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LCINO1I PAU

Nhitng thip ni€én 70-90 cia thé ky XX, K§ thuit Mach dién
tif thudng dudc chia ra 3 phin: Mach dién t& 1, Mach dién ti 2,
Mach dién tf 3 va duge day vao 3 hoc ky clia nim thif 3 va tha 4
trong cdc Trudng DPai hoc k¥ thuidt hay trong nim cudi cda cdc
Trudng Cao ding k§ thuit nganh Dién tf,

Nhitng nim gin day, vi sy phdt trién manh va nhanh cia
nganh K thuit Dién - Dién t¥, cdc mon k¥ thudt cd s3 thudng dudge
ridt gon d€ danh quy thisi gian cho cdc mén hoc méi rat cin thiét,
mdén K§ thudt Mach dién i (1-2-3) duge géi gon trong mén Mach
Tuong tu.

Gido trinh “Mach Tuong Ty™ duge soan theo hudng thu gon
trén, nhung van ddm bdo 1Y ludn cd bdn d€ ngudi hoc 6 thé il 4
nghi€n cttu hoc [€n cao hon va sfu hon. Vi cdch trinh bay don gién,
18 rang, d& hi€u, loai bé nhiing phén tinh todn phic tap khdng cin
thi€t va chu trong vio nhitng ing dung cu thé trong thic t&, hy vong
ring gido trinh nay s& 14 tAi tiéu hoc tdp va tham khdo t6t, hitu ich
cho céde d6i trgng 13 hoc sinh, sinh vién cdc Trudng Trung hoc va
Bai hoc ky thudt cling nhur gido vién gidng day cdic mén k¥ thuat co
sd nganh Pién - Pién 4.

LAan tdi ban nay, gido trinh dude bién tip lai vdi hinh vé& va
cdng thic chinh sita theo ding tiéu chuin, ddng thdi khé sdch thay
ddi thanh 16x24 cho tién dung d6i vdi HS/SV.

Rat mong nhin duge su gép y cta ban doc dé sich ngay
cang dudgce hoan thién han trong nhitng 14n xuit ban sau.

Ngay 15 thdng 6 ndm 2007

Tédc gia
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Chuong 1
LY THUYET CG BAN CUA MACH KHUECH PAI

$1.1- PINH NGHIA

Trong k¥ thuat, tit “khu€ch dai” duge dinh nghia 1a “ding mot
nang lugng nhé dé diéu khién mot nang lugng khic Idn hon gap nhiéu
ian. Nang lugng tht nhat - nhé - 1 ning luong didu khién, nang luong
thit hai - 1dn - Ja nang luong bi diéu khién™.

Tir “khuéch dai” khdng chi duge ding trong linh vuc dién ti
ma con dudge dung trong cic linh vyc khdc nhu cd khi, tir hoc ... Thi
dy: don by 13 hé thong khuéch dai ¢ khi hay bo khuéch dai tir ing
dung trong Iinh vyc diéu khién dién céng nghiép.

Trong linh vuc dién td nhiéu linh kién ¢6 tinh ning khuéch
dai nhu: transistor ludng ndi, transistor trudng @ng, op-amp ..v1 cic
linh kién trén nhidn ning lugng & ngd vao rit nhd nhung ¢6 thé diéu
khi€n duge nang lugng & ngd ra 16n hdn rit nhiu 14n. Thi du:
transistor nhin dong dién d ngd vao 13 13 ¢6 tri & rat nhd nhung ¢
th€ di€u khién dong dién & ngd ra 1 Iecé tri s6 16n hon Iz hang tram
lan.

Mach khuéch dai dién tlr ¢6 ky hiéu nhw hinh 1.1. Nang lugng &
ngd vao va ngd ra thutng duge goi 13 tin hiéu vao va tin hiéu ra. Tin
hiéu vio va tin hiéu ra ¢6 thé & dang dién 4p hay cuting do dong dién
vi duge k}” hidu 1A Vi, Vg hay L. Io

Vi—— > —— V,
L I,

Hinh 1.1: Ky hiéu ctia mach khuéch dai
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'§1.2- CAC HANG KHUFCH PAI

Ba trang thdi hoat dong cia transistor 1a: trang thdi ngung din,
trang thdi khuéch dai va trang th4i bdo hoa (hinh 1.2).

Ic

F
Vl\]ng bﬁo / K
hoa ' (
\‘ /
V‘\. anax
L

Viin 'khue‘ch\< e

dai

.

Ving ngung din

Hinh 1.2: Ba viing trang thdi cda transistor

Tinh todn cdc dién tr§ phin cuc cho transistor nghia 1a chon
di€ém hoat dong tinh Q cho transistor d6. Khi ¢6 tin hiéu xoay chiéu
tdc dOng & ngd vao thi di€m Q sé& bi ddi chd va lam thay ddi cdc
thdng s6 khdc cha mach. Dya vao diém hoat déng tinh Q ngudi ta
chia mach khuéch dai ra cdc hang khuéch dai 1a: hang A, hang B,
hang C va hang AB.

- Hang A: transistor dugc phan cuc cho diém hoat ddng tinh
Q & giita vang khuéch dai.

- Hang B: transistor dugc phan cuc cho di€ém hoat dong tinh
Q 4 rong ving ngung din,

- Hang C: transistor dude phan cuc cho diém hoat ddng tnh
Q nim siu trong viing ngung din.
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- Hang AB: la mét hang trung gian gifta hang A va hang B,
transistor s& duge phin cuc cho di€ém Q & giita viing khuéch dai va
viing ngung din.

1- Khuéch dai hang A

Phén tich trén dic tuyén ngd vao Ia/Vge cha transistor, mach
khuéch dai hang A ¢6 diém hoat déng tinh Q & khodng giita clia dic
tuyén vi ¢é Vge = 0,7V cho transistor Siva Vag=0,2V cho transistor
Ge. Khi transistor nhin dugce tin hiéu xoay chiéu & cyc B thi dong
dién Iy s& thay déi theo tin hidu xoay chiéu nay (hinh 1.3a).

Hinh 1.3a: Pic wyén ngd vao § hang A

Phin tich diac tuy€n ngd ra Ic/Vee cla transistor, mach
khué€ch dai hang A ¢6 di€ém hoat dong (inh Q & gilta dudsng tai va
Vce = 1/2Vc. Khi dong dién Ig thay déi theo tin hiéu xoay chiéu sé&
lam cho dong dién I thay d(_'fi vd kéo theo dién 4p Vg ciing thay déi
(hinh 1.3b)

Cdc dic diém chia mach khuéch dai hang A la:
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- Khuéch dai trung thyc tin hiéu xoay chiéu (khuéch dai dudc
cd hai ban k¥ cda tin hiéu xoay chiéu hinh sin).

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

duding tai

> v(_‘i‘]

VCE

Hinh 1.3b: Pdc tuyén ngd ra ¢ hang A
2- Khuéch dai hang B
Phin tich trén dic tuy€n ngd vao Ig/Vge, mach khuéch dai
hang B ¢6 diém hoat dong tinh Q & di€ém Vgg= 0V nén Ig=0 va Ic=

0. Khi transistor nhdn duge tin hiéu xoay chiéu & cuc B thi chi ¢6
mét ban ky duge khuéch dai vi phan cye thudn méi néi BE va I
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ting 1€n, con mdt ban ky lam gidm phén cyc mdi ndi BE xudng
vilng ngung din nén khong dude khuéch dai (hinh 1.4a).

k

-

|
1
1
|
1

<]

Hinh 1.4a: Dic tuyén ngd vao & hang B

Phén tich trén dic tuy€n ngd ra Io/Ver , mach khuéch dai hang
B ¢6 diém hoat ddng tinh Q niim trén dudng bién gitta viing khuéch dai
vl ving ngung dan, Veg . Vee Khi dong dién I ting 18n theo tin hiéu
xoay chiéu, dong dién I¢ cling ting 1én va lam cho dién ap Veg gidm
xudng. e} ngd ra cling chi ¢6 mdt ban ky duge khuéch dai (hinh 1.4b).

Cic dic diém clia mach khuéch dai hang B 1a:
- khi khdng cd tin hiéu, transistor ngung (Ig=0, Ic=0)

- mdi transistor chi khuéch dai duge mot ban ky nén mudn ¢
dd nguyén chu ky phdi diing hai transistor dé khuéch dai ludn phién
cho hai bdn ky.

- dang cho c¢d¢ mach khué&ch dai tin higu ¢6 bién 49 1dn
- hiéu sudt cao do cdng suat dién tiéu thu nhd

- tin hiéu ra bi bién dang xuyén truc (crossover distortion)
(hinh 1.4¢).
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Hinh 1.4b: Dic tuyén ngd ra § hang B

Hinh 1.4¢: tin hiéu ra bi bi€n dang xuyén truc
3- Khuéch dai hang C

Phén tich trén dic tuyén ngd vao Ip/Vge , mach khuéch dai
hang C ¢6 di€m hoat dong tinh Q niim sdu trong viing ngung din va
¢ Vgg <= OV. Khi transistor nhin dudgc tin hiéu xoay chiéu & cuc B,
néu tin hiéu xoay chiéu ¢6 dién dp dinh Vp<Vy thi transistor cling
chua din dién duge nén khong ¢6 tin hiéu ra, néu tin hiéu 6 dién ap
dinh Vp>Vy thi chi ¢6 mdt phin tin hidéu duge khuéch dai (hinh 1.5a).
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ov

<]

Hinh 1.5a: Pic tuyén ngd vao d hang C

Tuong tr khi xét trén dic tuyén ngd ra Io/Vcg , chi ¢6 mot
phin clia ban k¥ duong dudc khuéch dai va tin hiéu ra bi ddo pha 12
mét phﬁn bdn ky Am (hinh 1.5b).

Céc dic diém cia mach khuéch dai hang C la:
- khi khong ¢6 tin hiéu, transistor khong dan (Ig= 0, Ic=0).

- transistor chi khu€ch dai duge mdt phan cda ban ki nén tin
hiéu ra bi bi€n dang rit 16n.

- mach khuéch dai hang C ding trong mach cit b phan duéi
cla cdc tin hiéu (mach cit gdc) hay trong cdc mach dao déng, mach
nhin tan s8.
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I¢
F 3

Hinh 1.5b: Pic tuyén ngd ra & hang C

4- Khué&ch dai hang AB
Iy

F 3

1
1
I
1
|
3

Hinh 1.6a: Pic tuyén ngd vao & hang AB

14
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Trén dac tuy€n ngd vao Ip/Vee mach khuéch dai hang AB ¢6
di€m. hoat dong tinh Q & gilta-hang A va hang B - ngay diém thiét
doan - va ¢6 Vgg = 0,6V cho transistor Si, Vge = 0,1V cho transistor
Ge. Khi transistor nhan duge tin hiéu xoay chiéu & cuc B thi ban ky
duong dude roi viio vang gan nhu tuyé€n tinh nén dude khuéch dai
manh, bdn k¥ dm duge rdi vao ving dudi Vy nén transistor khong
din va khéng c6 tin hiéu ra (hinh 1.6a).

Trén dic tuyén ngd ra 1c¢/Veg, diém hoat déng tinh Q nim &
viing gin ngung din nén Veg . Vee. G diém hoat déng tinh nay chi
cé bdn ky dudng cda tin hiéu duge khuéch dai va lam dong dién I¢
ting lén. Tin hi€u ra bi ddo pha so vdi tin hiéu vio nén chi ¢6 ban
k¥ 2m cia tin hi§u & ngd ra (hinh [.6b).

’
I(_‘ s

Hinh 1.6b: Pac tuyén ngd ra & hang AB
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§1.3- BA CACH RAP CAN BAN

Mach khuéch dai ding transistor ¢6 thé duge thiét k& theo
mot trong ba cach cin bdn 12 kiéu E chung, B chung hay C chung.

1- Mach khuéch dai ki€u E chung (CE: Common Emitter)

+¥Yee

|”—o § -]

¥

| X!

— < —

E

Hinh 1.7b

S¢ d6 hinh 1.7a 12 mach khuéch dai rdp ki€u E chung, tin
hiéu vdo d cuc B vara G eye C. O trang thai xoay chiéu cdc tu dién
lién lac va tu phdn dong Cgcd tdng trd rdt nhd nén coi nhu bi ndi tit.
Hinh 1.7b 1a mach tudng dudng cia transistor Khi rép kiéu E chung.

Céc thong s0 k¥ thudt cia mach dude tinh nhu sau:

i6



Chuong | Ly thuyé&t cd bin cha Mach khuéch dai

a) Téng trd ngd vao:

_V, _hntir, _Ln+ Bir,

i i, I
Rio=rp+ Pr. (= va1 k)
b) Tong tré ngo ra: r, ~vai chuc kQ dén vai tram kQQ.
Do r,,c6 tri s6 rat Idn nén nhiéu trudng hdp c6 thé bd qua r,.

¢} Do khuéch dai dong dién:

i, i,
A=L=%=f=h,
i i,
Ai=fB=hg (~vai chuc dén vai tram lan)

d) Do khuéch dai dién dp:

A :E_EE'_ = _EUR(' = _ﬂi.‘:R{‘

1 . -
Vhe L5 ih,

R,.
4 = —ﬁh—{ (~vai trdm ldn)

e} Géc pha: dién dp cda tin hidu vao va ra déo pha nhau
2- Mach khuéch dai riap ki€u B chung (CB: Common Base)

S db hinh 1.8a 13 mach khuéch dai rép kiéu B chuné, tin hiéu
vao § cire E va ra d cue C. O trang thdi xoay chiéu, céc tu dién lién
lac va tu dién phan dong Cg c6 tdng trd rat nhé nén dude coi nhy néi
tit. Hinh 1.8b 12 mach twong ducng ctia transistor rdp kifu B chung.

Cdc thong s6 k¥ thuit cda mach duge tinh nhy sau:

a) Tong trd ngé vao:

v, i, L+ Bir, ot Br,

ii' I.L‘ ﬂ i.‘} ﬂ

¥ =

!

17
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b) Téng tré ngé vao:

Vi _BhtLE LY +fBir, o+ pr,

o= .
!f !c ﬂfh ﬁ
hr':: L

r o= (=~ vai chuc Q)
B

¢} Tong tré ngé ra:

v v, .

p,=t=t {=vai trdm kQ vi BC phdn cue nguoc)

d) D¢ khuéch dai dong dién:
i, (B+Dhi, B+l
e) Bd khuéch dai dién dp:

4 =V o LR R PR
' Vi:h ic rf ?1“‘__ h

g

e

A4, =p— (~vai trdm ldn)

f)  Géc pha: dién ap cla tin hiéu vao va ra ddng pha nhau

+Veoo

18
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1
[

R %T T
I. i iy RC ‘[..
[ BJ:_ .

Hinh 1.8b
3- Mach khuéch dai rdp kiéu C chung (Common Collector)

SG d6 hinh 1.9a 12 mach khuéch dai rdp ki€u C chung, trong
d6 cuc C duge ndi thing 18n ngudn +Vee va ngudn +Vee dude
goi 1a mass d6i vdi xoay chiéu, vi ¢6 tu loc ngudn rdt 16n. Hinh
1.9b 12 mach tuong dudng cda transistor khi rap kiéu C chung.

+Voee

l{Iil
C
Thd
Vi 1
Rll:
= Hinh 1.9a
B ry
P
—_—>
L
rL‘
l's é
v, Rn
v

;[ll

Hinh 1.9b

i9
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Céc thong sd k¥ thudt cta mach duge tinh nhu sau:
a) Tong tré ngd vao:

IR e s IR,

i i,

ri=ry+pPr. + Ry
ri =he + PRy {=vai tram k)
b) Tdng trd ngd ra:

Pién trd Ry 13 dién trd twong dudng cla ciu phan dp Ry
song song Rgz.

Khi ding tir ngd ra nhin vao transistor, ta thdy dién rd Rg
song song ndi trd cha ngudn r,. Thudng dién trd R rat Idn so véi g
nén dién trd wong duong clia Rg song song r, cling chinh 1a r,. Mach
tuong duong nhi hinh 1.9c¢.

- 2, ~ - v. o
Tong tréngdralair, =—=-—

Theo mach twong dudng thi cdc dién trd 1y, 1, va Pr. ghép
ndi ti€p nhau va song song véi dién trd 1di Re.

Ta ¢6: v = 1.Rg=1p(rs + 1p + Pro)

v, dr.tr,+pr) r.o+r +pr
Suyra: r, =—= = =

I Bi, B

20
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r.o+r r.+h,
s V' x ] s
v, =— +r, hay r =—"—= (=vaichuc Q)

B

¢} D khuéch dai dong dién:

L Dy
gzl BV g g
i 1, i,

d) D¢ khuéch dai dién dp:

v, iR, BR,;
i, v, hrtir+i R, r+pr.+pR,

A =1 {vi r;,+ﬁre<< ﬁRE)

e) Goc pha: khi Vg tang lam Iy ting va Ig ting nén Vg cling
tang theo, do d6 dién 4p cha tin hidu vao va ra dong pha nhau.

$1.4 BANG SO SANH CAC THONG SO THEO BA CACH RAP

Mach khuéch dai diing transistor & mdi cach rép E chung, B
chung hay C chung déu co nhitng thong s8 k¥ thuat khdc nhau nén s&
dude (ing dung dé dap Ung nhimg yéu cau k¥ thuat khac nhau. Vi dy:

1- Mach khuéch dai rap kiu E chung ¢ dd khuéch dai manh nhat
vi A, va A; deu co tri s6 1on.

2- Mach khuéch dai B chung ¢6 tng trd vao r; rit nhd va
t3ng trd ra r, rit 16n nén dung d€ d6i tdng trd tlf nhé ra 1dn.

3- Mach khuéch dai rdp kiéu C chung c6 t8ng tr8 vao r, rat
I6n va tdng trd ra r, rit nhé nén ding d€ dai t8ng trd tir 16n ra nhd.

21
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ach rap E chung B chung C chung
Thong s6
T(";ng ré Hiy=ry+ ﬁ»“e ; h_, ri=h +ﬂR.=-:
ngd vio (vai kQ) B (vai rim k()
i (vai chuc €3)
Téng trd Vai chuc kQ Vi tram kO L _ht h,
ngora T B
I (vai chue Q)
Dé k_hUé’Ch A;‘ = ﬁ= hﬁ, A; e A,‘ = ﬁ +/
dai dong {vai chyc -vai (vai chuc - vai
dién A, tram) tram)
0 & R, R, &
DOKER | apRe g L phe ) A
dai dién ap h, h,
Ay (vai traim 1dn) | (v3i trim ldn)
Goc pha giifa Pio pha Pdng pha Pong pha
| tin higu vao
A vira

§1.5- CAC KIEU GHEP TANG KHUECH PAI

MGi thi€t bi dién tf thuting c6 nhidu mach khuéch dai ghép lign
ti€p nhau, mdi mach ¢6 thé ding mdt hay nhidu tansistor dé thue hieén
mot nhigm vu riéng dude goi la mt ting khuéch dai. D& ghép lien tiép
nhiéu ting khu€ch dai nguti ta thudng ding mét trong ba cach ghép la:

- Ghép bing tu dién lién lac
- Ghép biing bién ap
- Ghép bing cach ndi e tigp

1- Ghép ting biing tu dién lién lac

£
ta
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Sd db hinh 1.10a 12 mach khuéch dai hai ting dung transistor
kiéu cuc E chung duge ghép lién tiép nhau. Tu dién C, 1 tu lién lac
tif ngudn tin hiéu vio transistor Ty, fu dién C, 13 tu dién lién lac t¥
Tisang T va tu dién C3 13 tu lién lac tif T, sang tang sau hay ra tai.

Cdc tu lién lac ¢6 tri 53 tuy thudc vao tan s6 cia tin hiéu, ddi
vdi Am tan thi t lién lac thudng cd tri s6 of 1uF dén 10pF. Cdc tu
phin dong Cgcd tri s8 tuy thudc dién trd Rg va thudng dude chon tir
25uF dén 50uF.

& trang thai xoay chiéu, cdc mach khuéch dai ha tin dugc
tinh todn vdi tan s& qui wde 1a f = 1kHz.

Ta co:

Ry=Ry// Rgz, Ra=Rpg1// Rgs

hies: tong trd vao cda T)

hieo: tong trd vao clia To.

Dung khédng cta tu dién lién lac la:

Xci=Xe2=Xea= %% (chon C, = 10pF)
_ 1

2.3,14.10°.10.10°°

5

Dung khang cta tu dién phian dong Cgla:

1
" 23.14.10°.50.10°

=16Q2

]

o =320 (chon Cg = 50uF)

Céc tri s6 dung khang trén rat nhé so vdi cdc dién trd trong
mach nén dudc coi nhu ndi tit. Sg d6 hinh 1.10b 12 mach tuong duong
& trang thdi xoay chi€u clia mach khuéch dai hai ting hinh 1.10a.
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+¥Yeo

% =
i TR Tl

Hinh [.10a

Tir d6 sg dd mach tweong dwong hinh 1.10b ¢6 thé vé lai vdi
sd d6 don gidn hon nhu hinh 1.10c.

© 9

Sl
\/ Lig
l

lia )3 v,
11

R, h,, R, R hicz -
Hinh 1.10b

T 1

Vi liﬂ iicz V"

b [ [ |

R R RCZ

Hinh 1.10c
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Chudng 1 Ly thuyét co bdn clia Mach khuéch dai

Ri=R,// hic Ry =Rei /1 Ra// hia

Vi s dd hinh 1.10c, viéc tinh cdc théng s6 cia mach s& ddn
gian han.

Céc cdch ghép tang bing tu lién lac ¢é wu diém 13 viée tinh
todn trang thai mdt chiéu cho cdc transistor ddc 1ap nhau.

2- Ghép tang biing bién ap

S¢ dd mach hinh 1.11a 1 hai ting khué&ch dai diing transistor
rap ki€u E chung. Bi€n 4p TR, dung d€ ghép giita hai tang 13 bién
ap 6 ti sO vong ddy sd cip va thit cdp 13 n,/n,.

Dai v6i cdc bién dp, tdng trd gilta sd va thd cdp duge tinh
theo cdng thic:

) 2
iz(”_l} (hinh 1.11b)

.

Nhuf vy tdng trd (i & thit cap dugc qui ddi vé sd cép la:

Ddi vdi bién ap TR, tdi § tht cidp 1a tdng trd ngd vio cia
transistor Ty (hye2). D31 vdi bi€n dp TRy, tdi ¢ thit cip 1a Zy

Bién 4p TR, ¢6 t8ng trd qui ddi vé so cap la:

2
Zl =(iJ hw2
H,

Bién dp TR, 1dng trd qui ddi vé so cap la:

25
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S¢ do hinh 1.11a ¢4 thé v& thanh mach twong duong nhu hinh

I |1
Vi é licl lid \2
Ll ] N

z,

1.11c.

Hinh 1.11¢

& ngd ra voi dién dp v, va dang dién i ta ¢6 thé tinh dudc
dién dp V_va dong dién I trén tai,

Cdch ghép ting biing bién 4p ¢6 vu diém 12 viéc tinh todn
trang thdi mét chi€u cho cdc transistor doc Iap nhau, déng thési cé

thé dung h¢p tdng trd gitta cde khai nhd 1f 1€ cia cdc bé bién ap.

4- Ghép tang truc tiép

T*K_—‘R“—K_“—)
! T, v
[T T

Sd db6 mach hinh 1.12a 1a hai ting khuéch dai ding transistor
ghép truc ti€p. Theo cdch ghép nay, hai transistor s& phén cuc lan
nhau theo nguyén ly héi ti€p 4m d€ &n dinh nhiét ma khong diing
cdu phan 4p & cyc B. Céch tinh dién 4p mot chidu va nguyén 1y héi

26



Chuong | Ly thuy€t cd bdn clia Mach khuéch dai

ti€p 4m mdt chicu d€ Gn dinh nhiét s& duge phan tich chi 1iét trong
chuogng “Mach khuéch dai DC”.

T T
LI I 1

Hinh 1.12b

So do hinh 1.12b 1a mach wong dudng caa hai transistor T, —
T, ghép tric ti€p, trong dd, R; 12 Ong 1rd wiong dudng cla Rg song song
véi hiey, Ry 12 18ng trd tuong duong clda Rey song song vdi hies.

Cach ghép ting tryc ti€p ¢6 wu diém 13 mach dién don gian,
do bét dude tu dién lién lac va dién trd ciu phan dp, d6 6n dinh
nhiét cda mach rat t6t nhd héi té€p Am mét chiéu, bang théng rong
do khong diing tu.

§1.6- MACH KHUECH DAI HOI TIEP
1- Pinh nghia

Mach hdi ti€p 1a mach 13y mdt phan nang lugng & ngd ra dua vé
cung ¢ip cho ngd vio.

Trong so d6 hinh 1.13 mach hi ti€p dugc ky hiéu biing chit FB do
chir “Feed Back™. Dién ap clia ngudn tin higu didu khién 11 v,, tin hiéu
ngd ¢4 thé 1a dang dién ap v, hay dang dong dién i, tin higu ngd ra la v,

hay i, dién dp 18y ra sau mach hoi ti&p i vy

Truting hp mach khu€ch dai khodng 6 hdi tiép —con goi 1a mach
khuéch dai vong ha — thi d6 khuéch dai dién dp duoe dinh nghita [
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\Y

! Vo (o)

Vs

Hinh 1.13
Mach hdi ti€p FB ¢ dién ap vao 12 v,, dién 4p ra 1a vr. Hé s0 hoi
ti€p dinh nghia {a:

b=—— = v, =bv

i

Truting hop khuéch dai ¢6 hdi tiép thi dd khiigch dai dién 4p hdi
ti€p duge dinh nghfa:

v
—_ t o —_ =
A, = . rongdé: v, =v, +v, = v =v,-v,
&

Suy ra: A, =—=

2- Phan loai
a) Theo tac dung khuéch dai:

- Héi ti€p duong 12 mach ¢d tic dung 1am ting dd khuéch
dai. Trudong hgp nay ta ¢6: Ay > Avo.

- Hoi ti€p 4m 12 mach ¢6 tdc dung lam gidm d khué&ch dai.
Trudng hgp nay ta c6: A,y < Ao
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Chudng 1 Ly thuyé&t cd ban clia Mach khuéch dai

b) Theo dang lin hiéu:

- Héi ti€p dién 4p 1a mach 18y dién 4p ra v, d€ tao dién dp
hoi ti€p vy dua trd lai ngd vao.

- Héi tiép dong dicn 12 mach 13y dong dién ra i, d€ tao dién
dp hdi tiép vy dua trd lai ngd vao.

¢) Theo cich ghép:

- Hi tiép song song 1a khi dign 4p ngudn tin higu v, v dién 4p hdi
ti&p v ghép song song nhau Nai cich khac, hdi ti€p song song 1a khi hai
tin hidu v, va v cling dufa vao mdt cuc cla transistor.

Truong hopnaytach v, =v +v, — v =v —v

- Hoi ti€p ndi ti€p 1a khi dién ap ngudn tin hiéu v, va dién 4p hoi
ti€p v ghép ndi ti€p nhau N6i céch khic, hdi tiép ndi tidp la khi hai tin
hidu v, va vy dua vio hai cue khac nhau cia mt transistor. Thi du: v, duta

vio cuc B con vy dua vao cuc E clia transistor,

Trudng hgpndytactd: v, =v —v, — v =v +v,

Mach hdi ti&p o tén goi diy di gdbm ¢ ba phan theo ba cich phan
loai trén. Thi du: mach hdi ti€p am dong dién ghép ndi ti€p, hdi (€p am
dién ap ghép song song.

Viéc tinh todn, phin tich nguyén 1y cla cac kiéu khuéch dai hdi
ti€p s& dude ndi 10 trong chuong “Khuéch dai hoi tiép ™,

§1.7- CACH TiNH HE SO ON PINH NHIET

Cdc théng s6 cda transistor déu bi thay déi theo nhiét d9,
trong d6 cé ba thong & chiu dnh hudng 1dn nhit la dong dién i
Icso, 36 Khuéch dai B v dién dp phin cuc Vge.

Pé tranh dnh huding ctia nhiét do 18n cic thdng sO cla transistor ¢6
thé 1am sai diém lam viéc tinh Q, ngudi ta diing nhiéu cach phan cue cho
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transistor, mdi cach phan cue ¢6 tae dung va hiéu qua on dinh nhiét khac
nhau. D& dac trung cho tic dung va hidu qud Jn dinh nhiét, ngudi ta dinh
nghia hé s& dn dinh nhidt 1a:

Al S: stability (d0 6n dinh)
M('m; S :phﬁ dinh cuia S
S cdn duge goi 1a “dd bat &n dinh”. Cach goi ndy hgp 1y hon vi

S =

theo dinh nghia § cang nhé thi mach cang &n dinh vé& nhiét db, nghia

1a S cang nhé thi “dd bt &n dinh cang thap”.

Cong thifc tdng quat d& tinh he s& n dinh nhiét S 1a:

trong d6: q la h¢ s3 tuy thudc cdch phan e cho transistor

a 1a hé s0 khuch dai dong dién rap kiéu B chung
fe B
I, p+1

Hé s0 q duge xdc dinh theo cdch phin cye trinh bay trong
bang mach thiét k& miu sau:
+ X€t mach phan cue hinh 1.14a, he 58 6n dinh nhiét L
: q 1 1 .
Lg - = = = + 1
g-a l-a ] - B /
£ +1

Bay 1a he s3 on dinh nhiét kém nhat vi B 16n khodng vii trim.
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+¥Yoo

|

Hinh 1.14a

+¥ee

+¥Vee

Hinh 1.14¢

+Veo

!
1

R Hinh 1.14e
R
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+ Xét mach phan cuc hinh 1.14b, h s& dn dinh nhiét la:

1+R-""- 1+F’—

g = 4 _ RH - R,
4-a 1+-% —g¢ 11—+ *

4 H

R.
Thutng thi Re<<Rp - EL<<1 nén:
H

Nhu viiy hé sd &n dinh nhigt S tf 1& nghich véi Re. Néu Rg ldn thi

S nhd va mach 8n dinh nhiét t6t.



CHUGQONG 2
MACH KHUECH PAI HOI TIEP

§2.1- DA1 CUONG

Mach khuéch dai ¢6 ky hiéu dang sd dd khoi nhu hinh 2.1, khi
¢6 tin hiéu dién dp v, 3 ngd vio s€ cho ra tin hiéu v, & ngd ra. Ti s0
Ay = vylv, dude goi 1a do khuéch dai dién dp nhy di trinh bay trong
chudng trude. Mach khuéch-dai kiéu nay con goi 1a khuéch dai vong
h& d€ phin biét vdi mach khuéch dai hdi ti€p, 40 khuéch dai dién dp
clia mach khuéch dai vong hd duge ky hiéu a Avo (0: open).

Tacdé: A,=-+=—">

Mach héi ti€p 12 mach 1dy mot phan nang lugng 3 ngd ra dua
vé cung cdp lai cho ngd vao dé diéu chinh lai cdc thong s& va chi
tidu k¥ thuat cla mach kbuéch dai. Mach hoi tiép trong sd d6 khoi
dudc viét tit 1a FB do chit “Feed Back™. P&i vdi mach héi ti€p, tin
hi€éu vao chinh 12 tin hiéu ra cda mach khué&ch dai (c6 thé la v, hay
i,), tin hiéu ra cla mach hdi ti€p ky hiéu la v¢ duge dua vao mach
khué&ch dai chung véi tin hiéu v;. Ti sO gilta tin hi€u ra va tin hiéu
vao clia mach hdi ti€p duge goi 1a hé s& héi ti€p ky hidu 1a b.

. Vi
Tacsé: b=y, =by,
v ;

o

Mach khuéch dai ¢ dudng hdi ti€p nhu hinh 2.2 dude goi la
mach khuéch dai hdi ti€p (hay mach khuéch dai vong kin). T s&
giita dién 4p ra v, va dién 4p ngudn v, by gid goi 1a d6 khuéch dai
hoi ti€p ky hiéu 13 Avr (F tifc Feed Back).

