Bai Gidng Mach Dién TU

BAI 1: CAC MACH CHINH LUU
I/ Khai quat
1/ Dinh nghia:

B chinh 1uu 1a b0 bi€én dGi dong dién xoay chi€u thanh dong dién mOt chiéu,
dugc Ung dung 1am ngubn cdp di€n mOt chiéu trong cic mach di€n tr. Phan tU chinh
1uu ¢6 thé 1a Diode hodc SCR (chinh 1uu ¢6 diéu chinh).

2/ So d6 khoi
AC Bién dp AC Mach PC Boloc PC
—P> Chinh luu | —

Bi€n 4p: c¢6 nhi€ém vU ting hodc gidm dién dp xoay chi€u & ngd vio d€ c6 dién
4p mOt chi€u thich hgp & ngd ra.
Mach Chinh luu: bién d6i dong dién DC thanh AC.

B0 1oc: 1am phang dién 4p, dong dién DC & ngd ra. (gd6m cic R,L,C)
3/ Théng s6
MOt mach chinh luu dugc dac trung bang céc thong sO nhU sau:
Dién 4p mOt chi€u ngd ra: Ve
Dong di€én mOt chi€u ngd ra: Ipc
Dién 4p hiéu dung ngd ra: V(rms)
Dong di€én hi€u dung ngd ra: Irms
Cong suat mf)t chiéu ngo ra: Ppc = Vpe X Ipc

Cong suat xoay chiéu ngo ra: Pac = V(rms) x I(rms)

Hi€u sudt bl chinhluu: = % 100%
AC

Dién 4p ngd ra gdm 2 thanh phan: thanh phan DC va thanh phan
AC. Thanh phan DC (hiéu dung) ngd ra Ia.

VAC = \/ Vris V[fC

Bién soan:Luu Khung HuGng 1



Bai Gidng Mach Dién TU

Hé s6 gon séng ngd ra (Ripple Factor)

Kr=

rms 1

< | =

DC DC

~

Hé s0 s dung bién 4p (Tranformer utilization Factor)

Ppc

K=
TV

Vi Vs, Is 1an 1ugt 1a dién dp va dong di€n hiéu dung & th(r cap bi€n dp, hé s
Kr dac trung cho khd ning cUa bi€n 4p cung cap cong sudt ngudn cho bd chinh Iuu so
vGi cung cdp ngubn AC thuan tuy.

MOt b0 chinh Iuu 1y tuéng khi: = 100%, Vac =0, Kr=0,K;=1
II/ Mach chinh mot ban ky
1/ Mach dién R H%“' L

O
o) / N
2/ Phan tich

Néu Vs c¢6 ban ky duong thi Diode phan cuc thudn nén dan dién dong dién qua
tdi chinh l1a dong qua Diode. Trong ban ky am Diode tat khong cé dong qua tai

Dién ép trung binh trén tai (gid s& Diode 1y trudng V; =0, Ry, = 0)

1 .
Voe= - Vysin td( 1) = Yu — 0318.vy
0
V@i Vy 1a bién d6 dién dp ngd vao.
GO0i V 1a dién ap hiéu dung ngd vao thi:

VDC—£—045V

bién dp hi€u dung ngo ra:

Viu

1 .
Vims = > V. sin® td( t) = - = 0707.V

0
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Bai Gidng Mach Dién TU

Tuong tuU ta c6 dong di€n trung binh trén tai:

v v
Ipe= 14 = ¥ _ 45—

Vi Iy 12 dong dién dinh trén tai.
3/ Nhén xét

Dong dién qua tai chi c6 mOt ban kY, do d6 khi phdn hbi vé€ culn sO cap s€ giy
méo dang song

Dong di€n chay qua mdy bi€n thé 14 dong di€n mOt chi€u, nén giy ra tU bio hoa,
gdy néng mdy bié€n th€, tOn hao cong sudt

Trudng hop tdi c6 tu 10c thi tu s€ nap va tich dién khi diode dan va xi qua tai
khi diode ngung dan. Néu tu du 16n thi dién 4p trén tdi ¢ gid tri sap si bang bién dO
dién 4p xoay chiéu

VDC (cé tuloc) = Vm =\/§ \

Dién 4p ngugc trén diode bang 2 1an gi4 tri bién db
Vaguee diode = 2V yax
Khi chon Diode cho mach chinh 1uu phai thod 2 thong sO sau:
Dong dién dinh Diode:
I>Iy=(L5 3)I,

Dién 4p ngugc dinh Diode :

Viwoe> 2V (25 3)Vy
III/ Mach chinh Iuu toan séng
1/ Mach dién

o)

2/ Phan tich

bi€n 4p c6 chdu gilta 1am di€m chung. dién 4p & 2 ddu ngugc pha nhau so vGi
di€m chung.
Trong ban ky ddu V, duong, V, am. D, dan ,D, tat dong i, qua tdi. Trong ban kY
sau V, Am V, duong, D, tat, D, dan, dong i, chdy qua tai. Dong qua tai I, chinh I tOng
2 dong di€én i, va i,

Dién 4p trung binh trén tai:
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Bai Gidng Mach Dién TU

Vpe= 23 v, sin rd( 1) = 200 = 0.9V

f=}

Dién 4p hi€u dung trén tai:

Vv
Vims = 2 Vosin® td(t) =—% =V
2, 2
Dong dién trung binh trén tai:
_2y Ve oV
Ie= S = S =095

TU cic cong thlc trén ta thay hé s6 gon séng trong mach chinh 1uu toin séng

thap hon chinh 1uu 1 ban ky. Nén mach 10c & ngd ra don gidn hon.

C4ch chon Diode ciing tuGng tU nhU mach chinh 1uu 1 ban kY.

IV Mach chinh luu cau 1 pha.

1/ Mach dién.
° § T
O € L
2/ Phan tich.
Mach chinh 1uu cdu 1 pha ciing c6 nhitng tinh chdt ~ giOng

chinh 1uu toan séng nhung khong can bi€n 4p chau gilra.

nhU  mach

Trong ban ky ddu: A duong hon C thi D,, D; dan D,, D, tat dong dién chdy tu
A qua D, qua R, qua Ds vé C. trong ban kY sau, Vac 4m, D, Ds tat, D, D, dan dong di€én
chdy tir C qua D, qua tdi qua D; vé A. nhu vay trong cd 2 ban ky dong tdi theo 1

chi€éu tU B dén GND. Goi 12 mach chinh 1Uu toan séng.

Cic cong thlc dp dung cho mach dién chinh Iuu cau 1 pha déu ding v4i mach

chinh Iuu toan séng.
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Bai Gidng Mach Dién TU

3/ Mach loc.

DE gidm d0 g0n séng ngd ra ta dung cdc mach 10c, 14 cac phan t0' R, L, C duoc
chon c¢6 thGi hang thich hgp theo yéu cdu cUa dong tdi va d6 gon séng cho phép.
Mach 1oc don gidn la dung C va R. mach di€én chat lugng hon cho dién dp ra khong
con gon song thi dung L, C.

W
0 g

%Héj:; 0 == L
0 —P

Mach Ioc don gidn dung mOt tu dién

Khi D, dan tu C. nap dén gid tri dinh Vy, khi D, tat tu xa dong qua tai dié 4p
trén C gidm cho d€n khi bé hon gi4 tri tUc thGi dién 4p xoay chi€u trén tdi, D, dan tu
C nap dén dién 4p dinh, D, tat, C 1ai x& dong qua tai...

V@i dang séng gon séng trén tdi gdn nhu hinh tam gidc. C6 gi4 tri hi€u dung
dugc tinh theo cong thUc :

— Vr pp
r(rms) 2 \/5

Hé 56 gon séng sau khi 1oc K, (hay )

\Y%

Gfa tri tu 10c dugc tinh bang cong thic:

1
ERPNEY S S

V@i f = SOHS, tu tinh bang don vi F, R tinh bang don vi
Ta c6 th€ don gidn cong thUc trén thanh :

C=—""—"7" (F
kP
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Bai Gidng Mach Dién TU

Dién 4p mOt chi€u trung binh ngd ra dugc tinh 1a:

V
VDC — VM _ r pp
Bang phép tinh todn ta cé
4 C
VDC - L VM
4fR,C 1

TU cong thUc tinh gid tri tu 10c va dién 4p trung binh trén tdi ta nhan thdy: khi
ting R, hay C thi di€n 4p 1 chi€u ngd ra ting va gon séng gidm. Céc cong thUc trén cho
phép ta tinh duQc gia tri tu 10c dé dat dugc dién 4p DC ngd ra va dong tdi theo yéu
cau v3i d0 gon séng cho phép.

Vi du: Tinh mach chinh Iuu toan ky véi:

U, =220Y 0l

n; = 660 vong © N
+
—

n, = 36 vong X - Rt

5 -
R =8 > = =
N LU u, 220 v
0 = = — —36 12
TU cong thuc: U, n Uy n " 660

Atp mOt chiéu trén tdi: V, VJ2v,. 14 12 168"

A - V., 168
Dong dién qua tai:/, —-= —— 2°
R, 8

ID = IL = 2A. Ch(_)n IDmax= 1,5 3IL =3- 6A
Vi = 2V =2 X 16,8 =33,6Y. Chon Vypoo. =2 3Vp = 100"
Chon dién 4p 1am viéc (WV) cUatu WV = (1,5 2)Vo=25Y

1
o to: C ———
Tu cdng thuc: 4\/§RLf'

Ta c6: £ =2f = 100Hz
DGi hé sO gon séng:  =2% = 0,02

C 1 ! F 0,009F 9000 F

4 3 8 100 002 1088

Chon C =10.000 F/25V
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Bai Gidng Mach Dién TU

Bai 2

MACH ON AP

Khi n6i d€n mach On 4p ta hi€u 1a dién 4p ddu ra khong dGi khi c6 su bi€n dOng
do dién thé vao, do dong tai, do nhiét d0 v.v ... NhO d6 lam ting d0 tin cady cUa mach.

I. Mach On 4p song song :

1. Mach 6n p dung diode Zener :

T

SO @0 nguyén ly mach 6n 4p dung Diode Zener

Hi€u qua Gn 4p cla Diode Zener dugc th€ hién tai doan ddc tuyén Ung véi
U<-Uz, liic nay v&i lugng bi€n dGi dong dién 1kh4 1Gn thi bién thién U rat nhd.

Cic diode Zener thuOng cé di€n trd dOng R, rat nhd nghia 1a ching Gn 4p tOt.

Néu 4p ngudn ting thi dién trd ddc tinh R, clla Zener gidm dong ting manh qua
Zener, Itic nay 4p chU y€u roi trén R dan dén tai dugc bdo vé.

Né€u tai R, gidm, thi dong qua tdi s ting dan dén dién trd R, ting bdi dong
qua D, rat nho, dong nho nay qua R 1am dién 4p r0i trén R gidm. Vay R, gidm thi I,
ting, Ve gidm va R, ting, kéo theo I, gidm, Vgs gidm nén V., tré vé gid tri cii.

Khi thi€t k€ mach nay can phdi chd y 2 van dé :

- Diode phai ludn 1am viéc & viing d4nh thlng, n€u khong su' Gn dp s€ mat.

- Dong chdy qua Zener khdng vUugt qué chi s t&i han cUa né. Thong s6 nay do
nha sdn xudt cung cap.

Do d6 khi tinh toan phdi tinh trong di€u ki€n mach 1am viéc ndng né nhat, d6

N

la:

- Tinh R khi dién 4p vao nh® nhat va dong tdi 16n nhat.

- Tinh diode zener khi di€n 4p vao 16n nhat va dong tdi nhé nhat.

Nhuoc di€m : Khi dién trd tai thay d6i dang k€ thi di€n 4p ra s€ c6 sai sO rat
16n. Ngoai ra thong s& D, s€ bi thay d0i do nhi€t dd. Hao phi cong sudt trén R va R,
khd 16n khi dién 4p ngd vao ting, va khi dong tdi bang zéro thi cong suat trén diode 16n
nhat.

Dua theo nguyén Iy mac mach 6n dp song song vOi tai 1a rit b6t dong, il dién
4p ngd ra. Ta c6 cdc mach On dp cuing dang nhU sau:
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Bai Gidng Mach Dién TU

2. Mach 6n ap dung Transistor mac song song:
R1

o)

R2

NNANA—

Q1

R3

Néu dién trd ting, dién 4p s€ ting lam ting dién dp cuc nén Q  Q dan mach,
dong Is ting 1én  ting dién dp rOi trén R,  di€n 4p ngd ra trd v€ gid tri cil.
Mach nay duogc cai tién béng ciach két hop 1 Zener

R1

D1

Q1
R1
Q2

Rs

( . .

D, gilt m{c dién dp cuc B va cuc C cla T, bang dién 4p danh thlng cla né. Do
do :

-NéuR, ,dpngdrating di€n dp roi trén Rp va R ting va dong qua Dy ting,
p ting roi chl y€utrén Rs T, dan I cla T, ting. Pién dp r0i trén R, nén ngd ra
dién dp gilr nguyén.

-Néu R, , mach hoat ddngngugc 1ai, nhung Vg clia T, ludn bang dién 4p
danh thUng cUa D. Di€n 4p ngd ra gidm I, rdtnhd  di€n 4p trén Rg nhd, do d6 qua T,

. Dong nho Ic chdy qua R, nén gidm dién 4p r0i trén né va trd 1ai mUc di€n 4p trén
tai.

Khi khéng mac tai vao, transistor phdi chju cdng sudt do ngudn dua dén. Khi c6
tdi mach Gn 4p phai tiéu thu 1 phan cong sudt t6i thi€u d€ duy tri hoat dOng cla né.
Su t@a nhiét trén R, can hao phi cong sudt 16n. Ngudi ta cdi tién d€ dua nhitng mach
¢6 Uu di€m hon, nhu mach 6n 4p noi tiép.

Bién soan:Luu Khung HuGng 8



Bai Gidng Mach Dién TU

3. Mach 6n ép nbi ti€p :
Od day mach dung thém mot transistor d€ khuéch v 0
dai dong dién. Diode Zener phan cuUc nghich trong ving
danh thUng, dong ngudc nay qua dién tré R, va R phai du

=

RL

nhd, d€ gilt Zener G trong viing dinh thUng. Vi vy khi o
dién dp ngd vao thay d6i, V, van gilf nguyén dién dp V;
cO dinh.
Theo dinh 1y Kirchhoff : Vg =V, -V, Vo R
ov o

Vour thay dGi phdi giy ra su thay dGi Vg, d€ duy °©
tri sU can bang.

Néu V, gidm thi Vi s€ ting, khi V, = const

Néu V, ting thi Vg s€ gidm

- Néu dién trd tdi gidm thi di€n 4p ngd ra gidm, nghia 1a dudi mUc tich cuc 1am
cho Vg ting. Khi di€n 4p Vg cUa transistor ting thi Tr. dan manh Iam di€n trd moi
n0i EC s& gidm. Dong chdy qua mOi n0i EC ting 1am gidm di€n 4p r0i trén transistor
(Vg gidm), va dién dp ngd ra ve gid tri cil.

- Khi dong tai gidm dién dp ngd ra sé ting, Ve gidm, transistor dan y€u, Vg
tdng 1én, dién 4p ngd ra trd vé mUc binh thuOng.

- Mach nay c¢6 uu di€m 1a khi dong tai nho thi cong sudt tOn hao trén mach
cting nh@, khong nhu mach On 4p mac song song.

Khi thi€t k€ mach phdi chi y dén cong sudt cUa transistor.
Do d6 khi tinh toan phdi tinh trong di€u ki€n mach lam viéc ndng né nhat, d6

N

la:
- Tinh gi4 tri R vGi dién 4p vao nhd nhat va dong tai 16n nhat. tinh cong sudt

thi v&i di€n dp vao 16n nhat.

- Tinh trasistor khi di€n 4p vao 16n nhat va dong tdi 16n nhat.

Vi du 1 : thi€t k€ mach On 4p c6 di€n 4p vao la tUr 10 dén 15V, dién dp ra la
5V, dong cung cap cho tai 16n nhat 13 100mA.

Chon Mach nhtt hinh vé: "
Vout = 5V VZ = Vout + 0,6 = 5,6V Rl
Chon Dz ¢c6 Vz =5,6V

Iz = I, + Iz = 10mA (vi dong Ib nhd, chon I, trong
viing d4nh thlng 1a 10mA)

:Vm vV, 10 5,6 0.44K "
Iy

<
PO =

Chon R =470 hoac 390

Tinh cong sudt Tr.

Bién soan:Luu Khung HuGng 9
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Bai Gidng Mach Dién TU
Vee=Vinmax- Vou = 15-5 =10V
Ic =1, = 100mA
Prr =V Ic =10. 100 =1000mW =1 W
Chon Tr. C6
Veemsx (1,5 d€n3) Ve =15V dén 30V
Icmax (15 dén3) Ic = 150mA dén 300mA
P (15 dén3) Prp=1,5 W dén 3W

Tra c(u tim transistor Tuong Ung nhu: D882 hodc H1061 phdi c¢6 phién tda
nhiét cho transistor. N€u di€n 4p vao thap va it thay d0i thi cong sudt transistor s& nh®
lai

Vi du 2: thiét k&€ mach Gn dp c6 di€n dp vao 1a ti 8 dén 10V, dién dprala 5V,
dong cung cdp cho tai 16n nhat 1a 100mA.

Chon Mach nhu hinh vé trén
Vou=5V V.=V, +0,6=56V
Chon Dz c6 Vz =5,6V
Iz; = I, + Iy = 10mA (vi dong Ib nhd, chon I, trong viing danh thlng 1a 10mA)
ChonR =220 hodc 270
Tinh cong sudt Tr.
Vce= Vinmax- Vou = 10-5 =5V
Ic =1L = 100mA
Prr =V Ic =5. 100 = 500mW
Chon Tr. C6
Veemn (1,5 dén3) Ve, =15V dén 30V
Iemex (15 dén3) Ic=150mA d€n 300mA
Pow (15 d@én3) Prp =1W dén 3W
Tra cUu tim transistor TuOng Ung nhu: D882 hodc D468.

Néu can cung cap dong tdi 16n (vai Ampe) thi dung hai
transistor ghép darlington, nhu hinh vé sau:

Bién soan:Luu Khung HuGng 10
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4. Mach 6n ap hoi tiép :
D& théa mén cic yéu cau cao hOn v€ mdc On 4p, On dong cling nhU cong sudt
ra, ngU0i ta ding cdc mach Gn 4p c6 hoi tiép.

