Truong KTCN Hung Vuong Khoa
Dién tir

BAI 1: NGUON CAP PIEN MOT CHIEU

I. GiGi thiéu chung v€ nguon dién:
1. Téng quat:

NguOn dién c6 nhi€m vu cung cap ning lugng mOt chi€u cho cdc mach dién va thi€t bi dién tUr,
dién t cong nghiép-tu ddng hod hoat ddng. Ning Iugng mOt chi€u d6 dugc 13y tUf nguOn di€n xoay
chi€u cla ludi dién thong qua mOt sO qud trinh bi€n ddi dugc thuc hién nhu hinh 1.1 sau:

T Va —
v Y N ——
Us BIEN AP U2 CHP%III\JTHCEUU Us BO LOC Ua MC}DTNCT-F;EU ER:

Hinh 1.1S0' d6 khéi nguén dién cung cap

Mach chinh Iuu 12 b0 bién d6i dién ning xoay chi€u thanh dién ning mdt chi€u, dugc Ung dung
lam ngudn cap di€n mot chi€u trong cidc mach dién t. Trong mach chinh luu, phan & chinh 1uu c6 thé
1a diode (b0 chinh Iuu khong di€u khi€n) hay SCR (b0 chinh 1uu c6 di€u khi€n).

B 10c ¢6 nhiém vu san bang dién dp mOt chiéu.

B® 6n d4p mOt chiu c6 nhiém vu On dinh dién dp hodc dong dién G ngd ra khi 4p vao thay d6i hodc
tai thay doi.

2. Céc théng s6 dac trung clla ngudn di€n: MOt mach chinh Iuu dugc dac trung bang cic thong sO

nhU sau:

* DPién 4p mOt chi€u ngd ra: Vpc

* Dong dién mOt chi€u ngd ra: Ipc

* Dién 4p hi€u dung ngd ra: Vrms

* Dong di€n hi€u dung ngd ra: Irms

*  Cong sudt mOt chi€u ngd ra: Ppc = Ve X Inc

* Cong sudt xoay chi€u ngd ra: Pac = Vrms x Irms

» Hiéu sut bd chinh luu : =% 100%

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

ngo ra la:

Vac=+ V2 Vgc

rms

<

AC

- Hé sO gon séng ngd ra (Ripple Factor): Kr = =
C

o~
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Ppc
Vi

Hé s0 st dung bi€n 4p (Transformer utilization Factor): Ky =

Vi Vs, Is 1an 1ugt 1a dién 4p va dong dién hi€u dung & th( cap bi€n dp, hé sd K ddc trung cho
kha niing cUa bi€n dp cung cdp cong sudt ngudn cho b0 chinh 1uu so v&i cung cdp ngudn AC thudn tuy.
MOt b0 chinh luu 1y tudng khi:  =100%, Vac=0,Kr=0,K; =1
II. Khdo sat cac mach chinh luu:

1. Mach chinh luu ntta chu ky:

Lz
D
e N :
ng -
t

a. Mach dién:

Ui L1
':l Urta
I

: qé } |V\/\

Hinh 1.2 Mach chinh luu ntta chu ky

b.Phan tich:

Gia st tai A ¢ ban ky duong, tai B ¢6 ban ky am thi Diode (D1) phan cuc thudn nén dan dién,
dong dién qua tai chinh 12 dong qua Diode. Trong ban ky 4m Diode bi phan cUc nghich nén tat khong
c6 dong qua tai.

* Dién 4p trung binh trén tdi (gid st Diode 1y trudng Vi = 0, Ry, = 0)
| . Vi
Voe e — V,sin td( t) — 0318V,
L
* Vi Vy labién d0 dién 4p ngd vao.

Va2

Goi V la dién dp hi€u dung ngd vao thi: V. ——~= 045V
A A ~ 1 2 .2 Vu
bién 4p hi€u dung ngd ra: V., = — V,, sin td( t) =-2L=0707.V
2, 2
L N AN < ~ 2. IM VM
Tuong tu ta c6 dong di€n trung binh trén tai: [pc = — = R = 0.45R—
L L

* V@il la dong dién dinh trén tai.
c. Nh@n xét: Khi chon Diode cho mach chinh luu phdi thod 3 thong s6 sau:

- Dong dién dinh Diode: I,>Iy= (1.5 3)Iy.
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- Dién 4p ngugc dinh cUa Diode: PIV  Vy

- Dong trung binh diode: Iavg  Ibc
1. Mach chinh luu hai ntra chu ky dung 2 diode:

a. Mach dién:
Uz

+Veo

-y

Urta

TAVA

Hinh 1.3 Mach chinh luu toan ky
b.Phan tich:

Bi€n 4p c6 chau gilra 1am di€m chung, dién 4p & 2 dau bi€n 4p ngUgc pha nhau so vGi di€m

chung.

Gia sU trong ban ky dau U, duong, Uy, 4m -> D, dan, D, tat dong dién tir U, qua D, qua tai vé
1ai diém chung cla bién thé. G ban kY sau Uy am Uy, duong -> D, tat, D, dan, dong dién tf Uy, qua
D, qua tai v€ 1ai di€m chung cla bi€n thé. Dong qua tdi I, chinh 12 tOng 2 dong dién qua 2 diode D1
vaD2=1,vai,

2,

« A 2. 2 .
* DPien dp trung binh trén tai:Vpc = 5 Vysin 1d( 1) = —L =0.9.V
0

» Dién 4p hi€u dung trén tdi: Vs = 2 Vysin® rd( 1) = Vi =V
2 V2

0

JaY 2 . 2
* Dong di€n trung binh trén tai:lpc = —— = =0.9

» TansO don séng béng 2 1an tan sO nguﬁn AC => fogin song = 2 T nouén

TU céc cong thic trén, ta dé dang suy ra hé sO g0n séng ngd ra cla b chinh luu toan séng thap

hon so v&i b0 chinh 1Uu ban séng, nén yéu cau vé mach 10c ngd ra s€ don gidn hon.

c. Nh@n xét: Khi chon Diode cho mach chinh luu phai thod 3 thong s6 sau:

- Dong dién dinh Diode: I,>Iy= (1.5 3)I.
- Dién 4p ngugc dinh cla Diode: PIV 2V

- Dong trung binh diode: Iavg  Ipcr
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3. Mach chinh luu hai ntta chu ky dung 4 diode (Mach chinh luu cau 1 pha):

a. Mach dién:

Uz
& "
< 2 =,
U1 3 = +vc'::c : \ f’f —
3 -
—
Rt Unta
P Y T
i "\.I,"'/ "-,'l,-f "-.I -

Hinh 1.4 Mach chinh Iuu hai nQa chu ky ding 4 diode
b. Phan tich.:

Mach chinh 1uu cau 1 pha ciing ¢6 nhiing tinh chat gidng nhu mach chinh 1Uu toan séng nhung
khong can bién 4p chau gilra.

Trong ban ky dau: A duong hon C thi D,, D; dan D,, D, tat dong dién chay tUr A qua D, qua Ry
qua D; vé C. trong ban kY sau, Vac 4m, D, D; tat, D, D, dan dong dién chay tUr C qua D, qua tdi qua
D, v€ A. nhu vay trong cd 2 ban ky dong tai theo 1 chi€u tU B dén GND. G0i 1a mach chinh 1uu toan
séng. Cac cong thlc dp dung cho mach dién chinh 1uu cdu 1 pha déu ding v&i mach chinh 1uu toan

song.

4. Mach chinh Iuu ngudn déi xting :

a. Mach dién:

* = +\ece
A
L = Mass

¥ C
T : ©-\ce

Hinh 1.5 Mach chinh luu nguén déi xlng

b. Phan tich: Ki€u mach nay nguyén ly giéng nhu mach chinh 1uu toan séng nhung cé thém day
trung tinh tao ra ngubn d6i xUng Ve va Mass 0¥, ki€u mach nay thudng ding trong bd ngubn
Amply d0Oi méi .

Chii y: Trong tat cd cdc mach ndn dién trén néu tai 1a tu dién, thi tu s& nap dién khi Diode dan do
do

dién dp trén tai s€ sap si dat cuc dai, nghia 1a :
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Khi d6 tan s6 dgn séng khong con nlra, dién dp ra 1a DC thudn tuy. Vi vAy trong cdc mach ndn
dién cho nguOn cung cap thi déu c6 tu 10c mac song song v&i tai nham muc dich loai bd thanh phan
don séng. Nghia 12 tu s& nap bang gia tri V.. va xa qua tai khi dién 4p bat dau gidm nho hon V. .

Gia tri cUa tu 1oc ngudn dugc tinh bang cong thic :

Trong do :
= F’_ :tansO g0n séng ma tu can loc 1
C = a
= R’ :tdiclatuC. 4 3 R_
A 4 f’L ° > %
. : hé sO g0n séng cho phép , chon cang nhO cang tOt
5. Mach nan dién bdi ap:
a. Mach dién:
D1 Ur=nU C1 Cn

— : SR
D1 ;Dz

A :

Uz ’f& U1 H Uz

| 1 v 2= 3 e .
+

U1 ‘

Cz Cn Us

Hinh 1.6 Mach nan dién béi dp

b. Phan tich.:

Dung cung cap cho cdc thiét bi doi hdi cé di€n 4p cao dong tiéu thu nhd va tiéu thu cong sudt
thap.

V& bdn chat ciing ging nhu cidc mach chinh 1uu ban ky nhung tdi 13 tu dién va cac mach dugc
mac n0i ti€p v&i nhau trén tao hiéu Ung nhan ddi dién 4p.

NUra chu ky duong thi D, dan D, tat tu C, nap bang ngudn E,.,

NUa chu ky 4m D, tat D, dan, tu C, nap trén tu C, ciing bang nguén E,.. ¢6 chi€u nhu hinh vé.
Trong khi d6 trén tu C, ciing c¢6 1 Ep., vay gilta 2 dau + va—cla 2 tu s€ c6 gid tri Ur = 2 V..

I1I. Khdo sit, tinh toan cic bd 10c ngudn:

1. Céc khai niém vé b loc:
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ChUc niing cla b0 chinh 1uu 1a chuyén dién 4p xoay chi€u thanh dién 4p mOt chi€u. Pau ra cla
b0 chinh 1uu ta thu dugc dién 4p mOt chi€u. Tuy nhién di€n dp nay chua dugc On dinh nhu mong mudn.
Vi vay ta phdi cho qua b0 10c d€ dugc dién dp mOt chi€u 6n dinh hon.

Tin hi€u ra sau khi 10c dugc bi€u dién nhu hinh v& gbm thanh phan mOt chi€u va thanh phan
thay dGi(d gon séng) thanh phan nay cé gid tri nhd.

DE danh gia dién dp dau ra cla bd 10c ta st dung V.O.M, ding V.0.M do cho ta gi4 tri trung binh

hodc gid tri cUa dién ap mOt chi€u Udc hodc cho ta gid tri thanh phan thay d6i Ur (rms) d6 gon séng

U
dudc tinh theo cong thic: r %100%

dc

Vidul: SU dung V.O.M do tin hi€u ra cUa mOt mach 10c ta doc dugc Vpc 1a 25V va Vac 1a 1,5V, do
g0n séng dau ra cla bo 10c khi d6 sé 1a:

Uu.
ro =" 100% 1’5“j100% 6%

Udc

Suw 6n dinh dién dp: 12 mOt nhan t& quan trong khic trong b ngudn cung cdp d6 1a Iugng chénh 1éch

dién 4p mOt chi€u gilta ddu ra clia bd nguldn va yéu cau thuc t€ clia mach dién. Dién 4p cung cdp G dau
ra cUa b0 nguOn khi chua c6 tdi s bi gidm di khi c6 tdi. Lugng chénh 1éch dién 4p trong truOng hop
khong tdi va c6 tdi dugc x4c dinh bdi hé s6 goi 1a hé sO 6n dinh dién 4p Uy, duoc xic dinh:

v, Yu_Yaiog

ct
Vi du2: MOt nguOn dién 4p moOt chi€u cung cdp 60V khi dau ra khong cé tai. Khi nbi v4i tai, dién 4p

thuc t€ trén d6 1a 56V, tinh gid tri On dinh dién 4p .

rd

Giai

u, U
Y Ya 100% 60 56

U
K Uct

100% 7,1%

Néu gid tri dién dp c6 tai bang gia tri dién 4p khong c6 tdi thi su On dinh dién 4p 1a 0%, day chinh la diéu
mong muOn dat dugc.

Hé 56 gon song cUa cdc b chinh luu: Dién dp sau khi da dugc chinh 1uu bao gbm thanh phdn mot

chi€u va thanh phan hai (g0n séng).

DaGi vdi tin hiu chinh 1uu nla chu ky, di€én 4p mOt chiéu daurala: U, 0,318Um
Gid tri cUa dién dp gon séng la: U, 0,385Um

n » . » N U, (ms 0,385U
DO gon séng r cUa mach chinh 1uu ntra chu ky dugc tinh: r #IOO% WIOO% 121%
dc 4

m

DGi v&i mach chinh 1uu hai nUta chu ky, di€én 4p mOt chiéu daurala:U, 0,636U ,

Tai liéu hoc tap va tham khdo mén Mach Dién tir



Truong KTCN Hung Vuong
Dién tir

Khoa

Gid tri dién 4p gon séng 1a:U,,,,,, 0,308U,

D06 gon séng r cUa tin hi€u chinh 1Uu hai nlta chu ky dudc tinh: r Ur(rms)

100%  48%
Udc
2. Cac dang bO loc:

a. BO loc dung tu dién: Mach 10c thong dung nhat hién nay 12 mach 10c tu dién, bao gdm mot tu

dién dugc noi vao dau ra clia bd chinh 1Uu dién 4p mOt chi€u dugc 13y ra tir gila hai dau tu dién

Bo loc
Bo i : Tai
AC chinh : L : mot
— 1 luu 1T : chiéu

Hinh 1.7 so' d6 kh6i mach loc diung tu
Hinh 1.7a chi ra dién 4p cUa b0 chinh Iuu cd hai nUta chu kY truGc khi 1oc. Hinh 1.7b 12 dang dién 4p ra

cUa b0 chinh luu sau khi dd dugc nbi vGi tu dién. Dang dién 4ap sau khi di 10c 1a di€n 4p mOt chi€u
nhung van con nhap nho (c6 thay d6i).

D1 +Vee
a'.+ H

i.pl U Um
+ PR T o A
e !JITI Dz Rt — %‘ C TAYAAATA

— Y

Hinh 1.7a Mach chinh luu khi chUa cé tu

+Vee

D1
P
¢ Um U Um
i > % m
B t
1

Hinh 1.7b Mach chinh luu khi c6 tu

Hinh 1.8 12 gidn d6 dang séng dau ra clia bO 10c tu dién, thdi gian T1 1a khodn thdi gian tu dién dang

nap dién va nap dén gid tri bang bién d6 dién 4p dau ra cla bd chinh luu Um, T2 12 khodn thdi gian
tu di€én phéng dién vao tai.
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cum Yt Um Udc
Q Ilm D2 %Rl - c % R VAN
I |T1—-‘:— 1, t
1 7o

Hinh 1.8 Mach chinh luu khi cé tu

NhU vay dang séng dau ra gdm di€n dp mOt chi€u

Dién 4p ggn séng U(rms) dugc tinh theo cong thiic: U

Trong d6:Idc{mA]dong dién mot chi€u qua tdi tinh

F,Rt[k ]1a dién trd t3i tinh bang K

Udc va hai, Ur chinh la sU' nap va phéng cUa tu di€n

24U, 24U,
c RC

Idc
43 fc

r(rms)

béng mA, C[ F] dién dung cla tu 1Qc tinh béng

, £ 12 tan sO cUa dién 4p dua vao bd chinh 1uu tinh bang Khz.

Vidul : Tinh toan di€n dp ggn séng clia b chinh Iuu hai nlta chu ky vGi C = 100 F ndi vdi tai tiéu thu

dong 50[mA].

Giai

Idc
43 fcC

24,
C

2,4Udc
RtC

Ta co:

r(rms)

, thay sO vao tacé: U

2,4.50

1,2V
100

r(rms)

Dién dp m6t chiéu Udc: Pién dp mOt chi€u & dau ra bd 1oc dung tu dién dudgc tinh theo cong thic:

U,

c

U

m ldc

4fc

Trong do :

Um: bién d0 dién 4p sau bO chinh luu
* Idc:Dong dién tai, tinh bang mA

C:dién dung tu 10c chinh ( F)

F:Tan s0 tin hi€u vao, tinh bang Khz.

4171,
C

U

m

Vidu 2: Bién d0 dién 4p sau khi chinh 1uu 1a 30V, gia tri tu 1oc C = 100 F, tai tiéu thu dong 50[mA].

Tinh to4n dién 4p mOt chi€u & dau ra bl 1oc.

Giai
I, 4171,
Tac6é: U, m ﬁ m Td
Thay s vio ta tinh dugc Udc:
4,17 .
v, v, e 35 H70 54,
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Vi du 3: Tinh todn dién dp gOn séng cla b0 10c tu dién v&i bién d di€n 4p chinh luu 1a 30V, tu dién
c6 dién dung 50 F, dong trén tai 1a 50[mA].
Giai

(Udc = 27,9V theo vi du 2)

241, .
S 100% 2430 1000 43%
cu,. 100.27,9
. 417 .. 417.50 U, (oms
Ciing c6 thé tinh theo céch khac: Biét U,, U, ——% 30 279V ,Mar — 100%
C 100 U,
1,2V
v 1 ———100% 4,3V
vay " ooogy

b.Bd loc RC: D€ gidm nho dd gon séng G dau ra bd 10c¢ tu dién ta mac thém bd 10c RC (xem hinh

1.9). Tin hiéu dau ra dugc chi ra trén hinh 1.9.

T - T -
D1 l"'., t / t

4H_ \ /
|4

'|I | I
%ﬁ IIII- R Illl‘l
D2 |
f C1 JIi Cz Rt

Hinh 1.9 Mach loc RC va dang séng dau ra

Xét dnh hudng clia bd 10c RC d6i vGi thanh phan DC dién 4p mOt chiu trén tdi dugc tinh nhu sau:

R R

AM ,TM *
0 dc;/ ildc\:l- %Rt Ufl Ur(ms) J’fc éﬁt

Hinh 1.10 so d6 tuong duong cla mach loc RC
Vidu 1: Tinh dién 4ap mOt chi€u ra tdi c6 dién trd Rt = 1k , mach 10c RC c6 thongsO R =120 ,C =

10 F, Dién 4p Udc qua b0 10c tu dién Udc = 60V.

Tacé: U'y, R U 1000 60 536V

R R~ “ 120 1000

Xét dnh hudng cla cla b 1oc RC d6i v&i thanh phdn AC, d6 gon séng dugc bi€u hién nhu so d6
hinh 1.9.
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XCU

r(rms) R ~ r(rms)

Khi d6 dién 4p gon séng dau ra dugc x4c dinh nhu sau: U’
P6i véi mOt bO chinh 1Uu ca chu kY, néu tin hi€u vio c6 f = 60Hz thi dung khang cUa tu di€én dugc tinh

, 1.3 . . .
theo cong thuc: XC F , v0i don vi cua C la pF, Xc lak

Vi du 2: Tinh todn cic thanh phdn m6t chi€u va xoay chi€u cUa tin hi€u ra tdi Rt clla mach sau:

Udc=150V U'de
Ur(rms)=15V U'r(rms)

7

I"._ R _ff
Mach +—\W\——+
chinh luu Ji 5000 Ji

AC . C1 - C2 Rt
2 nua T 15uF I 10uF ] 5KQ
- chu ky : ‘
Hinh 1.11 Mach loc RC
Giai
Tinh to4n c4c thanh phan DC: U’ —U Sk 150V 136,4V
inh todn céc thanh phan DC: U, R R “© 500 5 )
. (s A L3 13
Tinh todn thanh phan AC: X 10 0,13k 130
A . A , X 130
bien dp gon séng daura: U', TC r(rms) %.(1 5V) 39V

3.9v

> U'r rms
DO gon séng dau ra: r #.100% 100%  2,86%

de ’

D€ gidm d0 gon séng ngd ra ta diing cidc mach 10c, 1a cdc phan t& R, L, C dugc chon c6 thoi
hang thich hgp theo yéu cau cla dong tai va d0 ggn séng cho phép. Mach 10c don gidn 1a dung C va R.
Mach dién chat lugng hon cho di€n 4p ra khdng con ggn séng thi dung L, C.

D
# H 7 - - = +\foo

)]

_<J
AC 220V 3

Dz

5 J
1.12 Mach loc don gian diing mét tu dién

Khi D, dan tu C; nap dén gia tri dinh Vy, khi D, tat tu xa dong qua tdi dién 4p trén C gidm cho
dén khi bé hon gid tri tlc thoi dién 4p xoay chi€u trén tai, D, dan tu C nap dén dién 4p dinh, D, tat, C

lai xa dong qua tai...

10
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Vi dang séng gon séng trén tdi gan nhu hinh tam gidc. C6 gi4 tri hiéu dung dugc tinh theo cong

V..pp

23

thL'I’C :Vr(rms)=
Hé s6 ggn s6 khi loc K, (hay ) K, = - = g F
2 sO gon song sau khi 10c K, (hay ) K, V.. _4\/_RfC()

Gfa tri tu loc dudc tinh bang cong thitc:C= —————— (F
Ity 1C . g cong 4ﬁRLmr (F)

V@i f = 50Hf, tu tinh bang don vi F, R, tinh bang don vi

B , ) 2887
Ta c6 thé don gian cong thuc trén thanh : C=—"7((b
RL Kr
V. rp

Dién 4p mOt chi€u trung binh ngd ra dugc tinh 14:Vpe = Vy -

4/R,C

Bang phép tinh todn ta c6: Vpe =
gp p oan ta co DC 4fRLC 1 M

TU cong thUc tinh gid tri tU 10c va dién 4p trung binh trén tai ta nhan thdy: khi ting R, hay C thi di€n 4p
1 chiéu ngd ra ting va gon séng gidm. Céc cong thUc trén cho phép ta tinh dugc gid tri tu 1oc d€ dat
dugc dién 4p DC ngd ra va dong tdi theo yéu cau vGi dd gon séng cho phép.

Vi du 3: Tinh mach chinh 1uu toan ky v&i: U, = 220", n, = 660 vong, n, = 36 vong,R, = 8

Giai

. , U, n, u, 220 v
TU cone thic: — — u, —n, —36 12
U cong thuc U, n 2 n 2 660

Atip mOt chiéu trén di: V, 2V, 14 12 168"

Dong dién qua tdi: I, = I, =2*. chon Ip = 1,5 3. =3-6*
Vi = 2V = 2 X 16,8 = 33,6". Chon Vigue =2 3Vp = 100"
Chon dién 4p 1am viéc (WV) clatu WV = (1,5 2)Ve=25Y

1

TU cong thie: € —=———
cong thuc 4\/§RLf'

Taco: f =2f=100Hz
11
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1 1
4 3 8 100 002 1088

PGi hé sO gon séng:  =2% =0,02, € F 0,009F 9000 F

Chon C =10.000 F/25V

IV. Mach 6n ap:

1. Mach 6n ap dung diode zener: SG dd mach 6n dp ding diode zener nhu hinh vé 1.13a.

R
e—ANN—
Uy Dz Uz
A
F 3
100+t
Alw Uv 1
| —— _ l2=-5mA |
~ R — > ! P
\\\ R'i\\ 51:. T—25 G .I.'"l
R [N | P=25W
\\ \\\ T |Illlt f/.'
\\ . T Y
0 10 20 R

Hinh 1.13a Mach 6n dp ding zener,hinh 1.13b d6 thi ddc tinh 6n dinh,
Hinh 1.13¢ swphu thubc cUa dién tr& ddng vao dién dp 6n dinh

Diode On 4p (diode zener) lam vi€c nhG hi€u Ung d4nh thlng zener va hi€u Ung d4nh thlng thic
lii cUa chuyén ti€p p-n khi phan cuUc ngugc. Khic véi diode thong dung, céc diode Gn dinh cong tic &
ch€ d6 phan cuc ngudc, nhitng tham s6 kY thudt cla diode zener la:

Dién dp On dinh Uy (dién dp zener): 1a dién dp ngugc dat 1én diode 1am phat sinh ra hién tugng
danh thUng.

Dién tr& dOng ry,: dUgc dinh nghia 1a dd ddc ddc tuyén tinh cla diode tai di€m lam
au,
dl

z

viec : 7,

Cin c(f vao cong thlc trén c6 thé thdy rang dd dbc cla dac tuy€n & phan danh thlng c6 tic dung
quyét dinh dén chat lugng 6n dinh cla diode. Khi dién tré dOng bang khong (lic d6 phan dac tuyén

danh thlng song song v3i truc tung) thi su On dinh dién dp dat téi mlc 1y tudng.

Pién trd tinh R, dudc tinh bang ti s6 gita dién dp dat vao va dong dién qua diode: R,

12
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Hé s6 6n dinh dugc dinh nghia bang ti s gilta cc bi€n d6i tuong doi clia dong dién qua diode

dl, AU, R R

I, U, )

va dién 4p r0i trén diode do dong nay gay ra: Z  (

Chiing ta thay hé s6 nay chinh bang ti s6 gilta dién trG tinh va dién trd dOng tai di€m cong tic
cUa diode.
P& dat hé s6 6n dinh cao, véi mOt bi€n dbi dong dién qua diode da cho trudc, dién dp roi trén

diode (do dong nay gy ra) phdi bi€n ddi nhé nhat. Cic diode On dinh S; thuGng c¢6 Z > 100. Trd khing

ra cUa mach 6n dinh ciing 12 mOt thong sO chU y€u dénh gia chat luong clla mach: R,

Ot day U, lagiasO cla di€n 4p ra, gay ra bGi gias6 I, cUa dong tdi.
R6 rang ti sO v€ phdi cang nho thi chat lugng mach 6n dinh cang cao, vi thé cdc mach 6n dinh

diing diode zener c6 di€n tr& cang nho thi cang tOt (di€u nay phit hgp véi vai trd mOt nguOn dién 4p 1y

du,
dt

2 A n « A A 2 A pd . . - A A 2. 1
tuong). He sO nhi€t dO cua di€n 4p On dinh khi nhi€t dO thay doi 1°C: , (U—)( )|IZ const
V4

Hé s6 nay xé4c dinh bdi hé s nhiét d0 cla dién dp ddnh thlng chuyén ti€p p-n. su phu thubc cla
dién 4p Gn dinh vao nhiétdé cé6dang: U, U, 1 (T T,)

Trong d6 U, 1a dién 4p On dinh cla diode zener G nhiét d6 T, .