Tacd: A, =—<

N&u v, v v; ddng pha ta ¢6:
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vr}
ViSVitVr 2 Vo=SVi-vi = 4, =
v, —v
i !
Né&u v, va vy ngudc pha ta cd:
vl’)
ViSVe-Vi >V, SVi+Vy = 4, =
VvV, 4+,
I K
= - vu
Tong qudt: A4, =
v+ v

V.
1 I :
——-
| VO
. ™,
Vs [\ ]

-
v, (i)

Hinh 2.1: Mach khuéch dai Hinh 2.2: Mach khuéch dai hoi tiép

§2.2- PHAN LOAl MACH HOI TIEP

C6 thé phén loai mach hdi ti€p theo ba cich: theo tic dung
khu€ch dai, theo dang tin hi€u va theo cdch ghép giira tin hiéu hdi

ti€p va tin hiéu vio.

1. Theo tdc dung khuéch dai

- Mach hoi ti€p duong: khi cé hdi ti€p s& 1am ting d6 khuéch

dai dién dp. Trudng hgp nay ta ¢é: Ayr > Avo.

- Mach hdi ti€p dm: khi c6 hdi Gép sé 1am gidm dd khuéch

dat ¢i€n ap. Trudng hgp ndy ta ¢6: Ave < Avo.

2. Theo dang tin hiéu héi ti€p

- Mach hdi ti€p dién dp: mach ldy dién 4p ra v, d€ tao dién

dp hoi tiép vy dua trd lai ngd vao.
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Chitang 2 Mach khu&ch dai hdi 1iép

- Mach hoi ti€p dong dién: mach 18y dong dién ra i, d€ tao
dién dp hoi tiép v dua trd lai ngd vao.

3. Theo cdch ghép véi tin hiéu vao

- Hoi tiép song song: khi dién dp ngudn tin hiéu v, va dién 4p
hdi ti€p vy ghép song song nhau. Néi cdch khdc, hdi ti€p song song
1a khi hai tin higu v, va v; cling dua vio mot cife clia transistor.

Trudng hop nay ta ¢é:
Vi=vVy+vy — Vg = V) — Vy
- Hoi ti€p noi tiép: khi dién dp ngudn tin higu v, va dién dp
hdi ti€p vi ghép ndi tiép nhau. N6i cdch khdc, hdi ti€p ndi tiép 13 khi
hai tin hi¢u v, vd vy dua vao hai cye khdc nhau clia mot transistor.

Thi du: v, dua vao cwc B con vy dua vao cye E clia cling mot
transistor.

Truding hop nay ta c¢é:
Vi= V.~ vy = V= Vi + vy

Mot mach hdi 1€p ¢6 tén goi di gdm cd ba phin theo ba
cdch phan loai trén.

Thi du: - mach hdi ti€p 4m dong dién ghép ndi tiép

- mach hoi ti€p dm dién dp ghép song song.

§2.3- CACH XAC PINH LOAI HOI TIEP
1. Céng thifc tdng quat
Trong mach khuéch dai vong hd hinh 2.1 ta ¢6:

o v” -~ - - A N >
Ay =—L=-—= (nd1 trd 1, cda ngudn thudng nhd)
Y
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Trong mach khuéch dai hdi ti€p hinh 2.2, n€u chi xét tif ngd
vao dén ngd ra thi d6 khuéch dai dién dp chinh 1a d6 khuéch dai vong
h("i A\r() la:

‘(‘f] v‘,
AW} = :“ =—= vu - vi 'A\'ﬂ

Truding hdp xét tif ngudn v, d€n ngd ra v, bao gdm ¢4 mach
hdi tiép thi d6 khuéch dai héi tiép la:

Suy ra: A, = v, A _ v, 4, _ v, A4,
1 v, v, v thv, v, tbv, A4,
A,
== AI'.J'-' =_i£i_
1+ b4,
Goi miu s8 1 2 b.Ayo 12 thira s hoi tiép F, ta ¢
A
F=11b4,, Ay, = F{

2. Trutng hop F =1 - b.Avo
Trong phin 2.1 d phan tich, néu v, va v dong pha ta ¢6:

v
i
> A=

v, — V.’,-

Vi= Vy+ Vi = Vo= V- Vg

A,
Suyra: A,T_.zl—ﬁ vi F=1-b4,, a2
PN

Ta ¢6 cac trudng hgp sau:
a NeuF =1~ bAvo > 1 = Avr < Avo

Mach héi ti€p ¢6 tdc dung iam gidm do khuéch dai nén la
mach hdi ti€p am. Khi d6: -b. Avo >0 = b. Avo <0, nghia 1a b va
Avo trdi dau.

b. Néh F=1-bh Al,/() < ] = Aw,- > Ay
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Chudng 2 Mach khuéch dai hoi ticp

Mach hdi ti€p ¢ tdc dung lAm ting d0 khué&ch dai nén la
mach hoi tlep duong. Khi di: -b.Avp <0 = bAyy >0 va diéu nay
¢é nghia 13 b va Avo cling dau.

¢. Néu mach khuéch dai ¢6 - b.Ayy >> [ thi:
= Ay - Ai'u _ ]

VS = =7

l;bAm ~—bA|.“ h

Trudng hop ndy do khuéch dai hdi ti€p Ave 12 nghich ddo va
ngudc dau véi hé s8 hoi iép b.

d. Né"u F=1- b.AVU ={} = b.Avo =1 .

Trudng hgp nay ta cé:

113
. v,y v,
b.Avp=l = —t=l=>—=I
_ v, v, v,
Suy ra: Vi = v

Lyc d6, mach tf tao ra tin hiéu v2 mach dao dong (phin ndy
s& dugc phin tich trong gido trinh “ Mach dién t - Tdp 27).

Trudng hgp F = 1 - b.Avo 14 trudng hdp dién 4p hdi ti€p vy
duge ghép song song vdi ngudn tin hiéu v,.

3. Trudng hgp F =1+ b.Ayo

Trong phin 2.1 ta cling ¢6 xét trudng hap v, va vy nguge pha:

vl‘!
ViSV-Vp D V(SVit vy S A, =
v, +v,
) AI'H
Suy ra: A, =—— = F=1+bAvw
1+ b4,

Ta ¢6 cdc trudng hdp:

a. NeuF=1+ hAvo>1 = Avr < A_Vo
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Mach hdi ti€p ¢6 tdc dung lam gidm do khuéch dai nén 13
mach hoi ti€p am. Khi d6 b.Ayg >0, nghia 1a b va Avg citng dau.

b.NeuF=1+ bAyw<l = Avr > Ava

Mach hdi tiép ¢o tdc dung lam ting d6 khuéch dai nén la
mach héi ti€p duong. Khi d6 b.Av, <0, nghia 12 b va Ay trdi diu.

¢. Néu mach khuéch dai c6 b.Avo >> 1 thi:

AI'U o~ Ai'{) :1

Tlebd,, b4, b

¥

d NeuF=1+bAvw=0 = bAy=-I

Trudng hop nay ta cé:

A,
A, = el P
1+ 54,
‘.’ -v v )
b.AV()=I = —I—“{-,-:I:>—-;——"—']
L'il 1"! vﬂ
Suy ra: V= vy

Lu¢ d6, mach tr tao ra tin hi¢u va 13 mach dao déng (phin
nay s€& dudc phin tich trong gido trinh “Mach di¢n 1 - Tap 2™).

Trudmg hgp F = 1 + b.Ayo 12 trudng hop dién dp hdi tép vy
duge ghép ndi ti€p vdi ngudn tin hidu v,

§2.4- PHAN LOAI HOI TIEP THEO THUA S HOI TIEP F

Hdi tiép song song HAi ti€p nodi tiép

- _Avwo A - By
T 1-bA T 14DbA

= BAyg + PAyg
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Chudng 2 Mach khuéch dai hdi ti€p

F=1-bAvo>1 = bAvy<0 F=1+bAvo>1 = bAyg>0

b va Avo trii ddu = hdi ti€p 4m | b vi Ayo ciing dad =hdi ti€p Am

F=1-bAvo< 1= bAys>0 F=1+bAvo<] =>bAyu<0

b va Ayp cling dau=> hdi ti€p b va Ayp trdi ddu = hdi iép
dudng dudng
-bAyo>>1 = b va Ay trai bAvo >>1 = b vd Aygclng
dau diu

S A 1 b o : 1
Hoi tiép Am vdl Ay = — B Hoi ti€p am véi Ay = b

F=1—bAV()=0:>b.AVQ=1 F=1+bAvo=0=DbAyp=-1

= Ayr — oo vi trd thinh mach = Avr —> w0 va trd thanh mach
dao ddng dao déng

§2.5- HOI TIEP AM DONG PIEN GHEP NOI TIEP
1. S¢

Ve

c

T b

/ o

v; RI‘] +

E

S Al
Hinh 2.9: Mach khuéch dai khong Hinh 2.9: Mach khué&ch dai c6
héi tiép héi uép

Ay
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2. Nguyénly

Trong sd do hai mach khuéch dai hinh 2.3 va 2.4, cdc t dién
lién lac C-C; va tw dién phan dong Cg duge chon ¢6 tri s8 di 16n
sa0 cho & tn sd tidu biéu cla tin hiéu nguon v, thi dung khdng Xc¢
rat nhé nén duge coi nhu ndi tit.

Thutng chon: C;=C=1uF+ 10uF  chof= 1kHz
Ce=25uF+100uF  chof= 1kHz

Nhu vay, tu Cg trong mach dién hinh 2.3 coi nhu ndi tdt dién
trd Rg xudng mass d6i vdi tin hiéu xoay chiéu. bay chmh 12 mach
khuéch dai rdp kiéu E chung.

b6 khuéch dai dién ép ctia transistor 13:

A, = ﬂ— (= vai tram 14n)
Trong mach khuéch dai hinh 2.4 khong ding tu dién Cg nén
dong dién tin hiéu & ngd ra 13 i, = i. di qua Rg tao ra dién ap xoay
chiéu v, cling chinh 12 dién 4p hdi ti€p vy.
Tacod: vi=ve=1. Rg

b§ khuéch dai dp cda mach chinh 1a 3 khu&ch dai hdi tiép:

S
i
=
W
|
E

Ding Iy thuyét héi ti€p d€ phan tich ta c6:

el A' - v . .. . " A’ ) - >
- hé 506 hoi tiép: b= AR (dau (-) do E va C ddo pha)
V.

L= ~ (blasd am)

Trong bang phén loai hdi ti€p theo thira s8 F ta ¢é:
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Chuang 2 Mach khuéch dai hdi iép

4. Ao
" 14 b4,
Do Avo = vai trim l1dn nén b.Ayg >> 1, nhit vay:
o oA 1R
3 = =—=
b, b R,

Ta vin c6 két qud gidng nhy rén mach tuong duong nhung
cdch tinh don gidn hon nhiéu.

§2.6- HOI TIEP AM BIEN AP GHEP NOI TIEP
1. So do

<
a4

‘I',n
1

|
1|

Hinh 2.5: Mach khuéch dai khdng hoi ti€p

+Vop

Hinh 2.6: Mach khuéch dai héi ti€p
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2. Ngoyén ly
Mach dién hinh 2.5 1a mach khuéch dai hai ting khong c¢é
hdi tiép. Mach nay cé do khuéch dai dién dp chung cla hai tang 1a:

R .
Ay = Ay Aieny = 18| ﬁg ‘;;LE‘ {rat Idn)

rel

Trong mach dién hinh 2.6, dién trd Rg; va Ry duge thém vao
la c¢fin phin dp 1ay dién 4p ngd ra v, cho ra dién 4p vy trén Rg, dé
tao sy hdi tép.

Pién 4p hdi ti€p vy 14y trén Rg, dudc tinh theo ¢dng thite:

R.
vf ='I)” 1
: R, +RJ,

Theo dinh nghia ¢la mach hoi tiép ta ¢d: vy=b.v,

Suy ra hé s& hdi tié€p b cia mach la:

= ———L va b > 0 (b 1a s8 ducng)
R, +R,
Trong bdng phin loai hdi ti€p theo thita s8 F ta ¢d:
A,
Ay = e (L
1+ hA

kel
Do Avo rit Idn (= vai trim Hn) nén b.Aye >> 1, nhu vay:
AJ'.’) ] _ Rr:‘l + Rr‘

A, z—=—-=—— - Avp< A
i b4, b R, {Avr Vo)

b4 khuéch dai hdi ti€p sé phu thudce rat 1dn vao dién rd Ry
Pién tré Rg; ¢6 pham vi thay déi khong 16n ldm vi dnh hudng dén
trang thdi phin cuc mot chiéu cda transistor T;.

Ta cling ¢ thé phin tich nguyén I¥ cda mach dua vio gdc
pha cia tin hiéu ngufm V-Vi-¥, Vi vy nhu sau:
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» khi v, ¢6 bdn ky duong thi Ty din manh va cue C) ¢6 bdn ky
am ra dua vio cuc B,.

# khi T; nhin bédn ky 4m vao cuce B, thi T, din y&u va cye C,
¢6 bdn k¥ duong ra, v, ¢6 bdn ky dudng,

> tin hi¢u bdn ky duong cda v, tao ra dién dp hdi tiép v, cling
1a bin k¥ dudng nén v, va vy cling ddu.
Ta di co: Vi VitV = vi= V-V

Do ve va v¢ cling ddu nén v; bj gidm bién 46 s& lam gidm
bi€n do dién dp ra v, mach hdi ti€p 1a toai mach hdi tiép am.

§2.7- HOI TIEP AM PIEN AP GHEP SONG SONG
1. Sddo

A —d
L 7®

Hinh 2.7 Mach khong hdi tiép Hinh 2.8: Mach khuéch dai héi tiép
2- Nguyén ly

Mach dién hinh 2.7 14 mach khuéch dai ¢d can diing mot
transistor va khong c6 hdi ti€p. B khuéch dai dién dp chia mach 1a:

R. ;
Ay = _,{}h—‘ (= vai trim lan)

n
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Mach dién hinh 2.8 ¢6 dién trd R thay Rg 14y dién dp cyc C
(V) dé€ phan cyc mdt chiéu cho cue B, dong thai la dién trd hoi tiép
d€ 14y dién dp ra v, dua trd lai ngd vao.

Dién tr& Ry k€t hap vdi dng rd ngd vao hi. tao thanh cau
phén dp cho ra dién dp hdi ti€p vy tinh theo cong.thic:
h

i

VJf =V, —
h,+R,

Theo dinh nghia cda mach hdi ti€p ta cé: vi=b.v,
Suy ra hé s6 héi ti€p b 1a:
h

e

— e (b >0, b 1a s8 duon
h,+R, &

Theo sd dd ndy dién dp ngudn v,, dién dp hodi uép v cing
dude dufa vio cuce B nén ddy 13 mach hdi ti€p ghép song song.

Ta ¢o: ViZ=Vy+Vvy = Vy=vi-Vy

Trong bang phin loai hdi ti€p theo thira s6 F ta ¢6:
Ai‘U

Ay =T——
1"bA:'r)

Do Avo rit 1dn (= vai trim 1dn) nén b.Avg >> I va nhu viy:

"
D6 khuéch dai hdi tiép sé phu thude rat 16n vao dién trd Ry vi
tdng trd ngd vio . d3i vdi mdi transistor gdn nhy khong déi.

~ - Pl - - - - » - -
Ta ciing ¢6 thé phin tich nguyén ly cia mach dua vao goc
pha cia tin hiéu ngufm Vo — V;— V, va v{nhu sau;

% khi v, €6 bdn ky duong thi ngd ra v, ¢6 bdn k¥ 4dm do mach
khué&ch dai ddo pha, v, 6 biin ky am.

L]

> do hé s6 b dudng nén dién dp hdi ti€p vy ¢ ban ky dm.
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» ngd vao vinhdn hai tin hi€u v, va vy 1a hai tin hi€u ddo pha
nén tin hiéu vao bi gidm nhd sé lam cho tin hiéu ra v, bl
gidm, mach hoi ti€p 12 loai mach hdi tiép am.

§2.8- HOI TIEP AM DONG PIEN GHEP SONG SONG
1. Sodd

Hinh 2.10: Mach khuéch dai hdi tiép
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2, Nguyénly

Mach dién hinh 2.9 12 mach khué&ch dai khong hdi tiép ¢4 hai
tang. B0 khuéch dai dién dp chung cho hai ting 1a:
R('2
h

terl

Ay = Ay Avor = B S (rdt 16n)

Trong d6 B,.B2 1a 4o khuéch dai dong dién chung cho ¢a haij
ting goi 1a d6 khuéch dai dong dién hd (khong hdi ti€p) Ao,

. R
Taco: A4, =55, = Ay = Ay, ;(_2_
1wl
pe
R, ‘il ‘iz
R,
by 7
L Hinh 2.11: Mach tudng dudng

Mach dién hinh 2.10 diing dién trd R; 14y dién ap Ve dé phin
cie cho cye By thay cho Rg,, dong thdi Iy tin hiéu ra trén cyc E; dé
hdi ti€p vé cuc B,

Tin hi€u di€n 4p trén cye E,, do dong dién ra i, = i = iz qua
Rg; 120 ra, 1a mach hoi ti€p dong dién. Tin hiéu ngudn v, va tin hiéu
hdi 1iép vi ciing dua vdo cue B nén day 1d mach hdi tiép ghép song
song.

Trong mach hdi ti€p loai nay, ching ta s& phan tich bing do
khuéch dai dong dién hd Ajg va do khuéch dai dong dién hdi ti€p Ar.
. i i,
Ta cé: Ay =—="==p85,

i

Ii Ir‘!l
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Mach hdi ti€p dong dién bling R, ¢é thé v& ra mach tudng
dudng nhu hinh 2.11.

Ta ¢6: le2=1)+1;

1 (Rr+ hier) = 12.Rpz = v

i, R, +h,
- L=t
4 R,
f f R v R + hu— R!-'Z + R + hw
— ++T2_: E2 + 7 I — . ! |
ho 4 Ri» R, R,
. ;_2 _ R, +R, +h,
h R,
. i, R, +R
Do hie; << Ry nén: <2 =22 L
I Ry,
) I Ry, PO s .
Suy ra: —_— = ma 1= 1 Vi le2 = Iy

i, R,+R,
nén hé s0 hoi ti€p b; dudc tinh theo cong thifc:
" QR +R,

]

P& khuéch dai dong dién c¢6 hoi ti€p goi 12 Ap duge tinh
theo cong thifc:

b ) Ry,

T do khuéch dai ddng dién hdi ti€p A ta c6 thé tinh dd
khuéch dai dién dp hdi ti€p Avr theo cong thitc:

R,
Ay = Ay —2
hn’l
REE hrﬂl
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Nhu thé, do khué&ch dai héi ti€p phu thudc rat 16n vao Ry, con
dién trd R, ¢6 pham vi thay d8i khong I6n 1dm vi 4nh hudng dén
trang thdi phdn cuc mot chiéu.

N&u dura vao gée pha cla tin hiéu d€ phan tich thi ta ¢6:

L'

khi ngudn v, ¢6 ban ky diong thi T khuéch dai ddo pha cho
ra bdn k¥ am, qua T lai khuéch dai ddo pha cho ra bén ky
dudng & ngd ra v,

» tin hiéu hdi tiép 1ay trén cuc E; 1 tin hiéu ddo pha véi cuc C;
& ngd ra nén tin hiéu hdi ti€p s& Ia ban ky am.

» tin hiéu hdi tiép vy cd ban ky 4m cing dua vao cuc B vdi
ngudn v, nhung ngude pha véi v, nén lam gidm bién do cia
dién dp tin higu vao v; va giam dién 4p tin hiéu ra vo, mach
hdi 1i€p 1a Joai mach hdi ti€p am. |

| §2.9- ANH HUONG CUA HOI TIEP AM PEN CAC THONG SO
: CcUA MACH KHUECH DAl

Trong chwong nay chi phan tich cdc mach hdi ti€p 4m ding
trong mach khuéch dai tuyén tinh, cdc loai mach héi tiép ducng s&
duge phin tich trong gido trinh “Mach dién tir - Tép 2

Mach hdi ti€p am ngodi tdc dung lam gidm dd khuéch dai
dién 4p con lam thay ddi cidc thdng s6 va chi tiéu k¥ thudt khéc clia
mach nhu: t8ng trd ngd vao Z;, tdng trd ngd ra Z,, do rong bing
thong B.

D& thiy tdc dung cda hdi ti€p 4m dnh hudng 1én cdc thdng s&
trén, ngudi ta thudng ding mach twong duong dé phan tich. 6] day
chi cho hdng két qud sau khi da phan tich, tinh todn (phan phén tich,
tinh todn riat dai).
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Mach khuéch dai hdi Liép

Goi Zi, Z,, Avo, B fa cdc thong s6 cila mach khi khang cd hdi
tiép am va goi Zi, Zor, Avr, B 1 cdc thong s6 clia mach khi ¢6 hdi
ii€p Am ta cé bang két qud nhu sau:

Thong | Héiu€pam | Hitiépam | Hdiuépam Hbi 1iép dm
so ky | dong dién ndi | dién dp noi dicn dp song dong dién
thuit uép tiép song song song

trd vao T TF tF

Tong Zoo =ZF Zy Zg Zop =L,F

" oo = — Zop = —
tref ra F F
bo A A A A
y A=Y | A =¥ | A _=22V0 | A _ flvo

khuéch | ©YF 7 F TOOF |V OF ¥ F
dai dp
Bing B =BF Br=BF By = BF Br=BF
thdng

Trong bang két qua trén, F 1a thira s& hdi tiép va
F=1% b.AV().
Nhin xét:
< Mach hi ti€p am dong dién ndi (i€p 1am ting t3ng ud ngd
vao v ngd ra Jén F lan.
% Mach héi ti€p am dién dp ndi tiép lam ting tdng trd ngd
vao va gidm tdng trd ngd ra F Hn.

< Mach hdi ti€p 4m dién 4p song song 1am gidm tng rd ngd
vio v ngd ra xudng F lan.

.

'

Mach hdi ti€p 4m ddng dién song song lam giam tdng trd
ngd vao va ting tdng trd ngd ra F lan.
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% Tit ¢ cdc mach hdi ti€p 4m déu lam do khuéch dai dién 4p
giam xudng F 14n va d0 rong bang thong ting 1én F lan.

Céc mach hdi tiép 4m 1am ting tSng rd ngd vio thudng dudce
diing cho ting khuéch dai dau tién d€ khong lam gidm bién do cla
tin hiéu ngudn v,. Cic mach héi ti€p am lam gidm tdng rd ngd ra
thuting “dude diing cho ting cudi cing d€ ting kha ning cip dong
cho téi.

Ngoai cdc thong sO k¥ thudt trén, mach hdi tiép cdn ¢b tde
dung gidm bién doé nhiéu, gidm d6 méo phi tuyén va méo tan sb.



CHUONG 3
MACH KHUECH PAI DC

§3.1- DPAI CUONG

Mach khucch dai DC ¢on goi 1a mach khuéch dai ghép truc
tiép. Thong thudng cdc mach khuéch dai tin hiéu AC dudge ghép lién
lac bing ty dién, khi dé tu dién lién lac s& c6 dung khdng thay ddi
theo tin s0 chia tin hiéu. N&u tin hiéu c¢é tin sd cao thi dung khang
nhd ¢6 thé xem nhu khong ddng ké, néu tin hiéu ¢ tin s8 thip hay
cdc tin hidéu ¢6 mie bién ddi chim thi dung khdng cda tu s& rat Iin
lam ton hao dién dp trén tu ldn.

Mach khuéch dai DC dudge diing d€ tranh anh hudng cia tu
lién lac trong cdc trudng hdp khuéch dai cdc tin hiéu bién d8i chim
hay cdc tin hi¢u khong ¢d tinh chu k¥.

§3.2- CAC KIEU KHUEKCH PAI DC

1. Mach cd ban

Hinh 3.1: Mach khuéch dai DC
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Trong cdc mach khuéch dai AC dung ty lién lac, mdi
transistor dugc thi€t k€ phin cie mot chiéu doc lap.

Trong mach khuéch dai DC ¢g bin (hinh 3.1) mic dién dp
m{t chiéu trén T, cling chinh fa dién dp phan cuc cho Ts.

Ta ¢6: Ver=Vea=07V vd Vg, =207V
lrer =lor + L2

Gid st ciu phian dp R;-R; bi thay doi theo hudng fam Vg,
ting s& [am Iy, le) W@ng. Lac 46, Ve, gidm lam Vg, gidm va T chay
yéu hay ngung din. Nguge lai, néu Vg, ting sé lam T, chay manh
hay bilo hoa.

Nhu viy, trong mach khuéch dai DC, viée tinh todn trang
thdi tinh it quan trong vi dién dp mdt chiéu cda cdc transistor sé
dnh huGng lin nhau rit 16n.

Mach hinh 3.1 ¢6 nhuge diém 12 Veg ¢6 mide dién dp thip
(0,7V) do V= 0,7V. D& ning cao mic Veg; thudng ding Reg,.

2. Mach khuéch dai DC ¢6 Ry

@ ) @ )

Hinh'3.2a: Hat transistor Hinh 3.2b: Hai transistor

cung loai khac loai



Chudng 3 Mach khuéch dai DC

Trong mach dién hinh 3.2a ngudi ta ding thém Res dé ¢6 Vs

C40 va Vy; = Ve ciing duge ning cao vi:
V2 = Vo = Ve +Vgg

Nhds d6, viée tinh chon diém 1Am viéc tinh ca T, duge dé
dang hon. Tuy nhién khi ¢6 Rg; thi do khuéch dai dién dp ciia ting
hai bi gidm do tde dung héi ti€p am dong dién cta Rg..

Mach dién hinh 3.2b la trvong hgp dang hai transistor khic
loai nhung ¢d hat transistor trong hai mach déu duge rdp kidu E
chung, di€n dp tin hiéu vao v; va tin hiéu ra v, 12 hai tin hiéu dtﬁng
pha cho cd hai mach.

Hinh 3.2a ¢o; IR(_‘1 = I + 1o

Hinh 3.2b ¢o: [Cl = IRCi + 1y

Khi ¢6 si thay déi dién 4p phan cuc & ngd vio thi téc dung
phidn cue 1€n T; cia hai mach ¢é su khdc nhau nhut sau:

- hinh 3.2a: khi Vy, ting lam [¢ tang nén V¢, gidm s& lam
Vg2 gidm vd T, chay yéu.

- hinh 5.2b: khi Vy, ting lam I¢; ting nén V¢ gidm s& lam
Vg2 gidm va T; chay manh vi 1a loai PNP.

3. Mach khuéch dai DC ghim dp  cuc E;,

Khi ding dién tr3 Rg; d€ nang dién dp Vi, V2 va Ve thi
Re; s€ 1am gidm dd khuéch dai dién dp clia T, nhi trong hinh 3.2a
va 3.2b.

Muodn trinh tic dung hoi 1i€p am cho Rg; tao ra ngudi 1a ¢6 thé
thay mach phin cyc 6n dp cho cue E; bing cdu phédn dp Rz cla
Zener. Lic d6, Zener duge chon ¢6 dién 4p thich hgp dé€ tao phan
cuc cho cue C) va Ba.
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Hinh 3.3: Ghim dp biing diod zener

§3.3- MACH KHUECH PAI DC THONG DUNG

Mach dién hinh 3.4 13 mach khuéch dai DC théng dung nhat
¢6 thé dung dé khuéch dai cd tin hiéu DC hay AC. Ty Cg chi diing
trong mach khuéch dai AC dé€ loai bd tac dung hoi ti€p 4m wén Re,
va lam tang d6 khuéch dai dién ap clia mach.

+Von

!

—

Vi L
4 T SR, Rm%

&
o |
g

Hinh 3.4: Mach khuéch dai DC ¢6 héi tiép 4m dong dién
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Do hai transistor ghép truc tiép nén dién dp mot chiéu cla
hai transistor sé 1 dién dp phin cyc 1in nhau vi:

Ve =Ve: vd Vi =Ve— IRy

Pién trd R; 14y dién dp Vg, gidm ap dé hdi tiép phén cue cho
cyc By, Bién trd Ry 13 mach hdi ti€p adm dong dién d€ dn dinh nhiét
cho ¢a hal transistor.

Nguyén 1§ mach hdi ti€p am dé dn dinh nhié&t nhu sau:

Voy

Gia thi€t T, bi néng do nhiét d9 clia mdi trudng 1am I¢ ting,
V¢ gidm lam Vg, gidm. Liic d6, T> chay yéu nén Ig; gidm,
VEz gidm, qua Ry s& 1am Vi, gidm nén I¢) gidm trd lai.

» Gia thi€t T; bi néng 1am l¢; tdng, Ig ting va Vg, ting. Lic
dé, Vg, ciing ting nén T, chay manh lam I¢| tdng va V¢
gidm lam Vg; giam nén Iy gidm trd lai.

Néu khong ¢6 tu Cg, dién trd Ry con ¢6 tic dung hoi ti€p 4m

361 vai tin hiéu xoay chiéu dé€ cai thién cdc thdng s6 k§ thudt cla

mach.

Do khuéch dai dién 4p dugc tinh theo ¢Ong thife:

R.1r, .,
* T, c6 A, =-f ——2=-
r:'!v! +ﬁ|RH|
R, //R .y
* Ty c6 A, =-f,—F—L% (tu Ce i tt Re)
rb(’i

* D khuéch dai chung cta T\-T, la:
Ry lr, R,IR,

A, = A, A, =85,
P e ﬁ]ﬁ_ IF‘.'n‘l +ﬁIRI:'I

Fbez
Mach thue t& thutng ¢o diéu kién:
Ret >> o2 n€n Rey / The = The2

Thet << B].Rm nén rpe + BI-REI = BI-REI

)
n
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R.HR
Nhur viy ta ¢6: = 8,5, Focr Beg IRy,
CBR, h,
R.,/IR, ’
paimie. ﬂ (2
’ R,

§3.4- HIEN TUQGNG “ TROI PIEN AP MUC KHONG »

Doi vdi cde mach khuéch dai DC, dién dp mot chidu gitta cdc
transistor dnh hudng nhau rdt I6n. Thi nghiém cho thiy khi khong cho
tin hi¢u vao mach, bing cdch ndi tdt cye By xudng mass qua mét dién
trd, do dién dp ra & cye C; cho thiy dién 4p ra bi thay déi khong c6
tinh chu ky, ldc cao ldc thap, lic nhanh lic chim. Hién tugng nay
dude goi la hién twong troi dign dp mic khong. Mt trdi dién dp & ngd
ra cang 1dn néu mach c6 dd khuéch dai dién ap cang én.

bién dp muc khong & ngd ra bi rdi do cdc nguyén nhan
chinh nhur sau:

1. Anh hudng cta nhiét dd 18n cdc théng sé cua transistor

Céc thong s6 ky thudt cla transistor dén bi thay ddi theo
nhiét 39 d6i véi ¢d hai loai transistor §; va G, trong d6 ba thong si
chiv dnh hudng I6n nhit 12 dién 4p phan cyc Vg, do khuéch dai B
va dong dién ri Ieno.

a. Pién dp Vg thay d5i theo nhiét do:

Theo thyc nghiém va 1y thuyét bdan din, khi nhiét do ting

1°C thi dién dp phén cuc Vgg gidm 2mV. Hé s nhiét ca dién ap

dv,,
Ve la: Ay C

b. DS khuéch dai B thav ddi theo nhiét d6:

Theo thyc nghiém, khi nhiét d6 ting 1°C thi do khuéch dai
ting khodng 1%. Hé s3 nhiét cda p 1a:

ap

o 100% = 1%/° C
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C. I)()P’Ig dién ri Iono theo nhiét d('j.'

