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Loi gidi thiéu

woc ta dang bucc vao thot ky céng nghiép héa, hién
dai hda nham dwa Viét Nam trd thanh niéc cong
nghiép van minh, hién dai.

Trong si nghiép cdch mang to lon dé, cong rdc dao tao
nhdn hic ludn giit vai tro quan trong. Bdo cdo Chinh 1ri clia
Ban Chdp hanh Trung wong Ddng Céng sdn Viét Nam tai
Pai hoi Ddng toan quéc lan thir IX da chi r&: “Phat trién
gido dyc va dao tao la mot trong nhitng dong luc quan trong
thic ddy su nghiép cong nghiép héa, hién dai héa, 1a diéu
kién dé phdt trién ngudn luc con ngudi - yéu t§ co ban dé
phét trién xa hoi, ting trudng Kinh t€ nhanh va bén vimg”.

Qudn triét chu truong, Nghi quyét cia Ddng va Nha nuée
va nhdn thitc diing ddn vé tdm quan trong ciia chuong trinh,
gido trinh doi véi viée ndng cao chdt luong dao tao, theo dé
nghi ctia So Gido duc va Pao tao Ha Noi, ngay 23/9/2003,
Uy ban nhan dan thanh phé Ha Noi da ra Quyét dinh s6
56200/QB-UB cho phép So Gido duc va Pao tao thuc hién dé
dn bién soan chuong trinh, gido trinh trong cdc truong Trung
hoc chuyén nghiép (THCN) Ha Ngi. Quyét dinh nay thé hién
s quan 1dm sdu sde ciia Thanh iy, UBND thanh phd trong
viéc ndng cao chdt lwong dao tao va phdt trién ngudn nhdn
lwe Thu do. .

Trén co s chuong trinh khung ciia Bé Gido duc va Pao
tao ban hanh va nhitng kinh nghiém riit ra tie thuc 1¢" dao tao,
So Gido duc va Dao tao dd chi dao cac truong THCN 16 chire
bién sogn chuong trinh, gido trinh moét cdch khoa hoc, hé



théng va cdp nhdt nhitng ki thire thuc tién phit hop véi d6i
twong hoc sinh THCN Hg Ngi.

B gido trink nay l¢ tai ligu gidng day va hoc 1dp trong
cdce truomg THCN ¢ Hg Noi, dong thoi 1a tai liéu tham khdo
hitu ich cho céc truong cé dao tao cdc nganh ky thudt - nghiép
vt va dong ddo ban doc quan tam deén van dé hudng nghiep,
day nghé. ‘

Viéc 16 chiic bién soan bo chuong irinh, gido trink nay
la mot trong nhiéu hoat dong thiét thyce ciia nganh gido duc
va dao tao Thii d6 dé ky niém “SO nam gidi phéng Thii do ™
"“50 ndm thank lgp nganh” va huwong t6i
Thdng Long - Ha Ngi”,

S6 Gido dyc va Pao tao Ha Noi chan thanh cém on Thanh
uy, UBND, cdc 53, ban, nganh cia Thanh phé, Vy Gido duc
chuyén nghiép Bé Gido duc va Dao tao, cdc nha khog hoc, cde
chuyén gia ddu nganh, cée gidng vién, cdc nha quan Iy, cdc
nha doanh nghiép di tao diéu ki¢n givip do, dong gop v kién,
tham gia Hoi déng phdn bién, Hoi dong thdm dinh va Hoi
déng nghiém thu cdc chuong trinh, gido trinh.

Day la ldn ddu tién $6 Gido duc va Dao tao Ha Noi 16
chiic bién soan chuong trinh, gido trinh. Di da hét sire c6
gdng nhing chéc chin khong trdnh khdi thiéu sét, bay cdp.
Chiing t6i mong nhdn duoc nhitng y kién dong gép cia ban
doc dé timg busc hoan thi¢n bo gido trinh trong céc ldn 16i
bdn sau.
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Loi néi dau

Mach dién tit co bdn 1a gido trinh duoc bién soan theo dé cwong do So Gido
duc va Pao tao thanh phd Ha Noi xdy dung va thong qua. Day la gido trinh danh
cho chuyén nganh dao rao hé ky thudt vién trung cdp nganh ky thudt vién thong.
N¢i.dung bién soan theo tinh thdn ngdn gon, dé hidu. Cdc kién thirc trong toan bg
gido trinh ¢6 méi lién hé logic chér ché. Gido trinh duoc bién sogn sau khi dd
tham khdo rdt nhiéu tai liéu vé mach dién nik twong tw, dong thor ciing duoc su giup
dé nhiér tinh cria cdc déng nghiép.

Gido trinh gom 5 chiong:

Chuong 1: Nhitng kién thitc chung.

Chuong 2: Mach khuéch dai co ban.

Chuwong 3: Mach khuéch dai chiryén dung.

Chuong 4: Mach tao dao dong.

Chiong 5: Diéu ché'va gidi diéu ché.

Gido trinh ndy 6 thé dige ding lam 1ai liéu tham khdo cho hoc sinh trung
cdp, sinh vién hé cao dang cdc nganh ky thudr dién ni khdc.

Trong qud trinh bién soan gido trinh, tdc gid dd@ nhdn dugc sy dong gop y kién
cia tién st Nguyén Van Thudn, khoa Tu dong héa va thac st Nguyén Manh Hiép,
khoa Ddm bdo k§ thudt - Hoc vién Ky thudt quén sy. Tdc gid xin chdn thanh cam
on vé sy gitip A quy bdu dé.

Mdc di tdc gid da rdt c6 gdng nhung gido trinh chdc chan khong tranh khoi
khiém khuyét. Chiing 16i rdt mong nhén duoc nhimg ¥ kién déng gop ctia nguoi sit
dung dé gido trinh hoan chinh hon.

TAC GIA



Chuong 1
NHUNG KIEN THUC CHUNG

I. KHAI QUAT CHUNG VE TIN HIEU

1. Tin hiéu tudng tyu va cac dai lugng dic trung

Tin hiéu 1a dién 4p (hay dong dién) biéu hien dang vat 1y cda tin tic, né
mang tin titc. Con tin tc 1a thong bédo vé trang thdi, vé sy kién ciia mot he vat
chit nao d6 dugc sap xép theo mot quy luat bit bude. Dang bidu dién cu thé
hay gap nhat ctia tin titc 13 tin hiéu am thanh vA tin hiéu hinh dnh. Nho cdc thiet
bt nhu micro, camera ma cic tin titc d6 dugc bién déi thanh tin hiéu dién. Cic
tin hi¢u dién ndy la cdc tin hiéu tuong ty, 12 cdc ham lién tyc theo thai gian. Tin
hiéu tuong tu cé cdc dang sau:

1.1. Tin hiéu diéu hoa

Tin hiéu di€u hoa 1 dang dién hinh cla tin hiéu twong tu cé chu k¥, tin
hiéu di¢u hoa thudng duge biéu dién bang biéu thifc todn hoc sau:

S(1) = Sm sin (o t + @)

Trong dé:

- Bi€n d0 Sm la gid tri bién d6 1dn nhat ma ham sé ¢6 thé dat duac.

- Tan 56 géc o (radfs), v6i © = 2xn f. Trong d6 f 12 tdn s6, 1a s6 dao dong
toan phén trong trong thoi gian mot gidy va c6 don vi do 12 Hee (viét tit 1a Hz).

Nghich dao ciia tn s6 f 1a chu ky T:

T = 17(3)

- Gée pha dau ¢.

Tin hiéu 13 mot ham 6 duge bidu dién theo thdi gian thi duge goi 14 dang
tin hi¢u hay dang séng tin hi¢u. Néu biéu dién tin hieu dé dusi dang mot ham
s6 theo tan s6'thi duge goi 1a phd ciia tin hiéu. D6 thi bi€u dién ham sé tin hiéu
hinh sin S (o) dugc goi 1 phé cla tin hiéu hinh sin.



Vitin hi¢u hinh sin S(t) = S,;sine,t chi c6 mot tdn s6 o, ng véi chu ky T,
nén ham phé cia n6 chi c6 mot gid tri tai »,, d6 thi phé cia tin hiéu sin chi ¢6
mdt vach nhur & hinh v& sau:

S(t) a S(w )a

Do thi thoi gian D6 thi pho

Hinh 1.1. Do thi thoi gian va do thi phd ciia tin hidu hinh sin

Viéc chuyén ham S(t) sang ham S(o) gtip cho vi¢c nghién citu tin hiéu mot
cach dé dang hon.

1.2. Tin hiéu tuan hoan va cic dai lugng dac trung

Mot tin hi¢u S(t) thod mian diéu kién:

SH=St+T)

O moi thi diém 1, véi T 12 mot hing s6, thi ta c6 S(t) Ia mot ham tudn
hoan. Gid tri nho nhét ciia T goi 1a chu k¥ cla tin hiéu.

Dang tin hiéu tuan hoan thudng gap 1a cic diy xung vudng, xung tam gidc,
xung nhon... Mot day xung vuéng duoe biéu dién nhur sau:

S(t) a

Sm k
o [ ]

0 t
T :

Hinh 1.2. Tin hiéu tudn hoan xung vuong



Tin hi¢u xung c6 cdc théng s6 dac trung co ban sau:

- Bién d¢ xung Sm 1a gi4 tri bién d6 16n nhat cha né.

- D6 rong xung t, la khoanyg thi gian tén tai cia tin hiéu xung.
- Chu ky T Ia thoi gian nhd nhét lap lai cla tin hiéu xung.

- D6 r6ng cua xung Q, dugc tinh theo cong thie:

Hay h¢ s6 lap ddy (dién ddy) duge tinh theo t,/T.

Ngoai ra, con c6 cic khdi niém vé d6 rong sudn trudc, do rong sudn sau,
thoi gian quét thuan, thoi gian quét nguge, do sut dinh xung...

2. Tin hidu $8 va cac dai lugng dic trung

Tin hiéu s6 1 tin hiéu roi rac theo théi gian va ¢ bién do xéc dinh. Tin
hi¢u s6 khong c6 sdn, mudn c6 tin hiéu s6 thi phai thuc hién qué trinh chuyén
déi tir tin hidu tuong ty sang tin hiéu s6. Qud trinh chuyén déi duge thuc hién
theo cdc bude sau:

- Lay méu tin hiéu theo dinh 1y 14y miu.

- Lugng tir hod.

- Ma hoa.

Vay tin hiéu s6 la tin hi¢u roi rac theo thdi gian va theo ca bién do. Tin
hiéu s6 chi gom hai muc gid tri duge goi 1a mic hay gia tri logic: Mic (gia tri)
logic [ va mikc (gid tr) logic 0. Mite logic | duoc goi 12 bit 1, con miic logic O
dugc goi 1a bit 0.

Vidu mét diy s6 10010001 duge biéu dién nhur sau; -

Bits6:1 0 01 0001

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

- Bién d¢, thuong duge quy dinh bsi mot muc dién 4p ¢6 dinh 134 + 5V
tuong ing v4i bit 1, con mic dién 4p 1a OV twong ing véi bit O (c6 thé quy dinh
ngugc lai).

- D0 rong clia bit s6 1a khoang thoi gian tén tai clia bit s6 d6. Do rong cla
bit I lubn bang d6 réng cha bit 0. Tuy thude vao titng hé théng ma do rong clia
bit s6 trong céc he théng c6 thé 1a khdc nhau. Vi du trong cdc hé théng ghép




kénh tin hi¢u s6 thi do rong bit 6 chi cd ps, con trong cdc h¢ théng xir 1y s¢
khdc thi do rong bit s6 ¢6 thé 16n hon.

3. Nhieu va sy anh hudng cha nhidu dén tin hiéu

Nhiéu [a loai tin hi¢u khéng mong muén, vi nhidu tdc dong vio tin hicu
lam che tin hiéu sai 1éch va mét chinh x4c.

V& nguyén tic, nhiéu rit da dang nén khong thé xét hét duge, ta phai quy
v¢ cdc loai nhidu nhiét, nhidu cong, nhidu nhan, nhiéu trang...

3.1. Nhiéu nhiét

Nhieu nhiét, con goi la tap am nhiét. Nhi&u nhi¢t thudng gip trong cdc linh
ki¢n dién tr nhu: dén dién tir, Transistor, diot... Xudt xi ciia tap 4m nhiét la
nhing dao dong dugc hinh thanh do cic phén tir mang di¢n chuyén dong theo
nhiét do. Nhi¢u nhi¢t 1a mot qud trinh ngdu nhién, bign thién theo thai gian vi
vi¢c nghién citu, khdo sat nhiéu nhiét thudng duge thuc hi¢n bing phuong phap
théng ke.

3.2. Nhiéu cong va nhiét nhan

- Nhiéu cong 1a nhiéu cong duoc véi tin hiéu (can truyén) lam cho tin hiéu
(dén mdy thu) bi sai lac. Néu goi nhiéu la N(t) vA tin hiéu (cin truyén) Fa S(o)
thi (tai diém thu) tin hiéu nhan duoge: X(1) = S(1) + N{t).

- Nhicu nhan Ia loai nhiéu nhan vdi tin hiéu (cin truyén). Nhiéu nhan
thuong gay ra diéu ché phu trong diéu ché thong tin.

Khi ¢6 nhi€u nhan, tin higu thu duge: X(1) = $(b). N(t).

3.3. Nhiéu tring

Cdc hien twong xdo dong nhiét trong cdc phén tir cia mach dién, day dan
hogc hién tugng bife xa trong khi quyén déu gay ra tin hiéu nhiéu tac dong bat
loi dén sy truyén tin. Loai nhiéu nay c6 mot gidi phd rét rong nén duge goi 1a
nhiéu tring.

D¢ chang nhiéu, ngudi ta c6 thé ting cong suat may phét, ting d6 nhay cla
may thu, ting tinh dinh hudng cla anten dé lam tdng ty s& tin hiéu (rén nhiéu
hodc diing phuong thitc diéu ché thich hop, hoic diing phuong thiic thong tin s6.

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

Cdc mach dién tir ¢6 nhiém vy gia cong tin hiéu theo nhimg thuat todn khic
nhau, chdng duge phan loai theo dang tfn hiu duge xir ly.

t0



Tin hi¢u fa s6 do (dién dp, dong dién) ciia mot qué trinh, sy thay ddi cha tin
hi¢u theo thoi gian tao ra tin tic hitu ich.

Trén quan diém k¥ thuat, ngudi ta phan biét hai loai tin hiéu: Tin hiéu wong
tr va tin hiéu s6. Tin hiéu tuong w1 tin hiéu bién thién lién tuc theo thoi gian va
cé the nhan moi gid tri trong khoang bién thién cia né. NglIO'C lai, tin hi¢u s6 13 tin
hi¢u di duge rdi rac hod vé mat thai gian va lugng tir hod vé bién do, né duge bidu
dién bing nhitng tap hop xung tai nhimg diém do roi rac. Do dé, tin hiéu s6 chi lay
mdt s6 hitu han gid tri trong khodng bién thién ciia né ma thoi.

Tin hi¢u ¢6 thé duge khuéch dai, didu ché, tach song, chinh hau, nhé, do,
truyén dat, diéu khién, bign dang, tinh todn (cOng, tru, nhén, chia...). Cic mach
di¢n tr ¢ nhiém vuy thuc hién cdc thuat todn nay.

Dé gia cong hai loai tin hiéu tuong tu va tin hiéu s6, ngudi ta ding hai mach
co ban: Mach tuong tuw va mach s6. G gido trinh nay chi dé c&p dén cac mach dién
tr tuong tu. Trong nhitng nam gdn day, ky thuat s6 da phdt trién manh mé va déng
val {rd rit quan trong trong viéc gia cong tin hiéu, nhung trong tuong lai chiing
khong the thay thé hoin toan mach tuong ty. Thuc & c6 nhicu thuat todn khong
thé thue hién duge bing cic mach s6 hodc néu thyc hién bing mach tuong ty thi
kinh € hon, vi du: khuéch dai tin hiéu nhd, déi t4n, chuyén doi twong ty/ss. Neay
cd trong hé thong s6 ciing ¢6 nhiéu phan tir chiic nang tuong i, néu nhu cin gia
cdng tin hiéu tvong tu & mét khau nio dé.

Bieén d¢ tin hiéu lién quan mat thiét dén do chinh xdc cla qua trinh gia
cong tin hiéu va xdc dinh mic d dnh hudng ctia nhiéu dén he théng. Khi bién
d6 tin hiéu nhd thi nhiéu ¢6 the 14n 4t tin hiéu. Vi vay, khi thiét k& cdc hé théng
dién tlr can luu ¥ nang cao bién do tin hicu ngay & tAng ddu cta hé thong.

Khuéch dai tin hi¢u 13 chic ning quan trong nhdt cia mach tuong tu.
Thong thudng trong mot hé thong twong tr, ngudi ta phéan ra thanh cic tang gia
cong tin hi¢u, cdc tadng khuéch dai tin hi¢u nho, cdc ting khuéch dai dién dp,
cac tang khuéch dai cong sudt..

Trong thai gian qua, su ra dUi clia mach t6 hop tuong tr (hay con duge go1
la mach (bg) khuéch dai thuat todn) da chiém mot vai trd quan trong trong k¥
thuat mach dién tr. Mach t6 hop tuong ty khong nhimg dam bao thod man cic
chi tiéu k¥ thuit mi cdn c6 dé tin ciy cao va gid thanh ba, tuy nhién ching
thutng duoc dung trong pham vi tén S thdp. Si ra ddi cha mach khuéch dai
thudt todn la mét bude ngoat quan trong trong qué trinh phét trién cha ky thuat
mach (uong ty. Truge day, khi bo khuéch dai thuat todn chua ra ddi di ¢6 vo s6
cdc mach chiic ning khdc nhau, Ngay nay, nhd ¢é su xudt hién cia bo khuéch
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thanh ré hon khj ding cdc mach khuéch daj ro; rac.

Xu huéng phit tridn clia k thuar mach dién 1y twong tu la nang cao dé tich
hop cita mach (duwoce dic trung bdi mat do linh kién), khi do tich hop ting thi ¢
thé ché tao cdc h¢ théng c6 chie Nang ngay cang hoan hio e mot chip (IC).
Béi véi cac mach 1§ hop tuong tur thi nha this k€ thudng c6 xuy huéng giam sg
ching loaj mach, nhung lai tang kh4 nang sir dung cia timg chiing loai. Tom
lai, ¢6 thé ndi 6 haj hu6ng phat trién cin k¥ thuat mach tuong tu d6 12 giam
nhd kich thuse ben trong clta mach trong ché tao va tang tinh phd bien cia

2. Cac img dung cia mach dién tir

Mach dien iy duge ing dung rat rong rai vi da dang, sau day ta & ké tén
mot $6 1tng dung thuong gap:

2.1. Khuéch dai tin hiéu

tlr, hay néi cach khice trong hiu hét cic thigt bi dién tir déu ¢6 cic mach khuéch
dai ding d€ khuech dai tin hiéu. Tuy thuoc vio titng loai tin hiéu va timg muc
dich khuéch dai tin hiéu ma ta cg cdc mach khuéch dai nhu: Mach khuéch dai
tin hiéu nho, khuéech dai cong su4t (in hi¢u (bien d¢ I6n), mach khuéch dai mot
chiéu, khuéch dai xoay chiéu. .

2.2. biéu ché vi giai diéu ché tin hiéu

Day 1a tng dung cda mach di¢n tir ding d¢ thy phét tin hiéu trong cdc hé

dugc goi 13 mach tdch séng, vi du nhut mach tich song bién do, tin s0, pha...
2.3. Sir dung mach dién tir d€ tao ra csc tin hiéu
Vi du nhu tao ra tin hiéu hinh sin, tin hiéu xung vuong, tin hiéu Xung ring
¢ua... Mach dién tir loai nay dugc g0t la mach tao dao dong. Cac mach tao dao
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dong thudng gap la: Mach tao dao dong hinh sin, mach tao xung vuéng, mach
2o Xung tam gidc. . .

Ngoai ra, mach dién tir con duge sir dung d€ tron tén tin hi€u trong cic m4y
thu thanh, mdy thu hinh: ding d€ loc tan s& tin hiéu, loc nhidu ngudn cho cdc thist
bi ¢6 sir dung mang dien luéi: dung d€ xr 1y va chuyén déj tin hiéu. ..

III. MACH MAC TRANSISTOR LUONG CUC CO BAN

1. Mach mac Emitor chung (EC)

1.1. Nhan biét cich mége

Mach khuéch dai dugc mic Emitor chung la mach khuéch dai c6:

- Cuc Emitor la chung gifta di¢n ap (hay dong dién) tin hiéu vao véi dién
dp (hay dong dién) tin hi¢u ra.

- Dién 4p (hay dong dién) tin hiéu vao dugce dua vao cuc Bazo, va dién dp
(hay dong dién) tin hiéu ra dugc 14y ra trén cuc Colector.

1.2. Mach khuéch dai Emitor

Sau day la mot vi du vé mach khuéch dai mic Emitor ch ung:

- S0 d6 mach:

Hinh 1.3. Mach khuéch dai méc Emitor chung
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- Tac dung linh kién:

+ R, va R, 1a hai dign tr& dén dién mét chiéu cdp cho cuc Bazo (B) cia
Transistor Q, theo phuong phdp phan 4p.

+ Ry la di¢n trd din dién mot chiéu cap cho cuc Colector (C) ciia Transistor
Q; va la dign tré tii cia mach khuéch dai.

+ R, la dién & din dién mot chiéu cdp cho cuc Emitor (E) cha Transistor
Q, theo phuong phdp héi tiép.

+ C, G la cdce 1w ghép tdng khuéch dai, ding dé ghép gifta U, va U, véi
mach khuéch dai.

+ G, [a tu dién n6i mét cuc E ciia Q, vé thanh phan tin hiéu xoay chiéu.

+ Di¢n dp (dong dién) tin hi¢u U, duge dua vio cuc B thong qua C,, dién
dp (dong dién) tin hiéu U, dugc 18y ra rén cye C thong qua tu C,, vacuc E la
cuc chung gifta U, va U, nén mach 1a mach khuéch dai méc Emitor chung.

1.3. Dic diém cua mach

- Tong trdy vao o vai KQ.

- Téng trd ra tir vai chuc KQ dén vai trim KQ.

- He s6 khuéch dai dong di¢n: Ldn ir vai chuc dén hang tram lan.

! i
Kjy=-—F=—=p§
]I' Ih‘
- He s6 khuéch dai dién 4p: Lén ¢& hang tram lén.
kU U
U, U

f

Bién 4p tin hiéu ra 06 ddo pha so v6i dién 4p tin hiéu vao (ngugc pha nhau).

- Dai théng clhia mach hep.

2. Mach méc Colector chung (CC)

2.1. Nhan biét cach mde

Mach khuéch dai mac Colector chung ta mach khuéch dai c6:

- Cyc Colector (C) la cuc chung giita dién 4p (dong dién) tin hiéu vao vai
dién 4p (dong dién) (in hiéu ra.

- Di¢n 4p (dong di¢n) tin hi¢u vao durge dua vio cuc Bazo va dién 4p {(dong
di¢n) tin hi¢u ra dugc 1dy ra trén cuc Emitor.
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2.2. Mach khuéch dai Colector
- So 6 mach:

Hinh 1.4. Mach khuéch dai mac Colector chung

- Tdc dung linh kién:

+ R, va R, 1a hai di¢n r& dan dién moét chiéu ¢ép cho cuc B ctia Transistor Q.

+ R; 14 dién tr& dan dién mét chi€u cdp cho cuc E clia Transistor Q, theo
phuong phdp hoi tiép, va la dién trd ai cha mach.

+ Cép di¢n mot chieu cho cyc C cia Transistor Q,, dugc cap dién truc tiép
tlr ngudn dién.

+ C, va G, 1a hai tu ghép ting khuéch dai.

+ Di¢n dp tin hiéu vao dugc dua vao cuc B thong qua C,, dién dp tin hiéu ra
dugc &y ra trén cyc E thong qua C,, va vé thanh phdn tin hiéu xoay chiéu thi
ngudn dién V| bi ngdn mach tao thanh cuc C chung, vi vy mach khuéch dai 12
mach mic C chung.

2.3. Ddc diém

- Tong tr& ddu vao (ngd vao) cd vai KQ.

- Téng trd ddu ra (ngd ra) nho khoang vai chuc KQ.

- Hé s6 khuéch dai dong dién: 16n tir vai chuc dén hang trim ldn.

I,

K, = =——=f+1
Rt




- Hé s6 khuéch dai dien ap:

K, =Y _Us
v, U,

- Di¢n dp tin hiéu ra khong dio pha so véi dién dp tin hicu vao (d6ng pha).
- Dai thong cla mach trung binh.
3. Mach mdc Bazo chung (BC)

3.1. Nhan biét cach mic

Mach khuéch dai méic Bazo chung dugc nhan biét nhu sau:

- Cuc Bazo (B) la cuc chung giira dién 4p {(dong dién) tin hiéu vio véi dién
dp (dong dién) tin hi¢u ra.

- Dién 4p (dong dién) tin hieu vao dugc dua vao cuc Emitor (E), va dién ap
(dong dién) tin hiéu ra duoc 1ay ra trén cuc Colector (C).

3.2. Mach khuéch dai Bazo

- S0 dé mach:
R, C,

R

1 ’——OUR

v,
T
——c, e

N R
2

Hinh 1.5. Mach khuéch dai mdc Bazo chung

Téc dung linh kién: _
.+ Ry vaR, Ia hai di¢n tr& din dién mot chiéu cdp cho cuc B ciia Transistor
Q, theo phuong phép phan ap.
+ R; 1a dién tré dan dien mét chiéu ¢dp cho cuc C cha Transistor Q, la
dién trd tai clia mach.
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+ R, dan dién mot chiéy ¢dp cho cuc E cha Transistor Q,, theo phurong
phép hoi 1iép.

+ Cva C; 1a hai tu ghép tdng khuéch dai.

+ G [a tu ndi cue B cta Q, xudng midt vé thanh phan tin hiéu xoay chiéu dé
tao cuc B néi mat.

+ Dién dp tin hieu vao dugc dira vio cuc-E thoéng qua C,, dién ap tin hiéu ra
duoc 1dy ra trén cyc C thong qua C,, va vé thanh phan tin hieu xoay chiéu thi
cuc B duoce néi mit nén tao thanh mach khuéch dai méc cuc B chung.

3.3. Pac diém

- Tong u vao ¢ vai chue Q.

- Téng tr& ngd ra vii tram KO,

- Hé s6 khuéch dai dong dign: Nhd.

Il
K=lrle B,

L, 1. pB+1
- Hé s6 khuéch dai dién 4p: Lén o5 hang tram lan.
U
K,=—L="¢
UV U.‘"

- Dién dp tin hiéu ra khéng ¢ dao bha 50 vGi dién dp tin hiéu vio (déng pha).
- Diai thong cita mach rong.

IV. MACH MAC TRANSISTOR TRUGNG CG BAN

1. D3c diém cda Transistor trudng

Transistor trudng 1a linh kién b4n dén. Tuy nhién, khdc v8i Transistor
ludng cuc, ching duge diéu khién bang dién trudng nén it tiéu 16n coéng sudt
cua tin hi¢u diéu khién.

Transistor trirdng ciing ¢6 ba dién cyc: Cye nguén S (Source), cuc mang D
(Drain) va cuc cira G (Gate). Trong dé, cuc nguén tuong duong véi cuc Catot
cua dén dién ttr hay cuc Emitor ctia Transistor ludng cuc; cuc méng. tuong
duong v6i cuc Anét clia den dién tir hay cyc Colector ciia Transistor ludng cuc;
con cuc G twong duong véi cuc u6i cha dén dién tir hay cuc Bazg cia
Transistor ludng cuc.

Gitra cyc S va D tén tai mot kénh dan, d¢ din dién ctia kénh phu thuoc vao
dién dp trén cuc cira G, Thudng ¢6 sdu loai Transistor truong co ban:

17
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] Transistor trudng

Transistor trudmg PK ’ Transistor truong cé cue

Béng tiép gidp JFET clra cich ly MOSFET

Kénh N Kénh p Loai kénh Loai keénh

l dit sin i cam (ng

Kénh P Kénh N Kénh P Kénh N

L N

Hinl 1.6. Phan loai Transistor triong

Cdc Transistor frutmg 6 mét s6 dic diém nhy sau:

- Bién réd vao rat 16n, khodng vai MO dap vai triéuy MQ.

- Tap am nho,

- Nhigt do tang thi d¢ dan dien gigm.

Transistor truong dung d€ khuéch daj, f2o dao dong, phsi hop 1res khéng,
nan dién ¢ diéu khién,

C6 hai loai Transistor trudng chinh dé [3 loai JFET va loai MOSFET. p¢
don gidn ta chi khio sat cho loai Transistor JFET.

2. Mach mic Transistor trudng co ban

Mach khuech dai dung Transistor trudng thudng c6 hai cich mac co ban dé
la cich mic cyc nguén chung (SC) va cach miéc cuc mang chung (DC) va ft khj
€6 cdch méc cue cir chung. Sau day ta s& khio sal hai cich mic nay.

2:1. Méc cure nguoén chung (8C)

Céch mic cyc nguén chung twong duong véi cich mic cuc E chung ciia
Transistor ludng cue.

2.1.1. Nhén biét cdch mae

Ta 6 thé nhan biet csch maic cuc nguén chung dua vao haj dac diém say:

- Cuc S1a cuc chung giita dien ap tin hiéu vao va dién 4p tin hiéu ra,



- bién ap tin hi¢u vao duge dua vao cuc G, dién 4p tin hiéu ra duge 14y 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 kiwiéch dai mdc cuc nguc‘a_‘n chung

Trén thuc t&, hé s6 khuéch dai dién 4p d6i v6i Transistor trudng kénh N vio
khoang 100 - 300 1an, d6i véi cic Transistor trudng kénh P thi tri $6 nay xap xi
bang mot nira. Nhu vay, hé s6 khuéch dai dién ap clia Transistor trudng chi
bang mét phan mudi hé s6 khuéch dai cia Transistor ludng cuc.

VE mat tap am, ta thdy rang dong dién tap am clia Transistor trudng nho
hon so v6i dong dién tap &m cia Transistor luGng cuc trong khi dién dp tap &m
cd tri s6 cung bic. Nhu vay, véi nguén tin hiéu vio ¢é ndi trd cao thi cic
Transistor trudng déu ¢6 tap am nho, con cdc ngudn tin hiéu ¢6 nodi trd thap thi
tap am cua Transistor trudng va Transistor ludng cuc 1a nhur nhau.

2.2. Cach mic cire mang chung (DC)

2.2.1. Nhén biét cdch mic

Céch mdc Transistor trudng cuc mang chung duge nhan biét thong qua hai
yéu 1d sau:

- Cuc mang (D) la cyc chung giGra di€én 4p tin hi¢u vao va dién 4p tin hiéu ra.

- Pién 4p tin hiéu vao dugc dua vao cuc G, dién dp tin hiéu ra duge 1dy ra
trén cuc S.
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2.2.2. So db cdch mdc cuc mdng chung
- S0 d6 mach:

Hinh 1.8. Mach khuéch dai mdc cuc mdng chung

- S0 dé mic cyc ming chung ¢6 trd khdng vao 16n hon ral nhiéy 50 véi
trd khdng vao cta so dé mic cuc ngudn chung, nhung di¢n dung vao ciia
mach lai nho.

- He 56 khuéch dai dien ap Ky < 1; tréy khing vao Ry » o0: trgy khing ra R,
~ 100 - 300Q. Tr& khéng ra ciia sg dé cuc méang chung khong nhé nhu trong so
dé cuc gép chung ctia Transistor ludng cuec.

V. PHUONG PHAP CAP NGUON CHO TRANSISTOR

1. Nguyén tic chung vé cip nguén cho Transistor luang cuc
Transistor ludng cuc ¢6 2 loai chinh:
Transistor thuan (pnp). Transistor nguge (npn).

a g

Trong dé:
E la cyc Emitor (cue phat ).
CIa cue Colector (cuc g0p).

C

E

20



B 1a cye Bazo (cuc géc).

Goi dién 4p trén cuc Colector I U, ; dién 4p trén cuc Bazo 1a Ug va dién 4p
trén cyc Emitor 1a Ug. Tir dé nguyén tic c4p ngudn cho Transistor ludng cuc
nhur sau:

- DG v6i Transistor thuan; phai cdp dién (mét chidu) sao cho thoi min
dicu kién:

Uge <0 va Ug. > 0, tuong duong véi Uy > Uy > U,
- B6i vé6i Transistor nguac: ¢6 didu kién hoan todn nguoc lai:
Ug: > 0 va U < 0, tuong duong véi U, < Uy < Uc

Cu thé nhu sau:

- Néu diing nguén dién duong; +E; -Ec twong duong OV thi:

+ Dién dp +E¢ duoc néi vé phia cwc E; dién dp OV duge ngi vé phia cuc C
khi cip cho Transistor thuan.

+ Dién dp +E. duge néi vé phia cuc C; di¢n dp OV duogce ndi vé phia cuc E
khi ¢&p cho Transistor nguoe.

- Néu ding nguén dién am: +Ec tuong duong véi dién ap OV, - E. thi:

+ Dién dp OV duoc noi vé phia cyc E; dién 4p -E. dugc nei vé phia cyc C
khi cdp di¢n cho Transistor thudn.

+ Dién dp OV duge néi vé phia cyc C; dién 4p -E. duoc n6i vé phia cuc E
khi cap dién cho Transistor nguge.

2. Phuong phap cap ngudn cd ban cho Transistor lugng cuc

- Cap dién cho cuc C cia Transistor:

Dang cdc dign tr& R, cuon day L va day dan (néi truc tiép) dé€ dan dién mot
chiéu c4p cho ce C clia Transistor.

+ Vidu: cap dién diing dién & R va ding cudn day L:

+Ec + E.
R L
Q Q

Hinh 1.9. Cdch cdp dién cho cuc Colector chung ding R va L
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+ Vi du: cép dién dung

day dén n6i tryc ti€p (trix trudng hop mach khuéch
dai mac Emitor chung)

I , ’—J\f’{ \-"ﬁ\aT o) »
~ ‘ m
3
WC'

Hinh 1.10. Cdch cdp dién cho cwe Colector ding ddiy din
- Cdp dign cho cuc E cha Transistor:
Ciing giéng nhu cich cap dién cho cuc C, cap dién cho cuc E ciha

Transistor ludng cuc ciing ¢6 thé dung dién tré R, cudn day L va day dan (néi
truc tép).