Hé s6 nhiét d0 ,c6 gid tri Am né€u hién tugng danh thlng chU y€u do hiéu Ung zener giy ra. N6
c6 gia tri duong néu hi€n tugng danh thlng do hién tugng thic 1 gy ra.
Vidu I: Cho mach dién nhu hinh 1.13 v&i R=1k , Uz= 10V, Izu= 32mA. Hiy xdc dinh khodng giGi

han cla R, d€ mach lam viéc trong day 6n 4p.

R
— W\ [ T
Uv  Dz& =R u
: S

Hinh 1.14 Mach 6n dp ding diode zener

2

Giai:
Khi R=R,;;;thi dong qua diode zener 1a I;=Izy;, O.

U,R

R .
Theo cong thlc phandp: U, U, —*—=U, >R, —F—
' R ' U, U,

Thay s6 dugc: Ry, = 250
Khi R=Rmax ta c6: Ug=Uv-Uz=50V - 10V =40V
Dong chay qua Ril=lnin=Ir-1zmx = 40mA-32mA=8mA

13

Tai liéu hoc t@p va tham khdo mén Mach Pién ti



Truong KTCN Hung Vuong Khoa
Dién tir

Suy ra: R=Rumux=Uz/linin=10V/8mA=1.25k
Vay khi R, bi€n d6i trong ddy (250 -1.25k ) thi mach lam viéc trong diy On 4p.
2. Mach 6&n 4p ndi tiép:
C6 hai loai mach Gn 4p ding transistor 12 mach Gn 4p ndi ti€p va mach On 4p song song. Cdc mach
On 4p nay c6 th€ cung cdp mOt dién dp mOt chi€u ddu ra 6n dinh & mOt gia tri On dinh ngay cd khi gid tri
dau vao thay d6i hodc tai clla mach thay d6i.

a. Mach On ap noi ti€p dung transistor:

. | BIEU )
Uv KHIEN vy U
A . -
LAY MAU
TAO BIEN .
AP CHUAN| | SO SANH <

Hinh 1.15 S0 d6 kh6i mach 6n dp néi tiép

So d6 kh6i mach 6n dp noi ti€p dugc bi€u dién & hinh 1.15.

Phan tUr di€u khi€n d€ di€u dinh dién dp ddu vao va dién dp dau ra. Pién dp dau ra dugc 1ay dua
tr@ 1ai so sanh vGi ngudn dién 4p chudn.

Gid s dién 4p dau ra ting, b0 so sanh cung cdp mOt tin hi€u di€u khi€n, phan t( di€u khién sé
lam gidm dién dp G dau ra.

Gia s dién dp dau ra gidm, b0 so sanh cung cdp mOt tin hi€u di€u khi€n, phan t di€u khién sé
lam ting dién 4p & dau ra.

Trén hinh 1.16 12 mach On 4p nOi ti€p don gidn ding mOt transistor va mOt diode zener. Trong sO
d0, transistor T, déng vai trd di€u khi€n, diode zener déng vai trdo nguOn di€n 4p chudn, hoat ddng cla

mach nhU sau:

Uv @ T Ur

Hinh 1.16 Mach 6n dp don gian
Néu dién 4p dau ra gidm > 1am cho Ug gidm = Uger ting = 1am cho T, dan dién manh hon, vi

vay ting di€n 4p daura > duy tri dién 4p dau ra Gn dinh.

14
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Néu dién 4p dau ra ting, Uy ting > Uggr; gidm T, dan y€u di = vi vay lam gidm dién dp dau ra
- duy tri dién dp ddu ra On dinh.
Vi dul: Tinh toan dién dp ddu ra va dong qua diode zener mach On 4p hinh 1.16, cho R=1k

UZ = 12V, R=220 N = 50, UV= 2OV, UBE=O7V

U, U, U, 12V 07V 113V

U, U, U, 20V 113V 87V
U, U, 20V 12V

I, 36,4mA
R 220
u, 113V
Dong chay qua Rt: 7, Ur 11,3mA IE IC
t
1, Lo 1L3mA- 6 4

I, I, I, 364mA 226 A 36mA

Vi du 2: Thiét k€ mach 6n 4p c6 dién 4p vao 1a tir 8 d€n 10V, dién 4p ra 12 5V, dong cung cdp cho tai
16n nhdt la 100mA.

Giai

Chon Mach nhu hinh vé sau:

Vino— AN, ——s

Dz &
V.out RL
OW'e I

Vou=5V V.=V +0,6=5,6V->Chon Dzcé Vz =5,6V

Ig; = I, + Iz = 10mA (vi dong Ib nhd, chon I, trong ving ddnh thlng l1a 10mA) -> Chon R =
220 hoac 270

Tinh cong sudt Transistor:

VCE = VIN max ~ Voul = 10-5 =5V > IC = IL = 100mA -> PTT =V CE .IC =5. 100 = SOOmW, ChQn
Transistor ¢6 : Veemax (1,5 d€n 3) Ve =15V d€n 30V, Icme (1,5 d€n3) Ic = 150mA dén 300mA, P .
(1,5 dén 3) Prr =1W dén 3W. Tra cUu tim transistor tUOng Ung nhu: D882 hodc D468.

Néu can cung cap dong tai lén (vai Ampe) thi ding hai transistor ghép Darlington, nhur hinh vé

sau:
15
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1I||.|'rll'l =2 _L

R f_:—:
(D468
E Y
—f: H1061
o Y
Vgut ? EL
0Ve ' *

b. Mach &n 4p ndi ti€p dung OP-AMP:

v

R

Rz

Hinh 1.17 Mach 6n dp néi tiép ding OP-AMP
Hién nay mOt sO mach On 4p ndi ti€p da s& dung khuéch dai thudt toan OP-AMP.
Trong hinh 1.17 12 mach OP-AMP so sdnh dién dp chudn trén diode zener vGi dién dp hoi ti€p
tr b0 phan dp R, va R,, néu dién 4p dau ra nay khong thay d6i dién 4p ra dugc tinh theo cong thifc:
R
vo1 Ny,
R2
2. Mach &n ép song song:
Mach Gn 4p song song thuc hién On 4p bang dong dién tiéu hao song song v&i tdi d€ Gn dinh dién

4p ra. Hinh 1.18 1a s0 d0 khGi cUa mach 6n ap.

Uv Ur
Il
v© Tin hiéu It
EHEy ) diéu khién v !
KHIEN | L §
LAY MAU et
TAO DIEN .
AP CHUAN | SO SANH = N

Hinh 1.18 50 d6 khéi cla mach 6n song song
Dién 4p dau ra khong On dinh cung cdp dong cho tdi. MOt phan dong dién bi mat di do phan t{

diéu khi€én d€ bdo ddm cho dién 4p ra dugc On dinh dua dén tdi. Mach 18y mau cung cap tin hiu hoi

16
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ti€p tGi bO so sanh, sau d6 1dy ra mOt tin hiéu di€u khi€n d€ lam thay dGi dong dién chdy qua phan t
diéu khién.
Vi du: Khi dién dp dau ra ting, mach 1y mau cung cap tin hiu hoi ti€p tGi mach so sanh, ddu ra mach
so sanh dua tin hi€u di€u khi€n lam ting dong di€n song song qua phan tU di€u khi€n, 1am cho dong tai
gidm xulng gilt dién 4p On dinh.

a. Mach On ap song song don gidn dung transistor :

Mach On 4p song song don gidn nhu hinh 1.19.
Rs

U

o

Hinh 1.19 Mach 6n dp song song don gian
Trén dién tr& Rs di€n 4p chua 6n dinh, sut 4p do dong cung cap tGi tai R,. Di€n 4p trén tai dugc
x4c dinh bGi di€n ap zener va dién 4p gilta base — emitter. Néu dién trd tdi gidm, dong di€u khién cuc
B cla T, ciing gidm, lam dong collector ciing gidm, s& lam dong tdi 16n 1én hon va 6n dinh dugc dién
4p ra tai. Dién 4p ra trén tdi 12:U,= U, + Ugg
Vi dul: Cho mach dién nhu hinh 1.19 v&i Rs = 120 , R, =100 ,U,= 8,2V, Uy =22V. Xic dinh dién

ap On 4p ra, dong I¢,I,Is?

Giai
Dién 4p On 4p trén tai: U, = U, + Ugs =82 + 0.7 = 8,9V
U, 89V
& dila [, —+ ———89mA
Dong quatai la: £, R 100

t

U, U 22V 89V
R, 120

109mA

Vi dién dp vao 22V, dong qua Rs la: 1,

Do d6 dong qua collector 1a: Ic = Is — I = 109mA — 89mA = 20mA
b. Mach on ap song song dung hai transistor: Mach di€én nhu hinh vé 1.20.

Diode cung cdp mOt di€n dp chudn, do d6 di€n 4p trén R, s& quy€t dinh dién 4p ra

17
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Hinh 1.20 Mach 6n dp song song diing transistor.
Khi dién 4p thay d6i, lam dong song song qua T, ciing thay dGi d€ gilt cho dién 4p ra On dinh. Transistor
T, 1am cho dong cuc Base T, 16n hon mach ding mét transistor vi vay 6n dinh dong qua tai 16n hon.
Dbién dp ra dugc xdc dinh nhu sau: U, = U, = U, + Ugg + Ugg,
¢. Mach ©n ap song song diing OP — AMP:
Rs

- AN

Uv A Ur
Rs _I5|-| _IL

> =3
Ao 2

Sk

Hinh 1.21 mach 6n dp song song ditng OP-AMP
Hinh 1.21 12 mach 6n 4p song song diing OP-AMP nhu 12 b0 so s4nh dién 4p.
Dién 4p zener dugc so sanh v&i dién dp hoi ti€p tUr bO phan dp R, va R, d€ di€u khién T,. Dong
qua Rs s& dugc di€u khién sut dp trén R, , vi vay dién dp ra dugc On dinh.
3. Mach &n ap ding IC:

R4t nhi€u mach 6n st dung cic loai IC 6n dp. Cic IC On 4p chlta ngubn dién 4p chudn, khuéch
dai so sanh phan t( di€u khi€én bdo vé qua tdi, tat ca trong mOt IC don 1&. Mdc dii cdu tao bén trong IC
c¢6 khac v&i cidc mach On 4p truGc nhung hoat ddng bén ngoai thi nhu nhau. Dién 4p Gn 4p ciing c6 thé
di€u chinh dugc hodc c6 thé 1a cO dinh. Dong tai cUa cic IC tU hang trim mA dén hang chuc A, do d6
rat phit hgp v&i nhi€u mach thi€t k€ yéu cau gon nhe.

Hinh 1.22 Cho thdy su ghép n0i IC On 4p 3 chan v&i mach.

18
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N OuUT |
= —
+ GND +
TAI
o= .

Hinh 1.22 s0'd6 khéi bé 6n dp diung IC
Pién dp vao UV dudc dua tGi mOt chan, dién dp ra dugc 6n 4p Ur tir chan 2, chan th( 3 dugc nbi
vGi mass.
a.Mach ©n ap ¢6 dinh ding IC:
IC Ho IC 78XX cung cap di€n 4p ra cO dinh (+) 5V dén (+) 24. Ky hiéu XX d€ chi dién 4p ra.
Vidu: 1C 7805 12 6n 4p 5V, 7824 14 On 4p 24V. SG d6 mach mac trong thuc t€ nhu hinh vé& sau.

_ , 7812 _ ?
%& 2 %Cz

Trong do:
= Chan 1 dugc ndi v4i dién 4p vao.
* Chén 2 dudc n0i v&i mass.
* Chan 3 dudc n0i vai tai.
- Tu dién C = 0,1pF d€ cai thién qua trinh qua d0 va 10c nhiéu tan s6 cao.
- Dong dién dua qua ho 78 XX thuOng 1a <I1A.
- Ho 79XX tuong tu nhur ho 78XX nhung cung cap dién 4p ra cO dinh tUr -5V dén -24V
b. Mach 6n ap diung IC c¢6 thé diéu chinh dugc dién ap ra:

s 1LM317 43

2

Hinh 1.23 Mach 6n dp ding IC LM 317
Cic IC 6n 4p ciing san c6 mOt sO loai cho phép ngudi st dung di€u chinh dién dp ra nhu’ mong
muOn. LM31 (1,2V dén 37V) 1a mot vi du.
LM317 c6 thé hoat ddng v&i pham vi dién 4p ra tir 1,2V dén 37V, dién trd R, va R, Xdc dinh
dién 4p ra (1,2V dén 37V).

Dién dp ra dugc tinh theo cong thUc sau:
19
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R2
U, Ug,( E) I,,R2 (%), trong d6 Ues= 1,25V va I,4= 100pA

Vidu: Xac dinh dién dp ra cUa ICLM317 v&i R, =240 vaR, =24k
Giai

2,4k

40k

IC LM318 ciing thiét ké tuong tu nhung dién dp ra la dién dp (-)

Theo cong thlic (*)tacé: U, 1,250 ) (100 A)(2,4k ) 13,75V 0,24V 13,99V

¢. Mot s6 mach 6n ap khac diung IC:

R

¢ Mach ting dong ra :

=

a—u—"",h,-"".","'.l Y 1 3 o

Hinh 1.24 Mach ting dong ngo ra
IC ho 78XX hay 79XX thudng cé dong ra khong 16n, do d6 d€ ting dong ra c6 thé két hgp

vOi transistor nhU hinh 1.24

7/

% Mach ting di€n ap ra:

78XX

Ly
I'-' I'v
A

Hinh 1.25 Mach ting dién dp ra
D€ ting di€n 4p ra ddu thém diode zener vao chan 2 cUa IC nhu hinh 1.25.

Khi d6 dién dp ra s€ 1a:U,= U, + U,78xX

20
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BAI 2: KHAO SAT, TINH TOAN PHAN CUC TINH CHO TRANSISTOR

I. TOng quat:
1. Gi6i thiéu:

DE transistor IuGng cuc hoat ddng ta phdi phan cuc cho né, nghia 1a dua mot dién 4p mOt chiu tlr
bén ngoai vao chuyén ti€p Emitter va Collector vGi gid tri va cUc tinh phit hop. Pién d4p mOt chi€u nay sé&
thi€t 1ap ch€ d6 mot chi€u cho transistor khi phan cuc néu:

Chuyén ti€p Emitter phan cuc thudn, chuyén ti€p Collector phan cUc nguQc transistor sé& hoat
dOng trong vung tich cuc. Khi tinh toan ché d0 mOt chi€u trong viing nay ta thuOng sU dung cic cdng
thic:

Use=0.7V,IE=( +DIs  Ic,Ic= Iy

= Chuyén ti€p Emitter phan cUc ngUQc, transistor s& lam viéc trong viing cat.
= Chuyén ti€p Emitter va Collector déu phan cUc thudn , transistor s& 1am viéc trong viing bao hoa.
= Chi y rang, d€ transistor khu€ch dai tin hiéu phai phan cuc cho né hoat ddng & ving tich cuc.

2. Pi€m lam viéc tinh:

Khi phan cuc cho transistor, dong dién va dién dp mOt chi€u sé thiét 1ap cho transistor mOt di€m
lam viéc cO dinh trén ddc tuy€n ra, di€m nay goi 1a di€m lam viéc tinh (con goi 1a di€m cdng tic tinh va
thuong ky hiéu 1a di€m Q). D& transistor khuéch dai dugc tin hiéu, diém lam viéc tinh Q phdi nam
trong viing tich cuc, n€u chon dugc di€m Q thich hgp thi bién d0 tin hiu ra c6 th€ 16n ma khong bi méo
(thuOng 1a gilra dac tuy€n ra).

3. Puong tai tinh: PuOng t3i tinh 13 duGng quan hé gilta dong dién va dién 4p ra trong ché d0 mot
chi€éu. PuOng tai tinh dugc vé trén ddc tuy€n ra, di€m lam viéc tinh Q s& nam trén dudng nay.

II. Khdo sit, tinh toan:

1. Mach phan cuc ¢d dinh: SO d6 mach phan cuc ¢6 dinh dugc cho trén hinh 2.1

+Vce +Vce +Vcee

chllc
Out
—
In )
Hinh 2.1a phén cuc c0 dinh Hinh 2.1b mach tuong duong

DE phan tich ché dd mOt chiéu ta c6 thé bo cic tu dién va st dung sO dO tuong duong hinh 2.1b

a.Xét vong Base — emitter (hinh 2.2):

21
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. . U, U
Viét dinh ludt kirchhoff cho vong dién dp ta dugc: Uec — IgRg - Ugg = 0 -> IB =%
B

Vee—

Hinh 2.2 vong Base-Emitter

Theo cong thlc trén, dién 4p Ucc, Ugs ludn khong doi, vi thé gia tri Rg s€ quyét dinh gid tri dong
dién Iy, va dong I nay s€ khong dGi (vi vay nén goi 1a phan cuc cO dinh).
b. Xét dong collector — emitter (hinh 2.3):
Gia tri dong Ic chay qua dién tr& Rc dugc tinh theo cong thlc: Ic = I
Chi y rang, dong I phu thudc vio gid tri R, ma Ic ty 1€ v6i I; theo mOt hang s6 , vi vay gi4 tri cla Ic
khong phu thudc vao dién tr Rc. Khi thay d6i Rc dong I va Ic khong d6i. tuy vay ta s thdy gid tri Re
quy€t dinh gid tri Ucg ma Ucg 12 mOt tham sO rdt quan trong .
Aup dung dinh luat Kirchhoff cho vong collector — emitter (hinh 2.3) ta ¢6: Ucg + IcRc— Uee =0
Ucg = Ucc — IcRc, tacd :Ucg =U=-Ug

V&i Uc, Uglan luot 1a dién thé cla céc cuc collector va emitter

) 7\.\_1 “
f | Wee
N 4 f."f

ki k3
Hinh 2.3 vong Collector- Emitter
Vidu 1: Cho mach di€n nhu hinh 2.4, hiy tinh cic gi4 tri cla ch& d0 mot chiéu Is,Ic,Uck,Uc,UBE.
Vee=12V

Hinh 2.4 mach dién vi du

2

Gii
Uy Uy 12V 07V

I
g R, 240k

47,08 F
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Khoa

Ic= I=50.47,8 A=235mA
Ucg = Uce — [c.Rc = 6,83V -> Up = U = 0,7V -> Uc = Ucg = 6,83
Upc=Ug-Uc=0,7-6,83 =-6,13V
Trong truOng hop nay :Ug = Ov, nén Ugg = U
Ngoaira, Ucg + Ug — Ug suy ra Ugg = U
c.Puodng tai tinh: DGi vGi so d6 mach nhu hinh 2.3, quan hé gilta dong dién ra Ic va dién 4p ra Ucg
khi ¢6 tdi Re: Ueg = Uee — Ie.Re
Phuong trinh trén chinh 13 phuong trinh duOng tai tinh. DE v& dudng tai tinh ta can xic dinh

2 ~ Ve ~ U . 2 Ve . /.
hai diém: Diém thU nhat ta cho Ucg = 0 suy ra I¢ = % , dieém thU hai ta cho Ic = 0 suy ra Ucg=Ucc vOi
C

hai di€m nay ta vé dugc duOng tai tinh nhu hinh 2.5

A lc(mA) le(mA)
le(mA)
Uee| ———————— Uegt| —————————
Uee R N Re I/
Ro S — S
vee, [ Ucca, |
Rz \jl‘"‘_ Ra>HR2>R1 Re (v -~ Uccis>Ucez>Uces
Qs Isa | — N _
Ucc |l ™o Uceal |7~
o R R QN = [ L,Q\ G L
Q1 Ib1 I)/ - . ‘\_\ \“\ I}. — ‘
Ve ~ -~
f SO [ _—
I'\//' \\k | —
Uce Uce i Ucc U’cE ) ) Uce U'cz
Hinh 2.5 dudng tai tinh Hinh 2.5a Hinh 2.5b

Néu thay d6i gid tri dién trd Ry s€ 1am cho I thay dGi, khi d6 dudng tdi tinh khong ddi, nhung di€m
lam viéc tinh Q sé dich 1én hodc xuOng (hinh 2.5).

Khi gilt nguyén gi4 tri R¢ va thay d6i ngudn Ucc thi duOng tai tinh s€ dich chuy&n nhu hinh 2.5a

Trong truOng hop thay dGi gia tri dién trd Rc va gilt nguyén ngudn Ucc s€ 1am dudng ti tinh thay dGi
nhU hinh 2.5b.

Vi du 2: cho mach phan cuc c6 dinh c6 dudng tdi tinh va di€m lam viéc tinh Q nhu hinh 2.6, hay tinh

céc gia tri Ucc, Rs,Rc
A Ic(mA)

\Q IB = 3uA

15 Uce(V)
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Hinh 2.6 s0dé vidu
Giai
Tl sO dO hinh 2.6 ta ¢6: TaiIc =0 -> Uce = Ucc = 15V

15V
TaiUck=0->lc ve OMA R, 2V o5k

RC I 6mA

Uy Uy 15V 0,7V
I, 3 F

1ay Use = 0,7V, ta cé: Ry 47TM
d. Transistor b@o hoa: Theo dac tuyén cUa transistor, khi transistor bdo hoa thi Usg OV do dé dong

UCC
RC

dién collector bao hoa Ly, s€ 1a dong e, va dUQc tinh theo cong thilc: Ly, = ICmax =

2. Mach phén cuc 6n dinh cuc Emitter:
Mach phan cuc 6n dinh cuc Emitter nhu hinh 1.24 dién tr@ Re dugc mac thém dé€ ting d0 On dinh

hon so vGi mach phan cuc ¢ dinh. Trudc hét xét vong emitter — collector.

Hinh 2.7 Mach phén cuc 6n dinh cuc Emitter

a. Vong base — collector (hinh 2.7):

Hinh 2.8 vong Base-Collecter
Theo dinh luat kirchhoff ta c6 phuong trinh: Ucc — IgRg — Ugg — IeRg = 0

Ta cé: Ig=( +1) Iz, thay vao phuOng trinh ta c6: Uc — [gRg — Ugg — ( +1)I3Rg = 0, Rt Iz ta duQc:

24
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Ucc—=

(B+1)Re

Hinh 2.9
VGi cong thic trén ta c6 th€ vé& mOt mach ndi ti€p nhu hinh 1.26
Trong truGng hgp nay, dién 4p Ues tU base d€n emitter dugc di€n tr& Re phdn hoi trd vé dau vao
vGi hé sO ( +1). N6i cach khéc di€n trd cuc E 1a linh kién trong viing emitter — collector xuat hién v&i
Ri = ( +1)Re trong vong base — collector .

b.Vong emitter — collector (hinh 2.10):

— Uce

Hinh 2.10 Vong emitter — collector

. Theo dinh luat kirchhoff ta c6: IeERE + Uck + IcRc — Ucc = 0

= Thay th€ Ie  Ic va nhém céc sO hang ta cé: Uck = Ucc — Ic(Rc +RE)

- Dién 4p Uk dugc xdc dinh bang: Uk = IeRE

- Trong khi dién 4p tU cuc C tGi mass 1a: Ue = Ugg + Ui, hodc :Uc= Uce — IR
- Dién 4p tai cuc B c6 thé xdc dinh tU ;U — IzRs hodce Uy = Ugg + Ug

Vi du: VGi mach phan cuc emitter 2.11, hily xé4c dinh:Ucg,Usg,Us,Ug,Uc, Is,IE

20v

430K Z zaka
H

ID ) I+ .r_'\ N 10uF

10uF
1KQ
Gidi
U U
. 1, cc et 20V OV o1 F
R, ( DRE 430k S5lk
. Ic= IB=(50).(40,1 A)=2,0lmA
= Uce = Ucc —Ic(Rc + RE)==20V - (2,0lmA)(2k + 1K )=13,97V
. Uc=Ucc—IcRc =20V - (2,0ImA)(2K ) =20V -4,02V = 15,98V
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. Ue=Uc-Uce=1598V - 13,97V =2,01V, hoac ta c6 thé€ tinh theo cong thirc:
. Ug = Ucc— IcRc = (2.0lmA)(1IK ) =2,01V

. Us=UBe+Ue=0,7V + 2,01V =1,71V

. Use=Us—-Uc= 2,71V -15,98 = 13,27V

¢. MUrc bao hoa : MUc bdo hoa cuc C hodc dong cuc C cuc dai v3i mach phan cuc emitter c6 thé xic

dinh tuong tU nhu mach phan cuc ¢ dinh: T, = Iomx = ﬁ .
d. Puong tai tinh: xic dinh giGng phuong phép xdc dinh duOng tai tinh & mach phan cuc cO dinh.
3. Mach phan ap:

Trong cic mach phan cuc trudc, su phan cuUc dong dién I, va dién dp Ucgg 12 mOt ham s6 cla hé
sO khuéch dai dong dién ( ). Trong khi d6 hé s& nhay cam vd&i nhiét d0, dac biét 1a chat silicon, gid
tri thuc t&€ clla  thuOng khong dugc xdc dinh chinh x4c. Vi thé, xdy dung dugc mOt mach phin cUc ma
it phu thubc, hodc ddc 1ap vGi 14 vd cling quan trong. V&i so d0 clla mach phan 4p nhu hinh 2.12, néu
chon dudgc cdc tham s6 clla mach hoan hdo thi dong dién I va dién dp Ucgg c6 th€ hoan toan dbc 1ap

7

vOi

Hinh 2.12 mach phdn dp

a. Tinh todn cic tham s trong mach: Pau vio cla sd d6 hinh 2.12 c6 thé€ vé& 1ai nhu hinh 2.13

Ucec =

Hinh 2.13

SU dung dinh 1y Thevenin ta ¢6 thé tinh dugc dong I nhu sau: ngdn mach ngudn cap Ucc(hinB. 14a):

R1 Ri1
Rz Rw ycc—/— Rz Lha
L & L ]
Hinh 2.14a xdc dinh Rtd Hinh 2.14b xdc dinh Utd
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\ R,.U
Ta c6: Ry = Ri//R,, ngudn tuong duong Utd (hinh 2.14b): Uy = UR, = —R2 ;C
1 2

TU s0 d6 tuong duong thevenen (hinh 2.15) ta c6:

Utd - IB-RTd — UBE —IE.RE = 0 -> IB = Ulﬁ UBE
R. ( DR,
REita R1 §1|1
B Ut — 1 |
Utd e— R1s= Rz
I Rzgl'* U|B R | el
| +
Hinh 2.15 so do tuong duong thevenen Hinh 2.16

Vi Is ta c6 thé xédc dinh dugc Ic, tr d6 xdc dinh dudc Uck theo cong thitc: Uce = Ucc Ic(Rc + RE)
< Phan tich gan ding:

Pau vao cla mach phan 4p c6 thé dugc v& nhu hinh 2.16 trd khang gilra base va emitter 13

R, U,

R, R,

Ri = ( +1)RE. Néu Ri >>R2 thi dong Is << I1, khi d6 I2 Ivals 0.Do dé: Us = , ViRi=

( +1)Re  REkhi phan tich gan ding Re phdi thod man di€u kién: Re 10R2

A . U
Dién 4p va dong dién cuc E dugc tinh: Ue = Us — Usele = R—E ICQ Ik

E
TU d6 , dién dp Uce duQc tinh nhu sau: Uck = Ucc — IcRc — IERE -> Uckq = Ucc — Ic(Rc+RE)
Vi céch tinh nhU trén, rd rang Icq va Uckq hoan toan dOc lap véi
4. Mach phan cuc hoi ti€p am dién 4p :
Mach phan cuc hoi ti€p am dién 4p nhu sO d0 hinh 2.17, mOt dudng hoi ti€p tir cuc C vé cuc B
lam cho mach dat dugc su 6n dinh déng k€. Tuy nhién di€m lam vi€éc Q dugc xdc dinh bdi Icq va UckqQ

khong hoan toan dOc 1ap v&i , nhung 6n dinh hon so vGi mach phan cuc ¢ dinh hodc phan cuc emitter.