Trong transistor, mdi ndi CB duge phin cuec ngude nén dong
dién qua m&i nGi CB chi 12 dong dién 1f. Tuy nhién, dong lewo tang
cao khi nhi€t d6 ting. Dong dién i e duge tinh theo cong thie:

[ -1 LK(T-25)
CRO = loBowr; €

Trong do: Iegar): dong dién 1 § nhiét do tiéu chudn 14 25°C
T: nhiét d6 mdi truong dang thi nghiém (°C)
Icso: dong dién ri & nhiét do T ("C)
k: hé s8 nhiét (k = 0,08/°C cho G, va 0,12/'C cho S,)

Khi nhi¢t d0 ting s& lam gidm Vg, nghia 1a vdi mide dién ap
phin cye dang ¢ thi dong dién I s& ting. Lic dé, do khuéch dai 3
cling tang s¢ lam dong dién Ic ting manh, k&1 hgp vdéi dong dién ri
Iego tang, cang 1am Ic ting manh hon, din dén dién dp V¢ gidm nhd
lam “dién dp mudc khong bi trdi ™,

B¢ gidi han dnh hudng ca nhiét dd lam “dién dp mic khong
bi trdi™, ngudi ta thuting phan cuc cho transistor lam viée vdi dong
di€n Iy nho, lde d6 s& c6 dd khuéeh dai B nhd. Ngoai ra, khi chon
transistor nén chon loai transistor ¢6 lego cang nhd cang 18t

2. Bir anh hudng cia nhiét dé

D€ trinh hién wong “dién dp muc khong bi trdi”, ¢ thé
dung cdc mach bl dnh hudng cla nhict 4§ 1én dién dp Ve va dong
dién ri Ico nhur mach dién hinh 3.5a va 3.5b.

a. Bicmiic thay d6i dién dp Vi

Mach dién hinh 3.5a dong c¢iu phan 4p R va diod D ¢6 tdc
dung ghim dp cho cuc E. Do adi dé€n ngudn am ~ Vee nén cue E ¢
di€n dp dm 1a dién dp phin cuc cho diod D.

Ve= -Vpz= - 0,7V va V=0V
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= VBE=VB—VE=VB+VD=VDEO,7V

+Vop
Ro
Ry
_WAY
R
-0V - Voo
D

Hinh 3.5a: Ghim dp d cuc E

Khi nhiét do ting s& lam giam Vpg, nhung do diod D cing
chiu dnh hudng ctia nhiét dd nén Vp cling giam nhd hon 0,7V do do
diod D ¢6 téc dung b cho mufc thay ddi cda dién dp Vgg khi nhiét
do ting,

b. Bicho df)?’tg d:én ri fc;;o.'

+V o +Voo

Ry Re Ry Rg
Imﬂ Im
I I

T )

Hinh 3.5b: Khéng c6 diod va c6 diod D song song hai chén BE

[

Khi nhiét 48 ting, dong dién ri Icpe cling tdng va dong dién
ri ndy lam dong Iy ting din dén Ic tdng va 1am dién 4p mic khong
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Chuong 3 Mach khuéch dai DC

bi tro1. Trong mach di€n hinh 3.5b ngudi ta diing diod D ghép song
song ngugc chiéu véi mai ndi BE. Khi nhiét d6 ting 1am ting leso
thi diod D ciing ¢6 dién trd nguge gidm nén dong dién i Iepe cda
transistor s& qua diod D xudng mass chif khong vao méi ndi BE.

Nhu vay, dong Ig khong ting va Ie khdng ting nén khodng
lam thay ddi mic dién 4p ra.

Ngoai y&u td nhiét d6 1am thay déi cdc thong sd k§ thudt cia
transistor, 1am cho dién 4p muc khong bi tréi, con ¢o yéu td khdc 14
sy thay d6i mic dién dp ngudn Vee. Khi dién dp ngudn thay dédi tri
s0 s& lam thay d6i dién dp Vg, Ve va din dén 1ol dién dp muc
khong. Tuy nhi€n van d€ ndy duge gidi quy&t mét cdch don gidn 1a
stf dung ngudn 8n dp d€ ¢6 dién dp Ve 14 hiing s6.

§3.5- CACH TiNH HE SO ON PINH NHIET

Qua cdc phin phén tich va 1§ ludn trén cho thdy d€ trinh dnh
hudng cta nhiét d6 1am thay ddi cdc thong s6 ca transistor ¢6 thé
1am sai diém 1am viéc tinh, ngudi ta ding nhidu cdch khéc nhau dé
phén cuc cho transistor, mdi cdch phin cyc c6 tdc dung va higu qua
én dinh nhiét khic nhau.

Bé dic trung cho tdc dung va hidu qua 6n dinh nhiét, ngudi
ta dinh nghia hé s& én dinh nhiét 1a:
g Al $ : Stability = 6n dinh
Alego S :pha dinhcta S

S con dude goi la “dd bat n dinh nhiét”. Cdch goi nay hdp

I§ hon vi theo dinh nghia S cang nhé thi mach cang dn dinh vé
nhiét do, nghia 1a S cang nhé thi “ d6 bat &n dinh nhiét” cang thap.

Cdng thic tdng quat d€ tinh hé s& én dinh nhiét S 1a;

§=-1
g—a
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Trong d6: g 12 hé sd ty thude cich phin cye cho transistor
a 13 hé s& khuéch dai dong rip kiéu B chung.

Ie _ B

= —=
I, p+1

Hé & g di dude gidi thigu trong bdng thiét k€ miu hinh
1.14, chuong 1.
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Chuong 4
MACH KHUECH DPAI VI SAI
DARLINGTON - CASCODE

§4.1- MACH KHUECH DAI V1 SAl

Pé ¢6 thé khuéch dai cic tin hiéu ¢6 tdn sd rat thip hay cdc
tin hiéu bi€n thién chidm va khong ¢6 tinh chu k¥, ngudi ta thuding
diing mach khuéch dai DC theo ki€u lién lac trye ti€p. Mach ndy ¢6
dip ng 1dn sO thdp ril 6t nhung lai ¢6 hién twgng dién dp wdi, do
do, d€ wranh hién tugng dién dp troi va ting khi nang chdng nhiéu &
cde tang khuéch dai ddu tién, ngudi ta ding mach khuéch dai vi sai
(Differential Amplifier).

1. S¢ dd mach cd bin

RM § RC
Rll
it AN
R
Y It =
R
.Rll
- AAA

Hinh 4.1: Mach vi sai ¢d bdn

Mach khuéch da1 vi sai ¢d bdn (hinh 4.1) trong d6 hai
transistor T)-T» 12 hai transistor ciing tén, c¢a¢ dién trd phan cuc ¢é
tri s0 gidng nhau.
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Tin hiéu vao duge dua vio hai cuc B-B; va R 1a dién trd
nhin tin hiéu vio cda moi transistor.

Khi & ngd vao ¢d mic dién ap v; thi Y2v; sé€ tac dong vao mi
transistor do tinh phan dp ¢da hai dién trd R va sé& ¢ hai trudng hop:
khi cuc B, nhin dién dp dudng thi cyc B, nhdn dién dp dm so vdi
mass va ngudgc lai.

Theo hinh vé 4.1, d ngd ra dién dp V¢, gidm vi dién dp Ve
tang. Pi¢n dp ra 14y gilta hai cye C la:

&Vo = AV(‘| - &ch

Thong thudng transistor duge phin cufc vdi diéu kién Rg; >>
Ihe Nén d0 1gi dién dp cha mdi transistor Ja:

.y AV, AV, ——ﬁL
"l 12 AVr] A"’:z R}“ +Fh:'

SU)’ ra: AVC| = AV1.AVi| = A AW.AV,'
AV(‘z = AVQ.AVQ = - l/2 A\a‘]‘AVi
Do ta ¢o: AV = AV - AV = Av.AY;

AV R,
Suy ra: A =—2=-f ¢

! AV, Ry +r,

Trong do: k=1 +(1+ /5)2(;_’”’4

I3

Cong thife trén cho thdy tuy mach khuéch dai vi sai ding hai
transistor, nhung d0 1¢i dién dp chi biing d6 1di cla tang khuéch dai
théng thudng vdi mdt transistor.

2. DPic diém cta mach khué&ch dai vi sai

Khi ¢6 dién &p tin hiéu & ngd vao thi do cdu phan dp ding
hai dién tr§ R 1am cho cyc By ¢6 dién dp dudng va cuc B co dién dp
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Chuong 4 Mach khuéch dai vi sai

am hay ngude lai. Lic d6, Ty ddn manh lam V¢ gidm va T, din yéu
1am V¢ tang s& cho ra tin hiéu ngd ra AVc vd AV ngude diu.

Pién dp ra cia mach vi sa1 la:
AVO = AVC| - ;‘SVCz = 2AVC5 = 2‘5\/’(‘2
Khi ¢6 tin hiéu nhiéu phd roi thi tin hiéu nhiéu s& tdc ddng
dbng thisi 1én cyc By va B; vdi dién dp dong pha (ciing dudng hay

cing &m). Nhit viy, & ngd ra AVe; vd AV bi€n thién cling hudng
s& triét iénu nhau va AV =10.

Nhu vdy, mach khuéch dai vi sai ¢é khd niing chong nhiéu
rat 1. Tin hiéu nhidu & diy 6 the 13 tin hiéu dién tt, nhiét dd moi
trudng hay su bién thién dién dp cla ngudn.

3. Tisd nén dong pha CMRR (Common Model Rejection Ratio)

Hinh 4.2: Mach vi sai ¢6 Rg

Pé ddnh gid khd ning chdng nhiéu ¢lia mach khu€ch dai vi
sai ngudi ta difa ra khdi niém f s8 nén ddng pha CMRR.

63



Mach Tudng Ty Nguyén Tan Phudc

Trong s d6 mach dién hinh 4.2, dién trd Rg ¢6 tic dung [am
ting khd nang chong nhiéu cha mach, bién tré VR ¢6 tdc dung tao
sir ¢dn bing dong dién Ic) v e

Trong cdc mach khu€ch dai ding transistor, dién trd Rg ¢d
tac dung Gn dinh nhiét va 12 mach hdi tiép 4m dong dién.

Trong mach khuéch dai vi sai dién trd Rg nhiin dong thdi hai
dong dién T, va Ig;. Tdc dung én dinh nhiét cda Re trong mach diéu
khién vi sai ¢d nguyén |y sau:

» Gid thiét nhiét d6 mdi trudng ting lam Ty bi néng 1én = Iy
ting = Ig; ting qua Rg = Ve chung tdng. Lac d4, g gidm
nén T, chay y&u trd lai = dong dién I¢; gidm = g gidm
xudng mifc trung binh.

» Ngudgce lai, gid thict nhiét do mdi truding ting 1am T; bi néng
1€n = I ting = I ting qua Rg = Vg chung tang. Lic 46,
Vier gidm nén T chay yéu trd lai = dong Ic, gidm = g
gidm xudng mic trung binh.

Nhu viy, néu chon tri s& Rg dd 1dn thi khi dong Ig ting it
cling 1am Vg ting cao di dé tao hdi ti€p n dinh nhiét gidm hién
tugng dién dp trdi G ngd ra v chdng cdc tin hidu nhi€u dong pha.

Truding hgp & ngd vio nhin tin hiéu vi sai s& diéu khién hai
transistor chay ngude hudng nhaw (T, chay manh thi T; chay yéu va
ngudc lai) nén khi Iy ting thi Iey gidm; va do 2Ig = Iej+lc nég dong
di¢n qua Rg I 21 ¢6 tri $& gin nhu khéng déi.

Nhu vdy, dién trd Rg khong ¢6 tdc dung hdi ti€p am déi véi
tin hiéu vi sai v nhy thé d6 1¢i cda mach khuéch dai vi sai khong
ddi va vin dude tinh theo cong thitc:

_ &Vu Rf'

A ==L = e
AV, Ry +1,

p
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Khi phan tich, tinh todn cho mach khuéch dai vi sai ngudfi ta xét
riéng hai trudng hop c6 tin hi€u vi sai va c6 tin hiéu nhiu dong pha.

Hinh 4.3 1a mach tong dudng khi xét tin hiéu vao 13 tin hiéu
vi sai, di€n dp dat vao cyc B, va B; 1 hai tin hiu ngugc pha nhau.
Lic d6, dién urd Re khdng ¢6 tdc dung nén 3 cuc E; va E, chi con
2VR (bi€n trd di€u chinh tao sy c¢in biing ddng dién Ici-Icy).

Téng trd ngd vao cia mach hinh 4.3 1a:
ry = 2(R3| + e + 12 BVR)
va do: rpe = 1p+ ffre. néntacé:

i = 2(Rg +1p+ BI’U + 12 ﬁVR)

v
-E(
)
==

!

= RBI + Iy va RE = T+ VR
Suy ra: ri = 2(Ry + BRE)

Hinh 4.3: Mach tudng duong vdéi tin hiéu vi sai

$ ngd ra dong tin hiéu 1dy & hai cyc Cj, C; nén dong tin hidu
di tir cye C qua C, phai qua téng trd ngd ra 1a;
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Mach Twong Ty

ro =2R¢

Hinh 4.4 1a mach twong duong khi xét tin hi€u vao la tin hi€u

ddng pha nhau. Liic d6, dién trd Re cé tdc dung On dinh nhiét va
dong dién qua Rg 13 2Ig nén trong mach tudng duong dién trd Rg

cho mBi transistor 13 2Rg d€ vin c6 dién dp & cuc E 1a Vg = 21z Re.

Vdi cdch phén tich twong (g ta van ¢d thé tinh dugc t6ng trd &
ngd vao va ngd ra cia mach hinh 4.4. Luu ¥ 1 tin hiéu vao v; dit
vao cyc B cla ting transistor so véi mass chit khong dat vao giita

hai cyc B nhu tin hiéu vi sai.

bat Rg= Rpi +1 va Reg= r. + 2VR
Suy ra: ri = 2(Rg + PRg)
Vo
Re Re
Ry K
> AN
V. R s
: VR Y.VR
2 2R
v @) R Ry .
l Ry = =
. AN

Hinh 4.4: Mach ttong dudng vdi tin hiéu dong pha

Pé danh gid chat lugng cda mach khuéch dai vi sai thudng
dung ti s& nén dong pha (CMRR) dudc dinh nghia theo hé thic sau:
{ (D6 1di dién ap vi sai)

Ay vl sai

CMRR = . r TR
Ay dong pha (0 1gi dién 4p dong pha)
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Né&u mach ¢é tinh dai xting mot cdch 19 wdng thi do Igi dign
dp dong pha biing 0. Nhu vay tf s& CMRR tién dén vo cuc, khi ning
chdng nhiéu cfia mach v cung 1dn.

§4.2- MACH KHUECH PA] VI SAI CO NGUON ON DONG
1. Mach én dong ¢d ban

Mach én dong viét tit 1a VCCR (Voltage Controlled Current
Source = ngudn dong dién duge ki€m sodt biing dién dp) con duge
goi 12 ngudn dong hiing.

Mach 8n dong 13 mach gitf cho ddng tdi Sn dinh ma khong
phu thudc theo dién dp ngudn Ve hay tri sO cda dién trd 1di Ry
trong mdt gidi han cho phép.

Sd do 4.5 1a mach 8n dong ¢d bdn dung transistor va diod Zener.

Hink 4.5: Mach 6n dong ca ban  Hinh 4.6: Ky hidu ngudn &n dong

Theo mach phiin cuc ta ¢é:

Vg=Vz (hing sd)
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VE =Vp - Vgg= Vz- 0,7V (héng 86)

V. V,-07 :
Suyra: [, =—-tf-=-%2_"_ hing s&
y ! R, R, ( g0

Do I = I¢ = Ig nén dong dién tai cling ¢6 tri 38 On dinh theo
cOng thifc trén ma khong tdy thude tri sd dién trd tai Ry hay dién 4p
ngudn Vee trong mot gidi han cho phép. =

Theo dinh nghia, mach &n dong hay ngudn 6n dong 6 tong
trd dudc tinh theo cdng thic:
AV
r =
Al

Trong d6: AV 1a mifc bién ddi dién 4p
Al 12 mifc bién ddi dong dién cda ngudn.
Do I 12 hiing s6 nén Als = 0. Nhu vay, tdng trd r; v cling 1dn.
2. Mach khuéch dai vi sai ¢é ngudn 6n dong
Trong mach khuéch dai vi sai khi ¢6 tin hiéu vao vi sai s&
lam T, din manh cho Ig; ting thi T din yéu cho Ig; gidm. Diu nay
lam cho dong dién qua Rg 14 2Ig khong ddi nht mach 6n ddong. Nhu

viy, ¢6 thé thay Rg bing mach 8n dong nhutt mach dién hinh 4.7
trong dé Ty 14 mach 8n dong thay cho Re.

Hai ngudn +V¢e va —Vee 12 hai ngudn duong va am ¢6 thé
d8i xing hoac khong dai xing va 12 hai ngudn 8n 4p. Cau phén dp
R, - R; 6 tdc dung phin cuc &n dinh cho T3 nén ¢6 dong Ies 6n dinh
tinh theo cong thife:

va Ic3 = IE] + IEZ
Theo phin tich trén, mach dn dong T3 ¢6 ndi trd r; rat 1on

thay cho Rg. Khi Rg rit 16n l1am ting téc dung hdi tié€p on dinh nhiét
va lam cho d6 khué&ch dai ddng pha Ay dong pha = 0. Lic d6, ti s0
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nén dong pha CMRR s& vo cling 16n va mach khuéch dai vi sai ¢é

Rl’ Rc % ; Rc | RI’ % Rl
R T ey {";ﬂ® |
| —| 1!
R
[ M .
;Il - Ve
I
“l R, % R,

Hinh 4.7: Mach vi sai ¢6 ngudn én dong T3

§4.3- CAC MACH KHUECH DAI VI SAI THONG DUNG

1. Mach khué&ch dai ngd vao va ra céin bing

Hinh 4.8: Ngd vio va ra cin bing
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Mach dién hinh 4.8 chinh 132 mach khuéch dai vi sai cd ban
¢6 Re d€ ting khid ning chong nhiéu.

Mach ding hai ngudn + Vee v —Vee (6 thé ddi xiing, ¢6 thé
khong déi xing). Vdi cach phan cye nay cye B ¢6 thé khong ding ciu
phan dp Ry -Rpz va cuc B co Vg, = Ve =0V.

Lic d6, Ve s€ cod dién dpam Vg =- 0,7V,

Cidc thong s6 k¥ thudt clia mach 1a:

- D6 khuéch dai dién dp visai: 4, =~f——

- Ti & nén dong pha CMRR rit 1dn
- Téng trd ngd vao : r, = 2(Ry + rye)
- T(‘;ng trd ngd ra: r, = 2R¢

Mach niy thudng dude chon lam mach khuéch dai ngd vao
¢lia cdc ting khuéch dai DC ¢6 ngd ra déi xiing.

2. Mach khué&ch dai vao can biing - ra khéng can bing

I||+
—

Hinh 4.9: Ng6 ra khong can bing
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Mach dién hinh 4.9 ¢6 ngd ra khdng cin bing, tin hiéu chi 14y
tif cve C; xudng mass nén dién ap ra bi gidm di mdt phin hai so vdi
mach 4.8.

Pién trd Rg ¢6 tic dung gidm hién tugng dién dp tréi.
V& phan cuc ta van c6:

Ve =V =0V vd Vg =Vg=-0,7V
Céc thong s6 k¥ thuit cla mach la:

. R,
- b6 khuéch dai dién dp visai: 4, = vlﬁm—‘——
27 Ry+r,

- Tong tré ngd vao: 1; = 2(Rg + Ipe)
- Tng trd ngd ra: r,=Rc

Mach nay thudng diing trong ting khuéch dai trung gian
trong Ampli hay cdc mach khuéch dai DC.

3. Mach khuéch dai vao khéng cén biing, ra cin biing

Mach dién hinh 4.10 14 trudng hdp ngude lai cda hinh 4.9, tin
hiéu v; ¢hi cho viao cuc By so véi mass.

+__+Vm
A Fa ]
T s AN '___IH
v L
R VG!

Hinh 4.10: Ngd vao khong cin bing
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V& phan cic mdt chidu ta vin c6:
Ve = Va2 =0V VEi=Ve2=-0,7V
Khi ¢6 tin hiéu vao v, Ty khuéch dai s& cho ra hai tin hiéu &

cuc C; va E,. Lic d6, T, dugc xem nhu transistor khuéch dai rdp
ki€u B chung c¢6 tin hiéu vio cuc E; va ra & cuc C,.

X6t trudng hop tin hi€u v; ¢6 ban k¥ duong vao cuc By, cuc
C; ¢6 tin hiéu ra ddo pha la ban k¥ am, trong khi cuc E; ¢6 tin hi€u
ra dong pha 12 ban ky duong. D8i véi T, 6 tin hiéu vao E, 12 bin k¥
dudng nén cuc C; c6 tin hiéu ra dong pha 1a ban ky duong, vi mach
khuéch dai B chung 1a mach khuéch dai ddng pha.

Nhu véy, tin hiéu ra trén hai cuc C| va C; cfing 12 hai tin
hiéu ngudc pha nhau s&€ lam cho dién dp ra vo tang gap ddi so vdi
tin hiéu v.;.

Cac thong s6 k¥ thuat cia mach la:

, . . R.
- b6 khuéch dai dién 4p visai: A4, = -f—-—
_ Ry +r,

- Tong trd ngd vao: 1, = 2(Rg + Ine)
- Tdng trd ngd ra: | ro=2Rc¢

Mach nay ¢6 tac dung ddi tiY tin hiéu khong cin bing ra tin
hiéu cin bing.

4. Mach khué&ch dai cé ngd vao va ngd ra khéng cén bing

Mach dién hinh 4.11 ciing diing hai transistor nhu mach
khuéch dai vi sai co ban nhung tin hiéu vao v; chi dua vao cuc B, va
tin hiéu ra chi 14y trén cuc C| so véi mass.

Hai transistor T, va Ty vin ¢6 tac dung trif cdc tin hiéu nhiéu
ddng pha hay dnh hudng cda nhiét d6 tic dung 1&n hai transistor.

72



Chuong 4 Mach khué&ch dai vi sai

+ | +Veo
v, .—| [
Rl
I i
= i T Yo

Hinh 4.11: Ngd vao va ra khong cin biing

V& phan cyc mot chiéu ta vin cé:
Ve = Vo= OV
Vg = V= -0,7V
T 1a transistor khuéch dai ddo pha rap kiéu E chung.

Céc thong s6 k¥ thuat cia mach 1a:

. R..
- D6 khuéch dai dién dp visai: 4, = ~lﬁ ¢
20 Ry+r,

- Tdng trd ngd vao: 1 = 2(Rg + Ipe)

- T(gng trdngdra: 1, =Re

§4.4- PHUONG PHAP GIAM HIEN TUGNG PIEN AP TROI

Mach khuéch dai vi sai ¢6 hién tudng dién 4p wdi 1a do dac
tinh k¥ thudt ciia hai transistor khong giong nhau hoan toan, mic du
hai transistor ciing tén do ciing mdt hing sdn xuit trong clng mot
loat hiang (Series). Pé tranh hién tudng dién 4p trdi trong mach
khuéch dai vi sai ngudi ta thudng ding cdc bién phdp sau:

1. Dung dién tré Rg khéng d6i xiing
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Sy mat ddi xitng cda hai transistor 13 do dién dp Vgg khidc
nhau. PE bl lai su khdc biét nay ngudi ta diéu chinh dong dién Ig

bing cich thay ddi Rg.
Rcl/g’ Reg + l_-l-vm

. T

T- R - é T +_L_|“
vy | Ry -Tvm
1_ 3, i

Hinh 4.12: Dién trd Rg khong doi xing

Trong mach hinh 4.12 bién rd VR s& 1am thay déi tri s0 Ry,
vi Rgz. Néu chinh bién trd VR sang cuc E; thi Rg) gidm, Rg; ting va
nguge lai. Khi hai dié€n trd Rg; va Rgp khdc nhau thi dong dién Ig, va
Ig; ciing khdc nhau.

* Cdch thue hién:
- Budc 1: Piéu chinh Ry = Ry

- Budc 2: Piéu chinh bi€n trd VR dé cho dong Ty, va Ig dé
. b Slf mz'i't d(;% Xfl’l’lg glﬁ'a VBEI va VBEZ- Khi dé ICI v ICZ s€ 1am cho
Vi khic Vs,

- Budc 3: Piéu chinh lai bi€n trd Re, sao cho Ve = Ve d8 ¢6
Vo=0V.

Cdch diéu chinh nay 1am cho R¢; khdc Re; nén s& lam mach
gidm khd ning chdng nhiéu dong pha.

2. Dung mach héi tiép dong pha
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%Rcs

Rey

:

. R vpv-:, 4 VR I - ‘—Iﬁl +_:T+V.,,
1 . Sl ®—J<5

&t ®
v, L —i 1
1T s l “3
£

Hinh 4.13: Tranh dién 4p wdi bing mach hdi ti€p ddng pha

ot

Trong s d6 mach dién hinh 4.13 ¢6 hai mach khuéch dai vi
sai, mach vi sai T\-T; ¢4 T 1a transistor 3n dong thay cho Rg(, mach
vi sai T3-Ts ¢6 Rg 1a cau phan dp R)-R, d€ 14y dién dp hoi tiép vé
cue Bi.

Khi ¢6 tin hiéu nhiéu dong pha nhau do dnh hudng cda nhiét
dd thi ¢4 hai transistor cling chiu tdc ddng nhu sau: gid thiét tin hiéu
nhiéu dong pha 1am V-V, ting nén Iej-Ie; ting lam Ve-Ves
gidm. Di€u ndy lam cho Vys-Vis gidm nén Ies-Ies gidm dua dén
Vis-Ves gidm va dién dp hdi tiép Ve gidm nén Vg gidm. Nhu da
bi€t: I¢x = Loy + Iy nén khi Viaa gidm s& 1am cho Ies gidm tic 13 Ig
va ey khong ting dude, mach ¢é do 8n dinh tot.

Nhu viy, tin hiéu nhi¢u ddng pha @3 bi gidm hay loai bd bdi
tdc dung ctia mach hoi ti€p tranh hién twgng dién 4p troi.
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§4.5- MACH DARLINGTON

Trong cdc mach khuéch dai ¢in ¢6 do khué&ch dai dong dién
that 18n hay cdc mach cdn ¢6 téng trd vio 16n ngudi ta c6 thé ding
hai hay nhiéu transistor rdp t3 hgp theo sd dd mach Darlington dé
dat cdc yéu cau trén.

1. Mach Darlington cd ban

Mach Darlington ¢d ban ¢6 s¢ dé nhu hinh 4.14 trong d6 cuc
E, ndi tric ti€p vao cuc B; nén Ig) = Iga.

Hinh 4.14: Mach Darlington ¢d bdn

Transistor T; ¢6: g = Icr = Bi.Iss (H
Transistor T, c6:  Igy= Ieo=B2.1gs  (2)
Do mach Darlington ¢d: Ig, = Ip2
nén khi thay (1) vao (2} ta co:
Ie2 = B2.ds2 = Bale
= Ba.prIe = Bi.B2ds
Suy ra: Igx = B1.B2.1s
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Chudng 4 Mach khu&ch dai vi sai

Néu goi dong dién ngd vao cla mach 1a I; thi I = Ig), dong
dién ngd ra clia mach 13 Ip thi Ip = Ig; va goi B 14 d6 khuéch dai
dong dién cda toin mach thi:

I{J _ ].".'2

ﬁ=‘}f“—‘}‘;=ﬁ|ﬁz

Gia st T, c6 B, =100, T c6 B2 =80
P06 khuéch dai dong dién ctia mach Darlington 1a:
B = Bi.B2 = 100.80 = 8000

Nhy vy, dong dién ra trén tdi s& biing 8000 1an dong dién &
ngd vao. Mach Darlington ¢6 dé khuéch dai dong dién rat 19n.

2- Xét tong trd vao ciia mach Darlington

Nhu d4 biét, t8ng trd vao cia transistor rap kiéu C chung la:
1= The + BRe

Né&u nhin vao tif cic B; thi tdng trd vao cla T la:
iz = Ipez + B2.RL

Néu nhin vao tif cyc By thi t8ng trd vio cla T) cfing chinh la
téng trd vao ciia toan mach la:

= 0 = Iner +PBrria
= i=TIpe + P (The + B2.RL) {cho rpe; = rpe2)
= =B+ 1)+ pB1.BrRL (rdt 16n)

Nhu d3 ching minh phin trén, tich s B.B; rat I6n nén téng
trd vao cia mach Darlington sé& rat 18n.

Mach Darlington ngoai tdc dung tao d6 khuéch dai dong
dién rat 16n cdn ¢6 tdc dung dbi t8ng trd 4 rdt 16n & ngd vao thanh
tdng trd ra rat nhé d€ dung hop vdi tdi.
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3- Cic kiéu mach Darlington

Trong thyc t€ mach Darlington cé thé diing hai transistor
ciing loai NPN hay cung loai PNP va cling ¢6 thé dung mot
transistor NPN (3 hagp véi mot transistor PNP,

C6 bon ki€u mach Darlington nhu sau:

Sd d6 hinh 4.15a dung hai transistor NPN vdi ngudn duong
+Vce, s¢ dd hinh 4.15b diing hai transistor PNP véi nguén im —Vec.
Hai mach ndy ¢6 quan hé dong dié€n gii¥a hai transistor la: Ig, = Ig,.

+‘.."',:,c . - Vm "‘V(!! - UD:
F ’ i i 4

Hinh 4.15a Hinh 4155 Hirnh 4 15 Hinh 415d

Sd dd hinh 4.15¢ va 4.15d dung hai transistor khic loai véi
ngudn dién theo loai transistor T,. Hai mach nay cé guan hé
dong di€n gilta hai transistor 1a: I¢) = Ig».

3. Mach tuong duong cida ki€u Darlington

S¢ dd hinh 4.16 12 mach tudng duong cla hai transistor
Darlington trong hinh 4.15a va 4.15b. Trong mach nay hai transistor
rap kiéu C chung, tin hiéu 18y ra & cuc E,.

That ra mach Darlington van c6 thé rdp kiéu E chung nhung
do mach ¢6 d6 khuéch dai dong dién 18n nén thudng dude ding &
tang khuéch dai cong suit va tang ndy lai ¢é yéu ciu ddi tdng ud
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Chuong 4 Mach khuéch dai vi sai

Idn ra tong tr nhd d€ dung hdp vdi tdi ¢d téng trd nhd, nén mach
Darlington thudng duge rdp ki€u C chung nhu cdc mach trong hinh
4,15,

C]ECQ

¥ BZI 13

Hinh 4.16: Mach tugng duong cia hinh 4.15a va 4.15b

§4.6- MACH CASCODE

Mach Cascode gdm hai transistor khuéch dai ghép chéng 1én
nhau (hinh 4.17), T, 1a transistor khuéch dai ngd vio Tdp kiéu E
chung, T 12 transistor khu€ch dai ngd ra rdp kiéu B chung vi ¢6 tu
Cs phan dong.

Céu phén dp R|-R; d€ phéan cue mdt chiéu cho hai transistor
va dién dp Vg, phdi di cao vi:

Vo= Ve = Vg — Vg = Vg - 0,7V

Luc d6, Ve mdi ¢ mifc dién dp di 1dn d€ T; 1am viéc trong
viing tuyén tinh (ving khuéch dai) cda transistor.

Tin hi€u ra sau Ty 14 v, chinh 1a tin hiéu vao vj; cita T;. Do
T, rdp ki€u B chung nén ¢6 tdng trd vao nhd, tdng trd ra rat 16n, nhd
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d6 T, €6 tdc dung ngin cdch dnh hudng cia ngd ra dén ngd vao nhat
14 & tan s0 cao.

oo +V‘==

ng Re

\_l_

SN |

e Vo, =,
vn k ® 01 2
I

Hinh 4.17: Mach Cascode

Mach Cascode c6 d6 khuéch dat dién 4p biing do khuéch dai
dién 4p cta mach rdp ki€u E chung nhung ¢6 dién dung Miller &
ngdé vao nhé (tdc dung nay sé duge phén tich trong gido trinh “Mach
dién u¥ -Tdp 27).

Dién 4p tin hiéu v;; va v, dao pha nhauv nhung di€n 4p tin
hiéu v, va v, ddng pha nhau.