+ Vidy: cdp dién dung dién ré R:

+ E..
Q
R

Hinh 1.11. Céch cap dign cho cuc Emitor ditng R
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+ Vi du: Cép dién diing cuon day L:
+ E..

Hinh 1.12. Cdch cdp dién cho cuc Emictor diing R

- Cap dién cho cuc B clia Transistor:

C6 thé ding dién trér R két hop voi cudn day L d€ dan dién 1 chiu céip dien
cho ¢a cyc B theo phuong phap phan 4p hoic theo phwong phdp phan dong.

+ Vidu: cdp dién theo phuong phdp phan dp dang dién tro:

+ E.

R,

£2

Hinl 1.13. Cach cdp dién cho cie Bazo theo kiéu phdan dp ding R

+ Vidy: cap dién theo phuong phdp phan dong diing dién trd:

Hinh 1.14, Cach cdp dién cho ctic Bazo theo kiéu phén dong ding R

23



+ Vidu: ding R két hop L cép dién theo kiéu phan ap:
+E

e
T

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

3. M&t s6 vi du cap ngudn cho Transistor
Chiing ta s& khao sit cdc
théng qua mot s& vi du sau:

3.1. Sir dung nguén +E.. va 0V cdp dién cho Transistor thuan
- So d6 mach:

"L
P

Hinh 1.16. Cdp dién cho Transistor thudn ding nguén dwong

phuong phéap c4p nguén cho Transistor ludng cuc

- Phan tich cdch cap dien:
+ D€ cho dién 4p U 16n hon U

s N€n ta phai chon dién tré R, thudng a6 tri
6 nho hon R,.

+ Di¢n 4p tai cuc C cia Transistor 13 0V vi duge néi tryc Gép ngudn mat.
Vdi cdch mac trén thi diéu kien Uy, > Ug > Ue duge thod man.
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3.2. Si¥ dung ngudn +E¢ va 0V cdp dién cho Trausistor nguge
- So dé mach:

Hinh 117, C ap dién cho Transistor nguoc diung ngudn dirong

- Phan tich cich cap dién:
+ Dién tr& R, thudng c6 tri s6 nho hon R, nén di¢n dp U, > Us.
+Bién dp tai cuc E Ix Ug=0V.
Nen mach thoa man diéy kign Ug < U, < Uc

3. Sir dung nguén dién - E. va 0V cdp dién cho Transistor thuan
- So @6 mach:

Hinh 1.18. Cap nguon cho Transistor thudn diing nguén am



- Phan tich cach cap dién:

+ Viuro khing cta L, thudng nho hon R, nén Ug > Uy

+ Uc = -E¢ vi dugce néi tryc tiép vdi ngudn -Ec

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

3.4. Sir dung nguon dién - E. va 0V cdp dién cho Transistor nguge
- Sa d6 mach: )

Hinh 1.19. Cap nguén cho Transistor ngioce ding nguon ém

- Phén tich cach céap dién:
+ Vi R, thudng nhé hon R, vé tri 86 nén Uy < U (cudn day L, ¢é tri s6 trd
khang khong dang ké).
+ Vi R, thudng nhé hon R, nén Ug > Ug (dién dp Ug am it hon dién ap Up).
Nén diéu kién cdp dién U, > Uy > Ug van duge thoda man.
4. Nguyén tic chung va phuong phap ¢ip nguén cho Transistor trugng
Dé cip dien mot chiéu cho Transistor trudng, ching ta cip dién theo
nguyén tic sau:
- Cap dién cho Transistor JFET - kénh N:
Ups >0 e Uy > Ug
Ugs < 0> Uy < Ug
- Cap dién cho Transistor JFET - kénh P:
Ups <060 Uy < U
Ugs >0 Uz > U
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- Cap di¢n cho Transistor MOSFET - kénh N:
Ups >0 & Uy > U
Ugs <0 Ug < Ug
- Cép dign cho Transistor MOSFET - kénh p:
‘ Ups <0 & Uy < U
Uss >0 Ug> U -
- Cdp dién cho Transistor MOSFET cim ing - kénh N (giong nhu Transistor
ludng cuc nguoc):
Ups >0 Up > U
Ues >0 e Uy > Ug
- Cap di¢n cho Transistor MOSFET cim tng - kénh P (giong nhur Transistor
ludng cuc thuan):
Ups <06 U, < Uy
Ugs <0 > Ug < U
Cach dung cdc linh ki¢n R, L, day dan cdp dien cho cic cuc cuia Transistor
truong ciing twong tr nhu cich ding R, L, day dan dé cdp cho Transistor luGng
cuc. Ngodi ra, cdp dién cho cuc G Transistor trudng cdn cé mot phuong phap
nita duge goi 1a phuong phép cap dién tu dong hay con dugc goi 13 nr dan.
Vi du: Cho mach dién nhu sau:

+E-

<R,

Q,

R,
R,

Hinh 1.20. Cdp ngudn cho Transistor ruong
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Trong dé:

- Q, 1a Transistor truong JFET - kénh N.

- R, [adién tr& diing dé dan ngudn c4p cho cuc D,

- Ry la dién rd ding d€ din ngudn cap cho cuc S, day 13 cich cdp theo kiéu
hoi ti€p am dong di¢n mot chiéu nai tiép.

- R, Ta dién tré cdp dien cho cuc G theo phuong phap wr dan. Theo cich cép
di€n cho cuc G ki€u nay thi dién dp tai cye G 1a dien ap am.

VL CHE PO CONG TAC CUA PHAN TU KHUECH bAI

Transistor ludng cuc c6 ba trang thdi hoat dong: Trang thai ngung dén,

trang thdi khuéch dai va trang thdi bio hoa.

xoay chiéu tédc dong vao ngs vao (cira vao, dau vao) cita Transistor thi diém
hoat dong Q s& bi disi ché v lam thay ddi csc thong s khic cita mach, Dua
vao diém hoat dong tinh Q nguodi ta chia mach khuéch dui ra cdc che do hoat

Viing bio hoa

Ving ngung dan

Hinh 1.21. Cac vitng 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 do hoat dong B: Transistor dugc phan cuc cho diém hoat dong tinh Q
¢ trong viing ngirng dan.

- Ché& d6 hoat dong C: Transistor dugc phan cuc cho diém hoat dong tinh Q
ndm sau trong ving ngung din.

- Ché d¢ hoat dong AB: 1a hang trung giaﬁ gilta ch€ do hoat dong A va ché
d6 hoat dong B, Transistor s& dugc phan cuc cho diém Q nam gilta ving
khuéch dai va vling ngung dén.

Sau day ta s& khao sdt ting trudng hap cu theé:

1. Ché do hoat dong A

I
Boa

¥

Vg
Hinh 1.22. DBdc tuyén vao o ché'do hoat dong A

Trén dac tuyén ngd vao (cura vao) Ip/Vge clla Transistor, mach khuéch dai
ché€ do hoat dong A c6 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 nhian dugc tin hiéu xoay chiéu & cuc B thi
dong dién I; s& bi thay ddi theo tin hiéu xoay chiéu nay.
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Ic

=

Pudng tai
0 > Ve
]
\
B
N

Hinh 1.23. Ddc tuyén ra ¢ ché do hoat dong A

Trén dic tuyén ngd ra (cira ra) [o/V cta Transistor, mach khuéch dai ché
do hoat dong A ¢6 diém hoat dong finh Q nim gifra dudng tai va Vg = 172V .
Khi dong dién I bi thay d6i theo tin hiéu xoay chiéu s& lam cho dong dién 1.
bi thay doi va kéo theo dién dp V ciing bi thay déi.

Céc dac dieém cua mach khuéch dai ché do hoat dong A 1a:

- Khuéch dai trung thuc tin hi¢u xoay chiéu (khuéch dai dugc ci hai ban
chu k¥ ctia tin hiéu xoay chiéu hinh sin).

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

2. Ché db hoat déng B

Trén dic tuyén ngd vao (clta vao) Ip/Vye thi mach khuéch dai ché do hoat
dong B ¢6 diém hoat dong tinh Q & diém V,; = OV va I = 0A. Khi Transistor
nhén dugc tin hi¢u xoay chiéu & cuc B thi chi 6 mdt ban chu ki duoc khuéch dai
vi lam phan cyc ti€p gidp BE va I tang lén, cdn mot bén chu ky [am gidm phan
cyc tiép gidp BE xudng vang ngung dén nén tin hiéu khéng duoc khuéch dai.

30



> VBE

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

Hinh 1.25. Ddc tuyén ra & ché do hoat dong B

Trén dic tuyén ngd ra (clra ra) Io/Vee thi khuéch dai ch& d6 hoat dong B c6
diém hoat dong finh Q nam trén dudng bi€n giita ving khuéch dai va ving
ngung din, Ve = Ve Khi dong dién I tang 1én theo tin hiéu xoay chiéu thi
dong dién I¢ cling tang 1én va 1am cho dién &p Vg gidm xudng. 3 ngd ra (cla
ra) cling chi ¢6 mot bdn chu ky tin hiéu duge khuéch dai.
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Cdc dic diém cta mach khuéch dai ché do hoat dong B 1

- Khi khong c6 tin hiéu thi Transistor khéng dan ( I = 0, I = 0).

- Transistor chi khuéch dai dugc mot ban chu ky nén muén cé dii ca hai
bin chu ky thi phai ding hai Transistor ¢é khuéch dai luan phién cho hai bdn
chu ky.

- Diing cho cdc mach khuéch dai c6 bién do 1én.

- Hi€u suat cao do cong sudt tiéu tdn nhod.

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

Meéo xuyén truc

/\/ (méo do chuyén tiép dén)

Hinlt 1.26. Méo do chuyén tiép dén

3. Ché dd hoat dong C

L, A

<]

Hinh 1.27. Ddc tuyén vao J ché' do hoat dong C
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Trén dac tuyén ngd vao (cilra vio) Ip/Vg: cla Transistor, mach khuéch dai
ch€ do hoat dong C ¢6 diém hoat dong tinh Q nadm sau trong ving ngung dédn
va cd Vg < 0V. Khi Transistor nhan duge tin hi¢u xoay chiéu & cyc B, néu tin
hi¢u xoay chiéu cé dién dp dinh V, < V, thi Transistor vin chua din dién duge
nén khéng ¢6 tin hiéu ra, néu tin hiéu xoay chi€u ¢ dién dp dinh V, > V, thi
chi ¢6 mot phin tin hi¢u ra duge khuéch dai.

Tuong tu khi xét trén dic tuyén ngd ra (cita ra) Io/V chi ¢ mot phan ban
chu k¥ duong dugc mach khuéch dai.

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

- Khi khéng ¢é tin hiéu vao thi Transistor khong dan ( I; =0, 1. = 0).

- Transistor chi khuéch dai dugc mot phdn clia bian chu k¥ nén tin hiéu ra
bi méo dang (bi€n dang) rat 1on.

- Mach khuéch dai ch& do hoat dong C dung trong mach cét bd phan dudi cua
cdc tin hiéu hay trong céc mach dao déng, mach nhan tan sé. ..

L,

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

|

-

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

Icy
. ~Q -
| X W
a o Va

Hinh 1.30. Ddc tuyén ra o ché' do hoat dong AB

34

3.GTMBT-8



Trén dac tuyén ngs vao (cira vao) Ip/Vy thi mach khuéch dai ché€ do hoat
dong AB c¢6 diém hoat dong finh Q nim gilta ch¢ do hoat dong A va ché do
hoat déng B, c6 Vg = 0,6V cho Transistor Ioai Si va Vae = 0,15V cho
Transistor loai Ge. Khi Transistor nhin duge tin hiéu xoay chién & cuc B thi
bin chu ky dwong duoc roi vio viing gan nhu tuyén tinh nén duge khuéch dai
manh, bin chu k¥ am dugc roi vao ving duéi V, nén Transistor khong dan va
khéng ¢6 tin higu ra. ‘

Trén dac tuyén ngd ra (ctra ra) Io/V diém hoat déng tinh Q ndm & ving
gdn ngung dn nén Vg ~ Vee. O che do hoat dong nay thi chi ¢6 bin chu ky
duong cla tin hiéu dige khuéch dai vi lam dong dién I tang lén.

Céc dac di€m cha mach khuéch dai ch€ do hoat dong AB 1a:

- Khi khong ¢4 tin hiéu vio thi cic dong dién I, 1. ¢6 gid tri rat nhd so véi
dong di¢n tuong ing & ché dé hoat dong A.

- Transistor chi khuéch dai dugc moét ban chy ky, ban chu k¥ am roi vao
vang ngung dan nén bién do tin hiéu ra bang 0.

- Ding cho cdc mach khuéch dai c6 bién do 16n.

- Hi¢u sudt cao do cong sudt tiéu tin nho,

- Tin hiéu ra khong bi méo dang (bién dang) xuyén truc nhu & ché do hoat
déng B.

VIL HOI TIEP TRONG MACH KHUECH DAI

1. Khai niém va phan loai héi tigp

1.1. Khai niégm

Haéi tiép 1a thyce hién viéc truyén mot phan tin hiéu (dién ap hay dong dién)

tr ddu ra trd vé ddu vao clia mach khuéch dai. M6t mach khuéch dai c6 héi tiép
¢0 so d6 khéi nhu sau:

K > Ug

B —

Hinh 1.31. So dé khdi mach khuéch dai c6 héi tiép

35



Trong d6:

K: 1a h¢ s6 khué&ch dai clia mach khuéch dai.

B: 1a h¢ s6 khuéch dai ctia mach héj tiép.

K =Us/Uy B =Uy/ Uy

Hoi ti€p cho phép cai thien cic chi tieu va chat lugng clia mach khuéch dai.
Trong mot s6 trudng hop né 1am cho miach khuéch dai 6 mot s6 tinh chat dac
bigt. Hoi ti€p trong mach khuéch dai c6 thé dugc thuc hién qua viec ghép dien
trG, ghép dién cim va mach ghép hén hop RC, LC, RL. Mach héi tiép cling véi
mot phan mach khuéch dai ma né gheép vao tao thanh vong kin goi 13 vong hoi
ti€p. Mach héi ti€p kh4 da dang, n6 phu thudc vio ¥ d6 clia ngudi thiét k& dé
dam bdo mot yéu cdu cu thé nao do.

L.2. Phan loai héi tiep

1.2.1. Phdn loai theo pha ctia tin hiéu hoi tiép

- Hoi tiép duong: Tin higu héi tiép déng pha véi tin hiéu vio, do d6 né Iam
cho tin hi¢u vio 16n lén. Hoi tiep dwong thudmg 1am cho mach khuéch dai mit
6n dinh, thutng duoc sir dung trong mach dao dong.

- Héi tiép am: Tin hiéu héi ti€p nguge pha véi tin hiéu vio nén lam yéu tin
éu vao. Hoi ti€p am ¢6 tac dung cai thién chat lugng cla mach khuéch dai, vi
th€ né duge sir dung rong rai.

1.2.2. Phdn loai theo dang tin hiéu

- Hoi ti€p mot chiéu: La cho thanh phan tin hiéu mét chiéu héi tiép tir dau
ra vé ddu vao mach khuéch dai (¢4 ca thanh phén xoay chiéu). Héi ti€p loai nay
dung d¢ 6n dinh ché d¢ hoat dong ctia mach khuéch dai.

- Héi ti€p xoay chiéu: LA cho thanh phin tin hiéu xoay chiéu héi ti€p tir
déu ra vé dau vio mach khuéch dai (khéng c6 thanh phan tin hién mét chiéu).
Héi tiép loai nay diing dé 8n dinh cdc tham s& cia mach khuéch dai.

1.2.3. Phdn logi theo cdch 14y tin hiéu hoi tiép ¢ ddu ra

- Hoi ti€p dién dp: Lay dién dp ra dé tao héi ti€p dura vé dau vao.

- Hoi ti€p dong dien: Ly dong dién ra dé tao hoi ti€p dua vé dau vao.

1.2.4. Phdn logi theo cdch ghép héi tiép vé ddu vao

- Hoi 1i€p song song: Khi di¢én dp ngudn tin hi¢u va dien ap hoi ti€p ghép
song song vdi nhau (Néi cdch khéc, khi héi ti€p song song [a tin higu vao va tin
hi¢u héi tiép cling dura vio mot cuc cia Transistor).
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- Hoét ti€p noi tigp: Khi dien dp ngudn tin hiéu va dién 4p héi ti€p ghép néi
ti€p nhau (N6i cdch khdc, héi ti€p néi tiép 1a tin hiéu vio va tin hiéu héi tiép
duge dua vao hai cuc khdc nhau cia Transistor).

1.3, Cach x4c dinh héi tiép

Thyc t€ héi ti€p trong mach khuéch dai rat phic tap va rat khé xéc dinh
loai héi tiép, trong trudng hop dé, ta c6 the dimg phuong phép sau:

- Néu ngan mach tdi clia mach khuéch dai ma dién dp hét ti€p mat thi d6 1a
héi tiép dién ap.

- Néu h& mach tdi ctia mach khuéch dai ma dién dp héi ti€p mat thi dé la
héi tigp dong dién.

- Néu hé mach nguén tin hiéu ma dien ap hoi ti€p mat thi dé 1a héi 1iép
néi tép.

- Néu ngan mach nguén tin hieu ma dién 4p hoi ti€p mat & dau vao thi 46
12 hoi tiép song song.

1.4. Mot s6 mach khuéch dai c6 hoi tiép

1.4.1. Mach khuéch dai hoi tiep dién dp song song

- So d6 mach:

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

- Di¢n ¢ R, ldy dién dp cuc C dé phan cyc mot chiéu cho cyc B, déng thoi
la dién trd hoi tiép d€ 14y dién dp ra dua trd lai ddu vao.
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- Dién 4p tin hiéu vao va dien ap hoi ti€p nguge pha nhau, ciing dua vic
cuc B va cling ty 1é vdi dien 4p ra nén mach khuech dai la mach khuéch dai hé
ti€p am di¢n 4p song song.

1.4.2. Mach khuéch dai hoi tiép dong dién song song

- So d6 mach:

—V,

Q,
R,

lUR
|

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

- Rs 1a dién tro héi tiép. ,

- Tin hiéu vao va tin higu héi tiép duge ghép song song vé6i nhau.

- Pha ciia tin hién hot ti€p va pha tin hiéu vao nguge nhau.

- Tin hi¢u hoi ti€p dwa vé ddu vao Ia dong dien.

Vay mach trén [& mach khuéch dai c6 héi ti€p va héi ti€p 1A hoi ti€p am
dong dién song song.

2. Anh hudng clia héi tiép déh mach khuéch dai

Trong phan nay ta chi phan tich céc mach héi ti€p am, mach héi tiép
duong dugc trinh bay trong gido trinh chuyén nganh khic. Sau day ta sé lan
lugt xem xét anh hudng cha héi tiép am dén cac thong s6 clia mot mach
khuéch dai.

Anh huding chia héi ti€ép am dén hé s& khuéch dai:
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So d6 khéi mach khuéch dai c6 héi ti€p nhu sau:

B —

Hinh 1.34. Anh huong cia héi 1iép dm dén hé s6 khuéch dai

H¢ 56 khuéch dai clia mach khi cé héi ti€p 1a K: K = U,/ U,,.

He s6 khuéch dai ciia mach c6 héi ti€p 1a K., 1a ty s6 clia dién 4p ra clia
mach khuéch dai va dién dp tin hiéu & ddu vao mach khuéch dai.

K= Ur/ Uy; B=Up /U va U, = Uy - Uy,

Suy ra:
K = v, K K _ K
ht u,+U, 1+% 1+ﬂ% 1+ K
U, Up U,

Tir d6 ta thdy hoi ti€p am 1am giam he s& khuéch dai ca mach 1/1 + BK 14n.

Tuong ty nhu vay khi khao st héi ti€p am, ta rit ra duge cdc két lun
nhu sau:

- Hoi ti€p am anh hudng d€n d6 6n dinh clia mach khuéch dai: 1am tang do
6n dinh chia mach khuéch dai.

- Héi ti€p am anh hudng dén tré khang vao ctia mach khuéch dai:

+ Hoi tiép am ndi tiép 1am tang tr& khdng vio.

+ Hoi ti€p am song song lam gidm tré khing vio.

- Héi ti€p am anh hudng d&n trd khéng ra clia mach khuéch dai:

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

+ Hoi ti€p am dong dién lam ting tr& khing ra.

- H6i ti€p am anh hudng dén tap am chia mach khuéch dai:
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Hoi ti€p am khong lam giam nhd dugc tap am ciia mach khuéch dai nhung
no lam ting duge ty s tin hi¢u trén tap am (S/N), lam tang hi¢u qué clia mach
khuéch dai.

- H6i ti€p am anh hudng dén dai thong clta mach khuéch dai: tam mg 1ong
ddi thong cha mach khuéch dai.

Cau hai

1. Thé nao 1a tin higu tuong tu, tin hiéu s67 Tin higu twang tu va tin hidu s6 co
nhing dac trung nao?

2. €6 bao nhiéu loai nhiéu? Anh hudng ciia nhidy dén tin hiéu nhu thé nao?

3. Hay ké tén mot sg loai mach dién 1(rva ang dung cda cac loai mach dién tlr d6.

4. Nhu th€ nao 1a cach mic Transistor theo kidu Emitor chung, Colector chung,
Baza chung? Cac cach méc d6 ¢ d&c diém gi?

5. C6 bao nhiéu loai Transistor triéng va cach méc Transistor truong co ban? Cac
cach ma3c Transistor truong co ban d6 la nhu thé nag?

6. Hay néu nguyén tic va phuong phap cdp ngudn cho Transistor ludng cuc va
Transistor trudng.

7. Ché d¢ hoat dong A, B, C va AB cila Transistor 1a nhu thé nao? Bac didm caa
cac ché dé hoat dong dé la gi?

8. Thé nao la héi tiép? Cé bao nhisu loai hi tigp? Cach xéc dinh cac loai héi tiép
d6 la nhu thé nao?

9. Hoi ti€p c6 &nh hudng dén cac théng s nao cla mach khuéch dai va céac 4nh
hudng d6 ra sao?
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Chuong 2

MACH KHUECH DAI CG BAN

L. KHAI QUAT CHUNG VE MACH KHUECH DA TiN HIRU NHO

1. Déc tinh cla tin hiéu nhé

Tin hi¢u nho Ia tin hi¢u dién c6 bién do la dién 4p hay dong dién nhd (cd
1V dén 1-3V). Mot tin hiéu 6 bién do nho c6 cic diac diém nhu sau:

- Tin hiéu c6 bién do nho thi khong thé dua ngay ra tii (loa, dén hinh...)
hay sit dung duge ma phai thong qua mét khau bign déi trung gian (khuéch
dai...). Vi du, tin hiéu 4m thanh c6 bién d6 nhé khéng thé dua ra loa duac vi
ti€ng qud bé hoac khong ¢é bidu hién gi & loa ca.

- Tin hiéu ¢6 bién d6 nhod ¢ cong sudt, nang lugng yéu nén khong cé kha
nang diéu khién hay kich thich cdc mach dién 16n, ma tin hiéu phai qua nhiéu
14n khuéch dai 1én thi méi didu khién dugc mach.

- Tin hiéu nhé nén thudng bi nhiéu 14n 4t hodc chén ép lam cho bi sai lac.
Trong truong hop tin hiéu nhoé qua thi bi tin hiéu nhiu 1dn 4t hoan toin.

- Vigc xUt ly va gia cong tin hiéu nho ciing rat phitc tap va kho, néu khong
cén than thi s& bt sai lac rat nhiéu, khi d6 tin hiéu khéng con ¥ nghia nita.

2. Dic diém ctia mach khuéch dai tin higu nhé

Mach khuéch dai tin hiéu nhé diing dé khuéch dai nhitng tin hiéu cé bién
d6 nho hodc rat nho, mach khuéch dai ¢6 cic dic diém nhu sau:

- Mach thudng ¢6 diém 1am viéc mét chiéu & ch€ do A, hay con goi 1a ché
d0 hoat dong (cong tac, lam viéc) A. VGi ch€ do hoat dong A thi mach khuéch
dai ¢6 thé khuéch dai ma khong lam méo tin hieu.
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- Mach thudng c6 hé s6 khuéeh dai nho6 (d6 lgi nhé); mach khuéch dai tin
hiéu nho thudng cé hé s6 khuéch dai trong khodng vai l4n dén vii chuc lan
(hodc ti vai decibel dén vaj chuc decibel).

- Mach khuéch dai tin higu nhé ¢ hé s6 khuéch dai thdp nén it khi c6 khi
nang khuéch dai 1am bao hoa v cit tin hiéu, hay néi cach khéc, mach khuéch
dar khong c6 kha ning lam bign dang tin hiéu.

- Mach khuéch dai tin hi¢u nhé thudng cé cong sudt nhé, nén nguén dién
ding dé cung cdp cho mach lam vi¢c thudng c6 tri s6 nho; tri $0 nguén cung
cdp cho mach lam viec thuong tir vai von dén mot hai chuc von 12 cling.

- Mach khuéch dai tin hi¢u nho thudng {t nén phai cé bién phédp dp dung dé
tod nhiét cho 1o, vi cong suat tiéu thu cla mach thdp. Cic mach dién khuéch
dai tin hiéu nhé thudng duwoc dat & cdc tang khuéch dai ddu tien trong céc thiét
bi dién tr.

Il. MACH KHUECH PAI TIN HIEU NHO THONG DUNG

1. Khai quat chung

- Mach khué&ch dai tin hiéu nho thudng la nhimg mach khuéch dai sir dung
mot phan tir khuéch daj trong mach d€ khuéch dai tin hi¢u, cdc mach dac biet
mdi ¢6 té1 hai phan tr khuéch dai trong mot mach khuéch dai.

- Cdc mach khu€ch dai tin hiéu nho ding dé khuéch dai tin hieu ¢6 thé 1a
cdc mach khuéch dai dung Transistor luSng cuc méc theo kiéu Emitor chung,
Bazo chung, Colector chung; cdc mach khuéch dai ding Transistor truong mic
theo ki€u cyc nguén chung, cuc méng chung (nhr d3 xé&t & chuong 1); cac
mach khuéch dai st dung mach khuéch dai thuat todn, sit dung IC... Doi khi dé
tang do khuéch dai clia mach lén, hay dé tao ra mach khuéch dai ¢ hiéu (ng
dac biet thi méi sit dung hai phdn tir khuech dai mic trong mot mach khuéch
dai, vi du nhu mach khuéch dai vi sai, mach khuéch dai Darlington, mach
khuéch dai Kaskode. ..

Sau ddy ta s& chi khao sat mot s6 mach khuéch dai dic biét, con cdc mach
khuéch dai khdc s& duge xem xét & cie chwong khéc hoic trong céc gido trinh
chuyén nganh khdc. '

2. Mach khuéch dai théng dung
2.1. Mach khuéch dai Kaskode

Mach khuéch dai Kaskode 13 mot mach khuéch dai diung hai Transistor,
moét Transistor mac theo kidy mach khuéch dai Emitor chung, mot Transistor
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maic theo kiéu khuéch dai Bazo chung. Mach khuéch dai Kaskode ¢6 loai ghép
mot chiéu, ¢6 loai ghép xoay chiéu. Sau day ta s& khao sat mach khuéch dai
Kaskode ghép mot chiéu.

Sd 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 méc theo kiéu B chung (vi ¢6 tu C, n6i
mat tin hiéu xoay chiéu).

Cau phan 4p R,- R, dé phan cyc mot chiéu cho hai Transistor va dién 4p
Vg, phai dii cao vi: V¢, = Vg, = Vg, - Vg = Vi, - 0,7V, Liic d6, V¢ méi co
mifc dién 4p dh 16n d€ Q, 1am viéc trong viing tuyén tinh (viing khuéch dai) ciia
Transistor.

Tin hidéu ra sau Q, 1a V,, chinh la tin hiéu vao V, coa Transistor Q,. Do
Transistor Q; méc theo kiéu B chung nén c6 téng trd vao nho, tong trd ra rdt
160, nho d6 Transistor Q, cé tdc dung ngéin cdch anh hudng cta ngd ra (déu ra)
dén ngd vao (ddu vao), dac biét su &nh hudng & pham vi tan s6 cao.

Mach khué&ch dai Kaskode cé hé s6 khuéch dai dién 4p bang hé s6 khuéch
dai dién 4p cha mach méic E chung, nhung ¢6 dién dung & ngd vao nho nén cd
dai thong rong cuia mach khuéch dai méc B chung.
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Dién 4p tin hi¢u V;; va V,, dio pha nhau, nhung dién dp tin hieu V, va vV,
déng pha nhau.

Khi di¢u chinh dién dp phan cyc clia ciu phan dp R-R, s& 1am thay déi
mitc dién 4p mot chiu cliacad V,, va V..

Mach khuéch dai Kaskode hay duogc ding dé khuéch dai tin hiéu video
trong ciac mdy thu hinh.

2.2. Mach khuéch dai Darlington

Trong cdc mach khuéch dai cdn c6 do khuéch dar dong dién 16n hay cdc
mach cdn c6 dng tr& vao 16n, ngudi ta thudng cé thé dung hai hay nhiéu
Transistor rdp theo t6 hgp so dé Darlington dé thay thé céc Transistor don
trong cic mach khuéch dai di dugce trinh bay.

Mach Darlington c¢d bén c6é so dé nhu sau:

q

Ipi= I ¢IEQ

Hinh 2.2. Mach mdc Darlington

Vicue E; nét tryc ti€p vao cuc By nén I, = I,,.

Transistor Q, c6: L= Ie = B, I, (1)

Transistor Q, ¢6: I 1o, =B, Iy, (2)

Nén khi thay (1) vao (2) ta cé:

Iy =Ba Iy =B Iz, = Pa. By 1,

Suy ra: Iy = By B I,

Néu goi dong dién ngd vao (ddu vao) cha mach la I; = B,. I,, dong dién
ngd ra (déu ra) cla mach la I, thi I, = I, va B 1a do khuéch dai dong dién cla
todan mach thi;
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poto_ e

1:. 151 = )81'162

Gid sir Q, ¢6 B, =100, Q, ¢6 B, = 80

Do khuéch dai clia mach Darlington 1a:

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

Nhu vay, dong dién ra trén tai s& bing 8000 1dn dong dién & ngd vao (dau
vao, ctra vao), mach Darlington ¢6 do khuéch dai dong dién rat 16n. Mach
khuéch dai Darlington khong nhitng dugc sir dung 1am khuéch dai dong dién,
ma con duge st dung dé déi tong trd tir rét 16n & ngd vao thanh tong trd ra rat
nho ¢ ngd ra dé dung hop véi (i nho & ngo ra.

Ngoai kiéu mach trén thi mach khuéch dai Darlington con cé cac kiéu
mach khac nhur sau:

° L ]
o Q
Q |
Q, : Q
[ ]
®

Hinh 2.3. Cac kiéu mdc Darlington khic

Mach khuéch dai Darlington thudng duoc itng dung lam cdc mach
khué€ch dai khi cé yéu cdu hé s6 khuéch dai dong dién 16n, 1am mach
khuéch dai cong suit..

I11. MACH KHUECH PAI VI SAI

D€ khuéch dai tin hiéu c6 t4n s6 rat th&p hay cdc tin hi¢u bién thién cham
va khong ¢6 tinh chu k3, ngudi ta thudng dung mach khuéch dai DC theo kiéu
lién lac truc ti€p. Mach ndy cé dép ting tin s6 rat th&p t6t nhung lai ¢6 hién
tugng dién 4p troi. Do d6, d€ tranh hién tuong dién ap troi va tang kha ning
chdng nhiéu & cdc tang khuéch dai ddu tien, ngudi ta ding mach khuéch dai vi
sat (Differential Amplifier).
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1. So dé va cac tham so co ban

Hinh 2.4. Mach khuéch dai vi sai co bdn

Mach khuéch dai vi sai co ban ¢é so do nhu hinh v& trén. Trong d6, hai
Transistor Q, va Q, 14 hai Transistor cliing loai, cic dién tr& phan cuc doi xing
nhau ¢6 tri s6 giong nhau.

Tin hi¢u vao dugc dua vao hai cuc B, va B,, trong dé R, ;. R,;; 14 dién tr&
nhan tin hiéu vao cia médi Transistor.

Khi & ngd vao (dau vao, clra vao) ¢ dién ap V; thi 1/2V, s€ tic dong vio
mébi Transistor do tinh phan dp clia hai dién trd Ry, Ryp; va s€ ¢6 hai trudng
hop khi cuc B, nhan dién dp duong thi cyc B, nhan dién 4p 4m so v&i mit va
nguoc lai.

Theo hinh v&, & ngd ra (ddu ra, clra ra) dién ap V; gidam va dién dp Vo,
tang, dién 4p ldy ra giira hat cuc C la;

AV,= AV - AVy

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

(hé s& khuéch dai) dién ap chia m6i Transistor 1a:

AV AV, R

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

AV = AV AV, = 12AV . AV,
AV, = AV, AV, =-12AV,. AV,
Do ta ¢6: AVy= AV -AV = Ay AV,
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Suy ra:

Trong dé:

Voo = B +(1+ [3)26—}”4
!a",'

2. Dic diém clia 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 phan dp ding hai dién trdy R, -, Ry 1&m cho cuc B, ¢6 dién ap
duong va cac B, ¢6 dién d4p am hay nguoc lai, lic d6 Q, dan manh lam Vi,
giam v Q, din yéu lam V, ting sé cho tin hiéu ngd ra (dau ra, clra ra) AV, vi
AV, nguge ddu, dién dp ra clia mach vi saj 1a:

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

Khi ¢6 tin hiéu nhiéu phd rai thi tin hiéu nhiéu sé tic dong dong (hoi 1én
cuc B, va B, vdi dién dp dong pha (cung duong hodc ciing am). nhu vay d ngd
ra (dau ra, clta ra) AV, vd AV, bién thién cling huéng s€ triét tiéu nhau va
AV, =0,

Nhur vay, mach khuéch dai vi sai ¢6 kha ning chéng nhiéu rat tot. Tin hiéu
nhi¢u & day ¢6 thé 12 tin hiéu di¢n tir, nhiét do6 moi trudng hay su bién thién
dién 4p cta ngudn.