Hinh 2.17 Mach phén cuc héi tiép am dién dp

a. Vong base — emitter:
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Vee—

Hinh 2.18 vong base-emitter

Theo dinh ludt kirchhoff ta c6 k€t qua sau: Ucc — I IcRc — IsRB — Uk IERE = 0

Mat khic: 1. = Ic +Is, tuy nhién dong Ic va I, qud 16nso v&ils nén I, Ic. Thay thé I. Ic Is
vale Icsé€cok€tqudla: Ucc- IsRc-IeRB—Use - IeRB =0

Rut gon ta c6: Ucc - Use- IB(Rc+ Rg)—IBRB =0

UCC UBE
R (R, R,)

Vay dong Is 1a: Is =

K&t qua trén cho ta thdy phdn hoi cla dién trd Re trd 1ai ddu vao, tuong duong v&i su phdn hoi cla
RE

Chii y: v&i cach phan cuUc trén ta c6 mOt phuong trinh tGng quét tinh Is nhU sau :

I trongd6 U' Uye UpgsR' R. Ry, va Uy Uy Io(R. Rp)

RB Rl 2

Vi du: Cho mach dién nhu hinh 2.19, xac dinh Ic va Uck :
10V

4,7KQ

250KQ 100F oyt
—

10uF _
In T2
NE /R=90
1,2KQ
hinh 2.19
Giai

Uee Ugy 9,3V
R, (DR, 250k 53k

191 A> 1. 1, (90)1191 A) 1,07mA

B

ov (1,07mA)(4, 7k 1,2k ) 10V 63V 3,69V

< Ché d6 bdo hoa: Lay xap xi I'c  Ic, phuong trinh dong bdo hoa gidng nhu mach phan 4p va phan

UCC
RC RE

cuc emitter d6 12: Ty Lemax
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< PuoOng tdi tinh: Néu I'c ¢, dudng tdi tinh cla mach hoi ti€p dién 4p dugc xdc dinh tuong tu
nhU mach phan dp va mach phan cuc emitter.
IV. Phuong phap tinh hé sé 6n dinh nhiét:
1. Khai niém:

NhU di khdo sat & phan linh kién dién t, cdc thong sO cUa transistor d€u bi thay dGi theo nhiét do,
trong d6 c¢6 3 thong sO bi dnh hudng 16n nhat 13 dong di€n dién ri Icbo, dd khu€ch dai  va dién 4p phan
cuc mOi nOi BE ( V).

PE tranh dnh hudng cUa nhiét d0 1én thong sO cUa transistor: ¢6 th€ lam sai 1éch di€m lam viéc
tinh Q ngUQi ta ding nhi€u cach phan cUc cho transistor, mOi cdch phan cUc c6 tic dung va hiéu qud 6n

dinh nhiét khac nhau. D& ddc trung cho tic dung va hi€u qud On dinh nhiét, ngudi ta dinh nghia hé s

On dinh nhiét1a S thi: § = (S: Stability = dd Gn dinh)

ICBO
- § : phu dinh cUa S bang d6 bat 6n dinh nhiét, § : cang nhd thi mach cang 6n dinh vé nhiét do,

nghia la § cang nhO thi d0 bat Gn nhiét cang nho.

Cong thitc tOng qudt dé tinh la: § = ——
q

Trong do:
- q: 1ahé s0 tuy thudc cich phan cuc cho transistor
- : 1ahé sO truyén dan dong dién rap ki€u B chung

Ic

-le= LI :Z:—I:O.% 0.99

Hé 56 q duoc xdc dinh theo cdch phin cUc trinh bay trong ban thiét ké mau sau:

%u

Vee

Vee

=
|
|
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Dién tir > b ¢ R
> D
VO viee
Vin =
R
2 E
L

Vin

2.J_l(héo sat

7
o0

cdc trugng hop trén:

Xét truong hop khiq =1

{ 1
= q
S =—"=—-=
q 1 1 T
) 3 R,
o xéttruonghopq=1+ —
RB
LR R
E = q = RB = RB
q R R
R, R,
1 Re
¢ . — R,
Néu 10n thi 1- 0,dodo: § = R
K
RB

B

1
\ N A RE A - R
ThuOng thi RE<< R Nén —<<1 Nén: § = R; = R
B
RB

E

Q|
Il
JE

ty
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BAI 3: KHUECH PAI TIN HIEU NHO DUNG TRANSISTOR
I. Gidi thiéu cac thong sd Hybrit:

i1 Iz

o + . A LN L2
b
v v2 vi ORLEI"
hrvz hii1
Phuong trinh cla mang hai cUa (bOn cuc) vi€t theo thong s& hybrid:
v hyip hyy,
Iy hyiy hyv,
Thay céc thong sO mang hai clfa bang cic thong s6 h cla transistor:
v, hi, hv,
iy hi, hy,
I2 = hfi1 + hov2
Trong d6, c4c thong sO h cUa transistor dugc dinh nghia nhu sau:
vl 2 L < <
h. — Tro khéng vao ngan mach
ifv, O
1% A v oaeA e 2
h, L D0 10i dién 4p ngugc khi hd mach
v, iy O
l A N A <
h, =+ D0 10i dong thuan ngan mach
ifv, O
i o x X .
h, = 0 TOng dan ngd ra hO mach (admittance)
v, i)

Ung dung v6i cich mac khéc nhau, EC, BC hay CC ma ch(f th( hai dugc chi dinh. vi du: hee, bep. ..

Cic ki€u phan cuc di dugc gidi thiéu & phan trudc sé dugc si dung d€ phan tich tin hi€u xoay

chi€u nhd, cdc mach dugc phan tich sau day 1a nhitng mach dién thuc té thuOng dugc sUr dung. bé phan

tich d0 khuéch dai tin hi€u nhd dung BJT ngudi ta ding so d0 tudng duong d€ phan tich. Khi vé so d6

tuong duong dG6i vGi tin hi€u xoay chi€u can chi y hai di€m sau:
- Thiét 18p tat ca cdc nguén cdp moét chiéu & mirc dién thé 0 (ngdn mach ngudn cap).

- Ngan mach tat ca cdc tu dién.

II. Khdo sit, tinh toan:

1. Céch mac Base chung (CB:Common Base):
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Trén hinh 3.1a 12 sO d6 cidc mach CB cUa transistor npn. NhU chiing ta da biét transistor dUgc cdu
tao bdi ba 10p ban dan, tao nén hai chuyén ti€p PN, vi thé ta coi chuy&n ti€p emitter (gilra cuc B va E)
1a mot diode, ngoai ra vi Ic = Ik nén gilta cuc B va cuc C dugc thay thé bang mOt ngubn dong cé gid

tri 1a Ie. VGi su thay thé d6 ta c6 thé vé dugc s d6 tuong duong nhu hinh 3.1b.

le . le I3 le
EQ—I‘ ; -'.\G E = P u-C
9 Ji
D1 () le=ale
Be - < B B- - ’ «B
Hinh 3.1a cdich mac CB Hinh 3.1b So d6 tuong duong

Khi transistor duQc phan cuc va hoat ddng & ving tich cuc thi chuyén ti€p emitter duQc phin cuc
thudn, khi d6 diode Di(trong sG d6 tuong dudng) tuong duong vGi mdt dién trd c6 gi tri bang dién

2 A 2 . « A 2 « A 7 U
trd thuan cua diode, di€n trO nay dugc ky hi€u la re va dugc tinh theo cong thuc: 7, I—T
E

Ve N " « A 2 « N A \ 26mV
V0i Ur la dién the nhi€t, 0 nhi€t dO binh thuOng Ut =26V, 7, ;
E
lE lc
E~— . «C
™ A\' le=wle
Be : I «B

Hinh 3.2 s0 d6 tuong duong mach méac CB
Nhu vay so d6 tuong dudng clla mach BC dugc vé 1ai nhu hinh 3.2, v4i so d6 tuong duong nhu
hinh 3.2 ta c¢6 thé€ tinh dudgc trd khang vio va ra cla mach nhU sau: Zy = re, gid tri re rat nho, t0i da la
50

Tr@ khang ra dugc tinh khi cho tin hi€u vao bang khong, vi thé Ie = 0 nén IC = IE = 0, nghia la
dau ra cUa hinh 1.39 hd mach, do d6: Zr = , thuc t€ tré khang ra clla mach CB ¢ vai M

a. Khdo sat mach B chung sau:

L « Ucc
Ri1 Re=
In ?L o % 3 +C’2 OCUt E I:'.l_ur . I:E | E . =] C
1 | 'h | \ I Ir

& o le RS 5o
Rag X Zv Re le ctle Zv

‘=_f-: — Ca

Rz =
| L= - i # T
1 B ! B
Hinh 3.3 mach thuc té CB Hinh 3.4 mach tuong duong

Mach base chung ddc trung 13 trd khang vio, tr@ khang ra 16n va hé sO khuéch dai dong nho
hon mach EC, trong khi hé sO khuéch dai dién 4p rat 16n. SO d6 nhu hinh 3.3.

R

% SO do tuong duong hinh 3.4

32

Tai liéu hoc t@p va tham khdo mén Mach Pién ti



Truong KTCN Hung Vuong
Dién tir

Khoa

* TrG khéng vao : Z, R /I,

» Tré khang ra: Z, R,

» Hé sO khuéch dai dién 4p dugc tinh nhusau: U, [, R, I. R, IR,
U, U, U, R. R

sMal, —“,dodsU, = Res K, 5 —¢ ¢
r, Re U, r, T,

= Hé 50 khuéch dai dong dién Ki:
" ViRE>>renénlIV -le

1
= Matkhic I, I, I,>K - 1

b. Khdo sat mach hoi ti€p tin hiéu xoay chi€u tir cuc c:

+Uce
o

REe gllr Cz

AR A 4+ Out

E" . | v RF Ir
C1 > e : e o

In g Y llb ﬁ"@" lle J
@ J1 -\t ) oa— . | - -
S T 4r ZV [ire (LBl Re Zr

VAl
ki il T
Hinh 3.5 mach héi tiép tin hiéu xoay chiéu ttr cuc ¢ Hinh 3.6 mach tuong duong

Mach hoi ti€p ttr cuc C vé€ cuc B nhu hinh 3.5 d€ ting dd 6n dinh cla mach.

V@i so d6 tuong duong nhu hinh 3.6 cdc budc thuc hi€n, sau diy 1a k€t qud cUa kinh nghiém

lam vi€c v&i mach dién nay.

< Tinh tr@ khang vao Zy: I' ——— v6iU, I R.val I, TI

Vi [, thudnglénhonl'-> I, I,

| A U — R —<U
U I, R I.R — b r ¢ v
ma b e, nhung re nén e e
..U U RU, U 1 . R .
Vi thé 1 < Y — 1 —<£ U, Matkhic
RF reRF RF RF re

v, I, r, I, I'vr, I, r, IT

e e

1 RC R
SU, I, ., — 1 == reUV ,NénU, | —c
RF re R, r.
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N Z, 42 ‘ N . R.  R¢
TU d6 suy ra: I, , %, Rc .nhungRc thuGng16n hon re nén | -
R, r, ¢ ¢
r r
Z e e
Do dé " | R 1 Re
RF RF

% Tré khdng ra Z: Khi dau vao Uv = 0 hinh 3.6 dugc v€ 1ai nhu hinh 3.7 n€u bd qua dnh hudng

cUa rethi: Z, R, /R,

=0

T

:l L £
Uv=0 fre Ble= J{ Rcé Zr

Rr
Moo YWV
§

Hinh 3.7 xdc dinh

% H@ s6 khuéch dai dién dp duoc tinh nhu sau:

Taicuc C (hinh 3.6)tacé: I, I, I'
Véigidtri Is>>Tvalr Ib->U, [R. I, RC
U U

Thay I, —tacé: U, —:Rc
U R
Dods: K, —& —©
% Y UV re

% H@ s6 khuéch dai dong dién Ki:

Aup dung dinh luat kirchhoff cho vong ra ta ¢6: U, — URg — U, = 0, tuOng duong voi:
I, r, I, I,)R. I.R. O

e

e

vé6il, I,tac6l, r, I,R, I,R. I,R. O,nénl, r, R, R. IR,

- s R,I
Thay I, —twr/l, [, tacé:— 1., R, R. [L,R,->1, 7, R: V R,
- h7 "R R . h,obv A Ki i i
re rat nhoO so vOi RF+ Rc, ¢6 thé b0 qua nén: IV RF RC
i R R
VOi Rc>> Ry, thi: &; I, R, R. R,
Adinh hubng clar,
| R,
Zv: tinh chi tiét s& c6 két qua Z R
v: tinh chi tiét se cé qu 14 L L R I,
r, RF RFre
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p Re
2 ~ 7 A l < N « A 2 N RF
ThuOng Rr rat 10n nén s 0 va di€u kién Ro > 10Rc thod man thi: Z, T R
F b c
re RF re
1 r
. R zv <
ThuOng R_C 1 nén: 1 RC 1 R.
g re RF re RF

Gidng két qud trudc: Z, r,//R. /IR,

VG@ir>10Rc -> Z, R.//R, giOng két qud trudc.

1 1
Rf — ro // RC
V§i diéu kién chung Re>>Rc-> Z, R.-> K e
“ L o IR,
RF
7y Il R, R,
T, 7. 7
ViRr>>re: K, —5——,VGi ro=10Rc: K, <
L o IR, | R,
RF RF
RC \ 2 A DA RC
Vi R—thu‘dng nh® hon 1 rat nhiéu, nén: K, -
F e
Bai t@p dp dung: cho so do 3.8 hiy xéc dinh: 1. Zy- Z- K, K;-,
9V
2,7KQ §1lr
Cz Out
— Wy—t—H—=
| v e, 180KQ
n ] L. 1 ﬁ.z_}l{}(}, Fo=00()
- KL Zr
FAT

Hinh 3.8 bai tap dp dung
c. Mach héi ti€p DC tur cuc C:
SG d6 mach dudc cho trén hinh 3.9, mach c¢6 dién trd hoi ti€p mot chi€u d€ ting dd 6n dinh, tu Cs
s€ thay dGi ty 1€ di€n trd hoi ti€p tU ddu ra v€ thanh phan dau vao clia mach ddi vGi thanh phan
xoay chi€u.
Vi tin hi€u xoay chi€u tu Cs coi nhu' ngdn mach thanh phan xoay chi€u xuéng mass. Do d6 ta c6 sO
d6 tuong ducng nhu hinh 3.10.
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\—
)

¥ t\L = ()Blb re Re2 Re= Zv
“ ] | l
Hinh 3.10 Mach héi tiép DC tir cuc C Hinh 3.11 mach tuong duong
Trd khang vao: Z, R,/ r,
Tr& khéngra: Z, R. /IR, /1,
V6i ry=>10Re>Z, R /IR,
% H@é 56 khuéch dai dién dp K, duoc tinh:
~ ' ' UV UV '

Tadat R' r,//R.,//R. thi U, I,R', nhung 1, — nén U, _rR

U rl/IR., IR i U, R.,/IR
Do d6 Ku —~ —"—5 vdir,>10RC thi: K, ——c

UV re Uv re
% Hé s6 khuéch dai dong dién Ki duoc tinh nhu sau:

I Ry 1, ~ I_r Ry,
’ Ry, T nen I, R 1,
V6i déura strdung R'= 10/ Rens I, 10 pan 12 K
O1 daura sUdung R’=ro ] R. nén I, R R,
I 1 |l

Do d6 K, L I_r_b I'{’ . Rry RF]R,

I, I, 1, R R. R, 1, Ry r, R" R.

K. [_r Ry 1, /IRy
ViRri thuOng Ién hon re,nén R, 7, R, ,Vithé ' I, R, r,//R.,, R, | R,
1yl Ry,
Z

HOéC Ki —- Ku_v

\%4 RC
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Vidu: Cho sO d6 nhu hinh 3.12, hiy xdc dinh: 1. Zy- Z. Ky Ki

12V
3KQ=Ir
12GKD ESKQ ‘IDuF
E.'l[:lul:
N~k "|"*ﬂ O1u ﬁ 140, ro=30KQ
71
Zv
Hinh 3.12
Giai:
U U 12V 0,7V
. [ cc BE . 18,6 A._
B R, R, 120k 63K 140 3% > 1, 17, 141 18,6 mA 2,62mA
. 26mV - 26mV 9.92k
I, 2,62mA
= 7, 140 9,92 1,39k > Z, R/l r, 120k //1,39 1,37k
= DE dang thay di€u kién ro > 10Rc thod man, nén: Z, R://R., 3k 1168k 287k

R,, /IR,

68k //3k

Iy = IORCnén Ku r

e

biéu kién Rri >> re thod man nén:

9,92

K;

Rc

Il Ry,

2. Cach mac emitter chung (CE: Common Emitter):

Tuong tu vGi cich mac CB, ta c6 thé vé dugc so do tuong duong cla mach CE nhu hinh 1.40.

Ic
-t—:G
e
B+—
E= & s E
Hinh 3.15 Ciach mac CE
) Uy, Uy I,
Theo sO dO ta c6: Z, —— —2& —£=<
IV IB IB

re

2833

, sau khi thay sO, tinh dugc Ki = 122,8

lc

| (D le=pl=

BOF—"

lle

%r,
Es . =

Hinh 3.15b s0' d6 turong duong

SO d0 tuong duong hinh3.15b khong xéc dinh dugc trd khang ra, thuc t€ trd khang ra dugc xac

dinh theo d® dOc clla duOng ddc tuyén ra (hinh 3.16).
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A lc(mA)

D6 déc =1/ro
IB
Be—— > C
le [ire (,I) fle o
UCE[V‘E & : ! =] E
Hinh 3.16 xdc dinh ro cta mach CE Hinh 3.17 s0 d6 tuong duong clia mach CE

Gid sU trd khang ra clla mach CE 12 Zr = ro.
Vi trd khang vao 1a re, trd khang ra la ro ta vé 1ai dugc so do tuong dudng cla CE nhu hinh 3.17.

a. Khao sat mach phan cuc c¢6 dinh mac E chung:

+Ucc
Re llc Ca Ur
Re +r Out "
C1 — v, '
In \" |_,|_ va ” | Ir
o

A z{
; Sy Re 5

Zv Zv Re § Zv

Hinh 3.18 mach phdn cuc c0 dinh mac E chung Hinh 3.19 b6 anh hudng cta Ucc va C1, C2

Tin hiéu vao Uv dugc dua dén cuc B cUa transistor trong khi dau ra Ur 18y ra tU cuc C, dé dang
nhan ra dong Iv 12 dong ngudn khong phadi dong cUcB, trong khi dong ra Ir 1ai 12 dong cuc C.

Vi tin hiéu AC, ta ¢ thé vé 1ai sd d6 nhu hinh 3.19.

Day 1a mach mac theo ki€u CE nén ta c6 thE vé so d6 tudng dudng nhu hinh 3.20.

v s lc

1 T U

Bre f:_?[ﬂg e Rc E

Hinh 3.20 so' do tuong duong

ZFRB

==

L

.i:l-
-

&

Chi y rang, hé s6 ,rore duQc tra tU ban cdc thong sO k¥ thudt hodc ddc tuyén ra. Nhu vy re,ro
coi nhU di biét, t hinh 3.20 cho thay:

< Tr0 khing vao cla mach: Z, R,/ r, Vi gid tri Re thuGng 16n hon 10 1an re, do d6 cho

phép tinh gan ding: Zv = re
% Tré khdng ra Zr: dudc xic dinh khi cho Uv = 0, trén hinh 3.20, khi Uv = 0, Iv = Is = 0, vGi mach

h@ ngudn dong tacé: Z, R.//r0->NEuro>10Rc Rc//ro Rcthi:Z, R,
38
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Dién tir

X v

% Hé 56 khuéch dai dién dp Kv duoc tinh nhu sau: U, I,(R./1y) nhung 1, —

e

U Ur (R-1ry) R
U, — (R M1)-> K, — ——"% néu r,> 10Rcthi K, —<
I, UV T, r,
Trong phuOng trinh trén, khong ¢6 , tuy nhién gid tri cla  dugc ding d€ x4c dinh re, ddu trlr thé
hi€n di€n 4p ra ngugc chi€u dién 4p vio.

< Hé s6 khuéch dai dong dién duoc xdc dinh theo cdch sau:

A A N PN < N PN , (ro)( Ib) ™ Ir ro
Theo luat phan dong cho dau vao vadauratacé: I, ———— nén —
r Re I, 1, R
o RO L Ry
o R, 1, I, Ry 1,
I, 1, T, Ry Ry1,

A 2 Ir r
Kétqua: K, - — —
I, I, I, r, R Ry r r, R. Ry r

e N N K
> > T r
Neuro = 10Rc vaRg 2 10 r. thi: Ilv (o) (Ry)
A .~ . ~7 A s ZV
Quan hé gilra Ku va Ki dugc thé hién qua cong thic sau: K; K, I’
C

Vi du Cho sO dd nhu hinh 3.21, hiy tinh cédc thdng sO sau: xdc dinh re, tim Zy,Z.,K,,K; v&i 1, =

b

tim Zy,Z,., K.,K; vGir, =50k 10i so sanh két qua.
12V

470KO 10uF 5t
+
lv C1 o
— B=100
m:n: fo = 50k
. Hinh 3.21
Giai
=  Phan tich DC:
U U 12
1, Yee U 12V OV 5404 4

R, 470k

I, ( DI, 101)(24,04 A) 2,428mA

- 26mvV 26mvV
¢ I, 2.428mA

10,71k

= re=(100)(10,71 )=1,071k
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Khoa

Z, R,/ r. 470k //1071k 1069% ->Z, R, 3k

, R %
“oor 10,71k

e

280,11, vi R, 10 r, 470k 10,71k  Ki =100

» Z r/IR. 50k //13k 2,83k o sianh v@i 3k

rlIR. 283k

K 264,24 4 3i -
u " 1071 so sanh vOi -281,11
R,1, 100 470k 50k
i (ry, R-(R, r,) 50k 30k 470k 1,071k
V4 264,24 1
Kiémtra: K; K, R_V 64, v 0069k 94,16

9}

Qua vi du nay cho thdy viéc ldyro= varo=5k d€ tinh Zv,Zr,Ku,Ki sai 1éch nhau khong dang ké&.

Vi vay khi tinh todn mach cho don gidn c6 th€ coiro=  dé€ tinh céc tham s0.

b. Mach phéan ap:

L
e Ic
. - _"\-\l h— & -
I lr
Ri1 Pre filg le Re Zv
= 5 : 5
Hinh 3.22 mach phén dp Hinh 3.23 so' d6 tuong duong mach phén dp

SO d6 tuong duong nhu hinh 3.23, Iuu ¥, trong sO dO tudng dudng khong c6 RE 12 do G tan s6 hoat

dOng cUa transistor, gid tri dung khdng rat nhd nén ta coi ngan mach Re d6i vGi tin hiéu AC.
R.R,

Trd khang vao Zv: Z, R/ 1, V6i R R/ /R,

1 2
* Tr&khingra: Z, R.//ry>r, 10R. Z R,
» Hé s6 khuéch dai di€n 4p K, dugc tinh nhu sau: U, I, R.I,

U U )
= il —rV do dé U, —~  R.!/Iry NEur0>10Rcthi K,

e e \ e

| &

» Hé s0 khuéch dai dong dién Ki:

40
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Khoa

SO d6 hinh 3.23 giOGng v&i 3.20, n€u ta coi R’ = R1//R2 = R do d6 ta c6: K,

Néur, > 10Rc thi: K, 1= — Ko R
€ur 2 c thiz & , LR r R
, I R o Z
Van€uR>10 rethi K, — —- -> Quan hé gilra K, va K, K, —-
I R R,
Vi du: cho sO d6 hinh 3.24, hiy xdc dinh: re;Z,,Z, K, K; vGi o= , v&i ro = 50k
trén va so sanh két qua ra.
22V
—# It
B,8K0
55KQ§ 10uF o4t
+
In C1 > &
V| a% —
Zr

> s /B =99
i v} T
Iv o 10uF L:[

2V 8. 2KOS1,5K0=

x4c dinh cdc tham sO

Hinh 3.24
% Phantich DC: Kiémtra R, 10R,
99 1,5k 1082k -> 135k 82k thod man
R 8,2K
U 2_U — 22V 281V. 2,81 2,11
B R R, Sk 82K >U, U, U, 281 0,77 211V
I, & 2,11V 1L41mA > r. 26mV.  26mV 18.44
R, 15K I, Ll4mA
R R//IR, 56k [/82k 7,15k
Z, R'II'r, 715k /190 18,44 715k //1,66k L35k ,Z,  R. 6.8k
K & 6,8k 368,76

“r 1844

Pidukién R' 10 re(7,15k 10166k 16,6k khong thod man. Nén
kK R 90 7,15k 73,04
R r 715k 1,66k
& Zv=135k =>Z R.llr, 68K //50k 598k sosdnhvdi 6.8k
R.!l7, 598k

K 324,3 5o sanh v@i -368,76

! T 18,44

e

Diéukién r, 10R.: 50k 1068k 6,8k khong thod min, nén:
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© R'r, 90 7,15k 50k
" r, R. R r 50k 68k 715k 1,66k

e

64,3 5o sanh vOi 73,04

Vi diéu kién ro > Rc khong thod man do d6 K;, K,,Z, c6 sai khac.

c. Mach phan cUc emitter:

+Ucc

Hinh 3.25 Mach phén cuc emitter Hinh 3.26 So d6 tuong duong

SO d6 tuong duong nhu hinh 3.26, sG d0 nay c6 dién trd cuc E, khong th€ bd qua dugc dbi véi
thanh phan AC.

