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LOI NOI PAU

Bo sdch "Ky thuat dién ti" dugc viét dya trén co sd gido trinh cing tén
da dugc ding lam tai liéu gidng day trong nhiéu ndm gan ddy tai Truong
dai hoc Bdch khoa Ha Noi. Trong lan xudt ban dau tién ¢ Nha xudt bdin
Khoa hoc va Ky thudt ndm 1992 sdch da dugc in lam ba tdp (va dugc tdi
ban nhiéu lan).

Tap 1 gom sdu chuong, trinh bay Cdc vdn dé co s¢ cua mach dién tir
(cd sd phdn tich mach dién 1, hoi tiép am trong cdc mach dién ti, van dé
cung cdp va én dinh ché dé cong tdc cua cdc mach dién i) va Cdc mach
roi rac thuc hi¢n cdc chilc ndng bién doi tuyén tinh (tdng khuéch dai tin hiéu
nhé ditng tranzisto), ting khuéch dai chuyén dung, tang khuéch dai cong sudt).

Tap 2 gom ba chuong vé B¢ khuéch dai thudt todn va cdic wng dung cia

Tap 3 gom sdu chuong, nghién ciu vé Cdc mach co bdn thwc hién cdc
chiec nang bién d&i phi tuyén (g0 dao dong, diéu ché, tach song, chuyén doi
tong 4 - s6 va s6 - wong nf, chinh luu va én dp).

Dé ban doc tién si dung, lin xudt bdn ndy chiing t6i gop thanh mot
cudn. Trong tung chuong déu c6 sia chidla va bé sung nhing vin dé mdi.
Phan bai 1dp va bai gidi mdu trudc ddy dugc b6 tri sau mdi tdp, nay chuyén
xuéng cubi ciia cudn sdch, vdi nhidu dang bai tdp mdi.

Sdch da dugc dung lam tai ligu tham khdo cho sinh vién nganh vé tuyén
dién tl. Sdch ciang rdt b6 ich cho cdc ky su, cdn b6 ky thudt va cong nhar
cdc nganh cod lién quan dén ky thudt vo twyén dién ul.

Trong qud trinh bién soan lai cho cuén sdch nay, tdc gid da dugc cdc
ban dong nghiép gop nhiéu y kién bo ich, dugc Nha xudt bdn Khoa hoc va
Ky thudt khuyén khich va tao diéu kién thugn lgi dé sich ra mdt kip thoi.
Chiing 160 xin bay 10 loi cdm on chan thanh vé su giip dé quy bdu do.

Mdc div da cé gdng sia chita, b6 sung cho cudn sdch dugc hoan chinh
hon trong lin tdi bdn nay song chdc riang khéng trdnh khdi nhing thiéu sot,
han ché. Tdc gid mong nhdn dugc cdc y kién déng gép qui bdu cia ban
doc.

TAC GIA
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Chuong 1

NHUNG KHAI NIEM CHUNG
VA CO SO PHAN TiCH MACH DIEN TU

Nham gidp sinh vién ¢ co 88 nghién ciu cdc mach dign ti s& dé cap dén trong
quyén sdch nay, ching t8i gianh chuong 1 d€ tdm tat mot s6 khdi niém va cong thidc
co ban da dugc xét trong cAc gido trinh kbdc, cht y&u lién quan dé&n vat ly dién ti va
dung cu bdn ddn. Day 1A nhiing vAn dé khong thufc d6i tugng nghién citu ciia mén hoc
nay, nhung duge trinh bay dé€ gigp ban doc tra cdu céng thic va khai niém mot cach
thuan lgi.

1.1. Khéi niém vé@ mach dién tu va nhiém vu cioa né

Céc mach dién td cd nhiém vu gia coOng tin hidu theo nhitng thuat todn khdc nhau.
Ching dugc phaAn loai theo dang tin hiéu duge xu ly.

Tin hiéu 1a s6 do (dién 4p, dong dién) clia mét quéd trinh, su thay d6i cia tin hiéu
theo thdi gian tao ra tin tdc hiu {ch.

Trén quan di€m ky thuat, ngudi ta phan biét hai loai tin hiéu : tin hidéu tuong tu
va tin hiéu s6. Tin hiéu tuong tu 1A tin hiéu bién thién lién tuc theo thdi gian va cd
th€ nh&n moi gid tri trong khoang bién thién cia nd. Nguge lai, tin hiéu s6 1a tin hiéu
da duge rdi rac hda vé thdi gian va lugng ti hda vé bien d9. N6 dugc bifu dién béi
phitng tap hop xung tai nhiing di€m do rdi rac. Do dd tin hiéu s6 chl ldy moét s6 hitu
han gid tri trong khodng bién thién cia nd ma théi.

Tin hidu cé th€ dudc khuéch dai ; didu ch& ; tdch sdng ; chinh luu ; nhé ; do ;
truyén dat ; diéu khién ; bién dang ; tinh todn (cOng, trit, nhan, chia ..). Cdc mach dién
td od nhiém vu thuc hién cdc thuat todn nay.

D€ gia coOng hai loai tin hiéu tuong ty va sf, ngudi ta dung hai loai mach co ban :
mach’ tuong ty va mach s6. O day chi dé cap dén cdc mach dién t¥ tuong ty. Tuy trong
nhitng nam géin day, kj thuat s6 da ph4at trién manh mé& va ddng vai trd roit quan trong
trong viéc gia cong tin hiéu , nhung trong tuong lai ching ciing khéng th€ thay thé
hoan toan mach tuong tu duge. Thyc t& cd nhiéu thuat todn khong th€ thyc hién
dugc bing cdc mach s6 hoac néu thyc hién bing mach tuong tu thl kinh t& hon, vi duy :
khuéch dai tin hiéu nhé, d6i tdn, chuyén d6i tuong tu/s6. Ngay ci trong hé théng s6
ciing ¢d nhiéu phidn ti chic nang tuong ty, néu nhu cln phai gia cong tin hiéu tuong
t¢ & mot khAu nao dd.

Déi v6i mach tuong ty, nevJi ta thudng ﬁuan tdm dén hai thong s6 chi y&u : bién
do tin hiéu va d6 khu&ch da  tin hiéu.



Bién d¢ tin hiéu lien quan mat thiét dén do chinh xdc cta qua trinh gia cong tin
hiéu va xdc dinh mdc d6 anh hudng cia nhiéu dén hé théng. Khi bién do tin hiéu nhd
(c8 mV hoac uA) thi nhiéu cd thé€ 14n 4t tin hiéu. Vi vay khi thiét k& cdc hé théng dién
td cln luu y nang cao bién do tin hiéu ngay & tdng ddu cta hé théng.

Khuéch dai tin hiéu 1a chic nang quan trong nhit cla cdc mach tuong tu. N6 duge
thuc hién hodc truc ti€p hodc gian ti€p trong cdc phan ti chidc nang cia hé thdng. Thong
thudng trong mét hé théng tuong tu, ngusi ta phan biét cdc tdng gia cOng tin hiéu va
cac tdng khuéch dai cong sudt hoac dién &p.

‘Trong gin hai thap ky qua, do su ra ddi cua bé khuéch dai thuat todn, cdc mach
t3 hop tuong tu da chi€ém vai trd quan trong trong ky thuat mach dién td. Mach t6 hgp
tuong tu khéng nhitng ddm bao théa man cdc chi tiéu kj thuat ma con cé dé tin cay
cao va gid thanh ha. Tuy nhién ching thuong dugc dung chi y&u § pham vi tdn s6 thép.
Su ra ddi cia bo khuéch dai thuat todn la moét budc ngoat quan trong trong qua trinh
phét tri€n cia ky thuat mach tuong tu. Trudc day, khi b6 khuéch dai thuat toan chua
ra doi, da cé vb s6 cdc mach chic nang tuong tu khdc nhau. Ngay nay, nho su xuit
.hién ctia bo khuéch dai thuat todn, s6 lugng d6 da gidm xuéng moét cach dang k&, vl co
thé dung bo khué&ch dai thuat toan d€ thuc hién nhiéu chdc nang khac nhau nhd méc
mach h6i ti€p ngoai thich hgp. Trong nhiéu trudng hgp, dung bé khuéch dai thuat toan
cd thé tao ham don gian hon, chinh x4ac hon va véi gid thanh ré hon dung cdc mach
khuéch dai roi rac. o ‘

Xu huéng phat tri€n cia ky thuat mach tuong ty 12 nang cao d6 tich hgp ctia mach
(dUgc dac trung bdi mat d6 linh kién). Khi d6 tich hgp tang thi c6 th€ ché& tao cac hé
théng cd chic nang ngdy cang hoan

hdo hon trén mot chip. Déi véi cde
mach t8 hgp tuong tu, nha thiét k& 20 T
thuong luu y gidm s ching loai, oy T(ma) A
nhung lai tdng kha hang st dung \ & 15= 10L
cia ting ching loai. Tém lai, cd N — st
thé néi : 6 hai huéng phat trién | sopt
cia ky thuat mach tuong tu la : 10 [ woph
giam nhé kich thudc bén trong cia L 30)A
mach trong ché& tao va tanggtinh PeNe ] Goph
ph8 bién ctia mach trong iing dung. //j .=
. . . ey .
Trong cudn sach nay ching téi 1
; ’ oo |15 [50 |25 10 20
gl::; I11;12;:1h‘nh1éu dén vdn dé& udng SR N Ugg (V) —
1.2. Déac tinh co ban va cac 05
tham s cua tranzistor . }gm
ludng cuc ¢ 0
] /"i A | Dae(v)
1.2.1. Céac dac tinh tinh va
phuong trinh co ban

Cd hai loai tranzistor : loai npn L
va loai pnp. Nguyén ly tac dung cua .
né da dugc nghién ciu ky trong cac Hinh 1.1. Dic tuyén ciia tranzistor npn méc emito chung.

gido trinh vat ly dién td va dung



cu ban ddn va dugc minh hoa bdi ho dac tuyén vao Iz = flUgg), ddc tuyén ra I =
fUcp) va dac tuyén truyén dat Ic = fUg) (xem hinh 1.1).

Cac tranzistor nay cd thé méc bazo chung, emito chung hoac colecto chung (bang
1.1). Trong ba cdch méc nay, cdc mic emito chung dugc dung nhiéu nhdt, vi vay trong
qua trinh khdo sdt sau nay ta s& quan tAm dac biét dé&n cdch méc do.

D& diéu khién tranzistor, cd th€ dung ddong emito Iz hodc dong bazo Iz. N&u dung
dong emito d€ diéu khi€n (trong cdch méc bazo chung) thl hé s6 khuéch dai cia tranzistor
la Ay, duge xédc dinh theo biu thic (1.1)

Ic '
Ay = TE— (1.1)

-Ay 1a hé s6 khuéch dai dong mot chiéu trong cach méc bazo chung. Vi ddng colecto
Ic ludn luén nhé hon dong emito, nén Ay < 1.

Néu dung dong bazo dé diéu khi€n (trong cdch méc emito chung) thi hé s6 khué&ch
dai dong dién mot chiéu By dugc xdc dinh theo bi€u thic (1.2).

Bang 1.1.
Loai
npn pnp
Ciach méc
E 13 Ie C
Bazd chung
Ugp Ig Uce
[ g O
I 1"
. 8 8 c
Emits ch
"—nlk-wc ‘ing/ UaE !E UEC
o E
—oF
Colectd chung 8 _1Is Te tUEC
Y I
Q‘BC ctic
Ic
By = — (1.2a)
Iy
W1 tranzistor dugc két cqu sao cho t8n ; ¢
hao trén bazo nhd, tic Iz nhé, nén Iy <<
Ic, do d6 By >> 1. 8
8
Vi IE = IC + IB’ nén g'iﬁa AN va BN
c¢d mdi quan hé sau day :
Ay By
Bv=1oay N T TvE ® E 2
1 a) b)
1-Ay _TBN (1.2b)

Hinh 1.2. So d6 tuong ddong diot

Co th€ coi mébi tranzistor Iudng cuc cia tranzistor. a) loai npn; b) loai pnp.



gém hai diot mic ngugc chiéu cé chung ti6p gidp p va n nhu so d6 trén hinh 1.2. Tuy
sd d6 khong cho bi6t ddy du céc tinh chdt cia tranzistor ludng cuc, nhung qua dd cd
th€ nhan biét dién 4p phan cuc dat giita cdc miat ghép cia tranzistor. Tuy thudc vao
chiéu dién 4p phan cuc dd, ngudi ta phan biét bdn mién lam viéc cua tranzistor nhu

trong bang 1.2.

Bang 1.2
Trudng hop Diot emito Diot colecto Mién 1am viéc Ung dung
1 Phan cyc ngugc Phan cyc ngugc Mién cit Khoa
2 Phan cuc thuin Phan cyc nguge Mién khuéch dai Khuéch dai
(mién tich cyc)
3 Phan cyc nguge Phan cyc thuin Mién tich cyc nguge
4 Phan cyc thuan Phan cyc thuan Mién bio hoa Khéa
Sm}ll nayhsé :ac biét lgu y (lié’n Isd' AL Leg=Apler
trudng hgp thd hai trong bang 1.2 =S
g p g ’ E=s E B’ ’_—©_ IC CaC

la trudng hgp duge dung nhiéu nhit
trong ky thuat mach tuong tu.

Xét phuong trinh co ban theo
Ebers — Moll cho tranzistor npn. Tu
dd suy ra céc phuong trinh déi vé6i
tranzistor pnp bang cdch d6i dfu céc
dong dién va dién 4p dat vao céc
cia cua tranzistor theo quy udc vé
chiéu dién ap va dong dién trong
bang 1.1.

Dong dién ndi clia mot tranzistor
gém cac dong dién thanh phféin sau
day : dong qua mat ghép emito -
bazo I’'p, dong qua mét ghép colec-
to-bazo I’c, ddng xuft phdt tit mat
ghép bazo-emito dén dugc colecto Iy
va dong xuflt phat tit mat ghép bazo-
colecto dén dugc emito Igy. Céc bi€u
thic (1.3) + (1.6) cho bi&t quan hé

Uge’
B -0
a)
Igg=Arle Ied=Aulg
———— ——
/ 8 D L o
N
To’ 0
= (d:]
Upg’

e=e te @D

Hinh 1.3. So d6 tuong dudng Ebers-Moll cia
tranzistor npn (a) va pnp (b).

cia cac dong dién d6 va dién dp phéin cuc trén cdc méat ghép d6i v6i tranzistor npn.

UBE,

IE = IEbh (exp—ﬁ—- - 1)

Upp
I'c = Icn (exp—‘l}—

D

U 'E'
Icqg = AnIEpn (GXP‘T]~~ D

(1.3

(1.4)

(1.5)



UB’E,
IEd = AIICbh (exp——UT - 1) (1.6)

trong dd, Igy, va Icpy 14n lugt 1a dong bao hoa emito va dong bio hoa colecto ;
Ur - dién 4p nhiét, theo 1y thuyét Ur = 26 mV & nhiét d6 25°C ;
AN va A; - hé s6 khuéch dai dong dién ngi, dugc xdc dinh nhu sau :
I¢ Igy

d
VA A = o

An = I'g I'c

Ay dung cho tranzistor lam viéc trong mién khuéch dai va A, tuong dng véi mién
tich cuc ngugc. : .

Téc dung +9ng hgp clia cdc thanh phén dong dién trén day duge chi ré6 trong so d6
tuong duong cta tranmzitor theo Ebers - Moll (hinh 1.3). Trong d6 ry,, 1a dién trd phan
b6 mién bazo. Vi r,, khd nhé (c8 vai chuc Q), nén cd thé coi B’ = B.

Tit so d6 tuong duong hinh 1.3 rdit ra cdc quan hé sau day cho ca hai loai tranzistor
npn va pnp.

Ic= -Po+ Iy = -Ic + ANl'ce | a.m
Ig = I'g — Iy = I’ - Al'c (1.8)
Ig = Ic + I (1.9)

Nhu da ndi d trén, tranzistor thudng dugc dung & ch& d¢ khuéch dai, nghia 13 dng
véi trudng hop diot colecto nght, vi vay ta sé déc biét luu y dén ché d6 nay cla tranzistor.
Trong mién khuéch dai, U, >> Uy va trong mach xuft hién cdc dong dién du (dong
dién ngugc), ching ditge xdc dinh theo cdc diéu kién cho trong bang 1.3.

Bang 1.3.
D4u
Dong dién du Diéu kien npt oy
Dong du colecto /g, Iz = 0 ; diot colecto ngit >0 <0
Dong du colecto emito Jog, I3 = 0 ; diot colecto ngt >0 <0
Dong du emito /gg, I = 0 ; diot emito ngt <0 >0
Q
co 8 co § Co ¥
n + +
3 |5 3
z x z
I o @ I @
8 " Iy n B IL:
~ —
B Bo—= i Bo—= =
ros
bb + -
U . = Ugg Use l Ig
BE
i IE I‘IE E
E E

Hinh 1.4. S¢ dd tuong dudng Ebers — Moll cia tranzistor npn cho trudng hgp diot colecto
ngdt (tranzistor lam viéc trong mién tich cyc) :
a) va b) so dd tuong duong ddy di ; c) va d) bo qua ha dp trén rv, va dua vao ngudn 4p UBE.
Véi tranzistor pnp thi d6i chiéu diot (a),(b) hojic d6i chidu ngudn 4p UBE (¢ hojc d).



Can cd vao cédc bi€u thdc (1.3) + (1.9) va so d6 tuong duong hinh 1.3 déng thai
dua vao cdc dong dién du, ta vé dugc so d6 tuong duong cho trudng hgp tranzistor lam
viéc trong mién khuéch dai nhu trén hinh 1.4.

Khi Iz = 0 (hinh 1.4b,c hoac d) tiéc mach bazo hd thi dong ngugc qua mat ghép
colecto — bazo cling di qua mat ghép bazo - emito vd nd cing dugc khuéch dai giéng
nhu déi v6i mot dong diéu khi€n tu ngoai vao, do dd ta cd :

Iege = Icgo + Bnlepo = (1 + By) Icg,

hay Icgo = (1 + By) Icg, =

Bi€u thic (1.10) cho biét quan hé
gida cac ddong dién du Icg, va Icg,.

Gid tri dong dién du phu thufc vao
nhiét d6 (hinh 1.5). O nhiét do binh thuong
dong dién du I-g, d6i v6i tranzistor silic
cd nA, con d6i v@i tranzistor gecmani cd
uA. Ddng dé tang gdp doi khi nhiét do
tang tit (8 + 10)°C.

Ngoai ra, tu cdc so d6 tuong duong
trén hinh 14 va bi€u thdc (1.10) ta co
thé tim dugc quan hé gilta cdc dong dién
mét chiéu I, I; va Ig trong tranzistor
nhu trong bang 1.4.

Trong mién khuéch dai, khi diot colec-
to ngit thi Al’'c <<I’;, do dd tit bi€u
thic (1.8) va (1.3) ta suy ra bi€u thidc
dong dién vao (1.11a) cho tranzistor npn
va (1.11b) cho tranzistor pnp :

s UB’E‘ .
IE = IE = IEbh(exP—T]T - 1) (l.lla)

Ugp:

7~ (1)

Ig = I'y = ~Igpy (ex

Bdng 1.4

I,

m (1.10)

-y

\\\

/ U(5=41i.

16" /

1072 500 100 150
tJ (OC) —

Hinh 1.5. Sy phy thugc cia dong dién
du vao nhiét d9.

Iy Ie

I Is

(1= Ay) (g = Ieg,) By

Ie

I =1
Ig C~ ‘CEo

Ic

Anlg + Iep,

10



Khi mic emito chung thi dong dién vao Iy dugc xdc dinh theo bi€u thic (1.11¢) :

Iy

>> | Icg,| (1.11¢)

Thuc t& d€ mé ta cdc dac tinh tinh cla tranzistor trong mién tich cuc chi cdn ba
tham s8 : Uy, By va Icp, Khi dong tinh I > 0,1 mA thi cé th€ bo qua ca dong dién

du Iep,.

1.2.2. So dd tuong duong tin hiéu bé

D6i véi tin hiéu bé, tranzistor duge
coi 1a mot mang bdn cuc tuyén tinh, do
dé cd thé dung hé phuong trinh cua
mang bén cue tuy&n tinh d€ biéu dién
quan hé giita cac dong dién, dién dp vao
va ra clGa tranzistor. Trong céc loai
phuong trinh cia mang bén cuc, d€ mé
ta tranzistor hay dung hé phuong trinh
hén hgp tham s6 A va hé phuong trinh
ddn nap tham s8 y hon cd. Dung hé
tham s6 hén hop A thuan lgi, vi nd
thuong dugc cho trong cac tai liéu ky
thuat, hon nita ciing cd thé dé dang xac

dinh ching trén dac tuyén hodc bing do dac.

Phuong trinh hén hop h dugc xay dung tu so d6 tuong duogng hinh 1.6 va phuong
trinh din nap y tu so d6 tuong duong hinh 1.7.

<]

Hinh 1.6. So d6 tudng dudng hén hgp cia mot
mang bdn cyc.

I “Yre -2
[« = —C
U’l Yntdhe <] NetYez } 2= 12) Uy
o —0
I I,
— - Yol
U; l Yn l 1_ Ya2
Y Yl Yal v
-0

Hinh 1.7. Hai dang so d6 tuong duong din nap clia mot mang bdn cyc.

Hé phuong trinh hén hgp A va hé phuong irinh din nap y cia mét mang bdn cuc

c6 dang sau day :

I, = hy Iy, + hyU,

Ul—h111+h2U2]

L = yyU, + yoU, }
L = y U + yU,
Céac tham s6 hj va y; cta (1.12) va (1.13) duge xdc dinh theo bang 1.5

(1.12)

(1.13)

11



hi h _ﬁ h =ﬂ h =2 h =£

’ 1= 7 |g,=0 T 2=F |5, 25 |r =
Iy ™ 21 172 2l
I, I 1, 1,

Y y”=:—|ﬁ =0 ylz::'ﬁ =90 y“::lﬁ =90 yn::lﬁ =0
U, 19,= U, T, = U, 10,= U, 0=

Dé quy d6i tham s6 y;; sang h; hoac ngugc lai, dung hé¢ phuong trinh (1.14) va
(1.15)

k1 his 1 1 - —y '

<h2_1 h22) N <y21 Aylz) (1.14)
1
11-

Yu Y12 1 -h,

<y21 yzz) “hy, <h21 AR ) (1.15)

trong dd, Ay = y;1¥2 ~Y1¥21
Ah = hyhyy =~ highyy

O tdn s6 cao, cac dong dién va dién ap thudng khdng d6ng pha, do dd cdc tham
s6 cua mang bdn cuc thuong la s§ phuc.

Sau day ta sé& x4y dung hé phuong trinh hén hgp cho tranzistor méc emito chung
v8i quy ubc vé chiéu dong dién va dién dp nhu trong bang 1.1.

Quan hé gilta cdc dién dp tdc thoi va dong dién tdc thoi cia tranzistor méc emito
chung dugc bi€u dién nhu sau :

ugg = flpskcg) (1.16)

iC = ﬂuCE,iB) (117)

Vi tin hiéu xoay chiéu bé, & tdn s6 thdp dugc coi la nhing bién d6i nhd cua tin
hiéu mé6t chiéu, do dé d€ tinh hij dung ho dac tuyén tinh trén hinh 1.1 va xét tai di€m

lam viéc ban ddu O. Vi phén toan phdn (1.16) va (1.17) va xét tai di€m lam viéc O,
thay Aic = i, ; Aig = iy ; Aucg = Ucg, Augg = Upe, ta nhan dugc cdc bi€u thic sau :

UBE = alB luCE=0 ‘B 6uCE |iB=0 “cE oa
o e WL (1.18b)

lC - alB uCE=0 lB auCE IIB=0 uCC ’

So sdnh (1.18) v6i (1.12) ta rit ra :

N Upe _ dugg Augg (1.198)
lle = Lb “CE=0 alB luCE=0 - AlB UCEO ’ a
P _ e _ e (1.19b)

12¢ = Ui |iB=0 - auCE |lB = 0 - AuCE IIBO )
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i 9, A,
hrie = — = =— 1.19¢
2le lb uCE=0 GlB uCE=0 AlB | UCE ( )
i 3, Ai,
hyre = — = = 1.19d
22e uce |IB=0 auCE |IB’=0 AuCE IBO ( )

trong d6 : Iy, va Ucg, 1a dong dién va dién ap tai Jifm lam vige ban ddu (di€m O
hinh 1.1).
Ta can cd vao cdc bi€u thic (1.19) d€ xdc dinh Ay trén déc tuyén hinh 1.1 :
+hoe = tga; = Po (1.20)

B, dugce goi 1a hé s6 khuéch dai dong dién tin hiéu nhd. Vi I va Iy ty lé gdn nhu
tuyén tinh (hinh 1.1), nén

B, = BN (1.21)
thie = tgaz = 1y - ‘ (1.22)
Iye la dién trd vao cha tranzistor, né dugec xdc dinh nhu sau :
the = Top + Bora = Boras (1.23
rq l1a dién trd khu&ch tan emito:

rq = dIE IE > (124)
v6i tranzistor cong sudt bé, ry, co vai tram Q "dén vai tram kQ.
+hyz 1a hé s6 héi tiép dién d4p. Khi hd mach ddu vao, A, thudng rdt nhé
(= 10 + 107%, nén c6 thé bé qua va trong nhibu trudng hop cd thé coi
h12e = 0.

+hye = tga (1.25)

1
rce’
vdi tranzistor tin hiéu bé, r . ldy gid tri tt 10kQ dén 1MQ.

Thay céc tham s6 h;; da xdc
dinh duge vao hé phuong trinh
(1.12), s8 vé dugc sg d6 tuong
duong hén hgp cta tranzistor Ty I
(hinh 1.8), trong dd ta da thay Bo—— o
thé& tri s6 tdc thoi cia cdac dong hi
dléfl va dlén’ ap boi cdac gid tri Uae 2re”ce e l fols
phic tuong dng.

T bi€u thie (1.9) va (1.19¢)
d6ng thdi bist réing hé s6 khué&ch E o— . : . < E
dai dong dién tin hiéu nhé khi

| Ai,
méc bazo chung la o, = Ao Uy

pori

Hinh 1.8. So dé tuong duong hén hgp cua tranzistor.
ra duge quan hé giita hé s6 khuéch :
dai dong dién tin hiéu nhé B, khi méc emito chung va o, khi méc bazo chung :

13



By = 1—a, = 1-a, (1.26)
Bo 1
= Trg =1 (1.27)

voi ay, = 1 va B, >> 1.

C6 th€ dua vao hé thdc co ban gita cdc dong dién va dién ap trén cdc cyc cua
tranzistor dé tinh tham s6 h6n hop cla tranzistor khi mac bazo chung vao colecto chung.
Quan hé gitta cac tham s6 hén hgp dd duge cho trong bang 1.6.

Bdng 1.6
Tham s6
B E c
Cich mic
/ I L Ay, At hnehzze Ay huchm
. 5 == = By —— Ay
LHhy N +hy, )y By
o, Uz
B oy “hne  tne _1 +h21°,;h_zl°.
L4hye 1+ hy, hoe  Hae
- h h.h
L i1b 1167226 hite hize hie 1—hix
_ T+ hy, 1+hy,
I -
- V2 h h
g _
) l 21b p2i) B2t h2e ~(1 + h21e) hne
L+ hyy 1+ by
am
N R Mile 1~ hpe=1 hiic hioe
1+ hm,
1 ~h
- ~(1 + hate) hoze haie hase
L4hyy, L+hy,

Do dac tuyén tranzistor cong nhiéu, nén tham s6 A thay ddi phu thu6c vao dién dp
moét chidu va dong mot chidu, nghia la tham s§ cia mang bdn cuc phu thuéc vaoc di€m
lam viée trén dac tuyé’nv _edng nhu phu thugc vao nhiét do (xem hinh 1.9 va bang 1.7).

Bdng 1.7 ’

hy; hi}- phu thudc vao dong di¢n hi; phy thudc vao dign 4p
Rie ~1/ Ig Khéng phu thudc Ueg
Ry, Khong phy thudc Iy ~“1 VUqq

Ryte Cyc dai tai trj trung binh cia dong dién it phy thudc Upg

My ~lc 1/ VUcg
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Cac tin hiéu nhé, & tdn s6 cao khong thé€ coi la nhitng bién d6i nhé cua tin hiéu
mé6t chiéu duge. Do thdi gian bay cia cac dong td thi€u s6 qua bazo, do dién dung
khuéch tdn, nén gilta ciac dong dién va dién ap co léch pha. Vi vay, d€ mé td cac dac
tinh cia tranzistor & tdn s6 cao, ngudi ta dung so d6 tuong duong n (hinh 1.10).

Cre = Cge + Cie (1.28)

Trong d6 dién dung vao C.. phu thuéc vao dién dung 1p chédn emito C,. va dién
dung khuéch tdn cua mat ghép emito — bazo Cy. . C;. quan hé véi dién trg khuéch tan

L1y

emito ry va thdi gian bay cia déng ti trong bazo 7, theo bi€u thic sau :
T = Cyely - (1.29)

Je 102 3

h7 hare
o’ bree|

hize

10° m %

107!
UCE= 6V IC = ImA
107¢ 0
107! 10° 10! 102 0 10 20_ 30
ZC(mA)'_—’ UCE(V)_.
a) b)
10?2 16
hzab
hzzb/ (2 \\hzzb

10! , / ' \ " /

10° 0,8 N
——
hrzb
h
10! L 0.4
5 ey \
UCB Ir=1mA
1072 ‘ 0 l
107! 10° 10’ 102 0 10 20 30
Ic(mA) — Ueg (V) —>
c) d)

Hinh 1.9. Sy phy thudc cta tham s6 4 vao ché d¢ lam viéc
trong sd d6 emito chung 4 tdn s6 f = 1 kHz.
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S8
Jc
— 1’—_—} —
Ip , ’ Ic
B o M 8 11 -  C
" _L \ .

7 - c o Ceem= 500 7
Use UpE ‘[ be’ [E?e e - 15""“3'5 &
O ¢ O

E

Hinh 1.10. So d6 wong duong & (so d6 tudng duong din nap
cla tranzistor) cta tranzistor.

Trong hinh 1.10, S, 1a h6 dén cia tranzistor

Si(’:r—d-zﬁ'r'

Dién din héi tiép g, va dién dung héi ti€p Cp,. dugc xdc dinh nhu sau :
He

e =5 = 0 (1.30)
v6i u, = 107 + 107 la hé s6 Early.

Cpe = Co + Cy, (1.31)
voi C,. —dién dung 16p chan colecto ;

Cy. — dién dung khuéch tan colecto,
Cdc = :“ecde = 0.
Dién trd ra r, dugc xac dinh theo bi€u thdc (1.32)
\ .

Tee = g (1.32)

Céc dién dung C_, va C la dién dung phén b8 giita cdc ddu n6i bén ngoai.

O tdn s6 16n hon (100 - 1000) Hz thi dién nap wCp, >> g, nén c thé bé qua
g. ; con dién dung phan b8 C, khd nhd, nén trong so d6 tuong duong ciing khéng cdn
xét dén, do dd ta cd
so d6 tuong duong
don gidn hon, dugc

biu dién trén hinh Iy 5 - Gk | X
1.11. B T A l _ )

So d6 hinh 1.10 Uss‘ Cb’eT foe e TC“ l’uff‘ e
va 1.11 c6 th€ coi 1a Ee | i —
da chinh xdc trong dai ,
tdn 0 < f < 0,1 f¢ Hinh 1.11. So d6 tudng duong = & tdn s6 f > 100 He.

(fr 1a tan s6 gidi han
qué d6, xem bi€u thic 1.41). Trong nhiéu truong hgp ngudi ta vAn dung so d6 dé d€
tinh todn trong dai tan f < fy/2.

Cing c6 th€ vé so d6 tuong duong x cho tranzistor lam viéc & ton s8 thép. Lic
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nay céc dién dung ¢,.. C, . va C . duge coi nhu hé mach, do d6 so dé tuong duong =
¢ tan s6 thdp kha don gidn (hinh 1.12). So d6 nay hoan toan tuong duong véi so d6
hén hgp trén hinh 1.8. Ding phucng trinh (1.15) k&t hgp v6i cdc phuong trinh
(1.20) + (1.25) ta tinh duge cac tham s6 y nhu sau :

1
£

Phe  Tob T Pold

1 §
yn = 7°_11_ ==
Yz =0

h21 /jo
G T
Ah 1

T2 T hy ot
UBE
Tq be
Thay két qua nay vao so
dé hinh 1.8 sé nhan dugc so

d6 trén hinh 1.12.
Cac tham s6 y cua so dé

Bo
——=yuU;=—Uge = Bolp

tuong duong z d8i véi tran— 8 Ig I
zistor mac bazo chung va colec- = £
to chung clng tinh dugc dua -
. . Ug’
vao he ¢ cd ban cta cic Bt l 7
N '.,thu\ ?. . N Use  Tbe ry e  Uce
dong dién va dién ap trén cac
cuc cua tranzistor. Quan hé Eo— e
ciac tham s6 y cha ba cach
mdc : bazo chung, emito chung R
. Hinh 1.12. So d4 tuong duong  cho tranzistor
va coleto chung cho trong bang lam viec & 14n s6 thap
1.8. ‘
Bdng 1.8
\ Cach mic
B E C
Sa d6
Y Vi e TY¥e Yize Y —Yas Yo
Vatb Yo YoretYoze Y2 Yuctn A
N
2 ~ Y Yz ile Yize boae® = (Yutyu)
Yty Vo Yaie Y22e Ynetyzie e
2 Y25V 110 Nie “Y1e Y2 Yte Yize
YuptYizp PAV Yite * V21e -2 Y21e Y22e
THYVEEROE YIEN LT HURT CUAN S =';
17
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Véi SVm =Y1m T Yizm T Y2im T Yaom; M = b, e c.
Yile = e t JO11e = 8i1e T J @Cye
8i2e v JwCipe

Y12e = 812e + jblZc =
Y21e = 821e + ijIC
Y22e = 822¢ t J022¢

= &ne t JoCye
Céc tai litu ky thuat thudng cho bist cac dién dén g,,, g, va cac dién dung C,|,

Cy,. Luc d6 dung hé phuong trinh (1.33) d€ xdc dinh céc dién din cua so d6.-

Déi voi tranzistor tdn s6 cao, ngudi ta thudng cho dac tuyén t4n s6 pha cia dan
nap y. Hinh 1.13 va 1.14 12 mo6t vi du.

75
T Ugg=5V 10mA
g 100 MHz
o Smﬁ, <
g 5 A
u 7 /
&

50 MHz{—

3
N
~
N
NN
N

‘2, s /l/ //

0 1 2 3 4 )
e (Ms) —=

Hinh 1.13. Dic tuyén tdn s8 pha cua dfin nap
Yile = <p(lcf)

1.2.3. Tdn sd gidi han

T4n s6 gidi han la mot tham sé
dac trung cho tranzistor 1am viéc & t4n
s6 cao.

Tén s6 gi6i han g : fg la tén s6
ma tai dé hé s6 khuéch dai dong dién
cia tranzistor méc emito chung h,.
giam V2 lan (tdc- 3dB) so v6i hé s6
khuéch dai B, & tan s6 th&p (xem hinh
1.15). "

V6i dinh nghia dé cia fg ta cd
bi€u thdc (1.34).

Bo
hile = 1+jf/fﬂ=ﬂ

(1.34)
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Hinh 1.14. Dic tuyén tdn do pha cia din nap
Y2le = (P(Icf)

Hinh 1.15. Dic tuyén tdn s - pha cta h21.

(1.33)



Can ct vao bidu thic (1.26) va phuong trinh tinh h,;, trong bang 1.6, hé s6 khuéch
dai dong dién theo tdn s khi méic bazo chung dugc tinh nhu sau :

—hZIe — G — G

A = = (1.35)
26 7 T4k, 1 T —ay) 1+jf

+ fﬂ E

trong d6, f, = f4l(1 - a)) ~ By
f,: tdn s6 gi6i han cua tranzistor khi méc bazo chung.

Céc tdn s6 gigi han f, va fﬂ duge xac dinh theo tham s6 cua tranzistor nhu sau
(xem hinh 1.11) :

fo = _?-_ﬂ%éb_e (1.37)
1 1-a,
6= % GO (1.38)
Theo (1.34), tdn s6 tang thi |h,.| giam, |k, | = 1 khi f = f},
fi goi la tdn s6 don vi va tif (1.34) suy ra :
h = fﬂ‘/ﬁﬁj (1.39)
So sanh (1.39) v6i (1.36) ta nhan thdy :
h = Ia
Khi f >> fg thi miu s§ cia (1.34) tiém can véi jfif, do do ta suy ra :
|h21eDIf = Bofs = Fr (1.41)

fr goi 1a tdn s6 gidi han qua do.
Vé ly thuyét fr = f), trén thuc t& fr nho hon f; chit it. Hinh 1.16 bi€u dién quan
hé cia |hy;.| theo tdn s6 va hinh 1.17 cho biét quan hé dé trén d6 thi Bode. Tu

(1.41) va hinh 1.17 ta thdy & tdn s6 f >> fg, |hy.| gidm véi do déc -20 dB/D va tich
fgBo = fr khong phu thuéc tin s6.

Iharel f lod, Ip1(d8)
100 ﬂo‘
f
|
’ N
|
| =
f I 1 ! L 1 f fT
ffi f Ty 7o 7 AN
fp Th ol fp fo N\ logf
Hinh 1.16. Cac tan s6 gidi han Hinh 1.17. Quan hé gin ding cla |k21e| va |h21)
cuia tranzistor. theo t4n so.

Trong cdc tai liéu ky thuat con cho biét tdn s6 cuc dai f,,. Tai fy, hé s6 khué&ch
dai cong suit bang 1 (khi cd ph6i hgp trd khang & ddu vao va ddu ra), f,,, dic trung
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cho kha nang lam viéc cla tranzisotr. Khi f > f . tranzistor khong con la linh kién
tich cuc nifa, f,,, dugc xdc dinh theo bi€u thic sau :

\’ fa
foax = ¥ g7 > fi (1.42)

ot Che

1.3. Dac tinh co ban va tham sd cua tranzistor hiéu Ung truong (Fet)

1.3.1. Phan loai va céc diém co ban
Tranzistor hiéu dng trudng dugc phan loai theo so d6 hinh 1.18.

Fet

|

Fet chuyén ti&p pn(JFet) Fet cdu tric kim loai-dién
moéi-ban dan (MIS-Fet)

I N D B

R i
| kémhn [[ kenh p J { kenh c6 sin | kenh chua cd sn |
» B} e S - - !

N—

"
Fet tu din Fet tu ngit

Hinh 1.18, S¢ d6 phan loai Fet.

Theo hinh (1.18), ta thfy c6 sau loai tranzistor hiéu dng trudng. Ky hiéu va dac
tuyén cta ching cho trong bang 1.9.

Néu dat vao gilta cuc cia G (Gate) va cuc ngubn S (Source) mét tin hiéu thi Ugg
thay -d6i lam cho dién trd giita cyc mang D (Drain) va cuc nguén S (Source) thay déi,
do dJ dong dién cuc mang I thay d6i theo. Vay Fet la mét dung cu khéng ché dién
ap gi6ng triot chan khéng. V1 vAy d6i khi ngudi ta con goi cuc cia 1a luéi, cuc nguén
1a catot vA cuc mdng la anot. Trong thuc t& cd nhiéu Fet d6i xdng, nghia 12 c6 thé déi
14n cuc mang va cuc nguén ma tinh chat cia Fet khong déi.

- Trong JFet, cuc cia ndi v4i kénh mdng - ngubn qua mat ghép pn hoac np. Khi
dat dién 4p phan cuc Ugg ding chiu quy udc (bang 1.9) thi diot mat ghép ngit, ngugc
lai néu d6i chiéu Ugg thi diot thong, do d6 dong cia khac khong.

- Vé&i MIS-Fet thi cuc cita va kénh mang ~ nguén dugc cach ly bdi mét 16p SiO,,
do do dong cita luén luébn bing khéng.

Khi lam viée, dong clla ctia JFet ¢ 1 pA'dén 10 nA, con dong cita cua MIS-Fet
nhd hon clia JFet khoang 1073 14n. Vi vay dién trd vao cia JFet nam trong khoang (10'°
+ 10%)Q va cia MISFer (102 + 10¥)Q.
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Bdng 1.9

Cuec tinh

Boc tuyén

Logi, ky hiéu =
‘ 0s

<

I

UG S

Truyén dot

J Fet kénh n
D

n Lo

G Ups

>0

Uss S

>0

<0

<0

J Fet kénh P
D
<0

<0

>0

>0

/e

Dss

MTS- Fef kénh
¢ $dn n

¢ |

S

>0

<o

<0

/}/m

vp 0 Uas

MTS-Fet kénh
td s6n P

5

<0

<0

>0

>0

Up

Ipss

[ -
Upsp

MTS- Fet kénh
chua ¢ sén n

>0

20

>0

>0

Toss 7/
[
!
|

Up 20p g5

1
/ Dsp

Uss ) 20p

MTS- Fet kénh
chua ¢d son P

<0

<0

<0 | <o

| 0 |lUgs
A
l
|
I
——————— loss

71 1Ioss

Chii thich : Ipss : Dong méng bdo hoa ; UP Dién 4p thit, Up =1+t 6V
Upsp : Dién dp mang ngudn lng vdi trang thai thit cia Fet, Upsp = —U +Ugs
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Trong cac Fet kénh n, dong mang gidm (vé tri tuyét d6i) khi dién thé€ cyc cia gidm ;
con trong Fet kénh p thi nguge lai. D€ don gian, sau day ta chi xét Fet kénh n. Truong
hgp muén thay th& Fet kénh
n bdi Fet kénh p, chi viéc déi B o
chiéu cac dién ap cung cip Ip " Upsp = Uss ™= Up
(xem bang 1.9). Néu trong Mign triot | Mign thit
mach cd diot hoac tu hda cing f
phai d6i chiéu méc nhitng linh
kién nay.

JFet va MISFet kénh c6
sdn dong mang 16n khi Ugg
= 0, vi th€ cdc loai Fet nay
cdOn cd tén chung’la Fet ty
din. Ngugce lai, MIS-Fet kénh
khong cd sdn, ngat khi Ugg
= 0 va goi la Fet ty ngit.

(755=0

Thudng MIS-Fet cd bbn Hinh 1.19. Cic mién lam viéc cia Fet.
cuc, cuc thi tu ciing co téc
dung kh6ng ché& nhu cuc cia. Néu cdn dung hai cuc diéu khi€n thi dung loai MIS-FET
bon cuc nay.

\ " Trudng hop khdng dung dén cuc thd tu thi néi nd vai cuc ngudn.

Trén dac tuyén ra cua Fet (hinh 1.19), ta nhan thdy khi Upg tang qua 1on thi dong
méng I tang dot bién, lic d6 x8y ra hién tugng danh thung. Dién 4p ddnh thing co
(20 + B0)V va dudge xac dinh theo bi€u thic (1.44) :

Upst = Upsto (tai Ugg = 0) + Ugs (1.44)

Dac tuyén truyén dén I, = flUgg) thay d8i khi Upg thay ddi (hinh 1.20) va khi
nhiét d6 thay déi (hinh 1.21).

D€ thuén tién cho viéc phan tich, ngudi ta chia dac tuyén von ~ ampe cua Fet lam
hai mién : _

- Mién triod c6 dac di€m Ia dién dp mang Upg nhé va khoéng cd hién tuong that.

- Mién that, ing véi trudng hop Upgy, > Upg > (Ugs ~ Up).

Ip
lp r
f 20°C
s
/ 3 / 60°C
. 120°C
L z UDSZ /
Diém that
" Ups,
(7P 17} Iy o
6S UGS
Hinh 1.20. Dic tuyén truyén dan cia JFet Hinh 1.21. Sy phu thuéc nhiét do clia
vdi Upsi > Upsz > Upsa. dic wyén truyén dat.
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Bi6u thic gin ding bi6u dién quan hé gitta dong dién mang vdi cdc dién' dp cac
cuc trong hai mién néi trén cho trong bang 1.10.

Khi sit dung Fet, dic biét 14 MIS-Fet can phai quan tdm dén dién dp cho phép cuc
dai Uggmax V@ Ugpmax Trong thuc t&, d€ bao vé MIS-Fet ngudi ta mic gilta ddu G va
ddu S mot diot Zener ma dién 4p Zener cia n¢ 16n hon dién 4p ngubn cung cép, sao
cho diot dat dugc hiéu dng Zener khi Ugg = Uggnax Tuy nhién diot Zener sé lam giam
dién trd vao caa MIS-Fet.

Bing 1.18
Biéu thic toin hoc biéu dién dic tuyén V ~ A cia Fet
Loai Fet
Mién triot Mién thit
MIS - Fet 2 U3 U, UE,
]D=__D7SS[(UGS—U)UDS_ DS] ’D=’Dss( GS"")Z=’D§S( D;P)
Up P 2 u T Up
(1.45) (1.46)
JFet U, 2 Une—Unc+ U —-3/2 U
]Dzlo[ DS __{( DS GS D) ]D=IDSQ(1—£)Z
Up-U, 3\ U,-0, . U,
Uu,-U
p ~ Ysgs .
- — (147
Uy, ) 1 (1.48)

Dién ap tap 4m cua Fet thudng nho hon dién 4p tap 4m cda tranzistor ludng cuc

nhiéu. Dién 4p tap aAm vao cua MIS—Fet & tdn s8 thdp lon hon caa JFet tit 10 dén 1000
l4n. Vi vy MIS-Fet chl thich hop cho nhitng so dé it tap am & tdn s6 cao. O tdn s6

thdp, chi dung MIS-Fet khi yéu cdu dién trd vao ldn ma JFet khong thé théa man dugc.
1.3.2. So dé tuong duong va tdn s8 gidi han

Khi mic Fet theo so d6 nguén (S) chung, ta cé phuong trinh bi€u dién quan he
giita dong dién ra tuc thoi va dién 4p cdc cuc sau day :

ip = flugstps) _ (1.49)
Vi phan toan phdn (1.49) va chuyén thanh bi€u thdc gidn duing (1.50)
dip dip
4p = dugs lups Aias + dups lugs Ats (150
Tu (1.50) suy ra biéu thdc d6i véi tin hiéu nhé :
ip = Emlcs t BasDs (1.51)
trong dé :
i Aip
Em = Ougs upg =0 - Augg lupg = const =5 (1.52)
dip Aip,
Bos = dups lugs —o” Aupg l“GS = const (1.53)
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Can ct vao ho dac tuyén cta Fet va
di€m lam viéc cu thé trén dd, cd thé xac
dinh dugc g, theo (1.52) va 8ds theo (1.53).

Tu (1.51) ta vé dugec so d6 tuong
duong t4n s th4p cta Fet d6i véi tin hiéu
bé nhu trén hinh 1.22. -

G
+0——-————0

n o ——————

D

©
3 - L [V
Yss S’mUGsl ?05 Tys

-0

S

O tén s6 cao, ngudi ta dung so d6
tuong duong hinh 1.23, trong dd Cy va o ‘
ng 1a dién dung cla - nguén va dién dung Hinh 1.22. So d6 tuong dudng tin s§ thdp cla Fer.
clla - mang k€ ca dién dung phan bs ; Cy,
la dién dung mat ghép pn cia mang va kénh hoac nguén va kénh. Céc dién dan g, va gy
xac dinh theo (1.52) va (1.53). Bang 1.11 cho biét gia tri dac trung clia cac tham s6 cua Fet.

6 —
-T 7"
|
USS l?m Ugs | Uns DYf g tJwiy
|
D S
S
Hinh 1.23. So d8 tudng duong tdn 8 cao cia
Fer (f < (10 ... 100) MHz).
Bdng 1.11
Tham sd JFet MISFet
S =g, (1/9) 0,1.10° + 10.10° 0,5.10° + 10.10°
g4 (1/9) 10° + 10° 10° + 10
Cyq :Cas(PF) 0,1+ 2 01+ 2
Cp (D) 2+ 10 2+ 10

Dé diac trung cho tinh chédt cia Fet ¢ tan sé cao, dung tan s6 giéi han fy Tai tan
s6 fg hé s6 khuéch dai dién ap K, cia Fet giam V2 l4n so v6i hé s6 khuéch dai & tdn
s6 thip K,

D& dinh gid, tinh tha fy cho cdch méc nguén (S) chung. Theo hinh 1.23 :

In = Upgyys + 8mUcs = ~Upgyi
UDS —8m

do d¢ K = ——= (1.54)
Y Uss  yastn
trong dd : yg, = g¢s + jwCys + ijgS = jwCys
= g( + j(uC[
Bi€u thdc (1.54) cling c6 th€ vist nhu (1.55)
—&
K, ~ __2 (1.55)

8 tjw(Cy + Cy)
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O tdn s6 thap, hé s6 khuéch dai dien ap K, duge tinh nhu sau :

—g
K,, = z

. | K, | 1 1
va = = N
KUO 3 Cds + Cl 2 ﬁ

L+ @rfpy’ (—a )

L

suy ra
8t

1.3.3. Dac < ok Fet s0 véi tranzistor dng cuc va deén dién tr, ing dung cua Fet

So vai dén dién it thi Fet ¢c6 nhiing uwu diém giéng nhu tranzistor ludng cuc nhu
kich thudc nho, dién 4p cung cdp nhd, cong suit cung cdp nhd (khong co sgi dét), do
tin cAy cao. So vdi tranzistor ludng cuc, Fet c6 wu di€m dac biét la khéng yéu cdu dong
vao (tré khing vao 16n) nhung nd lai ¢d nhuge di€m la d6 d6c g, nhé va nhay cam déi
v6i dién tich tinh. Vi nhung ly do d6 Fet it duge dung trong mach roi rac. Dung Fet
trong mach tich hgp sé tiét kiém duge cong sudt cung cdp. Vi vay trong mach rdi rac
Fet chi dugc dung khi yéu cdu trd khang vao 16n va tap am nhé. Bang 1.12 tom tat
nhiing Ung dung co ban ctha Fet.

Bdng 1.12

Diac diém Pham v: «ng dung
Tang khuéch dai sd bd ndi vdi micro dién dung

‘Trd khang vao I0n Tang khuéch dai so bo trong camera hinh
Tang vao cta cac thiét bj do

Dién trd ra Idn Mach han dong

(mién thiy) Mach tao dong

Dien dung ghép Khuéch dai cao 14n khong ¢6 trung hoa

héi ti€p nho

Tap am nho Khuéch dai di¢n dp nho, dic biét d6i vai ngudn tin hiéu c6
trd kbang trong Idn

Dic tuyén truyén Tdng tron 14n (giam hai bac cao)

dat bac 2

1.4. So luoc phuong phap tinh cac mang tuyén tinh va phi tuyén

Gido trinh ly thuyst mach da nghién cdu phuong phap tinh cdc mang tuyén tinh
va phi tuyén. O day sé nhdc lai mot vai phuong phap phd bién va cdc trudng hop dung
cu thé.
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Dé tinh todn cdc mang tuyén tinh thudng dung phuong phdp dién dp nit. Khi ok
cdn tinh dong dién mo6t nhéanh cla mét mang cd nhiéu nguén doc lap thi dung phuong
phap xép chbng. V4i cdc mang d6i xdng (tdng khué&ch dai vi sai, tAng khuéch dai ¢y
kéo) thi chl cdn tinh cho mét v& clia mang. Téng hop két qua hai v€ sé la két qua edwa
cAd mang. Ngoai ra, d€ don gian qud trinh tinh, con d4p dung mot s6 dinh ly co mn nha
dinh ly Miller, dinh ly Tevenin va mét s phép bién d6i khac.

D€ tinh cdc hé théng phi tuyén, thudng ding hai phuong phdp : ding chubi Tayler
cho trudng hop tin hiéu nhé va dudng cong I = f(u) 1a dudng cong tron ; dung chgll
Fourier cho truong hop tin hiéu 16n va dudng cong I = flu) 1a dudng gip khic (nghia
la dudng cong lién tuc dugc bifu dién gdn ding bdi duong gdp khic gébm nhiu degn
thdng c¢d d6 d6c khac nhau). Trong nhiing trudng hop nay phai luu y dén méo phi tuysp.
D6 méo phi tuyén k dugc xac dinh theo bi€u thic (1.57).

B+, + ..

k= 100%

R, +T, 4.

1w

M:!
"T\?

t

=F

(1.57)

trong dd, Iw - bién d6 thanh phdn co ban (hitu ich) ;
Lw,Iyw —bién d6 cdc hai bac cao.
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Chuwong 2

HOI TIEP

2.1. Cac ~inh nghia co ban
Héi tisp la ghép mot phdn tin hiéu ra (dién 4p hodc dong dién) cia mang bén cuc
tich cuc vé ddu vac thong qua mdt mang bén cuc goi 12 mang héi ti€p (hinh 2.1).

Hé6i tidp dgng wvai tro rdt quan

X X
Xv + h K ra

trong trong ky thuat mach tuong tu.
Héi tiép cho phép cai thién cdc tinh
ch4t cta bo khuéch dai, nang cao chét
lugng cta b¢ khuéch dai.

X ht

Nguoi ta phan biét hai loai hoi
ti€p co ban : hoi tiép am va hoi tiép
duong. Tin hiéu héi ti€p Am nguodc pha

5i tin hié R I3 &u tin hie Hinh 2.1. So dé khi bd khuéch dai co héi tiép .
v6i tin hiu vao, nén lam y€u tin hieu g\« g khudch dai ; Kin : he s6 héi tiép ; X : tin hieu vao ;

vao. Nguge lai, tin hiéu héi ti€p duong X : tin hiéu higu ; X: : tin hi¢u ra ; Xhe : tin hiéu
héi ti€p.

Knt

déng pha v@i tin hiéu vao do dé né
lam manh tin hiéu vao. Héi ti6€p duong thudng lam cho b6 khuéch dai m4t 6n dinh va
trudc hét né duge su dung d€ tao dao dbng.

Ngoai ra, con phan biét héi ti€p mét chiéu va hoi tiép xoay chiéu. Héi ti6p Am mét
chiéu duge dung d€ 8n dinh ch€ d¢ cong tac, con héi ti6p am xoay chiéu duge dung dé
6n dinh cac tham s6 ctia b khuéch dai.

‘ Trong chuong niy, ta sé chi xét héi ti€p Am xoay chiéu. Héi tiép dudng sé dugc
xét cu th€ trong chuong 10.

Mach dién cta bo khuéch dai cé héi ti€p dugec phan lam bén loai :

a) Hoi tiép néi tiép - dién dp (hinh 2.2a) : tin hiéu héi ti€p dua vé ddu vao néi
ti&p v4i nguén tin hiéu ban ddu va ty 1& véi dién 4p ¢ ddu ra.

b) Hoi tiép song song dién ap (hinh 2.2b) : tin hiéu héi ti6p dua vé ddu vao song
song v6i nguén tin hiéu ban dfu va ty 1& véi dién 4p ra.

¢) Hoi tidp ndi tiép ~ dong dién (hinh 2.2¢) : tin hiéu héi ti€p vé ddu vao néi tiép
v6i ngubn tin hiéu ban ddu va ty le v4i dong dién ra.

d) Hoi tiép song song — dong dién (hinh 2.2d) : tin hiéu héi tiép vé ddu vao song
song v6i nguén tin hiéu ban dau va ty lé véi dong dién ra.



2.2. Cac phuong trinh co ban cua mang bdn cuc cé hdi tiép

T4t ca bén loai mach héi ti€p trén day déu cd thé quy vé so dé khéi téng qudt cta

mdt mach diéu khi€n nhu trén hinh () (i > i
9« 0) — — -— 4—2—
2.3. o -
- s e 1s v Uik K Uzk
Gia thiét cac khéi déu la cac hé
tuyén tinh va tin hiéu chi chay theo
chiéu mii tén. U . . u
Lint laht 2
Tiu so d6 khéi, rit ra cac quan hé = -
sau day : v Usht K¢ Uzht
—0
X, = KX, ; X, = KX,
Xy = X~ Xy 5 Xy = KnlXp
T8 hgp cac phuong trinh nay cho iy » e i
ta phuong trinh co ban cia mang bén by o - = L
cuc co hoi ti€p (2.1) va (2.2). Une p . —
K
X K
K== 2.1) v
R u
X, 1+ KKy ’ Uit (2ht ¢
X —
Ky =% = KK, 22) Usht Kt Uzht y
n o o
trong dé, K’ - ham truyén dat ciia mang
bén cuc tich cuc ¢d héi tiép. .
Klp - ham truyén dat toan phén cua L lik* ok i,
ng : c) — =
, ' Urk K 1
K, - ham truyén dat cua khau ghép Uk
gita ngudn tin hiéu X, va bd khuéch U,
. . Uz
dai. iiht izht
Goi K, = KK,, la hé s6 khuéch — —
dai vong ; Usht Kt Uzht
? g o— —3
g =1+ K, =1+ KK, la do |
sdu hoi tiép. Cdc tham s8 K, va g la
nhiing tham s8 dung d€ danh gia mic i i X .
d6 thay d8i cdc tham s6 cta bd khuéch " (_—’— ALY K 2
dai do héi tiép am gay ra va danh gia Use K U |
muc d6 8n dinh caa bo khué&ch dai dd. '
Khi |1+ KK, | > 1 thi theo (2.1) " "
|K’| < |K]|, tuong dng cd héi ti€p am. (iat loht
Nguoc lai, khi |1 + KK,| < 1 — =
thi |K’| > |K|, nghia 12 mach ¢ héi | Urht Kpt Uaht 1

ti€p duong.
Trudng hop dac biét IKV! = |KKh‘I Hinh 2.2. Cic loai mach héi ti€p .

>> 1, tu (2.1) suy ra a) héi ti€p nbi ti€p - dién 4p ; b) héi 1i€p song song
X —dién ap ; ¢) héi 1i€p ndi tiép - dong dién ;
r d) hdi tiép song song — dong dién .
K : ham truyén dat cia mang b6n cuc khuéch dai ;
Kne : ham truyén dat ctia mang bén cuc héi 1iép.

K = 2.3)

1
Khl

&
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va Kp=+w =% (24)
n ht
r-—F—"~"~"" """ >" " " TT/ =~ —-=————~ T
X ! ‘
n ) I x, Xy 0 "-[ !
n {
' t - .,.ﬂ-.,.:! [ | Xr'
f l !
| Eo
' Xpt |
’ |
|
Kt Kt :
b == ___ j

Hinh 2.3. So d6 khdi 10an phan cua bo khuéch dai co héi ticp.

Vay, mot hé théng khép kin cd hé s6 khuéch dai vong rat lon, thi ham truyén dat
cta né hau nhu khéng phu thugc vao cdc tinh chit cia mang b6n cuc khuéch dai ma
chi phu thudc vao tinh chdt cia mang bén cuc héi ti€p. Su thay d6i cdc tham s6 cta
phan ti tich cuc va do6 tap tdan cta nd khong anh hudng dén cac tinh chat cua bo khuéch
dai co héi tiép. Vi vay, mudn xay dung cdc bd khuéch dai chinh xdc, phai dung linh kién
(cht y&u la dién trd) chinh xic trong khau héi tiép.

2.3. Phuong phap phéan tich b6 khuéch dai c6 hdi tiép

Dé phan tich cdac mach c6 héi tidp (vi du : tinh hé s6 khuéch dai, dién trg vao,
dién trd ra, dai tdn lam viéc, ..) cd th€ diung moét s6 phuong phdap khdc nhau. Ciac
phuong phdap hay dung nhit la ap dung :

- Ly thuyét mang bén cuc ;

- Cac dinh luat Kiéckhép ;

-~ Phuong phdp phan tich khéi trong ky thuat diéu khién.

O day dé don gian ta dung phuong phap phan tich khéi trong ky thuat diéu khién,
vi phuong phap nay cho phép nhanh chéng nhan ra duge nguyén téc lam viéc cia mach
va dé dang chuy&n tdt cd cic mach cd héi tiép vé mot "cdu tric chuin’. Trén co sd dé
xac dinh va danh gia cdac dai lugng cia mach.

Van dé co ban ¢ day la tim cdch bién d6i mach dién cdn phan tich vé dang chuédn
cia mo6t mach diéu khi€n trén hinh 2.3. Xu4t phat tit d6 sé& 1an lugt thuc hién qua trinh
phan tich theo bang 2.1.

Trong bang 2.1., X, 1a dai lugng ra (U, hoac I) dugc héi tiép vé ddu vao. Dai lugng
X, hogc X, dugc chon la dién dp néu mach co hodi tiép néi tiép va duge chon la dong
dién néu mach cé héi ti€p song song. Thuong chon X, ciung thu nguyén vdi X,. Tuy
nhién, diéu dé khéng bat budc, X, tuy theo cich chon cd thé la dong hay ap déu duoc
(xem vi du).

Cdu tric cia so d6 khéi hinh 2.3 dugc miéu ta bdi céc phuong trinh X, = f, (X)
va X, = fHLlX,, X).
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Bdng 2.1. Luu db tinh toan cac mach dién cé hoi ti€p

( Start }

Xac dinh X )
Héi 1idp dién ap : X, = U, I
Héi 1i€p dong dién : X, = [,

Chon Xanth

+16i 1iép nbi tiép :

X, : dién ap khong thi ciia ngudn tin hiéu. Biéu dién ngudn tin hiéu 2
bing so 46 wong dudng dién ap. XX, : diép ap.

-Héi ti€p song song :

X_ : dong dién ngdn mach cia ngudn tin hiéu. Biéu dién ngudn tin hiéu
bing so d6 tuong duong dong dién. XX, : dong dién.

Xay dung hé phudng trinh :
Xr = f](Xn) 3
X, = fo(X,X.)~ ap dung nguyén ly xép chéng.

VE ldu d4 tin hiéu theo cdu tric hinh 2.3. 4
Xac dinh K, K, K, ti cic biéu thic da biét ; tinh g = 1 + KK, 5
Xéc dinh ti€p cac théng s6 cin thiét khac 6

‘ STOP ’

Phuong trinh thd nh&t cho phép x4c dinh ham truyén dat K =

X,
Xh
ly xép chdng, c6 th€ thdy : X, bao gém cdc thanh phdn cia X, va X,. Xét riéng ting
thanh phén nay sé xac dinh duge K, va K, Tu két qua dd, vé cdu tric chufin va xdc
dinh cdc dai lugng mong muén.

Ap dung nguyén

Vi du : Tinh mach emito chung héi tiép am dong dién trén hinh 2.4.
Buoc 1 : Vi la mach hdi tiép dong dién nén X, = i
Bude 2 : Vi la mach héi ti€pnéi tigp , nén X, 1a dién dp khong tai cla ngudn

tin higu, X, = Un ; Xy, = Ib (thuén 1¢i hon 1a chon Xh = Ube, vi trong mach tuong
duong cua tranzistor, ta cd Bl 1a dai lugng diéu khi€n).
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Re
4
TRyt Re + Cbe

b)

Hinh 2.4. Tinh toan t8ng khuéch dai c6 hi 1iép .
a) mach di¢n va so d6 wong duong ; b) ltu dé6 tin hieu.
B : hé s6 khuéch dai dong dién khi ngdn mach tai trong s6 d6 emitg chung.

— - . L
Buéc 3 : “r=ﬂ"B;iB=%% o
) k\____,_..n, be E iy
Butc 4 : V& hinh 2.4b.
1
Buée 5 K=ﬂ;K"=m ,,
RE
Ky = R +r., +Rg
Buac 6 : IKKhl|=}T+—ﬂ}E——>>1
ntToe * Rp
X =~ KLXv X, = Ii;X"
ht ht

wi KX, | >> 1.



2.4. Anh huodng cua hoi tiép am dén cac tinh chat cua bd khuéch dai

2.4.1. Anh hudng cua hoi tiép a&m dén dd 6n dinh cua hé sé khuéch dai

Trong thuc t& c6 nhiéu truong hop ngudi ta can dung cic bo khuéch dai cd he s6
khuéch dai 6n dinh, khéng phu thudc vao nhiét do, vao cdc bién 16i cia dién 4p nguodn,
vao thoi gian st dung cing nhu vao do tap tan cua tranzistor. Bang tinh toan sau day,
ta thdy bo khuéch dai dung héi tiép am cd thé dap ung duce eie yéu cdu do.

Goi sai s6 hé s6 khuéch dai toan phén cua bo khuéch dai co hoi tiép la AK,, ; cua
bo khuéch dai khong co hoi tiép la AK, vi phan bi€u thic (2.2) theo K, K, va K, 1a

co :

SRR S o L SV SN
1 + KKp, (1 + KK, )* (1 + KK,,))*
Tu do suy ra :
AK[P ~ AK, _ KKy, AKp, + 1 éK_ 2.5)
K!p Kn 1+ KKhl Khl 1+ KKhl K

Tu bi€u thic (2.5) ta thdy rang . Sai s6 tuong d6i hé s6 khuéch dai co hoi tiép
am nhé hon (1 + KK,,) lan so vdi sai s6 tuong doéi hé s6 khuéch dai cia bo khuéch
dai khi khéng c6 hoi tiép.

Trong khi dd, sai s6 cia K, va K}, ciaa bé khuéch dai ¢ hoi ti€p va khéng cd hoi
ti€p giéng nhau. Vi vay, d€ cd dugc cdc bo khuéch dai chinh xdc, cdc phan ti thu dong
cha mach (tao nén mach hoéi ti€p va mach ghép vao) phai c¢d do chinh xac cao.

1
Tu bi€u thic (2.3) suy ra : hoi ti€p am gilt cho quan hé X, = T X, 6n dinh (nghia
ht

X
1a Xf = const). Dai lugng ra X, hoac dai lugng vao X, c6 thé€ la dién dp hoac dong dién.

Nhu vay tiy thudc vao loai mach hoi tiép, sé cd nhiing dai Iugng khdc nhau duge én
dinh (xem bang 2.2).

Bing 2.2
1 .oai mach héi Lidp Dai lugng duge én dinh [.0ai mach khuéch dai
. o _ U,
Haéi tiép am ndi uép-dién ap He s6 khucch dai dién ap : l:_ Mach khuéch dai dién ap
v
1ai uép am ndi tiép—dong dicn Dién dan truyén dat : T Mach bién d6i dpdong U — 1
v
1 UI’ 2
Hai 1i€p am song song-dién dp Dién trd truyén dat : = Mach bién d6i dong-ap I — U
v
| - 7
Héi 1i€p am song song—dong dién He s& khuéch dai dong : 7 Mach khuéch dai dong dién
v
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D6i voi bd khuéch dai nhiéu tdng, cd thé thuc hién héi ti€p tiung tdng riéng biét -
goi 1a héi ti&p bao moét tdng hoac hoi ti€p qua nhiéu tdng goi la héi ti€p bao nhiéu téng
(hinh 2.5).

X
+ r
K O K 1) K
Kt Kpt Knt
a)
X
Xy p ‘ K r
Kht
b)

Hinh 2.5. B6 khuéch dai nhiéu t8ng c6 héi tiép.
a) hdi ti€p bao mot tdng ; b) héi ti€p bao nhiéu tang.

Hdi ti€p bao nhiéu tAng cho d6 6n dinh cua hé s6 khuéch dai cao hon héi tiép bao
moét tdng. That vay, néu cd bo khuéch dai n tang, hé s khué&h dai méi tdng la K va
hé s6 khuéch dai cia b6 khuéch dai khi cd héi ti€p la K’ thi v6i bo khuéch dai dung
héi tiép 4m bao tliing tdng riéng ré (hinh 2.5a) ta cd :

X K  \n ‘
K=%= (1+KKm) - 29
va vOi bo khu&h dai dung héi ti€p Am bao tft ca cdc tAng thi :
S i @
X, 1+K°K,, '

Tu (2.6) va (2.7) suy ra sai 86 tuong d6i hé s6 khu&h dai cia bd khué&ch dai ed
héi ti€p Am bao tliing riéng ré :
AK' . n_ AK
. K ~1+KK, K
va cia bo khuéch dai ¢ h6i ti€p Am bao tét cd cadc tAng :
AK n . AK

K 1+k%, K
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2.4..2. Anh hudng cua hoi ti€p &m dén tré khéng vao

Héi tiép 4m lam thay d8i trd khdng vao cia phfn mach nim trong vdng héi tiép.
Su thay d8i nay chl phu thuéc vao phuong phdp méc mach héi tiép vé ddu vao (néi tiép
hay song song) ma kh6éng phu thuéc phuong phép ldy tin hiéu & ddu ra d€ dua vao
mach héi tiép. Vi vay, d€ tinh tré khdng vao cia bd khuéch dai cd héi tiép ta phan biét
hai trudng hop : héi tiép n6i ti€p va héi ti€p song song. So d6 tuong duong déu vao cua
b6 khuéch ‘dai c6 héi ti6p n6i tiép va héi ti€p song song dudc bi€u dién trén hinh 2.6.
Dé don gian khi tinh todn, ta dung so dd tuong duong dién dp cho mach hdi tiép néi
tiép va so go tuong duong dong dién cho mach hdi tiép song song (hinh 2.6a va 2.6b).

N

Hinh 2.6. So d6 tudng dudng dAu-vio cia bo khuéch dai c6 héi ti€p (dung dé tinh trd khang vao).
a) héi tiép ndi ti€p ; b) mach héi tiép song song.

JJra 2

Hinh 2.7. So d6 tuong dudng dfu ra cia bo khuéch dai c6 héi tiép .
a) héi tiép dién ap : b) héi ti€p dong dién.



Céac ddu aa’ trén hinh 2.6 1a cic ddu ra cia mach héi tiép; r,, l1a dién trd ra cia
mach héi ti&p, chinh 1a dién tré giita hai ddu ea’ khi X, = 0 nghia 1& véi mach héi tiép
dién 4p (X, = U) thi ngén mach cdc ddu 22’ cia bd khuéch dai (hinh 2.7a) ; v6i mach
héi tiép dong dién (X, = j,) thi ngugc lai, hé mach ddu ra 22’ trén hinh 2.7b.

a) Tré khdng vao cia b6 khuéch dai cé hbi ti€p am ndi tiép (hinh 2.6a)

+ Khi khong co héi ti&p (K, X = 0) :

U, U,+U
Z, = —=—=——=r+r (2.8a)
v Iv Iv h rht }
+ Khi c6 héi ti&p :
U, Uy+U +KX, U (0+KK)+U
Z,v = == = = = (28b)
1, I,. I, -
hay ‘ Z', = grp *+ rgy = 8ny,
Néu ry, << ry, thi ti (2.8a) va (2.8b) suy ra
Z', = gz, . ' (2.9)
b) Tré khdng vao cia bb khuéch dai cé hbi tiép ém song song (hinh 2.6b)
+ Khi khéng c6 hoéi ti€p :
y o I, Li+T 1 1 2100
= — =" =T = - . a
Y Z, [, U T Ry
+ Khi c6 hdi tiép :
1 I Th +T + K, X 1
Y, = 5= &, (2.10b)
Z, U, U, Th T

Véi ry, >> ry, tir (2.10a) va (2.10b) suy ra
Z, = ZV'/,g (2.11)
Tit cac biéu thic (2.9) va (2.11) c6 th8 phat bi€u moét cach gdn ding :
H?i tiép am néi tiép lam tang trd khéng vao cia phin mach ndm trong uéng hdi
tiép g lan va hdi tidp am song song lam gidm trd khéng vao cing bly nhiéu lan.
2.4.3. Anh twdng cia héi tiép &m dén trd khang ra
Trd khéng ra cia mot mach dugc xdc dinh theo bi€u thdc sau :
AU,
Z = — (2.12a)
Al

r

d day, Aﬁr' va Afr 1a lugng bién d6i cia dién 4p va dong ditn trén tai, tuong ﬂng voi
cung mot lugng bién thién AZ, cia trd khéng tai. Néu so dd chi gdm cdc linh kién tuyén
tinh thi cd thé viet lai bi6u thdc (2.12a) du6i dang :

Z, = (2.12b)




voi U, -—dién 4p ra khi hd mach tai ;
jmg - dong dién ra khi ngdn mach tai.

Héi tiép &m cing lam bién d6i tré khdng ra cia b khuéch dai. Khdc véi trudng
hop trd khang vao, su bién d6i nay khong phu thudc viao phuong phdp din tin hiéu héi
tiép vé ddu vao ma chi phu thuéc phuong phdp néi ddu ra bs khuéch dai vGi déu vao
mach héi ti€p. Do dd, d€ tinh trd khdang ra ta phan biét cdc trudng hgp héi tiép dién
ap, héi ti€p dong dién va vé so dd tuong duong dién dp cho mach hodi tiép dién dp, so
dd tuong duong dong dién cho mach hdi tiép ddng dién (hinh 2.7).

Trén hinh 2.7, cdc ddu bb’ la ddu vao cia mach héi ti6p. D€ don gidn, gia thiét
mach héi tiép chi dén tin hiéu theo chiéu mii tén (tit phai sang trdi). Nghia 1a ta b6
qua dnh hudng cia phdn téc dung tit déu ra (ddu aa’) vé dbu vao (dau bb’). Sai
s6 do gia thiét do gﬁy‘ ra khong dang k& Theo gia thiét nay, d€ xac dinh dién trd caa
mach h6i tiép r,, phai cho X, = 0 (néu X, # 0 thi trong mach héi tiép 86 cd mot dien
ap khong tai gitta bb’). Vay, vdi mach hdi tiép néi tiép X, = ﬁv = 0 (ngdn mach céc
dau 11’ trén hinh 2.6a) va voi mach hdi tiép song song X, = I, = O (ngin mach d4u
11’ trén hinh 2.6b). K, 1a ham truyén cia b6 khuéch dai khong hoi tiép khi hd mach
tdi (d8u 22°) ; K,, 13 ham truyén khi ngin mach tai. Tuong duong nhu vay, ta ¢6 K’
va Ky, ung vOi bo khuéch dai cé héi tiép.

a) Tré khdng ra cia b0 khuéch dai c6 hdi tiép dm dién dp (hinh 2.7a)

+ Khi khéng cd héi tiép : tit hinh 2.7a xdc dinh duge

Z, = rflrg ; thudng r. << rg., nén
Z = (2.13)
+ Khi 6 héi tiép :
_ K,
Unm = KX, 1+ KK,
Ty = Kn _ KX,
re re
(khi ngin mach 22’, X, = X))

A _ﬁrh= ISP U
mg LT EKw & &

Vay véi r. << ry, thi

A (2.15)
¢ day, g; 1a do sAu héi ti€p khi hd mach diu ra 22°.

Vay hdi tiép am dién Gp lam ziiin dién tré ra cia phdn mach ndm trong vong hdi
tiép g lan. '

b) Tré khdng ra cia bo khuéch dai cé hbi ticp dm dong dién (hinh 2.7b)

+ Khi khong ¢ héi tigp

Tit hinh 2.7b rit ra :

36



+ r

. r r vht
thuong r, >> ry,, do do
Z =r. (2.16)
+ Khi ¢S héi tiep :
e Kn
- _ , L g
mg Knng - 1+ KngKhl

ﬁrh = Knthrr = Knngrr

(khi hé mach 22’, X;, = X))

AR =r 1+ KngKht) = gnglt = 8¢ 2.17)

Véi ry,, << r thi
Z', = gZ, (2.18)

Voi truong hop hdi tiép am dong dién thi tré khdang ra cia phan mach cé hodi tiép
ting lén g lan so voi khi khéng co hdi tiép.

*

2.4.4. Anh hudng cua héi ti€ép dén dai dong cua bd khuéch dai va dén méo phi
tuyén

Nhd hoi tiép am, dai dong ciua bo khuéch dai dugc md rong. That vay, khi khéng
cd héi tiép thi toan b tin hieu dugc dua dén ddu vao bo khuéch dai, do dé X, = X,.
Khi cé héi ti&p, chi cd mét phdn tin hiéu dugc dit vao bo khuéch dai :

Xy = X, - Ky X, = X, - KK, X,

suy ra
%
g

Ngoai ra, vi tin hiéu vao cia bo khu&ch dai cd héi ti€p X, nhé hon tin hiéu vao
cua bd khuéch dai khong héi tiép X, 1a g ldn, nén méo phi tuyén (xem bi€u thic 1.57)
do d6 cong dudng dac tinh truyén dat cta bs khuéch dai gay ra, tuong dng ciing gidm
di it nh4t 12 b4y nhiéu lan. '

Do 1a moét trong nhitng vu di€m 16n nh4t cta héi ti€p Am vi nhd dd cd thé nang
cao tinh chAn thuc va d6 nhay caa b6 khuéch dai.

Xh=

2.4.5. Anh hudng cua héi tiép &m dén tap &m

Gia thiét tap 4m ngoai dua vao giita hai tdng cia mét bé khuéch dai. T sg d6
khé6i hinh 2.8 viét duge bi€u thic.

(X, - Kp XK, + XK, = X,
Chuyén vé& ta dugc :

KK, K,
= ——— +
X =17 K\K,K,, Xt 17 K,K,K,, X 2.19)
Xralh Xrala
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Td (2.19) ta thdy : trong mach cd héi tiép, tap Am & ddu ra X, gidm di K;K,K,,
1an. Tu (2.19) mit ra ty s6 :
Xith X
K (2.20)
Xrta Xtc

Theo (2.20), ty s6 tin hiéu trén tap Am & ddu ra cang 16n khiK,; cang 16n va chi
c6 thé khi loai tap Am xuft hién sau tdng thd nh4t, khong th€ gidm nhé loai tap 4m
xuét hién & ngay dfu vao by khuéch dai.

2.4.6. Anh hudng cua héi ti€p dén dac tinh dong cia bd khuéch dai

2.4.6.1. Dic tinh tahn
s6 va dac tinh dong

cua bd khué&ch dai %4,
D& xét cac dac tinh _*4 7 K, 0 Xro
dong cla bo khuéch dai, *th -

ta khéo sat bo khuéch
dai dai rong hinh 2.9. Knt
Gia thiét, hé s8 khué&ch
dai (gitta hai diém 1, 2).

Hinh 2.8.'So d6 dé xic dinh anh hudng cia héi ti€p dén tap am.

r \Ry=m
K, =K, == |2
u uo U, lcp=o
oG , »
7 [ > _
UV. R 1 RZAQ CP“L T ra
i ; I3

a)
1’ C 1 2 2/
r_——“_ T —C

Oy AR AT Fra R; _l-c g
Y — P r
9 . KUDUI T
—0
b)
G
O
UVI R;i!lgz %l@ Rp _LCP lum
l Rraq I _T_
¢)

Hinh 2.9. B khué&ch dai xoay chiéu dai rong.
a) so d6 khéi ; b) va c) so d6 tuong dudng
Ry1 = RV/IRv ; Ry = Ru//R2.
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Can cd vao so tuong duong hinh 2.9¢ nit ra duge

U, r Ui Kyo pTy .
K(w) = Kp) = K, = ?v=§—1 ?:z T¥pT, 1+0T, khiR, >>R,,
1 1
trong do, Ty = @5 = En—f; = R\C,
T, = wi = L =R C
t  2nf, PP
Vi
- R\C) >> R,C, nén fy << f.
Tu (2.21) suy ra modun cia K :
K,| = - “T Hue s (2.22a)

va géc pha cia K, :

1+ @) 1+ @T)? 1+ () .\rl+(f/fd)2

¢ = -agetgwT, + % - arctg T, (2.22b)

& day, ¢ la gée dich pha gitta dién 4p ra va dién dp vao. Theo (2.22a) va (2.22b) vé dic
tuyén bién d6 - td4n s6 va diac tuyén pha - tdn s6 cia s6 cia bd khué&ch dai (hinh 2.10).

Trén hinh 2.10 :

1
f = SRC
?.anCp
la tdn s6 gigi han trén ;
fi = 1
47 1R, C,

la tan s6 gi6éi han dudi.

Céac tdn s6 gigi han trén
va dudi duge xdc dinh dng voi
| K, | giamV2 18n(3 dB) so
voi K, Khoang tdn s6 tu f,
dén f4 goi la dai tdn lam viée
cua bo khuéch dai.

Nhu viy céc thanh phén
dién khéng trong mach dién
, Cp) cé trd khang bién ddi
theo tén s8, do d6 heé sb truyén
dat ciita mach cing phuy thuéc
tan s6. Hién tugng d6 gy méo
dang tin hiéu khi né di qua
b6 khuéch dai. Logi méo nay
goi la méo tuyén tinh. Trong

.dd, méo do modun hé sé

(2.22¢)
(2.22d)
1Kyl
Kol —— ~ ya
1
: ol
1 !
o fi Fib ft  FHlog)
a) ‘
(P

300\
0 \f(log)
-90°|— L e e e e e =

Hinh 2.10. Dijc tinh t4n s6 va djc tinh pha cia b khuéch dai.

39



khuéch dai g4y ra goi la méo tdn s6, con méo do dich pha cia b6 khuéch dai gay ra
goi la méo pha.

Cd thé dung dic tuyén tdn s6 d€ ddnh gia d6 méo tdn s6 theo bi€u thdc (2.23a)
va (2.23b).

| Kyl
~ K]
4 day, | K| 1a modun hé s6 khuéch dai tai tdn s6 dang xét.

Cing cd thé tinh d6 méo td4n s6 theo dexiben (dB) nhu sau :
Mz = 20logM (2.23b)

Khi M = 1 hodac My, = O thi tin hiéu hoan toan khong bi méo tdn s6.

Dac tuyén pha lién quan chat ché véi dac tuyén tdn sé. Do dd, néu dic tuyén tdn
86 co dang xdc dinh thi tudng dng d6 méo pha cho phép cing duge dadm bado. Vi vay,
thuc t& khéng cin quan tdm dén dd méo pha va dac tuyén pha (hinh 2.10b), chi
ditng dé xdac dinh tinh 6n dinh '
ctia b khuéch dgi (xem chuong %
1 phan 2). Uy b-———

Céc dac tinh dong cua’
b6 khuéch dai duoc xdc dinh
bdi ddi tdn lam viéc cua né.
Néu dua dén ddu vao bo
khuéch dai xoay chiéu dai rong
mot xung chit nhdt ly tuong
thi & ddu ra ta nhan dugc
dang xung trén hinh 2.11b.
Cdc tham s6 sau ctia xung ra
cho phép xdc dinh céc ddc tinh

dong ciia b¢ khuéch dai : by ‘ tx tero t

(2.23a)

- Thoi gian xdc lap ¢, (phu b)
thude f.) ;
- Db sut dinh xung AA Hinh 2.11. Dang xung vao () va ra (b) ciia mot

) b0 khuéch dai xoay chiéu dai rong.
(ty l& véi f‘) o .

- Thoi gian tré ¢, (thudng bo qua).

That vay, ta sé xdc dinh méi quan hé giita ddi tan lam viéc va cbe tham s6 ké
trén. Gia thiét dua vao bo khuéch dai (hinh 2.9) ham don vi 1 ().

Tit biu thyc (2.21) ta viét dugc bi6u thic cia ham qua d6 A(p) :
) _ Kuon 1
T 1+pT, 1+pT,

1
h(p) = K,(p) >

Bién d8i nguge Laplas ta cd

h(t) = (2.24)
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Vi 1a bo khuéch dai dai rong, nén Ty >> T, va xét qud trinh xdc ldgp xung trong
khoang thdi gian ngin ¢ < T, nén tit (2.24) suy ra biéu thic gin ding :

ht) =K, (1-e (2.25)
Ti bi€u thdc (2.25) tim thai gian xdc lap ¢,, biét ring ¢, 12 thoi gian ma bién do

xung ra h(t) tang td gia tri

By, = O Ku den gi ti h| = 09 K,
t, = ¢, — ¢ = (-In0,1 + 1n0,9)2,2T, = 527%: 0,35 (2.26)
fr h
Vify << f,, do d6 B= f, va tit (2.26) suy ra :
tB ~ 0,35 (2.27)

Vay : thoi gian xdc lgp ham qud dé cia mét b6 khuéch dai ddi rong ty lé nghich
vGi tadn s6 gidi han trén cia b6 khuéch dai dé. ‘

D& quan sat do sut dinh, ta xét dac tinh xung ra trong moét khodng thoi gian dai,
vi qua trinh sut dinh dién bién rdt chgm. Tt (2.24) viét duge bi6u thic gan ding sau :

ht) = K e '

Trong pham vi T << t << T4 bi€u thic nay c6 thé viét gon hon dudi dang :

ht) = K, (1 —i> (2.28)
Td
Ta tinh d6 sut dinh xung xudt phat ti bigu thuc (2.28).
DA = hy - h|l=t2

J day hy la bién d6 xung ra ¢ trang thai xac lap. Trong trudng hgp nay A, = K, = A

uo

A4 00% = 2 100% 2.29
A o = Td o (2.29)
AA -
28 100% = 2nt.f, (2.30)

A

Vay do sut dinh AA ty 16 vdi td4n s6 gigi han duéi cta bo khuéch dai. Trong cac
bd khuéch dai mot chiéu (f; = 0) xung ra khong cd dd sut dinh.
2.4.6.2. Anh hudng cua hdi ti€ép dén dac tinh déng cia bo khuéch dai

D€ xét anh hudng cta héi ti€p dén cac dac tinh dong cta bd khu&ch dai nguvi ta
phan biét ba trudng hgp : b khuéch dai ¢6 ham truyén dat chda mdt di€m cuc, bod
khuéch dai ¢ ham truyén dat chda hai diém cuc va b6 khuéch dai ¢cd ham truyén dat
chia nhiéu di€m cuc.

a) Ham truyén dat K(p) chita mot diém cuc

B6 khué&ch dai hinh 2.9 la b6 khuéh dai ma ham truyén dat cta nd (bi€u thuc

. 1
2.21) chda moét di€m cuc & tadn s6 thdp P, = “T va mot-di€m & cdc tdn sd cao
d
1
Py = ~ T D& thi Bode cia b6 khuéch dai d6 duge bi€u dién trén hinh 2.12.

t
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1Kyl (dB)
/KUo'
(1+Kpp + Ky )
Kl ===~~~ —F———————~
Kop . 1
1+Kpp + Kuo Kht .
log f
k.P
90°
_____ Y
\
\
\\
1 _______________ -
0  logf
Khéng héi tiép N5 b Hidp
-90° r ————————————————————— —_

Hinh 2.12. D6 thj Bode (dang gdn .diing) cia bo khuéch dai khong c6 héi ti€p va c6 héi tiép :
khong c6 héi tiép ; ~---—- ¢6 héi tiép.

Tim K’ cia b6 khuéch dai cd héi tiép
Tu bi€u thic (2.1) suy ra

1
'K = —— voi |KKy| >> 1 2.31a)

. Ky,
va K = K voi |KK, | << 1 (2.31b)

Tu (2.31a) va (2.31b) dé dang vé dugc d6 thi Bode ctia bd khu&ch dai khi cé héi
ti&€p (dudng nét rdi trén hinh 2.12) v6i gia thiét mach héi tiép chi bao gém cdc phdn tu
dién trd, nghia 1a K, khong phu thudc tidn s6. D€ cd dugc dang chinh xdc cia dic tuyén
- truyén dat cia bo khuéch dai cd héi ti€p, thay (2.21) vao (2.1), ta cd :

| K KuopTd
~ (L+pTy)(1 +pT) + KKy pTy)
Lan lugt xét bi€u thdc (2.32) ung vdi tung trudng hgp : tdn s6 thdp va tan sd cao.
+ Tan s6 thdp (f << f, tic w T, << 1) _
B6 qua pT, trong bi€u thic (2.32), sé cd bi€u thic gin ding mdi :

(2.32)

K KuopTd ‘K’uopT’d (2.33a)
= = Y , R a
T+ pTy(L + KyoKy) 1 +pT7
K
trong d6 K, = g—‘“’ s Ty = guTy hay fy=f1/ g (3.33b)
m

gn = 1+ K, K, 1a do sau héi ti€p & tdn s6 trung binh.
+ Tan s6 cao (f >> f4 tdc Ty >> 1).

42



Coi 1 + pTy = pTy tu (2.32) ta co

K’ - KUO _ K’UO (2 34 )
T 1+K, K, +pT, 1+pT, s
E) Kuo 3] T‘ " g
g dé.y Kuo = - ;Tl=_" h"l)//l :gm}‘l (2.34b)
£ P . .
véi m = 1+ KKy

: 1

Tom lai, t4n s6 gi6i han dudi cia bd khuéch dai c hoi ti€p fy = T gidm xudng
d
' 1

&mn lan (bi€u thic 2.33b), con tdn sd gisi han trén f; = —— tang lén cing bdy nhiéu

2T
t
ldn (bi€u thdc 2.34b) so v8i cdc tdn s6 gidi han tuong dUng cia bd khuéch dai khong co
héi tiép. Do dd dai tdn cta bd khuéch dai cd héi ti€p B’ = | - fy = [, 16n hon dai
tdn cta bd khué&ch dai khong cé hoéi ti€p B = f, - fy = f, cing bdy nhiéu 14n. Véi mach
héi tiép khong phu thudc tdn s6 nhu xét trén day thi héi ti€p khéng lam gidm méo tén
s6. V6i mach héi ti€p phu thudc tdn s6 thi héi ti€p am khong nhiing md rong duge dai
tdn lam viéc cha bod khuéch dai ma con cé tdc dung gidm méo tdn s6 (xem [4]).
Ngoai ra, ti hinh (2.12) ta rit ra quan hé :
A K (dB)
A logf
loglK,ul - lOgII{ul

log’", — logf,

K, fi B
K, f, B &m

|K'y|B” = |K,|B (2.35)
Khi |K,| = 1(0dB) thi f; = f; nén cd thé b8 sung vao bi€u thic (2.35) nhu sau :

|K’,|B’ = |K,|B = f; (2.36)
g day f) 1a tdn s6 tai d6 K, = 1 don vi (0dB), goi la tdn s8 don vi.

Véay tich K B cita m¢t by khuéch dai khéng phu thuoc vao do sau hoi tiép, né la
mot hdang s6 va bdng tin sé don vi cua bé khuéch dai dé.

Do d6, muén tang dai tdn thong qua héi ti€p thi phai trd gia bang cach gidm hé
s8 khué&ch dai (biéu thdc 2.1).

Vi bé khuéch dai cd héi ti€p cing 13 mot hé thdng tuyén tinh bac 1 (cd 1 difm
cuc) gibng nhu bo khuéch dai khong cé héi tiép da xét & phan I, nén quan hé giia thoi
gian x4c lap va d6 rong dai tdn cing nhu quan hé giita d6 sut dinh xung va t4n s6 gi6i
han dudi cing duge xdc dinh 18n lugt theo cac bigu thudc (2.27) va (2.29).

Vi trong b6 khuéch dai c6 hdi tigp B’ = g B va f(;: fol8w nén thoi gian xdc ldp
va dé sut dinh xung giém g, 18n so véi khi khéng .cé héi tiép.

b) Ham truyén dat K(p) chita hai diém cuc

Trudng hgp b khuéch dai c6 ham truyén dat chda hai di€m cuc cdé ¥ nghia thuc
t€ 16n, vi hdu nhu taAt cA cdc bd khusch dai déu cd ham truyén dat gin véi dang nay
vad qui trinh khdo st loai nay cho phép dé dang nhan ra cdc dic tinh doéng cia bd
khué&ch dai cd héi tiép.
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Ta xudt phdt t ham truyén dat cia phan mach khi chua c¢d héi tiép :
K 4

(o]

KTy (2572
-t .p- 1
1 znfl » +2 27!f2
Gia thiét he s6 héi tiép 1a thuc, thay (2.37a) vao bi€u thuc (2.1) suy ra :
e K K,
1+ KKy 1+KK,+p(T, + Ty) +p*T\T,
K, .
= T AT, - T, (2.37b)
VP i3k R TP ITE R,
KO
trong dé K’ = TTI{;_I(—O .
Bién d6i (2.37b) thanh dang chuén :
K ) K,
K'(p) = (2.38)

PP+ p,/Q) +ws p’Ti+2pDT, + 1
¢ day, w, — tdn s6 dao dong tu do

1+ KK,

- @ - hé s6 phdm chat

w, VT, Ty(1 + Ky K)
Q =

w; + w, T,+T,

roo L _'\,__TL_TL_
° =5 T VITEK,

Heé s6 suy giam D dugc tinh theo bi€u thic sau :

R T, +T2 1 \l T, i T r
= —— == == | m——————"— vii >> .
2Q  2NT T,0 +K Kk,) 2 ' Tl +KKy) 1 2
Khi khéng cd héi tiép theo (2.37a), cdc di€m cuc ctia ham truyén dat :
1 1
PL= g =T va p; =TT

Khi tang hé s6 hoi ti€p thi D gidm dan.
- V6i D > 1 thi miu s6 cua (2.38) c6 hai nghiém thue, nén phuong trinh (2.38)
duge viét lai : ‘

K K

(o] o

K’ = = ,
P ATy A pTy - G- pbo( -~ 5P

(2.39)
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Cac di€ém cuc cha ham truyén dat :

wytwy w tw 3 D 1
= - + - = - — _
PL2 st — {1-4q T [1 :t.\} 1-— ]
P12 = —Dw, * w VD% - 1

. 1 T,
r"=-—=— (2.40a)
P D-\D? -1
. 1 T,
e —=—— (2.40b)
P2 pp?-1

Trudng hogp nay cd th€ coi bd6 khuéch dai tuong duong véi hai hé théng tuyén tinh
bac mot méic néi tiép.
. D
-V6iD =1thip, =p, = — 5 = -w,

- Néu K;,, ting sao cho D <1 thi miu s6 cia (2.38) c¢6 hai nghiém phdc :
P2 = Dy  joND? — 1 (2.41)
Dé vé dac tuyén truyén dat ctia bd khuéch dai cd héi tiép, thay p bsi jw trong bicu
thic (2.38).

K’O
|K| = (2.42)
[1 — (wiw ) + 4D (w/w,)?

Vi phaﬁ bi€u thuc (2.42), tim cuc dai, ta thdy ham s6 (2.42) dat cuc dai tai

w = wodl — 2D?
K’O
v L (243)
2D V1 - D?

Tu (2.42) va (2.43) vé duge diac tuyén truyén dat trén hinh 2.13.

Khi 2D > 1, nghia la D > 0,707 thi d6 thi Bode khf)ng‘cd diém cuc dai.

D& xét cdc dac tinh dong khac, ta xét ham qua do h(2) cta bo khuéch dai ¢ héi
ti€p. Giad thigt dua vao by khué&ch dai moét xung don vi 1(¢), anh Laplas cia nd la 1/p,
ham qu4a d6 1a

- .
h(t) = U = {ﬂ} (2.44a)
: p
-KhiD =1
Két hop (2.38) va (2.44a) x4c dinh duge A(f) = 1 - (1 + w e " (2.44b)
-KhiD > 1. Tu (2.39) va (2.44a) rit ra
1 -yT} —yTE
W) =1 - ———— (T T = 5 VT (2.45)

o7 \D? - 1

- Khi D < 1. K&t hop (2.38) va (2.44a) suy ra
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Do,
ht)y=1- < w, sinw ¢ + coswrt>e

—Dat

(2.46)

trong do, w, = woql — D? ]a tén s6 cong hudng riéng.

1K'}(dB)

(K51

-90°h~

-180°

Hinh 2.13. D6 thj Bode cua hé th6ng luyén tinh bac hai
(dic tuyén truyén dat chila hai diém cyc).

Vi phan bi€u thdc (2.46) va tim cuc tri ta thdy

~w,D
h o= hyy =1 - (1) "o max
nT
tai bpgx = ————— (n - s8 nguyén)
‘ V1 -2

Né&u n 18 thi cé cuc dai, n chln thi ¢d cuc ti6u.

Dang ctia ham qud d6 déi vdi cdc tri s§ khac nhau cta hé s§ suy gidm D dugc bi€u
dién trén hinh 2.14. Hé s6 suy giam tang thi thdi gian xdc l4p cia ham qué do cing
tang. Khi hé s6 suy giam nhé thi thdi gian x4c 14p ngin, nhung thay vao d¢ lai cé hién
tugng dao déng. Kinh nghiém cho thdy D = 0,707 la gi4 tri t6i wu, lic d6 bién do dao
doéng cuc dai so v6i gid tri trung binh

—JEDH/JI—DZ

q = hmax - 1 =e = 0,043.
¢) Ham truyén dat K(p) chita nhiéu di€m cuc

0 muc b khi xét ham truyén dat chia hai diém cuc ctia mot hé théng tuyén tinh
cé héi ti€p ta nhan thdy ring véi cdc gia tri khdc nhau cta hé s6 suy gidm D, céc di€m
cuc Py, P, cé thé la thyc hodc phic. Nhung céc nghiém d6 déu ndm bén trai mat phing
phic vdi moi gid tri cia D. Didu d6 ching t6 mot hé thdng tuyén tinh, béac hai cd héi
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tiép ludén luén 8n dinh. Tuy nhién, khi D rdt nhdé, mic an toan cua hé théng khéng lén
(xem phdn khao sat tinh 6n dinh cia moét hé théng cd héi ti€p theo phuong phip quy
tich nghiém trong tai lieu [2]).

Trai lai d6i v6i mét hé théng
tuyén tinh bac ba cd héi ti€p (ham hit)

truyén dat chda ba diém cuc), ] 0=0,.2
trong truong hgp modun hé sé q
khuéch dai vong l6n thi quy tich 17 AN

nghiém cua phuong trinh dac

trung co thé€ cit truc tung trong
mit phing phic lam cho hé théng 0,5
mit dn dinh. Vi vay d6i véi cdc
hé théng nay phai dung cac bién
phdap phu d€ dam bao tinh én 0,1+
dinh cia hé théng (xem chuong o

1 phén 2). O day ta khéng tinh !

ham truyén dat cia hé théng nay Hinh 2.14. Dic tinh qua do cia hé théng tuyén tinh bac hai.

khi ¢6 héi ti€p. Diac tinh doéng

cia né vé co ban cling giéng nhu trudng hgp cia hé théng tuyén tinh bac hai cé héi
tiep da xét & phédn b.

Trong nhiéu truong hgp cd thé coi ham truyén dat cia mo6t hé théng tuyén tinh
bic ba gin ding nhu ham truyén dat cia hé théng bac hai, néu 7| >> T, >> T;. Lic
dd ta cd phuong trinh gin ding sau day : _

KO KO

T A+ pTY(L +pTy)( +pTy) (L +pTH(l +pT) ’

K
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Chuong 3

CUNG CAP VA ON DINH CHE DO CONG TAC CHO CAC
TANG DUNG TRANZISTOR

3.1. Pat van dé

Nhu da xét 6 chuong I, trong cac tdng khuéch dai tin hiéu nhé, di€m lAm viéc nam
trong mién tich cuc cia tranzistor luong cyc hodc ndm trong mién thét ciia Fet (riéng.
déi véi cdc tdng khuéch dai lam viéc & ch& d6 B hoac C sé duge néi dén 3 chuong 6).

O ché d6 tinh, nghia la khi chua c6 tin hiéu vao, trén cic cuc cia tranzistor cd cic.
dong dién tinh I~ (hoac Ip)) ; Iz (hoac I = 0) va dién ap mét chiéu Upp (hodc Upg) ;
Uyy: (hoac Ugg). Di€m lam viéc dng véi ché do nay goi la di€m lam viéc tinh.

Khi cé tin hiéu vao thi cac dién ap va dong dién thay déi xung quanh gia tri tinh.
Dé& dam bao cho cic tdng lam viéc binh thudng trong nhiing diéu kién khac nhau, ngoai
viéc cung cdp dién dp thich hop cho cdc cyc, con can phdi 6n dinh diém lam viéc tinh
da chon. N&u khong, chit lugng lam viéc cia tdng (méo, hé s6 khuéch dai, dién dp ra,
dong dién ra, cong sudt ra) bi gidm sat. Thuc chdt cla vAn dé &n dinh la lam cho diém
lam viéc khéng phu thuéc vao do tap tdn ciia tham s8 tranzistor, vao nhiét d6, vao dién
dp nguén cung cdp, cu thé 12 dp dung cic bién phap dé giit cho dong colecto I~ (hodc
dong mang Ip) khong déi (xem 3.3.1).

3.2. Mach cung cdp va 6n dinh ché do cdng tac cua cac ting dung
tranzistor luéng cuc )

3.2.1. Ché do tinh

Vé nguyén tac, viéc cung cdp cho tranzistor d€ xdc dinh di€m céng tac tinh phai
ddm bdo sao cho tranzistor luén luén lam viéc trong mién tich cuc (xem bang 1.2) va
cdc tham s6 cia nd ludn ludn théa méan cac didu kién cho phép. Mubn vay, phai dam
bdo nhitng yéu clu sau :

1) Dién th€ colecto phai duong hon dién th& bazo d6i véi tranzistor npn vA Am hon
dién thé€ bazo dfi véi tranzistor pnp tii mét von dén vai von.

2) Mat ghép bazo - emito phai dugc phan cuc thuan (|Ugg| = 0,7V déi véi tranzistor
silic va |Ugg| = 0,3V d6i v6i tranzistor gecmani).

3) Dong colecto phai 16n hon dong dién du colecto —emito nhiéu, nghia A |IC| >> | Iego |-

4) Phai ddm bdo cdc diéu kién cho phép vé dong, ap, cOng suit va nhiét do (xem
muc 1.2.3). ‘
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Nhu da
bén tham s6
trudc I ba tham s6 con lai sé duge xdc dinh htrong.su
rang budc vdi ho ddc tuyén vao va ra cua tranzistor. :
Upi. = ity sUq) (3.1a)

I = f>(U¢pIy) (3.1b)

Quan hé rang buéc do dugc dac trung boi duong
tdi tinh (con goi la dudng tai mot chiéu) :

I = f,UH) (3.1¢)

Dé minh hoa, vé duong tai mé6t chiéu cho so d6 bo
khuéch dai trén hinh 3.1

Néu gia thiét I = I, ta xac dinh dugc quan hé :
2U Ucy.

= R-+R, R+ Ry,

Ho dac tuyén vao :

Ho dac tuyén ra :

I(‘

(3.2)

Biéu thic (3.2) 1a mot dang cu thé coa (3.1c), né
la bi€u thuc bi€u dién dudng tai tinh trén ho dac tuyén
ra (hinh 3.2).

Duong tai tinh c¢d do déc :

di¢- 1
dUc,~ R+ Ry
Khi thay d8i gid tri
cia R+ R, thi dudng L i
tai tinh quay xung Ié=2Uco/(Pc*PE) I
quanh diém P, con khi I
thay d6i dién ap cung I,
cdp, nguén U, thi ; \kN0 Ig,-80p
duong tdi tinh dich trai |
hodc dich phdi. Diém i P13 2Uec
lam viéc phai nam trén Ucer  Ucey P U

dubng tai tinh, dd la giao a)
diém cua duong tdi tinh
vOi ddc tuyén ra ung vdi

dong vao Iy, vi dong

Ra

!
|

biét, ché do tinh cia moét tranzistor mac emito chung dudc xdc dinh bdi
: Iy, I, Uy va Ugy, trong d6 thudng cho trudc mot tham s6, vi du cho

L
vy L

Ehinh 3.1. So d6 khuéch dai
emito chung .
Ug : dién ap ngudn tin hicu;
: dién trd trong cda ngudn tin hiéu.

Ig,=80MA

Trung hop Ic= Const

p

UCEO

2Uee  Uce
b) :

Hinh 3.2. Dic tuy€n va dudng tai tinh cho so dé trén hinh. 3.1.
a) tranzistor c6 hé s6 khuéch dai BN bé;
b) tranzistor ¢6 hé s6 khuéch dai dong BN I6n.

colecto I, phai déng thoi théa man (3.1b) va (3.1c). Trong thuc t& thuong cho trudc
dién dap ngudn cung cdp, lic dd viéc chon diém lam viéc va dién trd moét chiéu (trong
truong hgp trén 1a R + R;) sé tuy thudc vao cac y6u t6 sau day :

- Bién dé tin hiéu ra (dong, ap, coéng suit) ;
- He s6 khuéch dai (1.8) ;
- Dai tdn cda tin hiéu vao (hinh 3.3) ;

- Tham s8 cia mang bdn cuc (hirh 1.19)

- Méo phi tuyén cho phép va dién trd vao va dién trd ra cia mach ;
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- Tap am (hinh 1.14) ;

- Tham s6 giéi han (I, U, P).

Tuy thuéc vao muc dich dng dung cu thé€ cua
mach, khi chon diém lam viéc tinh cd th€ dac biet
lvu tam dén mot s6 yéu t6 nao dé da k& trén va bd
qua nhitng y&u t6 khac.

Sau khi da chon dugc di€m tinh, sé thiét lgp vi
tri ctia né trong so do thuc t& béng cdch ddt lén cdc

\
/

fr (MHz) —
3
o

cyc ctia tranzistor nhitng dién dp moét chidu cdn thiét 50 V4
(U¢yo va Ugp,). Vdn dé con lai 1a n dinh di€m lam
viéc tinh dé dam bado chidt lugng yéu cdu cua mach. 0% 19 g2

Tu hinh 3.2 d& dang ly gidi dugc : trong ba tham s6 Ie(ma) —

Iy Ipo va Ugp, cln phai 8n dinh tham s6 nao. Hinh
3.2b bi€u dién ho dic tuyén ra ciia moét loai tranzistor Hinh 3.3. Su phu thuoc cia tdn s6 vao dong
o6 hé s6 khuéch dai dong dién By 16n hon so véi By colecto:
trén hinh 3.2a (hoac cung loai tranzistor dd, nhung nhiét d6 bén trong cia ban dan (tjo)
cao hon). Néu giit cho Iy, khong ddi thi di€m lam viéc sé thay déi nhiéu khi By va
tJf‘ thay déi. Trong nhitng trudng hop bat 1gi, di€m lam viéc c6 th€ di chuyén sang ca
khu vuc bao hoa. Véi di€m lam viéc nhu trén hinh 3.2b, khi tin hiéu vao 16n sé cd méo
phi tuyén rat 16n. Vay On dinh I, sé khéng dat dugc hiéu qua mong muén. Thuc té,
dn dinh dong colecto I, 1a cd lgi hon ca. Lic nay div By hodc tjo thay déi nhiéu, diém
lam viée cing hdu nhu khoéng déi, chi cé dong dién vao Iy, thay d6i. Tém lai :

Tét cd cdc bién phdp 6n dinh diém lam viéc ddu xoay quanh vén d& én dinh dong
colecto.

3.2.2. Mach cung céip

Colecto cla tranzistor dugc cung cép qua céc dién trd sut 4p R nhu trinh bay trén
hinh 3.4.

Tri s6 R dugc xdc dinh bdi toa d6 cua diém tinh (I, UCEO) trong ho dac tuyé&n

ra theo bi€u thdc (3.3)

Uee = Ucko
Ry = ——F— (3.3
ICo e
L
Khi c6 nhiéu tranzistor cung dung chung N — +3’
moét ngudn cung cip thi cdc tdng thudng dugc G I Re, ﬁgq «
mac song song vdi ngubn cung cdp. Dé gidm
ghép ky sinh giita cdc tdng, trong mach colecto |< ' :

cua cdc tang (tru tdng cudi) thudng mac nhiing
méat loc R;C; d€ khi ghép [3].

Dé c6 dong tinh I, trong mach colecto,
phai cung cdp cho bazo mét dién ép nao dé, i
goi la thién dp. Cung cdp thién 4p cho bazo

thudng ldy t nguén cung cdp colecto. D€ cung Hinh 3.4. Mach cung cfp colecto cia téng
" khuéch dai dung tranzistor.
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cdp cho bazo cd thé€
diung cac so d6 : dinh
dong bazo va dinh dp
bazo nhu trinh bay
trén hinh 3.5.

Trén so d6 hinh
3.5a, di¢tn 4ap dinh
thién cho bazo (Up;:,)
dugc dan qua dién tro
R, vao baza. Dién trd
Ry ¢6 tri s6 lon hon
nhidu so vdi dién trd Hinh 3.5. Cic so d6 cung cp thién dp don gidn cho tranzistor.

a) phuong phdp dinh dong bazo; b) phudng phap dinh dp bazo.

moét chiéu cua mdgt
ghép bazo —emito, do
dd dong dinh thién (Ig,) dugec xac dinh gdn ding nhu sau :

U

cc
I, = }T , 3.4

d day Iéo khong phu thuée vao nhiét do cing nhu khong phu thuéc vao tham s6
cua tranzistor. Vi I = Bylp, nén dong colecto phu thuéc nhidu vao By, lam cho diém
lam viéc chi duge én dinh déi véi nhitng bién déi cia Ugg, con voi cac bién ddi cua
By thi khong duge 6n dinh. Vi vay mach nay chi dugc diung trong céc bo khuéch dai
tin hiéu nhé, tdn s6 thdp. Mach c6 wu di€m don gidn. Céc tu dién C, va C, lam nhiém
vu ngin cdch tin hiéu xoay chiéu vdi nguén cung cp mot chiéu.

Cung cdp thién ap bing phuong phdp dinh dp bazo (hinh 3.5b) nhan dugc tu bd
phén dp R;, R, méic song song vdi ngubn cung cip colecto U, . Thién ap Ugg, duoc xdc
dinh theo bi€u thuic (3.5) :

Uppo = IRy = Uy - B, + Iy) 3.5
Thudng chon I, >> I, (") do dd bi€u thic (3.5) cd dang gin ding :
UBFD = UCC - Rle (3.6)

Ta nhan thdy Ugp, khong phu thudc tham s6 cla tranzistor tic khong phu thuodc
nhiét do va do tap tan cua tham s6 tranzistor. Dong I, cang lén thi Ugg, cang 6n dinh,
mudn thé R|, R, phai nhé. Thuong chon

I, = (03 + I max: 3.7

trong dd, I, 12 dong xoay chiéu trong mach bazo ing v6i myc tin hiéu vao l6n

nhét. Lac nay thién dp hdu nhu khong phu thufc tri s6 dong bazo Iy, do d6 cd thé

dung cho mach khuéch dai tin hiéu 16n (ch&€ do B). Tuy nhién, khi R, va R, nhé thi
céng sudt tiéu thu ctia ngudn cung clp cing ling.

Ngoai hai phuong phdp cung cdp thién dp trén day, cdn phuong phap dinh dong
emito, nhung phuong phdp nay it dung vi phai dung nguén cung cfp riéng cho bazo,
nén ta khong xét § day.
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3.2.3. Hién tugng troi diém lam viéc

Tu so d6 tuong duong cho tranzistor lJam viéc trong mién tich cuc ta nhan thay
dac tinh cia tranzistor lam viéc trong mién tich cuc duge dac trung cha y&u bsi ba
tham s6 : By (hoac Ay) ; Icy, (hoac Iy, = Bpleg,) va Upp:. Su thay d6i cia cic tham
s6 nay la nguyén nhan din dén su thay d6i di€ém lam viéc tinh. N&u biét duge quan hé
I (Ugpy Iepe Bn) cua moét mach nao dé thi od the tinh todn dugce lugng thay déi caa
I~ theo cdc tham s6 dac trung da ndi trén nho bi€u thuc (3.8). Vi phan toan phan biéu
thic I- = f(Up, Icp, BN) va chuyén vé ta c6 :

0 I(* ()I 01(‘ '
= ——— AU, .
J UHI: BI. ) U CBo AI( B(\ )BN ABN (3.8)

Cac thanh phdn vi phan cia biéu thuc (3.8) goi (o hé s6 on dinh. Chung cho biét
kha nang 6n dinh cta mo6t mach. Luong bign d6i AUy, ; Aliy, va ABy goi 1a dai lugng
troi. Nhu da ndi trong chuong 1 , cac ddi lugng ndy déu phu thudc vao nhist do. Béng
3.1 cho biét mot s6 gia tri dac trung cho su phu thuée do.

Bdng 3.1.
Toai
tranzistor Silic Geemani Silic Gecmani Silic Geemani
Tham so

,;’ (") ~65 -0S +25 +25 +150 +70
o, (NA) < 001 2 0,03 10° 30 30.10°
”Bl (V) 078 0,38 0,6 0,2 03 0.1

5 25 20 55 55 100 90

N

D6i voi tranzistor geemani, sy phu thudc cha di€ém lam viéc vao nhiét d6 cha yéu
dude quyét dinh bdi dong nguoc Iy, DO vi tranzistor silic, dong nguge tang nhanh
hun theo nhiét do, nhung gia tri tuyét doi lai nhé so vdi clia tranzistor gecmani ¢ cung
nhiét do, do d6 véi tranzistor silic ¢d th€ bo qua anh hudng cua I-g,. Vi thé, dé ddm
bdo cho ciac mach dién lam viéc 6n dinh - ddc biét la J nhiét d¢ cao, ngudi ta hay diing
tranzistor silic, lic nay cdn quan tam dén anh hudng cta Uyp. D€ tinh todn dnh hudng
cia dién ap tréi dén cac dong dién va dién dp mét chiéu, diung so dd trén hinh 3.6,
trong do Uy = Upp, + AUy, Dién ap trei AUy, ¢ thé do su bign d6i cta nhiét do
gay ra, cing c6 thé do tap tan chia tham s6 tranzistor gﬁy ra. Dign 4p troi lam bién d6i
diém lam viéc ban diu Up.,.

Khi dong emito khéng déi, n&u nhiét d6 mat ghép thay d6i mot lugng AL thi dac
tuyén I~ = fiUy,) cla tranzistor silic cing nhu tranzistor gecmani sé tinh tién song song
véi truc tung mot lugng 1a 2,5 (mV/°C).At° [1] (hinh 3.6b). Tuong duong véi mot luong
bién d8i dién ap bazo - emito :

AUy = -

. mv .
hoac AUy = 2,5 —U—C— At” (tranzistor pnp)

g day At® > 0 khi nhiét dé tang.
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Trong trudng hop nay AUy, sinh ra do nhiét d6 thay d6i, nén dugc goi 1a troi nhiét.
Vay dong colecto I~ cia mot tranzistor npn (= I,) chi gil nguyén khong d6i khi
mV
nhiét d6 tang mot luong At” néu Up; gidm moét lugng AUy = 2,5 —OEAz". Ngugc lai,
néu git cho Uy khong ddi thi dong colecto sé tang lén mot lugng Al ; véi Al duge
xac dinh theo biéu thic (3.9).

AUp;:
-1 (3.9)

Ale = Alg = I, (exp
n

Trong do I, la dong emito khi AUy = 0. Bi€u thue (3.9) suy duge ti (1.12).

&~
I & Y
be >y
v
AU,
Blc
Ieo
0 = =
) Ugg, Use
b) \

Hinh 3.6. a) So d6 tyang dudng cua tranzistor khi ké dén anh hudng cda Al/ng;
b) Anh hudng cia nhiét d6 dén ché 46 cong tac cua tranzistor.

D€ danh gia mic 46 anh hudng cha dién ap troi dén dién ap ra, dung hé sé khuéch
dai dién dp tréi K, ; K, dugc xdc dinh nhu sau :

ir »

AU(T(\
K“. = ZE}; y (3.10)
g day, AU, la lugng bién d8i dién thé mot chiéu giita ddu ra bo khuéeh dai va
dat. (")

3.2.4. Céc 90 db 6n dinh tuyén tinh

Cac sd d6 6n dinh diém lam viéc dugc dung ph6 bién nh4dt hién nay la so d6 dung
héi tiép Am mot chiéu nham bién d6i thién dap mach vao cia tranzistor sao cho cé thé
han ché su di chuyén diém tinh trén ddc tuyén ra, giy nén bdi cdc yéu t6 mit 6n dinh.

So d6 cung cdp va 6n dinh di€ém lam viéc pang hoi ti€p Am dién 4p mot chiéu duge
biu dién trén hinh 3.7.

Zt) Mach phai ¢6 Kir << Ku. Trong sd dé emito chung Kir < 10, con hé s8 khuéch dai dién ap ngufin tin
hicu Ku> 10 ... 100. So sianh s¢ dé hinh 3.1 vdi s0 d8 hinh 3.7a nhan thiy ring : dién 4p ngudn tin hicu Un mic
noi tiép vai dien 4p troi AUBE, do d6 Kir = Ky. Muén Kir << Ky (3.11) thi dai tdn s6 cuia tin hi¢u phai nim ngoai
dai tAn cua dién ap (roi (1An s& rdl thdp). Lic do co thé théa mian diéu kién (3.11) nhd mdc mot tu dién 16n song
song véi RE.
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So d6 3.7a chi khac
so d6 3.5a ¢ ché R dugc
ndi voi colecto clia tran-—
zistor chid khéng phai véi
nguén cung cdp, ¢ day
R, vita lam nhiém vu
dua thién ap vao bazo
bang phuong phap dinh
dong bazo vita dan dién
ap hdi tiép vé mach vao.

Nguyén téc 6n dinh
nhu sau : néu ¢ moét
nguyén nhan mit 6n
dinh nao dé lam cho
dong moét chiéu I, trén
colécto tang thi dién th&
Ucg, glam, do dé dong
dinh thién bazg Iy, =
e UCEO

R,
cho I, gidm xudng,
nghia la dong tinh ban
dfu I, duge giit nguyén.

Theo so*d6 tuong
duong hinh 3.7d, khi bd

giam theo ; lam

Védo
Re
+ Uee c
Re lBN15=IC
vao X Ra RiJR
o— o 14 Ko 8
lIl | IO P
- g +
4 U
RZ 1 UB( — BE
Il .
C) d)

Hinh 3.7. Cung cfip va 6n dinh diém lam viéc bing héi ti€p am
dién dp mot chibu .
a) mach emito chung; b) mach colecto chung; ¢) mach bazd chung ;
d) so d8 wong ducng cda a) va ¢) (bd qua anh hudng cia Ry, Rz dén tai )
U's = Ucg Ry(R1 + R).

qua dong ngugc (dong dién du)l~p, va gia thit I, >> I;, ta tinh dugc:

IR R, R, I3RR,
Upe = Us - 515 = Uck -
BE R, +R, “Ry+R, R, +R,
R, IcR; R,
= (Ucg — IyRy) R TR, Uee = IR - By )le TR,

Tu dd suy ra

IC=

R,

BNIU — Ugg(1 + R‘—)]
2

ByR-+ R,

Gia thi€t ByR: >> R, ta cd

R,

Ucc— UBE( 1 +R_2>

Ic = (3.12)

R¢

Theo (3.12), d€ mach lam viéc 8n dinh phai dam bao diéu kién ByR- >> R, U,
>> AUgg (1 + Ry/R,) va R, phdi du 16n. D€ cho dong qua R nhé, chon R| >> Rg.
Theo kinh nghiém, chon R sao cho ha dap mot chidu trén né t6i thiéu bang 0,2 U,.