Khi diéu chinh dién dp phin cuc ctia cau phin ap R,-R; sé&
lam thay d8i mdc dién dp mdt chiéu ciia ¢ Vo va Voo.
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CHUONG 5§
MACH KHUECH PAI THUAT TOAN

§5.1- PAI CUONG

Mach khuéch dai thuat todn, thudng duge goi tit 12 OP-AMP
(Operational-Amplitier), duge thiét k&€ d€ thuc hién cdc phép todn
nhu; ¢ng, trlt, nhin, chia, vi phan, tich phin... trong céc may tinh
tudng tif. Trong qua trinh phat trién OP-AMP cdn ¢d thém nhiéu dng
dung khdc va trd thanh linh kién tich cye quan trong nhat trong céc
mach khué&ch dai AC, mach khuéch dai DC, mach so sdnh, mach
dao ddng, mach tao xung, mach do...

Trong cac loai OP-AMP di dugc san xudt va sit dung hién nay,
IC741 duge xem 1a OP-AMP tiéu chudn, 1 loai vi mach don khéi
tich hgp 16n dudge ché tao theo cong nghé mang méng. Nhd kh3
nang tich hgp 16n nén IC741 dudc ing dung rat réng rii va da dang.

Trong chutong nay chd y&u chi gidi thiéu dic tinh k¥ thuit va
cdc mach ting dung cd bédn ciia IC741.

OP-AMP ¢6 ngd vao ki€u vi sai, dugc ky hiéu nhi hinh 5.1a.

Ciac chinra; *V
- In": ngd vao khong dido b
- In": ngd vao dao I+ N
-Out: ngd ra —3 0 s Qut
- +V: ndi ngudn dudng —2
- -V: ndi ngudn Am In-
- GND: di€m chung, di&m OV (mass) N

v
-V
Hinh 5.1a: Ky hiéu ctia OP-AMP-
va c¢dch cap ngudn d6i xing
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Theo tiéu chudn OP-AMP phai dugc cdp bdi hai ngudn doi
xing +V nhu hinh v&. Tuy nhién, trong nhiéu trudng hgp OP-AMP
cing ¢6 thé 1am viée vdi ngudn don nhu trong hinh 5.1b.

Hinh 5.1b: OP-AMP dung ngudn don

Truding hgp OP-AMP dang ngudn ddi, tin hiéu ra ¢6 thé bién
d6i vé phia dién dp dudng hay dién dp 4m so vdi mass.

Trudng hgp OP-AMP diing nguén don thi tin hiéu ra chi ¢6
miic dién dp duong nhung sé bién ddi chung quanh mdt gid tri trung
binh thudng la 1/2 ngudn +V.

§5.2- PAC TiNH KY THUAT CUA OP-AMP
1) Cic théng sd dic trung cia OP-AMP

Mét OP-AMP Iy tudng 1a mach c6 tng trd vao vo ciing 16n,
t0ng trd ra vo ciing nhd, do lgi dién dp va bang thdng ciing vo cling
idn, td¢ d6 bam gitta tin hidu ra vdi tin hiéu vao khong bi han ché.

Trong thuc t€, OP-AMP ¢6 d6 1di, bing thong, tdng trd vao..
hifu han va ¢ 3¢ dd badm bi han ché giifa tin hiéu vio va ra. Do d6,
khi st dung OP-AMP loai ndo, cin thi€t phdi biét cdc thong s6 dac
trung sau diy:

a) Pé khuéch dai dién dp vong hd: Avo

Mach khuéch dai khoéng ¢6 dudng hdi tiép ducge goi 12 mach
khu€ch dai vong hd. Ayp la ti s& gita dién dp tin hiéu ra va dién dp
tin hiéu vio.
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Avo thuting duge biéu dién bing dun vi dexiben (dB).
P43 khuéch dai dién ap theo don vi dB dudc dinh nghia la:
A (dB) = 20IgA
Thi du: Ayp =10.000 chora A (dB) = 201g10.000
=20 x 4 = 80dB
Avo = 100.000 cho ra A (dB) = 201g100.000
=20 x 5=100dB
b) Téng tré ngé vao: 7,

Z, 1a s do trd khdng nhin tryc tiép tif cdc ngd vao cia OP-
AMP. Z; dugce tinh biing don vi dién trd va thuding Z; c6 tri 6 khodng
vai chuc MQ. P61 vdi cde tin hiéu ¢6 tin s8 cao thi tdng trd Z, bi
gidm trj s0.

c) Tong tré ngé ra: Zg

Zo 12 56 do trd khdng nhin tryc ti€p tif ngd ra va ciing dude
tinh bing don vi dién wd. Zo thudng ¢6 tri s6 tr vai Q dén 1009,
Dai vdi cide tin hiu 6 tdn s6 cao thi tdng trd Zo ting tri s8.

d) Dong dién phdn cuc ngé vao: 1,

Ngd vao clia OP-AMP thuting diing transistor ludng ndi nén
cian mgt dong dién phan cue cho cuc B @ mbi ngd vao. Dong dién
phan cue ngd vao Iy, ¢6 tri s8 khodng duéi 1 pA.

e} Nguén dién cung cdp:

Thuding ding ngudn d&i xing £V, ngudn cung c¢ip phdi &
trong gidi han nhd nhdt va 19n nhit. Néu ngudn dién dp qud cao s&
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d& 1am héng OP-AMP, né€u dién dp qud thdp thi OP-AMP hoat d6ng
kém, khong thuc hién didy dd va chinh xdc cdc chifc ning cda né.
M gidi han clia ngudn dién cung cip 1a: + 3V dén +15V.
f) Muec dién dp tin hiéu vao: Vi,
Khong duge vugt qud muc dién 4p ngudn cung cip. Tri sd
Vmax thiung nhd hon ngudn tit 1V dén 2V.

g) Mukc dién dp tin hidu ra: Voma

N&u dién dp tin hiéu vio qud 1én thi 3 ngd ra sé& ¢6 trang thdi
bao hoa. Bién dp tin hiéu ra Vomex phu thude vao dién dp nguﬁn va
thudng nhd hon 1V dén 2V.

h) Pién dp léch ngé vao vi sai: V)
Pién dp vao vi sai Vp 12 hiéu s0 giita hai dién ap V, va V..

Trudng hgp OP-AMP 1y widng, néu ngd vio ¢ V| = V; thi
dién dp vao vi sai Vi =0, dién 4p ra vi sai Vg = 0. Trong thuc t€, cic
transistor & ngd vio rat khé ché tao d€ cd cic thong s& hoan toan
gidng nhau, do d6 s& c¢6 mdt dién dp 1&ch rdt nhd gitta cic ngd vao.

Dién dp 1éch ngd vao vi sai ¢6 tri s& khodng vai mV nhung
do OP-AMP ¢6 dd khuéch dai rit I6n nén dién dp & ngd ra cda OP-
AMP c6 thé & trang thii bio hoa.

P& tranh dnh hudng clia dién 4p léch ngd vao vi sai, ngudi ta
phdi dong mach diéu chinh b trir - goi 1a chinh OFFSET  sé dudgc

gidi thiéu trong phan sau.

i) Tt s6 nén déng pha. CMRR (Common Model Rejection
Ratio)

OP-AMP 1y tudng ¢6 dién dp ra Vol 1€ vdi hiéu s8 hai diép
ap vao V| va V,. Khi hai tin hiéu & hai ngd vao bing nhau (goi 1a tin
hiéu ddng pha) thi V| - V=0, d ngd ra sé ¢c6 Vo =0.
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Thuc €, khi ngd vio ¢6 tin hiéu déng pha thi ngd ra van ¢ tin
hiéu ra nhé. Kha ning gidm tin hiéu ddng pha clia OP-AMP dudc
dinh nghia 12 ti sd gilta 6 khuéch dai tin hiéu vi sai vdi dd khuéch dai
tin hiéu dong pha.

Avvisai
CMRR = ——Yvisa

Ay dbéng pha
CMRR ciing ¢6 thé tinh theo ti 1& dexiben theo cong thife:
Avvi sai .

v ddng pha

Ti 1€ nén ddng pha CMRR c6 thé dat tir §0dB dén 100dB.

CMRR = 20ig

Ji Tan s6 cdt: fr

OP-AMP ¢6 d6 khuéch dai dién d4p vong hd rit Idn, thuc t&
Avo = 100dB, khi [am viéc & tén s§ thdp. D6 khuéch dai ndy s& gidm
khi tdn s ting. Tan s cit fr 12 tin s6 ma d6 khuéch dai Ayvg = 1.

OP-AMP ¢6 ddp tng tdn s§ nhy hinh 5.2. Thong thudng dap
tng cla tan s6 cla OP-AMP s& suy gidm 6dB dng v6i mbi octave
hay 20dB méi decade.

A dB
+100 + : Clc duding rdi nét 1a ddp ¥ng
(10.000) +80 |- tAn s6 cia mach vong kin (mach
' khuéch dai hbi 1i€p)
(1.000) +60
{(103) +40 .
Dép tng tin s8 cla
(10y +20 mach vong hd
(1 +0
(1/10) -20 > Hz

I 101001 10 100KIMIOM
Hinh 5.2: Pdp tng tan s cha OP-AMP

85



Mach Tuong Tu Nguyén Tan Phudc

* Octave: khodng tn s8 tir f dén 2f goi 1a mét octave. Thi
du: 1kHz dén 2kHz 1a 1 octave. Theo 1y thuyét 4m nhac thi octave
goi 1a mot bit dg.

- * Decade: khodng tan sd tir 1f dén 10f goi IA mdt decade.
Thi du: 1kHz dén 10kHz 14 | decade.

Pdp tng tdn s& hinh 5.2 cho thdy & tn s& thap (f < 10H2) thi
a6 khuéch dai vong hd Avo = 100dB, & tin s8 f = 1kHz thi d6
khuéch dai Avo = 60dB va d tin s6 f = 1MHz thi d6 khuéch dai Avo
= 0dB (= 1 tan). Nhu vay: fr = IMHz.

Né&u OP-AMP dung trong mach khuéch dai vong kin (khuéch
dai hoi ti€p) thi bing thong cla mach s& thy dd khuéch dai vong
kin. Tan s& cit chinh §a tich s& cda bang thong va d6 khuéch dai
vong Kin.

Tacé: fr=B.Ave Vi 4, =-°  (khong ding dB)
v

¢

Thi du: OP-AMP ¢6 tr = IMHz = B= ;{i-

¥

1MHz

Néucd Ayg= 10 thi B= =100kHz

Néu c6 Aye=1000thi B = 1MH:z = kHz
1000

Nhu vay, mudn mG rdng bing thong thi phdi gidm dd khuéch
dai hdi ti€p va nguge lai.

k) Toc do quét: S {Speed)

Do quén tinh ctia linh kién va dnh hudng ctia tu dién b3
chinh tAn s& trong mach ma 8¢ do thay ddi dién 4p ra sé khong theo
kip t8c do thay doi dién dp ngd vao - goi 12 t6¢ 40 quét. Toe dd quét
dude tinh biing gid tri t8i da vdi don vi tinh 12 V/us, thudng S =
1V/us dén 10V/ps.
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Do bi gidi han bdi 16c dd quét nén doi véi tin hiéu ra nho sé&
~ ¢6 bing thdng rong hon. Khi tin hiéu ngd vao ¢é tdc do ting 1n hon
toc dd quét thi tin hiéu ra s& bi méo dang. Thi du: tin hiéu vao la
hinh_ sin thi d ngd ra s& ¢ tin hiéu hinh tam gidc.

2) C4c théng s6 k¥ thuéit cua OP-AMP 741
- Avo: P43 khuéch dai dién 4p vong hG - 100dB

-Zi; Tdng trd ngd vao 1MQ
-Zo T(”;ng trd ngd ra 1502

- Iy: DoOng phin cuc ngd vao 0.2pA
- Vinax. 'E)ién dp ngudn 51 da +18V

- Vi max: P1€n dp vio 81 da +13V

- Vomax: Pién dp ra 18 da +14V

- Vi, Bién dp l€ch ngd vao vi sai 2mVY

- CMRR: Ti & nén ddng pha 90dB

- fr: Tan s0 cit 1MHz
-S:Tocddquétoida . 0,5V/us

§5.3- MACH TiCH HGP CUA OP-AMP 741
1) S¢ d6 mach tich hgp OP-AMP 741 (hinh 5.3)

OP-AMP 741 ding transistor ludng ndi chia ra cdc khéi chifc
nang:

a) Khoi dan gdm cdc transistor tif Q; d€n Qy. Hai transistor
Q-Q3 Ia mach khuéch dai vi sai ¢ ngd vao khéng ddo (chin 3) va
ngd vao ddo (chan 2). Tin hiéu ra cda khéi dao tif cuc C cia Qg dé
dua sang khoi sau. Qg vd Qu 13 ngudn dong dién cho Q,-Q;. Hai
transistor Q3-Qu 12 mach gudng dong dién cia Q-Q; (Q1-Q2 loai
NPN, Q3-Qq loai PNP). Qs va Q7 1a mach guong dong dién cho Qs.
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Hai cic E cia Qs va Qg (ndi ra hai chin 1 va 5) d€ chinh OFFSET,
bu trif cho dong dién 1€ch ngd vao vi sai.

b) Khoi gifta ¢6 hai transistor Q¢-Q)7 rdp ki€u Darlington dé
diéu khién tAng cong suit. Qy; d€ bdo vé qua tdi cho Qus-Qir.
Transistor Qz; dudgc xem la dién trd tai cla Q.

Hinh 5.3: Sd d5 mach tich hop pA 741

¢) Khéi cudi la khoi khuéch dai cong suit rép kidu bd phu véi Q4
(loai NPN) va Qy (loai PNP) v6i ngd ra la diém gilta (chan 6). Qs dé
bdo vé qud tai cho Qy4, diod Qx va Q9 d€ bio v& qui tii cho Qy,.

Hat transistor Q;>-Q)1 12 ngudn dong chung cho khéi giira va
khdi cudi, Qo va Qi1 12 mach guong dong dién d€ didu hoa gidta hai
ngudn dong cda khoi ddu va hai khi sau. Ty C; = 30pF d€ chéng
dao dong tu kich. Do ¢6 tu C; nén tdc A6 quét cda OP-AMP bi gidm
xuéng.
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Chan 7 ctia OP-AMP dudce ndi ngudn duong, chan 4 dude néi
ngudn dm. Chin 8 1a chén du, khong dung, ky hiéu 13 NC (No-
Connect).

2) Ky higu va cdc hinh dang thong thudng

NC
OFF-SET 8
NULL
) ?+V
@ I, 2 oOut
@ "3 5
4  OFF-SET
.y  NULL
Hinh54a Hinh 5.4b: V& dang tron
OFF- SET - 8
NULL — NC
I 2 . é +V
3
I >_|—'-_6—| Qut
4
-V -_—5| OFF- SET
NULL

Hinh 5.4c: V§ dang chif nhit dep
3) Céc phuadng phép cin biing di€m O (chinh OFFSET)

B¢ trnh dnh hudng cda dién dp léch ngd vio vi sai, phai
ding mach di€u chinh bi trir - goi la phuong phdp can bing diém O.

a) Diéu chinh dién dp b & mot ngé vao:

Hinh 5.5 14 mach diéu chinh c&n bing diém O bling dién 4p
bl & ngd vao véi cdc tri s6 linh kién tiéu biéu.

Hai ciu phan dp 22kQ-1kQ d€ tao dién 4p Va va Vj 12 hai
dién dp ddi xdng ¢6 tri s thap khodng +0,5V d€ didu chinh dua vio
ngd I, N&u dién 4p ngd ra Vo > OV thi didu chinh bién trd 10kQ vé
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gan diém A dé€ gidm Vo vé OV. Néu dién dp ngd ra Vo < OV thi diéu
chinh bi&n trd 10k vé gin diém B d€ ting Vo 1€n OV.

1

= -12v
Hinh 5.5: Bl 8 ngd vao

Hinh 5.5 12 mach diéu chinh c¢én bing diém O bing dién ap
bl & ngd vao v&i cdc tri s& linh kién tiéu biéu.

Hai ciu phén dp 22kQ-1kQ d€ tao dién dp V4 va Vg 12 hai
dién dp ddi xtng c6 tri s6 thap khodng 30,5V dé diéu chinh dua vao
ngd I, Né&u dién 4p ngd ra Vo > 0V thi diéu chinh bi€n trd 10kQ vé
gin didm A dé€ giam Vg vé OV. N&u dién dp ngd ra Vg < 0V thidiéu
chinh bién trd 10k vé gan diém B d€ ting Vo 1én OV.

b} Piéu chinh bt véi hoi tiep am dong dién:

+V+
. F 3
In* 3
e ! Hink 5.6a: Bit bling
I 2 56—0&“ mach héi tiép am
g - 4 Vo dong di¢n
1 H
VR = 10kQ ‘
! L

Li}
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Hinh 5.6b: Mach tuong
dudng cia hinh 5.6a

Trong so 38 mach tich hgp ¢6 hai transistor Qs va Qg ndi hat
cuc E ra chin 1 va 5 d€ diéu chinh can biing di€ém O nhd nguyén Iy
hoi ti€p am dong dién.

Hinh 5.6a 12 mach dp dung chinh can bing diém O cho OP-
AMP 741 bing cdch dit thém bién trd VR = 10kQ gitta hai chin 1
va 5, diém giita bi&n trd nGi vao ngudn -V dé diéu chinh.

-

Hinh 5.6b la mach wong duong cho thady dnh hudng cda viéc
diéu chinh. Khi diéu chinh bién trd VR tifc 12 thay d8i Re cha T, va
T, dé b trif cho sy mit cdn bling gifta hai transistor do ché tao.

Cic bién rd trong hai phuong phdp trén duge diéu chinh sao
cho khi & ngd vao ¢6 V=0V thi ngd ra Vo= 0V.

§5.4- CAC MACH UNG DUNG CO BAN
1) Mach khuéch dai khéng dio

R,

1 o i
VI 2 VO
) Rl
1 L

Hinh 5, 7a: Mach khuéch dai khéng ddo
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Mach khuéch dai khdong ddo cé dién dp ngd vao V; ndi dén
ngd L,* qua dién trd ngd vao R;. Ngo 1, nhan tin hiéu hdi ti€p U ngd
ra qua cau phan dp Ri-R; (hinh 5.7a).

P4 khuéch dai hdi ti&p (con goi 12 d6 khuéch dai vong Kin)
dugc tinh theo cOng thic:

_ R, +R,

Ay R

Dién trd R, & ngd vao I," ¢6 tdc dung 6n dinh nhiét, tranh
khéng cho dién dp ngd ra trdi dén trang théi bao hoa.

Qua biéu thife tinh Avp cho thay:
e néu gidm R; =0Q thi Avp=1

e néu gidm R, = 0Q thi Ayg > « (thuc t& thi Ave s€ tién
dén gidi han 12 do khuéch dai vong hd ciia OP-AMP).

Mach khuéch dai khéng dio ¢6 wu diém 1a téng trd vio rit
I6n. Theo 1y thuyét: tdng trd vao la tich s8 tdng trd vao ciia OP-
AMP trong mach vong hd (Z;= 1IMQ) nhin véi ti s3 cta dé6 1oi vong
hd trén d6 11 vong kin.

Tri s8 Z; ¢6 thé 1én dén hang trim MQ.

Trong phin gidi thiéu cdc thong sO dic trung cda OP-AMP,
vdi tin 38 cdt fr nhit dinh, néu Avr cing 16n thi bing théng B cang
hep va ngudc lai.

G day ta ciing thdy, n€u Avr cang Idn thi Z; cang thap va
ngudgce lal. '

Dién trd ngd vao R, thuding duge chon ¢6 tri s6:
R, =R, /IR,
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2) Mach khuéch dai dio (hinh 5.7b)

Mach khuéch dai ddo c6 dién 4p ngd vao V; ndi dén ngd I,
qua dign trd ngd vao R, = R,. Dién trd R; 1a dién urd hdi tiép am (con
goi 12 Ry). Pién & Ry ndi ngd [," xudng mass cé tic dung 8n dinh
nhi€t, tranh khéng cho dién dp ngd ra tréi dén trang thdi bdo hoa.

R;= R, R:= R;

VW T VWY

Hinh 5.7b: Mach khuéch dai dio

Do OP-AMP ¢6 tdng trd vao rat 16n nén dong dién ngd vao i,
rdt nhé. Ngd I," c6 Ry néi mass nén ¢6 dién 4p V;," = OV. Ngo I, c6
dién dp chénh léch v6i ngd 1," rdt nhd nén Vi, = OV va ngo 1, duge
xem nhu di€m mass gid.

Do tin hi€u V,; vdo ngd I,” nén tin hiéu ra Vo s& ¢6 dién dp
ngurge ddu. Néu V> 0V thl Vi < 0V va nguge lai,

Theo hinh 5.7, dong dién i, qua R, di tif ngoai vao la do V, >
OV. Nhy viy, dién dp Vo< OV va dong dién i, sé& di ngo I, qua R
d&n ngd ra. Thuc & dong i, chinh 12 dong dién iy = i, = i,

- Hai dién trd R, va R; tao thanh ciu phén 4p cé diém gia 12
ngd I, vdi dién dp V;, = OV,

L _Y s iV
Suyra:  § =—" va i, =-———
RI R2
. V_L i i)
- = vi )= 1
R, R, 1= 12
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P4 khuéch dai hdi ti€p dudc tinh theo cong thife:

A, = K‘-’- = —& hay A, = —&
VF Rl R."

Qua biéu thc tinh Avp cho thay:
e néu gidm Ry = R thi Ayp=-1

® néu glém R, =00 thi Ayp > (tl’ll;l'C té& thi Avyp sé ti€n 18
gidi han bdo hoa 1a d6 khuéch dai vong hd Avo).

Khi thay déi tri sd R; sé& 1am thay déi téng trd ngd vao, khi
thay déi tri s& R; chi lam thay ddi dd khuéch dai con tdng trd vao
khong dfi. Tuy nhién, gid tri R; phdi dugc chon trong gidi han cho
phép. N€u chon tri s R, qud nhd, dong ngd ra clia OP-AMP sé vuat
qua tri 88 Iomax vi dOng ngd ra 13 dong ra tai va dong hdi ti€p qua R,.
Né&u chon R, ¢6 tri s§ qud 16n thi mach khuéch dai dé bi nhidu va
khong n dinh.

Thong thuong R, duge chon trong khodng 2kQ dén 2MQ.
Dién trd dn dinh nhiét Ry thudng chon ¢d tri $0:

R, =R /IR,

Trong mach khuéch dai ddo hinh 5.7b, tdng trd vio clia
mach Z; chinh 1a R, (vi ngd I duge xem 12 diém mass gid). Mudn
tang t(‘;ng trd vao Z; thi phdi ting R, diéu ndy sé lam gidm d6
khuéch dai hdi ti€p Avr.

BE ¢6 tdng trd vao cla mach Z; 16n ma do khuéch dai hoi
ti€p van Ion, ¢6 thé diing mach khuéch dai ddo theo so dd hinh 5.8.

Cong thitc tinh d6 khuéch dai hdi ti€p cia mach hinh 5.8 la:

R, R, +R,

A, =2
i R R,
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R1 |
— ANt >
™M ; 2.
v R3<100K
i v,

l R5< 500k R4<tk l

Hinh 5.8: Mach khuéch dai ddo ¢6 tdng trd vao Z; 16n
V§i cdc tri s6 dién trd trong mach, d¢ khuéch dai la:
Avr= - 100
Dién rd R; = IMQ nén t8ng trd ngd vio Z; van ¢é to s8 16n.
3) Mach ldp hay mach dém (hinh 5.9)

Mach 13p 1a mach khu€ch dai khong ddo c¢6 d6 khuéch dai
Avr = 1. Trong mach nay, tin hiéu vao dua dén ngd 1,*, ngd I, dudc
ndi trite ti€p dén ngd ra. Nhu vdy, dién dp hdi ti€p V; biing dién 4p
ra Vg (mach héi ti€ép am 100%).

By 8 va

[ C1 [
. a I~ — I 3™ tz
i L1 VO Vj_ ™ L1 VO

8 I I O

Hinh 5.9a: Mach lap DC Hinh 5.9b: Mach lap AC

. - ke e s Vo

Bd khuéch dai hoi ti€p la: Ay = 7 1
!

Téng trd vao clia mach 1a:
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. A,
A Ll

=Z,. 4, (rat 1dn = vai traim MQ)
[¥3
Trong mach lip AC ¢6 ty lién lac C,-C; d€ cach ly dién dp
mot chi€u gitta cdc khéi. Pién trd 1M d ngd 1," ndi xudng mass ¢6 .
tac dung n dinh nhiét cho OP-AMP va d€ tao dong nap x& cho w
C,. Do ¢6 dién trd 1MQ nén tdng trd vio s& gidm va bing IMQ.

Pic di€m clia mach 1a tdng trd vao rat 1dn, tdng trd ra rat nhd (=
vai ) nén mach lip dude diing lam mach déi téng trd tit 16n ra nho.

4) Mach tao léch pha (hinh 5.10)

Hai OP-AMP (1) va (2) 13 hai mach khuéch dai ddo c¢é do
khuéch dai hoi ti€p bing 1.

AVFI = A\-"F’Z =1
R2 100K RS 100K
AN A
R1 100K
R4 100K

——nAA 2 \ 6 5

1 AV -

V. 3 / 2 -]

i 3.

Hinh 5.10: Mach tao tin hiéu ddo pha

Do trong mach ¢6 dién trd ngd vao R, = R; = R4, = 100kQ va
dién rd hdi ti€p Ry = Ry = Rs = 100kQ2 nén dién 4p ra ddo dau
nheng c6 ciing bién dd véi dién 4p vao.

Nhu viy, dién dp ra V,, ddo dau vdi V;, dién dp ra V,; ddo
dau vdi V, nén V,, cing diu véi V;. Pién dp ra V,; va V,;, 12 hai
dién 4p ra cling bién dd nhung d3o pha cin bing.
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§5.5 CAC PHEP TOAN CO BAN
1) Mach cgng (hinh .11)

_ I, Ri 1t re

il . AAA—Y ANN
V. 1 R2

i2 2
v . R3 2"

i3 13 >e__.

3 ).
I1+I.+15=1 v
1+ I+ 1351y RS

L]

Hinh 5.11: Mach cfng ddo pha

Pé thuc hién phép cong nhiéu tin hiéu thi OP-AMP ¢6 nhidu
dién trd & ngd vao nd1 chung vao ngd I, hay I,*. N&u cho vio ngd
I, 1a mach cdng ddo diu. cho vao ngd 1," 12 mach cong khéng ddo
dau.

Dién trd R, 12 dién trd hdi ti€p, dién trd Rs én dinh nhiét cho
OP-AMP. N&€u xé€t riéng titng ngd vao, mbi dién trd chng v8i Ry tao
thanh mach khuéch dai ddo v3i d§ khuéch dai dién 4p hdi 1iép la:

. R R R
Ay = - 12 = -t Apey = -t

R, R, R,

Khi ehng kic ¢6 tin higu vao cd 3 ngd, cdc dong dién & mdi
ngd vao déu qua dién rd hdi i€p. Vi vay, dong qua R, chinh 1a tdng
cta 3 dong dién vao cda R, - R, va Ra.

bién dp ra duge tinh theo cong thite:

Vo =V v Vo + Vs
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R R R
Vo =-Vi ?‘:'_V;z R_:_ .‘JR_z
V V V
Vy = =R (1 + 2 0y
R R, R

b6 1gi dién 4p clia mach vin dudc tinh theo cong thifc cda
mach khué&ch dai ddo 1a:

Ay =—— (RF=Rg)

J c4c ngd vao thudng chon: Ry =R; = R3;=R;

Néu chon: Ry=R;=R,=R; =R3viachon: Rs=R; /R, // R;
// R4 thi mach ¢6 d6 khuéch dai dién 4dp 12 1 va dién 4p ra la:

Vo=-(Vi+Vie+Vpy)

S¢ d6 mach hinh 5.12 13 mach cdng khong ddo ddu. Ciu
phén 4p R; - R4 12 mach hdi ti€p tir dién 4p ra Vo trd vé ngd [,
Xét riéng titng ngd, 46 khuéch dai hdi ti€p clia mach vin 1a:
R+ R,
RJ

A

7

Khi chi ¢6 ngd vao V| (Vi3 = 0) thi R)-R; 1a cdu phan dp & ngd
vio nén dién 4p tdc dung 1én ngd [, 1a:

R
V.’:VIIR 2
, + R,

(R, xem nhu ndi mass)

Khi chi ¢6 ngd vao Vi (Vi = 0), dién ép tdc dung 1én ngd I,*

R
1a: v, =V, —
_ R, + R,

(R| xem nhu ndi mass)
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Khi cing lic ¢6 cd hai tin hi¢u V;) va Vj; thi dién 4p & ngo
R, R
1V, !
R, + R, R +R,

vao la: V, =V,

R1
Vi1
R2 \
ViZz . NN . < >5_4
z | =

R3
AAN

T

Hinh 5.12: Mach ¢Ong khong ddo didu

biéndpdngdrala: V,=V, 4,

- VH.RE +VI2RI RJ +R4
R+R, R,

)
Trudng hgp ¢ 3 tin hiéu cling vao ngd I, thi cdng thic tinh
di€n dp ra s& phuc tap hon,
2) Mach trir (hay mach khuéch dai vi sai)

Mach trif ¢6 hat tin hiéu vao § hai ngé I, va I,. Dién dp ra ¢
1& v6i hiéu sd dién dp cilia hai tin hiéu vio nén mach ¢é chifc ning
thuc hién phép trir.

) R1 R2
Vit
T AYe
2 I .
Vi2 R3 a1 5 1 o
Vo
R4

L Hinh 5.13: Mach trir
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e} ngd vao I, hai dién trd R|-R; tao thanh mach hoi ti€p cho
mach khuéch dai ddo 1a - Ry/R,.

3 ngd vao 1,%, hai dién trd Ri-Ry tao thanh ciu phén dp lam
gidm dién 4p vdo OP-AMP theo ti 1€:

v -y K
" "R +R,

Truding hop nay 12 mach khuéch dai khong ddo véi cau phan
ap R|-R; 1a mach hoi tiép vé ngd 1, Do khuéch dai khong ddo 1>

_ R +R,

A..
i} RI

Néu xét riéng tiing ngd vao, dién dp ra cho ngd vao I, 1a:
R R
V, =V, (-=2)=-V, %
[4)] .’I( Rl ) f1 R]
Dién 4p ra cho ngd vao [," 1a:
R, R +R,
"Ry+R, R,

Vuz =

Khi cling lic ¢6 tin hiéu vao ci 2 ngd thi dién 4p ra 12 tdng
hai dién ap trén:

Vo= Vm + Vm

R, R +R&, % R

Vo=V, : ;1“"%‘
R, +R, R, R,

0}

R+R, R, R,

Hay: v, .. —s_y -
nd TR RR R

o=
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Toy theo yéu cdu vé d6 khuéch dai c¢é thé chon tri s§ cdc

P R
dién trd nhung phai theo diéu kién la: R =—=

Vi diéu kién trén do Igi dién dp ctia mach 1a:

R, R,

A, =1L
b R R,

Dbién 4p ra cia mach trir duge tinh theo ¢éng thic:

R,

Vu =(V;2 _Vn)- R

1
3) Mach tich phén (hinh 5.14)

I R1 1

PP PNy S—

o .

Lo

Hinh 5.14: Mach tich phin ddo

Mach tich phin ¢é tin hiéu vdo ngd ddo I,’, mach héi tiép
ngd ra vé ngd I, 13 s C. Pién d R, 12 dién trd nap xa cla tu, dién
trd R, 6n dinh nhiét cho OP-AMP . Thudng chon: Ry = Ry =R.

