicu ch& FSK cho dong bit dir liéu 01100010
co dang nhu sau:

0110 001 O

Hinh 5.37. Dang tin hiéu diéu ché FSK
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3.1.2. Piéu ché FSK theo kiéu pha khong lién tuc
S¢ do khoi:

] Bo diéu ché
—~ —» e FSK FSK
o

Hinh 5.38. So d6 khoi nguyén 1y diéu ché’ FSK khong lién tuc

Trong do:

- f, 1a s6ng mang cé tdn s6 12 f,.

- £, 1a song mang cé tan s6 la f,. Gia sir f, > f,.

~ D 1a ddy dir li¢u s6 nhi phan.

- Bo diéu ch& FSK dugc coi nhu a mot bo chuyén mach ding dé déng mé
giffa hai vitri f, va f,.

Nguyen 1y di¢u ché nhur sau:

- Khi dfr liéu vao 12 bit 1 thi khod duge chuyén sang vi tri séng mang f, dé
cho tén s6 séng mang [, dugc chuyén mach qua ddu ra FSK.

- Khi dit liéu vao la bit O thi khod lai dwgc chuyén mach qua vi tri séng
mang f, vd séng mang f, duge chuyén mach téi ddu ra FSK.

Vi phirong phap ndy thi su chuyén déi séng mang tir f, sang f, (dit liéu
chuyén tir bit 1 sang bit 0) hodc chuyén tir séng mang f, sang séng mang f, (dff
liéu chuyén tir bit O sang bit 1) 12 khong lién tuc.

3.1.3. Piéu ché FSK bdng phuong phap chia tdn

S 46 khoi:

C N Loc tot{én g FSK
————J M R dai ——>

o

Hinh 5.39. Sodo khét nguyén Iy diéu ché FSK chia tdn

18 ~ToarT



Trong dé:

- C 14 dao dong sdng mang cao tn ¢ tdn 56 ¢4 dinh la £,

- D 1a dong bit s& nhi phan cdn duge diéu ché.

Bo cbia c6 thé thay déi hé s6 chia theo tin hiéu diéu khién tir bén ngoai.

Bo loc thong déi diing d€ loc tdn s6 trong dai thong (han ch€ dai théng).

Nguyén 1y diu ch& nhu sau:

- Khi tin hiéu diéu ch& dua vio 12 bit 1 thi bd chia ¢é hé & chia la N,
khi d6 séng mang C c6 tdn s6 12 [, s& duge chia cho N dé chuy€n tdn s6 £, vé
tan s6 .

- Khi dit [1éu dva vao la bit O thi b chla chuyén sang hé s6 chia M, khi d6
séng mang C ¢6 tdn 56 f, s& dugc chia cho M dé chuyén tin sé £, vé tin s6 .

Hai tdn s0 f,, [, duge di qua bo loc thong dai dé [dy ra tan s6 f, hoac f,. con
cic t4n s6 khéc (nhiu ngoai dai tdn s6 ndy chiang han) bi chan lai.

3.2. Giai diéu ché FSK

Giai diéu ché FSK ¢é thé dugc thyc hién bing nhiéu phuong phdp. Sau day
ta khdo sét phuong phdp tach séng FSK ding vong khod pha.

So d6 khdi tach séng:

PLL - -
FSK Loc théng Bo
———» Sopha >‘ thap2 [P sosinh [ ™

Loc thong
veo H thap 1

Hinh 5.40. So do khoi nguyén 1y gidi diéu ché ding PLL

Trong dé:

- Bo so pha dung dé€ so sdnh pha cta tin hi¢u FSK véi pha cla séng dao
dong tr khéi VCO.

- Bo loc thong thap 1 va 2 ding d€ loc thanh phén tin hiéu tdn s& cao, khoi
phuc bién do tin hiéu ¢ tan O thép.

- Bo so sdnh dung d¢ sira dang tin hi¢u.
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Nguyén Iy tach séng FSK nhu sau:

- Khi chua c6 tin hiéun tach séng FSK thi by dac déng VCO phit ra dao
dong c6tansd la f,.