3. S0 d6 mach khuéch dai vi sai théng dung

3.1. Mach khuéch dai ngd vao - ra can bing

Hinh 2.5. Mach khuéch dai vi sai ngé véo - ra cdn béing
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Pay 1a mach vi sai co ban ¢6 Rg dé tang kh nang chéng nhiéu. Mach ding
hai ngudn +V, va -V, déi ximg (c6 thé khong ddi xing). Véi cach phan cuc
nay cuc B ¢6 thé khong diing cdu phan dp Rg), Re; v cuc B ¢é Vg, = Vg, =0V,
Liic d6, V; sé& c6 dién dp am Vg=- 0,7V,

Cac thong s6 k¥ thuat chia mach:

- Hé sd (d6) khuéch dai dién dp vi sai:

A, = - _L
R 5, Fhe

- Ty s6 nén tin hiéu dong pha rat lon:

- Téng trd ngd ra (ddu ra, cltara): 1= 2 Re

Mach nay thudng dugc chon lam mach khuéch dai ngd vao (dau vao, cua
vio) cua céc tang khuéceh dai DC c¢é ngdra (d4u ra, clfa ra) d6i xting.

3.2. Mach khuéch dai ngd vao can bang va ngd ra khong can bing

Mach dién c6 ngd ra khong can bing, tin hiéu chi 1y tir cyc C; xuodng mat
nén dién 4p ra bi giam di 1/2.

Hinh 2.6. Mach khuéch dai vi sai ngé vao can bing va ngd ra khéng can bang

Dién trd Rg ¢6 tdc dung giam hién tugng dién ap troi.
V& phan cyc ta van cd:

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

Cic thong s6 k¥ thuat clia mach:
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- He $6 (do) khuéch dai dién ap vi sai:
1 Re
2 R 8, * The
- Téng trd ngd vao (diu vio, clra vao): 1= 2.(Rg + I,.)
- Tong trd ngd ra (ddu ra, clra ra): 1, = Rg _
Mach nay thudng ding lam cdc tang khuéch dai trung gian trong Ampli
hay lam cdc mach khuéch dai DC.

A, = -

3.3. Mach khuéch dai ngd vao khong can bing, ngd ra can bing

R.

‘ R‘L‘2 1
VA vOA — v,
A Ry —
* N H\‘Ql Qz H
R -
Vi =V,
L Re -

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

Mach chi ¢6 tin hiéu V; cho vio cuc B, so v6i mit.
V¢ phéan cuc mot chiéu ta co:

Vi = Vg =0V,

Vg, = Vg, =-0,7V.

Khi ¢6 tin hiéu V, & ngd vao (diu vio, clra vao) thi Q, khuéch dai s& cho ra
tai tin hiéu & cyc C, va E;, lic d6 Q, duge xem nhu Transistor khuéch dai rép
theo kiu B chung ¢6 tin hiéu vio cuc E, va ra & cuc C,.

Ta xét trudng hop tin hi¢u V,cd ban chu ky duong vao 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 bin chu ky duong. D61 vé Q, ¢6 tin hiéu vao E,; 1a ban chu ky duong nén
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cuc G, tin hiéu ra 1a déng pha va ¢6 ban chy ky duwong (vi mach khuéch dai B
chung 12 mach khuéch dai déng pha).

Nhu vay, tin hi¢u ra trén hai cuc C, va G, ciing 1a hai tin hiéu ngugc pha
nhau s& lam cho dién apra V, tang gap doi so véi tin hié¢u V..

Cic thong s6 k¥ thuat cla mach:

- Hé 58 (d6) khuéch dai dién dp vi sai’ A, = - BRARg +1,.)

- Tdng trd ngd vio (d4u vao, cira vao):r, = 2( Ry+1,,)

- Tong tr& ngd ra (ddu ra, cira ra): Iy=2 Re

Mach nay ¢6 téc dung déi tir tin hiéu khéng céan bing ra tin hiéu can bing,

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

Hinh 2.8. Mach khuéch dai vi sai c6 ngé vao va n 80 ra khong can bang

Mach chi ¢6 tin hiéu vao Vi dugc dua vao cye B, so véi mdt va tin hiéu ra
ldy trén cuc C, so véi mit. ‘
Hai Transistor Q, va Q, van c6 tdc dung loai trit cdc tin hidu nhiéu dong
pha hay khir dnh huédng cta nhi¢t do tic dung Ién hai Transistor.
Vé phan cyc mot chiéu ta vin cé:
Vg =V =0V,
Ve, = Vg = - 0,7V.
Q, 12 Transistor khuéch dai ddo pha, rdp theo ki€u Emitor chung,
Céc thong s6 k¥ thuat cla mach la:
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- H¢ 6 (do) khuéch dai dién 4p vi sai:

A, :ﬁlﬁ__fg__
27 R, + 7,

- Téng tr& ngd vao (diu vao, clfa vao): r; = 2.(R, + o)

- Téng trdf ngd ra (dau ra, ctra ra): r, = Re. _

Mach khuéch dai vi sai thudng duge tng 'dung dé che tao cdac mach khuéch
dai thudt todn, cic IC. .

IV. MACH GHEP TANG KHUECH bAI

Trong thyc 1&, dién 4p ra tit micro, ddu tir cla may cassette, tr tang tdch
song... thudng c6 bién do rdt nhod, c& vii tram HV dén vai mV. DE dar duogc
cong sudt ra yéu cau thudng phai c6 mot mach (bo) khuéch dai gém nhiéu tang
khuéch dai mic n6i ti€p nhau, vi mét tang khuéch dai khong ddm bao di hé s6
khuéch dai cin thiét. Mot bo khuéch dai goém nhiéu tang dugc mic véi nhau
theo so d6 khéi sau:

URI=UV2 URz Uy

n

—

Uv¢ 1 2 n ¢ Uy
—e— ———

Hinh 2.9. So dé khoi ghép ting khuéch dai

H¢ s6 khuéch dai nhiéu tdng bang tich hé s¢ khugch dai clia médi tang.
Kplo Un Ui Un o
U, U, U, U
Yéu cdu ghép tang khuéch dai:
- Hé¢ s6 khuéch dai 16n. '
- D6 méo tan s6 nho.
- Do méo khong duding thing nho.
Muén dat duge yéu cau nay cin phai chon:
- Chon va dam béo ché dé tinh, che do dong thich hop.
- Chon mach ghép tdng sao cho dam bio phoi hop trd khdng giita cdc tang
theo chitc nang clia bo khuéch dai.
+ B khuéch dai dien ap: Loy >> Znpuen VA Zyp, << Z..
+ B0 khuéch dai cong suat: Ly = Zngusn VA Zy, = 7,

32
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+ Bo khuéch dai dong dién:  Z, << Znguon VA Zg, >>7Z,.

Trong do6: Zy, Zyyusn Zre va Z, 140 luot 12 trd khing vao bo khuéch dai, trd
khéng nguon tin hi¢u, trd khdng ra bo khuéch dai va tré khang cta tai.

Nhu vay, viéc chon mach ghép gifta cic ting khuéch dai 13 mot van dé rit
quan trong, chiing ta s& lin lugt khao sat cdc cach ghép ting dé.

1. Mach ghép truc tiép

Sa d6 mach:
R,
R,
o
|| I
| }*Q|
Uy l
- 1

Hinh 2.10. Mach khuéch dai ghép tdng truc tiép

R, la dién trg dinh thién cho Transistor Q,.

R, 1a di¢n tr& 1di clia Transistor Q,, vira 14 dién tr& dinh thién cho Transistor Q,.

Ta c6: Ue, = Up,

B¢ cho tin hiéu khéng bi méo dang, ta phai chon tri s6 R, sao cho dién dp
cuc gép cua Q, khong nho hon 1,2V, day ciing 13 dién 4p dit lén Bazo Q,. Néu
di¢n ap nay dat hoan toan lén ti€p gidp Bazo-Emitor clia Q, thi c6 thé Jam hong
tiép gidp ndy. Do dé, trong mach ta phdi méic thém R, d& lam sut bét dién 4p
Ug,, ddm bao thién ap cho Transistor Q, lam viéc.

Uges = Up, - Ugs

Thuong chon R, = 5 - 15KQ dé dién dp cuc gép Q, khoang 1,2 - 2,5V;
bien ré6 R, = 1,5 - 2,5KQ.

DE khir h6i ticp am d6i véi tin hicu trén R, ta dung tu dién C, ¢& 3 - 100uF.
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Uu diém ciia ki€u ghép tdng tryc tiép 13 h¢ s6 khuéch dai 16n va khong gay
ra hién tugng méo tan s6 nhu céc céch ghép khac. Tuy nhién, didu chinh mach
phiic tap va rdt khong n dinh.

2. Mach ghép dién tré

So dé mach:

Hinh 2.11. Mach khuéch dai ghép tdng ding dién tré

Do céc dién tr& Rs va Rg nén trong mach ¢6 t6n hao va tao ra mot mic dich
dién dp nao d6. Trong thuc t€ dién dung vao cha Transistor tdng sau ¢6 tham
gia vao mach ghép, do d6é day 1a mot mach ghép phu thudc vio tin s6. DE
truyén cdc tin hiéu tan s6 cao, ngudi ta thudng mic song song voi Rs; mot tu
dién. Mach phai thoa méan di€u kién I, (dong qua Rs, Rs) >> I, sao cho dién
the tai B, hdu nhu khong déi.

So vé&i cich ghép tryc ti€p, cach ghép nay cé wu diém hon & chd nhd ¢6
dién trd han ch€ nén ché do 1am viéc (hoat dong) finh clia cic ting khuéch dai
it bi anh hudng lan nhau. Do d6, do 6n dinh ciia mach khuéch dai t6t hon.

Ghép dién trg it duoc sir dung trong cdc mach t6 hop vi céc dién trd 16n
thudng chiém thé tich 16n. |

53



3. Mach ghép dién dung
Sa d6 mach:

K
U\,i
L

Hinh 2.12. Mach khuéch dai ghép tdng bdng dién dung

Ghép dign dung cdn duoc goi la cich ghép RC. Trong mach ¢6 R,, C,, G,
va C; Id céc phén tir ghép. Vi trg khdng vao ctia dén nhé 200Q - 2K, nén
thuong chon tu néi tdng C, khoang 2 - [0uF dé ngin mach d6i véi thanh phan
xoay chi¢u. Tuy theo timg loai dén duge sir dung ma dau tu sao cho tu duge
phan cuc thuan.

N6i chung R, 16n thi hé s6 khuéch dai 16n, nhung do R; gay giam ap
mot chiéu nén n€u chon R, 16n qud 1im Uc va Ic déu nho, hé s khuéch dai
cta mach lai gidm va gidm nhidu & tin $6 cuo. Néu chon R; nho s& lam
gidm h¢ s6 khuéch dai va gidm ca tro khing vao ting sau. Vi vay R, thuding
chon tir 2 - 5KQ.

Trong mot dai tdn s6 lam viéc, tu dién va su phu thudc cdc tham s6 cia
Transistor vao tan s& s& lam cho dién dp d4u ra bo khuéch dai thay dai ca bicn
d6 va pha khi tin hi¢u vao thay déi,

-0 mién tdn 56 trung binh, cho phép bd qua sir anh hudng cha ty dién trong
bé khuéch dai va khéng tinh dén sy phy thude clia cdc tham s& Transistor vio
tan so.

- O mién n s6 thdp, tu ghép ting C,, C,, C, vi C, anh huong [6n dén
h¢ s6 khuéch dai cia mach. Lic nay tu C;, C,, C; ¢6 tr& khdng 16n, sut dp
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trén tu ciing tang Ién, nén dién 4p t¥ ngudn tin hiéu dit vio tang ddu tién
hodc di¢n dp ra tdng sau bi gidam. Vi vay, bién do dién 4p ra cia mdi ting va
cla ca mach bi giam.

Tr& khdng cha tu C, tang lén ciing 1am giam sy r& mach ctia tu C, d6i vdi
thanh phén xoay chiu, 1am héi ti€p am dong dién xoay chiéu trén R, ciing
tang lén, hé s6 khuéch dai ctia mach giam.

- 3 mién tdn s6 cao, cic tu ghép ting C,, C,, C, va C, s& lam dai thong cla
mach rong ra va h¢ s6 khuéch dai clia mach tang lén.

Kicu ghép bing dién dung hay biing RC c6 nhuge diém 1a khong phai hop
duge trd khdng ra 16n cha tdng trude véi trs khéng nhéd cia tang sau. Hon nira,
tr6 khdng cha tu ndi tdng C, & tan s6 thdp 16n hon & tan s6 cao nén tin hi¢u &
tdn s6 thap bi suy giam nhiéu hon si suy giam tin hiéu ¢ 1dn s6 cao. N&u mach
la mach khuéch dai am thanh thi tiéng trdm bi thiét hon ti€ng thanh.

4. Mach ghép diot

So d6 mach:

-——¢
o, l A
[

Hinh 2.13. Mach khuéch dai ghép ting ding dior

Trong mach phan tir ghép a mot diot zener. Loai ghép ting nay van tao ra
mot mirc dich di¢n dp nao d6 trong khi ha dp trén né khong ding ké. Vi trds
khdng cua diot zener nho, dé diot luén lam viec trong khu vire zener thi phai ¢
dong qua diot khodng 1maA.



Ghép tang bing diot zener c6 gid thanh dit hon céc loail ghép khdc nén it
dugc sir dung. D€ gidm gid thanh, c6 thé thay diot zener bing diot thudtng méc
noi ti€p theo chidu phan cuc thuan. Mach ghép diot ¢6 dac diém 12 truyén duge
tin hiéu véi ddi tan rong.

5. Mach ghép bién ap

So d6 mach:

U\,l
L

Hinh 2.14. Mach khuéch dai ghép tang ding bién dp

Phdn tir ghép 1a biéh dp gém hai cuon day L, va L,. Ghép bién dp khong
chi cich ly cdc tdng vé dong dien mot chiéu ma con 1am tang hé s6 khuéch dai
Ky hay K, (tuy thude bién dp giam dp hay tang 4p).

Vidién trd mot chiéu clia cudn so cép bién 4p nhé nén ha d4p moét chiéu trén
né nho, nghia [a hdu nhu todn bo dién 4p ngudn cung cdp duge dua dén cuc
Colector ciia Transistor, diéu d6 cho phép diing ngudn dién ap thap cung cap
cho céc tang khuéch dai ghép bién 4p.

V& mit xoay chiéu tu C, vi C, ¢6 trd khdng rat nhd nén toin bd dién 4p tin
hiéu & hai ddu cudn thit cip duge dua vio cuc Bazo clia Transistor Q,, Iam cho
tin hi¢u ra 16n. Ngoai ra, ghép bicn ap s& dé dang ph6i hop tr& khdng va thay
déi cyc tinh tin higu trén cdc cuon day.

Khi xét dén su phéi hop trd khdng giira cdc tang thi rd khing viao cua tang
sau s€ phdn dnh vé ting trude qua bién 4p (quay vé cuodn so cip) s& 1a:
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Zeo=0" . Zy = (W,/W) .7,

Trong dd, W, va W, 1a 58 vong day cua cdc cudn L, va L,.

Vi trd khang ra cia Transistor tdng trudc 16n hon tré khdng vao cha
Transistor ting sau nén s6 vong cudn sc cdp thudng nhicu hon cudn thit cap.

Méo tan s& trong bd khuéch dai ghép bi€n dp la do cudn day bién ap va
cic ty C,, C,, C; va C.¢ gay ra, lam cho dac tuyén tan s6 trong dai tang
khong bang phang.

K

u

4 Tan thap  Tin so trung binh - Tan cao

Hinh 2.15. Bdc wyén tan sé ciia mach khuéch dai ghép bién dp

$ mién tdn s6 trung binh, h¢ s6 khuéch dai thuc t& khong phu thuoc vao
tan s6 vi rd khdng cla dién cdm rd nhd nén khong anh hudng dén viéc truyén
tin hi¢u dén tdng sau. Ngoiai ra, dung khing Cc, C,, L, {(dién cam cudn so cip)
du 16n, tic dung méc e clia chiing d6i véi mach r& coa tdng ddu va tai 1a khong
ddng k€, vi vay c6 thé khong tinh dén chiing.

O mién tan s6 thip, X, = 2nfL, bi gidm s& gay téc dung mic r& ddng ké vé6i
7., va 1am cho h¢ sd khuéch dai gidm. Tu Cgg va C, ¢6 trdf khang > X, & mién
tan s& trung binh nén khong anh hudng dén tin hiéu & tan s6 thap.

& mién tén s6 cao, dién cam rd tang nén dién 4p tin hiéu dua ra tai ting sau
bi giam, dung khdang X = 1/2nf. clia Co v C, s& 1am giam dién dp xoay chiéu
trén Colector clia Q,, két qua 1a lam cho h¢ s8 khuéch dai bi giam. Can chd y
ring, tang khuéch dai ghép bién 4p & mot mién tdn s6 cao ¢ thé xudt hién
cong hudng lam cho dic tuyén vong Ién, d6 1a do cic tu dién néi trén tao vdi
dién cam L cua bién dp thanh mach cong hudng song song ¢& trd khang rat 16n
& tan s6 do.
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Mach ghép bi€n dp 1a loai mach ghép c¢é nhat, cé dai tdn lam viéc hep,
khong the ghép mot chiéu duge vi vay né it dugce sir dung.

6. Mach ghép dién quang
So dé mach:

Phan tir ghép

Hinh 2.16. Mach khuéch dai ghép dién quang

Trong dé:
D, la diot phdt quang.
Q 1a Transistor quang.

Ca hai linh lign ndy thudng dugc dong géi trong mot vi mach gém ¢6 bon
chan. Nguyén 1y hoat dong ctia linh kién nay s€ dugc trinh by & cic gigo trinh
linh kién khdc.

Ghép dién quang c6 thé truyén dat duge tin hieu mot chiéu dén cdc tin hiéu
¢6 1an s6 nam trong pham vi GHz. Mach ghép c6 thé cdch dién cao, khodng vai
KV. Do phin tit quang ¢6 sai s6 phi tuyén twong ddi 1dn nén do chinh xdc loai
nay cé gidi han. N&u ding mach nay trong so d6 khuéch dai ddy kéo thi sai s6
phi tuy€n dugc bét di mot phdn.

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

1. Déc tinh cula tin hiéu vira va 1dn

Tin hiéu vira va 16n 13 tin hi¢u dién ¢6 bién d6 la dién 4p hay dong dién
trung binh hodc 16n (bién do t&r mét, hai von t6i nam, bay von). Tin hiéu vira vi
lon ¢6 cdc dic diém nhuw sau:
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- Tin hiéu ¢6 bién do trung binh vi 16n nén chi can xu 1y, khuéch dai so
bo... 12 ¢6 thé st dung dugc (¢ thé dua ra tai).

- Tin hiéu c6 bién d6 trung binh va 16n nén tin hiéu kho¢, ¢6 kha ning diéu
khién hay kich thich cdc mach dién 16n ma khong phai qua nhiéu tdng khuéch
dai trung gian.

- Tin hiéu lon nén nhiéu lan 4t hoac chén ¢p tin hiéu 1a rdr kho. Trong
nhiéu trudng hop nhiu nhd khong thé chen ép dugce tin hi¢u. Vi dy, & ting
khuéch dai cong sudt tin hiéu cé bién do rit 1dn nén nhiéu it khi 1an at duoc
tin hiéu.

- Viée xir 1¥ va gia cong tin hi¢u trung binh va Ién ciing {t phitc tap hon va
dé dang hon. P31 vdi nhitng noi ¢é yéu cau khong cao thi viéc tin hi¢u ¢6 méo
dang doi chit ciing ¢6 thé chap nhan dugc.

2. Dic diém cla mach khuéch dai tin higu vira va 16n

Mach khuéch dai tin hiéu vira va 1én la cdc tang, cdc mach khucch dai
trung gian hay cdc ting khuéch dai cong sudt trong cdc thiét bi dién tr. Cic
mach khuéch dai nay c6 dac diém nhy sau:

- Mach khuéch dai Iam viéc & ché do hoat dong A, B hac AB. Néu mach
lam viéc & ch€ do hoat dong A thi ciling c¢6 két cau twong tu nhu cdc mach
khuéch dai lam viéc & ché& do hoat dong A dd duge hoc. Con nhitng mach
khuéch dai 1am viéc & ché d6 B hoac AB thi phii mdc theo kiéu ddy kéo.

- Mach thuding ¢é hé 56 khuéch dai 16n (do lgi 16n). Mach khuéch dai tin
hiéw vira va 16n thudng cé hé s6 khuéch dai trong khoang vai chuc lan dén hang
tram ldn, hang nghin l4n.

- Mach khuéch dai tin hiéu vira va 1dn ¢6 hé s6 khuéch dai 16n nén d6i véi
tin hi¢u vao khong lén 1dm thi mach vin lam viéc binh thudng ma khéng lam
bio hod hay cat mat tin hiéu.

- Mach khuéch dai tin hiéu vira va 16n thudng c6 cong suat 16n, nén nguon
dién dling d€ cung cip cho mach lam viéc thudng c6 tri $6 rit 1dn, tr hang chuc
von dén hang trim von. Vi du nhu nguén dién mot chiéu cung cap cho mach
khuéch dai cong sudt tin hién vidco cua t vi mau 1én t61 180V,

- Mach khuéch dai tin hiéu I6n thutng cé cong suat 16n nén mach toa nhiét
rit 16n, vi vay phai cé bién phdp dé tod nhiét cho mach. Mot s6 mach khuéch
dai cong sudt Ién phai ding quat gid két hgp véi céc t4m toa nhiét dé€ toa nhigt
cho mach.



- Mach khuéch dai cong sust méc ddy kéo c6 hiéu suat 16n hon cic mact
khuéch dat tin hiéu nhd. ..

VL. MACH KHUECH PAI DAO PHA

Néu tang khuéch dai cugi cing 13 tdng khuéch dai cong sudt mic day
ké€o thi truéc né phéi c6 tang khuéch dai ddo pha. Tang khuéch dai dao pha
c6 nhiém vu tao ra hai tin higu nguge pha va bien do bdng nhau dé kich
thich cho tdng cong suit. Sau day ta s& khao sdt meét s6 mach khuéch daj
dao pha cu thé.

1. Mach déo pha diing bién ap

So d6 mach:

+
C,
R, ’

Hinh 2.17. Mach khuéch dai ddo pha ding bién dp

Tang khuéch dai dio pha dung bi¢n dp thudng duge mic theo sg dd cue
phat chung. Bién dp dao pha ngodi nhiém vu tao ra hai tin hiéu cé dién 4p bing
nhau nhung nguge pha nhau con Iam nhiém vu phéi hop trd khing giira tro
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khdng ra 16n cta ting truée véi o khing nhé clia tdng sau. Do vay, mach
khuéch dai déo pha phai cé chat lugng t6t va cudn that can, n€u cudn khong
can thi hai cudn thit cop c6 dién tr& léch nhau vA hai Transistor cong suit s&
dugc dinh thién léch nhau, do vay tin hiéu ra s& bi méo dang.

Tang khuéch dai ddo pha mic theo so dd trén 14 tang khuéch dai Q, mic
theo cyc phét chung. Dién trg R, dinh thién cho Transistor bang dong cuc
goc ban ddu. Nguén cip cho cie gop duge cip qua cudn so cdp cla bicn ap
ddo pha. Dién r& R, vi R, déng vai tro én dinh nhi¢r. Tu C, loai bo héi 1iép
am trén R,.

Nguyén Iy tao ra di¢n 4p dao pha ciing bién do biang bién dp dio pha duoc
trinh bay trén hinh sau:

A o

Hinh 2.18. Mach ddo pha ding bién dap

Gid sk trong mot nira chu ki duong cda tin hiéu ddu A c6 dién the duong
hon ddu B, néu cuén thit cdp cudn ciing chiéu véi cudn so cap thi dan C s&
duong hon ddu D vi giita cuén thit cdp ddu ra mét cta dién trd dinh thién cla
tang khuéch dai cong suat.

Nhu vy cuén thit cdp duoc chia Iim hai nfra, mot nira trén 1a ddu ra C
va mét, con dau D ¢6 dién 4p am hon so v6i mat. Haj nita cha cudn day thi
cdp ¢6 ciing s6 vong thi sut dp xoay chiéu trén hai nira c6 bién d6 bang
nhau v nguge pha. Piém C va D dugc néi cuc géc cha hai Transistor cong
sudt mac ddy keéo thi méi Transistor chi cong tc trong mét nwra chu ky
(ch& do B).

Tét nira chu ky 4m cta tin hiéu thi qud trinh dién ra hoan toan ngugc lai
nén tai ddu ra C va D so véi mat 1a hai dién dp c6 bién do bang nhau nhing ¢6
pha l¢ch nhau 180" hay cdn goi 12 nguge pha nhau,

61



2. Mach dao pha phan phu tai
So dé mach:

Hinh 2.19. Mach khuéch dai ddo pha phén phu tdi

Mach khuéch dai dao pha phan phu tai (ganh) 12 mach khuéch dai do pha
khong sir dung bién 4p. Dién 4p 14y ra trén cuc gée va cuc phat clia ting
khuéch dai dugc 1y ra trén hai dién trg R, va R, v6i R; va R, bing nhau.

Khi ldy di¢n dp ra wén cyc gép thi tdng khuéch dai dugc méc nhu so dé cuc
phat chung, dién 4p tin hiéu ra dao pha 180 dé so véi dién dp tin hiéu vao.

Khi I&y dién dp ra trén cuc phdt thi mach duge mic nhu so dé lip lai cuc
phdt (mach méc cuc gép chung), va dién 4p tin hiéu ra déng pha véi dién ap tin
hiéu vao.

Vé mat bién do, hai tin higu ra x4p xi bing nhau vi R, = R,, trong khi dé
dong cue gép xap xi bing dong cuc phit. Uu diém ciia so dé nay la mach don
gian, khong cén dung bién dp, nhuge diém la dé khuéch dai cia mach nho.

3. Mach dao pha ding Transistor - Diot

So d6 mach: Hinh 2.20

Téc dung linh kién:

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

- Ry, Dy, D, dung d€ phan 4p cho hai Transistor khuéch dai cong sudt Q, va
(5, day cling 14 tdi ca tdng khuéch dai Q,. Ta phai ding t5i hai diot trd lén dé
dao pha thi mdi du phan cue mot chidu cho hai Transistor Q. va Q,.
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Hinh 2.20. Mach khuéch dai ddo pha diing diot

Nguyén 1y chia mach nhu sau:

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

Khi dién dp tin hiéu vao tang thi qud trinh di€n ra hoan toan ngugc 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, 1am viéc.

Vi vay 0 hai ntta chu ky cua tin hiéu vao Ia hin sin thi dién 4p tai cdc diém A,
B khong cé ddo pha (déng pha) nhung chiing c6 thé diing dé diéu khién mach
khuéch dai cong suét ddy kéo giong nhi mét 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 1a diing dé diéu khién (kich thich) cic
mach khuéch dai cong suit ddy kéo.
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VII. MACH KHUECH BAI CONG SUAT BON

1. Bic diém cia mach khuéch dai cong suat don

Mach khuéch dai ding mét Transistor 1am phan tir khuéch dai, lam nhiém
vu khuéch dai cong suat nen dugc goi 1a mach khuéch dai cong suit don. Macth
khuéch dai cong suat don c6 moét s6 dac di€m nhur sau:

- Mach khuéch dai dung mot Transistor d€ khuéch dai nén phai lam vigc &
ch& do A d€ tin hi¢u ra khuéch dai khong bi méo dang.

- Cong sudt clta mach khuéch dai cong sudt don thudng nhod nén chi ddp
tng dugc cho cic tai yeu ciu cé cong sudt khong 16n 14m.

- Hi¢u sudt cia mach thudng nhé, vi mach lam viéc & ché€ do A nén khi
khong ¢ tin hieu vao mach thi mach vén tieu thy cong suat nguén mot chidu.

~ Ngudn mot chiéy cung cip cho mach khuéch dai cong suat don lam viéc
thudng nho, hon nita cong sudt clia mach ciing thip nén mach khuéch dat
thudng it khi ¢ gdn toa nthi¢t di kém. Mach khuéch dai cong sudt don c6 the 13
mach khuéch dai mic Emitor chung, mach khuéch dai mic Colector chung (Iap
Emitor) nhung it khi 1a mach khuéch dai Bazo chung. Sau day ta s& khdo sat
mot s6 mach khuéch dai cong suit don,

2. Cac loai mach khuéch dai céng suat don

2.1. Mach khuéch dai co ban
S0 dé mach:

[
=

Hinh 2.21. Mach khuéel dai cong sudt don cé tdi méc i 1ep
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Mach 1rén & mach khuéch dai mic Emitor chung lam viéc & ché€ do hoat
dong A. Tai dwgc dat truc tiép & cuc C clia Transistor Q,. Théng thudng tai cé
tri 56 di¢n tr&s nho d€ c6 thé nhan dong dién 16n s& cho ra cong sudt Ién, vi cong
sudt ra ty l¢ véi binh phuong dong dién.

Di¢n tr& R, nhan dong dién tai rat 1dn nén tiéu hao cong sudt ciing rat 14n
mot cach vo ich, do d6 ngudi ta thuong bod dién tro R, di. Trudng hop diing
dién tro R, d€ 6n dinh nhiét thi chi chon chi s6 R; rat nhé.

Mach khuéch dai ¢ hi¢u sudt thdp n < 25%
2.2. Mach khuéch dai ¢6 bién ap ra
Sa dd mach:

Hinh 2.22. Mach khuéch dai cong sudt don cé tdi ghép bién ap

Mach khuéch dai trén dung bién 4p ra dé dua tin hiéu xoay chi¢u & ngd ra
cua Transistor ra tai R,.

Xé( vé yéu t6 dong dién mot chiéu thi dién trd cia cudn day so cdp cia
bien dp T, ¢6 tri s6 rdt nhd va cuc Emitor cha Transistor Q, trong mach duoc
nol tryc ti€p xudng mat nén mach khong ticu hao cong suat vo ich trén dién trd.
Vi viy ¢6 thé diing nguén c6 dién 4p thap hon dé cung c4p cho mach.

Cong suat ra trén tai (so cdp):

iV

2
P _ Cemax " CCmax VCC
OMax

V2 2 2R,

Cong suat tiéu (dn nhiét trung binh trén Transistor 1i:

Ve V2
Py=Veedy = VC’C'_C—( = <&
R, R,
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Trong mach, cuén day so c4p bien ap T, c6 dién tré nhd khong ding ké nén
cong sudt tiéu hao (rén cudn day coi nhur khéng cé.
Nhu vay hiéu suét ctta mach 1a:

Vee
P, 2R
?? = 0 max — 2.’, 100% = 50%
PD VCC
RL

Nhu vay, véi cich méc bién 4p ra thi hiéu sudt cha mach duge tang len tir
25% dén 50% .

Trong thyc &€ vin ¢4 cong sudt tieu thu mot chiéu trén cuon day sg cdp cha
bién dp nén hi¢u suat ciia mach khuéch dai chi dat khoéng 35%.

Céc mach khuéch dai cong sudt don thudng duge itng dung [am cac mach
khu&ch dai cong suat trong cdc thiét bi dién tir ¢6 cong suit ra nho.

VILL. MACH KHUECH PAI CONG SUAT PAY KEO

Mach khuéch dai cong suat don c6 hiéu sudt thap, vi khi 1am viec ¢6 dong
finh 16n (dong mot chiéu). D€ khdc phuc nhuge diém nay, ngudi ta mic ting
khuech dai cong sudt ddy kéo lam viéc 6 ché do B, hoic AB.

1. Mach khuéch dai dung bién ap

So d6 mach:
-—
T w _I_—__V1
Uv R[ B
[ —

Hinh 2.23. Mach khuéch dai cong sudt day kéo ding bién dp ra

66

5.6GTMDT-B



Transistor Q, va Q; 12 hai Transistor cung loai. Bign ap T, cung c4p tin hiéu
vao hai cyc Bazg cia haj Transistor. Bign ap T, dung dé ¢ap nguén cho céc cuc
Emitor cta hai den cong sudt va lay tin hiéu ra.

Nguyen Iy [am viéc nhur say:

- Khi khong ¢6 tin hiéu vao thi Q, vy Q, déu tit. U, va Upe, déu bing
khong, dong dien I, val, bing khong, U, va U, déu bang dien 4p nguén.

- Khi ¢6 tin higu vao:

+ O nlta chy k¥ duong, gi4 sir treg cudn W, clia Transistor T, ¢6 ntia chy
ky dién dp am, con trén cudén W, ¢6 nira chy ky dien 4p duong, két qua I3
Transistor Q, khog vi Transistor Q, théng, c6 dong chay qua Q, v& cuodn day
W,,, dong dién nay cim tmg Sang cudn day thit cdp nén iren 13 $€ ¢0 tin hiéu
itng véi nira chuy ky duong.

+ O nita chu ky &m, cyc tinh tren cie cuén day W, va W,, déi chidy lam
cho Transistor Q, khod va Transistor Q; thong, khi d6 c6 dong dién chay qua
cudn day W,, va Transistor Q,, dong dien nay lai cim ing sang cuon day thi
CAD VA 130 ra trén tai nira chy ky tin hi¢u am con Iai,

Nhv vay, qu4 trinh khuéch daj tin hi¢u duge thuc hién theo haj nhip nira
chu ky, nita chu k¥ ddu mét Transistor lam viéc, nira chy k¥ sau Transistor con
lai 1am vige.

hon hiéu suat cia mach khuéch dai don lam Viec & ché do A rat nhiéy, Tuy
nhién & che do B, vi dién 4p thién 4p ban diy bang khong nén méo khong
dudng thang cfia dién dp ra I6n (vi doan ddu caa dudng dic tuyén cia
Transistor 12 phi tuyé&n).

D¢ gidm meéo, nguot ta mac thém vag mach R, d¢ chuyén mach tré vé lam
viéc & ché do AB. Vi & ché do AB 6 dong I khac khong, nén dong I. ciing
khic khéng, do d6 higu suit caa mach bi gidm di doi chii v lam gidm he s¢
khuéch dai caa mach.