Néu gia thiét Iy << I, ta ¢6 Ucp = Upr (1 + Ry/R,) do d6 do khuéch dai dién
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ap tréi xdc dinh dugc theo bi€u thic (3.13):
Rl
K,=1+ R_Z (3.13)
So d8 cé uu di€m : cong sudt t6n hao nhé vi R; va R, 16n. Trong so d6 hinh 3.7a
cd thé€ cho R2 = o, Lic dd dién th& colecto
Ucgo = Uggo + IpR,.
So dd cung cfp va 6n dinh diém lam viéc nho hoi tiép am dong dién moét chidu
(hinh 3.8)

tUec

Hinh 3.8. So d6 cung cfp va én dijnh diém lam viéc bing héi tiép am dong dien mot chidu:
a) mach emito chung; b) mach coloto chung; c¢) mach bazd chung.
Nguyén tic 6n dinh cta ching nhu sau :
khi I~ tang (do nhiét d6 mat ghép tang hay do t Uec
do tap tin tham s§ tranzistor ..) thi dién &ap

ha trén dién tré Ry : Ug, = IzRg tang. Vi dién e
ap bazo ldy trén bo phan dp R,, R, gdn nhu
khong d6i, nén thién ap gitta bazo va emito s lBNIB”CEo
Uggo = IR, — Ug, (Ug, la dién 4p tinh trén o——"
emito) gidam lam cho Iz gidm theo, do dd I, j_t U
khong tang dugc. Rn - e
Trong so d6 naly, Rg 1am nhiém vy héi ti&p > O Re
am ddng dién mot chiéu d€ 6n dinh di€m lam 5
- Ucc

viéc. D€ tranh héi ti&p am d6i voi dong tin hiéu
(dong xoay chiéu) trén R lam gidm hé s6 khuéch
dai cia mach, cAn méc song song véi Rg mot Hinh 3.9. So d6 tuong duong mot chiéu cia
tu thodt cao tdn Cg cd tri s6 sao cho cd thé mach di¢n trén hinh 3.1
coi Cg ngén mach d6i v6i dong tin hiéu.

So dé trén hinh 3.1 ciing dung héi ti€p 4&m ddng dién mot chiéu dé 8n dinh diém
lam viéc. D€ phan tich so d6 d¢ ta dung so d6 tuong duong cia né trén hinh 3.9. Dua
vao dd, xdc dinh dudc quan hé sau :
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Rplp, = | Uyl + Uy - Uy, - IR, (3.14)
T bi€u thie (1.9) va (1.10) suy ra bi€u thde xdc dinh dong bazo & ch& dé tinh :
Iy = I, (1 = AN) = Iy,
Thay vao (3.14) va chuyén vé& sé cd dude bi€u thuc (3.15) 1a bifu thiuc dé xdc dinh
dong emito ¢ ch€ d6 tinh :

Ucc + U,B - UBlio + ICBURH
R+ R /(1 + By)

Ie, ~ Iy, =

o =

(3.15)

vii I]‘:() 2 0.

Néu dong dién du I, di nhé va dién trd R, du 16n [R;. >> R /(1 + By)] thi
dong dién emito hdu nhu khong phu thudc vao tham s6 tranzistor va chi cd su thay déi
cia Uy, dnh hudng dén I, Thuong, dién dp bazo - emito thay déi trong pham vi :

AUpp: < (0,1 + 0,2)V.

Néu U, + U’y >> AUy thi dnh hudng nay khéng dang ké. Trudng hogp thudng
gap la U, + U’y >> Uy, lic d6 ti (3.15) suy ra bi€u thic gin ding sau day :
U * Uy ‘

Ic = BNl = R,

Qua phan tich nhu trén, ta nhan thdy I~ hau nhu khong phu thuéc vao R, va vao
cac tham s6 cua tranzistor. Do do c6 th€ két luan : so dé emito chung dung héi tiép
am dong dién d€ 6n dinh di€ém lam viéc co tdc dung nhu mét nguén dong. So d6 lam
viéc cang 6n dinh khi Uy va R Iy, cang nho so véi U, + U’y va R, << (1 + By)R;.
Thuong chon R;: theo bi€u thic sau :

IR, = (1 + 2)V.

Quay lai d6i vdi cac so d6 trén hinh 3.8 ta cing xac dinh dugc dong colecto I, =
I;., theo bi€u thic (3.15). Truong hgp R = 0, tic véi mach colecto chung (mach lap
emito) I~ vAn gilt nguyén khong déi.

Vi phan bi€u thic (3.15) theo Uy sé suy ra duge biu thic (3.16) d€ tinh hé s6
khuéch dai dién ap tréi :

AL = AL = oly: AU = —AUy; _ AUy
¢ BT U, BT RL+R/(1+By) Ry
AU¢, AlcRe R
hay Ky = i = ~ ~ (3.16)

Hé s6 khuéch dai dién 4p tréi trong trudng hgp nay bang hé s khuéch dai dién 4p
tin hiéu.

Hién nay cac so dé on dinh diém lam viéc dung héi tiép am dong dién mét chiéu
thuong duogc ditng nhidu nhdt. Ching cho phép cong tiac 8n dinh khi hé s khuéch dai
dong By thay d8i tu 5 + 10 lan va nhiét do bién thién trong pham vi tic 30°C dén
100°C. Tuy nhién, ching cd nhugc di€m la : ¢6 t6n hao phu trén dién tré R|. va hé s6
khuéch dai mot chiéu gidm (do hoi ti€p am mot chiéu trén Ry).
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Dé minh hoa, ta xét vi du sau day : i
Vi du : Mach dién trén hinh 3.8a cé cac théng s6 :
Uy, =9V R = 50kQ ; R, = 20kQ ; R;. = 2kQ ; R = 5kQ va tranzistor cd
By = 50 ; Ug. = 0,7V ; I, = 10nA.-

a) Tinh cdc tham s6 cia mach d ch& do tinh (/. /.. /o)

b) Tinh hé s6 khuéch dai dién ap troi K, ;

¢) Tinh lugng bién d6i dong colecto khi thay vao mét tranzistor khac c¢é By = 100 ;
Ugi = 0,6V ; I, = 100 nA va nhan xét vé anh hudng cua ba tham s6 d6 dén cong
tac cia mach.
Gidi : a* Tu (3.15) tinh duge
Uy = Uppo + Rolcp,

~ = I =
I(.n Fo Rli + Rn/ (1 + BN)
R,
U, ——— = U, + (R, R
« Rv Ry, o T EEG oy o0yt 143107 0,83 10-2A
(R Ry) 2 .10 + 280 ’
R 138,
N
I(‘(\
IH(\ = = 16,6/1A, U'.; = I":th = 1,66 A%
By
Ut = Ue ~ Uy = Uy = IeRe - U, = 3,19V
RC
b) Klr = —E = 2.5

c) Ap dung biu thdc (3.15) tinh duoc :

= Uyt R e, 2,6V - 0,6V + 1,43.107%V :
Teo = Ip =it Ml = = ~ 094107 A
) R+ CR R [+ By) 2. 10 + 143
Nhan xét : Trong ba tham s6 By, Uy va Iy, thi Uy gay anh hucng l6n nhat
dén su thay dél caa I, sau do dén By ; con su thay déi cua I ., theo I3, khong dang

ké.

Cha ¥ ring nhitng so d6 6n dinh dung héi tiép am dong dién mét chiéu chi duge
dung khi thanh phan dong dién mét chiéu trong mach ra khong phu thuéc vao bién do
tin hiéu vao, nghia 12 khi mach lam viéc d ché d6 A (xem chuong 6) nd théa mén cac
diéu kién néu trong muc 3.2.1.

O ché d6 B, C (chuong 6) do thanh phadn mdt chiéu clia dong ra phu thudc bién
dé tin hiéu vao, nén trong so d6 c6 hdi ti€p Am dong dién, diém lam viéc tinh bi thay
déi theo muc tin hiéu vao, co thé gay méo tin hiéu nghiém trong.

3.2.5. Cac so db 6n dinh phi tuyén
Dé 8n dinh diém lam viéc trong cdc so d6 6n dinh phi tuyén, ngudi ta ap dung
phuang phap bi nhiét nho cic phan ti ¢é6 tham sé phu thuéc nhiét doé nhu tranzistor,

diot, dién trd nhiét. Cac so d6 nay thuong dung trong cdc mach t6 hgp va trong cdc
tang khuéch dai cong sudt.
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Né&u diot va tranzistor trén hinh 3.10a déu dugc san xuit tt moét loai bin didn nhu
nhau va néu nhiét d6 mat ghép cta ching nhu nhau thi dac tinh nhiét cia dién 4p bazo
- emito va cta dién ap ha trén diot nhu nhau ; hon nita, Ugg vA Up cd chiéu ngugc
nhau, nén anh hudng ctia nhiét d6 dugc bu hoan toan. D€ giam anh hudng do dé fap
tdn cua tham s6 tranzistor gy ra va anh hudng cia thoi gian, dicng thém bién phdp
hdi tiép a&m dong dién nho dién trd Ry. So d6 trén hinh 3.10b cing lam viéc theo nguyén
tdc dd. Tuy nhién so dé 3.10b con cd thé bu dugce cdc bidn d6i cia ngudn dién Gp cung
cdp : khi mic néi ti€p vdi R, mét s6 diot thea chiéu phén cuc thuan, thi R|, R, va cic
diot d6 tao thanh mach phan dp dua dién 4p cung cdp vao bazo, néu chon R, << R,
thi dién dp bazo héu nhu khong phu thuéc vao nguén dién ap cung cdp U,.

+ DfC + UCC

b) C)

Hinh 3.10. $o d8 6n dinh phi tuyén.
4) s0 d6 bu AUgg ; b) sd d6 bu AUBE va bt ngudn cung cép;
) sd d6 bu dung dién trd nhiét.

So d6 hinh 3.10c dung dién trd nhiét c¢6 hé s6 nhiét &m 46 bu. Khi nhiét do tang
thi R giam, do dJ dién ap trén emito U tang lam cho dong colecto gidm, sao cho cd
thé bu lai su tang ctia dong colecto theo nhiét d6. Tuong tu nhu vAy ciing cd thé mic
RT(—) song song vdi R, hoac mac moét dién trd nhiét c6 hé s nhiét duong RT(+) song
song vdi R;. '

Céc so d6 6n dinh phi tuyén c6 wu di€m : mach 6n dinh chi gay tén hao phu
khong dang ké va khéng lam gidm ddi dién dp ra. '

3.2.6. On dinh diém 1am viéc trong cac mach t8 hgp wong wr

Trong cic mach t6 hgp tuong tu, dé 6n dinh di€m lam viéc ngudi ta ding cde
nguén dong dién, vi mach dién ngudn dong dé thuc hién dudi dang mach t6 hop.
Trén hinh 3.11 1a so d6 cia hai nguén dong dién. Gia thist I khéng phu thuéc
- Ugyp: va cde tranzistor T va T, c6 tham s6 hoan todn gibng nhau va d cing nhiét dg,
do do
Iy

I(?l = I(‘Z va IBl = IBZ = B_N (voi I(‘[LO << IC)' Theo so d6 trén hinh 3118., ta ¢co

21(:2
N
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Ti d6 suy ra :

I
1 .
Biéu thic (3.17) cing ap dung dugc d6i véi dong tin hiéu. Tu (3.17) thdy rang : cd
thé dung I, d€ diéu khién tri s6 cta I-,. D€ c6 duoc I| 6n dinh, cdach don gidn nhét
la noi diém P véi ngudn dién dp mot chidu 6n dinh U, qua dién tré R.

?1' UCC
. P
e
§
I1l:P ‘ IIL Ty llcz
i e ‘
ZC]i r? ; . ICI l
- = ‘Ai/j
©o] |
‘/UBE,

b)

Hinh 3.11. Mach di¢én dung ngudn dong dé 6n dinh /c2.
a) mach 6n dinh don gian;
b} mach 6n dinh cho trudng hgp dong /2 nhd.

Trong cdc mach t8 hop, ngudi ta trdnh ché tao cdc dién tré cé tri s6 lon (vi no
chiém thé€ tich 16n) do do khd tao duge dong I; nho (Il = U/R v6i U >> Upgyg)). Vi vay
d€ cd dong colecto nhd, dung so d6 3.11b.

Véi so d6 3.11b, gia thiét I = I va By >> 1, ti (1.12) suy ra :

‘ Ugp)
Iy = Iy = Ly (exp —7- ), (3.18)
N
, Uy
o day U 1.
'r
Uy (Ugg) — Reol )
Iy = Ipppexp Uy " Iyphexp U,
I Ryl )
| iler:
do dd —— =exp———— (3.19)
e, Uy

Nhu vay, nht mac thém dién tré héi ti€p R;.,, nén I, << I}, do d6 so d6 3.11b
dung d€ diéu khi€n mot dong colecto 6n dinh, ¢6 tri s6 nho hon tri s6 cia I, nhiéu.

3.3. Mach cung cidp va on dinh ché dd cong tac cua cac tang dung
tranzistor hiéu ang truong

3.3.1. Ché db tinh
V& nguyén tic, viéc cung cdp va 6n dinh di€ém lam viéc d6i véi Fet cing giéng nhu
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d6i voi tranzistor ludng cuc. D6i vdi Fet d€ xac dinh di€m lam viéc tinh phai xac dinh
Iy, Ugs va Upg. On dinh diém lam viéc duge thuc hién bang cach 6n dinh dong I.
Ngudi ta khéng on dinh diém lam viéc bang cich 6n ap Ugg, vi do tap tan tham s§
cta Fet rdt 16n lam cho I}y thay d6i nhiéu, din dén méo phi tuyén 16n (di€m lam viéc
di chuyén sang ca mién triot).

Viéc chon difm lam viéc phu thudéc vao nhiéu yéu té : dai dong, méo phi tuyén,
dién ap ngudn cung cip, hé s6 khuéch dai, dac tinh tdn s6, cong sudt tén hao cho phép,
dién 4p va dong dién cho phép, tap am, tréi dong Ij,. Trong truong hop khu&ch dgi tin
hiéu, Fet phai lam viéc trong mién thit |Upg| > [Upgp| va viéc xdc dinh di€m tinh
phai théa man nhing yéu clu sau :

1. Dong mang [Iy| > 0 (d6i v6i JFet con phai ddm bao diéu kién |Iy| < |Ipgs |)

2. Dién ap cua-nguén  Ugq > Up (Fet kénh n)

Uis < Up (Fet kénh p)

d6i voi JFet thi diot clta phai luén luén d trang thdi phan cuc nguge.

3.'Dién ap mang-nguén |Upgp | < |Upg | <|Uppps|; trong d6 Upyyg la dién ap
danh thung gita cuc mang va cuc ngudn.

4. Cong sudt t6n hao P, < P
kién cho phép.

vmax Y2 cdc dong dién va dién ap thdéa man cac diéu

Kinh nghiém cho thdy, trong cac by khuéch dai tdn s6 thdp, chon dong tinh Iy,
khodng vai nA va dién trd mang Rpy tir (0,1 + 1) MQ la co th€ dat duge hé s6 khuéch
dai mong muén. Déi vdi cdc bd khuéch dai cao tén, chon I, = (0,3 + 0,5)I)qq d€ dat
duge d6 déc du 16n. Di€m lam viec thuong chon la di€m trung binh trén dudng tai tinh
(diém O’ trén hinh 3.12).

Buing 1di tinh
/

ID ID a o’ !
v/ . Mién that A
Upsp__™ 7
= UGS =0 7
Ipss 1 I — v
DSS
I - 4t
‘)
0/ - UGS = 4V L’//
7
i » > v
% = Vs ‘ Urp Uns
o 1 [P
t

Hinh 3.12. Dic tuyén cda bo khuéeh dai mic theo sa d6 ngudn chung:
a) dac tuyén vio; b) dic tuyén ra va dudng 1ai tinh.

3.3.2. Cac so dd dn dinh diém lam viéc

Vidn dé dn dinh & day la lam cho di€m lam viéc khoéng phu thuoc vao d6 tap tan
tham s6 ciua Fet, khong phu thu6c nhiét d6, thoi gian va cac bién déi cua dién a4p nguén
cung cdp. Khi ap dung céc bién phap 6n dinh cén luu y rang : U, va Ijgg ¢6 do tap
tan rdt lon (khoang 3 dén 5 lan).
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Ciing gi6ng nhu trong cac tdng khuéch dai dung tranzistor luéng cuc, bién phdap én
dinh di€m lam viéc d6i véi cdc tdng tranzistor trudng la dung nguyer tac hoi tiép am
dong dién va dién ap.

Mach on dinh diém lam viéc ding hoi tiép am dong dién qua dién tré nguon R
duge bi€u dién trén hinh 3.13. o} day, cdn phan biét hai loai : Fet tu ngdat va Fet tu
dén. Véi Fet tu ngat, d€ dan dién. 4p vao cuc clia ding bd phan ap R,, R,. Dién ap cuc
clia ¢ cung cuc tinh v6i dién ap ngudn cung cdp va 6 tri s6 khodng vai von so véi
d4t. D6 véi Fet tu dén c6 thé bo R, (R, = o), lic do dién ap cia 1a dién 4p tu cdp
(xem mach I hinh 3.13), c¢d tri s6 I,Rq = -U;s. D€ R, it 4nh hudng dén tré khang
vao cua Fet, chon R rat ldn (cd MQ). Tri s6 cuc dai cua R bt gidi han bdi ha dp
cho phép do dong cua gay ra trén né (Vi du : véi JFet : I; = 5nA, R; = 10MQ —
IR = 50mV).

I'et ty din Fet ty ngdt va Fet ty din
+Upp o tUpp
116 Rop
ticp
am
dong — =9
|
die Gl R
' |
L Up=0 L
1) 2a)
+Upp
Hoi Rp
1iép R,
am

dién 0_4 ! o—|
| i
I

ap

3q) 3bj

Hinh 3.13. Cic mach cung cdp va 6n dinh diém 1am viéc cho cac ting khuéch daij
dang tranzistor truong (Fet).

T4t cAd cdac mach dién trén hinh 3.13 déu cd th€ bi€u dién bsi so d6 tuong duong
hinh 3.14.

Néu coi dong ctta I; = 0, ta ¢ U’ = IpRg + Ugs (3.20)

Bi€u thic (3.20) cho biét dang cta dudng dién trd Rg trén diac tuyén truyén dat
hinh 3.14b. D6 d6c cta dudng dién trd Ry :
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Ué va Rg phai chon sao cho dong méng I, khong déi khi thay Fet, lam cho di€m
Jam viéc nam trong doan thiang cda dac tuyén truyén dat (Ué chon lén, con Rg chon
sao cho ¢é duge diém lam viée da dinh).

+UDD

$1o

—IDSSZ {Fefz)
. /

g nssy (Fet1)

Hinh 3.14. So d6 tudng dudng cda mach trén hinh 3.13.
a) s d6; b) dudng dién trd Rs trén dic tuyén truyén dat.

Mach 6n dinh diém lam viéc ding hoi tiép am dién dp dude bi€u dién bdi so dé
3a va 3b hinh 3.13. V& Fet tu dén thi thudn lgi nhét lo chon Upg ® Ugg (so dé 3a).
Né&u méc thém R; thi Upg > Ugs. So d6 nay cd nhude di€m la do ¢d héi tiép am
dién 4p song song, nén dién trd vao xoay chiéu R,- nhé :

R, & RyK,

(Xem muc 2.4.2, phan b).

D€ khic phuc nhuge di€m dd, mac thém C’ vao mach. Nho vay, héi tiép khéng cd
tac dung d6i vdi tdn s6 tin hidu va dién trd vao xoay chiéu :

R’VN 4 R2/2

Vi du : X4c dinh dién ap ra cuc dai cho phép (dang sin) cia mach dién trén so do
3a, hinh 3.13.

Gldl . ’Pheo [${e] ds UDS B UGS Tfi biéu thl’IC UDSP = UGS - l.f}) Slly ra '1](‘,5 =
Upsp + Up, ta suy ra néu bién do dién 4p ra l}\r £ | Up} thi difm lam viéc
con nadm trong mién that va méo phi tuyén cd gia tri con chdp nhan duoc (xem hinh 3.12).
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Chuong 4

CAC SO DO CO BAN CGA TANG ¥HUECH DAI TiN HIEU NHO
DUNG TRANZISTOR VA MACH GHEF GICA CAC TANG

4.1. Cac phuong phap phan tich

Khi phan tich cdc so d6 cia moét tdng khuéch dai thi vdn dé& cu ban la chon duoc
cach bidu dién thich hgp cho cac ph&n ti tich cyuc. Cé nhiéu phuciig phap biéu dién
khac nhau. Dé&i véi &in hiéu bé nguoi ta ihuong dua vae so do tuong duong dé phan
tich. Nhu da biét, c th& bi€u dién cac phén t tich cuc bdi so d6 tuons Zuong m hoac
s0 dé tuong duong cia moét mang born cyc. so d6 tuong duong n cho phép minh hoa ddy
dd cac tinh chadt vat ly cia mach, nd c6 vu diém ddac biét la cic phan ti cria so do ¢6
thé coi la khéng phu thuéc tin s6 cho téi pham vi tin s6 khd cao [f < (0,1 + 0,5)f
d6i véi tranzistor ludng cuc va f < (10 + 100) MHz d6i v6i Fet]. O tén s6 cao hon,
diéu dd khong ding nita va phai ding so d6 tuong duong y. Tom lai, cd thé dung bang
4.1 d€ chon so d6 tuong duong thich hgp d6i v6i cdc dai tdn sd khdc nhau.

4.1.1. Phén tich theo cac tham s6 cua mang bdn cuc
Cac tdng khuéch dai méc theo cdc kifu khéc nhau déu cd thé dua vé dang so d6
tuong duong téng quat trén hinh 4.1.

Bdng 4.1.
. N - . N . N T NS .
loai tranzistor ) Tan s6 thap Thn 6 trung binh va cao ‘Tan s6 rdt cao
Tranzistor -Sd d4 tuong duong x -Sd d0 tudng dudng -Sd¢ d8 tudng duong y
Wdng cyc khong c¢6 dién dung ¢6 dién dung f=z 01+ 05)f
- So d6 wdng ducng A f=< (01 + 0,5
- So d4 wong ducng -S3 d6 tong dudng -S¢ d6 wong duong v
Fet khong ¢ dién dung 7, ¢O dién dung f 2 (10 '+ 100) Mz
f< (10 + 109) MHz

Cd thé 4p dung cdac phuong trinh mang bén cuc (1.12) va (1.13) d& tinh toan so
d6 trén hinh 4.1 theo quy uéc vé chiéu dong dién va dién 4p nhu trén hinh vé. Cac
tham s6 co ban cdn tinh 1a : tré khdang vao Z,, tro khdng ra Z,, hé s6 khuéch dai dong
dién K;, hé s6 khuéch dai dién ép K, va hé s6 khuéch dai cong sudt Kp.
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Theo bi€u thic (1.12) va sd d6 4.1a, ta viét dugc phuong trinh (4.1)
_ _ U,
0 =hyly + hUz + —= (4.1b)
] . 1
)Y I_Z Iy
h— AN B )
1 T2 1 }
W mang | 1Sk } | mang {/
ne) y 4 CUC . t I”T Zn l”’ 4GUc
12 It |
—1 ]
I L I e
I ISR EA T 2
Zy o M hzﬂé | L T I |
B Yy h;, 2 i an UIHYn A 37y 02 2y
Un hizUz ) ? l : nT ‘ /i Uz |yl , [r
1 J Loy 1] 2.
aj b)
Hinh 4.1. So dé wong dudng bdn cyc cia tAng khuéeh dai tin hicu nho
a) va a’) mang bon cuc dung tham s6 hén hgp A va ngudn tin hicu 1a nguén ap ;
b) va b') mang bdn cyc dung tham s& hén hdp v va nguén tin hicu la nguén dong.
Rit U, tit (4.1a) réi thay vao (4.16), ta nhan dugc
Ul hth?_l
2T
Z
Ah . Z + h,
ha, Z, = 4.2b
Y VS T Zh + 1 (4:2)
U, 1,7, cho U, = 0, ta cd (4.3a) va (4.8b)
(4.3a)

Cing tu so d6 dd, biét U|

0 =nhyl,+ Z,], + h;,U,
(4.3b)

Tiu cac phuong trinh dd, suy ra
z, = 22 Tt (4.4a
r T T T ARt hyZ, 44a)
hoac
1 N hizhy,
Zr = hll + Zn
Trong d6 (4.16) thay ﬁz = —I—ZZl ta nhan dugc hé s6 khuéch dai dong dién K, :
K = f2 = ———hZI—— (4.5)
i T1+ hysZ, '

Hé s6 khuéch dai dién dp tinh dugc ti (4.la) néu thay I, rit ra tir bi€u thic (4.1b)
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K, = ——— (4.6a)

hoac K, = (4.6b)

Hé s6 khué&ch dai cong suét :

. U,l h3,Z
T 242 21441
K =—=—"=K, K= (4.7a)
PP pg, " (A+hpZ)h,tAr.2Z)
K*Z h3,z
hoac K,=—— = ‘ - (4.7b)

Zy, 1+ hpz)’Z,

Thay Z, bdi bi€u thdic (4.2b) vao (4.7b) r6i tinh dao ham theo Z, va cho K'p = 0 d€
tim cyc dai, ta thdy hé s6 khué&ch dai c6ng sudt dat duge gia tri t6i wu theo (4.8)

B2
21
Ky opt = (4.8)
(VAR + YAy  hy)?
_ 7 - _ hyy
khi | Z! opt T Ah‘hZZ (49)
hoac thay Z, bdi (4.2a) r6i dao ham theo Z_ ta co :
Zn = Zn opt = h22

Day la trudng hgp ddu vao va ddu ra cd phéi hop trd khéng, tic Z, = Z, va Z, = Z_.

Néu cac tham s6 h da cho trong cac tai liéu ky thuat, bing cdc cong thic trén day,
ta cd thé xdc dinh dugc cidc tham s6 co ban cia bd khuéch dai. Nhu da ndi, tham s6
h chi dung trong cdc b¢ khuéch dai tin hiéu nhé, tin s6 thdp, nén cdc s6 lidu cia ching

trong cdc tai liu ky thudt cing chi ung vdi ddi tin do.

' Cac bi€u thdc trén day duge tom tat trong bang 4.2. Bang 4.2 con cho biét céc
quan hé trén d6i voi tham s6 ddn nap y. Cdc quan hé dd tim dugec dua vao bidu thic
(1.13) va so d6 tuong duong trén hinh 4.1b va 4.1b’. Ciing ¢S thé suy ra cac bi€u thic
d6 ti cdc bi€u thdc d6i v6i tham sd hén hgp A va dua vao bi€u thdc (1.15)

Bdng 4.2
Tham s8 mang
4 cuyc Hén hop h Dén nap y

Tham s§

b6 khuéch dai

1 2 3
Tré khang vao hizh 1+ ypoZ
9 vie hoy = 2 (4.28) o (am)
2, = Ul 22 124 mn \yLt




Bdng 4.2 (tiép theo)

1 2 : 3
Trd khang ra
- = hy+2Z 1+ ynZ
Zr = U2// vUn =0 _ﬂ__._n__ 44 Y11fn
M + haaZy (442) y22 + AyZy (412)
In=0
H®& s8 khuBch dai ddng didn ha
°h dal dong il (45) oy ST
Ki = [2/l4 ; .
Hé s8 khuéch dai dién —ha1Z, Zy. —y21Z V4 ’
y h dai dign b e vet ,f; — =Ky (414)
Ku = Uz/U1 1 t v 224L% v
H§ s6 khubch dai cong suft Mz Bz
: 4.7b .
o Pk REXy 3 e A Sl I ey ATy Sl
p = Pv = Au-Aj

4.1.2. Phén tich theo so.dd tuong duong = (so d6 tuong duong vét ly)

Trong nhiéu trudng hgp dung so d6 tuong duong n d€ phan tich thi r4t thuan lgi.
O khu vuc t8n s6 cao ding so d6 tuong duong trén hinh 1.10 va 1.11. d6i v6i tranzistor
ludgng cuc va 1.23 d6i voi Fet. O khu vuc tdn s6 thép, ding so d6 tuong duong 1.12 cho
tranzistor lugng cuc va 1.22 cho Fet. Tinh todn céc tng khué&ch dai theo phuong phéap

ndy can cit. vao vao céc tham s6 cho trong so d6 tuong duong va theo cdc bidu thic da
bi&t vé dong, ap va cong suft.

4.1.3. Phén uY tich cyc va nguén tuong duong (xem bang 4.3)

D€ phan tich va tinh toan, ngudi ta bi€u dién cdc phén ti tich cuc bing céc so d6
¢6 chia ngudén tuong duong. C6 4 loai ngubn : ngudn bp didu khién bdi dién Gp hodc
boi dong dién va ngudn dong didu khién bdi dién 4p hodc bdi dong dién. Dung nguén
nao trong so dd tuong duong ciia phdn tit tich cuc la phu thudc vao tinh chét cia phan
1z dé, cu th€ la phu thudc vao quan hé giita tré khéng vao cua phan tit khuéch dai vdi
trd khang trong ctia ngudn tin hiéu va giita tro khéng ra cia phdn tit khuéch dqi véi
tré khéng tdi.

Trong pham vi tin sd thdp, Fet luon ludn cd trd khang vao l6n hon trd khang trong
cia ngudn tin hiéu va trd khang ra cia nd thudng lén hon trd khang tai. Do d6 cd thé
bi€u dién Fet bdi mot ngudn dong diéu khién bing dién 4p (xem bang 4.3 va so sanh
véi so d6 tuong duong 1.22). Tuong tu, tranzistor ludng cuc ¢é tré khang vao nho va
tré khdng ra 16n, nén nd tuong duong v8i mot ngudn dong di€u khi€n bing dong dién.
B¢ khuéch dai thuat todn cd trd khdng vao l6n va trd khang ra nhé, nén ndé duge bi€u
dién bdi mot ngudn ap diéu khién bing dién ap
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Bdng 4.3

, " Loai ngudn
Phén tf tich cyc Zy Zc So d4 tuong duong (ngudn ly tudng)
tuong duong
Fet I1dn 16n ngudn dong Go oD
diéu khién bing l Jes @‘ gm s
dién ap S o— S
Iy
Tranzistor nhd 16n ngudén dong B o= ¢
udng cyc didu khién Fhe! ! l pfg
bing dong dién E E
" B6 khuéch 16n nhé ngubn ap A KoUg
dai thuat diéu khién l Ud 2
to4n bing dién 4p t;-;-—-
2[

4.2, So dd emito chung

4.2.1. Ché& db tinh

Trong muc 3.2.1 d& ndi dén ch& do tinh cia mot tranzistor. O day, d€ van dung
ciac két qua dd, ta xac dinh di€m cong tic tinh va cdc linh kién cia mach cung cp cho
s0 d6 trén hinh'4.2a. ‘ '

Gia thiét bién d6 dién 4p ra yéu clu U, = 2V, dung tranzistor c6 By = 100,
"Ucgr = 0,5 (xem hinh 3.2). Ngoai ra khéng c6 yéu ciu gl khac.

Buéc 1 : tinh lugng bién d6i dién 4p ra trén colecto AU, = 2U, = 4V. Dién 4p t6i
thi€u trén colecto U p;, = Ug + Ucggr (xem hinh 3.2 va hinh 4.3). Chon Uy, = 2,5V, do
d6 U, > U, + AU, = 6,5V. D& du trii, chon U, = 8V.

Buéc 2 : chon dién 4p trén dién trd Ry d€ 8n dinh di€m lam viée, chon U = 2V
(16n) .

Buéc 3 : chon I, vi khong c6 yéu cliu gi dac biét vé dai tén, trd khang vao, ..,
nén c6 thé chon I, tuong d6i tuy y. Thudng chon I- trong pham vi mA. Ta chon I, =
1 mA.

U;

E
Ugllg = K = 2 kQ

Bude 4 : tinh Rg

Bube 5 : chon I, = 10Iz = 10 Ig/By = 100 A
Bube 6 : tinh (R, + Ry = UL, = 80 kQ

Budc 7 : tinh R; = UB/I‘; = (Ug + Ugg )/Ip = (2 + 0,7)/10'4 = 27 kQ (ding dién
trd chuéin) '
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E
c k
e PT
]
é?fn Re ’fe@i Teo | Uy <]Rc
UE l(HKL')I_B (1+KiJRg
c) d)

Hinh 4.2. Ting khuéch dai emito chung .
a) s0 dd ; b) va ¢) so d6é tuong duong tin hiéu nho cia a) cho trudng hop Cr = o va Cg = 0 ;
d) sd d6 tyong dudng cia c) khi ree >> (RE + Rc).
Buéc 8 : tinh R, = (R} + R;) - R, = 80 - 27 = 53 kQ. Chon dién trd chuéin
R, = 56 kQ.
Budc 9 : chon dién ap tinh trén colecto. Vi khéng cé yéu cdu gl dac biét, nén khéng
cho trugc Rc. Chon Ug, sao cho né ndm gilta dai dong, nghia la :

1 1
Ugo = Uee = 3lUcc = Ug = Ucrl = 8 - 5(8 - 2 - 0,5) = 5.25V.

Bude 10 : tinh R, = (U, - U ) = (8 - 5,25)/10°
chuin R = 2,7 kQ.

2,75 kQ, chon dién tré

Cong sudt tn hao trong tranzistor : Occ

Py = IcUcg = IcWg, - Ug) = 107
(5,25 - 2) = 5,25 mW phai nhé hon céng
sudt t6n hao cho phép cta tranzistor &
nhiét dd vAn hanh. '

Chii y : ndu cén &n dinh truéc R UetUcer
d& dam bao tdn s§ gidi han trén f_ thi
cho trudc R = (1 + 2) kQ va khi tinh
toan nén &n dinh R vao budc 3 sau d6 Hinh 4.3. Minh hoa dang dién 4p ra trén colecto cia so dé
mdéi xac dinh Ic. hinh 4.2a (CE hd).

Ue,

0

.

4.2.2. So d6 emito chung don gian (khdng c6 hdi ti€ép &m xoay chiéu)

So d6 emito chung don gidn dugc biéu dién trén hinh 4.2 a, trong d¢ dién dung
cha tu cé tri s6 di 16n, sao cho ha 4p trén emito chi 14 ha ap mét chiéu va mach chi
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cd héi tiép Am dong dién mot chiéu d€ 6n dinh di€m lam viéc tinh. So d6 tuong duong
duge bi€u dién trén hinh 4.2b. Tit so d6 tuong duong.ta tinh cac tham s6 co ban cua
mach.

+ He s6 khuéch dai dién 4p toan phén :

e _ Ur_K Ul_ICRC The
e Un - u.Un-_IB'.lu.e"'be-"R11
ﬂ (RC-// r cc) The ﬂ (Rc// r cc)
= . = - (4.16a)
~ Tbe Toe + Ry R,
Toe(l +-—)
be
hoy
Biét S = = ﬁ, thay vao ta cd :
hite  Toe
S(RC//rcc)
Kyp = ———p— (4.16b)
1+
Tpe
Trudng hgp R, << r,, va R << r, thi Kyp dat gia tri cuc dai :
Kup = K, = -SR¢ 4.17
Déng thdi theo (1.23) va (1.24) ta c6 :
ree = Prqg = pUy/Ig) = BU/I),
do dd bigu thuc (4.17) c¢d thé viét lai nhu sau :
IcRc
Kyp = U (4.18)

Vay hé s6 khuéch dai dién ap cuc dai chi phu thu6éc ha 4p mét chiéu trén dién trd
colecto. Tuy nhién khéng nén chon I-R: qué lén lam cho tranzistor chuyén sang lam
viéc ¢ khu viuc bdo hoa va gay méo lon. Thudng chon tich IR lén hon mét nia dién
p cung clp mot chidu U,.. Khi dién tré trong R, ctia ngudn tin hiéu 16n, phai tang r,,
bing cich chon tranzistor ¢6 hé s6 khué&ch dai B 16n va chon di€m lam viéc tinh sao
cho dong tinh I nhé. :

+ Hé s6 khuéch dai dong dién

K = Tc _PTaCalR) R y (4.19)
I, RJyg o/ Tee
+ Dién tré vao :
| Zy = 2Zyp = Ry + 1y (4.20)
+ Dién trd ra :
Z, = Zep = 1y IIRG “.21)

+ Méo phi tuyén : .
. Thong thudng cd th€ coi quan hé giita dong vao i, va dong ra i la tuyén tinh. Vi
vdy nguyén nhan giy méo chid y&u la do quan hé phi tuyén clia dac tuyé&én vao
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Iy = f(Ugg).
Vi dang xét bo khu&ch dai trong Ig
pham vi tdn s8 thdp (tin hiéu bién thién

cham), néu ddc tuyén vao tinh cingecé | = 0A T T T 7, <
thé ding dé bidu dién quan hé cua |

dong tin hiéu i, va dién ﬁp tin hiéu | —:—- T t
up. (hinh 4.4). Gia thiét dién 4p vao , —l—'—r ——————— T
in : f—r - |
hinh sin : ) i) ' 'Uafo| Use
Upe = UBEO + UBESinwt : | |
Biét phuong trinh cta dac tuyén f >l
'vao : : |
|
UBEg, 7
iy = Lexp— (4.22) N L4 T
T |
t
"Thay u,, vao bi€u thic (4.22), s& Hinh 4.4. Dic tuyén vio.
nhén duge :
[
, Ugko Ugg |
iy = Ioexp—l—]—.exp(—l—j—snnwt) (4.23)
T T
UBko
Dat I I exp—ﬁ———

Gia thiét chl luu ¥ dén méo phi tuyén do hai bac 2 gay ra. Ap dung khai trién
Taylor cho ham ¢*, 14y dén s6 hang bac 2, ta cd :

A A
Uge Ugg
I, = Iy, [1 + ——sinwt + 5 (1 - cos2wt)] . (4.249)
Ur U3
trong dé dat
A
Ugg i .
up = Tsmwt Ulsmwt la thanh phan co ban,
T
UBE
u, = 2(-]——cos2wt = UZOOSZa)t la thanh phdn hai bac 2.
T

D€ tinh méo phi tuyén dﬁhg bi€u thdc (1.57). Vi hai bac 2 16n hon tdt ci cdc hai
khéc, nén cd thé tinh gin ding nhu sau :

Py
Uz Uge '
k= —ﬁI 100% = 4UT 100%. (4.25)

Vay hé s6 méo phi tuyén k phu thudc vao bién d¢ dién ap vao l/J\BE. Muén k& < 1%
thi Ugg < 0,04 Up =~ 1,0 mV. Nhu vay ngay ca khi bién d6 dién 4p vao bé, vin c6
méo phi tuyén lon. D€ gidm méo, dung so d6 cd hdi tiép am xoay chidu (xem muc 4.2.3
va 4.2.4) hoac dung mach khuéch dai vi sai.
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Chd y ring & tdn s6 cao, bi€u thic (4.18) va (4.19) ¥hong cdn ding nita, vi & pham
vi tdn s6 cao, phai k€ dén anh hudng cha dién dung ra C,, cua tranzistor. Dién dung
nay lam gidm tin s6 gidi han trén cia mach.

Lic nay dé€ tinh toan hé s6 khu&ch dai dién 4p va dong dién cén luu y dén anh

hudng cia C, va trong bi€u thic (4.16a) va (4.19) thay R, bdi R//1/jwC,..) ; C.. cung
v8i Rc tao nén mot mét loc thong thdp cd tdn s gidi han:
1
foe = m‘; (4.26)

Ngoai ra trong bi€u thiuc (4.16a) va (4.19) cd tham s6 S phu thudc tdn s§ (xem
hinh 1.15). Do d6 dang déc tuyén tén s6 cia K, va K; & pham vi tln s6 cao cdn phu
thuoc vao dang cua 8. Lic nay tédn s6 gidi han trén f, cla sd d6 dugc xdc dinh theo (4.27):

1
—_y 1 + 1 4.27)
Ve |
trong dd fz la tin s6 gidi han cia hé s6 khuéch dei dong dién B khi mdc emito
chung va dudc xéc dinh theo (1.38) ; fge dugc xdc dinh theo (4.26).
D€ dac trung cho d6 khuéch dai & tdn s6 cao ngudi ta dung tich K B, trong dé B

la d6 rong rai t4n cia bd khuéch dai. V6i bo khuéch dai dai rong, c6 thé coi B = f,
do d6 theo (4.16a) ta cd

R/
PR 5e ) SR,
K, B = f = rrmare . (4.28)

Vif, ty 16 véi 1/C., va 1/Cy. nén tit (4.28) suy ra K B ty 18 vdi S/C. Do d6 d€ ho
khuéch dai cd hé s6 khuéch dai 16n va dai tdn rfng phai chon phﬁn ti tich cuc cd hé
dén S lén va dién dung tap tin C nhé.

4.2.3. So d6 emito chung cé héi tiép &m doéng dién

Trong so d6 4.2a néu hd mach Cg thi cd héi ti€p am dong dién xoay chiéu qua Ry.
So d6 tuong duong trong truong hop ndy duge bifu dién trén hinh 4.2c. D€ tinh toan
cdc tham s6 co ban, bién d6i so d6 dé thanh so d6 4.2d. Trong d6 d€ x4c dinh dién trd
.oy 4p dung phuong phdp bién déi mang bén cyc thanh mang hai cuc cho mach ra trén
hinh 4.2¢. Dung cong thic : :

ey = — - (4.29)

Vi gia thiét r,. >> R, nén I = SI; va K; = f, do d¢

- _ 'Un
I =f8lp = f—m—1— 4.30a
Cng ﬂ B ﬂRn + r;e ( )
Uy = IgRg - Pl pree 5
_ _ U,
Uy = Prodg = - Prooe———— (4.300)
b € ceRn + The + RE
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Thay (4.30a) va (4.306) vAo (4.290) tinh dugc

[Rn + . + 1+ Ki)RE]
oo = TR A Ry g
PR )
R+ Rg +ry,

hay Foo = Tee (14 (4.295)
Ta nhan thdy so d6 tuong duong 4.2d cd dang giéng 4.2b. Vi vay cd thé sit dung

cdc bidu thdc (4.16) ; (4.19), (4.20) va (4.21) cho so dé 4.2d, trong d6 thay ry. béi r,.";
' re bdi r, va luu ¥ trong trudng hgp ndy S = y,. = Biry

Néu gia thiét r,, >> (Rg + R), tinh duge
+ Hé s8 khuéch dai. dién dp toan phén

X -p (Rc// r co)

_ _ﬂ(RC//rco)
utp Rn + Tbe + (1 +ﬂ)RE B

4.31)
R+ Ryl + =
(Ry + rpe + Re)( R ¥ rot Ry
Vay h6i tiép &m ndi ti€p qua Rg lam gidam hé s6 khuéch dai g 14n, voi

PRg

=14+ —
£ 1 R, +r,.+ Rg

Do héi tié€p Am, nén hé s6 khuéch dai dién 4p gidm nhiéu. Trudng hgp mach cé héi

tiép Am 16n, nghia la (1 + B) Rg >> r + Ry, va B >> 1, ta cd

R.//r, R
= TR TR

(4.32)
" + Heé s6 khué&ch dai dong dién

__ B
Ki=1% (R/Teo) (4.33)
So v6i so d6 emito chung khong cé héi ti&€p, hé .sﬁ khuéch dai dong dién K; hau
nhu khéng déi.

+ Trd khédng vao :

Zv=Rn+rbe+(1+ﬁ)RE
+ Trd khdng ra :

(4.34)
Z, =

r Feo 22 Tee

(4.25a)
+ Trd khdng ra trén emito : trudng hop 14y dién dp ra trén emito, trd khiang ra
dugc tinh nhu sau (xem hinh 4.2¢) :

U Eh Rn + Tpe
ZrE =

= | (4.35b)
I Eng 1+ ﬂ

Trong mach dién trén, néu chon Rg = Rg thi c6 th€ 14y ra hai dién dp cd bién do

bing nhau va ngugc pha, i I = Ip. Mach dién nhu vay thudng dung dé kich thich

cho tang diy kéo (xem 6.4).
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4.2.3. So d6 emito chung c6 hdi tiép 4m dién ap

Trong ti6t 3.2.4 di xét mach h6i ti6p Am song song dién dp (hinh 3.8). Mach dién
dd cing cd héi ti€p Am xoay chiéu. Trong truong hop nay héi tiép &m lam gidm hé s
khuéch dai dong dién, giam dién trd vao va dién trd ra (xem 2.4.2 va 2.4.3). Ta dung
so d6 trén hinh 4.5 d€ tinh cic tham s6 cia mach. Ap dung dinh ly Miller d€ chuyén
so d6 4.5b thanh so dé 4.5¢, ta cd :

R’ = R/(1 - K, ; R” = Ry(l - 1k) ~ Ry,

U

r

vai K, =

Uge

—

c)

Hinh 4.5. So d6 emito chung cé héi ti€p am song song dién 4p :
a) sd 46 ; b) sd d6 tuong dudng 1dn s6 thdp ; c) s d6 tuong duong cia b).
Can cd vao so d6 tuong duong trén hinh 4.5¢, tinh duge :
+ Heé s6 khuéch dai dién dp :
U, —BIg(R”//ro//Rc)  —B(Rc//Rg//ree)

K, = — = _ (4.36)
UBE IBrbe rbe

+ Hé s8 khuéch dai dong dién :

T B®/re//Re) BR/Re//re) 1 ws
T Rc - Rc =F Re//ree .
1+ RC/rce)(l + )
Rg
+ Trd khdng vao :
Ry
u
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Thudng ry, >>

+ Trd khéng ra :

Uge - Zpe
Kutp = K, = =K,
U, Ry + Zy,
RF )
——, do dd co thé viét lai
1-K,
Rg
S
T/ TR, Rp

Ky, = K =K

"R +R/(1-K,) “Rp-K,R,

(4.38b)

(4.39)

(4.40)

4.41)

Két qua tinh cho thdy trong mach emito chung hdi tiép am dién 4p, héi ti€p lam

giam hé s8 khu&ch dai dong dién, tré khdng vao va trd khdang ra. Hé s6 khuéch dai dién
4p hdu nhu khong thay déi.

4.3. So dd Source chung

Céc so d6 dung Fet cing cé tinh chdt gi6ng nhu cdc so d6 dung tranzistor ludng

cuc. Tuy nhién cdc so d6 dung Fet cé he s6 khuéch dai nhd hon, vi hd din cua Fet nho

hon cua tranzistor ludng cuc. Fet kénh n thuong diing trong pham vi tdn sé rdt cao, vi

d6 linh dong hat ddn clua Fet kénh n 16n hon cia Fet kénh p.
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l Ido Or Rp

¢)

Hinh 4.6. So d6 source chung c6 héi ti€p Am dong dién .
a) sd dé ; b) so d4 tuong dudng.

h)



So d6 source chung cd héi tiép am dong dién dugc bi€u dién trén hinh 4.6. D€
chuyén so d6 4.6b thanh 4.6¢c tinh ry, theo biu thic (4.492)

! Urh , o
rdo = = . (4'42)
Img '
Tit hinh 4.6¢ suy ra
Uy, = -SU,, ryg = -SU 1, (4.422)
SU, (ry//Ry) Sr, - — — —
gs\'ds s ds <77 -
Iy = R, = R o U, 5 trong d6 Uy = Uy, = SU 4 (Rg/irgs).

_ Srds U
Thay Uy vA0 ta 6 iy = o VT F S(rg 7Ry |

go rry

= 5T, , (4.42b)

_ Sr, ds _ S
T (R, +rg)ll +S(ry/R)1 1+ SR,

trong dé s* (4.42¢)

véi gid thiet R, << rgs
Thay (4.42a)va (4.42b)vao (4.42) tinh dugc :
rio = (rgs + R) [1 + SRYIrg)l. (4.42d)
Tinh hé s6 khuéch dai dong dién K; :

Iy
K = — (4.43)
Ig :
v6i gia thiét r,e >> R, tinh dugc :
_ R, + Rp)//ry _ ry
s + RD Rs + D + Tds
I g = T
Tes

Thay vao (4.43) s& nhan dugc hé 86 khué&ch dai dong dién :

Tys
K; = Sry ————-—————Rs TRy Fry, >> 1 (4.44)
Tu (4.44) suy ra
S¥psrys .
o = fgg + (1+ K) Ry = rg(l+ g O Ry (4.45)

Sau khi da tinh dugc ry, va ry,, xdc dinh hé s6 khuéch dai dién 4p theo so d6 4.6c.

Gia thi€t R, << ry :

¢

Kyp = U ﬁr = -§" (rgo/IRp) (4.46)

n go

u, U

- Thay S* trong (4.42c)vao (4.46) va gia thiét R, << r

gs > Tds >> Ry, ta cd
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K~ —S(Bp//T40) 447)
wp = 7+ SR, 4.47

Theo bi€u thic (1.46) va (1.52) xac dinh dugc :
2
ol _—

S=8p= aUGslUDS=const= |UP| Inloss

Thay S vao (4.47) sé nhan dugc

~2Iplngs  (Rp//rgo)

=  (446)
Up+2‘lII)IDss Rg

Véi mach khéng cd héi tiép am (R; = 0) va gia thiét R << ry, (thuong gap trong
thuc t&) thi hé s8 khuéch dai dién ap duge xac dinh theo bi€u thic (4.49)

utp

=2IpR; | Ipgs

U, Ip

Kulp =~ S(RD i rds) =

(4.49)

Theo (4.49), muén c6 hé s6 khuéch dai 16n phai tiang ha 4p mét chiéu IRy, gidm
| Up| va tang ty s6 Ijgg/lp (dong tinh Iy phai nhd).
Dé€ tinh méo phi tuy&n, dat vao cuc clta mot dién 4p hinh sin sao cho
ugs = UGSO + 6Sin(l)t ‘
Thay vao (1.46) va khai tri€n chudi ta nhan duge :

- Thanh phén co ban :
uy = 26' UGSO -U

-~
p Isin wt = Ujsinwt
-~ Thanh phan bac 2 :

-~
U? A
u; = cmos,Zwt = U, cos2wt.

Méo phi tuyén :
“ -
U,
S Uy 4| Ugg, - Uyl

100% (4.50)

Cing giong nhu trong bo khuéch dai emito chung, méo phi tuyén phu thudc bién
do tin hiéu vao. Gia thiét U, = -4V ; UGS«o = 2V va yéu cdu méo phi tuyén k = 1% ;
tit (4.50) tinh dugc bién do dién 4p vao U = 80mV. Vay véi cing mot lugng méo phi
tuyén cho phép nhu nhau (1%) thi Fet cho phép dién 4p vao lén hon tranzistor ludng
cdc (xem biéu thdc 4.25). Vi vy Fet hay duge dung trohg cdc tAng vao cua cdc thiét bi
" vb tuyén dién (may thu UKV, truyén hinh, ...)

Ciing giéng nhu trong mach emito chung, néu chon R = Rg thi c6 thé ldy ra trén
cuc idng va cuc ngudn hai dién ap cd bién dé bing nhau va ngugc pha dé kich thich
cho tai d6i xing.
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4.4. So dd \ap emito  ( </lc

So d6 lap emito (hinh 4.7) c6 hé s6 khuéch dai dién ap K, = 1. NG thudng dugc
dung lam mach bién d6i trd khang d€ phdi hop v6i ngu'dn tin hiéu va tai, vi so d6 nay
c6 trd khdng vao 16n (khoing 0,1 dén vai MQ) va trd khdng ra nhé (nhé hon 100Q).
Ngoai ra so d6 lap emito con hay dugc dung trong céc tdng ra, vi né cé dai dong 16n
va méo phi tuyén nho.

So d6 lap emito thuc chdt la so d6 emito chung cé héi ti€p Am dong dién toan
phan. H6i tiép am lam cho |U,, | <|U,, |, do d6 lam tang ddi dong cia mach. Diém
khac nhau co ban cta so dé lap emito so v6i s d6 emito chung 1a di¢n dp vao khéng
dat truc tiép giia emito va bazo ma ddt vilia bazo va dit

Dodé U, = U,~- U, (R, = 0). Dong colecto s& tu diéu chinh sao cho

=~ U, . Nhu vay du dién &p vao 16n (vai von), dién 4ap diéu khlén |U be | clng

chi vai mlllvon ma théi. , _

4.4.1. Ché do tinh va dai dong

Diém lam viéc cia so d6 dugc chon theo bién d6 va
cuc tinh cia tin hiéu vao. Né&u tin hiéu vao cé mét cuc tinh
thi chi cdn mét ngubn dién 4p cung cdp va dong tinh
I~ kha nhé (< 100 xA). Néu tin hiéu vao l16n va hai cuc
tinh thi di€m lam viéc tinh phai chon sao cho U, ndm
gitta dai dong (hinh 4.8), ldc nay cé thé phai dung b nguén
cung cdp d6i xding (hinh 4.7a).

V6i so d6 1ip emito ghép xoay chiéu trén hinh 4.7b,
ta thdy khi chua cd tin hiéu vao, ha ap mét chiéu trén Ry
la Ug, = IzRp. Vi khong c6 ha 4p mét chiéu trén R, nén
C dugc nap dén gid tri Ug, C phai chon du I6n sao cho
ha 4p trén nd khong d8i k€ ca khi c6 tin hiéu vao, nghia
la 1/wC << R,. Gidi han trén cua dai dong cia so d6 nay b)

gibng nhu cha so d6 4.7a, con giéi han dudi dng véi lic

tranzistor ngit. Lic nay dong qua Ry la dong phdng + Ucc
caa tu C : Iy = Ug/(Rg + R)), do d6 ha &p trén emito F_j
Uri = Up Rp/(REg + R). Tt d6 suy ra gi6i han duéi cta ;i G

dai dong : o—iF i—'

Ry R
U _U,=- '

min = Ueop T = -Tg(R, /| Rp).

YR, TR, { z
) 1

Do dién ap nap trén tu C, nén dién 4p ra cd thé€ ldy

céc gia tri am, du cho mach chi ding mét nguén cung cdp
duang. Iy chon theo yéu cu d6i vdi mdc am cla dai dong.
Né&u yéu cdu dai déng d6i xdng, thi tham s6 cia mach phai
thoa man diéu kién (4.51):

)

Hinh 4.7. Mach 13p emito .

a) ghép dién ap mot chidu ;

b) ghép dién ap xoay chidu ;
c) ¢6 hi¢e Ung Bootstrap.
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IRg /| R) = U~ IRy . @.51)
Gia thiét R =R, do d6 Up, = IzRg = 2/3U,, va bién do dién ap ra U = U,

Ue
*—Gld/—ha—n* f_/;en_c il OEI i‘oriq -—Uti _f/ EF _ _ _ Tronsistor thdng hoan tobn
s -/\ /\ ,
0 _ _ ¢ ’
- S T T S T T T T ST T Tronsistor ngdt
Gidi han dvdi cua ddi dng : - Ug rTE

Hinh 4.3. Dai dong cia mach l3p emito hinh 4.7a.

4.4.2. Tinh toan tham s6 cua so do.

D€ phan tich dac tinh cia so d6 trong pham vi t4n s8 thdp, ta dung so d6 tuong
duong hinh 4.9. Trong dd, so d6 4.9a 1a sc d6 tuong duong cia 4.7a. D€ tinh toan dugc
don gian, ta chuyén so d6 4.9a thanh 4.9b.

b)
I s
Rn Cbe
Un U (1#B)(Re H Rl Tee)
)

Hinh 4.9 a) va b) s¢ d6 tudng dudng cia mach l3p emito ;
c) sd d6 tuong duong mach vao. -

Can cit vao so d6 trén hinh 4.9c ta viét dugc
Z, =r.t+ L+ R /| R /| re) = Blry + Rp) (4.52)
R’ = Rg /| Ry /] re.
Vay dién trd gita emito va dit R’z khi chuyén sang mach vao thi ting lén (1 + §)
18n va tang khi 8 tang.
Néu méc thém bd phén dp R;, R, d€ dinh thién cho bazo nhu trén hinh 4.7b thi
trd khang vao cia mach giadm.

Can cd vao so d8 tuong duong 4.9c tinh hé s§ khuéch dai dién ap :
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U
Kyp = :lf_: =:_E1,Tr: ~ 1 (4.53)
(1+p)R’g
Dién 4p ra khi hé mach tai :
_ _ T
Up = Kutp U, Rb=>co = 1 R+ ro (4.54)

T U+ B)re//Rr)

Dong dién ra khi ngdn mach tai :

_ Ul’l — Ul’l
Img = m + ﬂlb = (1+ ﬁ)m . (4.55)
Vay trd khéng ra :
U, @R, +rpe
Z, = "= ;+ﬁ‘° /| Rg Il Tee (4.56)
T

Mach cé hé s6 khuéch dai dong dién S cang 16n va R, cang nhé thi dién trd ra
cang nho.

Dé tinh hé s6 khué&ch dai dong dién K, viét phuong trinh dong dién nut d6i véi
niat E cua so d8 4.9 a, ta co :

7b+-I—E+ﬂTb—T]—l/rCC=O N
trong d6 U, = IR, va ~I,=1,+ (U/Rg) =I (1 + R/Rg)
T d6 suy ra

1+8

K=+ =T¥R/R, + Ryr.,

~1+ 8 4.57)

;Il i

voi gia thiét (Rg // r..) >> R,

Trong so d6 hinh 4.7b trd khdang vao dugc xdc dinh theo biéu thic (4.58) :

Z, =R,/ R, Il Z, (4.58)
trong dé Z, xdc dinh theo bi€u thdc (4.52) '

Dé€ dn dinh dién ap cung cép cho bazo, thuong chon dong qua Ry, R, : I, >> I,
(xem bi€u thdc 3.5 va 3.6), do dd cac dién trd R,, R, khéng duoc chon qud lén, diéu
dé lam gidm trd khang vao Z’, cia mach. D€ khic phuc tinh trang nay, ngudi ta dinh
thien cho mach theo nguyén téc Bootstrap nhu trong so dB 4.9c. Trong so d6 dé, dién
ap ?J—v = El duge ghép vé ddu vao théng qua tu Cy cd tri s6 rdt 16n. Do d6 ha 4p trén
R, khong con la U, nita, ma la l_]_v - Er = Ev(l - K,). Nhu vgy dong tin hi¢u qua R,
cing gidm (1 - K) l4n so v6i trudng hop R, néi dit vé& xoay chiéu. Diéu nay tuong
duong nhu dién trd R, tang lén 1/(1 - K) ld4n. N&u dién ap U,,, = 0 thi dong qua R,

bing khong, tuong duong vdi R, = « nghia 1a R, khéng anh hudng dén trd khang vao
cia mach. Trong mach dién nay, dién trd vao gitta cac di€ém 1, 0 la
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Z,"|10=1—Ku

voi K, < 1.
Bang cach dd cé thé€ tang trd

R

v

//Z,

\Y

khédng vao cta mach lén téi vai MQ.

4.5. So dd lap source (so db drain chung)

So d6 lap Soure gi6ng so d6 lap
emito, nhung trd khang vao clia ng
16n hon (co 107 dén 10'?Q). So d6
lap Source dugc bi€u dién trén hinh
4.10a va 4.10b.

So d6 4.10b la so d6 dinh thién
theo nguyén téc Bootstrap. N6 cho
phép gidm anh hudng cia cdc dién
trd R), R, dén trd khdng vao. Tu
C, lam nhiém vu ghép dién 4p ra

tré vé ddu vao, do dd ha 4ap trén

R, la
U,-U,=Uy1 -K",

trong do

Hinh 4.10. Mach 13p source . 3) mach thong dung ; b) mach ¢6 ud
khang vao 16n.

Do d6 dong qua R, gidm va trdé khang vao tang 1/(1-K,") l4n.
Cac biéu thidc vé hé s6 khuéch dai dién ap, trd khiang vao va trd khdng ra cd thé

suy ra tU cac bi€u thdc tuong ding

cua so d6 lap emito trong muc 4.4.

Ta cd hé s6 khuéch dai dién ap toan phén

K,

utp —

1
R, + Tgs
o
(1 +B)R

= = 1 (4.59)

1

Thong thudng R, << r,o va f >> 1, do d6 (4.59) c6 th€ viét lai don gian hon :

1
Kyp = Ku—-——l L (4.60)
SR,
Tré khang vao ctia mach :
Z, =rgt (1+ BR = restl + SR (4.61)
Tré khdng ra cua mach : '
rgs 1
Zr = m // RS = § // RS (4.62)

Theo (4.62), vi Fet ¢6 dd déc
hon cia mach lap emito.
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4.6. So do bazo chung

Ciing gidng so d6 emito chung,
trong so d6 bazo chung dé€ c6 ché
d6 tinh mong muén, cd thé dua vao
emito dong moét chiéu thich hgp nho

nguén dong hoac dung hoi tiép am .

dién ap mot chiéu (hinh 4.11b) hoac
mic néi ti€p va4i emito moét dién trd
dé tao hoi ti€p Am dong dién mot
chiéu (hinh 4 .11a va 4.11c¢).

Giéng nhu trong so d6 emito
chung, dién 4p tin hiéu vao ciing
dugc dat gitta bazo va emito, nhung
véi cuc tinh am. Dién 4p ra ldy trén
colecto. Do dd tu (4.16) ; (4.17) va
(4.18) ¢ th€ suy ra bi€u thic tinh
hé s6 khuéch dai dién 4p cho so dé
bazo chung nhu sau :

_ Hinh 4.11. Mach bazo chung ..

a)so d6 1thong dung ; b) so d6 dung héi ti€p am dién ap
mot chiéu dé dn dinh diém lam viéc ; c) so d6 ding héi
ti€p 4m dong dién mot chiéu dé dn dinh diém lam viec.

S(RC//rCC)
Kulp = —Rn~— - (4.63)
1+ — C ‘J—C
Tbe - = ~—
Ur
Khi R, << r,, vAa R, << r,, ta cd
Kyp = Ky, = SRc = IcRc/Ur (4.64)
Hé s6 khuéch dai dong dién
K. —_— == ] (4.65)
! Al 1+ .

Tré khang vao cua so d6 bazo chung nhdé hon nhiéu so véi tréd khdng vao cia so
d6 emito chung, vi dong vao cdon phai ké dén ca dong colecto

- Ig I
Tré khang ra cia so d§ bazo cing dugc x4c dinh gi6ng nhu cia so d6 emito chung
Z, = R llree | (4.67)

11 rve PR e Ur
R rce>

O pham vi tin s6 cao, ddc tinh tdn s6 cla so dd bazo chung gibng ciia so dd emito
chung, vi hé s6 khuéch dai dién 4p cla ching gi6ng nhau. Di€ém khdc biét giita hai so
dé 1a dién dung vao cia ching. Véi so d8 emito chung, dién dung vao cia nd 1a téng
dién dung C,. va dién dung ghép giita mach ra va mach vao (C,) phan anh vé mach
vao C’y, C’y duge xdc dinh theo dinh ly Miller (xem muc 4.2.3) theo bi€u thic (4.68).

C'y = K,Cg (4.68)
NG co tri s6 khoang tu 10 dén 100 pF.
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Véi so d6 bazo chung, dién dung vao chi 1a dién dung bazo - emito, cd tri s6 khoang
vai pF. Dién dung nay cung véi dién tré trong cia ngubn tin hiéu tao thanh mét khau
loc théng thdp vdi td4n s6 gidi han trén 16n hon tdn s6 gi6i han trén clia so d6 emito
chung kha nhiéu. Do dé so db bazo thudng duoc dung cho truang hop lam viéc véi tan
86 cao.

4.7. Tdng quan vé ba loai so dd co ban dung tranzistor ludng cuc va
tranzistor truong
Sau khi da nghién ciu 3 loai so d6 co ban dung tranzistor ludng cyc va tranzistor

truong, d€ co th€ danh gid mét cdch khéi quét céc so d6 dd, ta din ra bang 4.4 d€ tém
tdt mot cdch dinh tinh cac tinh chét cia ching.

Bdng 4.4.
Sd dd
Emito Colecto Bazo Source Drain Gate
chun chun chun, chun, chung chun,
Tham s8 & & ¢ ¢ & ¢
K, L B L TB B ™"
K L L B RL RL B
Z, TB L B RL RL B
Z. TB=L B L TB=L B L
" 4 O O .4 (o) O

L:16n; B :bé; TB : trung binh ; RL : rét 16n
¢ : gbc léch pha gida dién 4p ra va dién 4p véo

Cac tinh chét dd cd th€ tom tit nhu sau :

+ Vi h8 dén g, cha Fet nho, nén hé s6 khué&ch dai dién 4p cua nd nhé va cing vi
vy ma trd khdng ra cia mach lap source 16n hon cia mach lap emito.

+ Cé4c mach khué&ch dai dung Fet ¢ uu di€m co ban la trd khang vao 16n (tri
mach Gate chung). _

+ Mach emito chung cho hé s6 khu&ch dai cong suft 16n nhét (vi K;, K, déu 16n),
vi vy né hay duge dung hon ci. Tré khang vao v& trd khdng ra cha mach cd gia tri
trung binh, vi vAy mach emito chung tién 1gi d6i v6i viec ghép v6i tai va ngubn tin hiéu.
Dién trd tai yéu clu cia né khoang vai KQ. Trong khi dd, véi cdc tdng khuéch dai dung
Fet, mubn ¢ hé s6 khué&ch dai dién 4p 16n, phdi ¢6 dién trd tai 16n hon nhiéu lam cho
tdn s6 gi6i han trén cta bo khué&ch dai gidm (xem bi€u thic 1.56).

+ Mach lap emito va mach lap source thudng dugc dung d€ phéi hgp tré khang véi
tdi nhé va ngubn tin hiéu cd trd khang trong 16n.

+ Mach bazo chung va emito chung cé héi tiép Am dong dién qua dién tré Rp
thudng duge dung lam nguén ddng, cdon mach lap emito dugc dung lam nguén 4p. "

Trong pham vi tén s6 cao, ta luu y dén cdc dic di€m sau diy cua cic so d6 da xét :

+ Céac mach dugc diéu khi€n bing dién 4p (R, nhé) cd tin s6 gi6i han trén cao
hon mach diéu khién bang dong dién.
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+ Mach emito chung va source chung cd tdn s6 gigi han trén khé thdp, do anh
hudng cia dién dung Millev. D€ ting tdn s6 giéi han cla cdc mach nay lén bing tén
s6 gi6i han ctia mach bazo chung (Gate chung) phai hy sinh hé 868 khué&ch dai cta nd.

+ O tén cao, mach bazo chung cé nhiéu uwu di€ém so v4i mach emito chung va
colecto chung.

4.8. So do Daruinqton

Trong nhiéu trudng hgp, dac biét trong mach Ilgp emito, hé s6 khuéch dai dong dién
khong di lon hodc khi yéu clu tang tré khdng vao ciia mach, c6 thé t6 hgp mét s6
tranzistor thanh so d6 Darlington d€ théa man cdc yéu cfiu dé. Cé nhidu cdch méc hai
hosc mot s6 tranzistor thanh so d6 Darlington. Trén hinh 4.12 1a mot s6 cdch méc co
béan.

4.8.1. Ché dd tinh
Tim quan hé gita dong dién ra I_ va dong dién vao Iy = Ig; theo so d6 4.18a. Gia

thiét R’ = o, ta cd :
Ic; = Bnylpy + Iceor V@ Iz = Bnolgr + Iceo (4.69)

Ic = Iy + Ic; = Badpy t Icgor + Baofer + IcEo2

a) b) c) d)
Hinh 4.12. Mach Darlington .
a) mach chun ; b) va ¢) mach Darlinton - bii; d) gi6ng mach a)
T biéu thdc (1.9) va (1.14) rit ra duge quan hé :

(Ig1 * IcBor)
I = —7aN

Thay (4.70) vao (4.69) nhan dugc

= (g + Icpop (1 + Byy) (4.70)

(Ig1 + Icpor)
Ic = Bndgy *+ Icpot + Iceoz ¥ By —7 -
N1

Ic = BniBroUsy + Icsod *+ Icez + Ickor “.7D
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Tiu bi€u thic (4.71) va so d6 4.12 a suy ra :

- So d6 Darlington cé dong dién du 16n hon so d6 diang mot tranzistor, vi dong dién
du cia T, duge T, khué&ch dai. N&u méc ba tranzistor thanh so d6 Darlington thi dong
du lai duge Ty ti€p tuc khuéch dai lén. Vi th& trong thuc t€ rdt it khi dung so dé co
ba tranzistor trd lén.

- V1 cdc diot bazo — emito ctia hai tranzistor néi ti€p, nén dién dp mot chiéu bazo
— emito cia so d6 Darlington cing nhu muc trdi cia dién 4p nay 16n gép doi so vdi
trudng hgp dung mot tranzistor.

- D€ c6 h8 din 16n, thudng chon Iy, > In,. Diu nay dat duge bing cich dua vao
emito 7, mét ngudn dong hosc méc thém R’; nhu trén hinh 4.12a. R’z phai cd tri s6
16n hon ry., nhiéu, sao cho toan bo dong tin hiéu I di vao bazo cia T,.

4.8.2. Dac tinh cua mach trong pham vi tdn s thép

D& xét ¢ac dac tinh cia mach dung so d6 tuong duong hinh 4.13. Tu hinh 4.13a,
gia thiét r ., = o, tinh dugc dong dién ra khi ngén mach tai

I ng=ﬂllb—ﬂ21el
Vi I = ~(1 + Bply nén Ly, = Bily + Byl + BT, = BB,
Vay hé s6 khuéch dai dong dién cua so d6 Darlington

B = pBfr = hye (4.72)
Cing tit hinh (4.13a) tinh dugce dién trd vao ctia mach.
Dién 4p ha trén bazo - emito :

Ube = Tpiper + Tp1i(1 + Bprpe;

Do dd dién trd vao ctia mach

=l

be

Fpe =

= rper ¥ (1 + BProe; (4.73)

~i

bl
hay hlle = Thel + Q1+ ﬂl)rbeZ 4.74)

Néu bdé qua r, thi r,. cd bi€u thic :
Toer = B1(Uplg))
Foca = Bo(UplEy) = Bolf)Upllgp)= ToerB
Khi 8, = f, thi bi€u thic (4.74) cd th€ viét lai don gidn hon :
hiie = 2rpep ‘ (4.75)

Dién trd ra cta so dé dugc xdc dinh bdi tl s6 dién 4p ra khi héd mach tai va dong
dien ra khi ngdn mach tai: .

Fee = = = T2 = 1/h22e (4.76)

Trudng hop B, = B,, ta ¢6 h8 din ciua so d6 Darlington

_ h2e B BB, BBy S
Pile  2rpe; 2B1rpe; 2

4.77)
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Vay hé ddn cia so d6 Darlington nhé hon hé ddn cta mét tranzistor don, do d¢
mach khuéch dai emito chung dung so d6 Darlington cd hé s6 khuéch dai dién dp nho
hon khi dung tranzistor don (vdi cing mét diém tinh), vi trong trudng hgp nay K, tl le
voi S (bi€u thic 4.16).

Trén hinh 4.13c, I, << I, nén khong nhdt thiét phai néi colecto T, va T, véi
nhau. Nhu vy cé th€ ndi C; va C, vdi hai nguén dién d4p cung cp mot chiéu khac
nhau nhu trén hinh 4.14. ‘

Trong cic tdng khué&ch dai cong sudt, thuosng phai dung tranzistor coOng sudt lén,
loai npn hodc pnp. Cé th€ dung mach Darlington d€ thuc hién cdc loai tranzistor cong
suit nhu vay. D6 1a mach Darlington bu. So d6 trén hinh 4.12b 1a so d6 Darlington b,
tuong duong vdi mét tranzistor pnp va 4.12c tuong duong v6i mét tranzistor npn. Trong
cac so d6 trén, T la tranzistor kich, T, la tranzistor cong suét.

So sdnh so d6 tuong duong 4.13c cia mach Darlington bu véi so d6 tuong duong
4.13a va 4.13b cua mach Darlington thong thudng ta thdy ching cé dang gi6éng nhau,
vi viy céc dac tinh cua ching cing giéng nhau. Ching chi khdc nhau & dién trd vao,
trong mach Darlington bu dién trd vao :

The = Tpel (4.78)

I 2 L

- QC B —> ___0’
- I'be’ )BIPZIb
t] Ite, s D Ice,
(H.P’)rbEZ
o —o
b)

i z CEEZ oC

Iee

ol) 1S st @ e :

PTan_q Iy
Eo . T E

€)

Hinh 4.13. So d6 tuodng dudng tin hiéu nho cia mach Darlington .
a)so d4 tuong dudng ctia hinh 4.12a ; b) sd d6 tuong dudng cia hinh 4.13a ;
¢) sd d8 tuong dudng cia hinh 4.12b va 4.12¢ ; d) sd d6 tudng duong cda hinh 4.]13c.
Bitag = Bi(1 + B2) ~ B1f2

4.9. Cac mach dic biét

4.9.1. Mach kaskode

Mach Kaskode dung tranzistor ludng cyc dugc bi€u dién trén hinh 4.15. Cing co
thé x4y dung mach Kaskode bdi Fet hoac tranzistor ludng cuc hosac Fet hén hgp.

Mach Kascode gdm hai tranzistor, tranzistor vao T méc theo so d6 emito chung va
tranzistor ra T, méc theo so d6 bazo chung, R, va R, d€ dinh di€m lam viéc tinh cho
T, va T,. Tri 86 cia ching dugc chon sao cho di¢n thé bazo T, du lon dé cho T, lam
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viéc trong mién tich cuc (Ucg; 2 1 V) ; vi dién
thé& colecto T; &m hon dién th& bazo T, khoadng
0,7 V.

Téng ra lam nhiém vu ngan cdch anh hudng
cia mach ra dé&n mach vao, dac biét 1a & t4n s6
cao. Mach Kascode cd hé s6 khuéch dai dién 4p
bing hé s6 khuéch dai di¢n dp clia mach emito
chung. Nhung khéc v4i mach emito chung, mach
kascode cd dién dung Miller trong mach vao nhd,
vi h¢ s6 khuéch dai dién dp cia tranzistor T| Hinh 4.14. Mach Darlington ding nguén riéng ~
rdt nhé (K,; = 1). Do d6 tan s6 gi6i han trén cho colecto.
cia né (khi R, nhd) cung bac véi tdn s6 gidi
han trén cia mach bazo chung ; trong khi dé tré khdng vio cia nd lai 16n hon trd
khéng vao cia mach bazo chung. D6 13 uu di€m co ban cda .nach Kascode. Cé thé rit
ra dac tinh cia mach Kascode nhd so d6 tuong duong 4.15b. So d6 dd duge xAy dung -
tlt so d6 tuong duong clia mach emito chung va bazo chung.

< +0CC

8 GzF; C.‘Z
S;Uy U, SIUI‘U ! (7,-0
ra
Ry] lecv e, | . I8 reo Re
U, . i j_
rg iI i ke
Eq Bz
_° ’ c)
uvl
1 1l L
a)
Ch -
8 8’ “iC’ _ ‘ Cl=Ez_‘__
1 M L M
rob’ =, O,
bb { 5i, Uy _L Si,Ube _"_ v
U Cy ra
v Coey+ M, l Tee, Td, ':"cb,ez r T bcy Re
]
! | |
_T_ ' - 4 1
b)

Hinh 4.15. Mach Kascode dung tranzistor ludng cyc .

,302 Fecel ﬁ
Fee1 ¥ rbez) ofeel

duge suy tif bidu thilc (4.29) c) s d6 tuong duong tAn s6 thdp, vdi ry << o Feel >> Fd;
§j = IJUr = Sit = Siz; reo >> R Be; for = 1.

a) sd dd ; b) s d6 tuong dudng cao tin vdi reo = ree2 ( 1+

Vi dong iinh I, chay qua hai tranzistor gdn bing nhau, nén dién trd khuéch tén
emito va h§ din trong cia ching cing gin bing nhau : ry, = ry, (v6i ry = Uylly).

Sy = Sp (v6i S; = o fry = IJUy)
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Ti &0 d6 tuong Juong hinh 4.15b, ta rit ra :

U’r
Ky= g =-Srg=-%=-1
v
Ul'
Kp =7 =+ Skc
r
. Ura ’

CG thé can cd vao so d6 tuong duong hinh 4.15¢ d€ xét dic tinh ctia mach & pham
vi tn s6 cao. Ap dung dinh ly Miller d€ tim dién dung Miller cho mach vao, ta cg :
Cv = Cpe + Cpofl - Ky) = Cyey + 20y -
Do d6 hang s6 thoi gian cia mach vao : ‘
Ty =NCIR, + rop)lireey,
v6i R, : dién trd trong cia nguén tin hiéu.

Ngoai hiang s6 thoi gian T, con cé cic hang s6 thoi gian T, va T; anh hudng dén
tﬁn s6 gidgi han trén cua mach ; vai

1
T, = Cparar = %if, va Ty = CpRy
a
trong d6 R, = R, // r., va C, : dién dung ra cia mach.

Trong 3 hdng s6 T, T,, T, hang s6 ndo cd gid tri 16n nhAt s& anh hudng nhiéu
nhdt dén tdn s6 gidi han trén ctia mach.
Trén hinh 4.16 1a so d6 Kaskode

dung hai tranzistor bu.

Nguyén tic lam viéc cta mach
giong so d6 hinh 4.15a. O day chu y
chon R, rdt lon so véi dién trd vao
cia T, ; dién ap Uz, cd tinh quyét
dinh d6i vdi dién th€ colecto cia T va
dong qua R(;. Su phan bé dong giita

T, va T, phu thuéc vao bién d¢ dién Hinh 4.16. Mach Kaskode dung tranzistor bi.
ép vao. Khi tang U, thi dong qua T,
tang, con dong qua T, gidm mdt lugng tuung dng, do dé dién ap ra U, gidm.

Uu di€m co ban cta mach Kaskode loai nay so v6i mach trén hinh 4.15a 1a c6 thé€
chon. dién dp ra tinh bing dién 4p vao tinh, do dd cd thé ghép nhiéu tdng vdi nhau.

4.9.2. Mach t6 hgp Fet - tranzistor dng cuc

CS. th€ t8 hgp Fet va tranzistor ludng cuc thanh cdc mach dién ¢6 uvu di€m cua ca
hai loai d6 : ¢6 trd khdng vao lén va c6 hé s6 khuéeh dai dién dp lén. Trong mach tg
hgp dd, Fet duge b6 tri @ ddu vao va méc theo ki€u Source - chung hoac Drain - chung
(tré khdang vao rit 16n) va tranzistor ludng cuc duge b tri trong mach ra, vi tranzistor
ludng cuc cé h8 dén 16n, nén mach s& cé hé khué&ch dai dién ap 16n va trd khang ra
nhé. Mach duge ghép hdi tidp am khd sGu.
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Trén hinh 4.17a 12 m6t mach t8 hgp nhu vay, & day Fet dugc méac theo so dd Soure
chung, cdn tranzistor ludng cuc mdc theo so dd emito chung. Tit so d6 tuong duong
4.17a suy ra : :

I = fl (4.80)
- Rp/lrye Rp
Ib = _:SUgs rbe = - Ugs m (481)
— _ _ R,
U, =UJl+ SR, /| R)] + U, ——— (4.82)
v gs s C ra Rs + Rc
U, = Bl (Rc + R) + SURg = SULIR, + B"(Rc + R)] (4.83)
Ry
voi ' = f ————.
F=r; be + D
I_H -
_ . G D 8 c &t
o+ Uge St—’gs Bl ‘1_:
O |6 &) ) Re
Uy rg &) S \Upg
R IR,
Trg | fs
i 11 l
a) b)
Hinh 4.17. Té hgp mach source chung va mach emito chung .
a) so d6 vdi Rp, Rs : vai kQ ; Ri, R2: vai MQ ;
b) sd d6 tuong dudng tin s6 thip (bo qua rds va ree).
Thay '(4.82) vao (4.83) sé cd :
< U, B'R.+(1+pR, |
"I T, US+(1+pR, (4.84a)
1
Thudng g° >> 1 va RS* >> 3 do d¢ ta nh&n dugc bifu thdc gin ding
Rc
K, =1+ R (4.84b)

Tré khang vao ciua mach
ZVle //R2('IjgiétncaMQ
Tré khédng ra cia mach
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RS

v6i | Irnu = —IC + SUgsm (4.85)
Thay biéu thic (4.80) va (4.81) vao (4.85) :
- - R, :
Rut U,, tit bi€u thic (4.82) (cho U, = 0) r6i thay vao bi€u thic (4.86) s& cd
- S . R —
Ing = 155w TRy ¢ * RFR: D
— — R~ _
va Uy = KU, = 1+ 5T, .
S
Do do :
z < ey SR i R 4.87)
T R(+B €5 ‘
* RS
vl glé. thié&t ﬂ >> -Rs—+‘72z .
1
e At o e Xew o
4.10. BO khuech dai vi sai IR

o

Trong cdc bd khuéch dai tin hiéu xoay chiu, ngudi ta khéong quan tdAm dén hién
tugng tréi, vi qixa phdn td ghép dién dung, tréi khong dudge dua dén ddu ra. Tréi chi
lam thay d6i hé s6 khuéch dai cia mach. Awh hudng nay cé thé khéc phuc ddqc bang
hoi tiép am.

Ngugc lai, trong cdc bé khuéch dai tin hiéu moét chidu, tréi cing duoc khuéch dai
va dua dén ddu ra nhu tin hiéu. Vi vay trong trudng hgp nay phdi tim cdch gidm troi.
Trong thuc t€ khong thé tac dong truc tiép vao tranzistor d€ giam trdi duge, nén nguoi
ta diing b6 khuéch dai vi sai. B6 khuéch daqi vi sai khuéch dai hiéu hai dién ép dat o
dau vao, do dé dien Gp ra cia né chi chiu dnh hudng ciia hiéu cic dién ap tréi ciia
tranzistor. Do ddé b khué&ch dai vi sai c6 mutc tréi rdt thdp. Truong hop mach hoan toan
d6i xiung thi tr6i dugc khit hoan toan. D€ phat huy uu di€ém d6 cia mach ngudi ta
khéng nhiing ding b6 khuéch dai vi sai dé khuéch dai hiéu hai dién ap ma con dé
khuéch dai mét dién dp. Dién dp dé duge dua dén mdét ddu vao, ddu vao thi 2 duge
néi ddt.

4.10.1. So d6 va tham s8 co ban

So d6 va cac tham s6 co ban cua b6 khuéch dai vi sai dung tranzistor ludng cuc
va Fet dugc bi€u dién trong bang 4.5.

B6 khuéch dai vi sai 14 mdt bo khuéch dai tin hiéu mét chiéu d6i xing, cé hai dau
vao va hai ddu ra. Trong bd khuéch dai vi sai diéu dang chi y 14 néu cac dién ap vao
Uy = U, - U, dugc khuéch dai 1én K4 14n thi cdc dién dp vao c6 tri s6 bing nhau
chi dugc khuéch dai 1én K, 14n, véi K, << K 4. Dién 4p vao dugc chia lam hai thanh
phédn : thanh phdn dién dp déng pha, ky hiéu la 5cm chinh 1a tri trung binh dai s cua
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hai dién ap vao
- le + Uv2
Up = — (4.88)

va thanh phéan dién 4p hiéu

Vi gia thi€t mach hoan toan d6i xing nén dién th& emito (di€m P trong bang 4.5)
luén luén khéng d8i. Do d6 cac so d6 trong bang 4.5 c6 thé coi nhu so dd emito chung
hodc colecto chung c6 dién Gp vao trén méi tranzistor la Edlz. Dé tinh hé s6 khuéch dai
K,, K; va tré khidng vao Z,, trd khang ra Z cé thé ap dung cic bi€u thic cia so d6
emito chung va Source chung da biét.

+ Hé s6 khuéch dai hiéu

véi gia thist Uy, = 0

O tén s6 thdp cing nhu & tdn s8 cao K 4 déu cd tri s6 gidng nhu cia mach emito
chung hodc source chung. Truong hop cdn l6y tin hiéu trén moét dau ra so véi ddt, ta
c6 hé s6 khuéch dai dbi véi mét dbu ra :

Ky = Kz = 37 =35, =

bang mot nia hé s6 khuéch dai hiéu khi 14y dién 4p ra déi xing.

Khi & ddu vao chi cd dién ap déng pha tic Uy = 0 thl U = U, = U,,, thi mach
Jam viéc & ch& do khuéch dai tin hiéu déng pha. Lic nay ca hai tranzistor déu dugc
diéu khi€n bdi moét dién dp cé bién dé va pha nhu nhau. Do mach d6i xiing, nén dong
dién trén cdac cuc tubng ng cua hai tranzistor bdng nhau. Do dJ ta cd so d6 tuong
duong hinh 4.18a. Vi dién th& emito cla tranzistor bing nhau; nén khéng cé dong chay
trong day din néi hai emito vdi nhau, do do trong 8o d6 tuong duong khéng vé day néi
dd. Tach so d6 tuong duong thanh hai nida d6i xdng, méi nia tuong wng vdi mét mach

o+ Uee

Hinh 4.18. So d6 tuong ducng cla bo khuéch dai vi sai ding tranzistor Iudng cyc .
a) d6i v4i dién 4p vao ddng pha ; b) d6i vi dién 4p vao hiéu.
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emito chung cd dién trd emito 1a 2Ry hodc moét mach source chung cd dién trd nguén
1a 2R, va cd héi tiép am dong dién.

Heé s6 khuéch dai tin hiéu déng pha K_, cé th€ suy ra ti bi€u thdc da cc ddi véi
s0 d6 emito chung va source chung cd héi ti€p Am dong dién. Dién trd héi tiép 2Ry hoac
2R, cang 16n thi K, cang nhé. Néu cic dién trd nay rdt 16n (tuong dng Ugy cling rét
am) thi dong emito ctia hai tranzistor hdu nhu khéng déi trong qud trinh lam viéc, nghia
la trén ddu ra dién ap hdu nhu khéng d6i, do d6 K, tién t6i biing khéng.

Tém lai su khic nhau co ban gita ch& do khuéch daj tin hi¢u va ch&€ d6 khuéch
dai tin hiéu hiéu déng pha 1a & ché : & ch€ d6 khuéch dai tin hiéu, Ry va R, khong cd
tdc dung héi ti€p am ; nguge lai & ch& do khuéch dai tin hiéu déng pha ching cé tic
dung héi tiép am 16n lam cho hé s6 khué&h dai tin hiéu déng pha giam.

Bdng 4.5
Tham o . . Vi dy bing s6
5 Trasizistor WWdng cyc Fer
s tranzistor Fet
R = Rp = 5kQ
Ry = R, = 10kQ
n = 0
So dé Tee = Igs = 50kQ
B = 100
T =25KQ | f,=o
5,=40mA/V |S=2mA/V
K BRIy
v} ——— 1 .
R+, D SRy 74) 180 9
Kem —ARe SRy ! A
R, * o4 20+ B)R 1+ 25K, 4 4
1 Rg ! » 1)
CMMR - : : = 1+25RJ 7 = SR
R G 3| s : 400 20
rd
», 7, 5kQ oo
1 1 2SR 1y,
: - +——2 g
rem P ["’e T ﬁRQJ 2 ["’(1 T ¥ Rp + 2R ZR’J - IMQ P
C C
4 be ~ 5
@ ~—=S{Re /) > SRp /74) 450 pF 22 50F
ed v, 7, 100kQ 100kQ

() Ndu 8 >> 1; Rc << rce ; e = BUr /’5 thi Kud = Rcle/Ut
(2) rce — © va Bo >> 1

(3) ras — o

(4) Bd qua Cye hodic Cgs

Trong b6 khuéch dai vi sai, ngudi ta con dua ra khdi niém vé hé s6 nén tin hiéu
dong pha G (CMRR) 1a ty s6 giita hé s6 khuéch dai hiéu va hé s6 khuéch dai déng pha.
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G(CMRR) = |I;{"d‘ | @B)

cm

D€ c6 hé s6 nén tin hiéu ddng pha 1dn, chon Ry hodc R, 16n. Tuy nhién khéng thé
chon Rg, R, qua 16n sao cho Ip.Rg hodc IR, nhé hon (10 + 15)V d€ dam bao diéu
kién vé cong sudt t6n hao trén dién tré va diéu kién vé ngudn cung clp -Ugp. Vi vay
trong thuc té, thay cho Rg va R, nguoi ta dung mdt ngudn dong cé dién tré trong lon,
va ha ap trén né nhé (hinh 4.19). Trén so d6 hinh 4.19 ta c6 Io = I, tri s6 cia nd
thay d6i duoc nho thay d6i Uy, U, va R’ Bang so d6 nay co thé dat dugc G (CMRR)
t6i (60 + 80) dB. N6u méc néi tié€p nhiéu b khuéch dai vi sai con ¢d thé tang (CMRR)
hon nita.

Trong thuc t& thuong hay gap trudng hgp dién dp dat vao bo khuéch dai vi sai gbm
ca hai thanh phdn U, va U, lic d6 dién 4p ra
Ur2 = KudlUd + Kcmﬁcm (4'90)

Trbng bé khuéch dai vi sai, ngudi ta phén biét trd khdng vao hiéu :

Zd = Ed/}v
va trd khing vao dong pha:
ey = Unllem

T so d6 tuong duong hinh 4.18b, ta thdy
ring & ché dé khuéch dai hiéu, ngudn tin hiéu
mdc noéi tiép vdi cde dbu vao cita tranzistor, do
dé trd khang vao hiéu tang lén hai lin so vdi
tré khdang vao ciia mach emito chung hodc source
chung don gidn. Ngugc lai, tré khdng vao déng
pha gidm di hai 14n so v6i trd khang vao caa
mach emito chung hoac source chung cd trd
khang héi tiép la 2Rg hoac 2R, Thuong trd
khang vao déng pha Z ., > 100 Z;.

Di¢n tré ra cia mach chinh la dién trd r.,
nam giita colecto T| va dft, nd co tri s6 ding
bang tri s6 r., cia so d6 emito chung hoac
source chung c6 dién trd hdi tiép la Rg /| ry,  ob 4-“;-;:2 ltl:)t:fgd;:;: vi sai dung ngudn

trong dé ry; la dién trd ra khuéch tdn emito a) so d6 ; b) so d6 tuong duong, reo
dugc xic dinh theo (4.29).

b)

caa T ; rq = Upllg; (d6i véi tranzistor ludng
cuc) va ry; = 1/S (d6i voi Fet).

Dé danh gia ddi dong cha tin hidu vao bé khuéch dai vi sai, ta xét ddc tuyén truyén
dat tinh I, = f(U,; - U,,) cha nd.

Khi gia thiét exp (Ugp/Up) >> 1, ta cd bi€u thic gln ding bi€u dién quan hé gitta
dong colecto I. va dién 4p bazo — emto Ugg cha tranzistor T| va T, nhu sau :

UpgL/U
Ie) = Iy = Iggpe 0 (4.91)

Upg /U
Iy = Igy = Igge 0T (4.92)
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trong d6 : Ig,;, I, — dong emito cia tranzistor T| va T, ;

Ut

Tgun Igpnz — dong bdo hoa emito cia T va T,,
Ur - dién 4p nhiét cta tranzistor.
Gia thiét ca hai tranzistor cd dac tuyén tinh nhu nhau va ¢d cung nhiét d9, ta c6 :
Tgph1 = Igphe = ITgpn
O ch& do khuéch dai hi¢u, ddng qua Ry khong ddi va cd tri s6 :
Iz gng = Iry + Igs.
Thay vao bi€u thic (4.92) ta nhan duge

Ugr2/UT

Ig \4ng ~ Ig1 = Igp = Ipppe (4.93)
Thay Iy, trong (4.93) vao (4.91), rit ra dugc bi€u thic sau :
| IEténg
Icy = Iy = PR (4.94)
1 + ¢ (UBE1 ~ UBE2/UT)
Tuong tu nhu vay ta tim duge bi€u thic déi véi dbhg colecto T, :
IEténg
Ic = Iy, = (4.95)

1 + o(YUBEL 7 UBE2UT)

Céc quan hé (4.94) va (4.95) dugc biu dién trén hinh 4.20.

Nhén xét :

1) Dac tuyén truyén dat cé do déc lon nhdt khi Uy = Ugg) - Uy, = 0
al, Ig téng S; S

d(Upg, — Upgy)lUs=0 ~ 4Up — 4 2

2) Mién khuéch dai tuyé&n tinh giéi han trong pham vi Uy < Uy < Up (véi
30 mV).

=

3) Bo khuéch dai vi sai tré thanh mach han bién khi |U,| > 4Uy.

- Co th€ ndi rang méo I
phi tuyén xuft hién khi I, tong T Ic, Ie,
dung bo khuéch dai vi sai 104 o \/ Iz tohg I tang
nhé hon nhiéu so véi = N
tru‘dng hgp dung mach 08 \\ /
emito chung. Nguyén 7
nhan chu yéu la do su bu 0 -
trit dac tuyén vao cia hai B
tranzistor. " : M/‘én'khtj,ébh dai
Trong b6 khuéch dai %\ tuyén tinh
vi sai con phai luu y dén 0.2 T \\
di¢n Gp vao dong pha cho I N
phép U, Dién 4p vao ' . ‘ i . \'\\ _
déng pha cho phép la mét o -6 -4 -2 ] 2 4 6 Uy
thanh phién cia dién Gp Ud = Uy~ Uy, = Upg, - Use,

Hinh 4.20. Dic tuyén truyén dat tinh ciia bo khuéch dai vi sai.
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vdo. Tri s6 cia nd khdng duge phép vugt qua mot gid tri ndo dd dé dam bao cho bo
khuéch dai lam viéc trong mién khuéch dai tuy&n tinh, nghia la d6i voi tranzistor ludng
cuc phai dam bao diéu kién ngéit cda diot colecto (xem bang 1.2) va |Ip| > 0, déi véi
Fet phai dam bao diéu kien |Upg| > > |Upg,| va || >0

4.10.2. Hién tuong troi

Trong bé khuéch dai vi sai, cdc loai tréi hinh thanh do nhitng nguyén nhan khac
nhau (tréi nhiét, dién ap nguén khéng 6n dinh, tham s& tranzistcer va linh kién thay déi)
cd tri 6 nhu nhau va dat vao hai tranzistor déng pha déu khong Anh hudng dén tin
hiéu ra ; vi cdc loai troi d6 téc dung vao mach giéng nhu mot dién dip dong pha. Trong
thuc t& mach khong hoan toan déi xing, do dé sy thay dfi nhiét d¢ gay ra mot dién
4p hiéu (tr6i dién dp léch khong)

AU, = AUgg; * AUgg,

Dién dp nay tdac dung vao mach nhu mét tin hiéu. Khi nhiét do6 thay ddi 1°C,
AU, = 2 ... 3 mV. Thém vao dd, néu dong colecto ciia tranzistor ciing thay déi cé 10%
thi dién ap léch khéng dat toi tri s6 AU, = 2,5 ... 3 mV. Ta ¢ thé ching minh diéu
dé nhu sau :

Theo (1.11a) ta suy ra (ry, = 0) :

U
Ioy = Igy = Igggle P07 - 1)

Upea/Ur
Ip = Igy = Iggy (@ 70 T = 1)

Ti dd tinh dugc

I,
Ugg, = Up —

Dién 4p léch khong diu vao (do su khac nhau clia dong colecto gay ra) chinh la
hiéu dit¢n 4p bazo - emito :

Iy + Igpy Loy
AUgg = Upgy ~ Upgy = Ur lnm = Ur lnjz
C [

Khi khéng c6 tin hiéu vao, trén cdc diu vao cia b khuéch dai cd dong (ddng bazo
hodc dong gate). Hiéu cdc dong mot chiéu I, = Ig; - Ig, goi 1a dong léch khong, tri
trung binh dai s6 cia ching goi 12 dong dién tinh I,

Ip; + I
L=—p—

Dong dién nay chay qua cac dién trd hai clta vao cung véi su khéng d6i xing caa
mach giy nén trén ddu ra mét dién dp léch khéng. Co th€ khi dién 4p nay bidng céch
dat vao mot dién ap léch khoéng phu (cd dfu ngude lai) gita hai clta vao ciia b6 khuéch
dai vi sai.
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4.10.3. Mdt s8 so dd co ban cua bd khuéch dai vi sai

Co thé mic bd khuéch dai vi sai theo nhiéu so d6 khac nhau. Trén hinh 4.21 la
mot s6 loai so d6 hay dung.

' I

N . l é}

£

a) b)

f Nguon dong
tai ding

Hinh 4.21. So d6 b9 khuéch dai vi sai .
a) khuéch dai vi sai Darlington ; b) khuéch dai vi sai Darlington bl ; ¢) khuéch dai vi sai c6 héi
ti€p Am dong dién ; d) khuéch dai vi sai c6 tai dong ; e) khuéch dai vi sai Kaskode.
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So dd khuéch dai vi sai ~ Darlington (hinh 4.21a} ¢6 dong tinh nhé va tré khdng
vao 16n, cd th€ dat duge Iy = (5.. 10) nA va dién tré vao hiéu ry = (10 + 20)MQ.
Mach e¢d nhuge di€m 1a dién ap léch khong ddu vao va tr6i nhiét 16n (£ 3 mV va +
15uV/°C).

So db khuéch dai vi sai Darlington —bi (hinh 4.21b). So d6 nay c6 tinh ch4t gidng
so d6 4.21a. So d6 cd uu di€m dac biét 14 chi cd tr6éi cia hai tranzistor ddu vao ma
khong phai cia ca bfn tranzistor anh hudng dén trdi dién 4p léch khéng.

So dd khuéch dai vi sai c¢6 hdi tiép 6m dong dién (hinh 4.21c). Nht mic thém mét
dién trd hoéi tiép co (50 + 100)Q vao mach emito, nén dién trd vao tang va md rong
duge mién khuéch dai tuyén tinh caa bo khuéch dai. Nhung do héi ti6p Am, nén hé s8
khuéch dai giam.

So dd khuéch dai vi sai c6 tdi dong (hinh 4.2d). Trong so d6 thay dién trd R_ bdi
nguén dong cd dién trd trong vi phan 16n nén cé thé nhan dugec hé s6 khuéch dai rit
16n. Nguoén dong cd dién trd trong vi phén cd (1 + 10) MQ. T, lam viéc trong mién
khuéch dai, ha 4ap mét chiéu trén ngubn dong khoang vai von. Véi so d6 nay cé th€ dat
dugc hé s6 khuéch dai hiéu t6i 10.000 l4n.

So dd khuéch daqi vi sai - Kaskode (hinh 4.21e). S0 dé khuéch dai vi sai Kaskode
cd rat nhiéu uvu di€m. Trong so d6 nay cd thé dung tranzistor ludng cuc, Fet hoac hén
hgp tranzistor ludng cuc Fef déu dugc. So d6 cd trd khang vao 16n, dong tinh nhd, he
s6 nén tin hiéu dong pha 16n, dién dung vao nhd do d¢ so d6 c6 th€ lam viéc trong dai
tan rong.

4.11. Mach ghép gilta cac tang

Mach ghép giifa c4c tdng cd nhiém vu fruydn dat tin hiéu td mot tdng sang téng
tiép theo sao cho tén hao trén né nhé nhdt. Vi dién ap ra t&ng trudc thudng khac véi
dién 4p vao tdng ti6p theo, nén ngoai nhiém vu truyén dat tin hiéu, mach ghép con cd
nhiém vu dich muc dé phéi hgp mic ra ting trude véi miic vao tdng sau. Sau day ta
sé gi6i thitu moét s6 cdach ghép quan trong nh4t.

4.11.1. Ghép truc tiép (hinh 4.22a)

Ghép truc ti6p la loai ghép don gian nhdt. N6 truyén dat dugc cac tin hieu mét
chiéu va hay dudgc ding trong c4c mach t6 hop, nhét 1a cdc mach dung MOS - Fet.
Trong cdch ghép nay, dién th& bazo tdng sau phu thufc vao dién thé& colecto tang trudc.
Day 1a vdn dé cdn luu y d€ chon di€m lam viéc tinh khi s dung loai ghép nay.

4.11.2. Ghép dién trd (hinh 4.22b)

Do ¢d céc dién trd R;, R,, nén trong mach ghép cé tén hao va né tao ra mét muc
dich dién dp nao dé. Néu trong mach phan dp cé thém phén ti phu thudc tdn s6, thi
mach ghép nay cd thé tao nén mét ham truyén dat tuy y phu thudc tdn s6. Trong thuc .
t€, dién dung vao cla tranzistor tdng sau cd tham gia vao mach ghép, do dé déy la mot
mach ghép phu thufc tin s6. DE truyén céc tin hiéu tén s6 cao, ngudi ta mic song song
voi R, thém moét tu dién. Mach phai théa man diéu kién I, (qua R, R;) >> I, sao
cho dién th€ di€m b hdu nhu khong déi.

Ghép dién trd it duge ding trong cde mach t6 hop, vi cdc dién trd 16n chiém thé
tich lon. Co th€ thay R, bdi mot ngubn dong cd dién trd trong vi phén 16n. Do d6 &
tdn s6 thdp khi R, con << (R, // R;), hdu nhu khéng cd ha &p trén mach ghép.
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4.11.3. Ghép diot Zener (hinh 4.220)

. Trong mach phan &p hinh 4.22b thay R bdi mét diot Zener, ta e ghép diot Zener.
Loai ghép nay védn tao ra dugc modt mic dich dién dp nao dd, trong khi ha dp trén né
khéng ddng ké, vi dién tré vi phén ciia diot Zener nhé. DE cho diot luén 1am viéc trong
khu vyc Zener, phdi co6 dong Zener ¢6 1 mA chay qua diot.

|
Mach ghép | 1Gng sau
Ry b

Tang !
A
trudge 19

T Rv J_CV

P

Phén tJ ghép

k)

) Hinh4.22. Mach ghép gilla cac tdng .
a) ghép tryc ti€p ; b) ghép dién trd ; c) sq d6 wiong dudng cua b ; d) ghép diot Zener.
¢) ghép tranzistor ; f) ghép RC ; g) ghép bién 4p ; h) ghép tranzistor bu ; i) ghép tranzistor bu
véi b0 khuéch dai vi sai ; k) ghép dién quang.

Ghép diot Zener dit hon cédc loai ghép khac, nén nd it duge dung. D€ giam gia
thanh ¢6 thé thay diot Zener bdi mo6t hay mot s6 diot thudng méic ndi tiép va dudc phin
cuc thuidn hoidc dung mach ghép tranzistor nhu trén hinh 4.22e, tranzistor ghép cd héi
tiép Am dién 4p va nd gilt cho dién 4p ra khong d6i. Mach ghép nay thudng dugc dung
trong cidc tdng ddy kéo.
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4.11.4. Ghép RC (hinh 4.22f)

Day 1a loai ghép duge dung rdng rdi trong cdc mach rdi rac. Dién dung ghép ngén
mach tin hiéu ti ddu ra t4ng trudc t6i du vado tlng sau. Dién th& trén déu ra téng
trudc va trén dau vdo tang sau cé thé chon tiy y, vi khéng cé6 dong mot chidu ‘qua tu
ghép. Nhugc di€m co bAn nh4t 12 mach khong truyn dat duge tin hiéu co t&n sé thdp
va logi ghép nay géy ra di pha c6 thé dnh hudng dén tinh én dinh ctia b6 khuéch dai,
né it duge diing trong cdc mach t8 hop vi khé tich hgp duoge céc tu dién c6 dién dung
lon.

4.11.5. Ghép bién &p (hinh 4.22g)

Pay 12 mot loai ghép c8 nhdt. Dung ghép bién 4p ¢6 thé cach ly duoc veé dién giita
déu ra va dadu vao va dé phdi hop trd khdng. Tuy nhién, mach ghép bién Gp c6 ddi tan
lam viéc hep, c6 kich thudc va trong lugng lén, khong thé ghép mot chidu dugc va khong
thé tich hop duge. V1 ly do dd hién nay nd rt it duge dung.

4.11.6. Ghép tranzistor bu

Ghép tranzistor bu (hinh 4.22h) khong nhiing c¢6 thé dich mic dién dp trong mot
ddi rong va vdi cyc tinh ticy y ma con cho hé 86 khuéch dai tin hi¢u lén. Sy khéc nhau
vé dién thé giita colecto T, va bazo T, dugc khlc phuc bdi tranzistor bir T,. Loai ghép
nay thudng hay dugc dung véi bd khuéch dai vi sai (hinh 4.22i). Sy dich muc dién 4p
vé phia duong do b khuéch dai vi sai (T, T,) gy ra sé dugc bu lai nhd b khuéch dai
vi sai bu (T3, T;) va ha 4p cia mach lap emito Ts. Trong cdc mach t8 hgp, R;, R,
thuong dugc thay th€ bdi cdc ngudn dong.

4.11.7. Ghép dién quang (hinh 4.22k)

Ghép dién quang 1a mot loai ghép dién i theo kidu ghép bi¢n ép, nhung né ¢6 ddc
tinh tan s6 thugn loi hon ghép bién dp. N6 cd thé truyén dat duge tit c4c tin hiéu mot
chidu dén cdc tin hi¢u cé tan s6 n&m trong phem vi GHz. Mach ghép c6 thé cach dién
duoc téi vai kV. N6 duge dung cht y&u d€ truyén dat ce fin hiéu s6. Do phéin ti ghép
dién quang cd sai s6 phi tuyén tuong déi 16n (cd vai %o dén 1%), nén do6 chinh xac clia
mach ghép loai nay ¢d gidi han. N&u dung manh ghép nay trong so dd dby kéo thi sai
s6 phi tuyén cd dugc bu mot phén.
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Chuvng 5

CAC SO BO KHUECH DAl CHUYEN DUNG VA TAP AM
TRONG BO KHUECH PAI

5.1. B6 khuéch dai chon loc
5.1.1. Khai niém i

Bo khuéch dai chon loc ¢6 nhiém vu khuéch dai tin hiéu trong mét dai tan va nén tin
hiéu ngoai dai tan'do. "~ '

Trong cac bd khuéch dai chon loc, dién trd tdi duoge thay thé béi mét mach eéng
hudng hodc mot mach Joc. Cac dién dung ra cia tang, song song véi mach cong hudng sé
lam thay d6i chit it tan s6 cong hudng, nhung khéng danh hudng dén hé sé khuéch dai cua
mach ¢ tan s6 cao nhu trong bé khuéch dai tai dién tré. Do d6 bé khuéch dai chon loc co
thé khuéch dai tin hiéu ¢é tin sé cao hon so véi bg khuéch dai tai dién tro.

Bé'khuéch dai chon loc thudng duge dung trong cac tang cao tan ciia may thu thanh,
duge dung dé khuéch dai tai tin trong may phat thanh. Cac tang khuéch dai trung gian
trong may thu thanh, thu hinh cing 1a cac bo khuéch dai chon loc. ‘

Céac chi tidu co ban dit ra déi voi mot bo khuéch dar chon loc 1a dé khuéch dai, tinh
chon loc vé tan so, tinh 6n dinh, tap 4m, méo phi tuyén. Ngoai nhing chi tiéu trén con co
thé dua ra nhitng yéu cau khac, nhu yéu cau vé kha nang tu dong diéu chinh hé sé khuéch
dai dé dam bao muc dé tin hiéu ra khéng d3i khi muc tin hiéu vao thay 461, vé kha ning
tu déng diéu chinh tan sé va tu diéu chinh dai théng.

5.1.2 Van dé chon loc tan sé khuéch dai

bé dam bado tinh chon loc
vé tan s6 cua bo khuéch dai, co
thé thuyc hién mach theo mét
trong ba dang sau (hinh 5.1)

a)
— [> LocRLC > LocRLC |-

- Méc xen ké mot s mat )

loc RLC VO']V val tang khuéch dai ( Loc t3p trung [>>
(loc phan bé)
- Mic mét mach loc gém
nhiéu miét loc véi mét ba khuéch o
dai nhiéu tang (loc tap trung). ’
’ L . o Khéu loc RC e
- Ghép hoi tiép ti dau ra ) [>> “
vé dau vao bd khuéch dai thong ¢
qua cac khau loc RC (loc tich cuc Hinh 5.1. Céc dang so d6 khuéch dai chon loe.
RC) a) bd Khuéch dai chon loe phan bo; b) by kKhuéch dai chon loc tap

trung; ¢)bd loc tich cue RC.
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Thudng c6 ging méc cdc phin ti chon loc ngay d ddu vao bo khuéch dai d€ tranh
qui 4p va tranh diéu ché& giao thoa.

5.1.3. Vdn dé 8n dinh cua bd khuéch dai

Nhu da xét trong chuong 4, & tln s6 cao, phai k€ dén anh hudng cha hdi tiép tu
ddu ra vé ddu vao b6 khuéch dai théng qua dién dung gita cyc ciia phdn ti khuéch
daqi. Dac biét trong b6 khuéch dai chon lpc tré khéng tdi rdt i6n, do do hé s8 khuéch
dai cia mach rdt 16n lam tdng dién dp hdi tiép vé ddu vao cd thé ddn dén hién tugng
ty kich cua mach.

Biét rang, hé s6 khuéch dai cia mdt by khuéch dai c6 h6i ti€p duge xac dinh theo
bi€u thie (2.1). Theo dd, néu

|1 + KK,,| =1 GRS
thi mach c6 héi ti€p duong. Tu (5.1) suy ra diéu kién tu kich cia mach :
KK, = 1 | 5.2)

Vay hé s6 khué&ch dai cia mach cang l6n thi mach cang kém 6n dinh. Tit diéu kién
(5.2); theo [4], nguti ta da ching minh dugc rdng : gi6i han cua hé¢ s6 khuéch dai dé
dam bao 6n dinh, cé th€ xdc dinh theo diéu kién (5.3) :

K, = (0,45 + 0,63)‘1 SiwC;, - (63)

trong d6 K —hé s6 khuéch dai 6n dinh ;
S - h6 din cta phén td tich cuyc ;
w ~tln s6 cobng tdc ;
C|, - dién dung héi tiép tit ddu ra vé ddu vao.
. D& mach lam viéc 6n dinh, hé s6 khuéch dai K ctia né phai ludn luén nhé hon hoic
t6i da la bang hé s6 khuéch dai 6n dinh K,

Tan sé lam viée cang cao, cang khé dat dugc hé s6 khuéch dai l6n, néu cin ddim
bdo 6n dinh.

Han ch& hé sé khué&ch dai khéng phai 1a mot bién phap tich cue, nhung duge ap
dung rong rii trong cdc bo khuéch dai dung den dién ti. Véi cic tranzistor, dung bién
phap nay khéng cd loi, vi C}, caa tranzistor 16n, do dé K; nhd va hé s6 khuéch dai K
cing budc phai nhé.

Mot bién phdp tich cuc d€ dam bao 6n dinh ma khéng lam gidm hé s6 khuéch dai
1a bién phdp trung hoéa. O day ngudi ta ding mot mach héi ti€p bén ngoai dé khir tac
dung héi tiép bén trong. Mach d6 duge goi 14 mach trung hda. Mach trung hoa 1a méot
mang b6n cuc mic ti ddu ra vé dfiu vao va song song v8i mang bén cuc khuéch dai,
do dd din nap ctia m6t mang bdn cuc khuéch dai cd trung hoa duge xdc dinh nhu sau :

Vi =Yty ' (5.4)

Yij' - din nap cia phédn t& khuéch dai cd trung hoa ;

Y - din nap cfia mang bén cuc khuéch dai ;

Yij ~ d4n nap ciia mang bén cuc trung hoa.

Khao sdt so d6 tuong duong va cdc phuong trinh cia nd, da cho thdy chinh Y,
gay ra hoéi ti€p tu ddu ra vé ddu vao, do dé mach trung hoda cd nhiém vu lam triét tiéu
Y,,, sao cho : ' '
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Yo' =Y+ y,=0 (5.5)

Cé th€é minh hoa hién tugng hdi ti€p gy ra mét 6n dinh vaA qud trinh trung hoa
bdi sg d6 trén hinh 5.2 (so sdnh véi hinh 4.6b). '

Fbe -
Iy Ybe I
o= e A
4_Jl‘(-7 —0
C —
be
- - y = Y Yee Uce
Upe| Tbell Cpe= SIuUbel Fee |Uce Upe be
T " > O— . ad
0) b)
C
th il
11
v Ym 1:m Ip o
o—s—{")— —0

cl
<
- —
<
<~
P —
&l
]
-——
&l
<
b
NI
LN
A

Hinh §.2. Minh hoa vin dé trung hoa trong c4c by khuéch dai chon loc .
a) so d8 tuong duong cao tdn cia b khuéch dai ; b) so dd tuong duong cua a) ;
c) bién 4p ghép hdi ti€p ; d) so d8 bo khuéch dai ding tranzistor c6 trung hoa.

Trong so d6 hinh 5.2a d€ don gian, ta bd qua dién trd mat ghép bazo ry, diéu nay
vé cd ban khong anh hudng dén ké&t qua tinh.

Goi Yy, Y, va Y, la ddn nap giita ba mat ghép bazo, emito va colecto (hinh 5.2b),
theo dinh luat Om ta xdc dinh dugc ;
Iy = YpeUpe + YocUpe = U = (Yoo + Yy Upe = YocU e
T d6 suy ra din nap h6i ti&p |
Yo=Y = - (;1_ +jwcbc)
be

Ta th4y rdng, mang bén cuc héi ti€p 12 mot mach di pha # v mang tinh chét dung
khdng. Trong thuc t& mach trung hoa dugc xay dung théng qua mot bién 4p nhu hinh
5.2c. Ddn nap cia cudn day dugc bi€u dién béi Y. N&u coi bién dp la ly tudng, ta cd
U. = -mU’, , theo dinh luat Om cd thé viet :

I, = l.h(ﬁv - U,v) = Yth(—U—v +

3| <

Yth

hoac = —
: Y12 m

Theo quan hé (5.5) cia mét mang bén cyc khué’ch'daj ¢é trung hoa, ta co :
‘-Ylh 1

Yo' =Yt oy =~ (;b‘*'jwcbc) =0
C

101



Vay dan nap Y, gbm hai thanh phén
mét tu dién C,; = mC,..

: mét dién trd R, = r,/m song song véi

Trong thyc t& dién tré R, 1a dién trd tuong dudng cla cuén day bi&n 4p va ngudi
ta chi mdc them mét tu dién trung hoa C,;, vao mach. Bién 4ap dung trong mach trung
hoa thyc chédt 14 bién dp ra cia mét b khuéch dai (hinh 5.2d). Trén bién ap thd cdp
cé thém mét ddu ra phu d€ méc phan t& trung hoa Cy,.

P+ Ure
I
r Cth ‘ .
-= -9
¥ e
T 7] :
)
— 1 | U
Uv —_———d - J R § r
. # 7 i
L — [
O
) - S

Hinh 5.3. So dé b khuéch dai d6i xiing 13i cong hudng c6 m&c mach trung hoa.

Ndi chung, cdc b khuéch dai cong sudt cao tdn, ch€ d¢ C thudng dudc thuc hién
theo so d6 bazo chung trén hinh 5.3. Vi bazo dugc néi ddt vé cao tdn, nén nd dong vai
trd nhuy moét man ngan tinh dién gitta colecto va emito, didu d6 cho phép b6 khuéch dai
lam viéc & tdn s6 rdt cao. Nho méc tranzistor theo kifu dfy kéo ma cd th€ tang cong

suét ra lén gdp d6i trong khi cong sufit kich thich khéng thay dfi. O day tu dién trung

hoa C;; dugc méc tit cudn so cip bién 4p ra
vé dfu vao. So d6 nay cd thé lam viéc 6n
dinh & tln s6 r4t cao.

5.1.4. MOt 88 so d6 khuéch dai chon
loc dung tranzistor ludng cuc va
tranzistor trudng

Trong thyc t&, ngudi ta déd san xuft mét
s6 vi mach dung lam mach khuéch dai chone
loc. Vi du vi mach MA3005 hoac MA3006
ctia Tiép Khéc cii 1a cdc vi mach duge dung
ph8 bién (hinh 5.4). Loai nay c¢6 thé€ lam viéc
toi tan s6 120MHz. Day 1a mét by khuéch
dai vi sai gébm T, T, n6i v6i ngubn dong 7.
hé s6 khuéch dai cia nd duge diéu khién bai
moét dién ap xoay chiéu dat 1én chan 3. Néu
thay d8i dién 4p mot chiéu dat lén chan 3
thi dong emito cia b6 khuéch dai thay ddi,
do d6 hé dan cia T, va T, thay d8i lam cho
hé s6 khué&ch dai thay d6i theo.

102

10

s -
o +Uge

8 -l

Hinh 5.4. Vi mach khuéch dai vi sai
MA3005/MA3006.



Cing cd th€ méc mach trén thanh so d6 Kaskode, r4t thich hgp v6i by khuéch dai
chon loc vi dién khang héi ti€p cla so d6 Kaskode Y|, = 0. N&u néi céc chan 1 va 7

cia vi mach ndi trén voi mot
di¢én 4p xoay chiéu, d€ thay
d8i hé s khué&ch dai cia mach,
d6ng thoi dua dién ap vao chén
3 va ldy dién ap ra & chan 10
va 11, ta sé cd mach Kaskode.
Néu dién th€ chan 1 va 7 bAng
nhau, thi dong tinh qua T| va
T, cd th€ coi 1a bang nhauy,
néu dién thé& cta ching chénh
léech nhau it nhdt la 120 mV
thi mot trong hai tranzistor
ngidt, tranzistor cdn lai dén
toan by dong cia T;. Nhu vay
su thay d8i hé s8 khuéch dai
trong truong hgp nay khong
anh hudng dén ch& do6 lam
viéc cla T;.

Cing véi vi mach
MA3005/MA3006 c6 thé xay
dung mo6t bd trOn tdn bang
cach dua mot tin hiéu vao cua
3, tin hidu con lai hodc vao
cita 7 hoac vao cua 1.

1

b)

+

o+12V

2..10pE'7'§_‘“_°
P

U

1
1

Gy

2..10pF l

¢)

0.15pH

Hinh 5.5. Cic b6 khuéch dai chon loc dung Fer.
a) so d6 nguén chung ; b) so d6 cta chung ; c) so d6 Kaskode
diing MISFET 4 cyc (BF900).

Trén hinh 5.5 1a mot s§ so d6 khu&h dai chon loc dung Fet. Céc loai JFet (SFET)
va MISFET kénh n tu din (chuong 1) cd dién dung héi ti€p (C;; < 0,1 .. 0,5pF) rft
nhd, nén rat thich hogp ddi véi tAng khuéch dai chon loc. Ching duge méc theo so d6

T 9

T

0

(o]

T15l T2
Tg *} Tz T3 T Tig
Dif '

)

Hinh 5.6. Bo khuéch dai trung tdn tin hiéu hinh.
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nguén chung hosic cia chung. Véi so d6 cita chung, lugng héi ti6p rat nhd, do dé khéng
cAn mach trung hoa. Tuy nhién hé ddn cda Fet khd bé, nén hé s6 khuéch dai cia cde
mach diing Fet cing bé. Dac biét loai MISFET 4 cuc cd dién dung h6i ti€p giita cuc
méng D va cuc cia G, rdt nhé, khoang 0,025pF, nén c6 th€ diung cd ¢ khu vuc siéu
cao tén.