Do tinh chat cia OP-AMP nén dong dién 1, vio OP-AMP
xem nhu bing 0, diém I, xem nhu di€ém mass. Ta ¢6:
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v
h=l=%
- = N Iy ~ dVU
Dong Ir la dong nap vao tunén: 7, = —~CT
t
V .dav,
Suy ra: -L =-C—% = dv,, =—LV;dt
R dt RC

f}

Ko b A . l
Lay tichphintacé: V,, = T J‘V; ar

RC chinh 12 hiing 8 thdfi gian nap x4 cda tu C. Dau trl trong
¢dng thie 14 do mach ddo diu.

Do ddc tinh nap x4 cda w dign, khi ngd vao ¢6 tin hiéu dang
xung vudng thi § ngd ra s& cd tin hiéu dang ring cua hay tam gidc
va nguge diu.

Mach tich phidn s& dugc phdn tich k§ hon trong chuong
“Mach loc”.

4) Mach vi phén (hinh 5.15)

Mach vi phén ¢6 tin hiéu vao ngd ddo I, qua tu C, mach hdi
tiép tit ngd ra vé ngd I, 1a dién trd R (cdch 14p RC ngugc lai véi
mach tich phan). Bién trd R, ndi ngd 1," xudng mass dé€ dn dinh
nhiét cho OP-AMP.

I 1 Ir R

—»—”——-—b—wm—

Vi | 2 >
6 e
L 3l.
Vo Hinh 5.15.
R1 Mach vi phin

! L
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Do tinh chit clia OP-AMP, dong dién vao Iy = Onénl, =g

Dong dién }; 1a dong nap gua tu C duge tinh theo cOng thire:

1=c%e
dt
Do ngd I, xem nhu di€ém mass nén dong dién hdi G€p la:
Vi,
/= _?.
V V
Suy ra: Ci-’— =4
dt R

= V, = —RCif—V;

RC chinh 14 hiing s& thdi gian nap xa cda tu C qua R. Ddu trif
trong cong thite 132 do mach ddo diu.

Do dic tinh nap xa cna ty, khi ngd vao ¢ xung tam gidc thi
ngd ra c¢6 xung vudng va ngude dau.

5) Mach khuéch dai phi tuyén (semi-log)

Cic mach trén 13 cdc mach khuéch dai tuyén tinh. Mach
khuéch dai phi tuyén cé dién 4p ra d 1& vdi dién dp vao theo ham
logarit nhd mach hdi tiép phi tuyé€n ding diod (diod c¢6 dong dién
thudn ti 1& logarit vdi di€n dp dit vao chin AK).

Trong mach dién hinh 5.16, dudng héi ti€p 1a hai diod silicon
mic song song ngude chiéu. Khi diod c6 dién dp Vp = 0V, diod ¢6
noit trd rat 16n nén ¢6 dd 1di cao. Khi ¢6 dién dp vao 16n, diod ¢6 ndi
trg nhé nén ¢6 d6 1¢i bi gidm nho.

Pién trd R, 6n dinh nhiét cho OP-AMP. Thudng chon Ri=R..
bién ap ra dude tinh theo c¢dng thifc:

Vo=-30log(Vy)
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V: ) >s_‘_.

Vo

L

R2

Hinh 5.16: Mach phi tuyén

Néu dién dp tin hiéu vao cé dang hinh sin thi tin hiéu ngd ra
¢6 dang gdn nhir vudng.

§5.6- MACH TAO XUNG DUNG OP-AMP
1) Mach Flip-Flop ding OP-AMP

Mach F/F ding OP-AMP nhu sd d6 hinh 5.17, ¢é hai OP-
AMP lam viéc nhy hai mach khuéch dai so sdnh. OP-AMP sé& &
trang thdi bio hoa dudng néu cé:

V[+ >V, = Vo = +VCC
hay & trang thdi bao hdoa 4m néu ¢6:
vV >'V|+ =>Voz=+0V

Gia thi€t mach c¢6 trang thai nhu hinh v& véi Vg, = +Vee va
Vo =0V,

OP-AMP @ dugc hdi ti€p tif Vo, = OV vé ngd In” qua dién
trd 10kQ nén vin ¢6 V(" > V, va Vo, = +V¢c 8n dinh.

OP-AMP @ dudc hdi ti€p tf Vo = +Vee vE ngd In™ qua dién
trd 10kQ (10kQ << 100kQ) nén vin ¢é V,” > V" va Vg, = OV 6n
dinh. '
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® VOI = +VC(_‘

@ Vo =0V

100k€2

Hinh 5.17 : Mach F/F diing OP-AMP kich ddi
trang thdi bing xung am

Piy ] trang thdi 8n dinh thif nhat cia mach F/F, OP-AMP @
& trang thdi bdo hoa duong vi OP-AMP @ & trang thdi bio hoa am.
D€ ddi trang thdi cla F/F, cho cong tic S ndi vio ngd In” clia OP-
AMP @ dang bdo hda dm. Lic d6, V,” = 0V va V' >V, nén OP-
AMP @ chuyén sang bdo hda dudng, Vo, = +Vee qua dién trd hdi
ti€p 10K s& lam d6i trang thdi cia OP-AMP O tir bio hoa dudng
sang bdo hoa 4m vi lic 36 OP-AMP QO coé V| > V.

Luu y : Dién trd hdi tiép phal ¢d tri s6 khd nhd so vdi dién rd
noi ngd In* 1én nguon +Vce.

Cong tdc S ¢6 diém chung ndi mass xem nhu xung am kich
diéu khién F/E. Cong tdc S ¢6 thé ndi 1én ngudn +Vee qua dién urd
dé€ kich d3i trang thdi cda F/F nhu xung dwong kich didu khién F/F.
Trudng hgp nay xung duong phdi duge dua vao OP-AMP ® dang
bao hoa duong. S¢ dd hinh 1.18 1a mach F/F d6i trang théi bing
xung duung.
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Nhur vay, d€ ddi trang thai ctia F/F ¢6 thé diing mdt trong hai
phuong phdp sau:

- Cho xung 4m (hay mifc dién dp thap) vao ngd In~ clia OP-
AMP dang bao hoa am.

- Cho xung duong (hay mifc dién dp cao) vao ngd In” cha
OP-AMP dang bdo hoa dudng. '

+VCC

00kQ

(D Vor =+Vec

VQ'Z = UV

100k

+Vcc
Hinh 5.18 : Mach F/F dung OP-AMP kich di
trang thai bing xung im

2) Mach Flip-Flip héi tiép biing diod

Mach Flip-Flop hinh 5.19 dung hai diod D-D; d€ nhéin xung
kich & ngd vao va hai diod D3-Dy4 d€ 14y dién 4p hdi tiép.

Mach Flip-Flop hinh 5.19 dung hai diod D,-D; dé nhan xung
kich 3 ngd vao va hai diod D3-D; d€ 18y dién 4p hdi tiép.

Gid s mach dang c6 trang thdi dn dinh nhu hinh vé, OP-
AMP @ dang bdo hoa duong, Vo, = +V¢c ; OP-AMP @ dang bio
hda dm, Vg =0V,
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+Ver
100k

Vo =+Vee

Voz = OV

100k

+Vee
Hinh 5.19 : Mach Flip-Flop hdi ti€p bing diod

Trudng hop nay néu cho xung 2m vio ngd V), cia OP-AMP
dang bdo hoa dm thi diod D, bi phin cyc ngwge nén xung 4m khong
tdc dong duge vao mach F/F va mach khong d6i trang théi.

Musn ddi trang thai cda mach F/F phdi cho xung dudng vao
ngd Vi cha OP-AMP dang bdo hda ducng. Liic do, diod R duge
phén cuc thuin s& cho xung dudng vae mach F/F va 1am mach d3i
trang thdi.

Nhwr viy, khi sit dung diod nhu hink 5.19 thi 2 mach F/F ¢hi
cdOn mot cach kich déi trang thai 1a cho xung dudng (hay mic dién
dp cao) vdo ngd In” clda OP-AMP @ dang bio hoa duong

3) Mach dao dgng tich thoat
a) Nguyén ly:

Mach dién hinh 5.20 14 sd dé mach dao dong tich thodt ding
OP-AMP dé€ cho ra tin hiéu vudng.
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S¢ d0 ¢6 hai mach hdi ti€p t¥ ngd ra vé hai ngd vao. Ciu
phan dp RC hdi ti€p vé ngd In”, cau phin 4p R-R; hdi tiép vé ngd
In”.

R
ARAR
wy

Cn'c_m

!
I
|
<
A
A
A
L ]
g

Hinh 5.20 : Mach dao ddng tich thodt

D€ giai thich nguyén Iy mach, ta gia s tu C chua nap dién va
OP-AMP dang § trang thdi bio hda dudng. Lic nay ciu phin 4p R,-
R; dua dién dp duong vé ngd In* vdi midc dién dp 1a: Vo = + V.

R,

Vi v 2 =V Vi sov
n cC RI 4 Rz A ( in )

Trong khi d6, § ngd In” ¢6 dién 4p ting din 1én tiY OV, dién
dp ting do tu C nap qua R theo qui luat ham mi vdi hiing s& thdi
gian la T = RC.

Khi tu nap va ¢6 Vi, < Vi thi OP-AMP vin & trang thdi
bio hda dudng. Khi tu C nap dén mic dién d4p Vi, > Vi thi OP-
AMP d6i thanh trang thdi bao hda dm, ngd ra ¢d Vo = —Vee. Luc
nay, cau phin dp R;-R, dua dién dp am vé ngd In* véi miic dién dp
1a: '

Vi:—l = _VCC R = VB (Vl:—l << OV)
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Trong khi d6, ngd In” vin con dang ¢ mic dién dp duong vdéi

C ot g— R )
tri s6 Vi, > +V¢c 2 do ty C dang cdn nap dién. Nhu viy, OP-

1 + 2
AMP sé& chuyén sang trang thdi bio hda 4m nhanh cho canh vudng
thing ditng. Tu C bay gid s& x4 dién dp duong dang nap trén tu gua
R, va td1 § ngd ra xudng mass.

Khi tu C xd dién ap dudng dang ¢6 thi V. vin & mite dién
dp 4m nén OP-AMP van § trang thdi bdo hoa Am. Khi ty C da x3 hét
dién dp dudng s& nap dién qua R d€ ¢6 dién dp am do ngd ra dang &
trang thdi bdo hoa dm, chiéu nap dién by gid¥ ngude véi chiéu dong
dién nap trén hinh vé.

Khi t C nap dién 4p am dén mifc V;, < Vi; {ngd In" nhd han

ngd In") thi OP-AMP lai ddi thanh trang théi bio hda duong vé ngd ra c6
Vo=+Vce.

Mach d3 ¢ lai trang thdi gid thi€t ban dau va hién twong
trén cf ti€p dié€n lién tuc tuin hoan.

b) Dang song & cdc chéin -
Mife gidi han di€n dp ngd ra la:
Vomax = +Vee vd  Vomin=-Veo
Mife gidi han dién dp & hai ngd vao 1a :

R R
Va=+V 2 va Vg=-V 2
ATTTCCR TR, BT TR R,

Dang di€n d4p § ngd In” 1a dang tam gidc. Thdi gian dién dp &
ngd In tang wr Vg 1€n V4 12 thdi gian OP-AMP bio hoa duong, thdi
gian dién dp ngd In” gidm tir V, xudng V 12 thdi gian OP-AMP bio
hoa am. Dang dién dp & ngd In* va ngd ra 12 trang thai xung vudng
dsi xing.
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Chu ky cda tin hidu: T = 2RC.In 21t 2R

1
= 7 r A l
Suy ra tan s0 cla tin hiéu: f= —

Vo

AL
VY

Vi

+¥ CC

+Vee

Hinh 5.21 : Dang s6ng ngd vao va ngd ra

Trudng hgp dic biét :
*R;=2R; > T=2RC.In2 =2RC.0,69 (In2 = 0,69)

1 1

=f = =
2069RC 14.RC

*Rj=R; = T=2RC.In3 =2RC.1,1 (In3 =1,1)
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Chugng 5

1
2,2.RC

=f=

¢) Mach déi tén sé:
Theo ¢dng thitc tinh chu k¥ va tAn s dao dong nhut trén ta ¢6
thé ddi tin s& dao ddng bing c4dc phuong phap sau :
* Thay déi ti s& ciu phéin 4p mach hdi ti€p duong (R, va Ry)
* Thay d&i tri s5 dién trd R hay tu C trong mach hdi ti€p am.
Tan s8 clia mach dao dong tinh thodt hinh 5.22 dugc tinh

theo ¢ong thifc:

R, +2(R, +VR,)

T=2(R+VR,)C.ln

AMAIE - D] R
VR, R xd| > lD %«—-’VW‘—
A'l.'.l'l A'l'l‘l ‘ m 2 \V R
¥
. +
1
R,
R;

Hinh 5.23 : Mach dao déng tich

Hinh 5.22 : Mach dao dong tich
thoat d&i chu trinh 1lam viéc

thoat d8i tin s&

d) Mach d6i chu trinh lam viéc:

Trong sd d6 mach dao dong tich thodt cd ban diing OP-AMP,
tu C nap dién va x4 dién déu qua dién rd R nén hiing s& thdi gian
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nap va x4 bing nhau. Piéu nay cd nghia 12 thdi gian xung vudng cé
dién ap cao va ¢6 dién dp thdp dai bing nhau. Xung vudng ra la
xung dot xiing ¢6 chu trinh 1am viéc 12 D = 50%.

D€ thay ddi chu trinh [am viéc, mach dao dong tich thodt ¢6
sd d6 nhu hinh 5,23, bién trd VR s& lam thay a8i thdsi gian nap va
thdi gian x4 cia tu theo hai hudng nguge nhau, nén ting thoi gian
nap s€ lam gidm thdi gian xa va ngudc lai.

Khi ty C nap dién ap duong, tf ngd ra s& nap qua dién trd R,
bién tré VR (phin dudi) va qua diod D,. Khi tu C xa dién ap duong
va sau d6 nap dién dp Am s& x4 qua R, bién trd VR (phdn trén) va
qua diod D;.

Khi diéu chinh bién trd VR chi 1am thay d8i chu trinh lam
viéc ma van gilf nguyén tin sd dao ddng.

4) Mach tao xung vudng va tam giac

Hinh 5.24 : Mach tao xung vudng va tam gidc

Mach dao ddng tich thodt ¢d ban tao xung vudng doi xding &
ngd ra. N&éu k&t hgp mach tich phin tich cuc ding OP-AMP thi
mach ¢6 thé cho ra xung tam gidc.
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OP-AMP @ Ia mach dao dong tich thoat d€ tao xung vudng
theo nguyén 1y trén. Xung vudng dugc 14y trén bién trd VR, d€ thay
dGi bién do ngod ra.

OP-AMP @ la mach tich phin tich cyc nhin xung vudng tir
ngd ra cia OP-AMP @ d6i thanh dang xung tam gidc. Xung tam
gidc duge 13y trén bién trd VR; d€ thay ddi bién dd ngd ra.

§5.7- HAI TRANG THAI BAO HOA CUA OP-AMP
1) Hai trang thai biao hoa ciia OP-AMP

D€ thuc hién chic ning chuyén déi trang thdi clia mach,
ngodi transistor, ¢6 thé ding OP-AMP nhd vao 2 trang thii bio hoa
clia n6 trong mach khuéch dai so sanh.

+VCC

vii——1,

-Vee
Hinh 5.25 : Mach khué&ch dai so sdnh

Sd d8 hinh 5.25 13 mach khuéch dai so s4nh cd ban ding hai
ngudn ddi xing +Vec. Dién 4p vao ngd khong ddo (ngd +) goi 1a V.
va di€n dp vao ngd ddo (ngd-) goi la V",

Tuy thudc dién dp & hai ngd nay so vdi nhau ma OP-AMP sé
& mot trong hai trang thdi sau:

N&u: Vi* > V{ thi Vo = +Vc 12 trang thdi bio hoa dudng

N&u: Vi > V;* thi Vo = ~Vee goi 12 trang thai bio hda am,
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Trong thuc t€ mach khuéch dai so sanh s& nhin mot dién 4p
3 ngd vao V; d€ so vdi dién dp chudn Vg. Ty theo yéu ciu cia mdi
mach ma ta cho di€n 4dp ngd vao V| vao ngd ddo hay ngd khdng ddo
va dién 4p chudn Vg vao ngd con lai.

a) Pién dp V; & ngd ddo, dién dp chudn Vi & ngd khong ddo:

+Vc 'y Vo
+VCC
P—— e
Vi

1 VO -

+_|:__ -Vee Vi 7
1"

=~ 1 Ve [ .
Hinh 5.26a: Mach so sdnh Hinh 5.26b: Dién 4p ra Vo theo

dién dp vao V,

Theo sd d5, mach so sdnh hinh 5.26a ¢é dién dp ngd vao Vi
dua dén ngd ddo d€ so vai dién 4p chudn Vg 3 ngd khong dio.

Ham truyén dat cita mach hinh 5.26b, theo 36, néu V; < Vg
(hay V,” < V") thi Vg = +Ve va ngude lai néu Vi > Vi (hay V(™ >
V]+) thi Vo= Ve

b) Pién dp V;vao ngo khong ddo, Vi vao ngd ddo :

Mach so sdanh hinh 5.27a ¢6 c4dch cho dién dp vao ngugc lai
vdi mach so sdnh hinh 5.26a nén ¢6 ham truyén dat ngude lai nhy
hinh 5.27b. N&u V, < Vg (hay V,* < V|) thi Vg = —Vec, nguge lai,
néu V, > Vi (hay V' > Vi) thi Vg = +Vee.
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& Vo
. +VCC RN ey
p =t . Vr Vi
- _VCC
Hinh 5.27a - Mach so sdnh Hinh 5.27b : Bién dp ra Vg theo

dién 4p vao V,

Hai trang thdi ngdt v dan bdo hda cda transistor hay hai
trang thdi bio hoa duong va bdo hoa 4m ciia OP-AMP duge ding dé
cho ra hai di¢n 4p mifc cao va mic thip tao ra tin hiéu xung dién.

§5.8- CAC UNG DUNG KHAC CUA OP-AMP

OP-AMP con rdt nhiéu ¥ng dung trong cdc Iinh vic khéc
nhau nhur:

- Mach loc tich cyc (két hop R-C)
- Mach dao ddng tao tin hiéu hinh sin
- Mach 6n dp (két hop véi diod Zener)

- Mach déng ngdt diéu khién ro-le.
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CHUGNG 6
MACH TiCH PHAN - VI PHAN - MACH PID

§6.1- MACH TiCH PHAN
1) Mach tich phin dao (hinh 6.1)

Mach tich phin ¢d tin hiéu vao ngd ddo 1, mach héi tiép tit
ngd ra vé ngd [, 12 tu C. Pién ud R 12 dién trd nap x4 cla ty, dién
trd R, &n dinh nhiét cho OP-AMP. Thudng chon: R; =R, =R.

1 R1 [ @
A -> i

Vi 2 >—ﬁ—
VU
R2

Hinh 6.1: Mach tich phdn ddo

Do tinh chit cia OP-AMP nén dong dién I, vac OP-AMP
xem nhu biing 0, diém [,” xem nhu di€m mass. Ta ¢§:

V
I, =1, =;f
N 5 e N o dv,
Dong If ld dong nap vaow nén: [/, =-C p
t
V Ldv
Suy ra: —L = - 22 = dv, =—LV,dt
R dt RC

, 1
Lay tich phan ta ¢6: ¥, == —~ [, a
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Chudng 6 Mach tich phin - vi phdn - PID

RC chinh 12 hiing s3 thdi gian nap x4 cda tu C. Dau tri¥ trong
cong thifc 12 do mach ddo dau. '

N&u v; la dién dp xoay chiéu thi:

1 I . vin'.ax
vV, = — — f Ve SN0 WAt = —— coswmt
RC ' wRC

Nhwr vy, bién dd dién dp ra v, ti 1€ nghich vdi tan s o. Pic

s . -~ a~ ~ k] - -~ » vn «
tuy€n bién dd theo tin sd coa mach tich phin la: A=—= f(m) cd
v

dd doc -6dB/ Octave (xem chudng 7 “Mach loc ).
2) Mach tich phin khéng dao

Rl
'\_v_f\/.'\_
l:%'1
SRy -
- L
V2 +
R
\'JJ\VAJ
| R
c ——

Hinh 6.2: Mach tich phéan
khéng dao

Xét 3 ngd vao khong dao (I,"):

VitV YooV _Cdvi -0
R R dt
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. 1 1 RC dv,
nén Vi - SV, VYV, - -V = —X
2 dt
RC dv,
!:—X
2 dt
= vldtzR—Cdvo = voz-—%— v, dt
_ 2 RC

3) Mach tich phén ti 1€ PI (Proportional Integrated)

Trong linh vuc diéu khién ngudi ta thudng s dung mach tich
phan ti 1& (PI). Mach PI ¢6 so d6 nhu hinh 6.3, dién ap ra dudc tinh
theo ¢Ong thitc:

v,=AvB [vidt ()
Do tinh chit clia OP-AMP nén v; = v;* = 0V,

Dong dién vao tir ngudn tin hiéu v; 1 i; s& tao ra dién 4p trén
diéntréd Ry vam C la:

R 1
v, =—% vy va v, = v dt
2 R i c R C 1
| 1
R, ©
An— |
R,
ANy
v, -
+

Hinh 6.3: Mach tich phan ti l&

R2
—L v +
R, R, C

Do vi =0V nén: -v, = IV" dt (2)
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Gia thiét: V, =V, .. Cos0t
Rz Vimax :
Suyra: —v,=—v, . Coswt+ sinot  (3)
R, oR,C
Xét ba bidu thitc (1), (2) va (3) ta thay day 1a ba biéu thic
R 1
cingdang vdi: A=—% , B=—
: R, R, C

Tir biéu thitc (3), ¢6 thé tinh dufge ham truyén cia mach PI la:

2 2.2
R,7C* +1
‘K|:V_0:J_ R22+212=L 0 X - 7
Vi Rl 4] C Rl {34 C
- 3 T [y 1 1
Xét tin sO dic bigt: o, = = R,=
R,C g C

1 X L, dic tuy€n bién
, oC

d6 tin s ctia mach cé d6 ddc -6dB/octave. Khodng tan s& nay mach

¢6 tac dung nha mach tich phén (ky hiéu la ving I do chif Integrated
= tich phén).

Khi ¢6 o <<m, (f << f,) thi K]

Hi

» log f
{w)

(wg)

Hinh 6.4: Gidn d6 Bode cda mach PI
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: R . .
Khi ¢6 o >> w, (f >>f,)thi K| = EZ" (hiing s8), dac tuyén
1
bién do-tan s8 cda mach ¢é tinh chat nhu mach khu&ch dai (ky hiéu
1a viing P do chit Proportional = ti 1).

Khodng tin s8 & giffa 1 viing chuyén ti&p.

Gidn d6 Bode trén hinh 6.4 cho thiy hai ving I va P.

§6.2- MACH VI PHAN
1) Mach vi phén ¢¢ ban (hinh 6.52)

Mach vi phén ¢6 tin hiéu vao ngd ddo I,” qua tu C, mach hdi
ti€p tif ngd ra vé ngd I, 13 dién & R (cdch 1fp RC nguge lai véi
mach tich phén). Pién trd Ry ndi ngd I,” xudng mass dé én dinh
nhiét cho OP-AMP.

Do tinh chit cGa OP-AMP, dong diénviol; = Onénl; = I

I C1 Ie R

—_— b —— A

l

R1

Hinh 6.5a: Mach vi phin

Dong di€n I 13 dong nap qua tu C dudc tinh theo cong thifc:

=
dr




Chuong 6 Mach tich phdn — vi phin - PID

Do ngd I, xem nhu di€m mass nén dong dién hdi tiép 1
v

I, =-"4%
‘ R
e Vo
dt R
dv,
= V, =~RC—L
dr
RC chinh 1a hing s thdi gian nap x4 cda tu C qua R. Ddu triy
trong cong thite 12 do mach dio dau.

Suy ra:

Gia st ngd vao cd: v; = Vipu.sinot
Ngo ra c6: Vo= ~RCOV |ax O8Ot = - Vionax.CO8 ©F
vdi: Vomax = RC0Vimax
Do d6, 46 khuéch dai cda mach vi phan la:
K|=RCe
D6 khuéceh dai K ting theo o nén dic tuyén bién do/tin s6

cia mach ¢6 do doc 6dB/Octave. Vi do khuéch dai clia mach tf 18
vdi tin s& nén nhiu tan sd cao & ngd ra cia mach ndy rat lon.

n s n . % o x 1 a2
Do ngd vao ¢o tu C, nén tdng trd vao Z, = oC $€ glam
_ i

xudng khi tan s& ting. Diéu nay lam bién d6 tin hiéu viio bi gidm nhé.
Do cic nhuge di€m trén, mach vi phian dige cai ti€n theo sd
d6 6.5b.

b€ gidm nhiu tdn s cao, dién trd R, dudc mic ndi ti€p
thém & ngd vao. Nhu viy, mach chi ¢6 tdc dung vi phin khi lam

viéc J tan s8 thip véi o << oy = . Tu C; ghép song song dién

1 1
trd hoi ti€p R, duge chon sao cho & tin s8 o, C; xem nhu hd mach.
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R,
A
1}
R G C,
._n\,ﬂ\/v_! |_

Hinh 6.5b: Mach vi phan cai tién

Ty C, song song mach hdi ti€p nén & tin s cao ¢ dung
khédng rit nhd nén s& ting tac dung héi ti€p 4m d6i vdi tin s6 cao dé
gidm nhiéu.

Néu chon tri 80 linh kién sao cho: R\C, = R,C; thi khi lam
viée & tAn s8 cao @ > oy, hé sO khuéch dai gidm theo tin s&, dic
tuy€n tan sd trong khodng tdn sd nay cd dd dbe -6 dB/octave.

log k

T Ving D

» logf
0

O'-b

Hinh 6.6: Gidn d5 Bode cda mach vi phédn cdi tién

Gian dd Bode clia mach vi phan cdi ti€n ¢6 dang nhy hinh
6.6, trong do, khodng tan s& o < g (f < fy) ¢6 do ddc +6 dB/octave
goi 1a ving D (do chit Differential = vi phin) 1 vang vi phén,
khodng tin s8 o > g (f > fi) ¢6 dd doc — 6dB/octave goi 1A ving I
(do chir Integrated = tich phén).
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Pién 4p ra v, duge tinh b bidu thie: v =-r,¢, 40

dt

§6.3- MACH VI TICH PHAN Ti LE PID

Mach vi tich phin ti 1€ PID (Proportional Integrated
Differential) duge dung réng rai trong linh vie diéu khién d€ md
rong pham vi tan s¢ diéu khién, ting tinh én dinh cda hé théng didu
khién trong mét ddi tdn rong.

1) Mach PID cd ban
Xét di€m 18 ngd vao ddo, ta cé phudng trinh dong dién miit:

Yope, MYy 2o (1)
R, dt .

Hinh 6.7: Mach PID ¢d ban

Xét 3 ngd ra, ta c¢6 phudng trinh dién 4p la:
J

vo =R, 1, +— |1, dt (2

0=Rsiz+ = [i )

T phuong trinh (1) suy ra:

. v, dv,
|
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Thay (3) vao phudng trinh (2) ta ¢6:

v dv 1 v, dv.
v, =—(——+C, —)}R, - — H{—+C, —)dt
° (R, g R C, I(RL )
v, dv. 1 C
ha v, =(—+C, —)R, +—— | v.dt+ =L v
y 0 (R| hd dt) 2 R]CEI i C, i
R, C, dv
—v, ={(—+ v o+ vdt+R,C, — 4
¢ (R, cz) ' R,CEI ‘ Pt @
- ) - _~ T - [y ] - 1
Xét d haitan 6 dicbiét: o, =~—— va o, =
R, C, - R, C,

vGi didu kién: o > 02

Khi ¢6 tin s6 thip © << oy =

thi thanh phin tich

2 2

1
phén [R C Iv,. dt) ¢é tac dung Ién han (mach tich phan 1a loai
| 2

loc ha thong), nén dic tuyén bién do tn s8 ¢6 dO doc gidm (goi la
viing I).

o x e | RN N
Khi ¢o tan 80 cao o >> @) = thi thanh phan vi phin
’ | 1

dv, . .
[ch-l —d?—] ¢d tdc dung Idn hon (mach vi phén 12 loai loc thugng
thong), nén dic tuyén bién dd tan s6 c6 dd doc tang (goi 1a viing D).

Trong khodng tdn s8 sao cho o < @ < | thi thanh phén ti 18
v6i dién dp ra ¢6 tic dung 16n hon (goi 1A ving P do chit
Proportional).

Mach PID ¢6 nhuge diém:

- khodng tin sd cao, mach vi phan gdy nhiéu bién d6 lon
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Chudng 6 Mach tich phidn - vi phin - PID

- khodng tan s& thap, mach tich phin ¢6 d6 khuéch dai 1dn ¢6
thé gay dao dong tu kich.

D& tranh nhuge diém trén, ngudi ta gidi han do khuéch dai
khodng tan s& cao va khodng tan s& thap trong mdt mie nhat dinh.

» log f

0
Hinh 6.8: Ddp dng bién 4o - tan s6 cta mach PID

wh
[

Gidn d6 Bode hinh 6.8 cho thiy ddp tng bién dd tdn s6 cia
mach PID ¢¢ ban.

2. Mach PID cai tién

Hinh 6.9: Mach PID cai tién
S¢ dd hinh 6.9 13 mach PID cdi ti€n dugce 1Ep thém Ry va R,

Dién trd Ry ghép ndi ti€p vdi t C; ¢6 tdc dung IAm gidm db
khuéch dai & khodng tan s6 cao cia mach vi phan.
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Bign trd Ry ghép song song mach hdi ti€p Ry-C; ¢6 tdc dung
lam gidm do khuéch dai & khodng tan s& thip cda mach tich phin.

Thudng chon: Ri<< R, vi Ry>>R,

Pién dp ra van duge tinh theo phuong trinh (4) nhung chi ¢6
tac dung trong ddi tan s& hep hon fa:

f(] <f«< f3
. 1 . 1
trong do: fp=———r va fi=——
2nR,C, 2R, C,

Pdp tng bién dd/tin sd cda mach PID duge minh hoa trong
gidn d6 Bode hinh 6.10.

log k
A
logE“‘_ P
1
R,
lOgE
R . C
log E + -(z
. » log f
0 f, f, f £,

Hinh 6.10: Pap (ng tan 58 mach PID cai tigén
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CHUONG 7
MACH LQC

§7.1- PAI CUONG

Mach loc 12 mét bg phin rdt quan trong trong k§ thuat mach
dién . Mach loc ¢6 tdc dung cho mdt ddi tan s6 di qua va chin dai
tan sG con lai, do d6, mach loc duge dung dé chon loc tin s& hay
loai bd tdn s& cda cdc tin hiéu dién.

Trong k¥ thuit mach dién tf ngudsi ta phan loai mach loc nhu
sau:

1) Phin loai theo linh kién
a) Mach loc thu djng:

La nhilng mach loc chi gém céc linh kién thy.ddng nhu dién
rd R, tu di€n C va cudn diy L.

C0 cdc loai mach loc thy déng nhu:
- Mach loc RC, RL, RLC
- Mach loc hinh mt, hinh T
'b) Mach loc tich cuc:

La nhitng mach loc két hdp cdc linh kién thy ddng R-L-C vdi
cdc linh kién tich cyc nhu transistor, OP-AMP...

Mach loc thy déng c¢6 nhuge diém la Jam suy gidm ning
lugng qua nd, khdng cé tinh khuéch dai va khd phéi hdp tdng tré véi
cdc mach khéc.