Ngay nay, mach khuéch dai cong suat ddy kéo cé bien ap ra duogc ding
irong nhitng trudng hop y&€u clu phai cich dién mot chiéu dsi véi 13 hodc yéu
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cdu mach phdi ¢6 hiéu suft cao, trong khi nguén cung cip nhd. Mach khuéch
dai cong suat ddy kéo c6 mot s& nhuge diém rat dang ké do bién dp gay ra méo
tin hiéu nhiéu, dai t4n hep, kich thuédc 16n, g1d thanh cao va khong thé thuc hién
dugce dudi dang mach tich hop.

2. Mach khuéch dai khéng dung bién ap

Tang khuéch dai cong sudt ddy kéo 6 thé 1am viée theo so d6 khong bién
ap ra, nho dé s& giam duge kich thude, trong lugng, gid thanh; nang cao dugc
cac chi tieu chat lwong ciing nhu d& dang tich hop trong vi mach.

2.1. 80 d6 khuéch dai ddy kéo diing hai Transistor ciing loai

- So d6 mach

®
TI

Q,
»— WIJ
g R, 1
+ '

Q,

7

7,

Hinh 2.24. Mach khuéch dai ddy kéo ding tu xudt

- Tac dung linh kién:

Transistor Q, v Q, 1a hai Transistor ciing loai (NPN).
bi¢n rd R, R, 12 bo phan dp cho Transistor Q,.

Dién trd R, R, 12 bd phan dp cho Transistor Q,.
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Cic dién trd R, R,, Rs, R, dugc chon sao cho Transistor Q,, Q, l1am viéc &
ché do AB.

Tu C, 14 tu ghép ting cla tdng khuéch dai cong sudt ddy kéo Q, va Q,
véi tal.

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

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

Dé dam bao ché dé 1am viéc clia Transistor Q, v Q, 1a nhu nhau thi phai
cé dicu kien R, = R, R,=R,.

Dién the tai diém chung gitta Colector Q, va Emitor Q, bang +V /2.

Nguyén 1y lam viéc:

- Khi chua ¢6 tin hi¢u vao:

Upri = Ugey = Ugy = Upg

Trong dé:

Up, = Eo. R,/ 2 (R, + R,) do bo phan 4p R, R, tao ra va dat 1én mat tiép
gidp B-E cua Transistor Q, qua cudn day W, ,.

Uq, = EcR, /2 (R; + R,) do bo phan 4p R, R, tao ra va dat 1én mat tiép
giap B-E cua Transistor Q, qua cudn W ,.

- Khi ¢6 tin hiéu vao (gia st 13 hinh sin) dat 1én so cdp clia bi€n 4p ddo pha, trén
cudn W, W, clia cudn thit cdp cd dién dp ciing bién d6 nhung ngugc pha nhau.

+ O nira chu k¥ duong cha tin hiéu vao, gia sir dién dp trén W, 12 nguoc
pha véi Uy, trén W, 12 dong pha vdi Uy,. Transistor Q, 1am viéc, Transistor Q,
khod. Litc nay tu C, s€ nap theo dudng:

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

Trén tai sé cé dong dién chay theo quy luat nira duong tin hi¢u vao.

+ O nira chu k¥ 4m clia tin hiéu vao, qué trinh xay ra hoan roan tuong tu va
ngugce lai. Ty C, phdng dién theo dudng:

+C, —» Q,»> Miat > -C,.

Trén tai s& cé dong dién chay theo quy luit nira &m coia tin hiéu vao.

Nhu vy, dién 4p ra trén tdi cling bién thién theo quy luat cha tin hiéu dau
vio nhung c6 bién dd, cong sudt 1ém hon nhiéu.

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

- So d6 mach:
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Q,
G =V,
*|{ T
* i

Q <r

Hinh 2.25. Mach khuéch dai day kéo ding hai Transistor khdc loai

- Tac dung linh kién:

Transistor Q; va Q, 1a hai Transistor khdc loai nhung gidng nhau vé mat
théng 6 ky thuat. Transistor Q, v Q, déu méc theo kiéu Colector chung va ¢6
cung chung tai R,, ca hai Transistor déu lam viéc & ch€ d6 AB.

bi¢n trd R;, R, vd R;, R, 14 cic bo phan 4p dung dé dinh thién cho
Transistor O, va Q,.

- Nguyén 1y 1am viéc:

+ Khi chua ¢é dién 4p vio:

Ugg = Upg, = Upgy nh chon R, =R, R; =R,
le=1n=1q

+ Khi cé tin hiéu vio hinh sin U,

& nita chu ky duong cia Uy, Transistor Q, thong (I1am viéc), Transistor Q,
khod (khong lam viéc). Tu C; nap dién theo dudng sau:

Vi =5 Q »C >R o> Miat(-V)

Ddng nap bi€n déi theo quy luat cla dién 4p tin hiéu vao nén trén tai nhan

duge dién dp gidng vai nita chu ky duong cha dién dp tin hiéu U,.

70




O nira chu ky am cta Uy, Transistor Q, khod (khong 1am viéc), Transistor
Q, théng (lam viéc). Tu C, phong dién theo dudng sau:
+C, > Q, -» Mat - Rt - -C,, _
Lic ndy dong dién phéng ngucc chiéu véi dong dién nap nén trén tai nhan
duge dién ap ing véi nia chu ky am.
So dé nay khidc phuc duge méo tin higu triét dé so v&i Transistor 1am viéc
& ché do B, dac biét khi U, nho.
3. M6t s6 mach khuéch dai cong suat khac

3.1. Mach ghép diung diot dao pha

- So d6 mach:
— v,
G
Q
— s e g
U\-’
Sr.

—L— - j— p— pp—

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

Theo hinh v&, dién 4p kich thich dugc din truc ti€p vao Bazo clia Transistor
Q,, con dién 4p kich thich cho Transistor Q, 18y tir cyc Colector clia Transistor
Q, ghép qua diot sang dé diéu khién cho cuc Bazo clia Transistor Q.
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Bo phan 4p R,, R, x4c dinh diém lam viéc cho Transistor Q, dé Transistor
Q, dan dong v&i mikc trung binh.

O ban ky am Transistor Q, khod (khong lam viéc), dién ép trén Colecior
Transistor Q, tang 1én, 1am cho dién 4p Uy ciia Transistor Q, cling tang 1én, lam
cho Transistor Q, m& (1am viéc), dong dién chay qua tai theo chicu:

+V, - Q, » D, » R, = Mat(-V)).

3 ban ky duong Transistor Q, m& (lam viéc), dién dp trén Colector
Transistor QQ, giam, nén lam cho dién ap U, cta Transistor Q, giam, Transistor
Q, khéa (khong lam viéc) va dong dién chdy qua tdi giam (dong dién qua tai
giam do Q, khoa, déng thai Transistor Q, md nén dong dién qua tai dugc 1€ bét
dong qua Q,). Vay dong dién chdy qua tai tang giam bién dot theo quy ludt cua
dién 4p tin higu Uy, nhung ngugc pha véi dién dp tin héu Uy,

N&u cdn phai tang hé s6 khuéch dai dong dién hoic tang tr& khing vao d¢
¢6 duge mat cong sudt ra 16n, ta ¢d thé thay méi mot Transistor bang moét cip
Transistor mic theo kiéu Darlington.

?

— o

Hinh 2.27. Mach mdc Darlington

Goi B, va B, ldn luot 13 hé s6 khuéch dai dong dién cla cdc Transistor Q, va
Transistor Q,. p 12 hé s6 khuéch dai cha cap Transistor Darlington.

Ta cé: B=PB, X B,

Nén hé s6 khuéch dai dong dién clia mach dugc tang len ddng k&, 1am cho
cong sudt clia mach 16n 1én rét nhicu.
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3.2. Mach khuéch dai phan phu tai ghép true tiép
Sa d6 mach;

Hinh 2.28. Mach khuéch dai day kéo ghép truc 1iép

Transistor Q, va Q, 1a hai Transistor cing loai 1am nhiém vu khué&ch dai
cong suat day kéo.

Transistor Q; lam nhiém vy khuéch dai dao pha va dinh diém lam viéc cho
Transistor Q, va Transistor Q, nho dién 4p tinh trén cdc cuc Colector va Emitor
cla né.

Trong cdc mach r&i rac thuong dung cich ghép dién dung gilia cic tang
khuéch dai ddo pha va tdng cong sust, nhd dé cb thé dinh diém lam viée riéng
cho Transistor Q, va Transistor Q,. Nhung trong mach tich hgp khong thé thuc
hién dugc diéu nay, vi vay trong so d6 nay rat khé chon R, dé thoda man yéu
cau vé do méo va cong sudt ra. D€ khic phuc khé khan dé, ngudi ta thay dién
trd R, bang mot diot méc theo phéan cuc thuan.

Nguyén 1y hoat dong cua mach nhu sau:

- Vdi nira chu ky am cta tin hid¢u vao:

Tai cuc B ctua Transistor Q, ¢é dién dp duong (chu k¥ dlmfng) lam cho
Transistor Q, mo, c¢on tai cuc B clia Transistor Q, ¢6 dién 4p am (chu ky am)
lam cho Transistor Q, khod, vay dong dién chay qua dién trd tai R, theo
duong sau:

+V, = Q, 5> R,— Mirt (-V)).
Dong dién nay ¢ quy ludt gidng nhur ban ky 4m cha dong dién tin hiéu vio.
- Vdi nira chu ky duong clia tin hidu vao:
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Tai cyc B cla Transistor Q, ¢6 dién dp am (chu k¥ 4am) 1am cho Transistor
Q, khod, con cyc B clia Transistor Q, c6 dién ap dwong (chu ky duong) lam cho
Transistor Q, m& nén dong dién chay qua ti giam theo quy luat coa nira am tin
hiéu vio.

bic diem clta mach khuéch dai kiéu nay 1a két c4u mach don gian, nhung
khé dieu chinh vi di€m lam viéc mot chiéu ciia cdc dén anh hudng 1dn nhau.
Mach lam vi¢c khong dugce 6n dinh, khi nhiét do tang rat d& gay méo tin hiéu.

3.3. Mach khuéch dai cong suat diy kéo ¢6 mach han dong

Binh thuong mach khuéch dai cong sudt két ¢6 tai Emitor dé xuat hién nguy
co qud tai (qua dong) néu tré khéng ciia tai qua nho. DE khic phuc hi¢n tugng do
ta s dung so d6 mach khuéch dai cong suat ddy kéo ¢6 bao ve qud tai.

So d6 mach:

. I/—f ° Q,

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

Téc dyng linh kién:

- Transistor Q, va Q, la hai Transistor khuéch dai céng sudt ddy kéo, 12 hai
Transistor khdc loal.

- Dién tré R, va R, 14 c4u phan 4p dung dé dinh thién 4p cho Qq lam viéc.
Transistor Q; la tdng 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 & ch€ do AB.

- Transistor Q, va Q, I hai Transistor bao vé quéd dong (han dong).

Khi mach cong sudt 1am viéc binh thudng thi hai Transistor bdo vé Q, va
Q, déu khod (khong hoat dong), dién 4p Bazg-Emitor clia ching phu thudc vao
ha 4p trén cdc dién tr& Ry, va R,

Khi dong di¢n ra tai qud 16n, ha 4p trén cic dién G R, va Ry, déu ting
lam cho hai Transistor Q, va 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 trd R, va Ry, duge chon ¢6 tri s¢ bang nhau va dugc chon sao cho
dong dién ra bi han ch¢ trong trudong hgp dong dién vugt qua tri s6 dong di¢n
di tinh todan mot chit.

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

Cau hai

1. Tin hiéu nhé c6 d&c diém gi? Mach khuéch dai tin hiéu nhé cé dac diém gl‘? Hay
ké tén mot s& mach khuéch dai tin hiéu nhé.

2. Mach khuéch dai Darlington ¢ cau tao nhu thé nao? Mach khuéch dai Darlington
¢ hé sd khuéch dai dong dién bang bac nhiéu? Mach khudch dai Darlington
duoc ing dung khi nao?

3. Mach khuéch dai vi sai c6 cdu tao nhu thé nao? Mach khuéch dai vi sai ¢
nhimg d3c diém gi?

4. Muc dich ghép tdng khué&ch dat dé (am gi? C6 bao nhidu cach ghép tang khuéch
dai? Cac loai ghép d6 co dac diém gi?

5. Tin hiéu vita va 16n ¢6 dac diém gi? Mach khuéch dai tin hiéu vira va 16n c6 dac
diém gi?

6. Cac mach khuéch dai ddc pha dung dé lam gi? C6 bao nhiéu loai mach khuéch
dai dao pha? Pac diém ciia ting loai mach dao pha 13 gi?

7. Dic diém vé cau truc chung ciia cac mach khuéch dai ddy kéo 1a gi? Mach
khuéch dai ddy kéo hoat dong & ché dd 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 DAI DAI RONG

1. Y&u 5 anh hudng dén hé s& khuéch dai cla mach

He s6 khuéch dai [HSKD] clia mach khuéch dai phy thudc rat nhiéu vio
tdn s cha tin hiéu vao. V&i mot mach khuéch dai cu thé, ¢6 mot dai tan s&
dugc wu tién khuéch dai goi 12 dai tan cong tic, ngodi dii tin s6 d6 thi hé s6
khuéch dai bi suy gidm. Vi vay, dé dam bao khuéch dai tin hiéu trung thuc,
phai thi€t k& mach khuéch dai cho dai tdn cong tdc ciia né bao ham dii tin 6
ctia tin hiéu vio!

Cdc bo khuéch dai tin s6 thap thudng lam viee trong dai tan tir vai chuc Hz
dén vai chuc KHz.

Cdc b khuéch dai video lam viéc trong dai tdn roéng hon tir OHz dén vai
chuc, vai tram MHz.

Ve nguyén téc, c6 thé diing cdc mach khuéch dai thong thudng dé khuéch
dai dai rong.Tuy nhién, khi thiét k& phai chi § dung cdc bién phédp dé md& rong
ddi 1an cong tdc clia mach.

H¢ s6 khuéch dai [K] clta mot mach khuéch dai phu thudc vao dai tin s&
cla tin hiéu vao dugc khuéch dai theo so d6 sau:

Hinh 3.1. Ddc tuyén tdn s6' mach khuéch dai

Ving (1) la viing t4n s thap (tit f = 0 dén f = 1), viing (2) la viing tan s6
trung binh (1l f; dén f,), viing (3) 1a vung tan s@ cao (tir f, dén: o).
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Ta thay hé s6 khuéch dai clia mach & viing (1) va (3) nhd hon hé s6 khuéch
dai ¢ viing (2). Khi tdn s6 cang thap thi hé s6 khuéch dai cang nho, hién tugng
nay cling ding khi tan s6 16n hon f,.

Dé fim hiéu hién twong nay, ta hiy xem xét mach khu€ch dai ghép ting
bang dién dung nhu hinh vé sau:

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

Cac Transistor Q, va Q, 1 phén tlr khuéch dai.

Céc dién tr0 Ry, Ry, Ry, Ry, 13m nhiém vu tao diém Im viée cho Transistor
Q, va Transistor Q,.

Dién trd R.,, R, 6n dinh nhiét cho Q, va Q,, R, va R, 1a di¢n 1rd tai.

Tu dién C, va C,, chong phén héi am xoay chiéu trén R, va R, dé khong
lam suy giam hé s6 khuéch dai d6t véi tin hiéu xoay chiéu.

Céc dign tro R, Ry, va C;), C,; lam nhiém vu loc ngudn.

Tu C,,, Cp, C, la cic tu ghép giita céc tdng, C, 1& tu dién ki sinh & ddu ra tang
khué€ch dai thit nhat, C, 1 ty dién ki sinh & ddu vao tang khuéch dai thif hai.

Tu ki sinh la tu di¢n khong phai duge ché tao va ldp rdp vao mach, né tén
tal tuong Ung véi sur tich luy dién dp trdi ddu & cic mat ghép P-N, gifta ¢dc linh
kién, gilfa cdc mach in... tri s¢ cua tu ki sinh rat nh6 (vai PF dén vai chuc PF).

Dic diém cha tu dién 12 ¢6 tré khéng nhé (it can rd tin hiéu) d6i véi tin
hiéu qua n6 ¢d tan s6 cao va nguoe lai ¢6 trd khing 1dnr d6i véi tin hiéu qua né
tan s6 qud nho.
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Gia sir ta dua t6i tdng khuéch dai thi nhat tin hiéu cé tan s6 thay d6i & ca
ba vling tan s¢ thdp, t4n s4 trung binh va tin s6 cao.

- ving tén s6 trung binh, cic n C,, C,, C,, C,,,Cy, C;, Cy, €6 trd khidng
rdt nhd va c6 the cot nhu bing khong Trong khi d6 cdc tu C,, C, ¢6 tr& khang
rit ton nén tin hiéu qua né vé ddt khong dang ké. Vi vay tin hiéu coi nhu khong
bi t6n hao & (hanh phén tan s& niy khi di tir ddu vio t&i dau ra cha mach
khuéch dai. Hé s6 khuéch dai cuc dai bing K,

-0 ving tdn s thdp, cic tu C,,, C,, C, ¢6 trd khing ding ké, vi the gay sut
ap tin hiéu trén ching lam cho tin hi¢u tlr ddu ra tdng trude t6i dan vao tdng sau
gidm, gay ra su suy giam hé $¢ khuéch dai. Cic tu C,,, C, 1am nhiém vu chéng
hoi ti€p am xoay chiéu, trd khang d6i véi tin hiéu xoay chiéu cha ching yéu
cau phat gin bing 0, song diéu dé khong thod mian duge khi tan s& tin hiéu
nho, vi vay hién tugng phan héi am khong khir duge 1am cho hé s& khuéch dai
ctia mach bi gidm. T4n s6 tin hiéu cang thap thi trd khdng cua céc tu C, va C,
cang Ién, dan téi HSKD cang bi suy hao manh.

Mat khéc, & tan s6 thap tu (lu loc) loc ngudn ¢é tré khdng ding ké 1Am cho tin
hiéu qua né it di va qua dién trd loc nhiéu hon. Do d6, R,,, C,, tham gia vio tii
Colector khién cho tai Colector khi d6 16n hon Re. Vi hé s6 khuéch dai ty 1¢ dién rd
titrén R,, C,, Iam ting hé s6 khuéch dai & viing tdn s thip, song vai trd 1 tang hé
56 khuéch dai clia R,, va C;, khong bl duge sy suy gidm manh & viing tan s6 thap.

- viing tén 6 cao, cdc tu C, va C, ¢6 tr& khang khong dang ké nén khong
anh huéng dén viéc truyén va khuéch dai tin hi¢u. Trong khi d6 cic tu C, va C,
lai gidm trd khdng r6 rét khi¢n cho tin hiéu qua né vé mdt nhiéu hon (lam suy
giam tin hi¢u), tin hiéu di téi ddu vao cla tang sau bi gidm dan tSi he s6
khuéch dai cia mach bi giam. Tén s6 cao, hé s6 khuéch dai cang gidm manh va
khi f = oo thi hé s khuéch dai biang 0.

Céc tu ki sinh khong thé loai bo dugc, chi ¢ thé gidm nhd nd bing cich
chon cdc linh kién va mic néi mach hop 1§. Tu ki sinh 1a mét trong nhitng s6
liéu d€ thiét k& va phan loai Transistor cao tin, am tdn. ..

2. Bién phap md rong dai tan s& ciia mach khuéch dai

Mach khuéch dai dai rong 14 mach khuéch dai ¢6 dai thong 16n (¢ thé
dat t4i hang MHz), n6 c¢é thé 1am viéc binh thudng khi tdn s6 cia tin hiéu
viio thay doi trong pham vi rdt 16n, dung dé khuéch dai tin hiéu xung, tin
hiéu thi tdn. ..

V&1 mach ghép dién cam hodc tu dién thong thudng déi thong cha mach
khuéch dai chi tir vai chuc KHz dén vai tram KHz, dé€ trd thinh mach khuéch
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dai dai rong, c&n phai md rong dai thong chia né vé hai phia tdn s6 thip va tan
s6 cao, mudn vay phéi nang cao hé sd khuéch dai clia mach & hai viing tan s6
nay. De dat duge muc dich d6, ta diing céc mach sira tdn s& thap va tan s6 cao
hodc dong thdi sita ca tdn s6 thdp va cao.

2.1. Mach khuéch dai c6 sita tan sé thap

Nhur dd phian tich & trén, nguyén nhén gy ra sy suy gidm h¢ s6 khuéch dai
clia by khuéch dai & viing tan s6 thap 1a do cic w C, va C, ¢6 tr6 khang 16n, tu
C, gay sut dp tin hig¢u trén né lam cho tin hiéu 16 tfmg sau bj suy giam, con tu
C gay ra hoi ti€p am trong mach do d6 cling lam giam hé s6 khuéch dai cia bo
khuéch dai. Ta c6 thé giam tr& khédng cla tu C, va C, bing cach tang gid tri ctia
ching, song di€u d6 lai khién cho kich thuée clia tu dién 16n, mach di¢n cong
kénh. Mat khic, tu C, phdi chiu dung dugc dién ap mot chidu kha 16n (di¢n thé
cao  Colector ting trudc vdi dién thé thip & Bazo tang sau). Mudn tu chiu
dung dugc dién 4p cao lai phai tang kich thude cia tu thém nita vi thé ma tu C,
va C, khong thé chon qu 16n.

Ta biét tu C,, va dién tr& R,, 1am téng hé s& khuéch dai cha mach & tén s6
thép, tu C,, cang nhd thi cang tang hé s6 khuéch dai & viing tdn s6 ndy, didu dé
cang ding khi R}, ¢6 tri s6 16n. Song R,, va C,, dung dé loc nguon nén khéng
thé tuy tién thay ddi chiing. Ta ¢ thé sira tin s6 bing cdch mic ndi tiép véi
dién tro R, hai thanh phdn R,, vd C, nhv mach sau:

o—|
|
=

Hinh 3.3. Mach khuéch dai sita tan sé thdp
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Tu C, dugc chon sao cho & viing tan s6 trung binh, va tin s6 cao trd khang
cta né rat nhé (xap xi bing khong), vi vay 0 hai ving tin s6 nay, taj Colector
cta Transistor coi nhu bing R, khi d6 R, va C, khong anh hudng gi dén viec
khuéch dai tin hi¢u. Con & viing tén s6 thap tr6 khdng clia C 1a ddng ké, vi vay
ma tdi Colector duge cdng thém mot lugng Ry = (R, // C,;) va nhu vay, hé s6
khuéch dai clia mach duogc tang 1&n (hé $6 khuéch dai K 1y 1é thuan vdi dién trd
tat). Tan s6 cang nho thi trd khang ciia tu cang 1dn va vi thé hé s6 khuéch dai
cua mach cang 16n.

bi¢n tr& R,y bao gid cling nho hon R, Khi tin 6 tin hiéu ti€n dén khong
(fi = 0) thi R, tién dén R, (R, — R,). vi vy d€ sira tdn s6 th&p t6t can phdi
tang R, song R, khong thé chon qud 16n vi né con lam nhiém vy cung cip dién
dp moét chiéu cho Colector clia Transistor qua R.. Khi miac R, va C, vao mach,
dac tuyén s€ durge nang lén & viing tan s6 thép.

Mach stra tan s6 thap diing R, va C, rit thong dung trong nhitng mach dién
thuc té.

D¢ nang cao hé s6 khuéch dai & viing tan s6 thap, ta ciing ¢6 thé ting trdg
khdng vio ciia ting sau. Mt trong nhitng cich tang trd khang vao 1a ding mot
dién trd € tao diém lam viéc cho Transistor (bo dign rd R,). Trong mach dién
khéng diung dién trd R,, tin hiéu tSi chan B ciia Transistor s& khong ton hao
qua Ry, xuong dat, vi thé ma h¢ s6 khuéch dai clta mach tang lén.

Ta da bi¢t C, gy ra phan hdi am tin hien & ving tan sd thap, béi vay néu
Yéu cdu cén on dinh cho Transistor khong cao, ta ¢6 thé khong dung C, va R,
ma nadl tryc 1i€p chan E xudng dat.

2.2. Mach khuéch dai sira tin s6 cao

Nguyén nhan gay ra suy giam h¢ s6 khuéch dai & viing tan sd cao 12 do cic
tu ki sinh & dau ra cla tdng trude va ddu vao cha tang sau. C6 thé bl lai su suy
gidm ndy bang céch nang cao hé s6 khuéch dai & viing tin sd cao.

So' d6 mach khuéch dai sira tdn s6 cao bing phuong phip miéc thém dién
cam vao tai Colector nhu sau:
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Hinh 3.4. Mach khuéch dai sita tdn s6 cao

Dic diém clia dién cdm 12 tr6 khang clia né ty 1& thudn véi tan sé tin hicu
qua né. Trong mach dién cam, L., duge chon sao cho trd khiang cua né khéng
ddng k€ & viing tdn s& thap, trung binh va ddng ké & tdn s6 cao.

Khi mach dién 1am viéc véi tin hiéu tdn s6 cao, phu tai Colector s& 1a
dién tr6 Re mic ndi ti€p v&i trd khdng cha dién cam L,, vi vay phu tai
Colector khi d6 16n hon R va vi thé hé s khuéch dai ciia mach duge nang
lén G viing tdn s0 cao.

Tu ki sinh t6ng cong & diu ra ting thit nhat va ddu vao ting thit hai cta
mach 1a C,= C, + C, va ¢4 tri s6 ddng ké, ta ¢6 thé tich riéng hai tu nay bing
mot dién cam néi gitta ching, hé s6 khuéch dai ctia mach cling duge nang lén &
tan s cao.

Néu nhu hé s6 khuéch dai cua mach o viing tdn so6 thdp va trung binh 16m,
ngudi ta s& 1am cho hai ti€p am nhiéu & ving tdn s6 thap va trung binh con hoi
ti€p am & tan s6 cao it, khi d6 hé s§ khuéch dai cha mach & ca ba viing dong
déu hon. C6 thé thuc hién diéu nay bing cédch tich doi dién trd R, thanh R, va
R,; sau dé dung tu khiy hoi ti€p am xoay chiéu trén R,,.
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Hinh 3.5. Mach khit gt phédn hoi 1iép ém xoay chiéu

II. MACH KHUECH PAI CHON LOC

Mach khuéch dai tin hiéu chon loc ¢6 nhi¢m vu khuéch dai tin hi¢u trong
mot dai tan va nén tin hiéu ngoai dai tan dé.

Trong cdc mach khuéch dai tin hiéu chon loc, dién tro tai dugc thay thé boi
mot mach céng hudng hodc mét mach loc. Céc dién dung ra cua ting song
song vdi mach cong hudng s& lam thay déi doi chiit tan s6 cong hudng nhung
khong anh hudng dén hé s6 khuéch dai ciia mach O tan s6 cao nhu trong mach
khuéch dai dién tir. Do do, mach khuéch dai chon loc ¢6 thé khuéch dai tin
hi€u c6 tan sG cao hon so véi mach khuéch dai tai dién trd.

Mach khuéch dai tin hiéu chon loc thuong duge dung trong cic tang cao
tan cia may thu thanh, dugc ding dé khuéch dai tai tin trong cdc mdy phat
thanh. Céc tang khuéch dai trung gian cdc mdy thu thanh, thu hiah ciing 13
mach khuéch dai chon loc.

1. Chon loc tin hiéu theo tin sé

Neu dva tin hiéu qua mét mach loc tin s6 thi mach loc s&€ cho mot ddi tan s6
di qua va chan dai tin con lai. Khi d6 ta ndi mach loc ¢6 tinh chat chon loc t4n s6.

Trong k¥ thuat ¢6 thé cé nhimg loai mach loc tin s6 nhu sau:

* Phan loat theo linh kiéa:

- Mach loc thy dong: 1a mach chi gém nhiing linh kién dién tr& R, cudn
day L va tu di¢n C. Céc loai mach loc thy dong nhu sau:

+ Mach loc RC, RL, RLC.

+ Mach loc hinh [, T, [, 1.
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- Mach loc tich cyc: ta mach loc ket hop céc linh kién R, L, C véi cic linh
ki¢n tich cuc nhi Transistor, khuéch dai thuat toan. .,

* Phan loai theo tic dung:

Tuy theo tdc dung chon loc hay loai bd tan s6 cia mach loc, ngudi ta chia
ra thanh cdc loai nhu sau:

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

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

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

- Mach loc di triét (Mach loc chén hay chan dai).

Sau ddy ta nghién ctu tin hi¢u chon loc tan s6 cha cdc mach loc nay.

L.1. Mach loc thong thap

Mach loc thong thap 13 mach loc cho thanh phan tin hieu tin s§ thdp di qua
dong thoi lam suy hao hay chan fai thanh phan tin hi¢u ¢6 tdn s6 cao.

S¢ d6 mach loc thong thip:

R L
® A .____.—-\‘V‘V‘T.
U, ] - l U, c U
8- *—
Loai | Loai 2

Hinh 3.6. Mych loc thong thap

V&i mach loai 1:

- Tai ddi tan s6 thap: Tu dién C ¢6 trg khang 16n nén lam suy hao tin hiéu
xuéng mat it, trong khi dién tr&s cho tin hi¢u tan s¢ thap di qua dé dang nén
dién 4p tai ddu ra I6n.

- Tai ddi tan $6 cao: Tu dién C c6 trd khdng nho nén lam suy hao tin higu
xudng mat nhiéu, dién 1rd it anh hudng dén tdn s6 cao nén dién dp ra nho.

V61 mach loai 2:

- Tai vang tan s cao ¢6: X, 16n, X nhé nén tin hi¢u ra bj chin la1 nhiéu va
suy hao nhiéu nén dién p tin hieu ra nho.

- Tai viing t4n s6 thip, X, nho. X 16n nén tin hiéu ra bj chin lai it va ciing
suy hao it nén dién dp tin hi¢u ra 16n.



Dic tuyén cia mach loc théng thap nhur sau:

U.4
j‘ i
®

Hinh 3.7. Bdc tuyén tan s6'mach loc théng thdp

0

1.2. Mach loc thong cao

Mach loc thong cao 1a mach loc cho tin hiéu tan s6 cao di qua, déng thoi
lam sty hao hay chan lai tin hiéu ¢6 tan s6 thap.

Scs d6 loc thong cao:

o——f ¢
U, % R U, U, L U,
Loai 1 -
Loai 2

Hinlr 3.8. Mach loc thong cao

Tuong tu nhu trén ta cé:

- Tai mién tan s6 thap:

+ Mach loai 1: X 16n, nén tin higu bi chan lai nhiéu lam cho U, nhoé.

+ Mach loai 2: X 16n, X, nhd, nén tin hiéu bi chan lai nhidu va ciing suy
hao nhi¢u 1am cho tin hiéu U, nho.

- Tai mién tdn s6 cao:

+ Mach loai 1: X, nho, nén tin hi¢u bi chan lai it 1am cho U, 1én.

+ Mach loai 2: X nhé, X 1dn, nén tin hiéu bi chin lai t, suy hao ciing it,
lam cho U, 16n.
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Dac tuyén tdn s6 nhu sau:

Uy

>
0]

Hinh 3.9. Ddc tyén tin sé mach loc théng cao

1.3. Mach loc thong dai
Mac loc thong dai 13 mach loc cho tan s6 tin hicu trong dai tin s& trung

fa
binh di qua, déng thoi 1am suy hao hay chan lai tin hiéu ¢6 tan s thip va tdn
$0 cao.

Sas d6 mach loc:

Hinh 3.10. Macit loc thong ddi

- Tai mién tdn s6 thap:
Xer 16m, X, nhéd —> (X, + X,,) 160 = tin hi€u bi chiin lai nhiéu & nhanh néi ti€p.

Xe2 160, X5 nho - (X, || X\2) nhd — tin hiéu bj suy hao i6n & nhdnh song
song.

Nén dién dp tin hiéu ra nho.
- Tai mién tdn s& cao:
Xernho, X160 — ( X+ X,,) 16n — tin hieu bi chén lai nhiéu & nhanh noi tiep.

Xea nho, X5 16n — (X 11X,,) nhd — tin hieu bi suy hao 16n & nhanh song
song.

Nén dién ap tin hiéu ra nho.
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- Tai mién tan s& trung binh: & khang cua nhdnh néi tiép 14 nhd nhat vi
tr¢ khdng cta nhanh song song la 16n nhat nén dién 4p tin hi¢u bi chan lai &
nhdnh n6i ti€p nho va bi suy hao & nhinh song song {t. Vi vay dién 4p tin hiéu
ra lom.

Bic tuyén tdn sa:

U, a

»
0 o

Hinh 3.11. Dée tuyén tén s6 mach loc thong ddi

1.4. Mach loc chan dai

Mach loc chin dai 13 mach loc cho tin hiéu tan s ¢ dai 1dn s6 thap va tan s6
cao di qua, dong thdi lam suy hao hay chan lai tin hiéu & dai tdn s6 trung binh.

So d6 mach:

C

-
[2¥]
-

Hinl 3.12. Mach loc chdn ddi

Vi 1y luan tuong tr ta ¢é:

- 0 mién tan s8 thap va t&n 56 cao ¢6 dién 4p tin hiéu ra ldn.
- O mién tdn s6 trung binh ¢6 di¢n 4p tin hiéu ra nho.

- Déc tuyén tan s6 clia mach nhu sau:
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Hinh 3.13. Bdc tuyén tdn sé mach loc chan ddi

Cdc loai mach loc thudng dugc tng dung 1am mach loc nhiéu nguon, nhiéu
tin hiéu; lam cdc mach loc tdn 5§ trong cidc mach khuéch dai. . .

2. Mach khuéch dai cheon lgc tin hidu theo tin s&

Dé ddm béo tinh chon loc va tin s6 ciia m
bang cic cdch sau day:

- Méc xen k& mot s6 mit loc véi tng khuéch dai (loc phan bs).

- Méc mot mach loc gém nhiéu mat loc vdi tang

- Ghép néi ti€p tir ddu ra vé& ddu vao bd khuéc
tich cuc).

ach khuéch dai, c6 thé thyc hien

khuéch dai (loc tap trung).
h dai bang mot mach loc (loc

Sau day ta s& xem xét mot trong céc ki€u mach trén,
Vidu I: Ta ¢6 mot mach khuéch dai nhu sau:

Hinh 3.14. Mach khuéch dai chon loc diing bo loc

87



Mach trén 14 mot mach khuéch dai trung tan gém mot bd khuéch dai két
hop véit cac mach loc tin s6.