Trén hinh 5.5¢ 1a mét so d6 nhu vay, loai Fet dugc dung & day 1a BF900, ¢ tén
s6 lam viéc f = 200 MHz va hé s6 khuéch dai K = 164 = 22,2 dB. D€ diéu chinh hé
s6 khuéch dai, nguoi ta thay déi dién 4p mét chidu dat lén G, va G, hodc thay d6i dién
ap tung cuc riéng ré.

Hinh 5.6 bi€u dién so d6 mach khué&ch dai + T
trung t4n hinh, nd 14 moét phan cia vi mach I
A240D. Mach c6 hé s6 khuéch dai K = (60 = ‘
70) dB, tn s6 gidi han trén = 50 MHz (n6i
véi bd loc cd tdn sf trung tam = 38MHz va
dai tdn 7,6MHz), dién dp vao cuc ti€u cGa mach 1
la 1904V, kha nang thay d6i hé s6 khuéch dai :

62 dB. Tdng ra cia mach gébm T)s .. T |3 méc
theo so d6 lap - Darlington.

Céc tidng T4/T, va T,/Tg 1a cic tdng khuéch
dai ¢6 hé s6 khu&ch dai thay d6i. Nguyen ly ,
lam vi¢c cla cdc tdng dd duge minh hoa trén Hinh 8.7. Bo khuéch dai vi sai c6 he
hinh 5.7. Khi dong diéu khién I, thay d6i thi khuéch dai diéu khién dugc theo Id.
diém lam viéc cua D, .. D, thay d6i, do dé dién tré théng cia diot thay d6i lam cho
muc h6i ti€p &m cia bd khuéch dai thay d6i va he s6 khuéch dai thay d8i theo. Cac bo
khuéch dai tai emito : T/T,, Ts/Tq va Ty/T,, dung d€ ghép céc tdng v6i nhau. Nha dd
cd th€ md rong dai tdn cong tdc cia bd khuéch dai va gidm dugc dnh hudng cia qua
trinh diéu chinh hé s§ khuéch dai dén e:14 tham s6 cia b6 khué&ch dai. D€ dinh diém
lam viéc, dung héi ti€p am t t'é‘.ng ra dua vé tdng vao. D&i voi tin hiéu hitu ich, mach
héi ti€p nay dudc néi tdt qua dién dung méc giita chAn 2 va chan 15.

5.2. BO khuéch dai dai rong

5.2.1. Dac diém

C@c bo khuéch dai tdn s6 thdp thudng lam viéc trong dai tdn ti vai chuc Hz dén
vai chuc kHz. Cdc bo khuéch dai video lam viéc trong dai tdn rong hon, tit 0 Hz dén
vai chuc hosc mét tram MHz. V& nguyén téc, cd th€ dung céc so d6 khuéch dai da xét
& chuong 4 d€ khué&ch dai tin hiéu dai rong. Tuy nhién, khi thiét k& phai chd y dung
cAc bién phdp d€ nang cao dai t&n cébng tac cha mach.

B6 khuéch dai ddi rong thuomg cé dién trd tdi kha nhé (nhé hon 1kQ). Dién trd
ndy cing véi cdc tu dién méc song song véi né xdc dinh tdn s6 gidi han trén ciia mach.
Téan s6 gidi han dudi cia bo khuéch dai phu thuéc vao mach ghép cia nd véi tang trudce
va duge xac dinh boéi bi€u thuc (2.22c).
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5.2.2. Cac bién phap md rdng dai tdn cuia bd khuéch dai

D& md rong dai tAn cong tdc cha bd khuéch dai cd thé diing nhiéu bién phbp nhu
ding mach hdi tiép ém (muc 2.4.6), ding mach Kaskode (muc 4.9), mdc mach theo kiéu
bazo chung hodc ding cic bé khuéch dai-vi sai c6 dién tré tdi nhé. Ngodira cdn cé
mot s6 mach dac biét khéc. Sau day sé xét mot s6 mach nhu vay .

5.2.2.1. Céc bién phdp nhAm giam tén s6 gi6i han duéi

Trén hinh 5.8 1a so d6 m6t b6 khué&ch
dai 4p dung mach bu néi ti€p nham giam
tdn s6 giGi han duéi cia bod khuéch dai.

Trong mach dién nay, thanh phén
tdn s6 thdp bi phan 4p gua tu dién ghép
C, va dién trd vao £ s& duge bu lai nho
méic thém mach bi RC nébi ti€p voi dién
trd R’ cia mach. ¢ t4n s6 cao,dién trd
ra cia mach la R’, & t4n s6 thdp phai ké ’ +Upp
dén ca phén trd khang do C (R << 1[jwC)

tao nén. D& dam bao mach bu lam viéc Hinh 5.8. Mach khuéch dai diung mach bl n6i ti€p
’ ’ ) #é giam t4dn s6 gidi han dudi. .

Rys

hiéu qua trong dai tAn cbng tdc, mach
phai théa man diéu kién (5.6) trong dd, R; 12 dién trd trong cia phén td khuéch dai ;
R, dién trd vao tdng sau: ‘

1 .
IR’ + J—wEI << Ri! Rvs ) : (5.6)

Véi diéu kién (5.6), dién trd ra cia mach khong phu thudc vido dién trd trong cing
nhu khéng phy thudc vao dién trd vao tdAng sau. Diéu kién (5.7) la diéu kién d€ dam
bao bu hoan toan: o

Cing cd thé ding mach bl song song
tren hinh 59 d€ md rong dai tldn cong
tac cha b khuéch dai vé phia tn sé thép. | , |
Do méc thém phin mach R’C song song 0——’ _I_ c !
vdi dién tré ra R, nén & tdn s6 cao trd Ry
khang ra cia mach giam. Véi mach nay, :
diéu kién d€ bu hoan hoan cing duge xac
dinh bdi bi€u thic (5.7). Nguyén téc bu +Uno
clia cdc mach trén day la ding mdét mach

loc théng thdp (R’C) d€ bu lai hiéu dng Hinh 5.9. Mg‘ch khuéch dai dung bu song song aé
giam t4n s8 gidi han dudi.

e

cia mdt mach loc théng cao (R,C)).

D€ -giam tdn s6 giéi han dudi, nguoi ta con dung mach khuéch dai cd hiéu ung
Bootstrap (hinh 4.6¢). Nhd hiéu dng Bootstrap trd khdng vao cia mach ting, do d6 tén s6
gidi han duge xdc dinh theo bi€u thic (2.22c) gidm.

Ngoai ra, cac vi mach khuéch dai mét chiu va cdc mach khuéch dai ghép dién 4p
mot chiéu (hinh 4.7a) 1a nhiing so d6 ly tudng cé tdn s6 gidi han dudi fy = 0 Hz.
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5.2.2.2. Céc bién phdp nhdm tang s8 gi6éi han trén

Ngoai bi¢n phdp ding hdi tiép am, dé nang cao tdn 86 gidi han trén (chuong 2 va
chuong 8) va cdc cach méc bazo chung, Kaskode, con ¢ th€ dung mot s6 mach

khéc. Hinh 5.10 bi€u dién mot s6 mach nhu vay.

Co thé dung dién cAm L d€ bu anh hudng cla C, & pham vi cao téin nhu trén hinh
5.10a. Luc nay L, C, va R tao thanh m¢t mach cong hudng song song, tai tdn s6 cOng
hudng, trd khang cia mach Ry = gR ; q thudng ldy gia trji tit 1/3 d&n 1/2, luc d¢

L = qrR%C (5.8)

Mot bién phap khdc
thudng dudgc 4p dung la dung
mach hdi tiép am phu thudc
tan 86 nhu trén hinh 5.10b.
Di¢n dung Cg méc song song
véi dién trd hdi ti€p R cd tdc
dung néing cao taAn s8 gidi han

-
FC

trén ciua mach. Diéu kién bu a) b)
dugc vi€t nhu sau :

R,.R
CRe = g G 69

Dé tang tAn sf gi6i han
trén, ngudi ta cdn méc mach
nhu trén hinh 5.10c. Tu C,
dugc chia thanh 2 phdn C, va
C, bdi mot mach dém méc
theo ki€u mach l4p emito. Vi :
dién dung vao cia taAng tai Hinh 5.10. Céc so d8 minh hoa céc bién phép nhim nang cao
emito hon dién dung ra cia t4n s6 gidi han tren.
né B l4n, hon nita C, luén
ludn 16n hon C;, nén do cach méc ndy tin s§ gi6i han trén cd th€ tang lén 2 dén 3 l4n.

O situ cao tdn, d€ tang tdn s6 gi6i han trén, ngudi ta dung bo khuéch dai phan
b6 ma mach ghép gilia cac tdng 12 mach ghép RLC. Trong pham vi cufn séch nay ta
khong xét b khué&ch dai dd.

2 A
v lta(Hz
uZ( )
10715+ 10724
10°] 10725 5
.
|
|
'o‘" . ] . Y —tn =T T T
0 0§ 103 104  f(Hs) . 10 102 107 . 104 f(Hz)

a)

Hinh 5.11. Dién 4p phé tap am (a) va dong dién phd tap Am (b) cia mot bd khuéch dai thuat todn.
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Ngay nay, nguoi ta da san xudt dugc cdc vi mach khuéch dai dai rdng. Vi mach
trén hinh 5.4 cing c6 th€ dung d€ khuéch dai tin hiéu video. Lic dé phdi thay thé mach
cong huong boi mét tdi dién tro c6 tré khang thdp va phdi chon ngudn tin hidu c6 dién
trd trong nho. ‘

5.3. Tap am khuéch dai

Cac by khuéch dai ly tudmg, od hé s6 khuéch dai da 16n, ¢ th€ khuéch dai duge
moi tin hiéu du tin hiéu dé yéu dén dau. Diéu d6 khong dung d6i véi cac bd khuéch dai
thuc, vi trong b6 khué&h dai thuc, bén canh tin hiéu hitu ich cdn ¢d tap am. Tap am
$é lGn at tin hiéu hitu ich c6 bién do nhd, han ché khd nang khuéch dai tin hiéu nay
tize la lam gidm do nhay cia b khuéch dai. Cé hai loai tap A&m : tap 4m ngoai va tap
am noi bo. Tap am ngoai con goi la nhiéu, sinh ra do cdc trudng dién (nhiéu do nguén
cung cdp, nhiéu cong nghiép) tap am ndi bd la nhing dot bi&n vé dién ap va dong dién
x4y ra trong cdc phin ti va cdc mach dién. Ta chi quan tam dén tap am noi b la
logi tap ém thudéc pham vi c¢6 thé khéng ché dugc. Trong tap &m ndi by, ta phan biét :
tap Am nhiét, tap Am dién din xdo dbng, tap am phan b8 dong dién va tap 4m ban
dan.

Vi dac tinh tinh cia tap Am khéng thay d8i theo thdi gian, do dé cd the ditng tri
trung binh theo thai gian dé biéu dién ddc tink tinh cia tap am.

O v

5.3.1. Dién a&p phd tap am, dong dién phé tap &m

Tap am trdng !A tap Am cd mat do phé cong sudt dp/df khéng phu thuéc tén s6.
Ngugc lai cdc ioai tap am khdc, ¢ mat do ph6 cong suidt phu thuéc tén sb.
Trong nhiéu truong hop, nguoi ta thuong dung dién dp phd tap am va dong, dién phd
tap am dé tinh todn cho don gidn.

Dién ap ph8 tap am u,, dong dién phd tap &m i,, 1a tri hi¢u dung cia dién dp
tap am hodc dong dién tap am trong ddi tén ¢6 d6 réng B = 1Hz.

Co thé dinh nghia cdc tham s6 d6 mét cdch chinh xdc hon nhu sau :

Binh phuong dién ap phd tap am la vi phan binh phuong tri hiéu dung cia dién
4p tap Am theo tén s, cing cd thé dinh nghia cho dong dién phé tap Am tuong tu nhu

Vay. |
Nghia la
2 A '
2 ey U—\“Zd 5.10
Uiy df ay ta — Uia f (5. )
1,
Hoac
dr? fe
2 = 7;’— hay I, = \} | & ar (5.11)
%

trong do u,,, i,, la dién ap va dong dién ph6 tap am cé thu t:guyén V/ﬁ{_; va A/m;
Ula(v), I[a(A) la tri hiéu dung cua dién 4p tap &m va dong dién tap &m trong
dii t&n B = f. - f, . [ f; ]1a tén 86 cao nhdt va thdp nhat cia dai tan, tinh
theo Hz.
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5.3.2. So d8 twong duong tap &m cua bd khuéch dai

Trong mét bé khuéch dai nhiéu tdng, cg rét nhiéu nguén tap am. Ta coi nhu bé
khuéch dai khéng c6 tap am dé tinh todn, méc 6 ddu vao bé khuéch dai mét nguon
dién ap tagp a&m va mot ngudn dong dién tgp ém (hinh 5.12). Bang cach dé, cé thé so
sanh tap Am v4i tin hiéu va tim dugc ty s6 tin hiéu/tap Am mot cach dé dang. Khi ngén
mach dau vao b6 khuéch dai, ngudn dién dp tap am U, tao nén trén ddu ra moét tap
am bing tap am b6 khuéch dai thuc vé bién dé va pha.

B kb khéng cd fap am ‘

Utg
1 1 | 3
o o— ——o
T 1! I
2 2 @Im | "
o— o— - bt
[
b)

Hinh 5.12. Sd d6 wong duong tap 4m cda bd khuéch dai .
a) voi ddu vao ddi xling ; b) v4i dfu vao khong ddi xiing.
Tuong ty nhu vAy, khi hé mach ddu vao b khuéch dai; ngubn dong dién tap am
L. I;; tao nén trén dfu ra mot tap &m bing tap &m cda bo khuéch dai thuc. Anh
hudng cta tap &m (d&€n codng tdc cia bd khuéch dai) con phu thuéc vao dién trd trong
cia ngudn tin hiéu. Lic d6 ngoai ngubn dién 4p tap &m U,,, con thanh phin tap 6m
do ha 6p ctia dong I, trén dién trd trong ngudn tin hidu.
Tap &m cda b6 khuéch dai nhiéu téng chi yéu do tdng vao quyét dznh Vi vay khi
dién tré trong ciia ngudn tin hidu nhdé (<< 50kQ) thl téng vado nén dung tranzistor
luéng cuc, nguoc lai néu dién trd trong lén thi ding tranzistor truong ¢ ting vao.

5.3.3. Phén tich tap am

Nhu da ndi & trén, ¢ nhidu nguyén nhan gy ra tap Am trong b6 khué&ch dai. Dai
dién cho médi loai tap Am la moét ngudn tap Am. Ta gia thi€t cdc nguén tap am nay dée
lgp v6i nhau. Trong trudng hgp nay ta coi binh phuong tap dm Jd ddu ra la téng binh
phuong cdc tap 6m dau vao, vi cong sult tap @m ddu ra la téng cong sut tap am dau
vao. Trong thuc t& ngay cd khi cdc ngubn tap 4&m nay khéng hoan toan déc lap, thi sai
s6 khi tinh toan nhu vy ciing rit nhé va c¢d thé bo qua.

Cac buSc phan tich tap 4&m cia moét hé théng tuyén tinh cd th€ tém tdt nhu sau :

Bu6e 1 : Cho tlt cA céc ngubn tin hléu v ngubn dién dp cung cdp bang khéng.

Bude 2 : V& so d6 tuong duong xoay chiéu.

Bude 3 : Bi€u dién méi loai tap 4m bing mét so d6 tuong duong tap am.
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4

Buée 4 : Tinh dién ap ph8 tap am u, & ddu ra nhu sau :

- Tinh céc tap Am thanh phéan |u, |, |upeol, |4aa] - cia cac ngubn tap am khac
nhau theo bi€u thic (5.12) '

Yiari = K(Duy; (5.12)
trong dé, K(f) la ham truyén dat cia b6 khuéch dai.
Khi tinh todn coi nhu nguén tap am la moét dai lugng hinh sin.
- Lap t6ng binh phuong cac tap am thanh _.)dn, sé nhan duge :

2 2
e = Vg 12+ [t + o+ | il (5.13)

Buéc 5 : Xac dinh tri hiéu dung cia dién ap tap 4&m ra theo bi&v thic (5.10).

Budc 6 : Xac dinh dién dp phd tap &m tuong duong & ddu vao tuong dng vdi dién
ap tap am t6ng & ddu ra theo thd tu sau :

- Tinh ham truyén dat cia phdn mach mic giita nguén tin hiéu vao va ddu ra.

- Uyg 18 thuong cia dién dp phé tap am & ddu ra u,,, va tri tuyét d6i cia ham
truyén dat. :

- Tri hiéu dung U, cia dién 4p tap 4m vao tuong duong tinh dugc theo bi€x
thdc (5.10) bang cach thay u?,, bai ul , va U, boi U,

Vi du : yéu cdu tinh dién 4p tap 4&m vao tuong duong cia so d6 trén hinh 5.13.
Gia thiét ring cdc dién ap phd tap am u,,, va u,,, cing nhu dong dién phd tap am i,
khéng phu thudc tdn s6 (tap Am tréng).

Buée 1 dén budée 3 : chuyén tli so d6 5.13a sang so dé 5.13b.

Budc 4 :

VA VA
gy (0 = \l KON @i vl | 55 | YR | z5 1 |} 619

Buédc 5 :
fe
Uar = Iutzar af
fr
1
Rn
Yn
Uy

Hinh 5.13. Tinh dién 4p tap am tuong dudng d4u vao .
a) mach dién ; b) so d6 tudng dudng tap 4m cia a).
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Budc 6 : Ham truyén dat giita nguén tin hiéu va ddu ra

K = Ur_& Uh K ZV
n n U, Z,+ R,
U ()
2 2 2 2
Uigdg = I K‘ I = ‘Julal + Uiaz + llaRn (5.15)

Do dg

C
2 2 2 2 P2\,
Vi = V I”talddf = ‘J(um tugy YR - 1)
f

trong d6 (f, - f) la dai ph6 tap am, tinh dugc tit ham truyén dat cda bo khuéch dai
K*(f).
Ngoai ra khi. tinh tap 4m, con phai luu y dén cic quan hé sau day :
1) Dién 4p tap Am téng cia mot mach gém n nguén dién tap 4m doc lap méac néi
tiép la can cia téng binh phuong cdc dién dp tap Am thanh phén

_ 2 2 v 2
Ulald - ‘JUlal + UlaZ +..+ U

tan

Cac ngubn dién 4p tap 4m cG gid tri nho hon {t nhdt 14 mot phdn ba gia tri cia
cdc ngudn dién ap tap &m khdc déu cd thé€ bd qua, sai 86 pham phai trong trudng hop
nay nho hon 5%. :

2) Tinh tri s6 hiéu dung ctia dién 4p tap 4m v6i hé s6 6,6 1a gid tri dinh cta dién
ap tap am.

3) Dién &p tap &m cia mot dién trd duogc xac dinh theo bidu thic (5.16)

U, = i \} E_p 5.16)
Tz 100kQ ®.

4) D€ giitt cho tap 4m ra cta b6 khuéch dai nhd, chon dai t4n cobng tdc ctha bo
khuéch dai nhé vita du d6i véi tin hiéu hitu ich va nén chon dung cdc dién trd tri s6
nho va it tap am.

5.3.4. Dai tdn cua tap &4m, ty s6 tin hiéu trén tap &m, hé s6 tap &m

1. Ddi tan tuong duong tgp am By la dai tdn cha mot bo loc théng dai Iy tudng
ma tri trung binh binh phuong dién dp tap am J diu ra cia né khi ddat ¢ dau vao mot
ngudn dién dap tap am trdng béng tri trung binh cia hé théng thuc.

Dinh nghia trén day cho thdy dién tich A, cia hé théng thuc bing dién tich A, cia
b6 loc ly tudng trén hinh 5.14:

U amaBua = Tufa(f)df (5.17)
f=0
hoac K By = TIK(f)Ide (5.18)
=0

K(f) - hé s6 khué&ch dai cia hé théng ;
K, - hé s6 khuéch dai cha hé thfng & tdn s6 trung binh
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2
Ugmax - ——— ﬁ"‘q’
v =\

Hinh 5.14. Minh hoa dinh nghia vé dai (4n tap am .
a) tuong dudng biéu thic (5.17) ; b) tdong dng bidu thic (5.18).

2. Ty s6 tin hiéu trén tap am S/N. Muc dich cia viéc nghién cdu tap Am 1a d€ tim
cdch han ch€ nd d mic d6 nhé so v6i tin hiéu hitu Ich. D€ so sanh tap &m v6i tin hi¢u
* ngudi ta ding ty s6 S/N. Ty s6 tin hiéu trén tap &m duge x4c dinh theo bi€u thic (5.19)

S Py, th (5.19)
= — = 2 R
. N P, X,
P, - cong suft tin hiéu ;
P, —cbng sudt tap &m ;
X, — tri hiéu dung cda tin hiéu (U, hoac I;) ;
X, — tri hiéu dung cdu tap &m (U,, hoac I,).
Co thé tinh todn ty s6 S/N cia so d8 trén hinh 5.13 nhu sau :
2 2 2
s Ui KU U Uy
N-712 = 2 =f == (5.20)
U K PUL f ) Uiar Bia
J @2, +ul, + 2RYdr
fi |

3. H¢ s6 tap am F. Hé s6 tap Am F 1a ty s6 S/N & d8u vao véi ty s6 S/N & ddu
ra. "
Plhv/Plav _ Plar _
P lhle tar KpP tav
_ Plar
P, ( khi ban than by khuéch dai khong cd tap Am)

(5.21)

P,y — Cong sudt tin hiéu vao ;
P,,, - Cong sult tap &m vao ;
P, - Cong suit tin hiéu ra ;
P, - Cong sudt tap 4m ra ;
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Kp - Hé s6 khué&ch dai cong suit.
Hé s8 tap 4m thudng duge tinh theo dB :
F[dB] = 10logF
He s6 tap am thudng duge dimg' d€ so sanh tap am nhiéu bo khuéch dai v6i nhau
trong cung nhitng diéu kién nhu nhau. Tuy nhién, khong phai khi nao hé s6 tap 4m cuc
ti€u cing la t6t, vi F gidm ca khi tap Am ddu vao P,,, tdng. VAn dé m&u chét vin la
phai tang ty sé S/N. ' '

tav

5.3.5. Tap &m trong bd khuéch dai nhiéu tdng

Khi ¢ nhiéu ting khué&ch dai méc néi tiép, thi tinh ch&t tap am cla ca bé khuéch
dai chu y&u duge quyét dinh bdi tinh chdt tap Am cia tdng ddu. Ta sé ching minh didu
dd biang cdch tinh tap am cho b6 khuéch dai g6m hai tdng khuéch dai trén hinh 5.15.

Ta coi hai bé khuéch dai
déu khong c6 tap Am. Tap am
ndi cua ching duge biu dién
bsi hai nguén tap am P, va
P,,, ¢ ddu vao. Trén hinh 5.15
cd P, la cong suit tap &m dua
dén ddu vao cac bo khuéch
dai, con P, va P, la cic
* cbng sudt tap Am sinh ra trong
hai tdng khuéch dai.

Pras Ptaz

Hinh 5.15. Tap 4m wrong b khuéch dai nhiéu 18ng.

Ta c6
Py = (P, + ,Ptal)Kpl.
Pz = (Pyn + Pr) K, ,
Kpl, sz - hé s6 khué&ch dai cong sudt cha hai tdng khué&h dai.
Cing cd thé viét _ o
Py = [Py + Py + PplKpy = (Py + PupKy Ky, + PrpKp, (5.22)

Chia ca (5.22) cho tich hé s6 khuéch dai cong suft Klepz ta nhan dqu‘ ;
P tar2 P ta2
=P +P., + ‘ (56.23)
KlePZ v tal Kpl

Hai thanh phén cudi cia v€ phai bi€u thdc (5.23) bi€u dién céng suft tap am noi
bd xét d6i v6i ddu vao cta 2 tdng khuéch dai méc néi tiép trén hinh 5.15. T d6 ta
nhan thdy cong suit tap &m cua bé khué&ch dai thd hai gidm di KPI 14n trong bi€u thic
tap Am cua toan hé thong. VAy tinh chidt tap 4m cta bo khuéch dai chu y&u do téng
ddu quyét dinh. '
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Chuong 6

TANG KHUECH DAl CONG SUAT

6.1. Nhiing van dé chung vé tdng khuéch dai cong suét

Tang khuéch dai céng suit cd nhiém vu dua ra cong suit du 16n d€ kich thich cho
tai. Cong sudt ra cia nd co vai phdn mudi W dén 16n hon 100 W. Cong sudt nay dugc
dua dén tdng sau du6i dang dién dp hoac dong dién c6 bién do 16n. Khi khuéch dai tin
hiéu 16n, cac tranzistor khong 1am viéc trong mién tuyén tinh nita, do dd khéng thé ding
s6 dd tuong duong tin hiéu nhé dé€ xét by khuéch dai nhu trong chuong 4.

Trong chuong nay, d€ nghién cdu tAng khu&h dai cong sudt diing phuong phap dd
thi.
6.1.1. Cac tham s8 cua téng khuéch dai cong suét

H¢ s6 khuéch dgi cong sudt. Hg s8 khuéch dai cong suft K, la tl s6 gita cong sudt
ra va cOng sudt vao.

Hié¢u sudt. Hiéu sudt la ti s6 giita cong suft ra P, va cong sufit cung cp mot chiéu

Pl'
’7=7,—

Q

Hiéu suft cang 16n thi cong sudt t6n hao trén colecto cua tranzistor cang nhé.

Ngoai hai tham s6 trén day, trong by khuéch dai cong suft ngudi ta con quan tam
dén tré khdng vao. Yéu clu trd khang vao 16n tuong duong voi dong tin hiéu vao nhé,
nghia la mach phai c hé s6 khu&h dai dong dién 1on. '

6.1.2. Ché do cong tac va dinh diém lam viéc cho tAng khuéch dai cdng suét

Tuy thudéc vao ch&€ d6 coéng tdc cda tranzistor, nguoi ta phan biét : by khuéch dai
ché d6 A, AB, B va C. D6 thi trén hinh 6.1 minh hoa cdc ch& d¢ khdc nhau cta t4ng
khuéch dai va dang dong dién ra trén colecto ing v8i cac ch& d¢ d6. Hinh 6.1b cdn cho
thdy mién lam viéc cho phép cia mot tranzistor khué&ch dai. Trén hinh 6.1a cfin Juu y
dén goc cdt 6. V6i cdc ch& do khéc nhau, gdc cdt 6 cing khéc nhau.

Ché& d6 A tin hiéu dugc khuéch dai gdn nhu tuyén tinh, géc cit 6 = T/2 = 180°.
Khi tin hiéu vao hinh sin thi & ch& d¢ A dong tinh colecto luon luon lén hon bién d¢
dong dién ra. Vi vy hiéu sudt ‘cia. bo khuéch dai ché dé¢ A rdt thdp (<50%).
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Do d6 ch& d6 A chl dugc dung trong trudng hgp cong sudt ra nhé (P, < 1W).

Ché do AB c6 goc cit 90° < 6 < 180°. O ch& d6 nay c6 thé dat hiéu sudt cao hon
ch€ d6 A (<70%), vi dong tinh I, lic nay nhé hon dong tinh & ch& d6 A. Di€m lam
viéc ndm trén dac tuyén tdi gin khu vyc tdt cia tranzistor.

"C
Hyperbol

cbng
suot

0 :J

, -

. UCE
-l | :
t o ) . .

o+ -
[N
o+

¢)

Hinh 6.1. Minh hoa ch€ do cong tic cia 14ng khuéch dai cOng suft .
a) diic tuyén wruyén dat cua tranzistor ; b) djc tuyén ra cia tranzitor ;
¢) dang dong dién ra cia tranzitor iUng voi cic ché do gong tic khic nhau
khi dién ap vao hiph sin.

Ché d6 B dng v6i 6 = 90°. Di€ém lam viéc tinh duge xac dinh tai Ugp = 0. Chi
moét nita chu ky Am (hoac duong) cua dién dp vao dugc tranzistor khuéch dai.

Ché d6 C co goc cat 6 < 90°. Hiéu sufit ch& do C khd cao (I6n hon 78%), nhung
méo rit 16n. N6 thudng duge dung trong céac 'bd khudeh dai tin sé cao va ditng vdi tdi
cong huong d€ cd th€ loc ra dugc hai bac nhét nhu mong mudn. Ch& d6 C cdn duge
dung trong mach logic va mach khda.

Di€m lam viéc tinh duge xdc dinh trong khu vuc cho phép trén dac tuyén tranzistor
(hinh 6.1b). Khu vyc dd dugc gi6i han bdi : hyperbol cong suflt, dudng thdng dng véi
dong colecto cuc dai, dudng thdng dng v6i dién th€ colecto—emito cyc dai, dudng cong
phan cdch véi khu vyc béo hoa va dudng thdng phan céch véi khu vuc tat cia tranzistor.
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O ché do dong (khi ¢6 tin hiéu vao), di€ém lam viéc cé thé vugt ra ngoai hyperbol céng
sufdt (néu vdn dam bao duge diéu kién cong sudt t8n hao nhé hon coOng suédt t6n hao
cho phép), nhung khong duge vugt qua cac giéi han khéc.

Co thé dung cac bién phap da trinh bay trong chuong 3 dé cung cép va &n dinh
diém lam viéc cho t4ng khuéch dai cong sudt. Tuy nhién, it khi ding dién tré emito dé
6n dinh ch& do codng tac, vi trong tang khuéch dai cong suit, dong lon sé gay tén hao
lon trén dién trd nay.

6.2. Nhing van dé chung vé mach dién tang khuéch dai cong suat

Mach &ién tdng khuéch dai cong suit thuong dugc phén loai theo bang 6.1.

Tdi cia ting céng sudt thuong dugc mdéc tryc tiép vao colecto hodc emito cia
tranzistor céng sudt. Khi khuéch dai tin hiéu xoay chidu c6 thé ghép tdi qua bién dp.
mach ghép bién 4p (tai bién 4p) cho hiéu sudt cao nhung cho qua dai tdn hegp va kich
thudc, trong lugng lom.

Bdng 6.1.
Téng khuéch dai cong suft
Téing khuéch dai ché Téng khuyéch dai ddy kéo (thudng ding
a6 A ’ ché do B hoic AB)
Diy kéo song song ’ DAy kéo n6i ti€p
Tranzistor Tranzistor Tranzistor Tranzistor
cung loai khéc loai cing loai khac loai

6.3. Tang khuéch dai don (bd khuéch dai ché dd A)

Trong tdng khuéch dai ch€ d6 A, diém lam viéc thay dbi déi xung xung quanh diém
tinh. So vdi tdng khuéch dai tin hiéu nhé, nd chi khac 1a bién d¢ tin hiéu lén. Téng
khuéch dai don hay dung so d6 emito chung hoac so d6 ldp emito, vi so d6 nay cd hé
s6 khuéch dai dong dién l6n va meéo phi tuyén nhé.

6.3.1. So d6 emito chung

Hinh 6.2 bi€u dién so dé emito chung vA minh hoa nguyén téc lam viéc cia téng
khuéch dai ché& d6 A.

Khi tin hiéu vao hinh sin, cong sudt ra cha tin hiéu duge xdc dinh theo bi€u thic
(6.1).

P = Ucelc _ICRC_ Uce 6.1)
r= T2 TT2 TR, | 4
A A
Can ci vao hinh (6.2b) ¢d thé xac dinh dugc cac bién 46 U, va I, nhu sau :
A (Temax — Icmin) A (UcEmax ~ UCEmin)
= TP ay, = 5

¢ 2
Thay vao (6.1) ta c6 :
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(UcEmax — UCEmin)(Icmax ~ Lemin)
L= g (6.2)

Vay khi vé duge dudng
tai trén ho dac tuyén ra,
ta hoan toan co thé xéc
dinh dugc cong sudt ra. Ta
s& nhan duge céng sudt ra
léon nhét khi co diéu kién _
sau :

UCEmax_ UCllmin = Ucc tie
Uccmax = UCC/Z
Iemax = Iemin = 21, va
RCopl = U2l ; lic dé
cong suflt ra cuc dai :
2
UCC UCCI (o]

Prmaxzﬁgz 4

Uee/r,

(6.3) Icmax
- Ieo
I¢c min

U

cc

21

Ta con nhan théy
ring : dudng tai cang nam
gin hyperbol thi cong sudt
ra c:‘a.ng 16n.

khi R Copt =

C

=]

Trudng hdp ddu ra cua
tang khuéch dai dugc ghép
dién dung voi tai, cAn phan
nhiet duong tai tinh véi .
dudng tai dong, lic dé dién Hinh 6.2. Tdng khuéch dai mic theo s¢' d6 emito chung:
) : a) sd d6; b) minh hoa dang tin hiéu trén bo dic tuyén ra.

trd t6i wu dugc xdc dinh
nhu sau : : '

cc

"ZI_

co

(R /] Rt)opt =

Dé xdc dinh hiéu sufit, cAn xéc dinh cong sudt cung cfp cho mach :
T
1 A
Py = [ Uy U + I sin wbidt = Uy Iy - 6.4)
[2]

Ro rang, khi tin hidu vao hinh sin thi tri 86 trung binh dai s6 cia dién ép colecto
- emito va dong colecto khong d6i, vi vy cong suéit cung cfp moét chiéu khong phu thuse
vao miuc tin hiéu vao va ra.

Hiéu suit cuc dai cia mach dugc x4c dinh theo (6.5)

Prmax

UIIIBX P

o

100% = 25% (6.5)
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Khi ghép bién ap cé
thé tang hiéu sudt cuc
dai lén gip dé6i, vi cd
th€ bo qua dién trd moét
chiéu ctia bi&n ap, nghia
la gidm dién ap ngubn
cung cdp mot chiéu cia
mach.

6.3.2. So dé lap
- emito

So d6 lap emito dac.
biét thich hop d6i v6i
tdng khuéch dai codng
sufit. Ngoai nhing uu
diém da néu & trén dung
sd d6 nay con dé phdi
hop tré khdng vdi tdi.

D& c6 tin hidu ra
16n, ta lai chon diém lam

viéc tinh &6 gitta dudng Hinh 6.3. a) Ting cong suit mic theo so d6 1ap emito ;
tai (hinh 6.3b). Ta cd b) Minh hoa dang tin hiéu trén dic tuyé&n ra.

Ucc - UCER Ucc + UCER

va . IEoz_

Bién d6 dién 4p ra cuc dai :

A Ucc - UCFR

U, = ——5—— hoac I, = I,

Khi dién trd tai dat duge gia tri t6i wu :

A
U, Ug—Ucer

R = =
topt Ic 2IE0
ta nhin thdy dugc cong sudt ra 16n nhét :
AA 2
U, Ay (Uee = Ucer)
Ppax = 2 =Ue/2Rlopl=T

topt

Khi coi I, = I, tinh dugc cong suft mot chiéu cung cAp cho mach

P, = Ucdg,
Ti (6.7) va (6.8) xdc dinh hiéu sudt cuc dai cia mach
Prmax (Uee — UCER)2 1 Uc = Uckr
= 100% = 5100 =~ ———100% = 25 %
max P o 8RlothchEo 4 Ucc ’

(6.7

(6.8)

6.9)
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Cong sudt t6n hao trén colecto cta tranzistor la hiéu s6 gilta c6ng sudt cung cip
moét chiu P, va toan bo cong suft t6n hao trén dién trd tai ;
T 72
1 A . 2 Ie
P, = Py~ Py = Py~ = [ Rillg, + I, sinwt] dt = P, - R(Bo+5). 610
) o

Trudng hogp yéu cAu dong moét chiéu khéng di qua tai, ngudi ta dung so d6 lap
emito ghép dién dung véi tai nhu hinh 6.4.

I
|
Ig
|
Ig, H=="X0
| |
—_ R
Up | [ Ry E
|
. Ol Uces ey (2Ucey~Uceg) Uec Ueg
Ue
b)

Hinh 6.4. Ting cong suit mic theo so d6 13p emito ghép dién dung vdi ai, R = R // RE.

Gia st chon diém lam viéc tinh Jd gida dudng dgc tuyén tdi sao cho coéng suét tin
hiéu ra lén nhét. TU déc tuyén trén hinh 6.4b cd thé x4c dinh dugc dong emito & ché
dd tinh nhu sau :

1
Igo = 5~ Uee = Ucgy) (6.11)
E
1
Ig, = E(UCE() - Ucgr) (6.12)

t
Giai hé phuong trinh d6, ta nhan dugc ;
Ul  + UcgrRE  (Uee + U¢gr)R: + UcerRE

UCEO = R’[ + RE - 2Rt + RE (613)
I _ Ucc - UCER _ (Ucc - UCER)‘(RI + RE) 6.14)
Eo ™ R, +Rp R(2R, + Ry) ‘

Ti d6 ta cd th€ tinh duge bién d¢ dién d4p va dong dién tin hiéu ra :

(Ucc - UCER)R(

2R + Ry (6.15)

A
U = Ucgo = Uckr =

7 _ Rg U = Ucr
¢~ "EoR. + R, 2R +Rg

(6.16)
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Cong sudt tin hiéu ra :

A A
U.1I

ele 1 (Ucc - UCER)ZRI
P = 5 =3 5 6.17)
(2R, + Rg)
dP,
Céng sudt ra phu thuéc dién trd tai R,. tinh dao ham aR. d€ tim dién trd tai tdi
t
wu Ung voi cbng sudt ra cuc dai
aP;  (Ue - Ucer)® (Rg — 2R) : ©.18)
dR, 2 (Rg + 2R\’ '
dP, R
d_R: — 0 khi Iil = ‘2_
Ry
Vay Rip = -5 (6.19)
Thay két qua nay vao (6.13) va (6.14) ta xdc dinh duge di€m lam viéc t6i uu :
’ Ue + 3Ucgr
UCkoopt = 4 (6.20)
3 Uee = 3Ucgr
TBoop = 3= R, (6.21)
Do dd dién trd emito dugc tinh nhu sau :
3 Uee = Uckr
Rp = - —mirr—m (6.22)
E 4 IEoopl

Bién do dién d4p ra va bién d6 dong dién ra cd gid tri t6i uu xdc dinh theo bi€u
thdc (6.23) va (6.24).

A UCC - UCER

erpl = UCEO()pl ~ Uckr = 1 (6.23)
A Ry 11U~ Uckr 04
Ieopl - IE()oleE +Rt 9 RE (6.240

Cong sudt ra cyc dai :

A A 2
_ Uecpl 'Ieopl _ 1 (Uee = Ucgr) 5
Prnax = -——-—E————ﬁ:———}—i};——— (6.25)

Cong suft cung cfp mét chiéu :

3 (Uce = Ucpr)Uec
P, = I U, =+ (6.26)
o Eoopt “cc 4 RE

Hiéu sudt cia mach :

1 Ucc - UCER 1
n= P, = —1-5 U ~E* = 8,3% 6.27)

cC
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So véi so d6 trén hinh 6.3, so d6 lap emito ghép dién dung véi tai dat duge hiéu '

suflt rdt thdp. _
D€ nang cao hiéu suft, ngudi ta cd thé thay Ry trong so d6 trén bdi mdt ngudn
dong nhu trén hinh 6.5. '

Ie

+Uce

T

-- 1
b 1 Eo] | ;\
- | a ! |
' [

Up Rz
7 nooAg (ke ! <Rt
‘. i AN
L Ucer Uty Uce Uce
U U
a) ! e L
r T !

Hinh 6.5. Ting cong suft mic theo so d8 I¥p emito ghép dién dung vdi (ai,
c6 ngudn, dong mic trong mach emito.

Vi ngudn dén.g c6 trd khang trong.lén, nén R’y = R,. Chon di€m lam viéc & giua
dic tuyén tadi, ta cd bién do dién a4p v& dong dién ra cuc dai nhu sau :

A Ue = Ucer
Ue = Ucgo -~ Ucgr = —35 (6.28)
I, = I = I (6.29)
oy .
R\ =R = x=—p—- (6.30)
I, nd
Coéng sufit ra :
Od, 1
P = = =7 WU~ Ucpr)pg ‘ (6.31)
Cong sudt cung cflp 1 chiéu : -
) Po = chnd
Hiéu sufit cia mach :
P 1 U~ Ucgr 1
=t R 25% (6.33)

Trong cdc mach tich hgp hay dung so d6 lap emito ghép truc ti€p dugc cung cép
bdi mot ngubn dién 4p 2 cuc tinh (hinh 6.6). Trong so d6 nay ta xac dinh duge :
2Ucc — Ucgr  2Ucc + Ucer

Ucko = Ucgr + 2 = 3 (6.34)
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Ieo = -2 =R, (6.35)
R R .R
A c o, t . , E %t
U, = IR, = R—ERl— UCCR“—E+Rl s R, = R TR (6.36)
T T S S S 6.37
e~ "EOR.+R, Ry +R, ©.37)
A A 2
UCIC UCC Rl
P -

rT 72 T2 Re+R) _ (6.38)
Coéng sufit ra P, phu thudc vao dién trd tai R, Ta tim tri s6 dién trd tai t6i uu

Ryp, d€ cong suft ra dat cyc dai.

1
T
A
/

=
&I
_—
X
Z
~
m
o
|

R
L i 1\\

- Uge, A

Hinh 6.6 Ting cong suft ghép tryc tiép, c6 ngudn cung cp mot chidu hai cyc tinh. Ri = R//R. .

dPr Ugc Rg — R,
= ————
R 2 (Rg+RY
khi R = Ry, = Rg ; (6.39)
Thay (6.39) vao (6.36) va (3.37) ta nhan duge :
A 1
erpl 2 Ue (6.40)
1. L D (6.41)
eopt ) RE .
2
P 1 Ve (6.42
max = § Ry 42)
Céng suft cung cdp moét chiéu :
. 2IJCC
Po = ZIEOUCC = T (643)
E

Do d6 hiéu sudt :::fc dai cia mach :
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. 6,26% 6.44
77 - Po - 16 - > © ( . )
Hiéu sudt cha so d6 nay rdt thdp, do khéng chon dugc diém lam viéc t6i uu, do
la vi dién thé emito 0 ché d¢ tinh bue phdi bang khéng.

Cé thé€ tang hiéu suft cia mach lén tdi 25%, néu thay cho dién tré Rp dung mot
nguén dong nhu trong so dé hinh 6.5a.

6.4. Tang khuéch dai ddy kéo

6.4.1. Nhirng vén dé chung vé tdng khuéch dai ddy kéo
1. Céc loai so dd

D€ tang cong sudt, hiéu subt va gidm méo phi tuyén, ngudi ta dung tdng khuéch
dai ddy kéo. Tdng khuéch dai ddy kéo l1a tdng gbm cd hai phdn t tich cuc méc chung
tdi. D& bi€u dién va phan loai cdc so d6 ddy kéo, ¢ thé dung so d6 cau nhu trén hinh

6.7.
—-‘—P_)Z‘I%;W 3 i _‘ Ph'?g ty CI—_)
Ry
>Rt B e | UCC
Phantr| —| Phan @
KB / KD

a) b)

Hinh 6.7. Phan loai cic ting khuéch dai ddy kéo .
a) 50 d6 diy kéo song song ; b) so d8 day kéo nbi ti€p.

Trong so d6 diy kéo song song, cdc phén td tich cuc dudc méc trong cdc nhanh
bén trai cta cAu. Trong cdc nhdnh phai clia cdu la dién trd tai, cd di€m gida néi voi
ngudn cung cip mdc trong nhdnh chéo cta cAu. Ngugc lai, trong so d6 ddy kéo néi tiép
ngubn cung cdp cd di€m gita n6i v4i tai, tdi ndm trong nhdnh chéo cta cdu. Tém lai
so dd ddy kéo song song cé cac phin tit tich cuc ddu song song vé mdt mét chidu va
so dd ddy kéo néi tiép ¢6 cde phan ti tich cuc ddu néi tiép v&@ mat mét chidu. Ngoai
ra, trong cic sd d6 trén con cd thé dung hai phédn tit tich cuc cung loai hodc khdc loai,
do d6 cd bén loai so d6 ddy kéo nhu duge chl ra trong bang 6.1 va hinh 6.8.

Dién trd R, trong cdc so d6 song song chl cd y nghla, n&u hai nia cia né duge
lién hé v6i nhau nho cdm ung hodc nhd sy bién déi nang luong sao cho toan bd cong
sudt duoc dua hét ra mét tdi chung dé tiéu thu.

Vi vay trong cdc so dd song song thuong ding mach ghép bién dp vdi tdi tiéu thu.
Trong dd, cudn so cp bi€n ap c6 difm gita ndi voi nguén cung cdp, cdn cubdn thd cap
ghép vai tai.

Trong céc so d6 ndi ti€p, khéng can dﬁng mach ghép bién ap, vi dién tré R, khong
yéu clu cd diém gila.
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B3y kéo song song Ody kéo néi tiép

Tranzistor
cung logi

T di

Tronzistc:

khdc

Hinh 6.8. So d6 diy kéo song song va nd 1iép vdi tranzistor cung loai va khac loai.

2. Mot sé dic diém co ban

+ Diém d4t clla cdc mach song song la ddu 4m cla nguén moét chiéu, di€m dat
cla cidc mach ndi tiép la di€m gitta cia nguén mot chiéu.

+ Céc mach diy kéo dung hai tranzistor cing loai dude kich thich bdi cdc tin hiéu
ngugc pha. DE tao tin hiéu nay ¢ th€ dung ting khuéch dai dao pha hoac dung bién
4p ma cudn thd cip cta nd cé di€m gifta ndi d4t vé mat xoay chidu. Cac mach ddy kéo
dung hai tranzistor khdc logi duge kich thich bdi cdc tin hiéu ddrng pha. Vi vay cé thé
dung cung mot tin hiéu dé€ kich thich cho ca hai tranzistor.

+ Cac tdng ddy kéo cd thé
lam viéc  ch& d6 A, AB hoac
B, nhung thong thudng ngudi
ta hay dung ch& d6 AB hoac B.
O ché do B, diém lam viec duge
chon sao cho dong dién ra @
ch€ do tinh I, bang khéng va
dién 4p ra & ché& do tinh U,
bing dién d4p nguén cung cép
(hinh 6.9). M&i tranzistor chi
khué&ch dai mot nlta duong hoac
mét ntta 4Am tin hiéu vao. Hai
ntta tin hiéu ra sé dugc téng
hgp lai thanh tin hiéu hoan
chinh trén dién trd tai.

Tuy nhién,  ch& do6 B phai
luu y dén méo tin hiéu sinh ra

Ir

Hinh 6.9, Dic tuyén ra cia ting diy kéo ché do B.

Ir
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khi diém lam viéc chuyén tiép tit tranzistor nay sang tranzistor kh4c, vi trong tranzistor
chi cd dong emito khi dién 4p bazo - emito 16n hon 0,5V (tranzisitor silic). Do dd khi
dién 4p bazo - emito cd gid tri nhé thi nd duge khuéch dai rat it hoac hoan toan khong
dugc khuéch dai. Méo sinh ra trong qud trinh d6 cang 16n khi dién 4p vao cang nho.

Méo nay khic phuc dugc bang cdch ting tri s6 dong ra tai di€ém tinh I, va cho
tdng ra lam viéc & ch€ d6 AB.

6.4.2. So dd ddy kéo song song

T4t cA cdc so d8 d8y kéo song song déu phai diung bién dp ra dé phéi ghép giiia
hai nua dién trd tdi R,. Mach dién nguyén ly cia né dugc bi€u dién trén hinh 6.10. D&
cd dién ap dat vao hai tranzistor ngugc pha, ding bién 4p BA,.

Né&u dién dp vao cd dang sin thi hai tranzistor thay nhau khuéch dai hai nia hinh
sin, vi dién th& hai ddu cudén thd c4p BA, ngugc pha. Céc dién trd R, R, dudc chon
sao cho dong tinh qua ching nhé (ch&€ do AB). Khi cho R, = 0 thi Uy = 0, do dd bo
khuéch dai 1am viéc & ch& do B. O ché do AB ddng tinh colecto nidm trong khoang (10
+ 100)uA. Hai nia hinh sin ctia dién ap ra duge ph8i hgp lal trén bién ap ra BA,. Dién
trd ctia mdi tranzistor dugc xdac dinh nhu sau :

R’ = anl,
trong dd n la hé s§ bién 4p,
n = I/NZ
N,, N, theo thi tu la s6 vong cua mét nlta cudn sg cdp va 88 vOng cia cudn thud
/\
cdp. Vay ta cd quan hé : I, = cc/Rl va ﬁce = nﬁ

Dong xoay chiéu Z thay nhau chay qua nila trén va nla dudi cta cudn so cap bién
ap, do d6 chli mé6t nda cudn so cdp tham gia vao viéc hinh thanh trudng dién ti cua
bién 4p.

Cong suft ra tai chia mach :

%) 32
P _ Ur _ UCC
r 2R, 2n2R‘

Bién d6 dién 4p ra cuc dai giita colecto vA emito clla mot tranzistor (hinh 6.10b) :
N ‘
Ucemax = Uy ~ UCER

Do dd ta nhan dugc cOng suit ra cyc dai :

(Uee ~ Ucgr)?

P =
2n’R,

rmax

Né&u gia thiét bo khué&ch dai lam viéc & ch€ do B, ta tinh dugc dong colecto trung
binh :

Do dd cobng sudt cung cAp mét chiéu :
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. budng tdi xoay chiéu

U\/ Na
AN
!
/' f \
0 : Ucer Uce U
]
! Ucg
|
|
L
Pomax b ————— ——— i Uce
I i
|
0,78Pymax ~ — — — — — | i
IPC max
| ! ¢
il b)
| I
| ] A
05064 1 0[5 max
¢)
&

Hinh 6.10. Ting cong suft day kéo song song .
a) so d6 ; b) dic tuyén tai ; ¢) quan hé giila cOng sudt va dién 4p ra.

A
24 2 U, U
U, .= —-——-——

P, = ﬁlc cc TR
t

A
Vay cong sudt cung cdp mdt chiéu phu thuéc vao mic dién ap ra U, (xem hinh
6.10c). Céng sudt tiéu hao trén colecto la hiéu cong sult cung cdp P, v6i cOng sudt ra

tdi P,. Thay P, va P, vao ta c6

p - p P - 2 U, Ug Ue
¢ © oz an[ 2n2R[
P, thay d6i theo U,, va dat cyc dai khi
A
U = T Ue
O che db B, cOng sudt t6n hao cuc dai la
‘ 4
Pemax = —JT—Z Prpax = 4Prns
Hiéu su&t cuc dai cha mach :
P rmax KA
- Nmax = 100% = <.100% = 78,5% ) (6.45)
Pomax 4
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Ta thdy hiéu sudt cta b6 khuéch dai ddy kéo 16n hon hiéu sudt cua bdo khuéch dai
don kh4 nhiéu.

Can ndi thém rang, cac két qua thu duge trén day cing cd thé coi la gan dung khi
b6 khuéch dai lam viée & ch& d6 AB.

Ngay nay b6 khuéch dai ddy kéo song song chi con duoc ding trong nhitng trudong
hop yéu cdu phdi cdch dién moét chidu déi véi tdi hodc yéu cdu mach cho hiéu sudt cao
trong khi ngudn cung cp nhé, vi so d6 ddy kéo song song c6 mét s6 nhuge diém rat
dédng k€ do bién dp gay ra nhu kich thudc 16n, gid thanh cao, dai tdn lam viéc hep va
khong thé thuc hién dugc dudi dang mach tich hgp.

Tuong ty nhu vay ta cd th€ xét d6i vdi cac so dd ddy kéo song song ding tranzistor
khac loqi.

6.4.3. So db ddy kéo ndi ti€p dung tranzistor cung loai

Trén hinh 6.11 14 hai so d6 ndi ti6p ding tranzistor cung loai. D€ tao tin higu nguogc
pha dua vao bazo hai tranzistor T, va T,, dung tdng khuéch dai dao pha T;. O day thay
cho ngudn cung clp c6 diém giita noi dét, nguoi ta ding ngudn déi xung * U,. Trong
so d6, T, dugc méc theo kiéu mach colecto chung va T, theo ki€u mach emito chung.
T, ngoai nhiém vu khuéch dai ddo pha, con lam nhiém vu dinh diém lam viéc cho T,
va T, nhd dién &p tinh trén colecto va emito cia né. Trong cdc mach rdi rac thuong
dung ghép dién dung gilta tdng khuéch dai ddo pha va tdng ra, bang cdch d6 cd thé
dinh di€ém lam viéc riéng cho T, va T,, cdc dién trd R va Rg lic nay chi chon theo
yéu cdu d6i v6i bien d6 dién ap kich cho tdng ra. Trong ky thuat tich hgp khéong thuc
hién dugc diéu do, vi vay vdi sd d6 trén hinh 6.11a thudng gap khé khdn trong viéc
chon Ry d€ théa man yéu clu vé d6 méo va cong suft ra. D€ khic phuc phdn nao khg
khan d6, ngudi ta thay dién trd Ry bdi mét diot nhu trén hinh 6.11b. Diot lam nhiém
vu han ché dién dap bazo - emito cia T, nhd dé khic phuc duge hién tugng qua tai cia
T,. D€ giam méo con dung mach héi tiép &m gém R,,; va R,,,. Trong mach héi tiép
dg, ta tinh dugc :

_ - _ U,
I,=D,+Ty=5 (6.46)
v
+ DCC
R¢
Ry . T,
) o——| T3 5
Jl T " Ry
v
Rz Re _T_
..UCC
[}
a) b)

Hinh 6.11. Ting ra mic theo sd dd ddy kén ndi iép, ding tranzistor cing loai vdi tAng kich
la tAng khuéch dai déo pha.
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U,=0I'"R,,+U, (6.47)
U’y =1yRy + U, =KU, (6.48)

Do d6 hé khuéch dai dién 4p cla mach khi tinh dén héi ti€p am duge xdc dinh nhu
sau :

Ry, - K

U
Ry, K, + 1+ L8, /Ryn+ Ryy/R,

(6.49)

u

U,
K = -ﬁv =
trong dé K, va R, 12 hé s6 khuéch dai dién dp va dién trd vao ctia mach khi chua co
" héi tiép.
Néu hoéi ti€p am sau (K’;, < 5) thi

K 5> 1+ Ry Ry,
4 RhlZ Rv
Do dg
K, ~ - i (6.50)
! Ry, '

D€ tao tinshiéu ngugc pha kich thich cho hai tranzistor tdng ra, con cd thé dung
mach ghép diot nhu trén hinh 6.12.

9~ Ucc

b)

Hinh 6.12. Tang ra ndi tiép dung tranzistor cung loai ghép diot dé dao pha .
a) dung tranzistor ddn ; b) dung so d6 Darlington.

Dién ap kich thich dugc dén truc ti€p vao bazo tranzistor T, con dién ap kich thich
cho T, 14y tu colecto T, ghép diot sang bazo T.

B6 phan ap R, R, xac dinh di€m lam viéc tinh cho T,. Thudng chon R;,, sao cho
& ché do tinh dién ap colecto T, bang — Upy v8i Upr 1a dién 4p thong cia diot. Do dé
¢ ch& do tinh dién 4p bazo va emito cia T béng khong va dién 4p ra ciing bang khong.

Trong nia chu ky duong cta dién dp vao, T, tiép tuc din, nghia 1a dién th€ colecto
cua T, bang -U_.. Dién th& bazo va emito cia T; bang - U, + Upy va T, ti€p tuc ngit.
Do d6 dién ap ra bang -U. + Upy, lic nay cd dong dién chay tu d4t dén R, qua D,
va T, trd vé - U,

Trong nta chu ky am cua dién 4p vao,T, ngit, dong qua R; bang khéng do dd
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dién ap bazo T, gén bang + U va dién ap ra bang U, - Upy. Luc nay c6 dong chay
td +U,. qua T, R, vé dit.

Néu cin phai tang hé s6 khuéch da.l dong dién hoac tang trd khang vao, ta cd thé
dung mach Darlington thay cho T, T, “(hinh 6.12b). Giita bazo T1 va colecto T, mac hai
diot, vi trong so d6 nay phai luu y dén Ugpr'; va Ugpr

Ndi chung cac so d6 néi ti€p ghép diot ¢d méo 1dn, dac biét 1a khi tin hiéu vao nhé.

6.4.4. So d6 ddy kéo ndi ti€p ding tranzistor bii (tranzistor khac loai)

Mach dién nguyén ly cua so d6 néi tiép ding.tranzistor bu dugc bi€u dién trén hinh
6.13. C& hai tranzistor T; va T, déu mAc theo kiéu colecto chung va c6 chung tdi R,.
Dién 4p bazo ban ddu bang khong, nghia la dién thé& emito (dién 4p ra) cing bing khéng.
Dién ép kich cho T, T, déng pha va c6 bién dé bdng nhau. Vi mach méc theo ki€u

colecto chung, nén hé s& khuéch dai dién 4p cia né : K, = 1.

Ig
Teml-
|
WL
|
| UﬁE
0 [ Ucc= cho
]
a) L - —
b)
Hinh 6.13. a) So d6 ddy kéo no: tiép dung tranzistor bu ;
b) Dic wyén ra cia mot tranzistor. '
D€ tinh todn, ta diung dic tuyén ra cia mét tranzistor (hinh 6.13b).
Bién d6 tin hiéu ra : :
A
Ul‘ = m(Ucc— UCER) ‘ (6.51)
A
I = mlgy ‘ (6.52)
trong dd m la hé s6 ty 1§, m ldy gia tri trong khoang (0,1)
Do dd céng sudt ra cha mbi tranzistor :
A A
Cong sudt mot chiéu cung cdp cho méi tranzistor :
P, = U, sz,smwt dt == U, Iy . (654)
(2
Céng sudt t6n hao trén colecto ctia méi tranzistor :
m m?
P, = Po - P = T UchEM - T (Ucc - UCER)IEM (6.55)
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P, phyu thugc m.

Cho dao ham dP{Jdm = 0, ta xac dinh dugc gid tri cia m ma tai dé cong sufit t8n
hao 16n nh4t :

2U

_ cc 2
e = TU ~ Ugge) " ¥ (€29
Vay cong suft t6n hao cuc dai trén méi tranzistor :
p _ U Tem Ucdem 657
c max = = .
nz(Ucc = Ucgr) n?
Vi P, ... va U, da cho truéc, nén tit (6.5) ta tinh dugc ddng emito Iy, :
2 2
TPemax(Uee = Ucgr) " Pcpgx
Igm = > — =7 (6.58)
Ug cc
Tu do tinh duge cdc tham s6 khéac :
Ur Ue — UCER Ue
Ro= —=—7 = (6.59)
I EM AP opnax
2 2 Ue — Ucgr) 2
m 27 CER 27T
P néng = —2_(Ucc = UcgrMgm = m ?P cmaxT =m 9 ¥ ¢ max (6.60)
2m
Pogog = 7 Uclem = m 2nP gy, (6.61)
Hiéu suft cia mach :
P réng n
n= =m- (6.62)
P oténg 4
Khi m=1rn= % ~ 78,5% (6.63)

Cing gi6ng so d6 ddy kéo song song, cOng suft ra va hi¢u suft cia so d6 diy kéo
néi ti€p 16n hon cia so d6 khuéch dai don khéd nhiéu :

Py diy kéo)y = %P, r(don)
(ddy kéo) = "(don)

Nhu d4 ndi & so d6 & trén, trong so d6 néi tiép diung tranzistor bit cing xudt hién
méo 16n khi tranzistor 1am viéc & ché d¢ B, néu tin hiéu vao E‘, nhd hon gid tri dién
ap thong Upg, cia mat ghép bazo emito cha tranzistor. Lic dd, cic tranzisto ngit va
quan hé U, theo U, khong tuyén tinh trong khu wic gin géc toa d¢ (hinh 6.14). Loai
méo nay chi khic c phuc duge mot phéin khi ding maech hdi tigp am, vi trong khu wuc
6 méo K, = UJU, = 0.

D& khic phuc triét dé hon loai méo ndy, coin phdi di chuyén dac tuyén cia hai
tranzistor sao cho Ugg, = Upgy, twong ing véi mic dién Gp vao U, = 0 (dudng dit
nét trén hinh 6.14). Mudn vgy phdi d@t lén bazo cia hai tranzistor cc dién ap ban ddu
thich hgp. Hinh 6.15 biéu dién hai so dd logi dé.
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| Y

Hinh 6.14. Méo phi tuyén khi tdng khuéch dai ddy kéo lam viec & ch€ do B.

Trong so d6 trén hinh 6.1'5a, T/T, dugc kich thich bdi T;. Trén colecto T; c6 R¢
dugc ldy ra trén cic diot. Do d6*dién 4p bazo-emito cia T, T, lan lugt la

U1 = Uers + Upm = Ucers + Uggg

Upr2 = Ucrs -~ Uprz = Ucrs ~ Uggaz

?+ Uee

- —Uec

Hinh 6.15. T4ng khuéch dai ddy kéo ndi ti€p va tdng kich :
a) ding tranzistor bl ; b) dung tranzistor Darlington-ba.

Diém lam viéc cta T3 dugc chon sao cho khi khéng cd tin hiéu vao, dién th& emito
cua T,/T, bang khéng, lic ndy sut 4p trén dién trd tai R, cing bing khéng.

D& tang trd khdng vae cia mach ding tranzistor Darlington nhu trén hinh 6.15b,
trong trudng hgp nay cén phai dung bén diot d€ tao dién 4p ban ddu sao cho cd thé
bu dugc dién ap Upg, cia bdn tranzistor.

Trén hinh 6.16a, tranzistor T,/T," tao thanh mdt mach Darlington ba. T8 hop
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T+ U

Uy

A

1

- Uce

)

Hinh 6.16. Ting khuéch dai dfy kéo n6i tiép .
a) dung mach Darlington (T1 T ) va mach Darlington bu (T2, Tz)
b) dung tranzistor bu va nguén cung cfp ddn cuc.

T,/ T, lam vi¢c nhu moét mach Darlington pnp, do d6 so d6 nay dugc coi la so dé ddy
kéo néi ti€p dung tranzitor bu. D€ bu dién 4p Upgg, cia T7,T; va T, dung ba diot.

Trudng hgp cd ngudn cung cdp mét chidu don cyc, ¢ th€ dung so d8 hinh 6.16b.
Diém lam viéc cia Ty dugc chon sao cho emito cia T,;/T, cd dién th€ U /2. Tu C néi
gitia emito cta T/T, va dién trd tai R, dugc nap tdi gia tri U /2. Trong nia chu ky
am cia dién ap dat vao bazd T/T, Ty ngit, T, thong. Do dd C phong dién va né dong
vai trd nhu nguén cung cfip cho T,. Trong nia chu ky duong cda tin hiéu thi T thong,
T, ngét, do d6 C lai dugc nap. Nhu vdy, do su phdng nap cia tu, trén R, hinh thanh
dién ap Er ty le voi ﬁv.

Trong cdc mach ddy kéo néi tiép, bao gid ciing c6 it nhdt moét tranzistor méc theo
so db lgp emito, do dd hé s6 khue'ch dagi dién dp cia mach bdng mét, nghia la bien dé
dién 6p ddt vao bazo UBO = U = 1/2U, (hinh 6.16b). Thuc t& véi nhing so d6 da xét
trén day khong thé€ cd dugc moét dién ap kich thich UB0 16n nhu vay. Khi bé qua D;,
D, ta tinh duogc

P (6.64)
372 I, e
Véi gia thigt dién trd vao cia cdc tranzistor T -
cong sudt & ch€ do tinh rdt i6n (ch&é d6 B). Khi Gz B
cd tin hiéu vao, phai luu y dén cic dién trd nay, ) }
do d6 ta c6 so d6 tuong duong trén hinh 6.17. Tr, [] R Uno Rii 2
Tu so dé dd, tinh duge :

-~ R3 . va,z
Uso = la g5 R o B15)
3 V12 Hinh 6.17. So d4 tuong duong ddu vao cia téng
O ch& d6 A (cia T,y . cong suft.

_ 1 Ug

(6.66)
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‘ Uec
o R
Ic 3 - R
o) st o, DR
R Rt Ur
! T1 C;
7 Dy a)

|
! c
[ P
T
0_—{ T3 2 — LT -~
Ur Ry ICJ ? R3 Ug, IRV iz
R2
' A b)
Hinh 6.18. So d6 diy kéo nbi ti€p tranzistor b Hinh 6.19. So d6 tudng duong xoay chiéu
diing nguyén tic Bootstrap. (4p dyng nguyen tic Bootstrap) cia hinh 6.18.
Do d¢
A 1 1 Ue
Ugo U, 75— <—7 (6.67)

T2 C1+RyR,, 2

Tit (6.67) ta théy, muén 6 U, = U,/2 phai dam bdo R; << Ry, Diéu d chi
théa man dugc trong giéi han nhdt dinh. VI khi R; qua nhé dong I ; va cong suét kich
thich cho T, tang len rét 16n.

Vay dé€ cd UBO = U,/2 (t4n dung tranzistor 8 mic d0 t&i da) hoac phm cung cép
cho T; mot dién ap 16m hon hoac phai dung nguyén tic Boostrap. Thudng ngudi ta dung
bién phdp thi 2, nghia 13 lam cho dién 4p cung cfip cho 75 bién thién theo dién 4p ra
6’,, nhd dd giit cho m 4p trén R; nhé. D& thuc hién muc dich ndy mAc thém C’ va R,
dé tao thém ddu ra thi 2 néi véi R; (hinh 6.18). ‘

Khi khéng cé tin hiéu vao, dién dp cung cfp cho T; 1a U, vi thudng R’, r&t nho
do d6 cd thé bd qua ha &p trén R’ (do I3 gy ra). Khi c6 tin higu vao, dién trd R;
khing con duge néi tryc ti€p véi U, nita ma n6i qua dién dp ra U,. So d8 tuong duong
xoay chiéu cia né dugc bi€u dién trén hinh 6.19a, trong ddé dién trd R; méc néi tiép
voi Er c6 thé thay bdi nguén dong E,/R3 méc song song v6i R, (hinh 6.19b). Tt so d6
tuong duong 6.19b xdc dinh dugc : ’

. A
U, BBy,

R, B+ R ©68)

A
Upo = (Ic3 + 5
Theo (6.66) va thay U, = U./2 vao, nhan dugc :
ff _ & R3R,;, _ 1
Bo ™ Ry "Ry+ Ry, ; * 1+RyR,;
ChQn R3 = va’z, ta co ‘
. A 1
Upo = 2 U
, Vay, nhs ding dung nguyén tic Bootstrap cé th€ tAn dung tranzistor d mic t6i da.
Vi cdc ddu ra C/R, va C’/R’, hoan todn tuong duong, nén cd th€ mic di¢n trd tai R,

vao vi trf cia R; va cd th€ bé C va R;. Tuy nhién lic dé dong tinh I3 s6 di qua tai.
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6.5. MOt s8 bién phap nhidm cai thién dic tinh cia mach

Trong tdAng cong suft k&t cfu theo so d6 tdi emito d& xuft hién nguy co qué tdi
(qué dong) néu trd khdng tdi qua nhé. D€ khac phuc hién tugng dd, c6 th€ méc them
mét mach han dong vao so d6 nhu trén hinh 6.20.

Binh thudng T; va T, ngit, dién ap bazo — emito cia chung phu thudc vao ha ép
trén Rg. Khi dong dién ra qua lon, ha 4p trén Rp tang lam cho T, va T, din, thi dién
ap bazo-emito cia T, T, gidm va dong dién ra gidm. Din trd R dugc chon sao cho
dong dién ra bi han ché trong truong hgp né vugt qué tri s6 thong thuong dd tinh todn
(trong khu wyc lam viéc). i
_. Dé c6 dién ap ra lén, thay cho mot tranzistor cong sufit cé dién dp ra 16n cd thé.
dung mot s6 tranzitor cd di¢n dp cho phép nhd hon mde néi tiép (hinh 6.21). Tuong tu

“hhu vay, c6 thé méc song song mot &6 tranzistor dé ting dong dién ra. Luc d¢, d€ giam
nhé tinh tap tdn cla dac tuyén vao, cAn phai mac ndi ti€p vi méi tranzistor mdt dién
trd emito sao cho dong dién cia cdc tranzistor khong chénh léch qud nhiéu.

t Uge

T

Ry

T
R;
7 —
V)
Dy Rg Oy r
R E 117" Rf
T2
=Vee
Hinh 6.20. S0 48 b khuéch dai ddy kéo Hinh 6.21. Mc n6i ti€p mot s& tranzistor
c6 mach han dong. dé tang dien ap ra.

O tan s6 cao hodc khi tin hiéu vao la xung ¢6 do déc suom lon, cd hai tranzistor
ctia tang ddy kéo c6 thé md ddng thoi, vi qué trinh md cia tranzistor dang ngat -xdy
ra nhanh hon qud trinh déng cia tranzistor dang md . Lic nay d€ bdo vé tranzistor
cla tiAng ddy kéo, ngudi ta méc thém cac dién trd cd tri s6 hhé vao mach colecto va
emito cua cac tranzistor.

Tém lai, cdc so d6 tdng khuéch dai cOng sufit tAn s6 thdp thudng dugc san xuit
dudi dang vi mach. Cho t4i nay nguti ta méi sdn xuslt dugc céc vi mach cho cong suft

hi

ra t6i da vai tram watt ; vi vdn de tod nhiét trong vi mech c6 gap khé khan.

DE cd cBng sudt ra 16n hon, phdi l4p dng cOng suit bAng cdc linh kién r&i rac,
thudng hay dung so d6 Darlington hon ca, vi né cho hé sf khuéch dai dong dién 16n va
yéu clu cdng suft kich thich nhé.
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CHUONG 7
NHUNG VAN Dﬁ CHUNG VB Bb KHUﬁCH DAI THUAT TOAN

7.1. Céac tinh chat va tham s6 co ban

7.1.1. Céc tinh chét co ban

Gita bé khué&ch dai thudt’toan va cdc bd khu&h dai théng thudng ve co ban khéng cé
st khdc nhau. Ca hai loai nay dgu dugc ding d€ khuéch dai dién 4p, dong dién hoac cong
suflt. Trong khi tinh ch4t cia bo khuéch dai théng thudng phu thudc vao két cu bén trong
cia mach thl tac dung ciia b6 khuéch dai
thudt todn cd th€ thay d6i duge va chi phu
thudc vao edc linh kién méic 6 mach ngoai.
Dé thuc hién duge digu dg, bd khuéch dai
thult todn phai c¢d hé s6 khué&h dai rat
16n, trd khang vao rdt 16n va trd khédng ra
rdt nhé. B6 khué&ch dai thuit.todn duge

+Uee

bi€u dién trén hinh 7.1. Trong d6, U,- dién U
ap vao hiéu; Up, I - dién 4p vao va dong J
vao cda thuén; Uy, Iy - dién 4p vao va O T o
dong dién vao cia déo; U,y - dién-4p ra p
va dong dién ra. //
B6 khuyéch dai thuat toan k};uyé'ch dai Hinh 71. Bd khu&ch dai thuit todn.

higu d&ién ap Uq =Up-Un véi 'hé sé
khuyéch dai K > 0. Do d6 dién ap ra.
U, =K Us =Ko (Up - Un) (7.1)
Néu UN = 0thi U, =K, U, lac nay dién ap ra U, dong pha véi dién ap vao Up, vi vay
nguoi ta goi cita Pla cita vao khong dao haic cira vao thuan cia bo khuyéch dai thuat toan
va ky hiéu bdi dau " +"
Tuwong tu nhu vay, khi U, = 0 thi
U=- K,Un
Vi dién ap ra ngugc pha véi dién ap vao, nén dau vao N duogc goi la dau vao dio cia
bs khuyéch dai thuat toan va ky hiéu béi dau " - ". Ngoai ra bd khuyéch dai thuat toan con
c6 hai cita 46 d4u v6i mot ngudn cung cap ddi xitng + U, va cac cita @& chinh léch khork
va bu tan sé sé duoc néi ky hon ¢ phan sau.
Mot b khuyéch dai thuat toan ly tuéng, ¢6 nhiing tinh chat sau:
+Tré khang vao Zy = |e; N
+ Tro khang ra Z; = 0; ‘ o 7.2)
+ Hé s6 khuyéch dai K = e,
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Trong thuc t&€ khéng c6 by khué&ch dai ly tudng, d€ danh gid b khuéch dai thuat todn
thuc so véi bd khuéch dai thuat todn ly tudng, ngudi ta cin cd vio cdc tham s cua nd.

7.1.2. Hé s8 khuéch dai hiéu Ko
K 1a hé s6 khuéch dai hiéu khi khong tai, dugc xdc dinh theo bi€u thic sau

U

r

- khi Uy = 0,
U, U, Up
K, =t =—__"° =
U, Up - Uy U, i D = 0
. b =
Un

O tan s6 thép, K = K, thudng ldy cdc gid tri trong khoang 10° dén 10°. ,

Dién dp ra U, chi ty le véi Uy trong dai dign 4p U, + U, . nao dd (hinh 7.2), dai
dién 4p nay goi la ddi bién ddi dién ap ra cia b6 khuéch dai thudt toén. Ngoai dai dg,
dién 4p ra khong d6i va khéng phu thuéc dién 4p vao, tuong dng bd khuéch dai lam viéc
& trang thdi bao hoa.

D6i v6i dién ép mot U,
chidu va dién dp cd tan sd u
thdp thi K, khéng phu rmax
thuoc thn s6 va K = K |
Khi tAn s6 ting dén mot
gia tri nao d¢ thi K, gidm. - Vai my
O tan sé giéi han
K =K, /VZ Vi thn s6 gii
han dudi cia bo khuéch dai
thuat todn f; = 0, nén tin
s6 gi6i han trén cua nd ~ = =~<Y mn
ding bang d6 rong dai tan
" B. Khi hé s6 khuéch dai -

K_ giam theo tan sd/thi giita Hinh 7.2. Dic tuy€n truyen dat clia bd kbuéch dai thudt todn .

U, va Ud cling xudt hién mét goc léch pha phu thudc tin sé. Trong nhitng digu kién nhft
"dinh, gdc 1éch pha nay sé 4nh hudng dén tinh 6n dinh cia bé khuéch dai thudt todn ma
ching ta sé xét dén trong tiét 7.4.

b — — —

0 va my U,

-7.1.3. Déc tinh bién do - tn sé

Céc tang khuéch dai nam trong bé khuéch dai thuat toan thudng cd tAn s6 gidi han
khdc nhau. Déc tinh thn s6 ciia bg khuéch dai thuat todn la tich dac tinh tAn s6 thanh
phan cua tung ting.

D& xét dic tfhh thn s6 ta ding moé hinh cia bé khué&ch dai thuat todn trén hinh 7.3.
D4y 1a bd khuéch dai thuat todn gbm mot thng khuéch dai ly tudng, cd hé s6 khuéch dai
K, = K, khong phu thubc tan s6 va ba khéu loc thong thép riéng ré dac trung cho céc
dién tré va tu dién tap tdn cta mach. Trong hinh 7.3, tam giac +1 bi€u dién cdc khau
ghép dién khéng phu thudc thn s6 va c6 hé s6 truyén dat bidng 1. Theo hinh dd, c6 thé
viét duge bi€u thic (7.3) bi€u dién sy phu thugce cha K, theo tin s6:
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1 1 1
V4jffar 1+ jffay 1+ jfifs

K, = K,, (7.3)

trong dd,
fap fap faz - tAn 86 gi6i han cia ba khau loc thong thdp.

Hinh 7.3. M6 hinh b6 khuéch dai thuft todn.

Theo bifu thuc . .
(7.3), 16 rang K_ giam - PK" (48)
khi tAn s6 tang va p -

K.,=1khif= fr (xem 0o
Bi€u thic 1.41). Ddng
thdi khi tAn s6 tang thi
gdc léch pha ¢ giita U,
va U, cling tang v& trj
tuyét d6i. Tém lai co
thé minh hoa dic tinh
bién d6 - tAn s6 va
pha - tAn 86 cia by
khuéch dai thuat tosn
nhu trén hinh 7.4, -
trong d6 gia this&t
fa1<<fq3<<f4;- Hinh -45°
7.4 bi&u dién dac tinh - 90°
bién d¢.tAn s8 dudi - 735°
dang dd thj Bode. Ta .
thiy ring, khif > 7, 7
thi h¢ s6 khusch dai - ~225
gidm v6i doc d6c -270°
-20dB/Decade, ti&p tuc
khi f > fo, VA f > [, |
thl X, Bn lugt giam Hinh 74. D tinh bién d0 - tin 5 cia b khuéich dal thut todn
véi do déc (fal <<fa2 <<‘fa3).
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-40dB/Decade va -60dB/Decade. Mat khéc, khi tAn sd tang thl gdc léch pha ¢ gidm. Ta dac
biét quan tam t6i géc pha ¢ = -150° vi lic nay U, va U, nguge pha, do d6 céc clta thuan
va cita dao ciia bo khuéch dai thudt todn thay d8i tdc dung“cia ching. Khi xét dén tinh
6n dinh ctia b6 khuéch dai s& nhéc lai vin d8 nay.

7.1.4. Hé 88 khuéch dal ddng pha
Né&u dat vao clla thuan va cliia dao cia by khuéch dai thuat todn cAc dién 4p bang nhau,
nghia 1a '

Up=Uy=Ugp#0

thi Uy = C. Goi I/ 12 dién 4p vao ddng pha. Theo biéu thic (7.1) ta c6 U, = 0. Tuy
nhién thuc tZ khong nhu vy. Hinh 7.5 cho thdy quan hé cia dién 4p ra véi dién 4p ddng
pha. Vay, thzo hink 7.5 ta thfy giita dién 4p ra va dién 4p vao dbng pha cd quan hé ty 1é
nao do. He s6 ty e tudng Ung duge goi 1a hé s6 khuéch dai ddng pha K va duge xéc

dinh theo bi€u thic (7.4).
. U‘

AU, B

(7.4)

AU, . p

H¢ s6 nay ndéi chung phu thugc
vao mic dién d4p vao ddng pha.
Trong trudng hdp ly tudng, T - byl
K, =0. Gia trj cyc dai cia dién :U‘”""'” ’ Yemmas Yem
ép vao ddng pha cho trong céc s§ !
tay vi mach cho biét giéi han cta '
dién d4p vao ddng pha d€ cho hé
s6 khuéch dai K khéng vugt
qud gid tri da cho. Hé s§ khu&ch
dai ddng pha K luén luén nhé hon h¢ s6 khuéch dai hi¢u K .

cm <

Hinh 7.5. Quan hé giira dién 4p ra v&i dién 4p vao dong pha.

7.1.5. H¢ s8 nén ddng pha _
Dé& danh gia kha nang lam viéc ctia by khuéch dai thuc so v6i b khuéch dai ly tudng
(K., = 0), ngudsi ta dung hé¢ s6 nén ddng pha G- (cdn ky hiéu 12 CMRR), hé s6 nay duge
dinh nghia bdi bi€u thic (7.5).

G = ) (1.5)

thudng G = 10° + 10°.

‘ViK, > 0, K, cd thé am hodc duong nén G cling cd th€ am hodc duong. Tr; 88 G cho
trong céc tai héu kg thudt la tri tuyét d6i. Khi dung d€ tinh, trong mét s6 trub’ng hop chn’
"phai x4ac dinh d4u cbta G.

Theo dinh nghia v& hé 86 khu&eh dai hiéu va hé s6 khuéch dai ddng pha, c6 thé viét:

© du, ‘ ou, '
AU, =—— | AU, + AU,
duy Kem =comst ou =const
v "
= Ko‘#Ud + K ,AU ., i ‘ (7.6)
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cho AU, = 0, rit ra

K AU,
G =_2 = - il (7.7
K. AUy U, =const
Bi€u thudc (7.7) cho bi&t phai dat vao moét dién dp hiéu bang bao nhiéu d€ bu dugc hién

tugng khuéch dai ddng pha.

7.1.8. Dién tré vao hiéu, dién tré vao ddng pha va dién tré ra

Dién trd vao hiéu r; va dién tré vao ddng pha r dugc dinh nghia 13n lugt theo bi€u
thic (7.8) va (7.9)

AU,
—r khi Uy = 0
Alp

rg = o (7.8)
—X khi Up = 0
Aly
AUy AU

Pem = - X khi Up = Uy = U, (7.9)
A,  Aly

Dién trd ra cia bd khuéch dai thuat todn r cho'kha ning ddnh gid sy bi€n thién cla
dién ap ra theo tai va dudc xac dinh thepcbléu thie (7.10)

AU,
re = (7.10)

AII'
7.1.7. Dong vao tinh,’ dién ap vao léch khéng
Dong vao tinh 1a tri trung binh cta dong vao clta thuan va dong vao clta dao:

I, + Iy
I = Y v6i Up = Uy = 0, (7.11)

Dong vao léch khoéng la hiéu cdc dong vao tinh & hai clta ciia bo khuéch dai thuat toan:

thong thudong I, = 0,11,.
Dong vao léch khOng phu thudc nhiét d6, do dd khi nhiét do thay déi, tri s6 cla dong
léch khong thay d6i theo. Hién tugng nay goi 1a hién tugng tr6i dong léch khong. D€ ddnh
: ' ol
gida muc d6 troi dong léch khong ngudi ta dung hé s nhiét cia dong léch khoéng ——oo— cé
. . ot

thi nguyén nA/ °C .

Trong b6 khué&ch dai thuat toan thuc, khi Up = Uy = 0 thi U, vAn khac khong. Lic
nay dién ap ra do dién &p léch khong & diu vao giy nén. Vay dién 4p léch khong U 1a
hiéu dién 4p chn phai dat giita hai d&u vao ciia by khuéch dai thuat todn d€ cho U, = 0

U, = Up- Uy khi U,=0 (7.13)

Dién 4p léch khéng cling phu thuc nhiét do, &o dé ciing cé hién tugng troi dién dp léch
oU, oU,
khong, dugc dac trung bdi tham sd —? ,-théng thudng 7 = (1 + 100).uV .
d
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Ta thdy ring cdc tham s6 clia bd khuéch dai thuat toan dugc dinh nghia nhu tham s6

cia bo khué&ch dai vi sai. DJ la vi tAng vao bo khuéch dai thuat toan luén luén 1a tAng
khuéch dai vi sai (xem 7.5).

7.2. Cac so dd co ban cua bd khuéch dai thuit toan

Khi dung bo khué&ch dai thuat todn, ngudi ta dung hdi ti€p &m ma khéng dung hbdi ti€p
duong, vi hdi ti€p duong 1am cho b khuéch dai lam viéc & trang th4i bao hoa 1a trang
thai chl dung & ch& d6 khda. That vay, theo (7.1), vi K, = «, nén v6i U, hitu han thi
Uy = 0. Do do chi chl} dua vao moét dién 4p hidu cd tri s6 rdt nhé mach da cé thé
chuyén sang 1am viéc & trang thdi bdo hoa. Mach hdi ti€p am sé lam gidm dién 4p ra sao
cho dién ap lnsu dau vao U, = 0. Trong mot 86 trudng hgp ngudi ta dung ca hdi ti€p am
va hbdi tiép duong, nhung lugng hdi ti€p Am phai lubn luén 16n hon lugng hdi ti€p duonga
Dién 4p chn khu&ch dai hodc duge dua vao clta dao hosic duge dua vao cita thuan. Trong
trudng hop dhu, dién 4p ra nguge pha vdi dién 4p vao, tuong ding cd b khué&ch dai dao.
Trong truong hgp sau, dién 4p ra ddng pha véi dién 4p .vao, tuong dng cd bd khuéch dai
thuan. Sau day sé& xét mot s6 so dd co ban thuéc hai loai mach khué&ch dai trén.

7.2.1. Cac so dd khuéch dai déao

1. So db bién déi dién ap - dién ap (hinh 7.6)

Ta xét hai trudng hop:

a) Trubng hop ly tudng: K=o, r4=o
Theo so dd trén hinh 7.1, viét duge:

Uy = — , (7.14)
N Ko
viK = o, nén Uy = 0.
Viét phuong trinh dong dién nit cho niat N (hinh 7.6):
U U . R
e +"-—L=UN=0 suyraUr=-——r:J
13} Ry
Do cd hdi ti€p &m, nén trong qua trinh
lam viéc ciia b khuéch dai, dién dp ra U,
& bién thién sao cho Uy = 0. Vi th& clta
N trong so db nay cdn duge goi 1a diém
d4t ao. _
Theo (7.15), hé s6 khuéch dai cia bd
khuéch dai khi co hdi ti€p am duge xdc

dinh nhu sau: - .y - e en ea
R Hinh 7.6. BO khuéch dai ddo, so d0 bi€n d6i dién ap
N

K= — <K, - (1.16) - dién ap.
: R,
Phuong trinh nay cd hai y nghia: hé s6 khu&h dai cia hé th6ng gidm khi cé hbdi ti€p
am va chi phu thuée vao linh kién mach ngoai.
Tré khdng vao ctia mach duge tinh theo (5.17)

.U (7.15)
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u, U, '
. - Z,=— = = R, (7.17)
Iv Uv/Rl
b) Trudng hop K, bklku han, ry =
Lic nay Uy=- — #0 (7.18a)
Mat khéc o6 thé xdc dinh Uy nhu seu:
R, )
Uy = U, - U, - U) . (7.18b)
N v Rl + RN v r .
Cho (7.18a) bang (7.18b), gidi ra ta cd:
1 R, 1
U, = -Ul —+— 1+ — )] (7.19)
. Ky Ry K, _ . ‘

1
thudng K, >> 1, nén 1 +— =1
I K,
Do d6 (7.19) trd thanh (7.20).
U, 1 1 1

E— =——, $—
U, K K, X
Khi K, >> 1 thi (7.20) ddng nhat véi (7.16) va K khong phy thuéc K, nghia 12 h¢ s&
khuéch daj cia bo khuéch dai cd hdi tisp khong d6i k& ca khi K, thay d6i do mot nguyén
nhan nao dd.
Sau day tinh sai s6 tuong déi cta K khi 4p dung bi€u thitc (7.16) so véi (7:20).
Tu 7.20) rit ra-

(7.20)

. ) Kk
K=K = K1+ — )
| K A
1 - —
KO
Do d6 sai s8 tuyét d6i:
KZ
K -K =
KO
va sai s tuong dé6i
K -K K 1 :
il S S (1.21)
K K, g
K, 11 K,
v61g=—E=KO(E+E;)=1+-K,—.
+-L thute chat 1a he s hdi tiép cia mach hdi tigp m, nghia 18 = = +1 =~ K. 3
3o thue e 5 56 hdi ti€p ctia mach hdi tigp m,ngaaK,_R—N~ o 90
K

dé g =1 +—K—‘,) = 1 + K K;, chinh la d0 sau hdi ti€p cta bd khué&ch dai (xem ti&t

1
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2.2). Vay g cang 1dn thi sai s6 khi tinh hé s6 khué&ch dai theo bi€u thic gin ding (7.16)
cang nhoé. .

Ngoai ra, vi day 1a so dd mot mach khué&ch dai cé hdi ti&€p aAm né6i tiép dién 4p, nén cdc
ké&t luan khac d6i v6i mét bé khuéch dai cd hdi tiép trong tiét 2.4 ddu o6 thé ap dung duge
cho so db nay.

2. So dd bién d6i dong di¢n - dién ap (hinh 7.7) )
Trong so d8 nay dai lugng dong dién & d&u vaoe dugc bién déi thanb dai luong dién 4p

& dau ra. Day 1a mach hbi ti€p Am song song - dién 4p. Cd thé tinh gin ding hé s6 truyén
dat cua mach dién hinh 7.7 nhu sau.

Ry
m T o g U 4= UN =0
L, N ~_ Uy=Ryl,+U,=0
L_o . Ur '
N 4  Dods  — =-Ry o (122)
v
l Khi tinh bigu thic (7.22) ta d4 coi K, = «. Thuc
Hinh 7.7. BO khu€ch dai do, so b bién a5 t€ K, hitu han, nhung tinh todn theo bi€u thdc
dong dién - dién 4p . (7.22) sai s6 pham phai ciing khéng dang k€.

3. So db bién déi di¢n ap - dong dign
Néu trong so dd hinh 7.6, ta thay Ry bdi dién trd tai ma dong qua nd ty 1 v6i dién 4dp
vao:

I =

(7.23)
Rl

thi ta c6 mot mach bién d6i dién dp - dong di¢n v6i hé s6 bisn ddi 1a R|.

7.2.2. Céc s0 dd khuéch del thuda (hinh 7.8)

Ca ba so dd trén hinh 7.8 dBu la cdc so 40 bi&n d6i dién 4p - dién 4p, cd mach hbdi ti€p
4m ndi ti€p dién 4p. '

Trudgc hét jxét sa dd 7.8a.

Ry R
——{
Rf
—{ -
—o 0 |/ —o
Uc y_ - __.__1 + U,- r U[' ' (/f
a) e ) : ¢)

e

Hinh 78. B$ khnEch dai thuin:
a) so d0 khu€ch dai thong dung ; b), ¢) so dd khugch dai lip .

a) Trudng hop b6 khuéch dai I teong: K, = o, ry = o

Vi K = « va U, hitu han, nén U, = 0, nghia 13 U, = Uy, mat khdc theo so dd tinh
dugc ’
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R,
W= R R
1 + By

Tu d6 rit ra

Ry
U, = (1+ —)U, (7.24)
-y

Vay hé s6 khué&ch dai cia mach trong trudng hgp nay dugce tinh theo bi€u thdc (7.25).

Ry
K =1+ — (7.25)

R,
Trd khdng vao cta bo khu&ch dai trong so dd nay bdng ding dién trd vao hiéu, nghia
Ia
Zv =rg=®
* vl dién 4p vao U, dugc dat tryc ti€p vao cia thudn.
Day 1a mot dic di€m rdt quan trong cia so dd khuéch dai thuan. N6 dugc si dung
trqng cdc bo khuéch dai yéu cau trd khang vao lén.
b) Truorng hop b6 khuéch dai thuc: K, hitu han.
Theo hinh 7.8a
R,
"R, + Ry

UN r

Uy =— = U, - Uy # 0;v1 K, hitu han

[s)

Tit hai bi€u thdc trén tim duge

U, R,
K, R, + Ry
u, 1 1 R,
Voo e ot .- -{1.26a)
U K K, R, + Ry
u, 1 1 1
hofic  —- = —— =— 4+ - (7.26b)
U, K K, K

R6 rang, khi K = » thi cdc bi€u thic (7.26) ddng nhét v6i bi€u thic (7.25). Ngoai ra,
khéc v6l bo khuéch dai ddo, trong bo khyéch dai thugn cdn cd dién 4p vao ddng pha, vi
Mic nay Uy = U, # 0. Do hé s6 nén tin }xteu ding pha trong b khuéch dai thuc hitu han,

-
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nén trong mach cé thém sai s8 do dién 4p ddong pha gay nén. D€ tinh sai s6 dd, dung quan

R
h¢ (7.6), trong d6 thay Uy = R+; U.,U =U,-UyvaU,=U,,tacs
1 R
U 1 K, "R +FR 1 R 1
.. LN o(— +—1 Ha-—) (1.27)
U K ., Een K, R, + Ry G

o

So v6i (7.26a) cd thé thdy duge Anh hudng cta M s6 nén ddng pha dén do khuéch dai
cia mach. C6 th€ minh hoa 4nh hudng dé bing bi€u thdc (7.28) rit ra tu (7.6) va so dd
hinh 7.9.

Hinh 79. Anh hudng cla dién dp ddng pha dén b) khuéch dai. :
Aj - bd khugch dai Iy twdng ; A, - bd khu€ch dai thue .

U, = Ur - Kchcm ___ Ur
= — = — .
K, . K, G

U

cm

(7.28)

Céc so dbd 7.8 b va ¢ 1a cdc so dd khuéch dai lap. Ap dung tinh chdt ctia bo khuéch dai
ly tudng Uy = O, I = Iy = 0, theo dinh luat Om, viét duge:

U,+U;=U_, dodd

K = =1 (7.29)

Nhu vay dién 4p ra cung pha vdi dién 4p vao va he s6 khu&ch dai bang 1. Céc so dd
ndy thudng duge dung dé phdi hop trd khdng. Trong thuc t& chl dung so dd 7.8 b, & day
Ry dung d& bu nh hudng cia dong tinh d&n cong tdc cia by khuéch dai thuét toin (xem
ti&t 7.3). Bang 7.1 chi ra céc tinh chét co ban cta hai so db dién hinh trén hinh 7.6 va
7.8a dai dién cho b6 khué&ch dai dio va bo khuéch dai thuan.
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Bdng 7.1 .

Khulch dgl dio

Khuch dal thuln

HbBi tip &m ndi tiép dién 4p

Hbi ti€p am ndi tiép dién 4p

Dién 4p ra ngugc pha vdi dién 4p vao

Dién 4p ra dbng pha vdi dién 4p vao

D3u vao dao c6 dién thé bing khéng
(diém ddt 4o)

DAu vao ddo cé dién th& bing dién 4p vao

UV
Ddng qua Ry Ry I, = —R— do
1

ngudn th hiéu cung cép, do d6 cong suft
ngudn tin higu vao phai Idn.

U
Dong qua R, Ry'/, = —— khéng chay qua
Ry
nguBn tin higu, do dign 4p ra cung cép, do d6
khéng yéu chu cong sufit cia ngudn tin hidu.

Trd khang véo Z, = R, Z, = 0

Khéng c6 dién &4p vao ddng pha
RON

1\ Ry

Dién &p vao ddng pha U,, = U

Hé s8 hdi tiép K, = : = - .
' R1 + RN R1 + R"

o

7.3. Anh hudng ctia dong dién tinh, cta dién &p léch khéng, cua hién
tuong tr6i dén cong tac ctia bo khuéch dal thuat toan va céc bién phap
bu

Khi dung b6 khuéch dai thuat toan d€ khuéch dai tin hiéu mét chidu cd tri s6 nhoé thl
céc sai s6 cht y&u do dong dién tinh, dién ap léch khong va hién tuong trdi gay ra. Trong
céc tiét trude, khi tinh todn da bd qua sai s8 nay.

Céc dong dién tinh I}, Iy & dhu vao bg khuéch dai thuat todn thuc chét la dong bazo
cia céc transistor tAng vao b6 khuéch dai thuat todn. Dong tinh cda thuén I, va dong tinh
cia dio Iy thudng ghn bang nhau. Dong tinh cho trong cdc tai liéu ky thuat la tri trung
blnh cla chung Cédc dong tlnh I, va Iy ghy ra sut ap trén cia vao. Do su khéc nhau cua

Z Ra céc dién tré cua P va cia N ma
sut Ap nay cing khac nhau. Higu
dién thé& cta ching chinh la dién
ap léch khong. DE giit cho dién

. 4p léch khong nhé, trong bd
khué&ch dai dado khéng ddu cia
thuin tryc tiép xufng ddt ma ddu
qua dién tré R, nhu trén hinh
7.10, R, cd tri s8 bdng dién trd
vao cua déo, nghia 1a

- - . Rl'RN
Hinh 7.10. Mot céch méc bd khu€ch dai dio d& gidm dién 4p R, = —— (7.30)
kech khong. R, + Ry
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‘Liic d6 dong tinh gay ra trén hai diu vao cdc sut 4p 1a I(R|//Ry) va I,(R,//Ry). Thudng
Ip = Iy, nén céc sut 4p d6 ghn bang nhau. Lic nay trén dau vao bd khuéch dai cd thém
dién 4p ddng pha U_ = I(R,/IRy).

Thyc t€ I # Iy, nén dong tinh I = I, - Iy con gly ra mgt hiéu dién 4p & dau vao,
goi l1a dién 4p léch khong U,. Sai 86 do né gay ra trén dau ra tinh dugc dya vao so dd
7.10. Viét phuong trinh dong dién nuit cho nut N:

U, - U U -U
M 2 o+ A 2=0, suy ra
R, Ry
Ry Ry :
U =- Nu, +0+H, (7.81)
R, R,

So sanh (7.31) véi (7.15) tim dugc sai s8 do dién 4ap léch khéng gy ra trén dau ra:

En
Uy = (1 + 210, . (182

1
Heé s6 khuéch dai K’ ciia mach cang lan thi sai s6 nay cang lén. Vai bd khuéch dai
thuan, sai s6 d6 ciing dugc xdc dinh theo biéu thic (7.32). Chi y ring U, cd thé 14y d4u
bat ky tuy thudgc quan hé 16n bé gita I, va I,

Hinh 7.11. Cac mach bi ch khong . )

DE& khit sai s6 nay dung cdc mgch bu di€n hinh bi€u dién trén hinh 7.11. Viéc bu dién
ap léch khong duge thuc hién theo nguyén téc: mdc mot trong hai diu vao cia by khuéch
dai thuat todn vdi mot ngudn dign dp bién d6i d8 cd duge mot dién ap dit 1én clda nay cd
tri s6 bing dién 4ap léch khong va ¢ ddu nguge vdi ddu cia nd (-U ). Mach ba nhu vay
dugc bi€u dién trén hinh 7.11a, va 7.11b. Trudng hgp cin phai d€ tréng ca hai clita vao
cia bd khué&ch dai thuat toan thi méc mach bl vao mét clta khédc cd lién quan vdéi clta vao.
Hinh 7.11c bi€u dién m6t mach bu nhy vay. Trong cic so db trén phai chon R, >> R,
dé€ khéi anh hudng dén qu4 trinh lam viéc binh thudng ctia mach, thudng chon R, khoang
mét dén vai tram Q, R, khodng vai tram kQ.

Sau khi da khit anh huéng cia dong tinh va dién 4p léch khoéng, nguyén nhan gy sai
s6 con lai la hién tugng troi. ’

Sai s6 nay xdc dinh dugc theo bidu thic (7.33) (thay U, va I trong hinh 7.10 bdi AU,
va Al ).
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R
AU, = AUO(1+—R—N ) - AIRy (7.33)
1
AU, - lugng troi dién ép léch khong;
Al - lugng tr6i dong léch khéng.
Bién déi (7.33), ta cg:

Ro Rl
AU, = — 1+ —) [AU, - AI(R,)/IR\] (7.34)
R, Ry

T (7.34) rit ra két luan sau: N&u ngudn tin hiéu c6 trd khang l6n (R,//Ry 16n) thi
dién dp sai s6 d d&u ra chi y&u do troi dong léch khong diu vao sinh ra. Ngugc lai, néu
ngudn tin hidu c6 trd khang nhd (R, nhod) thi sai s6 diu ra chu y&u do dién 4p léch khong
& diu vao sinh ra. Do d6 khi cAn khuéch dai dong mét chi2u nhé thi chon R /Ry nhd, néu
cin khuéch dai dién 4p moét chidu nhé thi chon R, 16n.

Trong bd khuéch dai xoay chidu, khong cin quan tAm d&n vdn d& bu léch khong.

7.4. On dinh cong tac cua bd khuéch dai thuat toan va cac bién pnap
bu tan s

7.4.1. On dinh cua mot hé théng c6 hdi tiép

Hé s6 khué&ch dai hiéu ctia bd khué&ch dai thuit todn gidm & tin s§ cao. Nguyén nhan
giy ra su gidm d¢ la do cdc dién dung méAc vao mach cing nhu dién dung ky sinh cua
tranzistor cling véi cdc dién trd ctia mach tao thanh cdc mdt loc thong th4p (xem mo hinh
7.3). Dac tuyén bién d¢ - tAn s6 va dac tuyén pha cta bo khuéch dai thuat todn dugc biéu
dién trén hinh 7.4. Khi f > f,,| thi khau loc R,C, cd tin s6 gi6i han thdp nh4t quyé&t dinh
dang dac tuyén tin s6 cia bo khuéch dai thuat toan. Biét ring hé s6 truyén dat cia mot
khau loc théng thdp bac 1 duge xdc dinh theo bigu thie:

1
K = ——— (7.35)
1 + Jf/fmax i

1

fmex = pare = o

Do d6 modun va pha hé s6 truygn dat cia bd-loc thong thdp bang:

véi

1

KLl = ——— (7.36a)
£2 142
V 1+ £
pL = -arctg flf . (7.36b)
R6 rang khif >> f, . thi | K| | = "}ax , nghia la dac tuyén thn s6 giam véi do déc

= -20dB/Decade va | = -90° = ¢.
Do dd cd thé dung bi€u thic ghn ding (7.37) d€ bi€u dién quan hé giita d6 ddc ctua dac
tuyén tin s6 m va gdc léch pha ¢ cua b6 khuéch dai trong pham vi tin s6 nao dd.
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p=-45°m  (dB/D) (7.37)

Tuong tu nhu vay khi f > f, thi b6 loc théng thdp thu 2 lai Anhhudng d&n dac tuyén
bién do - tAn s6 cia bd khué&ch dai, do dé dac tuyén tAn s8 cd d6 déc m = -40dB/Decade
va gdc léch pha ¢ xdc dinh theo (7.37): ¢ = -180°. Ly luan tuong tu cho dai tAn s6 cao
hon, sé vé dugc dac tuyén trén hinh 7.4. '

Bay git ta xét didu kién 6n dinh cia mot hé théng khuéch dai cé hdi tiép hay ndi riéng
cia b khuéch dai cé hdi ti€p. Nhu da ndi & trén, khi f >> f,,, ¢ = -180° nghia la vai
trd cia cifa thuan P va clta ddo N ctia bo khué&ch dai thuat todn ddi 1an cho nhau va hbi
ti€p Am trong bo khuéch dai thuat todn trd thanh hdi ti€p duong trong dai tAn sé nay.

Theo cédc didu kién s& duge ching minh trong chuong 9 thl mot mach sé& cd dao déng
tai mét tAn s6 nado d6, néu mach cd hdi ti€p duong (¢ = -180°) tai tin s6 d6 va cdc tham
s6 cua mach théa man didu kién (7.38).

KK, z1 (7.38)
R,
V6i mach khuéch dai thuat todn da xdc dinh duge K, “F T R (theo bang 7.1).
: + .
1 N
1
D6i véi bo khuéch dai ddo K| = ————
1+ K’
1
D6i véi bo khuéch dai thuan K, = ' ” (7.39)
;0

trong d6 K’ 12 hé s6 khuéch dai & tAn s6 thdp cia bd khuéch dai co hdi ti&p.
Tu (7.39) va (7.38) suy ra didu kién dé mach lam viéc én dinh (7.40) :

K,(p = -180°)
- <

’
o

Vay moét hé théng cd hdi ti€p goi 1a 8n dinh, n&u hé 86 khué&ch dai vong
K, = KK, < 1hay K, < K’/ trufc khi géc léch pha ¢ = -180°. Ndi cach khéc,
mot hé théng ¢S hdi ti€p goi 1a én dinh n&u dac tinh bién do - tAn s8 cia hé s6 khuéch
dai vong khi qua di€m 0 dB(K _K,, = 1) dng véi tAn s8 cét, cé d6 d6c nhd hon 40 dB/D
(< -180°). Trong thuc t& d€ dam bao an toan thudng chi cho phép m = -20 dB/D xung
quanh tan s6 cét f,. ' '

K, K (p = -180°) = (7.40)

7.4.2. Céc bién phép bu déc tuyén tan s8 (bu pha)

1. Kha nang ba

D€ phan dodan mic d6 6n dinh cia mét hé théng co hdi ti€p dung dd du trit vé bién do
Ay hoac d6 dy trit vé pha py (hinh 7.12).

+ Do duy trit v& bién dd A, la gid tri cia hé s6 khuéch dai vong tinh theo dB & tan s8
ma géc pha ctia hé s6 khuéch dai vong p, = -180°. N&u A < 0 thl | A, | chinh la gid tr
can phai bu thém dé cho tich K K,, = 1 (trudng hgp mét 6n dinh).

+ D6 du trit v& pha ¢, 1a-hiéu pha cia gdc pha #=180° va gdc pha Ung voi tn s6 cit
- f, tic ung véi | KK, | = 1.
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D6 du trit vé bién d6 va v& pha
cang 16n thi hé théng cang 6n
dinh. Chaing lién quan chat ché
v6i nhau, do dd trong thyc t€ chi
chn ding mot trong hai tham s§,
thudng dung d6 du trit vé pha Py

Véi b6 khuéch dai ¢d mach hai
ti€p &m khéng phu thufc tan sé,
nghia 1a mach hoi tiép khong gay
ra mot gdc di pha phu nao, thi do
dy trit vé pha ¢, = 45° 1a hoan
toan dG dé€ cho bé khuéch dai lam
viéc 6n dinh. Xhi mach hdi tiép
cia by khué&ch dai khong phai
thulin trd, nghia la nd cd moét gdc
di pha phu nao dd thi yéu cau do
dy trit v& pha phai 16n hon, tham
chi Py = 90°,

D6 dy trit vé pha lién quan
dén d4p dng xung va dén dac tinh
tan s6 cia bd khuéch dai. Hinh
7.13 minh hoa ké&t luan nay. Khi
d6 duy trit vé pha Py giam thi hai

Ky (48)

- yﬂ"

-180°

Hinh 7.12. DAc tinh bién d¢ tin s§ va dic tinh pha - tdn s3 coa hé
s3 khuéch dai vong Minh hoa lwong dw trir vE bién d6
Ay va luong dy tri¥ vé pha Px

tiép Am trong b khué&ch dai dan dan chuyén thanh hdi ti€p duong, lic d6 hé s6 khuéch
dai cia b6 khuéch dai cd hdi ti€p tang 1én trong mdt khodng tin s6 nao dd, khi Pg = 0°
thi mach cd thé& ty kich, lic dd K’ = .

£y (48) |
Ks | .
y;(:ﬂ
§, =30°
Y =45°
5 — -
&7
. . 60,(:600

#=90°
a) “

)

Hinh 7.13. a) dic tinh tin s3 cia bO khuéch dai ¢6 hdi tiép;

b) dép Gng xung cda bd khuéch dai c6 hdi ti€p.
Bién d6i Laplace cho thdy quan hé chat ché gitta dic tinh tin s6 va dap Ung xung cua
mot hé théng nao d6. Hinh 7.13b bi€u dién dap Wng xung cta bd khuéch dai co hdi tiép
v6i céc gid trj khdc nhau cia ¢ . Véi p, = 90°, qua trinh qua d¢ khong tuhn hoan, khi
Py giam thi qu4 trinh qua d6 1a mét qua trinh dao dong tat dan va khi Py = 0 thi mach
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c6 dao dong hinh sin. Trén hinh 7.12 da gia thiét géc pha P, cia hé 86 khuéch dai vong
bing géc pha ¢ ciua hé s6 khuéch dai khéng tai. Didu nay hoan toan ding, néu mach hdi
ti€p thudn trd. Lic d6 dang cia K cing gi6ng dang cua K. D€ don gian ta sé tiép tuc
dung gia thiét nay d phin sau, Ngom ra con giad thiét cac dlém cuc Ung v6i f_ , f . fo4
cdch nhau khé xa, nghla la f, << f_, << f_,

Ve nguyén tdc, bu tAn s6 hay con goi 1a bu pha thuc chdt la lam thay ddi dac tinh tan
s6 cia hé¢ s6 khué&ch dai vong sao cho |K,| = |KK, | < 1 trudc khi p = -180°. D&
thuc hign didu d6 cd thé thay d6i K, goi la mach bu trong, hoac thay d8i K,, goi la mach
bi ngoai hosc ddng thoi thay d8i ca K va K,, goi ]a mach bi hén hgp. Thudng hay dung
mach b trong, vi sy thay d6i cia K it anh huéng dén ham truydn dat K’ ciia bé khuéch
dai cd hdi tiép. '

Céac mach bu ¢d th€ mac & dAu ra, § dhu vao hoac gita cac thng cia bo khuéch dai
thuat toan (hinh 7.14).

[ Lar fing Ahvéch Jai
a) L L 6)

Hinh 714. Cic cich mic mach bi tin s8 vao bd khu&ch dai:
a) mdc mach bi & diu ra b) khuch dai ;
b) méc mach bd & dau vao bd khuéch dai;
¢) mic mach b gira cic ting cta by khuch da.
2. Cac bién phap ba
Can cd vao dac tuyén truysdn dat cua cdc mach bu, cé thé phan biét bon loai khac nhau:
mach b vdi mdt di€m cuc, mach bu cuc khong, mach bu cyc khéng hai khau va mach bu
diém khéng. Cac mach ba d2u nham gidam do dSc cua dac tuyén bién do .- tAn s6 cua h¢
s6 khuéch dai vong xung quanh thn s6 cit f,, nghia la giam géc lech pha ¢ tai | KK, | =1.

a) Mach bi véi mét di€m cuc (bu lag, hinh 7.15)

Trong mach bu loai nay, ngudi ta tao thém mot di€m cuc & tAn s6 thdp cho ham. truyén
dat ctia hé s6 khué&ch dai vong cia by khué&ch dai.

Mach bl la mot khau loc théng thdp ¢6 ham truyén dat dugc biu dién bdéi bi€u thic
(7.41) va hinh 7.15a

1
HP) = ——— (7.41)
1 + PTp .
trong dd,
1
Tp =——
27fp
! tan s8 giéi h Ga kbau bi
= — - n so &1 han cua u pu.
fp InRC giéi ha
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* Tan s6 gi6i han cia khau bu dugc chon sao cho tin s6 cit f°  cla bd khuéch dai cé bu
théa man didu kién (7.42) nhdm dadm bao cho géc pha tuong Ung véi f,, f,3,..- khong anh
hudng dén dic tinh cha bé khuéch dai cd bu.

f’c << fazr fa3,--- . (7.42)

R
s
I A’Vo
/H/ 448 i\
S |
? lyf |
!
2048, !
1
a) Pl
73
o— 0
dor T
" T 4 -g90°)
‘ ol
c) -180°
|
! ,
&)

Hinh 7.15. Bi tan sO véi mach bi c6 mét diém cuc: ,
a) so 40 va dac tinh tan s3 cia mach bd c6 mot diem curc; b) dic tinh bién do - tin s§ va dic tinh pha -
tan s3 cua bd khu€ch dai cd bl va khong bix: ¢) cic cdch ma mach bi vao bd khuéch dai.

Do dd trong khu vye ma | K, | 2 1 ta cd thé bd qua cic di€m cuc £, fyp.-- VA c6 thé
bi€u dién K, theo bi€u thic (7.43). ’

K,p = KK o B (7 43)
v(P) of*ht 1+ PTP’ » :
Ky, - hé s6 khuéch dai vong & tan s6 thdp (f < fp).
Khi chon f | = £ thi Py = 45° (hinh 7.15b). Cing cd thé chon Fo<fap d€ cho
Pk > 45° Tu (7.43) ta vist duge

B

VO

Ky =—————, Jdtin s f >> fp ta cd
1+ jfify
fr
|K,| = K, ——f (7.44)
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Tai tAn 86 cdt méi f°, | K| = 1, do d6 tir (7.44) suy ra
fe
fr =
Ko

Bi€u thuc (7.45) xdc dinh m6i quan heé giita thn s6 giéi han ctia khau bu va tAn s6 cit
f. cua bd khuéch dai cd bu.

D6 rong dai tAn cta bd khuéch dai v4i mach bu mét di€m cuec duge xdc dinh theo (7.46).

B=f_x<fq. (7.46)

B kha nhd, vi vy nd chl duge ding khi cAn khué&ch dai tin hiéu am tin. Muén tang do
rong dai tAn phai dung loat mach bu khac.

Trong thuc té&, dién trd R cia khau bu (hinh 7.15a) 12 dién trd trong ctia mach tai di€m
méic mach bu, do dd khau bu thyc chait chi gom mét tu dién & mach ngoai va tu dién dd
dugec d4u nhu trén hinh 7.15¢.

b) Mach ba cuc khéng (bu lag - lead, hinh 7.16)

So dd mach bua duge bigu dién trén hinh 7.16a.

(7.45)

' L /Ky/ (48)
K, -2048/0
@ ) .

K hong bu

- Ma’%

- ggo

f
b ‘)
¢

Hinh 7.16. Bu tin s3 v&i mach bo cure khing :
a) so d6 mach ba, dic tinh tin O va pha cta mach b; b) dédc tinh bién d - thn sG va pha - tin s3 cla bd
khuéch dai ¢4 bl va khdng bi; ¢) cic cach médc mach bl vio bd khuch dai,
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Mach bl cd ham truy&n dat phic:

1 + PT
HP) = — N, (5.47)
1 + PT,
) 1 1
trong do, Ty —;f- ; Tp = Zn—f
N P
y 1 1
N=owcr,’ PT 27C(R, + Ry

Mach bit c6 mot diém cyc tai fp va mot di€m khong tai fy, véi fp < fy. Chon fy sao
cho nd khit dugc di€m cuc f,; cia bo khuéch dai, nghia la

'n =Far-
.Ham truy®n dat cia b6 khuéch dai cd bu la tich ham truyén dat cia by khuéch dai
chua bu v6i ham truyén dat cta khau bu.
Kyo ‘ 1 + PTy
= X —

Khi f,,, = fy thi:

Ko

vo

T + PT)( + PTe)(1 + PTp)

(7.48)

Theo (7.48) di€m cuc foy da bi diém khoéng fn khu. N&u chon f’c =fa (hinh 7.15b) thi
px = 46° giam [ thl oy tang. D6 rong dai tAn cia by khué&ch dai ¢ bu:

B=f.<f, (7.49)

Mach cd th€ khuéch dai tin hiéu cd tin s tuong déi cao.

Dé tinh toan mach bu thudng chon truée R,, hai tham 88 con lai duge xdc dinh phu
thugc vao gia tri fy va fp dugce chon.

Mach bu duge dfu vao bd khuéch dai nhu trén hlnh 7.16¢c, R, cia mach bu 1a dién tro
trong cua mach khuéch dai tai diém dfu mach bu.

¢) Mach bi cuec khong hai khéau (hinh 7.17)

o day dung hai khau bu cue khong (hinh 7.16a), tn s6 di€m cuc va tin s6 di€m khéng
cla hai khau bu gidng nhau, do d6 dd thj Bode ciia mach bu trong khodng fy va fp ¢
d6 déc - 40dB/D, nhd vay cé thé€ nang fp l1én pham vi cao hon (hinh 7.17b). V4i cach
bu nay

B = fc = fa2 3

khdng 16n hon so v8i B cia mach bu cuc khong mét khau da xét § mue 2, nhung fp tang,
do dd cd thé tang dugc tac dung cta hdi tigp trong pham vi thn s6 réng hon.
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Cac cach mac mach bu duge biéu dién trén hinh 7.17c.

Kvo K hing bu

/A dB

Hinfv 7.17. BU Gin s0 vii mach b cde - khong hai khau :
a) s do va dic unh 1An sO el mach ba
bj dac tinh bicn dd - tan sO vi pha - 4n s6 cia bo khuéch dai co6 ba va khéng bu.

d) Much bat vii mot dicm khong (hinh 7.18)
So d6 mach bu va ham truyén dat cia nd dugc bigu dién trén hinh 7.18a.

Trong mach nay

R, 1+ PTy
Hp) = R R, 1+PT, (7.50)
trong do, Tn = —1— : Tp=—1—
27N 2nfp
1 1
'N=%rc ' "= R R,
R+ R,

Mach bu cd mot di€m cuc f va moét di€m khong fy v6i fp > fn. Chon fyy va
fp sao chochi cd di€m khong fy nam trong dai tdn cOng tac va fp ndm xa ra
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ngoai ; do do chi co fy lam thay d6i dac tinh tdn s6 cia bo khuéch dai cd héi tiép.
Chinh vi thé mach bu nay duge goi 14 mach bu ¢d mét di€ém khong.

14— Lﬁ’?, e

T T —— _zg,jb E

Kyo N "/0 A

; . Vb L \
RN Lo
|

o R

A,

[ . } R \\“,\ \l\x e
/H/ ? (8) Par Tl BN e gy
S U SO S b e e
0 . 7 -
! , ! T
T | T ,
: ' ! i
s T |
B ' ! | '
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Hinly T80 B0 an so vai mat diém khong
d) s dG maeh buoc by dae dnh A sG cdia bo khudéeh dai Kb co b v kKhong b
Ham truyén dat cta hé s6 khuéch dai vong khi cd bu :
K 1+ PTy R-

Vo

K, = (I +PT )1+ PT (1 +PT,, 1+PT, R, +R,

Chon Ty = T, tic [y = [, thi diém cuc vdi £, mat. Tai f = 0,
R, n
HP)) = e = —
= R/ =

Dai tan cong tac cua bo khéch dai ¢ mach bu ki€u nay la
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B=f,<fy, (7.52)

B khd rong, tuy nhién & tAn s8 th4p, hé s6 khuéch dai K, gidm mot lugng f/fp.
Trén day l1a cdc loai mach bl trong. Thuc t&€ con c¢d cac mach bu ngoai, nhung & day
khong xét dén, vi ching it duge diuslg.

7.5. C4u trac bén trong cua bd khuéch dai thuat toan

C4u tric bén trong cda cdc by khuéch dai thuat toan rdt khdc nhau tiy thudée vao muc
dich Wng dung cua ching. Du cfu tric cu thé th€ nao ching ciing phai théa man nhitng
yéu chu co ban: hé s6 khué&ch dai 16n, léch khong nho, cac dong tinh nhé, trd khdng vao
16n, trd khdang ra nhé, dlu vao d6i xing va dién 4p ra & ch€ d6 tinh bing khong.

Can cyd vao nhitng yéu ciu dd, dua ra so db cdu tric tdng quat cia bo khuéch dai thuat
toan trén hinh 7.19. '

o N
U
O—
KDvisot  KDvrsal cél/yé‘/; lép enntové Enrito chung Téng Mlué% dat
. dér Xd'ﬂy sang dichmgc a‘é‘y’ keo - bd

khong i xdng

Hinh 7.19. S db cdu tnic 1dng quat ctia bd khuéch dai thudt todn.

D€ c6 dau vao déi xing, tAng vao bao giv cliing la mot tiAng khuéch dai vi sai cé dong
tinh nhé, trd khang vao 16n va cho phép méic thém mach bu tréi & ngoai.

Tang thd hai thudng ciing 1a mot ting khuéch dai vi sai cho phép chuyén tit diu vao
d6i xing sang diu ra khong d6i xing.