Mach loc tich cuc ding transistor, OP-AMP.. d& c6 thé
khué€ch dai, phoi hop. téng trd, diéu chinh do suy gidm.. nhim cai
thién nhude di€ém ctia mach loc thy dong.
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2) Phén loai theo tac dung

Tiy theo tdc dung chon loc hay loai bd tan sd ctia mach loc,
ngudi ta chia ra cic loai mach loc nhu sau;

- Mach loc ha thong (cho tAn s& thap qua, bd tin sd cao)
- Mach loc thugng thong (cho tin s6 cao qua, bd tan sd thip)
- Mach loc ddi thong
- Mach loc dai triét
- Mach vi phén, mach tich phﬁn
§7.2- PAP UNG TAN SO (Frequency reponse)

Mach loc cling 12 mdt loai mach tif cuc ¢6 hai cue & ngd vao
va hai cufc 3 ngd ra nhu hinh 7.1. Pién 4p & ngb vao 1a V,;, dién dp &
ngdrala Vv, '

Pé khao sat dic tinh ctia mach loc theo tan s&, ngudi ta dung
tin hiéu hinh sin (13 tin hiéu tiéu biu cho loai tin hiéu tuyén tinh)
dat & ngd vao, rdi do dién 4p O ngd ra.

S —

V, Mach loc | \Y
I I_

4]

Hinh 7.1: Mach lgc dang nf cue

Ddp ing tdn s8 cda mach loc duge dinh nghia 13 ti s§ gilfa
dién 4p tin hiéu ra Vg trén dién 4p tin hiéu vao V,, theo biéu thifc:

-V —
A= V:" (V,,,V, 1a gid tri hidu dung)
!

A con dude goi 12 ham truyén clia mach loc.
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Chugng 7 . Mach loc

W
W
o
N

a) ha thong b) thugng théng ¢) loc ddi théng d) loc dai triét

Hinh 7.2: Pdp dng tan s6 cha mach loc

Do mach loc thy ddng ¢ ddy db cdc tinh ning cd ban cia bd
loc, mach loc tich cye chi dung d€ cdi thién nhuge diém ciia mach
loc, do do, khi phan tich tinh ning clia cdc b loc thudng ngudi ta
phai khio sat trude trén cdc mach loc thy dong RC, RL hay RLC.
§7.3- MACH LOC THU BONG DUNG RC

1) Mach loc ha théng (hinh 7.3)

a) Sa dé - Ddp ung tén s8"

Vi C I Vu = Vi "jXC ; Vu

Hinh 7.3 Hinh 7.4

Do tu € ¢6 dung khing la: -jXc véi Xc = 1/oC nén trong
mach RC vira ¢6 s6 thuc (real) vira ¢é s8 do (imaginary) dudc goi la
0 phitc (complex).

T cau phin dp R va -jXc, tinh dién 4p ra V, theo ¢ong thic:
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— 1
V (e
V__*(ch)
i’ - _WFT
R—j--
/ oC
Suy ra ddp Ung tan s6 cla mach loc ha thong la:

1 .

D LT oC
gzgz jwci‘ - ”foC;f
. R-j— (R-j—)jeC
I ( JmC)J
Ta da biét: j.j=j % =-1 nén suy ra:
e L
1+ jewCR

Miu s6 | + joCR 1a s§ phitc duge phin tich nbu hinh 7.4
trong d6 truc hoanh s& thuc 1a 1, truc tung s8 4o la ®CR, canh huyén
tam gidc vudng 12 bién dd cla s8 phic, ¢ 1a goc pha. Do d6, dip
ttng tan s& con duge phan ra ddp ing bién d6 va ddp Ung pha theo
tan sd.

b) Pdp ung bién dé:

Theo hinh 7.4, bién d6 clia s& phifc 12 canh huyén nén ta ¢6:

1+ j&CR| = {1+ (@CR)’

bap ung bién d6 ciia mach loc ha thdng la:

y R !
|

= (@ = 2rf)

J1+(wRC)?

Nhin xét: - dtan sd thip: f—>0 nén o -0

A= =1 = ¥V, =V
I+

3]

130



Chuong 7 Mach loc

-31lansdcao: fo o nén 0o«

'l -

A= =0 = V =0

1+ ’
- & tan sO dic biét fe (hay me) sao cho:

L
wC 27.C
= @. = ——L = f = :
RC 2aRC

Téan s& nay dudc goi 12 tin s8 cdt fe (hay @c). G tin s§ nay
a mm o n . U BN A am e Lin
bién dd tin hi€u ngd ra by giam di 7_— lan so vdi bién d6 tin hiéu
2 .

vio (hinh 7.4).

A fc
A5 H D .......................
tc ? 90 TS
Hinh 7.4: Dap ing bién dd Hinh 7.5: Ddp ing pha
¢) Bdp ung pha: (hinh 7.5)
Pha ¢ clia A= 1 chinh 1a pha ¢da 1 trit di pha cta

1+ joRC
1+ joRC.
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Ta ¢6: ¢ =0 - arctgwwRC = -arctgoRC
G tinsSthip f > 0nénw — 0

= @ = -arctg0 = 0"
G tin sd caof — o nén @ — o

= @ = -arcige = - 90°
GudnsScitf=fc, »=wcth

= ¢ = -arctgl = -45"

Nhu viy, tin hiéu ra bi chim pha so vdi tin hiéu vao. O tin
s6 thip mifc chAm pha nhd, & tin s cao mifc chim pha 1dn hon va &
tdn & cdt mic chdm pha 1a 45°. Sy chim pha nay & nhiéu trudng
hgp s& lam cho tin hi€u ra bi méo dang so vdi tin hiéu vao.

d) Pdp ving bién dj tinh bing deciBel:

Tuong ty nhu dd khuéch dai dién dp cia OP-AMP thudng dudgc
tinh bing don vi deciBel (dB), ddp itng bién dd A ciia mach loc
ciing thudng dugc tinh bing don vi dB theo cdng thifc:

!
Ay =201g A = 201g — e
v J1+(@RCY?
Suyra: A, =20lgl-201g+/1+ (@RC)?
A, =0-20lg+/i + (0RC)?

Khif50, 00 = Agp = -20igl =0
Khif >, 0 >« = Agp = -20lgx = -

w s 1 1
KhidtinsSecidt: w=0w =—= = f = —
=% f=1

27RC.

Ay =-201gZ = -20_1g2 = -3dB (1g2=0,3)
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Mach loc
Ays A .
; L A £
ol .;fc ol 10 ..,,_IC
-3 : -3t
_6 SEETEETITTPPITEECRE AT _6 |
-10 -10
=20 =20 .
Hinh 7.6: Dap tng bién do Hinh 7.7: Bdp iing bién dd

tinh biing dexiben theo gidn dd Bode

Tri 80 trén truc hodnh 14 ¢ s& cda tin sd f so vdi tin s& cit fe
va dude ghi theo giai logarit cd s6 10.

Khi f=f, thi L =1 = Ag=-3dB
e

Khi t= 2t thi L =2 = Ag=-6dB
/.

Khi = 10ft, thi L =1 = Ag=-20dB
f.

Khi t=100f, thi fi =] = Ap=-40dB

Nhin xét:

* Khi tin s6 f ting 1&n gdp doi thi A gidm xudng 6dB goi 1 -
6dB/octave (octave = quing 8 trong Am giai).

e Khi tdn sd f tAng 1én gdp mudi 1an thi A gidm xudng 20dB
goi 1a -20dB/decade (decade = quing 10).

Pé don gidn trong tinh todn, ngudi ta ding hai dudng tiém
c4n d€ bidu dién ddp dng bién do A (dB) goi 1 gidn d6 Bode (hinh
2.7).

2) Mach lgc thugng thong
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a} So db, ddp vng tdn sé- (hinh 7.8)

o] )

] |
11 ’ .
vi) CR% v:, - v: Xe o v:,
L I

wCR

Hinh 7.8

Hinh 7.9

Tit cau phdn dp -jX¢ va R nhu hinh 7.8, ta tinh dudce dién dp
ra Vg theo cong thic:

o VRV,

" w( J .(:}R('_"

Suy ra ddp tng tn s& cla mach loc thugng thong 1a:

Vf

1
/ @R
b) Bdp tng bién do:
Tacoé: A= Pi\ = ! = 1
1-; - t 1y
WRC 1+(MRC]

Nhin xét: - JtinsO thip:f > 0, © - 0

-¢tinsfcaof— o, 0 —
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- §tan sO cit =1 = hay w=o = —
r=1 2aRC Y ¢ RC
= A= : = L =0,707
2 Ji ?
1+ 1 1_...___
- RC
RC

& tan s6 cit bién do tin hiéu ra bi gidm di 0,707 14n so véi
bién do tin hiéu vao (hinh 7.10),

A ¢
F007 |
+45” .............................................
| fc
Hinh 7.10: Bdp ting bién dd Hinh 7.11: Dép Ung pha
¢) Pdp vng pha: (hinh 7.11)
— . . 1
Pha cia 4 = —1713‘1 pha cda 1 trir di pha cual— j——
= 1 wRC
wRC
Tacé: ¢ =0-—arct, [— —l—} = arct !
7 8\ @RC 5 ORC

3 tan 56 thap f —»> Onénw — 0

Q= arcrg% = arctgoo = 90°

135



Mach Tudng Ty Nguyén Tin Phudc

Gtinsdcaof — x nén o — «
1 0
@=arctg| — |=arctgh =0
i}

G tin sSchtf = fe, © = o thi
¢ = arctgl = 45"

Nhu viy, tin hiéu ra bi sém pha so vdi tin hiéu vao. O tan s6
cao muc sdm pha nho, & tan s& thdp mifc sdm pha 16n hon va & tin
s6 cdt thi mife sdm pha 12 45°. Sy sdm pha nay & nhiéu truiing hop
€ lam cho tin hiéu ra bi méo dang so véi tin hiu vio.

Tu’dng ty, ta ciing c6 thé tinh ddp ‘g bién d6 theo dB, vé
gidn dd Bode va ¢S nhén xét:

o khi tdn 5§ f bing tin s6 ¢t /= f = thi bién 49 tin
27RC
hi€u ra bi gidm 3dB (-3dB/octave).
* khi tdn s6 f gidm con 1/2 thi A gidm 6dB (-6dB/octave).
skhi tan s6 f gidm con 1/10 thi A gidm 20dB (-20dB/decade).
3) Mach loc dai thong

Mach loc ddi thdng chinh 1a mach loc ha thong ghép ndi tiép
vdi mach loc thirgng thdng nhu hinh 7.12.

Pdp iing tan s& cla mach loc dai thong chinh 1a tich s& cla
hai d4p tng tan s6 mach ha thdng va thudng thong.

R & \ A hathong  thugng thong
Wy _l_ || ’ (T SR,
v {
! C| VT(“: 12 RZ M S U S LT SRITITY
_L _L _r_ 2 i dai thong
T~ T 7 il I ,
Ha théng A,  Thudng thong A, fo, fy fe2 i

Hinh 7.12: Mach loc déi thong
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AA ha thong thugng thong

Hinh 7.13b: fc| = fc;

ha thong  thugng thong

-------
F P 405 S ST

dai thong

fcx fo fe f
Hink 7.13c: fc]> fCZ

Ddp tng tan s cla mach loc dai théng 1a:

|
|

T
=

V.IV,

ol

A=

=~ 1[ N
n
=

Nhur viy, ddp dng bién d6 chinh 1 tich s§ cla hai ddp ing
bién do.
A= A].A2
Goi tan s8 cdt cda A, 1a oy vA A, 1A fog, ta ¢6 ba truding hap
nhu hinh 7.13.

Pudng rdi nét chinh 1a ddp dng tan sd cda mach loc dai
thong.

Trudng hop fc < tez thi ddp dng bién d6 A rdt thip, néu e, >
fc thi ddp ung bién d0 A 16n hon va bing thong rong.
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M6t cach khdc d€ c6 mach loc dai thong dude thuc hién nhu
mach dién hinh 7.14, trong d6, & ngd vao ¢6 R-C néi tiép, 8 ngd ra
¢6 R-C ghép song song.

Vi ludn 1y tong tf, 8 ngd vao ¢6 Z, = R - jXc¢, 3 ngd ra ¢o:
R(-jX )

C R- X,

Tinh trén cdu phan dp Z, va Zta s€ ¢o:
- vV,  ° jeRC
V. (joRC +1¥ + joRC

' 1 i - 1
Khiow=w =—=f=f = thi A=—
¢ RC f=1 3

2aRC

GtinsG f=f =

thi bién d6 ngd ra gidm con ! SO
2aRC

v3i bién dd ngd vao.

il PR
v, —— _l_ Vo s . dai thong
. Z; R C:l-_ _l’_ 3 :
1 [ L 1 :
Zg l - fC

Hinh 7.14: Mach loc ddi Hinh 7.15: Béap ing bién do
thdng dang khic
4) Mach loc dai triét

Mach loc ddi triét chinh 1a mach loc ha thong ghép song
song vdi mach loc thugng thong nhit hinh 7.16.

Trong mach loc dai triét, Ry-Cy 13 mach loc ha thong s€ cho
tin hiéu tin s& thap gua, Ry-C, 12 mach loc thugng thong s€ cho tin
hiéu tdn s6 cao qua. TAn s& it cha hai mach loc 1a fe) va fea. Nhu
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vy, khodng tan s6 gitta fcy va foy sé khong gua dudc c¢d hai mach
loc nén bi loai bo. Pudng rdi nét chinh 13 ddp dng tin s& cla mach
loc ddn triét.

R, A ha theng thuong thong
W T A ddi
- <—1triét

L C ]
C, 'I
I

VI I ' VO ; 't‘. ....... ‘." ?
_L _L . e fo fe t
Hinh 7. 16: Mach loc déi triét Hinh 7.17: Pap ung tin s0

mach loc dai triét

Do har mach loc rdp song song néntac6 Z, =R, // C;, Z; =
R, // C, 12 hai tdng trd clia cdu phan 4p.

Suy ra: A=—=_22_

o

Cdc bude phin tich wiong ty nhu trén nhung viée tinh todn
xédc dinh ddi triét twong doi phife tap hon.

Mt cdch khdc d€ ¢6 mach loc ddi triét 13 mach loc ciu T doi
nhw hinh 7.18,

Incer ol nam
ST e v e Y
R
LR L L Tl
Hinh 7.18a: Bdn mach loc Hinh 7.18b: Loc cau T d6i

ghép thanh hai nhdnh
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Nhénh thit nhit gdm hai mach loc ha thong ghép ndi tiép
ngutge diu nén ¢d tu twong dudng 13 2C. Nhénh thit hai gdm mach
loc thugng thong ghép ndi ti€p nguge diau nén ¢6 dién G twong
dudng 1a R/2. Hai nhanh loc ha thong va thugng thdng ¢6 dang hinh
chit T lai dudge ghép song song nhau nén duge goi 12 mach loc cdu T
doi.

Dé phin tich ddp ing tAn s ctia mach dii triét cau T ddi, ta
¢6 thé tinh dién dp V| va V;, sau do khit V4, V, dé ¢6 V, 5o vdi V,.

1
* T 22RC

Tan s& ¢dng hudng clda mach la:

Mach loc dai triét don hinh 7.16 ¢6 ddp Ung tdn sO nhy hinh

7.19. G tan sd £ = 0,1.1y hay = 10f;;, ddp dng bién d6 A =0,9. Do ¢6
a6 dde 16n nén mach loc c¢iu T dbi ¢o dii tin triét hep hon mach loc
dai triét don. '
AN

0,33

e

0.1 1 10~ fo

Hinh 7.19: Déap ting bién 45
mach loc dai triét don

5

01 1 10 f

Hinh 7.20: Bdp ing bién d6
mach loc dai triét cau T doi
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5) Hai mach lgc RC ghép ndi tiép

" - Trong mach loc ha théng diing RC, néu tdn s ting 1én 10
14n thi bién d6 giam 20dB (-20dB/decade). N&€u ta mic hai mach loc
ha théng ghép néi ti€p, khi tin s§ ting 1én 10 ldn thi bién do gidm
40dB (-40 dB/decade).

- Tuwong t, trong mach loc thugng théng ding RC, néu tin s@
gidm xudng con 1/10 thi bién d6 gidm 20dB. N&u ta mic hai mach
loc thugng thong ghép ndi ti€p, khi tan s§ gidm xuéng con 1/10 thi
bién dd gidm xudng 40dB.

Nhy vy, khi sG ting mic ndi ti€p cang nhiéu thi ddp tng
bién a6 sé gidm nhanh. Tuy nhién, cdch mic ndy khong thuc 1€.

§7.4- MACH LOC THU BONG DUNG LC

Ngoai mach Igc thu dong diing RC, ngudi ta ¢dOn ding mach
loc _tht_l déng LC. Tuy nhién & tdn s& thip thi cudn ddy L c6 kich
thude 16n nén it dude st dung, mach loc LC thich hop J tén s8 cao.

1) Mach lgc ha théng dung LC
a) Su dé - Pdp ing tén 56"

Tit cdu phén dp jX. va -jX¢ nhu hinh 7.21, ta tinh dugc dién
ap ra Vo theo c¢dng thiic:

7 = - erl_/:
17 j’XL _ jX{
A
JXL A
—tT o fthaip /i
1 *J ‘\ feao
Vi 'jXC V[] H

L
L1

Hinh 7.21: Loc ha thong
dung LC

Hinh 7.22: Ddp \ing tin 56
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. -V, -jX
Didp tng tin s§ 1a: A== = — I
V fXL"J'X(
Thay X, = —- va X, = oL va don gidn:
b
d= S o __ 1
. . 1-0’LC
Jol—j-—

Trong trudng hgp nay A chi1a s8 thyc vi khdng ¢6 j.

b) Nhdn xét: V = P:

_3tinsGthip: f5 0,0 >0=>A=1vaV, =V,
-3tinsdcao  fox, 0 >xc=A=0va ¥V, =0
-dtins8saochomiusd 1 -’ LC=0=>A - «

Tan s8 nay dudc goi 12 tAn s6 cOng hudng cia mach LC va

ky hiéu 13 wy:
1 1
Ta co: W, =—-— Vi fi=—F==
* e Y NIT

Dip tng tin s8 mach ha thong diing LC hinh 2.22 cho thiy 3
khodng tan s6 f < fy thi A = 1,f = fy thi A = o, khi f > fj, thi bi€n d¢
gidm nhanh vi A i 1& v3i nghich ddo binh phudng cia .

2) Mach Ioé thugng théng dung L.C

a) So dd — Pdp vng tdn s5-

i M :
-1Xc f cao
T . o fd N
Vi 1 vn
JXL
- - - f 0 ,f
Hinh 7.23: Loc thiigng thong Hink 7.24: Dép ting tAn s&
dung LC
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TU cdu phan 4p —jXc va jX. hinh 7.23, ta tinh dudgc dién ap
ra Vo theo cOng thiic:

vV = JX, v, - = “V:_: JX;
° jX.:._fo‘ V ij,‘fX('
Thay X, = oL, X¢ = l/oC vao A vadon gian, ta cd:
i JolL _ 1
L L
S wC @’ LC

Tridng hop ndy A cling chi 1a s& thyc vi khéng c6 j.
b) Nhin xét:

A

-3tinsSthip: > 0,0 >0=>A=0va V, =0

-3tdnsbcao: fr>x, 0 d>xc=>A=1valV, =V,

"

-3 tin s0 sao chomiusd 1- =0=>Ad=w

@ LC

Tén sd nay dudc goi 1a tdn s& cdng hudng clia mach LC, ky
hiéu wy: _

Ta ¢o: W, = ! va fo = 1

JLC e NiTe

Pap tng tin s6 mach loc thugng thong ding LC hinh 7.24
cho thdy & khodng tin sd f >y thi A= 1, f=fthi A > oc, khif <y
thi bién do gidm nhanh vi A ti 1€ vdi binh phuong cta o.

Véi cdch phan tich va 1§ ludn tudng ty, ta cling c6 thé khio
sdt ddp Wng tin s8 cla cdc mach loc ddi thdng va dai riét dung LC.

§7.5- MACH TiCH PHAN VA VI PHAN

Mach loc ha théng ding RC c¢on ¢Ong dung khic trong k¥
thudt dién tf 12 mach tich phdn. Tuong t¢ mach loc ha thdng ding
RC cling ¢on ¢Ong dung khdc 1a mach vi phén.
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Khi nao thi goi 1a mach loc ha thong, mach loc thudgng thong,
khi nao thi goi 12 mach tich phéan, vi phan?

Chting ta cé thé tam phan biét mdt cach don gidn nhu sau:

- Mach RC 1a mach loc ha thdng, thugng théng khi ngd vao
tin hiéu c6 nhiéu tdn s6 va thudng khdo sat vdi tin hiu hinh sin,

- Mach RC 14 mach tich phén, vi phan khi ngd vao tin higu
chi cé mdt tdn 50 va thudng khdo sdt véi tin hiéu xung vudng.

Mach tich phan, vi phin diing d€ bién ddi dang séng clia tin
hiéu, duge st dung nhiéu trong k¥ thudt xung d€ dng dung trong linh
vife tr dong diéu khién.

1) Mach tich phan

Theo dinh nghia, mach tich phén la mach ma dién dp ra v,(1)
ti 1€ vdi tich phéan theo thd gian cla dién dp vao vi(t).

Tacd: ve()=k Iv-.(t)dt (trong d6 k 14 hé s 11 1&)
Mach tich phidn nhu hinh 7.25 chinh 12 mach loc thdp qua

ding RC. Tan s cdt cdamach loc la: f, = 1

2aRC

Do dién 4p vao v; Ia ham bi€n thién theo thdi gian nén dién
dp trén R va C ciing 12 ham bién thién theo thdi gian.

a) Mach tich phan RC:

R
A
Vi 4 Vo
m R

Hinh 7.25 < Mach tich phin RC

Ta co: vi (1) = vr(t) + ve(t)
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Xét mach dién & trudng hgp ngudn dién dp vao v; ¢6 tin s f
rit cao so vdi tdn s8 cdt fc. Liic 46, dung khang Xc s& ¢6 tri s6 rit

nhé (do X, =—2‘%).

Néu: f>> f. =—~1—~ thi R>>X, ~—-—1—-—
272RC 2nf,C

Suyra:  vr(t) >>ve(t) (vidong i(t) qua R va C bing nhau)
Dai vdi t C, dién 4p trén tu duge tinh theo cong thitc:
1 .
vl = [ityar
bién dp trén e C cling 12 dién dp ra nén:

v,()=v.(t)= % i(H)dt

trong do: iN= v’—j(;l (vi R>> X¢ nén bd qua Xc)
1 v (t)
Suyra: v (1)=— |-==dt
y 0=z

1
v (1) =—|v (H)dt
D= O
Nhu viy dién 4p ra v,(t) 1 tich phén ciia dién ap vao vi(t) véi
. 1 NV _
hésotilékla: k= C khi tan s4 f; rat 1dn so véi fc.

biéu kién clia mach la:

1
>> f. = f >>
f>>te= 27ARC

Néi cach khdc la: RC >> -1— =T o> _1“ =i
2nf, 2af, 2

[

trong dé: T =RC 12 hing s3 thoi gian, T; 1a chu ky.
Trudng hop dién dp vao v; 12 tin hiéu hinh sin thi:

vi (1) = Vpsinot
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1 V
v.()=—— |V sinwtdt = ——2— coswt
o (D) ch i e

Al )
bién dp ra:

V R
v, (1)=—"—sin(wt — 90°
o(#) TRC ( )
Nhu vdy, néu thda min diéu kién cia mach tich phén thi
dién 4p ra bi tré pha 90" va bién do bi gidm xudng véi hé s 4 1é la:
1/ oRC. ‘

b) Bién dp vao la tin hié¢u xung vuong:

Khi dién dp vao 1a tin hi€u xung vudng cé chu ky T; thi ¢o
thé xét 1y 1€ hiing s8 thdi gian 1 = RC so vdi T; dé€ gidi thich cdc
dang s6ng ra theo hién tugng nap x4 cua tu.

Gid thi€t dién 4p ngd vao la tin hiéu xung vudng doi xiing ¢
chu k¥ T; (hinh 7.26a).

Né&u mach tich phian ¢6 hiing s6 thai gian t = RC rt nhd so
véi T; thi ty nap va x4 rit nhanh-nén dién 4p ngd ra vy (t) cé dang
giong nhu dang dién dp vao vi(t) (hinh 7.26b).

. e T s

Néu mach tich phan ¢6 hiing s3 thdi gian t = ~S'— thl tu nap va
x4 dién 4p theo dang him s& mi, bién dd dinh clia dién 4p ra thip
hon V,, (hinh 7.26¢).

Né&u mach tich phan c6 hiing s6 thdi gian t rat 6n so véi T,
thi tu C nap rdt cham nén dién 4p ra c6 bién dd rat thap (hinh 7.26d)
nhing dudng tang gidm dién dp gin nhu duding thing.

Nhv viy, mach tich phian néu chon tri s& RC thich hgp thi ¢6
th€ sita dang xung vudng & ngd vao thanh dang séng tam gidc & ngd
ra. N&éu xung vudng d61 xting thi xung tam gidc ra 13 tam gidc cén.

Trudng hop tin hiéu ngd vio 1a mot chudi xung vudng khong
d61 xWng vGi ty, > ton. Trong thdi gian t,, ngd vao ¢ dién dp cao nén
tu C nap dién. Trong thdi gian t,r ngd vio cd dién dp OV w C xa
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dién nhung do thdi gian t, nhd hodn te, nén tu chira xa dién hét thi
lai nap dién ti€p 1am cho dién 4p trén ty ting ddn (hinh 7.27).

T,
Voltpmooo ot
Vp

[

a) Dang séng ngd vao

b) Dang séng ngd ra khi t << T

c) Dang séng ngéra khit= —

d} Dang séng ngd ra khi 1 >>T;

Hink 7.26: Dang sOng vao vi ra cla
mach tich phin nhan xung vudng.
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Vo(y)

nnn.

[
Ll

{

Hinh 7.27: Chudi xung vudng vio
c) Mach tich phan RL:

Mach loc thap qua diing RL ciing ¢6 thé diing lam mach tich

phin nhif hinh 7.28. L

[TT0U01 .

vi(t) vo(t)

1 1

Hinh 7.28: Mach tich phin diing RL

Chitng minh tugng ty nhy mach tich phan dung RC ta ¢6 dién
dp ra v, (1) ti 1€ tich phan vdi di€n dp vio v; (1) theo thdi gian.

Tacd: v, (:):% jv, 3% (trong d6 hé s6 18 k =% ).

2) Mach vi phén

Theo dinh nghia, mach vi phin 12 mach c¢¢ dién dp ngd ra
vo{) 11 1€ v@i dao ham theo thdi gian cda dién dp ngd vao vi(1).

Taco: V,.(f)=k—:;;v. {r) (trong dé k 1a hé s6 ti 1¢)
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Chuong 7 Mach loc

Trong k¥ thuit xung, mach vi phin ¢é tdc dung thu hep do
rong Xung tao ra cdc xung nhon dé kich céc linh kién diéu khién hay
linh kién ¢6ng suat khdc nhu thyristor, triac ...

a) Mach vi phdn diang RC:

Mach dién hinh 7.29 chinh 1a mach loc cao qua ding RC.
Tén s3 cdt clia mach loc la: £, -
Tt 2aRC

| v,
L L 1

Hinh 7.29 : Mach vi phan RC

Dong dién i(t) qua mach cho ra sif phan dp nhu sau:
vi(t) = vt} + vr(1)

Xét mach dién d trudng hdp ngudn dién dp vao vi(t) ¢d tin s6
f; rat thap so vdi tin sd cdt fc.

Lic do: f << f,. =

va § tdn s6 nay thi dung khing X

27RC
s€ ¢6 tri s8 rdt 16n (vi X L ).
2nf C
Nhur viy: R<<X,. __ L
27f,C

Suyra: vg(t) << v(t) (vidongi(t) qua R va C biing nhau)
Jay o vilt) = ve(t)

bai vdi tu C, dién dp trén ty con dudce tinh theo cong thic;
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Mach Tugng Ty Nguyén Tan Phudc

1/*‘.,.(r)=q—((;1 (irong d6 g(t) 1a dién tich nap vao tu)

Tir d6 ta co: P, (r)=dv(‘(r)=__l_ dq{r)z—l—f(r)
dt da C df
()
hay la: ilf}=C——
ay la: i(¢) o

bién dp trén dién trd cling 12 dién dp ra la:
Vo(’):vu (I):Ri(")

s 0)-Re @)
- at
Pién dp ra chinh 1a vi phin (dao ham) theo théi gian cua
dién 4p vao vdi hé s6 (1 1& k 1a k = RC khi tan s6 f; rit thip so vdi fc.

Piéu kién ctia mach vi phan 1a:

. . 1
f; <<t ha , <<
¢ Yo S game
N&i cach khac la:
RC<<—1— hay T << —1—=*T'—
af, 2nf, 2x

trong d6: ~ t=RC 12 hiing s& thdi gian, T; la chu k.
Trudng hop dién 4p vao vi(t) 1a tin hidu hinh sin thi:

vt = Vgsine(t)
” . d .
dién dp ra la: vo(t) = RCE (Vinsinmt)
= mRCV ycosmt

= oRCVsin(wt + 90"

Nhu vay, néu théa diéu kién cla mach vi phan nhy trén thi
dién 4p ra s6m pha 90° va bién d6 nhin vdi hé s tf 1€ 1a wRC.

b) Bién dp vao la tin hiéu xung vudng:
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Chuong 7

Khi dién 4p vao la tin hi€u xung vudng c¢6 chu k¥ T; thi ¢é
thé€ xét tf 1& hiing s6 thdi gian T = RC so v&i T; d€ gidi thich cdc dang

s6ng ra theo hién tugng nap x4 cia tu.

Vi(t) 4
A1 H G}

a) Dang séng ngé'é_ vao

Vo(t)

] |

b) Dang .}'éng ngéé rakhit= Igg

\

Vo(t)

o

c) Dang séng ngd ra khi 1 <<'T;

Hinh 7.30 : Dang séng vao va ra ciia mach vi

phdn nhdn xung vuong.

Gia thi€t dién 4p ngd vao 1a tin hiéu xung vudng doi xing ¢é

chu k¥ T; ¢(hinh 7.30a).
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Mach Tuong Ty Nguy&n Tan Phude

. _ N C T,
Néu mach vi phdn ¢6 hing s& thdi gian 1 = ?' thi ty nap va

xd dién tao dong i(t) qua dién tr3 R tao ra dién 4p gidm theo him s&
mil. Khi di¢n 4p ngd vao biing OV thi ddu dudng clia tu ndi mass vi ty
s& xa dién ap 4m trén dién trd R. & ngd ra s& ¢6 2 xung ngude diu
nthau bién d6 gidm dén (hinh 7.30b).

Nhu vdy, n€u thda diéu kién clia mach vi phin, mach RC s& d8i
tin hiu tr xung vudng don cuc ra 2 xung nhon luGng cuc (hinh 7.30¢).

Néu mach vi phin ¢6 hiing sd thdi gian 1 rit nhé so véi T; thi ty
s& nap va x4 dign rit nhanh cho ra 2 xung nguge ddu nhung ¢6 do ring
xung rit hep dudc goi la xung nhon.

¢) Mach vi phin ding RL:

Mach loc cao qua diing RL ¢iing ¢6 thé 1am mach vi phan nhyv
hinh 7.31,

Ching minh twong tr nhu mach vi phin ding RC ta ¢é dién
dp ra vo(t) ti 1€ vi phin vdi dién dp vao vi(t) theo thdi gian.

£ dvi’ (! )

Tacé: vi()=
R dt

. L
Trong dé, h&ésd 1€ la: &k = E

vi(t) . §! vo(t)

Hinh 7.31: Mach vi phian RL
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Chugng 7 Mach loc

§7.6- MACH LOC TiCH CyC
1) Pai cuong

Mach loc thu d@flg c6 nhuge diém 12 tin hién bi t8n hao trén
R nén ddp tng bi€n d6 thudng thap va bi & thude vao phu tai.