Trén sO d6 khong c6 ro, dnh hudng cla ro 1am cho viéc phan tich rat phlc tap, nén trong thuc t€
hau hét cdc truOng hgp c6 thé bo qua.

Auip dung dinh lut kirchhoff v&i ddu vao hinh 3.26 ta c6 :

u, I, r IR, >U, I, r, 1I,R, > Z, % r, LR,

b

Vi thuOng 16n hon 1 do d6 phuong trinh dugc rit gon: Z, 7, R, r, R

Vi Rg thuOng 16n hon r, rdt nhi€u nén: Z, R,

Tr& khéng vao: Z, Z,//R,

TrG khiang ra Zr: Uv =0, Ib =0 va Ib =0 s0 db 3.26 c6 thé thay thé bang mOt mach tuong

duong hd mach. Kétqua 1a: Z, R,

Hé s6 khuéch dai dién 4p Ku dugc tinh nhu sau: 1, —-
b
U ) U, R
U, UR. I,R: Z_Z Rc, nén ky a Z_Z
< 7 R K Ur R,
Thay thé Z, (r, Rp)taco: &, U r R,
U R

~ ~ 2 K r C

Lay xap xI Zb Re - &y z R,

Hé s06 khuéch dai dong Ki:

42
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Gi4 tri Rs thuOng chon gan v&i Zv nén cho phép xap xi Iv = Iv, theo ludt phan dong v&i mach vao ta

. . R, I R
sé c6 két qua: 1, "~ pén -~ =
R, Z, ' Iv R, Z
1 1 1 R
o 1 T G 8
Hon nua: I, ,do do: & I % I R, Z,
A .~ . Zr
Quan hé gilta ki vaku: k;, K, R
C

Bai t8p dp dung: cho so d6 nhu hinh 3.27, khi khong c6 CE x4c dinh: re’, Zv’, Zr’ Ku’,Ki’, 4p dung

céc cdng thlc, hiy tinh cd trudng hgp c6 CE.

Hinh 3.27
3. Cach mac C chung (CC: Collector common):
Khi dau ra dugc léy tir cuc E cUa transistor mac nhu hinh 3.28 so d6 mac cuc C chung. Dién 4p ra
lun nhd hon tin hi€u vao chiit it bdi vi tiéu hao trén cuc B tdi cuc E, do d6 Ku 1 khong giOng nhu dién

ap cuc C, dién 4p cuc E ciing pha véi U, va dién 4p U, U.,.
+Ucc

Hinh 3.28 mach phdn cuc emitter Hinh 3.29 s0 d6 tuong duong
VGi trd khang vao 16n va tr@ khang ra nhd, so dd nay thudng dugc sU dung d€ phoi hgp trd khang.

Hiéu qua cla mach c6 th€ dat dugc tuong duong vGi mot bién ap.

43
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B0 qua dnh hudng cla r, ta vé dugc mach tuong duong nhu hinh 1.54, dnh huéng cla r, s€ dugc

xétsaw: Z, R /IZ,=>Z, 1, IR, R.Zr

Trd khéng vao dugc x4c dinh thdong qua phuong trinh dong dién I.: 1,

, U
Sau d6 nhan vGi ( + 1) d8 6 I, ta c6: 1. 11, IZ—V
b
U U
I \4 \4
Thay Z, — Rede 0 1R, r/ 1 R,
re r€ UV
Nhung ( +1)= va — 1,->Do d6 1.
1 e RE
le
M °
[le
YUy Re Zv  Ur
- 1

Hinh 3.30: Xdc dinh Zr
V&i dong Te dugc xé4c dinh theo cong thiic trén ta c6 th€ vé& dugc mach nhu hinh 3.30.

* Tr@ khéng ra dugc xdc dinh khi Uv=0nén Z, R;//r,

* ViRg thuOng 16n honre do d6: Z, 7,

A P o . N REUV
= He sO khuéch dai dieén ap Ku duQc tinh: U, R -
E e
U R U,
* Dodé: K, —- — ViRgthuOng I6nhonrenénRg+r. Rg. K, 1
Uv RE e UV
» Hé s0 khuéch dai dong dién K;:
R.I 1 R 1
I, —2Y pan & —2— .\l R DI, nén - 1
b R, 2, nén I, R, 7, va l, . ( ), nén I, ( )
I 11 R R
« KoL r°b 1 B N an K. B
Do do6 K; I I, R, Z,° vi( +1) nén K; 7
A ~ ZV
= Quan he gita Ki va Ku: K, K, R
E
4 r _ 1R
=  Xét dnh hudng claro: Béng viéc tinh todn chi tiéttacé: =~ ° 1 Re
To

A , - R
Néu diéukiénr, 10Rg dugc thod min nén c6 thé coil —+ 1.

zZ, r IR, r R, ->Z, 1lIR/I—
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Khoa
Dién tir
IR, /Z,
Coi +l= Z, r /IR /1, vavitO>>re, Z, R /lr,-> " 1 R,
I
~ S N 2 . RE
Neéu dieu kién r, > 10RE dugc thoa man vacoi + 1 > K, 7

RE RE
r, Ry r, R

e e

Nhung Z, r, R, ,dodé K,

e

Vi du : cho s@ d0 hinh 3.31, hiy xdc dinh Re,Zv,Zr,Ku,Ki, khi bd qua ry, khi ry = 25k  va so sanh két

2

qua
1?\-’
Hinh 3.31
Gidi:
Khi bd qua ro:
;o Uee Uy 12V 07V
" R, IR, ~ 220k 10133k
I, 11, 101 2042 A 2,062mA
, 2omV 2mv
I,  2,062mA
zZ, . 1R, 100 12,61 101 33K R,
Z, R,IIZ, 220k [/334.56k 132,72k
U R 3,3k
Z R Nr. 33k /1261 12,56 K, £ : 0,996 1
o Rl “To Uy RE 1 33k 1261
R 100 220k z 132,72k
K, B 39,67; K,  K,ZX 0996 —="_ 40,06
" R, Z, 220k 334,56k P TR 3k
Khi o= 25k

Diéu ki€n r, > 10RE khong thod man nén:

7, . — R o0 pgr 190 133K 959
| R | 33k
T, 25k
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Dién tir

Vé6i Z, R,/Z, 220k //2957k 126,15k so sdnh v&i 132,72k c6 dugc trudc do.

Z, R, /lr, 1256 nhu cé dugc trloc do.
1R, /Z, 100 1 33k /2957k
“ R, | 33k
A 25k

K 0,99 1

Phit hgp v&i két qud trudc, tuy nhién v&i di€u ki€n ro > 10RE khong thod min, két qud Z.K, nhu

nhau, Z, gidm khong dang k€. T d6 ta thdy, thuc t€ c6 th€ bd qua dnh hudng cla r, vGi sO dO nay.
II1. Bai tap ap dung:
1. Tinh phan cuc ban dau cUa transistor:
a. Phuong phap toan hoc:
= Pién ap phan cuc ban dau:

V&i mach dién sau: cho Rg; = 68K; Rg, =12K; Rg = 0,5K; Re=2,5K; Vee=12V; =100, tinh dién 4p

phan cuc ban dau.

Theo bi€n dGi Thevenin ta ¢6 mach tuong dudng nhu hinh 3.32

Ve

Cout
& C' H |':
Out 3 i: J4%8)
; )

Ez

E1
N ;r ¥ + ¥
Hinh 3.32
— RypVee 12000 12 o
R, R,, 80000
R, R,R, 68000 12000 | 000 o
R, R,, 68000 12000
1, Vs Vie 18 06 12 2.10°4 0,02™

R, R, 10000 100 500 10000 50000

Ic= I,=100x2.10°=2.10°A =2 g

Ve=1gRe=2.10°x 500 = 1"
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Vg=Ve+0,6=1+06=1,6"
Ve=Vee—Ie.Re=12-2.107%x 2500 = 7V
Vee=Ve -Vg=7-1=6"

» Pudng tdi tinh - Puong tdi dOng:

le(mA)

Vee
Re

Budng tai déng
-

ol
Budng tai tinh
0 6 12 Vcef\.r)
Hinh 3.33
T - Vee 12 410°A 4™ Ieiac Vﬂ i 48.10°%A 48™
R. R, 2500 500 R. 2500
= TOng tré ngd vio:
mV 3
R, h 20 2619 100 1300 13k
I, 2.10
c. Phuong phap do thi:
Vee Vi Yy : V
Ta cé: Ic = —=—5 | Pudng tai tinh di qua 2 diém: Ic = ——va Vg = Ve
R. R, R. R,

2. Thi€t k€ mach khuéch dai tuy€n tinh:

a. Chon ki€u mach khuéch dai:
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Dién tir

Vee

HBI§

C1
In

Hez

Hinh 3.34
Vee =9V, =100, r,=hie=25k, § =20. TinhIg Ic, Rg Re, Ry

b. Xdc dinh di€m lam viéc tinh cQa Transistor:

acOohie=r,+ .. Ie To= 00 =

Mat khac dién trd re con dugc tinh theo cong thlic

26mV 26mV. 26mVv
e = IE == = — 1mA -> IC IE= 1mA.
I, r, 25

ChOn RE va RC sao cho VCE :1/2VCC va IERE = 1/10VCC
c. Tinh gia tri dién tré:

= Tinh RE

V 2
Chon Iz.Rg = 1/10Vee  Rg= 10% =0.9k , chon Ry theo gi4 tri tiéu chudn 12 1k
E

= Tinh Rc
Chon Rc sao cho Vg = 1/2Vec =0.45V, ta c6 Ve = Ic.Rc + Vg +Ig.Rg

Voo V.. I,R, 9 45 1.1
Re= —< ;E Lt " =3.5k ,chonRc=3.9k
C

Khi chon Re va Rg; theo chudn thi dién 4p Vg bi thay dGi chiit it trén dac tuyén Ic va Vg

= Tinh Rb 1 va sz

PE tinh Ry, va Ry, thi dau tién phai tinh tri sO R va Vi theo mach dién dudc quy dbi theo dinh

luat Thevenin.

z A N2 . “A — R
Ta c6 cong thuc he sO On dinh nhiét: § = R_B =20 Rp=20Rg
E
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Rg =20.1 =20k

Theo mach dién & ngd vao tacé: Ve = [5.Rp + Vg + [e.Rg

I 1
T A6l =1mA, I+ < —mA
rong do Iz =1m B IOOm

Thay vao ta ¢6 Vgg = 0.01x20+0.6+1.1 = 1.8V

Matkhic Vgz=V R—va R L
- BB — CC B —
Rbl sz Rbl Rb2

Giai hé 2 phuong trinh 2 &n sO nay ta dudc tri s6 Ry, va Ry, 1: Ry = 100k, Ry, =27k

d. Nghiém lai: trinh tu nghi€m 1ai trén mach dién giGng nhu cdch tinh trang thadi 1 chi€u theo

phudng phép todn hoc va tinh trén mach di€n di thi€t ké:

R 27
Vg = VCC$ =9

— =L 19V
R, R, 100 27

R:M:M:ﬂ%k
"R, R, 100 27 '

I_VBB Ve 1.9 0.6 COlA T T 100001 = 1A
o s R, 2125 100x1 m c=lg= Iz=100x0.01 = Im

= Dién thé c4c chan transistor 1a:
Ve=IgRg=1x1 =1V
Ve =Vg+ Vg =1.6V
Ve=Vee—Ic.Re=9-1x3.3=5.7V
Vee=Ve-Veg=57-1=4.7V
Mach dién da c6 cic gid tri dién tré vdi tri s6 theo tiéu chudn.

e. Nghiém lai theo phuong phap do thi:

Ie=—7/"7"7, néu Ve =0 thi Tomax = VL =2.1mA
RC RE Rc RE

Néulc=0, thi Veg= Ve
Pudng tai tinh 12 dudng thang nGi 2 di€m Ve = 9V va Ic = 2.1mA.

Pi€ém lam viéc Q c6 toa dO 1a Ve = 4.7V va Ic = ImA.
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2. Tinh céac thong s6 & trang thai xoay chi€u:

a. Phan tich mach khuéch dai bang mach tuong duong:

Vce

g Qut i, Ib le
. @ - - — — - * :_.
In = /'L}
. R32§ Be1 hie WV, Re R
Rez2 Re — 0 Uin hfe.ib Uout
H Usut . . + 4 -
¥
Hinh 3.35: Mach khuéch dai dién hinh Hinh 3.36: Mach tuong duong theo thong s6 h
s lo
Vin Zin Vout |:| Zout
Vs Vo
! T :

Hinh 3.37: Mach tuong duong rit gon
- hie: TOng trd vao cUa transistor mac ki€u E chung.

- Z: TOng tr@ vao cla mach khuéch dai.
Zi = Rbl // VRbQ// hie.

- Ro: TOng trd ngd ra cUa transistor.

- V’,: Dién 4p ngd ra lic khong tai.

- V,: bién 4p ngd ra lic mach c6 tai.

- Zp=Rd/Ry

TU 2 mach tuong duong ta tinh dugc cic thong sO sau:

) o ‘ 3 R, R,, . R .hie
* TOng trd ngd vao: Z; =Ry/[Ry/fhie  vOi Rp = R, R, Zi= R, hie

* Dién dp tin hi€u vao: Vi=Vs

in

Z, R,

m

» PO khuéch dai dién ap cla Transistor:
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2. 2 < C ‘RL

- Tai cua mach la: Z: =Rd/Ry ->7; =
c R,

A x A, . ) X V, Z,

- He sO khuéch dai cua Transistor la: AV = v 7
A n” e . ~ N ‘/l ZL Zi ZL
« Hé sO khuéch dai toan mach la: AVs=AV. — - > AVg= .
Vs Z, Z, 1 Z, 1

= TOng trd ngd ra: Trong mach tuong duong nhu hinh 3.36 ta con cic quan hé sau :

- Dién dp ra khi c6 tdi la: Vo= V’o. (V’0 dién 4p ra khong tai)

) L

v ,
-> Vo.ro+R)) = VoR, . r,= 2R, R =>r0= 2%
VO VO

=<

1 R,

b. Puong tdi dong: DOi v4i tin hi€u xoay chi€u cdc tu di€n lién lac, tu thoit (Cg) dugc xem nhu

. N a1 Vee V.
nOi tat, nén cuc E xem nhU nOi mass. Phuong trinh duOng tai dOng dugc viét lai la:Ic :%,
C
\ 2 A \ 2 < . V . . 2 A
duong tai dOng la duOng thang cat truc I tai Ic = f va di qua di€m lam vi€c tinh Q.
c
c. Tinh cic thong s trudng hop cé tu Cy,
Cic thong sO dugc tinh theo cong thlic & phan 1
- 5 . 26mv 26
T6ng tr& vao cUa transistor 1a: hie = TXIOO 2000 =25k
E
T6ng & clia mach khuéch dai: 7, = 220 22 5 o
ng tr0 cUa mach khuéch dai: "SR hie 21 25 .
D06 khuéch dai di€én d4p A; = = 100 (cho trudc)
A e PN 2 . ZL
DO khuéch dai riéng cUa transistor: AV = e
ie
R..R 3.3x5 s
Ma  Zy= ok P ok =>Aav= %2 601 4n
R. R, 33 5 2.2
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Né&u nguOn tin hi€u vao 12 mass c¢é n0i trd ngudn la rs = 600 thi d0 khué€ch dai chung clla mach

Z, R
la: AVg = ~ =77 Lan
L T

d. Tinh thong s6 trudng hop khong cé tu Cg,

Néu khong ¢6 tu Cg thi cuc E khong dugc n0i mass. O trang thai xoay chiéu mach dugc vé lai

nhU sau:

hie
Is
Hag Hc

Vs

Hinh 3.38: Tinh thong s6 khi khong cé tu
TruOng hgp nay dudng tdi dOng ciing chinh 1a duGng tdi tinh, c4c thong sO dUQc tinh nhU sau:
* TOng trd vao cla transistor 1a.

v, ihie i, R, .
r=-- ——— — =hie+ Rg
I i

1

r; =2.5+100x1 = 102.5k

* PO khuéch dai dién 4p riéng cUa transistor la:

v, i-.R. i, R, R,
Av = - - .
v, ip.l; i, hie R, hie R,
RC
Do .Rg>>hie Nén Av = - R_ Va ri= .Rg
E
R 33 A
Nhu vay: Av=-— =-331an

PO khuéch dai dién 4p khi khong c6 tu Cg bi gidm rat nhd, nhung tong trd vao rat 16n.
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L

BAI 4 CAC KHAI NIEM CO BAN CUA MACH KHUECH PAI

Khai niém vé mach khuéch dai:

1. Pinh nghia: Khi thi€t k€ mach dién tr d€ cho tin hi€u ra dU 16n dap Ung yéu cau cla cic phu tai,
vi du: loa trong Amply, Radio, Ti vi ... ta phdi ding d€n mach khué€ch dai cong sudt. D€ tin hiu ra c6
cong sudt 16n va chat lugng dap Ung v3i yéu cau cla tai nhu: dd méo phi tuy€n, hi€u sudt ... vi thé

mach khué€ch dai cong sudt phdi dugc nghién cltu that kY.

Khuéch dai cong sudt 1a tang khuéch dai cudi ciing clla mbt b0 khuéch dai. N6 ¢6 nhiém vu

cho ra tdi mOt cong sudt 18n, v&i dd méo nhd va hiu sudt cao.

Do khuéch dai tin hi€u 16n, transistor 1am vi€c trong mi€n khong tuy€n tinh nén khong thé ding

sO dO tuong duong tin hi€u nho nghién c(u ma phai ding do thi.

2. Cac thong s dac trung cho tin hiéu:

a. PO dai (d6 rong): Khi bi€u dién trong d0 thi thdi gian khodng thdi gian tOn tai cUa tin hi€u k&
tlr ldc bat dau cho dén khi két thiic dugc goi 1a d6 dai cUa tin hiéu. N&u 1a tin hiéu tudn hoan dd dai

dudgc tinh tudng Ung vGi thOi gian tOn tai tin hi€u trong mOt chu kY.

b. Gi4 tri trung binh: Né&u tin hi€u S, xudt hién tai thoi di€m t, c6 d0 dai 1a thi gia tri trung binh

1"
trong khodng th¥i gian dugc xdc dinh: S, = — S (#)dt

)
c. Niing luong cUa tin hi€u: Thong thudng S, dai dién cho mOt dién 4p hay mOt dong di€n vi vay
Ty

2 . A N, . N . 2 P P . A s 2
ning lUQng cUa tin hi€u trong thOi gian tOn tai cUa né duQc xéc dinh theo he thuc: ES S(Z)dl‘

ty

d. Cong sudt trung binh hay goi la niing luong trung binh trong mét don vi thoi gian sé la:

I
S ES l ) S 2 dl o A > e, R R i e, it en
o (@l , cdn bac 2 cUa gid tr| trung binh, binh phudng dugc g0i la gid trl hieu dung

lo
— 1 )
clatin hiéu. (donviRMS): S +[S(,  [— S&,dr
To
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3. Céc thong s6 clla mach khuéch dai: Khuéch dai: (Amplifier) nghia 12 qua trinh bi€én dGi tin hiéu
¢ cong sudt nho thanh ra tin hi€u c6 cong sudt 16n. Su bi€n dbi dugc thuc hién 12 nhd ning lugng cla

ngudn cung cap, mOt mach khuéch dai dugc dinh gid qua cdc cong thlic sau:

I I
/N\
RS . R o RL
V. IN \Y |:|
St i E, 0
\/
MACH KHUECH PAI

a. Hé s khuéch dai va hiéu sudt: Kha ning khué€ch dai clia 1 mach dugc dinh gid bang thong sO

g0i 12 d0 10i hay 1a d0 10i khuéch dai.

A aen L Vo A, . ) Vo
<> bo lgi dien ap (Av): Av= —— , n€u Av tinh theo dOn v| Decibel thi: Av(db) = 201g—
\ % v,
A ~ iO ~ .
<> DO 10i dong dién (Ai): Ai = ——, n€u Av tinh theo don vi Decibel thi: Ai(db) =
Z.
z
io
;
A v A < B B
X DO 10i cong suat (Ap): AP = P -> AP(db) =10. Ig P
~ 2 vl
2 Tong tré vao: R, —
< TOng trd ra: r,
A ~ ” P,
<> Hieu suat khuéch dai: = ——
PCC

b. Pap tuy€n tan s6: Khi tan sO tin hi€u thay d6i thi d 10i khuéch dai sé thay d6i. PO thj néi 1én
mOi quan hé thay dGi cla Av theo tan sO dugc goi 1a ddp tuy€n bién dd, tan sO cla bd khuéch dai
g0i tat 1a ddp Ung tan s6. Thong thudng mOt mach khuéch dai chi ddp Ung dugc 1 diy tan sO nao do,

3 tan sO thap va tan sO cao thi Av s€ gidm so vGi tan sO trung binh va khodn tan s ma Av khong bi
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suy gidm qué 3db dugc goi 1a diy thong hay con g0i la band thong cla b0 khuéch dai. Vi du véi
mach khuéch dai 4m tan band thong 1y tudng phdi 1a 20Hz 20KHz.

A A

Av Av

max ) v _ \I/

min [T 7 ~~_3db
Py A

0| 20Hz 20KHz f 0 Band thong Video 4.5MHz f

bap tuyén cla mach khuéch dai am tan, do dé mach khuéch dai am tan khong th€ khuéch
dai tin hi€u hinh (Video) dugc vi band thong cla tin hi€u hinh tir OHz 4.5MHz. mach khuéch dai tin

hiéu Video phai c¢6 cdc mach b8 chinh tan s6 thap va cao.

Néu g0oi Avy 12 d6 10i dién 4p tai tan sO trung binh.

Av,,

A Pugc goi d6 méo tan sO tai tan sO f

Av; 12 d0 10i dién 4p tai tai tan sO nao d6 thi: Dy =
;
¢. Méo trong mach khuéch dai:

MOt tin hiéu ham s sin thuan tuy c6 mot tan s6 don G d6 dién 4dp thay dGi Am hay duong vGi
sO 1ugng bang nhau. Bat kY tin hi€u nao thay d6i khong di mot chu ky thi dugc coi 1a bi méo. BO
khuéch dai Iy tudng c6 th€ khuéch dai mOt tin hi€u ham sin thuan tuy d€ dua ra tin hi€u 16n hon,
Dang séng trd thanh tin hiéu sin tan s& don. Khi méo xdy ra, dau ra sé& khong con nguyén dang cUa
tin hiéu dau vao .

Méo c6 th€ xudt hién bdi vi céc thiét bi c6 tinh chat khdng tuy€n tinh, trong d6 nhitng trudng
hgp khong tuy€n tinh hay méo bién d0 s€ xdy ra. Pi€u nay cé thé xudt hién & tat ca cic ché db
khuéch dai. Méo ciing ¢6 th€ xdy ra bGi vi phan t( clla mach dién va thi€t bi dién 4p Ung vi thiét
bi dau vao mOt cach khac biét & nhing tan sO khéc nhau, lic d6 n6 di trd thanh méo tan sO .

MOt kY thudt d€ miéu td méo cUa nhing dang séng tudn hoan va st dung su phan tich cla
Furié, md ta dang s6ng tudn hoan bat ky trén phuong di€n thanh phan tan s6 cd ban va nhiing thanh
phan tan s6 bOi nguyén. Nhiing thanh phan & b0i nguyén nay dugc goi la thanh phan séng hai hay
ham di€u hoa.Vi du: 1 tin hiu c6 di€n 4p Ung gOc tan sO 1a 1kHz sau khi bi méo, né c6 thanh phan
tan sO 1a 1kHz va thanh phan di€u hoa 13 2kHz ... Tan sO goc cUa 1kHz dugc goi 12 tan s6 cO ban,
nh(ng tan s6 G b0i nguyén 1a cdc séng hai. Thanh phan 2kHz duoc goi 12 séng hai bac 2, va 3kHz 1a
séng hai bac 3 ... Tan sO cO ban khong dugc goi 12 séng hai. Furié da khong thlUra nhan tan sO séng

hai phan s0, chi thira nhan bdi nguyén cla quy tac co ban.
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% Méo hai: MOt tin hi€u dugc goi 1a c6 dd méo hai khi ¢ thanh phan tan sO di€u hoa (khong cho
thanh phan c0 ban). Néu tan s6 ¢ ban c6 mOt bién d0 A, va thanh phan tan sO n ¢ bién d0 A, thi

/

dd méo hai c6 th€ dugc dinh nghia nhur sau :%n (méo hai bac n ) = Pién, % = (A, |/|A,]).100%
Vi du: Tinh thanh phan méo hai cho mOt tin hi€u dau ra c6 bién d0 gdc 1a 2.5V, bién d0 hai bac 2 1a
0.25V bién d0 hai bac 312 0.1V va bién d0 hai bac 4 12 0,05V.