Céc thng trung gian cé nhiém vu khuéch dai tin hiéu du 16n d€ kich thich cho ting
cudi. '

Tang cudi phai dam bao dong ra l6n, dién 4p ra 1dn va dién tré ra nhé. Mach dién hay
dung cho ting nay la mach ddy kéo - bi kém theo mo6t mach han dong.

Dé& dam bao yéu clu ve dién dp ra bing khéng & ché d6 tinh phai ¢d mach dich muc
nam trong mot phan mach nao dd cua bd khuéch dai thuat todn. Biét rang, khi dimg cac
tang khuéch dai cd céc tranzistor npn, thi dién th& tinh lan lugt cia cac ting bi ddy dan
veé phia c4c gia tri duong. Mach djch muc cd nhiém vu ddy lui di€ém tinh v& phia Am. Cac
mach ghép giita cdac thng da xét trong tiét 7.1.1 lam nhiém vu nay.

Khéng phai khi nao b khuéch dai thuat toan cing cd day du cdc thing nhu trén so dd
khéi 7.19. Sau day sé xét mot s6 so dd cdu tric dién hinh cia b6 khué&ch dai thuat to4n.

7.5.1. Cac so d& khuéch dai thuit toan dang don gian

Hinh 7.20 dua ra hai dang so db don gidn ctia bé khuéch dai thuat toan

Trén hinh 7.20a, T, T, la ting vao khuéch dai vi sai néi v6i ngudn dong T;. D€ trd
khang vao r; 16n va dong tinh nho, tAng nay phai lam viéc v6i dong colecto nhé. Tuy nhién
cing khong dung dong colecto qua nhd lam cho hé s§ khuéch dai dong dién gidm va lam
taing 4nh hudng cua tap &m d6i v6i by khuéch dai, thuong chon I trong pham vi 10uA
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dén 1mA. Vi chi cAn mét dau ra, nén cd thé bo b6t mot dién trd R_ trén colecto T, didu
nay khéng aAnh hudng dé&n cong tdc cia mach, vl ddng colecto hiiu nhu khéng phu thuéc
vao U.g. Tuy nhién, t6n hao trén 2 tranzistor s& khac nhau lam cho nhiét do cta ching

khdc nhau gay ra trdi 16n. T, la mach bi&n d6i trd khéng dé ¢6 trd khdng ra nhé DET,

khong bao hoa, phai chon dién thé& colecto da 16n ( U_J). Trong so dd nay dung let Zener

1 ,
5U-0,6V. Vi di¢n 4p colecto T, nam trong pham

dé dich muc. Dién 4p Zener cua diot la 2

1 A
+ 3 U..

. 1
vi (0 + U_), nén dién 4p r thay d8i trong pham vi (- 3 U

cc

+ 9 Uec +

Hinh 7.20. Cic so db khu€ch dai vi sai don gian.

Bo6 khué&ch dai vi sai loai nay (c6 mét ting khuéch dai dién ap) thudng duge dung theo
ki€u mach lap dién ap (hinh 7.8b,c). M6t dang so dd ‘khéc dugc cfu tao theo ki€u mach
lap dién ap dugc bi€u dién trén hinh 7.20b. Trong so dd nay,mm vao ddo N duge néi vai
dau ra qua Ry. Khau R Cy la khau bu tan s6 . O day diing ngubn dong Ts va T, thay
cho dién trd R va R, trong sg do 7.20a.

Dién th& emito cia by khuéch dai vi sai: U, - 0,6V. Do mach hdi tiép qua Ry, Ug=U,,
nén dién th& bazo cia T, la
U,+0,6V. Dién ap * * *
UCET1=0,6V va UCET'Z = 1,2V
khong phu thudc vao dién ap
vao. Vi vay cd thé€ bé mach dich
muc dung diot Zener.

7.5.2. B khuéch dai thuét
todn c6 hai ting khuéch dai
dién ap (hinh 7.21)

Tang vao khuéch dai vi sai
giéng ting vao trén hinh 7.20a.
Tang thi 2 la tAng khué&ch dai
emito chung (T,). Chgn dién
thé tinh trén colecto T, sao cho

Hunn 7.21. B khuéch dai thudt toan c6 hai tang khuéch dai dién ap.
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dién dp ra tinh bang khong. Dong colecto tinh cia T, duge xdc dinh bdi R,. Dién trd R
duge chon sao cho UBET = 0,6V. Nhuge diém cia so db 1a ha 4p trén R-qud bé, lam cho
hé s6 khué&ch dai dién ép cia T, bé (khoang 5 lan). Vi tAng vao cd hé s6 khuéch dai dién
4p nhé, nén tréi do nd sinh ra it Anh hudng dén tréi cha toan mach, trOl cia toan mach
chu yéu do T, quyét dinh.

R Cy 12 khau bu tan s6.

7.5.3. B& khuéch dai thudt toan dung mach dién c6 dong d6i ximg (guong dong
dién)

Dé giam tréi do T, (hinh
7.21) gay ra, mac thém mot
khau mach d€ bu tréi dién 4p
bazo-emito cia T,. Diod D
trén hinh 7.22 lam nhiém vu
dg, nhd dd ha dp trén hai dién
trd R nhu nhau, do d6 dong
colecto cia T, bang dong
colecto cia T,. Mach nay vi
vy con duge goi la guong
dong dién. NG cing cd tac
dung dich mdc nhu T, trong
hinh 7.21, nhung nhd cd bu
tréi, nén muc dich dat dugc Hinh 7.22. B0 khuéch dai thuat toun ding guong dong dién.
kha chinh xac.

7.5.4. Bd khuéch dai thué: todn dung khuéch dai vi sai bu (hinh 7.23)

So db nay gi6ng sd dd trén hinh 121, T, duge thay bdi 06 khuéch dai vi sai gdbm T,
' T5. Nho d6 mach cé thém mot
s6'uu di€m: cd th€ tang ha ap
trén R . d& c6 hé s6 khuéch dai
dién Ap cua tAng vao 16n hon.
Do ¢6 ngudn dong T4 nén &
diu ra by khuéch dai vao
khéng co dién 4p ddng pha, vi
th€ khéng cAn mAc thém
ngudn dong & vi tri cia R,. Do
két cdu cia bd khuéch dai vao
nén dién thé€ emito Ug cia T,
T; cd gid tri xac dinh. Dién thé&
nay cang 16n khi R cang nhé
va do d6 hé s§ khuéch dai dién
Hink 723. B khuéch dai thut todn ding mach khuéch dai vi sai by, 4P cang nhé. Cho truse U, ta

tinh dugc

U. - U . U, - 06V
R4= cc Evé R5= cc )
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sao cho dién Ap ra tinh bing khong.

Trong cdc bd khuéch dai nhitu tAng, do qua ap dhu vao c6 thé x8y ra mot hién tugng
khdng mong mudén, goi la hiéu ing "Latch up". Ta s& minh hoa hién tugng nay trén so dd
7.24. 0 trang thai cong tdc binh thudng, dién thé€ bazo va colecto T, ngugc pha. Khi dién
4p vao clia N 16n hon dién thé colecto T, thi diot colecto-bazo din, do d6 dién thé& colecto
va bazo dong pha, clta dido bién thanh ctta thuan, hbi tiép Am bién thanh hdi ti€p duong,
dién 4p ra co gia tri ing v6i mic bdo hoa va bj ket tai dé. Dd 1a hiéu dng Latch up. N¢
lam cho hiéu dién 4p vao vugt qué tri s6 cho phép va phd hiy cdc tranzistor tAng vao.
Trong nhidu trudng hgp ngudi ta loai trit hién tugng nay bang cich mic mot diot Zener
vao cita dao b khuéch dai thuét todn.

7.5.5. Hai bd khuéch dai thuéat toén'thOng dung ©A709 va A741
1. #A709 (hinh 7.24)

Tang vao khuéch dai vi sai (T, T), R}, R,) cd emito néi v6i ngudn dong Ty, T,;, Ry;.
Dong electo cla tranzistor T ICTl = 40uA kha nhé nhdm tang trd khdng vao va gidm
dong tinh diu vao. Bo khuéch dai vi sai thd 2 duge méc theo ki€u mach Darlington(T,,
Ty Ts, Ty). Ty va R, tao thanh mét mach dich mdc méc theo ki€u bazo chung. Mach lap
emito Ty d€ phéi hop trd khang.T, va T, méc theo ki€u emito chung cho hé s6 khuéch
dai khoang 400 lan. Tang ra (T',, T|,) méc theo ki€u by, lam viéc & ché& d¢ B, d€ gidm
méo diung hdi ti€p Am qua dién trd R, méc giita dau ra by khuéch dai va emito cia T,

KO Visa Lap emite
F_A——'—-_———I '--/-f—" | el 07
! F [ (2 T
| /0k[]k,— Ry | |10k [ I | 18 (7
T ! N A A
T nv Ty | - | _tTing ra v 67
KOVisai : 037m 10'370,‘ P! ! ! | g
N5 | = T (
(&[12k (152, ] [ ! J"‘,’j !
23 - b o
! |' ln T L H +- : —o 1
1101 1047 7 7 T—Fa ,
| ¥ : : q y | :R,[]Ikl [ "{T" |
| N { | { { |
| N L s '
( : .
| L I I L W
| 1 ! 1 l
! | ! | 304 I Tis | U
! ! ! [ i
l ‘ I f | ;_lf‘:‘_'q L
+ { | | | ' i . |
J : ! ‘ Te |
Y l : L i : o5 .
2o ——og—r1 ! IR, ’0/(: l : B0 1an §b
A | -
il N . U4 | Lb-Tang kD emits
v A T || chung
< | ;
Gddsj‘doﬂj l Tis | : R,;:
) ;
RN XY | Wk | g,
| N " —0 ~
I_________._._.._'.._l ~ 15V | A 4

Hinh 724. So d6 ciu tnic b) khuéch dai thudt todn u A709.
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Ham truydn dat cia gA709 cé 3 diém cuc dng véi f,, = 0,2MHz; f;; = 1MHz va
f.., = 8MHz. D& dam bao én dinh, méc mach bu tAn s6 sao cho céac di€m cuc cia ham
a3 : ‘ >
truyen dat khi cd bu fo, = IOkHz, fap = IMHz va fo3 = 1,6 MHz.

2. #A741 (hinh 7.25) .

Tham s8 cia bd khué’(;h dai uA741 dugc cai thién nhidu so véi #AT09: dién ap vao U,
cho phép cao hon, bu léch khéng don gian hon, c6 mach han dong, c6 bu tan s6 bén trong
mach.

Gdiéng dbhg dién Gding doky dién Mach kO Fror
P et T bt Atitotts Jr=--="9,
1e - : :47f Tz FJJAJ} I . 1' +Upe
’I | ﬁ HI l [
puui M | L._i _________ n I. -
KOy sar , . 4 P
r——--=i= - ‘2”/"4 r"*—'rrL‘l l |
Rg T
+ ! | | 115
3o 7, | 4 {
) Vo ! _R,f [ |
r l 39k | 3¢
2t SEERIES | | lU"
. {0,73/17'4 | I 1
. R t——] 20 |
o T ==—F 1 | |
/{?cﬁ éleﬂ' - I ‘ | | 750 ra
dét s Xing-| 11 | . /r : y )
khong a’é‘/.:d}:ﬁ 75 | : 0,7V' I ‘ 6o ba
i ! l | I
| |
A ; | ' ! | "Utc
______ S S DU "3

7 B tdn 6 5 - Gding daby dién Mach kD Darling Forr

Hinh 725, So dB-cdu tric bd khuéch dai thudt todn uA741

Tang vao b khuéch dai. mic thep ki€u Kaskode bu dung tranzistor npn (T, T,) c6 hé
s6 khué&ch dai dong cao va tranzistor pnp (T, T,) c6 hé s6 khué&ch dai dong thdp. Trong
mach emito tAng vao cd ngudn dong (T, T,). Hé s6 khuéch dai dién 4p tAng vao khodng
50 dén 60dB, dong tinh I, = I, = (10 + 15) uA rdt nhé. M6t bo khuéch dai vi sai gdm
Ts, T4, T; mic theo ki€u mach cfng pha, bién dién ap vao thanh dién ap ra khong d6i
xing. Tang thd 2 (T4, T,,) mic theo so dd Darlington, c6 trd khdng vao 16n va cd tai la
T5. Mach cd hé s6 khuéch dai 16n hoan 50dB. Tang ra méc theo ki€u bu gbm T,,, T,, dugc
n6i véi mach han dong T4, T)9, R, R,;- Néu dong qua R,; tang qué gi6i han 15...20 mA
thi T,5 din lam cho dong ra bi han ch&. N&u dong qua R, vugt qua 15... 20 mA thi dong
qua bazo T,, tang, dong nay qua Ry lam cho T, dén, do dd dong bazo ctia T, bi han ché.
T,g R, vA R, tao thanh mach dich mic, né dugc két c4u sao cho dong tinh ting ra cd gid
tri khoang 60uA. R c6 tdc dung quyét dinh d6i véi dong tinh cla toan mach.
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Mach bu trong nho tu C;, = 30pF lam cho dac tinh tAn s6 cia bg khuéch dai gidm vai
d6 déc -20dB/D trong khoang tin s6 f,, = 5Hz va tin s6 don vi f, = IMHz. O tin s6 lon
hon 5Hz, mach Dalington gdm T, T, lam viéc nhu mft mach tich phan. Mach bu trong
rét tién lgi cho ngudi st dung, nhung trong mot s6 trudng hgp khéng can thiét thi né gay
lang phi v& dai tAn va t6c do ddp dng. Vi vAy ngudi ta da ché& tao mach #A748 hoan toan
tuong duong véi uA741, nhung khéng cé tu C; d€ bu trong.

7.5.6. MOt s6 diém cén luu y khi chon dung bd khuéch dai thuéat toan cho nhiing
muc dich khac nhau

Khi chon bé khué&ch dai thuat toan d€ dung cho mét trudng hgp cu th€ chin quan tdm
dén mot s6 vdn d@ sau day:

- Mdc tin hiéu vao, dai tAn cong téc, trd khidng ra, trd khang vao, mdc chinh xac cia
qua trinh gia cong tin hiéu (hé s6 khuéch dai, tréi, tap am), t6c d6 ddp Wng va cac didu
kién cila moéi truong (dién ap ngudn nudi, nhiét dé mai trudng,...).

- Phai déc biét luu y dén cdc tinh chat cua ngudn tin hiéu (trd khang trong ciia ngudn
tin hiéu, d6 16n, dac tinh tan sd, dic tinh thdi gian cta tin hiéu). Cac bé khuéch dai thuat
toan cd tang vao dung tranzistor ludng cuc duge dung vdi ngudn tin hiéu cd trd khiang
trong bé (= 50k), vi tréi dién ap léch khong d cdc tAng vao loai nay nho. Nguge lai, cac
bd khuéch dai cd thng vao dung tranzistor trudng thudng dugc dung vdi ngudn tin hiéu
c6 trd khang trong 16n, vi thng vao loai nay co dong tinh nho va tréi dong dong léch khéng
ciing nhé.

CHUONG 8
CAC MACH TINH TOAN VA DPIEU KHIEN
TUYEN TINH DUNG KHUKCH = DAI THUAT TOAN

8.1. Khai niém

Trong ky thuit mach tuong tu, cdc mach tlnh toan va didu khién dugc xay dung chua
yéu dya trén bo khuéch dai thuit todn.

Thay d6i cdc linh kién méc trong mach hdi tiép cia bd khuéch” dai thuat todn sé cd
duge cdc mach tinh todn va didu khién khic nhau.
~ Céc mach tinh todn vi didu khi€n tuyén tinh cd trong mach hdi tiép cdc linh kién thu
déng khéng phu thudc tin sd (R) hoac phu thuéc tin s6 (L, C) (khong qudn tinh hoac
quén tinh).

8.2. Mach cdng va mach tru

8.2.1. Mach cdéng dao (hinh 8.1)

Ap dung quy tic dong dién nit cho niat N trén so dd hinh 8.1, ta cd
le + Uv2 + .+ Uvn + _lir =‘ O,
R, R, R, Ry
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Suy ra quan hé (8.1) giita dién 4p ra.va dién 4p vao:

Ry Ry Ry
U, = (U +U, + .. +=2U,). s R, ;
R, R, n Uy —CF——
(81) Ry R/v
Urg o o
8.2.2. Mach khuéch dai ddo v6i tré ' R,
khéng vao i6n 17 $_.|:1__N
Viét phuong trinh ddng 4ién nit cho nit o
N trén hinh 8.2: Y
U o
2o+ 22 L0, (82
R, Ry ‘ Hinh 8.1. Mach c6ng ddo -,

| . R
trong d6, U, = U, k-—-:—R-,vai didn kién Ry >> R;.
2 3

Thay vao (8.2) va bién ddi, ta cd

R R
U, =2 a+ 2y, (8.3)
1 3 ’ .
Vay mach c6 hé s6 khué&ch . dai:
Ry R, |
Ra K =— 1+ —=)U, (8.4)
_A’: 1 3
R, Trudng hgp yéu chu hé s6 khuéch dai
By — . 16n thi phai chon R, nhé. Lic d6 trd khéng

vao cia mach Z, = R, nhé. Cé thé khéc
phuc dugc nhuge di€m dé bang cach chon
R, = R,. Do d6 hé s6 khuéch dai chi con
phu thude ty s6 R,/R,, cd thé tang ti s8
ndy tuy y ma khéng anh hudng dén trd
khdng vao ciia mach. Véi cach cfu tao nhu

Hinh 82. Mach khuéch daj dao véi trdy khéng vao 16m. vy cd thé€ tang thém s8 dAu vao d€ thuc
hién cdc mach co6ng hoac mach trit ¢S trd

khédng vao 16n.

8.2.3. Mach tru (hinh 8.3a)
Theo 80 dd ta ¢é dién 4p vao cia thuidn:

) Rp
Up = U, —————
. 2 RP + Rp/a
va dién dp vao cia dao
| U By W, -U) + U
N = RN + RN/a vi r r
ViU, = 0, nén U, = Uy, do dd
U, = az(UV2 - le ) (8.5)
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Né&u higu (U, - U,)) nhé va h¢ s6 nén tin hiéu ddng pha hitu han thi két qua theo (8.5)
cd sai s6 ddng ké. Can chi y ring chi khi mot trong hai dAu vao dugc n6i d4t thi dién dp
& dAu vao tuong dng (U, hoac U,,) mébi bing khong.

.Néu ty s6 cac dién trd clia clta P: ap va cia cla N: ay khéc nhau thi dién 4p ra:

apUyy - anUs; » (8.6)

trong dd, aN=—N va ap = — .

Véi mach dién nay, dién 4p ddng pha
Un=U,=0, .
H¢ s6 khuéch dai tin hi®u ddng pha K cd thé suy ra tit bi€u thdc (8.6), khi cho
u,=U,_,: '
1 v2*

V-

K Lt on ' (87)v
= —a - Q .
cm 1+aP P N
Dat

aP=a+Aa

thay vao (8.7) nhan dugce
1+ a ( Ac) Aa
= (a + Aa) - a =
1+ a+ Aa 1 +a

Vay hé s6 nén tin hiéu ddng pha:

« .
=1 + a) - ; v (8.8)
Aa

G =

cm

Theo (8.8), G ty 1& nghich véi Aa tic 1a ty 1& véi hiu s6 cac ty s6 dién tré cita P va

cita N. Néu c4c ty s6 nay bing nhau (Aa = 0) thi G = «. Vay n€u mudn ¢ hé s6 nén tin
hiéu ddng pha G 16n thi chon két cfu mach dam bao didu kién ap = ay.

Ry
3
R Uor d_R'L R
- N
R, =5~ Ru Uy —C——CF——y
o—{— {1 ! : :
b Y] g | R i
(2] I =a
Uyn *—'C:'—-},—j -
fj?L' s —0
i) ’
y Uy, —— + Y
R r 3 éé’- Ro
Rz | p Rp Yz o— F——t—A 13—
— [ VR |
Ure o=

Hinh 83. a) mach tn‘r}. b) mach trir nhi€u hé s5.
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8.2.4. Mach tnr nhiéu thanh phén (hinh 8.3b)

D€ tinh tosan bi€u thdc dién ap ra theo céc dién ép vao, dung quy téc dbng dién
nit cho nit N va nit P. Véi clta N :

§ U-Uy U-Uy
in1 Bl Ry

=0

m

2oU;=Uy) + U, - Uy = 0
i=1

m
zqui—UN[ﬁoq+1]+Ur=0
i= 1 i= 1

Tuong ty nhu vay, v6i cia P :
N

i=1 i=1

e
R

o

D —2‘

ta co :

Zch’ Z%U (810

Mach nay cho phép cdng hoac trit nhiéu dién 4p, néu diéu kién (8.9) théa main.
Truong hgp diéu kicn d6 khong dugc théa man thi dién 4p ra duge xdc dinh theo
bi€u thdc (8.11) :

n m
v, ="t L - Doy, (8.11)
1+ 2 °<,i =1

i=1
Tuy nhién d€ giam dién 4p vao déng pha thi phadi dam bao diéu kién (8.10).
Trudng hgp mach cu th€ khéng dam bao diéu kién (8.10) ta cd th€ mic thém mot
s6 nhdanh vao nhdnh phu cé dién ap vao bang khéng.

8.2.5. Mach tnr véi trd khang cira vao on

Viét phuong trinh dong dién nit cho nut N trén so d6 8.4a va cho Uy = Uy suyra

dugce
U = Uyl + k + kn) - kU, (8.12)

Hé s6 cia U, luén ludn hon hé s6 cia U}, do d6 mach khéng tao dugc dién 4p ra cd dang :
kU, - U).

Vi tré khang vao clta P 16n, nén khong yéu cu U, vé cong sudt. Mach dién trén hinh
8.4b cé trd khang vao cua cA hai cia déu 16n. D€ xay dung bi€u thdc dién 4p ra theo cdc
dién ap vao, viét phuong trinh dong dién nit cho Ny va U, :

U,-U, U,-U, U
+ -—=

Ry S Ry

U,-U, U-U, U-U, 0
+ + =
R, R, R,
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R, + 2R,

U, -
R WU, - Uy (8.13)

Hinh 84. Mach trir ¢4 trér khang vao Iém .

Cé thé thay d6i duge hé s6 khuéch dai khi thay d6i R,. Hé s6 khuéch dai nhé nhat
khi R; = =, lic dd dién ap ra:

R,
U, = (1 +—2)U, - Uy (8.14)
Rj

VIR, # 02 Ry # o, nén hé s6 khuéch dai K’ ludn luén 16n hon 1.

8.2.6. Mach tao dién ap ra c6 cyc tinh thay déi
Theo so dB 8.5, viét duge:
: U, - U,
Uy =———=~
N 2

Up = qU,
Cho Uy = Uy, suy ra:
U =(29-1)U, (8.15)

Khi thay ddi ti€p di€m trén chiét ap
R,, ta cd hé 88 cia U, lic duong lic

1
Hinh 8.5. Mach ta0 dién 4p ra c6 cyc tinh thay dbi =~ a4m, Khi ¢ =3 thi U =0.
©0=<g=<). '

8.3. Mach bién ddi-tré khang

8.3.1. Mach bié&n d8i tré khang &m (NIC)

Trudng hop cAn dung tré khang Am hodc chn tao ngudn 4p cd trd khang trong am,
dung so db 8.6.

Lap phuong trinh dong dién nit cho ctta N va cia P :
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- IN + = 0
N
U, -U
L+ 22 =9
Rp
Cho Uy = Up, suy ra
Rp
IN = - — IP va UN = UP (8.16)
Ry

Mach vita cd hdi ti€p duong, vita cd hdi tiép 4m,
do dd can phai xét tinh 6n dinh cia nd. Gia thiét ]
R, 1a dién trd trong cta ngudn U, va R, 1a dién Hink 86. Mach bi€n dbi r& khéng &m (NIC).
trd trong clia ngudn Uy, ta cd dién dp hdi tiép

duong\:
\

R,

Uhl(+) = Ua mp va dién a’p hdi tiép am:
R,
T = U BT R

D& mach lam viéc 6n dinh, phai dAm bao
didu kién Um(+) < Uht(_), hay

R, R,
U, —' <u, — %
R, + Rp R, + Ry

Tu dd suy ra

B o B
R, Ry
Mach bién d6i trd khdng Am td th€ dung
d€ tao dao dong nhu so dd trén hinh 8.7 hoac
dé tao dién tré Aam ddong lam ngudn 4p ndi trd Am nhu so dd trén hinh 8.8
Trén so dd 8.7, dat vao cia P dién ap Uy, theo bi€u thic (8.16) va (8.17) ta 6 UN=UP
ciing duong va Iy ciing duong, con

=a (8.17)

Hinh 8.7. Mach tao dao ddng dién trér am .

I U
P L/,
a aR2 R
Dién trd am: I,
Uf
Ram = _— = -aR2 (8‘18) UN
I |

Vay co dong dién 4m di vao cua

trong khi U, > 0. N&u I, > 0 thi
P trong k P “lp Hinh 88. Mach dién duing 1am ap ndi tr¢r 4m.
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U, < 0. Dién tré am nim giita cta P va dit. Mach 6n dinh khi dién trd trong
r,<aR,=R,,  (ditukién 6n dinh (8.17)

Ta xét sg dd 8.8. Gia thiét cd mot ngudn ap véi dién dp khong tai U, va néi trd r;, dién
ap ra khi co tai:

U=U0-I)‘i.

Véi ngudn théng thudng thi r, > 0, do dd U < U_. V4i ngudn &p cd ndi tré am thi
U > U, So dd 8.8 cd tinh chdt d¢. Biét :

Uy =Up=U,-LR,

Véi Iy = - al, ta cd

R,
a
N
Tit (8.19) xéc dinh duge ndi trd
- dU, R
riom o—— = L (8.20)
dIN a

R
Mach 6n dinh khi R, > — 5 |r]|.
a .

8.3.2. Rotato
Trong moét s6 trudng hop, cdn phai quay mét dudng dac tinh hoic mét ho dudng dac
tinh xung quanh hé truc toa do6. Khi dudng dac tinh quay theo chidu kim déng hd, ta quy
udc.gde guay 6 > O (hinh 8.9).
Duding cong (1) trén hinh 8.9 bién
thanh dudng cong (2) khi quay
mot gdc 6 = 40°.  phu thuoc vao I(mA)
hé s6 ty 1 trén hai truc. Vi du: 3.
x=qlU, y = bl. a v b c6 thi - Sl AN

Y
. cm ] P

cm
nguyén lan lugt la Vv V2 - Ty ! A (%.4,)

86 b/a cd thit nguyén ctia mét dién 12 3 4 5\ 7/cv)
trd, vi thé ta goi hé s6 ty lé d6 la 2 -1
Ry, Khi quay dudng cong (1) thi
mét di€m bat ky P, vdi cac toa d 179
d6 (x;, y,) bién thanh di€ém P, v6i
céc toa db (x,, y,). Quan hé giita
cdc toa d6 ci va toa dé6 méi duge
xac dinh bdi hé phuong trinh (8.21)
x, = Rcos (p - 6) = R(cos pcos 6 +singsing) = x,cos 6 + y sind (8.21a)

Hinh 89 Quay dudmg ddc tinh trong hé toa do, Ry =kQ.

¥, = Rsin(p - ) = R(singpcos 0 - sinfcos ¢) = ycos 6 - x;sinf (8.21b)
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Thay hé s6 ty 1& cta cdc truc vao, ta c6:
aU, = aU,cos 6+ bl,;sinf
(8.22)
bl, = -aU,sin6 + bl cos 6

Chia (8.22) cho a hoac b, s& nhan duge:

U, = U,cos 6 + I|Rysind (8.23)
U,

I, = - —— sin@ + Icos 6 (8.24)
Ry

Mot mach dién thuc hién qua trinh quay
dudng dac tinh nhu miéu ta trén day phai théa
méan (8.23) va (8.24). Hinh 8.10 biéu dién mot
sg dd nhu vay. Theo nguyén ly x&p chdng, ta co:

Hinh 8.10. Sor d0 nguyén Iy cha rotato.

U, = AU, + BI,

1, = CU, + DI,
Khi I, = 0, thi |
R, R,
U =—2— U, dods A=1+ =
R3 + R4 4
U 1
Pn=--_", do d6 C =——
R4 R4
Khi U; = 0, thi
(Rs /| RYU, R?
Il= ,d0d6B='—‘—+2R3
[R3 + (B3 // Ry]R; R,
IR R
L=1,+22 | dodsD=1+—-—>
R, R,

Hé phuong trinh truyén dat duge viét lai 1a

R, R}
R, R,
1 R, -
R4 R4

So sanh hé s6 cha (8.23) va (8.24) vdi (8.25) va (8.26), suy ra:

R .
cos =1+ — | (8.27)
4
sinf@ 1 (8.28)
"Ry R, '
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RY
3‘
Rysind = — + 2R, . (8.29)
R,
Ta cé ba phuong trinh d€ xic dinh
hai &n 86 R, va R,. Trudc tién xdc dinh
R, va R, ti bi€u thic (8.27) va (8.28):

R
R, =- 2 (8.30)
sind
1 - cos 6 6

Ki€m tra lai theo (8.29) ta thdy két
qua d6 phir hop.

e 5 5l
Y% R Y,
———
+
R
Ry

Hinh 811 Mach rotato v&i goc quay 0 < 8 < 180°.

Nhu vay cho truée Ry, va 6, cé thé xay dung dugc mach dién hinh 8.10. R, luén luén
duong. Ta thdy rang, khi géc quay nim trong khoang 0 < 6 < 180° thi R, 4m, con néu
gdc quay lén hon thi cd R, ciing 4&m. D€ tao dign tré Am dung NIC. Dac biét thay R,
bing NIC rdt thuan lgi, R, cd mot dhu ndi d4t. Hinh 8.11 bi€u dién rotato véi géc quay
0 < 6 < 180° Do tinh ddi xiing ciia mach dién, nén cé thé d6i ché diu ra véi dau vao

ma tinh chdt cia mach khong thay déi.

8.3.3. Gyrato

Gyrato la mot mach bién déi trd khang cd phuong trinh truydn dat:

b 5 A X
/ %I—" ( ju

Hinh 812. So db quy udc cla gyrato.

U

I = =%, (8.32)
Ry
U

= (8.33)
Ry

trong d6, R), la hé s6 bien ddi.

So db quy udc cia nd duge biu dién trén hinh 8.12 va sg dd tuong duong trén hinh
8.13. Ta thdy ring dong dién trén diu nay ty 1é véi'dién 4p trén diu kia cha gyrato.
Vay mach dién cia gyrato gobm cé hai ngudn dong didu khi€n bing ap. Cé nhidu cdch
thuc hién mach dién dd. Ta xét vi du mét mach dién clia gyrato trén hinh 8.14. Dd la
mach dién bao gbm hai NIC. D& tinh todn, lap phuong trinh ddong dién nit cho cdc ciia

P va cac cia N:

U,-U, U,

Nt P;: 3R ?--R—2+12=o
M M
U, -U, U -U

Nt N,: 3R > 4+ ‘R 2 =0
M M
U, -U, U,-U

Nit Py ——— +—2——1. 1,=0

M Ry
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Nflt N2 . - _— =0
Ry Ry
Us U,
ey Ruy Ry Ry,
+ -
R, :
’; & SIS pomsmman W 8 N2
Ny & 4
Rue I, Z, Ry
°4, ! 7
Hinh 8.14. Mach gyrato gom hai bd khuéch dai thudt toan{2 NIC).
Loai U, va U, ra khéi cdc phwdng trinh trén, ta nhén dugc:
U
Iz =‘——i
Ry
Nghia 1a ta cd duge cdc
ql:xan hé mong mudn (8.32) R, Y, Ru 7,
va (8.33). - —L >0y,
Ciing c¢d thé méc mach o
gyrato nhu trén hinh Rpg Ru |,
§.i5. Viét phuong trinh 1 & _—*'R:? = :
dong dién nit cho céac cilta :R” Y | LA, + Y,
cia bd khuéch dai thuat Al % g
O
toan: Z, »
Uy - U, X . )
Nut P;: + 12=0 Hinh 8.15. M6t cach thuce hién mach gyrato.
. M '
u, -U Us - U
Nt Ny ——=2 4 22 =9
Ry Ry
U, - U U
Nit Py ——2 . > =0
' Ry Ry
Uu, -U Uy - U
Nit Nyy ——— +—2>— 3 [ =0
Ry Ry

Loai U,, U,, Us, ta lai rit ra duge cdc quan hé (8.32) va (8.33).

DE€ r6 thém y nghia clia gyrato, xét mot vai dng dung cia nd. Gia sit ta mic vao diu
bén phai (dau U)) mot dién trd tai R,. Vi I, va U, cung chidu, nén theo dinh luat Om ta
viét duge :
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R
U, . U,
Rl
U
I, =
Ry

Tit d6 cd thé€ tinh duge I,, néu dat vao mét dién 4p U, nao do:
R,
12 = -—2- Uz .
Ry

Vay néu mAc & diu bén phai mét dién trd thulin thi & dau bén trdi ciing cd tinh ch4t
cua mét dién tra:

Ry= — = — (8.34)
Né&u maic dién trd thuln & dau bén trai thi

-U,
R,
Do d6 bi€u thic ham truydn dat trd thanh:

Iz=

U.
Ry
RyU,
Uy = LRy = -
Rl

U, va U, ngugc dfu. Xét vé mat bién ddi trd khang thi mic R, vao dau bén phai hay
bén trai khéng khac gi nhau. Trudng hgp nay:

U, Ry
R =-— =—
I, R,
phit hgp véi (8.34). D6i véi trd khang phic ciing'cé quan hé tuong dudng vdi (8.34):
R}y
Zy, =— (8.35)
Z

Tu (8.35) ta din ra moét vai dng dung ly tha sau day. Mac mét tu dién vao modt dau,
do trén dau con lai ta nhin dugc trd khang phic:
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Z, =j oCR},
DG chinh 1a tré khéng phic cia mot dién cAm L cd tri s6
- L=R}C (8.36)

Vay dung gyrato cé thé tao ra dugc nhitng dién caAm tri s8 16n ma khong cd t6n hao.
Mach tuong duong cia nd dugc biéu dién trén hinh 8.16. V6i C = 1uF va R\, = 100kQ
thi L = 10.000H. MAc song song v6i gyrato nady mot dién dung, ta nhan dude mot khung
cong hudng khong t6n hao. Bing céch d6 cd thé tao ra cdc bo loc LC c6 phdm chét cao.
Phdm chét lic d6 phu thudc chi y&u vao sai s6 cdc cap dién trd cia gyrato. Muén thay
déi tri s6 dién cAm gyrato phai thay ddi gia tri cla tdt ca cdc dién trd R,, Dieu d6 kh4
phdc tap. Trén so dd 8.16, c6 thé thay d6i L bing cdch thay d6i mot dién trd duy nhét
dat § ctta P,. Gia st dién trd dé .7 tri 6 1a aR),, tuong dng cd cdc phuong trinh truydn
dat:

U, =IiRy I I Ru

U o ——
L =— 4, L=Ric 4% D 1

aRy { _]‘C

va dién trd bién déi: ]

aRIZM

Z,

Hinh 8.16. So dd twong duomg mach tao dién cam khong ton hao.

Dién cam gyrato

L= aRIZWC.
1_.1 Rury 2’4 Zs Rara El
—_— — -
4 D ( 2, D %
£
a

Hinh 817, Bién d6i nhj phin mang bdn cuc .

So db 8.17a mac hai gyrato vao mét mang bdn cuc hinh T cd thé chuyén thanh so dd
tuong duong trén hinh 8.17b, goi la bién ddi nhi phan mang b6n cyc. Hé¢ phuong trinh
truyén dat (8.37) tinh dugc bang cich nhan ma tran cia hai gyrato

0 R U.
Ay = U] = [ S N G
1Ry O 1

véi ma tran cua mang bén cuc hinh 7' d€ ¢ ma tran mdi:
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[A] = [Ag]lA]IA,], (8.37)
trong dd, :
Agl, Ag2 - lan lugt 12 ma tran cta gyrato thi nhét va thy hai;
Ap - ma tran cia mang b6n cyc T.
‘ Ry R
_ Z, = ";‘ M2 (8.38a)
AR Y, 75 1 . A
_ - z, = Dwfimz (8.38b)
Y > ch > C : 1Uz 2 2y '
¢ Ry R
Z, = -ﬁz‘—ﬂ (8.38¢)

Hinh 818. B€n doi nhj phén dién cam.

<

Cé th€ ap dung cdc quan hé nay

. dé xAy dung moét mach dién cd ba

dién cam bing mach dién gdm
gyrato ddu véi ba dién dung (hinh
8.18)

Mic thém vao mach ngoai cde

dién dung song song véi L, va L, s& nhan dugc mach loc dai, ghép dién cam.

Ap dung hé phuong trinh (8.38), suy ra

L, = R\;;R\,C,
L, = Ry R\pCy,
Ly = RyR\C,

" 8.3.4. Xiecculato

Xiecculato 12 mét mach dién cd it nhit la ba
ctta. So dd quy udc cta xiecculato duge bi€u dién
trén hinh 8.19. NG cd dac di€m la tin hiéu dat
trén mot clta dugc chuyén tiép theo chidgu mii
tén, tin hisu khong thay déi khi truyén qua ciia
hé& mach, tin hiéu bi d8i ddu khi truyen qua cia
ngin mach. Néu ddu mét dién trd R = R, giita
mot clta nao dd vai dat thi cd dién 4p tin hiéu
ha trén dién trd dé va tin hiéu khong dugc

Ruy Rum
Ry Y, Ry Us Ru u
> +——+ = +——+ = _ { ¢
Ry . Ru >— R, >_<
7 % {z % 13

ly

L

Hinh 820. M{t cich mic machgXiecculato.
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truy®n ti€p sang clta tié€p theo. Mach dién cd nhitng tinh chat nhu vAy dugc bi€u dién trén
hinh 8.20. Mach gdm cd ba khau gidng nhau. D€ phan tich, tdch ra mét khau nhu trén
hinh 8.21. Nghién citu nguyén ly lam viéc ciia kh&u nay, ¢S thé tach ra 1am ba trudng hop:

- Hé mach dau 1 thi I} = 0, do d6 U, = U, = Uy, khéng cd ddong qua nhdnh hdi tiép,

nén U, = U,
- Néu ngén mach di€m 1 thi U; = 0, mach
dién tré thanh mach khué&ch dai daoc v6i hé _'Q_ML
s6 khuéch dai K’ = 1, tic U, = -U,,. 2 ——
- MAc vao diém I mot dién trd R, thi ==
mach dién 12 mot mach hiéu vdi dién ap vao (/:_-‘ Ru >‘J—[}
bing nhau va bang U, nén U, = 0. 7\ r
Cho U, = 0 va dat vao di€ém I mét dién _’
dp U, thi mach dién 12 mét mach khuéch Y,
dai thuan véi hé s6 khuéch dai K’ = 2, do 1

dé U, = 2U,.

Sau khi da hi€u tinh ch4t cia mét khau
mach, ta dé dang hi€u duge nguyén ly lam
viéc cia mach dién trén hinh 8.20. Gia sk dién ap U, vao di€m 1, § di€m 2 d4u mot dién
trd R = Ry v6i d4t va hé mach di€m 3. Do cich phan tich mot khau mach trén day, ta
nhén thdy Us = 0, b6 khuéch dai thd 3 cd hé s6 khuéch dai K’; = 1, nén dién 4p trén
dau ra cia né U = 0. Mach khuéch dai diu vao cd hé s6 khuéch dai K’} = 2, do dd dién

U

; 4
dp ra trén nd U, = 2U,. O diém 2 (diém d4u R,,) c6 ha 4p U, =5 = U,. Céc truong

Hinh 821 M6t khdu mach cta Xiecculato.

hgp dac biét khac ciing c6 thé gidi thich tuong tu.

Né&u céc cla 1, 2, 3 khong & mot trong nhitng trang thdi vita néu thi cin phai tim céc
phuong trinh truygn dat dé mo ta cac tinh chét cua Xiecculato,

Viét phuong trinh dong dién nit cho céc cita P va N.

Phuong trinh dong dién nit cho céc cia P:

Ug - U

I R @)
Ry

U, - U

=22 4+5L=0 3)
Ry

Us-Us -0

Ry, 3

va cho céc cia N:
U - U, U, - U,
+

=0 2

Uy-Up | Us-Up _
Ry Ry
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Us - Us . Us - Us
Ry Ry

Loai U, Us, Ug ra khéi h¢ phuong trinh trén day, ta nhan duge hé¢ phuong trinh truyén
dat cia Xiecculato (8.39). .

= 0.

1
Il = — (U2 - U3) (8393)
Ry
. 1
I = —— (U, + Uy (8.39D)
Ry
1
- I3 = — (Ul - U2) (8390)
Ry

Hinh 822. Ding Xiecculato d& tao dién cim khong c6 d3u ndi dat.
Lap t8ng cia ba phuong trinh trén ta rat ra quan hé (8.40).
L+L+1;=0 ' (8.40)
Cd th€ md rong mach dién cia Xiecculato bing cdch méc thém mot s6 khau mach gidng
nhau nia. '

Xiecculato ba khau duge dung d€ tao dién cdm khong cé ddu néi dat. Day 1a mé6t dng
dung quan trong. D€ ¢ mach d6, mac mot tu dién giita hai di€m I va 2 (hinh 8.22), luc
do gitta di€m I va 3 xudt hién mot dién caAm khong cé diu ndi d4t. D€ xdc dinh gia tri
cta dién cAm nay, tinh trd khang phic cia ng:

Uy - U
zZ =1
. I
Theo dinh luat Om:
I, = (T, - OpjC.
Dung quan hé (8.39b) -va (8.39¢) suy ra:

1 _ — -
g (-Ul + U3) = I3RMij
Ry
Do do

Z, = R} joC.
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va L=RiC

Cing cdé thé dung Xiecculato nhu
_/RM\ o= =y mot mach tich cuc trong dién thoai hai
= i day (hinh 8.23). Xiecculato c6 ba cita
R Ry Cheyeo ﬂ ¢ deu dugc néi voi ba dién trd tai R,. Tin
T —d hiéu tit micro truy®n téi téng dai ma
_t khong dat 1én tai nghe va ngugc lai, tin
higu tit t6ng dai dén tai nghe ma khong

Hinh 8.23. Ding Xiecculato véo mach dién thoal hai day. 93¢ 16m micrd.
8.4. Mach tich phéan 4 ¢
e

8.4.1. Mach tich phén déo 7, R

So dd mach tich phan dao dugc bi€u dién trén U N S
hinh 8.24. Viét phuong trinh dong dién nit cho ur
niut N:

. . Uy dur

iy +i. =0 hay R +.C ar 0 Hinh 824. Mach tich phan dao.

Suy ra

! Ju,()dt ! } dt + u it = 0) (8.41)
u. = - — fu = - — fu u = .
r RC 1 RC ¢ 1 r

Dién 4p ra la tich phan dién ap vao.

Thudng chon hing s6 thdi gian ¢ = RC = 1s. Trong bi€u thdc (8.41), u (¢t = 0) la didu
kién dau.

Néu u, 1a dién 4p xoay chi®u hinh sin thi

P

1 Ty U,
u, = - — fU;sinwtdt = cos wt
RC o wRC

Ta thdy, bién d6 dién 4p ra ty 1& nghich.véi thn sd va dac tuyén bién do - tin s6 cia
mach tich phan ‘ :

= fw) cd do dbc -6dB/Octave.

K | )

D6 1a mot ddu hiéu dac trung cho mach tich phan. Tit dac di€m dd, cd thé dinh nghia:

Mot mach duge goi la mach tich phan trong mét pham vi tAn s6 nao dé néu trong pham
vi tAn s6 dJ dac tinh tAn s§ clia nd gidm véi d6 d6c 6 dB/Octave,

Can chi y rang, trong bo khuéch dai thuat toan thuc thi dong tinh 7, va dién 4p léch
khéng cd thé€ gay ra sai s6 ddang ké trong mach tich phan. Ta thi tinh sai s6 dd.

Gia thiét cho U, = 0, dong qua tu dién sé la:

U, du, 1 U,
— +I, , dods — = — (— + 1)
R dt C R
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Vay néu dong sai s§ qua C la 1uA va
au

C=1uF thi d—tr=1V/s. Dégiam anh hudng

nay cd thé ting C, nhung C khong th& 16n

tuy ¥ duge, vi th€ cAn phai giam anh ..

hudng cia ddng tinh bing so dd trén hinh
8.25. Trong sd dd dd, chon R, = R, do d¢.
néu U, = O thi dong qua dién trd R:

—o
U
R,

Hinh 825. Mach tich phin cd b dong tinh diu vao.
I=— = 7 = I, va dong sai s6 qua C bj trigt tieu. Nho thay d6i R, cd thé

Uy IR
R

bli dugc phin nao dong léch khong va dién 4p lech khong. Troéi dong léch khong va troi
4p léch khong khong thé bu duge, vi thudng kh4 16n.

8.4.2. Pidu kién dau cua mach tich phén

ok R L
2’1 X -
——
°—é—-ﬂj</of_ A
4 iz -_ZZ

R,

Hinh 826 Mach tich phén c6 dat didu kién diu.

Né&u thém vao dd, K, ciing chuyén sang vi tri
2 thi U, nap dién cho tu C dén gia tri U,, do
dd dién 4p ra cd gid tri ban dhu U (¢ =0) =U,.
Mach c6 nhuge di€m 1a phai dung ngubn mét
chidu (U,) khoéng cd di€m dét, dé khic phuc
ding mach dién trén hinh 8.27. N&u ca K, va
K, d8u & vj tri 2 thi cd mach khuéch dai dao
déi v6i U,. Dién dp ban du U (¢ = 0) chi xust
hién sau khi tu C da nap xong, th&i gian nap
7, > CRy. '
Dién dp ra tai ¢t = 0:

Ui =0 =- — U,

176

. Mach tich phan chi c¢d ¥ nghia khi

cé didu kién dhu U(¢ = 0) khong
phy thudc.di¢n 4p vao U,. D€ dat
‘didu kién dAu cho mach, dung so dd
8.26. Né&u khda K| va K, deu & vj tri
1 thl mach lam viéc nhu mot mach
tich phan thong thudng (hinh 8.26).
Néu chuyén K| sang vi tr{ 2 thl dong
dién vao Iy = O va dién 4p ra gii
nguyén gid tri cia nd tai thdi diém
chuyén mach. Trang thdi nay dugc
diung trong trudng hap cn phai ngit
qua Eﬂnh tinh dé dgcRdjen 4p ra.

2 ~N

Hinh 827. Mach tich phén c6 digu kién diu ding

ngudn dién dp ndi dit.



8.4.3. Mach tich phén téng va hiéu
Hinh 8.28 bi€u dién mach tich phan t6ng.
Viét phuong trinh dong dién nit d6i véi nit N

R,
4 = - va bién d6i, tim ra dugc:
2 5
ST ' ’_j ’ 1
Lo R u u u
t | w=-— [ (=4 =+ .+ 2)dt (842)
% C° R, R, R, .
V6i mach tich phan hiéu trén hinh 8.29, viét
duge phuong trinh d6i v6i nit N:
uy - uy dlu, - uy)
. i R —_—_ + Cy ——— =0,
Hinh 8.28. Mach tich phén tOng . R, At
va d6i v6i nit P: 116w
. R L
Uy - U du .
2 P i Cp‘ P =0 4, ym b
. ‘ A +
Bién d6i va cho uy = up, R,Cy = R,Cp=RC n |
ta rit ra duge: Ic"
1,
u, =-—§5 J(uy - u))dt (8.43) Hinh 829. Mach tich phn hi¢u.

8.4.4. Mach tich phén khdng déo

1
Trong mach tich phan trén hinh 8.29, néu cho u, = 0 thl u_ =—— fu.dt 1A mét mach tich
1 r RC

.phAn khong dao.

Cing cd thé dung mach dién trén hinh 8.30 d€ thyc hién phép tich phan khOng dao Day thUc
chét 1a mét mach tich phan ghép véi mot :

b6 khuéch dai thuat todn lam nhiém vy —
dém. Viét phuong trinh dong dién cho nit R, R,
P: —— 1
R Pl >4
uy - up up - up  Cdup —TF + 4
+ - =0 4 , TR
R R dt LIPS
1 L
Theo so db uy =3 u, VA up = uy, nén I .

9 Hinh 8.30. Mach tich phn khong do.
u, =— fu.,dt (844)
« ="ro ™
8.4.5. Mach tich phén kép (hinh 8.31)
D& x4c dinh bi€u thdc dién 4p ra theo cdc di¢n dp vdo, viét phuong trinh ddng dién
cho cac nut 1, 2 va 3:

177



Nit 1 —+ — =0
R dt
U, - u u du
Nat2 : 0+ 2. 2 _9c 2% =0
R R dt
du 2u ' du du
Nat3 : -C— - — +C(— ,—> )=
dt R dt dt

Rut u, § phuong trinh thi nhét va thay vao phuong trinh thi 2, ta c6
2

du, 2.2 ug
u; + 2RC — + 2R°C =0 (8.45)
dt dt
du, du,
RC -2u3-2RC — =0 (8.46)
dt dt

Vi phan (8.46) theo ¢ va nhan
v6i RC rdi cong v6i (8.45), rit ra:

1 S
¢ L i 2 |
I 2 uy + R*C? —&T; =0 (847

hay

gy

1
[ © @ b= —effnd (848)

. . . Day 1a mach tich phan kép d6i
Hinh 831 Mach tich phan kép .

véi dién 4p vao.

R, &
8.5. Mach P/ (Proportional - — =

R
ntegrated) o
Trong ky thuat didu khi€n hay diing mach Y. _ZZ.
PI (hinh 8.32). Mach PI la mach cd dién &p ‘
ra:

u, = Au, Bfudt
ul L RN" . - 1 |
Biét ring dong vao i, = tao nén trén Ry dién 4p 'IT"“ ; va trén C dién ap RC 1t

" Hinh 832. Mach PI.

viuy = 0, nén
! fu,dt (8.49)
up = — u; + — fu .
1 oM

~
D& hi€u r5 hon nguyén ly 1am viéc ciia mach, xét trudng hop khi u; = U cos wt.
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Thay vao (8.49) ta cd:

A
RN A\ U .
-u, = — Ujcos wt + sinwt
Do dd . ’
N\
U, 1 -1 1 w?R%C? + 1 :
IBl= < =— \/RA +— = — \/——— (8.50)
N /) R, w’? R, w*C
Goi ———1—~kh' << w, thi K’|~—1— 1 déc tuyén bién do - tAn s6 ct
91w°—RNC>’ iw w, | = R wC ic tuyén bién d6 - tAn s6 cha
* mach ¢6 do d6c -6dB/Octave, do dé khu vyc nay (w << w,) goi 1a khu vuc 7, so db lam
. R
N
viéc nhu mot mach tich phan va véiw >> w thi | K’ =B mach mang tinh ch4t khu
1
dai nhigdu hon va goi la khu vuc , / ,
P. Khu vuc trung gian la khu wyc ogikl-y 648
chuyén tiép. Db thi Bode trén ctave
hinh 8.33 minh hoa cdc quan hé 4
vila néu trén day. Ry P
(-] —\1— o — — T
8.6. Mach vi phéan :
Mach vi phan duge bi€u dién 3 >
o B 0 f togp
trén hinh 8.34. Bi€u thuc dién 4p
ra (8.51) tinh dugc tit phuong
trinh dong dién nit N. " Hinh 833. Dic tuyén bién do - tan sO cia mach PI .
du,
Rn u, = - RNC; — (8.51)
°——-| A
4 o - Gia thiét u, = U, sinwt, ta 6

u, = -RNclelcos wt = - U cos wt

Hink 834, Mach vi phén. Do dd hé s6 khuéch dai cia mach:

N
U, ,

K’ =7 = wRNCl (852)
Ul

K’ tang theo tAn s6 va db thi Bode cd d6 d6c 6dB/Octave. Vay cd thé dinh nghia: mach
vi phén 12 mach ¢d dac tuyén tin sg tang voi do d6c 6 dB/Octave.

Mach dién trén hinh 8.34 ¢ nhitng nhuge di€m sau:

- Vi hé s6 khuéch dai cia mach ti 16 v6i tan s6 (xem (8.52)), nén tap &m tin s6 cao &
dau ra mach nay rét 16n, cd thé€ 14n at tin hiéu.
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- Trd khéng vao ciia mach Z, =aC. giam khi tAn s6 tang, do d6 khi ngudn tin hig¢u
1

c6 trd khang trong 16n, thi chi mot phan tin hieu duge vi phan, phan con lai duge khuéch
dai. Mt khdc, & tAn 88 cao hé 88 hdi ti€p cia mach gidm.

- Mach kém 6n dinh, vi ban than R
mach hdi tiép da gy ra mét goc di pha: —
-90°. D€ bu tAn s8 dAm bado 6n dinh _ ln
phai tinh todn sao cho lugng dy trit v@ £ R, & I I

pha o, = 90°. (‘Z'LD"'” -
Do céc nhuge di€m dd, nén trong . 5
thyc t& thudng ding mach vi phan bi€u _[__J

dién trén hinh 8.35. D€ giam tap &m ’

tdn 88 cao, mdc thém R, néi ti&p véi

C,. V1 vay mach chi c6 tdc dung vi phan

+
&

Hinh 8.35. Mach vi phin thudmg ding trong thyc t&.

kluw<<w —% 6thns6dd codn cd thé -

g K col Cy 12 h& mach. Ty di¢n Cy ti€p tuc han ché

P | I ’ tap Am ra, vi & tAn s6 cao trd khdng cla né rft
l , nhé, nén cd thé coi dAu ra ghép hdi tiép Am hodn
' ! -~ toan v6i dAu vao. '
) |

| Néu chon Cy sao cho R,C; = R\Cy thl khi
: w > o, hedkhudchdmgm:n theo tan sé.

) . A - Do d¢ db thi Bode (hinh 8'36) ct’xa mach vi
% logf phan hinh 8.35 gdm 2 phdn: phin D.(w <

w,) 14 phdn vi phan va phan I (@ > o) 1a

* phin tich phan. Di¢n 4p ra khi w < w, duge bi€u

Hinh 8.36. Dac tuy&n bién d0 - tin s8 mach vl

phin thye i, didn bdi bi€u thdc (8.69).
P | (8.53)
u. = - _— )
r N%v¥1 dt . ’

8.7. Mach PID (Proportional - integrated - Differential)

- PID cfing 12 mot mach hay dugc diing trong k§ thudt didu khién d€ mé rong pham vi
~ tan sf didu khién cia mach vA trong nhidu trudng hgp tang tinh 6n djnh cia hé théng
didu khién trong mot dai tAn rong. Mach dlen cua nd duge bifu dnén trén hlnh 8.37. Tt
phuong trinh dong dién nat N: , ; e

va phuong trinh dién 4p trén nhénh ra:

1
u, = Ryin +—— findt
' Cn .
tim duge: - } Hinh 837. Mach PID .
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tim duge:
ug

1 du,
ur—-(—+Cl )RN'_ !(—+ Clz-t—)dt

R,
hoéc

'u =(—+—)ul
1 N

1
—-E'- fuldt +RNCl -_

- Cn R,

. (8.54)

. 1
O tan s6 thép, khi w << wy =-RTC— thi thanh phan tich phan trong bi€u thdc (8.54)
N ,

chiém uu thé& O tAn s6 cao khi
RIC thli thanh phln vi
phan chiém uu thé& Con trong dai
tAn wy < @ < w, thl thanh phan ty
l& vdi dién 4p ra (khuéch dai) chiém
uu th€. Do dd dic tuyén tAn s6 ciua
mach ¢6 dang nhu trén hinh 8.38.
Mach o6 nhuge di€m 1a phan vi phan
gdy tap Am l6n & tan s6 cao, cdn
phin tich phan thi c6 h¢ s6 khuéch

w >>wl

Hinh 838. Dic tuy&n bién d6- tin 83 cta PID.

dai rdt 16n & tAn s6 thip, do 46 mach cd thé ty kich tmng trubng hgp 'lugng dy trit

Ry ‘
T
R, R,

> ove pha khong du 16n. D€ khéc phuc,
" ngudi ta han ch& hé 86 khuéch dai &
tAn s6 thdp va 4 tAn s6 cao trong
mot gidi han ndo dé. Didu d6 cé thé
thyc hién dugec nhd cdc dién trd

Hinh 839. Mach PID ding trong thyc t£.

"ThuOng chon R, >5 Rﬁ va R, << R,..

Biéu, thdc dién dp ra vAn nhu
trén, nhung mach chl cd tic dung
trong dai tAn sf:

fo<l<fy,

1
voi f, =——— VA f, =
fo 27R,Cy 2 27R,C,

Dac tuyén tAn 86 cia né duge
bi€u dién trén hinh 8.40.

< R, va R, trong so dd 8.39. R, lam
4 nhiém vy han ch& hé 86 khuéch
dai & t&n s6 thdp va R, l1am nhiém
vy dd & tAn sf cao.

&yk"l
{q_:
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8.8. Mach loc tich cuc

8.8.1. Khéi niém

Tuy thudc vao dai tAn s6 chn truy®n dat, ngudi ta phan biét: mach loc théng thdp, mach
loc théng cao, mach lgc thong dai va mach lgc chan dai. .

O tAn s6 cao thudng dung cdc mach loc thu dong RLC. O tan s6 thdp, cac mach loc d6
c6 dién cAm qua ldn, lam cho két cdu ctia né néng ne va tén kém, cing nhu phim chit
ctia mach giam. Vi vy trong pham vi tin 8 tir 0,1 dén vai MHz, ngubi ta dung b6 khuéch

dai thult toan va mang RC - goi la mach loc tich cyc dé& loc.

Khéc véi loc thu déng, mach loc tich cuc duge dic trung bdi ba tham s6 co ban: tin sé
gidi han fg, bac cta bod loc va loai b loc.

TAan s6 gidi han
fg la tAn s6 ma tai
dé dac tuyén bién
d6 - tdn s6 cua
ham truy&n dat
giam 3 dB so véi

hé s6 truyén dat d °

tAn s6 trung tam.

Bac bo loc x4c
dinh d¢ d6c cua
dac tuyén bién do
- thn s6 & tAn s6
f>> fg.

Loai bd loc x4c
dinh dang cua dac
tuyén bién d6 -
tan sd xung quanh
tAn s6 gioi han va

I

4 /K41 E8)
o RN
\O
YW\ X
NN

001 003 a7 23

N\
N,
3 170 Jo =

%

Hinh 841. Dic tinh bién df - t3n 5 ciia mach loc thong thip bic bdn:
I loc thu déng; 2- loc Bessel, 3- loc Butterworth; 4- loc Tschebyscheff.

-

¢

Hinh 842. bdp g xung cia mach loc thong thdp :‘\

I- loc thy ddng; 2- loc Bessel; 3- loc Butterworth; 4- loc Tschebyscheff.
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trong khu vyc théng cua
mach lgc. Can chid y
rang: mach dién caa cac
loai b6 loc thi gidng
nhau, ching chi khdc
nhau & gid tri cdc linh
kién RC ma théi.
Ngusi ta quan tam
nhidu dén ba loai b6 loc:
loc Bessel, loc Butter-
worth va loe Tschebys-
cheff. Pac tinh cta cac
loai bd loc d6 duge minh
hoa trén hinh 8.41.
Mach loc Butterworth
(3) ¢d dac tinh phdng
kéo dai va gdp khuc



truée khi dat dugc tdn s6 giéi han fg- Mach loc théng thdp Tschebyscheff (4) c6 d6 déc 16n
nhét & tdn s6 f > fg, trong dai tdn dic tuyén khong phidng hoan toan ma cd d6 gon sdng
nhét dinh. O tén s6 f > fy dac tuyén cang d6c néu do gon song trong dai thong cang 16n,
Mach loc Bessel cé dic tinh giam déy tit khu vuc théng sang khu vuc chdn va cd ddp ung
xung gin nhu ly tudng (hinh 9.42). Tuy yéu cdu cu thé, cd thé€ chon loai mach lgc thich hgp.

Dé tién xét cdc loai mach loc, dua vao ham truyén dat téng quét cia mot mach loc théng
thdp (8.55) :

Kdo
K,(P) = (8.55)
B =717 C,P + C,P2CoP% + ... + C,P"
trong dg :
P jo jf
P=—=T"="=jQ;
wg @ fg

- C,; la cdc hé s§ thuc, duong.

Bac cta bd loc chinh 1a 86 md 16n nhét clia P. D& cd th€ thyc hién duge bo loc dé mot
cdch thuan lgi, ngudi ta phan tich méu s6 cia bi€u thuic (8.55) thanh tich céc thiua s6, ta cd
bi€u thdc mdi :
’ Kdo

I (1 + 5P + b;P)

KyP) = (8.56)

K4, ~hé s6 truyén dat & tdn s6 thdp ;
b; - nhitng s6 thue, dudng.
Véi bd loc bac 18 (n 18) thi c6 mot hé s6 cua b; = 0. Khi b; # 0 thi ham truyén dat cd
nhitng di€m cuc phuc lién hgp. Mach loc tich cuc s& thuc hién cdc khau lgc nhu vay thay
cho céc khau loc RLC. Bang 8.1 cho biét cdc thong 86 co ban ciia mét mach loc.

Bing 8.1

n i ai bi vgilvg Qi
Loc Bessel
1 1 1,000 0,0000 1,000 -
2 1 1,3617 0,6180 1,000 0,58
3 1 0,7560 0,0000 1,323 -
2 0,9996 0,4772 1,414 0,69
4 1 1,3397 0,4889 0,978 0,52
2 0,7743 0,3890 1,797 0,81
5 1 0,6656 0,0000 1,502
2 1,1402 0,4128 1,184 0,56
3 0,6216 0,3245 2,138 0,92
6 1 1,2217 . 0,3887 1,063 0,51
2 0,9686 0,3505 1,431 0,61
3 0,5131 0,2756 2,447 1,02
7 1 05937 0,0000 1,684 -
2 1,0944 0,3395 1,207 0,53
3 0,8304 0,3011 1,695 C,56
4 0,4332 0,2381 2,731 1,13
8 1 1,1113 0,3162 1,164 0,51
2 0,9754 0,2979 1,381 0,56
3 0,7202 0,2621 1,963 0,71
4 0,3728 0,2087 2,992 1,23
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n i ai bi vgi/vg Qi
Loc Bessel (ti€p theo)
9 1 0,5386 0,0000 1,857 -
2 1,0244 0,2834 1,277 0,52
3 0,8710 0,2636 1,574 0,59
4 0,6320 10,2310 2,226 0,76
5 0,3257 0,1854 3,237 1,32
10 1 1,0215 0,2650 1,264 0,50
2 0,9393 0,2549 1,412 0,54
3 0,7815 0,2351 1,780 0,62
4 - 0,5604 0,2059 2,479 0,81
5 0,2883 0,1665 3,466 1,42
Loc Butterworth
1 1 1,0000 0,0000 1,000 -
2 1 1,4142 1,0000 1,000 0,71
3 1 1,0000 0,0000 1,000 -
2 1,0000 1,0000 1,272 1,00
4 1 1,8478 1,0000 0,719 0,54
. 2 0,7654 1,0000 1,390 1,31
5 1 1,0000 0,0000 1,000 -
2 1,6180 1,0000 0,859 0,62
3 0,6180 1,0000 1,448 1,62
6 1 1,9319 1,0000 0,676 0,52
2 1,4142 1,0000 1,000 0,71
3 0,5176 1,0000 1,479 1,93
7 1 1,0000 0,0000 1,000 -
2 1,8019 1,0000 0,745 0,55
3 1,2470 1,0000 1,117 0,80
4 0,4450 1,0000 1,499 2,25
8 1 1,9616 1,0000 0,661 0,51
2 1,6629 1,0000 0,829 0,60
3 1,1111 1,0000 1,206 0,90
4 0,3902 1,0000 1,512 2,56
9 1 1,0000 0,0000 1,000 -
2 1,8794 1,0000 0,703 0,53
3 1,5321 . 1,0000 0,917 0,65
4 1,0000 1,0000 1,272 1,00
5 0,3473 1,0000 1,521 2,88
10 1 1,9754 1,0000 0,655 0,51
2 1,7820 1,0000 0,756 0,56
3 1,4142 1,0000 1,000 0,71
4 0,9080 1,0000 1,322 1,10
5 0,3129 11,0000 1,527 3,20
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n i ai bi Veilvg Qi
Loc Tschebyschef fvoi &b gon song ,5 dB
1 1 ‘ 10000 0,0000 1,000 -
2 t 13614 1,3827 1,000 0,86
3 1 1,8636 0,0000 0,537 -
2 0,6402 1,1931 1,335 1,71
4 1 2,6282 3,4341 0,538 0,71
2 0,3648 1,1509 1,419 2,94
5 1 2,9236 0,0000 0,342 -
2 1,3025 2,3534 0,881 1,18
3 0,2290 1,0833 1,480 4,54
6 1 3,8645 6,9797 0,366 0,68
2 0,7528 1,8573 1,078 1,81
. 3 0,1589 1,0711 1,495 6,51
7 1 4,0211 0,0000 0,249 -
2 1,87629 4,1795 0,645 1,09
3 0,4861 1,5676 1,208 2,58
4 0,1156 1,0443 1,517 8,84
8 1 5,1117 11,9607 0,276 0,68
o 1,0639 2,9365 0,344 1,61
3 0,3439 1,4206 1,284 3,47
% 0,0885 1,0408 1,521 11,53
9 t 5,1318 0,0000 0,195 -
P 2,4283 6,6307 0,506 1,06
3 0,6839 2,2908 0,989 2,21
4 - 10,2559 1,3133 1,344 4,48
5 0,0695 1,0272 1,532 14,58
10 1 6,3648 18,3694 0,222 0,67
2 1,3582 4,3453 0,689 1,53
3 0,4822 1,9440 1,091 2,89
4 0,1994 1,2521 1,381 5,61
5 0,0563 1,0263 1,533 17,99
Loc Tschebyschef fvdi do gon séng 1 dB
1 1 1,0000 0,0000 1,000 -
2 1 1,3022 1,5515 1,000 0,96
3 1 2,2156 0,0000 0,451 -
2 0,5442 1,2057 1,353 2,02
4 1 2,5904 4,1301 0,540 0,78
2 0,3039 1,1697 1,417 3,56
5 1 3,57111 0,0000 0,280 -
2 1,1280 2,4896 0,894 1.40
3 0,1872 1,0814 1,436 5,56
6 1 3,8437 8,5529 0,366 0,76
2 0,6292 1,9124 1,082 2,20
3 0,1296 1,0766 1,483 8,00
7 1 4,9520 0,0000 0,202 -
-2 1,6338 4,4899 0,655 1,30
3 0,3987 1,5834 1,213 3,16
4 0,0937 1,0423 1,520 10,90
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n { i bi vgilvg Qi
Loc Tschebyschef fvéi d§ gon séng 1 dB (tiép theo)
8 1 5,1019 14,7607 0,276 0,75
2 0,8916 3,0426 0,849 1,96
3 0,2806 1,4334 1,285 4,27
4 0,0717 1,0432 1,520 14,24
9 1 6,4515 0,0000 0,158 -
2 2,1252 7,1711 0,514 1,26
3 0,5624 2,3278 0,994 2,71
4 0,2076 1,3166 1,346 553
5 0,0562 1,0258 1,533 18,03
10 1 6,3634 22,7466 0,221 0,75
2 1,1399 4,5167 0,694 1,86
3 0,3939 1,9666 1,093 3,56
4 0,1616 1,2569 1,381 6,94
5 0,0455 1,0277 1,523 22,26
Loc Tschebyschef fvéi d0 gon séng 2 dB
1 1 1,0000 0,0000 1,000 -
2 1 1,1813 1,7776 1,000 1,13
3 1 2,7994 0,0000 0,357 -
2 0,4300 - 1,2036 1,378 2,55
4 1 2,4025 4,9862 0,550 0,93
2 0,2374 1,1896 1,413 4,59
5 1 4,6345 0,0000 0,216 0
2 0,9090 2,6036 0,908 1,78
3 0,1434 1,0750 1,493 723
6 1 3,5880 10,4648 0,373 0,90
2 0,4925 1,9622 1,085 2,84
3 0,0995 1,0826 1,491 10,46
7 1 6,4760 0,0000 0,154 -
2 1,3258 4,7649 0,665 1,65
3 0,3067 1,5927 1.218 4,12
4 0,0714 1,0384 1,523 14,28
8 . 1 4,7743 18,1510 0,282 0,89
2 0,6991 3,1353 0,853 2,53
3 0,2153 1,4449 1,285 5,58
4 0,0547 1,0461 1,518 18,69
9 1 8,3198 0,0000 0,120 -
2 1,7299 7,6580 0,522 1,60
3 0,4337 2,3549 0,998 3,54
4 0,1584 1,3174 1,349 7,25
5 0,0427 1,0232 1,536 23,68
10 1 5,9618 28,0377 0,226 0,89
2 0,8947 4,6644 0,697 2,41
3 0,3023 1,9858 1,094 4,66
4 0,1233 1,2614 1,380 9,11
5 0,0347 1,0294 1,531 29,27



n : i aj bi vgilvg Qi

Loc Tschebyschef fvdi d¢ gon song 3dB

1 1 1,0000 0,0000 1,000 -
2 1 1,0630 1,0305 1,000 1,30
3 1 3,3496 0,0000 0,299 -
: 2 0,3559 1,1923 1,396 3,07
4 1 2,1853 5,5339 0,557 1,08
2 0,1964 1,2009 1,410 5,58
5 1. 5,6334 0,0000 0,178 -
2 0,7620 2,6530 0,917 2,14
3 0,1172 1,0686 1,500 8,82
6 1 3,2721 11,6773 0,379 1,04
2 0,4077 1,9873 1,086 3,46
3 0,0815 1,0861 1,489 12,78
7 1 7,9064 0,0000 0,126 -
2 1,1159 4,8963 0,670 1,98
3 0,2515 1,5944 1,222 5,02
4 0,0582 - 1,0348 1,527 17,46
8 1 4,3583 20,2946 0,286 1,03
2 0,5791 3,1808 0,855 3,08
3 0,1765 1,4507 1,285 6,83
4 0,0448 1,0478 1,517 22,87
9 1 10,1759 0,0000 0,098 -
2 1,4585 7,8972 0,526 1,93
3 0,3561 2,3652 1,001 4,32
4 0,1294 1,3165 1,351 8,87
5 0,0348 1,0210 1,537 29,00
10 1 5,4448 31,3787 0,230 1,03
2 0,7414 4,7363 0,699 2,94
3 0,2479 1,9952 1,094 5,70
4 0,1008 1,2638 1,380 11,15
5 0,0283 1,0304 1,530 35,85

Trong d6 » béc bd loc ; / - 88 thd ty cac mat loc ; aj, bi - cac h8 s8 cia midt loc ; fyi - tan s gidi han-cua
mit loc thd i ; fy - tAn s8 gidi han clia toan bd loc; Qi - hg s8 phim chit cia mit loc thd i

Hé s6 phdm ch4t cang 16n tinh 6n dinh cta bd loc cang kém. Cac bd loc cé cdc di€m cuc
thuc thi phdm chdt @, cia né < 0,5.

8.8.2. Thuc hién mach loc thong thdp va thdng cao béc hai

Cd ba loai mach loc tich cuc thong dung: mach loc héi ti6p Am mét vong, mach loc héi
ti€p Am nhiéu vong va mach loc hdi ti€p duong mot vong. Cdc mach loc d6 cd thé thuc hién
cho ca ba loai: Butterworth, Bessel va Tschebyscheff, ching chi khdc nhau & hé s§ a;, b;. Cac
linh kién RC dung trong cdc mach loc nay phai dam bdo sai s§ nhé hon 1%. Ciing c6 thé
dung céc dién trd chuédn va dién dung chuéin dé€ x4y dung mach loc, lic d6 phai c¢é céc chiét
4p phu dé€ diéu chinh mach.

1. Mach lgc théng thép béc hai

Hinh 8.43a bi€u dién mach loc théng th&p héi ti&€p am mot vong.

D€ tinh ham truyén dat, viét phuong trinh ddng dién nit cho cdc nit 1, 2 va 3. Giai hé
phuong trinh dd, sé nhan dugc ham truyén dat cua mach loc héi ti€p Aam mot vong (8.57):

Uy 1

Kj=—-= ) (8.57)
ul 1+ 2ng.RC1 + Pzng C1C2

So sdnh hé s6 cha (8.57) voi (8.56) ta rit ra
K4 =1;a, = 20,RC, ;b; = w2R*C\C,
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Tuy thudc vao loai bd loc dinh thuc hien,_ ta xdc dinh a;, b,. D& x4y dung mach loc,
chon tru6c mot phln ti rdi tinh hai ph2n ti con lai.-Thudng chon truéc mot tu dién theo

—it
R 4 R

- ‘
Z{’%‘f’_ ;D——a

a)

gid tri chufin, dién trd va tu con lai duge
xdc dinh nhu sau:

Véi mach loc thong thdp hdi ti€p &m
nhidu vdng trén hinh 8.43b cing lap .
phuong trinh dong dién nit cho cac ndat Hink 43. Mach loc thong thip bic hai:

1 va 2 d€ xdc dinh ham truyén dat a) hdi ti€p 4m met vong b) hdi tEp Am nhiu vong;
(8.58). ©) hbi t#p dwomg mdt vong.
Ky = (8.58)
R;R, ‘
1+ ngcl(RZ + R3 + R ) + PzwgclcszR3
. -
Tu day, ta xac dinh duge
K4 = RY/R,
R,R,

1

b, = olC\C,R,R,

Né&u cho trude f,, K, C, va C, ta tinh duge

LG Va2C% . 4C,Cp, (1 + K,) 50
2" 4f,C,C, S
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R, b; -
Ry, 4n’fiC\C;R,
D€ R, cd gia tri thuc theo (8.59), phai théa man didu kiér. (8.60).

2 3 (8.60)
Mach loc hdi ti€p duong mot vong trén hinh 8.43¢c cd ham truyén dat
K
Ky = (8.61)

1 + Pw [RiC; + RyC; + (1 - KIR\C)] + P2wlC\C)R R,

D€ don gian, chon K = 1, lic d6 (K - )R, = 0, do dd bi€u thic (8.61) cd th€ viét lai
duéi dang (8.62):

; S | _
K, = (8.62)
1+ Pw,C (R) + Ry + P’wlC,C,R R, -

Néu cho truée f,, C,, C,, ta tinh duge K, , R va R,.
a) = wC (R + Ry); b, = wlR R,C,C,

K, =1
a,C; = Ya2C% - 4,C,C,
R, = — ~ (8.638)
4nf,C,C,
Dé R, R, thuc, phai dam bio didu kién
| | CZ 4bl
2 s 1 8.63b)

Trong mach dién hinh 8.43 ciing cd thé chon R, = R, = R va C| = C, = C, lic d6 tut
(8.61) cd th€ suy ra ham truy?n dat:

K
Ky = : (8.64)
1 + Pwy(3 - K)RC + P?wlR*C?
Vi a) = w,(3- K)RC va b, = w RAC?
nén
RC =—
Te
a
K = Ky, TS oA
2f,RC
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Thay RC vao, ta cd:

(8.65)

Theo (8.65), K chi phu thudc vao a,, b,. Nhu vy d6 16n cla K xdc dinh loai mach lge.
Thay a, va b, da cho dng vdi ting loai mach lgc vac biu thic {8.65) ta xdc dinh duge K
tuong dng vdi loai mach loc dé. Vi K = 3 thi a, = 0 va biéu thic (8.64) dugc viét lai
nhu sau:

K K
= = (8.66)
1+ Pzwf,chz 1- szf,chz

Ky

R6 rang khi Q = 1 tdc f = fg thi K4 = », nghia 12 mach ty dao dfng & tan
1
s f =omRC V1 v4y khi K = 3 rdt khé thue hién mach loc loai nay. Tuy nhién mach cé
uu di€m 1a loai bé loc hoan toan dude xdc dinh bdi K ma khong phai bdi cdc linh kién RC.
Do d6 cd thé d& dang thay d6i thn s gidi han fe ciia mach bang cdach thay d6i RC ma
khéng anh hudng dén tinh ch4t cua bo loc.

- 2. Mach l¢c thong cao bac hai

Dé thuc hién mach loc théng cao
bac hai cd th€ dung tdt ca cdc dang
sa dd d6i véi mach loc théng thdp

b

—, " duge chl ra trén hinh 8.43, trong d¢
2 [J(K-I)R’ phai d6i ché vi trf cta R véi C. Vi
f ‘ du mach lgc théng cao hdi tiép
ER" duong moét vong cé dang nhu trén

hinh 8.44.

D€ tim ham truy2n dat, 4p dung

Hinh 844. So 46 mach loc thong cao bac hai bi€u thic (8.61), trong dd thay P bdi

m0t vong hoi ti€p dwong . 1
P C bdi R va R béi C, ta c6
K

Ky = (8.67)
, L RC +C)+RCA-K) 1 ‘1

P w R R,C\C, P?  wlC\C;R R,
Tuong tu nhu déi véi mach loc thong thdp, cho K = 1 va C;, = C, = C, ta cd

1
K, = 8.68
d 1 2 1 1 (8.68)
1 + — + - —
P w,R,C  P* wXC'RR,

Heé s8 truy®n dat & tén s6 cao K o = 1

2 1
: do dd R, =

al =
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1 a,
by = —— do dg Ry =————
wIC’R\R, _ 4nf,Cb,

Trudng hgp cho Ry = R, =R vaC =C, = Ctalaico -

1
RC =
2nfg»/171
‘11
K=Kgp=3-—.
vb,

8.8.3. Thuc hién mach loc thdng thdp va théng cao béc cao, n > 2

Trudng hgp dac tinh bién d¢ - tAn 86 cia bd loc khéng du vubng gdc, ngudi ta phai
thuc hién bd loc bac cao hon hai. Muén vy, méic ndi ti€p cac mach loc bac mét va bac hai
da bist. Lic d6 dac tinh tAn s6 cha mach 1a tich dac tinh tAn s6 cia tiing mach riéng ré.

Muén cd mét loai mach loc ndo dé bac > 2 thi phai viét biéu thdc ham truy®n phiic
téng quat dudi dang (8.56) cho mach dd rdi tim cac hé s6 q; va b, vl tich dic tuyén truyen
dat.phic dita hai b6 loc bac hai loai nao dé khong phai 13 ham truyén phic cia mét bo
loc bac bén cung loai nghia 1a ham

Ky, . K,
3 5 khac véi ham 3.9 -
A + aP + 5,P)Y1Q + a,P + b,P9) a1 + aP + bP)

o]

Can chi y khi tinh todn phai coi fy la thn s gidi han cia toan bd loc chid khéng phai
tAn s6 gi6i han cua titng khau loc rléng ré. N6i chung, cdc khau loc co thn s3 gidi han
khdc véi thn s6 gi6i han cia toan mach loc.

V& nguyén tac, viéc néi ghép ~dc khau loc khéng can d€ y dén thi ty, nhung cing cin
lvu ¥ méy dic di€m sau:

Dé& khéng mot khau loc nao lam viéc d trang thai bao hoa thi cac mit loc duge b6 tri
tid dhu vao dén

| k4] (48) + dAu ra theo thu tu
tAn s6 gidi han fyi
tang din. Hinh
8.45 bi&u dién
ham truy2n dat
cia bo loc
Tschebyscheff bac
mudi, dudc céu
tao bdi nam khéau
loc bac hai: r6
rang, néu chon
thd tu néi ghép
ciac by loc ngugc
Hinh 845. Him truyén dat ctia bd loc Tschebyscheff bac mudi va cia lai thl khi f = fg,
ndm khau loc bdc hai twong tmg. dién 4p ra cta bo

-30 1

60 . . ) -
01 203 o1 03 1 3 12 i <
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loc du vao Ién nh4t, do d6 mat loc nay cd th€ lam viéc & trang thdi bdao hoa trong khi
c4dc méat loc sau vAn lam viéc trong khu vde khu&ch dai. » )

Tuy nhién khi xét theo quan di€m tap am thi nén sip x€p cdc méit lpc theo thu tu
ngudc lai d€ cho mét loc cubi cung cd tin s8 gidi han thdp nhat lam suy giém tap &m mit
loc dau vao.

8.8.4. Mach loc chon loc ¥i mach loc théng dai B

Né&u mic xAu chubi mét khau loc théng thdp véi mot khau Ioc thong cao, ta nhan duge
mot bd loc théng dai. Dac tinh thn s6 cia nd 1a tich dde tinh tAn s6 ctia hai khau loc riéng
ré. D6 dbc cua dac tinh tadn s6 ¢ f > fg( (fgt: tin s6 gi6i han trén) va f < fgd (fgd: tAn s6
gi6i han dudi) phu thudc vao bac va loai bé loc théng thdp va théng cao dugc dung.

Né&u trong mach loc thong dai dé fgl = fg g =T, thi ta cd mach loc chon lgc.

Dé don gian, ta xét mét bd loc chon loc duge cfu-tao tit mot mach loc théng cao tich
cuc bc mot va mot mach loc théng thdp tich cuc baec mot mac néi tiép.

Ham truyén dat phiuc caa bd loc:

K. - KyoKyw _ KyoKyP
d — = -
ay
K P
= "‘Z’K"“ , : (8.69)
a; + (@, + )P + a\P
Dat K, Kp=A
at+1=p
Va véi bo loc bac mot a, = 1, do dd bi€u thic (8.69) duge viét lai nhu sau:
K, AP (8.70)
7 1 +pp + P? '

Véi mach loc chon 106 cin quan tdm dé&n hai théng s6 co bﬁr% d6 khuéch dai cia mach
tai tAn s6 trung tam f_ va hé s6 phdm chét Q.

Thay Q = 1 tic P = j vao (8.70) d€ xac dinh hé s6 khuéch: dal fo

Ky | 4 1'( (8.71)
d = — = dch - N
f=1 /3 ch

Do rong dai tan duge tinh dng vdi thn s6 ma tai dd

|K,| = - = (8.72)
N . ,
Thay (8.72) vao (8.70) va gi*_ ra, ta cd

2 + B¢
QLZ=\/ 2’3 i—’-;'— Va+ g (8.73)

Phdm chdt cha mach duge dinh nghia bdi (8.74)
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=E = fo = ! (8.74)
ﬂ fZ'fl .’QZ-Ql .

Thay (8.73) vao (8.74), ta nhan dugc

Q

1
Q 5 (8.75)
Thay (8.71) va (8.75) vao (8.70)
sé nhin dugc moét dang mdi cua /K]
(8.70):

Bi€u thic (8.76) cho phép doc
truc ti€p cac théng s6 co ban cua
mét mach loc chon loc trén ham-. 4,
phuic ctia nd. .

Tiu (8.76) tim duge modyn cda Hinh 8.46. Dic tinh bién d6 - (in s5 cda mach
ham truyén dat phuyec: loc chon loc v&i Oy < Q) < Q3.

~

0 <

Kﬁm
Q

Q

|Ky| = (8.77)

, 1
V1 + Q%= - 2) + ot
Q°

Hé s8 phdm chit @ dac trung cho d6 déc cua dac tinh tin s§ xung quanh di€m cong
hudng. Hinh 8.46 minh hoa digu dg.

Ciing c6 trudng hgp yéu chu dac tinh tn s6 c6 do ddc 16n, nhung K =const xung quanh
fo- Mudn vay maéc hai bo loc chon loc néi ti€p cd thn s6 cong hudng f;, va f,, léch nhau
chiit it. Lac do sé nhan duge dac tinh
tin sd nhu trén hinh 8.47. Trudng
hgp nay tin s6 gidi han trén caa bd
loc thd nhdt trung voi tn s6 gidi
han duéi cia bd loc thd hai tai f,.
Dac tinh tan s6 méi (dudng 3) 6
dang nhu mong mudn. Nhu vay, vé
nguyén téc, cé th€ thuc hién mach
loc chon loc nhd méc néi tiép cdc |
mach loc théng thdp va théng cao. |
Nhung cach dé phic tap, nén nguoi [
ta da x4y dung cdc mach loc chon 7 fl,
loc bac hai dac biét. Cdc loai so db er e
co ban cta né duge bi€u dién trén  Hinh 847. Dic tinh bién do - tdn s0 cua mach loc thong dai

duoc xdy dung bdi hai mach loc chon loc.

1 /k,/
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hinh 8.48. V4i mach loc nhu vay : 2 .

¢ thé chon cac hé s6 cua biéu thic 5 oo
(8.76) mot cach tuy y va dat duge ”
phdm chit @ = 100 mot cach dé , ' ¢ 'C
dang. R '
. . 2

Mach loc trén hinh 4.48 ¢6 khau R s R
ac va R/a tao thanh khiau lge thong 2
cao, va bc, Rib tao thanh khau loc L
thong thap. Dé cai thién dac tinh 4% ”"Ei—-"l 2 1
chon loc mac hém mét mach loc T _ ac 2a - ._U:

kép trong vong hoi tiép. Lap phuong
trinh dong dién nut cho A. B, ¢ tim

duge ham truyén dat (8.78). _‘_ -4)
—2ap o
Ky = — = vp (878
1+ 20P + P~

5

Hinh 848. S+ 46 mach loe ¢chon lge - “ _
a)y hoi tcp am mor vong by hon udp am phidu vong ; ¢) héi 1iép duong mot vong.

. 1 . w
trong do, f.,=m;P=Ja7‘;v
So sanh hé s6 cua (8.78) vai (8.76), rut ra
Q = 5 vb Ky = o
2b ¢ b
Vay véi mach nay co thé chon tan s6 cong hudng f,, hé s6 phdm chit @ va
hé sé khuéch dai K, tuy y, ching khong phu thudéc lin nhau.
Mach chon loc hoi ti€p am nhiéu vong trén hinh 8.48b cd ham truyén dat:
Cpe B
" R+ R,
Kj= - (8.79

- R\Ry -, , RiR)R,
: 1 c2

+ 9 - + Plw? — =
1 Puw,, R, +R3C Pw, R+ R,
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So sdnh vdi (8.76), rit ra:

1 R, + R,
Wy = — ekt (8.80)
c R\R;Rs

1 1 1 /R,R; + Ry 1
2 R,R, 2 R\R,4 2
0w, —————
R, + R,
K e (8.82)
' dch — 2R1 :
Céc tham s6 w_, @ va K, cd thé chon tuy y. Tt (8.79) suy ra dai thong ctia mach loc:
1
B = ﬁ’ = — (8.83)
Q aR,C

Cd thé thay ddi R, d€ chon tin s6 cong hudng ma khong lam thay d6i dai théng B va
hé s6 khuéch dai K.

Bi€u thuic (8.84) bi€u dién ham truy®n dat phic cia bo loc hdi ti€p duong mét vong.
KRCw P _
1 + RCwy (3 - K)P + R*C%? P?
Tu (8.84) va (8.76) rit ra

K, (8.84)

Q . K X KQ
T 3-K dh T3 Kk

; 1

° " 2xRC

O day Q va K, phu thudc lin nhau. C6 thé thay d6i Q biing cdch thay d6i K ma khong
dnh hudng dén f,.

Khi K = 3 thi K;, = o« nghla 12 mach cd thé tu kich, do d6 phai tranh trudng hop
K = 3.

8.8.5. Mach nén chon loc

Dé& nén mot tAn s8 ndo dd, ngudi ta ding moét bd loc ¢6 hé s8 truyéri dat & tAn s6 cOng
huéng bang khong, con & tAn s8 th&p va cao thi hé s8 truydn dat tang lén dén mot gia trj
khéng d6i nao dd. M6t mach nén chon lgc thu dong kh4 ph8 bién 1a mach T kép (hinh
8.49a). Bi€u thic (8.85) 1a ham truy?n dat cia né.

1-92

Kep = —— (8.85)
T 1+ 40-02

Q =owRC
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So sé&nh vdi (8.76), mit ra:

1 R, + R,
wg = — ot S (8.80)
c R,R,R,

1 1 1 /R,R, + Ry 1
Q = — =— \[————— = — wR,C (8.81)
2 RiR, 2 R|\R, 2
0, ————
R, + R,
K, Fs (8.82)
' dch ~ 2R1 .
Céc tham s8 w_, Q va K, c6 thé chon tuy y. Tit (8.79) suy ra dai thong cia mach loc:
1
B = _fg = — (8.83)
Q ZR,C

Cd thé thay d8i R, d& chon tin s8 cong hudng ma khéng lam thay d6i dai théng B va
hé s8 khuéch dai K, , . ‘
Bi€u thiic (8.84) bi€u dién ham truy&n dat phic cia bo loc hbdi ti€p duong mot vong.
KRCw P |
1 + RCw,(3 - K)P + R*C*w? P?
Tir (8.84) va (8.76) rit ra

(8.84)

Ky

! ¢ K K
@ 3x G T Tggp T
o1
fo = umC

O day Q va K, phu thudc 14n nhau. C6 thé thay d6i @ bing cich thay d6i K ma khoéng
anh hudng dén f.

Khi K = 3 thi K;, = « nghia 1a mach cd thé tu kich, do dé phai trénh trudng hgp
K = 3.

8.8.5. Mach nén chon loc
D& nén mot tAn s6 ndo d6, ngudi ta dung mot bo loc cd hé s6 truydn dat & tAn s6 cong
hudng bing khong, con & tAn s8 thdp va cao thi hé s6 truydn dat tang lén dén mot gis trj
khong d8i nao dé. Mot mach nén chon loc thu dong kha phé bi€n 14 mach T kép (hinh
8.49a).'7Bie'u thic (8.85) la ham truygn dat cia nd.
1-9?

Ko = (8.85)
T7 1+ ga-?

Q =wRC
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1 + P?

hoac K= —u— (8.86
T7 1 4+4p+p2 )
Bi€u thic nay tuong duong vdi bi€u thic (8.70), trong do
A=1, B=4

Khif << f vaf>>f ticP <<jvaP>>jthi K= K = A, con khif=/f tdc
P =jthi K = 0. Tudng ty nhu déi vdi mach loc chon loc, ta tinh dugec Q, va Q,, do do

1 1
Q=T - - - (8.87)
B Q - B
Thay (8.87) vao (8.70) ta c6 bi€u thic
Kp,(1 + P?)
Ky = — (8.88)
1+=P + P?
Q

R
2

——‘é‘ A ‘

L —— 1
U, R R U,
j (K-1)R,
2¢ ’
a) A
&
=5
Z, kR
R, U Ry
o —— - 7 BN oo | —
. bt
“ * 4 + l;lkz + u
._L 2K
IA — R
-

b

Hinh 849. So d6 mach nén chon loc:
a).dang mach loc T kép; b) ding mach ciu Vién.
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So sanh vdi (8.86), rat ra

|-

T (8.88) tinh ra modyn cua K,

[{('n(] - QZ) I<'l'n(1 - QZ)
[{.l. = - = (8.89)

LN QZ 2 1 4
(1- Q% + = 1+Q(—-2)+Q
Q Q

Trong phén trén ta da tinh dugc hé s phd&m chdt cia mach T kép @ =

[ -

Cd thé tang @ bang cich mdc mach T kép vao mach héi ti€p cia bo khuéch dai
thuit toan tao thanh m:_llch loc tich cue nhu trén hinh 8.49a. '

O tdn s6 cao va tdn s6 thdp, tinh chdt truyén dat cia mach T kép khong c6
gi thay déi. do do dién ap ra

u, = Ku,
Tai tan sd céug hudng ;l = 0, luc nay coi nhu mot diu cua R/2 n6i dat, do
d6 tidn s6 cong hudng f, vAn duge xac dinh theo bi€u thic (8.90).
| = - 8.90
fo = ZRC (8.90)
Ham truyén dat phidc cua mach dién trén hinh 8.49a :
K1 + P?
= ~ (8.91)
1+2@2 ~ K)P + P?
DO do Kd(l ='K
_ 1
Q= 22 - K)

Khi K =1 thi @ = 0,6
Khi K = 2 thi g = .
Cing giong mach T kép, mach cau Vién cd hé s§ phém chét nhd. Do dé dé
tang hé sd0 phadm chdt mac mach cdu Vién vao mach héi ti6p cia bd khuéch dai
thuat toan dé tao thanh mach loc tich cuc nhu trén hinh 8.49b.
Dau ra cia mach cdu Vién ndi véi mét mach khuéch dai hiéu ma ham truyén
dat cua nd tinh duge theo bi€u thdc (8.92)
U K 1+P?

— +

5 (8.92)
1 2 1+3P+P
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1
3

1 .
fo =————_ , so sanh (8.92) vdi (8.88) ta rut ra @ =

loc dung thém bé khué&ch dai diu vao.
o] ngoai tin sb cong hudng

. D€ tang dic tinh chon

vi u) =-u,

Tai f = f,, do tdc dung ciia ciu Vién nén u_ = 0 va khong phu thu¢c K cﬁng nhu khéng
phu thuéc vao bién d6 cia u,. O day ta khong th& &p dung bi€u thitc ghn dung

R
N
Kd=K=F cho ca dai tin, vi K thay ddi theo tin s6. Ta dp dung biéu thuic (8.6) da xét,
1

suy ra
7 K
Ky=-— = ——4% (8.93)
i, 1 + oK’ .
Thay (8.92) vao (8.93), s€ nhin duge bi€u thic (8.94).
2
2+aK(1 + P9 .
Ky = ‘ (8.94)
1+ 6 P+ P?
2+aK A
So sdnh hé s§ cta (8.94) vai
(8.88) d&€ rut ra
3 //(r/
p 1
° " 2zR,C
K K
To "9 ¥ oK
2 + aK
T 6
Trén hinh (8.50) 1a cac dac -
a1 1 2

tuyén d€ minh hoa tinh chAt
nén cua mach nén chon loc véi

hé s6 phm chét khac nhau. Hinh 8.50. Dic tinh bién d0 - tan s3 cta mach nén chon loc v&i céc

mic nén khdc nhau: Q3 > Q, > Q.

198



CHUONG 9
CAC MACH KHUECH DAI VA TAO HAM PHI TUYEN DUNG
KHUECH DAI THUAT TOAN

‘9.1. Khai niém

Cac mach khué&ch dai va tao ham ph1 tuyén dung khuéch dai thuat todn la cac mach
cd trong vong hdi tiép cdc linh kién thu déng hodc tich cuc cd ham truy®n dat phi tuyén.

Tuy thude vao dac tinh truy2n dat cia mach phi tuyén, chiing duge phan thanh hai loai:

cdc mach phi tuyé&n lién tuc va cdc mach phi tuy&n khéng lién tuc. Cac mach phi tuyé&n

lien tuc 14 cdc mach c6 ham truy&n dat phi tuyén tron va tdn tai dao ham tai moi di€m
trong khu vuc lam viéc. Cac mach phi tuyén khong lién tuc 14 cdc mach ma ham truyén
dat cta ching ¢d chia it nh&t mot di€m gian ‘doan.

Vé mat ky thuat, d€ tao ham phi tuyén cé thé dua vao mdt trong cac nguyén tic sau
day :

- Lgi dung quan hé phi tuyén Volt-Amper cia mat ghép pn cta diot hoac tranzistor khi
phan cuc thuan (mach khuéch dai loga).

- Lgi dung quan hé phi tuyén giita d6 ddc chia dic tuyén tranzistor ludng cuc va dong
emito (mach nhan tuong tu).

- Lam gan ding dac tuyén phi tuyén bang nhitng doan thdng gdp khiic (cdc mach tao
ham dung diot).

- Thay d8i cuc tinh ctia dién dp dat vao phan to tich cyc lam cho dong dién ra thay
d8i (khoa diot, khoa tranzistor).

Vi mot phan td phi tuyén cé ham truyén dat y = f(x) cé th€ tao dugec ham nguoge
x = ! (y) ctia né bang cich thay d6i v1 tri cia né trong mach hdi ti€p. Vi du trén hinh
9.1 chi ré digu do.

 f

b

‘Hinh 9.1 Minh hoa nguyén tic tao ham phi tuy&€n v ham nguoc.
Trén hinh 9.1a, phan ti phi tuy&n ¢6 ham truyén dat f, dugc méac ¢ nhanh vao cia
mach hdi ti€p. Theo quan hé cua phan tu phi tuyén dd, ta viét duge :

I=1U,)
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va theo cdc quan hé trong bd khuéch dai thuat toan ta cd :
U, = -RI = -RflU,).
Vay gitta U, va U, ¢d quan hé phy thudc phi tuyén f.

D€ thay d6i vi tri, mac phan td phi tuyén vao nhanh ra cia mach héi ti&p
(hinh 9.1b). Luic dd ¢ quan hé :

UV
[ =fU) = &
Do dé U, = fi = FYUJR)

Gitta U, va U, c¢d quan hé phi tuyén ngugc [ !

* Ciang giéng nhu khi phan tich cdc mach dién trong chuong 8, sau day khi phan
tich phi tuyén ta lai gia thi¢t bo khuéch dai thuat toan la ly tudng, nghia la c6 thé
ap dung cac quan hé : U, = 0 ; Ip = Iy = 0 ma sai s6 pham phai c6 thé bo
qua dugc.

9.2. Cac mach khuéch dai va tinh toan phi tuyén lién tuc

9.2.1. Mach khuéch dai loga
Dé tao mach khuéch dai loga, mac diot hoac tranzistor vao mach héi tiép cua
bé khuéch dai thuat toan t(hinh 9.2). Mach dién dung diot (hinh 9.2a) c¢é thé lam
viec t6t voi dong vao nam trong khoiang nA dén mA. Né&u dung tranzistor thay cho
diot thi co thé lam vice voi dong vao co pA dén mA (hinh 9.2b).
Gitta dong chay qua diot va dién ap dat lén diot cd quan hé :
Iy = Iexp(Uy/Uy), (9.1)
trong do,
Iy, Up - lan lugt la dong qua diot va dién ap dat lén diot ;
I - dong ban diu, ¢é tri s0 bang dong qua diot dng vdi dién dp ngugc cho phép;
Uy - dién ap nhiét, & phiét do binh thudng U, = 26 mV.
Tu bi€u thuc (9.1) va so do (9.2a) suy ra :
U = -U, = =-Un -IB = -Uyln —Li
' D rnoy ' pr

(4] 0

(9.2)

Yo

2. ﬂ[l | I, I

Uy —0 Uy ]

U U,
a) ' b)

Hirh 92. So a0 mach khudeh dai loga .
a) dang dJdior ¢ by dung weanzistor,
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Trong mach dién hinh 9.2b dung quan hé loga giita dong colecto va dién 4p bazo - emito
clia mot tranzistor ludng cyc d€ tao ham loga. Mach chi lam viéc v6i dién 4p vao duong.
Khi dién 4p vdo Am, tranzistor ngit va mach hdi ti€p khong cdn tdc dung nita. D& d8i dfu
dién dp vao c¢é thé dung loai tranzistor pnp thay cho loai npn trén hinh 9.2b.

Ta biét rdng dong colecto cua tranzistor phu thudc vao dién 4p bazo-emito theo quan

hé (9.3)
IC = ANIE = ANIEhh (eUBE / UT -1)‘,' (xem ti&t 12) (938.)

v6i Ay 1a h¢ s6 khuéch dai dong dién khi méc bazo chung; Ij;,, la dong emito & trang”
thdi bao hoa.

Uppk 1 Up
Khi e RE. }'>>1tacd

Ic = ApIgyy, (€VBE/ VD) | (9.3b)
Vei U, = - Uy, ta viet duoc :

~ Uy 7 Uy
Ic = ApT gy, Or VT hay .

Ic ’ Uv
l]r = - U’rln = - UTln'———"—" (94)
‘ AnIEph AnIgwnR :
Iy A2
R, T I R,
o—{ T} Ry ~ 33—
Uy . Yok
K 4 N
—}— * : b Bv
a) ‘
+ + 1 q& n5ib ob o(l
Use,~ Use,
In l I/[‘é . r:-,‘ -+ 3
2 : . U,- [ER LI SHE g G Y ).

b) i L ' »
Hinh 93 a) va b) cdc mach khuéch daf toga ¢6 bd nhiét; - o
c) So dB twong duong ‘¢ia b (khi bd ‘qua énb hudmg cua dién ap ddng pha).



Dong bao hoa emito Iy, va dién dp nhiét U phu thudc nhiét do. Do d6 mubn mach
lam viéc chinh xdc, cAn phai thyc hién céc bién phdp bu nhiét.

Hinh 9.3 bi€u dién mot s6 so dd khuéch dai loga cd b1 nhiét. D tinh quan heé dién 4p
ra theo dién ap vao cha s do 9.3a ta dung cdc quan hé sau:

Up-Uggz + Ugg, =0

Iy = Anilgone P21 T

Iy = ANZIEtheUBEZ/'UT

I, _ ANy Tgpn _ e(%El—UéEz)/IfT
I,  Ang Ipow '

U R Ang
v42 NI “Ebhl -'UA/UT

= e (9.5)
Un By Anz Tepn:
R, '
viu, = U, "RFE; va gia thiét I, = I Anp = Anp Dén tU (9.5) suy ra:
Ry + R U, R, .
U =-Up (—=—2)ym(—=2 . =2 . (9.6)
4 Uch 1

D& iach lam viéc t6t, dién 4p chufn phai 6n dinh.

Mach dién hinh 9.3b c6 tin hiéu vao la cic dong dién I,; va I,,. Nhin tit hai cita vao
ctia bg khuéch dai thuat todn ta thdy I, va I, mac néi tiép véi nhau theo chiéu ngugc nhau.
Né&u dong qua T, la I, nho sao sut ap cta nd trén R, khong ddng ké thi cd th€ vé dugc
so dd tuong duong hinh 9.8c. Theo so db dd, dién dp dat vao clta thuan

Up = U - UBEZ

va dién ap dat vao cia dao

U By
NTR +R, |
Do dg dién dp ra
PP R,
Y =+ —= NUgg, - Uggy)
,,,,, -4 1 R,
Drma --—<\’ I .
'N:aPr (9.3!)‘)\11;'-/:‘1 gié thiét Ay = 1, ta ¢ :
A

i | |
e . R I I ~
LU E G+ Upn 2 om =2 ) 9.7
EN I R, Trpni Tgpn2
Néu cdc tranzistpr Tllvé T, c6 tham s6 giong nhau, nghia la Igent = Igpyo VA €6 cung
nhiét do thi (9.7) iﬁc_m vlfz’t gon hon theo (9.8).

"
R, I ‘
U, = (})lrlf'TT"n) :,ﬂﬂ"la&)-?}urm Auin : ©.8)
{hey gadb G adth wis yrrdved dog cugt & urndy 4 é-‘;iﬂ)zl}'n‘(')‘ul} 4eren;
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Giita dién 4p ra U_va dong dién vao [;; c6 quan hé loga. I, § day ddng vai trdo nhu
moét dong dién chudn va cd tri s6 c6 dinh.

Quan s4t cdc bi€u thic (9.7) va (9.8) nhan th&y ring : bing cdch x4y dung mach dién
ma trong d¢ tin hiéu ra phu thude vao hiéu ciua 2 loga chda tin hiéu vao, ngubi ta da loai
trit duge anh hudng cta nhiét dé6 dén dong bao hda emito.

Ngoai ra cd thé loai trit dugc 4nh hudng clia nhiét d6 dén U, bing cich thay R, trong
sd db 9.3a va R trong so db 9.3b béi nhiing dién trd nhiét cd cung nhiét d§ véi T va T,
va cé cung ha s6 nhiét véi U, (- 0,33%/C°), vi cd thé coi Uy phu thudc tuyén t{nh vao
nhiét do.

Sa db 9.3b chi ¢d thé lam viéc duge véi dong vao la dong cia mét ngudn tin hisu cd
tré khang trong rdt I6n (ngudn dong).

9.2.2. Mach khuéch dai déi loga

Nhu da trinh bay trong mu'c‘9.1, d€ tao ham d6i loga, ngudi ta mic phan tu phi tuyén
(diot, tranzistor) vio nhanh vao cia bé khuéch dai thuat toan. Mach nguyén ly cia nd
duge bi€u dién trén hinh 9.4,

4

R R
l//Q\ B I =t
‘ D ' £
UV ID b0 UV ) b—0
U Y 0,
- a) b)

Hinh 94 Mach khuCch dai d6i loga :
a) ding diot; b) ding tranzistor,

Ap dung bi€u thidc (9.1) d&i véi dong chay qua diot trén hinh 9.4a, ta c6 :
= Up/ U
U =-IpR =-RIe"“P’""T
Vi Up=U,, nén
U =-RI W/ Ur (9.9)

Ddi v8i so d8 hinh 9.4b, khi dat 1én dau vao mot dién 4p &m, sé& cd dong colecto I~ chay
.qua tranzistor. Theo (9.3b)
| Io = Ay Ip,eV82 7 UT = Ay Ipe U7
Do dd dién ép ra :

U =IR = RAy Igy e/ VT (9.10)

D€ 6n dinh nhiét c6 th€ dung mach khué&ch dai d6i loga tré&n hinh 9.5.
Theo bi€u thic (9.3b) ta viét duge:
U

r Upg| / Ut
= ANy Igpnie

Iy =
1
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Uch

— - U, /U
) R = ANy Igphy €7BE2° T

2
Néu hai tranzistor T, va T, c6 tham 86 ging r.nau thi ty s6

ICl Ur RZ

Ic, Un Ry

=e(UbEr=Upe)Ur (9.11)

Ry Ua
o—A"} '
Y
R4

Hinh 95. Mach khu€ch dal d0 loga ¢6 b phiit.

Theo so d4b 9.5

Up-Ugg + UBE; =0 va
. R,
UA = UV e
R, + R,

thay cdc quan hé nay vao (9.11) va bién d6i s& c6 bi€u thdc bi€u dién quan hé dién 4p ra
theo dién dp vao (9.12).

- R4 UV
,Rl Uy Ry R, Up
U = ch o TR T

R,

Bifu thic (9.12) khong chia dong bao hda Ig,,, nghia 12 mach dién hinh 9.5 da loai
trit dugc dnh hudng cia nhiét do thong qua dong béio hda emito. R cd tdc dung han ché
dong cha T va T,

Cing cd thé dung mach khuéch dai d6i loga d€ thye hién cic phép tinh

(9.12)

¥ = b hoac y,= x?,
chi can viét lai y, y, dudi dang :

¥, = (elnb)ax = eaxInb va

y, = & voix > 0.



9.2.3. Mach nhén tuong tu va mach liy thiia bac 2
Mach nhan tuong tu ¢d so dd quy udc trén

hinh 9.6, d6 1a mét mang bén cuc ¢d hai diu vao X x

va ¢d mét diu ra. Tin hiéu trén diu ra cia nd K

ty 1& vdi tich cac tin hiéu dat trén hai dhu vao, 1% 4 z
Z=KXY (9.13)

trong do, X, Y - cdc tin hiéu vao;
Z - tin hiéu ra; Hinh 9.6. So dd quy wéc mach-nhan twrong tu.
K - hé s6 ty 18, con goi la hé s6 truyén dat cia mach nhan, K dugc xac dinh dWng véi
mét dién dp chudn nao dd.
Trén hinh 9.7 1a so db mach nharn dién 4p va mach tuong duong cia ng.

Ua

Hinh 9.7. Mach nhan dién dp va so dd tuong duong.

B6 nhan ly tudng cé trd khang vao hai cita Z, ZVy = o va tré khiang ra Z_ = 0. Hé
s6 truyén dat cia mach nhan 1y tudng khong phu thudce tan sé cing nhu khoéng phu thude
vao tri s6 cac dién dp vao U,, nghla la K la hang sé.

Dién 4p ra cua bd nhan ly tUOng bang khong khi mét trong hai dién 4p vao bang khoéng,
nghia 14 b6 nhan ly tudng khong cd tap 4m ndi bd va cac tham s6 cia nd khong chiu anh
hudng cia nhiét d6.

Trong b6 nhan thuc, dién ap léch khong va tap Am cia bé nhan khac khong, vi vay dé
gidm nho sai s6, nguoi ta chon dién ap chudn dng véi hé s6 truyén dat K tuong d6i 16n,
khoang (1 + 10)V.

Cédc bd nhan thudng duge phan loai theo mién lam viéc cia nd trong hé toa do d& cdc
(hinh 9.8). Theo cich phan loai nay, cd cdc bd nhan sau day :

- Bo nhan lam viéc trong ca bén gdc tu cua hé toa d6, tic ca hai tin hiéu vao ddu cd
thé 14y gid tri Am hoac duong. -

. . N U, 1
- B6 nhan lam viéc trong hai goc tu la bs y boat Iy
nhan ma mot trong hai tin hiéu vao c¢d thé
14y gia tri &m hoac duong, tin hitu con lai la z I
tin hiéu c¢é mot cuc tinh. — -
R o I e L , ] Yn hod L
- Cuéi cung 1a bo nhan lam viéc trong mét r Ir

gdc tu, cdc tin hiéu vao chi cé thé nhan mot
cuc tinh hoac am hoic duong.

Duong nhién c6 thé bién d6i cdc b8 nhan 115, 98 Minh hoa cich phén loai cic mach chia,
ma tin hiéu vao chi cho phép nhén cac gid trj nhan,
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¢ modt cyc tinh (b6 nhan moét gde tu, hai géc tu) thanh bd nhan lam viéc trong ca bén
g6c tu bling mot s8 bién phap ky thuit nao dd. Vi dy dich chuyén diém "khong" cia tin
hiéu vao va tin hiéu ra, thuc ch4t 13 tao dién dp hoac dong léch khong nhan tao hoac dat
them truéc mach nhan mét mach tao gia trj tuyét d6i, mot mach xac dinh cyc tinh cia
tin hidu vao va mdt mach d8i d4u tin hiéu ra tuong thich véi ddu cia tin hidu vao.

1. Cac phuong phap thyc hi¢n mach nhan va sé dd

Thudng cac mach nhan duge thyc hién theo phuong phdp phan chia thoi gian hoac dung
cdc mach khué&ch dai loga va d6i loga hoac bAng céch thay d8i h8 din trong cua tranzistor.
Phuong phdp phan chia thoi gian dugc mé ta trong tai lidu [2] ¢ mach dién phic tap va
phai ding cdc chuyén mach dién td, nén cé han ché vd téc do. O day ta chi lvu y xét hai
phuong phdp sau ma chu yé&u la phuong phap thi 3, vi loai nay dé& thuc hién duéi dang vi
mach.

a)Mach nhdn dwgc thuc hién béi cic mach khuéch dai loga va d6'i loga. So 4 khsi cia no
duge bi€u dién trén .

hinh 9.9.
Goi X = kU, oo In
Y=k U, va Z =k.U, x ¥
trong dd &, ky, k, 1an Tong exp
lugt 12 hé s6 ty 16 cia z
cdc dién 4p vao U, o—o [n _—————T
Uy va di¢n dp ra U,. Y

Mach nh&n hinh
9.9 thyc hién phép
tinh

Hinh 99.-So dd kh8i mach nhin dong mach khu&ch dal loga va ddi loga .

U,=expln Uy +InU)) tic

X Y XYy
Zik, = exp(ln — + In— ) =.exp(ln —— ), suy ra
z ky B, kek, y

kZ
XY (9.14)

k, ky '

Cac mach khuéch dai loga va d6i loga duge xét dén trong ti6t 9.2.1 va 9.2.2, cdn mach
t8ng cd thé thyc hién duge nhd moét mach khuéch dai thuat todn.

Mach nhén loai nay*cd sai s6 khoang 0,25% dén 1% so véi gid tri cuc dai cia tin hiéu
vao. Mach chi lam viée dugc véi cdc tin hiéu vao U,, u, > 0.

Vi mach nhén 4200 duge ch& tao theo nguyén tic nay.

b) Mach nhdn lam viéc theo nguyén tdc bién ddi hd dén trong cia tranzistor. Biét ring hé din
ciia dac tuyé&n tranzistor ludng cuc ty lé véi dong colecto cia nd theo bi€u thuc (9.15).

- dl
‘ dUgg,

Quan hé nay 1a tuyén tinh, néu dong colecto khong qia 16n (< 0,1mA).

C6 thé lgi dung quan hé d6 d€ thyc hién mach nhan. Nguyén tdc 1am viéc cua cdc mach
nhan dd nhu sau: mét trong hai tin hiéu vao (vi du X) duge dua dén diu vao ciia mach
khué&ch dai vi sai, dAu ra b khué&ch dai vi sai nhan duge tin hiéu:

7 =
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Z=K X (9.16)

Véi K, 1a hé s6 khuéch dai cia mach khuéch dai vi sai.

Tin hléu vao thd hai (Y)- dugc dua dén didu khién dong dlén tinh trén colecto cua
tranzistor (khuéch dai vi sai), dong colecto bién dfi 1am cho hé din cia tranzistor thay
d8i do dé ma hé s6 khuéch dai K bién d6i theo. VAy tin hiéu ra:

Z=K,X=KY.X, 9.17)

trong dd, K la hang s6 , chinh la hé s6 truygn dat cia bd nhin.

Két qua la tin hiéu ra la tich céc tin hiéu vao.

Hinh 9.10 la mot vi du mach dién bd nhan da duge bl nhiét. Mach cd ba dau vao 1, 2,
3 va hai dAu ra 4, 5. Cdc dau vao I va 2 cd tin hiéu vao

Al =1, -1, , tuonging véitin hidu vao X.

Dau vao 3 la dau vao khéng déi xing véi tin hiéu vao I, tuong dng véi tin hiu
vao Y.

Trén hai dhu ra 4 va 5 14y hiéu cdc dong dién colecto AIC = Iy - Iy, tuong lmg véi
tin hiéu ra Z.

Mach nay khuéch dai tin hiéu AJ, véi hé s6 khuéch dai K, ma K, lai dugc digu khién
bdi tin hiéu vao Iy sao cho tin hiéu ra

= K, Al = KI Al

Trong mach dién, diot D, va D, cd tdc dung bu nhiét. Néu gia thit D|, D, va T, T,
c6 dong bao hoa nhu nhau va ¢d hé s6 nhiét nhu nhau, dong thdi dong bazo cia cédc
tranzistor T) va T, rdt nho c6 thé bd qua duge sao cho Iy, = - I, va Iy, = - I, thi ta

c6 thé tinh todn quan hé giita cdc
dong dién ra va dong vao nhu sau:

I
Ul)l = U'rln D1

[¢]

UDZ = UT In

[s)

Gia thist Ay = 1, ta cd:

.
Ugg = Upln —=
)
1
Upgz = Ur In I &
Hinh 9.0, Vi dy v mach dién b nhan twong . , Ebh
Léap hiéu cdc dién ap do:
U Ip, I
1" D2 = UT In — = UT n — /</ (918)
Ip; Lo
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ICl
UBEI - UBE2 = UT In I'— (919)
C2

Ngoai ra, vi
Upy + Ugpy = Upyy + Uggy  hodc
Up; - Up, = Uy,;| - Uggy nén thay (9.18) va (9.19) vao ta cd:

I I
€ _ = (9.20)

IC2 le

Trong bi€u thuc bi€u dién quan hé gitta dong dién ra va dong dién vao trén day khéng
cd cdc thoéng s8 lién quan dén nhiét do (U.), nghia 1a mach da duge b nhiét nhd cac diot.
Nguyén Iy lam vigc ctia mach nhu sau: khi khéng cd tin hiéu vao X (A, = 0), thi trén céc
dau vao 1 va 2 cd dong vao tinh

I, =I,=1I,  (hinh9.11a)

Z
IC!
Ixz ;
Yoo -
2
I, | - Ie,
U, Upe - Use
d) 13 b) [ 2

Hinh 9.11. Minh hga nguyén ly lam viéc cda mach khu€ch dai vi sai ding 1Am mach nhan twong ty.
Khi mach nhan lam viéc thi hiéu cac dong dién vao Al cd thé ldy cdc gia tri Am hoac
duong tuy y va cé thé dao dong trong khu vuc

Ix
'Ix < —_— < Ix

NGi cdch khdc, theo tinh chdt cda bs khuéch dai vi sai khi ddng vao mét cita tang thi
dong vao ctia con lai gidm mét lugng tuong \ng, sao cho hiéu cla ching co tri tuyét doi
| AL | <2I,

Tuong \Wng, dong dién ra bién thién trong pham vi

-1, Al I, ,
—~ < — < = (xem hinh 9.11b)
2 2 2
Nghia la dong dién ra trén hai colecto ciing bién thién ngugc pha. Khi khéng cd tin
I
hiéu vio, dong chay qua colecto cia méi tranzistor la Ey (gia thiét Ay = 1) véi Iy luén luén

duong. Do do
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1
Iy =5 a, + Alp),
1
AIX
va Ixz = IX - —2-
I I +M"
xt — “4x 2

Thay cdc quan hé nay vao bigu thide (9.20) ta cé:

I, + Al 2L - AL
I, - Al 2, + AI
Giai ra theo Al.: '
Al = Ly Ak (9.21)
2 I

Theo 9.21, tin hiéu ra ty 18 v6i tich cac tin hidu vao va ty 18 nghich véi dong vao tinh

- I,. DAy 1a bd nhén lam viéc trong hai gdc tu cua hé toa do, vi Al cd thé ldy ddu tay ¥,
nhung I, chi dugec phép nhan gia tri duong.

R

4 . 2 >._.°
U/' I

Iz, 1

I | Lz

Hinh 9.12. Mach dién b) nhin dp twong ty.

C6 thé€ chuyén mach dién nhan dong hinh 9.10 thanh mach dién nhan 4p hinh 9.12,
béing cAch mic thém & dau vao so dd 9.10 mdt mach bién dbi dién 4p - dong dién va &
dau ra mot mach bién d6i dong dién - dién ap.

Mach bién d6i 4p - dong trén hinh 9.13 cd phuong trinh bién déi:

le

: x2

hodc
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1+
Ux IO REIO Ava
— = In( ) o+ (9.22)
T . ' Uy 1,
I,
Quan hé (9.22) dugce bi€u didn trén hinh
Ix,

9.14. D¢ méo phi tuyén cang nhé khi R
cang lén. Véi R 16n va Al < I cd thé
coi bo bién d8i nay l1a tuyén tinh. Lic d6
bi€u thuic 9.22 dugc chuyén thanh bi€u
thic ghn ding (9.23)

AIX Ux
Io ) REIo
Mach bién d@i dong dién - dién 4p & diu
ra so dd 9.12 c¢6 phuong trinh bi&n déi.