Gia str mach cho tin hiéu c6 tdn s6 trung tam di qua 1a f, = 30MHz, dai tin
hi¢u di qua 1a 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 la cho cdc thanh phdn tin hiéu ¢6 tin s
tir 26,5 MHz d¢n 33,5MHz di qua. cdn cdc thanh phan tdn s6 khong thudc dai
tan nay s& bi chan lai. .

Vidu 2: Cho mdt mach khuéch dai nhu sau:

—C=——gc,

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

Mach khuéch dai trén 1a mot mach khuéch dai thong dai dung lam mach
khuéch dai trung tan. Trong mach s dung mach loc dé nén tdn s6. Mach nén
tdn s6 lam nhiém vy ngdn mach nhiimg tin hiéu khong mang thong tin ¢6 ich
xudng dat.

Gia str c6 hai tin hiéu c6 tan s6 f, va f, khong mang thong tin ¢é ich, vi vay
can phai khir bo né bing mach loc.

Mach L,, C, céng hudng, trd khing cia mach bing khéng vi the tin hiéu cé
tan s6 {, bi ngdn mach xudng dat. Do vay, tai cyc Bazo cha Transistor dng véi
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tin hiéu c6 tin s f, ¢6 bién do bing khong. Tuong tu L,, C, duge chon dé cong
hudng tai tan s6 f,. Vay tin hi¢u nim trong dai tan s6 tir {; d&n f, méi 161 duge
mach khuéch dai va dugc mach khuéch dai 1én, con tin hiéu ndm ngoai dai tdn
s6 nay khong duoe khuéch dai. |

I11. MACH KHUECH PAI THUAT TOAN

1. Tinh chat va tham sé co ban

Mach khuéch dai thuat toan thudng duge goi (it 1a OP-AMP {Operational-
Amplifier) dugc thiét k& dé thyc hién cdc phép todn nhur: cong, trir, nhan, chia,
vi phan, tich phin... trong cdc mdy tinh tuong tu. Trong qua trinh phdt trién,
OP-AMP con ¢6 thé thém nhiéu ing dung khdc va trd thinh linh kién tich cuc
quan trong nhat trong cdc mach khuéch dai AC, mach khuéch dai DC, mach so
sdnh, mach dao dong, mach tao xung, mach do...

Trong cic loai OP-AMP d3 duoc san xuat va sit dung hién nay IC 741 ducc
xem la OP-AMP tiéu chudn, 1a loai vi mach don khoi tich hap 16n dugce ch€ tao
theo cong nghé mang mong. Nho kha nang tich hgp 16n nén IC 741 dugc dng
dung rat rong rai va da dang.

Trong phan nay chi y&u chi gidi thiéu dac tinh k¥ thuat va cdc mach tng
dung co ban cua IC 741,

Hau hét cédc OP-AMP ¢6 ngd vao kiéu vi sai va duge k¢ hiéu nhu hinh vé& sau:

ITinh 3.16. Ky hiéu b khuéch dai thudt 1odn

Céc chin ra:

- 1" ngd vao (ddu vao) khong dio.
- 1, ngd viao (ddu vao) dao.

- Vo: ngo ra.

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

- GND: diém chung, diém 0V (mét).

Theo ti¢u chuan, OP-AMP phii duge cdp bai hai nguén doi xing +V nhu
hinh v&. Tuy nhién, trong nhiéu trudng hop OP-AMP ciing ¢6 thé lam viéc véi
nguon don.

Truding hop OP-AMP dung nguén doi, tin hi¢u ra c¢6 thé bién déi vé phia
di¢n dp duong hay dién 4p am so véi ma4t (mass).

Trudng hgp OP-AMP dung nguén don thi tin hiéu ra chi ¢6 mic dién dp
duong nhung s& bién déi chung quanh mot gid trj trung binh, thudng 1a 1/2
nguon +V.

bic tinh k¥ thuit cia OP-AMP:

Mot OP-AMP Ly tudng 1a mach ¢6 téng trér vio vo cung 16m, tong trd ra vo
cung nho, do loi dién dp va bang thong cling vo cung 16n, t6¢ do bam gifta tin
hi¢u ra vdi tin hiéu vio khong bi han ché.

Trong thuc t€, OP-AMP ¢6 do lot, bdng thong, tdng trd vao... hitu han va
¢d toc d6 bam bi han ché giira tin hi¢u vao va ra. Do d6, khi str dung OP-AMP
loat ndo, ¢dn thiét phai biél cic thong s6 dac trung sau day:

I.1. H¢ s6 khuéch dai dién 4p vong ho: Ay,

Mach khuéch dai khong ¢é dudting hoi 1i€p duge goi la mach khuéch dai
vong ha. Ay, laty 6 giita dién 4p tin hi¢u ra va dién 4p tin hicu vio.

v
- {
Ay =

Vi =V,

Avy thudng duge bi€u dién bing don vi deciBel (dB).

B¢ khuéch dai dien p theo don vi dB dugc dinh nghia 13 A(dB) = 20 lg A.

Vidu: Ayy= 10000 cho ra A(dB) = 20 g 10000 = 20.4 = 80dR

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

1.2. Tong tré ngd vao (dau vao): Z,

Z; & 56 do trG khdng nhin truc U€p tir cdc ngd vao clia OP-AMP. Z; dugc
tinh bang don vi dién tré va thuong Z; ¢6 tri s& khoang vai chuc MQ.

Pai véi cic tin hi¢u ¢6 tdn $6 cao thi tong trd Z, bi gim tri s6.

1.3. Tong tré ngo ra: Z,

Zo 14 56 do tréy khdng nhin truc tiép tir ngd ra va cling dugc tinh bing don vi
di¢n (r8. Z, thudng 6 tri 86 tir vai Q dén 100, Déi véi cic tin hi¢u ¢é tan s6
cao thi téng trd Z,, tang tri s6.
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1.4. Dong dién phan cuc ngd vao (dau vao): I,

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

1.5. Nguon dién cung ciap

Thuong ding ngudn dién d6i xing +V, ngudn cung cdp phii & trong gidi
han nhé nhat va 16n nhét. Néu nguén c6 dién dp qud cao s& dé lam hong OP-
AMP; n€u ngudn c6 dién dp qud thap thi OP-AMP hoat dong kém, khong thuc
hi¢n ddy du va chinh xdc cdc chiic nang cia no.

Muic gidi han clha ngudn dién cung cip 1a: £3V dén £15V.

1.6. Mt dién ap tin hiéu vao: V,,,

Miic dién 4p tin hiéu vao khéng duoge vuor qua muitc dién ap ngudn cung
cdp. Tri s6 V|, thutng nhé hon nguén 1ir 1V dén 2V,

1.7. Mikc dién ap tin hiéu ra: V,,,

Néu dién 4p tin hiéu vao qua 16n thi & ngd ra (ddu ra) s& cé trang thdi biao
hoa. Dién 4p tin hiéu ra V., phu thudc vio dién dp ngudn va thuong nho hon
1V dén 2V.

L.8. Dién ap léch ngd vao vi sai: V

Di¢n dp vao vi sai Vj, 1a hiéu s6 giifa hai dién ap V, va V.

Truong hop OP-AMP 1y tudng, n€u ngd vio (ddu vio) cé V, =V, thi dién
4p vao vi sai Vp = 0, dién dp ra vi sai V, = 0. Trong thuc (&, cic Transistor o
ngd vao rdt khé ché tao d¢ c6 cic thong s6 hoan toan gidng nhau, do dé & ¢é
mot dién ap l¢ch rit nho gita cdc ngd vio (ddu vio).

Di¢n dp lech ngd vao (dau vao) vi sai ¢6 tri s6 khoang vai milivon nhung
do OP-AMP ¢6 d¢ khuéch dai rat 16n nén dién 4p & ngd ra {ddu ra) ctia khu&ch
dai thudt todn c6 thé & trang thdi bio hoa.

- B¢ trdnh dnh huéng cla dién 4p léch ngd vao (dau vio) vi sai, ngudi ta phai
ding mach diéu chinh bi trir,

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

B khuéch dai thuat todn ly tudng ¢6 dién dp ra V, ty 1& véi hiéu sé hai
di¢n dp vio V, va V,. Khi hai tin hiéu & ngd vio (ddu vio) bing nhau (goi la tin
hi€u dong pha) th1 V, - V, =0, 5 ngd ra s& c6 V, = 0.

Thuye t€, khi ngd vio (ddu vao) 6 tin hi¢u déng pha thi ngd ra (ddu ra) vin
c6 tin hi¢u ra nho. Kha ning gidm tin hiéu déng pha clia bd khuéch dai thuat
todn duoc dinh nghia 13 ty s6 gilta 46 (he s6) khuéch dai tin hiéu vi sai véi do
khuéch dai tin hiéu déng pha.
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_ Ay g

CMRR

A1 "= ding phu

CMRR ciing c6 thé tinh theo cong thitc decibel:

A
CMRR = 20[g—the _
U - eivmp phat,
Ty 1¢ nén tin hiéu déng pha CMRR ¢é thé dat t&r 80 dén 100dB.
Ngodi ra, bo (mach) khuéch dai thuat todn con rat nhidu cic théng s& khac
nifa (s€ duge gidi thiéu & cdc i licu 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 c¢on duge goi [a mach khuéch
dai thudt todn thudn, 13 mach ¢6 dién dp ngd vao V| néi dén ngd vao thuan
(khong ddo) qua dién tré ngd vao R.. Ngd vao dao s€ nhan tin hiéu héi tiép tir
ngo ra qua cau phan dp R,-R,. Mach khuéch dai thuat todn khong dio ¢é so do
mach nhur sau:
R

— AN
1

Hinh 3.17. Mach klwéch dai thudt todn thugn

D6 khuech dai héi ti€p con duge goi 14 do khuéch dai vong kin, duge tinh
theo cong thitc:
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Dién tr& R, & ngd vao thuin ¢é téc dung 6n dinh nhiét, tranh khéng cho
dién 4p ngd ra (ddu ra) tréi dén trang thai bio hoa.

Qua biéu thiic Ay cho thay:

- Néu giam R, = 0Q thi Ay = 1.

- Néu giam R, = 0Q thi Ay; — . Thyc 1€ thi Ay tién t6i giGi han la do
khuéch dai vong hd clia b khuéch dai thuat todn.

Mach khuéch dai khong ddo c6 uu diém 13 tong trd vao rat lén. Theo ly
thuyét, tdng tré vao 1a tich s& clla téng trd vao cna bd khuéch dai thuit todn
trong mach vong hd ( Z, = 1MQ) nhan véi ty s6 clia d¢ lgi vong hd trén d6 1o
vong Kin.

Ta cé:

7 =7Z. h
! ! AI,F

Tri s6 cla Z; ¢6 thé lén dén hang tram MQ. Bién tré ngd vao R; thudng
duge chon cd tri s6: R, =R, // R,.

2.2. Mach khuéch dai dao

Mach khuéch dai thuat todn dao ¢ dién dp ngd vio V; duge dua dén clra
dio qua dién tré R, = R,. Dién trd R, 1a dién tr6 hoi tiép am, di¢n trd R; noi clra
thuan xudng mat c6 tac dung 6n dinh nhiét, trinh khong cho dig¢n 4p ngd ra troi
dén trang thai bio hod. Mach khuéch dai déo dimg khuéch dai thut todn duoc
mo ta nhu sau:

R, I
*— AN -

— + o
L
\ Va
L —

Hinh 3.18. Mach khuéch dai thudt todn ddo
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Do b6 khuéch dai thuat todn cé tong trd ngd vao (dau vao) Ién nén dong
dién ngd vao | rat nho. Ngo vao (ddu vao) thuan ¢é R, ndi mat nén c6 dién
ap V,," = 0V. Ngd vao (ddu vao) dio cé dién 4p chénh léch vdi ngd vio (diu
vao) thudn rat nho nén V| = 0V vi ngd vao (ddu vao) dao duge xem nhu
diém mat gia.

Do tin hiéu V, vao ngd vao ddo nén tin hiéu ra V s& ¢6 dién 4p nguoc diu.

Néu V, > 0V thi V, < 0V va ngugc lai.

Theo so d6 mach, dong dién [, di qua R, ti ngodi viio 13 do V, > OV. Nhu
vay dién dp V, < OV va dong dién I, s¢ di tir ngd vio ddo qua R, dén ngd ra.
Thuc t¢ dong [, chinh la dong dién 1, > I, = L.

Hai di¢n tr& R, va R, tao thanh cdu phan 4p c6 diém giita [3 ngd vao ddo

vol dién dp ngd vao diao V| = OV,
Suy ra:
., oy
R, R,
Suy ra
V.' — VO
R R,
Vil =1,
Cué6i cling ¢6:
4 R,
App =—F=—-—%
Rf Rl

Qua bicu thic Ayp ta thiy:

- Néu giam R, = R, tht Ayp=-1.

- Néu giam R, = 0Q thi Ay — . Thyc 1€ thi Ay tién t6i giGi han bdo hoa
1a do khuéch dai vong hd Ay,

Khi thay déi tri s6 R, thi s& lam thay d8i tdng trd ngd vio (dau vao), khi
thay di tri s R, chi 1am thay ddi do khuéch dai con téng tréy vio khong
d6i. Tuy nhién, gid tri R, phdi dugc chon trong gi6i han cho phép. Néu chon
tri s6 R, qud nho thi dong ngd ra cia bo khuéch dai thuat todn s& vugt qua
tr1 86 Ly, vi dong ngd ra (ddu ra) 1a dong qua tai va dong hoi tiép qua R,
Néu chon tri 6 R, ¢6 tri s0 qué ldn thi mach khuéch dai s& bi nhiu vi lam
viéc khong on dinh.
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Thong thudng R, thuding dugc chon trong khoidng 2K dén 2MQ. Dien trés én
dinh nhiét R, thudng chon ¢6 trisd: Ry =R, //R,.

Trong mach khuéch dai dio. tOng trd vio clia mach Z; chinh 12 R, vi ngs
vao (dau vao) ddo duge xem 13 diém mat gid. Muén tang tng tré ngd vao (dau
vao) thi phdi tang R, diéu nay s& lam giam do (hé s6) khucch dai hoi tiép Ay

D¢ ¢6 18ng trés vao chia mach Z, 16n ma do khuéch dai héi ticp vin 16n thi
¢6 thé dung mach khuéch dai dao theo so d say:

Hinh 3.19. Mach khuéch dai c6 10ng 1ré ngé vao lon

Véi cdc tri s6 clia dien trdr trong mach, d¢ khuéch dai cia mach Ia:
Aye=-100

bién ¢ R, = IMQ nén téng tr& ngs vio ciia mach Z; vin ¢6 tri & 16n.

2.3. Mach khuéch dai lap hay mach khuéch dai dém

Mach 1ap la mach khuéch dai khong ddo ¢6 do (hé s8) khuéch dai Ay = 1.
Trong mach nay, tin hicu vio dira dén ngd vao thuin, ngd vao dio duge ndi
truc 11€p dén ngd ra. Nhu vay, dién dp hot 1iép V, bang dicn 4p ra V,, (mach hoi
ti€p am 100%). So d6 mach nhur sau:
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Hinh 3.21. Mach ldp AC

, e Ve
H¢ 36 (do) khuéch dai héi tigp la: 4, = =1

e ';.‘_
2y = - k3 ~ A VO
Tongudvaociamachla:  Z, =Z,. =Z,. AV,
I'F

Tong trd nay rét 16n, khoang xap xi vai trim MQ.




Trong mach 1ap AC ¢6 tu lién lac C, va C, d€ c4ch ly dién dp mot chiéu
gilta cdc khéi. Dién trd IMQ & ngd vao thudn néi xuoéng mdt ¢é tac dung
6n dinh nhiét cho bo khuéch dai thuat todn va dé tao dong nap x4 cho tu
C,. Do ¢6 dién tr& IMQ nén téng trd vao cla mach s& gidm va bang tri s6
IMQ.

Dac di€m cta mach 13 téng tr& vio rdt 1dn, téng trd ra rat nho (xdp xi vai
€2) nén mach 1ap dugce diing 1am mach d6i (8ng trd tir 16n ra nho.

Cdc mach khuéch dai thuat todn thudng duge sir dung dé thay thé cho cic
mach khuéch dai dung Transistor, den dién tir &€ khuéch dai tin hi¢u; diing dé
gia cong X1t Iy vi 1ao cdc loai tin hiéu, tao dao dong...

IV. MACH KHUECH PAI DUNG IC

1. Mach khuéch dai tin hiéu nhé diing IC

Ngay nay, viéc sit dung IC trong khuéch dai rdt phé bien, nhat 13 dé khuéch
dai tin hi¢u nho thay cho cic mach khuéch dai ding den dién tl1, Transistor 1a
rdt cdn thiét, vi mach khuéch dai dung IC khuéch dai tin hiéu cho chat luong
khuéch dai t6t (tin hiéu trung thuc). Hon nita mach khuéch dai c6 két ciu don
gian, dé st dung va lam viéc dn dinh. Viéc sir dung IC dé khuéch dai tin hicu
nho rat da dang vi méi mot loai IC thiét k& ra ¢é mot chite nang riéng nén viéc
nghi¢n cifu ching rat mét nhiéu thai gian. Trong phan nay ta chi tap trung xem
xét viéc sir dung IC trong khuéch dai cong suAt.

2. Mach khuéch dai cong suat ding IC

Mach IC (Integrated Circuit) va cdc bo khuéch dai thong thudng vé co
ban khéng 6 su khac nhau, ca hai loai nay déu dugc ding dé khuéch dai
dién dp, dong di¢n, cong sudt. Trong khi tinh chat cia b6 khué&ch dai thong
thuong phy thugc vao két cdu bén trong clia mach thi tinh chét ciia mach IC
c6 thé thay d6i duge va chi phu thudc vao cic linh kién mic & mach ngoal.
Dé thuc hién diéu 46, IC phai c6 hé s6 khuéch dai 16n, tr& khdng vao rat 16n
va tro khang ra rat nho.

IC v6i wu diém gon nhe, h¢ s khuéch dai 16n, da tin cdy cao, gid thanh ha,
tiéu ton it nang lugng ngudn cung cdp nén da duge ing dung rong rai trong k¥
thuat khuéch dai, tao dao dong, bo én dp, b6 Ioc tich cyc. ..

Cho mot so d6 tdng quat cla ting khuéch dai cong sudt dung IC nhu sau:
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Hinh 3.22. Mach khuéch dai cong sudt ding IC

Chanl: noi dat.

Chén 2: dau vio ddo. Buoc ddnh dau 1a -).

Chén 3: dau vao khong dio (+).

Chan 4: ndi v6i duong ngudn.

Chan 5: ddu ra.

Chén 6, chan 7 mic thém ty C, goi 1a tu b pha dé chong dao dong t kich.

Tin hi¢u vao c6 thé dua t6i ddu vio dao hoac khong dio, nhung thudmg tin
hiéu dugc dua t6i ddu vio khong déo. Diu ddo mic them mach héi ti€p am R,
Cp nhdm 6n dinh ch& do 1am viéc cho IC.

Tu C, 12 tu nGi t4ng, c6 tri s6 ¢¥ 1 dén 10uF.

H¢ s6 khuéch dai cong sust K, = P_/P, = vai chuc dén vai trim.

Nguén cung cdp cho IC ¢6 thé 13 nguén don hoac 1a nguén d6i xing.

IC cong sudt ¢6 thé dugc ché tao rieng hodc déng thoi lam cde nhiém vu
khic nhu khuéch dat cao tan, khuéch dai trung tan, khuéch dai am tdn... Ciing
c6 thé ¢6 2 kénh khuéch dai cong sudt doc 1ap duge ché tao trén ciing mét vo.
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V. MACH KHOA PIEN TU DUNG TRANSISTOR

Trong so d6 cia mach khuéch dai ding Transistor hay con goi la so 46
khuech dai tuyén tinh, dién thé cuc gép Transistor duge thiét lap nim trong
gi6t han nho hon Ec (Ec1a ngudn cung cdp). Lic d6 x4y ra hién tugng tri s6 tin
hiéu vao nho dén ndi tin hi¢u ra phu thude tuyén tinh vio né va khéng VgL qua
khoi cdc gidi han cin trén va can dudi cia khu vuc tuyén tinh cia déc tuyén,
hay néi cach khdc, su khuéch dai tin hiéu x4y ra lan can diém 1am viéc. B&i vi,
trong truong hop nguge lai s& xudt hién méo tin hieu rd reét. Péng thai, nhu
chiing ta da bi€t, d€ dam bao cho Transistor lam viéc & ché d6 khuéch dai thi
tiep gidp Bazo-Emitor duge phan cuc thuan, tip giap Bazo-Colector dugc phan
cue ngugc (doi véi Transistor loai pnp: U, > 0, U, < 0; loai npn hoan toan
nguge lai). Con khi Transistor lam viéc & ché d6 khod thi tiép giap Bazo-Emitor
va Bazo-Colector déu dwgc phan cuc nguoc, khi d6 Transistor déng vai trd mot
khod di¢n 1lr déng m& mach v6i t6c d6 nhanh (10¥ dén 10%s) do d6 ¢ nhiéu
dac diém khdc voi ché do khuéch dai da xét.

Yéu cdu co ban d6i véi khoa dién tir:

Céc loai khoa dién tr chi 1am viéc & hai trang thai ddc trung. Cac trang théi
niy bi€u thi bing dién 4p ra cé thé 13 16n hon mét mite dién ap vao U, ndo dé,
hodc nho hon mét mikc dién dp U, cho trude, trong 46 U, < U,,.

Néu dién 4p ra vugt qua U, thi ngudi ta néi ring so d6 ndm & trang théi cao
H, con néu nhoé hon Uy thi néi ring so d6 & trang thii thap L. Cdc tri s6 mic
Uy, Uy chi phy thuéc vao so dé duge chon dung. Ching ta s& xét van dé nay
qua mét mach dao ding Transistor nhy hinh vé sau:

— —o+E¢

UVWQI 3R, lUr:

1 e

Hinh 3.23. Khéa dién tit ditng Transistor
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Trong so d6 phai thuc hién cdc yéu cdu sau:
U,.> U, khi Uy < U,
va U, <Uy khi U, Uy (3-1).
Cdc diéu kién nhu vay c6 thé duge thuc hién béng céch lua chon tuong img
c¢dc mic Uy va U, ciing nhur céc tri s6 R vA Ry, Dé tinh todn don gian, khi U,
¢ dang nhu hinh v&:

U 4

E,
L
. ‘

Hinh 3.24. Dang tin hiéu diéu khién khéa

Ta coi khod Transistor thod man dugc diéu kién:
Ry >> Ry, E, >> ey, E, >> ¢, (3-2)

Trong d6 Ry la dién tré clia khod, e, 1a dién 4p dinh thién cho khod, E,, E,
13 cic mitc dién 4p. S& di khod phai thod man diéu kién (3-2) 1a dé dam bao
khéng suy giam nguén tin hiéu, dong thdi 1am cho khod & han mot trong hai
trang thdi thong hdn hodc tét hin. Hay néi céch khdc, khod 1am viéc khi mat
ghép cuc phit thién dp thuan dit & ch€ d¢ khuéch dai hay béo hoa thi dong dién
I, cling do mach ngoai quyét dinh. Boi vay, mach ngoai cia khod coi nhu ngén
mach (Ry = 0). Khi d6, dong cuc gdc c6 thé xac dinh theo biéu thic:

I, =1, =—L
b b1 R,

O thoi diém t < t, khod tit do U, = E,, E, < 0. Tai thdi diém t = t,, U, dét
bién chuy¢n sang tri s6 Uy = E, > 0, khod dan thong réi chuyén ché do bio hoa
(qua trinh qua d6 nay dién ra rat nhanh).

Sau khi cdc dién dp trong khod dd xdc 12p, nghia 14 khod di hoan toin nim
trong ch€ d¢ wng vdi Uy = E,, phai chon sao cho cdc tham s& cla mach dam
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bao cho khod ndm & ché€ d6 bio hoa khi Transistor ¢6 hé s6 khué&ch dai § 14 nhod
nhét. Boi vi & ch€ do bido hoa ca mat ghép cuc gép do mach ngoal quyét dinh
tic 1a:
E
I, ~==
chh R(..
Mat khéc 1, >> L, 13 dOong gép nguoce bido hoa, ta xdc dinh dugc dong dién
cuc géc & ché do bio hoa theo bidu thite:

Do dé6, dé dam bao khéa tén tai ¢ ché do bio hod cac tham s6 cila mach
phai chon sao cho I, > I, tic 1a phdi thoa mén diéu kién:

E, > —¢ Ec (3-3)
R, PR,
N€u chon E, = E, khi d6 (3-3) duge viét thanh:
R, <BR, (3-4)

Minh hoa cy thé cdc dén gii tréen qua mot s& vi du dudi day:

Néu trong so d6 Transistor khod thi lic khong tai di¢n 4p ra sé bang
+Ec. V6i dién trd tai nhd nhit R, = R, dién 4p ra Uy sé bing Eo/2. Nhu
vay, E¢/2 la dién dp ra nhé nhdt cia so dé & trang thdi H. Dé phan biét chac
chin cdc trang théi, ching ta chon Uy < E¢/2. Ching han U, = 1,5V véi Eq.=
5V. Phlx hop véi céc diéu kién trén khl U, = U, dién 4p vao phdi tuong \ting
v6i mifc L, mic L duge hiéu 1 dién dp 16n nhat dé khi d6 Transistor vin con
bi khod chic. D6i véi cic Transistor silic lam viéc & nhiét d¢ phong, c¢é thé
chon dién 4p 0,4V lam muc L. Khi mitc U, va U, d3 chon xong, can phai
tinh cdc tham s6 cha so d6 dé khi U, = U, dién dp ra thoia man U,.<U. So
do cdn phai tinh sao cho yéu cdu nay dugc thoa man ca khi trong trucmg hop
bat lgi nhat, tiéc a ngay cé khi Uy = Uy = 1,5V thi dién 4p U, vin cit nhd
hon Uy = 0,4V. Dién trd cuc Re duge chon thich hop dé thdi gian chuyén
mach cta Transistor dii nhd, con tri s6 dong cuc gop khong duge quéi 16n,
chang han ta chon R, = 5kQ. Ti€p theo, ta tinh tri s6 Ry dé véi dien dp vao
Uy = 1,5V, dién ap ra khong vugt qud tri s6 0,4V. Muén thé, dong cyc gép
can phai vao khoang L, ~ Eo/fRc ~ 1mA. Cic Transistor dung trong so d6
nay can phai cé h¢ s6 khuéch dai dong dién B = 100.
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Khi dé dong cuc géc bdo hoa.

I, 1mA
Loy == =——=
B 100
D¢ Transistor bdo hoa, chiing ta chon I, = 100uA tic 12 dy trir gap 10 lan.
Lic d6é R, ¢é tri s6:
_ L5V - 0,6V _ 0.9V kO
1004 10024
Khod dién tit diing Transistor thudng dugc ding dung lam khod chuyén
mach, diéu khién tin hiéu xung; ding dé khuéch dai, bién déi dang xung. ..

10 A

it

Cau hoi

1. C6 nhiing yéu t6 nac lam anh hudng dén dai thdng tan s clia mach khuéch dai?

2. Bién phap md rong dai théng tin s& thap va tan s6 cao clia mach khuéch dai 1a
nhu thé nao?

3. Thé nao 14 mach loc théng thap (ha théng), théng cao (thugng thang), théng dai
(bang thong) va chdn dai (triét dai, chan dai)? Cac loai mach loc d6 ding dé
lam gi?

4. Hay cho biét ky hidu va dic diém clia mach khuéch dai thuat toan.

5. Khoa dién tir sif dung Transistor lam viéc trong viing dac tuyén nao? Khoa dién
t st dung dé lam gi?
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Chuong 4
MACH TAO DAO BONG

L KHAI QUAT CHUNG VE MACH TAO DAO PONG HINH SIN

1. Khai quat chung

Trong Iinh vuc dién - dién tlr, dong dién xoay chiéu hinh sin rat quan trong
vi nhitng dic tinh riéng cda né nhu:

- Dong di¢n hinh sin rat d& phat sinh.

- Céc dong dién xoay chiéu ¢6 tinh chat tudn hoan déu o6 thé phan tich
thanh mét chudi cdc tin hieu hinh sin. Diéu nay thuén lgi cho viéc phan tich,
tinh todn nh& ¢6 nhiéu céng cu todn hoc.

- Dong dién hinh sin thudng duge ding € khio sit dac tinh k¥ thust cia
cdc mach dién tir nhur mach loc, mach khuéch dai...

Mach dao dong dugc hiéu 1a mach khuéch dai nhung khong ¢4 tin hiéu vao
ma nd ty tao ra tin hiéu ra.

Mach dao dong tao xung vudng nhd hién tuong nap xa céa mach RC két
hop véi hai trang thdi bio hoa va ngung dén cia linh kién tich cuc.

Mach tao dao déng hinh sin dya trén hién tugng cong hudng ciia mach LC
ket hop véi mach khuéch dai héi tiép € tao tin hiéu,

Dé ¢6 tin hiéu hinh sin ra, mach khuéch dai héi tiép phai thod min cdc didu
ki¢n sau:

+ Xét riéng mach khuéch dai ¢6 tin hi¢u vao V,, tin hi¢u ra V,. Hé s6
khuéch dai vong hd (khong c6 héi ti€p) clia mach khuéch dai 1a;

V
A, = V(.) =>V, = V;..Ayo

f
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v, Vv, v,
— Mach —>
khuéch dai [
v,
; : VU
Mach e —
héi tiép duong

Hinh 4.1. So do khéi mach tao dao dong

+ X¢ét riéng mach héi ti€p duong ¢6 tin hi¢u vao la V,, tin hi¢u ra la V,. He
s0 hoi ti€p hay d¢ loi clia mach hoi tiep la:

Vf
bz?/*—i Vf '—_b.Vﬂ

[

Do ¢6 hoi tiép duong nén V, va V, ciing pha. Tin hiéu V; chinh 13 tdng cla
V.vaVv,

Ta c6:
V.=V +V, =V, =V -V,
+ Xét mach khuéch dai c6 héi ti€p duong (dudng rdi nét) bao gém ca mach

khuéch dai va mach héi tiép dwong. Tin hi€u ngd vao 1a V, tin hiéu ra [3 V..
H¢ s6 khuéch dai ciia toan mach 1a:

A _ K“‘. _ V(, _ V;' _A'-'a
VE ¥ T V.V, TV bV A,
A,
Suy ra: = - _
y Ayp 1-b.4,,

Do day 13 mach khuéch dai déng pha nén b va A, ¢6 tri s6 duong, do d6
b.A,, cling c6 tri 6 duong.
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Tich s6 b.A,, chinh Ia tich s cha hai hé s6 khuéch dai, hé s6 khuéch dai
vong hd cia mach khuéch dai v hé s6 khuéch dai ctia mach héi ti€p. Tich s6
b.A,, con dugc goi 14 hé s6 khuéch dai vong hay do loi vong (loop gain).

Khi h¢ s6 khuéch dai vong b.A,,= 1 hay 1 - b.A , = 0 thi:

A
Ayp ===

Lic d6 mach ¢6 d¢ khuéch dai vo cling 16n va mach s& dao dong, va tir tao
ra tin hi¢u ma khong can tin hiéu vao V.

Tir d6 ta riit ra diéu kién clia mach la:

* H¢ s6 khuéch dai vong b.A,, = 1. (Tich hé s& khuéch dai clia mach
khuéch dai va h¢ s6 khuéch dai ctia mach héi ti€p). Diéu kién nay con duge goi
la diéu kién can bang vé bién do dao déng.

* Gdc lech (dich) pha cta mach bang 0" hodc 360°. (Téng géc dich pha cia
mach khuéch dai va mach héi ti€p phai 1a héi 1i€p dwong). Piéu kién niy con
duge goi 1a diéu kién can bing vé goc pha.

Néu hai di€u kién trén khong dugc thoa man thi mach khéng 6 kha nang
dao dong.

Néu b.A,, > 1 thi mach dao dong tu kich, bién d¢ dao dong ting dan. Dén
mot mitc ndo dé thi mach & trang thdi bio hoa.

Néu b.A,, < 1 thi mach dao dong ty tit dan. Pén mot mitc nao d6 thi mach
trd vé& trang théi cit (khod), khong ¢é tin hiéu ra.

Néu di¢u kién goc pha khong dirge thod man thi mach chi 13 mach khuéch
dai ¢S hoi tiép. Vi khong c6 dién 4p 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 rdt nhiéu loai, tuy theo ting cich phan loai
ma ta c6 cdc loai mach dao déng nhu sau:

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

- Mach dao dong dung Transistor.

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

* N€u phén loai theo linh kién thu dong RLC, cé:

- Mach dao dgng RC.

- Mach dao dong LC.

* Néu phan loai theo mach sit dung bién 4p, c6:

- Mach dao dong ghép bién 4p.
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- Mach dao dong khong dung bién 4p.

* Néu phén loai theo két cdu ciia mach hoi tiép, cé:

- Mach dao dong 3 diém dien cam, 3 diém dién dung.
- Mach dao dong diing cdu chir T, chit T kép.

- Mach dao dong diing khau hoj 1iép di pha RC, CR.
- Mach dao déng cu vien. :

* Néu phan loai theo linh kién két hop khac, c6:

- Mach dao dong dung thach anh.

- Mach dao dong diing diot bién dung. ..

IL. MACH TAO DAO PONG 3 BIEM

Mach dao dong 3 diém ciing dung d¢ bién di dien 4p mot chicu thanh
di¢n dp xoay chiéu hinh sin tin s§ cao,

Goi 1a mach dao dong 3 diém vi tir khung dao dong c6 3 diém duoc nsi véi
3 cyc cita Transistor (con d6i vdi IC khuéch dai thuat todn s¢ dugc trinh bay &
gido trinh chuyén nganh khic) theo nguyén tic:

Cuc E phdi mic vao diém trung gian gitta Bva C.