- Khi ¢6 tin hiéu tdch séng FSK dua vao bd so pha, pha cla tin hiéu nay
dugce so sanh véi pha cla tin hiéu f;

~+ Néu hai tdn s3 pay bang nhau, c6 nghia 12 hai tin higu c6 sai pha bing
khong, khi d6 dau ra bo so pha c6 mét dién dp c6 dinh U, nao dé; dién &p dugc
dwa qua bd loc thong thdp 1 d€ loc nhiéu sau d6 lai dua t6i bo dao dong VCO.
Vi dién ap dua t6i b dao dong VCO 1a U, nén tan s6 cha bd dao dong khong
thay déi.

+ Néu hai tan s6 khong bang nhau, ¢6 nghia 1A hai tin hiéu di cé sai
pha, khi d6 d4u ra b6 so pha ¢é mic dién dp khac U, [a +/-AU (ddu + hay -
la phu thudc vao tin s6 FSK 16n hon hay nhé hon tan s6 f), dién dp U +/-AU
duge loc va dua trd lai bo VCO dé diéu chinh tdn s6 f, dao dong bam theo
tan so FSK.

Do vay, tin hieu FSK duge tdi tao lai bing dién ap ddu ra bo so pha, tin
hiéu nay dudc loc nhiéu bang bd loc thong thdp 2, sau dé dugc sira dang tao
thanh cdc bit 0 hodc bit [,

Uu diém cta phuong phdp nay 12 don gidn va ¢6 do chinh xdc cao, hoan
toan c6 thé thuc hién bidng mot vi mach.

4. Diéu ché pha sd (PSK)

Diéu ché pha s& con dugc goi la khod dich chuyén pha (Phase Shift
Keying), 12 pha clta dao dong séng mang thay déi theo bit ctia dong tin hiéu s6
diéu ch& ddu vao. Diéu ch& pha c6 thé cé nhiéu loai, vi du nhu diéu ché pha hai
trang théi, diéu ché pha bon trang thdi... Trong phin nay ta chi xem xét diéu
ch€ pha hai trang thai.

Sa d6 khdi diéu ché:

C Bo

) PSK
diéu ché

D

Hinh 5.41. S0 dé khoi nguyén 1y diéu ché' PSK
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Trong dé:

- C 12 s6ng mang dao dong cao tdn diing dé diéu ché tin hiéu.

- D 1a dong s6 nhi phan cin duge diéu ché.

- PSK la tin hi¢u diéu ché& pha.

Nguyén 1y di¢u ché& pha c6 thé duge mé ta nhu sau:

- Khi dong s6 D 14 toan bit 1 hoac toan bit 0, thi tin hiéu PSK c¢6 tdn s0 1a
tan s cua séng mang C, c6 pha khong déi (0° hoac 180").

- Khi dong s6 D ¢6 su thay déi tir bit | sang bit O hodc tir bit O sang bit I,
thi pha cla séng mang D thay ddi. Trong trudmg hop nay thi pha cla sdng
mang C ddo pha 180" so véi gid tri pha ban ddu.

Gia st bit diéu ché 14 bit 0 thi séng mang ¢6 pha 14 0%, bit 1 ¢6 pha 1a 180°.
Nhu vay, pha clia séng mang biéu hién théng tin cla bit O va bit 1 cta dong dir
liéu can di€u ché. Vi du ta diéu ch& cho dong bit sau:

0 { 1 O 0 0 I 0

. ’\MW WAL L
T S

biém dao
pha séng mang

Hinh 5.42. Dang tin hiéu diéu ché’ PSK
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* Grai diéu ché'tdn s¢
So d6 khoi gidi diéu ché:

VAVAVAN

MU _

PSK_
/\/\/\ <>2L’ PLL ‘% A_(P —’_’ :j
—
—

SRR

Hinh 5.43. S0 do khoi gidi diéu ché'tan sé

Trong d6, cdc khéi an luot 1a:

- B binh phuong (nhén tin hi¢u).

- B¢ vong khod pha.