Gidi
D,% = (|A,]/|A).100% = (0,25V/2,5V). 100% = 10%
D;% = (|A}]/|A).100% = (0,1V/2,5V). 100% = 4%

D,% = (|A,|/|A]).100% = (0,05V/2,5V). 100% = 2%

DGi vGi bo khuéch dai 1y tudng thi khi tin hi€u vao 12 hinh sin thi tin hiu ra cting 14 hinh sin.
Céc bd khuéch dai trong thuc t€ khé ddm bdo quan hé tuyén tinh nay. Nghia 1a tin hiéu qua mach
khuéch dai khong con hoan toan 1a hinh sin nta hi€n tugng nay goi 12 méo phi tuy€n hay méo khong
duOng thang.

d. Dii ddéng va tap nhiéu:

DO 10i cla bd khuéch dai khong chi phu thudc vao tan s6 ma con phu thulc vao bién d0 va
cuOng d6 cUa tin hi€u vao. Néu dién 4p vio vugt qua gidi han cho phép s€ giy qua tdi cho tang
khuéch dai, n€u dién 4p vao qua nho thi tap nhi€u sé xudt hién & ngd ra, tap 4m nhi€u niy bao gbm
tap Am nhiét cUa linh kién thu dOng va tap 4m ndi cUa linh kién phi tuyén nhu TST, BJT, FET... néu
khong c6 tin hiéu vao thi ngd ra s€ c6 tap am riéng cla tang khuéch dai. Ti sO cUa gid tri cuc dai va

.2 > N . N v ae _- A > . N in(max)
cUc ti€u cua di€n ap vao goi la dai dong cua tin hi€u Ds) = ———

in(min)
NhU vay b0 khuéch dai s€ khong thé khuéch dai dién 4p nhd hon gid tri cuc ti€u cla tin hiéu

vao bGi vi dién dp nhd hon Vi,mm thi tap nhiéu cla tang khuéch dai s€ 18n dp. Do d6 ngudi ta dua ti

e 2 . ~ 2 A " . S 2 "
sO dé déanh gid chat lugng cua bQ khuéch dai N cang nho thi cang tOt.

= |

S: Signal: tin hiéu, N: Noise: nhi€u tap 4m
> ~ p 7z . 2 ~n S 2 A
Bang phuong phdp todn hoc va 1i thuyét mach ngudi ta chUng minh dugc ty sO N cUa bO

khuéch dai nhiéu tang thi chi phu thubc vao d6 nhiéu cla tdng khuéch dai dau tién, do d6 trong cic
thi€t bi khué€ch dai, tang khuéch dai dau tién dugc chon linh kién c6 hé sO nhi€u rat thap phai la

linh kién dac biét. Vi du Anten Parabol b khuéch dai dau tién I cuc ky quan trong va dat tién.

56

Tai liéu hoc tap va tham khdo mén Mach Dién tir



Truong KTCN Hung Vuong Khoa
Dién tir

Tang khuéch dai cong sudt c6 th€ 1am vi€c G cic ché d0 A, B, AB va C, D tuy thuOc vao céc ché db
cong tac cUa transistor .
Ché dd A: 1 ché dd khuéch dai ca tin hi€u hinh sin vao. Ché d0 nay c6 hi€u sudt thap (vGi tai

dién tré dudi 25%) nhung méo phi tuy€n nhd nhat, nén dugc ding trong trudng hgp ddc biét

Ao
Muc N
thien | /N
a / .
cf?a / \ _Ra dii 360
./ A
ché |/ Vo
do A | \ _
Mdc —
/ thién SN
\ / ap / Y
.,\\. cla p Ra 180
\ / ) / {
\ /f ché |/
e R d EJ B \ .
ov a ) ov b)

Hinh 4.1
Ché dd B : 13 ché d0 khuéch dai n(ra hinh sin vao, day 1a ch€ d6 c6 hiéu sudt 16n (= 78%), tuy
méo xuyén tdm 16n nhung c6 thé khac phuc bang cich két hop vGi ché dd AB va ding hoi ti€p 4m
(hinh 4.1b).
Ché d6 AB: Cé tinh chat chuyén ti€p gilta A va B. N6 c¢6 dong tinh nhd d€ tham gia vao viéc gidm
méo lic tin hi€u vao c6 bién dO nho.
Ché dé C: Khuéch dai tin hi€u ra bé hon nira hinh sin, c6 hiéu sudt kha cao (> 78%) nhung méo rat
16n . N6 dugc dung trong ciac mach khuéch dai cao tan c6 tai 1a khung cOng hudng d€ chon loc séng,
dai mong muOn va dé€ c6 hiéu sudt cao .
Ché dé D: Transistor 1am vi€éc nhu mOt khoa dién t& déng mé. DUGi tac dung cUa tin hiéu vao di€u
khién transistor bdo hoa I khod déng, dong Ic dat cuc dai, con khoa md khi transistor tat , dong Ic= 0.
IL. Cac ché dd cong tac cla transistor;

1. Khuéch dai cong suat ché dod A:

a. Khuéch dai ch€ dd A dung tdi dién trd:
Trong tang khuéch dai ché d6 A, di€ém lam viéc thay d6i dOi xUng xung quanh di€m lam viéc

tinh . Xét tang khuéch dai don mac CE va mach nay c6 hé sO khuéch dai 16n va méo nhd. Ta chi xét

mach G dang ngudn cap nGi ti€p. Mach dién dugc cho G hinh 4.2
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C1 s )
e )

Uv

Hinh 4.2: S0 d6 khuéch dai ché dé A ding tai dién tré&

< Ché dé tinh: Dong phan cuc 1 chi€u duoc tinh theo U ->dugc

Tuong Ung vGi dong collector s€ 1a: Ic = Iy

Dién 4p trén collector — emitter: Ucg = Uee — Ic . Re
TU gia tri Ucc ta v& dugc dudng tdi mOt chi€u AB, tir d6 sé xdc dinh dugc di€m lam viéc Q tuong

Ung véi Ieq trén ddc tuy€n ra. Ha dudng chi€u tUr di€m Q d€4n hai truc toa dd sé c6 Icq va Uckq nhur

hinh 4.3.
A e
Vee/Re —
B I
B
.]I"\-\..
[ =
|I HHH'»\. Q
N . S lsa
lca | | P
|I - HIRH‘H.
| T
| s
[’---_ | HH"‘ 'ilq
ov Ucea Ucc UEE
Hinh 4.3

% Ché d6 dOng (khi c tin hiéu):
Khi c6 mOt tin hiéu AC dugc dua tdi dau vao cla bd khuéch dai, dong di€n va dién dp ra sé&

thay dGi theo dudng tdi mOt chi€u .
MOt tin hiéu dau vao nhd (hinh 4.4a) s€ gy ra dong di€n cuc gOc thay d0i & bén trén va bén

dudi cla di€m lam viéc tinh, dong collector va di€n 4p collector — emitter ciing thay dGi xung quanh
di€m lam viéc tinh nay.

Khi tin hiéu dau vao 16n hon (hinh 4.4b) dau ra sé bién thién xa hon so v&i diém lam viéc tinh
da dugc thiét 1ap tir thoi diém trude, cho tGi khi cd dong dién va dién 4p déu dat téi mot gia tri gii
han. DOi vGi dong dién, gia tri gidi han nay c6 thé 12 0 & di€m két thiic thdp hodc Uc//Rc & di€m

két thiic cao cla chu kY hoat ddng cla né. PGi v&i dién dp Collector — emitter, gidi han ciing c6 thé

12 OV hay bang gid tri ngudn cung cap. Ucc.
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“Tin hiéu
A lc il R
i ___Tin hiéu © L vao
Veoo/Re 7 A, VA0 Veoo/Ro| v o~ <
N N
3>( \"':"// i \'\ )\x..__ \"-.
|I|l lIII| s .\/‘r/ ‘\H""-\- \"II /
/ |I / / I|I lll 7J
Vil T
A \ S
Dong . R vy 3 ,
dién ra oV — Ucc Uce D é;/ng ov — Uee  Uee
—_bién dién ra T
ap ra — T+ Dién
a) b) ap ra
Hinh 4.4: Quan hé giita tin hiu vao va tin hiéu ra
Cong sudt cung cap tU ngudn mOt chi€u: Py(dc) = Ucc . Icg
< Cong suat ra:
2C
Tinh theo gid tri hi€u dung: Pr(ac) = UCE(ms).IC(ms)-> Pr(ac) = I’ .RC -> Pr(ac)= -
C
. Ue p 1 2 U’
Tinh theo gié tri dinh: P. ac cerfcr ILcr R.-> P <7
' 2 2 2R,
. . U a1 2 U’
Tinh theo gid tr dinh — dinh: £, ac  —“LE00 > p (ac) Teenp sp,, %P)
C

Hiéu suat mach: hiéu sudt cla mOt mach khuéch dai phu thulc vao tOng cong sudt xoay chi€u trén
tdi va tOng cong sudt cung cap tU ngudn mot chi€u. Hiu sudt dugc xéc dinh theo cong thiic sau:
I)r ac
—.100%
v dc

< Hi€u sudt cuc dai: VGi mach khuéch dai cong sudt ché d6 A, hi€u sudt cuc dai c6 thé dugc xic

dinh thong qua gia tri dong dién cuc dai va dién dp cuc dai

UCC'UCC
U U I k RC
CEmat (P p) CCs “CE(P P) R -> rmat (ac)
c 8

Cong sudt mot chiéu (dc) tUr ngudn dién dp cung cap cuc dai dugc tinh Ung v4i gid tri dong thién dp

UCC

bang mOt nita gfa tri cuc dai: R U?cc
PV max(dc) UCC 'ICmat UCC : <

2 2R,
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U’cc
, N ~ . Prmat(ac) SRC
Ta tinh dugc hi€u suat cuc dai: ,,, ——— 100% ——.100% 25%
Vimat (dc) cc
2R,

Hiéu sudt cuc dai cla mach khuéch dai ché d0 A dung tai di€n trd nhu ta thy 12 25%. Hi€u suat
nay chi dat dugc trong truGng hop dac biét, con hau hét cic mach khuéch dai ché d0 A dung tai
dién tr@ déu c6 hi€u sudt nho hon gid tri 25%.

Vi du 1: Tinh cong sudt vao, cong sudt ra, hi€u sudt va cong sudt tOn hao transistor khi cho tin hiéu

vao vGi dong Base I g (peary = 10mA

A lc(mA)
Ucce le =€ 1500 40
1 Rc
— 900
e | =Re =200 800 [ 30
' 700 \, _ .
1KQ 600 \— Pudng tai mot chiéu
Ci1 - 500 ~ 20
[l L |’” B =25 le 2PT et . . .
l 1l 5 = 400 -, Diém lam viéc
300 AN 10
)y 200 N
l 100~ N\l = OmA
| 1! 1 | 1 ...
oV 5 10 15 20 25  |Jeg
Ucea  Uce= Ucc
a) b)
Hinh 4.5: S0'dé cho vidu 1
Giai:
Tinh céc gi4 tri d€ x4c dinh di€m Q
Ig =Ucc—-0.7(V)/Rg = (20-0.7)/1(k ) =19.3mA
Ico= I =25.19.3=482,5mA
UCEQ = Ucc — Ic . Rc = 20 — 482,5 20 = 10,35(V)
) Uepe 20V
Mach dién khong c¢6 R, nén Ucg = Uee = 20(V) va ¢ RCC —— 1A 1000mA
C

Ta vé dugc dudng tai mOt chiéu Roc (2 di€m Uck = 20V; IC = 1000mA).V&i Icq va Uckq ta x4c dinh
dugc di€m lam viéc trén duOng tai.
Khi tin hiéu vao v&i dong base Is((P) = 10mA thi bién d6 dong collector trén ddc tuy€n sé la:

Ic(P) = .Is(P) =25. 10=250mA (gi4 tri dinh)

250.10 A °
: .

PV(DC) = UCC-IC = 20 . 482,5 . 10-3 = 9,65W
(%) = Prac) /Pviae)-100% = (0.625/9.65).100% = 6.48%

2
Pr(ac) = . LR, 20 0.625W
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Po=Py—-P,=9.65-0.625 =9.025W

Qua vi du trén ta thdy 16 mach khuéch dai RC dung ché dd A c6 hi€u suat thap, chi dat 6.5% so v&i
hiéu sudt cuc dai 1a 25%.

b. Khué€ch dai ché dd A ghép bién ap:

+r[..l ce

M1

l4
Ly H

REe

O

Uwe

Hinh 4.6: Mach khuéch dai cong sudt am tan ghép bién dp
Pay 1a m6t dang khuéch dai ch€é d0 A v4i hiéu sudt tdi da 12 50%, s& dung mOt mdy bién 4p
dé€ 1ay tin hiéu dau ra dén tai nhu hinh 4.6.
Hoat dOng clla mdy bi€n dp: mOt mdy bi€n 4p c6 th€ ting hay gidm gid tri dién dp va dong dién
theo ty 1& da dugc dinh trudc. Gid s& may bi€n 4p dugc nghién clu 1 loai mdy ting dp va bd qua su
tOn hao cong suat.

M1 Nz 1 Mz

J —

M1 : Mz M

I T2

Ui H Uz “ H:H’L
b)

a)

“
]

Rz2=R1

— T

c)
Hinh 4.7: Hoat déng cla bién dp
a) Bién d6i dién dp; b) Bién d6i dong dién; c) Tré khdng

< Bién doéi dién dp:

NhU ta thdy hinh 4.7a, mdy bi€n 4p c6 th€ lam ting hay gidm dién dp phu thuOc vao nhling s
vong day & mOi bén.

Su bi€n ddi 4p theo cong thirc Ui/Uz = N1/N2

Diéu nay chi rd rang néu s vong day cuOn th(t cdp 16n hon cubn so cdp thi dién 4p ra th( cap
s€ 16n hon dién 4p vao sO cap .

% Suwbién d6i cla dong dién:

Dong dién bi€n d6i sé ty 1€ nghich vGi sO vong day & hai culn, tUc 1a: I/1=N1/N2

MO0i quan hé nay dugc th€ hién & hinh 4.7b. N&u s0 vong diy & cudn th(t cdp 16n hon cubn so
cap thi dong dién chay & cudn th( cap s€ nhd hon dong dién G culn so cap.

< Tai cla bién dp cé bién doi tré khdng:
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Khi bién 4p thay d6i dién dp va dong dién thi tré khang G ca hai cudn diy ciing c6 thé€ bi thay
d6i, nhu ta thdy & hinh 4.7c.

Ta g0i Rr 1 di€n trd nhin viao tU cudn diy sO cap mdy bién dp, trén d6 da tinh dén dnh hudng
cUa tai ghép tUr cudn day th(r cdp thong qua hé s bi€n ap: A2 = (N;/N,)?

Dién trd tai & culn day th( cap phdn dnh qua dién trd sO cap dudc tinh nhu sau: R;/R; = R/R,
= (N}/N,)* =a?

Trong d6 ty sO: U,/U, = No/N, va L/I; = N/N,

Hé s6 phan 4nh tU tai qua sO cdp bi€n dp bi€u thi ty sO gila tai phdn 4nh RL va tai RL qua ty

sO bién dp: RL/RL = EAIT
N2

Vidu 2 : Tinh tong RLbi€t RL=8 vaty sO vong cUa bi€n 4p a = 15/1

2
R, Yo R 1528 18k
N

2

Tinh sO vong cUa bi€n 4p khi choR. =16 ,R. =10

N, © R, 10000

625, i Je2s 2501
N, R, 16 N,

% Xdc dinh duomg tdi mot chiéu, diém lam viéc tinh va tai xoay chiéu:

Alc(A) _-Budng tai mét chiéu
—— 0,54
| 0,45 12mA
\ . . Ale 0,4 10mA
bong dién [ | 0,35+ 8mA _ Piém
collector | \jcq 037 ___—BmA lam viéc

Fat=1-
theor

I'-I I,"I 0,2+ 4mA
‘) 0,154 2mA
ﬁ .
5
N A

0.1 le=10mA
0,05
L L 1 \ L »-
10| 15 | 20 25
Uce— Uce(V)
Uce=Ucc=12

ov

— | Pién 4p collector

Hinh 4.8: Pudng tai cla mach khuéch dai cong sudt ché dé A ghép bién dp
Vi dién tré mOt chi€u cla cubn day bi€n 4p rat nho (Iy tudng) coi nhu bang 0. Nhu vay dudng
dac tuy€n tai mOt chi€u Rpc lic nay sé thang dUng song song vdi truc tung (Ic) . Dién 4p tai diém
1am viéc tinh :Ucgg = Uce. N&u cho biét dong dinh thién Is thi chi viéc k& mdt doan thang song song
v0i truc tung Ic cat ddc tuyén vGi dong Is s€ tim dugc di€ém lam viéc Q. Can Iuu ¥ rang khong dugc

tu' y chon dong Is ma phdi cin cU vao ddc tuyén d€ xic dinh sao cho c6 dd méo la thdp nhat. Pi€u
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nay c6 quan hé v&i bién d0 dién 4p va dong tin hi€u & ngd ra, c6 nghia 1a bién d6 cla chiing khong
VUGt qua doan cong ddc tuy€n va dudng cong gidi han t&n hao cho phép cla transistor .

DPi€m lam viéc dugc chon trén giao di€m cla dudng tai Roc va dong Ic Ung v&i tham sO Is =
6mA. PE ddm bdo cho tin hiéu lam viéc & phan dac tuyén thang thi dong dién va c6 bién dd 4mA
(Peak).TU d6 sé& xdc dinh dugc bién dd cla di€n 4p va dong ra trén tai bi€n 4p.

Xéc dinh dudng tai xoay chi€u Rac bang cich ké doan thang c6 dO nghiéng (-1/Rr) 1éch vé
truc Ic di qua di€m lam viéc Q.

Né&u tin hiéu bat dau ttr di€ém lam viéc & mlc Ov, thi dong collector tUr di€ém Q, Icq s& bién dGi
moOtlugng: Ic= U/R’L

T gidtri Ic trén truc Ic, kéo dudng thang dén di€m Q t6i truc Ug s€ ¢6 ddc tuy€n tai Rac.

% Dang tin hiéu ra va cong sudt ra:

4 Uce(V) A |c(A)
/ \\ I | / N\
! I\'x Uceipp)=UcEmax-UcEmin £ / \
/ h'., —2 / I"'.I
I I|I ; 2 f |
I'. II| || _G I|'
UcEmax | / I .-"I Ucemax
\ . 1 (=8 |
\ \ g |
\ !,-’f Vcea \ &/ Ica
|
U(l:Emm lemin
oV t oV 1

Hinh 4.9: Dang tin hiéu ra va cong sudt ra
TU hinh vé ta x4c dinh duQc cac gid tri sau:
1

UCE max UCE min IC max

8

C min

Cong sudt xoay chi€u g6i tGi bi€n 4p: p, ..

Phan cong sudt nay dugc gGi tGi cudn so cap cla bi€n 4p, n€u bi€n 4p 1a 1y tuéng thi cong sudt trén

tai gan bang gid tri nay.

Cong sudt ra ciing c6 th€ dugc tinh theo dién 4p r0i trén tai.

Vi du 3: Cho mach dién (hinh 4.10), x4c dinh céc thong sO gi4 tri hi€u dung cla dong dién, dién 4p,

cong sudt trén tai. Cho biét: ty sO di€n 4p 3/1, dong tinh Iy = 6mA, bién d0 tin hi€u vio Ip) = 4mA.
Gidi
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+Ucc=10V

ls=6mA R2=

Lo

Re

Hinh 4.10: S0'd6 cho vidu 3
TU dac tuy€n tuong Ung v&i Iy = 6mA, tim dugc: Uceo= 10V, Icq = 14mA
Dién trd phan 4nh U tai qua sO cdp RL: Ry = (N)/N,)2R1 =328 =72
Xdc dinh duGng tai xoay chi€u nhu sau: Ic = Ug/R,. = 10/72 = 139mA
Gia tri dong tai di€m A trén dac tuy€n Ic (trén hinh 4.11b) Icgg + Ic = 140 + 139 = 279mA
NGi A va Q s€ dugc dac tuyén tdi Rac
Xdc dinh gid tri cuc dai va cuc ti€u cla dong va cla dp trén collector BIT:
Puong ddc tuyén tai Ry cat ddc tuy€n ra tai dudng c6 Iy = 2 va dudng c6 I = 10. Tai dudng cé
B = 2 xdc dinh dugc Ly, = 25mA va Ucgne = 18.3V. Tai duGng c6 Iy = 1.7V, xé4c dinh dugc Uggpin =

1.7V va L = 255A.

4 lc(mA) 4 lc(mA)
14mA 14mA
400 L —— 400 .
aso-| [ 12mA aso| [ 12mA
300 [ 10mA 300 [ 10mA
250 |- [ 250~k
200 |- 8mA Alc 200+ [ > SmA
150 | _ BmA leal 150 | ~.|Q 6mA
100/ 4mA 100/ . 4mA
50/ _ 50" e lp=
= 1 ] 1 ls 2|'T‘II’G| > lcEmin=25mA 1 1 HI"*|~.|B 2ITIIA >
oV 5 10 15 20 25 ygu(y) ov 5 10 15 |20 25 Vee(V)
UcEmin=1 ,?V UGEmax=18,3V
Hinh 4.11
UCE(min)= 17V’ Icmin = 25mA, UE(max) =183V ) Icmax = 255A
CE max UCEmin * ICmax ICmin 183 17 255 25 —

Cong sudt ra trén cudn sO cap bién 4p: P. o

ac

8

0.47TW
Gi4 tri dién 4p hi€u dung trén culn sO cap:

U
Gid tri dién 4p hiéu dung trén tai: Uy = (N/N).Ugmy = 1/3.5,87 = 1,96V

Up /2 Wepnee Ucpmn)/242 16.6/2,828 587V

rms

Cong sudt ra trén tdi tinh theo 4p UL.Prac) = U = 1.96/8 = 0,48W
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A 5 2 N1 N1 .
Gid trl hieu dung cUa dong tai: IL(rms) = M.IC rms ﬁ ICmax ICmin

-

=3.230mA/2.828 = 244mA
Cong thlc ra tinh theo dong 1. Py ac) = I’L.R. = (244.107)* =0,476W
 Tinh cong sudt 1 chiu va hiu sudt:

Cong sudt cla ngudn DC: Pype, = Uc . Ieg
Cong sudt tiéu tan trén transistor & ché do tinh: Po = Pvioe) -Prac
Vi céc thong sO G vi du 3, ta tinh duQc:
Py = Ucce Ieg = 10.(140.10%) = 1.4W, Po = Pype — Pusc) = 1.4 — 0.48 = 0.92W

= (Pyac/Puic . 100% = (0.48/1,4).100% = 34,3%
NhU vay mach khuéch dai cong sudt & ch€ d6 A ghép bi€n 4p da dat trén 25%. Hiéu sudt cuc dai
clia n6 c6 thé dat dugc t6i 50%.
Ta c6 thé tinh hiéu sudt cuc dai theo Ucc va Uck bang cong thlfc nhu' mach ghép RC va bién ap:
Péivéimach ghép RC: =25 U, Uqpii 1Uce Ugpre Ucprn -%
Poi véi mach ghép bi€nap: =50 U Ugnin 'Uce Ugpnne Ucpmin - -%
Vi du 4: Tinh hiéu sudt cUa mach khuéch dai cong suat ghép bi€n 4p v&i Ucc= 12V trong cic trudng
hop :
U,ea = 12V bi€n dGi xung quanh dinh thién cUa di€m Q vGi Ucgq = 12V
Upeak =6V, Ucgq = 12V
Upeak = 6V, Ucgg = 18V

Giai:

Uctmax = Ucgg + Up = 12 + 12=24V
Uctmin = Ucgg—Up=12-12 =0V

=25 Uy Uppe 1Upe Ugpr Uy Go= 25[(24 — 0)/24.24 +0)].% = 25%
Uckmax = Ucgg + Up =12+ 6 = 18V
Uckmin = Ucgg—Up=12-6 =6V

=25 Uy Uppr 1Upe Uppe Uy o= 25[(18 — 6)/18.(18 + 6)].% = 6.25%
Uctmax = Ucgg + Up = 18 + 6 = 24V
Uckmin = Ucgg— Up =18 -6 =12V

=25 Uy Uppe 1Upe Uy Uy G =25[(24 — 12)/24.(24 +12)].% = 4.17%

Qua vi du trén ta thdy mOi tuong quan gilra bién dd ra U, vGi di€n 4p nguOn Ucc. Khi Upey =

Ucc thi hiéu sudt dat mUc 16n nhat (= 50%). N€u Upe = 1/6 . Uce = 2V thi hi€u sudt gidm rat

nhanh dén gi4 tri nhG nhat (= 1,39%).
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DO méo séng hai clla mach khuéch dai ché d6 A tuong d6i nhd. Trong trudng hgp ghép bi€n
ap, do c6 dong mot chiu chay trong cuOn diy kha 16n 1am ting dong tU hod cUa 15i sat bi€n 4p dan
dén trang thdi bio hoa. Pi€u nay s& gay méo dang tin hiéu ra. D& gidm méo do bdo hoa tlr, ngudi ta
ting tU trd cUa 16i sat bang vat liu cdc tir dat & khe hd gilta cdc 14 sat .

Nhu vay, khuéch dai ché d6 A chi dung cho tin hi€u nhd nhu tang khuéch dai micro, tién
khuéch dai va ddo pha ...

2. Khuéch dai cong sudt ché do B: O ché dd B, transistor s& diéu khién dong dién & mdi nlra cUa
chu ky cUa tin hi€u. D€ thu dugc cd chu kY tin hiéu dau ra, thi cdn s& dung 2 transistor, mOi transistor
dugc st dung 6 mbi nlra chu ky khac nhau cUa tin hi€u, su’ vén hanh k&t hgp sé cho ra chu ky day du

cUa tin hi€u. Khi m6t bd phan cd mach day tin hiéu Ién cao trong suOt nla chu kY con lai clia mach
dién khi d6 goi 12 mach ddy kéo. MOt tin hi€u dau vao AC dugc dua vao trong mach dién day kéo vdi

sU hoat dOng & mOi phan trén mOi nlra chu ky thay d6i nhau, tdi sao d6 s& nhan dugc cd chu ky cla

BAN MACH

KET HOP

BAN MACH

tin hi€u dé
Hinh 4.12
Transistor cong sudt dugc s dung trong mach day kéo c6 khd ning cung cap cong sudt mong
muOn cho tdi, va sU van hanh ch€ d0 B cla nhiing transistor nay s€ c6 hi€u sudt 16n hon so vdi viéc
str dung 1 transistor dOn trong ch€ d0 A.