(9.23)

Hinh 9.13. Mach dién bd bi€n dbi dién 4p - dong dién.
R, R, ‘
r == UcRc - IeiRe) =-— RcAl¢ (9.24)
- R R,
2. Mach lay thita bac 2

U

D#u hai <hua 730 ciia mach nhan véi nhau (hinh-9.15) sé& cé mach liy thita bac 2. Lic
nay U, = Uy, nén

U,=KUZ2 (9.24)
GiaA st dién 4p vao ¢ dang sin
Alx i
U, = Ucos wt, I
o REZ
dién Ap ra: o Re,
U2
Ur=(Ucoswt)2=; (1+cos2wt)
(9.25) Re, > ke,
Theo (9.25) cd thé dung
mach liy thita bac 2 d€ nhan U
- Yx
tAn sd. 0‘ w'(/]'_

9.2.4. Mach chia va mach
khai cén
D6i v6i mach chia, nguti ta
cing phan biét ciac loai mach
chia lam viéc trong moét gdc "
tu, trong hai gdc tu va trong ) K
bén gdc tu clia hé toa do dadcic &X_l: v U, = K Ut
giéng nhu cdc mach nhan. Khi
ti s6 va méu s6 deu 1a tin hiéu

Hinh 9.14. Quan hé bién dbi cia bd bi&n dbi dién dp - dong dién.

Hinh 9.15. 30 d6 quy udc mach 1dy thira bic 2.
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don cyc thi ta cé mach chia lam viéc trong mot goc tu. Thudng méu s6 12 mot tin higu
don cye, vi khi tin hiéu d6i dfu qua diém khong thi tin hiéu ra, v@ ly thuyét 16n vo cing.
Do mach khong ly tudng, nén thuc t§ cd U, # «, nghia 1a tai dim nay mach cd sai s6
16m.

Xét v& nguyén tic 1am viéc, cd thé phan biét cac loai mach chia sau day :

- mach chia theo nguyén tac nhan déo ;

- mach chia cé h8 dAn bi&n ddi;

- mach chia ding mach loga va déi loga.

1. Mach chia theo nguyén tic nhan dao

Mach chia loai nay dugce thuc hién bdng cdch m4c trong mach hdi ti€p cia b khué&ch
dai thuat todn mét mach nhan theo nguyén tic tao ham ngude. So dd cua né duge bigu
dién trén hinh 9.16.

Trong mach dién hinh 9.16a, dién dp vao cita déo cla by khuéch dai thuat todn

Uy=K Uny
va dién 4p vao cla thuin:
UP = UZ
Do dé dién ap ra
U =U, =— (9.26)
i Y KU, ,
Trong mach dién hinh 9.16b, di¢én ap vao cia thuan U, = 0 va dién 4p vao cita déo
U, KU, U,
Uy = oy oy ,
. 2 2
do do dién 4p ra
U'l.
U =Uy = - XU 9.27)

Hinh 9.16. ») mach chia thuin, b) mach chia dao.

Trong bi€u thdc (9.26) va (9.27), U, cd thé 14y ddu tuy ¥, con U, phai luén ludn duong.
Néu U, < O thi hbi tiép qua b§ nhdn vé diu vao by khué&h dai thuat todn 1a hdi ti€p
duong, 1am cho mach chuyén sang lam viéc d trang théi bao hoa, giy méo 16n. Chu y rang
yéu cAu U, > O chi ding d6i véi mach nhan thun (K > 0). D6i v6i mach nhan déi ddu
(K < 0) thi nguge lai, phai lam viéc v6i U, < 0 d€ dam bao hdi tisp am cia bo khuéch
dai thuat todn.
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2. Mach chia ¢6 hd dan bién ddi

Ciing c6 thé dung mach dién hinh 9.10 1dm mach chia. Lic d6, theo (9.21) 14y I, va Iy
la céc tin higu vao va Al la tin hiéu ra. Mach chia loai nay cd thé€ lam viéc & dai tan tu
0,5 - 5 MHz véi sai s6 < (0,5...1)%.

3. Mach chia ding mach loga va ddi loga
Trén hinh 9.17 1a so d5 khdi ciia mach chia loai nay. Theo so db dd,

3 day U, va U, chi 14y cac gia tri duong. Mach cd d6 chinh xdc kha cao, dai dong lén
va sai s§ phi tuyén nhd. '

RS N —
Mach
%

exXp p——o Up

Uee—— In

Hinh 9.17. Mach chia ding mach loga va ddi loga .

4. Mach khai céin

Mach khai can dugc thue hién bang cdch mac vao mach hbi ti&p b khué&ch  dai thuat
toAn mot mach liy thita (hinh 9.18) :

Mach dién trén hinh 9.18a cho dién ap ra

/1
U =U=Vg-U); veiU,<0; (9.28)

va mach dién trén hinh 9.18b cho

U .
U =U =v—, véiU, = 0. (9.29)
K

b)

Hinh 9.18. a) mach khai cin déo; b) mach khai cin thuén .
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Mach dién 9.18a chi lam viéc véi U, < 0 va mach 9.18b chl 1am viéc véi U, > 0. Trong
truong hgp nguge lai mach sé cs hdi ti€p duong lam cho mach bj ket. CS thé ngin ngua
hién tugng ndy bing cdch mac néi ti€p vdi dau ra bo khuéch dai thuit todn mét diot sao
cho mach hbi ti€p bi ngit khi dién ap vao U, khong théa man didu kién v2 d4u. Vi diot
nam trong mach hdi ti€p, nén ha dp trén né cd gy ra sai s8, nhung khong ddng ké.

/gg, 8.3. Cac mach phi tuyén khéng lién tuc
7 9.3, Nguyén tac thuc hién cac mach phi tuyén khéng lién tuc va céc phin tr co
ban cuda né
Mot duong dac tinh phi tuyén cd thé biéu dién mot cach ghn ding bdi mot dac tinh
g&p khuc gdm nhi2u doan thdng cd d6 ddc khac nhau. Dudng gip khic dé duge tao nén
bdi mot mach khuéch dai ¢6 hé s8 khuéch dai thay d6i tiing nfc, phu thudc vao bién do
tin hiéu vao va tin hiéu ra. Cac phlin tid co ban dung d€ dao ham phi tuyén khoéng lién
tuc 1& cdc bd so sanh tuong tu va cdce diot Iy tudng.
Mach dién va nguyén ly lam viéc cia bd so sanh s& duge xét & .cudi chuong nay. Trong
ti6t ndy ta chi xét cdc diot ly tudng.
Diot ly tudng dugc cfu tao bing cach méc vao mach hoi tiép ctia bd khuéch dai thuat
todn mot diot thyc (hinh 9.19b). D€ so sanh nguyén ly lam viéc cia mot mach dung diot
thuc va diot ly tudng ta xét cdc mach trén hinh 9.19. '

/’\Uo
U, t_,, b [] Ri J:_I} Ry

Hinh 9.19. a) mach dién dung diot thyc; b) mach dién ding diot ly twdmg.
Theo hinh 9.19a

U =U,-Up (9.30)
Khi dién 4p vao U, c6 tri 6 16n hon dién 4p ngudng U , cua diot thi co d‘bng qua
diot va U. # 0. Quan hé dé dugc biéu dién trén hinh 9.503. Mach dién dung diot
r :

thue khong thé chinh luu duge cdc dién ap co tri 86 nhé hon U_,. D6 1a vi diot thucf
co’.dgic tuyén cong xung quanh diém "khong" va dién trd thong cua diot khong thé

bé qua duge. ’
Vé6i diot ly tuéng trén hinh 9.19b, ta cd

l]a = UDT + Ul' = KO(UV- Ul')

V6i K, > 1, suy ra
U =U,-Up/K,, (9.31)

trong dd, Uy - dién ap théng cua diot ; '
K, - hé s8 khuéch dai cia bg khué&ch thuat todn.
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Quan hé nay dugc
bi€u dién trén hinh Y
9.20b. So sanh bi€u thic
(9.30) va (9.31) ta thay
dién 4p ngudng hay ndi
mot cdch t8ng quat,
dién 4p thong U cla
diot ly tudng nhd hon
cia diot thuc K lan. Co o
th€ coi mach dién hinh
9.19b nhu mot mach lap
dién 4p cd dién dp léch

U

khong 1a _ED_T_ , vl vay cé

(7]
thé dung nd lam chuyén mach dién dp ly tudng. V6i hé s6 khuéch dai K, = 10 + 10°,
dién 4p ngudng cua diot Ung = 0,7V thi mach dién nay cé thé chinh luu dugc cdc dién ap
¢8 mV. Tuong tu nhu vay, cing cé thé tao dugc chuyén mach dong dién ly tudng nhs so
dd 9.21a. Dong dién ra I, dudc xac dinh theo biéu thie (9.32)

AN

oo

+- 7
7} U,,y = U,,y; Uy

Hinh 920. Dic tuy&€n truy®n dat :
a) cia mach dién ding diot theee ; b) etia mach dién dung diot 1y twdmg

K,
I, = - (9.32)

R
) en

a) Ko

Hinh 921. a) mach dién cia mt chuyén mach dong dién Iy twdng ; b) dic tinh truy®n dat cha a).

Trong mach dién nay, mach ghép G-S cta Fet déng vai trd nhu diot trén hinh 9.19b.
Ciing gi6ng trudng hop trén, khi mat ghép G-S thong thi dién ap ra bd khuéch dai thuat
toan U, cd th€ coi ghn ding bang dién ap vao U,.

9.3.2. Mach han ché chinh xéc

D€ han ché& bién d6 thudng diung diot thudng hpdc diot Zener . Trong cdc mach han
ch€ chinh x4c dung diot, thudng két hop v6i bd khuéch dai thuat toan.
C6 th€ phan loai cac mach han ch& nhu sau:
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- Phan loai theo cdng dung:
+ mach han ché€ trén;
+ mach han ché& duéi;
+ mach han ché hai phia.
- Phan loai theo cdch méAc mach :
+ mach han ché ndi tiép;
_ + mach han ché& song song.
Mach han ché& chinh x4c dung "diot 1y tudng” dugc bi€u dién trén hinh 9.22.
Khi U, < 0 thi D, thong, D, tit. Gia thiét c bo khuéch dai thuat toén ly tudng, ta
nhan dugc dién 4p ra
U u, Xz
= U (9.33)
Thyc t€ dién 4p thong ctia D, cdn tao ra mét dién dp léch khong phu trén dAu vao b
khué&ch dai thuat toan. Khi dién 4p vao 4m, ta cd so dd tuong duong trén hinh 9.23.

R, | U,.
b, 2}
b—o
R, U,
o3
“ \_
a) ) 4

Hinh 9.22. Mach han ché chinh x4c va dic tuyén truy8n dat cia no.
Theo so db nay, dién dp vio ciia ddo bd khuéch dai thuat todn,

R R U,
R, + R, R, + R, K,
Do d6
R, U R, +R
U =-U, 2+ (22 (9.34)
R, K, = R,
Véi Ky, = L | bi6u thic (9.34) duge viét lai nhu sau:
1+ Ry
R U : R, 17)
U, =-U, =% + 21 (9.35) 7 b
R, KK, R, =
o—{}— MEZ3)
Vay trén dau ra, dién ap thong cua diot Y%

giam di K K, 1an, lam cho dic tuyén
truyén dat ghn véi dang ly tudng.

Khi dién ép vao U, > 0 thi D, thong, Hinh 9.23. so @b twong duong 922a
D, ngét, do dé

khi O, < OvalUpp =0
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U .
U =- DT2 =~ 0.

K,

o

Vay day 12 mach han ché& dudi cé dic tuyén truy2n dat trén hinh 9.22b.

9.3.3. Mach chinh luu chinh xéc

Cac mach chinh lvu néi chung duge dung trong cdc bd ngudn cung cip, trong cdc may
do ciing nhu trong céc bd tich séng. Mach chinh hiu chinh x4c chi y&u duge dung trong
mdy do. C6 th& phan loai mach chinh luu theo nhi2u cdch. N&u phan loai theo nguyén tac
lam viéc thi ¢d mach chinh luu nia séng vaA mach chinh luu toan séng. Mach chinh luu
toan séng cd hai loai so d8: chinh lvu can bing va chinh luu cAu. Cu th€ hon vé cac loai
mach chinh luu nay sé dude nghién cdu
trong chuong 16.

Trong may do, didu ma ngudi ta quan v

tdm trudc hét khong phai la mach chinh Yr //'\‘\/UV
luu lam viéc nhu thé nao ma la gia tri dién K AN ,
« 1 > o . 3 v /

ap chinh luu ty lé vdi tri trung binh, tri s6 7 ] N ] 7
hoc, gia tri dinh hoac gia tri hiéu dung cua S - . \\ ,/
dién ap vao. Vi vay, trong mdy do thudng os o’

phan biét : bd chinh luu gia tri dinh, bo
chinh luu gia tri trung binh va bo chinh
luu gia tri hiéu dung. Mach chinh luu nia
song va toan song cd dién ap vao hinh sin
v6i bién d6 16n va khdng co dién dung tai 1a mach ch{nh luu tri trung binh, nguge lai khi
cd dién dung tai tri s6 di l6n thl mach chinh luu nay 1a chinh luu gia tri dinh. Trong tiét
ndy sé& xét mot s6 mach chinh luu chinh x4c, c6 thé chinh luu duge cic dién ap cd mV.

Hinh 9.24. DB thj thdi gian tin hiéu vao va tin hiéu ra
cda mach chinh fvu nira song hinh 9.22

1. Mach chinh liu nifa séng

Mach dién trén hinh 9.25 12 mach chinh luu nita song. Can cd vao nguyén ly lam viéc.:
da mé ta g tist 9.3.2. va ham truy®n dat c@ia nd trén hinh 9.22b, cé thé vé do thi thai glan:
tin hiéu vao va ra cla nd trén hinh 9.24. Mach loai nay chi lam viéc t6t & pham vi tin s6
thap ( < 100 KHz), vi qua d6 chuyén tiu tit sang thong va tir théng sang tat cua cac dipt
phu thudc vao tée d0 ddp dWng cua b6 khuéch dai thuat toan.

R
D, 0,
- U4
F = ’
+
Y
g Uy

Hinh 9.25. Mach chinh Iwu mra s6ng dung khu€ch dai thudt todn va dic tinh truy&n dat cia né.

~ Cing c6 th& thuc hién mach chinh luu nita song nhd mét bg khuéch dai thuat todn
thuan trén hinh 9.25.
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2. Mach chinh luu toan séng dung sd¢ dd cau

Mach chinh luu toan sdng chinh xdc gbm mo6t mach chinh luu cAu méc trong mach
hdi ti€p cia bd khué&ch dai thuat toan (hinh 9.26). Khi dién ap vao %, > 0, dong vao

r Us

)

Hinh 9.26. Mach chinh lru todn sdng ding so d8 ciu va dic tuy&n truydn dat cla n6.

i,

. . . Y e K hi chinb L
i, —Rl chay qua R, diot D, dién trd tai trs hré a,(/”y
(dung cu do),diot D, roi dén dau ra bo | —Z—;z_:
khuéch dai thuat toan va vé ddt. Khi !
o thudt tod t. Khi , HF=
U, <0 thi i, chay tut dau ra bs khuéch dai L
thuat todn, qua D,, qua dung cu do, dén R,
D, qua R, trd vé dau vio. Do dé dong =
chay qua dung cu do (qua tai): : Uo-__.. +
v
i = | by ' . (9.36) Hinh 9.27. Mach chinh lru toan song ¢6 s dd clu
t R, ' mic trong mach hdi ti€p cia bO khuéch dai thuan,

Ciing cé thé dua dién ap chinh luu dén dau vao thuin cta b6 khuéch dai thuat('toén
nhu trén hinh 9.27. '

3. Mach chinh luu tri hiéu dyng

Cac mach chinh luu chinh x4c da xét ¢ tiét trén la mach chinh luu tri trung binh sé
hoc. D& c¢d mach chinh luu tri hidu dung cé th€ mac song song v6i Ri trohg so do 9.27
mét mach gom R, va C, ndi tiép (phdn mach xem hinh 9.27). Véi dién dp vao U, la dién
4p mot chidu thi phan mach R, C, khéng cd ¥ nghia. D€ co'thé dung cing thang do tuyén
tinh cda dung cu do d& do tri hiéu dung cta dién dp hinh sin, ngudi ta mic thém phan
mach ndi trén.

Biét rang tri hiéu dung cia mot tin higu hinh sin 16n hon trj trung binh s6 hoc cta nd

—2—5? lan, vdi tri trung binh s6 hoc va tri hiéu dyng dude xdc dinh 1&n lugt theo cac biu

thdc (9.37) va (9.38).

o1 172

1t _ 21
Iy =7 | I|sinot]dt = [ sinwtdt = (9.37)

.
Fi A
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AT i fL T - 1
= — i 2 = _— =
La=\/7 [ Usinet?dt=I\7 3=y (9.38)

Do d6 dé dung cu do chi thi trj hiéu dung clia dién &p hinh sin phai gidm R,. Khau R,
C, 1am nhiém vy nay. D6i v6i dién 4p xoay chidu, R, song song véi R,, nén ta cd

R\.R, _ R 3\/_2_
R, +R, ‘'=a
Ta suy ra:
R, = R, 2V2 " (9.39)
x - 2V2

Tu C, phai chon sao cho trd khéng clia né d6i v6i thanh phin xoay chitu khong déng
k€. Ha 4p trén nd sé gy ra sai s§ do. Cd thé xdc dinh tri s6 dién dung cta C, néu cho
truéc sai s8 cho phép déi véi tAn sd thdp nhdt cia tin hisu vao.

Gia thist sai s6 cho phép 1a 1%, tinh trj 6 ciia C, d€ dam bao sai s§ d6. O tan s6 thép
nhdt f_. thi R, R, va C, tao ra trd khdng Z tinh theo biéu thic (9.40).

R, (Rz +: )
w .
7 = J@min 12 (9.40)
R, + R, +———
J%@min CZ
Binh phuong médun cia Z:
Ry (1 + R oy, €))
|1Z|? = ; (9.41)
Khi sai s6 cho phép 1a 1%, ta c6:
T
|2 |2 =1,012 R/R)* = 1,012 R} (—— )? (9.42)
Thay (9.39) va (9.41) vao (9.42) x4c dinh dugc trj s6 cho phép cia C,:
0,32
) = ——— (9.43)
2'"mein Rl

4. Mach chinh lyu toan séng co tai néi dit

Mach chinh htu toan séng c6 tai néi d4t hinh 9.28 gdm mét mach chinh luu nita sdng
R

- . 5
va mot mach cong ddo. Khi u, < O thi 4, = 0,dodé dién dprau_= 55 U (9.44). Véi
1
RZ
u, > 0 thi u, = - u, dién 4p nay tao nén ¢ dau ra thanh phan u | = R Uv
. 1
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R

Trén dAu ra con cd thanh phdn u, = - ﬁuv do dién 4p dugc din truc ti€p qua dién
1

trd 2R, d€ dén dau vao by khuéch dai A,. Do d6 dién ap ra trong nia chu ky duong cta
dién ap vao dudgc xdc dinh theo bi€u thic (9.45)

R, R R,
ur=url+uﬂ=uv(R—l-E)=uVE (9.45)
Két hop (9.44) va (9.45), dién ap ra c6 bi€u thdc tdng quat
RZ
u= | og (9.46)

i
7
Y-
,/"'\\ /2SN
7
g < //\//\\// ¢
. =7
(Y Ua .

Hinh 9.28. Mach chinh lru t0an song ¢6 (i ndi dit va do thi thoi gian cta dién ap u, u, va u,.

D€ c6 dién dp ra bing phéng, cé th€ méc C song song véi R, nhu trén hinh 9.28. Day
ciing chinh 1a mach tao tri s6 tuyét dé6i.

5. Mach chinh Iuu gia tri dinh

D€ chinh luu gia tri dinh duge chinh xdc, cd thé diung so dd 9.29. Khi u, > u_ thi diot
D théng va dong ra cia by khuéch dai A| nap dién cho tu C téi khi u_ = u,. N&u sau d¢
u, giam thi Dngit, tu C phdng dién qua dién trd ngugc cia diot cing nhu qua dong tai
i,. N&u dong i nhé va dién tré nguge cia diot 16n thi dién 4ap trén tu C giit nguyén gid trj
dinh. Khi d8i chidu diot thi di¢n dp trén tu C 1 dién dp dinh Am. Mach lap dién 4p A, 1a
ting dém cta mach chinh luu, né lam ting trd khéng tii cia mach chinh luu, 1am cho
dién 4p dinh khéng thay déi trong mot thdi gian dai. Trudng hop tai thuc cd tri s6 16n thi
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khéng can tang o D

dém & dau ra. Y Z YU 1y N
Mach dién trén F-D'L -

day cd uu di€m , K‘{ . -
dac, biét so vdi L lt" L___J
mach chinh luu ‘
gia tri dinh dung
diot don gian, vi U
trd khdng vao cua
no lén va sai s§ do
do dién dp ha trén
diot nho (nhé hon
, lan). Khéa K 0
trong so dd tao

dudng phdng cho
tu C khi cin do inh 9.29. Mach chinh hru gid trj dinh va d0 thj thoi gian dién dp vao va dién 4p
: ra.

mot gid tri madi.
Mach chi lam viéc t6t trong pham vi tan s6 nhdt dinh. TAn s6 lam viéc ctia nd phu
thudc vao dong dién ra cuc dai cia bo khuéch dai thuat toan. Biét rAng t6c do bién thién
cia dién dp ra trén ty
Sl < du, Lcmax __iZmax
dt ~ dt C c
v(1i'i2max la dong dién ra cuc dai cia bd khuéch dai thuit todn.
Vay dé€ tang t6c do bién thién cta u_ phai tang i, . . Didu nay thyc hién dugc nha mac
thém mot tng cong sudt & dau ra b khuéch dai thuat toan (4,).

6. Mach déi dau
Trén hinh 9.30a 13 vi du v& mot mach d6i ddu, cho phép truydn dat dién ap », dén dau
ra v6i dfu tuy y phu thudc vao tin hiéu digu khién (tin hiéu ddi ddu) dua dén Fet T, Néu

2z R id
> 2
——{
A ‘ £
2 —
. —c
“ ; n > <%
Y Q ) Yy
T A/eu
Héy kbwn & _ a) ) b)

Hinh 930. Mach dbi diu:
a) so' dd; b) sor b twong dwong cia a) khi T ngit.
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T, t4t, thl mach tuong duong cliia né nhu trén hinh 9.30b. Day 14 m6t mach lap dién 4p
v6i hé s6 khuéch dai v ju, = 1.

Néu tin hiéu didu khi€n d6i ddu, sao cho T, thong thi dau thuan p clia b khuéch dai
thuat toan dugc néi d4t, do d6 mach trd thanh mach khuéch dai dao véi u = -u,.

Fet T, lam nhiém vu bu dién trd théng cia T, nd cd cung hé s6 nhiét d6 véi T, va cd
tham sé gi6ng T.

9.3.4. Mach tao ham dung diot

1. Mach tao ham Parabol

Cé thé dung so d6 hinh 9.31 gdm bé khué&ch dai thuit todn két hgp voi mot mang dién
tré va diot d€ tao ham parabol.Mach nay diing cho ca dién ap vao duong vA am. Cac diot
dugc phan cuc nguge bdi ngudn mét chidu U  qua mang dién tré R, R,..Ry va R’, R’|..R’;.
Khi dién dp vao U, = 0 thi cdc diot ngét. Khi U, > 0 thi cic diot D’ ngét, con D, D, va
D lan lugt din lam cho dong dién vao bo khuéch dai thuat toin tang theo dién ap vao,
nhung khong tang ty 1&. Nguoc lai khi U, < 0 thi cdc diot Dngét, con diot D, D’, va D’;
1an lugt din. Dién 4p ra ty 1& véi dong dién vao theo bi6u thuic (9.47)

U, = -Ryi. (9.47)

Né&u chon duge tri s6 thich hgp cho cdc dién trd thi sé nhan dugec quan hé parabol giita
déng dién vao i va dién d4p U,, do d6 ma c6 quan hé parabol giita dién 4p ra va dién ap
vao.

D€ minh hoa, ta xét vi du bang s8 sau day. Gia sd mach cin ihg(c hién ham parabol:

mA 2 )
U, = -Ry 0,1 (— ) U? = -Ry i
: %%
44 |
) {(mA b,
R R R mA) F1 dac tuyén
| {y’/{/ﬂﬂ:?
R ol I 2
R R, A, ~
a4l Yo l—"—"— /i
o— —— 1
Uu.<o { —0 |
? , / Ur 06 e - - = - = { 3
R, £ ’
o 2
R’ 02+
Uy 0
- O : a)

Hinh 9.31. ) mach tao ham parabol;
b) ddc tuy€n truyln dit cba mach tao ham parabol.
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suy ra

mA , .
i =01(——) Up i(9.48)
V2 '
" Quan hé (9.48) déi v6i U,> 0 dugc biu dién bdi dudng cong (1) trén hinh 9.31b.

Vi U, > 0, nén chi sit dung mang dién tré phia trén ctia hinh 9.31a. VIl mach cd ba

diot, nén dac tuy&n gin ding 1a moét dudng gfp khic gdm 3 doan thdng (dudng cong 2).
A

Doan thing thd nhdt dng véi U, = (0,5 + 1,5) V, theo hinh v&, cé d6 déc l1a O,ZEV— .
Doan thang thd hai dng véi U, = (1,6 + 2,6) V cd 49 déc la O,@%A_‘vé doan thang thua
ba dng véi U, = (2,56 + 3,5) V ¢6 téc do la O,G—H:,A :

Mat khdc qua hinh vé ¢ th€ nhan thdy ring dudng cong 2 chinh 1a t6ng cdc dudng 3,
4 va 5. Do d6 n&u tao dugc cic dong dién qua D,, D, v D, theo quan hé bi€u dién bang
cdc dudng (3), (4) va(5) thi s& nhan dugc dudsng dac tinh parabol gn ding 2. Céc dudng
3,4,5 déu cd do dbc 0,2mA/V, cd thé can cid vao dd dé€ xdc dinh tri s6 cdc: dién trd trong
mach.

Gia thiét dién dp thong cia cdc diot 1a Uy = 0,5V, dién 4p ngudn phan cuc ban diu
U_ = - 9,6V. Khi céc diot thong thi ddng qua cdc diot 124 dong qua dién tré R, do dd do

(o]

d6c cua duding 3, 4, 5 dude xdc dinh bdi

Ai 1 mA
—'b = 02—
v

AU, R

Vay suy ra R = 5kQ.

Theo hinh v, cac diot D, D,, D, lan lugt md tuong dng véi dién ap vao U, = 0,5V,
U, =15VvaU, =25V Lic dé dong qua diot i, = 0, nén trong mach chi cd dong
qua cdc nhdnh dién trd RR,, RR, va RR,;. Do dd cdc di¢n trd con lai dugc xdc dinh nhu
sau : :

Ury _ RWpryy - U,)

M=k 3 U, -U
R vi - Ypri
vi le = UDT[ = 0,5V, nén Rl = 00,
R(Upyy - Uy) 5.103.10
e = 50kQ
Uvz - U[)'rz 1,5 - 0,5
R(Upypq - U 5.103.10
Ry= —2B 70 2 "7 _ o5k
Uv3 - UDT3 2

Do tinh déi xing cia ham parabol, nén R’, R’,... R’y & nla dudi cia mang dién trd
cling c6 tri s6 gidng tri s6 cla cac dién trd d nda trén cia mang. Do chinh x4c cia ham
parabol gin ding phu thudc vao s lugng diot cd trong mach. Vi mach cé 6 diot thi d¢
chinh xac dat dugc 1a 0,3%.
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2. Mach tao ham sin
Mach tao hAm sin cé hAm truy2n dat

A ox U
U, = U, sin ry 7U<:, (9.49)
Pl N
vai -U,sU,sU, (9.49b)

Khi dién 4p vao nhd, dién 4p ra cd bi€u thiic ghn ding

~ n U
U = U — —= (9.50)
2 Uy,
N
Bién d6 U, dugc chon theo bi€u thic
o
A~ 2U,
U, =— (9.51)
T

sao cho khi U, nhé thi trj tic thdi U, = U,. Vay v6i U, nho, mach c6 hé s6 khué&ch dai
”~\
K’ = 1. Khi di¢n &p vao tang thl K’ giam dan va khi U, = * O, tic U, = Uysin, thi he

s6 khuéch dai cia mach bang khéng.

Mach tao ham sin lam viéc theo nguyén tic d6 dugc bi€u dién trén hinh 9.32.

Khi dién 4p vdo U, nho, cac diot ngit, vi ching dugc phAn cuc nguge. Lic nay hg s
khuéch dai cia mach K’ = 1,do d6 U_ = U,. Khi U, tang lén, sao cho U, > U, thi D,
thong, R va R, tao thAnh mdt mach phan 4p, nén h¢ s6 khuéch dai cia todn mach giam,
lam cho U, tang cham hon U,. Khi U, > U, thi D, lai théng, R, /R, cung Rtao thanh
mach phan dp cé hé s6 ph&n 4p nhé hon niia, do d6 téc d6 tang cua dién 4p ra cang gidm.
Cubi cung khi D, théng thi mach cd hé s6 phan 4p nhé nhdt tuong dng véi di€m cuc dai
cia ham sin. Cac diot D’|, D’, v& D’; cling c6 tdc dung nhu vAy khi U, < 0. Ching tao
nén mo6t phin tu chu ky Am cida dién 4ap hinh sin.

Uo tos 1502 the 2702 ),

c-—t —
Uo ~los 15002 -lUpy 2702 -Upy

Hinh 9.32. Mach tao ham sin.
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Dé tinh todn cdc tham s6 cia so dd, cin phai cho trudc toa d¢ cac di€m gay cta dudng
x8p xI. Ngudi ta da ching minh duge rang n hai 18 du tién s& khong cé néu vi tri cua 2n
diém gay théa man quan hé (9.52)

U, = =[2k/(2n+1)] U, (9.52)
O<k=n

Do d6c cua cdc doan thdng tuong ing bang

Ul'(k+l) - rk 2n+1 . ﬂ(k+l) . ﬂk
my, = = [sin in
UV(k+l) - U T 2n+1 2n+1
Riéng hé s6 m_ xic dinh d6 d6c cia doan thidng dau tién duge chon bing 1. Do tinh
ddi xing cua dac tinh x&p x1, nén trong dién 4p ra cing khoéng cd hai chén.
Nhu da théy, theo (9.49b) mach dién trén day chl cho ra mét nita chu ky dién dp hinh
sin. NG thudng dude dung d€ bién d6i dién 4p vao dang tam gidc thanh dién ap ra c6 dang
sin.

] (9.53)

3. Mach tao ham bién déi

Cd thé tao ham b4t ky theo nguyén tdc xdp xl dudng dac tinh phi tuyén bing mét dudng
thing gip khic, néu tao dugc mét mach dién ma trong dé co thé thay dbi dugc toa do
diém chuyén tiép giita hai doan thing va do d6éc ciia méi doan thdng mét cdch tiy y. Trén
hinh 9.33 1a vi du v& mét mach dién nhu viy.

Uy R
A
R
Uy
R
S S
DJ
+
b A —é)——J
R R Y2 | R R
P5 —{ & -3
Uﬁ
Up2
+

Hinh 9.33. Mach tao ham bién dbi.
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B¢ khuéch dai thuat todn A, va A, lam vigc véi u, > 0 va A,, A, lAm vigc voi uv' <0.
Ag o6 tac dung d6i v6i |u,| nhé. Ddng dién ra cia cd ba nhinh dugc dua dén mach cong

déo A6 Truéc hét, xét trubng hop u, > 0. Khi u, nhd, tdc u, < | U

= 0, chl cd A lam vigc va do dd

o1 | thl D, ngit, nén

uy=(2q,- Du, , (9.54)

trong dd g, 1a h¢ s6 phan 4p cia chiét 4p p,.

. Vay di¢n 4p ra clia mach:

u . =-10u,-uy =-10(2q4-Du, - u, / (9.55)
Khi u,tangdénu, > {Up, | thi D, thong, do d¢

up=- (uv + Uol) véi Uol <0

uz = (2q2 - l)ul = - (2q2 - 1) (uv + UOl) (9-56)

Theo so dd suy ra:
u,=-10u, - 10u, - u,

(9.57)

Thay (9.54) va (9.55) vao (9.57) tim dugc bi€u thidc dién 4p ra theo dién 4p vao khi

u, >0vau, > |U,| :

u, =-10(2q, - Du, + 10(2g, - D(u, + U,)) - uy (9.58) .
Cing bing céch tuong ty nhu vay,. cd thé xdc dinh dugc quan hé u_ theo u, khi

u, < 0.

u, = -102g, - Du, + 102g4 - 1) (u, + U,y - us (9.59)

Tu céc bigu thic (9.55); (9.58) va (9.59)
v& dugc dic tuyén truydn dat cia mach
tréen hinh 9.34. Ta ¢S nhén xét :

+ C6 thé€ dich chuyén dac tuyén doc
theo truc tung bang cdch thay d6i x4 tic
thay d6i vi trf cia chiét 4p P,

+ Vi tri cia chiét 4p P, va P tdc gid
tri cia U, va U,, xdc dinh toa d§ cic
diém gay A va B doc theo tryc hoanh.

+ D0 d6c cia doan thdng AB phy thudc
vao vj tr{ cia chiét 4p P,, con do d6c cla
doan thdng BC va AD I1An lugt phy thudc
vdo vj tri cia P, va P,

Vay cd th€ tao dugec mot ham tuy y
bang cdch thay d6i vj tri cia cdc chiét 4p
tt P,..P,. Bing cdch ding nhitu nhédnh

Ur
8
D
[/ |
Ja ¢
~los @ J'
! ~Y
D- : /-U, ” ”'
’ |
% |
A

Hinh 9.34. Dic tuy€n truy®n dat cia much 90

ham bi&n dbi.

mach nhu vAy c6 thé€ tao duge cdc doan thidng khdc nhau d€ c6 duge mot dudng dic tinh

hoan chinh.
9.3.5. Mach so sénh tuong ty

Mach so sdnh cé nhiém vy so sdinh mdt dién 4p vao U, v6i mot dién Ap chufn U,.
Trong mach so sdnh, tin hi¢u vao tuong tu s6 duge bién thanh tin hidu ra duéi deng mi
nhi phan, nghia 12 dAu ra hodc & muc thdp (L) ho#ic 3 mic cao (H). VI vy mach so sénh
12 mach néi ghép gita phln ti tuong ty va phan tu sé.



B6 so sdnh tuong tu thuc chét 14 mot bo khuéch dai thuat toan od kit cdu dac bigt dé
dam béao nhitng yéu chu riéng cua qua trinh so sénh. Sy khdc nhau ca ban ctia bé khuéch
dai thuat todn va b6 so sdnh chuyén dung la & chd b so sanh phai ¢3 t8c d& dap dng cao
hon bd khu#ch dai thut todn sao cho thdi gian xdc 1ap va thoi gian hei phuc nhd. Ngoai
ra, khi 1am nhiém vu so sdnh, b® khué&ch dai thut todn lam viéc & trang thai bao hoa, do
vAy mdc ra thdp (L) va mic ra cao (H) cia nd chinh la mdc dugng va miic &nt cia ngudn.
Trong khi 46 mic ra thdp va muc ra cao clia bd so sanh chuyén dung phi hgp véi mdic
logic.

1. Dic tuyén truydn dat tinh cia bd so sanh
Mot b6 so sdnh ly tudng (hinh 9.35a) giita tin hiéu vao va tin hiéu ra c6 cdc quan hé
Up-Uy>0 — U, =Uy
UP'UN<O —_— Ur=UrL
trong dd, U,,, - dién 4p ra dng vai mic cao;
U, - dién ép ra dng v6i mdc thép.
Né&u dién 4p vao hai clta bAng nhau tdc Up = Uy thi dién 4p ra cfia b so sdnh ly tudng

bAng khéng. N€u dién ap vao hai cifa khdc nhau thl bd so sa4nh chuy&n sang lam viéc &
trang thdi bdo hoa va dién 4p ra nhéin céc gid tri bdo hoa duong U, hodc bdo hda am

T7... Dac tuyén truydn dat ly tudng cia né duge bi€u dién trén hinh 9.35b.

Ur
TYA
Uy [—— R way s Py,
Uy~ ’” ol / lgch khing
Uipo— /_—(o/r D .y &'bi —, %4,
) 1, (&s vt Y "
(7 Ul | av
a) b) I~ 5

Hinh 9.35. a) so 40 quy wdc chia b so sanh;
b) dac tuy€n truyén dat Iy wedng c) dic ty€n truyén dat ihuc.

Mach so sanh thyc t& ¢6 hé s6 truyn dat hitu han trong mign khuéch dai va cé dién
4p léch khéng dAu vao cd mV, do d6 dac tuyén truydn dat tinh thuc nhu trén hinh 9.35c¢.
Theo déc tuyén dd, dién 4p ra cia by so sanh bang khéng khi U, = Uy + U,. Do dd khi
cAn so sdnh vdi d6 chinh xdc cao thl phai ¢6 mach bu léch khéng. AU la tham s6 dac trung
cho d6 nhay cia bd so sdnh. Thudng cdc mic ra Uy va U, phu hgp v6i mic logic cia
cdc ho mach sd d€ c6 th€ mic tryc ti€p dAu ra bd so s4nh véi dBu vio cdc mach sé.

2. Dic tinh dfng cita bé so sanh

B9 so sdnh thudng phai thuc hién mét qué trinh so sdnh nhanh sao cho tin hiéu ra
khong cd tré so vdi tin hiéu vao va khi tin hjéu vao bign thién nhanh theo thdi gian thi
bé so sdnh phai chuyén mach du nhanh d€ khéng xay ra hién tuong so sanh sai.

Bo khuéch dai thuat todn khéng ddm bdo dugc yéu cAu nay, vi vay chi dung bd khuéch
dai thuit todn d€ so sdnh khi khong cd v2u cAu t6c d6 so sarh cao ma yéu clu tang do
nhay. (dac tuyén déc ...n) tdc giam AU. 4
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Déac tuyén déng cua mach so sdnh trén hinh
9.36 cho thy néu dua dén dAu vao bd so sdnh

mdt xung don vi thi dién 4p ra bat dAu thay d8i o

trang thai sau mot thoi gian khodng 100ns. Thai

gian nay goi la thoi gian "chét" ¢ . Ngoai ra, thoi 7 g

gian tang va gidm cua dién 4p ra ty 1¢ nghich

v6i bién d6 dién ap vao. Vay r6 rang trang thai Y =200

bao hda cta bd so sdnh 1a cd lgi d6i voi yéu chu ) - -

vé téc d6 so sanh. ' ] . G=2mt
3. Bo so sanh khéng c6 tré _0._{£ﬂ'.,. ‘ t

Trong so db 9.37a, dién dp cln so sdnh va
dién dp chufn U, dugc dua vao hai cida khac
nhau. Viéc so s4nh dién ap trong so db 9.37b  finh 936. Dic tinh dng cia bd so sinh.
duge ti€n hanh nhd dua hai dién 4p vao cing mot cla qua céc dién trd R, R, dé€ tao nén
- cédc dong dién g cita vao. Dién ap vao hiéu bang khong, néu cic dong dién bang nhau va
) c6 ddu ngugc nhau tdc 77 /R, = - Uy /R,. Trong ca hai

v, ————- trudng hgp d8u cé the ..i ché cia vao cho nhau.
g = ’* N ’ 0, Néu d€ y dé:n diefl' ap ’Iech kh6ng diu vao -thl' dién
oy Ap vao tuong uUng véi muc chuyén trang thai cua b
a) so sanh & so db (a) la '
R, Uv = Uch + Uo
Y

va dso dd b) la

Y U, - U, Ugp - U

(o]

=, + = Iy, do d¢
L™ R, R,
b
- Ry R,
Hinh 937. So 4% so sinh khong c6 . Uv = . Ugp + Ug( 1+ = INRy .
2 2 . .

4. B6 so sanh c6 tré

Thong thudng trén dAu vao bd so sanh ngoai dién 4p tin hiéu con cd nhibu, vi vay khi
dién 4p vao cd tri s6 ghn véi tri 86 Ung v6i muc chuyén trr' 3 thai cia bd so sdnh thl dién

Ur
Urn
< - \ ’ M
\\ \ ‘, / (] any
\
\\ . 0 \ Upmnl L
Upinin \ UV
\ . vThde
b\ Y, N
Usr
a) b)

Hinh 9.38. BO so sanh ¢6 tr€ :.
a) so do ddo; b) dic tuy&n truyen dat cia a).
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ap nhiu cé th& lam cho bé so sanh lat trang théi lién tuc, do d6 mdc tin hiéu ra khong
xéc dinh. D& loai tri 4nh hudng clia nhibu, ngudi ta mdc vao bd so sdnh mo6t mach hdi
ti€p duong.

Khi lugng hdi ti&p duong du 16n, sao , cho h¢ 86 khuéch dai vong K, = K K, > 1 thi
mach so sdnh lam viéc nhu mot trigo.

C6 hai so db so sdnh loai nay: so db so sanh ddo (hinh 9.38) va so db so sanh thuan
(hinh 9.39). Trong so dd dao, dién 4p vao duge dat vao clta dao, cdn trong so dd thuan, U,
dat vao cita thuén.

Trong so dd 9.38a hdi tiép duong tit du ra v@ daiu vao dugce thuc hién qua boé phan 4p
R,, R, Khi U, c6 tri 86 &m 16n thl dién épra U, = U = U,,, lic d6 cia vao thuan
cd dién 4p :

U U R (9.60)
pmax — “~rmax Rl + R2 :
Néu tang U, thi lic ddu U, = const, nhung khi U, = Upmax thl b8 so sanh chuyén
trang thdi tt U, sang U_ ., nghia la
i Ur = Urmin = UrL '
Lic nAy dién dp hdi tiép v& clta thuan
Up= U U id (9.61)
P pmin — “rmin Rl + R2

Ti€p tuc tang U, thl dién 4p hidu U, = U, - U, cAng &m, 1am cho tin hi¢u ra giit nguyén
mdc U, (xem hinh 9.38b). O trang théi ndy dién dp dit vao cita thuan Uj cd trj a6 nho,
do dd ne'u gidm U, thl mach khong chuyén trang thdi & Upmax ™A chuyén trang thdi &
U min- Do d6 ta c6 dac tuyén truy2n dat tinh c6 tré trén hinh 9 38b.

Dlen ép vao tr8 U duge xdc dinh bdi (9.62)
Utr = Upmax - Upmin (962)
Thay (9.60) va (9.61) vao (9.62) ta cd

Rl
tr =-———-——Rl n R2 (Urmax - Urmin) Km U rmax " Urmin) (9.63)
Ry B
R ———f o /
—r /
’ / /’\74416
UV —c i 0 h
Ur -
Ymn ! " Uymax Y
| 'y /
a) / ;
&)

Hinh 9.39. B so sénh c6 tré :
a) so d8 thudn; b) dic tuy€n truyEn dat cia a).



Céc dién dp nhiéu cd bién dd nhdé hon dién 4p tré, khong cé kha nang lam cho bo so
sanh lat trang thai. ‘
Dién 4p tré phai chon du 16n ddm bao didu kién

Kv=Ktho> 1

d€ mach cé thé€ 1at trang thdi dugc. Lic nay mach s& ty dao dong, sau khi 1at trang thai
nd chuyén sang lam viéc & ch& d6 bao hoa. '

Véi s0 db so sanh thuan (hinh 9.39a), n6u U, > 0 thi U, = U, = U, khi giam U,
dién 4p ra git nguyén gid trj ndy cho d&én khi U, = 0 (vi clia ddo ndi dat) tic

Up = Uy — — U, — 2
R, + R, R, + R,

Tit d6 suy ra dién dp vao Ung véi sy 14t trang thai tit mdc cao sang muc thép :

R
Uit = Uvpin = - Uppax L (9.64)
R,
Néu tiép tuc giam U, thl U, = U, = U, giit nguyén khong d8i.
U
| Uy
Uy r [

N \ VR
/ /1

a)

Al R "y —

UVI"J//?

Hinh 9.40. Minh hoa ng dung cia bd so sanh c6 tré : ,
a) dd thi thi gian cia dién ap vao va dién 4p ra trong bd so sdnh c6 tré méc theo so db dao;
b) dD thi thori gian cia dién 4p vdo va dién 4p ra trong bd so sdnh ¢6 tré méc theo so db thuén.
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Ngugc lai, néu tang U, thi lic ddu U, = Uy, = const, lic nay
R, R,
Up = U, + U, (9.65)
P amin Rl+R2 VR1+R2
Néu tang U, sao cho Up = 0 thi mach lai chuyén trang thai.
Cho (9.65) bing khong, suy ra

R,
Up = Uppax = - E;Urmin (9.66)

chinh 1a dién dp vao Wng véi sy chuyén trang thdi ciia bo so sdnh ti muc thdp lén mic cao
(xem hinh 9.39b).

Cac mach so sdanh cd tré trén dAy thudng duge ding d€ bign d6i dien 4p vao
hinh sin thanh dién dp ra dang xung cd bién d6 x4dc dinh. Hinh 940 minh hoa tdng
dung dd.

9.3.6. Mach khéa va mach Iy méu

Mach khéa nhidm tao ra dién dp U, = O hoac U, = U, tuy thudc vao dién ap
diéu khi€n. Mach 14y méu cing lam viéc 'tuong ty nhu vAy. Tuy nhién trong mach
14y méAu dién Ap didu khi€n quyét dinh chu ky lfy méw va dién 4p ra ludn ludn

bing dién 4p vao. Sau thdi gian ldy miu dién 4p ra gild ‘nguyén gid tri cho dén thui
diém ldy méu tiép theo.

9.3.6.1. Mach khéa don

\ 4 Ur
gidn ‘ o— q'zh—o
Nhu trong chuong 1 da néu, R, _ R . :

_ transistor trudng rdat thich hogp

.|

. . U
trong dng dung lam dién trd diéu % D,
khién. Dua vao tinh ch4t nay, c6
thé dung transistor trudng trong Hinh 9.41. Mach khéa don gian ding khuéch dai thuat
mach khda. Hinh 941 minh hoa todn mic theo sd dé thuin.

tng dung dé. O day dién trd R
va transistor trudng tao thanh mot mach phAn dp cd hé s8 phan ap phu thuﬁc vao
dién 4p diéu khi€n Ug,. Khi Uy > 0 thi D; ngét, do d6 Ugg = O (théng qua R))
vi transistor trudng din.

Néu chon R >> rygy, thi Ry

dién ap ra u, = u,.

R
B khuéch dai lap tao ra ot — [ 4
0, v

Ur
..-—o

sy ngan cdch v6i tdi do dd

giam dugc &nh hudng cta X

tdi dén mach khda. Ngugc o—G— —1—

lai, néu di¢n 4p diéu khi€n

Uy 44 am thi D; thong va

Fet ngit, do d6 U, = 0, né&u

dam béo dugc diéu kién R

<< TIgsmaxr TOm lai mach

phai théa man didu kién (9.67):
Pismin << B << IFgomax 9.67)

Ciing co th& aung mach khda trén hinh 9.42. Néu dién 4p diéu khi€n Uy, = O thi Fet
dn va ta c6

>

Hinh 9.42. Mach khoa tudng ty dio.
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thé dung mach kbca trén hinh 9.42. Néu dién ap diéu khién Uy, = O thi Fet dan va ta cd
— R, R,
Ur = R+ P dsmin U, = “'—RTUV khi Tdsmin >> R

Trong truéng hop nay, dién 4p trén D, va D, nho dén mdc, ching khéng anh
hudng gi d&n tinh chdt khuéch dai cua. mach. Ngugce lai, khi dién 4p diéu khién Uy,
< U, (dién ap thit caa Fet) thi Fet ngit. Lic d6 néu ryp, >> R, thi U = 0.
Trong trudng hop nay, D, va D; lam nhiém vu han ch€ dién 4p trén Fét & miic
0,6 V. Vi vy mach nay cho phép lam viéc voi dién dp vao lon tuy y.

9.3.5.2. Mach khéa hai cyc tinh

Trong nhiéu trudng hgp
cling cdn dé€n cdc mach khda
chuyén mach gitta hai mic
di¢n 4p U, = + U,. Hinh 943
biéu dién mot mach khda nhu
vay.

Trén so d6 nay, néu Fet dén
thi mach tuong duong véi mot
b6 khuéch dai dao, do dd

U = -0,

Néu Fet ngit thi dién 4p
trén cta thuan cua khuéch dai
thuat todn Up = U, va duong Hinh 9.43. Mach khoa hai cyc tinh.
nhién ta cling c6 Uy = U, do
dd dong qua R, : Iz, = 0 va dién 4p ra U, = U,. Ciing nhu d8i vdi cac mach khda da miéu
ta trén mach dién nay lam viéc binh thudng khi thda man diéu kién sau day :
<< R << rgamax -

¥ dsmin
9.3.6.3. Mach ldy méu

Hirh 9.44 biu dién mét %
mach ldy méu. . _L
Trong so d6 nay, khi Fet R, '
dan (U4, > 0) thi tu C nap dén I

x4p xi bdng U, v6i hing g8 thai
gian nap : Y%
t = (Rn + rdsmin) c

Trong dé R, la dién tré
trong ctia ngudn tin hiéu. D€
giam thdi gian nap, cn chon
ngudn tin hiéu cé R, nhé va chon Fet ¢é ry, nhé déng thai chon C nhé.

Khi Fet ngit, cdn giit cho dién dp ra khong thay d6i (diéu kién ctia mach ly méiu). Tuy
nhién, trong thuc t€ tu C vin phdng qua dong dién ngugc ciia Fet vA qua dong vao cia
khuéch dai thuat todn I,. Vi dong dién ngugc cia Fet rét bé, cd thé bd qua duge, nén ta cd
bi€u thic bidu dién si gidm dp trén C bing bi€u thic sau :

Hinh 9.44. Mach ldy miu.

du, I,
dt ~ C
du,
R6 rang thev bifu thic nay, C cang l6n thi mic d9 thay d6i cua U, : T cang bé. Vay

phai chon gi4 tri ciia C hop iy d€ vita ddm bao thdi gian nap du l6n viua dam bao mice 4o
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dau,

" bién thién —; du nhd.

y S ‘Lq’>J 4
s r
1[’ + °
27 ¥s
g
o—+F

A
Y%
Hinh 9.45. Mach 1y miu 46i véi tin hi¢u vio 16n.

Trudng hgp tin hi¢u vao 16n, thudng dung so d6 16y mau trén hinh 9.45.
So d6 ndy dya trén so d6 9.42. Néu Fet dén thl C nap dén gis tri
R

U, = -5 0,
Né&u Fet nght thi dién dp ra gilt nguyén khong ddi. HAng s6 thdi gian nap cla C la

T = (R + rgmin) C.
So v8i trong sc d6 9.44 thi & da,y 16n hon, vi § day khong thé gidm R, xuéng qué nhd

nhu R, trong sc d6 9.44.



CHUONG 10
CAC MACH TAO DAO DONG

10.1. Céc van dé chung vé tao dao ddng

Mach dao dong cd thé tao ra dao dong c6 dang khac nhau nhu dao dong hinh sin (dao
dong didu hoa), tao xung chir nhat, tao xung tam gidc, xung rang cua hoidc tao tiing xung
riéng biét. Trong chuong nay chi xét cdc mach tao dao dong didu hoéa; cic mach tao dao
dong xung dugc xét dén trong gido trinh "ky thuat xung". Cdc mach tao duo ddng didu hoa
thudng duge dung trong céic he théng thong tin, trong cic may do, may kiém tra, trong cac
thiét bi y té&, v.v...

Céc mach tao duo déng didu hoa cd thé€ lam viéc trong dai tan tu vai Hz cho dén hang
nghin MHz. D€ tac dao ddng cd th€ dung cac phan td tich cue nhu dén dién td, tranzistor
ludng cuc, Fet, mach khué’ch dai thuat todn hodc cdc phan ti dac biét nhu diot Tunel, diot
Gunn.

Céc dén dién ti dude dung khi yéu cau cdng suit ra 16n. Mach tao dao déng dung dén
dién ti co th€ 1Am viéc tir pham vi tAn s6 thdp sang pham vi tin s§ rit cao.

O tan s6 thdp va trung binh thudng dung mach khuéch dai thuat toan d€ tao dao
dong, codn § tAn s8 cao thi dung tranzistor ludng cuc hoac Fet, trong pham vi tin s6 MHz
ho#c cao hon thi dung tranzitor, Fet ho#c cdc loai diot dic biét d4 néu & trén.

Can luu y rdng, khi dung mach khuéch dai thuat toian d¢€ tao dao dong thi khong cin
dung cdc mach bi tAn 88, vi mach bu tAn s8 lam gidm dai tAn cong tic cha bo tao dao dong.

Céc tham s8 co ban cla mach tao dao dong gdm tAn s@ ra, bién d6 dién 4p ra, d6 6n
dinh t3n s6 (nAm trong khoang 102 dén 10°%), céng sudt ra va hiéu sudt. Tay thudc vao
muyc dich sit dung, khi thiét k& cd thé dac biét quan tAm dén mdot vai tham s6 nao dd hoac
ha thép yéu chu dé&i v6i tham s8 khéc, nghia la tuy thudc yéu cBu sit dung ma cAn nhéc va
x4c dinh cdc tham s6 moét cdch hgp 1i.

Cd thé€ tao dao dong ditu hoa theo hai nguyén tic co ban sau day:

— Tao dao ddng bing hdi ti¢p duong;

~— Tao dao dong bing phuong phap téng hgp mach.

O day ta chi nghién citu céc mach tao dao dong theo nguyén tAc hdi ti€p duong.

10.2. Diéu kién dao ddng va dic diém cua mach tao dao ddng

D& xét nguyén ly lam viéc cda mach tao dao déng dung so dd khé&i hinh 10.1, trong
d6 (1) 12 kh6i khuéch dai c6 hé s6 khuéch dai K = k.¢%k va (2) 1a khéi hdi tiép cé ha s6
truy®n dat R—ht; K, &P, Neu dat vao diu vao tin hiéu X—V va gia thi&t KK, m=‘l thi X ¢ =fv
W%, = RE,%, S
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Vay tin hiéu vao cia mach khuéch dai X,

va tin hiéu ra cia mach hditiép X’ bang nhauca ol . X%
ve bién d8 va pha nén cd th& nbi cac dau a va - , : K T —°
a’ véi nhau ma tin hiéu ra vin khong thay ddi. a
Lic nay ta cd so db khéi cia mach tao X3
dao dong lam viéc theo nguyén tac hdi ti&p. _ —(2)
R6 rang, trong so dd nay, chi cd dao . Kht
dong ma tAn s8 cia nd thoéa man didu kién
(10.1): Hinh 10.1. So 45 khdi mach tao dao dong thoo nguyén
L tic hdi tép.
KK, =1 : (10.1)

ViK va R.m deu la nhitng s6 phdc, nén (10.1) cé thé viét lai nhu sau:
) Efm ~ KK, e J®Px+Pr). =1, (10.2)
trong dd,
. K — modyn hé s8 khué&ch dai;
K;, — modyn hé s hdi tiép;
¢y — gé= di pha cia bg khuéch dai;
¢y — &dc di pha cia mach hdi tiép.
Co thé tach biéu thic (10.2) thanh hai bléu thic: mot bi€u thlIc viét theo modyn
(10.3a) va mét bi€u thic viét theo pha (10. 3b):

KK, =1 : . | (10.3a)

P = ¢t oy =210 véin =0, £1, £2, .. (10.3b)

¢- tdng dich pha cua by khuéch dai va cia mach hdl ti&p, bi€u thi sy dich pha giita
tin hiéu ra mach hbdi tiép X’ va tin hiéu vao ban dau X,

Quan hé (10.3a) dugc goi 1a ditu kién cén
bing bién d6. Nd cho th&y: mach chi ¢ thé dao
dong khi hé s8 khu&ch dai cia b khué&ch dai ¢d
thé bu dugc t8n hao do mach hbdi tiép gay ra. Con
digdu kién can bang pha (10.3®) cho th4y dao
dong chi cc thé phét sinh khi tin hiéu hdi ti&p ve
dong pha véi tin hiéu vao.

Dé& minh hoa ta xét mach tao dao dong
trén hinh 10.2.

B% khuéch dai dung khuéch dai thuit todn
mac theo so dd thuan cd hé s6 khuéch dai:

Hinh 102. Vi du vE& mach tao dao ddng theo
nguyén tic hoi tiép.

R K* - DR
_1+_2=1+ (___.____)._1=
Rl Rl

Vi tré khdang ra cia bd khuéch dai nhd, nén trong mach ra méc thém dién tro R d&
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gidm anh hudng cua trd khdng ra dén trd khang cia khung céng hudng LC.
Dién ap hoi tiép vé bd khuéch dai:

M ‘
up = =y = Kyl (10.4)

M — hé s h8 cAm cia cdc cudn day;
L — dién cam cta khung dao dong.
Dién 4p ra b khuéch dai:

u =Kuy, (10.5)
Dé€ x4c dinh dién 4p ra, viét phuong trinh dong dién nut 1:

e Z U S L i de=0 (10.6)
-C — -— U = .
R de Lt ,

\
Thay (10.4) va (10.5) vao (10.6) va bi&n d6i, ta duge (10.7).

d*u, 1-K.K* du, 1
= + + u, =0 10.7
dee RC ~ dt LC
D€ don gian, dat
1- KKy,
a=——;
2RC
1
w2 = —
° LC
Do d6 (10.7) duge viét lai nhu sau:
d%u, du, |
+ + wz u. =0 . (10.8)
dt* dt o
Nghiém cua phuong trinh vi phan (10.8) la
u =u e Pooswl —a® ¢ (10.9)

Ta phan biét ba trudng hop:

1) @ > 0, nghla 1a K'K,, < 1, bién d6 dién 4p ra suy gidm din theo ham s§ md. Dao
dOng tat dan. ]

2) a =0, nghla laK'K, =1, dién ép rala dién dp hinhsincéthns6 o, = Vic va
bién d6 khéng déi.

3) a < 0, nghia 1a K°K;, > 0; bién d¢ dién 4p ting theo ham s6 ma.

T céc truting hgp trén day, cé thé rit ra két luan: d€ c6 dao dong thi khi méi déng
mach KK, phai l6n hon 1 lam cho bién d¢ dao dong tang din cho dén khi by khué&ch dai
~ chuyén sang lam viéc d trang théi bio hoa, hé s6 khuéch dai gidm dAn sao cho KK, = 1.
Lic nay cd dao dfng ra, nhung khong phai hinh sin. D€ ¢d dao dong didu hoa hinh sin cin
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phai di2u chinh hé s khuéch dai sao cho KK, = 1 va x4c 14p tai dd trude khi b khuéch
dai chuyén sang lam vii~ § trang thai bdo hoa.

Tit sy phan tich trén, ta rit ra cdc dac di€m co ban sau ddy cia mot mach tao dao
dong:

— Mach tao dao dong ciing 12 mét mach khué&ch dai, nhung 12 mach khué&ch dai tu
dizdu khi€n bang hdi ti&p duong tir dAu ra vé dAu vao. Nang lugng tu dao dong 14y tif ngudn
cung cAp mét chidu. ’

— Muén cd dao dong, mach phai cd k&t cfu théa man didu kién can bang bién d6
(10.3a) va caAn bing pha (10.3b).

— Mach phai chita {t nhdt mét phin t tich cuc laAm nhiém vu bi&n d6i niang lugng
mot chidu thanh xoay chidu.

— Mach phai chita m6t ph2n ti phi tuyén hay myt khau di2u chinh d€ dam bao cho
bién d6 dao dong khong d8i & trang thai xdc lap (KK, = D).

10.3. On dinh bién dé dao dong va tan sd dao dong

10.3.1. On dinh bién dd dao ddng

Khi m6i déng mach, n&u didu kién cAn badng pha (10.3b) dugc théa man tai mét tAn
s6 nao do, ddng thoi KK, > 1 thi trong.mach phéat sinh dao dong & t&n s6 d6. Ta ndi mach
g trang théi qu4 do. o trang thai xdc 1ap, bién do dao dong khong d6i ing voi KK, = 1.

Dé dam bao 8n dinh bién d9 4 trang thai x4c 1ap, cd thé thuc hién cac bién phép sau:

— Han ché& bién d6 dién 4p ra bdng cAch chon tri s6 dién 4p ngudn cung cip mot
chigu thich hgp. Biét rAng bién d¢ dién ap xoay chi®u cyc dai trén dau ra mach khuéch dai
luén ludn nhé hon gi4 tri dign 4p cung cp mt chidu cho phin ti khuéch dai ddé.

— Dich chuyé&n diém lam viéc trén dic tuyé&n phi tuyén caa phan ti tich cuc nhd thay
d8i dién 4p phan cuc dit 1én cuc didu khién cia phan ti khuéch dai.

— Dung mach hdi tiép phi tuy&n hoac dung phln ti hiéu chinh, vi du dién trd nhiét,
dién trd théng caa diot.

Tuy thudc vao mach dién cu thé cd th€ 4p dung mot trong nhitng bién phap trén. Khi
xét dén mach cu thé, ta sé quan sdt ky hon van d& nay.

10.3.2. On dinh t&n s& dao ddng

Vén d& 8n dinh tin s8 dao dong lién quan chat ché& d&n di2u kién can bing pha. Khi
dich pha giita dién 4p hdi ti€p dua v& va dién 4p ban dAu thay d6i, s& din dén sy thay ddi
tin sd dao dong.

Trong didu kién (10.3b), chon = 0, ta cé:

p=¢ +tep, =0 (10.10)

Néi chung géc pha ¢, va ¢, phu thufc vao tham s8 cdc phln ti cia mach va phu
thu6c tAn s6. Do 'dd cd thé viét lai didu kién (10.10) mét cdch +6ng quat nhu sau:

(pk(m, w) + goht(n, w) =0, (10.11)

trong d6, m va n dic trung cho tham s8 cia cdc phan ti trong mach khuéch dai va trong
mach hbdi tiép.
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Vi phan toan phan (10.11) va bién d8i, ta nhan dugce bigu thic (10.12)

dyp P
—X dm + —2an
am on
do = — 3 p (10.12)
14 P
k L _'ht

ow ow

Tu (10.12) suy ra céc bién phidp nhdm nang cac dé 8n dinh tin s6 clia mach tao dao
dong:

1. Thyc hién cdc bién phdp nhim gidm sy thay d8i tham s§ dm cia mach khué&ch dai
va dn ctia mach hbdi ti€p bAng céch:

— Dung ngudn 6n 4p;

— Dung cdc phin ti cd hé s8 nhiét d6 nhd;

— Gidm anh hudng cua tai dén mach tao dao d¢ng bing cdch méic thém tAng dém &
dAu ra tAng tao dao ddng;

— Dung céc linh kién cd6 sai s§ nhd;

— Dung cdc phin ti 8n nhiét.

2. Thyc hién cdc bién phdp nhdm gidm t6c d¢ thay d6i gic pha theo tham s6 cua

Op  Opp :
mach, nghia 13 giAm o va e bang cdch chon mech taé dao dong thich hgp (ba di€m

dién cAm, ba diém di¢n dung, hoac ghép bi&n ép,..;).
3. Thyc hién céc bi¢n phap lam tang téc 40 bi€n dbi cia caAc géc pha theo tan s6, tic
6¢k a(Ph

tang 5 va —3(7‘ xung q¥anh tAn 8§ dao dong. Cy thé€ la sit dung cdc phan ti cé ph&m

d
ch4t cao (vi du dung mach cOng hudng thach anh), vi '6':";' |

phan ti tich cyc cd he s6 khuéch dai 16n.
Thong thudng, n&u khong dung céc bién phap 6n dinh dac bigt thl 40 én dinh tAn s8

o=we S 2Q/w0 va dung

;,ﬁ clia cic bo tao dao dong didu hoda cd th& dat dugc trong khodng 102... 103, Khi dung
A .

céc bién phap trén day cé thé tang do n dinh t6i 10" hoac cao hon, trong trudng hgp dung
thach anh cd th€ dat dugc 91 ~10°... 108

o

10.4. Phuong phap tinh toan mach tao dao dong

C6 nhi®u phuong phdp d€ tinh todn mach tao dao dong. O day ta chi xét phuong
phédp thong dung nh4t, dd 1a tinh todn mach tao dao dng theo phuong phap bd khuéch dai
c6 hdi tiép. Noi dung cia phuong phdp nay xuét phat tit di2u kién cAn bing bién d¢ (10.3a).
Didu kién can bing pha (10.3b) khéng cAn quan tAm dén, vi didu kién nay d4 dugc két clu
ciia mach dadm nhiém. Khi tinh todn phdi cin cd vas mach dién cu thé d€ xac dinh hé s8
khuéch dai K va h¢ s8 hdi tiép K, rdi budc tich cia ching bdng 1, tif d6 suy ra cdc thong
36 cAn thiét cua mach. '

D& minh hoa, ta tinh thi vi du sau.

D
€2
=



Vi du: Tinh digu kién tu dao dong
cia mach ba difm dién dung (mach
Colpits) dung tranzistor trén hinh 10.3. R, £

Gidi. Trubc hét chdp nhan mach ba J_ ¢
di€m dién dung da théa man didu kién Ct r{E L
cin bing pha (xem 10.5.3.3), ta tinh didu
kién cAn bang bién do cia mach:

Buéc 1. Tinh hé s6 khué&ch dai K:

Theo 4.2.2.1, hé s68 khuéch dai clua
mach emito chung

+Uee Le

Hinh 10.3. Mach tao dao dgng ba diém dién dung
Gid thi€: R // R, >>h

K~ - Sz.=— T2,
e== % (10.13)

Trong mach dién trén, trd khang giita colecto va dft Z_ 1a mot phin trd khang cua
khung cong hudng, né dugc xdc dinh nhu sau:

Zc = P2 th // vaa ( 1014)
trong dd, — P 1a hé s6 ghép cia tranzistor vdi khung cdng hudng

U - CC C

p=—CF- 12 . 2. (10.15)

Uy € +CYC C+Cy
— R4 12 tr& khéng cia khung cOng hudng tai tAn s8 cOng huf;ng,
K L (10.16)
m, T cr '

L — dién cAm cta khung cong hudng;
C - dién dung cta khung cong hixbng;
r — dién trd tén hao cua khung céng hudng.
- Z o 12 trd khdng vao phan anh sang nhénh colecto-emito, néu g:é thiét R, // Ry, >> h;
ZV h 11

ta co: Z, .= = — (10.17)
: vpa n2 nZ

n — hé s6 phan anh

U C
n = —bBE  _ 1 (10.18)
Ucg C,
Thay (10.14), (10.15) va (10.17) vao (10.13)‘xéc dinh dugc
R4 k1,
hyy A +n)?  n?
K=- — - ' (10.19)
hy Ry hyy
1+ n.)2 n?

Bude 2. Xac dmh hé s8 hdi ti&p:
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Ky=—— == — =-n (10.20)

Buéc 3. Tinh tich KK,

Rg hyy
KK, =n— > (10.21)
n‘Ryy + hy (1 + n?
Buoc 4. Xac dinh didu kién dao dong cua mach:
KK, 21 (10.22)
Thay (10.21) vao (10.22) va bién déi, tim dugc:
R h '
A+n2+p2— - 2 Rgin =0 (10.23)
ki hy

Trong bi€u thic (10.23), ddu "=" dng véi trudng hop dao déng x4c lap, cdon ddu "<"
ing v4i trudng hgp qua d6 lic mdi déng mach.

Bang cach d3 cd thé tinh didu kién tu dao déng cho cdc mach khac nhau.
Budce 5. Xac dinh hé s6 hdi ti€p cin thigt d€ mach tu dao dong dugc:
Thudng n << 1, nén (10.23) duge viét gian dung:

R hy

n2—Y _p 2L Ry+1=0 (10.24)

hy hy oo

Giai (10.24) theo n, ta nhan dugc
hy hyy hyy

S + \ /2 u (10.25)
) 2 R,

Dao ham (10.24) va xét d4u, ta thdy (10.24) < 0 khi _
n,<ns<n; (10.26)

Vay néu hé s6 hbdi ti€p n théa man (10.26) thi trong mach cd dao déng. Mach c6 dao
dong hinh sin (4 trang thai x4c lap) tai n; hoic n,.

Buoc 6. Xac dinh tri s8 cdc linh kién méc trong mach qua hé s6 hdi ti€p n theo
(10.18) va qua tan s6 dao ddng ctia mach:

1
faa =Fan = G.C,
2t \/[L —=—
Cl + C2

10.5. Mach dién cac bd tao dao dony LC

(10.27)

10.5.1. V&n d@ &n djnh bién dd trong cac bd tao dao ddng LC
1. Ché d¢ dao dong mém va dao dong cung. D€ 8n dinh bién d6 trong céc bd
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tao dao dong LC thudng dung phuong phép di chuy&n di€m lam viéc cia phin ti tich cye,
dién trd R trén hinh 10.3 lam nhiém vy dd. Khi mdi déng mach, dinh thién cho mat ghép
‘baza — emito dugc thuc hién nh& mach phan 4p R,, R,. Khi dd mach lam viéc v6i gdc cit
6 = 180° tuong Ung cd ch& d6 dao dong mdm. HE din cla tranzistor tai di€m lam viéc ban
dau kh4 16n, do d6 KK,, > 1. Trong qu4 trinh qu4 d9, bién d¢ dao ddng ting din lam cho
ha 4p trén Ry tang, din dé&n dinh thién cho mat ghép bazo—emito giam, mach chuy&n dan
sang ché& do C, itng véi gdc cht & < 90° tuong dng cd ché d¢ dao dong cing. Ddng thoi hé
din trung binh gidm lam cho hé s6 khué&ch dai K gidm va tich KK, tién t6i bing 1 & ch&
do x4c Jap. Trong so dd nay ta da dung hdi ti€p Am mot chidu d€ djch chuyén di€m lam viée
tir khu vic cd h8 din 16n sang khu vuc c¢é hén din bé hon d€ cho khi méi déng mach, mach
dé dao dong va sau dé mach dao dong 6n dinh (KK, = 1) 8 trang th4i xdc lap.

' Ciing cd th€ dich chuyén di§m 1am viéc blng cdch thay dSi dinh thién ty cdp trén
dién trd Ry cia mach bazo trén hinh 10.4 theo nguyén tdc nhu d6i v6i R trén hinh 10.3.

2. Hi¢n tugng dao dong ngat quang. Né&u chon R Cp (hinh 10.3) hogc RBC (hlnh

10.4) qu4 16n thl ngay khi mach dang & trang thdi qua
do, dién dp bazo—emito da qud Am lam cho tranzistor
ngit va mAt dao dong. Sau d6 C; phong dién qua R, M
dién 4p bazo—emito b4t Am dan. Sau mot thdi gian
nao dé mach dao dong trd lai. Qu4 trinh dd6 lap di lap
lai vA trong mach cG dao dong ngit quang. Nguge lai,
né&u chon R Cg (RgCp) qué nhé thi mach cd dao dong
v6i bien do tang dAn (KK,, > 1). Vi vay cin chon trj + Uge
86 RpCr (RgCp) hop ly d€ trong mach ludn ludn cd

dao dong va mach lam viéc & trang thdi xéc 14p khi H inh 104. Mach (3o dao ddng dinh thién
KK, = ty c8p RyCp.
=

Rg

Ifa

10.5.2. Mach tao dao ddng ghép bién &p

Mach tao dao ddng ghép bi€n dp cOng hudng colecto dugce bi€u dién trén hinh 10.5.

Truéc hét ta xét ditu kién cAn bdng pha cia mgch. Gia s’ dién 4p tin hidu dat vao
bazo tai mot thi di€m nao dd 1a ﬁB’ dién 4p trén colecto ﬁcf_d\wc xdc dinh theo (10.28):

U= -SZ Uy : (10.28)
Dién 4p nay tao nén trong cudn cidm colecto dong dién 7, : -

_ Sz .U

L= S =- <8 (10.29)
JoL JwL

Dong 71'_ cAm dng sang cudn thd cAp dién 4p hdi ti&p

Uy, =Ug=1IjoM
joM M ' '

=~ —SZ, UB = - —8Z UB ’ . (10.30)
joL L

trong dd, M 1a hé s8 hd cam.

. 7w,



D& théa man didu kién pha (10.3b), di¢n &p hdi tigp Um phdi ddag pha véi dien &p

ban dau U Trong (10.30): S, Z, L d®u duong, vAy M phai am d€ Um va U ®dng pha
T6m lai, dléu Xkién cAn bAng pha dugc thda man khi

M<0 (10.31)
M, . >
I .
C - U —
ILl ¥ JUM B Ut
I (s |
} @I
o | " b)
Hinh 10.5. Mach tao dao dong ghép bin 4p

a) dung tranzistor lwdmg cye;  b) dung tranzistor mro'ng (Fer) . .

D€ cd hd cAm Am phai qu&n cuén so cp va thyd cdp cua bi&n 4p hdi ti&p ngugce chidu
D4u "*" trén hinh 10.5 ddnh dfu cdc dAu cta bién 4p.

D& xét didu kién bién d¢ (10.3a), tinh K va K|,

K=-SZ_, (10.32)
11 n? 1
treng ddg, = + + (10.33)
Z, R, Pite Z, '
; h
" (10.34)
hlle ,
Uy M
Ky=- —=- —=-n (10.35)
U, L
Lap tich
KK, 21 (10.36)
Thay (10.32)... (10.35) vao (10.36), nhén dugc
h
n2 = nhy), + —Z”" <0, (10.37)
trongds,Z =R, // Z

Cho v& trai cta (10.37) bang khéng va giai ra, ta ¢

h Bore.,” h
nyy= ;le + \/( Zle)z_ lle

(10.38)
2 z .
Biéu thdc (10.38) gidng (10.25), do d6 moi k& ludn da xét ddi véi (10.25) ddu ding
cho trudng hgp nay.
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C6 thé bigu didn hé s6 hdi tiép n theo tai chugn nhu trén hinh 10.6. Theo d6, Ung v6i
mbi tai, c6 thé x4c dinh dugc mot he s6 hdi tiép thich hgp d€ mach dao déng duge.

|

ny

/ Khu b doo dpng

Hinh 10.6. Dic tuy&n biey dién hé s hoi ti€p theo tai chulin.

- §
Ce
= Z /b1t ~tUce

Hinh 10.7. Mach 130 dao ddng méc theo
s dd bazo chung. Gid thi€t Rp>>h

Dé taé dao dong cd tin s6 cao, duing so dd bazo chung trén hinh 10.7. Trong so d®
bazo chung, dién d4p vao va ra cung pha, nén mach thda man digu kién can bing pha 'khi__
M>0. Ditu kién bién do cing gi6ng so dd emito chung, néu thay h,,, b bdi k), va by,

10.5.3. Céc loai mach ba diém

10.5.3.1. Nguyén tdc thiét lgp mach ba diém. Cic mach tao dao déng LC ndi chung
- d8u cd th€ dua vé mot k&t cAu chung theo hinh 10.8a. Trong dd A, 1a mét bs khuéch dai

b4t ky (tranzistor, Fet, khuéch dai thuat todn,..

.) B0 khuéch dai nay cé th€ bi€u dién theo

so dd tuong duong 10.8b, trong dé U, 1a dién &p vao, K, 1a he s6 khuéch dai khéng tai, r
d 1 r

la dién tré ra cta bo khuéch dai.
Theo hinh 10.8, ta tinh duge:

— Z1
Hé 6 hoi tigp: K, =———
Z +Zy

Heé s6 khuéch dai khi cd tai cia mach:

- U, Z,
- ﬁd - : ret 'Zt

(10.39)

(10.40)

(10.41)

Lap tich KK, va thay (10.39)... (10.41) vao, ta c6:

22,

I?I?m = _Kl

(10.42)

Gia thiét cdc trd khang Z, Z,, Z, thulin khang:

Z, =jX; Zy=jX, v& Z;=jX,

Thay vao (10.42), lic dé
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XX
KK, = —-K, =2 (10.43)
rX, + X, + Xy) + XX, + X;) |

Khung dao dgng gdm céc phan ti X, X, va X,
Thudng tin s6 dao dong ghn bang tAn s6 cOng hudng riéng cta khung, nén tai tin s

] - C r
Uy | A1 2 2y ¢
+
Z3 z2 Ky Ud
—— B
E -
b)
Hinh 10.8. a) S db tdng quét mach tao dao ddng ba diém;
b) So db twong duong cia A, trong a)
dao déng P .
4 = |
X tX+Xy=0 ™ (10.44)
KK, VHK X (10.45)
mTOTU X+ X, '
Tt (10.44) suy ra
X +Xy=-X,
do d6 (10.45) viét lai la
‘ x J
KK = K| — (10.46)

2

Theo digu kién cAn bing pha, d€ cd hdi tiép duong,téng di pha do mach khué&ch dai
va mach hdi ti€p gy nén phai béng khong tic KK, > 0, do dd tu (10.46) suy ra X| X, > 0
va X; tral ddu véi X, va X,. Tt d6 ta suy ra hai loai mach ba diém:

1. Mach ba di€m dién cAm:
X,X,>0vaXx;<0 ' ' (10.47)

2. Mach ba diém dién dung:
X,X,<0vazx;>0. (10.48)

10.5.3.2. Mach ba diém dién cdm (mach Hartley). Nhu da phan tich trong 10.5. 3.2,
mach dién trén hinh 10.9a va 10.9b théa man digu kién (10.47) nghia 1a théa man didu
kién cAn bing pha vi

9
W
-



a) b)
ITinh 109. Mach 120 dao d0ng ba &em dién cam: .
a) so d0 emito chung;  b) sor G bazo chung.

Do d6 ta chi con cAn quan tAm dén didu kién bien 9. Ta tinh duge cho mach 10.9a:

U, L
K ,=- —2=- =2 =_p (10.49)
UC Ll
h h

1le

trong dé p 1a he sd-ghép gida tranzistor v mach

U, L
p= —E = ' (10.51)
Ueg L+l

Thay (10.49)... (10.51) vao (10.3a):
(1 + n)*h,,, + n’Ryy — nR 4y, < 0 (10.52)

(10.52) hoan toan trung hgp véi (10.23), nén cdch 14p luln va cdc két qua (10.24),
(10.25) va (10.26) deu ding cho trudng hgp nay.
T4an s6 dao ddng cia mach duge xdc dinh theo (10.53):

1
20V (L, + L,)C

faa =fen = (10.53)

Trudng hdp ding mach bazo chung hinh 10.9b d€ tao dao dong tAn s8 cao, cing cho
cAc k&t qua nhu vy, nhung trong cdc bi€u thic trén phai thay A, va hye b8 Ay vA By
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va K, va p dugc xéc dinh I&n lugt theo (10.54) va (10.55)
_Use _ L, _ n
p=1 (10.55)

(10.54)

10.5.3.3. Mach ba diém dién dung (Colpits). Mach ba di€m di¢n dung méc theo so
dd emito da dugc xét trong vi dy & ti€t 10.4. Xét thém didu kién can bidng pha cia so
dd 10.3:

1
X1=XBE='- —_— <0
2
X, =Xcp =~ <0
2 CE wCl

VAay, xét v& pha mach thda man didu kién (10.48). Ta xét thém mach ba dién dung
méc theo sa dd bazo trén hinh 10.10.
V6i sa dd nay
Ugge C,

Ug € +6 :

va p=1

10.5.3.4. Mach Clapp. Mach Clapp
(hinh 10.10) 12 mét bién dang cua mach ba
diém diMung. o} day nhanh di¢n cAm trong
sg dd 10.3 dudgc thay bdi mot mach céng
hudng gdm L va C néi ti€p ma trj s6 clia
ching dugc chon sao cho mach ¢6 trd khdng
tuong duong véi mot dign cAm tai f = f,,

1
nghia la w L > — .
dd wddc
He¢ s6 ghép gilta tranzistor va khung
cdng hudng dugc xac dinh nhu sau:

c
p= Uce _ Cu (10.57) Hinht 10.10. Mach tao dao dong theo sor 0 Qlapp.
Uld Cl
1 1 1 1
trongdd, — = — +— + —
Ca ©C G C
Thudng chon C << C}, C,,dodd  C=Cp - (10.58)

Bi€u thudc (10.57) dugc vigt ghn ding:
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c .
= — <<1 - 10.59
p c, ( )

Nghia 12 khung cong hudng ghép rat 1dng véi phln t& tich cyc nhdm giam anh hudng
cua cdc dién dung phan b6 cta phin td tich cuc (dién dung ra, dién dung vao) dén tin s
dao dong clia mach. '

‘Tin s8 dao dong clia mach:

1 1 : . i i
=~ = ~ 10.60
faa=la = T3~ Vic (10.60)

Vay C,, C, la cdc dién dung song song v6i dién dung ra va dién dung vao cla
tranzistor, hiu nhu khong tham gia quyét dinh tAn sf dao dong ciia mach. Vi viy so dd
Clapp cho phép tao dao déng cd tin s8 8n dinh hon cédc loai so db ba di€m khac.

Di2u kién can bang pha va can bang bién d6 cia mach duge phan tich hoan toan nhu
d6i v6i so dd ba di€m dién dung. Theo didu klen can bing bién do (10. 3a) x4c dinh duge:

n’Ry — nhy Ry + hlle(—) < 0.

r

Tu dd tinh duge:

hoje \/ hoe 2 _ hIle C
nyg= + \[(Z92 - =Ly (10.61)
2 2 Ry €

12 hé s6 hdi tiép can thiét d€ mach cd dao dong x4c 14p khi KK, =1

10.5.4. Cac mach tao dao ddng dung thach anh

10.5.4.1. Tinh chdt va mach tuong duong cia thach anh. Khi yéu cu mach tao dao
ddng c¢d tAn s6 n dinh cao ma dung cdc bién phap thong thudng nhu 8n dinh ngudn cung
cp, 8n dinh tai,... vAn khong dam bao duge d¢ 6n dinh tAn 86 yéu chu thi phai dung thach
anh dé dn dinh tAn s@, vi thach anh cd nhiing dac tinh vat Iy rét ddng quy nhu dd bén co
hoc cao, it chiu Anh hudng ctia nhiét dd; d6 &m va t4c dung hda hoc.

Thach anh c6 tinh chit 4p dién, nghia la du6i tdc dung cta dién trudng.thi sinh ra
dao dong cd hoc va ngugc lai khi c6 dao
d6ng cd hoc thi sinh ra dién tich, do dd cd

thé dung thach anh nhu mét khung cong ‘ -L A
hudng. Tinh ch4dt dao déng cia thach anh
dugc bidu dién bai so dd tuong duong hinh
10.11b, trong d6 L., C; va ry phu thute _l_ Lq
vao kich thuée kh61 thach anh va cdch cét Ce g
kh6i thach anh. Thach anh cé kich thuédc
cang nhé thl L_, Cy rq cang nhd, nghia la - T
tin s8 cong hu0ng riéng clia nd cang cao. .a)

L Cq rq cd tinh én dinh cao. C, 1a dién 8
dung gid do, tinh 6n dinh cia C, kém hon. b)

‘ Véi.thach anh 1 MHz thi L =-1,5H; Hinh 10.11. a) so 48 quy wére cla thach anh:
C, = 0,016 pF; r, = 60Q va C,, = 1pF... 5pF. b) sor 4 romg dwomg VE dién cia thach anh.
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Thudng rq rét nhd, nén khi tinh todn ngudila bé qua. Véi gia thist rq = 0, thi tré khéng
tuong duong ciia thach anh duge x4c dinh t¥eo (10.62):

1 1
jwL,, + ——)
Vol joCqjuwC, @?L,Cy — 1
Z. =X, = =j 5 (10.62)
L 1 1 w(Cp + Cq = WL CyCp)
— + joL, +——
ijq 1 jw 0

Tit (10.62) suy ra thach anh cd 2 tin s6 cong hudng: mot tin s6 cony hudng néi tiep
fq ding véi Zy= 0 vamot tAn s6 cOng hudng song song f, ung voi Zq = o véi

flo— 1 (10.63)
¢ 2L C —
fp=_}_ Cp+C _ 1 . i \[1+ S | (10.64)
2x LCC,  2aLCy c,
c.C
trongds, Cy= e ),(74
C,+C,

Cp cang 16n so v6i Cq thi fq cang
gan voi £, T bigu thic (10.62) vé dic
tinh dién khéng cta thach anh theo
tan s6 nhu trén hinh 10.12. Thudng 5
s&n xuft cac thach anh véi  tan s6° fq
[9=1' kHz dé&n 100 MHz. C4c thach anh
tin s6 thip hon {t dugc san xu4t hon,
vl loai nay kich thuéc 16n va dit tién. !
Céc tinh chét v& dién cia thach Hinh 10.12. Dic tinh dién khdng ctia thach anh.
anh ed th& tém tit nhu sau:
+ Ph&m chét cao: @ = 10%... 105, i

+ Ty sd Lq/Cq rit 16n, do d¢6 tré khang tuong duong cia thach anh R, = -C% rit

94

|

16n;
+ Cq << CP;
+ Tinh tiéu chudn cta thach anh rdt cao, v4i khung dao dong thach anh cd thé€ dat
dugc do 6n dinh tan s6:

A
A =1096... 1019,

o

D€ thay d6i tan s6 cong hudng cta thach anh trong mot pham vi hep, ngudi ta méc
néi ti8p v6i thach anh mot tu bién d6i C, nhu trén hinh 10.13.
Lic nay trd khérfg tuong duong cia mach

-
1 Cq+Cy+ € — L Cy(C, + C)

3 A
Cp + Cq -w LQCQCP

(10.65)

Z =
1 jwC

‘Do d6 tAn s6 cong hudng néi tiép clia mach:
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.
Fq=1q \1 Cp+Cs : (10.66)

Tit (10.66) xdc dinh dugc lugng thay &6

tdn s6 nhd médc thém C_ vio: 0———-”3 }-—\—(-Hﬁ———-o
| 6 9

A _fa=fe_ [, S
fo fq Cp + €,
1 c Hinh 10.J3. Mt bién phip A2 thay dbi tin 5 cong
DY — _———L
2 Cp +C, (10.67) hudng riéng cla thach anh.

Ngoai ra, vl Cp 6n dinh kém, do dé d€ gikm anh hudag cua Cp, ngudi ta méc thém ‘
mot tu C song song vdi CP. Liac dd

w?L C, -1
4=/ - T o 1o (10.68)
w[Cp+ 0+Cq—qu q(p+ )]
Do d6 tin s6 cOng hudng song song
fo =T, 1 _ S . | k( .0.69)
= + x ~0.
poa C, +C, E

Khi C  >> Cq thlfp zfq

Do méc thém C_ nén tAn s8 cOng hudng song song fp gidm xudng gin bing tin s§
cong hudng néi tip £, va £, hdu nhu khoag phy thudc vio C,vaC, Nhung cing vi vy ma

1 L
phdm ch&t cia mach Q = T Ve giam, vi C tang.

10.5.4.2. Mach dién b tao dao didng dung thach cﬂh, vdi tBn 36 cong hudng song song.

Mach dién trén hinh 10.14a 12 mot dang mach ba di€m dién dung. Nhdénh cd thach anh mic
ndi ti€p vai tu dién C tuong duong voi mét dien cam, n_ﬁh R tdn s8 dao ddng cua mach

Re

b+ Uee

Q) b)
Hinh 10.14. Mach tao dao d6ng dung sach anh v&i tin s6 cOng hudmg song song.
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phai thoa man didu kién (10.70) va tri s6 cta tu C chon theo didu kién (10.71)

fq<faa <1y (10.70)
| V
e < wyely (10.71)
Wiatg ~

trong dd, L4 1a dién cam tuong duong cua thach anh.

Ngoai ra, giéng nhu trong mach Clapp, tri s§ cia C cdn dugce chon theo didu kién
(10.72) d€ gidm anh hudng cia dién dung ra va dién dung vao dén tAn s6 dao déng cia
mach.

¢, <<C,C, (10.72)
TAan s6 dao dong cia mach cd thé xac dinh gan ding nhu sau:
faa=f, (10.73)

Véi so dd 10.14b didu kién pha chi dugc théa man khi thach anh tuong duong véi mot
dién cdm L, tai tAn s6 dao dong, nghia la

Lic d6 ta o6 mach ba di€ém dién cAm gdm
Z, = Zyp = joL,y > O; Z,=Z=Z24>0

1
Z,=Zp=—-j —<0.
3 CB J oC

o) déy Z,, 1a trg khang tuong duong cua khung cong hudng song song, dé Zy>0
mach phai théa man dizu kién (10.74)

1
<. = e——
fdd ‘fch 2”\/I‘I(_Ck

Digu kién bién d¢ duge xét nhu d6i v6i mach ba di€m dién cam théng thudng.

(10.74)

10.5.4.3. Mach tqo dao déng ding thach anh véi tdn s coéng hudng néi tiép. Trong
ba so d8 trén hinh 10.15,thach anh d8u dugc méc trong mach hdi ti&p va ddng vai trd nhu
mot phin ti ghép cd tinh chon loc d6i véi tn s6. ‘

Khi thn s6 dao dong qu = fq thl trd khdng thach anh Zq = 0 do dd ha 4p trén thach
anh nhd l1am cho dién 4p hdi ti€p vé bazo tang va mach cd dao dong véi tAn s dao dong
faa = fq. So dd 10.15a 1a so dd ghép bién 4p méc theo ki€u emito chung, so dd 10.15b 1a sa
dd ba diém dién dung méac theo ki€u bazo chung, con so dd 10.15¢ 1a so dd gdm hai ting
khué&ch dai méc néi ti€p. Gdc di pha t8ng cia ching ¢ = 180° do dd didu kién pha dugc
théa man. Ty dién C va trd khdng vao cia T, tao nén mach hdi ti€p phan 4p.
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%
L

s

. "'UCC
+Ucc b)
a)
l [ q
— [}
Ry Ry Rg H] Re R3
& + Uee

Hinh 10.15. Mach tao dao dong dung thach anh v6i tén s3 cdng hudmg nGi ticp:
a) sor b hoi t€p bién 4p;  b) so dB ba dim dién dung;
¢) sor dd hdi ti€p qua 2 ting khu&ch dal.

10.6. Mach dién cac b tao dao dong RC

10.6.1. Dac diém chung cua cac bd tao dao ddng RC

1. Céc bd tao dao dong RC thudng duge dung & pham vi tin s§ thdp thay cho cdc bo
tao dao dong LC, vi kich thudc cia bo tao dao déng LC & tAn s6 thdp qua 1dn (do kich thude
cua cudn cam L). B

2. Trong mach dién bd tao dao déng R€ khéng cd cudn cam, do dd ¢S thé ché& tao nd
thuan tién dudi dang vi mach.

3. Véi cuing mot dién dung bi&n déi, cd th€ didu chinh dugce tin s6 dao déng cia bo
tao dao déng RC trong pham vi réng hon so véi bd tao dao dong LC. Vi trong bd tao dao
dong RC, tan s8 dao dong ty 1& vdi %‘,

|
val \/_E_ ‘

4. Khau hdi tiép cta cdc bo tao dao dong RC chl bao gdm cdc phan t& RC, nghia la
nd khdng cd tinh cong hudng tai tin s6 co ban nhu trong céc bd tao dao dong LC, vi vay dé
gidm méo, yéu ciu bd khuéch dai 1am viéc & ch&€ d6 A. ‘

cdn trong by tao dao ddng LC tin s6 dao dong ty 1¢
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5. Vi khau hdi ti€p (gdm cac phin ti RC) phu thufc tAn s6, nén mach sé tao duge dao
dong tai tAn sd ma digu kién pha (10.3b) dugc théa man.

10.6.2. B tao dao ddng dung mach di pha trong mach hdi tiép

Disgu kién pha cia mach dién hinh 10.16 dugc théa man khi chon sé khau RC du lén.
Ban than phan ti khué&ch dai da cd di pha 180° do dé mach hbi tiép ciing phai c¢d gdc pha
180°. Ham truyen dat va gdc di pha ctia méi khau RC trén hinh 10.16 duge xdc dinh nhu
sau:

R
Krc = — 7 (10.75a)
R+ —
JwC
y t ! (10.75b)
= —arc — .
RC g wCR :

Theo (10.76b) méi khau RC chi cé thé tao ra mot gde di pha Pre < 90° khi R va C
¢6 tri s6 khac khong. Vi vy mudén dam bao didu kién pha, mach hbdi ti€p phai c¢d t8i thidu
ba khau RC, méi khau thuc hién mét géc di pha Pre = 60°. Né&u dung 4 khau thi
Pre = 45°.

Cd thé dung cac khau RC cd tri s6 khac nhau, nhung d€ don gian dung ba khau RC
nhu nhau. Trén hinh 10.16 d€ dam bao ba khau mach giéng nhau, mach phai ¢d c4ac linh
kién théa man (10.76

R /IRy /lrgg=R (10.76)
+lee
Ry R.
' —0
L e o AR
C C c _ U' : -
R| R RZQ U Re ¢ 0 R R R |T,
1 1 o— ' °
Hinh 10.16. Mach tao dao ddng diing mach : Iinh 10.17. Mach hi ti€p diing ba khiu
di pha trang mach hoi tiép. ‘ ~ . di pha RC thong cao.

DE tinh hé s6 truy®n dat cia mach di pha RC ba khau, viét phuong trinh dong dién
cho nit 1, 2, 3 trén hinh 10.17, rdi ding phuong phap thé d€ gidi, ta xac dinh dugce

Uy 1

2. 0 (10773}
1 - 5a% — ja(6 — a®)

Ky =
C
1

wRC’
Tu d6 suy ra modyn ciia hé s8 hbdi tiép:

trong dé, a =
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1

K, = (10.77b)
YV - 5a)7 + a6 - ad)?
va géc pha cia mach hdi ti€p:
a6 — a?)

P, = arctg (10.78)
\ 1 - 5a°
Vé6i mach di pha nay, ¢, = x khi a’ = 6.
Do ds ! (10.79)

0 w A= .
%  VeRC

Thay a? = 6 vao (10.77b) x4c dinh dugc gid trj cua K, tai tAn s6 dao dong:

1

K.=— — (10.80)
ht 29

BAng cdch tuong ty, tinh dugc tin s8 dao ddng va hé s§ truydn dat d6i véi mach di
pha 4 khau nhu sau:

4 khi @, ! a K !
=7 1 ‘ = — = - ——
ht dd 10 ht 18,4
—;Rc )

APy
Ngudi ta thdy rAng s§ khau cia mach hdi ti&p cang tang thl dao ham —(Wt cang l6n,
do dJ cang thuén lgi d6i véi yéu ciu ve 4o

én dinh tin sé. o—t:)-—I—D—I——::;j_—-o
Trong so d® 10.16 va 10.17 mach di  j 1 l

T C C c
pha gdm cdc khau RC théng cao, thyc t& o~ ]_ I I
cing c6 thé dung cac khau loc thong thdp
nhu trén hinh 10.18.

Hinh 10.J8. Mach hdi 4ép diing ba khau di pha RC

Déi véi cac khau loc théng thdp RC, théng thip.
ngudi ta tinh dugce 10
: : Lo : 7
vin = 3,?m —nkhnwdd _-;E vAKhl =39 vavdin = 4,'Phl —nkhlwdd = RC va
K, =- TS—,—Z » trong dd n 1a s§ khau di pha RC.

10.6.3. B tao dao dong diung mach loc T va T—kép trong mach hdi tiép.
Mach loc T va T—kép dugc bi€u dién trén hinh 10.19.

R ¢ 2 C 3
‘ ; al ©
1 R
OJHCi————T——iCF—J—Z—o‘ 7 = —1:3——-—| Uy
U l R l ] C U bR
[ L T
Oo— -0 o— —0

252‘ Hinh 10.19. a) mach loc T; b) mach loc T kép.



V6i mach loc T, viét phuong trinh dong dién cho nit 1 va nit 2, tu d6 xdc dinh duge

heé sQ truy®n dat:

%, - U, __d -1+
Ev a? -1 + j3a
trorng dd,
1
~ TWRC

Vay modyn va pha cia hé s§ truy®n dat 1a

(a@® = 1)? + 4a?

Ky = P Y N
ht (@ = 1)? + 9a?
. . a(l - a?)
= arctg
ht (@* - 1) +6a?
A/ = 0O khia = 1 tu - L
ay'li“— ia= tcwdd—RC
Thay ¢ = 1 vao (10.82a) tim dugc:
2
Khl = Khlmin = =
1
V6i mach T kép cho b = 3 tinh dugc:
—_ Er at -1
Khl = U = 2 .
. (@ - 1) + jda
' 1
a =
wRC
Do d6 modyn
. K at-1
M V@< 1)+ 1642
va pha
, ~-4a 4a
$ = arctg = arctg
ht 2
a“ -1 l-a
. \ | 7
Khi a = lth‘wda=ﬁéva 7, = x5
Thay a = 1 vao (10.84a) suy ra
Khl = Khlmin =0

Trong mach loc T-kép, néu ld&y b > 1/2 thl véia = 1, W4y =

(10.81)

(10.82a)

(10.82b)

(10.82¢)

(10.83)

(10.84a)

(10.84b)

(10.85c)

—= sé co
R

Kyw= Kumin = Ova ¢ = 0. Day 13 trudng hop mach ciu T—kép léch can bang va hay

dugc dung trong céc bé tao dao dong.

1
Ta thdy rdng tai tAn s6 w,, = RC (a = 1), hé s8 truy®n dat cia ca hai loai mach nay

d2u dat cyc ti€u va gdc di pha la ¢, = 0. Vi vay, trong trudng hgp bé khuéch dai da cd gdc
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di pha la 180° thi dung cdac mach 7T va T-kép khdng théa man dugc didu kién cAn bing pha,

hon nita diéu kién can bing bi¢n dgiciing khd théa man, vl tai w,y =

1
RC hé s§ truyzn dat

cia mach hdi tiép qué bé. nghia la yéu chu bd khuéch dai phai cd hé s6 khuéch dai rat 1on.

Vi vay cdc mach T va T-kép chi dugec méc trong
nhanh hdi tié€p 4m cua bd khuéch dai va lam
nhiém vu chon loc tin s§. D& mach c6 thé tao
dugc dao dong phai ¢ thém mot nhdnh hdi tiép
duong khéng phu thudc tin s6 sao cho mach chi
dao dong duge khi lugng hdi tiép A&m qua mach

T hoac T-kép la nhé nhét, tdc la lica = 1 va
1 _
wdd = ’}%

Trén hinh 10.20 1a mét vi du v& mach .tao

dao dong dung khuéch dai thuat toan ¢ mach

T méc trong mach hdi tiép.
Mach hbdi tigp duong gdm R, R,.
Mach hdi ti€p 4m 1a mach T. Tai w = wy,

thi Ky, —y =

Km(—) va
R, 2

Khl(+) =

Koy = =
" TR + R, 3

Tu dd suy ra didu kién (10.86)
R, =2R,

chinh 1a didu kién can bAng bién d6 cua mach.

‘oLlyz

BN
%

Ry

Hinh 10.20. Mach tao dao ddng diing khuéch dai

thudt todn c6 mach T trong mach hdi tép.

2 ,
Do b6 khué&ch dai thuat todn cd hé s6 khué&ch dai K rdt 16n, nen

(10.85)

(10.86)

Tuong ty nhu vay, c¢d thé thay mach T trong hinh 10.20 bdi mach T-kép va tinh ditu

kién bién d6 cho nd.

Bo tao dao doéng dung mach T'-kép cho d6 8n dinh tn s6 cao hon dung mach T.

©10.6.4. Bd tao dao dong dung mach ciu Vién trong mach hbdi tiép

Mach cau Vién dugc tao ra bdi mach loc
thong dai ¢d dang nhu trén hinh 10.21.
Heé s6 truyen dat ctia mach:
— U,
Ky = s =
Uy

R C
1 +— +-—C— +J(wR1C2 -

2~ wR,C,
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o—
7 l Cy ]’ % l 7
: o- —0
Hinh 1021 Mach loc thong ddi — mdt phin
cua mach ciu Vién.
(10.87)



Tut (10.87) x4ac dinh modyn va pha:
1

Hn = R, C :
1 232 2
W+— + —")* + (wR,C, - )
R, ¢, wR,C,
C,R :
@ -
L CURzCl
$p = —arctg
1 C,
1+ — +
2 ¢,
Trudng hop C, = C, =Cva R =R, =Rtace:
1 1

K;

wRC

1

l= =
1 — 1
V9+(wRC—_——-—)2 \/\/9+( — -a)?
. a

~wCR +° - — +a
wCR a
va Pry = arctg = )
' 3 3
1
trongds, a = .
wRC
= 0 khi -
Pre =Y ¥ T RC Ry >
. 1 [ T e gy S
va Kht = Khtmax = § ' R )
Tai thn s6 dao dong, mach cd hé s6 7 =
truy®n dat (hé s6 hdi ti€p) 16n nhat va géc di d l
pha bang khéng, do dd cd thé dung mach nay

k&t hop voi bd khuéch dai thuan (p, = 360°)
.- d€ tao hoi ti€p duong lam nhiém vu tao dao
dong. Trén hinh 10.22 1a mét mach tao dao
dong nhu vay. Nhanh R|, R, tao thanh mét
mach hdi ti€p am. Mach hdi tiép am R, R,
cung v8i mach loc théng dai tao thanh mach
chu Vién ‘ma nhdnh chéo thi nhdt la U, va
nhdnh chéo thd hai 1a U,_. Mach dao dgng ding

(10.88a)

(10.88b)

(10.89a)

(10.89b)

+
[« V— },._
R ¢
Cc .

"4

Hinh 10.22. BS tao dao ddng dang mach cau Vién

trong mach hdi ti€p.

1
voi wyq khi Ky oy = Kpyymay = 3 Nhénh hdi ti€p Am khong phu thudc tin s6.

1 .
Vi Kht(+) =3 nén dé€ dam bao didu kién cAn bang bién d6, hé sd khué&ch dai cua bo

khuéch dai cd hdi ti€p Am phai bing 3; nghia 12
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K = ——— =3
1+ K K-y 1 + K Ky~
K“ ()
’ 1 R,
hay Khl(—) = § iﬂj};j Tu do suy ra
Rl = LR:

Day ciing chinh la diéu kién can bang cua cau. Thuc té khi cau can bang, dién
ap hoi tiep vé U, = 0, do dd mach khong thé dao dong duge. Vi vay, ngudi ta
diéu chinh cho cdu léch can bang chidt it, nghia la :

R, > 2R, mét lugng £ nao do.

Trong so d6 trén, hai diot mac song song véi R, lam nhiém vu én dinh bien
do6 cho bo tao dao dong. Khi bién d¢ dao dong tang thi _di.én tréd tuong duong caa
nhanh R| giam lam cho hoi ti€p am tang va do do hé s6 khuéch dai cia mach giam
va 6n dinh ung voi K'Ky,, = 1. Ngudi ta da ching minh duge vdi mach dién nay.
hé s6 khuéch dai cta phan ti khuéch dai cang 14n thi do én dinh tdn s0 dat duge
cang cao, vi vay dung khuéch dai thuat toan rit co Igi vé do 6n dinh tan so.

R
| :
Trong thuc té& thuong chon R, 5TE lic nay hé s6 truyén dat cia mach
s . . R U, & .
héi tiép tai w = wy, phu thudc & thuong chon K, = w,, = U =9 lic nay dé

dam bao KK = 1 thi & phai théa man (10.92)
9

€ = 9Ky = »

(10.92)

Néu ¢ lgn hon thi bién d6 dao dong tang @&in lam cho mach chuyén sang bao
hoa. Néu ¢ bé hon hoac am thi khong thé cd dao dong. Nhung thuc t€ khong thé
diéu chinh gia tri ¢ that chinh xac dugc, vi vay dé khac phuc ngudi ta tao ra mach
theo cd ché tu déng :

tr¢ R, va R, Hinh o

10.23 biu dién mot |

mach dién nhu vay. | o
Néu trong mach | |

dien nay Upg dua | [ 1%

nho thi ry, chi phu | C |

thuoc vao U, Dé | _ |

dam bao U, du

nhd, cho Uy ha bat

mot phan trén R,

Theo so do nay.

muén co dao dong

mach phai théa man

diéu chinh hai dién c
0%

s

dicu kién :
Hinh 1025 Mach 1a0 dong dong ¢iue Vién,
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RZ + Fys = 2+ ¢
Do vay chon R-. dam bao gia tri :
R,
R, < —2‘ ~ Tdsmin (10.92)
Khi mdi dua dién ap cung cdp vao mach thi U; = 0, do d6 ryy = rygmin va

R, cd gia tri thoa man (10.92). Tai tdn s6 dao dong clia mach cdu Vién thi dién

ap hiéu U, tang lam cho bién d6 dao dong tang. Dién ap ra duge chinh luu béi hai

diot D, va D, lam cho dién ap U, am va ry, tang. Dién 4p sé tang cho déh khi
R, R,

+ , = =
R 2+¢€

r

s 9
+ _—
2 K
Dé giam méo dién ap ra, héi tiép mot phan Uy vé cuc cla théng qua cac
dién tré Ry va R, Tu C; lam nhiém vu ngan cach mot chiéu dat vao cita N co
thé gay léch khong & ddu ra. Thuong chon R; = R, Bang cach thay d6i (dong
chinh) cac dién tr6 R va cac tu dién (' cd thé thay déi t4n s6 cia mach trong
pham vi tit 10 Hz dén 1 MHz. D& cho qua trinh diéu chinh bién do & tidn sé thép
nhat van khong giy ra méo 1dn, can chon hang s6 thoi gian phdng nap theo diéu
kién (10.93a) va (10.93b}

n

T, = CR, > 10T (10.93b)

Trong do : 7, - hang so6 thoi gian nap

et

7, - hang s6 thoi gian phong
Ty4s — chu ky dao dong

(8

CHUONG 11
DPIRU CHE

11.1. Dinh nghia

Thong qua qua trinh didu ché, tin tdc d mign tan s6 thdp duge chuyén sang midn tAn
86 cao d€ truyen di xa. Didu ch& 1a qu4 trinh ghi tin tdc vao moét dao dng cao tAn nhd bién
d8i mét thong s6 nao dd (vi du : bién d¢, tin s6, géc pha, d6 rong xung,...) cia dao déng cao
tin theo tin tic.

Trong trudng hgp nay tin tidc duge goi 1a tin hi¢u didu ché, dao dng cao tAn dugce goi
la tai tin, con dao ddng cao tdn mang tin tdc dugc goi 1a dao dong cao tAn da dida ché.

D6i v6i tai tin ditu hda, ngudti ta phan biét hai loai didu ch€ : didu bién va didu ché&
gdc, trong dd didu ch& géc bao gdm didu tAn va didu pha.

11.2. Diéu bién
11.2.1. Ph8 cua tin hiéu didu bién

Di2u bién la qué trinh 1am cho bién d¢ tai tin bi&n d6i theo tin tdc.



D& don gian, gia thiét tin tdc u  va tai tin u, deu 12 dao dong dizu hoa va tan s6 tin

tdc bién thién tt o, + o, ta co :

Pay
u, = U, coswt
P
u = Ut cosw,t vg w, >> .

Do dd, tin hiéu digu bién :

A A A
ug, = (U, + Ugcoswt)coswit = U (1l + meoswt) coswt (11.1)
o,
trong d6, m =—— lahés6ditu ché.
- U,

t

Heé s6 ditu ch& m phai théa man di2u kién: m < 1. Khim > 1 thl mach cd hién tugng
quf diBu ché va tin hiéu bj méo trdm tr(ojng (hinh 11.1¢).
A ,

, L2 -

"05 min ujs‘mox

N
-y
St
-
L A
] /7
—
7
S
D
N\
AN
! \
Lo
B
/
/l/
IS/,
;o

7
- Yomin W+ Wmin s \\\ 4
V A _///
) ~
N
N
A
PN
y t
/
/7

9 1 mpy 1

Hinh 111. Tin hiéu didu bién :
a) db thj thri gian va phd tin tic; b) O thi thdi gian va phd tin hiéu ditu bién;
<) A0 thj thoi gian cua tin hiéu digu bién, khim > 1.



Ap dung bién d6i lugng gidc d6i véi bi€u thdc (11.1) s& nhan duge :

N m A

m AN
uyy = Ucosw t + -7 U, cos(w, +wy)t + Py U, cos(w, — w )t (11.2)
V4y, ngoai thanh phin tai tin, tin hiéu didu bién cdn ¢d hai bién tAn : bién tin trén

cd tin s6 ti (w, + w.) dén (a)t + oy .) va bién tAn dudi tu (a)l - wsmx) dén (wt - wsmin)‘:
Hinh 11.15 minh hoa ph8 cda tin.hiéu diéu bién.

11.2.2. Quan hé ning lugng trong didu bién ‘

Trong tin hiéu da didu bién, cdc bién tAn chya tin tic, con tai tin khong niang tin tdec.
Cin xét xem nang lugng duge phan b8 nhu thé& nao d6i vi cdc thanh phan phé cia tin hieu
da digu bién.

Céng sudt tai tin 14 cong sudt binh quan trong mot chu ky tai tin :

1A
P_, ~ —U?
t 2 t

Cong suit bién tan :

A

mU,
Py ~ (—2‘)7 2

Céng sudt cua tin hiéu da didu bién 1a c6ng suét binh quan trong mét chu ky cia tin

hiéu didu ché : ‘
2

m
Pogp=Poy+2P_, =P_(1 + T)

Ta thdy ring, cong suit cia tin hiéu da didu bién phy thudc vao hé s6 didu ch& m. He
s6 digdu ch& m cang lon thl cong sudt tin hiéu da ditu bién cang 16n. Khi m = 1 thi ta cd
quan hé giita cong suit hai bién tAn va tai tAn nhu sau :

P~t
2P~bl = —2

D& giAm méo, hé s6 didu ché m thudng chon nhd hon 1, do d6 cOng sudt cdc bién tAn
thuc t€ chl bAng khoang mét ph2n ba céng suit tai tAn. Nghia 1a phiin 16n cOng suft phat
xa dugc phan bé cho thanh phAn ph8 kh6ng mang tin tdc (tai tin), con thanh phan phé
chya tin tdc (cdc bién tAn) chi chi€m phin nhd cong sudt didu bién. DJ 1a mét nhuge diém
cua tin hiéu didu bién so vdi tin hiéu don bién. (xem 11.3.1).

Ngoai ra, con cn phai quan tdm dén cOng suét § ch& dd cuc dai dng vdi bién d6 dién
ap didu bién cuc dai, d& chon dugc phén ti tich cuc hgp ly.

Ti biéu thite (11.1), suy ra :

Udbmax = Ul(l + m)
Do d¢ :
1 A
P~ —— 1+ m)2U,2
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11.2.3. Céc chi tiéu co ban cua dao ddng da didu bién
1. H¢ 36 méo phi tuyén

VI2 + I? +...
(W * 2wg) (@ % 3wyg)

k=
(@ * wy)
trong do ,
(n = 2) 1a bién d06 c4c thanh phin dong dién ing v6i hai bac cao cta tin
(W * nwy)
. hiéu didu ché&; -
1a bién d6 cdc thanh phan bién tan.
(OTA2N)]

D& dac trung cho méo phi tuyén
trong mach didu bién, ngudi ta dung dic -
tuyé&n didu ch€ tinh (hinh 11.2). Dac tuyén
didu ché& tinh cho biét quan hé giita bién d6
tin hiéu ra va gid tri tdc thoi cta ‘tin higu L
didu ché& & du vao. 4

Dang tdng quat cia dic tuyén didu
ché& tinh dugc biu dién trén hinh 11.2.

Dudng dac tuy&n didu ché& tinh ly

\ N

tudng la mot duong thang tit C dén A. Dic
tuyén di2u ché€ tinh khéng thdng sé lam
cho lugng bién d8i cha bién d6 dao dong Hinh 112. D3¢ tuyén diu ché tinh :

cao tAn dAu ra so véi gid trj ban diu (di€m A — giatrf cye dai; B — t4i tin chua di¥u ché.
B) khong ty 1& dudng thang véi tri tdc thoi :

cua dién 4p didu ché& Do dd trén diu ra thiét bj didu bién, ngodi cdc thanh phan hiu ich
(cdc bién thn), cdn cd cdc thanh phan bac cao khéng mong mudn khéc. Trong dé ddng luu
¥ nh4t 1a thanh phin v6i tin s6 w, * 2w cd thé lot vao cdc bién tAn ma khong thé loc dugc.

D& gidm méo phi tuyén, cAn han ch€ pham vi 1am viéc cia bd didu ché& trong doan

dudng théng ctia dic tuyén ditu ché tinh. Lic d6 budc phai gidm d¢ siu didu ché.

2. H¢ s6 méo tan s6. DE danh gid d6 méo tAn s§, ngudi ta can cd vao dac tuyén bién

d6 — tan s§ :
m= f(Fs) lﬁs = const
Heé s6 méo tAn s6 duge xdc dinh theo bi€u thic :

Mo

M= hoac MdB = 2010gM

m
trong dg

m,, - hé s6 didu ch&16n nhdt;

m - hé s6 didu ché tai tAn s§ dang xét.
(xem hinh 11.3) '
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Méo tAn s6 xudt hién chu y&u trong cdc tAng khuéch dai Am tan (khuéch dai tin
higu didu ché), nhung ciing cd thé xudt hién trong céc ting didu ché€ va sau didu ché, khi
mach loc dAu ra cua cdc ting nay khong dam bao dai thong cho phd8 cia tin hiéu d4 disu
bién (2F

smax)'

e

Hinh 113. Dic tuyén bién d6 - t3n s5.

11.2.4. Phuong phép tinh toan mach didu bién

Cac mach ditu bién duge xAy dung dua vao hai nguyén tic sau day : .

— Dung phan ti phi tuyén : cOng tai tin va tin hiéu didu ch& trén dac tuyén cia phan
td phi tuyén do.

— Dung phan ti tuyé&n tinh c¢6 tham s6 didu khi€n dugc : nhan tai tin va tin higu didu
ché& nhd phan ti tuyén tinh dd.

1. Didu bién ding phdn ti phi tuyén. Céc phan td phi tuyén duge dung d€ didu bién
cé thé la den dién tl, ban dén, cdc dén cd khi, cuén cAm cd 16i s4t hoac dién trd cd trj s6
bién d8i theo dién ap dat vao.

Tuy thuée vao diém lam viéec duge chon trén dac tuyén phl tuyé&n, ham s6 dac trung
cho phan ti phi tuy&n cd th& bi€u dién gin ding theo chudi Taylor khi ch& d6 lam viéc cua
mach 1a ch& do A (8 = 180°) ho#c phan tich theo chudi Furier khi mach lam viéc & ch& d8
ma goc cit 6 < 180° (ché& do AB, B, C). Phuong phép tinh todn cho hai trudng hgp dé nhu
sau :

Truong hop 1: 6 = 180°. d

Gia thiét mach di2u bién dung diot (hinh 11.4). Né&u céc tin hleu vao théa min didu
kién (11 3) thi mach lam viéc & ch&€ d6 A (6 = 180°).

|O,} + 1T, < |E,|. | (11.3)
Ham s6 dac trung cho phan ti phi tuyén (diot) xung quanh di€m lam viéc dugc bi€u
dién theo chu8i Taylor : ‘ -
ip =aup + "2“])2 + a3uD3 +... (114)
~ ~
voi up = Ep , U, coswt + U cosw t

Thay up, vao bi€u thic (11.4), nhan duge :

-~ A -~
=a, (E0 + U, coswt + U cosw t) + a, (E0 + 61 cosw it + U, coscust)2 +
+a, (E, + Ucoswt + U, coswt)® +... © 1)

o)

Khai trién (11.4) va bd qua céc s6 hang bac cao n = 4 sé cd k&t qua ma phd cia nd
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dugce bi€u dién trén hinh 11.5. Phg tin hiéu ra trong trudng hgp nay gdm thanh phin phd
mong muén (w, * ) va cdc thanh phan phu khéng mong muén. Céc thanh phan phu bang
khong khi

ay;=a,=0ag=.. =0y, =0 n=1223,..),

nghia 1a néu dudng dac tinh cia phan ti phi tuyén 1a mdt dudng cong bac hai thi tin higu
da digu bién khéng cé méo phi tuy&n. Phan ti phi tuyén cd dac tinh ghn vdi dang ly tudng
(bac hai) 1a Fet.

Ca
Lﬂ.u:—-(
“3‘

a)

Hinh 114. Ditu bién & ch€ 43 4 :
#) mqch di¢n dng diot;  b) dic tuy&n cla diot, dd thj thdi gian cua $in hiéu ¥30 va tin hicu ra,

3*.:.
9 B oo ?? ‘§(‘§\l§3 3“3%*.3‘,37
3§33 SOy R
N §|“ ‘§~'.§- 33 zzw |
.1 I l ‘ ' | I J ‘l §

Hinh 115.Ph cﬁa tin hiéu cnéubién khi mach 1am viéc & ch€ d6 4.

D& théa man didu kién (11.3), tai tin va tin hiéu didu ché& phai cd bién d@ bé, nghia
1a phai han ch€ d¢ sdu didu ch&€ m va han ch& c6ng sudt ra. Vi ly do dd, rdt it khi dung digu
bién ch& d¢ A.

Truomg hop 2 : 6 < 180°
Khi 6 < 180° néu bian d6 dien 4p dat vao diot dd 16n thl c6 thé coi dac tuyén cia no
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12 mot dudng gap khic (hinh 11.6). Phuong trinh bi€u dién déc tuyén cia diot trong trudng
hgp nay nhu sau :

' 0 khi upy < 0

Ip= . (11.6)
Sup khiug, > 0

S : h8 din cta dac tuyén diot.

1

Chon di€m lam viéc ban du trong khu t4t cua diot (dng v6i ché& do C).