- Bo so pha.

- B6 chia hai.

- B6 nhan (Bo tron).

- Bo loc thong thap.

- Bo so sdnh, dung dé stra dang tin hiéu.

Giai diéu ché theo phuong phdp nay c¢6 do chinh xdc cao v cd thé thyc
hién dugc bang vi mach.

Ciéc phuong phdp diéu ch€ va giai dicu ch&€ ASK, FSK vi PSK ciing dugc st
dung trong céc hé thong thu phdt tin hiéu va dif liéu s6 trong cdc hé thdng t6ng
daj s6.

IX. TRON TAN
1. Nguyén |y chung
Tron tan [a sy trdn 1an giia hai tin hi¢u tai mach trn tdn lam cho trén dau

ra bo trén tdn thu dugc tin hiéu ¢6 cdc thanh phdn tdn s6 14 6ng va hi¢u hai
thanh phén tin s6 tin hiéu & ddu vio.
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S d6 khéi tron tan:

U, () Bo tron tan Bo loc U, (fy)
UI]S (fllﬁ)

Hinh 5.44.So do khoi nguyén Iy trén tdn

Théng thuong, mot trong hai tin hiéu vao 1a tin hiéu don am (cé mot vach
phd), tin hig¢u d6 goi 12 tin hiéu ngoai sai v cé tan s6 13 f,.. Tin hicu con lai 12
tin hiéu hitu ich véi tan s6 1a f, ¢d dinh hodc bi¢n thién trong mét pham vi nio
d6. Tin hi¢u mong mudn duge tich ra nhd mot bo loc, tin s6 cia nd thudng goi
1a tan s trung gian f_.

D¢ trén tan, ta c6 thé sir dung phén tif phi tuyén hoac phan tir tuyén tinh
tham s6. C6 thé cé cic loai tron tan sau:

- Khi phan loai theo phén tif tich cuc dugc dung d€ tron tdn, ngudi ta phan
biét tron tdn dung phan tir tuyén tinh tham s& (mach nhin) va rén tan ding
phan tir phi tuyén (Transistor, diot...)

- Khi phin loai theo s¢ d6 tron tin, ¢6 tron tin diot, Transistor... hodc tron
tdn theo phuong phap chuyén phé (chuyén phd vé phia tin s cao hay phia tdn
0 thap).

2. Mach tron tan dung diot

Mach tron tan dung diot dugce fing dung rong rdi 0 moi dai tan s6, dac biét
& pham vi tdn s§ cao (trén 1GHz). Tron tan dung diot ¢ nhuge diém 12 tam suy
giam tin hiéu.

Mach tron tdn dung diot ¢6 cdc kiéu sau:

2.1. Mach tron tan don dung diot

So d6 mach: Hinh 5.45

Bién 4p T,, T, va T, ding d¢ ghép cic tin higu U, va U
va d€ 14y tin higu ra U,,.

vao mach trén tdn

1~

Cudn day thi cip cua bién dp T, két hgp vdi tu C; tao thanh mach cong
hudng dung dé chon loc tin hiéu vao Uy,
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Hinh 5.45. Mach tron tan ding diot

Cudn day thit cdp cta bién dp T, két hgp véi tu C, tao thanh mach cong
hudng ding dé€ chon loc tin hiéu ngoai sai U,,.

Cuon day thit cap coa bi€n ap T, k&t hgp véi tu C, tao thanh mach cong
hutng dung d€ chon loc 14y tin hiéu U,

Mach cé dic diém 12 mach ngoai sai vA mach trung gian dugc méc noi tiép
v§i nhau, con mach tin hiéu vi mach trung gian dugc méc déi xdng nhau, do
d6 c6 thé d6i 1an cho nhau; nghia 1 trong mach c¢6 X4y ra hién tugng tron tan
ngugc. Trong so d6 ny thudng chon diém cong tic finh & doan ddu cha dic
tuyén diot dé duge hé dn tron tan 1on.