Phan t v
N® di€u khién ® our
A
khuéch dai
Lay mau > vaso sanh Do sai

Céc thanh phan cQa 6n ap:
a/ Phan t& Lay mau :

La phan tU tao dién dp chudn cap cho mach so sanh. PE c¢6 dugc su' 6n dinh nhu
yéu cau, phan t& chudn phai 6n dinh d0i vi moi bi€n ddi clia dién dp ngudn va céc
nhiét d0 ti€p xic
b/ Phan t do sai :

Phan t( do sai 18y ra mOt m{c dién dp bang dién 4p chudn khi dién 4p ra ding.
Khi c6 sU thay d0i G di€n 4p ra 1am cho di€n 4p hdi ti€p 16n hon hay nhd hon dién 4p
chudn. Hiéu s0 dién 4p gilta dién dp chudn va dién 4p mau ding d€ di€u khién On 4p
1am cho né c6 ddp Ung thich hgp, 1am cho dién 4p ra ding 1ai v&i yéu cau
¢/ So sanh va Khuéch dai :

So sanh dién 4p hoi ti€p vdi dién dp chudn. N6 ciing khuéch dai tai mUc sai biét
d€ 14i mach di€u khién d€ dua dién 4p ra vé mUc dat trude
d/ Phan tU diéu khi€n :

La phan tU s€ thay dGi theo ki€u On 4p thi€t k€. Ngudi ta dua vao phan tl nay
dé€ phan loai On 4p ndi ti€p, song song hay xung. Bat c( sai biét nao cla phan tl di€u
khi€n dugc b6 chinh bang hoi ti€p tUr phan t& 1dy mau.

Bién soan:Luu Khung HuGng 11
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Mach 6n dp di€u chinh duogc :

- Ra+Rb =R3 + R4 + RS = const
- Vg =Vz+V (1)

- Dz: thanh phan chuén

- R2: phén cuc cho Dz

- QI: thanh phan 6n dp

- Q2: so sdanh &khuéch dai

- R1: dién trd tai cho Q2

- R3,R4,R5: thanh phan 18y mau

v, —2 -V
h R, R, o (2)
tur (1) va (2) ta c6:
R
VBZ R RB R VO
3 4 5
v, B Ry Rsy, y
R

Bién soan:Luu Khung HuGng
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Bai Gidng Mach Dién TU

Khai ni€m ngudn dong : (ngudn dong khong doi) Vee
o
DZ R1
vV, V RI,
vV, V
I, —%—— const Q1
i R2
* Khai ni€m vé& mach Darlington: Zob
(1
(
(
Bl 2
0 hie=2hiel
Qz B ie
y @ o;@ ) @ hfesherhfer
Vbe=2*Vbe
ElQ 0E
Q1
O
D1
R1 R3
Q3 R1
R2 Q2
R4
D2
o PR

Hinh trén Transistor Q, 14 phan t{ di€u khién,

dong thdi 1am nhi€m vu khuéch

dai cong sudt. Transistor Q, c6 thé mac theo Darlington d€ ting hé s6 khuéch dai va
cong sudt ra. Transistor Q, vUa 12 phan t& khuéch dai, vira 1a phan t( so sanh. N6
duoc mac theo kiéu E chung hoi ti€p 4m v€ dong dién trén Diode Zener (D, ).
Transistor Qs cing D1, R1, R2 tao thanh nguOn dong, do d6 dong Ic; khdng phu thuQc

vao dién 4p vao V,. Ta cé

Vv \% \% \%
IC3 IE3 — z2 Rl BE3 zZ2 R3 BE3 ConSt
Do 1 (hé s6 khuéch dai dong khi mac B.C); Vgz  0,7V.
Mat khéc :
Ies=1Ig; + Iy const

Gia st V, gidm, qua b0 phan dp R,, R, vGi di€u kién Iz, >> Iy, ta cé :

R,
R, R,

Ve =Vz + Vg = v,

Bién soan:Luu Khung HuGng
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Nén Vg, gidm theo, nhung V, = const nén Vgg, gidm theo 1am I, gidm va I,
ting do Ics = const, dan dén Icg, gidm, lam dién dpra V, ting rdlaivi  V,=V, -
VCE] .

Dién 4p ra dugc x4c dinh :

Rl
Vo=(Vz+ Ve )(1 + R_)
2
TI'OIlg doé Vowsgn = Vz1 + Ve
R
Nén V= Vsl 1+ 25)
R2
Vay néu thay d6i ty sO phan 4p R,/R, thi s€ thay dGi dugc dién 4p ra, tlc 1a

tinh On dinh ty sO phan 4p R,, R, c6 anh hudng t&i tinh Gn dinh cUa dién 4p ra. Vay

o o s A e . e . o 2. R
dé€ thay dGi dién 4p ra ta mac thém chiét 4p Rp vao gilta R, va R, d€ thay d6i —.

2

=

Bién soan:Luu Khung HuGng 14
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THIET KE va TINH TOAN

SO PO MACH ON AP :
Q2
—_— a @ N\ ° °
Q3
o R4
T1 FN RZ % R3 Vout
Vac 0 q Q1
220 R5
1+ Q4
T C1 R1
° R6
s1
? Rgh 7 LED1

Cdc 50 liéu ban dau :

» Vou=1V-12V

> L= 1A

» C6 mach bdo vé€ qua dong

Q2

Zin Q1
RS

Q
R1
— D4 RO
7 LED1
( - )
Rgh

Bién soan:Luu Khung HuGng 15



Bai Gidng Mach Dién TU

Nguyén Iy hoat dOng clla mach bao vé

Né&u dong tdi nhd hon I, thi Vg = Ry, Iy, < 0,6V => SCR khong dan, mach hoat
dbng binh thuOng.

NE&u dong tai 16n hon Igh thi Vig, = Ry.Iy, > 0,6V => SCR dan => V, = Vg = 0V,
Q: va Q, ngung dan => V,=0V.

S 1a cong tat thuOng déng. Nhdn S d€ RESET cat SCR dé€ dua mach hoat dOng
binh thuOng.

THIET KE MACH :
ChoOn V,,max = %VO max => V;max =18V
V;min > V,max

DC

\
Chon Voc= 18V D v, = —7-= 12V (tai 220V)

Vimax Vpc+10% =18+ 1,8 =19,8V 20V (khi 220V + 10%)
Vimin  Vpe-10% =18 - 1,8 =16,2V 16V (khi 220V - 10%)

Vay chon bién theé : D1

BRIDGE
- 0]

So Cép : 220V 19701

Thir Cap s 12V g gz
Dong Thir Cap : 3A T

C .
Zin Vimin 16_V 16
1 1A

gh
1 1
43Z . f 44/3.16.100.10%

vGi hé sO gon séng 14 10%, f = 100 Hz
Vay ta chon C = 2200 F/25V

902 F

Ta chOn dong qua R4, RS, R6

Vomax 12V

Ro Rs R I 10mA

1,2k

ma ] 1 1A

— 1, — 10mA
100 <" 100
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taco:
omin 3V R4 RS R6 VLED V
RS R6
omax 12V R4 IR;S R6 VLED V
6
vGi
ILED: 10mA
VLED = 199V
R, R, 12k 2V 06V 44
3V
R, 12k 2V 06V g,
12V

R, R, R, 12K
R, R, Ik
R, 250

Ta chon: RS = 1,5K

Trén thuc t€ ta thay R, va R 12 2 bi€n trd khodng 1K d€ chinh Vo V2 Vomi theo yéu

céu mong mu6n.
Chinh Vgs dat max, chinh Vge d€ V= 12V
Chinh Vgs dat min, chinh Vrs d€ Vomin= 1V

R, Vi, 500
Vay: R Vg5 1000
R, Vie 500

I 1
» lo=l=1A=> Iy, = 2_0 0,05A (chon ,=20)

I;, 0,05
=> Iy —=

1,25mA (chon 3= 40)

op, lm 125mA

0,025mA (chon 4=50)

ICl = IB3 +Ic4= 21,25mA = 2,5mA
ChOn VR2= 1V va VCEI =1V

Ve IV
I, 25mA
Chon R = 390

= Vp,=Vre+V 1=1+0,6 =1,6V
= VBI = Vimin - VDZ= 16V - 1,6 = 14,4V

Bién soan:Luu Khung HuGng
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Ta c6: Ip, + Iy, = Igy, gid sW: Ip, >> I, => Iy, =Ipy
Chon Ipz = 20mA
i Vpy, (16 1,6)V
I, 20mA
Chon R, = 820
Igs = Ligp — Igs = 10mA —1,25mA = 8,75mA

720

>R, Vien Viep (16 19V L6k
| 8, 75mA
Chon R; = 1,5k

R;: 12 R han dong qua cOng G cla SCR d€ tranh lam hu SCR

Chon R; = 5,6k

0,6V 0,6V
I, 1A

Chon R, = 0,5

0,6

R,

Tinh todn cOng sudt cla Reh:
Taco PRgh =Igh2.Rgh = 12.0,5 = O,SW
= d€ an toan ta chon 3W

Chon BIJT cla mach
O Lomae  3A
Q, Ve.. V.. 20V HIO6l V... 50V
P.. 20W P, 25W
Veems 40V Vegm 40V
Q, Q, I.. 100mA  2SCI8I5 Q I.. 100mA  2SA10I5
P, 300mW P 300mW

C max Cmax
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THIET KE MAY BIEN AP

1. TOng cong sudt & culn th(r
P2= V21.121 = 12V3A = 36W

2.Layhiéusuat =0.85
ta c6 cong sudt G cudn so 1a:
=Py =36W/0,85=42,35W
Py= (P+P,)/2 = 40W
Dong qua culn sO cap:
I,=P/V,=42,35/220 = 0,2A

3. Xdc dinh ti€t dién nong dan tU:
doS. 15\P, 15V40 9,5cm?
(Vi Py= 40W => 13y k = 1,5 theo bang tra)

4. S6 vong Ung vGi 1 volt & culn sO :
Lay B = 8000 Gauss
45.10° 4,5.10°
BS. 8000.9,5 No= 6 vong/volt
Ny’ = 1,05 . Np = 6,2 vong/volt

N,

Bién soan:Luu Khung HuGng
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5. SO vong diy quan & cic cuOn day:
O so cé'p:
N;=No.V,;=6.220=1320 vong
O tht cép :
Ny =Ny .V =6,2.12=74,5 vOong
d 0,721

6. Chon c@ day :

& cudn so CAP:
P,=I.V,
=> [,=P/V,= 42,35W/220V, 1, =0,2A
=>d,=0,72 .02 =0.322 mm

O cubnthtrcdp:  dy= 0,72 .41, =0,72 ./3=1,25 mm

Chuong 2:

KHUECH PAI TiN HIEU NHO
Bai 1: CAC CHI TIEU CO BAN CUA MACH KHUECH DAI

Bién soan:Luu Khung HuGng
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I/. Khai ni€m chung vé tin hiéu.
1/. khai niém
Trong cudc sOng hang ngiy, ching ta muOn truyén di ti€ng néi, hinh dnh hodc im

nhac... g0i chung Ia tin tdc. Ngudi ta phdi bi€n d6i ching thanh dién 4p hodc dong dién.
Dong di€n hay dién 4p bi€n thién ti 1€ vGi lugng thong tin ban dau ta goi d6 1a tin hiéu.

Tin hi€u c6 hai dang 1a tin hi€u Analog va tin hi€u Digital

Tin hi€u Analog.

LA tin hi€u bi€n thién lién tuc, trong mOt chu kY c6 th€ chia thanh v6 sO di€m c6
dién thé khac nhau, dang ddc trung nhat cUa tin hi€u Analog 12 tin hi€u hinh sin, tin
hiéu 4m thanh... bi€u thic cla tin hi€u nay c6 dang:

Sw=Asin( t+ )= Acos t(V)

Trong do:

A: bién dO

=2 ftan sO géc

: g6c pha ban dau cUa tin hi€u
f: tan sO dong dién (Hz), (Cycle)

T="— % 1a chu kY (s)

Theo khai tri€n chudi Fourier: mot tin hiéu khong tudn hoan dang bat ky nio
ciing ¢ thé€ coi 1a tOng cla vo sO thanh phan hinh sin g0i 1a séng hai c¢6 1 bién dd, 1
tan sO va mOt géc pha nhat dinh. Thanh phan hinh sin quan trong nhat c6 tan s6  goi
12 séng hai bac nhat (séng co bdn) va cdc thanh phan hinh sin khic c6 tans6 2 , 3
n goila séng hai bac 2, bac 3... bac n. do thi séng hai bi€u dién bién d6 séng hai goi
12 phO tin hi€u. Tuy thao loai tin hi€u ma phG cla ching 12 nhing vach dlng r6i rac
hodc 1a nhitng duOng cong lién tuc.

Ngoai tin hi€u tuong tU ra, ta con c6 nhiing tin hi€u d6t bi€n. TOn tai mOt cach
gidn doan thao th0i gian g0i 1a xung cdc dang xung thuOng gap nhU xung vudng, xung
hinh thang, xung tam giéc...
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Tin hi€u Digital: (tin hiéu s0)

12 nhrng tin hi€u bi€n thién khong lién tuc theo thdi gian, trong mOt chu kY chi
tOn tai hai mUc dién 4p 12 mUc cao ki hi€u 12 H va mUc th@p ki hiéu 1a L tuong Ung
v6i hai mUc trang thdi khac nhau ky hi€u 1a 1 va 0 (trong hé logic duong).

2 Cic thong s6 dac trung cho tin hiéu.

a/ DO dai (dO rOng).

Khi bi€u dién trong d6 thi thOi gian khodng thdi gian tOn tai cla tin hiéu k& tr
ldc bat dau cho dén khi két thic dugc goi 1a d6 dai cUa tin hi€u. N&u la tin hi€u tuan
hoan d0 dai dugc tin tuong Ung v&i thdi gian tOn tai tin hi€u trong mOt chu ky.

b/ Gia tri trung binh.

Néu tin hi€u Sy, xuat hién tai thdi di€m t, c6 d0 dai 1a thi gia tri trung binh
trong khodng thOi gian duQc xéc dinh:

1°
So=— S@)dt
Iy

¢/ Niing luong cUa tin hiéu.

Thong thuOng S, dai dién cho mOt dién 4p hay mOt dong di€n vi vay ning
lugng cla tin hi€u trong thdi gian tOn tai cla né dugc xdc dinh theo hé thic:

ty

E,  Sidt

T
Cong sudt trung binh hay goi 1a ning 1ugng trung binh trong mOt don vi thoi
gian sé la:

— E; 1"
Soy — — S;dt
Iy

Cin bac 2 cla gid tri trung binh, binh phuong dugc goi 1a gid tri hi€u dung cla
tin hiéu. (don vi RMS)

— 1 Ly
2 2
S VS — Siat
)
. 2 A
vd: Sy 1a tin hléu hinh sin S, = Sysin t c6 T = —, bién dO Sy thi 4p dung cong

thUc trén ta c6 gid tri hi€u dung la: S = —% (RMS).

V2
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II/. Cac thong s6 clla mach khuéch dai.
1/. Khai niém vé mach khuéch dai.

Khuéch dai: (Amplifier) nghia 14 qud trinh bi€n d6i tin hi€u c6 cong sudt nho
thanh ra tin hi€u c6 cong sudt 16n. SU bi€n dGi dugc thuc hién 1a nhd ning l1Ugng cla
ngudn cung cap, mOt mach khuéch dai dugc dnh gid qua cdc cong thlc sau:

T PCC

I o
VA
RS Ro RL
V. IN A\ |:|
S¢ i E, 0
\/
MACH KHUECH PAI

Hé s0 khuéch dai va hiéu suat:

Khd ning khuéch dai cla 1 mach dugc dénh gia bang thong s6 goi 1a dO 10i
hay 1a d0 10i khuéch dai.

DO 10i dién 4p (Av)

v
0]
Av= —
V.

z

” . . Vo
Né&u Av tinh theo don vi Decibel thi: Av(db) = 201g .

DO 10i dong dién (Ai)
Lo

Z

z

Ai=

~ . . . iO
Né&u Av tinh theo don vi Decibel thi: Ai(db) = 201g—
L.

l

PO 10i cong suat Ap:

AP ld
P

PO
AP(db) =10. 1g P

1

TOng trd viao:
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Téng tré ra: r,

Hiéu suat khuéch dai:

2/ Pap tuy€n tan sO:

Khi tan s6 tin hi€u thay doi thi d0 1gi khu€ch dai s€ thay doi. PO thi néi 1én
quan hé thay d6i cla Av theo tan sO dugc goi la ddp tuy€n bién d0, tan sO cla bd
khuéch dai goi tat 1a ddp Ung tan sO. Thong thudng mOt mach khuéch dai chi dép
Ung dugc 1 ddy tan sO nao d6, G tan sO thap va tan sO cao thi Av s€ gidm so vGi tan
sO trung binh va khodn tan s6 ma Av khong bi suy gidm quéd 3db dugc goi 1a diy thong
hay con g0i la band thong cUa b0 khuéch dai. Vi du v&i mach khuéch dai 4m tan band
thong If tudng phdi 1a 20Hz 20KHz.

A A

Av Av

max | __y_ _ \I/

min s ~~3db
%, A

0| 20Hz 20KHz f 0|  Banthong Video  45MHzf
P4p tuy€n clla mach khuéch dai 4m tan, do dé6 mach khué€ch dai 4m tan
khong thé khuéch dai tin hi€u hinh (Video) duoc vi band thong cUa tin hiéu hinh tUr
OHz 4.5MHz. mach khuéch dai tin hi€u Video phdi c6 cic mach b6 chinh tan sO
thap va cao.

Néu goi Avy 12 d0 10i di€n 4p tai tan sO trung binh.
Av; 12 d0 10i dién 4p tai tai tan sO nao dé thi

AV A A ~ . n n’
D;= ﬁ bugc goi d0 méo tan sO tai tan sO f
f
3/ Méo phi tuyén.

DPGi véi bd khuéch dai 1i tudng thi khi tin hi€u vio 1a hinh sin thi tin hi€u ra
ciing 12 hinh sin. Cdc bd khuéch dai trong thuc t€ khé long ddm bdo quan hé tuyén
tinh nay. Nghia Ia tin hi€u qua mach khuéch dai khong con hoan toan 12 hinh sin n(ra
hién tuong nay goi 12 méo phi tuyén hay méo khong dudng thang.

Nhu di giGi thi€u & phan I tin hi€u ngd ra c6 th€ xem la tOng vo sO cUa thanh phan
hinh sin ¢6 tan s6: , 2 , 3 ... n . bién d0 tuong Ung Viu, Vou, Vim... Vau (khai tri€n
Fourier) mUc d0 sdi dang xudt hién & viéc xudt hién thém cic séng hai bac 2, bac 3... bac n.
cho nén ddc trung méo phi tuy€n ngUdi ta diing ti sO:
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vy, Vi .V
2M 3IM nM .XIOO%
VlM
A2
L x100%
A A A

D < 1%: Chat lugng cao
D > 5%: Chat lugng tOi
D > 10%: Khong nhan ra 4m thanh

D g0i 12 d0 méo phi tuy€n, D cang nhd chat luong b0 khuéch dai cang cao, s&
di c6 hién tugng méo dang nhU trén 1a do trong b khuéch dai c¢6 chlta céc phan tU phi
tuy€n nhu BJT, FET... d€u c6 ddc tuyén 1a dudng cong.