Vi dong qua diot 1a mdt day xung hinh sin (hinh 11.6b), nén cd thé& bi€u dién i, theo
chudi Furier nhu sau :

ip=I +i+iy+..+i +. =I +Tcoswt+T,co82t+..+.Icosmwt, (11.7)
trong d¢,

{ o — thanh phan dong dién mét chidy;
“ I, — bién d6 thanh phan ddng dién co ban d6i véi tai tin;

Iz, ? 3 ? — bién d¢ thanh phan ddng dién bac cao (hai bac cao) d6i véi tai tin,
o ?1, ?2, . ? dugc tinh todn theo céc bifu thic x4c dinh hé s6 cia chubi Furier :
1 8 A
I,= — [ipdwt
A 2 6
I, = — [ ipcoswt dwt 7
T o
.. (11.8)
~ 2 6
I, = — [ipcosnwt dwt
T o :
J
Theo bi€u thic (11.6)
’ A
ip = Sup, = S(E, + Ucoswt + Ucoswt) (11.9)
Khi wt = 6 thi iy = 0 (xem hinh 11.5), do d6 ¢é thé vi&t lai (11.9) nhu sau :
e N\
' 0=S8S(E,+ U, coswt + U,cos 6) (11.10)
Léy (11.9) trit (11.10), ta cd :
Pa
ip = SU\(coswt — cosb) (11.11)

Bi€u thdc (11.11) 1a mdt dang khéc cta (11.9), né bi€u dién sy phy thudc cﬁ‘a}\ ip on
ch& d¢ cOng tac (gdc cAt 8). Thay (11.11) vao (11.8) d€ x4c dinh cdc dong dien I, 1 I

or dppeny Iy
Ta dac biét lIuu ¥ d&n bién 44 thanh phAn co ban I, (thanh phan hiu ich) :

~ 8 A

I, = —— [ SU(coswt — cos 6) cosw t dw,t

n o
-\
SU, 1 '
= ® - 8in20) . (11.12)
n 2
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Do d6 trj tdc thdi cia thanh phan co ban :
A

. SU, 1 |
i = ——;—(0 -y sin26)cosw ¢ , (11.13)

& day 0 xdc djnh duge tit bidu thic (11.10) :

)
E, + Ucoswt

) cogd = - ————e ] (11.14)
® Ui <D
. — — e e T -
] N P
b —_— - — - ——— ¢ = —_—-— —_— e — - -
l -
||i .
0 ll] UD 0
L
o3 % 1]

-

: \}

=
=

&
N
.
S~
&

Hinh 116. Di€u bién & ch€ 8§ C (tin hiéu vao I6n):
a) dic tuy&n cua diot, B th] thd gian cda tin hiéu vo va tin hiéu ra; b) mach dién..

Tit cdc bi€u thic (11.13) va (11.14) mot 1An nita lai thfy rdng : bién d6 cia thanh
phin dong dién co ban bién thién theo tin hi¢u didu ch& u,. }

2. Didu bieén dung phan tu tuyén tinh cé tham s6 thay déi. Thyc chit qud trinh didu
bién nay la quéa trinh nhan tin hiéu. Mot vi du v mach dién loai nay 1a di2u bién dung b6
nhan tuong tu (hinh 11.7). Trong mach di¢n nay, quan hé giita dién 4p ra u 4p V2 dién ap
vao u, 12 quan hé¢ tuyén tinh. Tuy nhién, khi ug bién thién thl di€m lam viéc chuyén tir dsc

. tuyén nﬁy sang dic tuyén khdc lam cho bién d§ tin hiéu ra thay d8i d€ cS didu bién.
Céan ci vao tinh ch4t cia mach nhan, ta vigt dugc bi€u thic cia dién 4p ra sau day :
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PN P
uy, = (E, + L?'&cns,w&ﬁ) U,cosw ¢ hoac
- AN A AN
- U,
ugp = E U rozit + — 2 cos (w, + w)t +

cos(w, - o)t (11.15)

Theo (11.15), ph8 tin hiéu ra c6 tai tin va hai bién tin mong‘mu6n.

L {~"
1 </
W

Hinh 117. Diu bin dang mach nhan twong tr :
a) mach di¢n ; b) dic tuy&n truy€n dat.

11.2.5. Céc mach didu bién cy thé

D& thuc hién dizu bién theo nguyén tic thi nhat, cd thé dung moi ph@in ti phi tuyén,
nhung néu dung ban din, d&n dién ti thi ddng thai véi didu bién, con cé thé khuéch dai tin
higdu. V& mach dién, ngudi ta phan biét cdc loai mach didu bién sau : mach digu bién don;
mach digu bién cAn bang va mach didu bién vdng.

Mach ditu bién don 12 mach chi dung mét phin ti tich cuc d€ didu ché. Cac mach
dién trén hinh 11.4 va 11.6 14 cac mach digu bién don dung diot. Nhv da xét, trong hai
mach diu bién, dong dién ra tai ngoai cdc thanh phan hitu ich (cdc bién tin) cdon cd du moi
thanh phan kh6ng mong muén khéc (tai thn va cac hai bic cao). Dd 1a dic di€m co ban clia
cdc mach digu bién don. Trong trudng hgp tranzistor ludng cuc, Fet, dén dién tu dé didu
bién, ngudi ta phin biét cdc loai mach didu bién sau day: didu bién bazo, digdu bién colecto,
didu bién cita, didu bién mdng, didu bién anét, didu bién ludi,... Cac loai mach didu bién cd
tén 'ggi tuong Ung véi cuc ma dién 4p didu ché dugce dat vao. Cy thé va chi tiét hon vé céc
mach didu bién dé (maeh diér, ch& d6, trang thdi cong tdc, vu khuyét di€m,..3J cd thé tham
khao trong cdc tai lidu [3], [4], {5]. '

Dé& gidm méo phi tuyén, dung mach didu bién cn bang. Trén hinh 11.8 la c4c mach
digu bién cAn bing dung diot va tranzistor ludng cuc.

Theo hinh (11.8a), dién 4p dat 1én c4c diot D, va D, lan lugt :

N A
u, = Ugcoswt + Ucoswt .

A~ A (11.16)
uy,=— U coswt + U, coswt

Ddng dién qua cac diot duge bi€u dién theo chubi Taylor :
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iy =ao+alu1+azu12+a3ul3+... }

2 3 (11.17)
Dong dién ra : )
i=i—i, (11.18)

W~ Ly
LUt r W

s ' w\‘.'— 5% wf ] Uj{.-rju{r v. 1' 'Zu,t 17
' | | ¢

Hinh 11.8. Mach diu bién cin blng :
a) ding diot ; b) dung tranzistor;  ¢) ph tin hiéu ra.

Thay (11.16) va (11.17) vao (11.18) va chi 18y b6n v& dAu ta nhan dugc bidu thuc
dong dién ra :

i = Acoswt + Bcos&qst + Clcos(w, + w )t + cos (w, - ws)tj +

+ Dlcos(2w, + w,) + cos 2w, - w)t], (11.19)
trong d¢ , ' ‘ ‘

A A 1 A
A = U/(2qa, + 3a,U2 + —-2—-a3Usz

1 A
B = _2—03U53 (1120)
A
C = 2a,UU,
3 A A
D = —GSUSUI

Tuong tu nhu vay, cing cé th€ ching minh k&t qua dé cho mach dién trén hlhhi -

11.8b. Trong trudng hgp cin cd tai tin § diu ra, sau khi didu ch& cd th€ dua thém tai tin
vao.
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Phé tin hiéu ra ciia mach didu bién caAn bing dugc bi€u dién trén hinh 11.8¢c.
Mot dang khéc clia mach digu ché& cAn bing 1a mach didu ché& vong, thyc chat day la hai
mach-didu ché& cAn bing’cS chung tai. So &® mach didu bién vong dugc biéy dién trén hinh 11.9.

Ueh

U - W
W, r

— : 1 l . -
0 u}e w
b)
Hinh 119. Mach di€u bién vong :
- a) mach dién; b) pho tin hifu ra

~ Goi dong dién ra cia mach didu ch& can bang gdbm D, D, la i; va dong dlén ra cia
mach didu ché& can bing gdm D,, D, 14 i;;. Theo (11.19),

i = Acosw t + Bcos3wst + C[cos(w( + ws)t + cos(wl - ws)t] +

+ D[cos 2w, + w)t + cos 2w, — w )] (11.21a)
i” = iD3 - iD4 (11.2156)
trong dd,
iD3 = ao + a1u3 + azu32 + a3U33 +... L
> 2, (11.22)
ipg =0, tau, +a,u,”+au,” +..

Vé6i u, va u, 1a dién 4p dat 1én Dy va D,, duge x4c dinh nhy sau :

Pay A
u, = — Ucos wt — U, coswt
3 Al t /\S s (1123)
uy, = — Utcoswtt + Uscoswst
Thay (11°22) va (11.28) vao (11.2156) va 14y bén v& dau cua (11.22), ta cd :
i == Acosa)sl,l — Bcos3wt + Clcos (0, + ws)t + cos(w, — ws)t]-
— Dcos(2w, + wy)t + cos(2w, — w)t] (11.24)
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A, B, C, D trong cac bi€u thic (11.21a) va (11.24) dugc x4c dinh theo bi€u thdc
(11.20). Tt (11.21a) va (11.24) x4c dinh duge dong dién ra :

igp = i + i = 2C[cos(w, + w )t + cos(w, ~ w )] (11.25)

Vay dung manh didu ché&
vong cdn cd thé khit duge cac hai
bac 1é cia w_ va cdc bién tan cia
2w,, do d6 méo phi tuyé&n rdt nho.
Phé ta hiéu ra cta mach didu ché
vong dugc bi€u dién trén hinh
11.95.

Mach digu ch& vong ciing c6
th€ coi 12 moét mach nhan.
Nguyén tic nhan duge minh hoa
trén hinh 11.10. Gia thiét tai tin
la day xung chit nhat. Tuy thudc
vao sy thay d38i cyc tinh cua tai
tin, lic thi D va D, md, ltc thi Dy
va D, md, cap diot con lai ngat
lam cho tin hiéu vao u  thay déi
cuc tinh theo nhip cta u,. Tic
dung ctia mach digu ch& vong
ding nhu mdt mach nhan.

11.3.-Diéu ché don bién

11.3.1. Khai niém

UM

0 \—/ ;
U, A

0 I
Uetp

(1IN

QWU”

Hinh 11.10. Minh hoa tic dung cia mach
di€u ch€ vdng nhur mdt mach nhan.

Nhu da biét, phé ctia dao ddng da didu bién gdm tai tAn va hai dai bién t&n, trong dd
chi c6 c4c bién tAn mang tin tdc. Vi hai dai bién tAn mang tin tdc nhu nhau (v8 bién d6 va
tin s6), nén chi cAn truydn di mot bién tAn 1a da thong tin v& tin tdc. Tai tAn chi cin dung
d€ tach sdng, do d6 cd thé nén toan by hodc mot phan tai tAn trude khi truydn di. Qué -
trinh digu ch& nhim tao ra mét dai bién tin goi 1a didu ch& don bién.

Di2u ch& don bién (v4i mot phin du cta tai tAn) mang ¥y nghia thuc t& 16n. Didu ché&

~ don bién tuy t6n kém, nhung lai cd nhléu uu di€m quan trong khéc so v6i di2u bién thong- -

thuong nhu :

— Do rong dai tAn gidm mdt nua;
— Coéng sudt phdt xa yéu ciu th4p hon véi cung mét cu ly théng tin, vi cd thé€ tap
trung phan cong suét cia tai tAn va cia mot bién tAn cho bién tin con lai;
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— Tap &m dAiu thu gidm do dai tin cta tin hiéu hep hon.

Do nhitng vu di€m dd, nén dizu ch& don bién ngay cang duge dung nhidu trong théng
tin ndi chung (3 dai sdng ngan va dai song trung) vi théng tin quarn sy ndi riéng.

T biu thite (11.2) rit ra bi€u thdc cia tin hidu didu ch& don bién sau day :

ug® = U, ~i; cos (@, + w )t (11.26)

Trong bi€u thic (11.26), m khéng mang y nghia ve d6 sau didu ché nia va dugce goi

1a hé s8 nén tai tin,
U,

—

U,

t

m=
m cd th€ nhan cdc gia tri tit 0 dén .

D3 thi véc to cua tin hiéu don bién dugc bidu dién trén hinh 11.11. Ta thdy, véc to
dac trung cho dao d6ng didu ché don bién thay d6i ca vé bién d6 1dn géc pha, nghia 12 digu
ch€& don bién bao git cling kém theo digdu ché& pha. T4i tin hoac bj nén moét phan hoac bi nén
hoan toan, do d6 véc to tai tin -ﬁt ¢6 th€ nho hon véctd bién tin 715. Trong ky thuit truydn
hinh, tin hiéu digdu ché€ video m¢t phan 1a tin hiéu ditu bién (khi f, < 0,75 MHz), phan con
lai (0,75 MHz < f, < 5MHz) la tin hiéu didu ch& don bién (hinh 11.12). Bing cach d6 cd
thé giam dugc daj tin cua tin hiéu didu ché& video. N6u cit b hoan toan m¢t bién tin thi
védn d2 loc dai 88 kho khan, hon nita sé xudt hién sai pha [5].

55Mfy
J
|
i !
| M\
|
| 78!
125 Z, S -
7{:% 1,25/ Tth 71;/7*5 ht 5.5 :f;[: f(M”Z)
71 -0.75
Hinh 11.11. DD thj véc to cua dao Hinh 11.12. t%c tinh bién d0 cha tin hi¢u hinh
dong diu ch& don bién (c6 - (hp :té tn hinh {2140 a0 iéng) .

mot phan dur cua téi tin).

11.3.2. Céc phuong phap diéu ché don bién

Ngudi ta phan biét ba phuong phdp didu ché don bién: phuong phédp loc, phuong phap
quay pha va phuong phap loc va quay pha két hop.

1. Diéu ché don bién theo phuong phap lgc. Tu su phan tich phd cta tin hiéy digu
bién, r6 rang mudn cd tin higu don bién ta chi chn loc b6t moét dai bién tan. Nhung th’llc t&,
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khéng 1am duge nhu vay. Khi tai thn cao tin thl vdn d& loc d€ tach ra mét dai bién tAn gap
khd khan. That vay, gia thiét tin s6 thap nh4t caa tin tdc f, = 200Hz, lic d6 khoang

smin
cach gitia hai bién tin Af = 2 smin = 400 Hz. (xem hinh 11.15). Né&u tai tan f, = 10MHz th_j

min

hé s6 loc cha bd loc X =%—f = 4.10—5, kha nhé. Su phéin b8 cta hai bién tAn gin nhau dé&n '
I

ndi, ngay cid dung m6t mach loc thach anh ciing rit khd loc duge dai bién tAn mong muén.

Do d6 trong phuong phap loc, ngudi ta dung mét bd bi&n d8i tAn s trung gian d& cd th€ ha

thap yéu cAu déi v6i bd loc. So dd khdi ciia mach didu ché& don bién nhu vay dugc bifu dién

~ ¢rén hinh 11.13 va phd cua tin hiéu trén diu ra tiing khé&i dugc bi€u dién trén hinh 11.14.

fotyot)  farfi o

U (t) . |
S oy e i ’s Loc 1 Frhl ocen
- qQ b c d Uﬂg

fer
Tao
obo dong
I1ink 1113. So 8% kh&i mach 1o tin hidu don bién bling phurong phép‘bc'
£ ) |
|y
o {Ym/h fg‘mox 7
0o
V| A
° ful |
|
NEIY o
: |
7 W)
- . . N
o fu #
|l
|
’ " N2
! |
i ] _
OT 7{&2 fé 2 “Fu F

Hinh 11.14. Phd tin hiéu ra ctia cic khdi trén hinh 1113 :
a) phO tin hiéu vao; b) phd tin hi¢u trén dau ra b DCCBT;
¢) phd tin hiéu trén ddu ra b3 LOCIL;  d) phO tin hiéu trén d%u ra b6 LOC 2.
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. Trong sa dd khéi trén day, trudc hét dung tin tdc d&€ didu ch& mot tai tin trung gian cd tin
s6 f,; kha thdp so vai tai tAn y&u clu sao cho hé s6 loc tang 1én d& cd thé loc bé mot bién
tAn d& dang. Trén dau ra bd loc thi nh4t s& nhan dudc mot tin hidu cé dai ph8 bang dai phé

16 max — fsmin» Dhung dich di mot lugng blng f,, trén thang tan sé
(hinh 11.14¢). Tin hi¢u nay lai dugc dua dén by didu ché cAn biing thi 2 ma trén diau ra ciua
n6 1a tin higu c6 phd gdm hai bién tAn cach nhau mét khodng Af" = 2(f,; + f,mi,) 880 cho
viéc loc 14y mot dai bién tAn nhd b loc 2 thuc hién dugc mét cach d& dang. Bo di2u ch& can
bang thudng dung 1a mach di2u bién can bing hoic mach di2u bién vdng. Trong so dd khéi
trén day, tai tAn yéu clu la t6ng cua hai tdi tAn phu: f, =f, + fiar

2. Di2u ché don bién theo phuong phdp quay pha. Nguyén téc tao tin hiéu don bién
bdng phuong phdp quay pha dugc minh hoa trén dd thi véc to hinh 11.16. va so db khéi
hinh 11.15. Tin hiéu di2u ché& va tai tin théng qua mach quay pha, dugc:dua dén hai bo didu
ché& can bing (mach di2u bién vdng) léch pha nhau 90° do d6 céc bién tin trén cua hai bo
di®u ch& can bing léch pha nhau 180°. Con cédc bién tAn duéi ddng pha. Néu 14y hidu eta
cdc dién 4p ra trén hai bd dizu ch& ta nhan dugc bién tin trén. Nguac lai, néu 14y tdng cdc
dién Ap ra sé& nh&n dugc bién tAn dudi. Cé th€ ching minh didu dé bAng bi€u thiic toan hoc
sau day : gia thi&t tin hiéu vao ctia hai bo didu ch€ can bAng léch pha nhau 90° nén bi&u
thitc tuong ¢ng cta tin hiéu ra:

-~ 1 ~
ucpy = Ucgcoswgtcos w,t = Ucp [cos(w, + w))t + cos (w, — w)t]

-~ 1 A
ucpy = Ucpsinwgt. sinwt = — Ucgl— cos(w, + wi)t + cos(w, — wy)t]

Do dg

A

Ugp =Ucp) — Ucpy = Ucp coslo, + w)t.

o—— 0
Us} ' 0
o gao =

J - Moch

fo"r;g hoce |
| 0°
o— g90°
l

Hinh 1L15. So b khi mach digu ché don bién theo phwong phip quay pha.

4

|
mach hréy .____i

271



Phuong phdp nay cé

2
thé md rong cho trudng hop 72 ?
hé théng didu ché cd sb 1 ;
lugng bo didu ch&n = 3, lic I | 3 Tl i
’ ~ . '
dJd s& cd n mach quay pha, l)_f_ e N
A Lz
v6i gdéc quay pha : n “y W
Py o I
Trong phuong phéap Wt .o YRS

ndy yéu ciu hai b didu ché
Hinh 11.16. DO thj véc to cia dao ding didu ché don bién

can ‘bang phai hoan toan
theo phurong phép quay pha.

giéng nhau, cac dién dp ra
phai ¢ bién d6 nhu nhau va gdée quay pha phai chinh xédc. Day 1a mot khé khan 18n, vi thuc
hién quay pha chinh x4c d6i v6i mét tin hiéu c6 dai thn rong (o, + Wona) khong phai

don gian.

3. Didu ché don bién theo phuong phép loc va quay pha két hop. Trén so dd khéi ctia
mach di2u ché& don bién theo phuong phép loc va quay pha két hgp hinh 11.17 ta cd :

Y Loc pccse
U | loe o Quoy pha Upp Quoy pho Moch Lu?_ﬁ
' 90° Uy 90° hiéu
s DCCB1 Loc - pcca 2

Hinh 1117. Sor 40 khdi mach dicu ch& dom bién theo phuong phép loc — quay pha k&t hop.

Tin hiéu ra ctia hai bo diéu ché& can bdng I :

UCB ‘
[cos(w, + wy)t + cos(w, — w,)t]

A
ucg, = Ucg coswd cosw t =
PaN

Ucn

”

N\
ucg; = Ucpeos wisinw ¢ =

[sin(w, + w)t + sin(w, — w)t]

Sau bd loc 1, con lai bién tAn trén ctia hai bd digu ch& can bing 1 léch pha nhau 90°.
Cd thé coi day la tin hiéu didu ch& da quay pha. Tin hiéu nay cling véi tai tin u, duge dua
dé&n hai bo diBu ch€ can biang 2 léch pha nhau 90°. Dién 4p ra sau hai bs DPCCB2 : -
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Ucgy = 5 2 cos(w,2 + wyt cosaw, t =
A N
UCB‘sz )
= [cos(wl2 +w, + wt + cos(a,, = @, = w )t]
-~ A\
UCB' Ux
ucpg; = P sin(w,2 + w()t sin @, ¢
~ A
UCB'Ut2
= y [— cos(cr.),2 + @y, +w)t + cos((a),2 -y, = w ]
] Qua mach hiéu ta cd : N
Ucg'U,

Ugy

=ucgy —Ucpy = cos(w;, +w, +wpt..

Phé tin hiéu don bién va dd thj véc to cia nd theo phuong phap loc - quay pha ké&t
hgp duge bi€u dién trén hinh 11.18.

S‘(’f)}
Q)
0 ‘fvmin// Femox ?
‘P{f)l} ey femin ' Y '
Lo I |
b) P | _}l
AL L .
0 e, f
S 4 \ .
c) | 4{_ _\_\\
177/ A
&)
'ftf N 'ﬁ‘min
d) j
J R
0 ftz ﬁy*ﬁz ?

Hinh 1118. Phd va db thj vée to ciia dao dong ditu ch€ dom bién theo phromg phép loc—quay pha k&t hop :

a) pho tin hiéu ditu ch&; b) phd tin hi¢u ra trén b DCCBI,
c) phd tin hiéu ra bd loc;  d) phd tin hiéu ra mach hiéu.
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Di2u ch& don bién theo phuong phdp nay khdng cAn dung mach quay pha déi véi tin
hiéu didu ché& (14 tin hiéu cd tAn s6 thay ddi) nén d& thuc hién hon so véi phuong phép quay,
pha. '

11.4. Diéu tan va diéu pha

11.4.1. Céc cdng thic co bén va quan h¢ gita didu tdn va didu pha

Vi giita tAn s6 va géc pha cia moét dao dong cé quan hé (11.27), nén d& dang chuyén
ddi sy bién thién tAn s thanh bi&n thién v pha va ngugc lai.

dy
== (11.27)

" Didu tan va didu pha 1a qua trinh ghi tin tdc vao tai tin, 1am cho tAn s6 ho#c pha téc
thdii cha tai tin bi&n thidn theo dang tin hiéu didu ché&. Véi tai tin 1a dao dong didu hoa :

u(t) = U, cosiwt + p,) = U cosyp(t) (11.28)

T (11.27) ritra :
v(® = o)t + p(t) (11.29)
; )

Thay (11.29) vao (11.28) ta nhan dugc biéu thuc :

A t
u(¢) = Ucos[ [ w(t)dt + ¢(2)] (11.30)
[ .
Gia thi&t tin hiéu didu ché 1a tin hiéu don am :
Fal
u, = Ucoswt (11.31)

Khi didu ché& tin s§ hoac ditu ch& pha thl tAn s6 hoac géc pha cia dao dong cao tin
bi&n thién ty 1é véi tin hidu ditu ch& va ching duge xdc dinh 1an lugt theo biéu thidc
(11.32a) va (11.32b) :

wlt) = w, + kmUscosw t - (11.32a)
plt) = p  + karU cos wt (11.93b)
Trong trudng hop nay goi w la thn sd trung tAm cuta tin h:eu didu tAn.
bat : kdlUs = Aw_, va goi 1 lugng di tin cyc dai;

kyU, = Ap,, va goi la lugng di pha cyc dai.
Céc bi€u thic (11.32) viét lai nhu sau:

w(t) = o, + Aw_cosw t (11.33)

p(8) = + Ap,_ coswt (11.39)
Khi didu ch& thn s§ thi géc pha dau khong déi, do d6 () = ¢ . Thay (11.33) vaq
(11.30) va tich phan lén, ta nhan dugc bi€u thdc cia dao dong da didu tin -

Aw

ug(t) = ﬁlcos (Ot + 2_sinwt + ¢,) (11.34)
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Tuong tu nbhyv vay, bi€u thdc cta dao dong da didu pha tim duge bng céch thay p(t5
trong (11.30) bdi (11.33b) va cho w = w, = const; ta ¢d :

ug(t) = I/J:tcos(wtt + Ap,, coswt + ¢ ) (11.35)
V-Qy lugng di pha dat dugc khi digu pha :

Ap = Ap, cosw t t
Tuong Ung vaéi lﬁgng di pha\:nay sé cd 'mot lugng di tAn :

d(Ap)
dt

Aw = = Apy . sinwdt

va lugng di tin cuc dai dat dugce khi didu pha:

A .
Ao, = w Ap = ok U (11.36a)
Theo (11.32a), lugng di tAn cuc dai dat duge khi didu tin :
A
Aw g = kg Uy (11.365)

So sanh (11.36a) va (11.36b) ta thdy ring : diém khac nhau co ban giita didu tin va
didu pha la lugng di tAn khi didu pha ty 1¢ v6i bién d¢ dién dp-didu chd va tAn a6 didu chg
con lugng di tan khi didu thn chi ty 1é voi bién d6 dién 4p didu ché ma théi. Vi viy tu mot mach
didu ché pha c¢ thé 14y ra tin hi¢u didu ché tAn s6, n&u truée khi dua vao ditu ché, tin higu
didu ch& dugc dua qua mét mach tich phan (hinh 11.19a). Nguge lai, cd thé 14y ra tin higu
didu ch& pha tit mét mach digu ché€ tan s6, néu tin hi¢u didu ché dugc dua qua mdét mach
vi phan truéc khi dua vao bd didu ch& (hinh 11.195).

U . b ’ A/ ~ e ~ Vi
S jdi bidu ché  t——/in héu oy chE 10 56
_ bo
U -~ 7z / “ AT A7
. d/a’t Bréy che’ f—w=n hiev e o€ pha.
| % 567

Hinh 1119. Minh hoa quan hé gifra tin hi¢u diu (3n va tin hiu didu pha:
a) So' 0B khdi mach diBu ch¥ tin s§ thdng qua ditu ch€ pha;
b) Sor 48 khi mach di®u chE pha thing qua didu ch€ thn s3.

11.4.2. Phé cua dao ddng da didu Bn va didu pha

Trong bidu thic cia dao ddng da didu tin (11.34) cho gdc pha dAu tpo =0 va dat

Aw |
— = M, (goi M;1a h¢ 56 dRu tAn)bidu thitc (11.34) duge viet lai:

@Dy
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~
ug = Ulcos[wlt + Mtsinwst] (11.37)

Trudng hop tin higu didu ch& 1a tin hi¢u phdc tap, cd tdn 86 tif w . dén w . M,
dugc x4c dinh nhu sau :
Awpy
M= (11.38)
[4)]

smax

Heé s6 ditu tAn M, khong nhing chl phy thufc vao bién d¢ di¢n dp didu ché ma con
phu thudc vao tin s§ didu ch&. Tuong ty nhu vay, ta cé bi€u thdc cia dao d9ng da didu pha:

Ugp = ﬁlcos[wtt + MP coswt] , {11.39)

trong dd, M¢ = Appn-
Bi€u thic (11.37) va (11.39) cd thé biéu di&n duéi dang chudi ma h¢ s6 cia nd 1a céc
ham s6 Betxen loai mot bac n, nhu sau :

~ o J(Wi—nw
a1 = RelU, %—J)“HJH(Mf) e (@ s)'] (11.40)
A ® i
e = Rell, 3j" JnMpre” "™ ) (11.41)

trong dd, J 12 ham s8 Betxen loai mét bac n (xem [4]).

Né&u khOng xét dén pha, thi ph8 cta tin hiéu didu tAn va didu pha gi6ng nhau; gbm
cd thanh phan tai tAn w, (dng véin = 0), bién do J, U va v6 86 cdc bién tan :

w,+no, (n = —o + »), biéndy J U,. J_ phu thuOcM ho&ch,

Theo béng ham 86 Betxen, khi M;, M, = 2,405 thi J (Mr) = 0 nghia la lic nay tin
hi¢u didu tAn va didu pha khong chia tai tin. Ngoai ra, con thfy ring, n&u biéu dién ham
86 Betxen theo béc n cla nd, trong trudng hgp M; > 1, tdt ca bién tAn cé béc n > M, ddu
~6 bién d6 nhé hon 5% bién d¢ tai tAn va d8u cd thé LS yua. Vi vay cd th& coi do rong dai
tAn cta tin hidu didu ch& tAn s§ va didu ché& pra la hitu han va x4c dinh nd theo biéu thuc:

Dy, = 2Mow = 20w : (11.42)

Nhu vay d6 réng dai tAn cta tin hiéu didu tAn khong phu thudc tAn s didu ché.
D6i v6i tin hiéu ditu pha, d6 rOng dai tAn clia nd duge xdc dinh theo bi€u thdc
(11.43).

Dy = 2Myw, =

Vay d6 rong dai tAn cta tin hiéu diBu pha phy thudc tin s§ didu ché&.
Khi M o< < 1thi chi ¢6 mot cap bién tAn cd bién d¢ 16n hon 5% bién do tai tAn, do dé:

Dy =20

= 28p 0, ‘ (11.43)

smax

Truong hgp nay d6 rong dai tAn cia tin hiéu didu tAn bAng d6 rong dai tAn cda tin
higu didu bién, ta goi la didu tAn dai hep. Ngugc lai, khi MW’ > 1 thi cd didu tin dai rong.
Thong thudng tin hiéu didu ch& 1a tin hi¢u b&t ky gdm nhidu thanh phan tan s8. Lic
'dd tin hiéu didu ché tAn s8 va didu ché& pha cd thé bi€u di&n tdng qu4at theo bifu thitc sau :

Ug = ﬁtcos [wt + v}::‘ lAM,, cos(wgt + ¢,)] (11.44)
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Trong bi€u thdc nay cé quan tAm dé&n gdc pha ddu p,, vi hi¢u pha khdc nhau cta cdc
thanh ph3n phd cua tin hi¢u didu ch& cd tinh chat quyét dinh d6i v6i dang tin hiéu téng
quét cda nd. '

Khai tri€n (11.44) theo chudi Betxen ta cd :

Uy = 6tRe{(coswlt + jsinwlt) x
x ]"fl [J, (AM,) + 2J,(AM,) cos(wyt + p,) — 2J5(AM,)cos2(wgt +p,)
Yy =

- 2J5(AM,)co83(w t + p,) + ...]} (11.45)

Theo (11.45), phé cta tin hiéu didu tAn cd t4t ca cdc thanh phAn tin 86 t8 hyp :

w, + vgl Uy gy VO g, 12 s6 nguyén hitu tl; — <y, <o,

11.4.3. Mach dién didu tin va diéu pha

V@& nguyén tic cd th€ phan biét mach didu tAn gidn ti€p va mach didu tAn tryc ti&p,
cing nhu mach di®u pha gian ti€p va mach diu pha trye tiép. Trong d¢6 di®u tin gidn tiép
1a didu tAn théng qua ditu pha (hinh 11.18a) va ngugc lai didu pha gidn ti&p 1a didu pha
théng qua didu tAn (hinh 11.196). Trén co sé d6, chi cAn nghién citu cdc mach didu tan tryc
tiép va didu pha tryc ti€p, rdi dya vao céc so db khéi trén hinh 11.19 suy ra mach di2u tan
gién ti€p va didu pha gidn tiép.

11.4.3.1. Céc mach didu tanctruc tidp. Khi didu thn tryc ti€p, tAn sd dao dong riéng
cia mach tao dao ddng duge didu khién theo tin hidu didu ché.

Mach di2u tAn truc ti€p thudng dugce thuc hién bdi cdc mach tao dao ddng ma’tan sd
dao ddng riéng ctia né dugc ditdu khién bdi dong hoac 4p (* CO : Voltage controlled
oscillator va CCO: Circuit controlled oscillator ) hodc bdi cdc mi.ch bién d8i dién 4p — tAn
86. Cdc mach tao dao ddng c thn s6 bién di theo dién dp dat “-&o cd thé 1a cac mach tao
daq dong xung hoac 1a cdc mach tao dao ddng didu hda LC. Céc 1 ach tgo dao dong LC cho
kha néing bi&n d8i tAn s6 kha rong va cd thn s trung tam cao. Nguyén tAc thyc hién didu
tAn trong cdc b tao dao dong la 1am bi&n ddi tri s6 dién khang cia by tgo dao ddng theo
dién 4p dat vao. Phuong phép phd bién nh4t 1a dung diot bién dung (varicap) vA tranzistor
dién khdng. Sau dAy s& 1An lugt xét céc loai didu tin dd.

1. Didu tdn tryc tiép diing diot bién dung. Diot bign dung cé dién dung mat ghép bi&n
ddi theo dién dp dat vdo. N6 cd so db tuong duong hinh 11.20a. Trj 86 cua R va Cp, phu
thudc vao di¢n 4p dat 1én diot. Trudng hgp diot dugc phan cuc nguge, R, = «, cdn Cpy ducc
xdc dinh theo bi€u thdc (11.46).

k
wp + )
trongdds; k-hésOtyls;
¢, - hiéu dién th& tigp xdc clia mat ghép,voi diot silicp, = 0,7V
1

1
y - hé s6 phu thudc vat ligu; y = 33

~
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Mé4c diot song song v6i h¢ dao dong cda bg tao dao dong, ddng thai dat dién dp didu

ché& 1én diot thi Cp, thay g8i theo dién 4p didu ché, do dd thn o8 cOng hudng riéng ciia b tao

“dao dong cting bi&n ddi theo. Trén hinh 11.205 12 mach di¢n b tao dao dong didu tin bing
(diot bién dung. Trong mach di¢n nay diot duge phan cyc nguge nhd ngudn E.

Rp
o—] -
——

Cp

Lo
o
610-L Eo
b) , 1
Hinh 11.20. Di®u tin bing diot bién dung :

a) so dd twong duong cia diot bin dfin loai UEp mily;
b) mach tao dao dfng ditu t3n biing diot bi€n dung.

Tan 86 dao dong clia mach gin bAng tAn s8 cdng hudng riéng cia hé dao dong va
dugce x4c dinh nhu sau :

1

fug = (11.47)
22VL(C + Cp)
Cp, x4c dinh theo bi€u thuc (11.46).
Dién ap dat lén diot :
up =u, —u, — E,= U coswt — Ugcoswt — E, (11.48)
D& cho diot ludn ludn dugc phan cyc nguge, phai dam bao didu kién :
up = tpgy = U, + U, - E, s 0. | (11.49)

Nhung di¢n 4p duge dit 1&n diot cling khong dugc vugt qué trj s§ cho phép, nd phai
ddng thoi théa man bi€u thidc (11.50) : '

A A\
Up = Upnin = l “AUl - Us - Eo l s Ungcf (11.50)

Khi ditu tAn bing diot bi&n dung phai chi y nhitng dic di€ém sau day :

+ Chi phan cyc ngugc cho diot 46 trdnh anh hudng cia R, dén phfm chit cia hé
dao dong nghia la dén 40 Sn dinh tAn s6 cia mach.

+ Phai han ché& khu vyc 1am viéc trong doan tuyén tinh cia dic tuyé&n Cp (up) cha
diot bién dung (hinh 11.21) d€ gidm méo phi tuyén. Lugng di tAn tuong d6i khi didu tAn
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Hinh 1121. D¢ tuyén Cp =f(up) cia diot bi€n dung va nguyén Iy bi€n ddi dién dung mait ghép
cua diot theo dién ap diit vao.
dung diot bién dung dat dugc khoang 1%.
+ Vi dung diot dé didu tAn, nén thié&t bj didu tAn cd kich thuée nhé. Cé thé dung diot
ban din d€ didu tAn & tAn s6 siéu cao, khoang vai tram MHz. Tuy nhién dd tap tén cia
tham sé ban din 16n, nén kém &8n dinh.

2. Didu tan diung tranzistor dién khéng. Phan ti dién khang : hoac dung tinh hosc
cam tinh cd tri s6 bi&n thién theo dién 4p didu ch& dat trén né duge méic song song vdi hé
dao dong cua bd tao dong lam cho tin s6 dao dong thay ddi theo tin hiéu didu ché&. Fi:3n tu
dién khang dugc thyc hién nhd mét mach di pha mac trong mach hdi ti€p cia mot
tranzistor. Cd 4 cdch méc phan ti dién khdng nhu bifu dién trong bang 11.1.

V6i mach phan 4p RC, ta tinh dugc :

1
— J— — - R+ —
U U U JwC
Z= —_— — = = — —————————
1 SUgg 1 S 1
— joC jwC
sU s Jo
1
R+ —
JauC

1
Né&u chon cdc linh kién sao cho — << R thi trd khang Z cd thé€ xdc dinh theo bigu
thic ghn ding sau day :

JjwCR

~
==

= jX| = joL ; (11.51)
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Bang 11.1.

CAach
miéc
. | mach

Sd dd nguyén Iy

‘Dh%hivktd

Tri 96 dibn khéng

Tham s8

tudng duong

Mach

phén

ap
RC

. RC
Z=iw —

RC
Ltd T e—
S

Z = —J —
wls

LS
Ctd B —
R

Mach

(=g}

: k‘:‘
My

1l

Zw=—i

WRCS

Cig = RCS

Z=jy —
RS-

Lyg= ——
RS

S :hd diin cua tranziste:, /= SUpg

tmng dd,

L __CR
™

Tuong ty nhu vy, cd thé ching minh cho cic so d3 phan 4p cdn lai trong bang 1}.1.
Céc tham s6 tuong duong cia ph2n ti dién khang ddu phy thudc vao h8 din S.
R6 rang, khi di¢n 4p didu ché dat vao bazo cia phan ti dién khang thay 86i thi S
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thay d8i va do dd cdc tham s6 L, hoac C,4 thay d8i lam cho t3n s8 dao dong thay déi theo.

Di2u tAn dung phin ti dién khdng co th€ dat duge lugng di tAn tuong d6i A—f khodng 2%.

4

Quan heé giita lugng di tAn v6i cdc tham s6 ctia mach ciing nhu didu bién ky sinh xu4t hién
trong qué trinh didu tin dung phin ti dién khdng dugc nghién ciu ky trong tai liéu [4].

Chid y radng, thay cho
tranzistor, cd thé dung d&n
dién td hoac Fet trong cac so
dd dién khéng.

Trén hi-h 11.22 1A sg dd
b dao dong ghép bifn dp duge
didu tAn bang phan td dién
khédng phan dap RC. Trong dd¢
T, la-tranzistor dién khing, T,
la tranzistor tao dao dfng.
Tranzistor dién khdang dugc
méc mot phan (trén L,) v6i hé
dao dong. Cing cod thé méc hai
tranzistor dién khdang thanh
mét mach d8y kéo d& ting
lugng di tdn nhu trén hinh
10.23. Trén so dd nay, T, la

Hinh 1122. So 46 b0 tao dao ddng diu tin bing phin tir
. dién khéng phan 4p RC:

Cg) - Cpg4 : tu dién ngéin mach cao tin;
L¢ :cudn chin cao tin

CR
phan ti dign khdng cam tinh, véi L =g va T, la phin td dién khdng dung tinh véi
T
1
C,g = CRSp;. Theo so dd, khi U, tang thi S, tang, con Sp, gidm, lam cho L, va C, dBu
gidm, do dd tAn 86 gidm nhanh hon theo dié¢n 4p didu ch€ va lugng di tAn tang lén gdp doi
(né€u T, T, c6 tham s§ gi6ng nhau). Mach cdn cd vu di€m, tang dugc dp 6n dinh tan s6

Ca1

Ug

CB:II Ry

Ca2
> T3 Cx
Ly '
Le °
CET E |
| Cay ’
J———— ‘
L R3 'Uee

Hinh 1123.So 43 tao dao dong di%u tin bling mach dién khing dlly kéo:

Cpy — Cpy:tydidn ngin mach cao tin;
Cpsi

: ty dién ngdn ma-h &m tin —(u's);
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trung tam f, cia bd tao dao ddng (T',). That vay, gia thiét dién dp ngudn cung cép tang thi
h§ dén cta ca T, va T, ddu ting mot lugng AS. Lic d6 L 4 gidm, C,, ting. Néu mach dién
T, T, hoan toan d6i xung thi lugng tang cia C,4 86 bt duge lugng gidm cua L 4, do d6 c6
- thé€ coi tAn s6 trung tam khong d8i.

3. Didu tan trong cdc b tao xung. Trén
hinh 11.24 12 so db mach dao-d0ng da hai ma U
day xung ra cua nd cd tAn s6 lap thay d6i theo '
dién 4p didu ché u.

Tan s§ lap cia mech dao déng da hai
trén hinh 11.24 duge xdc dinh bdi qua trinh
phdng cla tu C qua dién trd R, sau khi cd mot
sut 4p trén dién trd colecto R.. Khi Ry dugc
dfu tric tiép vdi ngudn U_, qué trinh phong .
x4y ra gilta cdc muc bao hda cua tranzistor T,
va T, gn nhu tuyén tinh. TAn 86 lap cta day
xung duge xdc dinh nhu sau :

1
27RCIn2

D& didu ché tAn s6 lap ctia ddy xung, dua  Hinh J124. Ditu tiin trong bd dao dong da hai.
dién 4p didu ch& u, vao bazo cung véi dién ap '
ngudn +U_ . Lic nay tAn s6 lap clia diy xung bi&n thién theo dién dp didu ché va duge x4c
dinh bi bigu thic (11.52) ‘

1 .
F = ’ (11.52)

AU~Ry) + I
2RCln[( c/Rp Boh,

Bbh
trong dé,

Igpn = W, + ug — Upg, + IgyRp)/Ry

la dong bazo & trang thai bao hoa;
Upgg, - dién &p cét bazo—emito (xem dac tuyén vao hinh 1.17);
Ipy - Dong bazo khi tranzistor md;
AU - Lugng sut dién dp trén colecto khi tranzistor chuyén tu t4t sang mé
AUc = Uc = IR = Ucgm:
Af,
V6i mach nay cd thé€ dat duge lugng di tAn tuong d6i ——khodng vai % va hé sd méo
t

phi tuyén khodng vai %oc. Mach cd tin sd trung tam (tn s lap F) khong cao va khé 8n
dinh. Mach dién trén hinh 11.24 cing l1a mot mach didu tAn tryc tiép.
Nbuge diér:. ~hung cia didu tin tryc ti€p la d9 6n dinh tAn s6 trung tam thép, vi
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khong thé dung thach anh thay cho mach céng hudng trong bé tac dao déong dé 6n dinh
truc ti€p dugc. Do dd, d€ dat dugc do 6n dinh tin s6 trung tAm cao, trong mach didu tan
tryc ti&p phai dung mach tu dong didu chinh tin s§ (xem [3] va [4]) tuy nhién, v6i mach
didu tAn truc ti€p cd thé dat dugc lugng di tin tuong d6i 16n.

11.4.3.2. Mach didu pha
1. Mach didu ché&

pha theo Armstrong.

. L
Mach diau pha [ DB Ugsy
armstrong (hisa 11.25) _ N o,
duge thwe hién theo As! T 7 gy
nguyén ly sau déy : tai } 9 Tréer pho
tin tit b tao dao déng U
thach anh dugc dua dén 0?,'0/7090' DB2 b2
bo didu bién 1 (PBI) va -

didu bién 2 (DB2) léch
pha nhau 90° con tin
hi¢u didu ché u  dua dén

Hinh 11.25. So ¢0 kh3i mach didu pha theo Armstrong,

2 mach di2du bién ngugc pha. Dién ap ra trén hai b didu bién :

~ A
Ugp = U,l (1 + m coswt) cosw it = U,l coswt +

mB,
+ 2 lcos (w, + w)t + cos(w, — wy)t]
A ey
Ugpy = U42(1 — m coswt)sinw, ¢ = U, sinwt -
A
mU,
- 2 [sin(w. + w))t + sin(w, — w)t]

Db thi véc to cla uy;, Uy, va Ut
véc td téng cta ching duge biéu W

dién trén hinh 11.26.

~ Tu dd thj d6, thdy ring : tdng
chc dao dong da didu bién u —u g, +U gy,
1a méit dao dong dugce didu ch& v&
pha va v& bién d9. Didu bién & day la
dizdu bién ky sinh. Mach cé nhuge
diém la lugng di pha nhd. D& han ch&
mic didu bién ky sinh, chon Ay nhd.
D& cd di2u bien ky sinh nhd hon 1%

thi Ap < 0,35 [4].

A
Ué’l

* Finh 1126. DD thj véc to cla tin*hiéu
ditu pha theo mach Armstrong.




2. Mach didu ché pha dﬁmg‘chh loc. So dd nguyén ly didu ché& pha dung mach loc
dugce bi€u dién trén hinh 11.27,

Hinh 11.27. Sor 48 nguyén Iy mach diBu ché pha dang mach loc.

Trong mach dién nay, tri s dién duhg cua diot bién dung phu thuéc vao dién dp didu
ché€ u_. Khi u thay d8i thi tAn sé cdng hudng ciia mach loc léch khadi tin s6 tin higu vao f,
mot lugng Af sao cho d6i véi tin hiéu vao, mach cOng hudng la mét trd khang phic duge
xdc dinh nhu sau :

Rld
Z= (11.53)
2Aw
1 +jQ
t
Voi Ry=—toi@e — i .
1 = — = — = — W = ———
T e wCr r’ ' VIC

Gdc pha cta trd khdng d6 duge xac dinh theo bi€u thic (11.54).

2QAw

w

¢ = arctg (- ) v (11.54)

t

R6 rang khi u, thay d8i thl Aw thay d8i, do d6 gdc pha ¢ bi&n d6i mot lugng tuong
Ung. Qud trinh di®u pha nay cé kém theo dizu bién ky sinh, vi modyn | Z| cing bi&n thién
theo Aw. Ciling tuong ty nhu mach di2u ché& pha theo Armstrong, n&u giit cho mdc didu bién
ky sinh nhd hon 1% thi gdc di pha cyc dai Ap = 0,35. Néu dimg nhi2u mét loc nhu trén
hinh 11.26 thi nhd chon cdc khau ghép hgp ly, cé th€ 1am cho dac tuyén ¢ = fluy) tuyén
tinh hon, do d6 dat dugce lugng di pha tuong d6i I6n Ap = 7. Trong thyc t& cdc mach digu
ch€ pha thudng duge ding két hop v6i mach tich phan dé€ thyuc hién didu tAn gidn tiép.
Mach di®u tan gidn ti&p so v6i mach didu tan tryc tiép thl lugng di tAn nhd hon, vi Ap nhd.
Nhung mach di2u tAn gidn ti€p cé 40 8n dinh tAn s6 trung tAm cao, vl th€ cé thé dung
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thach anh trong tAng tao dao dong d€ 6n dinh tan s6. D& khic phyc nhugc di€ém v lugng
di tAn nhd, sau ting didu tAn cd th€ mic thém mot 56 thng nhan tdn d€ dam bao lugng di

tAn yéu cAu nhu so dd khéi trén hinh 10.28.
R . F2af n# tnaf

ng + nzzl'f

£, +70f

f 2 3 4

_Fyrnof

5

6

o

1. BS Too gbo obng

2. Mok bz T giontép 8. Mach hon bn

3. Mook phén b boe n
4_- quﬁ /;‘5/7 /(li'/;

5. Mach nhén Jon bore n

7_ Mach nhén I6n b3 (n-1)

Hinh 1128.So 45 kbl minh hoa prong phép ning cao li.rorng di tin trong mach diGu tin gisn ofp (diéu tin

théng qua ditu pha):

I- 'bd tao dao d0ng ;

2- mach ditu thn gifin €}
3 mach riw; 1dn bicn
4- mach on tan

5- mach nhén tan bic n;
6- mach trdn tin;
7- mach nhén tin bc (n - I).

11.4.4. Mot s6 bién phdap dé nang cao chdt lugng tin hiéu didu tan. Tin hiéu didu tin

Awm

A .
c6 hé s6 didu ché M = —— . Khi tin s6 diu ché tang thi M, giam (gia thigt U, = const)
) 5

lam cho ti s6 tin hiéu trén tap Am (S/N) gidm. Vi vay trude khi digdu ché, tin hiéu didu ch&
u, duge dua qua mot mach loc thong cao. Cac thanh phan tn s§ cao cta u khi qua mach
dé dude uu tién v& mat bién d6. O du thu, sau khi tach song lai phai dung mot mach loc
thong thdp c6 hang s6 thai gian bAng hang s6 thoi gian cia mach loc théng cao d€ nhan lai

sy phan b bién do theo tAn s6 ding nhu tin hiéu thyc ban dhu.

Trong phat thanh UKW, theo tiéu chufn chau Au, ngudi ta quy dinh hing s tho. '
gian 7 = 50us . Khi truy®n tin hiéu didu ché tAn s6 cia tin hiéu mau (tin hiéu hiéu) trong
“hg SECAM, chon 1 = 2us, Ngoai ra dé gidm anh hudng cia didu bién ky sinh d6i véi tin
hitu ditu tAn c6 thé€ dua tin hiéu didu tAn qua mach han bién trudc khi dua vao bo tach

song tan sb.
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CHUONG 12
TACH SONG

12.1. Khai niém veé tach séng

Tach sdng la qud trinh tim laj tin hiéu didu ché&. Tin hisu sau khi tédch sdng phai
giéng dang tin hiéu ditu ché& ban dau. Thyc té, tin hiéu didu ché u, sau khi qua digu ché va
qua kénh truyen dua dén bo tdch song da bi méo dang thanh u Do ‘méo phi tuyén trong
bd tich séng, nén sau khi tach séng ta lai nhan duge u; khac dang véi 1. Nhu vy tin
hiéu thu duge sau tdch séng thudng khac v6i dang tin hleu nguyén thiy (tin tic) u . Vi vay
mot trong nhitng yéu chu co ban d&i vdi qud trinh tdch sdng 1a yéu cu v& méo phi tuyén.

Tuong dng véi cac loai didu ché, ngudi ta cing phan biét cdc loai tach song sau day:
tach sdng bién d¢ va tdach sdng tan sb.

12.2. Tach séng bién do

12.2.1. Céc tham 88 co ban
1. H¢ 56 tach séng. Tin hiéu vao bd tdach sdng la tin hiéu da dizu bién:

A AN
Uyrs = Uyrs(t)cosw t = U, cosw t,

A
trong d6, Uypg bién thién theo quy luét cia tin tde.
Tin hiéu ra bé tach sdng bién do:

A A
Urrs® = KrsUyrs®

véi K1 12 hé s6 ty 1é va dugc goi 12 hé s6 tach song

A\ -\
trong d6 Upqg(#) va Uypg(¢) d8u gdm cé thanh phdn mot chitu va thanh phan bién
thién chdm theo thoi gian:
e
Uys® = U’ + w0’
A
URTS(t) = U‘o + u”s

Thuyc t&, d6i v6i qua trinh tach song chi cBn quan tam dé&n cac thanh phan bién thién
chAm (mang tin tdc) ma thoéi, do dé thiidng xdc ditth hé s8 tdch séng nhu sau:

Ls

Krg = , (11.1)

3

Uy

trong dd. u" dac trung cho su bién déi cham cua dién 4p ra theo thdi gian, con u’s dac
trung cho sy bi&n ddi c@a bién do dién 4p vao trén bo tach séng.
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He s6 tach séng cang 16n thl hidu qua tach séng cang 16n. N&u trong qué trinh tach
song Ky = const, nghia la K chi phu thuéc vao mach tdch séng ma khong phu thuéc vao
bién d6 dién 4p vao thi u” ty 16 vé6i u’, do d6 dién 4p ra b tach sdng bi€n thién cung quy
luat v6i bien do dién ap vao. Lic d6 bo tich séng khong gy méo phi tuyén va dugc goi 1a
bé tach séng tuyén tinh.

2. Tro khang vao cia bo tach séng. Trd khang vao bf tdch sdng Ia ti s6 giita bién do
dién 4p cao tan va bién do dong dién cao tin dat vao bo tach song.

U U
Zyps = 2 = 2 (12.2)
IVTS le

. Tri 6 cha Zy,4 cho biét muc d4 4nh hudng cia b tach sdng dén ngudn tin hiéu vao.
Théng thudng, giita dong dién vao i, va dién dp vao ugy, cd dich pha, do dd Z,1¢ 12
mot s phic, ta cé
1 1

Yvrs  8vrs HJbvrs

Zyts =

gys 1am giam hé s6 phdm chit cia mach ra ngudn tin hiéu, con by, 1am thay d8i tan s6
cong hudng riéng cia nd.

3. Méo phi tuyén. Giong nhu trong bé khuéch dai, méo phi tuyén duge xdc dinh nhu
sau-

k= S 100%

~
ws Taws- 180 lugt 12 bién dé thanh phin dong dién bac nhit, bac hai,...
cua tin hiéu digu ché.
O day khong can quan tAm dén céc dong dién cao tAn (tai tAn va hai bac cao cia nd),
vi trong mach dién bd tach sdng c6 thé dé dang loc bo cdc thanh phin nay.

trong do 1

12.2.2. Mach dién b tach séng bién dé

Thch séng bién d6 dugce thuc hién nhd cdc mach chinh luu (dung phan ti phi tuyén)
ho#c cdc mach dung phan ti tuyén tinh tham sé. '

1. Tch séng bién d6 bang mach chinh luu. CS hai so dd tach séng dung maéh chinh
luu: so dd tach séng néi ti€p va so db tdch séng song song. Trong sg dd tach séng ndi ti€p
(hinh 12.1a), diot tdch song dugc mic néi ti€p vai tai, cdn trong so db tdch sdng song song,
diot tach séng mic song song vdi tai (hinh 12.1b).

Néu tin hiéu vao dia 16n sao cho diot 1am viéc trong doan tuong d6i thdng cia dic
tuyén va dic tuyén cua diot cd thé coi 14 mot duong gdp khic nhu trén hinh 12.2a thl ta ¢
qué trinh tdch séng tin hiéu lon. Lic d6 quan hé volt—ampe ctia diot dugc bi€u dién bsi
phuong trinh (12.3):
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§ Suy khi upy 2 0

N khi up < 0 (12.8)

iD =

Trong céc so dd trén hinh 12.1, diot chi théng d6i véi nita chu ky duong cia dao déng

cao tan & dau vao (hinh 12.2). Hinh bao ctia dao dong cao tAn nhan dugc nhd sy phdng nap
cua tu C (hinh 12.3).

o—-@} —0 ¢
o {F -0
Uy | ¢ il R Uy Ugy | ’
o |- Uy T s 9 (Ys  p=F 4 Uy
) — o— 0
o) b)

Hinh 12.1. So 85 tich séng bién 36 bing mach chinh hru:
a) tich song ndi tiép; b) tach sing song song.
Sau day ta s& phan tich va tinh toan so dd tach song néi ti€p rdi ti d6 suy rong ra
cho so db tach song song song.
Theo hinh 12.1a va theo bi€u thuc (12.3) ta vi€t duge bi€u thic dong di¢n qua diot:

ip= Sugp — ue) (124)
) N\
vai ug, = U1 + mceosw ticoswt hodic uy = Uy cosw,t (12.5)
A A
trongds - Ug, = U1 + mcoswt) (12.6)

Thay bi€u tﬁdc (12.5) vao (12.4) ta ca:

ip = S(U ycosmt ~ u) (12.7)
Biét rang khi w;¢ = 6 thi iy = 0, thay vao (12.7) s& ¢ bi€u thic (12.8).

0 = S(U ,c088 — u) (12.8)

T (12.8) ta tinh duge gée din dién cla diot:

. u,
cosf = —_ (129)
Ug
Tiur (12.7) va (12.8) ta rut ra:
in = SUy(cosew ¢ — cos6) (12.10)

Mat ki.ac, vi dong qua "ot 12 mét day xung hinh sin (hinh 12.2), nén cé thé€ khai
trién iy theo chubi Furier nhu sau: ot

A A A
in=1,+Icoswt + I,cos2wt + ... + I cosnwt + ..., (12.11)

- 288 -



trong dd, theo chudi Furier, ta tinh dugc:

I, =

! J@. dot
lD w
T o ! (12.12)
2 0
I, = — [ipcosnwtdwt
: F AN}

=

!

T T /J't/,fI Ut
I
l

5

v Hinh 122. Qué trinh tich séng tin hiqu I6m nhdr mach chinh luu ding mot

Thay (12.10) vao (12.12) rdi ldy t{ch phan, nhan dugce cdc két qui sau day:

A
SUs,
I, = ——————(ginf — Bcosb) (12.13a)
n

A

A SU
I, = —— (6 - sinfcosh) (12.13b) .

_. I, xé4c dinh theo biéu thic (12.13a) cd chia th;i\nh phan mot chi2u thuln tay:
SU, SU,
—5—(sin 6 — 6cosf) va thanh phan bién thién chém: —7m(sinf — Ocosf)cosw ¢, chinh Ia

thanh phan hifu ich.

Tit ddng mot chidu I xdc dinh dién 4p ra trén tai:

A

RS :
uc = RIO = —n—-Udb(sinG - Ocose) (12.14)
Thay (12.14) vao (12.9) ta cd:
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SR, ,
cosf = ——(sind -~ Ocosh) hay

- 0=g5 . (12.15)
Vay theo (12.15) gdéc dén
dién 8 chi phu thudc vao tham s8
cta mach dién (S,R) ma khong el
phu thubéc tin hiéu vao. Do dd co
thé két luan: tach song tin hiéu
lén 1a téach song khong gy méo
phi tuyén.
Né&u gia thist 6 = = thi

SUy SUy o
I,=——1 = 3 ,....vableu;r] - o
thic dong qua diot (cta mach Hinh 12.3. DO thj thti gian di€n ap ra ue trén tai bd tach song ndi tidp.
tach séng) viét dudi dang chubi Furier cho trudng hgp 8 = 90°:
~ 1 1 2 » (="

in = SU.. (= + —cosw,t — = ——— cos2nw,t)

b @' T 2 ¢ T nzl 4n® -1 ¢
hay thay (12.6) vao, ta cé:

. A 1 1 2 = -n"

ip = SU(1 + mcosw )7 + —2—coswlt -7 2 1‘ -‘;1—2———-1-cos2nwlt] T (12.16)

n= -

T (12.16) nhan thfy rdng: Phé caa db'ng' dién iy gdm cd cdc thanh phan:motchidu;
w; w; w0, * w; nw * o, Thong thudng w >>w, nén céc thanh phdnow; o, + v va
nw, * wg duoc loc bé dé dang nhd mot mach loc thdné thdp, chi con lai thanh phan hiu

mSU
ich: i = —————cosw ¢. Mot 13n nia lai thiy ring tach song tin hiéu 16n khong gay méo. Vi

vay trudc khi tach sdng, cin phai khué&ch dai sao cho tin hiéu di l16n d€ dam bao ch& d6

*ach séng tuyén tinh.
Trong céc so dd trén hinh 12 1 phai chon hdng s6 thoi gian 1 ;}C du 16n sao cho

Ue

0 vay f

Hinh 124. Tlién twong méo tin hiGu tdch sdng do dién dung 1ai qué 1om.
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dang dién 4p ra tai gan v6i dang hinh bao cua dién 4p cao tin & dAu vao. Thong thudng,
~ bién d¢ dién 4p vao 16n hon 1V hi¢u dung va R > R;, R, thi cd thé téch séng duge dién ap

dinh. Tuy nhién cing khéng dugc chen 1 qué 16n d€ tranh méo do dién dung tai gay ra.
Digu kién tong quat 4é chon 1

<< RC <<«

W, Wy

(12.17)

Trudng hop chon C qud 16n lam cho v& thd hai ctia b4t ding thic (12.17) khéng théa .
mén thi dién 4p ra khong bién thién kip véi bién dd dién 4p vao, gy méo tin hiéu (hinh
12.4). D€ tranh hién tugng nay phai chon trj sd tu C sao cho tdc d¢ bién thién cia dién dp
ra u_ t6i thi€u bing tdc d6 bién thién cta bién dd dién 4p vao trong thdi gian phdng cta tu
C, nghia la

N
du dU,
| —=1 z | —=| (12.18)
dt t=10 dt t=1
Qua trinh phdng cta tu dugc miéu ti nhu sau:
u, = Udbexp( RC) véit' =t —t
Do ds duc % ’ (12.19)
0 1G5 le=0=Re '
Tit bi€u thie (12.6) suy ra
A A
dwa d{U[1 + mcos(wgt’ + p)} |
r=0 dt t'=0
~ N
hay | dUav | = mwU,sing (12.20)
ar’ 1'=0
trong dd ¢ la goc pha dau.
Thay (12.19) va (12.20) vao (12.18) ta cd:
1 mw sin
> L (12.21)
RC 1 + mcosp

Dao ham v& phéx ciia bat ddng thic (12 21) theo ¢ va xét ddu, s& thdy radng vé€ phai
cuc dai khi cosp = —m tic sinp = v1 — m?. Do d6 digu kién (12.21) dugc viét lai nhu sau:
1 moV1l — m? mw
> =
RC 1 —m? V1 — m?
1 —m?

hosc RC< —— (12.22)

mws

S

Vay tich RC phai chon sao cho didu kién (12.22) théa mén v6i moi tAn s6 didu ché va
v6i he s6 didu ch& ¥n nhét (m ;). Thyc hién didu kién dd, chinh la thyc hién v& phai cia

o e e



‘bét dAng thic (12.17). Thyc t&, thudng chon RC theo didu kién (12.23).

10 1
—_— <RC<
w

(12.23)

t wsmax

Mudn dé dang théa mén (12.23), phdi ddm bdo w, = 100w, .
Trong hai so dd trén hinh
12.1, so d® tach sdng néi ti€p co

R
dién trd vao (R, = —2-) 16n hon
. , c

dién trd vao cia so db tdch séng Ig F . 0

R - =
song song (R, = E). Ngoai ra, , D'% [DR lUs

« ‘ b -0

trén tai cla so db tdch sdng song 1 o Clﬁ 1
song cdn cd dién 4p cao tAn, do d6 - Y-
phai dung b6 loc d& loc bd nd. Vi - e |
nhitng 1y do d6, nén so.dd tach  Hinh I25. Sor dd téch s6ng song song ghép vt 1l ting trrde
séng ‘'song song chl dugc dung. (ngan dién dp mdt chitu dura ra 1Al 1ich séng).

treng trudng hop cn ngan thanh
phAn mot chidu tir tAng trude dua dén (hlnh 12.5).

2. Tach séng bién d¢ dung phbn tit tuyén tinh tham s6. DE 1am vi dy, xét b tach song
bién d6 dung mach nhan tuong ty trén hinh 12.6. Trén dAu vao thi nh4t cia mach nhéan cd
tin hiéu cin tdch séng:

ugy = U1 + meosw tcosw,t (12.24)

Trén dAu vao thd hai dat vao mot tai tin: '

u = l/},cos(wtt + o) ' (12.25)

Trén dBu ra sé cd tin hidu:

u =u db.u,.}{
K:'hé 86 nhan cta mach nhan tuong ty

2 , 1+ meosot
(1 + mcoswt)cosp + KU,(——z-——-) cos(2w i + ¢) (12.26)

U, =

Dung mach lgc thong thdp cd th& tdch ra thanh phain hitu {ch:

L] K 2
u' = s (1 + mcosw,t)cosp : (12.27)

Tir (12.26) va (12.27) cd thé rit ra nhitng nhdn xét sau day:
_ ~ Trong ph6 dién 4p ra khong cd thanh phan tdi tAn. Thyc t& do mach nhan khong
hoan toan d8i xing, nén phd dién 4p ra cd chia tai tAn véi bién d¢ nhd. '
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— Muén téch sdng duge, dién dp u, dat &
dau vao tht hai cia mach nhan phai cé tAn s6
bang tAn 66 tai tin cia tin hiéu d& didu bién.

& — Bién d0 dién ép du ra by tich sdng phu'
thufc vao géc pha p, véi ¢ la gdc 1éch pha giita
tin hiéu cAn tdch séngva tai tin phu' Khi p

= 0; n, bién 4% cyc dai; khi p = = 2, blén do

badng khéng. Nhu vay, bd tdch séng nay via cd
tinh chon loc v& bién 40 vita cd tinh chon lgc va
pha. Ndi cdch khdc, dd 1a b¢ tach séng bien d6 — pha. Do d6, d€ tach sdng cd hiéu qua, cAn
phai ddng bd tin hi¢u vao va tai tin phy ca vd tAn 86 va v& pha. Vi vay, bo tdch sdng nay
cdn cd tén goi la b téch séng ding bé.

So vé6i by tdch séng dung diot thl tdch séng dbng bo chﬂa it thanh phan t6 hgp & dAu
ra hon.

Trén hinh 12.71am6tvi dy v& bd tach sdng ddng b¢ dugce ché tao dudi dang vi mach..

Hinh 12.6. Téch song ddng b0
dong mach nhén turong ty.

Voo Ueg (&) | Chugén Loe ra
mach thong //75;;
Utgo
Hon chE’ Loc doy
a)
 puiun ettt dihalhadihedhe 'I
' 3 & /Zv
: ?
'
: R5¢| ﬂ'?‘* I 1[b Re Rg[}} 1z |
: D401 _ : !
AT : °
| i Ve ‘ |
$ T| ‘ E -—7-95— o 11 |
|
1 ) .
--- 4 - :
_ ”rL S y
ufl ! i
2 K ’55‘—1 BT, l
2 |
u \.
fr : %
|
| !
1
L e e e e e e e e e e == ]
b)

Hinh 2. 7. BY tich séng dBng bd dang vi mach (ding d téch séng tin hicu hmh)
a) so 4B khdi;  b) vi du mach dién cy the.
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‘Nd dugc dung dé tdach song tin hiéu hinh trong m4y thu hinh. Khi tdch séng tin hiéu hinh,
cAn dac biét luu ¥ dén méo phi tuyén, vi tai tAn mau 4,43MHz va tai tin dudng tiéng
5,6MHz trén vé6i nhau tao ra cic tan s6 1,07MHz va cdc hai n 1,07MHz sé gay nhnéu cho
dudng hinh. Mach tach séng nay c6 thé loai bd cac nhiéu dd.

Dau vao bo tach sdng 1A tai tin dudng hinh da dugc dléu bién. Ph8 ctia né dugc biéu
dién bdi bi€u thuo t6ng quét cua ng la

ulg(t) [—cosw t + ?cos‘((ulg + w)i] (12.28)

(gbm tai tin va moét bién tin trén)

trong dd, W - tAn s tai tin;
w, - thn s6 didu ché;
m - hé s6 didu ché.

Tin hiéu vao u, g dugce ddng thoi dua dén bo han bién va bé chuyén mach. Qua bd han
bién va mach loc thong dai s& tdch ra duge tai tAn chua didu ché&:

uygo = KU cosw ¢ (12.29)

K- hé s6 ty 1&€ phu thu6c vao tihh chA4t cia bo han bién va bé loc.
Uygq didu khién chuyén xS, ()
mach sao cho dién 4p vao u, .
hoac dugc truydn hodn toandén | [ | |77~~~ °
~ diu ra chuyén mach hoidc bj ngit . .
theo ding nhip cda tai tin. Nhu o o T ar wt
vy dAu ra bg chuyé€n mach cd $p0)
dién ap:

wt) = u OSE 5 — 17 e
b) . ‘

S(t)- Ham s6 dac trung cho

b6 chuyén mach, thudng 1 mdt ;s 128 Hai dang kivic nhau ciia him chuy&n mach S(t)
day xung chii nhat. '
Ham S(¢) dugc bi€u dién trén hinh 12.8. Bi€u thic todn hoc cia ching la:

!

A 24 1 1 o

S, = 2 + —E—(coswlgt - Ecos?a)lg’t + gcos5wlgt +.) (12.30a)
4A 1 1 :

Sz(t) = T(coswlgt — -écos&ulgt + -5—cos5wlgt +..) (12.306)

Dién 4p ra sau tAng chuyén mach:

1 A
ul(t) = u‘gS1 = ZAUlg[cosw‘gt + mcos(w‘g +w)t] +

A 3
AU‘g[l + mcoso t + Ecos&wtgt + mcos(2aulg + ws)t -
o1 :
- §mcos(2w‘g — w)t] (12.31a)

Yo
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1 - 3
uz(t) = uthZ = = A tg[1 + mcosw t + Ecos2wtgt +
1
+ m.cos(2a)lg + w)t — §mcos(2wlg - w)t] (12.31%)

Khi dung ham S,(¢), dién 4p ra ngoai thanh phin mong muén w_ cdn cd cdc thanh
phan mot chidu; tai tin @yg bién tAn trén cia nd w, + og ham bac 2 ca tai tAn 2wlg cung
vdi cdc bién tin 2culg * w,. Néu dung ham S,(¢), dién 4p ra khong chia tai tAn Wi va bién
tin trén W + o Cdc thanh phin cdn lai cd bién do 16n gdp déi so véi trudng hgp ding
S,(#). Trong ca hai trudng hgp, dung b loc thong thdp & diu ra dé dang loc bé duge céc
thanh phan khong mong muén.

Hinh 12.76 cho mot vi du v& vi mach (A240, TDA440) lam viéc theo nguyén téc vita
" néu: dién 4p vao u, 'dtta dén bg khuéch dai tai emito gdm T, T, sau dd d&n by khyéch dai
‘vi sai Ty, T, Tsdongvaltrb mdtngudn dong. Dién 4p ra trén R, v R, cia b khuéch dai vi

sai dugc han ch& bién d¢ nho céc diot D, va D,. D| va D, méc song song véi mach codng
huéng L,C, nham loc bd céc hél bac cao, 14y ra tél tin chua didu ché Uygo dua vao ting
khuéch daJ tai emito T'(T, rdi dén bd chuy&én mach gbm Tg + T\, B4 khuéch dai vi sai T,
T, 1am nhiém vu khuéch dai Upg. Nhd céc dién trd R, R, miéc trong mach emito, d€ md
réng pham vi 1am viéc tuyén tinh cua mach. Hai bd khué&ch dai vi sai TyTy va T, T,, duge
dizdu khi€n bdi tai tin chua di2u ché& Uigo dua tit bo han bién dén. Vi bién d6 Uigo kh4 16n,
nén céc bg khuéch dai vi sai nay 1am vigc d ch&€ d¢ khda. T, 12 ngudn dong. Nguyén ly 1am
viéc cla ting chuyén mach duge minh hoa bdi so dd tuong duong trén hinh 12.9.

T8 e S ) oy
i o [ Ra
T
9 R
: -Q
l ' T ° t & Ut)
I ? I

Hinh 129, So db twomg duomg (Ang chuy&n mech cla b6 tach ¢ng bién 40 teén hinh 127,
Do méc chéo colecto ciia Ty va T\, nén tang chuyén mach cé ham truy2n dat S,(¢)
clia mot day xung chit nhat ¢ cuc tinh thay d6i nhu bigu dién trén hinh 12.85.
Dién 4p ra u(¢) ldy trén R, khong d6i xing. Ha 4p trén Ry khong duge dung dén, do
" d6 thuc t€ khong cin mic Ry trong mach. Khi thay d8i chist 4p R, thi dong dién cua
ngudn dong Ty, thay déi, nhd d6 c6 thé thay d6i dugec mic tréng cla tin lneu video.

12.2.3. Hién tugng phach va hién tugng chén ép trong bd tach séng blén dd
Trudng hgp trén dAu vao bd tach sdng bién do cd hai dao ddng cao tAn (tin hiéu va
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ta cd vée to téng & nhu trén hinh 12.10. Né&u coi 171 ding

ﬁhiéu) thl trong b6 tach séng xay ra hién tugng phach va hién tugng chen ép.

1. Hi¢n tugng phéch. Gia thiét cdc dién 4p dat vao bo tach song bién do:
' A
u; = U,cosw,t
u2 = 2cosc02t
Do d4 dién 4p téng:
&= y() + B0 = U)costw t + p(®)]

Vi u, va u, cé tAn s6 khong c6 dinh, nén bién do
cla véc to téng khong c6 dinh. Thi moét thai di€m b4t ky

yén, thl 172 quay quanh 0’ véi van téc géc w,, do do
Aw = w, — w,. Ap dung h¢ thic lugng trong tam gidc
thudng, ta tim dugce:

O = VO + 03 + 20,0, coshwt

UzsinAwt
U, + Uzcos Awt Hinh 1210.\ DbAthi‘ véc tor cuaA cécﬂdién ap
dat vao b tach séng bién do.

p(t) = arctg 5

V1 b6 téch séng bién d6 khong cd phéan dng d6i véi

" pha cia dién 4p dat vao, nén d€ xét k&t qua ra trén bo tach séng khdong ¢An quan tAm dén

p(t).
1
Néu gia thiét b tdch séng khéng o6 quan tinh d6i véi tAn s6 hiéu Aw nghia la AoC > R
.thl dién 4p ra trén ti bo tdch sdng theo dinh nghia:
Urrs = KnsUyrs = ExsU)
= 'KTSUI 1+ - + 2-;—cos(Aw.t) (12.32)
U? U, | ._

Nhu vay, dién 4p ra bi&n thién theo thn s6 hiéu Aw. D6 la hien tugng phach.

Hién tugng phach dugce ung dung trong dién bdo ding bién. Tin hiéu bdo ding bién
sau khi tach sdng 1a dién &p mot chi®u, do d6 né khong cd tdc dung d6i véi tai nghe. Vi vay
d€ tdch song tin hiéu dién bso ding bién cd tAn s6 w,, cdn dua thém tin hiéu ngoai sai ¢
tan s6 w, vao bd tdach séng sao cho Aw = w, — w, ndm trong pham vi 4m tin d¢ tai ta cd
thé€ nhan biét duge.

2. Hién tuong chen ép. Trubng hop hai dao ddng tac dong 1én b tdch song cd bién d6
chénh léch nhau nhi2u thi hién tugng phdch trd thanh hién tugng chen ép.

Trong biéu thuc (12.32), dit

”~

Ug U,
X = —x5 + 2 —<—cosAw.t.
U

1



. ~ N
Néu gia thi€t U, << U, tmx << 1.
Ap dung bi€u thic ghn ding, ta viét lai bi€u thic (12.32) nhu sau:
Pal N RS—
zKTSUl(l + -5 + —=— cosAwt)
207 T,

A

A U% A
= KrsW) + —%& + Ucosot) (12.33)
1

Tit (12.83) suy ra tin hiéu ra d6i véi ting tin hi¢u vao u, va u,
N\ A
Ugrs = KrsUyp; dodd Kpgy = Ko

A

l}\ v K % K U do dd K. K -—se-z
ey = = , do do =
-RTS2 TS 2U1 TS2 2 TS2 TS 2U1

i

Vi I,J\l & 52, nén Kyg; >> K, nghia 1 khi trén du vao b tach sdng bién d6 6
hai dao doéng cao tAn bién dd khac nhau nhidu thi trong qua trinh tach séng cd hién tugng
tin hiéu 16n chén ép tin higu bé. Hién tugng nay bi€u hién tinh chon loc theo bién d9 cua
bd tdch séng. Vay kki nhidu cd bién do nhé hon nhiu so v6i bién d9 tin hi¢u hitu ich thi 5
rang tdc dung chon loc rit cé lgi. Tuy nhién khi tin hiéu nhé hon nhiéu, phé.l chi y nAng
cao muc tin hiéu d&€ tranh hién tugng tin hig¢u bj nhidu chen ép.

12.3. Tach séng tin hiéu don bién

Téch séng tin higdu didu ch& don bién thudng duge thuc hién nhd mach digdu ché vong.
Tin hiéu don bién vdi tAn s6: w, + w, dat 1én mot diu vdo cia mach didu ché vong, tai tin
phu véi tAn s6 w, dugc tao ra ¢ dhu thu dugc dua d&n dau vao thd hai cia mach. Trén dau
ra mach diéu ché& vong la tin hidu cd tin s6: w  va 2w, + wg. Nhd mdt mach loc thong thép
14y ra dugc thanh phiin mong muén véi tAn s6 w,. Vén d2 chinh & day 1 viéc tao ra tai tin
phu & dAu thu sao cho thn s§ cia nd hoan toan ddng b vdi thn s6 cla tai tin d3u phag
(truée didu chg). D€ lam didu dd, thudng ngudi ta loc 14y tai tin da bj nén trong tin hieu
hitu {ch da thu dugc, rdi khué&ch dai va han bién d€ cd tai tin di 16n dem cong truc ti€p va6i
tin hiéu don bién hoac dua dén bd tao tai tin phu d diu thu d€ thyc hién déng bé.

12.4. Tach séng tin hiéu diéu tan

12.4.1. Khéi niém ‘
. Tach sdng tin hiéu di2u tan l1a qu4 trinh bi&n déi do lech tan s6 tdc thai cda tin hiéu
da didu tin so véi tAn s6 trung binh thanh bién thién dién 4p § dau ra.
Dac trung cho quan h¢ bién d8i d6 1a dic tuy&n truy®n dat cia bo tach sdng. Dd la
dudng bigu dién quan hé giita dién 4p ra va lugng bi&n thién tin s6 & dAu vao (hinh 12.11).
Dé& han ch& méo phi tuyén, phai chon di€m lam viéc trong pham vi tuong d6i thing cia
d#c tuyén truydn dat (doan AB trén dic tuyén hinh 12.11). Hé s truyén dat clia bd tdch séng
1a do d6c 16n nhat (trong khu vyc lam viée) cia dic tuyén truy2n dat. Theo hinh 12.11 ta xac
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dinh dugc hé s6 truyén dat nhu sau:

du
dAf  Af=0 (12.34)

A
"

T4ch séng tan so Ug
va tach song pha thudng
duge thuc hién theo mét
trong nhiing nguyén tic
sau day: ,

1. Bién tin higu ' 7
dizdu tin hoac digu pha
thanh tin hiéu digu bién
rdi thuc hién tach sdng A
bién do. - ‘ 7 , :

2. Bién tin hiéu Hinh 12.11 Dic tuy€n truyen dat cta bd tich song (in s3.
didu tan thanh tin hiéu
didu ché& do rong xung rdi thuc hién tach séng tin hiéu didu ch&€ d¢ réng xung nhdy mét mach
tich phan.

3. Lam cho tin s8 cua tin hiéu cin tdch séng bdm theo tin s6 cla mot b6 tao dao
dong nhd hé thong vong giit pha PLL (Phase locked loop), dién 4p sai s6 chinh 1a dién 4p
can tach song.

"12.4.2. Mach dién bd téch séng tin &

1. Mach tdach song pha cdn bang ding diot (dixcriminator). Mach tach sdng pha can
bing 1a hai mach tach séng bién dé dung diot ghép véi nhau (hinh 12.12). Tin hiéu cin tach
song chinh 1a tin hiéu da digu pha, u 4 dugc so sdnh v& pha véi mot dao déng chuén Uy
Bi€u thdc cta u 4 va u, nhu sau: ‘

’

Usy

Ueh » — 4

Hinh 12.12. a) mach dién b tach song pr;a dﬁng diot; b) 4b thj véc tor cia c4e di¢n 4p.
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A . A
uyr = Ujcoslwgt + ¢(t) + py] = U,cosp, (8)

~ el

u U,cos(wgyt + pg,) = U,cosp,(t)

ch
Dién 4ap dat 1&n hai bd tach séng bién d¢ (diot D,, D,) tuong ng la:
N e
up = Ujcoslwgy it + ¢(8) + pg,] + Uycos(wpt + ¢4,)
N N\
up, = —Ucoslwyt + o) + py;] + Uscos(wg,t + ¢,)

-Dién 4; ratuongiing trénhai_bé tach song bién d¢é xdc dinh dugc theo dd thi véc ta
hinh 12.126.

o A\ /\2 /\2 A A
Ly = ug,y = KpgUp, = KTS\/UI + U2 + 2U,U,cosAp(t) (12.35a)
Pas _ _ A _ ‘//\2 Ay A A
Uy (®) = ug, = KigUp, = K1gVU; + U — 2U,U,cosAp(t) (12.35b)

trong dd, K g 1a hé s6 truy&n dat cia bo tdch song bién d¢, xdc dinh theo bi€u thic
(12.36).

v

uS
. mU,
Ap(t) 1a higu pha cda hai dién ap vao:
Ap(t) = (wg) — W)t + ¢(6) + Py — Py
Dién dp ra trén bd tiach sdng:
Uy = Uy — Uy
A~ X KR A A~
= Ky [VO? + U2 + 20, U,costp(t) — /Uf + U2 = 20 U cosp ()] (12.37)

Vay trj tdc thai cda dién 4p ra trén bd tach song phu thuéc vao hiéu pha cta tin hiéu
di®u pha va tin hi¢u chufin. Trudng hgp w;; = wg, va ¢01' = ¢, thi dién 4p ra chi con phu
thuéc vao pha cta tin hiéu vao ¢(#). '

Néu wy, = w, va tin hiéu vao khong phai la tin hiéu didu ché pha, nghia la (¢) = 0
thi dién 4p ra cd bi€u thuc sau day:

ug = KTS[\/IIJ? + I/J\'% + ZﬁlﬁzcosA¢o - \/I/J\'f + l/J\% - 21/)’1(/}2cosA¢o] (12.38)

Theo (12.37), dac tuyén truyén dat ctia bd tach séng pha can bang u_ = f(Ap) 12 mot
ham s§ tulin hoan theo hiéu pha, nd cuc dai khi

Ap, = 0; 2m; 47;..., cyc ti€u khi

Ay, = 7; 3m; Sm;... va bang khong khi

Ap, = (2n + 1)% (véin=0,1,2,..)

Nguyén ly 1am viéc ciia mach nay dua vao su so pha cta hai dao ddng gi6ng nhu trong
mach tdch séng ddng bo. Vi vay cd thé dung moi so db tach séng ddng bd dé tach song pha.

2. B¢ tach séng tan s6 ding mach léch cong huong. Trén hinh 12.13 1a so db bd tach
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song tan s6 dung mach léch cong hudng. Dau vao hai b tach séng bién d6 (D, D,) 1a hai mach

cong hudng dugc digu chinh cong hudng tai cc thn s6 w | va w,. N&u goi tn s6 trung tAm cia tin
hiéu digu tan diu vao law = w thi

wy=w,+ A wy,=w, ~ Awg

. 21

Hinh 12.13. Mach dién b tach song tan s3 ding mach léch cOng hudmg.

Su digu chudn mach cong hudng léch khoi thn sd trung binh cua tin hiéu vao lam bién
d6 dién ap vao cha hai bd téch'so'ng bién d¢ (U|,U,) thay d6i phu thudc vao tan s6 dién ap
vao. Tt mach dién hinh 12.13 ta xdc dinh dugc:

I/J\ 1= mJ AR

(12.39a)
~ A 7
U, =mU,2Z,,

(12.39b)

trong dd, m la hé s6 ghép cia bi€n d4p vao;, m = T
mach cong hudng 1 va 2.

Tuong tu nhu bigu thye (11.53}, ta tinh dugc

Z, va Z, la trd khang cia hai

7 = Ry, N Ry
= :
Sire, “=p T eoiy (12.400)
1
R R
z,= “’(2 == - 2 (12.406)
Mg, “=p  fiG o |

@y

R 45 Ry 1an lugt 1a trd khang cia hai mach cfng hudng tai tAn s6 cong hudng w,, w,;
Q,; Q2 1a phdm chét clia cac mach cong hudng tuong ding.
Chon hai mach c6ng hudng nhu nhau, ta ¢é

Ry =Ry, =Ry
Q,=Q,=Q

2Q|w, ~w .
& = —Q—I——O——L—z—l la d6 léch tan s6 tuong d6i gitta thn s6 cong hudng riéng cua
w

(o]
mach dao déng so vdi tin s6 trung binh cua tin hiéu vao.
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lw_wol

& = 2Q ———1a d¢ léch tAn s6 tuong d6i gitta tAn s6 tin hieu v30 va ilin s6 truag
w
binh. °

Theo (12.40) khi tan 56 tin hleu vao w thay ddi thi Z,, Z, thay ddi, kéo theo sy thay
d8i cua bién d¢ dién 4p vao U va Uz, nghia 1a qué trinh hién d3i tin hiéu didu tAnu thanh
tin hidu ditu bién da dugc thl,lc hién. Qua bd tdch song bién d¢, ta nhan dugc cdc dién ap
ra:

=2 % Rxdl
ug = KTSU1 = KTSmUdl —— (12.41a)
: V1 + ¢ ,- )
-~ 2 R4z
gy = KpgUp = Kygm Uy, — == (12.410)
Vi+ @& +8)
Dién 4p ra t8ng:
ug = ug) = ugy = KegmR Uy (£,
trong d6 VEL) . .
rong £) = —
VI, - N+ +E?
v=vy,, | khiE==zxg,
D0 dbc cua dac tuyén truysn dat duge xdc dinh nhu sau:
du A d(/’(.f,§ ) -
Sg= ——= | = KgymUg Ry ———— |
dAf Af=0 dé E=o0
PN
KsmR, ,U, 2
= TS td"™ dt '502 2 (12.42)
fo (1+ &)

Vay hé s6 truy®n dat cta bg tach song phu thude vao § . Dao ham (12.42) theo {  va

1
xét cyc trj, ta thdy S, = S khi £ = * ——==. Vay mubn cé hé s8 truy@dn dat cuc dai,
‘ ~E

fmax
phai chon lugng léch tAn s6 Aw  theo didu kién sau day:
w & 1 w
Aw, =—= % . (12.43)
° 29 W2 Q

Tich séng dung mach léch cong hudng c¢d nhuge diém 1a khé didu chinh cho hai
mach cOng hudng hoan toan d6i xing nén {t dugc dung.

3. Thch séng tdn 88 ditng mach céng hudng ghép. Mach dién bd tach séng tin s6 dung
mach cOng hudng ghép dugc bi€u dién trén hinh 12.14. Mach dién lam viéc theo nguyén téc:
chuyén bién thién tAn s8 thanh bién thién ve pha, sau d6 thuc hién tach séng pha nhd bo
tach sdng bién d¢. Tin hiéu ditu tAn mot mat duge ghép qua bién 4p dua dén mach dao dong
thi cfip, mdt mat dugc ghép qua ty Cgh. Do d6 dién ap dat 1én cdc diot D, va D, 1an lugt:

Up; = U, + Uy - (12.440)
Up=U, +Up A (12.44b)

.
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Ta phan biét 3 truong hop:

+ Khi tin s6 tin hiéu vao f = £, (dd thi véc to hinh 12.15) trong dd f 12 thn s8 cong
hudng cta mach cong hudng so cdp va thi cdp, dong dién qua dié¢n cdm L, cham pha so

vé6i U; mot goc 90° va duge xac dinh nhu sau:

IIL:"—__

JoL,

(12.45)
| /e
TT T e
R s
o3l L
024+ N B
|
o1t b B 205
-
o 05 7 15 2 Ry
b)

Hinh 12.14. 2) s 40 b tdch séng tan s§ diing mach cdng hudmg ghép;
b) dac tuy&n truy€n dat cta bd tach song a).

I, gay ra trong cudn thua cdp L, sidc dién
dong:

Ey =joMI, (12.46)

Gia thiét M > 0, nén }—E—M sdm pha so vc’JiI_lL
mot géec 90°. E,, sinh ra d(‘)nng2 trong mach cong
hudng thd cdp. Vif = f,, nén I_2 dong pha voi EM

_ E,
I, = (12.47)
T2

r, 1a dién trd t6n hao ciia mach cdng hudng
thi cap. Dién ap U21 va U,, nguge | pha vdi nhau
va léch pha so vdi I2 la = 90°. Vi U, Up, va UD, cd
hién dd nhu nhau, nén dién 4p ra

Ilinh 12.15. DO thj vée tor cic gong dién va dién
ap Vo clia bd tich sdng tAn'sd dung
mach cfng -hudmg ghép.

ug = Kpg(Uy,) — Upy) =0

+ Trudng hgp f > £, (dudng ddt nét trén dd thi véc to hinh 12.15). Mach cong hudng
thi cap mang tinh ch4t dién cAm, nén I chadm pha so le EM mét gdc ¢ < 90°. U21 va 522

nguge pha nhau va vudng gdc vai I Gma U va U2

U,, c6 goc léch pha 1an lugt 1a ¢, va

7 — ¢,. Tan 86 tin hiéu vao cang lech khai tén s6 cong hudng trung tam f, thi bién d6 cta
| Up, | cang16n hon bién d6 cia | UDZ |, do d6 tri s6 dién dp ra u cang lon.
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_ + Trudnghypf <f, thi mach thid cfp mang tinh ch4t dién dung, nénT2 sdm pha hon
Ey,dods |Up,| < |Up,| vau < 0. B B

Tom lai, khi tan s8 tin hiéu vao thay d6i thl dAu mit cia véc to Up, va Up, di
chuyén trén cdc vong tron I va 2 trén hinh 12.15. 1am cho dién 4p ra thay ddi ve tri s6 va
cuc tinh. Tri s8 dién 4p ra dac trung cho do léch tin s6 ciia tin hiéu vao so v4i tin s6 trung
tdm f,; con cuc tinh cia dién 4p ra cho biét tin s6 tin hiéu vao léch khéi tin s8 trung tam
v@ phia nao (I6n hon hay nhé hon £ ).

Tinh todn cu thé theo [6] sé nhan duge dac toy#n i 2n dgt b tdch séng nhu biéu

w—w

dién trén hinh 12.14b. Trong d6 & = 2@ 2 dac tvung cho 40 léch tAn s6 so vai tAn s6

trung tdm va dugc goi 1a d6 léch tAn s6 tuong d6i; U, la tri s6 chudn hda cta dién 4p ra;

k M
= — 12 hé s8 ghép gilta hai mach cong hudng;, &k = la hé s6 ghép tdng quat;
g 12 hé s6 ghép gi g hudng Vo ghép téng q

d = % 12 hé s6 t8n hao clia mach cédng hudng va @ 1a hé s8 phdm chat.

TUu dac tuyén truyen dat hinh 12.14b rit ra may nhan xét sau day:

+ Hé s6 tdch séng S; phu thudc vao hé s6 ghép 8. S; = S khi 8 = 0,85. Thudng
chonf =1,licds S; = S; ..

+ Khi £ = + B thl dac tuyén truyen dat déi chigdu bién thién. Thuc t& dic tuyé&n chi
dugc coi 1a thing trong pham vi

fmax

1
€] =58 | , (12.48)
do dé dd léch tan sé cuc dai cho phép d dau vao phu thudce vao §. Tiﬁ\( 12.48) suy ra:

(O ) < 1,6 (12.49)
fo 2 _

Af,,,- lugng di tan cyuc dai cta tin hidu vao.

Kinh nghiém cho thdy chon 8 = 2,04 thi méo phi tuy&n nhé nhat.

Tich séng dung mach cong hudng ghép it gay méo va dé didu chinh, vi ca hai mach
déu cong hudng & cung tan s6 f. Tuy nhién tri s6 dién 4p ra trong bd tach séng nay vila
phu thuée tin s6 vita phu thudc bién d¢ tin hiéu vao (| U, | ), nén nd sinh ra nhiéu bién do.
D€ khiAc phuc hién tugng nay phai dat -
trudc bd tdch sdng moét mach han ché&
bién d6.

2Q

4. Tach séng ty s6 (hinh 12.16).

Bo tach séng ti s6 khac bo tach sdng
dung mach cong hudng ghép & ché: cac

diot tach séng dugc mic néi tiép. Mach
vita 1am nhiém vuy tdch sdng vua lam
nhi¢m vy han ché& bién dé.

Hinh 12.16. S d0 b tach sOng ty 3.
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Dodng qua cdc diot nap dién cho tu C,. Hing s8 thdi gian 1 = RC, = (0,1 + 0,2) giay
kha4 16n, nén dién 4p trén C, bién thién rdt cham lam cho nhiéu bién d6 giam. Cd thé ching
minh di2u dd bing bi€u thde sau day

ug = usl up
U ugtu
Véi ug = 20 = sl > s2

Thay vao, ta cg:

Ug) —Us U, u—ug

s .
2 2 ug +ug,

hay u = Yo __lis_l_/ﬂ (12.50)
s 2 ugfug+1

Khi U, = const, di¢n 4p ra chl phu thude vao ty s8 ug /ug,, hon nita u; vad u, giéng
nhu trong b6 tach séng dung mach céng hudng ghép, phu thudc vao bién thién tin sd d dAu
vao. Vi vay b6 tach séng ti s6 khong ¢ phan ng d&i voi cdc bign thien v8 bién d6 d dau
vio, nén tranh duge nhiéu bién
do.

5. Mach tich song _ 9! Tong chuyén v 4’0/57944?/757‘k Y
Koinridenz. Tach sdng loai mach 7h3p
nay hay dugc dung trong mAiy

thu thanh va dudng ti€ng cua I T ‘|U7‘02
|
[
|
|
!
[

mdy thu hinh. Nguyén tic hoat |
déng cia né dugc bi€u dién | _
¥ v d '
tren hinh 12.17. o b
. | 7
~ Dau vao bg tdch song la P Py -¢ ‘
tin hiéu didu tan da dugc han J|
bién va cé thn s6 trung tdm ,
W, IHinh 12.17. Minh hoa nguyén Iy tich song Koinzidenz.
g
Tin hiéu vao cd thé la day xung chif nhat, cé bi€u thic nhu sau:

- 1 1
Uy = EUlg(cos?x - §cos3x + gcos5x -+, (12.51)
Aw,,
trong dg, x = ot + ——sinw gt

s

. Tin hiéu vao dugc ddng thoi dua dén bo chuyén mach va bo di pha. Bo di pha 1a mot
khau RC, trong d¢ R la dién trd tuong duong khi cong hudng cia mach cong hudng LC.
Khi tan s6 tin hiéu vao w = w, ¢ (khong digu ché) thi bg di pha thyc hién mét géc pha
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P = J,_‘)_,I' Khi tan s tin hiéu vao thay d6i thi ¢ = % — ; trong dé ¢ phu thudc tuyén tinh vao
d6 léch thn s6 Aw. Do d6 tin hiéu ra sau mach di pha:

~ 1 1
kUlgl[sin(x — )+ §sin3(x — )+ gsin5(x -p)+ .1, (12.52)

trong dd, k la hé s6 ty 16, phu thudc vao tham s6 cia mach di pha.

Uign dizdu khién chuyén mach. Thng chuyén mach c¢d ham truygn dat 14 mét day xung
chi nhét cd biéu thuc:

4A 1 -1
Sz(t) = - 7[sin(x —¢) + §sin3(x - )+ gsin5(x -p)+...1 (12.53)
Dién ap ra sau tAng chuyén mach:
u= ungz"sz(t) (12.54)

Céc thanh phan t8 hgp khéng mong muén dugc loai bé nhd mét mach loc théng thép,
do d6 dAu ra chi con lai thanh phan:

u = —% lgl(smw —l-sm3¢ + 215 -=sinbyp + ...) (12.54)
Bi€u thic (12.54) tuong %
ducng véi chubi Furier cta day ~
<. R A Y
xung tam gidc (hinh 12.18). Khi - L Tegr
-325 <p< g thi dién dp ra ty 16 v6i I, !
g6c pha ¢, do d6 cling ty 1& v6i bién I 0 ff/lz s Y
do dién dap didu ché&. Bo tich song t
nay hay dugc ding d€ tach séng tin et _/);;1
hieu tiéng trong phdt thanh va .
truy&n hinh. Hinh 12.18. Quan h¢ phy thu(c cta dién dp ra b tach séng
Trén hinh 12.19 1a so dd bo Koinzidenz vao géc pha .

tdch song Koinzidenz dudi dang vi mach (A220D, TBA120S). Dién 4p vao déi xdng (dién
ap trung gian) dugc dua dén V|, V, qua tiAng khué&ch dai tai emito T, T, d&€n tAng chuyén -
mach gdm T,Ts, T T, T¢T, ddng thdi dén mach di pha nho cdc diot D;D,. Mach cong
hudng duge didu chuén tai tin s6 trung gian Wyg- Dién dp ha trén mach céng hudng léch
pha so véi dién 4p vao mot géc ¢. DE tinh todn goc léch pha ¢ dung hinh 12.20. C4c dién
dung ghép C la dién dung tuong duong cia diot varicap D, vaD,.

Tu so dd d6 ta viét dugc:

U, Zyg
U, 2
Zyg + —
Jjwe

trong dd, Z  1a tré khang tuong duong cia mach cong hudng xac dinh theo bidu
thic (12.55).
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R
Zy = d (12.55)

1 + ;2¢

w

g
R 4- trd khang tuong duong tai tin s6 cong hudng.

: Tong cbuqen moc/; Nd‘eu k/uen &m Kiang | Ftezf2v
|

I | Rrz Re3 c 3

I | 75

' i

! |

; |

| [']75 T | 7 R”[)I |

' 7 ”‘&5 le N | :

P ; N A
- 2 ] 716 —{

v L/ || TRY Y45 P_ !

6_|—‘/ i i % o | |

|

i

|

i

il 1Y "
2] ; RS I T |

|
|
liljz ?R‘ R
J
|

Hinh 12.19Sor d0 vi mach tich song Koinzidenz d€ tich song un hidu iéng (tdch séng Liin s0).

Néu gia thiét mach cong hudng ghép rat
long, nghia la

2
Z.l << tacd — =jw—-2 ?—‘“— R
I w I m(,‘ 7, J 9%u ‘T
1256 ' I
|__
Thay (12.55) vao (12.56) ta nhan duge C(Dp )
c Hinh 1220. Mach o pha
— w — Rld
U, Aw
— = (2Q + )
L e THE
Wi

hoac
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vz 2 K
— = e
V1+@2Q —)?
wlg
Do do
‘ 2QAw
¢~ — - arctg —
g
2QAw . .
Truong hgp - ~ nho, ta c¢6 bi€u thic gin ding
g
JT 2QAw n 2QA(1,
P = '2— — arctg = — —
wlg 2 (Ulg

Do d6 ¢6 thé coi quan hé gilta ¢ va Aw 1a tuyén tinh.

& (12.57)

(12.58)

Dién 4p ra cia mach di pha dugc dat 1én mach lap emito Ty va Ty rdi dua dén tang

chuyén mach.

Trong tAng chuyén mach, tin hiéu vao Uy, dugc dua truc ti€p vao bd khuéch dai vi sai
TyT\,- Bién do Ulg phai dt 16n d€ T, T, 1am viéc & ché do khda lam cho dong dién do ngudn
dong T, cung cép ditgc dua vao emito cla hai tAng khuéch dai vi sai T, va T, T, theo nhip

cia U Trén bazo cda cdc bo khué&ch dai vi sai nay 1a tin hiéu da di pha u

g2+ Khéc véi gia

thiét da néu, tin hiéu nay khong phai la day xung chit nhat ma la tin hiéu hinh sin, nhung
¢ bién d6 kha 16n lam cho T, T va T T, ciing lam viéc d ch& d6 khda. Do d¢ tin hiéu Uy

duge dua dén ting sau phu
thudc vao mach khoa T,Ts;
T(T,. Vi colecto cia Ts va T
duge mac chéo, nén qua tang
nay tin hiéu con dudc dao d4u.
So dd tuong duong trén hinh
12.21 minh hoa nguyén ly 1am
viéc cta tang chuyén mach.

Sau taing chuyén mach
1a bd dizdu chinh am lugng gdm
T3 Ti3vaTy, T Dong dién
ra I, cia ting chuyén mach
dugc dua vao emito cta bd
ditu chinh am lugng. Dién ap

U U |

Hinh 12.21. So &b nromg duong ting chuyén mach
cua bd tich song hinh.

phan cyc cla bazo T, khong ddi, con cia bazo T, thay ddi nhd tranzistor pnp T, va chiét
ap R, Sy thay d6i nay lam cho sy phan dong I, cho céc tranzistor T, va T, thay d6i va
do d6 ha 4p trén R, (dién 4p ra) thay d6i dugc trong pham vi kha rong. D€ giil cho dién
ap mot chidu trén R, thay déi it, dat thém 1én R, moét lugng dién 4p mot chitu nita ldy

ti T4, Tys, ma tri s6 caa nd ty 1& nghich véi tri s6 ban dau.

Khau RC gdm R, C, 1a mot khau loc thong thdp duge dung dé loc bé cac thanh

phan t8 hgp khéng mong muén.
© T,g Ry D, + Dg lam nhiém vu &n 4p.
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CHUONG 13
TRON TAN

13.1. Ly thuyét chung vé trén tan

13.1.1. Dinh nghia

Trén tAn l1a qué trinh t4c dong 1én hai tin higu sao cho trén diu ra bd tron tin nhan
duge cdc thanh phan taAn s téng va hiéu cia hai tin hiéu dd.

Thoéng thudng mot trong hai tin hiéu vao 1a tin hiéu don 4m (cé 1 vach phg), tin hiéu
d6 goi 12 tin hiéu ngoai sai va cd thn s6 13 fos- Tin hidu con lai 1a tin hidu hiu ich véi thn
s6 f,, c6 dinh hodc bién thién trong m¢t pham vi nao d6. Tin hiéu cd tin s6 mong mudén
duge tach ra nhd mot bo loc, tin s6 cia nd thudng dugc goi 14 thn s6 trung gian f, g

Cing giong nhu trong digu bién, d€ tron tin c6 thé dung cic phin ti phi tuyén hoac
cac phan ti tuyén tinh tham s6.

.13.1.2. Nguyén ly trdn tén
Gia thiét dac tuyén cda phin ti phi tuyén duge bidu dién theo chudi Taylor sau day:

i=a,+au +au’ + .. +au"+ .. (13.1)
trong dd, u 1a dién ap dat 1én phan ti phi tuy&n duge dung d€ tron tin.

Trong truong hgp ndy u = u + u,.

Giathist o =

ns

> S

1nsC0S wnst
v uy, = Uy, cos ot
Thay vao (13.1) ta cd:
. 3 + @ N5 AnF . A
i'=a, +a(Uycos wpt + Uypcoswt) +-??'—(Uns + Uy ) +——2 (Uys cos2w )t +
+ U, cos2w,t) + a,U U, [cos(w + wm)t + cos (wns -—opt + .. (13.2)

Vay tin hiéu ra gdm cd thanh ph&n mot chidu, thanh phan co ban: v, w,; cac thanh
phan tin s6 tdng va hidu w o * o, thanh phin bac cao: 2w, 2w, Tinh céc vé& tiép theo
cia (13.2) ta thdy trong dong dién ra con cd cdac thanh phin bac cao:

w=|*no xmo,l,

trong dd m, n 12 nhitng s6 nguyén duong.
"~ 7 Néu trén diu ra bo tron tin, ldy tin hitu cé tAin s w = Wy = @y, nghia la chon
m = n = 1 thi ta ¢d trén tdn don gidn. Truong hgp chon m, n > 1 thi cd trén tan t6 hop.
Théng thudng ngudi ta hay dung troén tAn don gian. Trong doan séng mét va desimet,
d€ nang cao d6 6n dinh tin s6 ngoai sai va gidm anh hudng tuong hé giita mach ngoai sai

va mach tin hiéu, ngudi ta ¢ th€ dung tron tin t8 hop vdi tan s6 tin hisu ra:

w-=nw - o, (n=2)
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13.1.3. Phén loai

Cd th& phan loai mach trén tAn theo nhi2u cdch.

— Khi phan loai theo phan ti tich cyc dugc diing d& trfn tAn, ngudi ta phan biét tron
tan dung phan td tuyén tinh tham s6 (mach nhan) va tr¢n tAn dung phan tu phi tuyén
(diot, tranzistor ludng cuc, Fet, ...).

Sd di cd thé coi bd tron tan la hé théng tuyén tinh tham s8 1a vi qu4 trinh tron tan
thuong dugc thyc hién véi didu kién Ulh << ﬁ Lic dd d6i véi tin hiéu hitu ich nhd, dac
tuyén volt—ampe clia phin ti tron tin cd thé coi 12 thing; con duéi tdc dung ctia dién dp
ngoai sai 16n, dién ddn cia phan ti tuyén tinh thay d6i. Nhu vay d6i véi tin hidu, phan t&
tron tin 1a mo6t hé théng tuyén tinh. )

— Cing cé thé phan loai theo so dd tron tin (trén tAn diot, tron tAn tranzistor,...)
ho#c theo cdch chuyén phé tdc chuyén ph8 v& phia tin s6 cao hodc tin sé thdp tuy thudce
vao vi tri tuong ddi gidta tAn s8 tin hiu £, & dau vao va tin sg trung gian flg 4 dau ra.

13.1.4. Ung dung

Trén tin dugc ding trong mdy thu déi tAn. Nho bd trén tAn, mach céng hudng cia
cdc tAng trung giap cia mdy thu d2u dugc didu chinh cong hudng tai mét tan s6 c6 dinh
(tan s6 trung gian fig Tan s8 ngoai sai duge ddng chudn véi tin s6 tin hiéu vao sao cho
)"lg = fos — fin = const.

Ngoai ta tron tin con duge dung trong cac hé thdng thong tin dinh hudng, trong cac
bo téng hop tin sé, ...

13.2. Hé phuong trinh dic trung va cac tham s6 co ban
Dong dién ra va dong dién vao cua bd tron tin phu thudc vao tdt cA cdc dién dp dat
lén nd, vi vay ta cé thé viét -

i = f(uns, U ulg), (13.3)

. ~~
trong do, u,, = U, cosw ¢
ey

Uy = U‘hcos ot
Pas

u

U = Ulgcos wlgt.

Thutng IIJ\lh, U << U, nén c6 thé bicu dién gin ding dong dién ra theo chuébi

ns’

Taylor nhu sau (chi lﬁy cdc s8 hang bac nh4t):

af(uns)u + af(uns)

g
ou aulg

i = fluyg) + = ipg + S(up)Uth + gilupduyg (13.4)

Viu  1a ham tulin hodn theo thdi gian, nén i, s(u ) va g(x,,) ciing tulin hoan theo
thoi gian. Tuy nhién nd la két qua clia qud trinh u tdc dong 1én phan ti phi tuyén, nén
ngoai thanh phan bac nh4t d6i vdi tin s6 ngoai sai, con cd cdc thanh phan bac cao khéc, do
dd ta cd:

309



A\ ~
(u Jg=1,+ Licosw t + Icos 2w, t + ... + I cosnw, t + ...
”~~
s(u ) = S + S cosw t+ Szc032w t+ ...+ Sncos nw t+ ..

(u )—G +Glcosw t+G2c052w t+ . +6incosnwnst+...

Thay vao (13.4) ta nhan duge:

i, =

r
n

L8

- © A © A
I cos nw it + Ulhcos Wt 263 cosn w,t + U gCOS Wt EoGincos nw,t.
n= n=

A l A ®w A
= %Incos nwgt + - Un 02 S,lcos (nwyg + wp)t + cos (nw, — w)t] +
l /\ 0 A
20 [cos (nwpg + @)t + cos (nwys — wp)t] (13.5)
Vay trong dong dién ra cd cdc thanh phin tin s6: nw + w,; 0, * @ gs RO néu

14y céc s6 hang bac cao ciia chudi Taylor thi trong dong dlén ra con cac thénh phan: no ;,
nw g, nw  * mo, vane, * mwg, vim > 1.
Gia thisét chon W = nwp = O, thi ti bi€u thde (13.5) ta suy ra

A

1
iy = -—-2—-3 15,008 gt + Uy Gioc0s w,gt (13.6)

Tai bd tron tAn duge didu chinh cong hudng & tan s6 trung gian, nén chl cé thanh
phan nay gay sut ap dang k& & trén tai. Bi€u thic (13.6) dugc vigt dudi dang phic nhu sau:

— 1 — —
I(g = —E—SnUlh + GiOUlg (137)

(13.7) duge goi la phuong trinh bi&én d8i thuin ctuia bd tron thn; trong do S l1a bién
do hai bac n cia ham

of(u )
s = 5 iy dac trung cho hiéu ding bién ddi thuan cta bo trén tan.
Uih ‘
of(u,;) )
G,, 1a thanh phan mét chidu cia ham g; = I dac trung cho su thay ddi dién dan
g

trong cia b tron tan d6i vdi thanh phan tin s§ trung gian.

Tuong tu nhu trén, dong dién vao cing 1a ham phu thudc u , u, Upy!

i, = fluy, u, “1g) vei U, Ulg << U,
Bang cach phan tich nhu déi v6i dong dién ra ta viét duge:
. 1 A
In= — Spgalig + Guolin (13.8)

(13.8) dugc goi l1a phuong trinh bién dd8i ngude cia bd tron tin, dac trung cho hién
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tugng hdi ti€p duong v& dién 4p trong by trén thn.
A

Trong (13.8) Sngn 1a bién d¢ thanh phAn bac n cia h§ d&n bién d6i ngugc

(e, Ot ns)

= ; G, 12 thAnh phAn mot chidu cia dién ddn vao g, =

2 vo v au'h

sy thay d6i dién din vao cta b tron tin d6i v6i thn s6 tin higu. Cac bi&u thie (13.7) va
(13.8) hinh thanh hé phuong trinh dsc trung cua bd tron tAn. Tit cdc bi€u thdc dd suy ra
bi€u thic dinh nghia vé cdc tham s& co ban cia b trdn tAn nhu sau:

1. H6 d&n tron tan:

. 3“8 ou

déc trung cho

[

1 ~
Sy = | _ = —S§, (13.9)
h Ug=0 2

<

2. Dién din trong cta bd tron tin:

I~

Gy, = | - = G, (13.10)

U Up =0

g
3. Hé s& khuéch dai tinh:

U, LG,
—F = -li — = SuRiu
U Itg/sll

= (13.11)

4. H6 din tron tAn ngudgc:
T 1

—th 5 (13.12)
Uy Up=0 g2 "&n o

5. Dién dan trong khi ¢d hién tugng tron tAn ngudc

Ly,

ing = T _
Uy Utg =0

6. Hé s8 khuéch dai tinh khi d8i tAn ngugc:

Ui
Bpg-= 55 T Sllng'Ring (13.14)
tg ’

Tit dinh nghia cdc tham s§ trén day, viét lai cdc bi€u thdc (13.7).va (13.8) nhu sau:

G =G, | (13.13)

Ilg =S, Uy, + Gy, Ulg (13.15)
I, =S,,,0, + G,U (13.16)

Hé¢ phuong trinh gdm (13.15) va (13.16) tuong dudng vdi phuong trinh din nap cia mot
mang 4 cuc, trong do

Y Sung =Y

Sy=Yy, va Gy =Yy,

vo —
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DAy 1a hé cac phuong
trinh cia mdt mang 4 cuc
tuyé&n tinh tich cuc va cd thé
bi€u didn theo so dd x nhu =

trén hinh 13.1. S ~Jetns Giee + s“"’" 2t
Can luu y rdng so dd _

nay chi ding v6i bién do dien 7

4p, vl né khong phan anh dugc o

su khdc nhau v& tin s6 cia tin o+ Sttng (Sy - S, “ng Vtx

hiéu vao va tin hiéu ra. Cd thé

dung nd dé€ xdc dinh céc dac Hinh 13.1. So 0 trong duong dAin nap cta b tron (3n.

trung co ban cda b trdn tin.
Khi trong mach khong
cd hién tugng trén tAn ngugc

ft;/y, ::T.*s’
thi so dd tuong duong cd dang _ _ 7 ’
don gian nhy trén hinh 13.2. Ten j Goll St B () Gin @J JBJ i
. < O

Tu he phuong trinh
(13.15) va (13.16) tinh hé s6 Ilmh 13.2. Sor db twromg dwrong din nap ctia bd ron tin khi trong mach

truybn dat cda bo tron tan. khdng ¢é hién wrong trdn tin nguorc.
Uy
Biét rang K, = T khi cd tai
h

t

T;g = —ﬁlggl, thay vao (13.15) sé& rit ra dugc

Sll

K,=- ——. (13.17)
Gill +gl

13.3. Mach trén tan

13.3.1. Mach trén tdn dung diot

Cac mach tron tAn dung diot dugc ing dung réng rai d moi tan s6, dac biét & pham vi
tan s6 cao (trén 1 GHz). Mach tron tan diung diot ¢ nhugc di€m la lam suy giam tin hiéu.

Trén hinh 13.3 la cdc so dd tron tAn dung diot.

Trong sa dd tron tin don (hinh 13.3a), diot; mach tin hiéu; mach ngoai sai va mach
trung gian dugc méac nbi ti€p vai nhau. Mach trung gian va mach tin hiéu d6i xdng véi
nhau, do dd cé thé ddi 14n cho nhau; nghia l1a trong mach cé hién tugng trén tAn ngugc.
Trong so dd nay thudng chon di€m cong tic tinh & doan dau (ghn gdc toa d) cla dic tuyén
volt—ampe cia diot d€ ¢S dugc hd din tron tin 16n. Lic d6 phuong trinh ghn dung biéu
dién quan hé volt—ampe cua diot la

i = 0,25(e®" - 1),

1
trong dd, a 1a hing s6, dudc xdc dinh bing thuc nghlem D&i voi nhizgu diot @ = 5§ Tl
Do dé '
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S = di/du = 0,25 a.e®"

Can cd vao dac tuyén volt—ampe cua céc loai diot silic v’A\ gecmani théng dung, nguvi
ta th&y rdng: vdi diot silic phai chon bién d¢ dién ap ngoai sai U, < 1V va véi diot gecmani
U . < (2 + 3)V dé dam bao dicu kién v® dong ngugc cho phép cia céc loai diot dd.

EEF_ £

c)

Ilink 13.3. Mach trdn tan dang diot:
a) mach tron (@n don. b) mach trdn tin can bling; ¢) mach trOn tin vong.

Cd thé tinh S, G,,, cho so db dua vao dac tuy&n ly tudng hda cia diot bidu didn trén

hinh 13.4. Theo dac tuyén dd, ta viét duge bidu thic dong dién qua diot:

. Su khiu 2 0
=
0 khiu < 0
s di 1
oday S=71; =?=.Gi
i
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Vi dién ap ngoai sai 1a ham tuin hoan theo thdi gian, nén hé dan S 1a m6t day xung
vudng véi do rong xung phu thuoc vao goc cat 8. Vai diém tinh chon tai gdc toa do, 6 = Z

X
Theo chudi Furier ta pi . s
tinh duge bién d¢ hai bac n 4
cta S: (
A _ _
s_28 § ! s
= — [Scos nw it d(w,t) = '
T | -
0 7] 7y oUM e
2sinn8 o -
=— 5 /, Ing
l \
I
T . . I
Thay 8 = 27 gia thiét |
n = 1 va dua vao biéu thdc :
(13.9) tinh dugc h8 din trén
th: ¥onst
1 s Hinh 134. Dac wy&nvolt -ampe cha diot va quan hé
Sy=-—8,=— S =f(wny) (13.18)
2 k4
Tuong tu nhu vay, dién dan trén tan duge xac dinh nhu sau:
1 o S6 | '
Giy = Gy = — [ Gid(w,t) = — (13.19)
T o T
S
véi 6=3thi Gy, = 5.

D& chéng tap Am ngoai sai, dung so dd tron tan can bing trén hinh 13.3. Trong bo
tron tan cAn bang dién ap tin hiéu dat lén hai diot nguge pha, con dién 4p ngoai sai dat lén
hai diot dong pha; nghia la

Pa
u,, = Ulh cos w ¢
I)l

A
u”‘Dz = Uy, cos (wt + )

va u =Uu =u

ns Dl ns DZ ns

Do do dong dien t’én s6 trung gian qua cac diot (do u,, tao ra):
A
I g! cos(w,  — w )¢
A
ngz Ilgzcos [(ouns - ‘“m)t + ] = Ilgz cos (w,, — wm)t

Trén mach cong hudng ra, ta nhan dugc

, , , )

Ly =g +igy = 21lg cos wlgt.
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Bén canh dd, dong tap &m tin sé trung gian do ngudn ngoai sai mang dé&n dat lén hai
diot ddong pha va nguge pha trén mach céng hudng ra, do dd ta cd biu thic nhu sau:
i

~
11 = Liay COS @

. ~
ha2 = _Ilazcos wlgt
Do do ha = Ya + taz = 0.

Vay mach tron tan can bang lam tang dong dién trung gian d dau ra va cd kha nang
khi tap 4m tin s6 trung gian do ngudn ngoai sai mang dén.

Ngoai ra, cing giéng nhu trong mach digdu ch& cin bang trén, dau ra mach trén tan
can bang khong cd cic thanh phin t§ hgp Ung véi hai bac chén cua tin hiéu (0, * 20,,;
w, *4dw,, ..)

Mach trén tin vong (hinh 13.3c) gdm hai mach trén tin can bing méc néi ti€p. Trén
dau ra so dd nay chi c¢d cac thanh phan tin s6 w ( + w,,, cdc thanh phan khac bi khir (xem
mach diéu ch& vong), do d6 d& tach duge thanh phan tin s8 trung gian mong muén.

13.3.2. Mach trdn tan dang phén ta khuéch dai

1. Mach tron tan diing tranzistor va mach trén tin ding vi mach. Mach tron tin
dung tranzistor ¢é th€é mac theo so dd bazo chung hoiac emito chung. So db bazo chung
thudng dugc dung trong pham vi tan s8 cao va siéu cao, vi tin s8 gigi han cia ndé cao. Tuy
nhién, sg dd bazo chung cho hé s6 truyén dat cia b trén tin thap hon so do emito chung.
Cac tham s6 cuia so dd tron tin phu thudc vao di€m lam viéc, vao do 16n cia dién dp ngoai
sai va vao tham s8 cia tranzistor. V& nguyén tdc, cS thé phan biét so d5 trén tin dung
tranzistor don, ddy kéo va ddy kéo kép. Trén hinh 13.5 la mot s6 cdch méc so dd nguyén ly
bé tron tAn dung tranzistor don. Cac sg do d6 khac nhau béi cdch dat dién 4p ngoai sai vao
tranzistor. Trén co s6 cdc so d6 nguyén ly d6, ngudi ta da thiét k& nhidu loai so d6 thyc t&
khac nhau. Hinh 13.6 bi€u dién so d6 tron tin dung tranzistor don, méac theo ki€u bazo
chung véi dién dp ngoai sai dat vao bazo. Dién 4p ngoai sai duge ghép ldng véi bazo cua
tranzistor trén tin dé tranh &nh hudng tuong hé gita mach tin hiéu va mach ngoai sai.

Hinh 135. S0 dd nguyén Iy mach tron tan dang tranzistor don:
a) sir d bazo chung véi dién 4p ngoai sai dat vao emito; b) s dd bazo chung vdi dicn dp ngoai sai diit vao bazo;
¢) sr 36 emito chung véi dién 4p ngoai sai dit vao bazo; d) so dd emito chung véi dién &p ngoai sai déit vao emito.
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Trén hinh 13.7 1a so d tron tAn méc theo ki€u emito chung. Dién 4p ngoai sai duge dat vao
bazo qua modt dién trd nhd, cd tri s6 khoang 10 dé&n 50Q. Dién tré nay cd tdc dung han ché
hién tuong didu ché giao thoa". BAng cach méc thém dién trd vao bazo, ¢ thé nang cao
dugce dién trd mat ghép ry,. cla tranzistor, do dé néng cao dugc dd tuyé&n tinh cha dac
tuyén tranzlstor

j T =y b I ol

i

»Uns‘

gl

Ua

Hinh 13.6. Mach dién bd ton 1n dung iranzstor dom, mic theo s db bazo chung.
Vi dién ap ngow sar it vao bazo,
Hinh 13.8 bi&u dién mach tron tan ty dao dong.
Tranzistor vita lam nhiém vy trén tan vita tao dao déng ngoai sai. Dién 4p ngoai sai
dugc tao nén nhy qué trinh hdi tiép duong v& emito qua cuén L, va L,. Dién 4p tin hiéu

"

Hinh 13.7. Mach dién bd tron t3n méic theo sor d8 emito chung véi dién dp ngoai sai diit vaio bazo.

dugc dat vao bazo qua bién ap vao. C| va L, tao thanh mach cdng hudng ndi tiép d6i vai
tan s6 trung gian. Nho dd dién dp tan s6 trung gian bi ngdn mach ¢ diu vao, do d6 mach
loai trit duge hién tugng trén tAn nguge. DE tranh anh hudng tuong hé giita dién 4p tin
hiéu va dién ap ngoai sai, ngudi ta k&t cdu mach dudi dang mot so d6 cau (hinh 13.8b),
trong dé R, va C, la cdc phin td ky sinh cia mach vao tranzistor. Khi ciu can bang thi
khéng con tdn tai su lién hé gitta mach tin hiéu va mach ngoai sai niia.