2.2. Mach trén tan can bang

So dé mach:

Ulh CI E : g
J I
- P———

U

ns

Hinh 5.46. Mach trén tdn cdn bdang dung diot
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Trong mach, dién dp tin hiéu dugce dat 1én hai diot nguge pha, con dién ap
ngoai sai dugc dat lén hai diot dong pha.

Mach tron tdn can bang ¢6 kha nang lam tang dong trung gian ¢ ddu ra va
chong tap 4m ngoai sai tét.

Thanh phan cia tin hiéu ra khong c6 cic tdn s6 bac chan.

2.3. Mach trdn tin vong

So 46 mach:
D,
—H
D * Y
l U,
Uy o FéL; F’i L, =—=C
° *
D,
Hi
G,
—
L,
* e
¢ —»
U

Hinh 5.47. Mach tron tdn vong dang diot

Mach tron tin vong gém hai mach trén tAn can bang néi ti€p. Mach ¢6 cic
dic diém cha mach tron tin ¢an bing. Trén d4u ra clia tin hiéu chi con lai thanh
phén tan so f,, + f,, =1,

3. Mach trdn tan dung phan tir khuéch dai

Mach tron tdn ding Transistor va vi mach la kiéu tron tdn tich cuc, sit dung
Transistor hodc vi mach lam phén ti trén tdn. Mach tr6n tin kiéu nay ¢6 wu
diém 1 ¢6 kha nidng khuéch dai tang cudmg dién 4p tin hiéu ra. Trong phdn nay
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cht dé cap d&n cdc mach tron tan ding Transistor, con trén tdn ding vi mach s@
dugce dé cap téi & cdc gido trinh khéc.

Mach tron 14n dung Transistor c6 thé méc theo sa d6 Baza chung hoic
Emitor chung. So dé Bazo chung thudng duge st dung trong pham vi tin 56
cao va siéu cao vi tan $6 giGi han cua né cao. Tuy nhién so dé6 Bazo chung cé
hé 6 truyén dat cia bo tron tan thiap hon so dé mic Emitor chung.

Cic tham s6 cia so d6 tron tdn phu thuoe vao diém lam viéc, vio do 1én
cla dién 4p ngoai sai va vao tham s8 ciia Transistor.

Tron 1an dung Transistor ¢6 thé dung Transistor don, Transistor mic theo
ki€u day kéo, nhung cach dua cdc tin hiéu vio va 1dy tin hiéu ra 1a khéng thay
d06i. Céch dua tin hiéu vao va 1ay tin hiéu ra thudng ¢6 cdc khi niang nhu sau:

- Bién dp tin hiéu U, va dién 4p tin hiéu ngoai sai U, cung dugc dva vio
cuc Emitor trong s¢ 38 mic Bazo cbung.

- bi¢n 4ap tin hiéu U, duge dua vao cuc Emitor, con dién 4p tin hi¢u ngoai
sai U, duge dua vao cuc Bazo trong so dé mic Bazo chung.

- Dién dp tin biéu U, va dién dp tin hiéu ngoai sai U, cing dugc dua vao
cuc Baza trong so d6 mac Emitor chung.

- Dién ap tin hiéu U, duge dua vao cyc Bazo, con dién 4p tin hiéu ngoai sai
U, dugc dua vao cuc Emitor trong so dé mic Bazo chung.

Sau ddy 1a s& khao sdt mot s6 mach tron tan dung Transistor.

3.1. Mach tron tan dung Transistor don

So dé mach:

Hinh 5.48. Mach trgn tan ding Transistor don
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Trong d6:

- R}, R, la cdu phén 4p dung d€ thién 4p cho cuc B ctia Transistor Q,.

- R, 1a dién tr& héi ti€p am dong dién mot chiéu, dung dé én dinh mach.

- C, la tu thoit tin hiéu xoay chi€u thanh mach khuéch dai Bazo chung.

Cudn day thir cdp cta bién dp T, cung vdi hai tu C,, G, tao thanh mach cong
huémng dé tang cudng dién 4p tin hiéu ngoai sai dwa vao cuc Bazd cua mach.

bién 4p tin hié¢u duge dua vao cuc Emitor d€ tron tdn théng qua tu ghép C,.