% Cong sudt va hiéu sudt:

Cong sudt vao DC (cong sudt nguOn cung cap): Ppc = Ucc . Inc

Ipc = Iy 12 dong trung binh chay qua ngudn cung cap,

Bién d6 hay dong dinh Ice) = V2.1 « » Nén dong trung binh chay qua ngudn trong toan chu ky sé 1a:
Iavg = ZIC(p)/

Vi dong trung binh I, = ici + ic2 nén ta c6: Ly, = 2\/5U c»>hén
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Poc = Uccloc = v2U 2421/ 4UI./

. Y , . N . 4.p
COng suat trén tai R cuUa 1 transistor la: P’L = Uclc, nén Ppc = L

Cong sudt trén tdi RL tinh theo cdc gia tri sau: Pyac) = U%pp/8RL = U% /2R = U me/Ry
Hiéusudt =P/P,.100% = /4.100% =78,5%
Vidu 1: Xic dinh cong sudt cung cap, cong sudt ra va hi€u suat & ché dd B trong truOng
Cho dién 4p tin hiéu ra trén tdi 16 12 20, va Uee = 30V.

Gidi
Dong dinh trén tdi 16 : Ip = Uyp /R =20/16 = 1.25A

A 2
Dong chay qua nguOn Ucc: Inc = —1, 0.796A

Cong sudt cUa di€n dp nguodn: Pype, = Ucclpe = (30V)(0,796A) = 23.9W
Cong sudt ra trén tdi R.: Pyac) = U% ) /2R, = (20V)2/(2. 16) = 12.5W
Hi€u sudt: = Pyac/Pyvioc) . 100% = 12,5W/23.9W  100% = 52,3%
Cong sudt ton hao trén 2 transistor va 1 transistor: Pyr = Py — P, , Py = Pyr/2

% Gid tri cuc dai:

O ché d0 B, khi Uy = U.. thi cong sudt ra dat gid tri cUc dai: Pyac mu= Uco/2Ry

N ~ 2 2 Ucc
Dong trung binh qua nguOn cung cap: Ipc= —[, —. R
L

. ~ ~ 2U
Cong suat nguOn cung cap cuc dai: Pypema = Uclpe = Ue( (—-%) 2U%cc! R,
L

A x ) ) 2 Uy
Hiéu suat cuc dai: = Pr(AC)/PV(DC) . 100% = /R Ucc/—. R
L

.100% Z.IOO% 78,54%
. « A » A 2 . 2 N ~2 . A . > Y
Khi di€n dp ra trén tai dat 0,636Ucc —U - thi tOn hao cUc dai trén 2 transistor (nam trong dUOng

i U’cc
2 R,

gidi han tOn hao cho phép) s€ 1a: P2Qmax =

Tai cla 2 transistor trén cuOn sO cap bi€n 4p: Rec = (2a)’R, = 4a’R, = 4R’

Vidu 2: Xic dinh cong sudt cuc dai 3 ch€ d0 B khi cho Ucc = 30V, tdi R, = 16
Gidi

Proscma = Ulco/ 2R1. = 28,125W, Pymane, = 2U%/ Ry = 35,81W

P
max — ]_fa 100% 78’54% ’ Prmax = P2Tmax/ 2 = 5’7W

14
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A n’ .2 n A ~ . . . rd U2
Hi€u suat cuc dai 0 ché dO B con c6 the x4c dinh theo gid trl dinh: P, ﬁ
L
2U P
P, = Ucclpe = Uce. ==L = ~749) 10005 78,74%. 2%
RL V(DC) cc

Qua két qua ta thdy rang, hiéu sudt ting theo ty sO gilta U ,_, /U...
a. Mach day kéo ghép bi€n ap:

Mach dién khuéch dai ché d0 B phdi dung it nhat 13 2 transistor c6 cung cUc tinh hay khac cuc
tinh (P hodc N. Khi can ting cong sudt ra,  mOi tang cong sudt cudi thudng hay ding 2 transistor &
mOi v&, mac ki€u Darlington. Néu tagng cong sudt ding 2 transistor cling cUc tinh thi tang kich phai

1a tang ddo pha d€ cdp 2 tin hi€u ngugc pha cla ngd vio.

+U{c /]7L‘-,

E:J:' I'\.\ /! T1
Tel E R1= —
YE T R
Uv 33 .

€ Mach phan cuc
F' q dgl

I‘ i\/ 2

Chia 2 nlia ddo K&t hop ddy kéo  Bién 4p diu ra
day kéo

e —

Hinh 4.13: Mach day kéo ghép bién dp

Uu di€m cla mach nay 1 ch€ dd tinh sé khong tiéu thu dong do ngudn cung cdp néu khong cé
tOn hao trén transistor. Mat khac, vi khong c6 dong mOt chi€u chdy qua bi€n 4p nén khong gay méo do
bdo hoa tU. Hiéu sudt clla mach dat 16n nhat, khodn 78,5% .

Nhugc di€m cla né 1a méo xuyén tim khi tin hi€u vao nhd, khi cd hai v€ khuéch dai khong
dugc can bang .

Nhu mach hinh 4.13 da chi 18, 3 nlta chu ky duong cUa tin hi€u dau vao, T1 phan cuc nghich
nén khong dan, T2 phan cUc thudn nén dan. O nla chu kY am thi qud trinh x3y ra ngugc 1ai. Lic
chua c6 tin hiéu (U, = 0) thi T,,T,. Péu tat, sé& khong c6 dong ngudn Ucc chay qua bi€n dp ma chi c6
dong ngugc I rat nhd chdy qua.

Tai thoi di€ém chuyén ti€p gilta qud trinh dan, ngat cla T1 va T2 s€ giy nén hién tugng méo
dang séng, goi la méo dang xuyeén tam.

b. Mach bu déi xUmng:
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+
= Uecct

+
- Ucce

J_i Uce 'fJHL L{H"

S At
ll'. 'I- t \ Illl t

\u'l VS

- Uccz d)

Hinh 4.14

Diing céc transistor (khac cUc tinh) mac nhu hinh 4.14a, 2 transistor s& 1am viéc thay phién trong

hai nUta chu ky cung cap dong ra trén tdi. Hai nUa tin hi€u ra sé dugc tGng hgp thanh tin hi€u hoan
chinh trén tdi. O hinh 4.14b 13 transistor NPN 1am viéc, PNP tat, con hinh 4.14c mo ta ban ky am cla
tin hi€u vao, khi nay NPN tat, con PNP dan.

MOt su bat 10i cla mach nay 1a can phdi ¢6 hai ngudn cung cap riéng biét va han ché nita cla
mach bu 12 bi méo xuyén tdm (hinh 4.14d). Pay 1a su gdy khic cUa tin hiu ra trén tai & thOi di€ém
chuyén ti€p tU nlra chu ky duong sang 4m. D€ gidm méo xuyén tdm cho ché dd B liic tin hiéu dau
vao con yéu, ngudi ta s€ ding ché d6 AB d€ 1am tang kich thich cho tang cong sudt cudi ché do B.

MOt dang mach ddy kéo dung céc transistor bu dudc trinh bay & hinh 4.15. Mach nay & moi vé

12 mOt cdp transistor cuing tinh dOng thdi khac tinh v3i cdp transistor cling tinh bén kia, goi 12 mach

Darlington bu d6i xUng. o] mach nay thi dong di€n dau ra s€ cao hon, con trd khang thi thap hon.

Ri1=1000
+
—= Ucc1=20V
Re=10=
40uF =

e Re=10< L
=10 :::
'4@/ ) =% Ucce=20V

\\
—|\
F{z%1 00Q

220
== 0,2_2?_“':

Hinh 4.15

Mach gii bu cdi ti€n tI mach bu d0i xUing d€ don gidn bbt cong nghé ché tao vi mach. Mach
ndy dung hai cdp transistor @ mOt v€ thi cling tinh, con v€ kia thi khéc tinh.

Nguyén tac lam viéc cUa hai mach Darlington b1 va gid bu giOng nhau, chi khdc & dién dp phan
cUc d€ tao dong tuy€n tinh ban dau .
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¢. Mach day kéo gia bu:

Ucc

2y

Hinh 4.16: Mach day kéo gia bu
Vi du 3: TU mach phan cuc dong tinh bang diode, hiy xéc dinh :
a.Tinh cong sudt tidu tan trén mOi transistor khi cdp dién 4p hi€u dung & dau vio 1a 12V,
b. Néu tin hiéu vio tdng dén gid tri cUc dai ma tin hi€u ra chua méo dang, hay tinh gi4 tri cuc dai cla

cdng suat vao vara va cong suat tiéu tan trén moi transistor.

c. Xéc dinh cong sudt tiéu tan cUc dai cho phép cla moi transistor.

Giai:

Hinh 4.17
a. Gia tri dinh cQa dién ap vao: Uyp = V2U,,,, ~2.12) 1697 17V
Xem bién d0 cUa tin hiéu ra trén tai ra RL trong truGng hgp 1y tudng gan bang dién 4p vao (d0 10i
dién dp = 1) thi Uy = 17
Cong sudt ra trén tdi: Pyacy= ULp) /2. R = 177 2. 4 = 36,125W
Ius) = Une /R = 17/4 = 4.25A
Dong DC chay qua ngudn luGng cuc: Inc=2.1p/ =2.425/ =271A
Cong suat nguﬁn: Pvioc) = Ucc . Inc =25.2,7 = 67,75W
Hiéu sudt (v&i Uy = 12V,): = (P./Py). 100% = (36,125/67,75).100% = 53,3%
Cong sudt tidu tan trén mOi transistor: Py = Por /2 = (Py — P,a)/ 2 = (67,75 — 36,125)/ 2 = 15,8W
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b.N€éu dién 4p vao ting bang dién ap Ucc , Uy = 25. Uear
(Uy = 17,68V ) thi Uppy = Uee =25V -> Pr = U/ 2R =257/ 2 . 4 =78,125W
Pymax = (2/ ).(U*cc/RL) = (2/ ). (25%/4) = 99.4TW

max = (P/Py) . 100% = (78,25/99,47). 100% = 78,54%
Vi tin hiéu vio cuc dai thi cong sudt tiéu tdn moOi transistor s Ia:
Pr=Py/2=(P,—-P,)/2=(99,47-78,125)/ 2 = 10,67TW

c. Cong sudt tiéu tan cuc dai cho phép & moi transistor:
P
Pormax = 2/ %) .(Ucc/RL) = (2/ ?). (252/4) = 31,66W => P, % 31,66/2 1583W

3. Khuéch dai ché dd C:

-Ues

Hinh 4.18: Khuéch dai ché dé C

MOt mach khuéch dai ch€ dd C nhu hinh 4.18, hoat dOng trong khodng dudi Y2 chu ky tin hiéu
vao. Dang tin hiéu & clra ra cling bi€u dién dugc day dl chu ky cUa tin hi€u co s& hodc clia mach
cOng hudng (mach LC chang han) & clfa ra. Hoat dOng cla mach khuéch dai nay dau sao ciing chi
¢6 giGi han, nhu & tang trdn tan chang han.

4. Khuéch dai ch€ dé D:

Khuéch dai ché d6 D duogc thi€t k€ d€ lam viéc vdi tin hiéu xung hodc s6. VGi hi€u sudt trén
90% cUa né s& lam ting thém hi€u qua trong khuéch dai cong sudt. Ngudi ta thudng chuyén tin hiéu
dau vao bat ky thanh dang xung trudc khi s& dung né d€ truyén mOt 1ugng tai cong sudt 16n va sé

truyén ngugc 1ai thanh dang tin hiéu sin d€ phuc hoi tin hiéu goc.
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Uva

it

Uva
5V

-
L

Hinh 4.19
Hinh 4.19 chi ra céc cdch d€ tin hi€u hinh sin dugc chuyén dang ring cUa hay dang séng cat d€ dua
dén dau vao clia mach khuéch dai. Do d6 mdt tin hi€u xung ddc trung s€ dugc tao ra.
Hinh 4.20 chi ra s0 d0 khOi cUa mach khuéch dai ché dd D va bi€n ddi 1ai thanh dang sin thong qua
mOt mach 10c thong thap (LPF). Transistor cUa b0 khuéch dai dugc s& dung d€ tao ra tin hiéu co
ban khi chiing tat hodc ma, tao ra dong dién chi khi ching dugc bat 1én véi mot tén hao cong sudt

it .

TAO XUNG
RANG CUA \ KHUECH
SOSANH>— " 07— LPT
Uy + ,ﬂ”/ -
>

HOI TIEP

Mac dit ché dd khuéch dai ché dd A, AB va B thuGng dugc dung trong khuéch dai cong sudt,
khuéch dai ché d0 D ciing dugc Ung dung kha phG bi€n vi c¢6 hi€u sudt cao. Cidc mach khuéch dai
ché d0 C lai it dugc sU dung trong khué€ch dai 4m thanh ma chi ding trong cidc mach khuéch dai cao

tang d€ chon loc séng hai mong muOn.
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Bai 5: KHAO SAT TRANSISTOR HIEU UNG TRUONG (FET)

I. Phan cuc cho FET:
1.GiGi thi€u :

Ta da bi€t rang mUc d6 phan cuc cho 1 transistor 1uBng cuc cé th€ dugc thi€t 1ap bang cach st
dung céc cong thic: U, 0,7V 1. I, val. I,

Quan hé gi(ta ddu ra va dau vao dugc ddc trung bGi hé s6 , né 1a hang sO thi€t 1&p mOi quan hé
tuy€n tinh gi(ra Ic va Is. d0i vGi transistor truOng moOi quan hé gilta ddu ra va dau vao 1ai khong tuyén
tinh, sU lién hé khong tuyén tinh gilta Ip va Ucs c6 th€ 1lam phUc tap ho4 khi phan tich FET & ché d0
mOt chiéu.

Su khdc biét giita BJT va FET la: bién diéu khién ddu vao cho BJT la dong dién, trong khi &

FET la dién dp.

Céc cong thlc chung d6i v&i FET: I, 0A (1.20),Ip=1Is (1.21)

P0i v&i JFET va MOSFET kénh dat san thi cong thlc Shockley cho quan hé gilta dau vao va dau

rala: [, Ip 1 UglU, '’ (1.2.2)
Con d6i v6i MOSFET kénh cdm Ung: I, kU, U, ° (1.23)

di€u quan trong 12 tat cd cdc cong thlic trén day 1a dac trung cho linh kién, chiing khong thay d6i trong
qué trinh 1am viéc. MUc d0 thay d6i clla mach dién dugc coi nhu su thay d6i cUa dong dién va dién dp
k€t hgp vGi di€m lam viéc qua phuong trinh cla né.

2. SO d6 phan cuc co dinh:

Hinh 5.18: SO'd6 phédn Hinh 5.19: SO’ d6

cuc ¢6 dinh cho JFETtuong duong & ché dé tinh
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Ot ch€ d0 tinh (khi chua c6 tin hi€u xoay chi€u): I, O0A va U I, OAR;, 0

O ché d0 nay, mach tuong duong dugc vé 1ai nhu hinh 5.19.

Aup dung dinh luat Kirchhofftacé Ugz; Ug 0->Ug  Ugg (1.2.4)

Vi Ucc 12 nguOn mOt chi€u 6n dinh nén Ucs ciing khong thay d6i. Do dé ngudi ta g0i 1a “sd do
phan cuc c6 dinh”

Dong cuc mang Ip dugc tinh theo cong thic Shockley: I, I, 1 Ug/U, :

DO thi bi€u dién mbi quan hé trong phuong trinh Shockley dugc th€é hién & hinh 5.20, cho
Us U,/2 thidong I, I,4/4.Pudng cong di qua 3 di€m(0, Ipss) (Up,0) va (Up/2,Ipss/4) chinh 12

duong cong bi€u dién phuong trinh Shockley.

4lo(mA) 4lo(mA)
lbss loss
loa
loss/4
| I | A ,. | L i -.,
Up Ur/2 UlUes Ue Uesa=-Use |0|gs
Hinh 5.20: Ddc tuyén tinh Hinh 5.21: Tim diém lam viéc

O hinh 5.21, mUc c6 dinh Uas dugc bi€u thi 1a dudng thang dlng c6 phuong trinh: tai bat ky
di€m nio trén dudng nay ta ciing c6 Uy Uy tr d6 dé dang xdc dinh mUc DC tuong Ung. Pi€m giao

nhau cUa 2 duOng goi la di€m lam viéc tinh Q.

Theo dinh luat kirchhoff: U,; U,, I,R, (1.25)
Vicuc S n6i datnén Ug OV (1.26)

Up Ups (1.27)
Va U, Ug (1.28)

Nhuoc di€m chinh cla cich phan cuc nay 1a cdn 2 ngudn phéan cuUc chinh vi vy né it st dung

trong thuc t€ va sé it dugc dé cap trong hau hét cac muc ti€p theo.
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Vidu 1:i Cho céc sO li€u @ hinh 5.22, tinh Ucsq, Ipq, Ubs, Ub, Ug, Us,

16V
ézx
. 6|t> lpss = 10mA
1M§; KUGS__ Ur = -BV
zvi-__ Il
Hinh 5.22
Giai
< Surdung phép tinh todn hoc:
Usso Ugs 2V
Iy, Il Ug/UP’=  10mAl 2V / 8V ° 10mAl 025° 10mA 0,75’
Uy, Uy I,R, 16V 5625mA.2K =475V,
U, U, 475V
U, Ug 2V
US =0V
< Strdung do thi: (xem hinh 5.23).
4lo(mA)

2 loss = 10mA

Q¢ | Iba=56mA

A--t--1 lpss/4 = 2,5mA

F—1 0 L
Up=-8V Wes
Uessa=Uee=-2V
Up/2=-4V

Hinh 5.23: Cdch tinh diing dé thi

3. S0 do tu phan cuc :

5,625mA

SO do tu phan cuc sé€ loai trlr yéu cdu 2 nguln 1 chi€u. Pién 4p di€u khi€n Uas bay gi® duoc

x4c dinh bdi di€n 4p dat trén di€n trd Rs dua vao cuc S nhu hinh 5.25.
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Hinh 5.24: S0'd6 tu phén cuc JFET Hinh 5.25: Phén tich & ché dé mét chiéu
O ché d0 tinh (1 chifu), mach dién c¢6 tu dién coi nhtr h& mach va dién rd Rc dudc ngdn mach
vi I6 = 0A, k€t qua ta c6 sO dO tudng dudng nhu hinh 5.25.
Dong chay qua Rg 1a dong Is, nhung Is = Ip nén: U, 1, R
Cho chiéu cUa vong nhu hinh.26,tac 6: Uy Uy 0 hay Ugy  Upg
Suy ra phuong trinh tdi tinh: U, IR, (1.29)
Luu y & day Ucs 13 ham cUa dong dién ra Ip va khong ¢ dinh nhu so d0 phan cuc cd dinh.

TU (1.29), thay vao phudng trinh Shockley tacé: I, I, 1 Uy /U, * Il I U, "

2
ID IDSS l IDRS /UP
Day 1a tam thUc bac 2 ddi vGi I, dang téng quat clané: I°p K,I, K, O chinhla phuong trinh

cUa 1 duOng cong Parapol, ta g0i la ddc tuy€n tinh (ddc tuy€n truyén dat)

Alo(mA)
Ipss
ya
Vi
/J;.
/f-/-’f-----—lnssfﬂr las = OV
"+ i . l— Ip=0A(Ucs = IoRs)
Ue Ue/2 [0

Hinh 5.26: Pac tuyén tinh
- Ta s& biéu dién d6 thj cQa phuong trinh (5.26), ddy 1a phuong trinh clla mOt dudng thang nén can
x4c dinh 2 diém:
Diém thtrnhdt: cho I, 0A U, I,R; OV
Diém thtt hai: cho I, I, OV Uy I Ry Ip.Re/2, 16i2 diém nay sé dugc
duong tai tinh. Giao di€m cla duGng nay vGi duOng cong dac trung cUa linh kién (dudng dac
tuy€n tinh), chinh 1a di€m lam viéc tinh.
MU Ups c6 thé xdc dinh bdi dinh ludt Kirchhoff:
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Ups Ups Upp Upp OV=>Upps IRUR, ILR,. I, I

UDS UDD ID (Rs RD) (1.30)
US IDRS (1.31)
u, oV

(1.32)

UD UDS US UDD URD

(1.33)

Vidu 2: Cho sO d0 mach di€n va céc gid tri nhu hinh 5.28, tinh UGS.Ipg,Ubs, Ug, Up, Us:,

o = 8mA
o 720V / Ua = 8V Alp(mA)
= 3,3KQ 8
- 6
G 4
L!GS-.._\___,.-
1Mﬂf__::: - 2 - las = OV
Rs=1KQ _; _ — lo=0mA
;L Ue -8 -6 -4 -2 0 ygas(V)
Hinh 5.27: SO'd6 cho vi du 13 Hinh 5.28: Cdch tinh diing dé thi

Gidi:
Tacé: Uyg  I,R,(phuong trinh duOng tdi tinh).
Chon I, 4mA UG, ( 4mA)ik ) 4V .
Ta vé duOng tai tinh nhu hinh 5.28.
Vi phuong trinh Shockley (phuong trinh ddc tuy€n tinh, hinh 5.30) 1a di€m lam viéc tinh Q, toa db

cla di€mnay la: Uggy  2.6V.I,, 2,6mA

Uy U,, ID(R, R,) 20V 2,6mA.lk 33=882VU, I, R, (2,6mA).(lk )=2,6V
Us=0V=>U, U, U, 882V 26V 1142V

Alp(mA) Alo(mA)
7 8 lpss
."'f_ E
i
.1// ] 4
r
Q.. — 2 loss/4
A
L i 1 1 -
-6 -3 Ues
Ue Ue/2 Ussa = -2,6V
Hinh 5.29: Cdch tinh ding do thi Hinh 5.30: Xdc dinh diém Q

4. SO dd phan cuc phan ap :
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- Upo - Upp - 20V
) U _ Ho
Ri= r Ri1=
-r'_" GI—D {3—
2
l:J_'U'_| I— ] HG
Ci1
Rz = R2= +
N TCS B Urs

Hinh 5.31: Mach phdn cuc phan dp Hinh 5.32: So'dé tuong duong

SO d6 phan cuc phan 4p dGi vGi transistor FET (hinh 5.31), cdc linh kién dugc b0 tri giGng nhu
phan cuc phén 4p cho BIT, nhung G trang thdi tinh sU' phén tich d0i vi 2 s0 d6 hau nhu khéc nhau. DOi
vGi FET, I = 0, nhung d0 16n Is cUa sO dO emitter chung v&i BIT 1ai dnh hudng dén cd dong va dp &
dau vao va dau ra clla mach.

Dong Ib trong sO dO phan cuc phan 4p dBi v4i BJT chinh 1a dai lugng lién két gilra clra vao va clra
ra, con d0i v&i FET thi vai tro nay 1ai 12 Uss. O ch€ d0 tinh, ta c6 sO d6 tuong duong nhu hinh 5.32.
Khi I = OA thi IR, = IR, va dién 4p chinh la di€n 4p trén R;:

U (1.34)
¢ Rl RZ

Theo dinh luat kirchhoff :U, U, Ug Oma Uy IRy I,R;, U, U, I,R; (135)

Phudng trinh(1.35) chinh 1a phuong trinh duOng tdi tinh, bi€u dién v&i mbi quan hé gilta Ucs va

Ip, n6 ciing 12 mOt dudng thang. DE x4c dinh dudng thang nay trén ddc tuyén truyén dat ta ciing xdc
dinh 2 di€m nhu hinh 5.33.

Alo(mA)

lpss

Uss= Us - IR

Uss= 0V, o = Us/Rs
\Q«GS: Ue. Io = OmA

Un 0 +Ug

Ues
Hinh 5.33:Xdc dinh diém lam viéc
Giao di€m cla dulng tai tinh v&i ddc tuy€n tinh (ddc tuyén truyén dat) chinh 12 di€m lam viéc
tinh Q cdc gia tri tinh tuong Ung cla né 1a IDQ va UGSQ. Khi cdc gi4 tri ndy dugc xac dinh thi ta c6:
Ups Upp Ip(Rp Rg)

(1.36)
Uy Upp Ipgp (1.37)
U, I,R; (1.38)
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UDD

IR, IR, —=—~—
1 2 R R, (1.39)

Vi du 3: Cho sO d0 va cac thong sO nhu hinh hinh 5.34. Héy tinh: Ipg va Ugsq, Up, Us Ups Upg
o +16Y

2 1IMO= ml“F Ur
Uv lpss = BmA

Up = -4V

270KO= .
1,5Hﬂf_i; —[EGMF
Hinh 5.34: S0'dé cho vi du3
< Ddc tuyén truyén dat:
I 1
Néu s, -2 % 2mA thi Uy, % 2V

Ta vé dugc dac tuy€n nay nhu hinh 5.35

Alp(mA)

8 loss

1 lea=2,4mA
lo=1,21mA{Uzs=0V
'\\h_ 1 {b )

Up Ussa=-1.8 Ués

Hinh 5.35

RU 270k 16V
5: Uy —22DD 1,28V
Taco:¥e 2Tk 2M  027M

U, U, I,R, 128 I,(5k )
KhiID=0mA: Ug 1,28V

Khi Ugs=0V: 1, 128/15 121mA

Ta xdc dinh dugc duOng tdi tinh nhu hinh 535 va diém lam viéc tinh c6 gid tri:

Iy 24mAUg,Ugy 18V
@ U, U, I,R, 16 2,424V

@ Uy I Ry 24mA .15k 36V
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» Uy Uy I, R, R, 16 2424 15) 6,64V
» Uy, U, U, 1024 182 842V
IL. Céc loai MOSFET kénh dat san:
Ddc tuyén truyén dat cla cdc loai MOSFET kénh ddc san ciing tuong tU nhung d6i vGi JFET nén
3 ché€ d0 tinh cic phan tich ciing tudng tu. Chi khac 13 d6i vGi ddc tuy€n truyén dat, khi Uas > 0 thi Ip
VUGt qua gia tri bdo hoa
Vi du: Cho sG d6 phan cuc cla MOSFET kénh N ddc san vGi céc thong s6 gid tri nhu hinh 5.36.
Hay tinh: Ipg, Ugso,. UDS

2 +18V
L 18Kk
110MQ = r
= +——
Uv E> Ipss = BMA
2 Up = -3V
1M = L
=750KQ
|7
Hinh 5.36
Giai

Vé dac tuyén truyén dat ta xdc dinh di€m: I, [,,/4 6mA/4 15mA

=>Ug, U,/2 3V/i2 15V

Ta can xéc dinh mdt di€m nira khi Uss >0, cho Uss=1=> 1, 1,1 Uy /U, "’
=6mAl 1/ 3V *=10,67mA

Ta xé4c dinh dugc ddc tuy€n truyén dat nhu hinh 5.37.