(1) Digu ché giao thoa: khi c6 hai tin hiéu ditu bién vdi tan s6 w1 & W, vA Wy, * W2 cing dudce diin qua mot phin
Wi khuéch dai cd dic tuy€n phi tuyén (bic 3 hoic bic cao haon) thi trén diu ra cda phin wd khuéeh dai d6 ngodi cac thanh
phAn an s6 khac, cdn ¢6 thanh phAn 1An s6 W, * W[ 2 vi W, = @, | nghia lA tin hiu ditu ch& bj d8i 1An. Hién tugng
dé goi 1a hién tudng didu ché giao thoa.

316



Céc mach tron tin theo so dd d&y kéo dugc bi€u dién trén hinh 13.9. Chiing ¢ nhidu
uu diém so vdi so do don:

— Méo phi tuyén nho (hai bac chdn bj triét tiéu),

— Ph4 tin hiéu ra hep;

— Lién hé gita mach tin hiéu va mach ngoai sai it;

— Kha nang xu4t hién didu ché giao thoa thép.

bg |
s

o) b)
© Hinh 13.8. Tang trGn thn tv dao dong.

Vi nhitng vu di€m dd, nén loai mach nay hay dugc dung trong bo tron tin cia mdy phat.
Trén hinh 13.9a 13 so d® nguyén ly mach trén tin dfy kéo. Do cdch méic mach, nén
dién 4p dat vao tranzistor 7; va T, 1an lugt Ia

Up=up tuy va Uy = Upg — Uy

-b)

) Hinh 139. Mach trdn tdn d8y kéo:
a) so d0 nguyén ly mach tron tin dy kéo; b) mach tron tan dfly kéo dung tranzistor, c6 mach emito
va mach colecto chung.
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Do mach ra dugc méac ddy kéo, nén ddong dién ra

lc = lcl

-~ 2
=a,+a, (o +uy) + az(uns + u‘h) + ...

-1

(P
vai i
ipg=ag+a,l o—uy)+axu, — um)2 + ...

Ta co: '

ic = 2ayuy, + dajuuy + Z2oqup, + 6agu ud + .. (13.20)
thay u, = U cosw it
ulh = AthOS wlht
va bién d&i ta thdy trong dong dién ra cd cdc thanh phin tan s6: w,, Sw,, 3w, * o, va
20, * Wy, .

Trén hinh 13.9b 1a so dd tron tAn ddy kéo thuc t&. Trong so dd nay khéng cBn ndi d4t
di&m_gitta mach vao va mach ra, nén két cdu don gidn hon. Dac diém cua so db 12 emito va
colecto cta hai tranzistor n@i v4i nhau. Khi trd khiang tuong duong cia mach ra déi vai tan
s6 ngoai sai (w, ) nho hon trdé khdng tudng duong déi voi tAn 88 trung gian (wlg) nhizu thi
cd thé coi tranzistor T, 12 mach colecto chung d8i véi thanh phin tin s6 trung gian. Do do
ha dp trén Ry;: Ugy. = u, . Gia thiét ¢ thoi di€ém nao d6 u ¢ tang, nén i, tang va Uy, cling
tang lam cho dién dp bazo—emito cia T, gidm va i, gidm theo. Vay i | va i , ngugc pha.
Phan tich tudng tu nhu vay déi véi u,, ta thdy u , clng tao ra cdc dong dién ngugc pha &
dau ra, do d6 trong dong dién ra cd chda tin s6 w,; + w,,. Mach ra loc 14y thanh phan
mong mudn Wyg = Wpg = Wy Dung vi mach cd th€ tao ra cdc mach trdn tin cd dic tinh
tron tot hon cic mach da quan sat trén diay. Hinh 13.10 bjéu dién so d6 mét vi mach
thuang dung dé€ tron tan. Day la so do bo tron tan ddy kéo kép. Tranzistor T, T,, T4, T,
13

- "y A 12
2 pau ra bé fron 13 . 1 ir T

% 20—
N ,
- =
Q"\Ti T?) lUth ﬁ ‘ I ll]
™ g 'Tl;'lﬁ—'
-0 : H i
e '
T3 .
nk gl

)
|
§ |
T 7 |
A |
o1~ |
. -
6
E | |
|ns . i f
&;
1, L e R | ]
a) 07

)

b) 95
ITinh 13.10. So 4O tron tAn déiy kéo kép duddi dang vi mach:

a) sor d0 nguyén ly;  b) sor dd mach trdn tAn dy kéo cia vi mach B222.

318



tao thainh mo6t mach vong, trong d6 emito.cia T, va T, hoac T; va T, dugc digu khién bai
T va T,. Khi khong c6 tin hiéu vao, dong qua T va T, bing nhau, do dd dong qua T, T,
va T4 T, cing bang nhau, sao cho dong qua céc dau ra 12 va 13 nhu nhau va bang mét nia
dong dién t8ng. Khi cd dién dp ngoai sai dat vao dau 6 va 14 va véi trj s6 nao dd cha né T,
ngét, chi con dong chay qua T va dong chay qua T, va T, cing bing mét nita dong tdng,
do dd cting nhu trudng hgp trén (trudng hgp khéng co dién ép u ), dong qua céc dau 12 va
13 bang nhau. Phan tich tuong tu d6i véi nhitng thoi di€m khac nhau cia dién dp ngoai sai
hoac dién 4p tin hiéu, ta déu cé két qua nhu vay. Dong dién & cac diu ra chi bién d8i khi
dién 4p ngoai sai va dién 4p tin hiéu dong thai tac ddng 1én cac diu vao. Vay day 1a so dd
trén tiAn lam viéc theo nguyén tic nhan tin hiéu nhd moét phin ti tuyén tinh tham sé.
Trong trudng hgp nay coi phan ti tich cuc 1a phin tli tuyén tinh ¢ ham truygn dat

i=a,+au, (13.21a)
trong do u=ug o Up
hay l/} l}
aU,,
i=a,+ —‘-—“—2——'3- [cos (w, + w )t + £08 (W, — wypi] (13.21b)
Theo biéu thuc (13.21), ta thiy trong dong dién ra c6 thanh phan tin s6 trung gian
Wiy = Wpg = Dy nhu mong muén. ,

Trén hinh 13.10b 1a so db cu thé cta vi mach trén tin B222. So véi cic mach trén
tan don nd cd nhitng vu di€m sau day:

— Hé dan troén tan cao.

— Khong co hai bac chan va hai tan sé trung gian,

— Chiu dung dugc dién ap cao.

Duya trén nguyén tic co ban dd, ngudi ta ché tao cdc loai vi mach tron tan khéac nhau.

D€ tinh toian cdc tham s8 tron tAn cha cdc bd tron tan dung tranzistor, ngudi ta
thuéng dung cdc bi€u thic gan ding theo kinh nghiém sau day:

Sy = Yoy, = (04..0,1 | Yy, |

Gy = Yap = (0,6..0,8) | Yy, |

G=Y =07.08]Y,|

va coi nhu khong cd hién tugng ddi tAn ngugc, nghiala Y, = 0.
Trong dd, cac dién din Y, Y,, Yy, 1a tham s6 cta tranzistor 6 ch€ do khué&ch dai déi
»6i tin hiéu (f,,).

2. Mach trén tén ditng tranzistor trusng. Khac vdi tranzistor ludng cuc, tranzistor
truong cd dac di€m l1a quan hé giita dong ra (dong méang) I, va dién dp vao U 1a quan hé
bac 2,\ nén khi dung d& tron tin sé giam dugce cac thanh phan phé dau ra va han ché duge
hién tugng didu ché giao thoa. Ngoai ra dung Fet d€ tron tAn cdn gidm dugc tap.am va
tang duge dai dong cha tin hiéu vao.

Céc so do tron tan dung Fet cling giéng cdc so do tron tin diung tranzistor ludng cuc.
Trén hinh 13.11 12 céc vi du v& so db tron tan dung Fet.
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Hinh 13.11a 1a so dd tron tin don méc source chung va hinh 13.11b 1a so dd tron tin
ddy kéo méc source chung. Nguyén ly lam viéc ctia chiing hoan toan giéng cic so dd dung
‘tranzistor ludng cuc da nghién cdu & phin truéc. Cing cd th€ dung loai Fet hai clta d& thuc
hién so dd tron tan nhu trén hinh 13.12. D4y 1a loai so dd trdn thn lam viéc theo nguyén
tdc nhan tin hiéu nhd moét phan ti tuyén tinh tham s6. Trong d6 coi dac tuyén In (ugsy) 12

*Usp

el e
UthD{IL_‘T M lg H ——ih
SR

Upg + Upp

Q) : b)

Hinh 13.11. S0 00 trfn (3n dong Fer:
a) so 40 dom source chung; b) sor db dhy kéo source chung

tuyén tinh, con u g, 1a tham bién s6. Vi th& c6 thé dung céc bigu thic (13.21a) va (13.21b)
dé& bi€u dién quan hé giita dong dién ra va cdc dién dp vao. So dd nay cho phd tin hiéu ra
‘hep, ddng thdi giAm dude anh hudng giita mach tin hiéu va mach ngoai sai. Cd th€ dung so
dd nay & pham vi tan s6 '
f > 300 MHz (UHF).

Tinh toan hé din

tron tan cho cdc so do dung Upgo} 4

Fet dugc thuc hién gin ‘ 1 4 , [

diung. Biét raing trong qud L . éjutg
trinh tron tin do.dién 4p _ l j .

ngoai sai thay ddi, nén hé Uy I_E I I

din cda fet thay ddi tu gia o1 ]

tri 0 dén S ,,. Tri trung +Uoo

binh cta né la S, /2. Khi Hinh 13.12. Mach tron t3n dong Fet hai cira (Dual—Gate).

didu ché& 100% cac bién tan
¢6 bién do bing 1/2 bién d6 tai tAn, nén hd dén tron tan tinh mét cdch gan ding:

1
Sll = T Smax

Vi du h8 din cia Fet tai difm lam viéc t6t nhat S_, = 2mAAV thi S, < 0,5mA/V.

13.4. Nhiéu trong mach tron tan

Nhu da phén tich & trén, khi dat 1én du vao mach trén tn dién 4p tin hiéu véi tan
s6 f = f;,, nho tinh chon loc cta tai, trén dAu ra cd thanh phan dién ap véi tin s

320



flg = In ns T nlflh I ' ’ (13.22)

Tuy nhién cling cd nhitng thanh phin tin s8 khéc f,; théa man digu ki¢n (13.22), nén
nd dugc dua dén diu ra b tron tAn va gay ra nhiéu trong bd trén tAn dd. Sau day sé xét
cu thé€ cac thanh phin nhiéu do.

Gia thist chon flg = fus — fip» Dghia 1a chon m = n = 1. Bi€u thic t6ng quét cia thn
sé trung gian lién quan dén nhiéu du vao nhu sau:

fig = |nfos £ mf| (13.23)

T4t ca cac dién 4p vao cd tAn sb f, théa man didu kién (13.23) d2u cé thé d&n dugc
dau ra bo tron tAn. Khai tri€n bi€u thuc (13.23) ta nhan duge cdc két qua sau:

fig = nfos + mf,
flg = —nfy = mf,
flg = nfo — mf,
flg = —nfy, + mf,
_ Trudng hop thdt nh4t flg > f,o N0 khong théa mén didu kién tin s§ trung gian da
chon. Trudng hop thy hai, ta cd f,, < 0, didu nay v6 nghia. Vay chl ¢ hai trung hgp cuéi
la théa méan didu kién tin s6 trung gian da chon. T hai biéu thudc dd, ta rit ra:
n 1
fh=——fhs £ —fy (13.24)
m m ’
v6i n, m 1a nhitng s6 nguyén: 0, 1, 2,...
Cd rét nhidu tAn s6 thda man (13.24), nhung chi cin luu y dén nhitng thn s6 dng voi
n, m &y céc gia tri nho; vi v6i hai cao (m, n 16n), bién d6 cia né khong dang ké.
Nhu vay, ta xét cdc trudng hop sau:

a)n=0;m=1ticla f,=f . Tacs nhiéu lot thdng.
b)n=1;m=1thi fv=f“stflg

Trudng hop f, = o, — £ chinh ]a tin s6 tin hiéu, nén ta khong coi nd la nhiéu. V6i
fo="Ff,+ fig ta cd nhiu tan s6 anh, vi nd d6i xing véi f,, qua f,.

m=1n=2thi f = anStflg

Cd thé xac dinh h8 din tron tAn cho t4t ca cdc loai nhidu nay theo bi€u

thic i, = flu u,, “1g)’ trong d6 u, c6 tAn s dng vdi cac trudng hop a, b vacdtrén Ta
sé& ddn ra dugce cac két qua sau:

— Nhiéu lot thing truy®n qua bd tron tan vdi hé ddn S (n = 0) 1a thanh phin mot
of (u’ns) '

v

chidu ctas =

1
Néu chon gdc cit 6 16n thi S > 3 é\l =S,
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— Nhiéu tan s8 anh dugc truygn qua bo tron tan vdi hé din bang hé dan tron tan

1 A~
S“ = —?Sl

— Nhiéu f, = 2f, f,, dugc truyén qua b6 tron tan vai hé dan S, la thanh phian bac
2 ctia ham

(')ﬂll ) ~ ~
§ = - ; Vi S, < Sy
ﬂllv

Trong cac loai nhiéu trén, nhiéu lot thdng loai bé duge dé dang bang cac mach loc
dau vao, vi f( << fiymaf, = flh Nhiéu f, = 2 * f‘g khir duge khi chon ché d¢ lam viéc
vai 6 = 180° (cho do A), lic d6 S = 0. Trong khi dd, nhiéu tan s8 &nh rat khd trit khy, dac

2f,
biét la khi f,, << f;, thi hé s6 loc cda tit x = 8 rat nhd, nén rat khd loc bd tan s6 anh. Vi
- : th

vay trong cac ting trudc trén tin phai dac biét luu y dén viéc loc bo nhifu tan s6 anh.

13.5. Vong gia pha (PLL- Phase loocked loop)
13.5.1. Nguyén ly tac dung

Vong gitt pha dong vai trd quan trong trong ky thuit vd tuyén dién, trong ky thuat
truyén s6 liéu cing nhu trong ky thuat do luong. No dugc dung dé tdng hop tin sd, dé dieu
ché, dé giai ma tiéng...

Nguyén ly vong gitt pha da cd ti nhidu nam nay, nhung gan day mdi duge ding dung
rong rai nho su ra doi cha cac vi mach PLL lam gidm nhe két cdu qua phuc tap cia mach.

Nguyén ly tac dung cia PLL dugc chi ra trén hinh 13.13. PLL hoat dong theo nguyén
tac vong diéu khién. Khac vdi cic vong dieu khi€n thuong dung trong ky thuat dién tu,
trong d6 dién ap hoac dong dién la cac dai lugng vao va dai lugng ra, trong PLL dai lugng
vao va dai lugng ra la tan sé va ching dugc so sanh vdi nhau vé pha. Vong diéu khi€n pha
c6 nhiém vu phat hién va didu chinh nhitng sai s6 nhé vé tin s6 giita tin hiéu vao va tin
hiéu ra, nghia l1a PLL lam cho tan s6 w’| cda tin hi¢u so sanh bam theo tan s6 w, cia tin
hiéu vao. Tan s6 cia tin hiéu so sanh bang tan s6 tin hiéu ra (w’, = w)) hoac ty 1é vdi tan
s6 tin hiéu ra theo mét hé s6 ty Ié nao dd (v’ = w /N)

D€ ¢4 tin hiéu dieu chinh u, (hoac i) ty 1¢ v6i hiéu pha Ap = ¢, — ¢_phai dung b
tach séng pha (vg@i PLL tuyén tinh thi dung mach nhan tuong tu dé tdch séng pha, véi
PLL s6 thi dung mach AND hoac trigo dé tach song pha). O dau ra bo tach séng pha la tin
hiéu hiéu chinh dugc dua dén bo tao dao dong khdng ché bang dién dp (VCO) hoac bd tao
dao dong khong ch€ bang dong dién (CCO) lam thay ddi tan s6 dao dong cia né sao cho
hi¢u tan s6 cua tin hiéu vao va tin hiéu ra gidm dan va tién t6i khong, nghia la o’ = o,,

Cédc phan tu co ban clia vong gitt pha gdm cd bd tach sdng pha, bo loc théng thdp va
mdt VCO hoac CCO (hinh 13.13).
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D& hidu ré6 hon nguyén ly tac dung cia mach, ta xét trudng hgp don gian: tin hiéu vao
va tin hidu so sanh déu la cdc tin hiéu hinh sin, vong giit pha thudc loai tuyén tinh diung
mach nhan tuong ty dé tiach sdng pha. _

V@i cac gia thiét trén, ta thdy khi khong cd tin hiéu vao thi tin hiéu hiéu chinh

v, = 0, vitin hiéu ra cia bo tach song pha la tich v ', Mach VCO dao dong tai tan s6
dao dong riéng o
cia ndé. w, con - Ra TSP
duge goi la tan =0 yﬁ.'{v o FLUC 77 L l“’v LW /Co th
?{? d(‘),ngt: . h.df" (10,) Lt KO |Tin hiés sore8”| (Wo ) _ (Wr)
i ¢é tin hiéu ’
. Uy - T Uy
viio, bd tach song (Z}' Ka “/‘:({’L
pha sé so pha va Y LU’}’
) e g 1es (W, + Wh) -—--=- !
tan s6 cua tin hiéu AL AN , p \ ! i
e |in hieu so sonh un Mach ! '
vao vdi tin hiéu so y S s D
sanh. Dau ra bo (W = Lr/m) LC./’/S fri'

tach sdng pha xuit o
hién tin hiéu u, ma Hinh 1313 Sy dO khOi vong gitr pha.
tri s6 tdc thoi cua
nG ty 1é vai hiéu pha thiéu tan s6) cha hai tin hiéu vao tai thoi diém do. Viu, = Kuu’,, nén
trong tin hiéu ra b¢ tdach song pha ¢d cic thanh phan tan sé o, ~ o, va @, + «’,. Tan s6
tdng bi loai bé nhd bo loc thong thip, con tan s6 hiéu duge khuéch dai lén va duge dung lam
tin hiéu dé didu khi€n tin s6 dao dong ctia VCO. Tan s6 cia VCO duge thay déi sao cho
w, — w’, tién tdi khong, nghia la £’ = f, hoac f, = Nf, v6i N la hé s6 chia cia bo chia tan.
Néu tan s6 tin hiéu vao va tin hiéu so sanh léch nhau qua nhiéu lam cho tan s3 tdng
va tan s6 hiéu déu nam ngoai khu viyc théong cta bo loc thi khong cd tin hidu didu khién
VCO. VCO dao dong tai . Khi v, va o’ xich lai gan nhau sao cho thanh phan v, — o} roi
vao khu vuc théng cta bd loc thi VCO bat dau nhan tin hiéu didu khién dé€ thay d&i tan s6
dao dong clia nd, PLL bat dau hoat dong, ta ndi PLL lam viéc trong "dai bat". Vay "dai bat"
cua PLL la dai thn s6 ma PLL 6 th€ thiét lap ché& do dong bo. Dai bat ctia PLL phu thuéce
vao dai thong cda bo loc. "DAi gitt” cha PLL la dai tan s6 ma PLL cd thé giit duge ch& do
dong bo khi thay déi tan s6 tin hiéu vao. Dai gitt khéng phu thude vao dai théng cua bo loc
ma phu thuée vao bién do dién ap diéu khién u’(¢) va vao kha nang bién déi tan s6 cua
VCo.

13.5.2. Tinh chét cua PLL tuyén tinh

Trong dai gitt, PLL 1a mét mach diéu khi€n tuyén tinh. Theo cac gia thiét trén khi hé
s6 chia tan N = 1, ta cd dién ap ra bd tach sdng pha:

u, = Kuu' = Kﬁ\,ﬁrsinwvt sin(w’rt + )
KU,U, , ,
= —————2——~{cos [wy — ')t = ¢y = cos [lw, + ')t + ¢ 1} (13.25)

1 .
Khi tan s6 gidi han cia bo loc thong thap thap hon nhiéu so véi 5 (w, + w’)) thi
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cd thé bd qua thanh phiin thn s6 tdng trong (13.25) va ta cd dién ap didu khién dua dén
VCO:

A A

uvu
uy = KK — |Glitw, = w')l| eos [, =0t = ] =

A AN

UvUr .
= K,K 5 | Glilw, — w)y | cos p(#) (13.26)

trong do
K, - hé sd truyén dat cia bd loc tai thn s8 thép;
| G| - modyn ciia ham truy&n dat cia bd loc;
p(t) = (0, — W’ )t — p, - hiéu pha gitau, vau, .
O xung quanh di€ém lam viéc tinh, tn s6 cia VCO ty 1é tuyén tinh vai dién ap didu
chinh u’y (ndi mot cach chinh xdc: ty 1é vai tri trung binh dai s6 cia «; trong mét chu ky

2
T, = w, ). Do d6 cé thé viét:

w —w, = Kou'd (13.27)

trong dd, w  1a tAn s6 dao déng tu do cia VCO dng véiu; = 0.
Trong dai bat, khi f, = const thl hiéu pha giita »’, va u, cing khong ddi va bang ¢,

viw, = w’.. Do d¢ tit (13.26) suy ra: “
KK A A
u’d = '—2 UVUrCOS Pr (1328)

Dién 4p digdu khién v 3 1a dién 4p mét chidu, nd lam cho tin s6 cia VCO thay ddi mot
lugng:
Af=fr—-f0=fv —fo'
hay
Aw =w -w,=Ku', (13.29)
Thay (13.28) vao (13.29) va gia thiét ¢, = 0, ta tinh dugc kha nang léch thn s6 tdi da:
« KKK, A A

Awg = —5— U, . | (13.30)

Nghia 1a t&n s6 cta VCO chi c6 thé bam theo tAn s6 vao trong dai w, * Aw véi didu
kién la truéc d6 mach da hoat dong (da ¢ trong dai bit). Vi vay 2Aw; hay 24f; dugc goi la
dai gitt cia PLL. N6 dugc phan b6 d6i xing vdi tan s6 dao dong ty do £ cia VCO va nhu
da ndi né khéng phu thude vao dai théng cua bo loc.

DaAi bat cd thé tinh duge nhu sau: néu tich mach digu khién d diu vao VCO thi tin
s6 ra f, = f,. Dién 4p didu khi€n cuc dai (khi déng mach) dua dén VCO tinh dugc theo
(13.26): .

AN

uy ~ KK — 1 Glilw, — v’}
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Dién ap nay lam cho tan s8 cua VCO Epay d6i mot lugng:

uU,
Aw* = Kju'y = K KK | GLj(wy — &’ |

sao cho & d&u ra b tdch sdng pha ¢d thn sé:
w,~W =, o * Aw’ (13.31)
Tit (13.31) suy ra dai bat cia PLL tuyén tinh:

A A

U,

U. .
> C 1 GGAwg) | (13.32)

"
Hinh 13.14 bi€u dién co ché Ug ©

bat va giit cta PLL. ' 1LWs
Theo d6 ta thdy: tAn s6 ra cta ' : |
PLL chi bam theo tin sé vao khi ‘ b
!

| w, - w’rl < Awg véi digu
kién PLL dang hoat dong trong dai

‘1

§
}
&

bat. ! \ e
va khi u | 00 bot |
|w, — @’ | < Awg néu truéc ) L
v r B Ya)o3/

do PLL chua nam trong dai bat. , - ///* :
Nho co ché bat va giit nén L %‘T i —

PLL c6 tinh chat chon loc theo tan i /_/ | | wy,
s0. f lowda ||
| ‘// P
13.5.3. Cac khéi co ban cua PLL | Dor g :
= !

Heé théng PLL gdm cac khéi co
ban nhu da biét : bo tao dao dong co
tan s6 didu khién duge (VCO, CCO), bo tach sdng pha va bo loc théng thdp. Ngudi ta
thudng can cd vao so do bo tach séng pha va bd loc théng thdp d€ phan biét cac PLL véi
* nhau. Tuy nhién, sg dd bd tdach séng pha van dugc coi 1a dac trung co ban nh4t cia PLL.

[inh 13.14. Minh hoa cor ¢h€ bt va gitr cia PLL.

1. B¢ tach song pha. Bo tach séng ¢6 nhiém vu cho ra mét tin hiéu phu thudc vao hiéu
pha (hiéu tan s6) cla hai tin hiéu vao. Cac tin hiéu vao thuong la tin hiéu hinh sin hoac la
day xung chit nhat. Ngudi ta phan biét: tach song pha tuyén tinh va tdch song pha phi tuyén
(tach séng pha s6).

Bo tach song pha tuyén tinh thudng duge thuc hién bdi mach nhan tu0ng ty. Tin
hiéu ra ctia né ty lé véi bién do céc tin hiéu vao.

Bo tach song pha s6 dugce thuc hién bdi cdc mach s8 (va, hoac, khéng, tuong
duong,...). Tin hiéu vao cua ng la day xung chit nhat. Tin hiéu ra khong phu thude vao bién
do cac tin hiéu vao.
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2. B6 loc thong thdp. Trong hé théng PLL, b6 loc thong thdp cd nhing chic nang
sau:
— Cho qua tin hiéu tin s6 th4p, nén thanh phin thn s6 cao.

— Bao dam cho PLL bat nhanh va bam dugce tin hiéu khi tAn sé thay déi, nghia la no
phai cd t8c do dap ung du cao.

— Vi dai bAt cua PLL phuy thuéc vao dai thbng cua bd loc, nén yéu chu dai théng cua
bd loc phai da 16n dé€ dam bao dai bat can thiét caa PLL.

Théng thudng trong hé th6ng PLL ngudi ta dung cdc bd loc théng thip bac nhit, vi
dung cac bé loc bac cao han ¢d thé Anh hudng dén tinh én dinh cua hé théng. Co thé dung
loc thy ddng hoac loc tich cuc déu duge. Dung 1:0 loc thu dong thi don gian, do dd d6 tin cay
cao va 6n dinh. Dung bd loc tich cuc thi cé thé tang he s6 khuéch dai ctia ca h¢ thong va
cho phép co dugc dai bat mong mudn hay dai . s Use
bam tuy y khi thay do6i dai thong va hé sb
khuéch dai.

3. B6 tgo dao doéng ¢o tin s6 diéu khién Re
duge.  Yéu ciu chung d6i v8i cdc b tao dao

dong cd tan s6 dieu khién duge 1a quan hé
gitta dién 4p digu khién va thn s6 day xung ra
phai tuyén tinh. Ngoai ra mach con phai cd d¢ R

8n dinh tan s8 cao, dai bién dbi cta tin sb

theo dién dp vao rong, don gian, dé diéu chinh
va thuin lgi dé6i vdi viéc t6 hgp thanh vi l

mach (khong c¢d dién cam).
Vé nguyén tic, cd thé dung moi mach’ “Uee

tao dao d6ng, ma tan sé dao dong ctia nd cd Hinh 13.15. Mach tao dao dﬁ_‘mg da hdl dEng‘,Mk‘lm R

thé& bién thién dugc trong pham vi + 10% dén 2:?;2 :‘:O)n:a;: Z’i?g €6 tin 0 dicu khicn

+ 50% xung quanh tin s6 dao dong tu do w

Tuy nhién, nguoi ta thuong dung cdc b tao xung chit nhét hon ca, vi loai nay cd thé lam

viéc trong pham vi tin s kha réng (1 MHz + = 100 MHz). Trong pham vi (1 + 50 MHz j

thudng dung cac mach tao dao dong da hai. Cac bd tao dao dong didu khi€n bdi dong dién’
(A'Hs) '

Mien lom viée

i
!
g
I
!
!
i
5

i
ok ——

Uy (v)
Hinh 13.16. Quan h¢ gitra tin 56 dao dong ra ciia VCO vdi dién ap diu khién diu vio,
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uu viét hon cac bé tao dao dong digu khién bdi dién 4p & ché: nd ¢é pham vi tuyé&n tinh cta
dac tuyén truyén dat rong hon. '

Mot so d8 don gidn cia VCO dung mach tao dao dong da hai dugc bidu dién trén hinh
13.15. Khi néi dau digu khi€n vai + U, thi day 1a mét bo dao dong da hai théng thuong, khi
tach ra va dat dién dp digu khi€n vao dau dd thi tin s day xung ra bién thién theo v’,. Cu
thé néu u’; tang thi thoi gian phdng nap cua tu gidm, do dd tan s ra tang va ngu0c lai. Ta
¢6 dac tuyén truyén dat f — u’; bi€u dién trén hinh 13.16. ‘

Day chi 1a mot vi dy, cing c6 thé dung cédc loai mach khac nhu mach dao déng tich
thodt, mach da hai ghép emito,... (xem gido trinh ky thuat xung) d€ tao dao dong.

13.5.4. Ung dung cua PLL

PLL dugc ing dung trong nhiéu linh vuc nhu da néu & phan 13.5.1. Cac dng dung
cua nd chung quy lai déu 1a nham bién ddi thn s8, di chuyén tin s6 ti mién tin s6 thdp
sang mién tin s6 cao va ngugc lai. Sau day sé xét moét s6 Ung dung co ban,

1. Tach song tin hiéu didu tan. Khi dung PLL d¢& tach séng tin hiéu diéu tan, phai
k&t cdu sao cho tan s6 dao dong tu do w cia nd triung v4i tAn s6 trung tam (tai tin) cia
tin hiéu didu tan. TAnr s6 cia VCO bam theo tan s3 cta tin hidu da didu tAn o diu vio va
dién dp u’, ty 1é vdi hiéu tan 8 Aw = w — w, vOi w, 14 thn s6 cia tin hiéu didu tin. v’
chinh 1a dao dong thn s8 thdp da duge tach sdng.

2. Diéu ché tin s6 s6. D€ truyeén tin hiéu s trén cdc duong dién thoai (trong modem)
ho#ic dé c4t git tin hiéu s6, thudng dung tin hiéu logic nhi phan 1 va 0 ma hda theo hai tan
s6 khac nhau (vi du 0 = 950 Hz va 1 £ 1050 Hz). Phuong phdp nay goi 1a FSK (frequency
shift keying). PLL dugc két c&u sao cho tan s6 dao déng tu do w  nam giita hai tin sé dd
dé cho nd bam theo mét trong hai tAn s8 d6. Dién ap ra ty 1& v4i tAn sd vao. Vi du khi co
tin hiéu 1 (1050 Hz) thi dién ap U 1n, khi cd tin hiéu 0 (950 Hz) thi U, = 0. Vay U, bi€u
dién tin hiéu nhi phan da dugc tdch séng. Tin hiéu nay sé duge dua dén dudng day dé
truyén di hoac dugc cat gitt dudi dang s6.

3. Téng hop tan sé6. Day 1a mét ing dung rat quan trong.cia PLL. Téng hgp tin sé
1a qua trinh tao ra m6t mang tin s6 rdi rac tit mot tn s§ chuén cé d6 6n dinh cao.

Do PLL thuc hién duge ché€ d6 git pha, nén cac dac tinh 8n dinh va troéi nhiét caa céc
tan s6 dudc tao ra cing gidng nhu cia tin s8 chuidn.

Nhitng phép bién ddi co ban trong téng hgp tan s8 12 nhan va chia tAn s3. PLL cd thé
dung d€ thuc hién cac phép bién ddi da.

a. Phép nhan tan s6 vdi hé s6 nhén N nguyén (hinh 13.17). O ché& d6 dong bs, tin s6
chufn f, = f, /N hay tan s6 ra '

fo = fr = Nfc
b. Téng hop tan s6 véi tan s6 ra khéng phdi la béi cia tan s6 chudn (hinh 13.18),
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Tan s8 chuén trudc khi vao bd tach sdng pha dugec dua qua mach chia tan, trén dau ra
mach chia tin cd tan sé f/M.

P A
T 36 chudh | gy
r on 0 ra
f(; c ol 73F LTT veo : ) o
] va kE ;
: : M= My
CT
Nt

[ind 13.J7. Mach nhan 1in 83 vdi hé s3 nhin N nguyén.
Tan s6 ra qua mach chia N 1a f /N. Khi déng bd

N
= do do = = ——
f/M =[N, dodo fo =1 Mfc

Néu dao dong chudn 1a mét day xung gdbm cd tan s8 ca ban f, va cac hai bac cao nf,
(phan tich theo chudi Furier) va cho tin s6 cua VCO bam theo mét hai bac cao nao dé cua
f. thi c6 thé cd duge thn s6 ra f, = nf. Hoac cho VCO lam viéc & ch& d6 xung, tin hiéu
chudn 1a tin hiéu hinh sin, thi f, = mf_, do dd f_ = f, = f/m (m 12 bac sdng hai cia f,).

Trén hinh 13.18 12 mach tdng hgp thn s6. Bang cach thay ddi M, N (chuong trinh
hda) ¢ thé nhan dugec mét mang tan s6 rdi rac tuy y vdi dé6 on dinh va dé chinh.xdc nhu
cda tan s6 chuan.

pLL
Attt 7
U ey pee—————— premeeee——— —_
cri f"/’”: TSF LTT a_' VCo l > o
M: i V& KD |' 1! .4
: B
b /v crz
- N A

IHinh 13.18. Mach tOng hop tin <0 veri in 3 ra khong phai 11 B3I cda in s chudine
LT7: loc thong thiip;  TS: tdch song phas
K13 khufch dai; CT: chia tan.

Hinh 13.19 bi€u dién nguyén ly téng hgp tan s§ trong mo6t may thu thanh UKW. Bo
chia tin thi nh&t (CT1) cc hé s6chia N = 4 va lam viéc trong pham vi tin s@ dén
180 MHz. B¢ chia tdn thd hai (CT2) la mét bo chia lam viéc theo chuong trinh cd hé s6
chia N = 982 + 1147. Vi thn s6 vao cia bd tach séng pha f, = 25 kHz nén bang cich thay
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ddi N cd thé thay dé6i duge thn s6 ra cua VCO f, trong pham vi tir (98,2 + 114,7) MHz véi

khoang cach 4 x

25 kHz

100 kHz. Vi tAn s6 trung gian cia may thu flg =f, — f,, nén

tan sé bién thién trong pham vi tu (87,5 ... 104) MHz.

4 Pén KD frunyf)?/;
—_— 77
h Tog = fa - £ (0.7
ST 7
veo | |
I
| |
Jr= 5y £ 25\ k013 J/P
Cr3 1 rr (X8
- 7
-‘U}- 200.1 TS 2o V) — l)
- - - .- -
82... 147
72 o
ol 4:1
Gray Gior
mo ma
| BCcD
/o7 36

Hinh 13.19. Tong hop tin «O trong mdy thu thanh UK W :

T chiatin

TT: Tron tin

TSF: téch sing pha
LTT: ke thong thip

¢. Dong bo tan sé. 0 pham vi tan s6 cao, tan s6 cia VCO hoac CCO khg Snd/mh Lac
nay cd th€ dung mét tian s6 chudn thidp, nhung 8n dinh cao dé€ 6n dinh tan s6 ctia VCO
(CCO) nha PLL. Mach nguyén ly caa hé théng dong bé d6 duge bi€u di&n trén hinh 13.20.

- e

o—————m]

IRIAREREE
TSF

Lrr
vo KP

5;}2

veo .

Hinh 13.20. DOng bO tin sO bing PLILL.
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CHUONG 14
CHUYEN DOI TUONG TU - SO VA CHUYEN DOI SO - TUONG TU

14.1. Co s@ Iy thuyét

14.1.1. Khai niém chung

Ngay nay viéc gia cong, truyeén dat tin hiéu ciing nhu cdc qua trinh didu khién va chi
thi phan 1n duge thuc hién theo phuong phap s6. Trong khi dé tin hiéu tu nhién lai bién
thién lién tuc theo thdi gian nghia 1a tin hiéu tu nhién cd dang tuong tu. D€ phdi ghép giua
ngudn tin hiéu tuong tu vdi cdc hé thong xu ly s6, ngudi ra dung cac mach chuyén ddi
tuong tu — s6 (ADC — Analog Digital Converter) nham bi&n dd&i tin hi¢u tuong tu sang
dang s6 hoac dung céc 7 A
mach chuyén d6i s6—tuong O
tu (DAC — Digital Analog
Converter) trong trudng

111
hop can bién ddi tin hiéu s§ T
sang dang tuong tu. Qui 110 | :

trinh bién d8i mét tin hiéu /01 | |
tuong tu sang dang sé dugce // [
minh hoa bdi dac tinh 190 AUy [ |
truyén dat trén hinh 14.1. 0,) :
4 A ’ a
Tin hiéu tuong tu UrA dugc 010 |
chuyén thanh mét tin hiéu |
¢S dang ba é 01 vot | % '
ang bac thang déu. Vai |
dac tuyén truydn dat nhu 000 . S —
f 2 3 4 5 6 7/ U

vay, mO6t pham vi gia tri oy Ymox)
cia U, dugc bi€u dién bai '
mot gia tri dai dién s thich Hinh 14.1. Dac tuy€n truyén dat cda mach bién ddi tuong tr—sd,

hgp. Céc gia tri dai dién s8 vOi Up .- dién ap vao trong uy v ‘UD- :dién 4p ra s0.

la cac gid tri roi rac.

Cé nhiéu cach bi€u dién céc gia tri roi rac dé. Cach bi€u dién theo hé thap phan
thudng dung dé€ chi thi s6 do. Trudng hgp, sau mach bién d8i AD la cac thiét bi s§ thi
thudng dung hé co s6 2 (ma nhj phan) d€ bi€u dién tin hiéu s6 nhu trén hinh 14.1.

Mot cach téng quat, goi tin hiéu tuong tu la SA(UA), tin hiéu s6 1a SD(UD), S, dugc
bi€u dién dudi dang ma nhi phan nhu sau :

- -1 -2
Sp=0b,_12" +b,_,2"" "+ . +52°

n—l1
trong dd,cac hé s6 +b, = 0 hoac 1 (véi k = 0 dén k = n—1) va duge goi 1a bit;

+ b, _, dugc goi 1a bit c6 nghia ldn nhdt (MSB — most significant bit), tuong @ng véi
cdt ding dau bén trdi cia day ma s6. Méi bién déi gia tri cha MSB dng véi su bién déi caa
tin hiéu l1a nita dai lam viéc.

330



+ b, goi la bit cd nghia nhé nhit (LSB - least significant bit), tuong ing véi cot ding
dau bén phai cia day ma s6. Méi bién ddi gia tri cia LS B dng vdi mot muc lugng tir (1 ndc
cta hinh bac thang).

V6i mot mach bién ddi ¢ N bit tic N s6 hang trong ddy ma nhj phan; (trong vi du
hinh 14.1 N = 3) thi méi néc trén hinh bac thang chiém mot gi4 tri :

UAm
2N-1

Q="Usp= , o (14.1)
trongdé, U, la gia tri cuc dai cho phép cia dién 4p tuong tu & diu vao ADC ;
Gid tri cha U, g hoac @ goi la mic lugng ti.
Do tin hiéu s6 1a tin hiéu rdi rac, nén trong qué trinh chuyén dgi AD xu&t hién mot
sai s0 goi la sai s8 lugng t& héa, duge xac dinh nhu sau :

1

Khi chuyén d8i AD phai thyc hién viéc 14y miu tin hiéu tuong ty. D& dam bao khai
phuc lai tin hiéu mot cach trung thuc, thn s6 14y méu f,, phai théa man didu kién sau :

fM z 2flhmax =~ 2B (14.3)

trong dd, [, 12 tan s6 cuc dai cia tin hiéu; Bla daitinsfcda tin hiéu.

Theo dinh ly ldy mAiu, néu dieu kién (14.3) théa man thi khong cd su trung lap gita .
ph8 co ban (phd tin hiéu vao) va cac thanh phan phd khac sinh ra do qua trinh 18y méu (cdc
thanh phan nay phan bg v& hai phia cua f,, va v& hai phia clia b6i s§ ctia fy, va cach ching
moét khodng ding bang dai tAn B cua tin hiéu).

Theo thuyé&t lugng ti hda, trong qua trinh lugng ti hda sinh ra tap am, tap 4m nay
thé hién khi thuc hién phép bién d6i nguge DA. Do d6 ¢d thé€ coi qua trinh lugng td hoa
nhu qua trinh cdng tin hiéu X, véi mét tap o
am X, nao dé (hinh 14.2). Ngudi ta da

ching minh dugc : trong pham vi —g < Xta

X, = —g- tap 4m lugng tu hda duge coi la
tap Am trdng. Mat do cong suit phd cua XA Xy
tap am lugng ti hoa S (w) duge x4c dinh

theo bidu thic (14.4).
Hinl 14.2. So @0 wrong duong tinh cta mach luong tir héa.

¥ ., \
Sm(w) = T2- = Ula (144)
trong dd, @ la gia tri cia mét muiic lugng ti, U? 1a trj trung binh binh phuong ctia dién ap
tap am.
Do d6 cong sufit tap &m trén dién trd R ;

QZ

Pr=—— (14.5)
"R 12R
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Ty s6 tin hiéu trén tap Am Ung v6i muc cyc dai cia dién ép tuong tu U dugc xdc
dimh nhu sau :

S U,
——(dB) = 201 T = 201g vV6(2N-1 14.6
Y; g AU gve(2' ) ( ) A

ta

Ngoai ra khi nghién cttu dac tinh cta bo chuy&n ddi AD cin luu y dén quan hé giita
thoi gian xdc 1ap ¢, va tin s6 gidi han fg cta hé th6ng. Quan hé nay da dugce din giai g
chuong 2 (phan 2.4.6) va cd thé€ suy ra tit bi€u thuc (2.27) nhu sau :

1
3fg

14.1.2. Cac tham s8 co ban

1. Ddi bién dbi cua dién dp tin hiéu tuong tu J dau vao la khoang dién 4p ma bo
chuyé&n ddi AD cd thé thuc hién chuyén dé&i duge.

Khoang dién ap do co thé 14y tri s6 tit 0 d&€n mot tri s6 duong hoac 4m nao 446 hoac
cing cd thé la dién ap hai cuc tinh tiut - Uy, dén +U, .

2. D6 chinh xdc ctia b6 chuyén déi AD. Tham s6 diu tién dac trung cho do chinh xic
cia moét ADC la d6 phan biét. Ta biét rang trén dau ra cia mét ADC 1a cac gia tri sd duge
sap xéptheo quy luatcuamotloai ma nao dd. S3 cdc s6 hang cia ma s8 d diu ra (s6 bit trong
mi nhi phan) tuong dng vai dai bién d8i cta dién ap vao cho biét midc chinh xdc cta phép
chuyén ddi. .

Vi du: Mot ADC c6s6 bit 6 daura N = 12 (12 s6 hang) cd thé phan biét duge
21?2 = 4096 muc trong dai bién ddi dién ap vao cia né. D phan biét cia mot ADC duge ky
hiéu 1a @ va dugc xac dinh theo biéu thic (14.1). @ chinh 1A gid tri cia mét mic lugng ti
hda hoac con goi la 1 LSB. Trong nhigu tai liéu ky thuat ngudi ta chi cho biét dai bién déi
caa dién dp vao va s6 bit N. Tu hai tham s6 d6 va ap dung bi€u thic (14.1) c6 thé suy ra

t. =

X

(14.7)

do6 phan biét Q. 7 )
. A R
Trong thuc t& thudng 4 ly Asng y
- (A
dung s6 bit N dé dac trung sz | -
cho dé chinh xac, lic dé phai o ,‘
hi€u ngam ring dai bién déi 77 '
dién 4p vao coi nhu khong d6i. 10/ - b4
Thong thuong cdc ADC 100 | meo i o
c6 s6 bit tit 3 dén 12, cé nhitng - L P
ADC dat dugc do chinh xac 14 01/ |
dén 16 bit. 010 b &/ 56 kbuéeh Sbr

Lién quan dén d6 chinh
xdac cia ADC con cd nhitng
tham s6 khac dugc minh hoa 000

trén hinh 14.3. Dudng dac
tuyén truyén dat ly tudng cta
ADC 1a mot dudng bac thang -

00/ -

v $or 6 T A&

S

A . Ty A

4 1 o/ 5 fech Ahorg
ZLS‘B :
Hinh 14.3. Dic wy&n truySn dat Iy wrdng va thue cda mach
chuyén doi twong ty — 0 (ADC).
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déu va cd do dbc trung binh bing 1. Dudng dac tuyén thyc c6 sai s6 léch khong, nghia 1a

) e 1
nd khéng xuit phat tai gia tri dng véi 3 LSB. N6 1a hinh bac thang khéng d&u do anh

hudng cua sai s6 khuéch dai, ciia méo phi tuy&n va'sai s6 don diéu.

Trong dd sai s6 khué&ch dai 1a sai 8§ giita 4 d6c trung binh ctia dudng dic tuyén thyc
véi d6 d6c trung binh cta dudng dac tuyén ly tudng. Sai s6 phi tuyén dugc dac trung bdi sy
thay d6i d6 déc dudng trung binh ctia dac tuyén thyc trong dai bién d6i cia dién 4p vao.
Sai s6 nay lam cho dudng dac tuyén chuyén ddi cé dang hinh bic thang khong deu. Cuéi
ciing, sai s6 don diéu thuc ch4t cing do tinh phi tuyén cia dudng dac tinh bién d6i gay ra,
nhung day la trudng hop dac biét 1am cho do déc cta dudng trung binh bién thién khéng
don diéu tham chi co thé din dén mAat mot vai ma s6. '

Tom lai, dac trung cho tinh chinh x4c cia ADC cé nhizu tham s6: s bit, méo phi
tuyén, sai s6 khuéch dai, sai s8 l1éch khong va sai s6 don diéu. Can chi y rdng néu ADC lam
viéc 1y tudng vaAn tdn tai sai s6. DG la sai s6 lugng ti hda, duge xac dinh theo bi€u thic
(14.2). Vi vay sai s6 lugng td hda con duge goi 1a sai s6 1y tudng hoac sai s6 hé théng cua
ADC. Sai s8 thuc cia ADCgdm sai s6 ly tudng va nhitng sai s8 con lai. Ngudi ta quy uée
t8ng cac sai s6 con lai khéng duge vugt qua sai s8 ly tudng, sao cho mét ADC dugce thist k&
v6i d6 chinh xac 1a (W+1) bit thi dat dude d6 chinh xdc thuc 12 N bit.

3. Téc dé chuyén déi. Tée d6 chuyén déi cho bidt s6 k&t qua chuyén ddi trong 1 giay,
dudc goi la tan sd chuyén déi f_. Cing c6 thé dung tham s6 thoi gian chuyén déi T, d& dac
trung cho téc d¢ chuyén déi. T_ 1a thoi gian cin thiét cho mot két qua chuyén ddi. Chu y

1 1
rdng f_  # R Thudng f, < T vl giltta cdc 1An chuyé&n d8i con cd mot khoang thoi gian cn
c c

thi&t dé cho ADC hdi phuc lai trang thii ban diu. Can luu y rdng, moét s8 ADC cd t8c d6
chuyén ddi cao, tdt nhién phai tra gia bing do chinh xdc gidAm hoac nguge lai, nghia 14 yéu
ciu v& d6 chinh xac va t6c do chuyén d6i mau thuin v6i nhau. Tuy yéu cAu sit dung, phai
tim cdach dung hoa cdc yéu cau dé mot cach hgp ly nhat.

14.1.3. Nguyén tic lam viéc cua ADC

Nguyén tac 1am viéc cia ADC duge minh hoa trén so dd khéi hinh 14.4.
Trudc hét tin hiéu tuong ty duge dua dén mo6t mach 18y miu, mach nay cd hai nhiém

ADC
U Moch 5y | Uy i Uy
U Mo Ry | g W\ bty |2
moe /7 o/o

Hinh 144. So 46 khdi minh hoa nguyén thc Lim viée cia 4DC.



vu (xem dd thi thoi gian hinh
14.5):

— Lay mau tin hiéu
tuong tu tai nhitng thoi di€m
khdac nhau va cach dé&u nhau

I

f |

(rogi rac hoa tin hiéu vé mat X | I
thoi gian). — )t ,,1__4(,‘,.*___4__‘_.)',_.,-_,.

|

|

R
— Giit cho bién do dicn b ;

ap tai cdc thoi difm 14y mau yMT : | : : ! |

khéng déi trong qua trinh L "T‘“'l !

chuyén ddi t{ép theo (nghia la U/;ﬂa ‘___ l .

trong qua trinh lugng td hoa i |

va ma hda). o ,!-_-__J [ J e | O S
Tin hiéu ra mach lay ’%i Wy .,_t;_ﬁ_,t‘ - )

mAu dugce dua dén mach lugng . . _ _

Hoendt 4.5.D0 thi thot gan caa dién dp vao va dicn o miach Ky o

ti hoa dé thuc hién lam tron
véi d6 chinh xdc : = g [theo bi€u thuce (14.2)]. Mach lugng ti héa lam nhiém vy rai rac
hda tin hiéu tuong ty vé mat bién d6. Nhu vay nhd qua trinh lugng tit héa moét tin hicu
tuong tu bat ky duge bidu dién boi mot s6 nguyén lan mic lugng ti, nghia la

X/\i X»\i AXAi

Zpi = int - = — - (14.8)
> Q @ Q k

trong dd,
X ,; - tin hiéu tuong tu & thai di€m i;
Zy, - tin hiéu s6 & thoi di€m i,
@ - muc lugng tu;
AX i
int (integer) - phin nguyén.

- 86 du tror.g phép lugng tit hda;

Trong phép chia theo bi€u thidc (14.8) chi ldy phan nguyén cua két qua, phan du con
lai (khang chia hét cho @) chinh 1a sai s6 lugng tU héa. Vay qu4 trinh lugng td hda thuc
chat 1a qua trinh lam tron s6. Lugng ti héa duge thuc hién theo nguyén tic so sinh. Tin
hiéu can chuyén déi dudc so sanh vai moét loat cac don vi chuan Q.

Sau mach lugng tt héa 1a mach ma hoa. Trong mach ma hda, két qua lugng ti héa
dugc sap x&p lai theo mot quy luat nhat dinh phu thudce vao loai ma yéu ciu trén dau ra bd
chuyé&n déi.

Trong nhiéu loai ADC, qua trinh lugng ti hda va ma hda x4y ra dong thoi, luc dd
khong thé tach roi hai qua trinh dd.

Phép lugng tu hda va phép ma hdéa duge goi chung 1a phép bién d6i AD.
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14.2. Cac phuong phap chuyén 4di tuong tu - 6

14.2.1. Phén loai

Cd nhigu cach phan loai cac ADC. Cach phan loai hay dung hon ca 1a phan loai theo
qua trinh chuy€n ddéi vé mat thoi gian. N6 cho phép phian dodn mot cdach tdng quat téc do
chuyén d6i. Theo cach phan loai nay, ngudi ta phan biét 4 phuong phdp bién ddi AD sau
day :

— Bién d6i song song. Trong phuang phap bién d8i song song, tin hiéu duge so sanh
cung moét hic voi nhigu gia tri chudn. Do d6 t4t ca cac bit duge xdc dinh ddng thai va dua
dén dAu ra. -

- Bié&n d6i ndi tiép theo ma dém. 0 day qud trinh so sanh duge thuc hién lan lugt
tung budc theo quy luat cua ma dém. Két qua chuyén ddi duge xac dinh bing cach dém sé
lugng gia tri chuan cd thé chua duge trong gia tri tin hiéu tuong tu can chuyén déi.

— Bién ddi ndi ti€p theo ma nhi phan. Qua trinh so sanh duge thuc hién 1n lugt tiing
budc theo quy luat ma nhi phan. Céc don vi chudn ding dé so sanh 14y cic gia tri gidm dan
theo quy luat ma nhij phan, do dd céac bit duge xac dinh 1an lugt ti bit ¢6 nghia 1dn nh4t
(MSB) dén bit c6 nghia nhé nhat (LS8 e I

— Bién d6i song song — noi T
tiép két hgp. Trong phuong phap
nay, qua méi budc so sdanh ¢o thé xac
dinh duge t6i thidu la 2 bit dong
thoi.

Cac mach thuc té lam viéc

theo nhieéu phuong phap khac nhau, _ZD
nhung déu cdé thé xép vao 1 trong 4 M; o
loai trén. Sau day chung ta sé nghién aE
ciu mo6t s6 phuong phap dién hinh : HOA

phuong phap song song, phuong
phap phan doan tung bit, phuong

phap néi tiép dung vong hdi tiép,
phuong phiap dém don gian, phuong
phap tich phan hai suon déc, phuong

phap song song néi tiép két hop va
phuang phap loga. Ngoai ra con mot Whip
56 phuong phap khdac nhu phuong

hiap dung mang dién dung, phuon o
paap g mang cie &P & 1inh 1M.6a. S d0 nguyén ¥ b chuyen doi A D theo

phap dién dp — tan s5,... ma nguyén phuong phép song song,

tac hoat dong cta ching cd thé suy
ra tif cdc phuong phap khac.

3~ 14.2.2. Chuyén déi AD theo phuong phéap song song
Trong phuong phap chuyén ddi song song, tin hiéu tuong ty U, duge ddng thoi dua
dén céc by so sdnh S| + S_. Dién ap chudn U dugc dua dén dau vao thit 2 cta céc bd so
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sich qua thang dién trd R. Do do cdc dién dap chudn dat vao bo so sanh lin can
khdc nhau mét lugng khong d6i va giam dan td S, dén S,. Dau ra cia cac bo so
sanh co dién ap vao ldn hon dién &ap chuin ldy trén thang dién trd cé muc logic
"1", cac dau ra con lai cd muc logic "0". Tat cd cic dau ra dudge néi véi mach "VA",
moét ddu mach "VA" ndi vdi mach tao xung nhip. Chi ¢d khi c6 xung nhip dua dén
ddu vao "VA" thi cic xung trén ddu ra bd so. sanh mdi dua vao mach nhd FF (Flip
Flop). Nhu vay ct sau mot khoang thoi gian bang mét chu ky xung nhip lai ¢d mot
tin hiéu dugc bién ddi va dua dén ddu ra. Xung nhip dAm bao cho qua trinh so
sanh két thic mdi dua tin hiéu vao bo nha. .

Bo ma héa bién d6i tin hiéu vao dudi dang ma dém thanh ma nhi phan.

Mach bién déi song song cd téc do chuyén d6i nhanh., vi qua trinh so sdnh duge
thuc hién song song (1 budc so sanh), nhung két cdu mach phdc tap vai s6 linh
kién qua lon. Véi bo chuyén déi N bit, d¢ phan biét duge 2" mie lugng td hda,

hai dang 2V - D Y ‘
P, 1 v > N7 w38
bé so sanh. Vi vay 500828 o

s v | MAT8 8
phuong phap nay chi 2 s 7

dung trong ciac ADC

. 10012
yéu cau sé6 bit N 3 > : >_°
nhé va téc do 8
: ﬂmi | 2
30«

chuyén d6i cao. Ngay
nay nguoi ta di ché
tao dugc cac ADC
song song 7 bit vai

trinh so sanh. Loai
NAND dugec dung &
day la 9002 va 9004.
Mach so sanh ¢A760 3254
c6 toc do dap ung 5”‘1[{ 2
[Biﬂﬂﬂ

25 ns. Mach ¢6
ham vi bién déi cua .

p' : Hinh [4.6b. Vi du v& ADC song song. N = 3 7. = 30 ns.
dién ap vao : (0 =+ Chu y - dau ra 7 cia O so sanh id dau ra thudn,

3,5)V. dau 6 cta booso osanh 1 dau o diao. .

J

f. = 15 HMz.
Trén hinh 14.6b
la vi du vé mot bo
cl:uyen déi AD két %
cdu theo phuong /,75;/2 . , P
phap song song. = }*ﬁ)ﬁ.’ﬁ!
Mach nay co s6 bit 1000 -
N = 3 va thoi gian 3 7
chuyén d6i T, = 30 25V E% .
ns. Cac "NAND" lam ' 2 ]
nhiém vu bién d6i 790 »
ma dém thanh ma 2
nhi phan déng thai ,“7;7
tao nhip cho qua 2,75V fs
%
AT
g
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9/14 .2.3. Chuyén déi AD theo phuong phap phan doan tung bit (chuyén d&i néi tiép
theo ma nh{ phén)
Mach chuyén d3i theo phuong phap nay c6 s8 tAng bang s6 bit cAn xdc dinh (hinh 14.7).
Méi ting cho ra 1 bit. Phuong phap phan doan duge tién hanh nhu sau ;
Gia sd tin hiéu vao bién thién trong pham vi 0 + U, ... Chia d&i lam viéc 1am hai

A
phan bing nhau, lic d¢ ranh gidi gilta hai phn la 2max :
U U
. . . . . Amax . Amax
Tin hiéu chn bién d6i U, dugc so sdnh véi mic R Khi UA(I) < 5 thi
U, U, ‘
B, = 0, ngugc lai néu UA(I) > ——;—E thi B, = 1. Vay 2”1“ chinh la dién 4p chuén cia

bo bi&n d8i AD 1 bit (nd 1a mét by so sanh). Tin hiéu s6 dng v6i bit thd nhit B, mot mat

dugc dua ra chi thi, mét mit dude dua d&n bo chuyén déi nguge DA. Trén dAu ra cia mach

chuyén déi DA mot bit 1a tin hiéu tuong tu ng véi bit cd nghia 16n nh4t. Khi B; = 0 thi
. . P ,r s . » UA max

tin hiéu tuong tu ttrdng ding véi no U'A(l) = 0, cdn khi B, = 1 thi UA(l) 5 . Mach

tru cho ra gia tri hiéu giita tin hiéu vao U A@) V2 tin hiéu tuong ty dng véi bit thi nhat.

Day chinh 1a s8 du tin hiéu tuong tu sau khi da x4c dinh bit thd nhat. S8 du nay dugc dua
dén thng thi hai d€ tiép tuc x4c dinh bit ti€p theo bing cdch so sanh nd v6i mot tin hiéu

U, .
chuén cg gia tri :at . Tuong tu nhu vay, dé€ xdc dinh bit thi ba phai cd tﬁn hiéu chuén
L UAmax .. . , UAmax
gia tri g V2 bit thd N c6 U\ = oN

Tuy nhién thay cho vidc gidm dan trj s6 ctia cdc dién 4p chufn theo boi s§ cia 2,
ngudi ta nhéan dbi cac dién 4p du sau méi tAng. Lic dd cd thé giit nguyén dién dp chuén cho
U .

Amax

2
/. modyn hda cdc tAng. Nhung mach lai ¢ nhugc di€m la sai s6 bién d6 ting g&p d6i khi tin
hiéu di qua méi tang. Do d6 yéu cu cac tAng lam viéc phai chinh xdc,; nhit ]a cic tAng dau,

t4t cA cac tin

: B4 | ng _ |
Uae) | ap DA u:,(,) _ )| AD: DA, ch{:/ueo
T 1 bt 1 bit g J f*b/'f | 1 bit . Ua(e)

! | :

' |

' Mach ; :

f - —

|<—~———— Téng 1 'r_ 7&/-79 2

Hinh 14.7.So 45 KhGi bo chuyen ddi A1) theo phuong phap phan doan tirng bit.
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So véi phuong phép song song, trong phuong phép nay d€ xdc dinh N bit phai thuc hién N
buéc so sanh. Nhung mach don gian hon, vi chi cn ding N bf so sdnh.

Chuyén d6i AD theo phuong phdp phan doan ting bit {t dugc dung trong thuc té,
nhung nd 12 co sd d& phan tich va xay dung cac phuong phép khac.

/K 14.2.4. Chuyén déi AD ndi tiép dung vong hdi tiép
So dd khéi cia ADC 1am vi¢c theo phuong phép nay biéu dién trén hinh 14.8.
Dién 4p tuong tu U Aduqe S0 sanh' v6i mot gid tn ude lu9ng cho truqc 'UM ,
Khi U, >Uy thi U, >0,
Uy < Uy thi U, <0.

U,, : dién 4p sai s8 gitta U, va Uy
Dlén ép hi¢u dung U, duge: khuech dai rdi dua dén mach so sdnh s§ SS. Néu
U, > OthidauraSScé +A = 1

U, < OthidduraSScs —A = 1.
, Ket qua so sdnh duge dua vao mot mach logic dong thdi v6i tin hiéu nhip. Tuy thugc vao
tin hléll ra SS, tai nhtmg thosi di€m cd xung nhip, mach loglc g6 didu khién bs dé€m sao cho
ing v6i +A thi bo

dém dém thuan va ’UA KD Uh +A . Z
—A thi bd d&m dém +)— $S . logic Nhip

nguge. N&u bo dém -4
dugc két cdu theo quy
luat cia méa nhi phan
thi trén dau ra ADC
sé c¢d tin hiéu s§ dudi ‘ S——1
dang mé dd. Tin hiéu _ Un 7 : -
di dugc mot vong ding ; bao DAaC
véi mot chu ky caa :
=ung nhip. AN

Tin hiéa s6 xdc Hinh 148. So 4 khdl A DC ndi t#€p ding vong hdi tiép.
dinh duge trong budc .

so sénh thi nh4t qua DAC s& dén ra duge mot gia tri uéc lugng méi d€ so sanh véi U, trong

e
oen

buéc tiép theo. Qué trinh nay duge 1ap di l4p lai cho dén khi | U, | < % Lacdés +A = -A = 0,
do dd mach dém git nguyén trang thai va ta nhan duge két qua chuyén déi chinh x4c cta U A
ing véi N bit yéu ciu.

Trong phuong phép nay gid tr] udc lugng U, tiém c4r dan dén U ,, nén nd con dugc
goi 1a phuong phép x4p xl.

So sdnh v4di cdc phuong phép da xét, d day mach don gidn, cdc linh kién duge sit dung
lap lai nhidu 1an. Mach lam viéc vdi t6c d¢ khong cao 1ary, nhung chinh xdc. T6i 90% céc
volt—met s6 ban trén thi trudng thé gidi lam viéc theo nguyén tic nay.

D€ lam vi dy, ta xét so dd khéi cu thé hinh 14.9a va 14.90.

Dién 4p tuong tu U, dugc dua qua b khuéch dai dém K. Trén diu ra K, cd dong
I1,. Iy, 1a dong uéc lugng ban dau ldy tit DAC va dugc dung d€ so sanh véi I, nhd b so

-338



sanh K.

' - /
Khi I; > I, thidiura K =1 ) -————ob/réof /sTop
va khi IM < IA thidaura K = 0. Diév /(/7/5[) ————0410'/;' /,"g,,gféQ/LU
a $57.
Dau ra K cia bd so sanh duge néi in higu

v6i mét dAu vao cla bd didu khién.

Qua trinh bién d8i ti&p theo duge
giai thich trén so dd bo digu khién hinh
14.9b.

Khi mach tao xung nhip lam viéc
(start), mach d6m modyn 10 cing lam
viéc. Thong qua bo ma hda 1 tit 10 tin
hiéu G, duge dua dén trigo FF, (Flip ' - Ky
Flop) 1am cho dau ra @, chuyén trang
thdi tit 0 sang 1. Tin hiéu @, = 1 dugc

Hinh 149a.ADC u61 t€p ding vong hbdi uép.

pan | Go o Slort/shp
moden 10 _nhip -
Al 8]clp
/7 1o
f T
Go 56 Gy Gy, |Go
T KT|TKT JTKT
1 _ 2 Mach  ghi dich _*
R R ‘ R
L K-
Re(MSB) By Quo(LsD) (lag 7 bo
So S‘f'/"'é )

Hinj 149b. Sor &5 b0 ditu khien trong ADC néi i€p hinh . 13.9a.

dua dén DAC d€ digu khién khda dong, nhd dé DAC cho ra dong udc lugng 1y, ing véi MSB
dé thyc hién budc so sdnh thid nhét : n&u qué trinh so sdnh cho két qua K = 1, (I, > I,) qua
mach "NAND" tin hiéu dua v& trigo thd nhét vao cdng R = 0 1am cho @, = 0, nghia 1a
dong udc lugng Iy, v Ung v6i MSB (mot nla dai 1am viée) bj xda vi thuc t& 1, < I),,. Nguge
lai khi K = 0 thi R = 1, do dd Q1 1 (gilt nguyén trang thdi ci) nghia 1a IMl duge luu lai
trong mach, vi thuc t& I, > Iy

Vay thong qua budc so sédnh trén, da xdc dinh duge bit thi nhit @,.

Bang cach nhu vay, tai nhitng thdi di€m cd xung nhip dua dén dAu vao T cia céc
trigo (FF) ¢ th€ xdc dinh duge cac bit ti&p theo. -

Tin hiéu ra s8 cd 10 s§ hang (10 bit). K& qua cudi cung dugc ghi nhén trong b? ghi
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dich gdm cd 10 trigo. Dé&n budc so sdnh thd 11 thi mach d6m modyn 10 trd v& khong, d&
bat diu chuyén déi mot tin hiéu tuong tu khdc (& thoi di€m ti&p theo).

Can chid y rang, thdi gian nhan tin hidu tit trigo dua d&€n DAC 1a thoi gian tdn tai
xung nhip. Con thdi gian ghi k&t qua théng qua clta R 1a thdi gian nghi gitta cac iung nhip
(T). Nh& céch b6 trf d6, nén thdi di€ém nhan va ghi tin hiéu khong trung nhau tranh duge
sv nhim lan.

Mach dém modyn 10 la mach dém theo ma nhj phan cd 4 s6 hang ABCD, nhung chi
dé bidu dién 10 gié tri (BCD—Code). B6 ma hda 1 tir 10 bién d6i ma BCD & diu vao thanh
mia 1 tir 10 theo bang trang thai sau day :

Ma& BCD ME 110
D C ga' A Go| G1| G2| Ga| Ga| 65| Gs| G7| Gs | Gg
0 0 0 0 O 0 1 1 1 1 1 1 1 1 1
1 0 0 0 1 1 0 1 1 [ o 1 1 1 1 1
2 0 0 1 0 1 1 0 1 1 1 1 1 1 1
3 0 0 1 1 1 1 1 0 1 1 1 1 1 1
4 o 1 0 O 1 1 1 1 0 1 1 1 1 1
5 0O 1 0 1 1 1 1 1 1 0 1 1 1 1
6 o 1 1 0 1 1 1 1 1 1 0 1 1 1
7 o 1 1 1 1 1 1 1 1 1 1 0 1 1
8 1.0 0 0 1 1 1 1 1 1 1 1 0 1
o | 1 0 0 1 1 1 1 1 1 1 1 1 1 0

V6i so dd chuyén d8i nay, ngudi ta da thuc hién chuyén d6i dugc 10 bit trong 18us.

\44.2.5. Chuyén d8i AD theo phuong phap dém don gidn (hinh 1410 va hinh
14.11):°

US‘S/
%o diéh % | D& c U
ap rangculy :
/oo

Hinh 14.10. So 85 nguyén tifc cia A DC 1am viée theo phwrong phép d€m don gian.
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=
)

\

Dién dp vae U, dugc so sanh véi
dién 4p chuén dang rang cua U_nhd bo so Up
sénh SSI1. Khi U, > U thl Ugg, = 1, khi
Uy < Ue thlUSSl—O

BQ so sdnh S8, so sdnh dién 4p rang .0
cua véi mic OV (d8t). Ugg, va U, dugc Uy} !
dua dén mét mach "AND". Xung ra Ug co 1
do rong ty 1& véi d¢ 16n cua dién 4p vao U A
v6i gia thiét xung chudn dang rang cua cd
d6 ddc khong déi.

Mach "AND" thit 2 chi cho ra cdc Y52
xung nhjp khi tn tai xung quang UG nghia
1a trong khoang thdi gian ma 0£U; < U,

Mach dém ddu ra sé dém s6 xung nhip dé .
Duong nhién, s6 xung nay ty 1& véi 46 16n 7] -t
cua U,. A

Bo tao xung rang cua thuc chit la
mot bo tich phan. Cd thé dung so dd
nguyén ly trén hinh 14.12.

Dung dién dp chudn mdt.chidu : U, 0
dé nap di¢n cho tu C thong qua digh trd R;” Hinh 14.11. DD thj thvi glan dién ap ra cla céc khdi trén
ta cd dién dp ra : hinh '14.10.

>

~+

——

-t

Uch

1
Ur= — [U.. dt=
c= g Ve

Gid s tai ¢t = ¢y, thl Us = U,, tacd :

Uy = Eﬁ"—tM, do d6
RC

S8 xung nhjp dé’m dugc trong khodng thdi gian ¢, goi l1a Z. Vay
Z=f, tM, vén f, 12 tn s6 xung nhijp. ' '

U
he, Z=f  —2RC : (14.9)
y n
U, _

Theo (14.9) ta thdy ring : Z ty lé v6i U, nhu mong muén, nhung Z cdn phu thudc R,
C va f,. N&u nhiing tham s§ nay khong 6n djnh thi két qua dém cd sai s6. Ngoai ra, trong
phuong phdp nay yéu clu f, phai di 16n d& cd th€ dat duge do chinh x4c mong mudn.

14.2.6. Chuyén d8i AD theo phuong phap tich phén hai suén déc
Mach dién trén hinh 14.13 minh hoa nguyén t4c lam viéc cia ADC theo phuong phép
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tich phan hai sudn déc. Khi mach logic
didu khién cho khda K & vi trf 1 thi U,
(dién 4p tuong tu cin chuyén déi) nap c

dién cho tu C thong qua dién trd R. Trén I
dau ra mach tich phan A, cd dién 4p : R
: 1 1 o—i 0
Ub. = ——fUpdt = —Uut  (14.10 7
¢ o JUa rc Uat (1410 —"

Uch

Gia thiét thoi gian nap cho tu la L,
ta cg dién 4p ha trén tu sau thoi gian ¢ 1a

Ua ‘) (14.11) Hinh 1412.50 68 ngayén 17 mach tao xung ring cura

U,’ o
Cy RC
Ug,, t916 v6i Uy.

R
K o— o
1d 1 o2
Un 1 | l Uch 4
[}
1 ———0
+ " Bern [0 b
| ;
: I4 VA ” )
Mach Dém
Logic Zo

( Whip

Hinh 14.13. So d0 nguyén ly ctia A DC am viéc theo phurong phép tich phin 2 sudm ddc.
Tuy theo U, 16n hay bé, dac tuyén U/(¢) cd d¢ d6c khdc nhau nhu trén hinh 14.14.
Trong thoi gian ¢, bd dém Z | ciing dém cdc xung nhip. Hét thdi gian £, khdéa K dugc mach
‘logic digu khi€n sang vi tr{ 2, d®ng thdi tin hiéu tit mach logic ciing dugc dua dén mach
"VA" 1am cho mach "VA" théng d6i v6i xung nhip. Tai thdi di€ém nay mach dém & dau ra bit
dau dém, ddng thdi mach d&m Z  dugc mach logic didu khién ve vj tri nghi.
Khi K & vi tri 2, dién dp chudn U, bat diu nap dién cho tu C theo chigdu ngugc lai,
phuong trinh nap 1a

U =—- —2¢ (14.12)

RC
Sau mot khoang thdi gian 1a ¢, thi
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Uppe = t 14.13
Cty RC 2 ( )
Gia thiét sau thdi gian ¢, thi |U”c| = | U’¢|, nghla la di¢n 4p U trén tu C bang
khong. Theo (13.11) va (13.13) ta c6 :
Ua Ucn
=~ b= oo h
RC RC
Ua
hoac t, = ) _ (14.14)
Uch
_ Ue
_ Mat khéc, c6 thé xéc dinh dugce Uy | — o
s6 xung dva dén mach dém Z trong ., S
thdi gian ¢ 12 Ues , : A
f 4
Z, =tf, (14.15) 4 -
’4 A RN > —
Trong d¢, f, 1a tin 86 cia day N NUy
xung nhip. Tu (14.15) suy ra : e A
. e Ol 4 ‘
[ 1 2
Zo r ”
fa g
Hinh 14.14. DY thi thoi gian. dién 4p ra trén mach tich phan
Thay (14.16) vao (1414) x4c ,U‘Cl"'UAI;UéZ ~UA2
dinh dugc vii Upay > Ua2
U Z
= =2 =2 , (14.17)
Uch fn

Do d6 s6 xung nhip dém dugc nhd mach dém & diu ra trong khodng thdi gian ¢, 12

Z=t,f,= =12, (14.18)

ch

Sau thdi gian ¢, mach dém ra bj ngat, vi U, = 0 va mach logic déng céng "VA".

Qua trinh dd duge 1ap lai trong chu ky chuyén ddi tiép theo.

Theo (1'4.18) ta thdy s6 xung d&m dugc & ddu ra ty 1¢ v6i dién 4p tuong tu U, ciin
chuyén déi. O day két qua dém khong phu thudc vao cdc thong s6 RC cia mach va ciing
khong phy thudc vao tin s6 nhip f,, nhu trong phuong phdp dém don gian. Vi th& két qua
chuyén ddi kha chinh x4c va d€ tang do chinh x4c khong chn chon f, cao. Tuy nhién tin s6
nhip phai cd d 6n dinh cao sao cho trj s6 clia né trong khoang thdi gian ¢, va ¢, nhu nhau
dé€ phép gidn udc trong biéu thic (14.13) khéng gay sai s6.

Trong phuong phdp dém don gidn va phuong phép tich phan hai sudn déc, ta d& lam
cho dién 4p U, ty 18 v6i thai gian (¢, ¢;) rdi d€m s6 xung nhip xuft hién trong khoang thai
gian d6. Vi vay céc phuong phép nay cdn cd tén goi chung la phuong phap gian ti&p théng
q{la thong s6 thdi gian. Tuong ty nhu vay, cling cd thé bién d8i dién 4p ra tin s6, rdi dém
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tAn s d€ xdc dinh dién 4p tuong ty & dau vao. Do 1a phuong phép bi&n ddi gidn ti&p thong
qua tan sé.

14.2.7. Chuyén d6i AD theo phuong phép song song — néi tiép két hop

Day la sy két hop gitta phuong phap song song (muyc 14.2.2) va phuong phdp phan
doan (muc 14.2.3) nhdm dung hda wu khuyét di€m cia hai phuong phap nay; gidam bét do
phic tap cia mach so véi phuong phép song song va tangt6c do chuyé&n déi so véi phuong
phép phan doan ting bit. Ciing cd th& goi ddy 14 phuong phdp phan doan ting nhém bit,
véi s8 bit trong méi nhédm N = 2.

Hinh 14.15 minh hoa nguyén tc lam viéc ciua phuong phép nay.

--——o0

Yp | ADC >
Song :

ADC DAC

Song | My bt

1

|

|

|

|

I

§

f

|

| Son
Sorn g : 9

|

|

t

1

|

|

)

|

Moch |\ Whdn

) higv
| bl

TN
\J

7609 He nﬁo/

R U (> A B N

-Hinh 14.15. So d® kh3i minh hoa nguyén tc chuy&n dbi 4D song song — ndi ti€p k&t hop.

So dd ndy gan gi6ng so dd 14.7. Thay vao b chuyén di AD 1 bit, & day dung bo
chuyé’nl ddi song song N, bit, véi N; = 2. Trong budc so sanh thd nh4t, xac dinh duge N,

‘ N
bit tu B, dén BNl' Dé chuyén déi N bit, phai dung ! ting, v6il = o MSéi thng dung
1

.
(2 *. 1) b6 so sanh. Nhu vay dé chuyén d8i N bit, phai dung

3 N '~
M1 = —~2"! =1 b0 50 samh.
, 1 :
. So véi phuong phép song song, phuong phdp nay cd két cfu don gidn hon (It b so

s4nh hon), nhung t6c d6 chuyén déi th&p hon vi phai dung ! buéc so sanh d€ xdc dinh N bit
(I > 1). So v6i phuong phap phan doan ting bit thi thai gian chuyén d6i 6 day ngén hon,
vi mach chl ca&n thuc hién I budc so sdnh (I < N), nhung mach lai phuc tap hon.

2

14.2.8. Chuyén déi AD phi tuyén

Theo bi€u thic (14.2) ta nhan thdy : sai s8 tuyét d6i cia mot chuyén déi AD khong
d8i, con sai s6 tuong d6i cua nd tang khi bién do tin hiéu vao gidm. Trudng hop mu6n cho
sai s6 tuong d6i khong d8i trong toan dai bién d6i cua dién 4p vao thi dudng dac tinh
truy®n dat ctia bd bién d8i phai cé dang loga (hinh 14.16a) sao cho ty s8 tin hiéu trén tap
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am theo bidu thue (14.5) thay doi trong dai bién ddi cia dién ap vao. Qua trinh

truyén tin hiéu ti€ng ndi dudi dang =6 nhd dicu ché ma xung la mot ung dung nhu

vay. Nha d¢ tiéng noi nho khong bi tap am lan at va do cing la mot cach lam
cho qua trinh lugng tr hda thich d¥ng vdi dac tinh cua tai ngusi. Do 1a dac tinh
lan 4t dude tap am khi tin hiéu vao lén. Ngoai ra, luong tit hoa phi tuyén con cho
phép tang dung lugng cua kénh thoai do giam duge so bit véi cung chat higng théng
tin nhu khi lugng t& hda tuyén tinh. D& ¢d lai tin hiéu trung thuc nhu ban dau,
bo bién d8i DA theo phuong phdap nay phai ¢d cdu tao sao cho dudng dac tinh bién
d6i nguge cia no ¢d dang ham sé mu thinh 14.160).

Up

Hinkh 14700 Dac nnh bien dor phi avén

a) et ba bicn doi AD

Dac trung bidn daoi AD
thuong dung la ham =6
In(1 + tx)

In(1 +W
trong do
U, U,
X = o V= oo
b.\m:nx U[ X

Theo (14.19 y = 0 khi
x = 0vay =1 khi x = 1.
Do déc y’ tai x = O :
«

ol

Y Ix:O - ]_n_( + ‘((‘;

Hinh 14.17 bi€u dién ham
§6 nay vdi x4 = 100 va duong
dac tinh y = x. Néu tang do
déc lén giap do6i thi déi voi tin
hieu bé, duong dac tinh co cidc
bac thang bién dé6i day hon.
Tuong dng, ti s6 tin hiéu trén
tap am tang lén la 6 ¢B. Néu

By cha ba bicn ddi Do

9

14

49 ] 7

g8 _Zn(’+ﬂ‘r) /

g7l | / ln (”/"_)/r
)4 |

96

sl /. A

CHink 1417 Duong cong v =

it + )

n( IT‘u)

v u

{00,
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dudng dac tinh cd do d6c tai gbc toa do y’ = 21,7 thi ti s6 S/N = 26,7 dB. Thuc t& rit kho
tang hé s6 u, vi dudng dac tinh cang cong thi viée thie hién hai dudng cong bién di AD va
DA cd dang nhu nhau (hinh 14.16), bi€n d8i ngugc nhau va cd d¢ d6c phu hgp rit phuc tap.
Trong thuc t&, d€ don gian, ngudi ta chia dudng dac tinh truy®n dat thanh hai doan cé d6

Pl { »a 1 >, Ax 22 . ~
d6c khac nhau : vdi tin hiéu bé (x < Y ) dung hAm sy, = 1+InA va voi tin hiéu 16n dung
ha . 1+InAx

am sy, = T3+

Theo nguyén tac dd, ngudi ta thyc hién dudng dac tinh gdm 13 séc mang : 6 séc
mang Ung v8i x > 0; 6 séc mang ing vdi x < 0 va séc mang thi 13 di qua géc toa dd cd
|¥| ax = 2 (hinh 14.18). Céc séc mang k& nhau cé d9 d6c hon kém nhau 2 1an. Bang
cich d6 cd thé ché ' :
tao mot bo chuyén
déi AD 4 bit; trong
do 1 bit dung dé chi
thi cuc tinh cua dién

o0

————————————————————————— B,

~N
T
1
|
I
f
f
I
I
|
|
I
!

o

5‘6’6 mong

dp vao va 3 bit d€

o~
T
[
-
!
i
\,
N
i
S

bi€u dién mét tin
hiéu cé dai bién dé6i
dién 4p vao l6n gap

256 lan séc mang

Y
NoLe S W
|-
BN

nhé nhit nghia 1a so

=

véi lugng tu hoa 16
tuyén tinh thi s6 bit . Somye
024 8 16 32 64 128

gidm di mot nua.
D& truyén tin f/int 1418 Dic tinh truyén dat cia bd chuyén ddi AD phi tuy&n dung trong thyc t&.

hiéu ti€ng noi,

thudng dung ma 8 bit. Bing cdch chia méi séc mang § trén thanh 16 phan nhd sé thu dugce

- ma 8 bit mong muén. ) ‘

14.3. Cac phuong phap chuyén déi s6 - iudng ty (DA)

Chuyén d8i s6 — tuong tu (DAC) 12 qua trinh tim lai tin hiéu tuong tu tu N s6 hang
(N bit) da biét cia tin hiéu s6 v6i d6 chinh x4c 13 mot mic lugng tu tic 1 LSB.

b |oac | 4

o——| o | LTT 01(4

Hinh 14.19. So d0 khdi nguyén téc bicu dién qua trinh tim kai tin hiéu trong tu tr mt tin hiéu s8.
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Chuyén ddi s6 — tuong tu khong phai 1a phép nghich dio cta chuyén déi tuong ty ~
s6; vi khong thé thuc hién duge phép nghich ddo cua qua trinh lugng t hoa.

Qua trinh chuyén déi s6 — tuong ty don gian hon qua trinh chuyén d6i tuong tu -
56 r&t nhidu. Vi vay chuy3n d4i s0 ~ tuong ty duge ding dung nhiéu trong cdc mach chuyén
déi tuong tu — s6. _

Dé 14y duge tin hifu tuong tu iU tin hiéu s6, dung so dd nguyén téc trén hinh 14.19.

Theo so d6 nay thi qus irink chuyén d8i s6 ~ tuong tu l1a qua trinh tim lai tin hiéu
tudng ty da 18y mau duge. Tin hiéu dau ra 1a tin hiéu roi rac theo thoi gian nhu trén hinh
14.20. Tin hiéu nay dugc ’

dua qua mét bd loc Un

thong thdp ly tudng: ke i
Trén dau ra bs loc ¢6 tin Us ____ = A
hiéu U, bién thién lien el - =

tuc theo thdi gian la tin .

hiéu néi suy cua U),. 0 H

day bo loc thong thap i] ' :

ddng vai tro nhu mét b B ‘
noi suy. Hinh 14.20. DO thi thi gian ca tin hi¢u ra sau mach chuyén doi DA.
Sau day ta 8 xét

mot s6 phucng phap chuyén d8i DA cd ban.

14.3.1. Chuvén d8i s& — tuong ty bing phuong phép thang dién trd

So d6 11.23 minh hoa nguyén ly lam viéc cia bd chuyén déi DA theo phuong phap:
thaﬁg dién trd. Trén dau vao bo khuéch dai thuat todn 12 moét thang dién trd ma tri s6 cta
chung phéri b6 theo ma nhi phan : cdc dién trd lan can nhau c6 tri s6 hon kém nhau 2 lan.
Tin hiéu digdu khi€n chinh la tin hiéu s6 can chuyén d6i. Bit cd nghia nhé nhat (LSB) dugc
dua dén digu khién khda néi véi dién trd 16n nhdt (R), bit ¢ nghia 16n hon tiép do duge

-R
dua dén dieu khién khda ndi vdi dién trd nho hon (E)....v:‘a MSB digu khién khda néi vai
Rw

——
T et

Hinh 14.2]. S0 d0 nguyén 1y b chuytn doi DA theo phuong phép thang dién tro.
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R
dién trd nhé nhat ( F ). Néu mot

bit cé gia tri "0" thi khda tuong dng : -
néi véi d4t va néu mot bit ¢S gid tri
"1" thi khda tuong Ung néi véi ngudn
dién dp chuin U d€ tao nén mot
dong dién ty 1& nghich véi tri s dién
tré ctia nhanh dd, nghia 14 I cd tri
s6 nhé nhit va Iy_ | cd tri s6 l6n
nh4t. Dong dién sinh ra trong céac
nhanh dién trd dugc dua dén dau
vao bo khuéch dai thuat todn, trén

Hinh 14.22. Minh hoa ngwyén tic 1am viéc cia

dau ra bo khuéch dai thuat toan cd chuy&n mach K trén hinh i421.
dién ap :
N-1
Uv=-Ry 2 I, ‘ (14.20)
n=0

Dé& thuc hién chuyén mach K trong so dd 14.21 c6 thé dung so db 14.22. Day 1a mé6t
mach khuéch dai vi sai lam viéc § trang thdi bao hda. Khi tin hiéu digu khi€n cé gi4 tri "0"
thi I qua T| xu6ng d4t, khi tin hiéu digu khién la "1" thi I dugc din qua T, dén diu vao
b6 khué&ch dai thuat toan.

Chuyén d8i DA theo phuong phdp nay yéu clu tri s6 cha cdc dién trd phai rat chinh
xac. Vi du dién tré nhé nhat R/2N ! phai ¢hinh xéc ti muc sai s6 dong dién qua n6 khéng
vugt qud 1 LSB. Vi N = 10 thi sai s6 nay khoang 0,5%.,

14.3.2. Chuyén déi s6 — tuong tv bing phuong phdp mang dién ré (hinh 14.23)
‘ﬁong mach nay cdc ngudn dong dién dugce tao ra bsi ngudn dién a4p chudn U Ch'. Dong

Tim hiéu K

aiéa khien _t _

i ,

Hinh 14.23.Sor dd nguyén Iy bd chuy&n ddi DA theo phuong phip mang dién tro.
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dién cta ching bing nhau va béng I,. Tin hiéu can chuygn d6i (tin hiéu diéu khi€n) duge
dua dén chuy&én mach K. Khi mét bit nao dd cta tin hiéu digu khién la "0" thi I | tuong ing
véi bit dd bj ngan mach qua khda xuéng d4t. Nguoc lai, n&u-tin hiéu didu khién la "1" thi
I, \dng véi bit d6 duge din dén dau vao bo khuéch dai thuat todn qua mang dién trd. Trong
so dd ndy mang dién trd.1am nhiém vu phan dong. Vi dién tro ukinh ngang bing mot nia
dién trd nhdanh doc, nén dong dién khi qua mé&i khau dién tré thi gidam di mot nita. Dong
dién \ng v6i LSB di qua (N-1) khau dién trd, dong dién dng véi bit c¢d nghia 16n hon di
qua (N—2) khau... va dong dién dng v8i MSB dugc dua tryuc ti€p d&n dau vao bo khu:h dai
thuit todn (I ). K&t qua 14 cdc dong dién G cita vao bd khuéch dai thuat todn cd tri s tuong
dng voi bit ma nd dai dién. Chung cd tri s6 gidm dan tu MSB dén LSB theo ma rhj phan.
Trong sd dd, dién trd & nhanh ngang cudi cing cd tri s6 1a 2R bang dién trd nhanh doc. K4t
IO
2

c4u nay nhim ddm bdo sy phan dong cho iy_, = & khau cudi cung ciing giéng cdc

khau trudc. ‘

Trong so db nay s6 dién trd phai dung khé 16n. N&u phai chuyé&n ddi N bit thi s6 dién
trd phai dung 1a 2(N—1), trong khi theo phuong phdp thang'dién trd chi phai dung NV dién
tré ma thoi.

14.3.3. Chuyén dé&i s6 — tuong ty bidng phuong phap ma h6éa Shannon — Rack.

Mach ma hda Shannon Rack dugc bi€u dién trén hinh 14.24.

Day 1a moét qud trinh’
chuy&n d6i néi tiép ting bit -
moét. Tin hiéu didu khién s6
dugc dua lan lugt tit LSB dén +
MSB dén digu khién K,. Goi
thdi gian chuyén déi 1 bit 1a T
thi trong khoang diu T/2, K,
md, K| dong, néu tin hiéu diéu
khi€n la "1" va md khi tin hiéu
ditu khign 1a "0". Khi K, déng -
thi tu dugc nap. " Hinh 1424.So db nguyén Iy b5 chuyén ddi D-A theo phuong
phédp mé héa Shannon Rack.

. T
Sang nita sau clia > K,

md, K, dong, C phdng dién qua R va U, gidm dén. Qu4 trinh d6 1ap lai khi 1an lugt dua
cdc bit dén didu khién K. Néu cin chuy&n d8i N bit thi thdi gian chuyén ddi 1a NT. Sau
thdi gian NT dién &p con lai trén tu chinh 1a dién 4p tuong tu can tim. D& c6 dién 4p U
sau mdi bit (sau khoang thdi gian T) ty 1 véi bit tuong ung, phai chon thdi gian phéng cig,
tu qua dién tré R theo didu kién (14.21) sao cho n&u dién dp trén tu la U, thi sau kit
phong, di¢n ap con lai 1a U = U, e¥RC = U_e07 = 0,496 U, = 0,51, '
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T
— = OTRC (14.21)

D€ minh hoa ta xét v{ du trén hinh 14.24 v6i tin hiéu s6 can chuyén d8i 1a 1001.

o)
[

L,
°g 1 0 0 4
<
N T
S |
, ] s

1 Uafp + U%;: 1001

|
1
|
l

Hinh 14.25. DD thj (hdi gian minh hoa qué (rinh chuy&n ddi /)4 theo phrong phép ma héa Shannon Rack.

‘ 1
(Tin hiu s3 : 100L 1LS =£Uo)

CHUONG 15
MACH CUNG CAP NGUON

15.1. Khai niém va phan loai
Nhiém vy cia mach cung cfip 1a tao ra nang lugng cin thi&t d€ cung cdp cho cic thiét
bi dién hoac dién ti lam viéc. Thong thudng ngudn nang lugng do nd tao ra la ngudn dién

dp mot chidu ldy tit mang dién xoay chi®u hodc tu pin, acquy.
Dai lugng vao va dai lugng ra cua mach cung cfp cé thé la xoay chi®u hoac mét

chidu. Can cd vao tinh chit cua cac dai lugng dd, c thé phan biét 4 loai mach cung cép
nhu trong bang 15.1
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Bdng 15.1.

Dai lugng vao
Dién 4p mot chigu ) Dién 4p xoay chieu

é BA jr —

£ O

g - A il

] ————»

o]

x

a

§ A T Ny |

| = . _ —_—
© | @
o @ Chinh luu ddo Bién 4p
5 _ I
3
= :
Q|3 | cL

21 B8A cL

o v .

-— o

<« = .

=3 e

~0

[ =

@

a8 o .

Bién d&i dién 4p mdt chigu Chinh luu

5.

Quan trong hon ca 1a ngubdn cung cap mot chidu. NS bién déi dién 4p xoay chigu (da

ha thé& thong qua bién 4p) thanh dién ap mot chiéu. Yéu cau d6i vdi loai ngudn nay la dién

f ap ra it phu thudc vao sy bién thién cta dién 4p mang, cia tai va cia nhiét d6. D€ dat duge
¢ yéu ciiu d6 phai dung cdc mach dn dinh (dn 4p, 6n dong). Cdc mach cung cdp "cg dién" dung
bién 4p, nén kich thudc va trong lugng cia nd kha 16n. Ngay nay ngudi ta ¢6 xu hudng dung
-cdc mach cung cdp khéng cd bién ap.
Hinh 15.1 biéu dién cdu tric cia mot hé théng mach cung cdp. Trude hét hé théng

Goc /17(?0‘) 109/'0
T ok chem

kﬁuéc,/) el 05’79 306;)

(oc moch logic
B o6 nhonh va
frur)g b/'/;ﬁ .

| (e mach HEs khidr.
I Gt ook kboéch ot
| 1huGt bon , cot mach

220v mang O?f‘? Nouwdn mdf chidu
(380 v) xooy chide 380 v 24... 220V
ceov Mach biéh dé;
l l dién dp mir chiev
N | N N —@
I T
| |
I I | I + 24V
I i .
Y ' - - I - 24V
| | ] v
| I —SF— _¥_ | ¥
| | |
' o | R
60" +24v 24y | +5v mos | 15V ~15V
| (1TL, cmos)  cmos | :
I
|
|
I
|

rd le, khoo , Jen

| Cmos

Hinh 15.1. Vi du v& c&u tric cia mot hé thdng mach cung cap.
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nay tao ra dai lugng trung gian la dién dp + 24V (khong &n ap), tit dé nd tao cac miic dién
ap khac da duge 6n ap. Dé tao ra dién ap ban diu * 24V ¢d thé cd nhidu cach nhu bi€u
dién trén hinh 15.1. Tu dién d4p mot chidu mot cuc tinh cd thé tao ra dién 4p mot chidu co
cuc tinh khac bing cach dung mach bi&n d6i dién 4p mot chisdu.

Yéu ciiu vé d6 8n dinh cta cac dién ap cung cdp rdt khic nhau. Déi véi mot s6 thist
bi chi cAn cung cip dién 4p théng thudng (khong 8n 4p), nguge lai vdi mot s6 thiét bj khac
fvi du: céc thist bi do) thi dién ap cung cdp chi cho phép dao déng khoang vai %o xung
quanh gid tri trung binh cua nd. D&i védi cdc thist bi s8, dién ap cung cdp duge phép dao
dong trong pham vi vai %, cdn vdi cac thiét bi ty dong hda thi mic dao déng cho phép l1a
15% dén 10%. Khi dung pin, acquy thi mic dao dong nay cdn 16n hon. _

~ Cdc tham s6 cd ban cia mét mach cung cdp 14 mic dién 4p va dong dién ra, cong
suit ra cuc dai, do 6n dinh dién 4p ra, dién trd trong, hé s6 nhiét cua dién 4p ra, mic ggn
song & dau ra, kha nang chiu dung ngidn mach, dai nhiét d9, kich thuéc va gia thanh.

15.2. Bién ap ngudn va chinh luu

Bién 4p ngudn lam nhiém vu bién d48i dién 4p xoay chi®u ciia mang dién thanh dién
ap xoay chigu c6 tri s§ cin thiét déi voi mach chinh luu va ngan cach mach chinh luu véi
mang dién vé mét chiéu.

Céc phan ti ticii cyc dung d€ chinh luu 12 cdc phan ti c6 dac tuyén volt —,ampe
knong d6i xding sao cho dong dién qua nd chi di theo mét chidu. Ngudi ta thudng dung
chinh luu Silic, d€ c6 cdng sudt nhéd hoac trung binh ciing cd thé diing chinh luu Selen. D&
c6 codng suit ra 1on (> 100W) va cd thé didu chinh mic dién 4p ra tiy ¥, ngudi ta dung
Thyristor dé€ chinh luu.

Cac so dd chinh luu thudng dung 1a so do chinh luu nita séng (hinh 15.2) so d8 chinh
luu toan song (hinh 15.5a va hinh 15.5b), trong d6 so dd ciu 1a so dd ¢d nhigu vu diém hon
ca. So dd boi 4p chi duge dung trong nhitng trudng hqp dac biét, vi du dung dé tao dién 4p
cao vdi dong cung cdp bé (1 A).

Mach chinh luu phai c6 hiéu sudt (ty s6 cong suft ra va cong suft hitu ich & dau vao)
cao, it phu thudc vao tai va do gon sdng cua dién ap ra nhd.

Chon diot chinh luu cin phai quan tdm dén cic thong s sau day: dong trung binh,
dong cuc dai, dién 4p ngugc va nhiét d6 méi trudng. Néu bién do dién 4p vao da 1on thi c6
thé coi dac tuyén cta diot 1a mot duong gdp khic (hinh 15.2e). Trong c4c mach chinh luu
digu kién nay luén luén théa man.

Khi ddnh gia tri s6 ddng cuc dai cua diot va ha dp trong mach tlid cdp cia bién ap
dung biéu thic (15.1) dé xdc dinh ndi trd cta bién dp.

Ry, = R+ R nY (15.1)
trong do, n - hé s6 bién 4p n = N|/N,;
N, N, - 6 vong ctia cudn s cp va thi cfp bign 4p;
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R - dién tro cua cudn thit cap bién dp;
R - dién tro cta cudn sd cdp
V&1 nguon chanh hru céng sudt nho (céng suat hiéu dung P, =1..200W)co thé
dung cong thite kinl nghiem (15.2) d€ xdc dinh dién trd trong ctia bién 4p.

d

“N

=3+0,S\_f-’—h:,(\\'\‘ a

(@]
(3]

[BA]

trong do, Ry = U\a/lxuq 12 dién tro tdi danh dinh cha mach thi cdp.
/g VA fyy 12 tri hiéu dung cita dién 4p danh dinh va dong dign danh dinh
ctia bién 4p.
Khi xét cac mach chinh luu sau day, gia thiét bé qua thii gian chuyén mach va dién
dung cua diot va gia thiét dac tuyén cia diot la dudng gdp khic nhu trén hinh 15.2e vai
dién tra ngude Ry - 0

Un Dot ly kisro

o *—‘?_':L T o9 La
. i ! i
L | /
5 . | { o7
- ey R, I !-(‘ AT * /
/ ‘\ : ! [ / ; T (-l:‘)
SR EY b Céz for
3 i o 0 l ~

L
<
&)

Hinh 15.2: Chinh luu nita séng: ’

a) mach dién; b) dién dp xoay chiéu & dau vio mach chinh luu; i
o raitd . R _;, ;
¢) dong chinh lru (gia thi&t dién dp ngudng Ung = 0); d) so do twong duong mach thir ciy

C}lg

¢) dac tuyén cua diot. v .. = dién trd thong cia diot
15.2.1. Mach chinh luu nda séng

1. Ngnyen I lam viec. Gia thiét dién 4p xoay chiéu trén cudn thit c4p bién 4p:

[
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S T
Il:.l = (/’:]SanJf,
ta ¢ dong dién chay trong mach thu cdp
N
U,isinwt — U,

i = —'—’?l“_—"-h—l— khi u = U, (153
va i = 0 khi us < U, (15.4)

Trong cdc bi€u thic trén U, la dién ap ngudng cua diot ; K, la noi trd cua
mach thu cap. R, = R, + ry- '
Tu (15.3) suy ra bién do dong thu cip

- .
A ['.‘I - I/n

f AN t1h 5
A R YR, Ih5H
Tri trung binh dai s6 cua dong chinh lwu khi U, = 0
-~
) - 1 I,
ir=1I. = Iﬂ_—[ (~d(wty = 5 (15.6)
0
Do do dé6 thi thai gian dién Ap ra trén tai «, = i-R, ¢d dang giong d& thi thai
gian cta i>. Tri trung binh dai =6 cia nd
— - A
”l' = (In. = i:]\)l = ‘I:f‘ﬂ)]l’l (1h.7
Véi U, = 0, ti (155 ta xic dinh duge
~ ~ ‘ ~
_ I, (s, - UOR U,
.o =0 =7 R = R = woie e m e ol ;
w,=Uy, =1 R =R, SRR 5 (158

Ta thay dién #dp ra w ty lé tuyén tinh vai dién @p vao w,, va mach chinh luu
nita song 1a mach chinh luu tri trung binh. Ti bigu thdc (15.8) ci thé vé so d6
tuang duong (15.3). Theo sg dé nay ta ¢d thé viét lai bigu thie (15.8) nhu sau

/[7'.’1 - U, R, ﬁ.‘.l - U, -
Uu, = TR T R |+i‘). = oo = LR,

Quan hé nay
cho biét su phu
thudoc cta dién 4ap Z
ra vao tai’: khi o —-2
dong qua tai i,
tang thi sut ap Iy
trén R, tang do do
dién ap ra tai ;[. R; U f R
giam. Ris r

2. Anh huong
cua dién dung tdi 7 +
dén cong sudt cla 21 = [ Jy
bo chinh litu. —o-
Trong mach dién
hinh 15.2, dién ap Hinh 155 Sadin tong diing dien e cio mach chinh i
ra tai la mot dﬁy nua sang bicu dicn Yan he gt 1, viv 1

K . - {5 = I"" M I:“"
xung hinh sin. D& o= b
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cung cép cho céc thiét bj dién ti, yeu cau dién 4p ra cua bd chlnh Ivu 13 dién 4p mdt chidu
tuong d6i bing phing. Mubn vay, phai méc song song véi tai ty dién C, (hinh 15.4a).

Khi diot théng thi C, nap va tich trit nang lugng, khi diot ngét thl C, phdng dién qua
R,. Bing céch dd cd thé guim d0 ggn sdng cia dién ap ta (hinh 15.4b).

ut : {HRy

o— ; T o ‘ COCt
U ’ o= “‘*’
! I Up tT Rt? Un KAong co
o

i

o) ,
Hinh 15.4. Anh hudmg clia dién dung tai d€n odng tic cta bd chinh luu:
a) mach dién; b) db th| thdi gian dién dp ra i khi cd dién dung tai va khi khong c6 dién dung tal.

Khx dién trd tai R, 16n thi C, c6 th& duge nap tdi gia trji dinh cia dién 4p xoay chidu:
u, = U2 U,. Lic nay ta cé mach chinh luu gia tri dinh khac véi mach chinh luu gia tri
trung binh trén hinh 14 3. Dién  8p trén diot (coi U = 0): up = u, — U2 ludn ludn Am va
dat dugc gia trj dinh UD —2U Vay trong trubng hgp mach c6 thém dién dung tai thi
dién 4p nguoc dat 1én diot 14 2U2116n g4p doi so vdi trudng hgp khéng cd C,.

Néu R, khong l6n qu4, thi trong méi chu ky tu C, phdng dién tao ra mot lugng bié&n
ddi dién ap trén tai;

AQ
AUI.. -‘=—C—" = urT/(RtCt)

Cong sudt tén hao trong diot:
Pyp=1i.Up
Khi méi dong mach, tu C, chua dugc nap, nén ddng qua diot 16n nhit:
~”\
UZl - Un

Ly~ ——
2max Rba + an

Dé€ cho IZmax khong vugt qué gid tri cyc dai cho phép clia ddng qua diot khi R, nhd,
¢6 thé mac them mot dién trd han dong néi ti€p véi diot.

15.2.2. Mach chinh luu toan séng

Dac di€m ctia mach chinh luu toan séng la trong ca hai nia chu ky cia dién dp xoay
chidu d2u cd dong dién chay qua t&i (hinh 15.5¢). C6 hai loai so db chinh luu toan séng: so
dd can bing (hinh 15.5a) va so dd cAu (hinh 15.5.b).

So dd chinh luu can bing (hinh 15.5a) 14 hai so dd chinh luu nita séng méc song song
c6 tai chung. Tuong tu nhu so dd chinh luu nia séng, khi U, = 0vaC, = 0tiu(15.6) ta suy
ra:

~ 2 ~ 2
2 - le = '——Iz Va UI'O = IZORI = —IZRI (15'10)
T T
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Khi tinh toén ?, theo (15.5) cén luu y ring 621 la bién d6 dién dp xoay chiéu khéng

tai trén mot nia cuén thiu cdp va rjyy cling nhu R,

nia cudn tha cip.

1a dign trd trong cia mot diot va mot,

Tri trung binh dai s6 cla dién ép ra khi C, = 0 tang gfip dé&i so voi so dd .chinh l/\\xu
nia séng. So dd tuong duong 15.3 ciing dung d6i véi so dd chinh luu can bang khi thay Uy,

75 — Z(UZI_UN)
bai 2U,, tidc uyp béi —

nguge cyc dai dat lén diot bang khoang 2U,.

b
4 Uy L
~ e} T’ Ry
luzz J_
___.{>*___
o)
4 Ly
-~ \{\CD 01

1
ia
i

t
L\ o e - P
AN
J ‘ ‘\/' \. Khong <o Lt
Oi , A et

CJ

/

va coi R, 14 dién trd trong cia mot nia so dd. Dién ap

4
¢ —— T—¢
m
~ SV
r— ,..__1:_ «._4!
I ’

Hinh 15.5. Mach chinh luu todn song:
a) sor dO cén biing; b)) sor do ¢, ©) dO thi thdi gian dién dp ra

So dd cAu thuong dung trong trudng hop dién 4p xoay chitu tuong déi 16n. Tey cing
12 sa db chinh luu toan séng, nhung no uu viét hon so do can bing & chd cudn thu cap dvoc
su dung toan bd trong hai nia chu ky dién dp vao va dién ap ngude dat lén diot trong

trudng hogp nay chi bAng mét ava
dién ap ngugc dat lén trong so dd
cAn bing. Dién 4p ra cuc dai khi
khéng tai:

-~ N\
U =U,-2U,

nghia la nhé hon chuit it so véi dién
Ap ra trong so dd cAn bing, vi § day
luén luén c6 hai diot mac ndi tiép.
Trong so d6 15.5b, néu néi dit
di€m gila bi&n ap va mac thém tai
(hinh 15.6) ta cé mach chinh luu c6
dién 4p ra hai cuc tinh. Day thuc

cha4t 12 hai mach chinh luu can bang.

Uy

[‘{ IRt

Un

| (t :J]':Rti—

Iinh 15.6. Chinh luu dién Ap ro b cue tinh

Béng 15.2 cho biét mot s6 tham s6 cua céc so dd chinh luu nia song va toan séng da

xét va vu khuyét di€m cua ching.

356



Bang 15.2.

Chinh luu toan séng

Tham s3 Chinh 1uu nda séng
So dd cén bing S0 db clu
L, 5o T, i ~
Usnd (Cy = 0) 7‘2‘1/“) = 222U,4 7?”’0 = 222U;¢ W—2Ur° = 1NMU;q
b4 - ’ L
Iong (Cy = 0) Blao = 157L 2 /20 0791, sveTeo= 1M1
Ung (Cy # 0) 2v 2 Uzhg \‘/2_U2hd v 2 Uond
W (Cy = 0) 121 049 0,49
r 50 hz 100Hz 100Hz
~ Tén dyng dugc Tén dung dugc cdng
céng suft bign ap suft bién 4p
Uu diém Chi dung mét diot ~ Tin s6 & cao hon. Tin s6 & cao hdn
do dé, yéu clu loc & do d6 ybu cdu loc u
thdp hon thdp hon
Dién ap ngugc dit Ién
diot thdp hon.
Khuy&t diém D6 gon séng dién 4p cln dung 2 diot céin dung 4 diot

ra Idn

Uzhd, ] 2hd - 18n ot 1 dién dp va dong dién hi¢u dung trong mach thir cip bién 4p;

Ung
W

f

- dién ap nguorc dit Ien diot;
- dién dp w/dién dp ra Uro 1 hé s3 gom song;
- 130 3 cia dién 4p ra bd chinh luu.

15.2.3. Tai cua bo chinh luu
Nhu da ndi, & du ra bd chinh luu ngoai dién trd tai R,, song song v6i né cé thém

dig¢n dung tai C,.

Khi diot thong thi dién 4p ra tang do qu4 trinh nap ctia C,, con khi diot ngét thi dién
ap ra gidm theo ham s6 mi v6i hang s6 thdi gian 7 = R,C,. Trong thuc t& chon dién dung
tai 16n sao cho d6 gon sdng cia dién 4p ra c¢8 vai phan tram. Do dd, khi diot ngit, dién ap
ra gidm gin nhu tuyén tinh va thdi gian nap cta ty nhé hon nhi2u so véi thdi gian phdng.

Do vay:

1

=T=—

tl‘(’)ng of

v4i p = 1 khi chinh luu nita séng;
p = 2 khi chinh luu toan séng;
[ - tin s8 dién dp vao.

Trong qua trinh phong dién, dién tich trén dién dung tai thay d6i mot lugng:

Qph()ng = Iph(’)ngtph(')ng =

IEhéng

of
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Do d6 dién p trén tu C, thay d6i mét lugng tuong ing
Qph(’mg = Iphéng.
C, pfC,

Trong d6 U, = AU_ cdn dugc goi 1a dién dp gon song. N6 bién thién cd chu ky va co
thn s6 la pf. Do ggn song cla dién 4p ra trong mach chinh luu tod~ :sng bing mot nda do
gon séng cia dién 4p ra trong mach chinh luu nita sdrng. DO gon song ty 1& v6i dong dién
tai va ty 1é nghich vdi dién dung tai. Vi vay trong cdc ngudn cung cdp cd dongtai ldn phai
dung dién dung tai it 16n C, > 10° ... 10%F (tu héa). Tuy nhién dién dung tai cang lon thi
dong tai trong qua trinh qua d6 cang 1dn. Vi vay ngoai viéc chon dién dung taj ldn, con mac
thém mot dién trd phu K. d€ han dong nham tang tudi tho cia by chinh {vu.

Tinh todn quan hé giua dién 4p ra U véi tai va dién trd cia bién ap kha phic tap.
Vi vay & day ta dung cac két qua da cd sin dugc bidu dién bang dd thi trén hinh 15.7. Chu

_ ¥ rang déi vdi sa dd cau, thay U, bai 2U, trén truc tung cua dd thi 15.7a. Tu db thi 15.7a
suy ra dudc bién d6 dién ap trén blen thé luc khong tai U2l khi biét dién 4p ra U va ty s6 dién
trd R,/R,. Db thi 15.7b cho biét bién d6 dong dién qua diot. Trj trung birh dan s6 I, bang
dong dién tai trong mach chinh luu nita séng va bing mé6t nita dong dién tai trong mach
chinh luu toan sdng. D® thi 15.7C bi€u dién quan hé giita hiéu sudt va tai Lhuﬁn pR/R,.
Trong cdc dd thi trén, dién trd trong R, duge xdc dinh nhu sau:

AU, =U, =

Sa dd chinh lvu niia sdng: R, =Ry, + ror + Rg
So dd chinh luu can bing: R =R, +ryr+ R
So db chinh luu cau: R, =Ry, +2ry + R,..
br
TLQ@_ D/I{JO 7
-y ' “
281
0‘8 . \ |
- \ 4 | o4
1 {0 100 Ri/p 2 20 200 LR, 1 - o 100 ‘Pet;)
% S % P Ry Yo t

1Tinh 15.7. Déc tinh dién 4p ra (a); ddng dién ra (b) va hiéu suflt (¢) theo ti chulin cla cic s 4B
chinh lwu khi C; # 0 (gid thict R,C, > Vpf vdi Ypf =T7-chu ky tin hiéu vao ).
Trong so dd chinh luu can bang, dién trd bién dp dugc xac dinh theo bidu thue 15.1
la dién trd cia mot nita cudn thu cip cia bién 4p va N, 13 s6 vong déy cia mdt nita cubén
thy cap.

15.2.4. Mach bdi ap

Mach béi d4p duge dung trong nhiing trudng hop dic biét, vi du khi yéu ciu dién 4p
ra cao ma dong tiéu thu lai nhé (cd #A). Néu dung moét tAng (hinh 15.8a) thi dién 4p mot
chidu & dau ra gip doi tri s6 dinh cta dién 4p xoay chizdu & dAu vao, vi C, va C, dugc nap
dén gia tri dinh cua dién 4p vao qua D, va D, trong hai nita chu ky Am va duong. Trén hinh
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15.8b;§trong,n&a chu ky &m cta di¢n 4p u,, C’| dugc nap dén tri s6 ghn bing gié tri dinh

U, théng qua D’|. Trong n{a chu ky ti€p theo C, dugc nap théng qua C’ | va D, theo chigu

nhu trén hinh vé sao cho sau mot vai chu ky cua dién ap xoay chizu méi tu dlén dugc nap

dé’n tri 36 dinh U theo chitu nhu trén hinh vé. Néu c6 n tAng nhu v8y thi dién 4p ra tai
< 2nU,. Thubng chon n < 10.

D1 .
| e
| |
ufi IUZ’ T ‘u&
e
| !

b
a) 4

{1inlt I55. Mach bdi &p:

a)hai tin, U, < 2Uy; by2nlin U, g 20U

15.2.5. Khau loc trong cac b chinh luu

Dé cd dién 4p tuong d6i bing phang ngoai dién dung tai C, cdn méc thém céc khau
loc R, C; hoac L, C, . D& dac trung cho tinh chét loc cia cac khau loc dd, ngudi ta dung hé
s6 loc G 1a ty sé do gon song trén diu vao khau loc AU, va d§ gon sdng trén diu ra khau
loc AU,

AU,
G= —F RL (14.11)

AU . o-—qzy——I——o .
1. Khéu loc RC (hinh 15.9). Khau Uhl L T 11/’“
loc RC 1a mét khau loc théng thdp. D& tinh o —0
hé s6 loc G, ta coi khau loc ndy nhu mot
mach chia ap d6i v4i thanh phén tin s6
cia dién ap ra b6 chinh luu (tin s§ &t):

Hinh 159. Khiu lo¢ R( trong b chinh huru,

AU, AU, - !
. ™ r 1 ’ ijL
R, + —
JwCL
Do do
1
VRZ + ——
AU, LW e
= l I = = = w Cz RL + 1
AU, 1
wCL

Thuong  »?CI R} >>1,dods

359



G =~ wCR, o (1512)

G ty 1é vdi w, do dd cdc hai bac cao ctia thn 86 tin hiéu vao qua khau loc bj nén nhigu

hon thanh phan dng véi tAn sé cd ban. B
~ Khi mAc khau loc nay ¢ dau ra mach. chinh luu thi dién trd trong cia mach chinh luu
¢6 loc 16n lén, nghia la:

khi khéngcdloe R, =R, +rpr+ R

khi ¢6 loc R, =R, +R,.

Do dd t6n hao trong mach chinh luu tang 1én. Vi vy khéng nén chon R| qud 16n lam
cho t8n hao cua mach tang, ddng thoi dién ap ra phu thudc nhigu vao tai, vi lic nay dién
ap ra tai dugc x4c dinh theo bi€u thic (15.13) vdi gia thiét U = 0.

A
U,
Chinh lvu ntaséng: U, = —— = R’I;, (15.13a)

4
A

2U
Chinh luu toan séng: Uy, = —= — R'iL, (15.13b)

4

V1 vay thuong chon R| kha nhé, bu vao dé chon C, 16n d€ dat dugc hé s6 loc G nhu
mong muén (R| = vai Q va C| = vai tram uF).

2. Khéu loc LC (hinh 15.10) . Bing I
cdch tinh toian nhu déi véi khau loe RC, PENY Voo v
ta cd: Us I
& G T (! Us,
Al']r b ’ O __‘.!
G= l= e e (15.14) '
AUrL ‘
So v6i khau loc RC, khau loc nay Hink 15.10. Khiu loc LC trong bd chinh luru,

c6 hitu suit cao hon va dién 4p ra it phu
thudc vao tai hon, vl dién trd cia cuén cam loc rdt nhé. Tuy nhién cuén cam loc ¢d kich
thudc 1n, do d6 khau loc nay it duge dung han. -

Ngoai ra cing cd th€ mic khau loc LC vao mach chinh lyu khéng cé dién dung tai
C,. Quan h¢ gita dién 4p ra
U, va dong dién tai I,, duge 0
bi€u dién trén hinh 15.11. Khi 7t}
khong tai, dién dp ra bd chinh
hru 1a U, khi cd tai" U,
giam. Trudng hgp cd ty C, thi
U, gidm dan khi I,, tang.
Trudng hgp khong cd tu C, thi
U, ldc diu gidm nhanh, sau ! _ B
khi I,y > I, thi U, hau @ Tap rmin Iy
nhyv khong d8i nghia 1a dién
4p ra rft it phu thude vao tai.

Khong co Ct »
= \
i

Hinlt 15.11. Quan h¢ gita dién dp va dong dién i,
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D6 1a uu di€m cd ban ctia mach nay so véi maghﬁco’ dien dung tai. Ngudi ta tinh duge Logmin
cho so dd chinh luu toan sdng nhu sau:
~
_I_JEE =102 Utlo
L, V2L

Lomin = 1072

Dé& cho dién dp,.ra {t phu thuoc vao tai thi dong tai I,, phai 16n hon I,, .. nhung
cing khéng dugc qua 16n lam cho cudn loc L, rdi vao tinh trang bao hoa.

15.3. On &p

Cac mach 6n dinh c6 nhiém vy gitt cho dién &p ra hoac dong dién ra cia mot thist
bi cung cdp khdng d8i khi dién ap vao thay ddi cing nhu khi tai hodc nhiét dé thay ddi.
Théng thudng cdc mach 8n dinh c¢d tac dung giam & va giam tap 4m do d6 dung mach én
dinh ¢ thé giam nhd kich thudc cua thist bi cung cdp nha tiét kiem duge cdc tu dién va
dién cdm loc.

15.3.1. Mach 8n ap duing diot Zener

Cac mach chinh luu c6 tu loc C, khéng cd tinh chat 6n ap mot chidu, vi trd khang d6i
v@i thanh phan moét chiéu cda tu rit Idn.

Trong truong hgp ndy dung diot Zener ¢ 1gi hon.

Ngoai ra, dung diot Zemer con ¢6 lgi han dung cdc khau loc di xét, vi dién trd troung
cia mach nhdé va bang dién trd dong r, cla diot
Zener. Hiéu qua 8n dp cua diot Zener duge thé hién
tai doan déc tuyén ung vdi u < -U,, lic nay véi
lugng bi&n d8i dong dién Al kha ldn thi AU bién
thién rat it (hinh 15.12). Cac diot Zener ¢ U, = 8V
thudng cd dién trd dong r, nho nhat nghia la ching
6n 4ap t6t nhat. Cac diot ¢ U, < 8V thi r, rdt l6n,
nén khong thé ding dé 8n ap duge, con cic diot ¢
U, > 8V thl r, cé tang nhung vin nho, nén vin cd
thé dung dé én ap dugc, nhung hiéu qua 6n 4p
khong cao. Vi thé& khi can 8n dinh dién ap ldn, nén
chon nhiéu diot ¢d U, = 8V mac néi ti€p hon la
chon mét diot vdi U, ldn.

So d6 nguyén ly cua mach 6n ap dung diot
Zener dudc bi€u dién trén hinh 15.13. Theo so d6 d6

Hinh 15.12. pic tuy&n Volf — ampe cta diot
Zcner.