4/. Dai dOng va tap nhiéu.

PO 10i clia bd khuéch dai khong chi phu thudc vio tadn sO ma con phu thulc
vao bién d0 va cuOng dO cUa tin hi€u vao. Néu dién dp vao vuot qud gidi han cho
phép sé€ gy qua tdi cho tang khuéch dai, n€u dién 4p vio qui nho thi tap nhi€u sé
xudt hién & ngd ra, tap 4m nhi€u nay bao gbm tap am nhiét cla linh kién thu ddng va
tap &m noi cUa linh ki€n phi tuyén nhu TST, BJT, FET... n€u khong c6 tin hi€u vao
thi ngd ra s€ c6 tap am riéng cUa tang khu€ch dai. Ti sO cUa gi4 tri cUc dai va cuc ti€u
cUa dién 4p vao g0i la dai dOng cUa tin bi€u (Ds).

in(max)
‘/in(min)

Nhu vay b khuéch dai sé khong thé khuéch dai dién 4p nhd hon gid tri cuc

ti€u cUa tin hi€u vao bdi vi dién dp nhd hon Vi thi tap nhiéu cla tang Khuéch dai

D(s) =

~ o \,. N e, 4 5 A ~ .S
s€ lan dp. Do d6 ngu0i ta dua ti sO N deé danh gid chat lugng cua bO khuéch dai N

cang nhd thi cang tOt
S: Signal: Tin hi€u
N: Noise: Nhi€u tap 4m
Bang phuong phdp todn hoc va If thuyét mach ngudi ta chiing minh dugc ty sO

S 2 A ~7 . N _ N 2 A N A « R g < o7
N cUa bO khuéch dai nhi€u tang thi chi phu thuOc vao dO nhi€u cua tang khuéch

dai dau tién. do d6 trong cdc thiét bi khu€ch dai tang khuéch dai dau tién dugc chon
linh kién c6 hé sb nhi€u rat thap phdi 12 linh ki€n dac biét. Vi du Anten Parabol b0
khué€ch dai dau tién 1a cUc kY quan trong va dat tién.
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ITII- Mach Khuéch Pai Hoi Ti€p
1/ Pinh nghia
Mach khuéch dai c6 hoi ti€p 1a mach khuéch dai 1dy mOt phan tin hi€u & ngé ra
dua tr@ vé ngd vao d€ di€u chinh cic thong sO va chi tiéu clla mach khuéch dai.

> Y

FB

FB : Feed back : hoi ti€p
V, : 1a dién 4p cUa nguln tin hi€u dua vao
C6 th€ 1a dang V; hay I, tin hi€u ngd ra 14 V, hay I, di€n 4p 13y ra sau mach hoi
ti€p 1a V¢
Trudng hop mach khuéch dai khong c6 hoi ti€p con goi 1a mach khuéch dai
vong hé thi d6 10i khuéch dai dugc dinh nghia 1a
Vout  Vout
Avo = -
Vs Vin
Mach hoi ti€p FB c¢é dién dp vao 1a Vo , dién dp ra 12 Vf ngu0i ta dinh nghia hé
sO hoi ti€p 1a k

Vs V=K.V
_VO f— - Vo

TruGng hop mach khuéch dai cé hobi ti€p thi d0 khuéch dai c6 hoi ti€p dugc
dinh nghia la

VO
AVf = W
TI'OIlg do Vi=V,+ V; V,=V;-V;
Vo
Suy ra AV, = vV,
2/ Phan loai:

a) Theo tdc dung khuéch dai.
HOi ti€p duong : 1a mach c6 tic dung lam ting hé sO khuéch dai, trudng
hOp nay la AVi> AV,
HOi ti€p am : 12 mach c6 tic dung 1am gidm hé sO khuéch dai, truGng hop
nay tacé AVi< AV,
b) Theo dang tin hiéu.
HOi ti€p 4p : 1a 1y dién 4p ra (V.) d€ tao dién 4p hoi ti€p (V;) dua trd lai
ngd vao. (hOi ti€p 4p sai 1€ch 4p hodc sai 1éch dong )
HOi ti€p dong : 1a 18y dong dién ngd ra i, d€ tao di€n 4p hoi ti€p V; dua trd
1ai ngd vao (hOi ti€p dong sai 1éch dp hodc sai 1€ch dong)
c) Theo c4ch ghép.
_ Hoi ti€p song song 12 khi dién 4p nguOn tin hi€u V, va di€n 4p hOi ti€p V, ghép
song song nhau. Hay néi cdch khdc: hoi ti€p song song 1a khi hai tin hiéu V; va V,cling
dua vao mOt cuc Transistro.
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Trudng hgpnay tacé Vi=V;+V, V,=V,-V;

_ Hoi tiép noi ti€p 1a khi hai dién 4p ngudn tin hi€u Vs va di€én 4p ngudn hoi
ti€p Vf ghép ndi ti€p nhau. Néi cach khdc 12 hai tin hiéu Vf va Vs dua vao hai cuc khic
nhau cUa Transistor.

Trudng hgp nay ta cé V; = V,— V; V.=V.+V;

MOt mach khuéch dai hoi ti€p thudng cé dU 3 thanh phan theo 3 cach phan loai
trén.

VD : Mach hoi ti€p am dong di€n ghép n0i ti€p

Mach ho0i ti€p am dong di€n ghép song song

IV- Céch tinh hé sd 8n dinh nhiét

1/. Khai niém :

Nhu di khdo sit G phan linh kién dién tU, cic thong sO cUa Transistor d€u bi
thay dGi theo nhiét d0, trong d6 c6 3 thong sO bi dnh hudng 16n nhat 1a dong dién dién
ri Icbo, dO khuéch dai  va dién ap phan cuc mdi ndi BE ( V).

PE tranh dnh hudng cla nhiét d6 1én thong sO cUa Transistor: c6 th€ 1am sai 1éch
di€ém lam viéc tinh Q ngudi ta ding nhi€u cdch phan cuc cho Transistor, mOi cich
phan cuc c6 tac dung va hiéu qud 6n dinh mhiét khdc nhau. PE ddc trung cho tic dung
va hiéu qud On dinh nhiét, ngudi ta dinh nghia hé s6 On dinh nhiét 1a S thi.65

Ic

s= S: Stability = d0 6n dinh

CBO
S : phU dinh cla S bang d6 bat O6n dinh nhiét
S cang nhO thi mach cang On dinh vé nhiét d0, nghia 12 § cang nho thi dd bat Gn
nhiét cang nho.
Cong thlc tOng quét d€ tinh la:
— q
§=——
q
trong d6 q 12 hé sO tuy thuQc cdch phan cuc cho Transistor

12 hé s6 truyén dan dong dién rap ki€u B chung

Ic

Ic= .Ig =1, =" 1= 0.95 0.99
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Hé s6 q dugc xdc dinh theo cdch phan cUc trinh bay trong ban thi€t k€ mau sau

Vee Ve

truong hop khiq=1
= 1=ratlén

Pay 1a mach c6 hé sO On dinh nhiét kém nhat

. R
+ xét ruOng hOpq=1+ R_E

B

| Re . Re
q 1 Ry 1 Ry
RB RB

Néu 16n thi 1- 0 do do
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=

R,

N R
ThuOng thi RE << RB Nén —~<< 1 Nén:

B

|
1l
w‘mw‘_

_R o R
RE RE

Cau h@i va bai tap
1/ Cho biét céc thong sO dac trung cUa tinh hiéu c6 bi€u thltc S=1,4sin200 t(v)
2/ Vi sao mach khuéch dai 4m thanh khong th€ diing cho khuéch dai tin hiéu
hinh duQc ?
3/ Tai sao trong ampli (hay 1 thi€t bi khu€ch dai bat ky) tang khu€ch dai dau tién
phdi c6 hé s6 nhiéu thap. gidi thich?

4/ Tai sao ty sO ~ chi phu thubc vao tang khué€ch dai dau tién, trong b0
khuéch dai nhiéu tang?
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BAI 2

MACH KHUECH PAI DUNG TRANSISTOR
I/ Tinh Phan Cuc Ban Pau Cua Transistor
1/ Phuong phap toan hoc
a/. Pién 4p phan cuc ban dau:

V@i mach di€n sau: cho Rg; = 68K; Ry, =12K; Re = 0,5K; Rc=2,5K; V=12V,
= 100, tinh di€n 4p phan cUc ban dau.

Theo bi€n d0i Thevenyl ta c6 mach tuong dudng nhu hinh 2.8

. T'e)

tVee ém
R

Cout
R g | fouw C a—‘|H

C 0uT Ik . < —_
O_HM__A_K Q1. 0 |:> . % . B
-I

IN
l hag RE g IE e ' .

fih28

Vee 12000 12 o
R, 80000

R..
E = Vg b2
] Rbl

g KR 68000 12000 00
R, R, 63000 12000

Vi Vi 1.8 0,6 1,2
R, R, 10000 100 500 10000 50000

2.10°A 0,02™

Ic= I,=100x2.10°=2.10°A =2™ I

Ve=LRe=2.10"x 500 = 1" mA)
Ve=Ve+0,6=1+0,6=1,6" 5
£ Pudng tai df
Vez=Vee—IeRe=12-2.107 x 2500 = 7" 4 ne tai dong
VCE=VC -VE=7—1=6V
b/. PuOng tai tinh — PuOng tai ddng: 2L
|
I, e 12 41034 4™ |
R. R, 2500 500 | VW
Vv 12 0 6 12 cE
Tehey —S& —— 48.10°A 48™ o/
R. 2500 buodng tai tinh
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c/. TOng tr& ngd vio:

mV 3
R, h, 26 26'103 100 1300 13K
I, 0
2/ Phuong phap do thi
Ic = VCC VCE
Cc=
RC RE

Puong ti tinh di qua 2 di€m

VC C

le= —%—
““R. R,

va VCE = VCC

II/ Thi€t k& mach khuéch dai tuy€n tinh.

1/ Chon ki€u mach khuéch dai

Vee =9V L3
= 100 ot
r; = hie = 2.5k &
- q R b2
S =20
Tl/nh IE’ IC, RE’ RC’ RB
2/ Xéc dinh di€m lam viéc tinh cla Transistor N =
Ta c6 hi he 23 s
acOhie=r,+ .r. R 00 =

Mac khédc dién tr® re con dugc tinh theo cong thlc

26mVv 26mV.- 26mV
r.= = = — 1mA
I, r, 25

I Ig=1mA.
Chon Rg va Rc sao cho Vg =1/2V e va Ig.Rg = 1/10V ¢
3/ Tinh gia tri R
a/ Tinh Rg

VCC
ChOn IERE = I/IOVCC RE = 107 = 0.9k
E

Chon Rg; theo gi4 tri tiéu chudn 1a 1k
b/ Tinh Rc
Chon Rc sao cho Vg = 1/2Vc = 0.45V

§RE.§T

Lepd
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Taco VCC = Ic.RC + VCE +IERE

V V I.R 9 45 1.1
Re = - CI“E ENE 1 — 3.5k
c

Chon Re = 3.9k

Khi chon Rc va Rg theo chudn thi di€n 4p Vg bi thay d0i chuit it trén dat tuyén
Ic va VCE

b/ Tinh Ry;va Ry,
dé€ tinh Ry, va Ry, thi ddu tién phai tinh tri s6 Ry va Vs theo mach dién
dugc quy dGi theo dinh luat Thevenin.
Ta c6 cong thic hé s6 6n dinh nhiét

RB

E = 20 RB = 2ORE

S =

Ry =20.1 =20k
Theo mach dién & ngd vao ta cé:

VBB = IB.RB + VBE + IERE

) I, 1
Trong d6 [y =1mA, Iz + — ——mA

100
Thay vao ta c6 Vg = 0.01x20+0.6+1.1 = 1.8V
2 " _ R,, N _ R, R,,
Mat khac VBB = VCC Rhl sz va RB = Rbl ha

Gidi hé 2 phuong trinh 2 8n s6 nay ta dugc tri sO Ry va Ry, 1a:

Ry = 100k
sz = 27k
4/ nghiém lai

trinh tU nghi€m 1ai trén mach dién gidng nhu cach tinh trang thai 1 chi€u theo
phuong phdp todn hoc va tinh trén mach dién di thiét ké:
Ry, 27

Vi = Vee—2— =9
TR, R, 100 27

= 1.9V

R, R 100x27
Rp= —22— = =21.25k
TR, R, 100 27

Ve Ve 19 06
=% "R, 2125 100m - O0ImA

Ic=Ig= Iz=100x0.01 = ImA

dién th€ cdc chan Transistor 12
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Ve=IgRg=1x1 =1V
Vg = Vg + Vg = 1.6V
Ve=Vee—Ic.Re=9-1x3.3=5.7V
Vee=Vc-Vg=57-1=4.7V
Mach dién da c6 cdc gid tri R vdi tri sO theo tiéu chudn.
5/ Nghi€m lai theo phuong phip do thi

V. V , 1%
[(= =<—% NEuVe=0thi IL,,=——— =2.1mA
RC RE . RC RE

Néu Ic=0 thi VCE = VCC
Pudng tai tinh 1a dudng thang ndi 2 di€m. Vs = 9V va Ic = 2.1mA

Piém lam viéc Q c6toa d0 1a Vg = 4.7V va Ic = ImA.
III/ Tinh cac thong s6 & trang thai xoay chiéu
1/ Phan tich mach khuéch dai bang mach tuong duong

C ouT ;
°—|IL—'—K 01 ° ' ;

| i Ry
< out
e b
IL ; 4 q q 4

l A

R g Cour i
LBt +—F}—o0 o—=Lgq q ‘l‘b \cl— G G Te)
fie

(o}
o

Mach khuéch dai di€n hinh Mach tuong duong theo thong sO h

Mach tuong duong rit gon
hie: TOng trd vio cUa Transistor theo E chung

Z:: TOng trd vao cla mach khuéch dai
Zi = RbI// Vsz// hie

Ro: TOng trd ngd ra clla Transistor
V’,: Dién 4p ngd ra liic khong tdi
V.: Dién 4p ngd ra lic mach c6 tai

ZL = Rc//RL
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TU 2 mach tuog duong ta tinh dugc cic thdng sO sau:

T,o > ~ s . 7. RbleZ
- TOng trO ngd vao: Z; = Ry1//Ry//hie vOi Rp=—"7—
Rbl Rb2
7i Ry .hie
1= R, hie
- Dién 4p tin hiéu vao:
Vi= Vs 22
o > Zin RS
- B0 khuéch dai dién 4p cla Transistor:
- TaiclUamach la: Z, =Rd/R;.
R..R
7, = __CcL
R. R,
- Hé s6 khuéch dai cUa Transistor 1a:
VO ZL
AV= 7
- Hé s0 khuéch dai toan mach la:
AVs=AV. — 4 2
o "V Z, Z, 15
ZL
AVs= .Zi Fg
TGOng trd ngd ra:
Trong mach tuong dudng 1 ta con cdc quan hé sau :
Dién 4p ra khi c6 tai la:
RL . A L A 2.
Vo=V’o. (V’o di€n 4p ra khong tai)
o R,
Suy ra Vo.(r, + R;) = V'o.R,
v
I, = iRL RL
i
ro= — 1 .R,
VO
2/ Puong tai dOng:
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PGi vdi tin hi€u xoay chi€u céc tu di€n lién lac, tu thoat (Cg) dugc xem nhu
nOi tat, nén cuc E xem nhu nGi mass. Phuong trinh duOng tdi dOng dugc viét 1ai 1a:

VC C VCE

L. =
C RC

Pudng tai ddng 1a dudng thang cat truc Ic tai Ic = % va di qua di€m lam
viéc tinh Q.
3/ Tinh céac thong s trudng hop cé tu Cy
Céc thong sO dugc tinh theo cong thc G phan 1
TOng trd vao cUa Transistor 1a

26mv-— 26 100 2600 =2 sk
I, 1

hie =

TOng trd cla mach khuéch dai:

7 R .hie 21x25 2 2Kk
"" R, hie 21 25 ~

D0 khuéch dai dién dp A;= =100 (cho trudc)
P06 khuéch dai riéng cUa Transistor
I\
hie
My 7 — R..R, 3.3x5
A AT ROR 33 5
AV= 92 _ 90 L4n
2.2

Né€u nguOn tin hi€u vao 13 mass c6 ndi tré ngudn la rs = 600  thi d0 khuéch dai
chung clla mach la:
Z

L N
=77 La
Z, 1 n

AVS =
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4/ Tinh théng s6 truong hop khéong cé tu Cy
Néu khong c6 tu Cg thi cuc E khdng dugc ndi mass. Ot trang thai xoay chi€u

mach dugc vé lai nhu sau
115
| "

RE:,

O

TruOng hop nay dudng tai dOng cUng chinh 1a duOng tai tinh.
+ Céc thong sO dugc tinh nhu sau:
TOng trd vio cla Transistor 1a.
v, iyhie i, R,

n=- ————— =hie+ Rg

I; i,

r; =2.5+100x1 = 102.5k
D0 khuéch dai dién 4p riéng cUa Transistor 1a:

iR, i,.R, R,

ip.l; i, hie R, hie R,

v
Av=—
vi

Do .Rg>>hie Nén

R
Av = -R_Z Va I = RE
Nhu vay
Av = —T3 =-331an

PO khuéch dai dién 4p khi khong c6 tu Cg bi gidm rat nhd. Nhung t6ng trd vao
rat 16n.
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IV- KHUECH PAI LIEN TANG
1- Khai niém

MOi thi€t bi dién t( thuGng diung nhi€u tadng khuéch dai ndi ti€p nhau. MOi
mach khuéch dai c6 th€ dung 1 hay nhi€u Transistor d€ thuc hién nhi€u nhiém vu
rieng dugc goi 1a 1 tang khuéch dai d€ ghép nbi ti€p cic tang khu€ch dai ngudi ta
thudng dung 1 trong 3 cach ghép la:

- Ghép bang tu lién lac (R-C)
- Ghép bang bién 4p (lién lac bang bi€n thé)
- Ghép bang ndi truc ti€p (lién lac thang)
2- Ghép tang bang tu lién lac.
a Mach dién

0
o
B Mach tuong duong

\b2 O
\bl lb 2
n R s J, by R R4 3 ‘I' o
1 s IS R
hie 3 ¢4 ) c

R] = Rb] 1/ sz
Rz = Rb3 1/ Rb4

(o]

.

hie, = 2=
0,
.

hie, = =&
0,

Pay 1a mach khuéch dai 2 tang ding Transistor mac ki€u E chung dudc ghép
lién ti€p nhau.