Tin hiéu trung gian dugc 1dy ra trén cuc Colector ciia Q, bang cach ghép
bién 4p.

Mach trén tdn kicu nay ¢6 dac diém 13 dai tdn lam viéc rong, mach 1am
viéc on dinh, ¢6 kha nang tron tdn va khuéch dai tin hi¢u. Tin hi¢u ra tron tin
¢6 nhiéu do khong khir duge nhiéu ngoai sai sinh ra.

3.2. Mach tron tan ddy kéo

So d6 mach:

§R;

”'"B;_\ 1 —j 1@ u, T
s L L

\_

Hinh 5.49. Mach tvén tan ding Transistor mdc ddy kéo
Dién trd R, R, la cdu phan dp dé phan 4p cho cuc B hai Transistor Q, va Q,
lam viéc & ché d6 AB.
Tai ctia mach 13 so ¢dp bién 4p T, bi€n 4p T, dung dé 14y tin hiéu ra.
bién 4p tin hiéu va dién dp ngoai sai duge ghép qua bién dp T, va T, déu
dua vao cuc Bazo clia hai dén Q, va Q..
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Hai Transistor Q, v Q, tao thanh mach khuéch dai ddy kéo dung hai
Transistor khic loai.

Khi khong c6 tin hiéu dua vao mach thi dién 4dp ngoai sai tdc déng lén hai
cuc Bazo cha hai Transistor Q; va Q, mét lugng nhu nhau, do dé dong dién
chay trén hai nlra cuon day so cdp cla bi€n 4p T, ¢6 cudng 46 bang nhau nhung
¢6 chiéu nguoc nhau nén dong dién tdng trén cudn diy bang khong, khi dé ddu
ra bang khong, hay néi cach khéc nhiéu ngoai sai bj loai bo.

Khi ¢6 tin higu vao U,, va tin hiéu séng mang U__ dua téi mach thi hai tin
hiéu nay dugc tron vé6i nhau tai hai Transistor Q, va Q,, ddu ra 1 tin hi¢u U, c6
tan s6 [a 16 hop cdc tan s6 cha cdc tin hieu U, va U,

Ciing giéng nhu tron tdn can bang ding diot, mach trén tan kiéu ndy
khong c6 thanh phédn hai bac chan trong thanh phan tin hi¢u ra.

Céc mach tron tin duge st dung trong cdc may thu thanh, thu hinh déi tan,
dlng d€ trén tin hiéu c6 tdn s& cao tit phia phdt véi tin hiéu dao dong tao ra tai
mdy thu d€ c6 duge tin hiéu trung tan...

Cau héi

1. Diéu ché bién d6 1a gi? V& dang séng va phg cla diéu ché bién dd.
2. Diéu ché& bién da nén va diéu ché don bién Ja gi? Uu diém cla didu ché bién do
nén va diéu ché bién dé don bién so vai didu ché bién dé 1a gi?
3. Thé nao 1a diéu ché tan sa, didu ché pha tin hiéu tuong tu? Tin hiéu diéu ché tan
$6 va pha co dac d@ém gi?
4. Diéu ché xung la gi? Cé bao nhiéu loai diéu ché& xung? Dac diém cla timg loai
tin hidu didu ché d6 1a gi?
. Hay trinh bay nguyén 1y tach séng bién d5 béing diot,
. Nguyén ly tach séng don bién nhu thé nao?
. Hay trinh bay nguyén |y tach séng diéu tan theo phuang phap ¢dng hudang.
. Ma hoa PCM la gi? Cac qué trinh ¢g ban clia ma hoa PCM va gia ma PCM gém
c6 nhimg qua trinh co ban nao?
9. Thé& nao 1a diéu ché va giai diéu ch& ASK?
10. Thé& nao Ja diéu ché v giai diéu ch& FSK?
11. Thé€ nao |a diéu ché va giai diéu ché PSK?
12. Trén tén 1a gi? Nguyén ly ¢d ban clia trén tén ra sao?

oo~ h
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