Hinh 4.2. Nguyén Iy mach tao dao dong 3 diém

- Xét vé tinh chat dien khéng cia timg doan mach thi Z,, phai cling tinh
chat v Z,, vaca 2 ngugce tinh chat véi 7.
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2.+ 7yt Zy,= 0. Do vay ta ¢6 2 loai mach dao dong 3 dié€m dé 1a:

- Mach dao dong 3 diém di¢n dung khi Z,, va Z,, déu mang tinh dung khéng.

- Mach dao dong 3 di€m dién cdm khi Z,, v Z,,, déu mang tinh chét cAm khang.
1. Mach tao dao déng 3 diém dién cam

Mot trong cdc mach dao dong 3 di€m dién cam nhu hinh v& sau:

Hinh 4.3. Mach tao dao déng 3 diém dién cdm

Khung dao déng gom cudn day L va tu C tao dao dong cé:

]
m. =
0 \ ‘\/E

Trong mach nay, cyc B n6i méit qua C,; cuc E qua C, néi vio 1 diém trung
gian ctia cudn day L. Con cuc C ¢6 thé ding R,C, d€ mic véi ddu trén khung
dao déng, cdch mic nay lam gidm Ug,. Do d6, trong cdc mach 3 diém ngudi ta
thay nhém R,C, bing cudn day ghép Lgh cuén trén ciing mét 13i véi cudn day
L nén ta van coi ddu trén khung dao dong méc véi cuc C vi khi ¢6 i qua Lgh
s& b6 sung niang lugng cho dao dong trong khung LC..

Trong mach khi bat nguén, ¢6 i. qua Lgh s& hd cdm sang L tao ra sitc dién
dong hd cam ey, nhdy e trong khung tao ra dao dong. Liy mot phan dao dong
6 phan dudi cugn day L dua vé B-E diéu khién ic qua Lgh dé b6 sung ning
lugng trong khung LC. Mach nay ¢6 Transistor mac B chung va rd rang U,
cung pha véi U,
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2. Mach tao dao dong 3 diém dién dung

C6 nhicu kiéu dao dong ba diém dien dung khac nhau, mét trong cdc mach
loai nay nhur hinh vé sau:

Hinh 4.4. Mach dao déng 3 diém dién dung

Trong d6 khung dao dong gém cuén day L va tu C,, C, ¢6:
1
L_.Cﬁ
C +C,

wU:

Cuc E qua tu C, duge méc vao diém giita C,, C,. Cyc B qua tu C, tié€p mat. Cuc
C qua ty Cc miéc véi ddu trén khung do 46, Z, = X,5; Z. = X, va Z. g raon = X Céc
tu G, C, C, ¢6 dién dung l6n d€ X, = 0, R|R, mach phan 4p tao +U,,= Up,. Ry R,
han ch€ dong xoay chiéu i, i, d€ ching it anh huéng sang khung dao dong.

Khi bat nguén, nhd dong nap ban dau cta C va C, qua khung ma trong
khung LC,C, c6 dao dong. Mot phin dao dong duge 18y & C, dva qua C,, C, 161
doan mach E-B. R& rang U, hoan toan déng pha véi U, cd tic dung diéu
khién i b3 sung nang lugng cho khung dao dong.

Do dicu kién Z. + Z,+ Z = 0 nén néu C,, C,, L, da ¢6 dinh thi chi ¢6 mot
tan s6 ddp ting duge diéu kién trén nén tai tin s6 dé mach s& dao dong. Mach
dao dong kiéu nay c6 d¢ dn dinh hon mach dao dong ghép bién dp.
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PITGGE AL\l ISk e 1w (R I-A‘!"l "

Il MACH TAO DAO PONG DUNG THACH ANH
1. Bac tinh cda thach anh

Tinh thé thach anh 12 loai d4 (trong m&) c6 c&u tao sdu mat va c6 hai thdp o

hat dau.
10,7M
7 Hz ////
7
‘ ‘ Ky hiéu
Hinh ddng
Ma bac
T A
Tinh thé Ciu tao

Hink 4.5. Tinh thé - cdu tgo ky higu - hinh dang thach anh

Ngudi ta cat tinh thé thach anh theo mot phuong vi gdc xéc dinh theo dang
tron, dang vuodng dai hay dang thanh... Dién tich cfia l4t thach anh khodng vai
cm® va bé day rdt mong, khoang vai mm. Hai mat lat thach anh duge mai
phing, ma lén I6p kim loat thudng 1 loai bac va néi ra cc dién cue. Cudi ciing
lat thach anh duge bé trong hop ¢6 chita bot cach dien v duoc néi ra hai chan.
Tinh thé thach anh ¢6 k¢ hiéu nhu hinh v&,

Tinh thé thach anh ¢6 ddc tinh 14 khi bi kich thich boi mot luc ép co hoc thi
thach anh s& phat ra dién trudng, giita hai ban cuc s€ xuat hién mot dién ap goi
la hiéu ing dp dien. Ngugc lai, khi kich thich tinh thé thach anh bing nguén
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dién AC, tinh thé thach anh s€ rung & tdn s khong ddi va hién tugng rung nay
gay ra hiéu ing 4p dién, thach anh lai phdt ra dién trudng va cho tin hiéu xoay
chiéu c6 tin s6 khong doi.

Tinh thé thach anh c6 mach twong duong va déc tinh trd khdang nhu hinh sau:
X

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

tan s6 cong huwong cua thach anh

Cdc thong s6 cha tinh thé thach anh ¢6 tri 56 tuy thudc mat cdt, thudng
trong khoang:

R, = vai chuc Q t6i 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 s6 khic nhau:

- Cong hudng ndi ti€p & tan s6 f, do L, va C, theo cong thifc:

1
s =on L,.C,

Cong hudng song song & tan sé f, do L, va C, (C; song song C;) theo
cong thic:
1 -

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

Jr=
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C,.C,
+C,

. Ay
Nhur vy, f, va f, ¢6 tri s6 gdn béng nhau.
Thach anh con ¢6 X, >> R, v X >> R nén dao dong thach anh cé hé s6

phdm chét Q rat 16n. Diéu nay c6 nghia 13 lmh thé thach anh trong mach dao
dong ¢é do 6n dinh tdn s rét 16n.

Céc thong s6 clia tinh thé thach anh rét it thay déi theo nhiét d6 va thai gian
nén thudng duge diing trong cdc mach dao dong cin d6 6n dinh tdn s6 cao.

Bo dao dong thach anh ¢6 thé cho mach dao dong & tin s6 f,, lic d6 trd
khang céng hudng Z — 0Q. Nguoc lai cling ¢é thé cho mach dao déng & tan 56
fp, lic d6 trd khang cong hudng Z — © Q. Nhu vay, dao dong thach anh ducc
chia ra hai leai 1a dao dong néi ti€p va dao dong song song.

2. Mach dao dong dung thach anh

2.1. Mach dao dong thach anh néi tiép

+VCC
C, v
| 3]
C, ‘_| —®
':

[le s
Eh}
g L L

Hinh 4.7. Mach dao dong ding thach anh mdc néi tiép

Trong so d6, thach anh X nhu 1a mach cong hudng LC ghép néi tiép két
hop véi hai tu C,- C, dé tao tin hiéu dao pha. Nguyén 1y nhu mach dao dong
Colpitts (dao dong 3 diém chung).

111



1 SRl TR iEmeramn.\EEmmmS"w e 1)

Thach anh X nidm trén dudng héi tiép tir cye C vé cuc B nén chi ¢6 tin hiéi
G tan s6 cong hudng dugc héi ti€p dé tao dao dong ra tin s6 nay.
2.2. Mach dao dong thach anh song song

U,
+V_.
I

Hinh 4.8. Mach dao déng ding thach anh mée song song

Trong mach dién, thach anh X nhu mach cong hudng song song & ngd ra
d€ chon tan s6. Tan s6 cong hudng chinh 1a tin s6 f, clia thach anh.

D€ tao héi ti€p, hai tu C, va C, 12 hai cau phan 4p xoay chiéu 1y tin hiéu ra
0 cuc C hdi tiép vé cuc E. Nhur vay, Transistor dugc rap kiéu B chung nén mach
khuéch dai c6 tin hiéw vao cuc E vi tin hi¢u ra & cuc C 12 hai tin hiéu déng pha,
nén mach héi tiép nh cdu phan 4p C,-C, I mach héi (iép duong diing theo
diéu kién ctia mach dao dong.

Thyc ch&t mach dao dong nay cling 1a mach dao dong Colpitts cii tien (loai
mach ba dién dung).

Hi¢n nay, dao doéng thach anh dugc vng dung rat rong rai trén cic thiét bi
dién ur dan dung hay chuyén diing nh&s do 6n dinh tan s6 rat lén. Tay nhién,
thach anh chi dugc ché tao cé tan s6 dao dong tir 100KHz tré 1én, & tan s6 thip
rat khé ché rao vi cdn thach anh ¢6 kich thuéc 16n.
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IV.MACH TAO DAO PONG DUNG R-C
1. Mach dao déng dung khau di pha
Sa d6 mach:

Hinh 4.9. Mach dao déng ditng RC

Trong so d6, Transistor Q, dugc rdp kiu E chung nén la mach khuéch dai
ddo pha 180°. Mach héi tiép tir cyc C vé cuc B gdm ba mach loc RC 12 loai loc
thong cao. O day, mach loc RC duge chon tri s6 sao cho m&i mach Iam sém
pha 60° (tinh chdt ciia mach vi phan). Nhu vdy, qua ba mach loc RC sé& 1am
sém pha 180". Tin hi¢u ti cyc C qua mach héi ti€p sé trung pha vdi tin hiéu vao
& cuc B, tao thanh héi ti€p duong.

D€ c6 h¢ s6 khuéch dai vong b.Ay, = 1, ngudi ta c6 thé thay déi tri s6 dién
tr& R d€ c6 do khuéch dai dién 4p cta Transistor thich hop.

Mach loc RC thit ba (trén dudng héi tiép) c6 tu C két hop véi dién rd R
(R =Ry = Ryy) chinh 13 mach tuong duong cha Ry, / Ry, 7 1, ctia mach khuéch
dai T,. Do tri sG cla ba di¢n trd nay song song nhau va c6 gia tri nhé nén phai
ghep ndi ti€p them R, d€ 6 gid tri chung bing cdc dien tré R phia trudc.

Tan s6 dao dong clia mach duoc tinh theo cong thitc:
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1

fo= ~
2HRC,/6+4.-RC—

Transistor Q, 1a mach khuéch dai dém rdp kiéu C chung, c6 tic dung lam
giam t8ng trd ra ctia mach, dung hop véi 16ng trd cita tai thudng cé gid tri s6
nho va khong 1am anh hudng dén mach dao dong diing Transistor Q,.

2. Mach dao déng dung cau vién
2.1. Mach loc diing cau vién

R, (Ijl /_H
I

NEYVN .
v T* ‘% lv,
+ Ll

Hinh 4.10. Mach loc cdu vién

Trong so d6 mach loc cau vién chia ra hai cap linh kién, dién trd R = R, néi
ti€p vdi tu C = C, c6 tdng trd chung 13 Z,, dién r6 R = R2 song song voi tu C = C,
cé téng trd chung 13 Z,.

Ta c6: Z=R+X.
Z = RX,.
T R+ X,

Hai tong trd Z, va Z, tao thanh ciu phan 4p cho ra dién 4p tin hieu V, tinh
theo cong thifc:

VU = V; 4
Z+Z,
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Nhan xét:
- Khi ¢6 tdn 56 f thap — 0 thi X, — oo nén tong tré Z, — oo. Dién dp ra V,, bi
gtam rat nho.

- Khi ¢6 tdn $6 f cao — oo thi X, — 0 nén tong tré Z,
cling bi gidm rat nho.

Bang phuong phap phan tich va tinh todn, n
€O bien d dién dp V,, ra 16n nhat 1a:

»—>0.DiéndpraVv,

gudi ta ching minh ring tin s¢

1
L Jo = 2T1RC
Taitan s f;
Z, =2.R
Va:
a , R
Y
Suy ra:
1
Vnz':,;V:

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

Hinh 4.11. Mach dao déng céu vién
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Hai Transistor Q, va Q, déu rdp theo kiéu E chung nén 13 mach khuéch dai
déo pha. Tin hiéu vao cuc B, va ra cyc C, s& 12 hai tin hiéu déng pha dé tao héi
ti€p duong.

Mach héi ti€p tir cuc C, vé€ B, 12 mach cdu vién d€ chon loc tén s6.

1
/o= 2nre
Theo phan tich trén, mach cdu vién ¢6 hé s6 khuéch dai hoi tiép la:
1 1
[ Vv, = —
b = 3 ( Q 3 v:)

Theo di€u kién ctia mach dao dong phéi c6 hé s6 khuéch dai vong la:
b-AV{) = 1|
Do: p = % nén chi cdn cé: Ay,= 3 thi du d€ cho mach dao déng dudc.

Ay la 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 gém mach khuéch dai vd mach hdi
ti€p. Vay mach dao dong ding IC 1a mach sit dung IC (thudng 12 IC khuéch dai
thuat todn) lam mach khuéch dai, cdn mach héi tiép 1a dé tao ra héi ti€p duong,.
Mach hoi tiép rat da dang, do d6 mach khuéch dai dung IC két hop véi mach
hoi ti€p dé tao thanh mach dao dong ciing rat da dang. Mach dao dong ding IC
c6 thé ¢é cdc loai sau:

- Mach dao dong diing bién ap.

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

- Mach dao déng diing thach anh.

- Mach dao d9ng diing khau di pha (léch pha) kiéu CR (loc théng cao), RC
(loc thong thdp), kiéu ba khau hay bén khau.

- Mach dao dong dling cdu vién.

- Mach dao dong diing héi tiép 1a mach loc chit T hay chix T kép...

Trong phan nay chiing ta chi khdo sit mot s6 mach dao dong, cdc mach
con lai s€ dugc trinh bay & cc gido trinh chuyén nganh khéc.
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2. Mach dao dong hinh sin dung IC

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

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

Trong doé:

- A 12 mach khuéch dai sir dung IC khuéch dai thuét todn.

-R,, R, 12 céc dién tr& hoi tiép am ding d€ 8n dinh mach dao dong.

-L,, C la khung cong hudng dé tang cudng dién 4p ra dua vao mach hoi tiép.

- R 1a dién tr& ghép 1am gidm sy anh hudng giita trdé khang d4u ra mach
khuéch dai nhé dén khung cong huong L, C.

- Bi¢n 4p T, gém hai cudn day L, va L, ding dé tao hdi ti€p duong (dua vé
ddu vao hay cira vao thuan). Muén cho mach dao dong duge thi lugng hoi tiép
duong phai 16n hon lugng hoéi tiép am.

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

Do d6, dé dam bao diéu kién can bing vé bién do dao dong K. K, =1 thi

Ki = Ug/Uy = 1/K = 11 + Ry/R ) =R AR, +Ry)

U, la dién 4p 14y ra trén cudn day L, ctia bién 4p T, ty 1& vdi s6 vong day
cla cudn L, (n,).
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U, 12 dién 4p dua vio cudn day L, cha bién dp T, ty 1é véi s6 vong day
cha cudn day L, (n,).

Nhu vay K, = R/(R, + R,) < 1 ty 1& vdi ny/n, = ny/n, < 1 (s vOng day ny
nhé hon s6 vong day n,).

Con diéu kién can bang vé géc pha dé€ tao héi ti€p duong luoén duge thoa
man khi cugn day L, dugc cudn cung chiéu véi cudn day L,.

* Hoat dong clia mach nhu sau:

Khi méi déng mach K . K;, phai luon 16n hon 1 lam cho bién do dao dong
tang dn cho dén khi mach khuéch dai chuyén sang lam vi¢c & trang thdi bao
hod, khi d6 hé s6 khuéch dai ca mach giam ddn cho K . K, = 1. Lic nay dao
doéng dugc tao ra nhung khong phai la dao dong hinh sin. Pé cé dao dong diéu
hoa hinh sin thi mach phai diéu chinh h¢ s6 khuéch dai sao cho K. K, =1 va
xdc 1ap tai d6 khi mach khuéch dai chuy€én sang lam vige ¢ trang thdi bao hoa.

2.2. Mach dao déng cau vién diang IC

* So d6 mach:

D,
M
R, R,
APV ®
IR
L —4 ¢

§Rz

I

Hinh 4.13. Mach dao déong cau vién ding IC

118



Trong dé:

A la mach khuéch dai dung IC khuéch dai thuat todn, trong trudng hop nay
mach dong vai tréd 12 mach khuéch dai thuan.

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

R,, C, va R,, C, 1a mach lgc cdu vién diing lam mach hdi ti€p, ¢é hé so
khu&ch dai héi tiep 1a: K, =K, max = 1/3.

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

D,, D, mac song song v&i Ry 1am nhiém vu én dinh bién do dao dong cho
mach dao dong. Khi bién do dao dong tang thi dién trd tuong duong ciia nhdanh
R; gidm lam cho hoi ti€p am ting vi do do6 hé s¢ khuéch dai cha mach giam va
ondinh v6i K . K, = 1.

* Dicu kién clia mach nhu sau:

- Diéu kién can bang vé bién do:

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

Va mach khuéch dai 1la mach khuéch dai thuin ¢6 nhanh héi ti€p am la R,
va R, (b0 qua tro khing cua D, va D,). Khi d6 hé s¢ khuéch dai cha mach
khuéch dai la: K = Ur/Up, Up 1a dién dp vio dau vao thuin (v1 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,.

D€ cho diéu kién can bang bién d6 dao dong duge thod min K. K, = 1 =

(Ry+R)R,x 1/3=1= (R, +R)/R,=3 =R, =2R4

- Diéu kién can bang vé géc pha:

Diéu kién can bang vé géc pha ludn dirge thod man véi cdch méc nhu trén.

Vi mach hoi ti€p cdu vién ¢é ¢ht = 0 vd mach khuéch dai 1a khuéch dai
thuan ciing ¢6 ¢ = 0, nén ¢ + ¢ht = 0 thoa man diéu kién géc pha dao dong.

* Nguyén ly hoat dong nhu sau:

- Khi méi déng nguén dién mot chi€u cho mach thi hé s§ khuéch dai cia
mach khuéch dai tang 1am cho hé s khuéch dai vong K. K,, > 1, khi d6 mach
khuéch dai ti€n t&1 lam viéc d trang thai bao hoa,

- Hé¢ s6 khuéch dai cha mach khuéch dai tang lam cho héi ti€p am vé dau
vao dao cia mach khuéch dal tang manh, kéo hé s6 khuéch dai cha mach
khuéch dai giam xudng.

119



- Khi mach hoat déng én dinh thi he s6 khuéch dai vong s€ dat K . Kht = 1
va khi d6 mach sé& phit ra tin hiéu dao dong hinh sin.

VL. MACH TAO DAO PONG NGHET
1. Mach dao ddng nghat ding Transistor

- H‘ EC
D,
U.—=— ¥,
p—
w, R,
C K %
R,
R _
Cg u
.—L—{ I Ql R

|

Hinh 4.14. Mach dao dong nghet

—

Mach nguyén 1y dao dong nghet (Blocking) tu tao dao dong gém mot
Transistor Q, méic Emitor chung véi bi€n ap xung c6 3 cudn: W, 1a cudn sg
cdp, 2 cudn thit cdp W, va W,. Qui trinh thuc hién héi ti€p duong tir W, qua
cuon W, nhd cuc tinh nguge nhau cla chang (¢6 chiéu cuén ngugce nhau).
Tu Cva R dé han ché dong dién cuc Bazo. Dién trd R tao ddng phéng cho tu
dién C (lic Transistor khoa). Khau mach R,, D, dé bio vé Transistor khi
transistor chuyén tir thong sang tit. Cdc hé s6 bi€n dp xung y, va y, duge xdc
dinh boi:

w wy
_w _
Vg = Y= "

WB !
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U, 4
JE S — |
/ \ — t
5 - a
U, 4 /
DN
IEC/ ¥
u, 4
E/yt \
- >
t
7'y ¢ C
Uc }\ phéng
I
7 \/ >
1

Hinh 4.15. Dang dién dp mach dao ddng nghet

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

Trong khodng thdoi gian O d€n t;, Transistor bi tat do dién dp da nap trén tu
C, Uc < 0tu C phéng dién qua cudn day theo dudng sau:

+C >R - R, —-E-—> Mit 5wy -C

Cho 161t = ¢, thi Us= 0, trong khoang théi gian trén thi U va Us= 0 vi sut
dp trén cudn wy rat nho do dong nguge trong Wy gay ra, cdm ng sang cudn
day Wy va o, mot dién dp rat nhd, coi nhu xdp xi khong.
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Trong khoang thoi gian t, dén 1,, khi U = O xudt hién qua trinh Blocking
thuan nho héi ti€p duong qua wg 1am cho Transistor thong dan dén bao hoa fam
cho Ug tyt tir gid tri 0 — -E¢/y, (vi ¢6 cuc tinh nguoc véi W, ) con U, tang tr 0
= Ecfy.

Trong khoang t, d€n t;, T bao hoa sau di¢n dp trén cudén W, gin bang E_ do
dd U, s€ c6 gid tri < 0. Pay 1a giai doan tao dinh xung, ¢é su tinh lang tir trong
cdc cuon day clia bicn dp. Khi d6, héi tiép qua cuon W, s& 1a Uy = E,fy, va dién
dp trén cudn taj s la:

Trong khodng t, dén t, lic nay t6¢ dg thay déi ctia dong Colector giam nho
do do6 sudt di¢n dong cim tng W, W, gidm, din dén giam dong cuc Bazo I,
Vi the, lam giam mic bao hoa ctia Transistor. Lic nay ty C dwoc nap dién do
nang luong tich luy trong cudn Wy

+Up = Iggr—> R Co Uy

Lic d6 I, giam t6i gid tri t6i han Ty, = Ie,/B xudt hién qua trinh Blocking
nguoc (hoi tiép duong theo hudng nguge lai): T thodt khoi trang thai bio hoa I
¥ Ipd dua Transistor dot bién tré vé trang thdi it dong I = 0, tuy nhién do
qudn tinh cha cudn day, trén cyc Colector xudt hién suat dién dong tuy cdm
cling chiéu chéng sy giam cua dong dién 1. do d6 gay ra mot mirc dién 4p am
bien do I6n (tai thoi di€m t, = t,) vugt qua cé gid tri -E, day 13 qué trinh tiéu
tan nang lugng tir trudng da tich luy tr trude nhd dong thuan tir chdy qua mach
D,R,:

+W —>D, 5 R, - -W,

Lic nay cuon W, cam tng dién d4p am lam cho D, bi tit vi tich mach khoi
s0 d6, ¢on Uy > 0 va ¢6 gid tri nhd dan dén O (t, dén t).

Sau d6 tu C phéng dién duy tri T khod cho ti khi Uc= 0 s& 13p lai mot nhip
lam viéc mdi.

Do rong xung Blocking duoc tinh 1a:

BRt

=t~ =(R+r)eIn——"—
3 | ( ‘)C A",B(Rr-+W)

X

Trong d6 R, + ) ;2 R, 13 tai phan 4nh vé mach cyc Colector (mach so
cap) B 12 h¢ so khuéch dai dong finh clia Transistor khi mic chung Emitor.
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VII. MACH TAO XUNG VUONG

Mach dao déng tao ra xung vuéng con duge goi la mach dao dong da hai.
Mach dao déng da hai ¢6 nhiéu loai, vi du nhu: mach dao dong da hai dgi hay
con duge goi la mach dao dong da hai don 8n (mot trang thdi on dinh), mach
dao déng da hai ludng 6n (hai trang thdi 8n dinh), mach da hai phi 6n (khong
6n dinh) hay cdn duge goi 13 mach da hai ty dao doéng... Trong phédn nay sé&
trinh bay mot trong cdc mach dao dong dé6.

1. Mach tao xung vudng diing Transistor

Mach dao dong tao ra xung vuéng dién hinh vi thuong hay gip nhit 1a
mach dao dong da hai ty dao dong.

* Sa d6 mach nhu sau:

Rcl § Rh? § Rhl §R02

&
!

o

o,
1

Hinh 4.16. Mach dao dong da hai tw dao dong

* Nguyén |y hoat dong:

Thong thudng mach da hai tr dao dong 1A mach doi xing nén hai
Transistor cling tén va cdc linh kién dién tré, tu dién c6 cung tri s4.

Tuy hai Transistor cung tn, cdc linh kién cung tri s6 nhung khong thé
giong nhau mot cdch tuyét d6i. Diéu nay lam cho hai Transistor trong mach
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dan dién khéng bing nhan. Khi méi cap dién s& c6 mot Transistor din dién
manh hon va mot Transistor din dién y€u hon. Nhd tac dung cha mach héi
ti€p duong tir C, vé B, va tir C, vé€ B, s& 1am cho Transistor din dién manh
hon ti€n dan dén trang thdi bdo hoa, Transistor din dién y&€u hon ti€n din
dé€n ngung din.

Gid thiét T, dn dién manh hon, tu C, dugc nap dién qua R, 1am cho dong
I3, tdng cao nén T, tién dén trang thai bdo hoa.

Khi T, tié€n dén trang th4i bao hod 1am cho I, ting cao va Vi, = 0,2V, 1 G,
phéng dién qua T, va R,,. Khi tu C, phéng di¢n, dién 4p am trén tu C, dua vao
cuc B, lam Transistor T, ngung dén. Thoi gian ngung dan ctia T, chinh I3 th&i
gian phéng ctta C, qua R,,,.

Sau khi C, phéng xong, cuc B, lai dugc phan cuc nhd R,; nén T, d4n bio
hoa, Iam cho Ve, ~ 0,2V. Diéu nay lam cho tu C, phéng dién qua R,, va dien
dp am trén C, dua vé T, 1am cho T, ngung dan. Liic d6 tu C, lai duge nap dien
qua R, lam cho dong I, tang cao va T, t€n t6i trang thai bao hod nhanh.

Thoi gian ngung dén caa T, chinh 13 thai gian ty C, phéng dién qua R, ,.
Sau khi tu C, phéng xong, cuc B, lai dugc phan cuc nhd R, nén Transistor T |
lai tr& v€ trang th4i din bdo hoa, nhu trang thdi gia thi€t ban dau. Vi qud trinh
nay duoc lap di lap lai mot cich tudn hoan.

* Dang tin hiéu:

Xeét cuc g, khi 7, bdo hoa Vg, ~ 0,8V. Khi T, ngung dan cho w C, phéng
dién lam cho cuc B, c6 dién 4p am khoang - Ve, va dién 4p am nay gidm dén
theo ham $6 mi.

Xeét cye C, khi T, bio hoa V¢, = 0,2V. Khi T, ngung dén V¢, » + V.. Dang
séng tin higu ra & cyc C 12 dang song vudng.

Twong ty khi xét cyc B, va C,, dang séng tin hig¢u & hai cuc nay giéng vdi
dang séng tin hiéu & cyc B, va cuc C; nhung déo pha nhau.

Chu k¥ ctia tin hiéu xung vudng la:

T=1+1

Trong d6, t, 1a thdi gian  C, phong dién qua R, tlr dign dp -V lén =~ OV.
Vit C; phéng dién tlY -V Ién nguén +Vee nén dién 4p titc thoi cia tu (ldy
muc -Vee 1am gée) 1a: Vo (1) = 2 Vee -exp(-t,/Rg,.C)).

Thai gian t; d€ t C, phéng dien qua R, tir -V 1én OV cho bdi cong thic:

Vee =2 Ve xp(-1,/Rg,.C)).
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Suy ra: exp(t,/Rg,.C,) =2

=t/ (Rg. CH=1n2

= 4=Ry. C. In 2~ 0,69 Ry,. C,

Tuong ty, thdi gian t, dé ty C, phéng dién qua R, tit -V 1&n OV 1a:
t, ~ 0,69 Ry,. C,

VBI

0,8V T
pd yd

- VCC‘. / /
<+—p

-y

—Y

VB2

0,8V

T K
-

Hinh 4.17. Dang tin hiéu mach dao déng da hai

Chu ky dao dong 1a:
T=1+4=0,69(Rg.C, + Ry, C)
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Trong mach da hai d6i xting ¢6: Ry, =Rp, =Ry va C, =C,=C
Khi dé chu k¥ dao dong la:
T=2.0,69.R;.C
Tén s6 dao dong ciia xung vuéng la:
f=1/T=1/0,69 (Rg,. C, + Rgy. C,)
Néu la mach da hai déi xing thi:
f=1/T=1/14R,C
2. Mach tao xung vudng diang IC _
Sau day ta s& khao st mét trong cic mach dao dong tao xung vuong 1a dao
déng tich thodt.
Mach dao dong tich thodt diing mach khuéch dai thuat todn dé cho ra tin
hi¢u vuong cé so dé nhu sau:
* So d6 mach:

R
AAN
+ VCC
*—> - & Vo=+ Vg
B VCC RI
—=cC
R,

Hinh 4.18. Mach dao dong tich thodt ding IC

So dd 6 hai mach héi ti€p tir ddu ra vé hai ddu vao. Ciu phan dp RC héi
tiép v& ddu vo déo L', cdu phan 4p R~ R, héi ti€p vé ddu vao thuan 1%,
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D€ giai thich nguyén 1§ clha mach, ta gid sir tu C chua nap dién va mach
khuéch dai thuét todn dang & trang thidi bido hoa duong, V, = +V.. Lic nay,
cau phan ap R,-R, dva dién dp duong vé diu vao thuan 1} véi mic dién dp 1

R,

Vy =4V ——=V,
R +R, '

(V" >0V)

n

Trong khi d6, 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 hing 6 thdi gian T = RC.

Khi ty nap va c6 V" < V,* thi mach khuéch dai thuit todn van & trang
thdi bdo hoa duong. Khi tu C nap dén mic di¢én 4p V,,;” > V,,* thi mach
khué&ch dai thuat todn déi thanh trang thdi bdo hoa am, dau ra cé V,, = - V.
Lic nay, cau phan dp R,-R, dua dién 4p 4m vé ddu vao thuan 1, vé1 miic
dién ap fa:

RZ

Vvi=-V., . —2—=V
€t R, + R, &

(V.h< 0V)

Trong khi do, & dau vao dao I, van con dang & mic dién ap duong vdi tri
$O Vi, >+ Ve . Ry/ (R, + R,), do tu C con nap dién. Nhur vy, khuéch dai thuat
todn s& chuyén sang trang thdi bdo hod am nhanh, cho canh xung vuéng thang
ditng. Tu C bay gid s€ phong dién ap duong dang nap trén tu qua dién trd R, va
tai & dau ra xudng mat.

Khi tu C phong dién dp duong dang cé thi V,,* vin & mitc dién 4p am

“nén khuéch dai thuit todn vin & trang thdi bio hoa am. Khi tu C di phdéng
hét dién 4p duong thi s& nap dién qua R dé c6 dién 4p 4m dang c6, do diu ra
dang & trang thdi bdo hoa am. Chi€u nap dién bay giv nguge véi chiéu dong
nap trén.

Khi tu C nap dién dp dm dén mic V,; < V,,* (dién dp dau vao dao nhd hon
dién 4p d4u vao thuan) thi khuéch dai thuat todn lai d6i thanh trang thai bao
hoa duong va ddura cé V= +V .

Mach trd lai gia thi€t ban dau va qud trinh trén tiép tuc dién ra mot cdch
tudn hoan.

* Dang tin hi¢u:
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. + A
m
Va
1
Vi
V, 4
+Vee
t
-VCC

Hinh 4.19. Dang dién ép tin hiéu mach dao déng tich thodt

Mife git han dién 4p ddu ra 1a: V,,, ax ® Ve va Ve & -Vee
Miic giéi han dién dp & hai ddu vao la:

R R
Vo=tV p g =T i
1 2 1 2

Dang di¢n 4p & ddu vao ddo [, ¢6 dang tam gidc. Thii gian dién 4p & vao
ddu vao déo I, tang tir Vg 1én V, 13 khuéch dai thuat todn & trang thdi bio hoa
duong, thoi gian dién 4p ddu vao dio L, giam tr V,, xuéng V; 12 khuéch dai
thuét todn & trang thdi b3o hoa am. Dang dién dp & ddu vao thuan I,* va ddu ra
1a xung vudng d6i xtng. Chu ky chia tin hiéu duge tinh theo cong thic:

T=2RC1n—R'—+—2£2_

!

Suy ra, tdn s6 clia tin hiéu duge tinh theo cong thire: f=1/T.
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Trudng hop dac biét:

Ri=2R, 5> T=2R.C.In2=2.R.C.0,69 (In 2 = 0,69)
—-1{=1/2.0,69.R.C=1/14R.C '
Ri=R,-»T=2R.CIn3=2.R.C.1,1 (In3=1,1)
=f=1/22R.C

Cac mach dao dong duge sit dung lam cde mach tao ra tin hi¢u séng mang
trong cac h¢ thong thu phét tin hiéu, cic mach tao tin hig¢u quét trong cic thiét
bi tao man sang. ..

Cau hoi

1. §d d6 khdi mach dao déng tao tin hiéu hinh sin gém c6 nhiing khéi ¢d ban nac?
Quan hé gilta cac khdi d6 ra sao? Diéu kién dé cho mét mach dao dong 1a gi?
Hay k& tén mdt s6 mach dao déng tin higu hinh sin.

2. Mach dao déng ba diém la gi? C6 bao nhiéu loai mach dao déng ba diém? Hay
phan tich nguyén Iy dao dong clla mach dao dong ba diém dién cam.

3. C6 bao nhiéu loai mach dao déng sl dung thach anh? bic diém cla cac mach
dao dong thach anh la gi?

4. Céu truc clia khau di pha nhu thé nao? Cac khau di pha c6 thé két hop dugc vai
cac mach khuéch dai nao dé tao thanh mach dao ddng?

5. Hay ké tén céc loai mach dao ddng ding IC.

6. Hay trinh bay nguyén ly mach dao déng da hai st dung Transistor.

7. Hay trinh bay nguyén ly mach dao déng 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 diéu ché

Diéu ché€ Ia chuyén dién 4p hay dong dién mang tin titc & mién tdn sd thap
lén mién tan s6 cao dé truyén duge di xa. Qud trinh diéu ch€ 1a ghi tin titc vao
mét dao dong cao tin nhd bign déi mot thong s6 nao dé clia dao dong cao tin
theo tin tic.