C, 1a tu lién lac tU nguon tin hi€u vao Q,

C, 1a tu lién lIac tU Q, sang Q,

C; 1a tu lién lac tU Q, sang tang sau hay ra tai
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Céc tu lién lac c6 tri sO tuy thubc vao tan sO cla tin hi€u d6i v&i am tan thi
thuOng c6 tri s6 tir1 10 F.

Céc tu thodt Cg c6 tri sO tuy thudc vao dién tré R thudng chon tr25 100 F.

O trang théi xoay chi€u d0i vGi cdc mach khuéch dai 4m tan thi tan s6 dugc
quy Udc la f = 1kHz

Dung khéng cUa tu lién lac la:

1
Xer = Xeo= X3 = TC]
ChonC,=10 F
1
XCl = 16

~ 2x3.14x10° x10x10 ©
Chon Cg = 100 F
XCE = 16

Céc tu dién c6 dung khang rat nho so véi cic dién trd trong mach, nén duogc
xem nhU ndi tat mach tuong dUgc don gidn nhu sau.

. q _ 0
ip l i ‘CJ,
5 e 3 l @ - l g(
| o |

1

o]

Rgi =Ry // Ry,

Ry =Rg, // Rp, // hie

R, =R /IRy
TrGng trd vao chung cla tang khu€ch dai th( nhat R;, = R, // hie,
TrOng trd vao chung cla tdng khuéch dai th( hai R, = R, // hie,

Nhu vay tréng trd vao cUa tang khuéch dai th(f hai 1a tdi cla mach khuéch dai
th( nhat.

Do R;; >> hie; va R, >> hie, nén
Rn hi61 Vél Ri2 hiez

Ta con c6 Ry = Rei // Ry Rey // hie, g0i 1a tdi xoay chi€u cla Q, va Ry, 13 tdi
xoay chi€u cla Q..
Ta c6 thé€ tinh dd khu€ch dai 4p cUa tlng tang khuéch dai theo cong thifc:
AV=. F
hie
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R, R, !/ hie,

+Tang 1 tacéd: AV1 =-

1 . 1 .
hie, hie,

Do Rc] >> hiez nén RC] // hiez hiez

AV hie,
"7 hie,
. R R
+tang2tacé: AV,=- = -
ng ~taco 2 hie, 2 hie,

+ D0 khuéch dai chung cla 2 tang khuéch dai la: AV

hie, R,,
AVC=AV1-AV2= 1 25. 5.
hie, hie,
R
(6 1 2 hie,

Nhu vay d0 khuéch dai chung cUa 2 tang khuéch dai ti 1& vGi tich s6 1 2 vati
sO v&i tOng trd ra tang cudi va tOng trd vao cla tdng dau

Ciéch ghép tang dung tu lién lac c6 uu di€m 1a viéc tinh todn trang thdi mOt chiéu
cho cacTransistor dOc 1ap v&i nhau.

3- Ghép tang bang bién ap.
a- Mach dién

SO d0 trén la 2 tang khuéch dai dung Transistor ghép ki€u E chung lién lac
bang bién thé.

Bi€n 4p T1 dung d€ ghép nlta 2 tang khuéch dai c6 ti sO vong sd cap va th(r

=~ N\ nl
capla —.
n,
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PGi véi bién 4p tOng trd gilta cubn sO cdp va cudn th(t dugc tinh theo cong
thiec:

(@]
~
| Ly nq ) ZL
(@]
7 2 2
n n
-t Z,=7, —-
Z, n, n,

TGOng tré culn sO cap la Z, dugc tinh theo sU' phan hoi cla trdng trd tU culn th(

cap.
DGi v3i bi€n 4p T1 tai & th(r cdp 1a tOng trd vao cla Q2 (hie,) dOi v&i bién thé
T2 thi tdi la R,.
Tai cla QI 1a tOng trd culn sO bién thé T1 dugc quy doi 1a
2
Z,=hie,
n,
Tai clia Q2 1a tOng trd cudn sO bi€n thé T2 dugc quy dbi 1a
2
Z,=R, L
n,

Mach dién trén dugc chuy€n thanh mach tuong duong nhu sau:

i
e ;3 g J
R ' l ()AV v 6
v B | £ e 53 Iy

RB = Rbl 1/ sz

2

. n
Zl = hlez —L
n,
2
n
Zz = RL L
n,
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B
hie,

AVQ1 =

2
hie,

AVQ2 =

AVc1=AV,x AV,
4- Ghép truc ti€p
Mach dién

+ VCC
O

l ' l iCé

1 Loy 1 S

n i b . (5] L fie ) 5 R
e '1 Q

c

Zi = RB // hi61
RLI = RCI // hiez
ZL = Rc2 // RL

Chuong 3

MACH KHUECH DAI HOI TIEP

I/ bai cuong

Mach khuéch dai c6 ky hiéu dang so do FB
hinh vé&, khi ¢6 tin hi€u dién 4p v, & ngd vao sé& ¢
hiéu dién d4p V, G ngd ra. Ti s6 A, =v,/v, i ‘>
dugc goi 1a d6 khuéch dai dién dp nhu da

Yo (io)
VS |
Bién soan:Luu Khung HuGng n j|i
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trinh bay trong cdc chudng trudc. Mach khuéch dai ki€u nay con goi 13 khué€ch dai
vong h@ va d€ phan biét v&i mach khuéch dai hoi ti€p, dd khuéch dai dién 4dp cla
mach khuéch dai vong h& dugc ky hi€u 12 A, (o : open = hd).

J1L=

—>
Vo

Mach khuéch dai khong hoi ti€p Mach khuéch dai ¢ hoi tiép

Yo Yo
Tacod: Av, . Vs Vi

Mach hoéi ti€p 1a mach 18y mOt phan ning lugng & ngd ra dua vé cung cap lai
cho ngd vao d€ di€u chinh 1ai cic thong sO va chi tiéu kY thudt cla mach khuéch dai.
Mach hoi ti€p trong sO d6 khoi dugc viét tat bang FB do “Feed Back “. P6i v6i mach
hoi ti€p, tin hi€u vao chinh Ia tin hiéu ra cla mach khuéch dai - c6 thé€ 1a v, hay i, -
tin hi€u ra cUa mach hoi ti€p ky hi€u 14 v;dugc dua vao mach khuéch dai chung vdi
tin hi€u v;. Ti sO gi(ra tin hi€u ra va vao cla mach hoi ti€p dugc goi 1a hé s6 hoi ti€p
ky hidu 12 k

_Yr

Taco : = vr=k.v,
Vo
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Mach khuéch dai cé6 duGng hoi ti€p dugc goi 1a mach khuéch dai hoi ti€p (hay
mach khuéch dai vong kin). Ti sO gilta di€n 4p ra v,va dién dp ngudn tin hi€u v, bay
gi0 g0i 1a d0 khué€ch dai hoi ti€p ky hi€u 1a Avg (F do Feed Back).

V)
Taco: Avp= —
VS
_> '
VS@ Vi D V"VD R,

A

Vr FB

Néu v, va v; dua vao ciing mOt cUc cUa Transistor nghia 12 hdi ti€p song song ta

v()
Vi =V, + V¢ V=V - V¢ Ayp =
V.

Tw e

VF FB

Néu hoi ti€p noi ti€p thi v, va v; dUa vio hai cuc cUa Transistor thi ta c6 :

v(}
V; =V, —V; Ve=V; + V¢ Ayp = ,

i

Vi

1%

(4

TOng quit: Ayp = —
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II/ Phuong phap xac dinh loai hoi ti€p
1) Cong thuic tOng quat
Trong mach khuéch dai vong hé ta cé

Vo Yo
A Vs Vi
(n0i trd r, thuOng nhod)
Vo = Vi.AV()
Trong mach khuéch dai hoi ti€p néu chi xét tU ngd vao vi d€n ngd ra v, thi d0 khuéch
dai chinh 1a d0 khuéch dai vong hé Ay, va:
Yo

AVO = Vi Vo = Vi.AVO

Trudng hgp xét ti nguOn vs dé€n ngd ra v, bao gdm cd mach hoi ti€p thi c6 dO
khuéch dai hoi tiép Ia.

vO N 7.
Avp= — Vavi=V; Vi vOi1 vi = kv
VS
v,Av, Vv, Av, v,Av,
Suy ra: Avg= r A
v v,oov kg, v,
A Ay,
ET KAy,

Goimaus® 1 k.Av,la thira s6 hoi ti€p F ta cé:

F=1 kAv, va Avg =

F
2) Truong hop F = 1 - kA, (hi ti€p song song)

Trong phan I da phan tich, n€u hoi ti€p song song thi ta c6

Vo
Vi=Ve+ Ve Vi=Vi—Vy Ayp=
v, v,
Aw= —0  RE_q_gA
Suy ra: Avyg = =1 —K.Avyo
Y 1 kAv,

Ta c6 céc truOng hgp sau:
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a)n€ul-kAy >l Ay<Ay
Mach hoéi ti€p c6 tac dung lam gidm dd khu€ch dai nén 1a mach hoi ti€p am.
Khi d6 —kAv, >0 kAv, <0 nghia la k. Ay, trai dau.
b)n€uF=1-KkAy>1 Ay>Ay,

Mach hoi ti€p cé tic dung lam ting d0 khué€ch dai nén 1a mach hoi ti€p duong.
Khi d6 -k.Avo<0 k.Ay,>0 va diéu nay co nghia la k va Ay, cung dau.
¢) n€u mach khuéch dai c6 —-k.Av0 >>1 thi
_ AVO AVO l
1 kA, kA, k

AVF

Trudng hgp d0 khuéch dai hoi ti€p Ayr 12 nghich ddo va ngudc dau vGi hé sO
héi tiép k.
d)NéuF=1-kAy, =0 kAy =1

Trudng hgp nay ta co:
A AvO
T kA,
1% Vv V.
kKAw=1 -+ 1 L 1
Vo V; V;

suy ra vi = v;
lic d6 mach tU tao ra tin hi€u va trd thanh mach dao ddng.
3)Truong hop F = 1 +k.Ay, (hOi ti€p nébi ti€p)
Néu hoi ti€p noi ti€p ta cé:

Vo

Vi=Vi—Ve  Vi=Ve+V; Ay =
v, vy

suyra Avp= F=1+k.Ay
Ta c6 céc truOng hQp sau:
a) Né’u F=1+ k'AVO >1 AVF < AVO

Mach ho0i ti€p c6 tdc dung 1am gidm dO khuéch dai nén 12 mach hoi ti€p am.
Khi d6 k.Avo > 0, nghid 13 k va Ay, ciing dau.

b)NéuF=1+kAy,<1 Ay>Ay

Mach hoi ti€p cé tidc dung lam ting d0 khué€ch dai nén 1a mach hoi ti€p duong.
Khi d6 k.Av, <0, nghia 12 k va Ay, trdi dau.

¢) Néu mach khuéch dai c6 k.Ay,>>1 thi
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A _ AvO AVO l
T kA, kA, Kk
d)NEuF=1+kAy =0 kAy=-1
Trudng hgp nay ta co:
AVO
AVe= 1A
V, vy V.,
kAve=1 —+——2* 1 2L
Vo V; V.

Vo= V¢

Liic d6 mach tu tao ra tin hi€u va trd thanh mach dao dOng.

4) Bang phan loai hoi ti€p theo thira sd hoi ti€p F

HOi ti€p song song

HOi ti€p nbi ti€p

A AVO A Av()
T kA, T kA,
F=1-kAvyw>1 kAy<0 F=1+kAvw>1 LkAy>0

k va Ay trdi dAu  hoOi tiép am

k va Ay, cung ddu hoéi tiép am

F=1-kAy<l
k va Ay cung dau

k.Ayo >0
hoi ti€p duong

F=1+k. Ay, <1
k va Ay, trai dau

k.Ayo <0
hOi ti€p duong

Kk va Ay, trai dau

A o A ,. 1
hOi tiép am vOi Avr = v

-k.Ayy >>1

k.Avw>>1  kva Ay, cing dau

N o A ,. 1
hOi ti€p am vOi Avg = m

F = 1 - k.AV() = O k.AV() :1
Avr va tr@ tanh mach dao dOng

F = 1+k.AV() :O k.AV() :-1
Avr va tr& thanh mach dao dOng
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I1I/ HOi ti€p Am dong dién ghép ndi ti€p
1) Mach dién:

§ Re ch

IN
Jl R

= = = = Hinha Hinh b

2) Nguyén ly:

Trong sO d0 2 mach khuéch dai trén céc tu lién lac C;, C, va tu di€n phan dong
Cg dugc chon c6 gid tri dU 16n sao cho G tan sO tiéu bi€u cUa tin hi€u ngudn v, thi
dung khang Xc rat nhd nén dugc coi nhu ndi tat.

ThuOng chon

C,=C,=1F 10 Fchof=1kHz

Ce=25F 100 F chof=1kHz

Nhu vay, tu Cg trong mach dién coi nhu ndi tat dién tré Ri xudng mass doi voi
tin hi€u xoay chi€u. Pay chinh 12 mach khuéch dai ki€u E chung di dugc phan tich.
PO khuéch dai dién 4p cla Transistor 1a:

E

Avy=- Re vai trdm lan
hie
Trong mach khuéch dai khong diing tu Cg nén dong di€n tin hiéu ngd ralai. i.
di qua R tao nén di€n dp xoay chi€u v, ciing chinh 12 dién 4p hoi ti€p v;.
Tacd: vi=v. =1..Rg
NhU d3 phan tich thi d0 khué€ch dai dién 4p ciing chinh l1a d0 khuéch dai hoi
tiép:

Av=A Re
V=Avp=-—
F RE
Dung 1y thuy€t hoi ti€p d€ phan tich ta c6:
A ~ R4 vf ve
+ Hesohoi tiep: k=—  —
vy v,

(dau — do tin hiéu cuc C va cuc E ddo pha)

i, R, R, K13 B 3
i R, R, (k 1a sO am)
Trong ban phan loai hoi ti€p theo thira sO F ta cé:
A
Agp= —0
T kA,

Do Ay, vai trim 18n nén k. Ay, >>1,
nhU vay ta van c6 két qua giOng nhu trén mach tuong duong nhung cach tinh
don gidn hon nhiéu.
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IV/ hoi ti€p am di€n ap ghép nédi ti€p

1) mach dién:

2) Nguyén ly:

Mach dién hinh a 1a mach khuéch dai hai tang khong hoi ti€p. PO khuéch dai

chung cUa hai tang la:
Rey, o ./
Avo=Avoi.Avip= 1 » h_ (rat 10n)
ie,

Trong mach di€n hinh b dién trd Rg, va R; dugc thém vio cdu phan 4p 18y di€én
4p ngd ra v, cho ra dién 4p vf trén Rg; d€ tao su hoi ti€p.
Dién 4p hOi ti€p v, 13y trén Rg; dugc tinh bdi cdng thic:

REl

R, Rf
Theo dinh nghia cla mach hoi tiép ta cé:

vi = kv
suy ra hé s6 hoi ti€p k clla mach 1a:

Vf = V.
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E1l
R, Rf
Trong ban phan loai hoi ti€p theo thira sO F ta cé:
Ay
1 kA,
Do Ay, rat 16n (vai trim 18n) nén k. Ay, >>1, nhU vay
Avo 1 REl Rf
L A, k R, (Ave>Avo)
D0 khuéch dai hoi ti€p sé phu thudc rat 16n vao dién trd R;. Pién trd Rg; c6 pham vi
thay d6i khong 16n 1dm vi dnh hudng dén trang thdi phan cuc mdt chi€u cla Transistor Q.
Ta c6 thé phén tich nguyén 1y cUa mach dua vao gbc pha cUa tin hiéu nguﬁn Ve, Vi ,Vo
va v nhU sau.
+ khi v, ¢6 ban ky duong thi Q, dan manh va cuc Cq; ¢6 ban ky 4m ra dua vio
cuc Bqs.
+ khi Q, nhan béan ky 4m vao cUc B, thi Q, dan yéu va cuc Cq, ¢6 ban ky duong ra, v,
¢6 ban ky duong.
+ tin hi€u dudng v, tao ra dién 4dp hOi ti€p v; ciing 12 ban ky duong nén v, va v,
cuing dau.
Mach hoi ti€p nGi ti€p nén ta c6:
Vo=V + Vg

k= vak>0 (k 1asO duong)

AVF

AVF

Vi=Vy— V¢
Do v; va v, cling ddu nén vi bi gidm bién d0 s& lam gidm bién d6 dién 4p ra v,
mach hoi ti€p 1a loai hoi ti€p am.
V/ HOi ti€p am dién ap ghép song song
1)Mach dién:

T

o
¢y
| I

ﬁ

2)Nguyén ly

Hinh a Hinh b

Mach dién hinh a 12 mach khuéch dai co badn diing 1 Tansistor va khong c6 hoi
ti€p. PO khuéch dai di€n 4p cla mach 1a.

R < . A
Ayo=- —5 (vai trdm lan)
hie
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Mach dién hinh b c¢6 dién tr@ R; thay dién tr@ Ry 18y dié dp cuc C (VC) dé
phan cuc moOt chi€u cho cuc B dOng thdi 1a dién trd hoi ti€p d€ 1ay dién 4p ra v, dua
lai ngd vao.

Pién trd R; k€t hop vGi trOng trd ngd vao hie tao thanh cdu phan 4p cho ra dién
4p hOi ti€p v; tinh theo cdng thirc.

hie
Vi=Yohie R,

Theo dinh nghia cla mach hoi ti€p ta cé:

vi= kv

Suy ra hé s6 hoi ti€p k 1a:

hie

k= m (k 1a he sO duong)

Theo sO d6 nay di€n dp vao v, di€n ap hoi ti€p v; cing dugc dua vao cuc B nén
day 12 mach hoi ti€p ghép song song.

Ta c6:
Vi = Vgt+Ve Vs = Vi- V¢
Trong ban phan loai hoi ti€p theo thira sO F ta c6
AVO
Ave= 1 k.A,,
Do Ay, rat 16n (vai trim 1an) nén k.Ay, >>1 va nhu vay.
Ao A, l hie Rf
T kA, Kk hie

PO khuéch dai hoi ti€p s€ phu thudc rat 16n vao dién t3 hoi ti€p R; vi tOng trd
ngd vao hie d0i véi moi Transistor gan nhu khong doi.
Ta ciing c6 th€ phan tich nguyén 1y cla mach dua vao géc pha cUa tin hi€u ngubn
Vs, Vi Vo Va v¢ nhU sau:
Khi v, c6 ban ky duong thi ngd ra v, ¢6 ban ky 4m do mach khuéch dai ddo pha,
Vo ¢6 tin hi€u b4n ky am.
Do hé s6 k duong nén di€n dp hdi ti€p v, c6 ban ky am.
Pién 4p ngd vao vi nhan 2 tin hi€u v, va vs 1a 2 tin hi€u ddo pha nén tin hi€u vao
bi gidm nhd s& 1am cho tin hiéu ra v, bi gidm, mach hoi ti€p 12 hdi ti€p am.
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VI/ Hoi ti€p 4m dong dién ghép song song
1) Mach dién: vcco

vee
(o)

A

Hinh b

T
our
2) Nguyén ly

Mach di€n hinh a 12 mach dién khuéch dai khong hoi ti€p c6 2 tang. PO
khuéch dai dién 4p chung cho 2 tang 1a:

_ R, X 1A
Avo= | 27 (I'at IO'n)
hie,

Trong d6 ;| ,1a d6 khuéch dai dong dién chung cho cd 2 tang g0i l1a d0 khuéch
dai hd (khong hoi ti€p) Ay.