4 lp(mA)
- loss
||II
8
. M
Q\y-/-»- Iba= 3,1mA
,f;\\.
R I I BT

UP Ugsa=-0,8V

Hinh 5.37: Pdc tuyén tinh va cdch xdc dinh diém Q

‘ , N , oM 1
Ap dung cic cong thuc tuong tu nhu JFET, tu cong thuc 1.34 ta c6:U 0 8V L5V

10M  110M

TU cong thiic (1,35)tacé Uy U, I,Ry 15 1,.750
I, OmA U, U, 15V
Uy, OV 1, U,/IR, 15/750 2mA
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TU d6 ta xdc dinh dugc dudng tai tinh va di€m lam viéc tinh: 1,, 3,ImAUg, 0.8V
Uy U, I,(R, R 18V @GlmA)18k 750 ) 10,V
IIL. Céc loai MOSFET kénh cam Ung:

Ddc tuyén truyén dat cla cic loai MOSFET kénh cdm Ung hdu hét déu khic JFET va
MOSFET kénh dat san.

DP06i véi MOSFET kénh N thi dong Ip = 0 khi Uas < Uas(th) (di€n 4p nguGng — Threshold).

Khi Ugs Ugsemy thi I, kU Uggam)’ (1.40)

Khi xdc dinh dugc rd di€én d4p ngudng va mOt mUc cla dong dién cuc mang (I p o) va Ugseon,
tuong Ung thi ta s€ xdc dinh dugc hé s0 k:
1. Phan cuc bang hoi tiép:

¢ Upp » UpD

.--_EHD |D ":'—:‘ HD
Ra Cz2 yr

1

Hinh 5.38: Phéin cuc héi tiép Hinh 5.39: SO d6 tuong duong
Cho MOSFET kénh cam Ung

MOt cich phan cuc cho MOSFET kénh cAm Ung nhu hinh 5.38 & ch€ d0 tinh, khi Ic = OmA va
URG = 0V, ta v& 1ai s0 d6 nhu hinh 5.39.

MOt sur két noi gilta cuc D va G s€ dudc tao ra, k€t qud 1a Up = Ug va Ups = Ugs (141

OadduraU,, U,, I,R, U, U,, I,R, (142

Phuong trinh 1.42 12 phudng trinh cla mOt dudng thang, chinh 1a dudng tai tinh, d€ xdc dinh né
ta ciing x4c dinh 2 diém: U,y U,, I,R, U, U,, I,R,

Xiéc dinh giao cUa dudng thang nay vGi dac tuy€n tinh ta sé xdc dinh dugc di€m lam viéc tinh (hinh
5.40).

Alp(mA)
II
loo/Rok.. |
"'\-\.,\_HH |
.HH‘-\.\_‘H I.'I
'\-\.‘_HH- I
1r:+o+-------------f‘-«_£{.'-'l
| .
s e
sy ey _
Ussmry Uassao Uoo Uss
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Hinh 5.40: Dudng tdi va di€m lam viéc tinh

2. Phén cuc bang cau phan ap:

Hinh 5.41: SO'd6 phdn cuc bang c@u phan dp

Véi I, OmAtacs: Ug 2Y0 y oyl IR Uy U, IR
11; UmA taco: Yg R *-as ¢ 1pf GS ¢ 1pfs
1 I
Ups Upp Urs Upp Ups Upp Ip Ry R, (1.45)

IV. Cac loai FET kénh P:
O cic phén trén ta m&i chi xét su phan cuc cho céc loai JFET kénh N. P6i vbi cic loai FET kénh P

thi dac tuy€n truyén dat s& nam doi xUng vGi so v&i loai kénh N qua truc Ip nhu hinh 5.41.

-Uoo
Alp(mA)
Ro loss
o \
.-“'f._:"\l II'.lI P
+ W H\ {f,,/’f
Ugs™T 5
= TIS K}_\,f"’j
P,
RBs o . -
l 0 Ur Uss
Hinh 5.41a
Alo(mA)
loss4
y Q
Us ] Up Ues
Hinh 5.41b
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-Uoo
A|p(mA)
= Ro
N \
|
II
\ _~tUpp/Ro
| .-____.-'
'._'. #.-"'Pd
Q“;.(:"’
_f,-*’ \ ~ _
i Ubo Uesirhy |0 Ues

Hinh 5.41c
Chii y rang 6 m0i so' d6 hinh 5.1 chi€u cUa cdc dién dp ngubn cung cap va chiéu cUa cdc dong
dién thi nguoc 1ai so voi FET kénh N. Trong trudng hop FET kénh P thi Ucs luén duong (cé théa

duong hodc am d6i véi MOSFET c¢6 kénh dac san), con Ups thi luén am.

Vidu: Cho so d6 véi cdc thong s6 nhu hinh 5.42. Hay tinh Ino,Ucs d0i v&i JFET.

AlD
8+ lpss

S

68KO =

A

20K0= L
=1,8KQ
[IE
-5 0 2 4 uzs
Upsa =14V Up
Hinh 5.42 Hinh 5.43: Xdc dinh diém tinh Q
Giai
) 20k 20V
Taco: Ug S0k 68k 455V, Uy Uy 1R
U 4,55
hon U ov I ¢ . 2,53mA
Chon Yas R, 18k

K&t qua ta v& dugc dudng tai tinh nhu hinh 5.43
TU d6 xic dinh dugc toa d0 di€m lam viéc tinh:vlp, 3.4mA  Ug, 14V

Theo kirchhoff: I,R; U, I,R, U,, 0 Uj,

UDD ID RD RS

20V 34mA 27k 18k 4,7v
V. Phan tich ch€ d0 tin hiéu nhé diung FET:
1. TOng quat:
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Khuéch dai ding FET c6 d0 10i dién dp tOt v&i dac trung trd khang dau vao cao. Chiing ciling
dugc s dung trong cédc sO db cé tiéu hao ning lugng vGi gidi tan sO thich hgp va kich thudc, trong
luong nhd. Ca hai loai JFET va MOSFET kénh dat san déu dugc thiét k€ dé dang v&i dd 10i dién 4p
nhu vay. Tuy nhién mach ding MOSFET kénh dat san thuOng c6 trd khang vao cao hon so vdi so d0
st dung JFET tuong Ung.

Trong khi & BJT dong dién dau ra (dong collector) dugc di€u khi€n bang mOt dién dp dau
vao(dong base), thi & FET dong dién dau ra (dong cUc méang) l1ai dugc di€u khi€n bang dién dp dau
vao (dién 4p cOng). N6i chung, BJT 1a mOt linh kién dugc di€u khi€n bang mdt dong dién va FET la
linh kién dugc déu khién bang dién 4p. O ca hai trudng hop, chi ¥ rang dong dién 1a dai lugng bién
thién dugc di€u khi€n. Do FET c6 dac trung trd khang ddu vao 16n nén cic s d0 tudng duong clia n6
3 ché d0 xoay chiu du sau ciing don gidn hon so vGi BIT.

Trong khi hé sO ddc trung cho ché d6 khuéch dai cla BIT 1a ¢ thi FET 1a d0 h6 dan g,,.

FET c6 th€ dugc s& dung nhu mOt bd khuéch dai tuy€n tinh hodc mot linh kién sO trong céc
mach logic. Thuc t€ MOSFET kénh cam Ung xudt hién kh4 phG bi€n trong cic mach sO, dac biét
trong cic mach CMOS yéu cau lugng tiéu thu ning IUgng thap.

Ciing nhu BIT, céc thong sO dac trung cho khuéch dai FET dugc phan tich trong bai nay bao
gOm d0 1gi (hé sO khuéch dai) di€n 4p, trd khang vao va trd khang ra
2. SO dd phan cuc ¢ dinh clia JFET:

Upp

Cz U
|—| —4r
C1 ,-‘—_"-\.\' U\.r Kfﬂ\x EI G D’ XGZ\‘: D Ur
U.\r |'I( ) o B —0 L 2] - - e
| b ] Zr I
N _/J
v Rea Zv ' 1 _/ =rd Rp
mlGs
Uea Uga = [Upp =
v ¥ v

Hinh 5.43: SO'd6 phén cuc c6 dinh cho JFET Hinh 5.44: S0 d6 tuong duong cta mach hinh 5.43

Khi cdc gid tri gm va rd dugc xdc dinh tU sU phan cUc thi mach thay thé tuong duong ngén mach
vi di€n khdng Xc = 1/(2 fC) 1a rat nho so v&i céc trG khang khic clla mach, dong thdi cdc nguOn mOt
chiéu Ucc va Upp dugc dat & gia tri Ov bang ngdn mach tuong Ung. Chi€u phan cuc Ucs 1a 4m thi
chi€u cUa nguOn dong 1a chi€u ngugc 1ai. Tin hi€u vao ky hiéu Uy va tin hiu ra dat trén rd ky hiéu 1a
U..

Zy: hinh 5.44 da chi 16 rang Zy = Rg

Z.: cho Uy = OV nhu dinh nghia cUa Z, sé cho Ugs = 0V.
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Két qud la:;gmUcs = OmA, do d6 ngubn dong c6 thé dugc thay thé bang mOt hd mach tuong
duong nhu 5.45.

L1

=r =Ro Zr
GmUgs = GT ¢ =Ho Zr

— 1 ]

Hinh 5.45: Tinh Z,

Trd khéng ra khinay s€1a: Z, R, //r, (1,58)

Néur, 10R, r,//R, R

D

Khi d6 Zr =Rp (1.59)

U
KulU, g,Ug(/IR) maUs U, U 8. Uy (r,lIRy) K Ur &n (74 11 Rp) (1.60)

r u
\%

g U
Néu r, 10R, => K, U— 8.Rp (1.61)

\%4
Gia tri am cUa bi€u thlc (1.61) chi rd rang dién dp vao va ra 1éch pha nhau 180°.
Vi du: Cho sd dO phan cuc nhU hinh 5.46, v&i U g, 2V valpg = 5,625mA, Ipss = 10mA,

Up =-8V, yo = 10us, hdy tinh: gm, rd, Zv, Zr, Ku.

20V
=2Ka
Ca U,
ll—”—é
Uy C1 .*’f__- h_‘llnss = 10mA
1—”- T ".:-' _,l Up: -8V
N Ly
v =1MOQ
oV Zv
+ +

Hinh 5.46: SO d6 phén cuc c6 dinh

2

Giai
. o, v, 20 s g, & 1@ 25ms 1 —2 188ms
gmo DSS P 8V ’ - m mo UP ’ 8V s
.o = Loy
v, 45

= Zv Rg IM

Z, R,/r, 2k //25k  1.85k
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« K, g. Ryl (1.88ms)(1.85k ) 3,48

4. S0 do6 tu phan cuc JFET: Trudng hop c¢6 mac tu Cs (hinh 5.47):

Upo
]

Km\: 0
e

G \ e
- ) . o e o
; Re ra =Ro 55—
2 GmUas Zr
I Uop
L s !

Hinh 5.48: SO’ dé thay thé tuong duong

Hinh 5.47: SO'd6 tu phéin cuc JFET

SO d6 phan cuc cd dinh c6 bat 10i 1a can phai c¢6 hai ngudn cung cdp mot chi€u dé€ thiét 1ap
di€m lam viéc mong muOn. O ché dd xoay chi€u, tu coi nhu' ngan mach va Rs xem nhu dugc ndi

dat, do vay ta c6 mach tuong duong JFET nhu hinh 5.48 va dugc vé 1ai chi ti€t & hinh 5.49 sau:

gmUas ] 1
o S ]
Hinh 5.49
Zv: Z, R;
Z: Z,  rllR,
Néurd > 10Rpthi: Zr Ro=K, K, g, /IRy)

Néur,> 10Ry: K, =- 2nRp

Da&u am cUa bi€u thlc Ku chi ra rang tin hi€u vao Uv va tin hiéu ra Ur 1&ch pha nhau 180°.
% Néu khong mac tu Cg:
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86



Truong KTCN Hung Vuong Khoa
Dién tir

]
<
D
O
-

Re J In[lz-; Ro
S =
=Rs
[« - . - ]
F

Hinh 5.50: S0 dé tuong duong khi khéng cé tu Cs

Né&u bd tu Cs & hinh 5.47 thi di€n tr& RS s€ 12 mOt phan cla mach hinh 5.50.

Trong truGng hop nay, d€ xic dinh Zv, Zr, va Ku, mOt cich don gidn nhat vdi chid y vé€ su phan
cUc va chi€u cla chiing, trudc tién rd sé dugc bd qua d€ hinh thanh mot truGng hgp co ban d€ phan
tich.

Zv: dua vao di€u kién hd mach gilta cuc G coi nhu n0i dat (0V) dién dp trén Rc s€ 1a Ov va Rc
coi nhU ngdn mach. Aup dung dinh ludt kirchhoff vé dong dién: I, + Ip = g,,Ugs.

VG U, I, 1, R, I, 1, g,1. I,R  gml R, gml,R,

Hay: 1,0 g,R) 1,0 g,R) I, I, (dog.Rs=0A) U, I,R, IR,

U
Z ~ R
I D

r

r

Néu tinh dén cd rd trong mach thi so d6 tuong duong s€ nhu hinh 5.51.

Hinh 5.51: S0 d6 tuong duong khi tinh dén r,

, U IR,
i I

riuv o r

Theo dinh luat kirchhoff: I, g, Us Ir, I,,MaUr, U, Ug

r

I, gUes U, Ug Ity I

r

V6i Uy, (I, IR
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Ir (gm l/rd )(ID Ir )RS Ird /rd ID => Ir gmUGS (Ur UGS )/rd ID

V6i Uy I, I, R

I,1 g.,Rs Rg/r, R,lr,

I, g, Ur, I, I, Ry I,R)/Ir, I,=>1,

" 1 g,R, R/r,
R
1 ngS -
I,R), 7,
Zr UV/IV I => Zr —Rd
' 1 ngS —£
Ty

Néur, 10R, 1 g,R, R,/r, Rg/r,

1 g, R, R;/r, R,/r, 1 g R; Rg/r,

Khi d6 Z =R

Ku: doi v&i so d6 hinh 5.51 Ung dung dinh ludt Kirchhoff  machra: U, U, I,R;
Dién 4p dat trén rd 1a: Ur-Urs va véi I' (U, URy)/r,

Dinh ludt kirchhoff v4i dong di€n cho két qua:

I gmUV
1, g UG, U, UR,/ g, U, I,R, I,R, I, R, /Ir,=> " | g R R, R,
m-tS rd
Ma dién 4p dau ra Ur = -IRp,
K, U U, 8ulty => Uy va Ur van 1&ch pha nhau 180°
' 1 g,R; Ry R, /1, = p
. g.R

Vi du: Cho sO dO phan cUc nhu hinh 5.52, ¢6 di€m lam viéc tinh dugc xdc dinh bdi: Ugsg = - 2.6V; Ing

= 2.6mA v0i Ipss = SmA va Up = - 6V, gid tri y,, dugc 18y 14 20 s. X4c dinh: gm, rd, Zv, Zr trong truOng

hgp c6 va khong c6 rd. so sanh k&t qua.
20V

B‘SKQé
Cz

|

Idss = 10mA
[: Up = -6V

Hinh 5.52 v v

= g0 2 /Us| 28mAI6V  2.6TmS=> g, &.l Ug/U, 2671 2.6/6 1.5ImS

=, 1/y, 1/20 S 50k
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= Z, R, M

* TruOng hgpcérs 7, S50k 10R,

= NEéucérd Z. R, 33K

* Néukhdéngcérd: Z, R, 33K

ngD

1.5ms.3,3k

» Néucérg: Ky

= NEukhdngcére: K, g.R,/1 g,Rs

lardtnhd néury 10(Rp+Rs)

1 g, R, (Ry Rp)/r,

&

1 1L51.1 (3,3 1)/50

1,98 . Vi cic két qua trén cho thdy anh hudng cla rd
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5. Mach phan ap cho FET:

Hinh 5.53: SO'd6 phdn cuc phan dp cho JFET
SO do tuong duong G ché dd xoay chi€u cho JFET nhu hinh 5.53 thay th€ ngudn moOt chi€u Upp
bang ngdn mach tuong duong tlc 1a R1 va Ro dugc ndi dat khi d6 Ri coi nhu mac song song v&i R2 va
Rbp c6 thé€ ciing dugc dua xuOng nbi dat nhu' & mach ra trén rd. Mach tuong duong G ché dd xoay
chiéu sé dugc dua vé dang cO ban cla vai mach di dugc phan tich (hinh 5.54)

'R

Hﬁ:—:} Bo
Ur

n s & n

+

[

Uy

Zv -
Rz% Ueas ra Zr
gmUes

Hinh 5.54: SO d6 tuong duong ché dé xoay chiéu hinh 5.53

Ly Ur

= o =

L I I +J .
v
Ri= Rz Ues Frd =Ro Zr
gmUas

Hinh 5.55: V& lai mach hinh 5.54
Zv:R1 va R2 dugc mac song song vGi hG mach tuong Ung cla JFET két qua 1a:Z, R, /R,
Zr: cho Uv = 0v s& c¢6 Ugg va g, bang 0
Zr =14//Rp
Néurd 10Rp:Zr Rop
Ku:Uss=Uvva U, g, (r,/lr,))==K, U U, g, (r,/IR,)
Néurd 10Rp:Ku -g.Rp
Chi y rang cong thlc d6i vOi Ky va Z, ciing nhu trtudng hdp phan cuc ¢ dinh va tu phan cuc (khi ré
nhanh Rs), chi khac nhau & cong thlc cho Zy do dnh hudng cUa su song song k€t hgp gilta R, va R,.
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Khoa

6. Mach JFET mac cuc cOng chung:

C1 Cz2
Uv —. U
i Aoy +—i—%

{ I.\‘-\-\_“_'-/.l _|‘-1-
Zv  =Rs \| Ro =
= TU» .

Hinh 5.56: SO'd6 cOng chung JFET

SO d6 cubi cung cla JFET dugc phan tich chi ti€t 1a sG d0 cOng chung nhu hinh 5.56, tuong

tU nhU sO d0 base chung & BJT s0 d0 trén dugc thay thé bang mach tudng dudng nhu hinh 5.57, chi y

rang yéu cau ngudn di€u khi€n gmUcs dudgc noi tUr D dén S v&i rd mac song song, sU cich ly dOc 1ap

gilta mach vao va mach ra 16 rang da bi mat di khi cuc G dugc nOi mass. Hon nita, dién tr@ dugc nOi

gilra cuc vao khong con 1a R nhung 1a dién trd Rs gilta cUc S va mass. Cho rang vi trf cla dién dp di€u

khi€n Ugs thuc su' da xudt hién truc ti€p dat trén Rg.

l'd

= +
Il

Uy C1

Famnl — |
| gmUas  Z7T [

& =Rs =Ro 7

_ Z'v +G

v

A

Hinh 5.57: SO'd6 thay thé tuwong duong JFET

2
Ur
+

Zv: trudc hét ta tinh Zv’ trén hinh 5.57 va Zv dugc coi nhU trd khang tuong dudng clia Zv’ va Rs

mac song song.

Ta v€& 1ai mach nhu hinh 5.58v6i U’ = -Ugg

\'.-+ '__";
Ird}

= gmUas {T\J Rp Ura

GS iy
X %HDUM

Hinh 5.58: Tinh Z”,

U

Theo dinh luat Kirchhoff U’ —Ury—I'rg=0=>Ur, U' I'r,
Aup dung dinh luat Kirchhoff vé€ dong dién 4 nit a:

I'' g, Us Iry=>1 I, g U, U' I'R)Ir, g,Ug;
Hay: I' U'/r, I'R,/r, g, U

I' 1 R,/r, U'llr, g,

Z UIr 1\ Ry lg. 1
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Hay Z,' U''U r, R,/1 g,r,

R
Dodé: Z,' R /IZ,'=>Z, Ryl 42
1 gmrd
A, . 1 R,/T .1 R, /T ’
Néu r, 10R,=>R,/r, 1vallr, g"’m—DI/rj:> z gm—Dl/l’: 1/g,=>2Z' Rslilg,

Zr: vGi Uv = Ov G hinh 5.58 s& coi nhu ngan mach Rs va Uas n6i ddt  gm.Ugs = 0 va ry mac song
song vOiRp. Z, R, /I,

Néu:r, 10R,:Z R,

Ku: hinh 5.58 chirarang :U, Uy vaU, IR,

Piéndp ddtRola: Ur, U, U,Valr, U, U)Ir,

Auip dung dinh luat Kirchhoff vé dong dién & niit hinh 5.58:

Ir, 1, g, U, O U, U,=1, U, U)lr, g, U, maU, U,

K, U /U, gR, Ry/r, /1 R,Ir,

Néur, 10RpthiRpry, 0=>K, g,.R,

Quan hé vé pha:Ku Ia 1 s6 duong nén Ur va Uv dOng pha.
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Bai 6: GHEP TANG KHUECH DAI
I. Khii niém:
MOt bd khuéch dai thuOng gdm nhiu tdng khuéch dai mdc lién ti€p nhu hinh 6.1 vi thong
thudng mOt tang khué€ch dai khong ddm bdo dU hé s6 khuéch dai can thiét, trong sO d0 nay tin hiéu ra

cUa tang trudc 1a tin hi€u vao cla tang sau.

Uv(n-1) Uwn
HH,, n, Urt = Uz Uz
) Uvt| 1 2 ‘ ‘ 3 ‘ 4 Re

Hinh 6.1: S0 d6 khéi mach khuéch dai ghép tang

UrN Url Ur2 UrN
U le .Uv2 “.UVN

NhuU hinh 6.1 hé s khuéch dai cUa toan mach 1a: K, K, K,..Ky

vl

Tinh theo don vi dB ta ¢6: Ky (dB) = Ky1(dB) + Kyo(dB) + ... + Kin(dB)

PE thuc hién viéc ghép gilta cdc tAng ngUdi ta c6 thé dung cic cich ghép sau:
- Ghép bang tu lién lac (R-C).

- Ghép bang bi€n 4p (lién lac bang bién thé).

- Ghép bang ndi truc ti€p (lién lac thang).
II. Cac dang mach ghép tang:

1. Mach khuéch dai ghép RC:

Hinh 6.2: Mach ghép tang RC

Hinh 6.2 mach khuéch dai gbm 2 tang ghép vGi nhau bang RC.
R. /IR,

r

e

Hé s0 khuéch dai dién 4p & mbi tan: K,

Trd khang vao cla mach: Z,=R,// R, // .

Tr& khang ra cla mach: Z, = R // 1
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Vidu I : Tinh hé s6 khuéch dai dién 4p, di€n 4p ra, trd khang vao va trd khang ra clla mach khuéch dai

ghép tan bang RC nhu hinh 6.3. Biét dién trd tai R, = 10K

20V
15}{!.'2%

15KO 2,2K0) 10pF 2,2K0 1DHFU

Hr M

o 1 1
& JI E
§RL

1 + !

T 20uF:

v =

Hinh 6.3: Mach cho vidu 1
Giai

Ta dé dang tinh duQc 4c gid tri phan cuc (ch€ d0 DC ) tinh dugc 1a: Uy =4.7V, U =4V, Uc = 11V,

26 26
Ir=4mA ,Tac6t*, — — 65
I, 4
N ~ ~ . . A 2, A RC // Rl // re
Hé s0 khuéch dai dién 4p & tang 1: K S —
22k /115k 1147k [/ 200 6.5 665.2k 1023
6.5
. ~ > R 2.2k
Hé sO khuéch dai 6 tang 2 : Ky, r_C F 338.46

e

Hé s6 khuéch dai dién 4p cla cd mach: Ky = Ky; Ky, = (-102.3) (-338.46) = 34,624
Dién dp ra: U, = Ky Uy = (34.624) (25 V) =0.866V

Trd khéng vao: Zv=R1//R2// re=4.7k //15k //(200)(6.5 )=953.6

Trd khéng ra: Z, = Rc = 2.2k

Néu & dau ra mac voi 1 dién trd 10kQ thi dién 4p trén tai 1a:

R, 10k

U, 0.866V  0.71V
Z R, 22k 10k

L

2. Mach khuéch dai ghép bi€n ap:

Mach khuéch dai ghép RC c¢6 mOt sO nhugc di€m 1a: tu ghép lién tang lam suy gidm bién d0 tin
hi€u @ ving tan sO thap, dién tr& tdi 1am tiéu hao cong sudt AC va DC gidm hi€u sudt mach va khé
phOi hgp trd khang gilta cc tang ... Do vay loai mach ghép RC chi dugc st dung d€ khuéch dai tin

hiéu nhod .
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Mach khuéch dai ghép bi€n 4p tuy c6 mOt vai y€u di€m nhu: 1am gidm bién d0 tin hi€u & ving
tan sO rat cao do tu tap tan gilta cdc vong diy bi€n 4p, tGn hao G 10i sat va hoi cOng kénh. Song né ¢6
mdt sO Uu di€m ma mach ghép RC khong thé cé dugc, d6 1a hoan toan cich dién DC gilta cic tang.
NOi trd cla vong diy dOng rat nhd (khodng vai Q) nén tiéu hao cdng sudt mOt chi€u nho, lam ting
hiéu sudt mach. Viéc phbi hop trd khang gilta cic tang luén dugc ddp Ung dé dang d€ gdm méo va
ting cong sudt ra cUc dai, nhd Uu di€m nay nén mach ghép bi€n 4p c6 th€ vUra diing 1am mach khuéch
dai tin hiéu nho, nhat 12 d€ khuéch dai cong sudt .

Mach khuéch dai hai tAng ghép bi€n dp dugc md ta nhu hinh 6.4 :

+Ucc
§EUKQ =50K0O % % %ZOKQ
A 51
W/

Hinh 6.4a: Mach khuéch dai ghép bién dp

|+
[~ 5:1

— i"
us %5

AN

Hinh 6.4b: Mach tuong duong AC

. N U Z
Tu mach tuong duong hinh 6.4b ta cé : U, VZUV 4U, => K, —* L
.