Vi du: Bién déi bién do cia dao dong cao tdn theo tin tirc duge goi la diéu
ché bién d6. Trong trudng hop nay tin tic duge goi 1a tin hiéu diéu ché, dao
dong cao tan dugc goi 12 tdi tin, con dao dong cao tin mang tin tic dugce goi la
dao dong cao tan da di€u ché.

Giai diéu ché€ déng nghia v6i qud trinh tdch soéng, 1a qua trinh khéi phuc lai
tin hiéu diéu ché ban dau. Tin hiéu di€u ché sau khi duge tach séng phai gidng
dang tin hiéu nguyén thuy ban d4u. Trong thuc t&, tin hi¢u sau khi qua diéu ché
va dua qua kénh truyén dén mach tich séng di bi méo dang, hon nita do méo
phi tuyén trong bd tich séng nén sau khi tach séng tin hiéu nhén duge khidc véi
tin hiéu nguyén thuy & phia diéu ché.

Trong mét hé théng thong tin, diéu ché duge thuce hién & phia phat, con giai
diéu ch€ dugc thuc hién & phia thu.

2. Cac loai digu ché va giai dieu ché

2.1. Cac loai diéu ché

- Phan loai theo dang tin hiéu:

+ Dicu ch€ tin hiéu trong .

+ Diéu ché tin hi¢u xung.
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+ Diéu ché€ tin hiéu s6.

- Phan loai theo théng s6 diéu ché:

+ Dicu ché bién do.

+ Diéu ché tan s6.

+ Diéu ché géc pha.

- Phéan loai theo linh kién:

+ Diéu ch€ diing Transistor.

+ Diéu ché dung diot.

+ bicéu ché diing dén dién (1. ..

Tl do6, ta c6 cic loai di€u ché nhu: diéu ché bién d¢ tin hiéu twong tu, diéu
ch¢ bién do sa, di¢u ché bién do xung... Ngodi cdc phuong phdp diéu ché co
ban, con cé cdch phuong phip diéu ché dic biét khae, vi du nhw: didu ché bién
d6 don bién, di€u ch& ciu phuong...

2.1. Cac loai giai diéu ché

Tuong tng véi mdi loai diéu ché dugce thyc hién & phia phét thi & phia thu
cd it nhat mot loai giai diéu ch€. Nhu vay, ¢6 thé ¢6 cdc loai gidi diéu ché sau:

- Giat di€u ché€ bién d6 tin hiéu tuang tu, s6.

- Giai diéu ché tan sd tin hiéu tuong 1u, 6.

- Giai diéu ché pha tin hiéu tuong tu, s6...

IL. BIEU CHE BIEN PO TIN HIEU TUONG TU (AM)

Diéu ché bién d¢ tin hidu twong ty 12 Jam cho bién do tai tin bién ddi theo
bién do (dién ap hay dong dién) cia tin hiéu.

1. Nguyén ly va mach diéu ché bién dé

1.1. Nguyén ly diéu ché bién do

- So d6 khéi:
U, biéu ché U,
» AM

u

sm

Hinh 5.1. S0 d6 nguyén 1y diéu ché' bién d¢
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Trong do:

U,, 12 tin hiéu cdn dugc diéu ché, ¢6 dang bat k3.

U,,, 12 tin hiéu séng mang cao tdn, c6 dang la séng sin, séng vudng hodc
séng ring cua, nhung nhat thiét phai ¢6 tin s6 cao (dao dong cao tan).

U, 1 tin hiéu da dugc diu ch€ bién do.

- Dang séng diéu ché:

Gia sir tin hieu cdn didu ch& ¢6 dang 1a tin hiéu hinh sin c6 tan s6 thap (am
tan), tfn hiéu séng mang la séng mang cao tin c6 dang hinh sin, thi dang séng
tin hiéu ra duge thé hién theo hinh ve sau:

U,
A

N,
N t

SM

AAAMANAANAD
AR AL

WA
Ty

Hinh 5.2. Dang tin hiéu diéu ché bién do
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Trong dé tin hiéu séng mang 1a séng sin cao tin ¢6 bién do khong déi.

Hai tin hiéu: tin hi¢u &4m tdn Uy, va tin hiéu cao tdn U_, dugc dua vao mach
di€u ché bién do dé tron véi nhau, 1am cho bién d6 cha séng mang cao tan U,
bién thién theo bién d¢ ctia tin hiéu am tdn U,,. DAu ra mach diéu ché s& 1a tin
hiéu da duge diéu ché bién do Uy, (c6 dang nhu hinh vé).

- Phé cua tin hiéu diéu ché bien do:

Phé cha tin hiéu diéu ché bién do 1a dang biéu dién tin hiéu dudi dang dac
tuy€n bién d6 tan sé (trong khi dang séng diéu ché 13 bidu dién tin hicu dudi
dang bién do thoi gian). Phé ca tin hiéu diéu ché bién d6 ¢é dang nhu sau:

Ui (o) A
>
f 1]
‘['].‘&ITI(O‘))A
F co>
]
1 1 >
F-f F F+f o

Hinh 5.3. Dang phé diéu ché bién dé tin hiéu sin

Trong d¢:

Dang phd tin hiéu U, (©) 12 mot vach phé c6 tdn s6 1a f, (vi tin hiéu sin chi
c6 mot tn s6 duy nhat).

Dang phd cia tin hiéu U, (o) ciing c6 mot vach phé duy nhét giSng nhu
phd ctia tin hiéu U, () nhung ¢ tan s&16n hon rat nhiéu.

Trong khi d6, dang phd cia tin hiéu di diéu ché 13 mot t8 hop gém mot
song mang (khong mang tin tirc) ¢6 bién do rat Ion, va hai bién tdn (mang tin
tiéc) c6 bién do nho hon. Bién tan F+f goi la bién tn trén, con bién tin F-f goi
la bien tan dudi. Bién do clia séng mang va bién do cac bién tdn c6 ¥ nghla vé
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méit ning lugng 16n hay nhé, trong khi séng mang ¢6 bién do 16n lai khong
mang tin tic nén diéu ché bién do theo kiéu nay thuong khong cé hiéu qua vé
mat nang luong.

1.2. Mach diéu ché bién do

Mach diéu ché€ bién do cd nhiéu loai, mach don gidn nhit 14 mach diéu ché
ding 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 d€ ghép tin hiéu song mang v&i mach diéu ché.

Bi¢n dp T, ding dé ghép tin hiu diéu ché véi mach diéu ché. .

Diot D 14 phén tlt phi tuyén, ding dé tron hai tin hiéu U_, véi tin hiéu U,

Tu C diing dé loc bd nhiéu cao tin tir tin hi¢u diéu ché U,,.

Nguén dién E diing d€ xdc dinh mitc diéu ché ban diu (xdc dinh mifc thong
ban ddu cho diot D).

- Nguyén 1y hoat dong:

+ Khi ¢d tin hiéu vao U, nhung khong c6 tin hiéu séng mang thi tin hiéu ra
trén tai R, 14 tin hiéu am tan ¢6 dang giong 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& thong qua
hai bi€n 4p, hai tin hiéu nay déu dugc dua t6i diot D va nhan vdi nhau tai day,
sinh ra tin hiéu diéu ch€ c6 dang séng mang cao tin vdi bién do bién ddi theo
dang tin hiéu am tén.
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Mach diéu ch& bién d6 kiéu nay con duge goi mach di¢u ché€ song bién
khong triét séng mang, goi tit 1a mach diéu ch€ bién 6.

Uu diém ctia mach 13 don gian, nhung hi¢u qué khong cao. Chinh vi vay
mach loai nay thudmg it dugc sir dung.

2. Mach diéu ché bién dd nén

Mach diéu ché& bién do nén 1a mach diéu ché bién do cé nén song mang,
séng mang bi nén hoan toan khi khong ¢d tin hiéu vao. Mach diéu ch€ bién do
nén cé nhiéu loai, sau day ta s& khao sdt mach diéu ché€ diing Transistor.

- So d6 mach:

i

3 ‘Q_; i
qﬁﬁi:

Qi

Hinh 5.5. Mach diéu ché bién do nén dung Transistor

Trong dé:

T, ding d€ ghép tin hiéu diéu ché va tin hiéu séng mang vao mach diéu ché.

T, diing d¢€ 14y ra tin hiéu diéu ch€ va ghép tin hiéu di€u ch€ vdi tai.

Q, va Q, 12 hai Transistor méc theo kiéu ddy kéo.

- Nguyén 1y hoat dong:

Khi khong c6 tin hiéu vio (U,) va chi ¢6 tin hiéu séng mang dua vao
mach, thi tin hiéu séng mang (U,,,) tdc dong Ién hai cuc B ca hai Transistor Q,
va Q, mot luong (dién 4p hay ddng dién) nhu nhau, 1am cho Transistor Q, va
Q, ciing thong (hoat dong) hoidc ciing khod (khong hoat dong) vdi mot lugng
nhu nhau. Khi d6, dong dién chdy qua hai Transistor 1&:

+ Dong qua Transistor Q:

+V, > L, = Q, - Mar(-V))
+ Dong qua Transistor Q2:
+V, > L;—> Q,— Mt (-V))
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Hai dong dién nay c6 bién do béng nhau nhung nguge chiéu nhau trén
cudn so cdp cia bi€n dp T,, 1am cho dong dién téng bang khong nén khong c6
dong cam (ng qua thif cdp bign dp T,, lam cho dién ap ra di€u ch€ U, bing
khong. Khi d6 séng mang ciing bi triét tiéu.

Khi dong thdi ¢6 hai tin hiéu U, va U, dua vao mach, dudi tdc dong cua
tin hi¢u vao (U,,) nén dién 4p tai cuc B cha hai Transistor khac nhau, lam cho
hai Transistor thong hoac khod léch nhau, do d6 dong dién téng trén cuon day
s¢ cdp cua bién dp T, khdc khong. Dong dién khéc khong nay cam ting sang
cudn day thi cép tao thanh dong dién (hay dién 4p) tin hicu didu ché.

Su tang giam cilta dong dién t6ng trong cudn day so cap bien 4p T, vi cam
ung sang cudn ddy thi ¢ap c6 bién do bién thién theo dang tin hiéu vae diéu
ché (U,,} va 6 tén 56 bang tan s6 clia séng mang cao tan.

- Song tin hiéu diéu ché€ c6 dang nhu sau:

Ung

N,
g :

Usm A

MAAAANAAAR AR
VUVTVVTUVIVTY

Diém séng mang
bi nén hodn toin

Hinh 5.6.Tin hiéu diéu ché bién dé nén
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Chii y: Néu séng mang di qua diém c6 bién d6 tin hiéu diéu ché bing
khéng thi pha cha séng mang bi thay d6i.
- Dang phd tin hiéu diéu ché nhu sau:

Uplw) &
¢ )

U, (o) T
! !
F w

U,{®) &
! >
F-f F F+f ®

Hinh 5.7. Pho diéu ché bién do nén
3. Biéu ché don bién

Phuong phip diéu ché don bién don gian nhat 12 diéu ch€ theo phuong
php loc. Diéu ché theo phuong phép loc ¢é so do khoi nhu sau:

£+ 1,

sml + (f + )
~m2 sm th
fsml ) flh f-‘iml * flh sm2 ( sml + fth)
\ Qiéu Pién I Loc I Piéu =bién I Loc ;
can bangl 1 can bang 2 2
Usml Usm? f
T(f.,m]) (fmz) T \:112 (fsml + lh)

Hinh 5.8. Su dé khot diéu ché don bién theo phiwong phap loc
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Tir sy phan tich phé cua tin hiéu diéu ch€ bién do, ta thdy rd rang mudn co
tin hiéu don bién chi cdn loc bd bt mot dai bién tan s6. Nhing trong thuc t&
khong lam duge nhu vay, vi khi tai tdn cao thi van dé loc dé tach ra mot dai
bién tdn gap khé khan do khodng cach giita hai bién tan rat nho.

Trong so do trén, trude hét dung tin tic dé diéu ch€ mot tdi tin trung gian
c6 tan s6 £, khé thap so vdi tai tdn yéu cau nén viéc diing b6 loc dé loc bd mot
bién tin 13 d& dang. Trén ddu ra bo loc thit nhat s€ nhan duge mot tin hiéu cé
dai phé bing dai phé ciia tin hiéu vao nhung dich di mot lugng béng f,..

Tin hiéu nay lai dua dén bo diéu ch& can bang 2, twong tu nhu vay dau ra
cha mach diéu ché c¢é tdi tan la £ = ., + T

Céc mach diéu ché bién d¢ dwge sir dung trong cac hé théng phdt tin hiu.
Vi du nhur trong cdc hé théng phét tin hi¢u am thanh audio, trong cdc hé thong
phat tin hi¢u truyén hinh (video)...

IIL. PIEU CHE TAN SO, PHA TIN HIEU TUONG TU
1. Nguyén ly chung vé diéu ché tan s va pha
Ta di bist quan he gifta tdn s6 va géc pha clia dién dp diéu hoa theo cong thic:

_dy
dt
nén w(t)= ja)dt + @,
[y

Nhu vay, didu ché tdn s6 va diéu ché pha déu lam cho géc pha thay déi
theo tin hiéu diéu ché Uq nén diéu ch€ tdn s¢ va diéu ché pha duge goi chung
14 diéu ché goc.

Diéu tan 1am cho tdn s& séng mang «, bi€n d6i ty I¢ theo tin hi¢u Uq . Biéu
thitc diéu tan nhu sau:

i
U, =U, cos[a}, -K, J‘Uth}
o]

Trong do6, K, 12 mot hé so.
Con diéu pha 12 1am cho pha ciia séng mang bién ddi ty 1& theo tin higu Uq.
Biéu thifc diéu pha nhu sau:
Uy = Ugcos[agt + KeUql
Trong d6, K, 12 mot hé s6.
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Do d6, diéu tin va diéu pha cé quan hé theo so d6 nhu sau:

Us - o L x oA
N ,Mach I D},él: Tin hiéu diéu ché tan s6
tich phan ché tan
us Mach o i ., Tinhiéu didu ché pha
vi phan ché pha

Hinh 5.9. So do6 khoi didu ché'tdn s6 - pha tong quan

2. Mach dién diéu ché tan s6 va diéu ché pha

Sau day ta s& khdo sdt mach dién diéu ché tdn s6, cdn mach dién diéu pha
s€ dugc thyc hién theo so d6 khéi tuong quan nhu & trén.

C6 nhiéu phuong phdp diéu tan: diéu tan diing Transistor, diéu tan ding
diot bién dung... Trong phin ndy ta chi khdo sdt phuong phdp diéu tidn ding
diot bién dung. Mach dién diéu tan nhu sau:

Udu

. o
¢ 1]
E,
E—VL §R1 Tl
Q J—
R: R, G G, R,
1] ]
Hinh 5.10. Mach diéu ché'tdn s6
Trong dé:

Q, 1a Transistor tao thinh m¢t mach dao dong hinh sin ghép bi€n 4p.
R, R, 1a mach phan dp, phan dién dp mot chiéu cho cuc goc.

R,.C, 1a mach &n dinh nhiét.

G, 14 ty thodr cao tan.
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L;, Cq, G, 12 khung dao dong (C, 1a dién dung clia diot bién dung D).

Cs 1a i ngén dién dp mot chiéu, C; >> Cg nén khong anh hudng dén dién
dung cia khung cong hudng.

L, 1a cudn chan, L, 14 cudn day n6i tiép.

C; 1a wa ngan dién 4p mét chiéu E,.

L, Ls 12 hai cuén day ciia bién dp dua tin hieu Uq vio d€ diéu ché,

D, 1a diot bién dung. _

R, 1a chiét 4p, xdc dinh diém lam viéc clia diot bién dung.

E, 12 nguén cap cho mach dao dong, E, nguén cap cho diot bién dung.

Binh thudng, n€u chua c6 tin hiéu diéu ché Ug, thi mach dao dong lam viéc
cho ra dién dp hinh sin ¢6 tdn 56 khong d4i:

I
LG, +C)

Khi ¢6 tin hiéu di€u ch€ Ug, lam cho dién 4p dat lén diot bién dung thay
doi, dién dung cha diot C, thay déi theo Ug, nén tin s6 clia dién 4p dao dong ra
bién doi theo Uq, dién dp nay chinh 14 dién 4p tin hiéu diéu tan.

Cac mach di€u tan s¢ va diéu ché pha cling dugc sir dung trong cdc hé
théng phét tin hi¢u gi(‘ing nhu ing dung cua cdc mach diéu ch€ bién do, c6
nghia 14 diéu ché€ tan s6 va di¢u ché phd cling duge ting dung dé€ phit tin hiéu
Am thanh audio va hinh anh video..

Wy =

IV. PIEU CHE XUNG

1. Khai quat chung

Cé mot vai k¥ thuat diéu ché tin hiéu tuong ty duge phé dung trong ky
thuat truyén dén radio, truyén dan tin hiéu truyén hinh, dé 1a diéu ché bién do,
diéu ché tdn s6. Trong hé théng dién thoai, diéu ché Xung ngay cang duge phat
trién rong rai. Diéu ché€ xung thuc hién duge khi tin hiéu & dang tin hiéu s6, c6
nghia la tin hiéu tuong tur phai duge chuyén déi sang tin hiéu s&. So dé khéi sau
miéu td qud trinh chuyén déi nay:

S(nT) S(nT) Sx
S Lay ——p Luongtr [y Ma >
mau héa héa Puomg
truyén

Hinh 5.11. So do khéi nguyén ly diéu ché xung
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Trong so d6 trén, S(t) Ia tin hiéu tuong tr duge 14y miu v6i chu ky T (tai
khoi 1dy méu). S(nT) la tin hi¢u diu ra ctia khéi 1y miu, thyc chat day la trich
“doan tin hiéu S(t) véi chu ky T va thdi gian trich doan tin hiéu tai m&i miu 1a 1.
Nhu vay S(nT) 12 ddy xung, c6 bién d¢ ty 1& v6i bién d6 tin hi¢u S(t). Qua trinh
nay duoc goi 1a diéu ché bién do xung (PAM) va S(nT) goi la tin hiéu PAM.
Sau khi qua khéi lugng vl hod S(nT) duge déi thanh S(nT), thuc chat day 1&
str lam tron tin hiéu S(nT) tai mo6i miic lugng .
Cuéi cing, S(nT) qua kh&i ma hod, dé biéu dién ciac mau tin hiéu dudi
dang tap cac bit nhi phan, trudc khi dua chiing qua dudng truyén déan.
De hiéu rd hon qud trinh xi 1§ théng tin, hdy quan sit dang tfn hiéu trong
qud trinh x& 1y nhu sau:

S a
-
S(nT) & o
<> >
S(nT) 4
S ..|' "i >
Hinh 5.12. Dang séng diéu ché xung
S(t): Tin hiéu tuong tu.

S(nT):  Tin hiéu di 14y mau.
S(nT):  Tin hiéu di luong tir hod.
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Con tin hiéu md hoa PCM s& phu thudc vao timg loai ma sir dung.

Ngoai viéc thé hién tin hiéu diéu ch€ dudi dang bién d6 xung & trén, con ¢6
hai phuong phap diéu ch€ nira la:

- Piéu ché€ d6 rong xung (PWM - Pulse Width Modulation)

- Diéu ché vi tri xung (PPM - Pulse Position Modulation)

*Vdn dé co bdn cua Iy thuyét ldy mdu

L4y miu Ia qua trinh trich doan tin hiéu theo chu ky (thdi gian) nhat dinh
T, thai gian 1dy miu thudng nhd (7). Céc doan tin hiéu duge trich ra nhur vay
goi [ cdc miu. So d6 khai sau day minh hoa quad trinh nay:

S(t) > }K¥ S(nT)

Hinh 5.13. So dé khéi nguyén 1y ldy mau

Trong d6, S(1) 1 tin higu twong ty. Chuyén mach dugc dong sau moi
khoang thoi gian T, lic d6 & ddu ra chuyén mach s& c6 tin hiéu S(nT) la tin
hiéu di duge 14y méiu. Chu ky 14y mau qua trinh trén chinh 1a T. Ti tin hi¢u
S(nT), ngudi ta hoin toan c6 thé khoi phuc lai duge tin hiéu S(t) trong nhing
diéu kién nh4t dinh.

Pé dam bao d6 chinh xdc qué trinh xi 1§ thong tin thi diéu kién sau phai
duge thoa man:

Puogc biéu dién

Tin hiéu trudc > - Tin hiéu
khi 13y miu S(t) da duge 18y miu
S(nT)
«
C6 thé khoi phuc

D€ ¢6 thé thoa man diéu kién trén, theo thuyét Shannon thi tdn s6 1dy mau
phai I6n hon hodc bang hai ldu giai tan s6 tin hiéu dugc lay méu.
Néi cach khiac: =2B
f: 12 tdn s6 1dy miu f = 1/T (T: chu k¥ 1dy méu)
B: 12 gidi tdn tin hiéu dugc 1dy méu S(t)
Né&u f < 2B thi hién tugng chéng pho s& xay ra.
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2. Piéu ché& bién dé xung

s |
/_\ ’
\/ : ¢
a)
F §
Sim
AN AnADL,
t
A
Spamn|
[
c)
SPAMF? T
illne, 4l
T ULI
d)
Hinh 5.14. Dang tin hiéu diéu bién xung
a. Tin hiéu treong te (St) b. Xung lay mdu (S,,,)
. Tin hiéu PAM kiéu titong tie (Spn) dTin hiéu PAM kiéu phdng (Spug )
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Tin hiéu diéu ché bién dd xung PAM la tin hiéu mau duge tao bdi mot
chudi cdc xung ma bién do cha ching ty 1¢ vi bién do tin hiéu twong tu
di€u ché.

Ldy mau gom hai kiéu: Kiéu ty nhién vi kiéu phing. Trong trudng hop thi
nhét cdc mau tin hiéu sau khi 14y méu 1a doan trich nguyén ven cla tin hiéu
twong tu. Trong trudng hop th hai bién d6 clia cac xung 18y mau duge gii
nguyén trong thdi gian ¢6 xung va bién do nay chinh [a bién dé tin hiéu tuong
tu tai thoi diém bat dau lay miu. '

2.1. L4y man PAM tu nhién

So d6 khéi:
Tin higu -
diéu ché Loc Diéu ché PAM
thong thap > PAM >
34Kz S
Xung lay
méau

Hinh 5.15. So dé khéi ldy mdu PAM ty nhién

Tin hiéu twong tr ddu vao qua bd loc thong thap, bd loc nay co tic dung loai
trir hiéu img rang cua (nhiu). Sau dé tin hiéu duge dua téi bo di€u ché PAM, tai
b6 diéu ché nay tin hiéu duge 14y miu vao cdc thdi diém xudt hién xung 1dy mau,
d4u ra 12 tin hicu xung PAM c6 bién do bam theo tin higu ddu vao.

2.2. Lay mau PAM phing

So dé khéi:
Tin hieu
diduch€| [ thong | ——»| Liyvagiit |_p| Diduché PAM |-PAM,

thip 3.4 Kz mau ——

¢ 1

Xung 14y mau

Hinh 5.16. So dé khoi 16y mdu PAM phdng
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M6 ta nguyeén 1y bdng gidn d6 dang séng nhur sau:
A
A

Hinh 5.17. Dang tin hiéu diéu ché PAM

MLGTMOT-A
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A: Tin hiéu tuong tu

B: Cic xung mau

C: Ddu ra khoi gitr va 18y mau

D: Tin hiéu 18y miu PAM phang

3. DBiéu ché dd rong xung (PWM)

So 4o khaéi:

Tin hi¢u

diéu ché Loc . Diéu ché PWM
—® hengthap [ ™ LAYVAEI Ll pwm [ *

34Kz mau (4>
! T
Tao xung
rang cua

NN

3
|

Xung lay
mau

[inh 5.18. So do khoi diéu ché PWM

Trong s¢ d6 khai, bo diéu ché PWM la mot bo so sdnh, so sdnh hai bién do
tin hiéu:

- Tin hiéu PAM nhan dugc tir bo 14y va gilt mau.

- Tin hi¢u (déng bd) xung rang cua.

Bo so sdnh trong di¢u ché PWM s€ chuyén trang thai dau ra khi bién dé tin
hieu PAM vuct qua bién do tin hiéu xung rang cua, diéu ndy dan dén két qua 12
do rong xung sau diéu ché phu thudc vao bien do tin hiéu PAM (hay ty 1¢ v6i
bién do tin hiéu dau vao).

Mo 14 nguyén 1y hoat dong bing gidn do dang song sau:
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BHHHH{,

T,
g,

Hinkt 5.19. Dang tin hiéu diéu ché’ PAM - PWM - PPM
A: Tin hiéu twong tu.
B: Cdc xung mau.
C: Cic xung rang cua (xién).
D: Tin hi¢u PAM
E: Tin hiéu PWM.
F: Tin hi¢u PPM
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4. Pidu ché vi tri xung (PPM)

Sa d6 khot:
Tin hiéu
diéu ché o biéu ché Diéu ché M
—»| Loc thong —» Liyva PWwM ™™ PPM ’
thap 3.4 Kz gilt mau 4 P

Tao xung
rang cua

NNN

Xung lay
mau
Hinh 5.20. So dd khéi diéu ché’ PPM

Tin hieu PPM nhan dugc tir tin higu PWM bing céch tao ra cdc xung cd
do rong cé dinh, trong d6 sudn trude cic xung PPM tring v6i sudn trudc cdc
xung PWM, véi két qua ndy vi tri cdc xung PPM phu thudc vao bién d¢ tin
hi¢u dic¢u ché.

Céc phuong phdp diéu che¢ xung duoc sit dung trong cdc hé thong phat tin
hiéu thoai va phat dif ligu trong h¢ thong téng dai.

V. TACH SONG BIEN PQ TiN HIEU TUONG TU

1. Tach séng bién dé

Téch séng bién d6 duge thyuc hién nhd cic mach chinh luu ding phén
phi tuyén hodc cic mach dung phén tif tuy€n tinh tham s6. Trong phén nay ta
chi khao sat cdc mach tach séng dung diot, con céc loai mach téch séng khac
s& duge nghién citu & céc gido trinh chuyén nganh khac.

C6 hai loai mach tach séng diing mach chinh luu: mach tdch séng noi ti€p
va mach tach séng song song. Trong mach tach séng néi ti€p, diot tach song
méc néi ti€p vai tai. Con trong mach tach song song song, diot tich s6ng mic
song song v tai.
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1.1. Mach tach séng ngi tiép
So d6 mach:

Hinh 5.21. Tdch séng bién do néi tiép ding diot

Nguyén 1y tich séng:

- Khi dién dp U, dwong thi diot D duge phan cuc thuén, théng. Tu C duoc
nap dién. '

- Khi dién dp U, am thi diot D bj phan cuc ngugc, tit. Tu C s& phéng dién
qua dién tro R.

Su phing va nap ctia tu dién theo quy luat bién déi ciia bien do séng mang
én bién do tin hiéu am tdn dugc khéi phuc lai.

Duang song tach séng nhur sau:

Un a4

7‘.” Wil |

/_\_//\

>
t

Hinh 5.22. Dang tin hiéu tdch séng bién do
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Trong do:
Uy, & tin hiéu diéu ché bién do dugc dua vao diau vao cia mach tdach

séng (U,).
-1, 1a dong dién chay qua diot tich séng D hoac 1a dién dp tin hi¢u ra khi

chua c6 loc.
- U, 12 dang dién 4p tin hi¢u da dugc loc bO cdc thanh phan séng mang cao

tan bai tu C.
1.2. Mach tach séng song song
So d6 mach:

—

Hinh 5.23. Mach tach séng bién do song song ding diot

Nguyén 1y tch séng va dang song tuong tu nhu mach tach séng ndi tGep.

2. Tach séng don bién

Téch séng don bién c6 nhiéu phuong phap khdc nhau. Sau day ta s& khio
st phuong phép tach séng don bién bing bo nhan tin so.

So d6 khai tach song:

T F+f Tf ) 2F+f Tf ' ’

t,

Bolocthong,
thap Tin hiéu
tach song

Bo tach
song nhan

SsB3

3
Hal
I
ot

Dao dong |
sOng mang T f

.
”

Hinh 5.24. So d6 khoi tdch song don bién
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Bo tich séng nhan 12 mot bo nhan dung dé nhan tin hiéu diéu ché don bién
SSB c6 tan s6 F + f vdi tin higu séng mang ¢6 tdn sd F, ddu ra cua bo tdch séng
la tin hiéu cé cédc thanh phan tan s6 1a f va 2F + £,

Sau d6, tin hiéu ddu ra bd nhan dudc dua qua mot bo loc thong thép dé loc
lay thanh phén tin hiéu ¢6 tdn s6 la f, con thanh phén tin hi¢u ¢6 tan s6 1a 2F + f
bi loai bo.

Nhu vay, ddu ra cia bd loc thong thap 1a tin hién am tan cé dudng bao bién
do giong vdi dudng bao cia séng mang cao tan SSB.

Céc mach tdch séng bién do duge sit dung & phia thu tin hiéu dé tich ldy
tin hiéu di duoc diéu ché bién do trong cdc hé théng phdt thanh va truyén hinh.

Ay

VL. MACH TACH SONG PIEU TAN, BIEU PHA TiN HIEU TUONG TU

Tich séng tin hiéu didu tin 13 qua trinh bién déi do Iéch 1dn s6 tie thoi (so véi
tin so trung binh) ca tin hi¢u dd dugc diéu tan thanh bién thién dién dp ¢ diu ra.

Téch séng tin hiéu diéu pha 13 qud trinh bién d6i do léch pha (so véi pha
dao dong séng mang chudn) tin hi¢u da diéu ché pha thanh bién thién di¢n dp
tin hi¢u ra.

T4ch séng tidn s6 va tdch séng pha thudng duge thuc hi¢n theo mdt trong
nhitng nguyén tic sau day:

- Bién tin hiéu diéu tin hoic di€u pha thinh tin hi¢u diéu bién réi thye hién
tach song bién dd.

- Bién tin hi¢u diéu tdn thanh tin hiéu diéu do rong xung réi thuc hién tich
séng tin hiéu di€u ch€ do rong xung nhd mét mach tich phan.

- Lam cho tan s& cla tin hiéu cdn tdch séng bam theo tdn s& cla mot bo
dao dong nhd mot hé thdng vong khod pha PLL (Phase Locked Loop), dién dp
sai 0 chinh 12 dién 4p cdn tich séng.

Sau day ta s& khdo sat mot s6 phuong phép tdch séng tn sé thong dung nhal.

1. Tach séng tan so6 ding mach léch cdng hudng

So dé mach: Hinh 5.25

Khung cong hudng L,, C, 12 tai nhan tin hi¢u vao diéu ché FM, cong hudng
tai tan s& trung tam fit.

L,, C, vi L, C, 1a hai khung cong hudng duge diéu chinh cong hudng o hai
tdn 56 d&i xifng nhau qua tdn s6 trung tam: mach L,, C, cong hudng & tan s6
cao hon tdn s& trung tam mat luwong 1a Afm; mach Ls, C; cong hudng & tin s6
thap hon tdn s& trung tam mot hugng 1a Afm. Trong dé Alm & lugng di tan cue
dai cta tin hiéu di€u tan.
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-, é“| Ry

Hinh 5.25. Mach tach séng cong hudng (éch

U
A

ftt
fii-Afm ftt+Afm

\

Af

+\t

Ilinh 5.26. Ddc tuyén tich séng cong hucng léch

Mach L,, C, cong hudng tai tin s6 ftt + Afm con L;, C, cong hudng tai tin
sa fit - Afm. Af(t) 14 d6 di tAn 6 cha tin hiéu FM bién ddi theo quy luat ciia tin
hiéu am 1dn; Udb(t) 1a dién dp tin hiéu bién thién trong khung cong hudng. Vay
cdc mach cong hudng ¢é nhiém vu 1a bién déi tin hién diéu ché tin s6 FM
thanh tin hi¢u diéu ché bién do AM.
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Nhu vay cdc linh kién D,, C,, R, va D,, Cs, R, 14 hai mach téch song bién-
d6 lam nhién vy tdch séng d6i véi hai nira tin hiéu (nguyén 1y tach séng bién
d% xem & phén tich séng AM). R, Cq, R, diing dé 14y tin hiéu ra.

2. Mach tach séng diéu bién theo pha

So dé mach:

C, ’ 2

| |

N

Ly a
fl L% + ) -1 Cﬁ g_J R}
— »
it

Hinlt 5.27. Mach tdch séng diéu bién theo pha

Hai khung cong hudng & so cip va thit cdp déu duge chinh cong hudng &
tan 6 trung tam Itt. Tu ghép C, ¢6 tri 56 khd 16n dé tdn s6 trung (am gay sut dp
trén né khong ding ké. Diém a goi 1a diém giita clia L, chia dién 4p trén cuon
nay thanh hai nira U,, va Uy, luén bing nhau vé bién d6 va nguce pha. L, 1
cuon chan dot bien vdi tin s6 cao lam gidm dnh hudng clia mach tich séng dén
mach thua cap tach séng.

Nguyén Iy tich séng cia mach I bi¢n d6i tin hi¢u diéu tan thanh tin hieu
diéu bién sao cho bién do dién dp tin hicu FM dat 1én méi diot s& 1y 1& vai siy
bién thién clia tan s6 tin hig¢u; cdc diot thyc hién tach séng bien do dé tich lay
tin hiéu am tén,

Khi khong bi di€u tén, tin hi¢u chi c6 tdn s6 1a fut thi cd hai nira cuon day
L, cong huong véi mot lugng nhur nhau tao ra céc dién 4p trén hai diot D, va D,
mot lugng bing nhau, dién dp wén C//R, va Ci//R, 1A biang nhau nhung nguoce
pha nhau nén gid tri di¢n dp trén Cg//R, 12 bing khong.
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Khi ¢6 di€u tdn, trén hai nira cuon day L, cong hudng 1a khdc nhau tao ra
cdc dién dp trén hai diot D, v D, mot lugng khdc nhau, dién dp tren CJ//R, va
Cs//R, 1a léch va nguoc pha nhau, nén gid tri dién &p trén C//R; 1a khic khong.
Néu tin hiéu di¢u tan ¢é 14n $6 16n hon tdn s& fit th trén C//R,, ¢é dién dp 16n
hom dien dp trén Cy//R,, khi d6 dien ap tin hiéu am 14n ra wén C//R, ¢6 mitc
di¢n 4p tin hi¢u duong (tang). Ngugc lai, n€u tin hiéu diéu tdn ¢4 tan s6 nhd
hon tén s6 fit thi wén C//R,, 6 dién ap nho hon di¢n dp trén Cy//R,. khi d6
di¢n dp tin hiéu am tén ra trén C /R, cé mic dién 4p tin hi¢u 4m (giam).