RC2
0 hie,

Mach dién hinh b ding dién tré R, 1ay di€n dp Vg, d€ phan cuc cho cuc B, thay
cho Ry, dOng thoi 1dy tin hiéu ra trén cuc E, d€ hoi ti€p vé cuc B,. tin hiéu dién 4p
trén cUc E, do dong dién raip=ic, ie, qua Rg, tao ra nén goi 1a mach hoi ti€p dong
dién. Tin hi€éu ngubn vs va tin hi€u hoi ti€p v, cing dua vio cUc B nén diy 12 mach
hoi ti€p ghép song song.

Trong mach hoi ti€p loai nay ching ta sé phan tich bang d0 khuéch dai dong
dién hG Ay va d0 khuéch dai dong dién hoi ti€p Ay

Ta c6:

TacoAp= | » AV0=A

lc2

I
Ay = TO | » (da tinh nhu trén)

i cl

Mach héi ti€p dong dién bang R; c6 th€ vé& ra mach tuong duong nhu sau:

Ta cé: [
L R¢ J/IZ
iez = i1 +ig \L
i,(R; +hie) = i».Re> = Voo .
i, R, hie =

f — —
) R,
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i, I Rg, Ry, Ry,
i, R R, hie
il REZ
' i R, R
Do hie; <<R; nén £2 B
L Ry,
il RE2 < . . . o . N A A R . < « A
Suy ra T S 5, ma 1, =1 vale =1 nén he sO hoi tiep Dong dién
Lo REz Rf
1a b, dugc tinh theo cong thUc:
if R
k= LT
i, Rg, Rf

DO khuéch dai dong dién hoi ti€p Ay dugc tinh theo cong thiic:
1 R R,

A=+
IF k REZ

TU d6 khuéch dai dong dién hOi ti€p Ay ta ¢ thé€ tinh d0 khuéch dai dién ap
hOi ti€p Ayr theo cong thUc.

R
AVF = AIF h.C2
le,
R R, R
AVF = Lﬁ
R,  hie,

Nhu thé d6 khuéch dai hoi ti€p phu thuQc rat 16n vao R con dién tré R, ¢
pham vi thay d0i khong 16n 1am vi dnh huéng tGi trang thai phan cuc mot chiéu.

Né€u dua vao géc pha cUa tin hi€u d€ phan tich thi ta c6:

Khi dién 4p nguOn vs ¢ ban ky duong thi Q, khuéch dai ddo pha cho ra ban ky
am, qua Q, 1ai khuéch dai ddo pha cho ra ban ky duong & ngé ra v,.

Tin hi€u héi ti€p 14y trén cUc E, 12 tin hiéu ddo pha vdi tin hiéu C, & ngd ra nén
tfn hiéu héi tiép s& 13 ban kY m.

Tin hi€u hodi ti€p v; c6 ban kY am ciing dua vao cuc B v&i dién dp ngudn v,
nhUng ngUgc pha v&i v, nén lam gidm bién d0 cUa dién 4p tin hi€u vao v; va gidm
dién 4p tin hiéu ra v,, mach hoi ti€p 12 mach hoi ti€p am.

VII/ Aiinh huéng clia hoi ti€p Am d€n cic thong s6 trong mach

Trong chuong nay chi phan tich cdc mach hoi ti€p am ding trong cdc mach tuyén
tinh, cdc loai mach hoi ti€p duong sé dugc phan tich trong chudng mach dao dong.

Mach hoi ti€p 4m ngoai tdc dung lam Gn dinh d0 khuéch dai di€n 4p con 1am thay
d0i cic thong sO va chi tiéu kY thudt khic cla mach nhu téng trd ngd vio Z;, tOng trd
ngd ra Z,, d6 rOng bing thong BW.
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D€ thay tic dung cUa hOi ti€p am dnh hudng 1én cic thong sO trén nhu thé nao,
nUdi ta thuOng diing mach tuong duong d€ phan tich & day cho ban két qud sau khi
da phan tich, tinh toan .(phan phan tich tinh toan rat dai)

GO1 Zi, Zy, Avo, BW 1a céc thong sO cla mach khi khong c6 hoi tiép am va goi la Z,
Zor, Avg, BWg 1a céc thong sO cUa mach khi c6 hoi tiép am ta c6 bang két qua sau:

. . .~ ~|HOi ti€p am |HOi tiép am |HOi ti€p am |HOi ti€p am
Cé4c thong sO ky | . A , P O R A
thuAt dopg dién nOi dlt;En ap nOi | dien ap song | dong di€n song
' tiép tiép song song
e > Z.
TOng tro ng6 vao Zif = ZIF Zif = ZIF Zif = FI Zif = FI
oo Z, Z,
TOng tro ngora Z()f = Z()F Z()f = F Z()f = 7 Z()f = Z()F
DO khuéch dai Ay Ay Ay Ay,
dién 4p Ave = Ave = Ave= Ave=
E‘(’)gn‘;ang baNE | W, = BW.F |BW,=BW.F |BW,=BW.F |BW;=BWF

Trong baiin ket quail trean F lag hed sod hoai tiedp vag F = 1

Nhain xeut:

k.Avo

Maich hoai tiedp adm dogng fiiedn nodi tiedp lagm taéng toang trdd ngod vago
vag ngoo ra lean F laan.

Maich hoai tiedp adm fiiedn aup nodi tiedp lagm taéng toang trdtl ngod vago vag giaim
toang trot ngoo ra F laan.
Maich hoai tiedp adm fiiedn aup song song lagm gialim toang trdti ngod vago

vag ngo0 ra xuodng F laan.

Maich hoai tiedp adm dogng fiiedn song song lagm gialim toang trd ngod

vago vag lagm taéng toang trod ngod ra lean F laan.

Taét cali cauc maich hoai tiedp adm fieau lagm fiod khuedch fiaii fiiedn aup
gialim xuodng F laan vag fiod roidng baéng thoang taéng lean F laan.

Calic maich hoai tiedp adm lagm taéng toang tr6t ngod vago tho6gng dugng cho taang
khuedch fiaii fiaau tiedn fied khoang lagm gialim biean fiod tin hiedu nguoan V,. Catc
maich hoai tiedp adm lagm giaiim toang tr6t ngod ra thodgng nooic dugng cho taang
cuodi cugng fiea taéng khall naéng cadp dogng cho tafi.

Ngoagi cauc thoang sod kyd thuait trean maich hoai tiedp cogn talic duing gialim biean
nod nhieau, gialm fiod meuo phi tuyedn vag meuo taan sod.
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Choong 4

KHUECH PAI MOT CHIEU VA KHUECH PAI
THUAT TOAN

I/ Khii ni€m vé tin hiéu tan sd thap bi€n thién cham.

Céc mach khuéch dai ghép R-C , bi€n 4p ma ta khdo sat & cic chuong trudc dugc
Ung dung trong cdc mach khuéch dai tin hi€u xoay chi€u, tan sO thap nhat ciing trén
1 Hz. Trong thuc t€ con c6 nhitng tin hi€u c6 tan sO dudi 1 Hz goi 14 tin hi€u bi€n
thién chdm, nhu :tin hi€u cdm bién su bién thién cUa nhiét d0, dnh sing, d0 am,
mUc chat 18ng, phdn Ung hod hoc, dong dién sinh hoc...Céc tin hi€u bi€n thién
chdm dugc xem nhu tin hi€u moOt chiéu (DC).

BO khuéch dai tin hi€u bi€n thién chdm c6 ddc di€ém nhu sau :
Tin hiu c6 tan sO rat thap xem nhu tin hi€u DC.
C6 ngd vao doi xUng.
Hé s6 khuéch dai rat 18n ( tin hi€u bién thién chdm c6 bién d0 rat bé vai v dén
vai chuc v).
Kha niing chOng nhiéu tOt.
Dién 4p tinh & ngd vao va ngo ra bang khong d€ dé chudn hod.

Phan cuc phdi rat On dinh, khong bi troi theo nhiét dd, n€u khong s€ bj sai s0,
day la di€u kién rat quan trong cla mach khuéch dai DC.

+\VCC
T
- ™ty
< &)

CaAm bién nhiét i

M6 himh mach dién nguOn tin hiéu doi x(ng

Vi nhiing dac di€m trén nhat 13 vé dac di€m tan sO, ro rang 1a khuéch dai
R_C va ghép bi€n 4p 1a khdng dap Ung dugc vGi tin hi€u DC. Ta cé thé diung mach
khuéch dai ghép truc ti€p, nhung ciing han ché sO tang khuéch dai vi tinh todn phan
cuc kha phUrc tap, hon nita kha ning On dinh phan cUc va chOng nhiu sé& kém khi s6
tang khuéch dai cang ting, hodc khong c6 ngd vao ddi xUng. Trong chuong nay ta sé&
khdo sit hai dang mach khuéch dai dién 4p mOt chiéu 12 khu€ch dai vi sai va khuéch
dai thudt toan, hoan toan dap Ung dugc cic ddc di€m trén.

II/ Mach khuéch dai vi sai (Differential Amplifier).
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1) Dang mach co ban.
TG

.
l R

B1
-vcc

Khuéch dai vi sai 1a khué€ch dai su sai biét tin hi€u 2 ngd vio mach c6 tinh doi
xUng, c6 2 ngd vao va 2 ngd ra, ngd vao c6 thé chon khong doi xUng vi; va vi, so vOi
mass hay d0i xUng v; = v, - vp,.

Tuong tU ngd ra c6 th€ chon khong ddi xUng v, Vo, so vOi mass hodc khong doi
xUng vy = Vo — Voo

Hai cuc E dugc n0i chung vGi nhau va 18y nguOn am (-Vc) d€ tao dién thé phan
cuc @ ngd vao Ov. hodc cuc E dugc phan cUc bang mOt ngudn dong khong doi (Ix) dé
c6 ndi tr@ ngubn vo cing 1én (R ).

Ta c6 & trang thdi tinh vi; = v, = 0, Q; va Q, hoan toan d0Oi xUng.

ICl + IC2 = IE ICl = IC2 = 1/2IE

Vi I << Ic nén b qua dong I

Tin hiéu vao bd khuéch dai vi sai phan lam 2 dang, tin hi€u vio vi sai va tin hiéu
vao dOéng pha.
Tin hi€u vao vi sai (Differential input signal).
L3 hai tin hi€u vio ngUgc pha, ddy 1a tin hi€u vio c6 ich can dugc khuéch dai.
viD

Vit =-Vip = —|—.
2

Tin hi€u vao dOng pha: con g0i la tin hi€u vao cach chung (Common Mode
Signal). Chiing thuOng 12 céc nhi€u, vi du céc di€n truOng cUa tia 1(ra dién, dién dp
trdi theo nhiét d0, lugng bi€n ddng clia ngudn cung cdp...

Vit = Vi2 = Vic.
2) Tinh trang thai tinh (phan cUc ban dau)
Do mach khu€ch dai vi sai hoan toan dOi xUng, ta chi can tinh todn m6t v&. Do
duing Rg cho Q, va Q, nén khi dua vé mOt v€, Rg dugc thay bang 2Rk nhu hinh vé

Bién soan:Luu Khung HuGng 55



Bai Gidng Mach Dién TU

+ dw
- RC
TU hinh vé ta viét dugc 2 phuong trinh vong kin BE va CE ta
co |
a
IB-RB + VBE + 2 IBRE = 'VCC 0—54@
IcRC + VCE + 2 IBRE = VCC
R
Valy Ie=1Iq T Qe
TU cdc phuOng trinh trén suy ra gi4 tri dong di€n va dién 4p 1 o]

trang thdi tinh. Ngugc 1ai khi biét dién 4p va dong dién e
gitp ta tinh dUQc c4c dién trd phan cuc.

Bai tap 1:

Chobi€t: Vee= 12v,Rc=2k ,Rg=5k ,Rz=50k ,Q =Q, c6 =100 tinh
céc gid tri dong dién, dién 4p trén cdc cuc B, C, E clUa mach.

Baitap 2 :

Cho bi€t: Veec= 12v Transistor c6 =100 tinh Rg, Rg, Re cho mach c6 phan cuc
la: Ic = 1mA, Vg =4v, Ve =0v.

3) tinh trang thai xoay chi€u.

a) Hé s6 khuéch dai vi sai (Avp)

Neéu hai tin hiéu vio 12 vi sai (ngUQc pha) vi; =-vi,, gid s Q, c6 ban ky duong thi
Q. c6 ban ky 4m nén Q, dan manh I, ting con Q, dan yéu Ic, gidm. Nén dong dién
qua Rg khong thay d0i va dién 4p trén Rg khong d0i, nhu vay vé mat xoay chi€u xem

nhu cuc E dugc nOi mass d6i v6i tin hi€uvi  sai. TU d6 ta c6 mach tuong
duong. e,
P
R
e 1 C
2y o CD 1
v 1D o)
1/2 Vi hie 2
-0
R
Avp = A =-A =-_—¢
VD VD1 VD2 Zhie
R
V = -Vj <
= Vi e,
R
V = -Vj ‘
2= Vo 2hie,
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Hé s0 khuéch dai cla tang khuéch dai vi sai bang v&i hé sd khuéch dai cla
tang E chung, hé s6 Y la do tin hi€u vao tang khuéch dai vi sai chi bang phan nlra
bién d6 so vdi tin hiéu vao cla tang khuéch dai don E chung.

Hai tin hi€u vao 12 nguQc pha thi hai tin hiu ra ciing ngugc pha. N€u 13y hai tin
hiéu ngd ra duara 1 tdi R, khong qua mass thi di€n 4p trén tdi ting gdp d6i Ve = 2V
= 2\loutZ-

b)Hé s6 khuéch dai dong pha (Avc).

Khi hai tin hi€u vao 12 d0ng pha V;, = Vi, Gia sU v;; ¢6 ban ky dudng thi V,, ciing
¢6 ban ky duong nén Q1, Q2 cing dan manh, dong I, va I, déu ting, do dé dong qua
Rg s& gdp hai 1an I¢, hodc I,. Nén dién 4p trén Rg ting 1én mOt Iugng 13 v, = 2i.R.
= 2i.R. (i. 1a dong AC). Trong truOng hQp nay Rg van xudt hién nhu dién trd hoi ti€p
c6 gid tri bang 2Rg. Ta c6 mach tuong duong 1 v€ nhu sau.

AVC = AVCl = AVc2 =

Dién 4p & ngd ra.
RC

1
Vo=V = —. Vi
01 02 7 RE

Néu 13y hai tin hi€u & ngd ra dua vao moOt tdi Ry khong qua mass thi di€n 4p trén
tdi s€ bang OV (Vg. = 0V).
¢) Ti s6 nén déng pha (CMRR ).

D€ dinh gid mUc dd tri€t nhi€u tin hi€u dOng pha ngudi ta dua ra thong sO
CMRR (Common Mode Reject Ratio) dugc dinh nghia nhu sau:

AVD AVD
CMRR = Hay CMRR = 20log

AVC AVC
CMRR = Ry

hie

Hé s6 CMRR cang cao thi mach c6 tinh triét nhi€u cang t6t. d€ ting hé s
CMRR ta ting Re. Nhung néu ting R 16n thi hie s€ gidm vi I gidm. Do d6 ta thay Rg
bang mach cap ngubn dong khong d6i. Mach ngudn dong tuong dudng nhu cé ndi
tr® vo cung 16n, nghia 1a Rg thi mach chOng nhiéu rat tot.

NOi tr@ nguOn dong dugc xdc dinh bang cong thic.
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ri=—
1
Vi dong dién khong thay dGinén i 0
Suy ra: ri tuong duong Rg
Mach c6 CMRR =  chOng nhiéu tuyét doi.
d) Téng trd vao, tOng tré ra:
TU mach di€én khuéch dai vi sai nhin gilta 2 cUc B, va B/, ta c6:
+ TOng t3 vao vi sai:
Rip = 2hie
+ TOng trd vao dOng pha:
R;c = hie + 2Rg.
+ TOng trd ra gilta 1 trong 2 cuc C va dat 1a
Ro=Rc
Bai tap 3:
Tir Bai tap 2 tinh.
a) Hé s0 khuéch dai vi sai Avp va hé sO khuéch dai dong pha Avc?
b) TGng trG vao vi sai Rip, va tOng trd vao dOng pha Ric, tOng trd ra.
¢) Ti s6 CMRR.
Baitap 4 :

Tinh todn mach khuéch dai vi sai ding Transistor loai pnp c6 cic thong s6 nhu vi du 2.

4) khuéch dai vi sai dung ngudn dong.
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DE thod min dugc phan cuc DC va dOng thdi ting CMRR ta thay Re bang ngubn
dong dung Transistor Q;. cung loai vdi Q, ,Q.. ve mat DC ta phan cuc cho Q; sao cho
VCE/Q3 + VR2 béng Vél E/lp trén RE

Loz = oo + Lo

Vz VB

lojos= E = Const
C/Q3 R2

VEé mat AC thi dién tr& tuong duong gilra hai cuc E-C cla Qs ¢6 gid tri rat 16n
do dé ting CMRR rat cao.

. Y
REC/Q3 =I= —l

Vi i = 0
Bai tap 5 : Tinh todn R, va Dz sao cho mach ¢6 cdc gia tri dong dién va di€n dp nhu
bai tap 2.
Bai tap 6 : Tinh todn mach khuéch dai vi sai dung Transisror pnp nhU bai tap 5.
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ITI/ Cac mach Ung dung cla khuéch dai vi sai.