P& tranh nhude diém cia mach loc thu déng ngudi ta két hygp
mach loc véi linh kién tich cuc va dat mach loc RC ndim trén dudng
héi ti€p dé ting hé s truyén dat, ting hé s8 phim chat. D€ khong b
I¢ thudc vao phu tdi ngudi ta ding mach khuéch dai dém d€ phdi
hop tré khdng,

2) Mach loc ha thong

a) Mach loc ha thong khuéch dai khong ddo:

Hinh 7.32: Loc ha
éRz thong khuéch dai khong do

Trong so d6 hinh 7.32, OP-AMP dudgc rédp ki€u khuéch dai
khong ddo nén c6 dd khuéch dai dién 4p mét chiéu 1a:
R +R,

A, =
13 Rz

Mach RC & ngd vao I, 1a mach loc ha théng thu dong nén
1

5 . i
vaincétansdcdtla: o, =— va f =

C

[
-1
o

1

Pap ing tdn sd machlocla: 4, =-2=——
1+ jwRC

£}

AN
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Mach Tuong Tu Nguyén Tin Phudc

Diép tng tdn s& cla toan mach 1a:

1 R +R,
1+ joRC R,

A=Ay A, =

b) Mach loc ha théng khuéch dai ddo:

Trong s¢ d& hinh 7.33, OP-AMP dudc rdp kiéu khuéch dai
d3o nén ¢ 46 khuéch dai dién 4p mot chifu la:

R .
A, =—-—=% (Rz hoi ti€p dm)
Rl
11
1 C
Vi
R,
o—AV Ry -
Vi = Vo

Hinh 7.33: Mach loc ha thong khuéch dai ddo

Mach hdi tiép Ro//C tit ngd ra vé ngd I, ¢ tdc dung cia
mach loc ha thong, vi & tn s6 cao Xc ¢4 tri s6 rhd nén mic hdi tiép
am I6n s& 1am gidm bién dd cida tin s6 cap.

Tan s8 cdt ctia mach loc vén durge tinh theo cong thifc:

27R,C ¢ RC
e X v, 1
Bép tng tan s6 ciia mach loc 1a: A, ===
v, 1+ joR,C

Pdp ting tan sO cla todn mach 1a:

1 R

A=A4,4, = ———
1+ jowR,C R,
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Chudng 7 Mach loc

3) Mach loc thugng théng

Hinh 7.34: Mach loc thugng théng tich cuc

Trong so dd hinh 7.34, OP-AMP dudc rdp ki€u khuéch dai
ddo nén c6 4o khuéch dai dién 4p mdt chiéu 1a:
R
A, =-—%
RI
Mach loc Ri-C & ngd vao 1a mach loc thy dong RC nén vin
¢6 tdn s0 cit duge tinh theo cong thitc:

1 . 1
ft_ = va 0, =——
27R,C RC
Ddp ng tin s& clia mach loc 1a:
A
A4, = == ! i
V.‘ 14—
joR,C
Pdp ung tin s clia toan mach la:
A=A 4, = ~_-11—fi
1y — K
joR,C
4) Mach lgc dai théng

Mach loc dai thdng tich cyc ¢6 thé chon mdt trong hai sd dé
sau theo ki€u hai mach loc ha théng va thugng théng mic ndi tiép.
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Mach Tuong Ty Nguyén Tan Phude

Tan s3 trung binh cBa mach loc ddi théng vin dudce tinh theo

cong thite: =

g thie: f, TuRC
R;
VY

C

—wH :
%}—l L =cy

Hinh 7.35: Hai kiéu loc dai thong

5) Mach lgc dai triét

Mach loc dai triét 4p dung mach loc cau T ddi két hgp OP-
AMP, ¢é mach héi ti€p dudng (hinh 7.36).

C C VWY
| 1
LI

g A e

R
2

1

1
2C
11 3
1

Hinh 7.36: Mach loc dai triét tich cyc

1
* " 27RC

Tén s6 trung binh clia mach loc ddi triét 1a:

Ly thuyét vé mach loc con rdt nhiéu va rat phic tap. Trong
khuon khaé mdt chuwong cla gido trinh “Mach Twong Tu” khong thé
trinh bay hét duge. G diy chi gidi thiéu nhitng phan thit cin ban va
thong dung trén cdc mach loc bac 1.
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CHUONG 8

KHOI CUNG CAP NGUON
§8.1- MACH NAN DIEN
1. Mach ndn dién ban ky

bién dp ngd vao V;cd gid tri hiéu dung 12 V4c. Do mach nin
dién bdn k¥ nén dién 4p ngd ra la nhitng bdn ky duong gian doan.

Hinh 8.1: Ndn ban k¥

bién dp mot chiéu trung binh & ngd ra la;

— ¥,
V, =—"=0318V, (Ve: dién 4p dinh)
T

o)

- Vo
hay Vo = A

T

= 0~45V,4f'

Hinh 8.1 1a sg dd mach va dang séng & ngd vao, ngd ra cla

mach ndn dién bdn ky. Trong mach nay tdi thuin trg va khong ¢6
mach loc.

Diod D dugce chon sao cho ¢6 cdc thdng s& gidi han la:

Imax 2 4IL
vaax 2 2\/5]//“-

2. Mach nén dién toan ky mét pha
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Mach Tuong Ty Nguyén Tan Phudc

Hinh 8.2 : Nin t0an k¥

Khi di€ém A c6 bin ky duong so véi di€m B, diod D, din
dién qua tai Ry rdi trd vé ngudn qua diod D, (dong dién ¢é dudng
lién nét). Khi di€m B c6 bdn k¥ dudng so véi diém A, diod D; din
dién qua tai Ry 1di rd vé ngudn qua diod Dy (dong dién c6 duding
rdi nét). Nhu vdy, bon diod sé chia ra hai cip D|-D3 vad D;-Dy luan
phién nhau din dién, dién dp ngd ra 1a nhiing bdn ky dudng lién tuc,

Pién dp trung binh mét chiéu & ngd ra 1a:

v, = 2V . 0,63V, (Vp: dién 4p dinh)
Fis
— 22V
hay V, = -—J-:m—‘i— =09V, (Vac: di€n dp hiéu dung)
n

Do cdc diod ludn phién dan dién ¢ip dong qua tdi nén céc
dioddudc chon c6 cdc thong s3 gidi han 1a:

I max 2 21,
ViRmax 2 2¥2V 0
3. Mach nén dién ting déi dién ap
a) Mach ndn dién tdng déi dién dp kiéu Latour:

Trong s¢ dd hinh 8.3 dung hai diod v hai tu d€ din va nap
dién < hai ban k¥.
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Chuong 8 Khdi cung cip ngudn

Khi diém A ¢6 bén ky duong, D dan va nap vao t C,, dong
dién di tit A qua D tu C, rdi vé€ diém B (dudng lién nét).

Hinh 8.3 : Nén ting d0i ki€u Latour

Khi di€ém A c6 bdn ky am, D, din va nap vao tu C,, dong -
dién di tr B qua tu C;, diod D, rdi trd vé diém A (dudng rdi nét).

Dién 4p nap cuc dai trén tu C, va tu C; bing dién 4p dinh
cda dong dién xoay chiéu 3 ngd vio.

VCI max = VCZ max = Vp = JEVA(-

Pién dp cap cho tai 12 dién 4p ndi ti€p trén tu C; va tu Cy s
c6 tri sO cuc dai ting gap ddi so vdi dién dp xoay chiéu & ngd vio.

VO max = VCI max + VCZ max = 2VP = 2\/51/,4('

Dién dp trung binh tfén tdi cé tri 58 nhd hon Vo max Vi tu C,
va C; xd dién lam gidm 4p, mifc gidm 4p thy thude tri s0 dong dién
ti 16n hay nhd va tuy tri s& dién dung C,-C,.

b) Mach ndn dién tang doi dién dp kiéu Schenkel:
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. Trong sd dd hinh 8.4 ciing diing hai diod va hai tu dé€ din va
nap dién & hai ban k¥, nhing diém B chinh 12 diém mass ctia ngudn
dién mot chiéu sau mach ndn dién.
Khi diém A c6 bdn k¥ 4m (néi cdch khdc 13 diém B ¢6 ban
ky duong) thi diod D, dan va nap vao tu C), dong dién di tr B qua
D, tu C, rdi vé di€m A (dudng rdi nét) .

Vo

v

Vac D) =+ [:I R,
i C2

Hinh 8.4: Ndn tang doi kiéu Schenkel

Khi diém A c6 bdn ky duong thi dién dp d4 nap trén tu C, sé
ndi iép vdi dién dp ban k¥ duong clia ngudn tao thanh dién 4p ting
gAp doi, dién dp nady phin cue thuin D; 1am din nap vio tu C;, dong
dién di qua D,, tu C, rHi vé diém B (dudtng lién nét).

Nhu vay, dién dp nap cyc dai trén tu C, chi bing dién 4p
dinh clia dong dién xoay chiéu & ngd vao trong khi dién dp nap cuc
dai trén tu C; dudc ting gip 3di so vdi dong dién xoay chiu & ngd
vao. Dién dp trén tu C; cling chinh 12 dién 4p ra trén tai.

Velmax=Vp = \/EVA{'
Vomax = Ve max = 2Vp = 2J§VA{'

Tuong ¢ nhu mach trén, dién dp trung binh trén tdi ¢6 tri sO
nhé hon Vo nax vi tu C; x4 dién 1am gidm dp. Mic giam dp cling tuy
thudc tri s& dong tai 1dn hay nhd va tri 58 dién dung C,-C,.
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Chirgng 8 Khéi cung cip ngudn

Trong mach nay w C; phdi c¢6 dién 4p lam viéc 16n gip hai
1an dién 4p lam viéc cla w C,.

4. Mach niin dién téing ba l4n dién 4p
So d6 hinh 8.5 11 sy két hop cta hai mach ndn dién ting doi

kiéu Latour va Schenkel. Ngudn xoay chiéu cho vio hai diém A va
B, 8 day phdi xét hai bdn ky lién ti€p nhau nhu sau:

Khi di€m A ¢6 bdn k¥ 4m thi hai diod D, va D3 déu duge
phin cyc thudn, diod D; dan dién nap vao tu C, vdi dién 4p dinh 1a
Vp, ddng thdi diod D- din di€n nap vao ty C; vdi dién dp dinh 12 Vo,
(hai dong dién la hai dudng rdi nét).

b —_— Y
By * e culoapy “

.-- 1+
B o—Th=== | -— RL
+

y
D A T
3 | L - - # Ca

Hinh 8.5 : Mach nin dién ting ba

Khi di€ém A ¢6 bdn ky dwong, dién dp trén tu C, sé néi tiép
vdi ban ky dudng cia ngudn dién xoay chiéu Ve cho ra dién dp
dinh la 2Vp vi di€n dp nay phan cyc thuin diod Dj [am D, din nap
vao ty C; véi dién dp dinh 1a 2Vp (dOng dién c6 dudng lién nét).

Pién dp nap dude trén cic w 1a:
VCI max = Vp = ‘\/EI/:“"

Ve max = Vp = '\/EV.-H‘
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Veamax =2Vp = ZﬁV,«- (tu Cy nap ting gap doi)

Dién 4p cap cho tdi 12 dién dp cda tu C; va wy C; ndi ti€p
nhau nén c6 dién dp cvc dai ting gdp ba ldn so véi dong dién xoay
chiéu & ngd vio.

Vo max = VCZ max + V3 max
= 2Vp + Vp = 3Vp =320,

Trong mach nay tu C; phdi ¢6 dién dp lam viéc idn gap hai
1an dién 4p lam viéc clia tu C, va Cs.

5. Mach nén dién ting b&n 14n dién 4p

Mach nin dién ting bon 1dn dién dp ¢6 nguyén Iy gidi thich
theo trinh ti sau:

[ELUTLEE— L TP
%VAC j Dy l__._
B e DD

Dy — _T D4

A CzI

+ _TC4 + & —-

Hinh 8.6: Mach ndn di¢n ting bén ldn dién dp

a) Khi diém A c6 bdn k¥ 4m 1an thd nhét, D, din, nap vao t C;
(dong dién 1a dudng lién mdt nét), dién ap nap t6i da trén tw C; 1a Vp.

b) Khi A ¢6 ban ky duong lan thif nhat thi dién 4p trén tu C; s&
ndi ti€p vG6i dién dp bdn ky dudng clia ngudén AC lam dién 4p ting
gap ddi (2Vy). Lic nay diod D, din dién nap vao tu C, (dong dién 1a
dudng rdi ¢6 hai doan). Diép 4p nap dudc t8i da trén tu C, 1a 2V5p.

B
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Chudng 8 Khéi cung cap ngudn

¢} Khi A ¢6 bdn ky Am lan thit hai thi dién dp trén tu C; 12 2V,
$& noi tiép vai dién dp ban k¥ Am clia ngudn AC 1a dién 4p ting gdp
ba (3Vp). Lic nay, diod D) ciing dan dién nap vao tu C, dién ap
dinh 1a Vyp dﬁng thfi diod D dén dién nap vio tu C; dién dp dinh 1a
2Vp. Bién dp t6i da trén ty C; va C; ndi ti€p nhau 12 3V, (dong dién
la duding rdi co ba doan).

d) Khi di€m A ¢6 badn k¥ dudng lan thit hai thi dién dp 3Vp trén
tu C, va C; s€ ndi 1iép vdi dién dp bdn ky 4m ngudn AC la dién dp
ting gdp bidn (4Vp). Lic nay, diod D; cling din dién nap vao tu C4
dién dp dinh 12 2V (dong dién 12 dudng rdi ¢6 bon doan). Dién dp
ra trén tdi chinh 12 dién dp trén tu C; va tu C, ndi ti€p nhau ¢ trj s&
01 da 13 4Vp,

Nhu vy, trong bon tu dién, tu C, chi nap duge dién 4dp t1 da
ta Vp, cic ty dién C,-C3-C4 $€ nap duge dién dp 161 da 1a 2Vp. Diéu
nay can luu ¥ khi chon dién 4p lam viée cda tu.

§8.2- MACH LOC PIEN

Trong phin nay dé cdp d€n mach loc dién cla cic ngudn
mdt chiéu sau khi ndn dién tir ngudn dién xoay chiéu hinh sin. Mach
loc dién ngudn ¢4 tde dung 1am gidm mifc dién 4p gon song d€ ¢o

A =~ - - . 2 »
ngudn di€n 4p mot chiéu thing hang.

Mach loc dién ¢6 thé chia ra céc loai sau:
- Mach loc thu dong: mach loc C, mach loc RC, mach loc LC.

- Mach loc tich cye k€t hgp mach loc thy dong va linh kién tich
cuc nhu transistor, IC.

1. Mach lgc ding tu dién

Hinh 8.7 1a mach ndn dién bdn k¥ loc dién bing t C, trong
dé Ve 1a mite dién dp mdt chidu trung binh nap trén tu va AVc la
dién dp gon séng V, (Ripple Voltage).
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Tacs: Q=V.C hay 14:% vi Q=T

AQ_ IIT _ I.’,

Suyra: AV, = =
: C ¢ fC

(T: chu ky)

N6i cach khdc dién 4p gon song trén ty C la:

vV, = ; 2 (f: tAn 56 cla dong dién xoay chidu)
Dién dp mdt chiéu trén tai la:
v, I s wian < 4
Vi =V — o= V, - Zf—!C (Ve 12 dién dp dinh)
D I h
~—Pt T T
Vac E R, WV
S R,
i
A Vi
v }
Vp Wx,__ Vr 1
pef \ i S < S N
Ll Ll L \f s v/ \ T
¥ \ Y |y
- T -
«—>
TR
Hinh 8.7: Mach nAn ban ky va Hinh 8.8: Mach nAn toan ky vi
dang dién &p ra dang dién &p ra

Qua hai ¢ong thitc trén cho thdy mudn gidm muc dién 4p gan
“s6ng vi ting midc dién dp mot chiéu trung binh trén tdi thi t dién C
¢6 tri 88 cAng 1dn cang ot
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Chugng § Khdi cung cip ngudn

Thi dy: Mach ndn dién bdn k¥ ¢6 Vac = 12V, dong téi I, =
0 5A, cin ¢S Vpe = 12V. Tinh tri s0 tu dién C.

Ta cé: Vac = 12V nén dién dp dinh Vp la:

v, =3V, =J212=17

AV .
Do: Ve =V, — Vzr nén 2r = Vp—Vpe=17V - 12V =5V
Suy ra; Ve=2x5V =10V

Nhur viy, tu dién loc € duge tinh theo cong thiic: _

L= L_ ) (' _ !_"!
1 e
Cudicung: (= 0.54 = 1000 uf*
5010 .

Hinh 8.8 12 mach nidn dién toan ky ¢ loc dién bing t C.
Bang cdch 1y ludn tudng t, ta $€ €0 ¢Ong thifc tinh di€n dp gon séng
trén tu C la: '

) o
V, = —— (mach nin dién toan k)
C27C ’ '

Nhu vay, mach ndn dién toan ky véi tri 6t lo¢ C nhd xudng Ya

tan vin cho ra mic di¢n dp gun séng bing véi mach ndn dién ban k3.

2. Mach loc hinh =

Trong mach loc bing tu C cho thay dién 4p gon séng V, 7 1¢
thudn vdi dong chuyén tai I va tf 1é nghich vdi dién dung C ciia
loc. Ngoai ra, dién dp gdn séng tity thude ki€u nidn dién ban ky hay
todn k¥, néu nin dién toan k¥ thi dd gon séng gidm di mot nita,

Thi dy: Mot mach loc ¢6 dong dién tai I = SOOmA, tn C=
1000uF va mach nin dién kiéu toan ky thi dién dp gdn song la:
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v A __ 500,107
©T2/C 2.100.1000.10 °

=2,5V

Mudn gidm dién dp ggn séng V, thi phdi ting tri s& dién
dung € 1én kha Idn.

Thong thudng cde dong tdi ¢d tri 58 16n khong can dién dp
gon séng thit nhd, diéu nay chi can thiét cho cdc dong tdi ¢6 tri s8
nhé. Mach lo¢ hinh 7 ¢6 tdc dung tao ra hai ngudn dién dp mot
chiéu ¢6 4o gon sdng thich hdp cho dong dién tai d€ tinh chon tri s&
tu loc C theo yéu ciu k¥ thudt ma vin dim bdo tinh kinh (&,

Hinh 9.3a: Mach loc hink 7 Hirh 9.3b: Mach tuong duong

Sd dd hinh 8.9a 13 mach loc dién hinh =, V, 12 dién dp sau
ciu diod ndn dién da duge loc bing ty dién C,.
Gia thi€t ngudn V| ¢6 dong dién tai la Iy, thi dién dp gun
. I
song trén nguon Vi la: ¥V, =—H—
27C,
Vi dién 4p mot chiéu trung binh la:

,

Vigr =V, — é' {(Vp: dién dp dinh ¢ tht cdp)
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Chudng 8 Khéi cung ¢ip ngudn

Ngudn V; duge qui ra mach tuong dudng nhut hinh 8.3b gdm
¢ ngudn Ve va ngudn Vo ndi ti€p nhau.

P& ¢6 thé tinh dudce dién 4p ngudn V, thi ta phii xét hai loai
dién dp: dién 4p mdt chiéu va dién dp gon song trén tu C;. '

Do v6i ngudn maot chiéu thi tu C; coi nhu hé mach nén dién
4p mot chiéu trung binh trén ty C; 1a:

R
Vo=V .
iN"2 (5. R + R!‘

Theo cong thife nay néu mudn dién dp mdt chi€u ra cao thi
dién trd R ¢6 tri s6 cang nhd cang tot.

D3i vdi ngudn gon séng (xoay chiéu) thi tu C; ¢é dung khdng
1a X¢; thudng ¢6 tri 88 rat nhé so vdi Ry nén dung khing cda ty Cy
song song vdi Ry ¢6 gid tri tuong dudng Xce.

1
2z 21)C

Trong mach diing cdu diod ndn dién toan k¥ nén tan sG gon

séng 1a 2f, trong d6 12 tin s& cla ludi dién xoay chiéu cong nghiép.

Tacé: Z, =X, /R 2X.,=

(3 day d€ don gidn ta khong cdn xét géc 1&ch pha do ¢6 thanh
phin dung khdng vi ddi vdi mach loc ngudn thi khdng can thi€t that
chinh xdc.

Gid thiét ngudn V; ¢6 dong dién tdi 12 Ic; thi dién ap gon song
con lai trén C; la:

=[/j_1i2__
R+ X,

r2

Theo cong thic nay néu mudn dién dp gon séng ¢ bién dd
thap thi phdi gidm Xc; (wfc la tang dién dung cda t C;) hay ting
dién trd loc R. P8 v6i cde dong tdi 117 €6 tri s nhd thi ¢6 thE chon
R ¢6 tri 56 1dn d€ gidm dién 4p gon séng trén ngudn.
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Thét ra dién 4p gon séng V,; ciing i 18 theo dong dién tdi I, ,,
cong thifc trén chi dung khi Xc; rdt nhé so vdi Ry.. € ting hiéu qua
mach loc dién hinh = d&i vdi céc tai Ic; L6n, ngudi ta thudng ding
mach loc tich cue.

3. Mach lgc tich cye

T v

v

=
{1
|
jevl

Vv

: rJ
T

Hinh 8.10: Mach loc tich cuc

Hinh 8.10 13 s¢ dd mach loc hinh ©t ¢6 thém transistor, trong
d6 dién rd Ry thay cho dién trd loc R, tu Cg thay cho tu loc Cs.

C6 thé xem ty C,, dién rd Ry va tu C; 1a mach loc hinh n,
nhu s¢ d6 hinh 8.9, nhimg diém khéc giita hai sd dd 1a:

- Mach loc hinh 7 (hinh 8.9} ¢6 dong dién tdi qua dién trd
loc R 1a dong dién I,.,.

- Mach lgc tich cye (hinh 8.10) ¢6 dong dién tii qua dién
trd loc R 1a Ig, con dong dién tai I, gid chinh 13 Ig ¢dia transistor.
— II;' _ [.f,.'!
B B
Né&u xét mach loc hinh nt trong mach loc tich cue thi dong
dién qua mach loc 13 Iy da duge gidm B lan. Trudng hop tu loe Cy ¢6

tri $0 dién dung bling tu C, thi dong dién dp gon séng trén ty Cy $6
gidm xudng B 1an - vi dién 4p gon séng V. i 1& theo dong dién tai.

Tacd: [,
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Chygng 8 Khéi cung ¢ip ngudn

Pién d4p mot chiéu cdp cho tdi bay gid 1a:

VE = VB - VBE= VB - 0,?\/

§8.3- MACH ON PINH NGUON

Trong cdc mach di¢n tf ngudi ta phén biét hai loai ngudn la
ngudn dién 4p va ngudn dong dién. DS véi ngudn ¢dp dién 6n dinh
ngudi ta cling chia ra hai loai ngudn én dinh [a ngudn 8n dp va
ngudn Gn dong.

VL. = hing sd . = hing s§
M Ngudn V-.i'l Ngudn l¢
1 On dp R | én dong R
Hinh 8.11a: Ngudn én dp Hinh 8.11b: Ngudn 6n dong

Ngudn 6n ding d€ tao ra dién 4p cdp cho tai [a Vo ¢6 tri s6 6n
dinh khong thy thude theo dign dp ngd vio V| va tri s6 dién trd tai
Ry (hinh 8.11a).

Ngudn &n dong ding d€ tao ra dong dién cung cip cho i la 1y,
¢6 tri 6 én dinh khong tiy thude theo dién dp ngG vao V| va tri sO
cua dién trd tdi Ry (hinh 8.11b).

1. Nguyén tic én ap

S¢ 46 hinh 8.12 cho thidy nguyén tic cia cdc mach dn dp
bao gdm cdc khéi sau:

ra . A
a} Mach tao dién dp chudn:

Lay dién dp tir ngudn chung cho ra mdt mitc dién ap khong
déi, dién dp nay goi 12 dién dp chuin Vg (Reference). Pién ip
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Mach Tudng Ty Nguyén Tan Phudc

chuiin Vg chinh 12 co s cho viée 3n 4dp, dién dp & ngd ra V,, s& bi
diéu khién trye 1iép bdi dién dp chuin Vg.

‘ T, Vo = hing sd
Vi Phan tu © &
® diéu khién "
3
Tao dién Khuéch dai LAy dién
ip chudn | saibigt | dp miu

| L

Hinh 8.12: Nguyén tic 6n dp

b) Mach Idy dién dp mdn:

La mach 13y dién dp & ngd ra ddi thanh mic dién dp bing hay
gAn bing mitc dién 4p chudn, mic dién dp nay goi 1a mic dign dp
miu Vg (Sample) hay cdn duge goi 1a dién dp hdi 1i€p V. Khi ngd ra
¢6 dién 4p bi thay d&i s& lam cho dién dp hdi i€p nhd hon hay 16n hon
dién dp chuiin V.

¢} Mach khuéch dai sai biét: (Error-Amplitier)

Mach khuéch dai sai biét con goi Ja mach khuéch dai so sinh
ding dé so sanh mudc dién dp miu Vs vdi dién dp chudn V. Bién dp
ra sau mach khuéch dai sai biét dung dé thay déi trang théi din dién
cda phan 1 diéu khién,

d) Phdn it diéu khién:

Phén tr diéu khién thudag 13 linh kién dién t cong sudt dugc
coi nhu mdt 18ng trd ¢6 tri Oty thude ngd ra clda mach khuéch dai
sai biét.
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Chudnyg 8 Khoi cung cap ngudn

Tuy thudc cdch thi€t k€ phan ot diéu khién ma mach &n dp
dudgic chia ra cdc loai sau:

-

- On dp nd1 1iép - On dp song song - On dp xung

Hinh 8.13b: On ap song song

Hinh 8.13¢:
I On dp xung

Trong mach dn 4p ndi tiép (hinh 8.13a) phan uf diéu khién Ry
duge mic ndi ti€p véi dién rd tdi R, Lic d6, dién dp ra Vo tinh
theo cOng thire:

Vo=V -(IL.Rg)

Theo cong thic ndy dé€ ¢6 Vi dn dinh, V; ting, mach dién phii
diéu khién 1am cho Rs ting va nguoce lai.

Trong mach n dp song song (hinh 8.13b) phan ¥ diéu khién
Rs dude mic song song vai dién trd Ry, Lic d6, dién dp ra Vo dugce
tinh theo cong thic:
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V
Vo=V-(IL+I5)R (fg =2

R, _
Theo cong thic nay dé ¢6 Vo &n dinh thi khi V; ting mach
dién phdi diéu khi€n 1am cho Is ting tifc 12 Rs gidm va ngudgc lai .

Trong mach 6n 4p xung (hinh 8.13¢) phéin t& diéu khién chinh
la cong tde S duge di€u khién dong hay ngdt nhd mach dao déng tao
xung. Khi ¢éng tdc S dong thi dién 4p ra Vo = V4, khi cong tic S hd
thi dién dp ra Vo = 0. Thi gian c¢ong tic dong 1a t,,, thdi gian c¢Ong
tdc hd 1a tor. Nhu vdy, dién dp ra sé ¢6 mifc trung binh la:

V,=V, —m
(L, + !'m.

Theo cdng thie ndy dé ¢6 Vo On dinh thi khi V, ting mach dién
phai diéu khién 1am cho gidm thdfi gian t,, (thc 1 tAng thai gian ty) va
ngude lai.

2. Mach &n 4p tuyé&n tinh
a) Mach n dp ding diod Zener:

Mach én dp diing didt Zener nhyt hinh 8.14 chi dung cho
cdac loai tdi Ry ¢ cdng suit nhd.

R _
Vo=V
A -
lzl l I
. A ] g I
Hinh 8.14: On dp Vi C _— R,
ding diod Zener Z
=

Mach yéu ciu phdi cho ra dién dp Vo = V_ = hiing s6. o] day
diing diod Zener 1am linh kién ghim dp dé giff dién 4p ra cdp cho idi
dudge dn dinh.

Ta ¢o: Vo=V,_=V; (hﬁng s0)



Chuong 8 ' Khéi cung cip ngudn

Dicu kién d€ mach &n dp hoat dong tot 1a:
Vi=(1.5+2)Vo

va thong thudng chon: I =1,

Nhu vay, dong dién chung qua dién wdé R 1i:
=1 +1z=21_

Tinh tri s6 dién wd R -

P V.-V,
21,

(Vi =14 tri s8 trung binh)

bién tra R dudge chon ¢6 ¢Ong sudt la;
Pg = 2P = 2RI,

Trong cong thuic trén, “2" 1a hé 56 an todn cho dién rd.

Diod Zener dudce chon phdi ¢ cdc thong s ky thudt nhy sau:
Vz=V_
IZ wax 2 411 (4: 12 hé s6 an toan)

Mach ndy ¢6 nhuge diém 1A khi tdi ¢6 dong dién 16n thi diod

Zener cling phdi c6 cOng sudt 16n. Piéu nay khé thite hién trong thyc (€,
b) Mach én ép néi tiép:
D¢ trdnh nhuge diém cia mach &n 4p ding Zener nhu mach

trén, ngudi ta dung Zener két hgp véi transistor d€ tao ngudn &n dp
¢G cOng sudt 1dn.

Vao=V_L

Hinh 8.15: Mach &n 4p +
vV, —
ndi tiép
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Xét mach dn 4ap ndi ti€p hinh 8.15 ta ¢6:
Ve=Vo=Vg=Vg- Vge
Trong d6: Vg = Vz = hiing s8&
nén Vo=V =Vz- Vg = hiing s8 (Vge = 0,7V)

Nhu viy, dién dp ra duge &n dinh va khong thy thude dién dp
vao V) va dong dién tai 1; ma chi thy thude vao Vz.

P& cho mach n dp hoat dong tot van phdi ¢6 dicu kién:
Vi=(1,5+2)Vo

Cdch xdc dinh tri 56 ctia linh kién:

Trong mach dién ta ¢6 ddng dién tai Iy chinh la dong dién Ig
do transistor cung cap.

Ta co: IL=1Ig va I, = 1 = I

B B

Trong trudng hop nay dong dién tdi ¢6 tri 83 16n dd duge qui ra
dong dién nhd 1a Iy nhd tinh khuéch dai dong clia transistor. Lic do,
viéc chon ddng Iz qua Zener s& chon theo dong dién Iy ¢6 tri s6 nhd
chit khdng chon theo dong dién tdi I co i s& lén. Nhu vay, diod
Zener ¢6 thé duge chon loai ¢6 cong suit nhd ma vin 6n dp duge
cho tai ¢é cong suat Idn.

Thong thudng chon: Iz 2 (1 +2) 1g (Ir=1z 4+ 1)

Pién trd Rg duge tinh theo cong thite:

v, -V,

RH - i <
IH
Diod Zener dudc chon véi cdc thong s3 sau:
IZ. max 2 412’

Vz=Vo+ Vgg
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Chwong 8 Khéi cung ¢dp ngudn

Transistor duge chon vdi cdc thong sd sau:
lemax 2 2.1
Cong sudt tiéu tdn § transistor la:
Pr = lcVee= 1,(V, =V,)
Chon transistor ¢6 cong thie tiéu tan cyc dai la:
Po max 2 2Pt
Thi du: Mach 8n 4p n6i ti€p c6 V| = 18V dén 24V.

Yéu cau dién apra 6n dinh 1A Vg = 12V va dong tai tung binh 3 I =
500mA. Cho biét transistor ¢6 p = 50.
DPi¢n dp vao trung binh la:

Vf:18;24;21V

Do dong dién tdi I qua transistor nén:

Ic = [, = 500mA
1. 107
Suy ra: Iﬁz#zﬂ—-zl(]mfl
B 50

Chon dong dién qua Zener la:
I; = 2Ig = 2 .10mA = 20mA

Nhu vay, ¢6 thé chon diod Zener c6 cdc thong so:
Vz=Vo+ Vee=12+0,7=127V
IZ max — 100mA

Tinh dién trd Ry:

V-V, V-V, _ 21-12.7

I, I,+1, 20107 +10.10™

R, = 280Q
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Chon transistor ¢6: Ic e 2 1A

Tacé: Pr = Io.Ver = 50010721 - 12) = 4,5W
Chon: Ppmax = 2P =2 x 4,5W = 9W

¢} Mach én dp song song:

Nguoe lai véi mach On dp ndi tiép, trong mach &n dp song
song transistor cong sudt duge ghép song song vdi dién trd tai R,

ok
Vi
Hinh 8.16: Mach 6n 4p 7

song song

biéu kién cho mach 8n dp van la:
Vi=(1,5+2)Vp

Trong mach dn ap song song hinh 8.16 ta ¢6:
Vo=V =Vz+ Vge =hling s6

Nhv vay, dién dp ra Vo van giit n dinh va khong thy thude
dién ap vao V; hay dién trd tdi RL ma chi ity thudc vao Vz. Tuy
nhién mach chi hoat dong diing theo nguyén 1y &n 4p néu tinh chon
cdc linh kién ¢é cdc thdng s6 thich hop.