Nhu vay, quy luar bién déi tdn s6 cia tin hi¢u FM d duge mach téch séng
bicn ddi thanh sy bi€n déi bién do cha tin hiéu 4m tan.

Cdc mach tich séng tan s6 va tich song pha dugce st dung trong cdc hé
théng thu tin hi¢u khi phia phdt tin hiéu duge di¢u ché tan s6 v pha. Céc mach
nay cing dugc sir dung trong céc mdy radio, tivi mau, tivi den tring (thu tiéng).

VII. MA HOA VA GIAI MA PCM

1. Ma hoa va gidi ma PCM

Ma hod va gidi ma PCP dugc thuc hién theo so d6 khéi sau:
- Mi hod PCM:

U, U,
» Lay méu — ]ﬂ;rgg% Mai hed L

Hinh 5.28. S0 dé khéi md héa PCM

Trong d6: U, 1a tin hiéu twong ty.
Uy, 1a tin hiéu s6.
- Gidi md@ PCM:

Up
®| Tii tao miu L Loc L,
thoéng thap

Hinlh 5.29._Sordo khoi gidi ma PCM



Sau day ta s€ xem xét cdc qud trinh cla diéu ché PCM.

1.1. Lay mau

L&y méu 12 trién khai ¢6 chu k¥ tin hiéu tuong tu dé thu ducgc bién do tin
hi¢u ¢6 gid tri tic thoi tai thoi diém [dy mau. Gidi han cla tdn s6 1y mau duge
xdc dinh theo dinh 1y Niquist.

Sau day ching ta s& nghién cifu nguyén ly 1dy mau mot tin hicu tuong tu.
f(1)

Lay mau mot tin hicu twong wy.

F(1)

Bo 1ay mau

-
3 (1-nTs) _ 1

UL so-swscan
>

Hinh 5.30. Nguyén 1y ldy mdu

Chu k¥ 18y mau khong duge vugt qua nira chu ky 1én nhat coa tin higu hoic
néi mot cdch khace, tdn $8 18y miu khong duoc nho hon 2 14n tan 6 16n nhat
cla tin hiéu duge 14y mau (tin hiéu dau vao tuong tu). Nghia la:

(Ts)max < Ta/2= 1/2fa (5-1)
Ts max  : Chu k¥ ldy miu 16n nhat
Ta : Chu ky tin hi¢u tuong tr dau vio.
fa : Tan 8 tin hiéu twong tu ddu vao

(5-1) ¢6 thé tuong duong fs min = 2fa

fs min: Tén $6 14y miu nho nhat.

Ts max goi la khoang cich (chu ky) Niquist va 12 khoang thoi gian dai nhat
duge diing dé 1dy mau tin hiéu c6 biang tin han ché.

1.2. Luogng tir hoa

Luogng tor hda 1a qud trinh thay thé mét tin hiéu trong tu dd 18y mau bang
mot tdp hitu han cdc mdc bién do, tic 1a qud trinh bién déi tin hié¢u cé bién do
lién tuc thanh tin hi¢u cé bién do roi rac.
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Lugng tir hod c6 hai phudng phdp co ban d6 1a lugng tlr hod tuyén tinh hay
con goi la lugng tir hod déu va lugng tlr hod phi tuyén hay con goi la lugng tir
hod khong déu.

* Lirgng tir hod déu: Cho phép cac mic lugng tlk cich déu nhau. Véi
phuong phdp lugng tir nay thi khi phuc héi tin hi¢u tvong ty tr cic xung lugng
tir & phia thu s& ¢é sur chénh léch (sai s8) giira tin hiéu khai phuc duge va tin
hiéu géc. Su chénh léch nay duge goi 14 méo lugng tlr hodc sai s6 luong .

* Luwong tiv hod kliong dén.: Luong 10 khong déu duge thue hién theo gquy
luat logarit, cd nghia 14 khi muc tin hiéu nho thi sit dung mitc luong tir nho
va nguogc lai vé1 muac tin hi¢u [&n thi st dung mic lugng tr 1én. Phuong
phdp nay thuc hién nén tin hi¢u & phia diéu ché va ¢ phia thu mudn thu duoc
tin hiéu thi phai tién hanh theo phuong phip ngugc lai, ¢é nghia i phai giai
nén (gidn) tin hi¢u. O phia thu sir dung phuong phap gidn tin hiéu theo quy
ludt doi logarit.

1.3. Ma hoa

Mad hed 14 mdt qua trinh so sanh va thay thé cdc gid tri lugng tr rdi rac
nhan duge & qud trinh lugng tr hod bang tap cdc bit nhi phin; tap cdc bit nhi
phan duge got ta (I ma.

Thong thudng, cdc mi nhi phan duge sir dyng trong viéc ma hod la cdc mi
nhi phén tu nhién, cic mi Gray...

O phia thu, cdc bit nhi phan duge sip x€p thanh cdc xung miu PAM, rdi
chiing dugc phuc hai bién dé nhd mot mach loc thong thdp.

Trong cic h¢ thong PCM thuc t€ thi bo lugng tir hod va mi hod phoi hop
mot cach ¢6 hiéu quad trong bo bién doi A/D (Analog/Digital) - Chuyén doi
tuong twyso.

2. Ma hoa va giai ma delta

Dicu ch€ delta (DM) l1a mot loai diéu xung ma vi sai (DPCM), trong dé,
mdi tir md chi ¢d mot bit nhi phan. Uu diém cla diéu ché delta so v6i cdc loai
dieu ch& khidc [a mach don gidn va dé dang ché tao cdc vi mach CODEC (ma
hod va giai mi...).

Bicu ché delta 1a phuong phidp mi hod don gian nhat hién cé, vi (it ma chi
cd 1 bit nén tdn & 1dy mau va tdn sd bit nhu nhau. Tuy nhién, dé€ phéi hop cdc
hé¢ thong tir ma bit cao thong thudng phéi tang dan tin s6 ldy mau mdt cich
ding ké.
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S d6 ma hod va giai ma delta:

Vao XCH Xn e &=

rang tur T "
—» £ [ Liymau 4>®—> Luong tr
/i/z/\/n_l ®

o) e

Hinh 331, So dé khéi md héa - gidi mda delta

Tai phia di¢u ché, tin hiéu tuong tu X(t) dugce han ché bing tan, duogc lay
mau d¢ tao ra tin hiéu PAM X, tin hiéu ndy dem so sdnh vdi tri s6 du dodn 32"’
d(f)lchénh léch gitta ching e, duge lugng tir thanh mét trong hat tri s6 bién do
+A hay -A. Dau ra bo lugng (i duge dua téi bd ma hod. Mi hod & day 14 su
dung mot bit nhi phan dé ma hod cho mot xung 1y mau, sau dé tin hiéu mi
hod duge chuyén dén phia thu.

Tai phia thu, cic bit dugc dai dién cho cic xung ldy mau e, ¢6 bién do 1
*A (gid tri chénh léch), bién do ndy duge cong véi gid ui dy dodn tirc thoi &
dau ra phia thu dé khoi phuc lai bién do thuc clia cdc xung mau. Tin hiéu xung
miu ndy duge loc thong thap dé khoi phuc lai bién do (hinh dang) tin hiéu
gidng nhu dang tin hiéu tuong tu & d4u vio phia dicu ché.

Cic phuong phdp ma hod va giai ma PCM, mia hod va giai ma delta dugc
tng dung trong hé thong thu phét tin hi¢u va dit li¢u thoai, thu phdt tin hiéu dir
liéu... trong h¢ thong tong dai.

VIIL PIEU CHE VA GIAI PIEU CHE TiN HIRU SG

1. Khai quat chung

Picu ché vi gidi diéu ché€ s& [a mot phan clia may phat viv mdy thu tin hi¢u
$6 trong hé thong thong tin 6. Tai phia phdt thue hién qud trinh diéu ché s6 1a
k¥ thuat dung tin hiéu s8¢ dé lam thay ddi mot trong cdc thong 36 cla song
mang. Trong diéu ché tin hi¢u s6 thudng c6 cic loai diéu ché co bin sau day:

- Diéu ché bién do s6 (ASK).

- Diéu ché tan sa s& (FSK).

- Piéu ché pha s6 (PSK).
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Ngoai cdc k¥ thuit co ban trén, dicu ché s6 con ¢6 cic loai diéu ché dic
biét 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 tdch tin hiéu s& ra khdi séng mang duogc goi 1a gia
diéu ch¢ 6 hay cdn goi 1a tich séng tin hiéu s¢. Tuong tng véi méi k§ thudt
diéu ch& duge sir dung & phia phat thi & phia thu s€ st dung k¥ thuat giai dic¢u
ché tuong ttng. Vi du tai phia phét sir dung k¥ thut dicu ché€ bién do sé thi phia
thu phai diing k¥ thuat giai didu ché bién do s6 dé thu lai tin hiéu nguyén thuy
nhu trude khi diéu ché.

Sau day ching ta s& khao sdt mot so k¥ thuat diéu ché va gidi diéu ché tin
hi¢u & ¢d ban.

2. Biéu ché va giai diéu ché bién dd s6 (ASK)

2.1. Diéu ché

Bicu ché bién do s hay con goi 1a diéu bién 8. 1a ky thuat dinge tin hi¢u
0 d¢ lam dich chuyén bién do cla 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).

* So dé khaoi diéu che:

Séng Diéu ché ASK
Mang fc > / » ASK
A
Dir ligu
D

Hinlt 5.32. So do khot nguyén 1y diéu ché” ASK

Trong do:

- Séng mang (fc) 1a mot dao dong cao tan (dao ddng cb tin $6 cao). Dang
cla song mang co thé 1a hinh sin, ¢é thé 14 séng rang cua va ciing cé thé fa
s6ng xung vuong, nhung thudng su dung séng mang dang hinh sin.

- Dix licu (D) la mét diy so nhi phan gém 10an bit khong (0) va bit mét (1),
Ia day s8 duge dua dén bo diéu ché dung dé diéu khién sdng mang (fc).

158



Bo diéu ché bien do dugc vi nhu mét khod chuyén mach K, ding dé déng
moO sdng mang.

Bau ra bo diéu ché 14 tin hiéu di diéu ché bien d6 s6 ASK, 12 tin hiéu dai
dién cho ddy so diing d€ truyén di trong céc h¢ thong thong tin s6.

* Nguyén 1y diéu ché nhu sau: )

Song mang fc 1a mot dao dong cao tan hinh sin luén hién dién tai dau vao
song mang, con dong tin hicu s6 13 mot ddy s6 nhi phan gém toan 0 vi | duge
dua dén dau vao dir lieu timg bit n6i ti€p mot dé dicu khidn bd diéu ché theo
nguyén tic sau:

- N&u bit dua dén [a bit [ thi khoi K déng, khi d6 cho séng mang fc di qua
161 dau ra.

- Néu bit dwra dén 12 bit 0 thi khod K mé, khi dé khong cho séng mang fc
di qua téi ddu ra.

D¢ dién ta mot cach truc quan ta xét vi du sau:

0110_0_010

ASK AAAA

-

Hinlt 5.33. Dang tin hiéu diéw ché’ ASK

2.2. Giai diéu ché
Gidi diéu ché [ qud trinh khoi phuc lai day tin hi¢u s6 nhj phan tir dong théng
tin tin hi¢u ASK. Qud trinh giai diéu ché (tach séng) dugc thyc hién tai phia thu.
Ung véi méi phuong phap diéu ché & phia phat thi & phia thu ¢6 thé ¢6 nhiéu giai
phdp tich séng khdc nhau, sau day la mdt phuong phdp tich séng ASK.
So d6 khdi gidi diéu ché tin hieu ASK:
Uts Ul Ur

ASK Bo chinh uu > Bo loc B o i
L thong thap 0 SO san

flinh1 5.34. Sor dé khéi gigi ma ASK



Trong d6:

- Bo chinh tuu dung dé loc 18y bién do tin hicu ¢6 cuc tinh can thiét,
- Bo loc thong thap duing dé foai bo tin hi¢u séng mang ¢é tan s8 cao.
- BO so sdnh diing dé stra dang tin hiéu.

Ta c6 thé mo ta nguyén |y coa mach thong qua vi du sau:

o LT

Hinh 5.35. Dang tin hiéu gidi dicu ché ASK

3. Biéu ché va giai diéu ché tin s6 s6 (FSK)

3.1. Diéu ché tan so s

Bicu che tan 56 56 1a ding tin hieu s& dé didu khién lam cho tan s séng
mang thay doi theo cdc bit tin hiéu. Diéu ché tin s§ 56 con duge goi [& khod
dich chuyén tin s¢ (Frequency Shift Keying). Piéu ché tin s6 s6 ¢6 the o6
nhi¢u loai, sau day ta xét mdat s6 loai cu thé.

3.1.1. Diéu ché FSK theo kiéu pha lién tuc

So do6 khoi:

D FSK
—»  VCO — >

Hinh 5.36. S0 do khoi nguyén 1y diéu ché FSK
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Trong do:

D Ia dong tin hi¢u s cdn duge diéu ché gom todn bit 0 vi bit 1.

FSK la tin hi¢u ra diéu ché tin s6 sé.

VCO la bd dao déng duoc diéu khién bang di¢n 4p, déng vai trd 13 bo
diéu che.

Nguyén 1y diéu ché nhur sau: )

- Khi khong ¢6 dong dit lieu D tai dau vao thi b6 dao dong VCO phit ra
mot dao doéng ¢6 tdn s6 13 f, nén ddu ra FSK 1i mot dao dong c6 tdn s6 khong
déi la £, tdn s khong déi ndy khong mang trong no thong tin cla tin hiéu s8.

- Khi dong dif li¢u diéu ché D duge dua téi bo dao dong trng bit ndi tiép
mdt, thi tan s6 cla bo dao dong VCO thay déi theo nguyén tac:

+ Néu bit diéu ché 12 1 thi tin s6 dao déng £, d6i thanh tdn s6 f, (gia sir f,
tang thanh f,).

+ Néu bit diéu ch& 12 0 thi tdn s6 dao dong f, d6i thanh tan sd f, (gia siy f
giam thanh f,).

Vaf, < f,.

Nhu vay, tan s6 f, ciia bo dao dong VCO da bi thay ddi theo bit tin higu
diéu ch€ & ddu vao. Tan s6 song mang f, dai dién cho bit théng tin 1, va tdn s6
séng mang f, dai dién cho bit thong tin 0, cic 14n 6 nay déu la séng mang cao
tan nén 6 kha nang truyén dan di xa duge.

Vi du dang séng clia tin hi¢u dicu ché FSK cho dong bit dit ligu 01100010
¢6 dang nhu sau:

¥

01 10 001 0

FSK nnnn AA NMAAA
MIMANA,

Y.
AR

f f, 1,

Hinh 5.37. Dang tin hiéu diéu ché FSK
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3.1.2. Diéu ché FSK theo kié¢u pha khéng lién fuc
S¢ do khéi:

£ Bo diéu che&
— > o FSK FSK
2 T

o

Hinh 5.38. So do khoi nguyén Iy diéu ché FSK khong lien tuc

Trong do:

- f, la s6ng mang ¢6 tan s6 14 f,.

- £, 12 séng mang c6 t4n s§ la f,. Gia ste f, > f,.

- D 1a day dir liéu s6 nhi phan.

- Bo dieu ché FSK duge coi nhe 1a mot bo chuyén mach diing dé déng ma
gilta hai vi tri f, va f,.

Nguyén 1y diéu ché nhur sau:

- Khi dir liéu vao 12 bit I thi khod dugc chuyén sang vi tri séng mang f, dé
cho tan s6 séng mang f; dugc chuyén mach qua ddu ra FSK.

- Khi di lién vdo la bit O thi khod lai duogc chuyén mach qua vj tri séng
mang f, va séng mang f, duge chuyén mach t6i diu ra FSK.

Véi phuong phdp nay thi su chuyén ddi 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, (dit
liéu chuyén tir bit 0 sang bit 1) 1a khong lién tuc.

3.1.3. Diéu ché FSK bdng phuong phdp chia tin

So dé khoi:

< N Loc thong
C s FSK
I ‘M ———— dai —

o

Hinh 5.39. 80 dd khoi nguyén Iy diéu ché FSK chia tdn
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Trong dé:

- C la dao dong sdng mang cao tn ¢ tdn 56 ¢4 dinh 1A £,

- D 1a dong bit s nhi phan cidn dugc diéu ché.

Bo chia c6 the thay déi hé s6 chia theo tin hiéu diéu khién tir bén ngoai.

Bo loc thong ddi dung dé€ loc tan sG trong dai thong (han ché dai thong).

Nguyén 1y diu ch& nhu sau:

- Khi tin hi¢u diéu ch€ dua vao 1a bit 1 thi bo chia ¢é hé s& chia 1a N,
khi d6 séng mang C ¢ tdn s6 14 f, s& dugc chia cho N dé chuyén tdn s6 f, vé
tan s6 f).

- Khi dit li¢u dua vao 1a bit O thi bo Chld chuyén sang hé s6 chia M, khi d6
song mang C c6 tén 56 f, s€ duge chia cho M dé€ chuyén tan s6 f, vé tin s6 f,.

Hai tén s6 f|, f, duoe di qua b loc théng dai d€ 14y ra tan 56 f, hoac f,. con
céc tdn s6 khéc (nhiéu ngodi déi tdn s6 nay ching han) bi chan lai.

3.2. Giai diéu ché FSK

Gidi di¢u ché FSK ¢6 thé dugc thuc hién bang nhiéu phuong phap. Sau day
ta khdo sét phuong phdp tach séng FSK diing vong kho4 pha.

So d6 khdi tach séng:

PLL . R
FSK Loc théng Bo
» Sopha >, thap 2 »  sosinh [ ™
Loc thong
VCO thap 1

Hinh 5.40. Sor do khéi nguyén 1y gidi diéu ché ding PLL

Trong daé:

- Bo so pha ding d€ so sdnh pha cla tin hiéu FSK véi pha cila séng dao
doéng tir khoi VCO.

- Bo loc thong thap 1 v 2 diing d€ loc thanh phan tin hiéu tdn s& cao, khoi
phuc bién do tin hiéu ¢4 14n 6 thip.

- Bo 0 sdnh dung d¢ sira dang tin hiéu.
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Nguyén 1y tach séng FSK nhy sau:

- Khi chua ¢6 tin hiéu tdch séng FSK thi bo dao dong VCO phdt ra dao
dong c6 tdn s6 1a £,

- Khi ¢6 tin hiéu tdch song FSK dua vao bo so pha, pha cla tin hiéu nay
dugce so sdnh véi pha cita tin hiéu f:

~+ Néu hai tdn s6 ndy bing nhau, c6 nghia 1a hai tin hiéu c6 sai pha bing
khong, khi dé dau ra bé so pha cé mot dién dp 6 dinh U, nao dé; dién ap duoc
dua qua bo loc théng thap 1 d€ loc nhidu sau dé lai dua t6i bo dao dong VCO.
Vi dién dp dua 16i bo dao déng VCO 1a U, nén tan s6 cha bo dao dong khong
thay déi.

+ Néu hai tdn s6 khong bing nhau, ¢6 nghia 1 hai tin hiéu di c6 suj
pha, khi d6 ddu ra bo so pha ¢6 mrc dién dp khéc U, 1a +/-AU (dau + hay —
la phy thuéc vao tdn s6 FSK 16n hon hay nho hon tan s6 f,), dién ap U +/-AU
dugce loc vi dua trd lai b6 VCO dé diéu chinh tdn s§ f, dao dong bim theo
tan s6 FSK.

Do vay, tin hiéu FSK duge t4i tao lai bang dién 4p ddu ra bo so pha, tin
hi€u niy duge loc nhiéu bing bo loc thong thdp 2, sau d6 duge sira dang tao
thinh cdc bit 0 hodc bit |.

Uu di¢m cla phuong phip nay 13 don gidn va c6é do chinh xdc cao, hoin
toan cé thé thyc hién bing mot vi mach.

4. Biéu ché& pha s& (PSK)

Dicu ch€ pha s8 con duge goi 1a khod dich chuyén pha (Phase Shift
Keying), 1a pha clia dao dong séng mang thay déi theo bit clia dong tin hiéu s3
di€u ché ddu vao. Diéu ché pha ¢6 thé c6 nhicu loai, vi du nhu diéu ché pha hai
trang théi, diéu ché€ pha bén trang thii. .. Trong phan nay ta chi xem xét dicu
ch& pha hai trang thai.

So d6 khéi diéu che:

C Bo

PSK
diéu ché

D

Hinh 5.41. So dé khoi nguyén Iy diéu ché’ PSK
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Trong dé:

- C la s6ng mang dao dong cao tdn ding dé diéu ché tin hiéu.

- D la dong s6 nhi phan ¢dn duoc diéu ché,

- PSK la tin hiéu diéu ch€ pha.

Nguyén 1y diéu ché pha c6 thé duge mé ta nhu sau:

- Khi dong s6 D la toan bit 1 hoac toan bit 0, thi tin hiéu PSK ¢6 tdn s6 la
tan s6 cuia séng mang C, c6 pha khong d6i (0° lioac 180%).

- Khi dong s6 D ¢6 sy thay déi tir bit | sang bit 0 hoac tir bit O sang bit I,
thi pha clia séng mang D thay déi. Trong trudng hop nay thi pha cfia séng
mang C ddo pha 180" so v6i gid tri pha ban du.

Gia sir bit di€u ché 12 bit 0 thi séng mang o6 pha 12 0°, bit 1 ¢6 pha Ia 180°.
Nhu vay, pha clia séng mang biéu hién théng tin ctia bit O va bit | cta dong dir
liéu can diéu ché. Vi du ta diéu ché cho ddng bit sau:

0 1 1 0 0 0 1 0

o fmﬂlnnﬁnnmnnnnﬂnnﬂ.ﬂnW\n.
IR

biém dao
pha séng mang

Hinh 5.42. Dang tin hiéu diéu ché’ PSK
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¥ Gidi diéu ché'tdn sé
So d6 khei giai di€u ché:

NV L

PS
/\/\_FE. Ot P s P

2
v
S
v [ 7 =

Hinh 5.43. S0 do khdi gidi diéu ché'tan sé

Trong do, cdc khéi lan luot la:

- B6 binh phuong (nhén tin hi¢u).

- Bo vong khod pha.

- Bo so pha.

- Bo chia hai.

- Bo nhan (Bo tron).

- Bo loc thong théap.

- Bo so sanh, dung dé sira dang tin hiéu.

Giai diéu ché theo phuong phdp ndy ¢ do chinh xdc cao va co thé thuc
hién duge bang vi mach.

Cic phuong phap diéu ch€ va gidi dieu che ASK, FSK vd PSK ciing dugc str
dung trong cdc hé thong thu phét tin hiéu va dir liéu s§ trong céc hé thong tong
dai sé.

IX. TRON TAN

1. Nguyén ly chung

Tron tdn 14 su tron 1dn gitta hai tin hi¢u tai mach tron tdn [dm cho trén dau
ra bo tron tdn thu duge tin hiéu ¢6 cdc thanh phén tan s6 1 tdéng va hi¢u hai
thanh phén tdn s6 tin hiéu & ddu vao.
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S d6 khoi tedn tan:

U, (fa) Bo tron tan Bo loc Ulg (flg)

T

UIIS (fl‘ls)

Hinh 5.44. So do khoi nguyén Iy tron tdn

Thong thudng, mot trong hai tin hiéu viio 1a tin hiéu don am (cé mot vach
phd), tin hiéu d6 goi 12 tin higu ngoai sai va cé tan s6 1 f,.. Tin hi¢u con lai 1a
tin hiéu hitu ich voi tan s6 1a f, ¢& dinh hodc bién thién trong mot pham vi ndo
d6. Tin hicu mong mudn duge tach ra nhg mot bo loc. tan s6 cha né thudng gol
1a tdn s6 trung gian f.

D¢ tron tén, ta ¢6 thé sir dung phén tir phi tuyén hoac phan ti tuyén tinh
tham s6. C6 thé ¢6 cic loai tron tan sau:

- Khi phan loai theo phén tir tich cyc duge dung dé tron tin, ngudi ta phan
biét tron tan dung phin tir tuyén tinh tham s& (mach nhan) va tron tin dung
phén tir phi tuy&n (Transistor, diot...)

- Khi phén loai theo so dé tron tdn, ¢6 tron tan diot, Transistor. .. hodc tron
t4n theo phuong phap chuyén pho (chuyén phd vé phia tdn s& cao hay phia tan
¢ thap).

2. Mach trdn tan dung diot

Mach tron tan ding diot dugce fing dung rong ridi & moi ddi tan s6, dac bigt
& pham vi tan s6 cao (trén 1GHz). Tron tin ding diot c6 nhugc di¢m 1a lam suy
giam tin hi¢u.

Mach tron t4n diing diot ¢6 cdc ki¢u sau:

2.1. Mach tron tan don dung diot

So dd mach: Hinh 5.45

Bi¢n 4p T,, T, va T, dung dé ghép cic tin higu Uy, va U, vio mach tron tin
va d¢ 1ay tin hiéu ra U,,.

Cudn day thit cdp cha bién ap Ty ket hop véi tu C, tao thanh mach cong
hudng dung dé chon loc tin higu vao Uy,
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Hinh 5.45. Mach trén tan ding diot

Cubn day thit cdp cha bi€n dp T, két hop véi tu C, tao thanh mach cong
hudng ding d€ chon loc tin hiéu ngoai sai U

Cudn day thit cap cla bi€n dp T, k&t hop véi tu C, tao thanh mach cong
huéng ding dé chon loc 1dy tin hiéu U,

Mach c6 dic diém 1a mach ngoai sai v mach trung gian duge méc n6i tiép
véi nhau, con mach tin hig¢u va mach trung gian dugc mic d6i xing nhau, do
d6 c6 thé d6i 1an cho nhau; nghia 1a trong mach c6é xdy ra hién tugng trén tan
nguoc. Trong so d6 ndy thudng chon diém cong tic tinh & doan déu ciia dac
tuyén diot dé dugc hé din tron tdn Ion.

2.2. Mach trén tan can bing

So d6 mach:

Uns

Hinh 5.46. Mach tron tdn cén bdng dung diot
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Trong mach, dién 4p tin hiéu dugc dat lén hai diot nguge pha, con dién dp
ngoai sai duge dat 1én hai diot dong pha.

Mach tron tin cin bang c6 kha nang lam tang dong trung gian § dau ra va
chong tap 4m ngoai sai tot.

Thanh phén cta tin hiéu ra khong c6 céc tdn s6 bac chan.

2.3. Mach tron tan vong

So d6 mach:

Uy C [ 3 3L, C,
G a
L &
D,
—
G,
t 1
L,
F's £y
o —>
U,

Hinh 5.47. Mach tron tdn vong ding diot

Mach trén tan vong gém hai mach trén tdn can bang néi ti€p. Mach c6 cic
diac diém cha mach tron tin can bing. Trén ddu ra chia tin hiéu chi con lai thanh
phan tén s6 f,, + = f,.

3. Mach tron tan dung phan tr khuéch dai

Mach tron tdn diing Transistor vA vi mach la kiéu tron tan tich cyc, st dung
Transistor hodc vi mach lam phdn tir trén tAn. Mach ron tan kiéu nay ¢6 wu
diém la ¢6 kha niing khuéch dai tang cudng dién 4p tin hiéu ra. Trong phén nay
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chi dé cap dén cdc mach tron tan dung Transistor, con trén tdn ding vi mach s¢
dugc dé cap tdi & cdc gido trinh khac.

Mach tron tin dung Transistor c6 thé méc theo so d6 Baza chung hoic
Emitor chung. S¢ dé Bazo chung thudng duge s dung trong pham vi tdn so
cao v siéu cao Vi tin s6 gidi han ctia né cao. Tuy nhién so d6 Bazg chung ¢
hé s6 truyén dat ciia bo tron tan thap hon so dé méac Emitor chung.

Céc tham s6 cta so d6 tron tn phu thude vao di€ém lam viéc, vao d¢ lon
clia dién dp ngoal sai va vao tham s8 clia Transistor.

Tron tan ding Transistor ¢6 thé dung Transistor don, Transistor mac theo
kiéu day kéo, nhung cdch dua cdc tin hiéu vao va 1ay tin hiéu ra 1a khong thay
d6i. Cich dua tin hiéu vao va 1ay tin hi¢u ra thudng c6 cic kha nang nhu sau:

- Pién dp tin hiéu U, va dién dp tin hiéu ngoai sai U, cliing duge dua vao
cuc Emitor trong so d6 mac Bazo chung.

- Pién 4p tin hiéu U, duge dua vao cuc Emitor, con dién dp tin hi¢u ngoai
sai U,, duoc dua vao cuc Bazo trong so d6 mic Bazo chung.

- Dién 4p tin hieu Uy, va di¢n &p tin hiéu ngoai sai U, cung dugc dua vao
cuc Bazo trong so dé mac Emitor chung.

- Di¢n 4p tin hiéu Uy, duge dua vao cue Bazo, con dién 4p tin hiéu ngoai sal
U,, duge dua vio cyc Emitor trong so dé mic Bazo chung.

Sau day ta s& khao sdt mot s8 mach tron tan ding Transistor.
3.1. Mach tron tan dung Transistor don
So d6 mach:

Hinh 5.48. Mach trén tan ding Transistor don

170



Trong dé:

- R}, R, la cau phan dp diing dé thién 4p cho cuc B ctia Transistor Q,.

- R; 1a dién tr& hoi ti€p am dong dién mot chiéu, ding d€ én dinh mach.

- €, la tu thodt tin higu xoay chiéu thanh mach khuéch dai Bazo chung.

Cuén day thit cap cta bién 4p T, ciing véi hai tu C,, C, tao thanh mach cong
hudng dé tang cutng dién 4p tin hieu ngoai sai dura vio cuc Bazo cua mach.

Di¢n dp tin hiéu dugc dua vao cyc Emitor d€ tron tdn thong qua tu ghép C,.

Tin hiéu trung gian duge 14y ra trén cuc Colector ciia Q, bang cich ghép
bién dp.

Mach trén tén kicu ndy ¢6 dac diém 12 déi tédn lam viée rong, mach lam
viéc On dinh, ¢6 khd nang trén tin vi khuéch dai tin hi¢u. Tin hiéu ra tron tdn
cé nhiéu do khong khir dugce nhiéu ngoai sai sinh ra.

3.2. Mach tron tan day kéo

So d6 mach:
°
e
Q,
I N
U"‘#E&_ -1 _L_ﬂg,ulg T

Hinh 5.49. Mach trén tén ding Transistor médc ddy kéo
bién tro R}, R, 1a cau phan dp dé phan ap cho cyc B hai Transistor Q, va Q,
lam viéc & ché€ do AR.
Tai cia mach 1a so cdp bién 4p T, bién 4p T, diing dé 14y tin hiéu ra.
Dién dp tin hi¢u va dién dp ngoai sai duge ghép qua bién dp T, va T, déu
dua vio cuc Bazo ctia hai dén Q, va Q,.
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Hai Transistor Q, vA Q, tao thanh mach khuéch dai day kéo ding hai
Transistor khdc loai.

Khi khong ¢6 tin hi¢u dwa vio mach thi dién 4p ngoai sai téc dong lén hai
cuc Bazo cla hai Transistor Q, va Q, mét lugng nhu nhau, do dé dong dién
chay trén hai nlra cudn day so cap cia bién 4p T, ¢6 cudong do bang nhau nhung
¢6 chiéu nguge nhau nén dong dién téng trén cudn day bang khong, khi d6 diu
ra bang khong, hay néi cich khic nhidu ngoai %al bi loai bd.

Khi ¢6 tin hiéu vao U,, va tin hiéu séng mang U, dua t6i mach thi hai tin
hi¢u ndy dugc tron véi nhau tai hai Transistor Q, va Q,, ddu ra la tin hi¢u U, c6
tan so [a 16 hop cdc tin s6 cla cdc tin hieu U, va U__.

Ciing giéng nhu tron tdn can bang diing dlot, mach tron tan kiéu nay
khong c6 thanh phén hai bac chdn trong thanh phén tin hiéu ra.

Céc mach tron tin duge sit dung trong cdc may thu thanh, thu hinh déi tan,
diing d€ trén tin hiéu ¢6 tn s6 cao tir phia phdt v6i tin hiéu dao dong tao ra tai
mdy thu d€ cé duoc tin hiéu trung tan. .

Cau héi

—_

. Diéu ché bién do 1a gi? V& dang séng va phé cia didu ché bién do.
2. Diéu ché bién dd nén va diéu ché don bién la gi? Uu diém cda didu ché bién do
nén va diéu ché bién dé don bién so véi didu ché bién ds 1a gi?

3. Thé néo la diéu ché tan s, didu ché pha tin hidu tuong tu? Tin hiéu diéu ché tan
$0 va pha c6 dac diém gi?

. Diéu ché xung 13 gi? C6 bao nhiéu loai digu ché xung? Dic diém cla timg loai
tin higu diéu ché dé 1a gi?

5. Hay trinh bay nguyén ly tach séng bién do bing diot.

. Nguyén ly tach séng don bign nhur thé nao?

7. Hay trinh bay nguyén ly tach séng diéu tan theo phuang phap cong hudng.

. Ma hoa PCM Ia gi? Céc qua trinh co ban clia ma hoa PCM va gid ma PCM gém
¢ nhimg qua trinh co ban nao?

9. Thé nao 1a didu ché va giai diéu ch& ASK?

10. Thé& nao la diéu ché va giai didu ch& FSK?

11, Thé nao |13 diéu ché va gidi dieu ché PSK?

12. Trén tén la gi? Nguyén Iy co ban ciia tron tan ra sao?

.

[o2]

jas]
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