Ngoai Ung dung cUa khuéch dai tin hiéu DC ngd vao ddi xUng do ddc ti'nh Gn
dinh phan cUc vi chOng nhiéu t6t mach khéch dai vi sai con dugc dung rOng rdi trong
khué€ch dai AC, ngd vao hodc ngd ra bat dOi xUng nhu: khuéch dai ddo pha(a),khuéch
dai d6ng pha(b), khuéch dai hoi tiép(c).

|< Vouz
( Voul

+é€€

Hinh a (V,; va V(, nguQc pha nhau)

Hinh b (mach kbugch dai khong
e

R
s
R
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Hinh ¢ (Mach khuéch dai c6 hoi ti€p)

B AI TAP 7 G
Cho mach dién nhu hinh vé :
a) V& mach tuOng duong.

b) Xéc dinh cong thUc tinh
Av; theo thUra s6 hoi tiép. o S g

o—)k vooe ? 9
¢) Cho céac Transistor c6 = : wr_
100, Vg = 0.6V, .
R1 = R5 = 50K I
R5 = R7 = 15K
VCC = ISV, VZ= 6V2

Tinh R4 cho VC/Q3 =0V
d) Tinh dién thé cuc B va E cla Q, va Q,

-Vee
O
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Giai
a) Mach tuong duong.
B hiey hie,
’ B c ’ 0
hie he.ib, R,

q
4
q
(@]

b) X4c dinh hé sO Khuéch dai. ¢
Ta c6: tin hi€u dua vao Q, va h0i ti€p vé Q, nghia 14 hoi ti€p dién 4p ghép noi tiép.

A . o R
- bién 4p hoi tieép: Vi = Vpu= —=V,
RS R6
N e . . Vf R6
- He sO hoi tiep: K= —
V, R, R,

- Néu khong c6 tin hiéu hoi ti€p tlc 1a R = O  thi hé s6 khuéch dai vong hé 1a: Av,
AV() = AVQ1 X AVQ3

Ry lhie, R, IIR,

hie, hie,

AV() =

hie, R, 1 sRy

1 .t 3. .
hie, ~ hie, hie,

AV() =

Vay Av, rat 16n dong thdi K va Av, cling ddu va K.Av, >>1 nén theo bang phan loai
hoi ti€p F ta cé.

1 1 R. R R
Av, — LR
" K Ry R, R,
RS R6
Vav: Avf =1+
Ay Ry

C) Tinh R4, DZ cho VC/Q3 =0V
VC/Q3 = OV => VR7 = 15V

V., 15V
loos=lxy=— —— 10mA
CETRT R1SV

1 10
=> IB/Q3 = < m 0.1mA

0.6
VBE/QS = VR3 = 06V => IR3 = E 0.4mA
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IC/Q1 = IR3 + IB/Q3 =0.4+0.1 =0.5mA
IC/Q1 = IC/Q2 =(0.5mA
=> loigu = loigr + [Cige=1mA =14

IR4 = ‘;:4 VZ R 06 1mA
4 4

Chon D, ¢6 Vz=6"2 vaR, = 5.6K
Taco Irs = IMmA
d) Tinh dién th€ cuc E va B cla Q, va Q,

0.5
AY =V =-Izh Rp = —/—50 0.25K
B/QI B/Q2 B-RB 100

Ve=V5-0.6=-0.25-0.6 =-0.85V.
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KHUECH PAI THUAT TOAN
(Op —Amp: Operational Amplifier )
I - Khii niém :

Vi mach khuéch dai thudt todn (IC — Op-Amp ) 12 vi mach c6 hé s6 khuéch dai
rat 16n, dung d€ thuc hién cacphép tinh cOng, trlr, nhan, chia, vi phan tich phan, hodc
dé€ tao ra cdc séng sin, vudng, tam gidc. Vi mach c6 hé s6 c6 2 ngd vao va 1 ngd ra va
hai chan cap ngu0n, c6 th€ cap ngudn doOi xUng hodc ngudn don. (hinh 1)

- Ngd vao khong ddo, ky hi€u 1a (+)g hay V"
- Ngo vao ddo, ky hiéu Ia (-) hay Vi
- Ngo ra, ky hi€u 1a OUT hay Vour

Hai ngd vao duoc thiét k€ dudi dang vi sai. Pién ap ngorala :

Vour =A(Vi' - Vi )

Trong d6 A 13 d0 khuéch dai hay d0 10i cUa vi mach. Néu vi mach khong ding
hoi ti€p, dugc goi 1a d6 khu€ch dai riéng hay d0 1gi vong hd : A = 50.000 : 200.000

Céc IC Op-Amp thong dung la :
741 ; 062 ; 082 ; 4558 ; 064 ; 084 ; $V (C
324. hai chit cdi dUng dau chi hing ;
san xudt. Riéng hing Hitachi ch(r L 2 o A
dUng dau 1a HA17.... Ngoai ra, vi Hi t
mach 741 con c6 thém chan Off set

null d€ chinh dién thé chan out
ding bang OV.

o . Hinh L: Kyl hiedu OPAVP
NguOn cung cap :

Né€u dung ngudn d0i xmg Vee = 6Ydén  15Y vamass 1a OV
Néu diing ngudn don OV va Ve, = 12v dén 30v
II/. CAC VIMACH THONG DUNG :
So d6 chan Vi mach 741 (hinh 2 ):

e N ] -IN : Ngd vao ddo
L
-, . +IN : Ngd vao khong ddo

L - — o 2y .

: : OFFSET NULL : Chan dung de chinh diém 0
L — G ngd ra

4 5 ~

U 1 OFFSET OUT : Ngo ra
NULL N 2. N
NC : Chan IC khong nOi vOi mach di€n bén

Vi mach LM 324/224/124 ; 064 ; 084
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OUTA

+INA

Vi mach 062 — 082 - 4558 W
V+

+INB

[6]1 7] [61 B s

+E '
> 0uTB

11 - CAC MACH CO BAN :
1 — Mach khuéch dai ddo: ( hinh 4)
Trong d6 R, xdc dinh tOng trd vio

1-[-0-0-1-]-]-

° ; E Hinh 3: 50 fioa chaan vi maich LM
3U24124

C

outD

+IND

0= 0= 1

PJ
P

-IND

—
—

+INC

-INC

=0-0=1

outc

TOP View

V-0 RGround

R, h
R, dién trG héi ti€p am x4c dinh d0 10i g—'w»—:[>
o s o ] .
R; dung dé can bang tOng trG vao cho OPAMP Vi 1
, ~ R, R §|N §R3 unw
Trong do, ti sO R duQc goi la dO 101 vong v i
! o o
kin ( Ay) cUa mach khuéch dai. MuOn thay dbi
d0 khuéch dai vi sai vong kin can chon céc gia Hinh 4: Maich Khueach i fiado
tri R] va R2 thich hdp dUﬂﬂg OPAMP
- « A ~ n A R1R2
Diéu kién t6t nhat nén chon: R;
RI R2
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2 — Mach khuéch dai khéong dao :

Tin hi€u dua dén ngd vao khong ddo, dudng hoi ti€p 18y tU ngd ra qua cau phan dp
R,R, dua dén ngd vao ddo ( hinh 5 ). Tin hiéu ra dong pha vdi tin hi€u vao va duogc

s A ¢ Rl RZ
tinh theo cong thuc: V,, V., ———
1

- R o

Trong d6 : dO 101 Ay : A

!

RR

R, R,IR —122 Vo

1 2

O

Hinh 3 Mich khueach
. hodng falo dugng OPAVP
3 - Mach dem:
Mach di€n nhu hinh 6 diing hoi ti€p 4am 100% nén d0 10i Ay = 1

Tin hiéu vao dua dén ngd vao khong ddo va
dong pha véi tin hi€u ra. Mach thuOng dung dé
1am b® bi€n dGi trd khang tUr 16n ra nho

(o, 0
Hinh 6: Meich fieém dugng OPANP
4 — Mach so sanh: 2
Trong hinh 7 la mach so sanh dung IC - f Wy
OPAMP. Y 1 ‘
Khi dién dp & ngd vao ddo 16n hon dién dp V V
I I wr

3 ngd vao khong ddo thi 4p ra Vo -Vec néu
cap ngubn dbi xUng. = OV néu cap ngubn don.

o«
O«

NgUuac 1ai khi dién 4p & ngd vao khong ddo
10n hon dién 4p O ngd vao dao thi di€n ap ra 4 chs s
Vo +Veo OPAVP
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5 — Mach tich phan ( intergrator ):

Mach tich phan dugc mac theo kiéu mach (
ddo vGi tu dién nam trén duOng bao hoi ti€p tir
ngd ra vé€ dau ddo ( hinh 8).

Dién trd R, vUa la phan 4p va ciing I1a dién
tr@ vao. Pién tré R, mac & dau khong ddo dé€
bu nhiét OPAMP. R, thuGng dugc chon bang
R,

Mach dugc Ung dung d€ 1ay tich phan
trong tinh todn hodc lam mach 10c thong thap Hih : Niihchphen
(low pass — filter) vGi tan sO cat dudc tinh theo dugng OPAIP

1

2 R C

cong thic : [

Do sU nap xi cUa tu dién, n€u cé dang séng vudng dat G ngd vao thi sé cho xung
tam gidc trén dau phan 4p tai dau ddo, va thdong qua tu hodi tiép, tai ngd ra ciing c6
xung tam giac. PO rOng xung ra thy thudc vao cdch chon R,C,

6 — Mach vi phan (Differentiator):

Mach vi phan dugc 1ap theo ki€u R,
mach ddo vi mach phan dp gdm C; va AV
R, (hinh 9 ). Nhiém vu cla Ci 1a /|| ;| 1
truy€n tin hi€u tU ngd vao , con R, 1a o AN —— | . JUUL
dién trd hoi ti€p tU ngd ra vé€ dau ddo. o n R
Dién trd R, d€ On dinh tOng trd vio. v . 1 '
Pién trd On dinh nhiét d0 R; thuOng Ry=R, o
c6 tri sO bang R, v v

Mach vi phan ding d€ 1ay dao
ham va lam mach 10c thong cao (high
pass — filter) v3i tan sO cat :

Hinh 9: Maich vi phagn
duang OPAMP

2 R C

Néu dua dén ngd vao xung vudng thi dong qua tu s€ c6 dang xung nhon 2 dau.
Néu dua xung tam gidc d€n ngd vao thi s& c6 xung vudng G ngd ra.

Mach vi phan diung d€ thu hep dd rOng xung tao ra cdc xung nhon d€ kich SCR, triac
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7 — Mach dao dOng :

Mach dao dOng ding OPAMP d€ tao ra tin "
hiéu xung vudng ( hinh 10 ). SO d6 ¢6 2 mach hoi (p
ti€p tU ngd ra vé& 2 ngd vio.
Gid sU tu C chua nap va OPAMP dang &
trang thai bio hoa duong. Lic nay cdu phan 4p R;\
R, dua di€n 4p duong hoi ti€p vé ngd IN+ v&i mUc
dién dp: (Vo=+Vce)
VIN Vcc L VA (VIN 0)
R Hinh 10: Mich dao fogng tch thoalt
Trong khi d6, & ngd IN- c6 di€n dp ting dan tlr ( dugng OPAYP
¢6 Vin.<Vin, thi OPAMP van & trang thdi bio hoa duong. Khi tu C nap dén muUc dién
4p Viu>Vin, thi OPAMP d6i thanh trang thdi bio hoa 4m, ngd ra ¢é Vo= -Vcc. Lic nay
cau phan 4p R, \ R, dua dién 4p 4m v€ ngd IN + v&i mUc dién dp 1a :
R2

VIN VC C VB VIN 0

1 2

Lic d6, 3 ngd IN- van dang con mUc dién 4p dudng, nén lam cho OPAMP
chuy&n sang trang thdi bdo hdoa 4m nhanh cho canh vudng thang dlng. Tu C bay gid sé
xa dién 4p duong da nap qua R va tdi & ngd ra xuOng mass.

Khi tu C da x3 hét dién 4p duong sé nap dién qua R d€ c6 dién dp 4m do ngd ra
dang & trang thdi bao hoa 4m ( Chi€u nap di€n bay giO ngugc vGi hinh vé ).

Khi tu C nap dién 4p am dén mUc V. < Vv, thi OPAMP lai d6i trang thai thanh
bdo hoa duong va ngd ra 1ai c6 Vo = +Vee. Mach di tré 1ai trang thai ban ddu va hién
tuong trén c ti€p dién lién tuc tudn hoan theo thdi gian. G dAu ra ta nh&n dugc day
xung vudng. MuOn thay d6i d0 rOng xung, ta thay dGi tri sO tu C va dién tré R.

8 — Mach Schmitt Trigger dung OP — AMP:

a) Mach Schmitt Trigger dao:

Trong hinh 11 13 sO d0 mach Schmitt Trigger ddo va quan hé gilra di€n 4p vao
vGi dién 4p ra clla mach. Mach hoi ti€p R\ R, tao ra mUc dién dp nguGng dua vé ngd
vao khong ddo . Khi OPAMP bdo hoa duong , Vo  + Ve thi ngd vao ddo cé dién

~ R
apnguOng caola: Vi Ve ﬁ
1 2

Néu dién 4p ngd vao V; V' thi OPAMP van & trang thdi bdo hoa dudng va
dién dp ngdra @ mlc cao Vo= Vou  +Vee
Khi V; ting dén gid tri V;> V*ry thi OPAMP déi trang thai thanh bao hoa am. Lic
déngdracé mlcthapla Vo=Vo. -Vee
Mach hoi ti€p 18y dién 4p am & ngd ra dua vio ngd vao khong ddo tao ra mlc
Rl
RI R2

di€n 4p nguGng thap V- theo cong thlc: Vi Ve

Khi V; gidm tr3 1ai xudng mUc thdp Vo (Vi Vo ) thi OPAMP lai dGi trang
thdi thanh bdo hoa duong va ngd ra l1ai c6 di€n dp cao Vo= Vou  +Vece
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—
v

\

Hinh 11: Maich Smitt Trigger fia 0 t

ugng OPAMP v,
b) I

e’
v

v

Hinh 12: Maich Smitt Trigger 0 t
Khodng fiao duang OPANP v,

TIOLg w142 16 ou Uy wen LuLLLL L LgEU BLULE UL Ya Yual uw grua iyl AP

vao vGi dién dp ra cUa mach. Mach hoi ti€p dem di€n 4p ngd ra v€ ngd vio
khong ddo qua R,. Khi di€n 4p ngd vao cao hon mUc nguGng cao V' thi OP — AMP
bdo hoa duong , ngd ra c6 mUc cao Vo= Vou  +Vee

A ~ 7 Ve R R
bién dp nguOng mUc cao dudgc tinh theo cong thuc: Vi, Vo R—l Vee R—l
2 2
Khi dién 4p ngd vao gidm xudng dudi mUc ngudng thap V- ry thi OP — AMP d0i
thanh trang thdi bio hoa 4m, ngd ra c6 mUc thdp Vo= Vo -Vee
N ~ 7 7 R
Dién 4p ngudng mUc cao dugc tinh theo cong thlic: Vi, Vo, —— Ve —-

OPAMP sé duy tri trang thai bdo hoa am cho dén khi di€n 4p vao ting cao hon
mUc ngudng cao V*ry thi OP — AMP lai dGi trang théi thanh bio hoa dudng .

9 — Mach khuéch dai vi sai ( mach trir — Subtrecter ):
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Pac di€m cla mach nay la dién 4p vi sai G ngd ra ti 1& v&i hiéu dién 4p & cic
ngd vao nén con dUgc gOi 1a mach trtr ( hinh 13).

Dién 4p ngd ra dugc tinh theo cong I\{V\’
thuc: Ry !
R R R Vi @ VVV ’ S S
o . (1 _2) ‘/inZ — ‘/inl V IN2 + 4
R, R, R, R R .
~ R, V o
Neu Cth’l R1 = R2 = R3 = R4 thi:
v
Vo = Vin2 - Vinl % °
_ Neuchon R, =Rs va R, = R thi i 3 Wh K s
cong thuc tinh Vo ¢6 dang: dugng OPAIP
R R
AVd 2 4
R, R,
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chuong 5

I/ Khai Niém:

Khuéch dai cong sudt 1a tang cudi ciing cUa thi€t bi khuéch dai. La tang khuéch
dai tin hiéu 16n, vira khuéch dai dong dién vira khuéch dai di€n 4p, cho ra cong suat
16n dua ra tai, tin hi€u phdi c6 d0 méo nhd (méo phi tuy€n va méo tan sO) dat cong
sudt mong muOn va c6 hi€u sudt hgp If (cing cao cang tOt).

Phan tU khué€ch dai dung trong tang khué€ch dai cong sudt cé th€ 1a BJT hodc
FET. Chiing phdi c6 kha ning lam viéc véi di€n 4p va dong dién tuong doi 16n dé€
dua ra tai moOt tin hi€u xoay chi€u cé ning lugng 18n, thod min nhu cau. Cic
Transistor nay thuOng kém vGi phan tod nhiét, 1am viéc & ché dd A, B hodc AB. Viéc
ghép gilra tang khuéch dai vGi tai c6 thé 1a ghép truc ti€p, ghép tu hodc ghép bién dp.

Mach khuéch dai cong sudt dugc md phdng nhu sau:

+VCC

. 0 L
0 s >>>———
\

Vo=
8 L HRL

Dién dp trén tdi: _L 1 L (gid tri dinh) Vouw =

Vlmax = Ilma\)(-l{L i i i
Dong dién ra tdi cUc dai la:

ILmax -

Cong sudt hi€u dung ra tdi 1a Py

vV, A
P — Omax *~ Lmax
- 2
v/ R, I
HOéC P — L max L *~ max
- "7 2R, 2

- cong sudt ra tai phdi dugc 1ay tU ngudn cung cap (Pcc).
Do d6 Pcc > P
Vi con cong sudt tiéu hao trén Transistor khu€ch dai 1 cong sudt tiéu tan (Pry).
Prr=Pcc - PL
Cong suat cung cé'p 1a Pec:
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Pcc = VCC-ICC

Hiéu suat clla mach :

= i .100%

cC

Do khuéch dai tin hi€u 16n nén di€m hoat dOng cUa Transistor thay d6i rat 16n, 1am
cic thong sO Trasistor thay d6i ( ). Nén tin hi€u ra khong dOng dang vdi tin hiéu vao.
Hién tugng nay goi 1a méo phi tuy€n cla khuéch dai cong suat.

PE& tin d0 méo dang dp dung phan tich chubi Furier

x(t)=  Agsin(K 1)

K1

Vi bat ky chubi tudn hoan nao ciing c6 dang chuli Furier. Phén tich tin hiéu ra
theo chuOi tOng cUa nhi€u hinh sin khic nhau.

- Thanh ph@n 12 thanh phdn cG ban (Al)
- Thanh phdn K 12 thanh phdn hai (bac 2 dén ) hai clia séng sin.
- Hé s6 méo phi tuy€n dugc dinh nghia nhU sau.