Chon: Ic=1y
Suy ra: I=lc+ L =2I,
Tinh dién trd R:
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Trong khi tinh chon tri s cédc linh kién nén tinh véi tri s6 dién
ap V) trung binh Ia:

i -

LT = IS + I
/ 2
[ AN T 1 v
— V_If—!u_lx Li’i_lf I(J
;= = =

! I.o+1, 21,

Tinh chon diod Zener:
Ie

B
Thuong chon: Iz =(5+10) Iy

Ta co: Iy =

Diod Zener dude chon ¢6 cic thong s8 sau:
Vz=V_-Vge
IZ kX Z 212.

Cédch tinh chon cdc thong s6 k§ thudt cho transistor gidng nhw
mach trén.

d) Mach én dp ding tranxistor rdp Darlington:

Pé ting khd niing cung cip dong cia mach dn dp ngudi ta
dung hai transistor T,-T, rdp ki€u Darlington nhu mach dién hinh

8.17.
® v
| I
. .
Vi :ZZ lg Re @
_ / s l: Ry
Hinh 8_17: Mach on dp /_S/
rdp ki€u Darlington I Z Z
z
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bién dp ngd ra duge tinh theo cong thie:
YV, =Vz - 2VBE = hﬁng 56
(QQuan hé gilta cdc dong dién trong hai transistor ta ¢o:

Iy _ 1,
Sl )
B A

rong d6: Igy = P1 .Ips hay I, == (2)

I]__ =IEz va IJ:'I -_—152 =

Thay Ig; (1) vao lg (2) ta ¢o:
_1,_:-,_ I, 1 1,

T8 BB BB

Nhu viy, dong dién Ig, s& rit nhé so véi dong dién t3i Iy

Chon I; = 21, thi dong dién qua dién trd Ry 1a:
f

B, B,
V. -V, ¥V, -V,
Tinh dién trd Rg: R, = 4——Z = "31 £ BB,
i

Il =Igi+lz = Ig) +21g = 3l = 3

L

by

Trong mach ndy ddng dién I qua Ry rdt nhd nén dién & Ry ¢6
tri s6 Jdn, dong dién qua diod Zener it bi€n thién hon nén dién dp
Zener s& chuin hon.

e} Mach 6n dp phao (mach én dp thd néi):

| Y 2
Ry > Ra
V, =
_"*FZ I, KI
/) \ Vs
@ oL O®

Hinh 8.18:

] l L l§ Rg
Mach 6n dp phao S Z Ie L
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Mach &n 4p phao con goi 12 mach &n dp c6 hdi tié€p nhd 13y
dién d4p miu G ngd ra dua vé so vdi dién dp chudn bing transistor
khuéch dai sai biét T, (hinh §.18).

Bién 4p miu Vs 1a dién 4p gilta cla cdu phan 4p Ra-Rg ciing
1a dién dp phan cuc Vg, Dién dp chuéin Vg chinh 12 dién dp Vz clia
Zener d€ phin cuwe cho cue B .

o] ngd ra ta ¢o:

R, , R, + R,

=V, =V =]
0 R, +R, 7 s R,

N
Xét transistor Ty ta ¢
Ve=Vz =Vz+ Vae = Vz +0,7V = hi’mg S(A),

Thay Vs = hiing s& vao c¢dng thifc tinh Vo, ta ¢é:

)R;f + RH

v, =V, +0,7 = hiing 8

H

Nhu vy, dién dp ra Vo s On dinh v ¢6 tri sO tity thude Vg va
1 1& ctia cAu phan dp Ra-Rg.

* Nouvén Iy 1t dong didu chinh:

Ta ¢o: Vo=V -Vem (1
Veez = Ve + Veez (2)

Gid str V, tang, do dién 4p xoay chiéu trude mach nin dién
ting, s€ lam Vo ting theo cOng thife (1). Lic d6, dién dp maiu Vg
cling ting theo (i 1& cda cidu phan 4p Ra-Rg. Khi Vs ting 1am Vi
ting nén ting phin cuc cho T, lam T, din dién manh hon, dong I¢,
gua R, ciing dugc tang 1€n nén gidm dp rén R, lam Vp, ting. Diéu
nay s€ lam Vcg; ting 1én theo cdng thite (2) va khi Veg ting thi
dién dp ra Vo s& gidm trd lai tri s& dn dinh theo ¢ong thife (1).
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Tuong ty ta ¢6 thé qui ra nguyén ly én dp J cdc trudng hdp
khdc nhv khi V| gidm, dong dién tai thay d8i thi dién 4p ra vin duge
gitt n dinh.

Mach 8n 4p phao diéu chinh dudc dién dp ra theo cong thitc:

R, +R
Vo = (Vz + O*F"F)M

H
N€u thay d6i ¢ s§ dién trd clia cdu phin dp Ra-Ry s& 1am thay
ddi dién 4p ra. Trong thuc t&€ ngudi ta thay ciu phin 4p Ra-Rg bing
cdu phan 4p R3-VR-R4. Khi diéu chinh bién trd VR (hinh 8.19) th
dién 4p ra Vg sé thay ddi theo cong thic :
Ryt VR R,
VR + R,

@ [L ey Vo=V,
O, s
| I

max
2

Vo = (Vz +0,7

Hink 8.19: On dp diéu chinh duge

* Thiét k& mach:

Gia sit thiét k&€ mach dn dp c6 yéu cdu: Vo =9V, [ = 1A
Diéu kién phdi ¢6 clia mach la:

Vi=(15+2)V,
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Chuang 8 Khsi cung cip ngudn

Suy ra: Vi=15x9V+2x9V
Vi=13,5V+ 18V =V, =15V
Tinh cOng sudt tiéu tdn trén transistor T la:
Py =, -V, ), =(15-9).1= 6w
Chon transistor T, ¢6 cdng suit tiéu tdin cyce dai la;
Pomax =2 % 6=12W (VD: chon transistor 25D 28)

Chon diod Zener ¢6 Vz = 172V, Vi du chon Zener 4.5V,
Dong dién Ig qua cdu phin dp R3;-VR-R, duge tinh sao ¢ho ¢6 trj s&
rat nhé so vdi tai d€ coi nhu khong ddng ké.

!
Chon: I, === _ L =10mA
100 100
Nhu vay, cé thé tinh duge tdng dién trd cda cdu phén dp la:
V
R3+VR+R4=-—EL= 9 .{ZQOOQ
7, 10.10°

C6 thé chon R = 30002, Ry = 400€2 va bién trd VR = 200Q
Transistor Ty phdi ¢6 Ig rdt nho so vai Ik d€ khong anh hudng
d€n cau phan 4p:
{, 10107
Chon: [, =-—%= 0.10
100 100

Nhu viy, néu T; ¢é B = 50 thi dong dién Ig, 13

=0,1mA

lg| = B.Im =50 x ﬂ,lmA = 5mA

Chon dong dién qua Zener tdn khodng hai dén ba lan Ig, dé
dong Iz duge Gn dinh va it bi dnh hudng theo dién dp V.

Chon: Iz =3I =3.5mA = 15mA
Suy ra dong dién I qua dién trd R» 1a:

I; =17 - Ig; = 15mA - 5mA = 10mA
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Tinh tri s6 Ry;
v, -V, 9-45

R, = = 2T 45002
I, 10107
Dong dién qua R, 12 i6ng s& cda dong Ig; va Ic; trong d6:
R RN T N S
Jil B 50
va: l(_‘| = IE| =5mA

Dong dién gqua R; la: 1T, =Ie) + Ig2 = 5mA + 20mA = 25mA

Tir d6 c6 thé tinh dién trd R, 1a:

R _ﬁ—(VJr +Vm_]_15*‘(9+0»?)_ 5,4 =~ 200Q
! ', 25107 25107 ©

V&i cdc tri s6 dién trd cla ciu phin dp R3-VR-R4 thi khodng
dién dp én dinh @ ngd ra ¢6 thé diéu chinh la;

| R, +VR+R
.Vﬁmin = (V; + 0,?)‘4_._‘
‘ VR+R,
I/Umm = (4‘5 + 0.7)..—_.29.0—.—.— - 7165V
- - 200+ 400
: : R, +VR+R,
va V(Jmm = (Vz + 0,?);

4

I/I’Jmax = (4-5 + 03?)2(;}9 = 1 I,SV
' 400

Nhu viy, khodng dién 4p ra ¢6 thé diéu chinh duge la:
Vo=7.65V + 11,5V
Khodng dién dp nay di théa yéu ciu cda mach 1a Vi = 9V,

f) Cdc kiéu on dp phao khdc:
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Lhuong 8 Khd&i cung cip ngudn

*Dong transistor cong sudt PNP va Zener ddt ¢ trén:

Trong mach dién hinh 8.20, di€n trd R, 14 dién trd khdi dong
cho mach. Khi mach dugc cdp ngudn Vi thi R; 14y ngudn V; ¢ip cho
cdu phan dp R3-VR-Ry phén cue cho Ty din s& diéu khién T, din.

bién dp 6n dinh & ngd ra bay gid dudc tinh theo cdng thifc:
R, +VR+ R,

v, =4, o R
3

Nguyén 1y hoat dong ctia mach la:

- Khi Vg ting sé lam V) ting v sé& 1am Vgg; gidm, diéu nay
s& 1am T, chay yéu diéu khién T, chay y&u (do I¢, = 1g). Khi T
chay yé&u ¢6 nghia dién dp Vcg; 58 ting va lam cho dién 4p Vg gidm
lai vita dd cé: Vo= V(- Vcg (1)

Hinh 8.20:

Diod Zener & trén

* Dang transistor cong sudt PNP ddt ¢ dudi;
Mach dién hinh 8.21 ciing ¢é nguyén Iy dn dp gidng nhu cic
mach trén. Cong thiic tinh dién dp 6n dinh & ngd ra la:
)R3 +VR+ R,

V., =(V, +0.7
¢ .(‘ R, +VR
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Mach Tuong Ty Nguy&n Tin Phudc

V(}
Rs
Hinh 8.21: Transistor
N ]
cong sudt dat §dugi Vi 7 Vi
R,

3. IC 6n 4p ba chén

Hién nay ngudi ta ch€ tao dude cac IC &n 4p ba chiin rat tién
tgi cho viéc thi€t k€ cdc bd ngudn én dp ¢6 ¢éng sudt nhd vi chi
ding it linh kién bén ngoai.

a) IC on dp ba chin ho 78xx va 79xx:

IC ho 78xx 1a IC &n 4p ngudn duong, IC ho 79xx 14 IC &n 4p
ngudn dm. Hai sd sau ghi [ xx chi dién 4p ra dudc 6n dinh.

Thi dy: pA 7805 12 IC 8n 4p ngudn dudng ¢c6 Vo = +5V
MA 7905 12 IC dn 4p ngudn am c6 Vg = -5V

Tuy theo khd ning cung cdp dong dién cha IC On dp ngudi ta
ghi thém mdt miu ¢ sau ho 78 hay ho 79 d€ chi dong dién ra danh
dinh.

Thidu:  1C 78Lxx: ¢6 dong ra danh dinh 12 100mA.
IC 78Mxx: ¢ dong ra danh dinh 14 S00mA.
IC 78xx: ¢6 dong ra danh dinh 1a 1A.
IC 78Txx: ¢6 dong ra danh dinh 14 3A.
IC 78Hxx: ¢é dong ra danh dinh 1a 5A.
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Chucng 8 - Khéi cung cap ngudn

Cic loai IC &n dp khéc tuong ¢ng véi ho 78-79 la:
- Ho LM340 xx tudng tng vdi ho 78xx.
- Ho LM320 xx tudgng dng vSi ho 79xx.

b) Cdc dang vé IC on dp:

o)
; :;‘ptmt 1 : Input 1 : Input
TGN 2 : GND 2 : Output
i 12 1V 3. Output 3 : GND
1] ph
TO-3 TO -39

Hinh 8.22 : Cach ra chin cta IC ho 78

O
1 : GND
2 : Qutput 1: GND 1 : GND
3 : Input 2 : Input 2 : Output
12 3 : Output 3 : Input
1] L
TO-3 TO - 39

Hinh 8.23 : Cidch ra chan cGa’1C ho 79

Py - A N . A ~
c) Mach én dp ngudn duwong va mach 6n dp nguén am:

Mach &n ap ding IC ba chan ¢6 sg do rat don gidn nhu hinh
8.24a va hinh 8.24b. Cdc tu dién .33 va .1 8 ngl vao, ngd ra ding dé
loc nhidu tin s8 cao, b cho ddp Ung qué dj cla n 4p. Dién rd R
vd Led & ngd ra duge tinh ¢6 dong dién qua Led tf 5mA dén 10mA
tao dong nudi cho mach &n dp gil¥ cho dién dp ra dude &n dinh.



Mach Tuong Ty Nouyén Tin Phudc

T 1Ty

+Vqn

Hinh 8.24a: On 4p nguén duong

-V -Vo
>—p LM 79XX

T ] T3

Hinh 8.24b: On 4p ngutn am

d) IC 6n dp ba chan diéu chinh dudc:

Hién nay ngudi ta con ché€ tao ra dn dp ba chin c6 thé didu
chinh dign dp ra bing mach diéu chinh dat bén ngoai IC rit tién
dung. Khd ndng di€u chinh dién 4p & ngd ra cla cdc loai IC nay tir
1,2V dén 25V.

Y

VI +VO...
Hinh 8.25: IC &n 4p "

. EM 117
l2R,
diéu chinh dién 4p ra | 2200
33 — R; - |
adj '
S5kQ2

Loai IC én dp ngudn dudng ¢6 LM117/217/317...
Loai IC 6n dp ngudn 4m ¢ LM137/ 237/ 337...
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Chuung 8 Khéi cung cip ngudn

Mach di€n hinh 8.25a la mach dién ung dung cla IC 6n dp
duong diéu chinh duoc.

Yéu ciu: Vo= 1.2V =25V
V, =28V

Dong dién di€u chinh Ly ¢6 tri s rat nho khodng SOuA dén
100pA.

bién dp ra thay doi dudgc tinh theo cong thitc:

R +R,
v, =125 7%

1
4. Mach &n dp xung

Céc bd ngudn On dp thco phudng phdp théng sd (ding diod
Zener) hay phudng phdp tuyén tinh (dung diod Zener hay transistor)
cé hi¢u sudt thap, khoi lugng va kich thude 16n do cé chifa nhiéu phin
tif cdm khdng nhu bd bién 4p. Higu sudt clia mach &n dp loai ndy
thuting chi khodng 50%.

Mach 6n dp theo phuong phdp xung (con goi 14 8n 4p theo
ki€u chuyén mach) trdnh dude cdc nhude diém trén, hidu suit cao
khodng 80% dén 90%.

a) Nguyén I¥ mach on dp xung:

Trong mach n dp tuyén tinh cdc phdn tir diéu khién phaii
lam viéc lién tuc, trong mach 8n dp xung cdc phan tf didu khién
lam viéc theo ki€u déng md. Thai gian déng md clia né dude tf didu
chinh dé diéu ti€t s6 nang lugng cung ¢ap cho tai nhiim giit cho dién
dp trung binh cap cho tdi 12 hiing s&.

~ P 4 K
Hinh 8.26: Nguyén ly V, 4___ RL

L

P -
mach dn dp xung
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Mach Tudng Tu Npuyé&n Tan Phudc

Hinh 8.26 13 sg dd nguyén 1y cda mach én dp xung véi K 1a
phin tit diéu khién sé lam viéc & hai trang thdi. Thdi gian K dong
go1 13 thai gian dan t,, ¢6 Vo = Vy, thii gian K hd goi 1a thai gian
Hgil tor €O V=0V,

Chu k¥ hoat ddng cua khoéa K 1a:

T= ton + Lotr
bién dp ra dugc tinh theo c¢dng thite:

t
L’f} — VJr o
T

Ngudi ta dinh nghia d0 rdng Q la: Q= rl

frl

Suy ra: V, =

Vlf

] E

Khi dién dp ngd vio V( thay d6i thi ta ¢6 thé thay d8i Q theo
cung hudng vdi V) theo i 1€ tudng Ung thi s€ ¢6 dién dp ra V¢ khong
d8i. Thay ddi Q c¢o nghia I thay d6i thdi gian t,, ma van gidf nguyén
chu ky T.

Tuong tu néu V, ¢6 dang gon séng bat ky thi ta cling ¢6 thé
thay adi thai gian dong md cla khod K sao cho khi V; thay di thi
Vo khong ddéi.

Bé& didu chinh gid tri Q ¢6 thé thyc hién bling cdc phuong phdp
LELTH

-3 At r -~
* Piéu ché di rong xung:

Biéu ché dé rong xung 12 1am thay déi thdi gian dong khéa K
(toy) hay 1am thay ddi thai gian ma khoa K (Lyy). Lic d6 chu ky T s&
khong déi.

Theo nguyén Iy trén ta cé:

V
v, =-—"L vt  O= E—
Q I(]ﬂ
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Chudng 8 Khéi cung cip ngudn

Nhur vay, khi V; tang thi dd rong Q phai ting theo cling ti 1&
hay néi cdch khdc 1 t,, phai gidm. Lic d6 dién dp ra Vg sé& duge gil
én dinh.

* Diéu ché 1dn sé xung:

Biéu ché€ tan s xung 13 1am thay d3i chu ky T trong khi giir
nguyén te, (hay tyr). Khi chu k¥ T thay ddi nfc 12 thay ddi tin s6 f
clia xung diéu khién .

Ciing theo nguyén 1y trén mach ¢6 nguyén tic diéu chinh l1a
khi dién dp vio V, ting, 46 rdng Q phdi ting bing cich ting chu ky
T. NE&u ¢6 t,, 12 hiing s6 thi ting chu k¥ T tife 13 tang thdi gian md
khoa K {torr).

b) So do khdi:

j DC khong Aot . 21
Nin dién (» - . g e Fihan tu; Ly Loc dién Tai
on ap diéu khién DC
F r Y
Bleﬂ:lp Xung kich Lﬁ’y ‘ip mé‘iu
neudn 'y
1 "
e » rl rl r
AC Dao dong Piéuché [ | Khuéch dai
ao xung xune <0 sdnh <
Vr
Tao dp
chuin

Hinh 8.27: Sd d8 khdi mach &n dp xung

Bi€n dp ngudn dung dé ddi dién dp 220V cla ludi dién xudng
mifc dién dp thich hgp cho tai. Nhiéu trudng hop dién dp ludi 220V
dudc ndn dién trye ti€p chd khong qua bién 4p ngudn.
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Mach Tuung Tuf Nguyén Tin Phudc

Mach nin dién d8i ngudn dién ap xoay chiu sau khi bién dp
nguén ra dién 4p mdt chiév nhung khong duge git dn 4dp.

Phin tit diéu khién 13 mdt linh kién ban dén tich cuyc ¢6 chic
nang nhu mot chuyén mach (cong téc) € dan hay ngdt ngudn mot
chiéu sang mach loc dién, sau d6 cung cip ngudn On dp cho ti.

Pién dp ra trén tai qua mach 14y dién dp mau Vs dude dua vao
mach khuéch dai so sdnh d& so vdi mic dién dp chuin Vg tao bdi
linh kién dién t thdong qua diod Zener.

Mach dao dong tao xung dé tao ra cic xung chudn dua vao
phin tif diéu khién. Xung kich didu khién ¢ thong s thisi gian thay
déi nhyu th& ndo thi thy thude mach diéu ch€ xung. Nhu vdy, xung
kich dicu khién 14y ra sau mach diéu ch& xung s& di€u khién trang
thdi dong hay md ¢lia phén it diéu khién.

¢) Ser di chi tiél.

* Ngudn on dp:

Bi¢n dp TR nhin ngudn dién dp xoay chiéu cha ludi dién doi
ra mdc dién 4p thich hop, thudng dién dp ra & thit ¢&p c6 tri 80 biing
khodng hai 1dn dién dp ra V,,. Cdu diod va mach loc LC 1a mach nén
dién loc dién cho ra ngudn dién dp DC khong 6n dp.

* Phin tit diéu khién va mach loc ngé ra:

Transistor Ty 12 phin tf diéu khi€n loai transistor cong sudt
ma s& cip dong cho tdi Ry. d ng® ra cua mach on 4p ¢6 mach loc
LC dé loai bé thanh phédn xoay chiéu. Do xung kich ¢6 tn s6 cao
nén tu loc chi ¢in ¢6 tri s8 nho 1pF la du.

* Mach dao déng 1a0 xung:

Mach dao dong tao xung 1a dao dong da hai phi dn dung hai
wansistor T, va T,. Hai transistor T,-T; s& ludn phi€n chay 3 hai
trang thai bdo hod va ngung dan, thoi gian ngung din cta hai
transistor 12 thdi gian x4 dién ciia ty dién C = 0,2pF qua dién trd Rp
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Khdi cung ¢ap ngudn

Chuang 8

phén cuc cho hai cgc B. Trong mach nay dién & Rg cla hai
transistor dudc thay thé bing hai transistor Ty va Ty,

et N T ) S
vﬁ”é: mooL 5[ 330 DL t [IRL
— wkg[fzznmw Il

!

Hinh 8.28: Mach 0n ap xung

Nhv viy, dong xa cua tu C cling chinh 14 dong Iz va Iy, Tin
hidu xung vudng ra § cyc C, s& diéu khién mach tao xung kich.

A ] D - - A ~t ~ - .
* Mach khuéch dai so sdnh va diéu ché db rong xung:

Mach khu&ch dai so sdnh 1A hai transistor Ts va T4 rdp kiéu
khuéch dai vi sai. Cuc B duge phin cufe & dién dp chuidn Vg nhd
ciu phan 4p cd diod Zener, cyc Bs dude phin cue bing dién 4p miu
Vs nhdf ciu phin dp 14y tir dién dp ra V,, ¢6 bi€n trd didu chinh V.
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Mach Tudng Ty Nguyén Tidn Phudc

Mach khuéch dai vi saji Ts-Te s€ so sdnh Vg va Vi d€ diéu
chinh phiin cyc cho Ty va Ty, diéu nay am thay ddi thdi gian x3 dién
clatu C nic 12 thay d6i do rong clia xung vudng ra & cue Cs.

* Mach kich diéu khién.

Tin hiéu xung vudng ra ¢tia mach dao déng da hai § cuc C, sé
dude hai cue cda transistor T7-Tyx khuéch dai dong dién 1&n dii 1dn
(do T7-Tx 14 hai transistor rip kiéu Darlington). Dong [y 5€ diéu
khi€n phan tif diéu khién T, (¢cdn goi 12 phin t&f chuyén mach) theo
dang tin hi¢u xung vudng nén Ty s& chay & ché do bio hda va ngung
dan.

d} Nouvén IV vdn chuvén:

Khi ¢dp ngudn Vac vio sd cap bi€n dp, qua bién dp gidm
xudng muc dién dp thich hgp. Mach nidn dién va mach loc LC sé
cho ra nguén mét chiéu khong n dinh. Lic 46, Ty khéng din nén
V., =0V do cdc mach tao xung, khu€ch dai so sanh chira 1am viée vi
chua dudc cung cip ngudn.

An niit K d€ 14y ngudn khéng 8n dinh ¢p cho mach didu
khién theo ki€u kich mdi. Lic d6 T,-T, dao ddng cho ra xung diéu
khié€n Ty-Ty vd Ty diéu khién trie ti€p Ty bing tin hiéu xung vudng
do mach tao xung 1ao ra. Khi Ty hoat déng cho ra dién dp V¢ cép
cho tdi ddng thdfi cdp cho cdc transistor tif T, dén Ty trong khoi diéu
khién thay cho ngudn 13y qua nit 4n K.

Nguyén ly tiy ddng diéu chinh clia mach 6n dp:

- Gid thiét dién dp ra Vo ting do dién 4p ngd vio ting hay do
sy gidm dong tdi tiéu thy, lic d6, dién 4p miu Vs s€ ting [am ting
phin cuc Ts. Khi Ts duge ting phin cyc thi I¢s ting kéo Tz chay
manh theo nén I¢; ting. Diéu nay lam ty C x4 dién qua T; nhanh
hdn ¢6 nghia 1a thoi gian ngung cda T ngdn hon l1am thoi gian cuc
C; ¢6 dién dp cao ngdn hon. Khi cie C; ¢6 dién dp cao sé& diéu
khi€n Ty vd Ty din dién d€ diéu khién Ty din dién ing vai thdi gian
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Chuong 8 Khéi cung cip ngudn

ton € bi gidm theo thdi gian ngung cda Ty, Nhu vy, dién dp s& duoc
gi? n dinh theo nguyén 1V &n dp xung Ja:

tﬂ"
Vr) = Vr T

Cdc thong sd va linh kién tich cuc cda mach:
T -T2 xC425
T;-Ty: 2 X AS554
Ts-Te: 2 xC 425
T7: C 1016 ¢6 cOng suit 2W
Ty: C 1061 ¢6 cOng sudt 25W
T;: B 693 ¢6 cOng suit 125W
Z: 5,1V - 500mW
Vo=V, =12V

Mach bdo v& qua tdi hay ngdn mach & ngd ra hoat dong theo
nguyén ly sau:

Khi ngd ra bi ngdn mach thi t¥c thdi cling mit ngudn cip cho
mach tao xung nén T\-T; ngung kéo theo T3-Ty-Ts-T, déu ngung
lam T5-Ty cling ngung va ufce thti Ty ngung din khong cip dién dp
cho tdi. HE thong chi hoat dong lai khi ngd ra hét ngdn mach vi an
mit K dé mach tao xung ti€p tuc cho ra xung didu khién.

5. Mach 8n dong

Mach on dong viét tdt 12 VCCR (Voltage Controlled Current
Source = ngudn dong dién duge ki€m soat bing dién dp).

a) Mach én dong co ban:
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Mach Tudng Tu Nguyén Tan Phudc

Mach 8n dong 1a mach gitt cho dong tdi 6n dinh ma khong phu
thudc theo dién dp ngudn Ve hay tri s6 cla dién G tdi Ry trong
mdt g1di han cho phép.

+ Vee + VCC

Hinh 8.29: On dong coban  Hinh 8.30: On dong ding OP-AMP

S¢ db hinh 8.29 1a mach &n dong ¢d ban ditng mdt transistor
va diod Zener.

Theo mach phin cuc ta ¢6:
Ve =Vz (hing sd)
VE = VB - VBE = VZ - 0,7V (hﬁng 86)

v, V,-07
Suy ra: [, =t =i
Do: I = I¢ = Ig nén dong dién tai cling ¢é tri s& 6n dinh theo
cong thite trén.

b} Mach 6n dong diung OP-AMP:

Dai v6i cde tii ¢Ong suat nhd thi ¢6 thé ding OP-AMP két hap
diod Zener d¢€ lam mach &n dong.
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Chudng 8 Khéi cung ¢ap ngudn

Trong mach dién hinh 8.30, dién trd Rs (Sense) 1a dién urd
cdm bi€n (con goi 1a dién trd dd) dong dién tdi tao ra dién dp hdi
ti€p vé d€ so vdi dién dp chudn.

bién trd R va diod Zener 1 mach tao dién dp chuin Vi dé
duwa vao ngd In* cia OP-AMP.

Do tinh chit cia OP-AMP ta c6:
V" =V, hay Vz = Vg
Z; = 2 (ién dong dién vao I, > 0)
Nhu vy, dong 1, qua tdi Ry, va qua Rs ¢6 cing tri s6 nén:

Ve Vv

[, =2 =% hing s&
1 R.\‘ ( g sO)

Mudn thay déi tri s& dong dién &n dinh gua tdi thl ngudi ta
thay ddi tri s& dién tr8 Rg hay diod Zener.



TAITIEU THAM KHAO
- Linh kién di¢n t¥ - Nguyén Tan Phudc,
NXB Tp H Chi Minh — 2000

2- Mach dién t¥- Tip | - Nguyén Tan Phudc,
NXB Tp H& Chi Minh — 2001

3- Mach dién td- Tdp 2 - Nguyén Tan Phude,
NXB Tp Hd Chi Minh — 2002

4- Pién i trung ¢ap - Nguyen Hitu Phuong,

NXB Tp Hd Chi Minh —~ 1992
5- Fundamentals of Linear Circuit - Tom Floyd, Dunod 1991

6- Ky thudt mach dién tf - Pham Minh Ha,

NXB Khoa hoc K¥ thuit - 1996



* GIAO TRINH PIEN TU KY THUAT

1- Linh kién dién t& (khd 16x24)

2- Mach dién t&r - Tap 1

3- Mach dién tif - Tap 2

4- Mach dién tif - Tap 3

5-Machsd -tap 1, 2

6- Mach tuong ty (khd 16x24)

* GIAO TRINH PIEN TU CONG NGHIEP

I- Linh kién diéu khién

2- Ky thudt xung cdn bdn va nang cao

3- Pién t ung dung trong cdng nghiép- Tap 1

4- Dién wr ing dung trong cong nghiép- Tap 2
. 5- Bién tf ¢ong suit

* GIAO TRINH PIEN CONG NGHIEP

1- Pién k§ thuat

2- Po ludng dién va khong dién

3- Khi cu dién — Cdm bién

4-Trang bi dién

* GIAO TRINH PIEN TU TU PONG HOA

TU SACH KY THUAT DPIEN - PIEN TU
CUA TAC GIA NGUYEN TAN PHUGC

(tdi bdn lan thi 10)

(tdi bdn lan tha 6)
(t4i ban 1dn tht 4)
(sdp xuat bin)
(da xuat bdn)

(tdi bdn lan thit 3)

(tdi bdn lan thi 6)
(tdi ban lan tha 3)
(tdi bdn lan thi 4)

(sdp xudt ban)
(tdi ban lan thy 2)

(sdp xudt ban)
(sdp xudt bdn)
(sdp xuit ban)

(sdp xuat ban)

1- Ung dung PLC Siemens va Moeller trong tw ddng hoa (tdi ban lan tht 5)
2- Ty dong hod véi PLC va Inverter ctia Omron (tdi ban lan tht 3)
3- Lap trinh ty ddng hod védi PLC S7-200 ctia Siemens (sdp xudt bdn)
4- Cdm bi€n - Ung dung trong do luding va diéu khién (sdp xudt ban)
5 -Trang bi dién khong ti€p di€ém-Thang mdy cong nghiép  (sdp xuat ban)
* GIAO TRINH DAY NGHE - HUGNG NGHIEP (khd 14x20)

I- Stra chita Thi€t bi Dién - Dién tit gia dung

(da xuat ban)
2- Pién va Dién tlf ¢iin ban

(da xuat ban)
(da xudt ban)
(sdp xudt bdn)
(sdp xuat ban)

3- Pién tif cong nghiép va Cdm bi€n - Tap 1
4- Pién 1 cong nghiép va Cam bi€n — Tap 2
5- Ampli — Ly thuyét va Thuc hanh

Gia: 30.000 dong



	MẠCH TƯƠNG TỰ
	MỤC LỤC
	1. LÝ THUYẾT CƠ BẢN CỦA MẠCH KHUẾCH ĐẠI
	2. MẠCH KHUẾCH ĐẠI HỒI TIẾP
	3. MẠCH KHUẾCH ĐẠI DC
	4. MẠCH KHUẾCH ĐẠI VI SAI
	5. MẠCH KHUẾCH ĐẠI THUẬT TOÁN
	6. MẠCH TÍCH PHÂN-VI PHÂN-MẠCH PID
	7. MẠCH LỌC
	8. KHỐI CUNG CẤP NGUỒN
	TÀI LIỆU THAM KHẢO