U,=U, »

vai U, la dién 4p Zener. '
Hé s6 dn ap G d6i v6i dién ap mot chidu ciing ddng thoi 1a hé s6 loc da6i vai dién 4p

xo0ay chiéu (4) duge xdc dinh nhu sau: ’
AU, r,+R R R

G= = =1+
AU r r r

r Z A z

=
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He fs6 én 4p tuong déi:

AU, /U, U, R U,
AU v, U, o, o

Mach 8n 4p loai nay chi duge diing khi yéu ciu
céng sufit ra nhd, vi hiéu suit cta né thip (3 = 50%)

va cbng sufit t&n hao trén R va r, lon. e WU
Kinh nghiém cho thdy, trong mach nay d€ dam U jl'z .
bao 8n dinh t6t, nén chon U, = (1,5 + 3)U, va "N ?‘ L
o 5
Izmin < Iz < Izmax
trong dd, I, . 1a dong cuc dai cho phép qua diot va- :
Lyin tuong duong vai I, trén hinh 15.11. Hinh 15.13. S db nguyén iy mach dn 4p

) s < pex . dung diot Z,
D€ tang hé s6 8n 4p G, c6 th€ mic néi tiép hai ung ciot ziener

khau 6n ap bing diot Zener nhu trén
hinh 15.14. Mach nay cd

G=G,.G,va Ri Rz .
S =8, . S, (khoang 10% + 10%) - |
trong dd, G|, G, va S|, S, 1an lugt 1a hé Uy, Z, 2y Us
s6 8n dinh tuyét d6i va hé s8 8n dinh
tuong déi ciia khau 6n 4p thd nhit va o . |
thud hai. _ .
Mach nay c6 tac dung dn ap t6t ITinh 15.14. On dp dung diot Zener 2 khau.
hon mach dién trén hinh 15.13. Tuy
nhién xét v& mat Anh hudng cta tai thi hai
mach nhu nhau, vi dién trd trong cia R
mach nay R, =r,,. T_‘:}_ Y ‘ci ,
Khi clin dn 4p tri s6 nho cd thé dung | -& -
diot thudng méic theo chidu thuan nhu i D1y ul
o Uy Iy
trén hinh 15.15. V6i s dd nay DY
I ' | !
R+ 3r R R D}
=X R _R v sy 4
3rp 3rp 3rp
(15.15) Hinh 15.15. Gn &p ding diot thuomg,
U’— R 1r
vai S=6G6— =—.  —
U, Iry - U,

trong dg, ry, la dién trd théng cla diot, dugc xdc dinh theo bi€u thidc (15.16).

Uy U
I D = -
ol I,

U;: dién ap nhiét
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15.3.2. Mach 8n ap dung diot Zener v6i mach 1ap emito 9 diu ra
- So dd 8n ap dung diot Zener da xét trong muc 15.3.1. thudng cd cong suft tén hao
khéd l6n: P, = LU,
Khi yéu chu dong ra tai 16n, phai chon diot c6 dong 16n. Diot Zener chl thich hgp v6i
cdc bo chinh luu cong sudt nhé. CS thé ding cac mach 8n 4p Zener cd tAng ra 1a mot mach
lap emito d€ &n 4p cho cdc mach chinh luu c6ng su4t 16n hon.

b)

Hins 1\7 16. So 48 bn dp ding diot Zener vai mach Bp emito & diu ra:
wl)\dn;n dpracd dinh;  b) dlCﬂ ap ra thay ddi:

So dd 15.16a dung cho truéng hop dién ap raco dinh ~Trong cdc su dd nay, diot

Zener dugc néi véi tai qua mot mach }ap emito. Do cich méc nay, nén dong
I I,
qua diot Zener la I, = E— = 1—3; nhé hon dong qua tai By 1&n (By 1a hé s6 khuéch dai

dong dién mot chidu cua tranzistor khi mic emito ch\mg) Do d6 ¢d th& dung dipt Zener cd
dong nhé cho cdc bd chinh luu cong sufit tuong d6i 1on.
Trong so dd trén hinh 15.16a dién ap chinh luu duoe xéc dinh theo bi€u thic (15.17).

U, =U, - U o (15.17)

véi Uy = (0,6 + 0,DV. o
Dién trd trong cia so dd chinh la dién trd ra cia mach lap emito ld\kcox Rvar, la
dién trd phan 4p bazo. Ta cd o
-
L= rBE \\\
B+ )

trong dd, rg;: la dién trd vao cla tranzistor;

i

C

B= 1a hé s6 khuéch dai dong dién xoay chiéu.

ol Ucg = const

Vi R, < r,, nén mach 8n 4p loai nay cd dién 4p ra it phu thudc vao tai. Ngoai ra, do
dong qua diot Zener nhd, nén cd th& chon tri s§ cla dién trd R 16n dé tang hé s§ 6n 4p
(xem bi€u thdc 15.15) ma t&n hao trén R khéng tang. Vdi so dd 15.16b, c6 thé 14y ra dién
dp U’ 1a mét phan cia U, qua chiét 4p P. N&u chon dién trd chiét 4p P nhé hon rge thi
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dién tra trong cta mach tang khong dang keé.

15.3.3. Mach 6n ap cé héi tiép

15331, Nguyen tac thue fien cuc so do on ap o hoi tiep va phan logi. D&
théa man ecic yéu cAu cao hon vé mat 6n ap, 6n dong cang nhd cong suit ra, nguis

ta dung cic mach on dinh c¢é héi tiép.
Nguyén tac lam viée cha cic 30 d6 on
dinh co hoi tiép dudge bigu dién trén
hinh 15.17. Trong mach nay. mot phan
dién dp (dong dién) ra duge dua vé =0
sanh véi mot gia tri chuan. Két qua so
saph duge khuéch dai léen va dua dén
phan tu diéu khién. Phan td diéu khién
thay ddi tham 6 lam cho dién ap (dong
dién) ra trén no thay déi theo xu hudng
tiém can dAn dén gid tri chuan.

Hinh 15.18a. va 15.18b minh hoa
phuong phdip ldy tin hidu dua vé mach so
sinh khi én ap (1 va khi on dong th).

b _[ma -
(8167, ap mor 720 £7en
LhIED CAYS 1
an dinh )
87 kbubch
da/
l ]
/Vyaa:b 87 so .._—J
Huén Sonh

Thedi 1517 S do 08 nunh hon nguvon Bie L vide

G SO0 DICh N co hon ticp,

—7 Iy
o— — — — - =4 - - —-}_’
- - 4 R,
Dén 3p Ry, Déngg | ‘
du/s vé 60 {F dura v€ b7
So sanlr sg sank
A1 ¢
9 Y
Sl TSN Cieh By oan b e AVChO s sinh -

a) khioon ap

(6 thé tpy rang, tdt ca cac
nguén ap (R <<) va nguon dong (R,
>>) dug- thue hién theo phuang phip
hoi tvp. déu 1A nhung mach én ap
heat 6n dong. Tuy nhién do yéu edu
vé mat cong sudt. nén trong chic =0
d6 on ap.va on dong con ¢ thém
mét bo khuéch dai cong =uit mac
trong mach héi tiép.

Cac so dé6 6n dinh ¢d hoi tiép
duge chia thanh hai loai co .ban : én
dinh song song va dn dinh néi tiép.

Nguyén tac 6n dinh song song
duge bifu dién trén hinh 15.19. Trong
do transistor diéu khién duge mac song
song vdi nguén dién ap chinh luu 0/,

Bo khuéch dai thuat toin cd
hiéu dién ap vao U; = 0. Khi
dién ap ra giam thi dién ap bazo
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— emito cua tranzistor 7' gidm nhanh hon. Do d6 dong colecto giam, ha ap trén R, gidm
lam cho dién ap ra tang Nho khau hdi ti€p 4m, nén dién 4p ra U’, 1udn luén c6 trj s8 bang
dién 4p chuéin U, . So dd 6n 4p song song chi duge dung trong cac bd chinh luu cony sudt
bé, vi hiéu suit cia nd thép.

Q
‘J<' -~
+
)
i
‘ ~
|
G

Hink 1320, Nguyén tac on dp nds Gep:
ai dung mach Kp ecmita: by dung mach emito chung.

Trong so dd 6n ap n6i ti&p (hinh 15.20) tranzistor di2u khi€n T dugc méc néi ti&p vai
nguon dién ap chinh luu U,. Tranzistor T trén hinh 15.20a dugc mic theo ki€u mach lap
emito. Dién ap vao ctia bd khuéch dai thuat todn lubn luén bAng khéng do do dién dp ra
U’, = U, Khi dién ap ra gidm thi dién 4p bazo tang nhanh hon lam cho dién 4p ra tang
trd lai. Do tinh chit cia mach lap emito, nén dién dp ra U’ = U_. Néu thay mach lap emito
bdi mach emito chung nhu trén hinh 15.20b thi c¢6 thé gidm dugc dai bién thién dién ap
vao. Tuy nhién so vai so d6 15.20a so d6 nay c6 nhuge diém la dién trd trong ldn. Co the
gidm nho dién trd trong bang cach tang hé s6 khuéch dai cia bd khuéch dai thuat toan,

: nghia la phai dung hai tAng khuéch dai. Vi vay nguyén t4c nay khdng thich hgp véi cic so

dd dn d4p mot tang.

15.3.3.2. Cac so dé &n ap c6 hoi tiép dang don gién. Trén hinh 15.21 1a hai so d6 6n
dinh cd hoi tiép dang don gian. Trong so dé 15.21a T, 1a phan ti diéu khién dong thai lam
nhiém vu khuéch dai cdng suit. T, vita 1a phan ti khuéch dai viua mang tinh chit nhu mét
phan tit so sanh, nd duge mic theo kifu emito chung cé hbi tiép &m vé dong dién trén r,.
Khi U’ giam thi qua b phan 4p R, R, dién dp bazo T,: Uy, = U, + U, cing giam. Vi
U, khéng doi, nén U, giam theo lam cha U, tang, do d6 Uy, tany vit {7 tang trd lai.

/i

r-w - _\(_——_ R —

| n_._-—-CD—'——‘; dgy U R4 |

l ,'\)5 7. [N ' ot

i . T P ) !u:l
AR U Ry

, CURUUIINIIEISIISEEEE S 4 4

a)
[linh 15.21, S dO On ap co hoi G&p dang don gin, .
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Nhu vay nhd vdong hdi ti&p, di¢n 4p ra U] ddqc didu chinh sao cho

R,

Upy=U —n=>2
B27 " "R, +R,

= UZ + UBE2 (15.18)

Vay (U, + Upgp,) 12 dién dp chuéin. Di¢n 4p ra duge xéc dinh theo bigu thic (15.19)
suy duge tit (15.18)

R
U = (U, + Ugp)(1 + 7{'—) (15.19)
i 2

Qua dién trd R, cd dong colecto T, la I, va ddng bazo T, : I;,. R, dugc chon sao cho
dong qua diot Zener ludn ludn 16n hon I, . d€ diot Zener cd tac dung 6n 4p:

R+ < Urmin - Ur ~
A S

Bimax zmin

Khi tai thay ddi, mach c6 tdc dung 8n 4p kha t6t. Nhung khi dién 4p vao U, thay ddi
thl tac dyng 6n 4p khong 16n 14m (G = 20), vi dong qua R; thay d6i theo dién ap vao U,.
C6 thé& cai ti€n mach nay d€ tang h¢ s6 6n 4p badng mach dié¢n trén hinh 15.21b. O d4y thay
R, bing mot ngudn dong gdm T,, R’y, R, va Z,. Dong colecto T; duge xéc dinh theo bigu
thuc (15.20) khong phu thudc vao dién dp vao U,.

U,, - Use U
R’ R,

trong dd, A 12 hé s6 khué&ch dai ddng di¢n cla tranzistor khi méac bazo chung.

Véi mach nay co thé dat duge hé s6 6n ap G = 1000 d&n 10.000 1an. Dién ép ra cua
mach ciing duge xdc dinh theo bi€u thic (15.19). Co thé thay d8i dién 4p ra bAng cach thay
ddi R, ma dong colecto T, vin khdng thay d6i do c¢6 ngudn dong T,. Dién 4p ra dat duge
gid tri 16n nh4t khi dién 4p colecto - emito Ty Uy = 0, tuong ing U’ = U, - U,,. Do d¢
khong nén chon U,, qué 16n. Ngoai ra sad dd con cd vu di€m la dién trd trong nhé, vi nho
ngudn dong T; ma T, cd hé s6 khuéch dai dién 4p 16n hon trong so dd 15.21a.

Ciing cd thé ndi tat R, nhu trén so d6 15.22a, va mic diot Zener Z, vio bazo T, nhu

_ , T1
iy i ‘ /XZ

o

b)
Hinh 15.22. Sor d% On 4p c6 hoi ti€p dang don gian véi dién 4p ra ¢6 dinh.
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trén su dd 15.22b, hic d6 dién ép ra dugc x4c dinh theo bi€u thic (15.21).
U, =U, + Ugg, (15.21)

15.3.3.3. So dd dn Gp c6 hdi tiép ding khuéch dai thu@t toan. Néu chi cin thay déi
dién dp ra trong pham vi hep, cé thé dung so dd 15.23. So dd nay tuong duong véi se dd
15,21a, khi thay T, bdi mot bo |
khuéch dai thu4t toan. Tic dung 6n
ap cua mach tang nhd bo khuéch dai
thuat toan cé hé s§ khuéch dai 16n.
O day bo khuéch dai thust toan duge o—
coi nhu mét b6 khué&ch dai thuan,
dién 4p vao cla ddo Uy bang dién ap
Zener U,. Dién 4p ra chi c6 thé bién
thién trong pham vi hep sao cho

[
7

dong qua diot Zener khong bién
thién qua nhisu. &

O cita vao bd khuéch dai thust
todn cé cac diot bao vé khi qua ap
trong trudng hgp déng hoac ngit mach.

Muén cd dién dp ra thay d6i dugc trong pham vi rdng, ding so dd 15.24. Bd khué&ch
dai thuat toan méic theo ki€u so dd khuéch dai dao. T, va T4 lam nhiém vy khuéch dai lam
cho dién 4p ra tang lén nhidu so vdi dién dp vao. T, la tAng khuéch dai bazo chung, vi bazo
T, néi d4t, nén cd thé didu chinh dién 4p ra vé tdi mic "khéng". D,, D, va R; 1am nhi¢m
vu bao vé bd khuéch dai thuat todn. R, d€ can bing dién 4p do ddng tinh qua R; gay ra,
R, = R, Muc 6n 4p ra phu thudc vao muc troi dién 4p léch khong cia b khuéch dai thuat
todn AU, va vao d¢ dn dinh cia ngudn chusn AU

Hinh 15.23. So 6 bn dp dung khuEch dai thudt tadn.

R
AU, = AU, + —RL (AU, + AU,).
2

Hinh 15.24. Sor 30 bn ép dang khu&ch dai thudt todn co dién dp ra thay doL
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~Céc dién trd R\, R, phai la nhitng dién trd chinh x4c. Ddng qua R| khong ddi va bing’
U, /R, ' ’
D& 8n dp cho cdc ngudn déi xing cd thé dung so dd 8n 4p 15.25. So db nay gidng sd
dd trén hinh 15.23 trong dd tranzistor T, dugc thay th& bdi mot mach Darlington. Mach chi
cin dung mét ngudn chuin (U,). Véi gid thiét dong vao tinh cia by khuéch dai thuat toan
khong dang ké so vdi dong qua R,, R, thi dién thé di€m P: Up = 0, do dd ta cd quan hé:

! l"! (+) ‘ - R,
E (j;' (-) | Rg
+L1g 7
e e i
Ry Rs R3 i ! !
A |
' ey T T ' Ry |-

;L AT L\l l

" ] Rs ! i
= S S I T

o T e P
' 7
A1 T Cz
Ry +
e —

" S o [ |

1 i

r oopre '

~Upg—id ] > | | ﬂ_u;’
z

Hinh 15.25. S 6 On dp 0Gi xang,

C6 thé€ dung so dd d6 dé€ 8n ap cho bd ngudn cé U, = +20V, lic 46 cac linh kién cua
so db ¢d tri s nhu sau: '

R, = 22k, R| = 10k

R, = R, = 39k; Ry = 1k; R} = 15k; R, = 5k
10k; R, = 4,7k; Ry = 10k; Ry = 10k
C,=C,=C,=C,=4WF; U, =63V, |U’rm| = | U'r(_)l = 15V.

=
I

Sai s6 dién ap hai dau ra khoang 1%..

15.3.3.4. So db chéng qua tdi. Ta biét ring ban dan rdt nhay cam véi dong lon. Vi
vay, trong cac mach 8n ap thudng phai ding thém mach han dong dé tranh qua tai cho cac

tranzistor mac néi ti€p vadi tai. Diot D trén hinh 15.26 lam nhiém vu dd. Khi dong colecto
u,,

e

T, 16n t6i muc ha &p trén Ry 16n hon U, thi diot (D) théong. D6 la truong hop [, = i
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Né&u ddng qua tai ti€p
cuc tang thi dong qua T, gidm
lam cho dong qua tai khong
tang dugc nita. Trong trudng
hop ngén mach, dong qua T,
cyc dai ddng thdoi ha 4p trén
nd la U, — U, cling 16n. Lic
nay phai chd y sao cho cong
sufit t6n hao khéng vugt qua
tri 88 cho phép.

So dd 15.27 ciing cd tac ..
dung han dong nhu vay. Khi
'dong tai ting, ha 4p trén R,
tang. Néu ha 4p trén R :

Hinh 1526. So 0 a'ép o6 han ddog.

LimaxPx = Uggz + U’ —}-é%—}—s— (15.21)
thl 74 ddn. Dong colecto T; tao nén ha 4p trén di¢n trd R d€ didu khi€n cho ting
Darlington theo xu huéng ngit (dong tai gidm). T bi€u thdc (15.21) cé thé tinh duge trj
86 cuc dai cia dong tai I, . Dac biét, khi du ra ngdn mach, ddng qua tii nhé hon trong
trudng hgp cd tai, lic ndy I, . = Ugp,/R,. Day 12 mét vu diém 16n, vi nhd dd tranzistor
khong bi qua tai k& ca khi di¢n 4p vao 16n. Céc sd dd han ddng loai nay cd dac tinh ra nhu
biéu dién trén hinh 15.27b. So di mach cd dac tuyén ra nhu viy la vi dién dp Ugyp, phu
thudc ddng thdi vao dong dién tai I, va di¢n ép ra U’ (thong qua R,, R).

P/mn v fon 06/29
=" "7 Un
' [ 7 ’ A
— JI > QU’Z
| ‘
[
| {1k !
| IR, .
| i
10 !
I [
I !
0 ’ T,
Ifmo,;q ( U A =0) It
) R Y
Hinh 15.27. a) so 80 dn &p ding khu&ch dai thudt todn ©6 han dong;
b) déc tuy€n ra clia a).

15.3.3.5. Vi mach 6n ép. Mach dién cdc vi mach 61 4p bac gdm dAy di cac phian t
clia. mdt so dd 6n &p cd hdi tip nhu trén hinh 15,@ k€ ca khau han dong. V1 vty chi cln

'360



méc thém mot vai phan t& ngoai 12 mach cd thé cho dién dp ra bién thién trong mot dai
khé rong. Truding hgp yéu ciu dong tai 16n, ¢ th€ mic thém J mach ngoai moét tranzistor
cong suft. BAng cich dd cd th€ nhan duge cdc bd 6n 4p c6 dong tai dén 15A mot cach dé
dang.

Vi mach MAA723 (uA 723) 12 mét vi mach 6n 4p khé ph8 bién. Mach dién bén trong
cia né dugc bi€u dién trén hinh 15.28. Trén cita 4 clia mach duge mic mot ngudn dién 4p
chuéin. Chi cin méc thém mot cho dén hai dién trd ngoai 12 vi mach né.y cd dubng dac
tuyén ra nhu trén hinh 15.27b.

Ue

o7 8 tn o5

>y____—--§7 Hon oo
6

| ) o/ Dé‘:/cf'
5
) b3 ~Uee ‘_s_.z
Ueh  pidycs osn  § 86U vGo doo
: )
! )
[ 9 816 Uy . % 0
b) g' 5o
A 970
| g 1 23 45 0o

Hinh 1528, Vimach MAA 723 (Tesla).
a) so 0 mach dién; b)so dd chin vi mach.

AU,
Tham s8:1; < 150 MA, P10 =800mW,  — <5.10% khi 7, =0.400mA.

r

Hinh 15.29 chi ra cdch méc mach ngoai clia vi mach MAA 723. C6 4 céch méc (tit a
dén d). Khi cn dong tai 16n, mic thém tranzistor cng sufit nhu hinh 15.29¢ d&n 15.29h.
Néu dign d4p ra U’ > 37V thi vi mach dugc méc theo so dd 15.29g va 15.29h. Trj s6 R, R,
' ttong 80 do dugc chon theo bang cua hang sdn xuft. R trongcdcsodda, b, e, fvag
 df han che dong dién ra.

15.3.4. On #p xung
Hiéu sudt cua mach 6n ap lién tuc (muc 15.3.3) phu thude nhidu vao cong sudt tén hao
P, cia tranzistor cOng suft. ("6 thé giam P, ne’u cho tranzistor lam viéc & ch& dé khéc.

- Ciing giéng nhu trong mach En 4p lién tuc, dién 4p vao mach 6n ép phai ludn ludn ¥n hon
di¢n 4p mot chidu §-dau ra.

On 4p xung dc biét ds ¥ nghia khi cAn 14y ra dién 4p nhé tit mot dién &p vko 16n véi
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12y.1 v

| zlxu

Hinh 1529: Céc céch mée mach ngodi cta vi mach dn 4p MAA 723:
AU, =2 + TV;b) Uy =(7 + 37)\V;c) U =—(6 + IS)V.
d)U’~=—-(9,5 + 3NV, U, =2 + T)V;D U, =(7 + 3NV;9) U, s 250V;h) | U, | <250 (V)

hiéu sudt cao hoac khi dién ap vao thay d6i nhitu (49 gon sdng i6n). Khi md, tranzistor
khda din nang lugng tit ngudn vao dén mot phan ti tich liy ndng lugng (thudng la cufn
. cam’va tu dién). Trong thdi gian tranzistor khéa ngét thi phan ti tich lay cung cp n&ng
lugng cho mach sao cho trén tai ludn ludn cd dién 4p ra.

Tan s6 dong mé ¢da khda thudng ndm trong pham vi (16 + 50) kH2 d€ tranh nhléu
am thanh. Trong khu vyc tin s6 nay ding cudn cAm cd 15i ferit 1a thich hgp. TAn s6 cang
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cao thi phan td tich ldy nang lugng c6 kich thuée cang nhé, nhung hiéu sust giam do tén
hao trong thdi gian dong md tang.

Hinh 15.30 biéu dlén ng'uyén ly 1am viéc clia m¢t mach 6n ap xung c6 phan ti didu
khi€n mac néi ti€p véi rA-—- £
tai. O day dung mach so b L
sénh cd tré dé€ so sanh.
Khi dién d4p ra gidm téi
mic ngudng dudi: U,
thi khda K mé, do do
dong dién qua cudn
cam . tang dong thoi
dién 4p ra tang theo,
cuén cam tich liy nang
lugng. Néu U", = U, thi
K ngit, cuén cAm phdng
dién cung chidu vdi tai.
Qud trinh dd lap di lap
lai ¢ chu ky. Do gon
song chaa dién ap ra dugc
xdc dinh bdi hiéu céac
dién ép nguong U, - U,

(khoang vai chuc mV).
D6 8n dinh cla cac muc
nguéng U, va U, cung
lién quan dén d6 chinh

xdc cua dién 4p ra. D€ b) o
tang hiéu sudt cia mach ; |
phai dung tranzistor cd - Hinh 15.30. »j scv 36 nguyén Iy cda mach On ap xung;

thoi glan déng md ngin. b) do thj thoi gias cia dién 4p.arén 1ai U, va dlcn &p ra bo so sanh

On dp xung cho hidu sudt cao va cd dai 6n dinh dién 4p rong, nhung téc dd dleu
khién thép, dién ap ra cd d gon sdng 16n (vai Yic dén vai %).

15.4. Chinh luu déo

Chinh luu do 1a qué trinh bién d6i dién 4p mét chidu thanh dién 4p xoay chidu,
thudng duge dung trong cic bd bién d8i dién 4p mot chidu hodc trong cdc bé ngudn khong
diing bién 4p. Tru6c day vai thap ky, qué trinh chinh luu dao dugc thuc hién bdi phuong
phép co khi (hinh 15.31). Di¢n 4p mat chidu & diu vao lin lugt duge 'néi v8i nia trén hoac
nda dudi cia cudn bién dp nhd s ddug md cia mot coOng tic co khi. Do d6 trén cudn thi
cép cla bi&n 4p hink thanh mot dién 4p x2ay chidu. :

Ngay nay thay vao cong tic co khi, ngudi ta dun'g bén din (tranzistor hodc thyristor).

Hi¢u sudt cia cdc mach chinh luu dao ding ban din ndm trong pham vi tit (80 + 95)%.
Cong suéit cia nd phy thudc vao céc tham s8 giéi han cia bén din (-, Ucy,. ) Dung
thyristor cé th& dat dugc cong suét lén. Mach chinh luu dao thuc ch4t 1a mach tao dao dong
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tu kich. Tan s6 dao déng thudng ndm trong pham vi kHz. Do d6 ¢6 thé dung cudn bién ap

kich thu$c nhé va vén d& loc & don gi
0 gian han, vi RC hoac LC nhé hon. Hinh i
vl dy v& mach dién b6 chinh luu dao. h 1.3 cho hai

(ang Beod %

g

Uy ~ Une,

U,

Hinh 15.31. Mach chinh ru ddo ding cdng tic co khi.

So db 15.32a dung tranzitor d€ tao dao doéng. DG 1a su do tao dao dong ghép bién 4p
méc theo ki€u ddy kéo.

So d8 15.32b dung thyristor, n.guyén tdc lam viéc ciia nd giéng nhu so dd chinh luu
dao dung chuyén mach co khi trén hinh 15.31. Bing cich dat vao cac dién 4p didu khién

a’
- EE
1 -
*J 1 —
.
] E -u
o ” __ \ n_tzf’q»u}
Mach chinh v cbo Moch chink l
A~
9 e
#) wa_j Up p Uy
U - A~

Hinh 1532. Mach chinh lru  déo:
a) dung tranzistor;  b) dang thyristor.
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thich hgp hay thyristor thay nhau'md. Qué trinh ngét cia thyristor duge thyc hién nhd tu
dién C.

15.5. Bién ddi dién ép mot chidu va bd ngudn khdng dung bién ap
nguoén

15.5.1. Bién déi dién &4p mot chidu

Day 1a qua trinh bién ddi mot dién dp mot chidu U, ti gi4 tri nay sang gid tri khac
th4p hon hoac cao hon, hoic bién d8i mot dién 4p mot chidu thanh mot dién ap moét chidu
khéc cd dfu nguge lai. NS thudng duge dung d€ tao cao 4p mot chidu cOng suit nho trong
céc thist bj dién t& luu dong. Qua trinh bi€n d8i dién 4p duge chia 1am hai giai doan:

1. Bién d6i dién 4p mot chidu U, thanh dién 4p xoay chidu hinh sin hoac xung chit
nhat nh& mach chinh luu ddo va bién 4p.

2. Chinh luu dién 4p xoay chitu va loc.

Thudng dung diot cong suit d& chinh luu. Khi dién 4p chinh luu nhé hon vai tram
volt, c¢6 thé dung diot Schottky. N&u dbng 16n hon 10A thi dién 4p théng cia né nhd hon
digén 4p théng caa diot Silic thong dung.

Né&u dién 4p mot chidu & d&u ra chi 16n hon dién 4p vao (2 + 3) 1&n thi ¢S thé bd bién
4p. Hinh 15.33 cho thdy c6 thé dung mach bdi 4p bac 2 d€ tao ra-dién 4p mot chidu 16n gip
2 1an dién ap vao. O day, bd tao dao dong diing mach di pha RC trong mach hbi ti€p gbm
3 khau di pha va T, T,, T;. T, va T, dung tranzistor bu lam viéc § ch& d¢ khda. Khi T,
thong, dién thé tai diém A: U, = U,; Khi T, thong, dién th U, = 0. Vay d diém A ta cd
moét day xung chit nhat. Khi U, = 0, C, dugc nap dién qua D,, do d¢

+‘éj¢ I
I |
o]
, 1k Dy
/3
Cy D2 D3
I
ot S S < S
A 250' b I I

7 - 25‘? Tzs/" T eson

_Hinh 1533 Mach bti¢n ddi dién 4p mdt chi®u khong dung bi&n 4p. .
Ue;=Up=U, =~ Up; — Ucgpnz = Uy

trongdé, Up, la dién 4p thong cia diot D; :
Ucgphs 12 dién 4p colecto — emito cia T khi 1am viéc § trang théi béo hoa.
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Khi T, thong, diém A n6i véi U, va U, tang len dén gid trj
Uy =U, + U, =~2U,

Sau dd tu C; dugc nap qua D, dén tri s U, = 2U,.

_ Né&u méc thém ph3n mach gdm D,, D,, C4, Csé dhu ra, ta cd U, = 4U,. Thyc t& U
nhé hon chit {t, do ¢ ha 4p trén diot.

15.5.2. B ngudn khdng ding bién 4p ngudn

Nguyén tdc lam viéc cia bo ngudn khong ding bién dp dugc minh hoa trén hinh
15.34. Di¢n 4p tit mang cién cong nghiép duge dua truc ti&p d&n bé chinh luy, dién dung
tai C, clia bd chinh luu lam gidm d6 gon séng cia dién 4p ra rdi dua vao mach bién d6i dién

ap mbt chidu vira lam nhiém vu cdch dién vita tao ra dién 4p mét chidu cd trj s6 mong
" mubn.

O‘)/'r;/') Y% @/P’f) iy abro Chinky Ips loc
- D
| Bién ob/ \;7;)0;3
mot &

Hinh 15.3%-So 49 khdi minh hoa nguyén Iy 3m viéc cta bd ngudn khong ding bién 4p.

Uu diém co ban ciia bd ngudn khong dung bién 4p ngudn 14 kich thuéc va trong -
lugng nhd (gidm 25% + 40% so vdi bd ngudn thong thudng) khau loc nhé, khong cin ding
cdc phln td téa nhiét, hidu suft cao.

Trong b6 ngudn nay thudng dung mach 8n 4p xung, trong dd tranzistor khda phai cd
dién 4p ngudc cho phép 16n (c8 vai tram volt d&€n 1kV). Tu loc ngudn phai 1a ty dac biét cd
dién trd trong rat nho. A

-V6i cong nghé tién ti&n cd thé’ ché tao cdc tranzistor c¢d dién 4p nguge cho phép ldn
v cdc diot ¢S thdi gian dong md ngin thl bd ngudn khdéng dung bign 4p ngay cang duge
dung nhidu va tré thAinh mot trong nhitng xu huéng dugc quan tAm trong linh vyc cung
cép ngudn.

Al
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BAI TAP ‘
& Bai tap 1. Cho so d6 bo khuéch dai trén hinh 1, biét :
- Dong colecto & ch& do tinh I, = 100 uA
- Dién th€ colecto Uy, = 2 V
- Dién 4p nguén cung cdip U,. = 12 V
- Hé s6 khuéch dai dong moét chidu cua
transistor By = 125
- Dién trd ra cta transistor Ry = 150 kQ
Tinh :
a. Gia tri cac linh kién trong mach ;
b. Hé s6 khuéch dai K, ;
c. dro khang vao cia so dé Z’, ;
Hinh 1 d. Trd khang ra cia so 46 Z,.

Gidi.

Vé so d6 tuong duong (hinh 2)

iy R

—0

Yl Bl 5e ﬂt“’l te R 4

o— - b . +—0

Hinh 2. So d6 tuong duong ciia mach dién trén hinh 1 :
a) So dé tuong dudng chinh tic ;
b) so d6 tuong duong cua a).
a. Tinh gia tri cdc linh kién trong mach :
Ure Ucc —Ucg _1zv-2v

R, = 7= = 10044 = 100 kQ

co

Igo = By~ 125 = %8uA

Do R 1, = 2B 08 _ oo
ng qua : = =— = 0, .
g q 2 12 R, 106 u
Dong qua R, : L =1Ig, + I, = 1,4-/4:‘,
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Ucgo ~Upe, 2-06 14V

R, = I, - 14 " l4pa- M@
b. Tinh hé s6 khuéch dai dién dp K|, :
. B(RIIree) By(R; [ Tee)
K, = -SRJlr) = - ~ = -150.
4 Fpe The
oo o .
¢. Tinh trd khang cta so d6 ; Theo biu thyc (4.38b) tinh dugc :
Z, Ik, = 50 ket M2 1 Mo - 58 ke
& PN & —_— = —_— = s
v be T K, "2 . 150

d. Tinh ird khiang ra cia so d6, theo bi€u thic (4.39) tinh dugc :
Z, = rJRJR, = 150 kQ//1 MQ/100 kQ =~ 56,6 kQ.

Bai tap 2. Cho bo khuéch dai trén hinh 3. Gia thiét dien ap du Ugr = 0,
cho biét :
Uggo = 05 V ; rpe = 1kQ ; 1o = o
R, =R, = 20kQ ; Rg = 1 kQ ; g = 100
Tinh :
a. Hé s6 khuéch dai 4p K|, ;
b. Trd khang vao Z,
c. Tré khang ra Z,

B c
be Lpib a 78
P .
y, R,//R2 , )
t
&) |4
] (p”)lb
o
Hinh 4 Hinh 3

Gidi. _
Vé so d6 tuong duong trén hinh 4.
a. Hé s6 khu&ch dai dién ap :

_ RQHH 11 +100)
R = w ™ ¥R +H) " T+1(1 +100) -

b. Trd khdng vao cta so db :
Z', = rpe + Re(1 + PV/RR, = 100 Q//20 Q//20 Q = 10 kQ
c. Trd khdng ra , theo (4.56) ta co :

Tpe 1 ’
z Il Re Il ree = Tg7 /L = 10 Q

Sl T
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Bai tap 3. Cho bo khuéch dai mac theo so d6 Bootstrap trén hinh 5

a. Vé so d6 tuong duong

b. Tinh tré khdng vao cia mach, cho bit R, =

R. =1kQ; r. =1kQ ;g = 100
c. So sdnh véi trd khang vao cua so dé
trén hinh 3 trong bai tidp 2 va nhin xét.

Gidi.

a. So d6 t.Uc;ng duong : hinh 6.

b. Tré khang vao cua transistor : ,
Z, = rpe ¥ B+ DRy

r, = 20 kQ ; Ry

<

(Vi Rf >> R. va R, >> ry,, do dd b6 qua R, va R,).

Tro kiggng vao cta so do :
Z. = Z, | Ry = pR; /[ Ry =
nay lén gidp 1,6 lan (theo bi€u thuc 1)

Z,(3) 10k

Trong do : Z’v(5-) la tro

100.10%.20.10°
120.103

c. So vdi tré khang vao cua so do trén hinh 3 thi trd khdng vao cua

‘UCL‘

Hinh 5

khdng vao cha sg d6 trén
hinh 5; Z°,5) la trd khang

vao cua s6 dé trén hinh 3. g
] —_ .
Nhan xét : Nho maéac - _
< N ~ ur‘1 U,-
theo so do6 Bootstrap, nén da
tang dugc trd khang vao.
Bai tap 4. Cho b9
RE

khuéch dai vi sai (hinh 7)

a) Xdc dinh céc quan

hé sau day :

—UL‘C

378 Hinh 7

= 20 kQ,
+Uee
Re
4,
Ur‘z .
Re

sg do

(3-1)



W,y =fl(u g fun); () —us)l

U, = fl(u vl tu \'Z) ;e V'Z)]

l—;l :f(-u—rl —u—r?_) = fluy)
b) Co thé giam hé s6 khuéch dai tin hiéu dong pha bang cach nao ?
Gidi.

a) Vé so dé tuong duong trén hinh 8 tit dd viét duge cac bigu thice sau day

Woy = Tpl | (B DR +1) (4-1)
Uy = Ppal s H(B+ DR +15) (4-2)
u, =—pi R, =P R, : <4—3)
U= —PiyRo= i R, (4-4)
W, =1, — Uy, (4-5)
Gia thiét rp. = 7pe2 = e

Tu (4-3) va (4-4) suy ra :

u ri - u

SR, 27 TR,

ll=

Thay l—l va 11—3 vao (4-1) va (4-2), tu do suy ra :

_ . I'/)(, + 2(/ﬁ + I)R/

Uy +u’1‘2= (_ur?_—url) /ﬂ? (4-6)
_ - — — Tpe
Uy U= (U, —u,.])/ﬁ ' 4=
A b, @ 5 e 8i Z .
I_I-W Rf//RZ . ’Q///Rz ljvz
O _]_ ‘ o]
Hinh 8

Td (4-6) vA (4-7) rat ra (u,, —u,) vd (—u,, —u,), sau d6 lap téng va hieu
cua chung, ta co :

- 1 PR, _ o +1/JR¢-_ —
.= 2rbc+2(r8+1)le(uvl u.) zrhc(uvl_u\'z)
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_ 1 PR, - - 18R, _ _
U, = - e syt S (U —
T2, 28+ DR, T =5 r,,(,( )
_ PR. _ _
Tu do suy ra v, =wu, —u,.=- T (U — U 5)
he'

Nhan xét : «, chi phu thuoe vao hiéu cac dién dp vao (v, —w ) trong khi

o,y v, da dién ap ra trén moi transistor
khong nhiung chi phu thuoc vao hiéu cic

dién ap vao (v, —wu,.>) ma con phu thuoc
vao dién ap déng pha (U, + U ).
by He =0 khuéch dai tin hicu dong pha
theo bang 4.5 duge xdc dinh nhu sau doi
v moi transistor
R,
(4-8)

2T Hinh o

K

«m

Pe giam K, cd thé tang R, hoac
giam R_. Thuong thay R bdi mét nguon
dong (co trd khang trong lén) nhu trén
hinh 9. '

D¢ tinh trd khiang tuong duong cha
nguon dong, dung sd d6 tuong dudng nhu
trén hinh 10,

Z

tong dudng

Hinh 10

Trong s0 do nay R, dugc thay thé bai
mot nguon dong co trd khiang tuong duong gan nhu vé han. Néu coi transistor la
Iy tudng thi hé =6 khuéch dai dong pha xdc dinh theo (4-8) xap xi bang "khong".
Bai tap 5. Cho sg do bé khuéch dai cong suiat hinh 11. Gia thiét tranzistor ly
tudng (U = 0 val,, = 0. Cho hit g = 100, R, = 1 kQ va r,. = 5 k. ycéu

R
cau dién ap xoay chiéu trén R cd biéen do U, = 10 V.
a. Ve ho dac tuyén ra I. = flU ) cda tranzistor cho nhl’rn'g gia tri I,; khac
nhau tuong tng vai I, = (5 ; 10 ; 156 ; 20) mA.

b. Xac dinh gia tri cda R); vdi gid thiét mach [am viée & ch& dd cd cong suat
ra lon nhat.

¢. Ve dac tuyén tai.

d. Tinh cong sudt cung cdp, cong sudt trén R, cong sudt ton hao trén tranzistor
cho ecdc truong hop : khéng ¢ tin hiéu vao va cd tin hiéu vao.

e. Tinh hiéu sudt cia mach & ché do dong.

Gidi.

a. Vi tranzistor [y tudng, nén ho dac tuyén ra song song vdi nhau va song song
véi truc hoanh.
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Biét rang p o= 100 ; I. = (5 ; 10 ; 15 ; 200 mA : nén theo biéu thuce

I(
[, = i ta tinh duge Ij; = (50 : 100 ; 150 ; 2000 «A

Tw két qua dd, ¢d thé vée duge ho dac tuyén ra trén hinh 12

+20V
/ I (m A)
Rg Ke
Iy =200MA
o— 20
— 7 IB = /50/7’//4
R UV ur 75 ~ y
0 Iy = 100 M
1 s Iy = 50MA
Zg =0 ' >
0
Hinh 11 Hinh 12
b. Dé mach c6 cong suat ra lon
nhit, dién ap colecto cta tranzistor & v Ue

ché do U, phal bang mot nua dién
ap ngudn cung cdp (xem hinh 13).
Diém A trén hinh 12 ung vdai
diém bat dau md cua tranzistor, com
di¢m B ung vai di€m biat dau bao hoa,

do do

LI(‘I'.U = 10 V

Hinh 13

. U =Ucsy 20 =10 07 = 10 mA
o = R = e = m

I('u 10:
— —_— — ‘4 -_—
IHU = /; = 100 = 10 A = 100 ‘llA

Ugiio = e Iy = 5100107 = 05 V

Ap dung dinh luat om cho mach bazo ; ta co :

U, = Iy, Ry + Uy, .
Do do
Uee =Upra  20-05 .
R, = = —_— = 19,5.10 = 200 kQ
Iy, 10

c. Dac tuyén tai cd dang :
I‘. = I(‘RC + l]('

(€4
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Khi I. = 0 thi /;, = U, = 20 V

; U, 20
Khi &/, = 0 thi I = B :1(;2’ = 20 mA

Tu két qua da tinh. vé dac tuyén tai trén hinh 14,

d.
* Truong hgp khong co tin hiéu vao :
.. . . PI[ (/77/4>
- Cong suat cung cap : P, = 20
1,U,. = 10-20 = 02 W
- Cong suat trén R. : Ry, = 0

Upedey = 101072 = 01 W 10 7\
, I
= Cong suat ton hao trén tranzistor | \
i I

d ché do tinh : Py, = U, I, = > > (V)
e B (8] Ch.a™mda 0 / . E
10,10 - = 0,1 W g 20
* Truong hgp c¢d tin hicu vao Hinh 14

- Cong suat cung cap : Gia thiét bd qua dong dién qua Ry, va ngudén cung cap

v nguon on ap. Dong tie thai trén colecto :

= I+ Iosinet = 1077 + 107sinwt = 1077 (1+ sinot)

Do do

P 1*'(’(}_1 /z—llf79010‘31+' ot = 2217 2 02w

0Ty J Ay dt = S J 20. { sinwt)dwt = oty =Y
- Céng suat tuc thoi trén R -

I’([) = U([) i(l) = R, i"(d
- Céng suat hiéu dung trén R :
P R( 27 [107:(1 v t’lzd ¢ 103.10_2 27 (1 ' o Uy , o
Re = 2—{—1[ ( sihw wt = o ][ Sinw sin“wt)dwt
0.1 f | b i 4 LCOSZOE O
= 97 “( Ssinw ) ),w——2ﬂ..l =0,

- Coéng suat ton hao trén tranzistor : D& tinh, vé d6 thi thoi gian it va U ()
nhu trén hinh 15.
\ ZC (/T) /4)

t 0
Hinh 15

Y
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Tai A, i,
= 0. Nguge lai, tai B, ¢
tri cuc dai. Tu do suy ra :

cuc dai ung v6l tranzistor lam viéc ¢ trang thai bdo hoa, do dé U
. cuc tidu, tranzistor ngat, do dé Ugy =, 20 V dng véi gia

i) = 107°(1 + sinwt) va
U(}(t) = 10 (1 - Sin(llt-)
Do do cong sudt tén hao trong tranzistor :
] 27 1:7

Py = gf iU (dwt = ﬁf 0,01(1 + sinwt).10(1 - sinwtidwt =

o o

0,177 o
= in—f (1 - sin“wtddwt = 0,05 W. -

)

Hoac ¢ thé dung cong thic don gian

P, = P, - Ry = 02 - 015 = 0,05 W
e. Hiéu suat :
P Ppe=Ppy, 015-01 05 05
=P, P, T 02 o2

Nhan xét :

- Hieéu sudt cta so do6 thap.

- Cong sudt cung cdp cua mach khong ddi k€ cad & ché do dong va ché do tinh.

- Cong sudt tdn hao trén tranzistor & ché do tinh lon gip doi § ché do dong
(co tin hiéu vao)

Bai tap 6. Cho so d6 bo khuéch dai tai bién ap trén hinh 16. Gia thiét
tranzistor ly tuong, tic Uy = 0 va Iy, = 0. Cho 8 = 100 ; r,. = 5 kQ va I,
= 10 mA.

a. Vé duong tai tinh va duong tai dong t6i uu sao cho tin hiéu ra khong méo.

b. Xac dinh d6 doc m cua dudng tai dong va tinh hé s6 bién ap m tuong dng.

¢. Tinh hiéu suat cdia mach.

d. Tinh cong sudt tdn hao trén tranzistor & ché do tinh va & ché do dong

. Gidi.
a. Phuong trinh duong tai : [ +20V
1 | Ufc RI. + U(‘l: ; ’ | | I Rt: “
O ché do tinh R, = 0 (bién ap ly tudng)
do d6 U = 20 V. o—]
Mat khdc, dudng tai di qua diém tinh "O" c
ung vai I, = 10 mA.
Vay duong tai tinh song song v6i truc tung
cua hé toa d6 (hinh 17). Duong tai dong ciing
di qua diém tinh "O". D& 6 dudng tai dong cuc
dai thi dién 4p vé ca hai phia chda Uy, phai . Hinh 16
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bing nhau. Do dd gi6i han bén phai cia dudng tai dong dng véi U = 40 V. Vay
dudng tai dong di qua di€fm A (I, = 0 ; U = 40 V) va di€m "O" (dudng D trén
hinh 17). Dé dang thdy rdng, dudong tai nay tuong dUng véi cong sudt ra cuc dai.

That vay, d€ khong méo, ta cd :

Duong D : Upppe = 20 V 5 Iy = 10 mA

budng D| : Ugppax < 20 V5 I = 10 mA

Dudng D; @ Ucpmax = 20 V5 I < 10 mA

A2z (mA)
A
1
\
/
‘/'\.\ ! \\
Y ! \
AR S
N \ /
./ \ /
v/ v
|/
N 7
[
|
| Y
| |
l - ‘l |
l { : | l
l \~“._—‘\' I
| . 7 l
- |
I ~
g |
- _/ .
¢ :
I\\-\-\' o J
I \j
Hinh 17 1 . ‘ T
| ' -

I’,/
b. D6 déc dudng tai dong ty lé nghich v6i dién tré dong R, xdc dinh theo bi€u.
thic (10). :
UcEmax 40 .

R, = -2 - 2ko (10
d Lonax 20.1073.

Ngoai ra

R R, do 46 V R, V 10° 1 0T
= — , (o] om = _— = = =0,
4 m? Ry 210 V2



PR('
n=p

o

Trong d6 P, = U, I, = 20107° = 0,2

({y (V8]

Gia thiét bién dp ly tudng, do do

w

Py = Py = Uyy Iy =

U( Fonax I( MY 20

VI OVZ V2

Trong do U, . I, 1an lugt la dién ap va dong dién hiéu dung. Vay

0.1
y = 0;2 = 05 = 50%.
d. Coéng sudt tén hao trong tranzistor :
- Khi khong o6 tin hiéu vao :
Pp,o= Ugqy, I, = Ugede, = 20007 = 02 W
- Khi ¢o tin hicua vao
Pr= P, - Py = 02W - 0]W = 01W.

Bai tap 7. Cho tang R,

khuéch dai cong sudt mac %

theo so d6 didy kdo song
song trén hinh 18

Gia thiét tranzistor ly
tudng, tde Ungp = 0 va

Ly, = 0. q i
Cho bict U, = 20V
a. Tinh R, sao cho so

do lam viee & ché do B ;
b. Cho R = 200 € hé

=0 bietn ap m = 035 va N, _ -

la =6 vong cia cudn sg cap

bicn ap. Hay vé duong tai cia 2 tranzistor va tinh hiéu sudt cia so do.

Hinh 18

Giiii. A

b

! .y } . b J
a. 0 ché do b goc cat 0 = Py
Thien ap phai dam bao sao cho diém
fam viée tinh nam trén ranh gidi gita
dan va ngat cua tranzistor, nghia la ding
voi Uy, = 05V va I, = 0 (hinh 19).
Vi bién ap vao ly tudng, nén dién
trd cudn thd ciap bién ap bang khong.

1/

05 V

‘/Jfa= 43

Hinh 19
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Do do :
R, RI+R:,_ 100 R, +100

Upy . U. 05 20

R, = 3,9 kQ
b. O diém tinh Ugy, = 20V va I, = 0 (xem hinh 20). Do do dién tré phan
anh vé mot nia cuén so cip chta bién dp ra :
K, 200

R —
am”  4(0,35)°

,l(l) = = 400 Q

Iy

CImax . 5
\/ 01/0’/79 rar
) \ ,

Ye

Ze2max

Hinh 20 VI,
Vi do dée duong tai ty lé nghich voi dién trd tuong duong, nén dong cuc dai
trong moi tranzistor :
U 20

Iomix = R’l(l) = 400

= 50 mA

Can ci vao két qua niy vé duge dudng tai trén hinh 20.

- Cong suit ra :

U( A Ic U( Ty Irmu.\' &50.107'1

= 5 = 2 - = 2*,‘,_ = 0.5W
- Céng sudt cung cap : _
IL'I”(L\' ) 50.1074'1 2
P“ = U(‘(‘I”‘ = l/( T = 20 T = ; = 630mwW

Trong do I, la dong dién trung binh cia mot tranzistor, chinh la dong mét chiéu.

- Hiéu suit

Bai tap 8. Cho tang khuéch dai cong sudt mac theo so do day kéo néi tiép
trén hinh 21. Gia thiét cac tranzistor ly tuéng. Cho biét Uy, = Upyp = 05 V.

Thién ap cho tranzistor duge thuc hién sao cho dat duge bién d¢ tin hiéu ra
cuc dai khéng co méo. Tu C|, C, cd tri s6 di lon dé€ dam bao trd khang cia ching
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. : . . P, U.. =20V
xAp xi khéng tai tan so6 lam +oee

vige.
a. Giai thich nguyén ly
tam viée chaa so do.

b. Tinh R, R, sao cho

dong phan cuc qua ching la 1 |LE Up

mA. ' H e
c. Cho R, = 100Q, tinh

cong sudt ra cyce dai va hiéu Ry

suiat (bd qua cong sudt tén hao
trong mach thién ap).

Gidi.
a. Hai tranzistor trong so 1
dé6 mac theo ki€u mach lap Hinh 21

emito. D& c¢o tin hiéu ra cuc
dai, dién ap trén méi emito :

U,

5= 10V

4

U,

Do do dién ap bazo T,

Ugpp = U+ Uy = 10+ 05 =105V
va dién ap bazg T, :
Ugo = U, - Uy = 10 - 06 = 95 V

C, duge nap dén tri s6 10 V.

Khi U. > 0 ; T, ngat, T, dan. 1;ién ap ra trén emito bién thién theo dién ap
vao. Dién ap trén tai bién thién tit (0 = 100V, C, nap dién. Khi U, < 0 ; T, dén,
T, ngat, C, phong dién. liic nay tu (', dong vai tro nguon cung cap cho T, Dién
dp trén tai thay déi tr 0 dén - 10 V.

Trong ntta chu ky am cta dién ap vao, nang lugng tich trit trén tai rat nhé
s0 vOi nang lugng tich trit trong (., khi l7,. < 0, C, phong dién cham, do d¢ dién
ap trén C, hau nhu khong déi.

b. Tinh R, R, :

U

R, = R, = U _ ——2——U,,»,-= 10-05 _ 95 ko
2 Ji Ji 1073 ’
c¢. Cong suat ra va hiéu suat
Ulul (Vlg)z
== = 0,5W
R 10

Dong cung cdp chi ¢d trong ntia chu.ky dudng cua dién dap vao va co gia tri
cuc dai : '
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o2 10
I(‘nm:lx = _1%“ = ib“o :0,1A = 0,1 A

!

Do dé cong sudt cung cip :

. ]('nmm' 2 R
Pu = (/(‘L"Ilh = llu‘ T = ?“
Hi¢éu suat
Poon
Ny = ]'; = .Z._ =78 = 0,78.

Bai tap 9. Cho so0 dé6 bo khuéch dai trén hinh 22
Cho biét

: Ry = 33 kQ T L

R, = 12 kQ R Cez
) = Q) Rf[r] 7

,{{ - ],8 k..‘. 3

R, = R, = R, = 10 kQ

f = 500
s = 1560
. Tinh dien thé ciac diém
1. 2, 3. 4, b

b. Tinh dién trd vao va dién

trd ra.

¢. Xdce dinh xem day la loai
sd do khuéch dai nao, va tinh hé u,
s0 khuéeh dai K|, cia mach.

Giii, ~y =-15v
a. Lap phuong trinh dong Hinh 22
dien mit cho (4) va ()

Uv,-U, U,

Tk TR, T e =0

U, - U,

(S

R T (L + ) Iy = 0

(/-l = (/{ - (/“|."['_7 = llx - ().6
Thay (9-3) vao (9-2) va chuyir. vé, ta co :

U, ~U, -06

e = R
Thay (9-4) vao 9-1
U.-t, U, U,-U, -06
RTR T R+, S

Tu (9-5 rit ra

° +U =15V

(9-1)

(9-2)

(9-33)

19—4)

(9-5)



R-U R, + Ryl +/3,:)] +06R R,
(y'l =. -

R B TR TR o
Thay %6 vao tinh duge : U; = 118 V

Thav vao (9-3) tinh duge : Uy = U, + 0.6 V = 124 V
Thep so do. xac dinh duoge

U, = U + By, (9-7)
I,
l|,| = (] + /ivll) [”| = (I - /)’-ll’ /?/l (9"5’
U, -, =06
Iy = Ies = Bs Tpo = Py R

15 - 11.8 - 0.6
= 150 . - =0 s 1434 mA 9-9)
L8 105151 '

Thay (9-9) vao 9-8) : I\ = I,

= 1.434 mA
Do do theo (9-7) ta co

U, = =16 + 1011434107 = -066 V
U, = Uy + 06 = -0.66 + 0.6 = -0,06V
U, = 0.

N
P,
I
N
<
i
—
)

‘ ),
T e F 107 + /"lli[/.

\ 26.10
= 10" + 500 T

o= 100 + 09000 = 19 ke
[.434.10

I {
Zo= e = R = (93
Z, FER, R, 10 ke
¢. Day ia mach day kéo dung tranzistor khac loai. Mébi tranzistor chi lim viee
trong 12 chu ky. do do K3 = K
. ‘ ~f$
K, = -SR, = - R,
Ihe
] 1 500
Ky = = R=—— = ~hhhH
Ppei 910
K -ﬁr_»R -150.10" 150.10%.1,434.10 ¢ -
A, v = T T St 1) 3 N
- Phex L B2ty 150.26.10

Bai tap 10. Cho so do tang khuéeh dai cong sudt trén hinh 20

Cho biet U, = *15V '

Dong colecta T, ¢ ché do tinh
Teyn = 1 mA va Ty 5 Ty << ey

Dién ap. bazo-emito cia tit cd cdc tranzistor va dién dp thong cua tdt cad cac
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diot bang nhau va bang 0,6V ;
Bry = 100 ; ‘
I = 100153 vit B = 100 Q
a. Tinh R,, R,, R, cho trudng
hgp cong sudt ra cuc dai.

dong qua Ry

b. Tinh cong suidt ra va hiéu

sudt cua sd do.
Gidi. .
a. Bé c¢0 cong suit ra cuce dai

thi Ulf = I 15V

(S

Do do Upy = Uy~ 2Upp = 15

U Ve

- 2x 06V = 138 V
Ups 13,8 ° -y
Ta suy ra Ry = - — = «
Y o e 107
= 13,8 kQ. Hinh 23
Iz 1078 s
oy = By =700 =104
1 = 100 Ipp = 100107 = 107°A
2U. 30
R‘_+ R: = —I—=F = 30 kQ
2U,.~06 30-06
R, = 7 = 10_3’ = 294 kQ
b. Cong sudt ra :
k) (15)°
V2 V2
PN = Ay 7 = =X 7 = 1,125W
R, _102

-~ Cong suit cung «dp P, :

Dong cung cidp chi c¢d trong 1/2

chu ky dudng cta dién dp vao, do dd

U('(' .
IC\Nl]:lX = R =T_0 - 0’15 A
I3
Dong trung binh :
0,15

Ilh - 7T ’
. 0,
Pn = ZUchll" = 30 . T = 1,43 W
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- Hiéu suat

.Bai tap 11. Cho so d6 bo khuéch dai trén hinh 24. Cho biét :
- Hé s6 khuéch dai hiéu cla bd khuéch dai thuat toan (KDTT) K, = 2.10°
~ Céc tan s6 gidi han cua bo khuéeh dai thuat toan :
f, = 3 kllz ; fy, = 2 MHz ; f; = 8,8 MHz.
Tinh : ‘

a. Hé s6 hoi tidp cta mach K.

b. Xac dinh sai <6 tuong d6i cia hé s6 u R=10k Ry= 100k
; K . AKX . . cV1 T L
khuéch dai ctia so dé e khi coi b6 KDTT Ry = 10k
. O—E: - - u
la Iy tudng X, = «) Uy, . | o T
c. Cho biér troi dién dap léch khong
%: +0,3 nA*M'C. Tinh l‘u‘(‘mg troi cfla'dién Rp=47k
ép ra AU[‘U' DUO - i g. lo c V .
d. Dung mach bu "di¢n khong", chon tan
86 "di€m cuc” f, = 10 MHz. Xac dinh hé s6
khuéch dai vong K',, va dai tin lam viéc B’ - Hinh 24
cua s0 do6 khi ¢d bu.
Gidi.
a.
] R\/R, 5 1
Ky, =971

(R Ry) +Ry  5+100 21
b. Theo (7.20) khi K, = 2.10° ta cd

I i K Ry Khi cof
KR, Tk VK =gy g, (i ol Ky = =)

Tu (7.20) suy ra :

K - K = KK do dd
N = K,,—’ o do
K-K aK K En@R/R; 100/5 -
K “KTK°~T K " 210
Ry
C. Al/l'() = =+ _\(/v”(.l +i\.;_l7ie_)) + AI(,RN

= +3.10" 1 + 1—@» +0,3.107.100.10°
= +3. _ = ,3.107%.100,

= + 63.10" + 30.10° = x 93.10°"
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d. D& xac dinh K, vi B’
ve d6 thi Bode tréen hinh 25, Do
rong dai tan caa =g dé khi co
bu : B' = f; = 3,8 MHz

Hé¢ s6 khuéeh dai vong khi
co bu (xem hinh 25)

/
K dB) = K gdB) = o dB)

Vi

N
hoac
S Y T It 4o e b
r Hinh 25
(\_ = 210" l_ 2_1(_)“ = 2.10°
po 21307

«Bai tap 12. Cho bo khuéch dai thuat toan vdéi tham =0 sau

- H¢ 56 khuéch dai hieu K., = 210

- Cice tan 30 gioi han @ /) = 3 kMz : /5 = 2MHz va fy = 3.8 MHz2

Bo khuéch dai dé duge mac theo kidu mach lap dién ap

a. Dung mach bt 1 didm cue d¢ bu dae tuyén tan s0 sao cho luong du tra

vé pha ¢ = 45", Tinh hang s0 thsi gian 7 cia mach bu.

b. Néu dung mach bu cue - khong 2 khau df bu sao cho luogng du tru vé pha
pr = 45°. Tinh tan s6 diém cye f, cda mach.

Gidi.

a. Tan s6 cat mdi cia so do° khi dung mach b mat didm cye -

'O = fi = 3 kHz, do dd tan s6 di€m cve cia mach bu duge xae dinh nhu
sau
g /
f/' - I\;|‘:; B I\'”“R’/”
Vi bo khuéch dai mac theo kidu lap emito, nén K, = 1. Viy
_ 3.10°
fp = o, =005Hz = 0,15 Hz
) 2.10
) 1 1
I\rlﬂt khac fli = 2,’!]\;(' = :_5.}{7'. suy ra
I 1
T=- = o= - s,
2afp 210,15

b. Dung dé thi Bode trén hinh 26, xic dinh duge :
fin = 1 = 3 kHz
fo=f, = 2 MHz
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Trong khoang {f] o dac
tuyen co do doe - 20 dB/D, do do
I,

no

Trong khoang Y i dac
tuyen co do doe - 40 dB/D, do do

2’]‘)‘l
= - =667
3.10°

Yy

K. = K, (pfy)~ suy ma

_ o] K Ly 667
= /IV k=310 \j L10°

17
h47,85 Haz.
Bai tap 13. Cuang bo khuéch dai
thuat toan c¢o tham s06 nhu trong bai

tap 12 va cang mac theo so do mach

lap dién ap.

14

K, (d8)

-200’8/P

|
1
|
I
I
| L

b £ty L f fo logf
Hinh 26

a. Tim tan =6 diém cyc khi dung mach bl eyc - khong, vai do du trit vé pha

ey = 45" va tinh dd rong dai tin B’

b. Trong mach bit nay thinh 27, chon R, = 10 k.

con lai cia mach bu.
Gidl.
Atlll

K, = 210

(Xem hinh 28), do do f, =

= 2

4

MHz

I\

100 R

;= SR . do dd
3100 R, +10°

tinh tri s6 cac phan tu

100 Hz

&

do do C
1 1

= = e = 1GnF
21R v 24.3.3.10°.3.10°

Bai tap 14, Co thé dung so do khuéch dai trén hinh 28 lam tang

fo

f/ fv fof: 1097

5

Hinh 27

vao cho mot

mach khuéch dai van nang duge khong, vi sao ?

Gidi.

Tinh hé =3 truyén dat cia mach bang cach lap phuong trinh dong dién mit cho

nut- N va nut b
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nhan duge :

394

i : - +— +—=
Nat N r ‘R, 'R, 0
uh uh ur ll.h
. . 4 =
Nut 6 : R, R, R, 0

Tiu 2 phuong trinh trén gidi ra, ta

U 1 (B3R4+R,R,+R;R;)
U. R, "R, +R,

Vay K ty lé nghich véi R|, mat khac trd khang vao cia so dé6 Z, = R,. Muon
dung so d6 nay lam tdng vao cho moét mach khuéch dai van nang (phéi hgp  dugc
v6i moi nguén tin hiéu) thi Z, phai 16n. Diéu dé mAu thuidn vdi yéu cdu vé hé s6
truyén dat lon cta mach, nén ndéi chung so.dé khong thé lam tiang vao cho mach
khuéch dai van nang dugc.

.Bai tap 15. V& mach dién dung bo khuéch dai thuat toan thuc hién phép tinh sau :

X = -a-4b+ = (15.1)
) 2
va tinh toan gid tri tuong d6i cda cic linh kién méac trong mach.
Gidi.
Mach dién ¢ dang nhu hinh 30. Lap phuong trinh dong dién mit cho :
a=Uy b-Uy ,_pV ‘
it N : : + + = 5.2
Nat N R, R, Ry 0 15.2)
¢ [jp L,p
Nut P : R, —ﬁl—’= (156.3)
cRI,
Tu (15.3) rit ra : P=§3—+1—2;
Cho U,= U.N , thay vao (15.2), giai ra dugc
Ry Ry
+—+—
R, (2 R, R2>c Ry Ry
x = R_Z R[, —Ea - 'R—z‘b (15.4) .
(1 +§;> o——é r-RNi
% r
So sdnh hé s8 cua (15.1) va (154) rit ra P
’ 2
‘Z—G
o)
AN~ Ry=R R o
Rl - N = £¥] v
Rh’
-12—2 = ]. - RN = 4R2
Hinh 29



RBpi+1+4 1 & R
Ry R, 2 a o—L} —{
+—
(1 R1> R/4
’ bo- - -
— Ry =11R, . 1R’ N | o X
T két qua tinh toan, vé lai
so d6 trén hinh 31. R’
‘Hinh 30
., Bai tap 16. Cho mach dién hinh | Ry R
31 va cac tham s6 : vi °
R, =2kQ ; R, = 6k
f 2 UVZO—-L—_ﬁ* - y
Ry =2kQ ; R, = 4kQ Ry —o
Ry = 12kQ ; R, = 4kQ Yy o +
R
a. Xac dinh dién ap ra U, theo céic UMO-—-['___EI——'
dién ap vao U, , U,,, U, va U, . R
b. Tinh hé s8 héi ti€p cta mach. P
Gidgi .
) Hinh 31
a. Dung nguyén ly xép chéng, tinh
dugc:
Ry
Un = —g U (16.1)
Ry
U, = —-R—Z 2 (16.2)
R,/ R, Ry
= + ; .
Us = &, +Ry/R, (1 Rl//R2> U (16.3)
Ry/R,
= + :
Ui = R, ¥ ®y/R) (U =ormy) U (16.4)
Thay tri s6 cac dién trd da cho vao ciac bi€u thdec (16.1) + (16.4) xdc dinh
duge :
‘ 9 9
U,. = Url + Ur2 + Urz + Ur4 = “6Uv] - 2UV2 + ’Z—Uvr; +ZU‘,4 (165)
b K. = R\/R, 1
UM T Ry +(RURy) 9
Bai tap 17. Hinh 32 bifu dién dd thi thoi gian cta cac dién ap dat & cida

thuan U, va ciua dao Uy.

(
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Vé d6 thi thoi gian cha dién Ap ra theo ciae dién ap vao do, cho biét hé <6
khuéch dai hiéu cia bod khuéch dai thuat toin K, = 10Y «chu y : tinh chinh x:ic
toa do cdc diém gay).

t Y, Up (mV)

~-4,24 —
Hinh 32 ‘ : UP

Gidi.

Dung bi€u thae U, = K, Up - Uy, tu do tinh duge toa do cdc diém gay va
vé duge d6 thi thoi gian dién 4p ra trén hinh 3.4.

0 } } t ——
1 2 3 4/-50 ¢
-t — — — —
0.0 D (233 ; 2 H -0,33 : 5 M (-1,33 : &)
A5 1) E (a ;3 I ;6 N3 o
B 25 ;1 F (-3 .3 K 1,66 ; 7 P (-1.66 ; 10)
C (1,33 ; 2) G (1,66 ; B L (033 : & Q (-2.66 ; 1M

R (-1.33 : 1D
Hinh 33 ‘
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Bai tap 18. Cho 2 bd khuéch dai thuat toan A va B vdi cdc tham s6 cho trong

bang 18.1, trong dé K,,, la hé s6 khuéch dai hién tai tan s6 f = 0

3 1A cde tdn s6 gidi han ndi chaa bo khuéch dai thuat toan

g I =12,

Bing 18.1

._____.__‘..‘.___r

]
Koo (dB) Igy (kHz) Iy 43 ‘
A 92 10 180 kHz 12 MHz
8 105 10107 - 10 MHz > 10 MHz

a. Hdy vé dac tuyén bién do va pha cda 2 bd khuéch dai dd. Xac dinh toa do

cac di

ém gay.

b. Xac dinh tan s6 don vi cua 2 b khuéch dai do

c. Khi nao thi dac tuyén pha ¢, = -180" ?

Gidi.

a. Hinh 35 bigu dién dic tuyén bién do va pha caa 2 bo khuéch dai A va B.

At Ko (dB)
1207

)
00+ |

|
80 + |

|
60 1 l

I
0y

!

|

|

(1)
(2)
(3

4)
(5
\ (6) :

. 92 dB; 10 KHz
. 70 dB; 180 KHz
. 37 dB; 1,2 MHz

105 dB; 10 H:z
0 dB; 1,8 MHz = [,

A

Hinh 34
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Véi bd khuéch dai A, ta tinh duge cac toa d6 theo cdc bidu thue sau :
(1) : x; = 92 dB

92 dB - 20 1ogfi‘ ~ 70 dB
¥l

(2) : x,

«

fu.‘
@) :x; = x, - 40 log?— = 37 dB
x2

(4) : fya = 1060 . f,; = 510° Hz = 5 MHz.
Véi bo khuéch dai B :
5) : xs = 166 dB
frw = 109 r, = 18 MHz.
b. Theo dac tuyén da vé, ta co
fia = 5 MHz
fiy = 1,8 MH:z
c. Vai bo khuéch dai A
Goc ¢y = -180" khi fi2 < < fy3 hay 180 kHz < f < 1,2 MHz
- Voi bo khuéch dai B trong pham vi f < 10 MHz khong khi nao xay ra truong
hop ¢y = -180".

Bai tap 19. Cho so d6 khuéch dai U,
thuat toan trén hinh 35.

Tinh dién ap dong pha cua so do.

Gidi.

Do cédc dién trd B, = R, nén dién _L - Upr

. U, , R, xR
ap dong pha U, = Up = Uy = — _ 1~ 2
2 Hinh 35

Bai tap 20. Cho bd khuéch dai thuat todn vdi cac tham =6 sau :
Hé s6 khuéch dai hiéu & tan s6 thiap K, = 100 dB

Hé s6 nén tin hiéu dong pha G = 110 dB.
bDién ap vao hieu U, = 0,01 mV

Dién d4p vao dong pha U, = 2V.
Tinh dién ap ra.
Gidi.
Knn
Uu. = K,, Uy £ WU””
K., = 100 dB = 10°
Klll) .
Gr = 10 dB = 0,3
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Vi G co thé ldy ddu tuy y, nén dién ap ra co thé€ dao dong trong pham vi :
U = 04 V dén 1,6 V.

r

Bai tap 21. ®ho so d6 trén hinh 36. Cho biét dong tai cuc dai I, = 5 mA.
Tinh gia tri cuc dai cua dién tré +15V
t;‘li RUTT.'DX' + ) :

Gidi. lr

I < L = -

_ _ermi, - 510°3A UV Rt

R, +R, _ 5y

Co thé coi dién 4p ra cuye dai

Urﬁ\:\,\' = 16V JV Rl=1kﬂ

Thay vao, tinh duge : ° ‘

T, < Ry = 2 kQ. Hinh 36

Bai tap 22. Cho sd d6 hinh 37. o —F

1 R,

Vist diéu kién d& cho mach lam °——E:)-———-J 2
vice. 6n dinh khi hd mach dau vao, Y% U
mach ¢o 6n dinh khong ? Xac dinh R

4

dién Ap ra cho truong hop hé mach

dau vao.

Gidi. Rj?

Diéu kiéen 6n dinh cta mach : .
Hinh 37

Rl R}
> ——

R, ” R,

"Khi hd mach dau vao, ¢6 héi tiép am toan phan, nén mach van f)’n dinh. Truong
hgp nay U, = 0.

t Bai tap 23. Cho mach tich phan trén hinh 38.

a. Tim quan hé U, = fiU,,, U,,)

v
b. Cho U, = (1 + 10 sinwt) V va
Uy = -1V
C = 1uF R,
R, = R, = 100 kQ Y, 1|
Xac dinh bifu thic cua dién ap ra. R, ¢
c. Truong hop U, U, déu la tin Uvzo——{:_

hiéu mot chiéu, hay vé mach dién Un
thyc t€ bao gébm ca phan cung cdp
nguén va cac mach phu dé dam bao

cho mach lam viée tdt. Yéu cau cho
gia tri tuong d6i cua cdc linh kién
mac trong mach phu (vé loai mach - Hinh 38

hu don gian nhat).
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T do suy ra

1 U, U,
= — | |=—+-="|at
U, ~J R R, |
b. Do R, = R, = R = 100 kQ, nén
1
U, = *Eﬁf (U, + Uy dt

= -10 (1 + 10 sin 100 t - 1) d¢ = cos L0Ot

' h
c Mac ’ dl(;‘l? + Upe
hoan chinh cua bé
khuéch dai thuat U R, c
. . N ve 11
toan duang lam mach oL 17

tich phan doi véi tin

hicu mot chiéu  duge L s N

bi¢u dién trén hinh R,
|

Sy

40. Trong do cae linh
kién duge chon nhu
sau '?3
 Ry;=R|//R,=50k
R, >> R,
Chon R, cd MQ
Chon Rs ¢ bai . = e
chue kQ.

"~
]

Hinh 39

Bai tap 24. Cho so d6 khéi cua mach diéu khi€n trén hinh 40. Dac tinh tan
$0 clia cac phan tir trong mach duge bi€u dién trén do thi Bode hinh 42. Quda trinh
diéu khién phai dam bao sao cho dai lugng bi diéu khién K (t6c do moty, khoing cach
cAn gat, ..) ty l& vdi dai lugng vao Z. Dai lugng héi tiép X ty l¢é vai dai lugng bi
diéu khién K.

Néu thay PID bdi mot mach khuéch dai co dac tinh tian s6 nhu duong K. trén
hinh 41 thi d6 thi Boke cta hé =6 khudch dai vong K, v cua ty =6 aZ thay déi
nhu thé nao ? Hay vé cac d6 thi do, so sinh vai trugng hop dung /[0 va nhan
x6t.

Z
O—= Mach Y Phin X
‘A /DID d A
g b

Hinh 40
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log /

Hinh 41. Dac tinh tan s6
K, : mach hiéu va phan t& diéu khién
K, : PID '

“~

Ky = K| K, = K, : hé s6 khuéch dai vong
K, = X/Z ; K’; : mach khuéch dai thay cho PID.
Gidi.

D6 thi Bode ctia K, va X/Z cho truong hgp thay PID bdi 1 mach khuéch dai
dugc biéu dién trén hinh 43

\K@8)
-/Q
0 - >
log#
Hinh 42
K’3 : hé s6 khuéch dai vong
K4y = X/Z.
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Theo d6 thi K’j, ta nhan thay pham vi diéu khién trong trudng hgp dung bo
khuéch dai (< f)) nhoé hon trong truong hop dung PID (< f3).

Bai tap 25. Cho so d6 khuéch dai cong sudt trén hinh 43a va 43b. Phan tich
uu khuyét diém cua 2 so dé do.

—
O—D—J - | - - D
+ A’L?c " © + KdCs
(@) ()
Hinh 43

Gidi.

(a). TAng cong sudt cudi cing nam trong vong héi tiép cta bo khuéch dai thuat
toan, nén so d6 nay o6 dday du uu di€m cla so do6 khuéch dai dung héi tiép am.
Nhung & diay mach dé mit n dinh hon do dac tuyén tan sé cia hé sé khuéch dai
voing K, ¢ th€ co nhiéu tan s6 giéi han hon.

(b). Tang cong suat cudi cung nam ngoai vong hoi tiép cua bd khuéch dai thuat
toan, nén nd khéng cd cdc uu diém cia so do khuéch dai dung héi tiép am. Nhung
mach dé 6n dinh hon. L

Xét vé ky thuat, so d6 (a) t6t hon (b). Khi dung (a) can chu y bu tan sé.

.Bai tap 26. Cho so d6 PID va do6 thi Bode tuong uUng cta nd trén hinh 44. .
Cho biét : :
K', = 40dB ; K, = 60 dB ; K, = 80 dB ; f, = 100 Hz va f;, = 100 fy.

(8}
a. Tinh fN’ f17 fZ'
b. Xdac dinh gia tri tuong d6i cta cdc linh kién mac trong PID do.

¥

Rs K'(dB)

0 ]

&L—D————H?—E'ﬁr———- 80
b A
W ¢ &

|

! [

(s) 20+ | l | l
| [
| l

O logiy  lnf,  luf, logf logt

(8)

Hinh 44
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Gidi.

a.: f, = % (25.1)
fi= 'ZH;;C;' (25.2)
1
2= 5k ,C, (25.3)
fn= Zt-RlTrCT\; (25.4)
K’, = 40 dB.

AR 90 = 20 (log K’, - logk’) = 20 1ogf—2

A(logf) fi
- K’| dB = 20 log fylf; + 20 logk’, = 60 dB (25.5)
K’, (dB) = 20 log f\/f, + 20 logk’, = 80 dB (256)

Tu (25.5) va (25.6) suy ra
fn = 10 kHz ; f{ = 1 MHz ; f, = 10 MHz ; f, = 100 Hz.

b. Thay gia tri cadc tdn s6 da tinh dugc & phdn a vao cdc bi€u thic (25.1)+(25.4)
va gia thiét chon truéc R,, tir (25.1) suy ra

1 N : 1 R,
CN=-—————_—2-_;tu (25.4) suy ra : RN=_7__=_2
27R4.10%, 27.10°Cy 10
Trong biGu thic (25.2) va (25.3), chon trudc C,, ta cd :
R ! A R, =
= ———— Vva =
' 2n100C, 27 21107

Chii y : Vi ta ¢ 4 phuong trinh va 6 &n s6, nén phai chon truéc 2 &n s6.
.Bai tap 27 Cho mach tich phan trén hinh 45
a. Xdc dinh bi€u thic UAU,,, U,)

b. Cho U, = -0,2V 4, R ?
U, = -03 + 0,5c0s6,28.50t, V =

V.

R = 50 kQ ; C = 2 uF. Y,
Viét bi6u thuc chinh xdc cta U, Ib—':'"_[ﬁ
theo U, .

c. V& d6 thj thoi gian cia 1 chu
ky dién ap ra.

Gidi.
a. Viét bi€u thic dong dién nut cho cdc nit N va P, cho Uy = Up, suy ra :
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1
U, = pa (U~ Ut (26.1)
b. Thay cdc tri s6 da cho vao (26.1) ta nhan dugc
U, =~1t + 0,015sin27.50¢ . V (26.2)

c. D6 thi dién ap ra vé trén hinh 46

Up (mV)
71
——— — == 1]
!
| |
!
| ' :
T35 I
l
| f
l
|
| l
| |
7 5 3 ¥ ¢(ms)
| |
! |
|
l |
l 1¥ |
1 ‘ |
i M |
! .
DY // |
—— = -7
Hinh 46
8 R .. NN A : U
Bai tap 28. Can phai bién d6i mét trd khang co gia tri ban dau Z = 7=
v , : ,
1 kQ thanh trd khang Z’ = 7= 2 kQ. Dung rotato dé thic hién phép bién daéi
do.

a. Vé dac tinh V-A tuong ung véi Z va Z’, cho biét dién tré bién d6i Ry =
1 kQ )

(Biet Ry = ; vOi a la hé s6 ty 1é cua truc hoanh x = aU va b 1a hé s0

a
b
ty lé cua truc tungl y = bh.
b. Can cd vao hinh vé& & phdn a, 'xac dinh gdéc quay 6 (khong tinh dén s6 lé
caa do). .
c. Cho biét so d6 nguyén ly cia retato nhu trén hinh 48 va cac bi€u thuc :
. Ry, -

- R - i
Ri= G B0 = RMtg‘?}f

Tinh R4, R, va vé so d6 cu thé cua mach.
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Gidi.

a,
* Z(mA)
st
4t———— ——
~ |
3t 6
|
2T— — =/ — = v
| ’
e | ¢
g —t—t :l + >
1 2 3 4 5 Uiv)
> 'z .
Hinh 47 Hinh 48
. i U . , .
Vi Ry, = 1 kQ = 7 do dd néu truc U c¢o thu nguyén la V thi truc I co thd

nguyén la mA.
b.# = p—¢ v6i ¢ = arctg 1 = 45"
1
¢ = arctg-i = 26,56" =.26"
H = 45" - 26" = 19"

c. Theo mach dién hinh 48 va cdc cong thic da cho, tinh duge :

R — _}_? M — ,,A.—_,]O_}, — 3 kQ
+ 7 sing 0 0,32557 0 K

Dung dién trd chuian 3,1 kQ
R, = RM—l;ES—HzRMth = 10° tg 95" = 167 Q
siné 2
Dung dién tré chuan 150

Mach dién cu thé nhu bi€u dién trén hinh 50

21K Z, Co thé chon R tuy y.
o——{ T oY
P A R
R
-+

500

Hinh 49
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Bai tap 29. Cho bang tham s6 ctia mach loc Butterworth trong bang 28.1:

Bdng 28.1
¢

n i a(p) bi(P?) g/t 0,
1 1 10000 00000 10000 -
2 1 14142 10000 10000 071
3 1 10000 0,0000 10000 .

2 10000 10000 12720 100
4 1 18478 10000 07190 054

2 0,7654 10000 13900 131

a. Vigt bi€u thdc téng quit cia mach loc Butterworth thong cao bac 4 theo
bang dd. o

b. V& mach dién nguyén ly dung khuéch dai thuat toan thuc hién mach loc do.”
Cho biét mach loc bac 2 la. mach loc dung 1 vong hoéi tiép duong. Mach dién cua
no dugc bi€u dién trén hinh 51 véi bi€u thitc ham truyén dat theo (28.1):

£, = o= K (28.1
L A U S R e > 1 b
Pug [ RiC) RC, R 1] p’wg’R,R,C,C,

c. Gia thiét
Tan s6 gi6i han cia mach loc bac 4 : f, = 100 H,. |

Tinh tri s6 cac linh kién cdn lai trong mach.

q]ez | |
u,o— L
¢y Q
Ry — %
[J] R, = (k-1)R;
Rs
Hinkh 50
Gidi.
a.
Kl . Kz
Ky = 0,7654 1 1,8478 1 (28.2)
(1 +—+—> < +~—+—>
p p2 p p2




b)

a M +
1 CZ R1 e Ur
f; Re = (K-1) R,
Rj
Hinh 51

c. Ry =R; =R, do d6 véi mét mit loc ta cé:

- _ K (28.3)
d 1 (3—K) l
g\ RC )T Pol e
K
a = - by = ——=s
@ R( W RCT
_a ’
K =3-- - 3-0,7654 = 2.2346
‘]
"; 6
rRo ="K 3722346 b00104s
w,a = 2710% 139.0.7654 -
R,C,=R,C; =0,001145
S
(v] =(: :10‘6[:;Rl __:R: _9_9(2)1714__1145k9

R,=4kQ, dodo
R, =(K, - R, =123464.10° = 4,94kQ
K,=3 -1,8478 =1,1522

PO t N 3-1,1522 I
L G = = =
w.a, 2m10°.0,719.1,8478 27.10°0,719

(,':‘1 =10_(‘P‘———-)R'1 =R"2= > 1 * = =22k
27.107.0,719.10

Riy=R(K,-1)=410°(1,1522-1) = 0,6kQ
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Bai tap 30. Cho bang tham s6 cia mach Bessel trong bang 29:

Bdng 29

- - - B 7

" i ' a(Pn) b,(1*) Tl '

1 1 10000 00000 1000 ‘\

2 1 13617 06180 10000 3
3 (1 07560 3 0 13230

| 2 09996 04772 14140 1

4 (1 13397 0.4889 09780 j

2 07743 0.3890 17970 ;

1 J

a. Viét bi€u tKuc téng quat ctia mach loc Bessel thong thip 3 theo bang do.

b. Cho mach dién cta bo loc bac 3 do trén hinh 53. Ham truyén dat ctua khau
loc bac 1 va bac 2 lan lugt la

Uw RZ/RI
Kdl - U’—l = —+ P(u’:RJF
U, K
Ky, = U.= . T o TSI
2 1+PufR\C +R,(, +(K - WR ()] + PrlR RS\ C,
Cho biét tan s8 gi6i han cua toan mach fo = 100 Hz. Heé s6 truyén dat 0 tan
s6 thdp cda toan mach loc Ky, = 1 ; C = 220 nF, ¢, = 47 nF Tinh gia tri cac
linh kién con lai caa mach. ' :

Gidi

o—i| |
& +—
HT'R3 (K,-1)
R3
Hinh 52
Ky,
a. Kd = 3
(1 +0,7560p)(1 + 0,9996p + 0,4772p%)
. RZ
b. Ky =5 =1—>R =R, =R —->K =1
d R, L .

o 0,756
w,C  2710%1.323.220.107°

a, = 07560 = wR,C — R =

= 4,14 kQ
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a,Cy £ VaiCs — 4b,C,(,

R 1.2 = 4.7!f(;,:ClC'2 . ‘291)

bé R’;, R’, thuc; ta cd :
C, 4b, 404772

1,9103.47.10°F

>——=—"""" = 19103 - C, > 19103C,
Ci " a3 (0,9996)°

P

Lay gia tri -giéi ham :

C, = 1,9103C, = 1.910347.10"'F
€, =~ 90nF
a,C; 0,9996

4nf2CCy 7~ 47.1021,414.47.10
Bai tap 31. Cho mach dién trén hinh 53 cho biét R = 1 kQ.
Hé s6 khuéch dai dong dién cua trauncistor T @ a = 1.
Dong bao hoa emito /4, = 1 mA.
Viét bi€u thic (ngan gon nhat) bi€u dién quan hé giita dién ap ra va dién ap .
vao va xac dinh diéu kién dé mach lam viéc duge.

A
A
&
R4
o—{__}—
Y
Hinh 53
Gidi .
—-KU? -30,
Uni = 3 =U, —-U = &
U, -3U, —3U..
UZ " (In3 3U|'
U = 4R = -al,,, Rexp I-Tl = —al| L, exp 77_7 T -
. 1 - \
AR (/‘l A..z(/'\/k'
U = -3

D€ mach lam viéc duge phai dam bao diéu kién U, < 0.
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Bai tap 32 :
Cho mach dien trén
hinh 54. Cho biét
U, = lsinwt, V. A, la
bé so sanh khéng co
tré vl diéen Ap ra
+9 V.

a. Vé do6 thi thdi
gian cua Uy, U,, U,

b. Vviét bi€u thuc
dién 4p "ra theo dién
ap vao.

Gidi ’ Hinh 54

a. D6 thi thsi gian U, U, U, vé trén hinh 55.

<
&

Hinh 55

b. Tt hinh 55 c¢o thé suy ra
U, = -9U,
Mat khac theo so dé ta cd :

U, U?

/

(]N = 7b+—2— = 0 — Ur =‘!_U2 =\19|UU| =3JIUU|

hoac U, = 3y [sinwi| Ve

Bai tap 33 : Cho mach tao g-—-~ ‘ - — = _ -
ham dung khuéch dai thuat toan F
hinh 56. Gia thiét bo khuéch dai
thuat todn va cac diot Zener déu . -
la cac linh kién ly tuéng. Cho R,

=5 k@ ; B, = 10 kQ. Cac dién ey R . )¢
ap Zener U, = 4V va U,, = 8V. \/

Dién ap ra bdo hoa cia bo \
khuéch dai thuat toan ; U, = _ g _ 1 N/ _
+12V. Tinh toan va vé dac tuyén
U, = fiUy) cia mach dién d6. Hinh 56
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Gidi.

. R, 10

*KhloVSUrs4V —-»-K:——~=-5—=2_,Ur=_2Uv
1

. Ry* 10

* Khi 4V < |U| s RV — K = 9R. =95 =1-U, = -U,
| ] -
, R, 10 2
] .

T céac két qua trén day vé duge quan hé U, = fIU,) trén hinh 57.

Vu.v)
_12

_Qr_______ _——

Hinh 57 |
Bai tap 34 : D& bién d3i dién 4p hinh sin ra dang xung vudng cCing bo so
sanh c¢6 tré trén hinh 58.

1 R

toan U, = =*15V. Tinh toan va vé dac tuyén U, = fIU,) cua mach.

a. Cho Uy, = _—5V ; dién 4p cung cAp cho bd khuéch dai thuat

p o
b. V& d6 thi thoi gian cta dién ap vao va dién 4p ra. cia mach cho trudng hop
da tinh & phdan a. Cho biét dién 4p vao
U.=—-2+10coswt, V
¢. Muén dién é[; ra la day xung vuong déu (thoi gian ton tai cua xung duong
bang thdi gian ton tai xung am) phai thay d8i thong s6 nao cia mach va thay déi
nhu th€ nao, tinh cu thé va vé d6 thi thoi gian caa U, va U, d€ kiém chung.
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Gidi

a. Ty hinh 59 viét dugc

O Sy S Sl 7
P 1'R| +R]) ,‘Rl +R/? - lA’V - Uz‘/l
R, R,
= U +—\ - U, —
U, l&.h<1 R,,) U, R,
Khi U, << 0 thi U, = ~-15V, do dé mach chuyén trang thai tai
1 1
U, = U = 501 + E) + 155 = -3V
Khi U, »>> 0 thi U = 15V, do d6 mach chuyén trang thai tai
1 1
U, = Uvmin = —15’(1 + g) - 155 = -9V

Tu cac két qua via thu duge vé dac tuyén U, = fiU,) trén hinh 60.

Ur(v)
15 —
-9 -3
7 4w
4 75
Hinh 58 Hinh 59

b. D6 thi thoi gian cua dién d4p vao va dién dp ra duge bidu dién trén hinh 60.
c¢. Muén dién ap ra la day xung vudng déu thi cdc muc ngudng
phai d6i xing qua goéc cua U,

v

va U,

J .
vmin VX

Gia st :
U, = U, + 10coswt, ta cd

lUn + Uvmuxl = ‘Uvmin - U”]
Do U,pin va Yyq. d0i xing, nén

U viniax Un - U vImax u, > 0

Uvmin < U, — l]vmm - Un <0
Biéu thuc trén duge viét lai nhu sau

Umax = Uy = “Upnin+ Uy, = Uy + Uyin = 20U,

R, Rl
u, . . = U,1+4+ —)+ 15—
VMix ch( R/) ) Rp
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bow)
15 - —— R
"
4
¢
|
__/5 L o —_
Hinh 60
bow)
75 —_———— - - T
A

‘N nlai - — - =

Hinh 61
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R
U

vmin
RI’

R,

1
Ug(l + =) - 154 -

R,

U, = -2V

Thay vao ta duge :
R,
Tl + =) = =
Ul Rp) 2V

Chia lam 2 truong hgp dé xét

* fl— zf—l = U, = ZE(V) = ——IOV)
R, T5 T T P = 7Y S 6 ¢
* Uy, = connst = -5V.
Rp-5 — Rp— 5 < — khong cé y nghia.

Viay mudn cd dién 4p ra la day xung vudng déu,' phdi chon Uy =

-10 6 15
Umx = 5 5+t5 = 1V
~10 6 15
Uvmin = 6 ‘5 5 = -5V

Do thi thoi gian cua U, vA U, cho trudng hop nay
dugc bi€u didn trén hinh 62.

Bai tap 35.

a. Tim chu ky T cta tin hiéu ra va tim tri s6 T,
vat, biét rang T = t; + t,. Cho biét diém ap chudn
U, = 866V va U, = 10sin314T, V (goi ¥ : v& dién
dp ra roi tinh). )

Cho mach so sanh trén hinh 62.

£
b. Vé dinh tinh dic tuyén T = flUg) va nhén xét.
Gidi.
a. Vé dé thi thoi gian cia dién 4p vao; dién 4p ra trén hinh 63.
Chu ky tin hidu ra bang chu ky tin hiéu vao, do do

uﬂfR R

ﬁ

Hinh 64
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2 2m
T=?=ﬂ=0,02s=20 ms
Mach lat trang thai khi U, = U, -— U, = 10sindl4t = 8,66V
866 g t, 2 1
Oo = aresinm =3 W T W T a4 T 300
_ 21 , O 2
Gom =0 =7 T T 0 T 5817 500
! 1
o =t, - t, = 300° = 3,33 ms.
’s I 7][ " ()”u T 7
Po =TT T Tl T e T aa1a T 500
i ) 72 5
ty = t°, t', = %—%—3005‘

t, = 16,66 ms hoac ¢, = T - ¢, = 20 - 3,33 = 16,67 ms.
Bai tap 36. Cho mach tao ham trén hinh 64 va dac tuyén truyén dat cia nd
trén hinh 66.

Ups
70R \

Y,

% p +

<o

&

Hinh 64

a. Viét phuong trinh cho dic tuyén truyén dat bi€u dién trén hinh 65.
"b. Tim tri s6 cta hé s6 phan ap ¢, va q4 tinh U, va U, d€ c6 duge dac
tuyén truyén dat ‘da cho. Cho biét phuong trinh dién ap ra.

Khi 0 < U, < |Uy : Uy = ~102g, - 1) U, - 1) U, - Uy (35.1)
va khi U, > |U,]| :
U = U, + 10, - DU, + U,
= -10 (¢, - DU, - Uy + 10 2q, - 1) (U, + U, (35.2)
Gidi. | |

a. Phugng trinh dic tuyén trong doan AB
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13 »
v, = 5U, -10 135.3)
Trong doan BC :
3 18
U, = -ZUV + Y (35.4)
!
I
I
- ‘. + + 4 ' + K
4 & ’ ' '
Hinh 65

b. Tu (35.1) va (35.3) suy ra

7
%4 = 2 va U, = 10V

Vei U, > U,, ta co

3 18 13 B
U = U+ = U, - 10+ 102, - 10 U, + U,
: 29 58
Do dé 102¢, -~ 1) (U, + U, = _TU"+_:1_
11
Giai ra ta cd ¢. = 50 va U, = -2V.

Bai tap 37. Cho sd do bo loc Bessel twén hinh 66
C,, = 100 nF
Xac dinh cac tinh chdt sau day cuia bé loc :
a. Bac bd loc "
b. Tinh ch&t cia bo loc (thong thdp, thoéng cae, thong dai)
c. Viét biu thic ham truyén dat cia bo loc va dua vé dang', chu&n té,é theo‘
(36.1)

416



R, = 12,03K

Hinh 66
K

drmax

Kypy = (36.1)

(1 +a,P +b,P%

d. Can cu vao bi€u thic da viét va tra cdu bang hé s6 chia bd loc d€ xde dinh
tdn s6 gidi han cua ting khau loc va cha ca bo loc.

Cho biét hé s6 cia mach loc Bessel trén bang 36.1.

Bdng 36.1.

Bac bb loc Knau loc thl i a b, tytg
1 1 10000 0,0000 10000
2 1 13617 06180 10000
3 1 0,7560 0.0000 1323
2 09996 04772 1414
4 1 13397 0,4889 0978
2 0,7743 0,3890 1797
5 1 0,6656 00000 1502
2 11402 0.4128 1184
3 06216 03245 2138
Gidi.
a. Loc bac 3 : 1 khau bac 1 va 1 khau bac 2
b. Loc thong thap.
c. Xdac dinh bi€u thdc cua khau loc bac 1 :
K ! (36.2)
= +Puw R, Cy )

Xdc dinh biéu thic cta khau loc bac 2 bang cach lap phuong trinh dong dién
nit cho nat (1) va nit N. Tt d6 rmit ra ) :

U, 1
Ky, =

7 = >3 - (36.3)
v 1 +ngC21(R2| +R,,) +P wgCZICZ'ZRZlRZZ
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Tu (36.2) va (36.3) suy ra ’ham truyén dat cta toan bo loe theo (36.4
i
Ky = Kg Ky = oo e (36,4
(1 +P(ulkfi’“(.,'”)[l + Pur (o (Ray + Ras) + PraiCy C Ry 1\,24
d. Co thé dung 1 trong 3 bidu thic dugi day dé xac dinh tan =6 gidi han caa

toan bo loc

a, = w, R, €, ¢, = 0.756 (36.5)
a; = w, Cy Ry + Ry = 09996 (36.6)
b_\ = (II‘L,: ('2' (':: B’:l R:_\ = ().4772 (36.7)

Gia st dung (36.5), ta xac dinh duge
@

fo = 5

i 21RO

II

100 H:z

fa = 1,323 Iy 132,83 H:z
foo = 1414 f, = 1414 Hz

Bai tap 38. Bo tach song tan s6 dung mach léch cong hudng co tin hiéu diéu

tan ¢ dau vio. Cho biét
- Luong di tan cuc dai cta tin hiéu vao :

Afy = 15 kHz

- Tan s6 trung tam f, = 6 MHz.
Tinh

a. Cac tham s6 cua mach dao dong dau vao cho truong hgp hé s6 truyén dat
cua bo tach song la lon nhdt. Biét :
L, = L, =10 uH.
Q =Q, = Q va
1

lvong di tan tuong d6i cue dai &, = ;)E” :

Cac tham s6 can tinh gom ¢d :

Hé s6 phdm chit @, dién trd tuong duong cta mach cong hudng R, tan so
cong hudng cia mach #ng hudng thi nhiat f,, tan =6 coéng hudng cda mach cong
hudng tha hai f5, dién dung cac tu ), (‘5 cia hai mach cong hudng.

b. Khi tin hiéu diéu tan ¢ dau vao cd luong di tan Af, = +50 kHz thi phai
thay déi tham s6 nao cia mach dao dong dé tin hiéu tich séng khong hi méo dang.
Thay. d6i thong s6 dd c¢d anh hudng gi - dén tinh tach sdng cta mach?

Gidi.

a. Biét rang &, EE“’ do do
1

= Aw,, = E{lwu

hay Af, = 2Af, = 2.15kHz = 30kHz.
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6.03 MH:z
5.97MHz.

Vay f fo ¥ Af,
f: = fn - A’n

- D¢ eo he s0 truyén dat cua bo tach song ldn nhit phai dam bao diéu kién

1
&, = =~ . Do do
V2
Aw, 1 1 w,,
: o, = O e T
&, 2Q TN suy ra @ s Ao
A] w,, ] leoh ~
T2 Ae, T T 40 T
1 |
¢, = L=, o = 0 pF
417l 417(6.03)".10
1 1
., = -~ = Tl pF

AL 4 han 1010
Ry, = ol@ = 216031010771 = 26,8 kQ
w L@ = 215971010771 = 266 kQ

)
I‘ldl

. 1
b. Khi Af, = +H0 kHz : vi &, = &, nén Af, = £100 kHz.

)

Néu giv &, khong déi ma tang A/, thi buoe phai giam hé s6 pham chat @,
do do tinh chon loc & dau vao giam.
Bai tap 39 Cho so do bo tach sdng tan =6 dung mach coéng hudng ghép trén

hinh 67.

1 -

™~
i |

Hinh 67
Cho biét
- Tan s6 trung tamn cua tin hi¢u diéu tan f, = 10 MHz
- Lugng di tan cue dai Af,. = HOLHz
- L, =L,=256uH.
Gia thiét pham chat cua hai mach cong hudng nhu nhau

Tinh
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a. Hé s6 hé cam M t6i thi€u dé cho mach tach sdng it méo.

b. Khi hé s6 hé cam M tang thi chadt lugng tich sdéng nhu thé nao?
Gidi.
. . . 3 . e e ek 1
a. Dé mach tach song it méo, phai dam bao diéu kién & . < §/j' thay vao ta

co

Suy ra M24f

M

min f,,
b. Khi M tang thi méo giam, nhung hé s6 tach song S, cung giam, do dé do
nhay cta bo tach song giam.
Bai tap 40. Cho mach thu dong dang 7 trén hinh -
63. Dung mach T nay méac vao mach héi tiép cia mot I | ’
bo tao dao dong. Cho biét ham truyén dat cia mach g, i
T nhu sau : 2
Uy o =142«

Ky = ==""7T>"3"

U, a—1+j3a
Hinh 68

vl o = ;)—}‘?*(‘

a. Phan tich nguyén ly hoi tiép cta mach do.

b. Vé so do bd tao dao dong dung khuéch ‘dai thuat todn ly tuong co mach T
trong khau hoi tiép. Xac dinh gida tri tdong do6i cda cdc linh kién trong mach hoi

tiép duong.

Gidi.
((lz - 1)2 + 4 ‘ ”
a. Kh‘ =_ 5 ﬁ—,, 3 ) ‘391)
(@ = 1) + 9a”
¢ 2(1((12' -1 - 3(2((12 -1
P = arctg—————5—— 5
ht (@ — 1) + 6a“
= arctg o = az)-~— | (39.2)
(az - 1)2 + 6a° o
1
Vai @ = B0

Khi « = 1, tit (1) va (2) suy ra
Kp = Kpmin = 2/3
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¢ = 0 nghia la tai « = 1 mach hdi

tisp khong gay di pha ,_'gl_.

. R " N
. b. Vi khi « = | tic tdn s6 dao dong R,

¥

. W 1 . e ) 0
fag = o = 9mRC thi mach héi tiép khong - - Y-
di pha va hé s6 hoi tiép co modun cue tidu, .
nén mach T chi dung dudge trong mach héi ] -
tiep am. D& tao duge dao dong. bd khuéch € RC

dai phai ¢6 thém méot mach héoi tiép duong
khong phu thude tin =6 (thuan trd). Theo do
co thé biéu dién mach tao dao dong nhu trén

Hinh 69
hinh 70.

Mach héi tiép duong gom ciac dién trd R, R, vdi hé hoi tiép

Kuie) = 55 (39.3)

Kv = i (39.41
- P+ K Ky -y
trong do, K, 1a hi s0 khuéch dai cia ban than bo khuéch dai thuat toan.
Vi K“.K,"A(‘) >> 1, do do bi€u thuic (39.4) co thé viét lai

Ky = ——— (39.5)

Diéu kién dao dong cua mot mach la

KoKy = 1 (39.6)
Thay (39.3) va (395 vao (39.6) ta rat ra

R, 2
Km(~) = Kln(—) = Km(n HT":R_J 3
R,
Do do trong mach héi tiép duong R, = 5
Bai tap 41. Cho tin hiéu u, = Uicostiwt + ).

Vé so do bo tach song pha dung bdo nhan va mach loe tich cuc dé tach sding
tin hiéu nay. Tinh gid tri tuong d6i cta cac phan td cda mach lgc tich cvc sao cho

u, = 9cosyp, V. Biét hé 56 nhan cha by nhan : K = 1, bién do dién 4p vao :
U, = 3V va tan s6 gidi han cia b6 loc bac 1 : fg = 1000 Hz.
Gidai.

Dé tach song dung bo nhan phai dung tach song déng bo. O dau vao bé nhan
ngoai tin hiéu vao u, phai cd thém tin hiéu dong bo u, = U,coswt =lcoswt. So d6
tach song ndi trén dugc bi€u dién trén hinh 70.

Theo tinh chdt cta mach nhan
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l/‘; = K’[ lll: =

Trong tin hiéu ra mach nhan
theo bi€u thdic (39.7) cd thanh
phan 2w. Thanh phan nay duogc
loc bé nhd khau loc tich cuc bac
1 gom bd khuéch dai thuat toan
va cac linh kién R,, R,, C. Theo
tinh chdt ctia khau loc, ta co:

Hé s6 truyén dat & s6
thap :

K, U,

i
i

2

do —

-

[cosp + cos(2wt + )]

Hinh 70
R, U,
A
~ KUIUZ_ _ '} _ 1sv
o2 T2

6 suy ra R, = OR,

véi U =9V U,
9
Kdn _17 =
1 1
le = 2aR.C

0,026.10 °F 26

R,

1 1

T 21f R, 27.10%6R,

Al

i

=Rl—‘

(39.7)

Bai 42. Cho mach di qua trén hinh 71 va bidu thdc (41.1) bj€u dién ham truyén

dat cia ng :

U,

Kp = =

U,

1
wRC

vili a =

a. Viét bi€u thdc moéodun va pha cia hé so
truyén dat (bifu thdc tng quat va bifu thdc cu
thé tai tan s6 dao dong) va biéu thic xdac dinh
tan s6 dao dong cua bd tao dao dong co mach di

pha mac trong mach hoi tiép.

1

1 - b5a” —Jja(6 — (‘(2)

41.1»

c ¢ ¢
—
g & [Jr & |g,
o— -0

b. Can cd vao bi€u thic da viét ¢ phan (a)

va cac tinh chat da biét vé bo khuéch dai thuat
toan, hay xay dung bo tao dao dong cung khuéch

Hinh

71

dai thuat toan co mach di pha mac trong mach héi tiép (vé mach cu thé va ly giai).

c. Tinh gia tri caua cac linh kién mac trong mach da xiay dung & phan b, cho
biét tan s6 dao déng fuqu = 1 kHz, dién trd R = 1 kQ (sai 86 cho phép khi tinh

dién dung la *1nF).
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Gidii.

i

zl. IK“‘I = LA hl LN
V(1 =50 + a6 — o?)’

¢ a(b — a®)

= arc =

T S

: ! . r
Khi wy, = Ve RC tht |K,| = 99 VA Pm = T

b. Mach hinh 72 phai théa man cac
véu cau sau day :

- Mach di pha mdc gitta dau ra va

dau vao bd khuéch dai thuat toan. Ry
- Mach phai ¢ cac dién trd tao —

thanh mach héi tiép am (R,, Ry). ¢ ¢ RC Ry —0
- Cau tao mach phai don gian (R, R

mac néi tiép vdi tu ') ma khong can

ca thém dién trd thd ba mdac trong

mach di phar. Hinh 72
¢. Vi dau "-" la diém dAt Ao, nén
R, =R =1k
Vi Ky, | = Tl' nén K = {iﬁ = 29
29 R

t do suy ra Ry = 29R, = 29 kQ

: ‘ 1
vi w = 2nf = *"[?TEF , hén
) AW
c 1 1
b= Soe—= = ——————— S|y ra
V_G'_Q.ﬂfR V6 2710" y
C = 64974510 F =~ 65 nF.

Bai tap 43. Cho mach dién hinh 73

a. Giai thich nguyén ly lam viéc cia mach dién Z:REZI

do.
b. Vai diéu kién nao thi mach co dién dp ra

hinh sin? —0 Y.
c. Néu dung khung cong hudng noi ti€p thay 1 R

cho khung cong hudng song song thi mach phai c6 ¢ c

dang nhu thé nao?
d. Khi dung mot trong hai loai khung cong
hudng trén thi con co nhiing cach mac nao nua dé
tao dao dong hinh sin?
e. Tréen hinh 73 cho \
R, = R, = Ry = R =1 kQ Hinh 73
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Pham chat cia mach cong hudng @ = 100. Tdn sd cong hudng cua mach cong hudng
f(‘_]] = 100 kHZ Tinh L va C.

Gidi.
a. Khi hé s6 hoi ti€p am K, va hé s6 héi tiép duong K., thao man diéu
kién (42.1) thi trong mach cd dao dong.

Ky+y = Ky (42.D
PR R“’ ) s
Véi Ky, = Em‘;k; !4.3.3.:1)
R, la dién trd cong hudng tUOng‘ duong cua khung cua khung cong hudng
R,
Ky, = BYER, (42 3b)

Khi cong hudng, trd khdang mach cong hudng dat gia tri lon nhat la R,; do dd
[ theo (42.3a)] hé s6 hoi tiép duong cing l6n nhit va sd d6 chi c6 dao dong tai
tdn s6 cong hudng.
b. Muén cd dao dong hinh sin thi so d6 phai théa man diéu kien 42.4
Ks K4y = 1 ’ 142.4)
K, 1

Véi Ks = = 42 .5)
-~ 1+ K::Khl( -) K/u{ -)

Thay (42.3) va (42.5) vao (42.4) ta nhan duge diéu kién (42.6) la diéu kién biéu
dién quan hé cac linh kién trong so d6 d& dam bao so d6 tao duge dién dp ra hinh
sin.

- (42.6)

¢. Néu dung khung cong hudng ndi ti€p thay cho khung cong huong song song
thi co thé mac mach theo mot trong hai so dé trén hinh 74,

L c r ;.__.___é.__‘k ,
lWYV\___l}___D____

(2) (¢)

Hinh 74

d. D€ tao dao dong hinh sin, dung mot trong hai khung cong hudng néi tiép
hodc song song, cd thé dung cdac so do trén hinh 73 hinh 74 hoac hinh 75.
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oha

e. Tit diéu kién (426), suy ra Ry = 1 kQ.

."L - 1
Biet Ry = Y G Q = 1 k@ va fy = 5w = 100 kHe

Rul _' 27IQI _ 1()3 _ 10_2
fon © 10t

—n—

1 .
== gy 107 e
~ 0,159.10*H = 16 uH. ¢

——=o (/,
fonRy = 2‘—% = 10" g
16 [] R3 DRZ

P 10~’)=10“3 Qk

27108 27108 27 -+ f
= 0,159.10 °F = 0,16 uF. Hinh 75
Bai tap 44. Cho tin hiéu diéu bién vdi hé =& didu ch& m = 50%, tdn s6 diéu
f.o= T kHz, tAd tin co bién dé 5 mV va tan 86 f, va tan s6 f, = 10 MHz.

a. Viet phuony trinb bidu dién tin hiéu da diéu bien do.
b. Tinh phd cta tin hiéu dd.

¢. Sau khi khuéch dai, ta thuc hién d8i t4n s6. Dau ra bo d6i tdn la tin hiéu

cd bien do 1on hon bién doé tin hieu vao 100G 1an va tdn s6 1 MHz.

- Viét bigu thuc tin hiéu 2 sau bo doi L.in.
- Vé so d6 tach song cho #in hiéu d0.

- Vé d6 thi thgi gian cua tin hiéu ra

san diot va tin hiéu ra 41 va vidt biéu thie
tinh hang s0 thoi gian w0 w0 nap cta so da,
- Dung diot, tach «ong co dién trd trong
G0 Q0 Cha wor eat dos o 0 127 tinh dién
trit fal o cus beo tieh Y
s Hinh
Gt
R S : o 3 ‘J‘m‘lq P .
Q.o ; KA VA S RO A BRI
b, Co the it b Sidu thid ) nhe zaa
: O e Lcosen
mi/, mdJ|
{'z“.,'\)uw A o cosle, =~ iy 4 'jz—’(‘.(f)S(wl + (L}S)t
. N -3
3 5 G6,5.5.10 i nd 0,6.5.10 - 4
510 “cos2n.]0t + ﬁ'—3-~~cos:}:~).&x10t + *T*COSIOOIAIO t

= 0.10 *cos27107t + 1,25.107%c0s999.10% + 1,25.107% cos 1001.10%
Vay phé tin hiéu diéu bién goém co tai tin f = 10MHz vdi bién do A, = 5 mV,
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bién tan dudi f, = 999.10* Hz voi bien do A,
fir =

1001.10*Hz véi biéen do A, = 1,25 mV,
c¢. Tin hieu ra sau bd

1,25 nV va hién do tdn trén
dér tan :

u, = 5(1 + 0,5c0s27.10%)cos27.10t

- Co thé dung so d6 trén hinh 76 dé€ tdch song.

Trén hinh 76, r la dién
trd trong cua diot (khong vé
cung dugc).

- Theo hinh 76 héng s6

thoi gian nap cua mach la 1,
r.R

r+RC va hang s6 thoi

gian- phong 7, = RC.
u'y = u. + ri, suy ra
3

U, =iy,

r

U,coswt —u,,

r

Hinh 77
A u,,
Khi i = 0 thi wt = 6, nén Ujcosf = u,, do do cosf, = i
1
. Ul ‘ Uy, UI Ul
Vay i = ——coswt - — = —coswt — —cosf,,
r r r r

Dong chay dién trd tai R :

1—1} dt——l—?ﬂ' t s6o) dwt
o = T()u —2” 47 (cosw cosf, w

o

Ul Uy,
= n—r(sin(i(, - 6,088, = = hoac
ar
tggt) - H(l = E
: . r
6, chi phu thuéc ty s6 R
Vi 6, = 6 ; nén tgb, = 0,101
Ta o6 0.101 6r  71.60
2o ’ 180~ R

— R = 200 kQ.

Bai tap 45. Dung mach trén tin don dé tron hai tin hiéu

u, =

U,cos2rft = 0,02(0827.735.10%, V.

Uns = Upcos2rf,t = 1,5c0s27.1,2.10, V.
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Dac tuyén diot trén tdn va diém lam viéc cia nd cho trén hinh 79.

A Ay
I, (mA) ; S(Z22) \SAN)
2 2 -
|
|
|
| .
0 15 Uy () 1/ ] €0, ¢
A2 Ups )
|
i
L
P _
“r Hinh 78

a. Viét bi€u thic diac tuyén von—ampe ctua diot dd.

b. Cho biét tdn s6 tin hiéu trén ddu ra bd trén tdn f, = [,  ~ f, = 1,2.10° -
0,735.10" = 465 kHz.

Tinh hé dan .rén tan.

¢. Phan tich cdc loai nhiéu (chi tinh nhiéu bac 1 va bac 2) va tinh hé tinh din
truyén dat tuong dng cho cdc loai nhidu dd.

Gidi.
a.
. [ 2uyy ~ khi wy = 0
= . )
| 0 khi u;, < 0
1 } .
b. H6 dan trén tan cho truong hgp nay la S, = ESI' Tinh S, vdi gdc cat
® = 2 (hinh 79)
2
P
S, = — j Scos2rf,td(w,,t)
o I 2Sil’l“zI
& 2 .
= 7 f 2co082nf, bt = —7— . 2
4 1. 14 2
= ﬁ —)S”=~2—,Sl=—z—}?=ﬁ

¢. Co cac loai nhiédu nhu sau :

- Nhiéu lot thang, c6 tan s6 f, = f, = 735 kHz v6i h6é dan truyén dat la S,
Theo chudi Furier ‘
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1_1,‘: } 171/7
Se = 7 Sdwu =5 [ 2d(,n
0 “

N -

5 T .
.Z.§=l>6u
~ Nhiéu tdan s6 anh

far = fns + fr 1,2.10° + 0,465.10° = 1,665 MHz
vgi h6 dan truyén dat bang hé dan d6i tan.

-~ Nhiéu bac 2
: fo, = 2f, %[, =2410° % 0,465.10".

fny = 2,866 MHz ; [, = 1,935 MHz.

Hé dan truyén dat cia hai nhidu nay nhu nhau va dugc xdc- dinh theo biéu
thie

. i A
‘ a5 2sin(2 . 72-)
S, = T J( COSZUJHJt(dUJ".“t) = 2},‘—“-‘ 2=0

9]

Vay vdi goc cat 68 = %, hai loai nhiéu nay khong tén- tai.

Bai tap 46. Can ci vao ciac diéu kién can bang bién d6 va pha, hiay xét xem
cic mach dién trén hinh 79 ¢6 dao dong dugc khong? Biét rang ca hai mach dao
dong déu ¢ tham s6 nhu nhau :

L = 25 uH Hé so phdm chdt @ = 80
C, = 5 nF hy = 100

C, = 1 oF h, = 80 kQ

C; = 100 nF

2) ¢)

Hinh 79
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Gidi.

D& xét mot mach cd dao dong duge khong phai xét xem mach cd théa man

diéu kién bien d¢ va diéu kién pha hay khéng?
Mach 80a xét diéu kién pha

Xpo = —+ < O

X, = JwL + T—“ =z 0

(&8

1
Xop = JZZ’—Z < 0.

Trong mach X, va X, déu la dung tinh, do do XX, > 0, diéu kién pha
khong théa man, nén mach nay khong dao dong duge. Do do khong can xét diéu

kién can bang bién dé niua.

Mach 89b : Xét diéu kién pha

1
X = 70:(: < ‘ 0
X . 0
= - <
L JwCs

Do d6 X, X, > O

XopXpe < 0
Vay mach théa man diéu kién can bang pha.
- Xét diéu kién bién do

Theo biéu thuc:

nRt{/th
KKy = = —
n°R,+h(1+n)
¢, 1
trong do, n = K, = a=ﬁ0 = 0,01
C,.Cy 1100
Cy = w5 =777 =1nF

C,+C, 101

R \’ _E_ Q — \’ 25‘10—0 Q \‘ ,211([(_) 100 |
s 'nl C/(l 10 -9 -

= V250.1000 = 17815050

Thay vao (45.1) nhan dl(dc :
107°.15.81.10°.10° -
KK, = 3 - = = 019 < 1.
1077.15.81.10° + 80.10

Diéu kién bién do khong théa man, nén mach khong dao dong.

(45.1)
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Bai tap 47. Cho b6 tron tan dung diot vdi dac tuyén von-ampe dugc bidu dién
bai (46.1)

| su khi U = 0 ,
‘1o khi U < 0 (46.1)
Cho bist § = 174
o bié = 1,
fie = fas %0
Tin hiéu ngoai sai ¢d dang diéu hoa cosin va goe cat # = 90" = %

Tinh hé din truyén dat cia so dé tron tdn dd, cho cic truang hgp sau :
- Nhiéu lot thing

- Nhiéu tdn s6 anh

- Nhiéu ¢6 tan s6 f, = 2f, %f,

- Tin hiéu htu ich

Gidi.

- Nhiéu lot thing :

17 3 1 mA
o = }I_;]: 10 d(wn\f) *‘2-‘7“
— Nhiéu tan s6 anh
1 1 2™ _ 1 mA
Sinh Esl =57 10 "w”‘\fdcos(cumt); =72
- Nhiéu f, = 2f,, tfy
2 b 24 7‘
Sy = E-J‘ 107 cos 2wt diw ) = 0
[}
- Tin hiéu hitu ich
1 mA
S = S = Ty

Bai tap 48. Mot mach diéu bién cd dién trd tai R, = 50 Q. Biét rang c6 thé
ldy ra trén tai mot dién ap vai do suy giam 60 dB. Dung thiét bi phan tich phd
c6 thé do duge tai dau ra:

- Dién ap ddi vai tai tdn U, = 223 mV
- Dién 4p cac bién tan
Uisrs = Ujys = 67 mV
Tinh :
a. He s6 diéu ché m
b. Cong sudt mach diéu bién dua ra tai
c. Gia tri dinh cha dién ap diéu bién, gia thiét rang m = 1
d. Tri hiéu dung cia dong dién diéu bién v4i m = 1
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Gidi.

a.
. mU;
Ul‘l+l"s = Ul'l—l's = T = 67 mV
267 2671077
Do do m = = - = 0,6
Uy 22310~
b.
m?
Pogn = P+ =) . (47.1)
U?
Trong do P = — (47.2)
RI
Véi U = 10° U, = 223 V
vU/ 3
(‘Uj = 10* = 60dB)
Thay vao (47.2), xac dinh dugc
P 225" _ sos6 W
T o50 TV
Thay vao (47.1) :
. 0,6%
Pog, = 9946 (1 +—0) = 11736 W
c. Gia tri dinh coa dién ap diéu bién dugc xdc dinh theo (47.3)
Udhmar =U(1l +m) (47.3)
Trong do U, =V2U,=V¥2 223 V = 3154 V
Do do
Ugpmax = 315,4 2 = 6308 V
d. Tu (47.1) suy ra
Iy - ] m-
I O 2
Do do
mz PI
I‘“dh Il 1 —2* vOl Il = F,
P, m?
Vay I”dh = ﬁ" 1+'2—
= 994.6 l+l = 4,46.1,086 ‘484 A
- 223 2 U - ‘
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Bai tap 49. Cho tai tin U(f) = 3coswt, V va tin hieu diéu ch& n () =

Ding cac bdo diéu ché A va B cd ham truyén dat lin lwot

432

0,6 cosu .

o Uy(t) |
A Uy (0 = uy, <1 +—U’~—) (48.1)
U,(t)
B. Uty = Ufty -~ 148.2y
U,
Xdce dinh cho ca 2 trugng hgp -
a. Loai diéu ché
b. Hé s6 diéu ché
¢. Cdc thanh phan tan so
d. Do thi thoi gian.
Giiii.
a. Truong hop A la diéu bién
Truong hgp B la diéu ché& song bién (khong co thanh phan tai tan)
. 0,6 '
b A Vi U-, 0 = (1 + D cosur, I R3eosm ¢
0.6
ne ne = = 0,2
B : m khong xac dinh.
[
+3
A
7
~31.
k o JC
" ; //\/*5!\\ /’—_f‘!\ RIS
4 A [N ’ [ : % \
\ : / i /\ )
e bt UL \
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