Pcoban
D= |
P hai P

coban

Tin hi€u trén tai gOm c6 séng cO ban cOng v4i séng hai
PL=P.opan + Pra

P copan ti 1€ vOi Al

P .. ti 1& vGi séng hai bac 2 dén bac n (A, + An)

Do dé d6 méo dugc tin la:

A}
b= \/A2 A; A?
LAY LA

TruGc hét phdi phan tich chudi Furier d€ tinh Aj, A,, As .....A,. thuc t€ chi tinh
dén A,, As1a dQ, cic hai cao hon c6 cong sudt nho.
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Séng hai bi€u dién nhu sau :

V 4

/— 0 1 2
\Y%
" /\\ [

<

“‘85‘!<

\V \//’Y/
May c6 chat lugng cao thi d0 méo phdi nhd hon 2%,
D > 5% la rat toi

D >10% khong nhan dang ra

Thong thuOng d0 méo ti 1& v&i cong sudt ra tai, n€u cong sudt cang 16n (so vdi cong
suat cuc dai) thi d0 méo cang cao.

Vd: P. 50% Py thi D <1%
PL = (60 — 70%)P sy thi D >2%
Pr = (0.8 — 0.9)pmex thi D>5%
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II/ Khuéch Pai Cong Suat Ché Pd A
1/ Mach KDCS don tai truc ti€p.

Pudng tai d6 dOc

< Ib5 = Ibmax
NS Ibd
| Q b3 = Ibo
I ' ~— Ib2
A== >R - Ibl=minVe |
: Vo Vee, B
| |
I | |
| |
| |
I I
| |
| | |
IV I

Mach KDCS hang A thudng ding cho (a1 ¢6 cong sudt nhd. Piém lam viéc tinh
cUa mach dudc sit dinh nhu da khao sit & nhitng chuong trudc .

Dién 4p mGi n6i BE va CE c6 gi tri
0,6V (sI)
BEo =
0,2V (Ge)

1 \%
Vg, = 5 Vee suy ra Ico = 2;;;

Khi chua c6 tin hi€u vao tdng KDCS lam viéc G diém tinh Q. thudng chon Q & gilra
dudng tai xoay chi€u d€ bién d6 ra 16n nhat. Khi tin hi€u vao ting dan thi di€m lam
viéc xé dich hai bén di€m Q doc trén doan thang MN. Vi tri di€m M va N do bién dd
tin hi€u vao quyét dinh .

Nhu vay dua vao do thi, ta xdc dinh dugc dong di€n Icy va bién dd dién 4p
Vcemx Ma tang KDCS tao ra (Vg ciing chinh 12 bién d0 dién 4p trén tdi Ry).

TU dé tinh dugc cong suat tin hi€u h(tu ich trén tdi
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1
PL= 5 VCEm-ICM

Con cong sudt tang KD tiéu thu clla nguOn cap dién la
Vee
2R,

PCC = VCC . Ictb = VCC . ICQ =

Trong d6 I, 1a gid tri trung binh cla dong qua cuc C da 18y bang I, vi gid thuyét
dong Ic c6 dang hinh sin d6i xUng qua Icq .

Trong truGng hop 1y tudng (sU dung toan b0 dudng tdi xoay chiéu tir A dén B)
thi :
1
VCE(max) = VCEQ = 5 VCC

1 VCC
I max =1 ==
com=leQ = 5 R
Cong sudt dua ra tdi s€ dat gid tri 16n nhat c6 thé

1 Vee Ve

2 R, 8RL)

1 1
PL(max) = 5 (E VCC)(

Tuong Ung cong sudt tiéu tdn trén BIT s& 1a

Pu= PCC—PL =75% PCC

Trén thuc t€ nhu trén ddc tuyén thi tin hiéu ra khong thé & dang 1y tudng nén KDCS
don tai ghép truc ti€p c cong sudt bé hon xdc dinh va hi€u sudt chi dat 15-20%.

Ptt s& 16n nhat khi P.= 0 nghia 12 & trang thdi tinh khi chon Transistor. Cho tang
KPCS. Can phadi thod diéu kién xdu nhat nay
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2/ Mach KDPCS tai ghép bi€n ap

—
=
S

o
L
7\

D0i vGi dong dién mOt chiéu Ic, dién trd culn sO cdp bi€n thé (r.) rat nhd. Vi vay

\ 2. A N PPN ~ 1 N 2 s 7.
duOng tai mOt chi€u c6 do dOc — gan nhU thang dUng song song vOi truc Ic
L
Hoanh d0 cUa di€m tinh Q c6 gid tri Vegg Ve . nghia 13 ghép bi€n dp tan dung
dudgc dién dp ngudn .
2
Tai xoay chiéu cUa transistor phan dnh v& sO cap theo cong thlic R’ =R,. -
n,

B0 qua r. cUa cuOn day bi€n dp va xem X, =L, rat1dn do dé6 duong tdi xoay chi€u

N 1
c6dodoclatg =-—-.

RL

PE tin hi€u c6 bién dd 16n nhat ma khong bi méo ta chon di€ém Q nam G trung di€m
dudng tai xoay chi€u . vi vay hoanh d0 B c¢6 gi a tri sap si 2V¢c, con tung d0 A gan
Bang 2l dac tuy€n BJT cat duong tai xoay chi€u tai M va N Ung v&i Lo VA Lonin.
TU dé x4c dinh dugc bién d0 dién dp (Vcem) va bién d0 dong dién (I.n.) 13y ra trén
sO cap bi€n 4p nhu bi€u thi trén hinh vé.
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Qua ddc tuy€n ta nhan thay:

Veem <Verg Vee

VCEm
Icm = TI < ICQ

Cong sudt tin hi€u dua ra trén sO cap bién ap:

1
Pout = 5 VCEm-Icm

(bang dién tich tam gidc MQH trén dac tuy€n)
cong suat tin hi€u nhan dudc trén tai & th( cap:

P, = 1.Pout
trong d6 1 la hi€u sudtclabiéndp( r=0,8 0,9)
cong sudt cUa tang KPCS tiéu thu cla ngudn 1a (Pcc)

PCC = VCC-ICQ
Hiéu suat cla tang KDCS ghép bi€n dp ché d0 A 1a:
P{mt l VCEm 'ICm

Poe 2 Veedy
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Cong sudt tiéu tan trén Transistor cong sudt (Prr)
Prr = Pcc - Pour

Cong sudt nay 16n nhat khi P,, = 0 nghia I3 & trang thdi tinh. Transistor diing trong
tang KDCS can phai chiu dung dugc trong truOng hgp xau nhat nay.

Trong truOng hop 1i tudng tan dung toan bO chiéu dai dudng tdi t A dén B va
hiéu sudt mdy bi€n 4ap 1a 100% thi ta c6:

VCEm = VCEQ VCC

Im = Ico
Cong suat dua ra tai s€ cuc dai:
PL= + Veedeo
2
Va =~ = 50%
PCC

Nhu vay ghép bién dp dat hi€u sudt cao hon ghép truc ti€p. Tuy vay ghép bi€n 4p
dodi hoi Transistor khac nghiét hon. Khi di€m lam viéc ndm & vi tri N trén dudng tai,
dién 4p dac vao gilta cuc C va cuc E ma Transistor phdi chiu dung gan gdp doi di€n
4p nguon.
Vcema = 2Vec
BAI TAP
1/ Cho tang KPCS don ghép bi€n 4p nhu hinh vé bi€t Ve =9V, R =68 ,R=6
hé s6 bién 4p N = :—1= 10 ; BIJT c6 dong dién tinh 12 15mA, =50, Veemn= 1V hiéu
2

sudt bién 4p 12 90%

T

R

b 0=

a/ Hay x4c dinh di€n 4p phan cuc ban dau

b/ Hiy x4c dinh cong sudt ra tai
¢/ Xac dlnh Rbl va sz (Ch(_)n IRblzl()IBQ)

o
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I1I/ Khuéch Pai Céng Suat Ché Po AB
1/ Mach dién

S
oS

R R
b2 L

Gi
Y
2 i N \%
o) (E0 I ) CE
R \
i
J; I

a) Phan cuc ban dau: !

- Pi€m phan cuc ban ddu nam gan ving ngung dan cUa Transistor.

Ibo Oa ICo O
VBE = V O 5 V
VCEo VCC

b) Khi ¢6 tin hi€u vao:
Khi dat tin hi€u sin vao thi & ban ky duong Iy ting 1&n, I¢ ting I1én, cdn c6 ban ky
am lam cho Vg <V nén Transistor ngung dan Iy = 0, Ic = 0.
Pi€m Q chay tU I, dén I,sr0i vé I, va dliing yén sult ban ky 4m
b6 méo: d6 méo tOi thi€u 50%.
¢) Cong suat va hiéu suat.
Cong sudt ra tai P,

2

11~ _ R,
2 V2 4

Vi dong dién qua tdi chi c6 nlra hinh sin

PL = RL.IzL = RL.

Cong suat cung cé'p tu nguén Pec
Pcc = VCC-ICC = VCC-ICTB
Iers 12 gid tri trung binh cUa Ic trong mOt chu ky

1
ICTB =

Vel R, .I;
PCC — CC*" Cm L*" Cm
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2 . ~ V
Gia thiét I, =0 va f I,
L

Ta c6 hiéu suat:

PRI,

"~ P 4 R, I 4

= Z.IOO% =78.5%

Hiéu sudt khd cao 1a Uu di€m cla khuéch dai ché d0 AB nhung méo qui 16n
khong chdp nhan dugc. Ot 4m tan khong nghe dugc, G khuéch dai cao tan chap
nhan dugc k€ cd ché dO B hodc C dung cho mdy phit cao tan. D& khac phuc nhugc
di€m cla ché d0 A va AB ta dung ki€u khuéch dai kéo day.
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IV/ Mach cong suat kéo day.
1) So' 06 khoi.

A
VAL'

iN

NN KDCS
/ \\/ i _ABL | AV,
A
DP3ao pha COng
dai so
A
ﬁ_ VvV
02
ViZ .| KbCS _/\
AB2
A

Vi A /\

N /N /0 ”
| | | | |
N | | | | |
\Y | | | | |
01 ' ' ' ' '
| | | | |

I .
| | | | |
N | | | | |
Vi | | | | |
| | | | |

| ! | ! | >
| | | | |
VorYe b
| | | | |
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- Kh6i ddo pha: tao ra hai tin hi€u bang nhau nhung ngUdc pha
- Khoi KPCS AB;: khuéch dai tin hi€u nlra ban ky dau
- Khoi KPCS AB,: khuéch dai tin hi€u nlra chu ky sau

- KhGi cOng dai sO: cOng hai tin hi€u V,, va Vi, d€ cho ra mOt tin hi€u c6 dU hai nlra
chu ky khong bi méo.

- V& ly thuyé€t tin hiéu ra khdng bi méo dang
-Hiéusuatcao =78.5%

Tuy nhién trong thuc t€ hi€u sudt chi dat 70 — 75% va s€& c6 mOt sO van dé phit sinh
gdy méo nhu:

+ Méo phi tuyén

- Mach ddo pha tao ra hai tin hiéu khdng bang nhau
- Mach KDCS AB, va AB, khong giOng nhau

- Mach cOng dai sO khong d6i xUng

+ Méo giao di€m (méo xuyén tim)

- Do phén cuc ban dau Transistor trong viing ngung dan (Vs < Vy) r0i vao ché do

A
Ib = / \Vm
| /;

i |__:____ > v\ |/
[ > | [
0 VBE | 02 |
| |
| [
|

| x
I N\ Transistor dan

PR SN
| . < |
I | Transistor tat
| IV |
f

v

BEO

Lo
Méo xuyén tam

L

H

D€ tranh méo xuyén tim ta phdi phan cuc Transistor ch€ d0

AB co VBE= A\
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2) Mach khuéch dai cong sudt kéo day dung bi€n ap
a) Mach dién.

VA

b) Phén tich.

T,: bi€n dp ddo pha, 1a khOi ddo pha

Q1, Q2: hai b0 khuéch dai cong suat ché d0 AB, va AB,

Ot nlra chu kY ddu Q, dAn Q, ngUng c6 dong L,

NUa chu kY sau Q, ngung Q, dan c6 dong I,

T, bi€n th€ ra c6 hai culn soO cap gidng nhau

Hai dong L., va I, 12 hai dong di€n n(ra hinh sin chay ngUgc nhau trong bi€n thé

T,, nén cdm Ung ra cudn th( hai nlra hinh sin nguQc nhau cho ta mOt hinh sin day du
khong bi méo, T, g0i 1a khoi cOng dai s0.
¢) Uu di€m nhuoc diém.

+ Uu diém:

- Hai v€ d0i xUng nhau nén tin hi€u ra khong bi méo

- Thay d6i tOng trd vao va ra dé dang, phit hop v&i nhi€u tin hi€u vao va moi loai loa.
- Tan dung dugc dién 4p ngubn

+ Khuyét di€m:

- Linh kién cOng kénh, ndng né, khé ché tao, dat tién.

- Hiéu sudat thap (tGn hao trén bi€n 4p)

- bdp Ung tan s6 khong rOng (ddy tan s6 hoat ddng hep) tan sO thap dién 4p
cam Ung nho, bdo hoa tU, tan sO cao cdm Ung 16n giy dao dOng tU kich. Phai
duing céc tu hoi ti€p Am chOng dao dOng tu kich.

V/. Khuéch Pai Céng Suat OTL

1) Pac diém:

- Qua phan tich dac di€ém céc hang khuéch dai cla transistor, d€ khuéch dai cong
suat (KDCS) 16n c6 hi€u sudt cao, khong bi méo thi phdi duing KDCS kéo ddy. Nhung
mach KDCS dung bié€n thé ra loa it dugc thong dung. Vi hai bi€n 4p nay c6 kich thudc
16n, ndng né, dat ti€én, khé ché tao, va hi€u sudt thdp, dai tan sO lam viéc khong rOng
(tUr 100Hz dén 8KHz) nén chat luong 4m thanh kém. ngU0i ta 1an 1UQc cai ti€n loai bo
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hai bi€n th€ nay va mach KDCS nay ta goi 12 mach KPCS OTL (Output Transformer
Less: khong dung bi€n 4p ngd ra). Mach di€n co ban nhu sau:

2) Phan tich:

- PE€ loai bo bién thé ddo pha va bién
thé ra loa thi ta phdi dung mOt cdp
Transistor b6 phu: tUc 13 hai Transistor ¢ §
c6 thong sO gibng hét nhau nhung khéc
loai, Q; thudc loai NPN, Q, thudc loai —{ u
PNP =

- Q;, Q,: Cap b6 phu (Complementary T u
transistor) =
_ P& KDCS kéo dfy khong bi méo thi sl
Q1. Q: c6 cung diéu kién lam viéc, mobi S .
transistor 1am viéc v&i nlta nguOn, nén m

dién thé di€m gilra 1a n(ta ngubn o—|p- —c»—K . :EQ

1 . N AL
VM =1 VCC va

lo) Qq
\RL
R
VCE/QI = VCE/Qz =1 Vcc & §

L 0
- Q,, Q, dugc phan cuc & 16p AB I
nén c6 dong dién tinh rat nho. b P —

VBE/Q] = VBE/Qz 0.5V 1

- Q; KDCS nh0 18p A nén c6 dong
IC/Q3 = Y2 [omax VA VCE/Q3 12 Vee.

O e

&

&

- Dong Iegs chdy qua D va Ry tao dién dp 1V phan cuc cho Q; va Q.. d€ dat mUc
chinh xdc thi R, dugc dung bi€n trd (VR,) d€ hi€u chinh.

- Dang thdl dlél’l thé Cl:rC C/Q3 phﬁn Cl_,rC cho Cl:rC B/Q1Q2 co VCE/Q1=VCE/Q2=1/2VCC nén
phadi diéu chinh dong I3 sao cho chinh x4c.

Vi VC/Q3 :VCC - (IcR3+1V)

- Qs dugc phan cuc bang R, R, do d6 mOt trong hai dién trd nay phai ding bang

bién trd (VR,) d€ di€u chinh dién thé di€m gilta bang nlra nguon.

- Nhu vay dong I¢q; dugc xac dinh:

I _ Vee VB/Q]

C/Q3 — R3

- Rs,C, thanh phan b chinh nhiét Q;

- D, dugc kep vao phién nhdm tda nhiét clia Q,Q, d€ bb chinh nhiét cho Q,Q..
khi nhiét d0 ting thi dién 4p trén diode gidm, 1am gidm phan cUc cho Q,Q,.

- R, dugc 18y dién tUr di€m gilta dua vé€ phan cuc cho Qs c6 tdc dung hoi ti€p am
On dinh dién thé di€ém gilra khi nhiét d0 ting (gidm hién tugng dién 4p troi)
khi nhiét d0 ting 1am Q; dan manh, dong I¢s ting 1am di€n thé cuc C/q; gidm,
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nén dién thé diém gilra gidm. Qua R, dua vé phan cuc cho Q; gidm nén Q; dan
y€u lai, 1am dong I¢qs gidm. Di€n thé cuc Cyq; ting 1én trd 1ai, chOng 1ai su troi
theo nhiét.

3) Xét trang thai xoay chi€u
- o] trang thai xoay chiéu cic tu Cy, C,, C; dugc xem nhu n6i tat, do do6 phéi chOn
Ci, C,, C; c6 gid tri thich hgp
, 1
Theo cong thuc — ..,
RC

- Citulién lac
1

G

min " “in
vOi R;, = rgpigs = vai trim  dén vai K

=2 fvéif,, =20Hz ta cé:

C,=1 10 F
- C,: ty thodt ; loai tin hi€u hoi ti€p am & cuc E/o; xuOng mass.
1 7. N o7 v
C, vOi Rs=vai chuc dén tram

RS *  min

C, =100 220 F

- C; : 1a tu tach tin hiu ra tai, véi taiR, = 4 16

Taco: G, 470 F

R,.

O trang thdi tinh thi dién 4p trén tu C; sdp xi bang 1/2Ve.

-Diode D, c6 dién tré dOng rat nhd va R, c6 tri s nhd nén xem nhu cUc B/, va B/, ¢6
tin hi€u nhu nhau

-Q; 12 KDCS 168p A nén khuéch dai ca hai ban Ky, mac theo ki€u E chung nén khuéch
dai ddo pha va c6 hé s khuéch dai dién 4p rat 16n.

-Khi cuc C/y; c6 ban ky dudng (tlic Vs ting) thi Q, phan cuc ting , Q, phin cuc gidm,
nén Q; dan manh, Q, tat (vi Q, 12 loai pnp). Dong di€n I chdy t& ngudn qua Q, nap
vao tu C; di qua tdi xuGng mass, cho ra ban ky duong trén tai.

- Khi cuc Clqs €6 ban ky am (tUc Veos glam) thi Q, phan cUc gidm nén tat, Q, phan
cUc ting nén dan manh (dién 4p trén tu C; sdp si nlra nguOn lam nguOn nuoi cho Q,).
Dong di€n I¢g, do tu C; x3 qua Q, xuOng mass va qua tdi vé& cuc am cla tu (theo chi€u
tU mass 1én ) nén cho ra ban ky am trén tai.

- Nhu vay trong mGi chu kY tin hi€u hai Transistor luan phién dan dién va cho ra
tdi dU cd hai ban kY, do d6 tin hi€u ra tdi la tin hi€u hinh sin khong bi méo .

Khi hoat ddng m0i Transistor chi dugc phan cuc 1/2 Ve nén ta ¢6 : (gid thuyét di€ém
hoat dOng cUa Transistor dich chuy€n toan b0 chi€u dai duOng tai )
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VCC
2R,

Dong dién ra cUc dai I nu = loma =

A A 2. , 1%
bién ép trén tai cuc dai Vi = Vg = %

Cong sudt ra loa 16n nhat (gia tri hi€éu dung )
V, v, Ve
Pou ) = V I — cc cC cC
T T 002 2V2R, SR,
Cong sudt cla ngulOn cung cap la :
Pce = Veelee

Trong d6 Icc 1a dong trung binh cla dong di€n n(a hinh sin va c6 gid tri 1a

I max V
[ec=Im= < ﬁ
A Bz
Vay Pec=7 R
- Hiéu suat cla mach 1a
2
Ve
P 8R
—2 100% £—.100 —.100%
cc cc 4
2 R,
=78.5%

- Cong sudt tiéu tan:

o) trang théi tinh 2 Transistor Q; Q, dan dién rat y€u, nén dugc xem nhu khong
tiéu hao cong sudt. Khi khuéch dai tin hi€u thi 2 Tr. Bi d0t néng vGi cdng sudt tiéu tan
la:

Pn =P cC — Pout
Ve Vi
“" 2R, S8R,

Thuc ra cong sudt nay chi diing khi ngd ra cé cong sudt cUc dai, thuc t€ thi tin
hiéu ra tai 16n nhat chi bang 0.8 0.9V

\%
Voutmax = VCEm = (08 085) %

Nén cong sudt dot nong s€ phu thuéc vao ham Vg

1% v?
Pt[ — VCC CEm CEm
2 R, B8R,
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PE tinh dugc cong sudt tidu tin cUc dai ta 1y dao ham, ham sO P, theo Vg, va
cho dao ham bang khong. Ta sé& tim dugc tai gia tri.

V . A TN .
Veem = EVCE 0.64% Thi cOng suat ti€u tan trén 2 Tr. Pat cuc dai

Thay L., = Veon Viao ta sé co:
Ylem= R, :

2

02 Vec
Ptt (max) = 2

R,

Hodc mOi Tr. C6 cdng sudt dot néng la:

2

V
0.1 < )
Ptt (max) = 2 O 1 VCC
R, 4R,

Khi chon Transistor (Tr.) cong sudt phai dat dudc yéu cau khac nghiét nay.

PE€ ting cong sudt cho tdi thi ta phdi ting ngudn cung cap va ghép phlc hop
(Darlington) cho 2 Tr. cong suat Q; Q;nhU sau:

+VCC

4 Mach ghép phitc hop bé phu déi xtng.

R3

R4

\
]
%

RL
q Q

I I)osl ¥

-

/K

phu = : : : = = = cOng
sudt 16n (cap cong suat)

R2 R6
+a
- Q1 Qu j I | e cap bl

- Q; Qq: cap b0 phu cong sudt nho (cap Driver)

- Qi Qs: ghép Darlington; Q, Q,: ghép Darlington, nham ting hé sO khuéch dai
dong dién. hé s6 khuéch dai dong dién chung( () la:
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- D,,D,,D;,Rs tao di€n dp 2V phan cuc cho 4 Tr cong sudt (Q; Q, Qs Q,)

- C, tu bootstrap: héi ti€p duong ting
tdi xoay chi€u cho Qs, ting hé sO
khuéch dai cho mach, s(ta méo bién :
d0 (ban ky duong va ban ky 4m bang ‘ . |< .
nhau)

5/. Mach ghép phitc hop khong d6i xting. y

(b6 phu gid - Quasicomplementary
Transistor).
~ A . Ve - A o
Vao nhUng thap nién truOc 70 vi€c tim : ‘
hai transistor b0 phu d6i xUng 1 rat khé ‘
khéin, do d6 ta ghép Darlington hai transistor @ 5 e
khéc loai (Q, Q,) nhu hinh vé sau cho ta mOt ¢ i ) —> :
transistor tuong duong PNP va c60  chune o OTergduny
bang nhau nhu hai transistor ciing loai ghép "
Darlington (Q; va Q) 3!
- Qi Q;: hai Tr. cong sudt 16n cing ’ 0t
loai; bang nhau "
- Qs Qu: cap bl phu cong sudt nhd ’
c6 cling hé s0 khuéch dai
- Qi Qs ghép Darlington cung loai tl ) ) ’ .
tudng duong Tr.npncé = ;| ; y m
(8
- Qy Q4 ghép Darlington khac loai 4|
tuong duong Tr. pnpcdé = , 4 " e
- Nhuvay 3= , 4 do dé hai g y h
7, ~ q
transistor tuUOng duong mOi bO phu . v :EQ
nhau. o— 44 K°3 m :
Mach Ampli cu th€ nhu hinh v& !
trang 45 va Ampli SanSui 5000A ? w §:| :
Rd
q 1’: u
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VI/. Phan tich Ampli OTL

R
4\"A% 4 3 O +ye

L.
1

Rl

1+

R0

Ul
R (5

+ (3

11
1
=3
=4
=
=3

1/. Pac diém chung

Pay 12 mach KPCS OTL hoan hdo c6 hoi ti€p am tU ngd ra dua vé cuc E/o qua
Rs. d€ gidm méo phi tuy€n va méo tan sO, On dinh nhiét.

Rs vUra hoi ti€p mot chiéu (DC) vira hoi ti€p xoay chi€u (AC). Hbi ti€p DC dé
On dinh nhiét, 6n dinh dién thé di€m gilta bang nlra ngudn. HOi ti€p AC d€ On dinh
hé sO khuéch dai, chOng méo tan sO va méo phi tuy€n.

Re, C5: mach phan thé hoi ti€p am (AC) x4c dinh d0 10i

A A e R6
bién dp hoi1 tiepla: v¢ = vour ﬂ
N A s s v, R6

Hesohoitiepla: K, = =
our R6 RS

Hé s0 khuéch dai c6 hbi ti€p la : Av; =

> |

[=))

L
KF
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Bai tap 1:
ChUng minh hé sO khuéch dai c6 hoi ti€p cla toan mach la:
A =14
vi =1+ R_s

Bai tap 2:
Cho bié€t nhi€ém vu cla tu C,. v& mach tuong dudng chltng minh két qua.
Bai tap 3:
Cho biét nhi€ém vu cla tu Cs, v& mach tuong dudng chltng minh két qua.
Cho bi€t nhi€ém vu cUa tu C; va Ry, chUng minh.
5/ gidi thich nhiém vu cUa VR,.
VII. KHUECH PAI CONG SUAT OCL

+1CC

®

R
o

V&i mach khuéch dai cong sudt OTL di loai dugc bi€n thé ddo pha va bién
th€ ra loa. Nhung con tU ra loa, d0i véi tin hi€u tan s6 thap thi tu sé c6 dung khang
(Xc) nhat dinh 1am gidm tin hiéu tan sO thdp (4m thanh cuc trdm) do d6 d€ khac phuc
nhugc di€m nay ta ding hai ngudn cung cdp doi xUng nhau va ngd ra loa dugc ndi
truc ti€p khong diing tu ra loa (OCL: Output Capacitor Less).

Bai tap : cho mach dién nhu hinh vé.
a/ Cho biét nhi€m vu céc Transistor trong mach

b/ V& mach tuong duong cho =100
¢/ ChUng minh rang hé s6 khuéch dai c6 hoi tiép la:
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Avi=1 R
=14+ —
Vi R()

d/Cho Vce= 40V,R.=8 tinh cong sudt raloa 16n nhat trong hai truGng hop:
- Gid thiét di€m hoat dOng cla Transistor cong sudt dich chuyén trén toan bd
chi€u dai dudng tai.
- Gid thi€t hé s0 s dung nguon 12 0.85 (Veumax = 0.85Vc)
e/ Tinh cOng sudt tiéu tan trén mOi Transistor cong suat Qs, Qo
B AI TAP 2
Cho mach dién nhu hinh vé:

O
+0C

a) Hiay vé mach tuong
duong.
b) Xdc dinh cong thlc tinh
Av, va Av; theo thUa s® hoi
ti€p.
¢) Cho cac Transistor co
100, Vg = 0.6V,
R, =R5;=50K
Rs=R;=1.5K

Vee= 15V
Tinh R4, D7z cho Vg3 = 0V
d) Tinh dién thé cuc B va E
cla Q; va Q,
a) Mach tuong duong.

O

Xdc dinh hé s6 khuéch dai.
Ta c6: tin hi€u dua vao Q, va hOi ti€p vé Q, nghia 1a hoi ti€p dién dp ghép nbi tiép.

A RNe e R
- bién 4p hoi tieép: Vi = Vpu= ———=V,
RS R6
A n . o Vf R6
- He sO hoi tiep: K= —
VO RS R6

- Néu khong c6 tin hi€u hoi tiép tlc 1a R = O  thi hé sO khuéch dai vong hd 1a: Av,
AV() = AVQ1 X AVQ3
. R, /] hie, . ; R, /IR,
hie, hie,
hie, R, L

1 . © 3 . .
hie, hie, hie,

AV() =

AV() =
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Vay Av, rat 16n dong thoi K va Av, ciing ddu va K.Av, >>1 nén theo bang phan loai
hoi ti€p F ta c6.

R. R R
Av, ~ e
K R R, R,
RS R6
vay: Avf= 1+
RS

C) Tinh R4, DZ cho VC/Q3 =0V
VC/Q3 = OV => VR7 = 15V

Ve, 15V
loos=lxy=— —— 10mA
CETWT R 15V
1 10
=> IB/Q3 = < m 0.1mA

0.6
Viegs= Vrs = 0.6V =>I; = s 0.4mA
IC/Q1 = IR3 + IB/Q3 =0.4+0.1 =0.5mA
IC/Q1 = IC/Q2 =0.5mA
=> loiga = lcigr + [Cige=1mA =14
I = Veso 'V, 0.6 A
R, R,
Chon Dz c6 V, = 62 va R, =5.6K
Taco Irs = ImA
d) Tinh dién th€ cuc E va B cla Q, va Q,
0.5
Viioi= Veoo=-Ig.Rg = —50 0.25V
B/QL B/Q2 B-\p 100

Ve=V5-0.6=-0.25-0.6 =-0.85V.
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BAI TAP 3

Thiét k€ mach khuéch dai cong sudt OCL

Thié€t k& ky thuat:

Yéu cau: cong sudt ra hi€u dung 100W, R, =8 . 2 loa stereo 200W
Band thong 20Hz 20KHz

Tin hi€u vao v; = 0db = 0.775V

TOng trd vao: Z,, S0K

+V0C

®

®

e

1) X4c dinh ngudn cung cap:
Vee ‘
PlLinax = 210_; =V J2P,..R, 21008 40V
L

DE tin hi€u ra cUc dai khong bi méo thi chon hé sO st dung ngubn 13 80%, =0.8,
vay nguOn cung cap thuc su' 1a

V. 40

Vee= <€ 22 501

«c 0.8

=> Vcc= 50V =>Bién thé c6 dién thé ra la
1% 50

Vaie= 226 == 36V

T4 14

Bién soan:Luu Khung HuGng 93



Bai Gidng Mach Dién TU

B0 nan dién

kil

- Dong qua tdi tOi da 13 I

o= Yee 30 65y
RL
- Dong dién trung binh qua tdi 1a Iy
Ll 625
3.14

- Néu bién thé cung cap cho Ampli Stereo 2 kénh 100W thi Iz = 4A.
- Chon Diode chinh Iuu cé Ly = (1.5 s Limaxs Vieuge  2Vimax
chon Diode ¢0 Inux = 8A, Vieugemax 100V

- X4c dinh tu 1oc ngudn: Cy, = Cy, vi d0i xUng

1 2887
(F) ﬁ( F)

CL: 4\/§RLf RL

Vee S5OV
I, 4A
= 2% =0.02 HE s6 ¢0n séng chon tr (1%  4%).
2887

Ay C = —=%T 1548 F
VayC= 1500

Chon Cy, =C;, = 12000 Flesv
- Cong suat cung cap cla bién thé (S)
S =V.p =724 =288V.A
Chon bién thé 36,0,36/4A.
+ Tinh Qs, Qo
Icmax = [imax = 6.25A
Ve max = 2Vee = 100V
2 2

P =01 0120

R 8

L

12.5

Vél R,L =

60
Qs,Q, 12 cap b0 phu doi xUng chon
Lmx (1.5 2)mx Chon 10A 12A
Veemae > 100V Chon 120V 100V
Poox (2 3)Pc  Chon 60W 100W
Tra cUtu ta ¢6 C5200 va A1943: 15A, 200V, 150W, >60.

Bién soan:Luu Khung HuGng

94



Bai Gidng Mach Dién TU

Hoac C3281 va A1302 :15A; 200V; 150W; >60
+ Xéac dinh Ri3. Ryy
Dong qua tdi déu qua Ry3, Riynénchon R, 20.R;;
=>R;3=R;;,=0.22 0.39 ; Chon0.33
Cong sudt tiéu tdn cUa dién tré
Pris = Pris = RI%5 = 0.33x2% = 1.32W
Chon R;;=R;4,=0.33 /w
+ Xéac dinh R;; R},
P& dong xoay chi€u db toan b vao chan B cla Qgthi ta phdi chon Ry, rdt 16n so voi
tr& khang vao cla Qs
Ri1>> Zgsa
Zgga =Toes+ sXRy3
Tim rpes:

Is
100ma

1lma

VBE

[

Ic max
Ta c6:Q5¢6 Iemax = 6.25A  Igm = M0 = 100ma

IC-min = 50ma

Ic.min dOng dién tinh tuy chon 18p AB = 50ma
50
Icmin ——

IBmin = = 60 zlma
min

I ( )_ VBE VBemax VBemin 25 05 i 20
N T I Iswe Iswn 100 1 0.1

ZBgA =20 + 60x0.33 =40

Chon R;; = 10 X Zgga = 10x40 = 400
ChOn RH = R12 =390
+ Chon Transistor Qg Q+:
Cong sudt tiéu tan:
2 2
P =0.1 -5 0122 048w
Rios 520
Vél RLQ6 =R11// ZBgA+ SRL
=390 //40 +60x8 =520
V cE-maxqs >2 Ve

IC—maxQ() :IBQS—max +IR11—max

Icosmax  VRitmax  Icosmax  VBEQSmax  Ri3.1co8 max

min Ri min Ri
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—100ma+ 2.5 0.33.6.25 ~100ma
390

Chon Qg,Q; sao cho:
Vegmx 120V
Icmax > 0.5A (16n hon 5 14n)
Pemx 2.5 W (51an)

80 120
Fr 10 MHZ
Chon Qs Q,:C2344 va A1011 (200V,2A,20W, =180)
Hoac D1138 va B861 (200V,3A,30W, =180)
+ Chon Transistor Qs Q4

chon Qs cé6 nhO nhdtla 4 =80
Icmaxos 100

IBQ6 = —6 E 125ma
Phdi chon dong Icgs= (4 5)Isgemsx Vi dOng tin hi€u chOng chat 1én dong phan cuc ban
dau t125ma
yANERYAN
U

ICQ4 =5x1.25=6.25ma
Néu chon Icqs 16n qua thi hai transistor Q,,Qs rat nong
ChOn D],DQ,D3,D4 vaco 4V :

v

Dong tinh qua Qg 1a :
Icogmin~ Vcemin  Ic min 08.R13
legs = Ru
50 0.5 50.0.33.10°
=— ma
60 0,39
Chon dong qua D;,D4s = 3ma va qua Ry = 3ma.
R, =2 207 g
3ma 3

Chon bién trd 1oai 470  hodc 500

Chon D; D,;:1N4148,1N4007
Icos 1

IBQ6 =—6 % 100 a

Chon Diode Zener:

Chon Dz =4.7V/5ma 10ma

Chon R;:

R, = Vee Vz 50 4.7 ROK
Iz, 5

Cong suat trén R,

Prs =V.I=(50-4.7).5=0.2W

Chon R, =8.2K /1W

ChOn R]():
R10=VZ \% 4.7 0.7 0.64K
Icos 6.25
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Chon R, =680
+Tinh Rs:Piéu kién Maxswing

Diéu kién Maxswing 1a:
Icmax  Vee Vero
=737 3
_| (Rc  Re)
Vee
Ve =Ty

- Vee =Vepgit(Ri + Ry)Ieqr (1)

Vee  Veeor VcEol Vee

cat = R R Ri R R R 2
+ Tinh Rg :
Chon Vgs = 1V (D€ bién d0 ra dat gi4 tri cao nhat)
LR ST
Icos  6.25

Suy ra sut 4p tai moi ndi B-E = 1.5V=1+0.5
+ ChOn Q, :

Cong sudt tiéu tan trén Q, :

Pcos =Vergalcos = 48. 6.25= 300 mW
Vemax > 100V = 120V
Icmax = Icqs = 6.25ma
Vay ta chon Q,Qs gan gibng Qs,Q;
+ Thié€t k€ mach khuéch dai vi sai:

thi€t k€ dong tinh 1ma ( 1- 2ma) vi 16n qué s€ bi nhi€u (giy ti€ng xi G loa)

ICQ1 = ICQ2 = lma

ICQ3 =2ma
Vz V 4.7 0.7
Ta c6: Rs + Ry =— 2K
Icos3 2
Chon R; = 1K

R, 1a bién trd 2K

_V Rslcos 0.7 160.6.25.10 °
B Ico 1.10 °
Chon R, = 1.5K

+ Chon R, va Rs:

R, =7Z,=50K chonR;=51K =R;
Rs Vo 40

Ay=l+— —
V" TRe Vi 077542

R, 1.7K

36.5 37
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Rs Rs 51
36 _U 20 g4k
Re Re 36 36
Chon Re= 1.2K
+Tinh C; : tu lién lac
1 c 1 1
}L L= RC ' 2 AR 2 2051
ChOn C] =1 F.
+Tinh C, : A Av "
37
26 N\
20 >
Av/sg = 0.707.37 = 26 = 14 L
Vidb = ' B - Rs Zc2
R 261225 R.=25R.4 257
Rs Zco = 7 T ot 2
Rs 25Rs 51 25.12
- 1K
Zeo 25 25
L — L_Fr 100 F
Ze=tn f > 2 fiZex 2 .20.100
Chon C,=100 F-220 F
+ Tinh C,

1 1
2 .ftRs 2 .20.160

Taco :Zc4 Rg C4
Chon C, = 100 F

0.15 F
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