1 1 e

3. Mach khuéch dai ghép truc ti€p :

Mach khuéch dai ghép truc ti€p (khong c6 tu ghép) nén khong c6 tOn hao dién dp & tan sO thap
do tu ghép. Céc tang khong bi ngin cdch ngudn DC nén dnh hudng 18n nhau rd rét tir viéc tinh todn
dén viéc thay thé transistor va su thay d6i nhiét dd, mdi trudng.

Do vay can c¢6 mach 6n dinh ché dd 1am viéc va Gn nhiét bang hoi ti€p am emitter hodc tUr dau
ra vao ddu vao. N€u nhu ding 3 tang trG 1én thi dé gay tu kich, thong thudng 1a mac thém tu cé gia tri
hang chuc pF @ hai cuc C — B cUa transistor. Loai mach nay c6 dd khuéch dai khong 16n.

MOt mach khuéch dai ghép truc ti€p nhu vi du (hinh 6.5)
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18V

= Rez=0,8K0
Re =186KQ Re1=3KQ

302V | Iy
- .

v

T1: f1 =40 T1: p2 =100
rei=13.4702 rez= 5,200

Hinh 6.5: Mach ghép tang truc tiép
% Xdc dinh phén cuc DC:

;. N ‘A P A 5 12 8
VOi T, : Tu dién dp daura Ue, =8 V, ta c6: [gs )= 0.8k SmA

Nhu Véy : IC2 IEZ =5mA va UE2 = (SmA) (111( ) =5.5V
TU’ UBE2= O7V, ta co :UBZ = UCl =55+0.7=6.2V

X 1 SmA
Aup dung quan hé I,= Iy, ta cé: I — 100 04
2

12 62 1.93mA

Tuong ty vGi T, : 1 5,

Ta thdy: Iz >l nénlct I =193 mA va: Ig = 1.93mA

Vay UEI = (1.93mA)(1.2k ) =232V

Va Ug;=Ug + Ugg =2.32 + 0.7 =3.02V

% Xdc dinh gid tri AC:

Tré khang vio mOi tang 13p emitter gan bang Rgnéntacd :Zvi= 1Rei =40(1.2k ) =48k
Zv2= 21Re2=100(1.1k )=110k

R, R,/ R, 3k//110K 3K
R,, R, 12K 1.2K

K

Ul

R, R, 08K
R R 11K

K 0.7273

U2

E2 El

KU = KUI KUZ = (-25) ( -07273) = 1818

K| KMz, 2] 2B 209,08
0.8k
k,| |K,|/k| 1818 109.08 1983
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4. Mach khuéch dai cascode:

Ucc

Rn1§ Re ,l?\ Ur
S [
"—AI R
Re TJ:CB ‘

Hinh 6.6: Mach khuéch dai ghép Cascode

Pdc di€ém cla mach khuéch dai Cascode 1a ding hai tang khu€ch dai mac n6i ti€p (hinh 6.6).
Tang th( hai mac ki€u BC d€ ting tan sO cat, gidm tap nhi€u (vi ni tr@ vao cla tang th( nhat mac
ki€u EC nhO nén hé s0 khuéch dai cUa tang nay nho) gidm thi€u hiéu Ung Mille & tan s6 cao.Tang
th(t nhat mac ki€u EC, lam viéc @ dién 4p thap hé sO khuéch dai dién 4p nho (ciing nham gidm tOi
thi€u hiéu Ung miller G tan sO cao). Song hé sO khuéch dai dién 4p toan mach 1ai 16n (khodn vai trim
1an)

Ta c6 th€ dung vi du tinh todn cho mach Cascode thuc t€ & hinh 6.7:

Ucc =18V
R = Re
B1 —
saka 7 BKLEE Un
Ci X It
Mt oL
Rez Su
Ca 5,6KQ _1Yn
qu N i JAE
Res Re
4,7KQ <1,1KQ IEDHF

Hinh 6.7

Giai
% Tinh cdc thong s6 DC:
Ta co: IE2 IEl hOéC Icz ICl

1 1
Tu 1= ztaCé:ﬂ <

hOéC IBz IB1
) 1

Dong I, r€ qua mach Rg ma né dugc maic song song vOi Ry; = 4,7k
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Vi Rp=100(1k )= 100k , c6 gi tri I6n hon Ry; nhi€u 1an nén c6 thé bd qua hi€u Ung Iy, 1én
mach Rg. TU cdch tinh gn ding c6 thé€ coi Is, Iy

Ry, Uge 47k 18 84.6
R,, R,, R, 47k 56k 68k 171

4.95v

< Aup phén cuc: Uy,

U, U, U, 497 07

Va I 4.25mA
RE RE
Dién (3 ti&p eidp BE clla T11a: U 26mV.  26mV 6.12
1€n trO t1€p giap cUa a: Uy I, 425mA .
TU‘ IE] IE2 , ta co Tep = 6.12
. U R
% Tinh cdc thong s6 AC: K, —= a
Uy, Fa

Tai cla T11a tré vao cla T2 tUc 12 trd ti€p gidp Eg cla né, nén: Ry =r,,

A re A A7 P . 2 A .2 « A 7 .
Vay: Ky = : 1 (hé s6 khuéch dai nhO nén gidm dugc hiéu Ung miler)

rel
K, R ROL8K g4 A U,
Va R, r, 6.12 vay Ky P KpKp, o 12941 2941

Vi

E

IEl%RE

Hinh 6.8: S0’ d0 Darlington co' ban

Mach khuéch dai Dalington ki€u c0 ban dugc md ta & hinh 6.8. Pdc di€m cla né la: tbng tré
vao 10n, tOng trd ra nho, hé s6 khuéch dai dong 16n, hé s6 khuéch dai dién dp 1 trén tai emitter.

Céch phan cuc cla mach nay giOng nhu mOt tang 1ap emitter dung hdi ti€p dong dién cla
emitter, chi y rang dong emitter cUa tang th(f nhat chinh 1a dong cuc Base cUa tang th(t hai.

Hai transistor s€ tuong duong vGi 1 transistorcé p = ;. , va Uge= 1.6V, khi d6 dong cuc g6c
dugc tinh:

Do pratlénnén:Iz=( p+1)IB D. I;

Dién 4dp phan cuc 1a: Ug = IR
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UB = UE+ RBE

Vi du :Tinh dién 4p va dong di€én phan cuc & hinh 6.9

+18V

3,3MQ § Cl
B
Uese = 1,6V
) Bo = 8000
E
§390Q

Hinh 6.9

2

Giai
18V 1.6V
3.3M  8000. 390

B

256 A=>1, 8000256 A 20,48mA 8V

U, 2048mA390 I.=>UB 8V 1.6V 9.6V,véi:Uc=18V

+18V

.

3,3M0 Cl |
Ci ,J_\

B
Uy - Use = 1,6V v | j |
0,5uF fo = 8000 - fols

Ly
— [l §RB s U'r

- Ir
0,5uF
%3900 Re

Uv Iv, Is

Hinh 6.10: S0'd6 Darlington 1dp E chung Hinh 6.11: SO dd Darlington ldp emitter tuvong duong

Moit mach Darlington 1ap emitter nhu hinh 6.10. Tin hiéu dugc dua vao qua tu C,, tin hiéu V,
qua tu C, Machtuong duong nhu hinh 6.11
% Tinh tré khdng vao AC:
u, U

ry

Dong cUc base chay quala I,

viUu, I, pl Ry =>Tgry=Uy-U,=Uy-Ig( I+ p)Rg
U, I;n 1 p R Iyry R

Trd khang vao nhin tU base cUa transistor: I_V r,  oRg
B

Trd khang vaoclamach: Z, R,//rn, R,
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% Hé 56 khuéch dai dong:

Dong dién ra trén Re.

1
Ir=I +DRE=(D+1)IB DIB’Véi Ir D
B
e , LI,
Hé s0 khuéch dai dong cua mach la: K, —
|4 IB |4
, R R
Véi 1, £ I, E 1,
rv DRE RB DRE RB
RB DRB

K, ,
DRE RB DRE RB

Trd khang ra AC: hinh 6.12a,b

Uv Iv [} Ir

Hinh 6.12a,b: S0’ d6 tuong duong dé tinh Zr

u U u U U 1 1
TaCé IR - - DIB - - d - - _D.Ur
RE rv RE rV rV RE rV rV

v, !
I, 1R, l/r, ,lr,

r

% Hé 50 khuéch dai dién dp:

2
Il

Uw -/ fols Re e

w4

Hinh 6.13: SO d6 tuong duong AC d€ tinh Ku
Ur=(p+ bpls) Re=Is(Re+ bRE)
Uv=1Iry+ (Is + pls) Re
Tacé: Uv=1Is(rv+RE+ bplv)

v LB. U 1B, r
zi Z :
Us Re fole =Re RL fole =Re
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Bai 7: MACH KHUECH DPAI HOI TIEP

I. Khai ni€m: HOi ti€p 1a 1dy mOt phan tin hiéu dau ra dua trd 1ai dau vao lam thay d6i dau vao. Trong
bai cung cdp ngudn va Gn dinh ché d6 cong tic cho transistor, chiing ta di xét truGng hgp dac biét clia
hoi ti€p trong d6 1a hoi ti€p dong dién. Tuy thulc cuc tinh cUa tin hi€u tic dOng v€ dau vao ma ngUdi ta
chia thanh hoi ti€p am va hoi ti€p duong. HOi ti€p Am 1am gidm nhd dién 4p dau vao, ngudi ta st dung
n6é d€ 6n dinh di€m lam viéc tinh. Ngugc 1ai hoi ti€p duong lam ting dién 4p dau vao, ngudi ta st dung
vao mach dao dOng.

Trong phan nay nghién clfu chU yéu 12 hoi ti€p Am. Vay khi néi dén hodi ti€p ta ngdm dinh d6 1a
hoi ti€p am.

S0 d6 t6ng quan mach hoi ti€p (hinh 7.1)

T Ur

Us r“: Uv| :
. .,\—H K _____'_:::—n—é—h-
Tin hiéu = - . Tin higu ra

VAo

Us

Hinh 7.1: S0'd0 téng qudt cla mach hoi tiép
Us: tin hi€u vao
Uv: tin hiu vao phan khuéch dai
Uf: tin hiéu hoi ti€p
Ur: tin hiéu ra
: hé s6 hoi ti€p
K: ham truyén dat cUa khau khuéch dai
Tin hi€u vao mach khué€ch dai bao gbm tin hi€u vao va tin hi€u hoi ti€p.
Khi tin hi€u vao va tin hi€u hoi ti€p ngudc pha nhau thi dugc goi 1a hoi ti€p 4m nhu hinh 7.1, khi c¢6 hoi
ti€p Am, mach sé c6 tinh chat sau:
Trd khéng vao 16n
Thu dugc dién dp On dinh hon
Cai thién dap Ung tan sO
Trd khang ra nhd
M3 rOng viing hoat ddng tuy€n tinh.
Gidm dugc nhiéu.

II. Phan loai hoi ti€p:
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Dua vao cdch 13y tin hi€u dau ra dua hoi ti€p 1ai dau vao ma ngUdi ta chia thanh: hoi ti€p dong
dién va hoi ti€p dién 4p.

Dua vao céch ghép tin hi€u hoi ti€p vé ddu vao ma ngUJi ta chia thanh: hdi ti€p noi ti€p va hoi
ti€p song song, cU thé chia thanh 4 loai sau:

1. HOi ti€p dién ap noi ti€p: (hinh 7.2)

1 +
Uv | K=Ur/Uv Ur=Re
+ 1 +
{ '1|
Us 3w
.M
Ur=pUr | B=Uy/Ur
Hinh 7.2: HOi ti€p dién dp noi tiép
Tin hiéu hoi ti€p ty 1& vGi dién 4p dau ra va ndi ti€p vdi tin hi€u vao.
2. HOi tiép dién ap song song: (hinh 7.3)
v,
P +
Is( [ ) K=Ur/Uv U= R

I —

+
Ut=pUr

B=Ut/Ur

i

Hinh 7.3: HOi tiép dién dp song song
Tin hiéu hoi ti€p ty 1€ vGi dién 4p dau ra va song song vdi tin hi€u vao.

3. HOi tiép dong dién ndi ti€p: (hinh 7.4)

lr = |3
+ +
Uv | K=IrnUv Ur=Re
+
Us ) |
+
Ut=plr | p=Ud/lr

Hinh 7.4: HOi ti€p dong dién noi tiép
Tin hiéu héi ti€p ty 1& vGi dong di€n dau ra va ndi ti€p v4i tin hi€u vio.

4. HOi tiép dong dién song song: (hinh 7.5)
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-

-
Uv | K=Irfuv

B

Ur=plr

Is L\I_/.

B=UW/Ir

Hinh 7.5: HOi ti€p dong dién song song

Tin hi€u ho0i ti€p ty 1€ véi dong dién dau ra va song song v4i tin hi€u vao.

HOi ti€p n0i ti€p lam ting tré khang vio, con hOi ti€p song song 1am gidm trd khang vio. HOi ti€p
dién 4p 1am gidm trd khing ra, con hoi ti€p dong di€n 1am ting tr khang ra. Trd khang vao 16n va trd
khing dau ra nh6 d6 1a mong mudn cla hau hét cic tang khu€ch dai. C3 hai yéu cau dugc dip Ung
trong hOi ti€p di€n 4p noi ti€p.

III. T4c dung cUa hoi ti€p:
1.Aéinh huéng clia hoi ti€p ddi v6i hé sé khuéch dai:
Khi khong c6 hoi ti€p: K 13 hé sO khuéch dai. Khi c6 hoi ti€p: 14 hé s6 hoi ti€p cUa khau hoi
ti€p thi hé s6 khuéch dai clla mach c6 hoi ti€p gidm di (I K)1an so vGi khi khong c6 hoi ti€p, chi
ti€t hé s6 khuéch dai clla mach c6 hoi ti€p dugc thé hién theo bang 1.1:

Bang 1: HE SO KHUECH DAL HE SO HOI TIEP VA HE SO KHUECH PAI KHI CO HOI TIEP THEO HINH 7.1

Dién 4p n6i | Pién dp Dong dién | Dong dién
tiép song song n0i ti€p song song
Hé s0 khuéch dai K U,/U, U/L, L/U, /1,
khong c6 hoi ti€p
Hé s0 hoi tiép B UJ/U, L/U, U/l /1,
Hed sod khueéch fiaii | K¢ U/U; U/I L/U; L/1;
cou hoai tiedp

a. Hoai tieap fiiedn aup noai tieap:
Trong hinh 7.2 che ra hoai tiedp fiiedn aup nodi tiedp, tin hiedu hoai tiedp niedn aup nodi tiedp

voui tin hiedu vago, kedt quaii lagm giaiim toagn bod tin hiedu vago. Thaét vady, nedu khoang cou hoai

. o~ Ul‘ Ur
tieap (Uf = 0) thi he# sod khueach fiaii fiiedn aup: K — To
S A%
Néu c6 tin hiéu héi ti€p U; nbi ti€p v6i dau vao, tacé: Uy Us Ug
Chonén (I PK)U, KUg
TU d6 hé s6 khuéch dai di€n 4p khi c6 hoi ti€p: K Y K
U do suy ra he sO khuech da1 dién ap khi c6 ho1 tiep: By Us 1 BK
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Trong cong thUc trén, hé s6 khuéch dai khi c6 hoi ti€p sé gidm di (1 PK) 1an khi khong cé hbi
ti€p. Hé s6 nay lam thay d0i trd khang vio ra va cdc dac tinh khac clamach, g (1 BK) dugc goi
1a d6 sau hoi tiép.

b. HOi ti€p dién ap song song:

Ur KIV KIV KIV
A~ ~ . < N, K =
He s0 khu€ch dai theo hinh 7.3 la: K¢ I I 1 I pU I BKI
S v f \ r \ \%
K
K. —
Hay £ BK

2. Adnh hudng cla hoi ti€p dén dién ap vao:

a. HOi tiép dién ap ndi ti€p:

Zvt Khau khuéch dai Z'lf*

|| - Lr |

\ - -'"I
/ L\"' N | ,f:\M’ =
[f:t,z} Uv Rv o JKuv Ur= R
oy = 1—_

— .

Khau héi tiép

Ur=pUr | p=Ur/Ur

Hinh 7.6: HOi tiép dién dp néi tiép

HOi ti€p dién dp ndi ti€p dugc thé hién chi ti€t trong hinh 7.6. Trd khang vio c6 thé dudgc tinh nhu

IVZV US BKUV ) US IVZV ﬁKUV IVZV ISKIVZV
US
Zyf . Zy BPK)y Zy(d BA)
\'
Két ludn: khi c6 hoi ti€p trd khang vao sé ting 1én (I K) 1an so v&i khi khong c6 hoi ti€p, diéu
nay diing cho ca h0i ti€p dién 4p va hoi ti€p dong dién nGi tiép.

b. HOi ti€p di€én ap song song:
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Zvt Khau khuéch dai 2
|| Lr_ |
I L --IIII
L =
( ] Uw Rv I\f*-_. Kuv AT Rt
R = ._|—_.

Khau héi tlép

+
If:ﬁUr ﬁ:lf}rUr Ur

Hinh 7.7: Héi tiép dién dp song song

HOi ti€p dién 4p song song dugc thé hién chi tiét trong hinh 7.7. Trd khang vio dudc tinh theo cong

U U Uu,/1 Z

)4 )4 \4 )4 \4 \4

I, U, 1,/1I, U/l 1 K

v v f v r v v

thUc: Z 5,

Vay trd khang vao sé ting (1K) 18n so vGi khong c6 hoi tiép.
3. Adinh huéng clia hoi ti€p t6i tré khang ra:
Tr& khang ra chi phu thuOc vao hoi ti€p di€n 4p hodc hoi ti€p dong di€én ma khong phu thudc hdi
ti€p nOi ti€p hay song song, d€ thudn tién ching ta nghién ctu loai hoi ti€p nbi ti€p.
a. HOi tiép dién 4p noi ti€p :
HOi ti€p dién 4p ndi ti€p dugc thé hién trong hinh 7.6. Trd khang dau ra dugc xéc dinh bang
dién 4p cung cdp U, gy ra dong dién I, khi ngdn mach U, (U, = 0). Pién 4p U duoc tinh:U  1Z, K,
Us =0, thi Uy = -U; vi vy U = IZ, - KU, = IZ. - K( U)

Vi€t 1ai cong thlc nhu sau: U+ KU = Izr

Vay ta c6 tr& khdng dau ra khi c6 hoi ti€p: Z,; T T x

TU d6 ta thdy rang hoi ti€p dién 4p nOi ti€p s€ 1am trd khang ra gidm di (1+ K) so vGi khi khong

c6 hoi tiép.

105

Tai liéu hoc t@p va tham khdo mén Mach Pién ti



Truong KTCN Hung Vuong Khoa
Dién tir

b. HOi ti€p dong dién noi tiép :

E, _ Ir = P{Um.r
L\ + AT L *
US[,{?} Uv Ri (1)z Ur= R
fez = -
T_ Ll 4 L
Ur=[lr

Hinh 7.8: HOi ti€p dong dién néi tiép
TrG khéng dau ra khi ¢6 hoi ti€p nbi ti€p dong dién dugc xac dinh bang tin hiéu U & dau ra, tao ra
dong dién I, khi ngdn mach Us, ty sO gilta U va I chinh Ia tr@ khang du ra. Trong hinh 7.8 chi rd chi
ti€t hoi ti€p dong di€n nGi ti€p. Gid tri cUa trd khang ra dugc tinh nhu sau:vGi Us = 0 va UV = Uf, ta c6

IEKUVEKU]CEKI
Z Z Z

z,0 KI U=>2Z, % Z 1 K

NhU vay hoi ti€p dong dién n0i ti€p lam trd khang ra ting 1 + K 1an.
TONG KET ANH HUGNG cUA HOI TIEP PEN TRO KHANG VAO, RA

. L. Dong dién ndi A Dong dién nbi
bién ap nO1 ti€p . bién ap song song .
ti€p tiep
- ZV(1+ K) ZV(1+ K) ZV(1+ K) ZNV(1+ K)
\'%
Ting Ting Gidm Gidm
" Zr(1+ K) Zr(1+ K) Zr(1+ K) Zr(1+ K)
Zr
Gidm Ting Gidm Ting

Vi du : Xic dinh hé sO khuéch dai dién dp, trd khang vao va ra cla mach c6 hoi ti€p dién ap nOi ti€p:

V&iK=100,ZV =10k ,Zr=20k ,hésOhoiti€p:a. =-0,1 vda =-0,5.
Giai:
S dung cong thUc trén ta c6:
0K, K 100 100 9.09
71 K 1 01 100 11
3
zr, A WY ek sz, oz, K 10k 11 510k
1 K
b K, K 100 100 196
1 K 1 0510 51
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Zv, Z,1 K 10k 51 510k

Zr 20 10°

Z
T 1 K 51

392,16

Vi du trén cho ta thdy khi hé sO h0i ti€p thay d0i s€ lam thay d6i hé s6 khuéch dai, trd
khang vao, ra clla mach hoi ti€p. Hé s6 khuéch dai gidm di 11 1an (tUr 100 con 9,09), trd khang vao
gidm di 11 1an, tr& khang ra ting 1én 11 1an. TUOng tU trong trudng hop = 0,5 hé s6 khuéch dai
cla mach hoi ti€p sé& gidm di 51 1an, trd khang dau vao ting 51 1an, trd khang ra gidm di 51 1an.
Vay c6 th€ ding hoi ti€p Am d€ thay ddi c4c tham sO cUa mach khuéch dai.

< Gidm méo tan so :

Trong b0 khuéch dai hdi ti€p 4m ma c6 k >> 1, thi hé s khuéch dai sé A Kf 1/ . Khi dé c¢6
th€ xem nhu mach chi don thuén 1a dién trd, n6é khong phu thudc vao tan s6 cho di bd khuéch dai d6
c6 chlta phan t0 phu thubc tan sO. Thuc t€ thi méo tan sO gidm la do su thay dGi cla hé s6 khuéch
dai theo tan sO trong mach c6 hoi ti€p am dién 4p dugc gidm ding ké.
< Giam tap am va méo tuyén tinh:

Khi c6 hOi ti€p am s& lam nho tin hi€u nhiu (vi du tiéng  clia nguOn cung cdp) va gidm nho
méo phi tuy€n.

Khi d6 méo phi tuy€n gidm di (1+K ) 1an thi hé s& khuéch dai ciing gidm di. P& c6 thé gidm
dugc d6 méo phi tuy€én ma van cé hé sO khuéch dai can thi€t ngudi ta st dung phan tl c6 hé s6
khuéch dai 16n hodc ting tan sO khuéch dai 1én.

% Anh hudng cla hoi ti€p Am dén hé s6 khuéch dai va gidi tan:

, A A, o O K K 1
Theo cong thUc tinh hé s6 khuéch dai khi c6 hOi tiép am la: K ; 1 & &

vGi K>>1

Néu K >> 1, hé s0 khuéch dai xap xi 1/ . Ot tan sb thdp, ddc tuyén c6 d0 doc 1én do dung
khang trong mach khuéch dai kha 16n, ngugc 1ai & tan sO cao, dac tuy€n dOc xudng, dung khang trong
mach khuéch dai rat nhd. Do vay hé s0 khuéch dai clla mach & céc tan sO khac nhau s€ khic nhau (h
7.9). khi ma hé s0 khuéch dai gidm xubng thap dén gi4 tri ma hé s6 K khdng con 16n hon rat nhi€u
so v0i 1, thi cong thic K, 1/ khong con diing n(ra.

Trong hinh 7.9 chi ra mOi quan hé gilta hé s6 khuéch dai va tan s lam viéc. Khi c¢6 hdi ti€p am
gidi tan lam viéc B, s€ rOng hon khi khong c6 hOi ti€p cac gidi han tan sO trén va dudi dugc xéic dinh
khi hé sO khuéch dai clla mach gidm di 3dB.

% Adinh hudng dén do on dinh hé s6 khuéch dai:
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* Hé s6 khué&ch dai
Ko S — K B
T T
f'/ \“‘
/ A
/i A
£ ",
T Y
K L. ..J,-ir...’_.;___hg ...:..L{ ..........
0,707Kto [l by
I N
/| . -
fui  ifi B fa ifa  Tanso
e Bt

Hinh 7.9: Anh huéng cla héi ti€p t6i hé s6 khuéch dai va gidi tan
Ot day ching ta chi quan tim dén van dé Gn dinh khi c6 hoi ti€p so v&i hé s6 khuéch dai khi c6
hOi ti€p so v&i khi khong c6 hOi ti€p. LAy vi phan hai v€ cla cong thUc tinh Ky:
9K, 1 k| |aK
hay
K, | 1 k[lk| K, |

! | ‘—H— khi 1

Nhin vio cong thUc trén ta thdy mach cé hoi ti€p hé s khuéch dai c6 dd 6n dinh hon mach khi
khong c6 hoi ti€p véi hé sd1a K.
Vi du 26: MOt mach khuéch dai bang -1000, hé s6 khuéch dai thay d6i 20% theo nhiét d6. Hay tinh
su thay dGi cUa hé s6 khuéch dai khi c6 hoi ti€p am véi  =-0,1.

Giai:

dK ,

0.2%

1
S’ dung cong thlc:|—— ‘—H = ‘— 20%

0.1 1000

Nhu vay d6 Gn dinh cla hé sO khuéch dai ting 1én 100 1an so v&i khi khong c6 hoi ti€p. Hé s6

khuéch dai thay d6i tlr 1000 sai sO 20% xuOng con 10 va sai sO chi con 0.2%.
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Bai 8: MACH KHUECH DAI

I.C4c kh4i ni€m co ban:

B khuéch dai thudt todn (operational amplifier — Op-Amp) 1a mach khuéch dai t6 hgp c6 hé s

khuéch dai rat 16n, trd khang vao 16n va trd khang ra nhd... hi€n nay, cic b0 khuéch dai thudt toan déng

vai trd quan trong va dudc s dung rOng rai trong k¥ thudt khué€ch dai, tao tin hi€u sin, xung, trong bd Gn

4p va b0 loc tich cuc ...

.
Un: - e

Ue:

:___,f""
Hinh 8.1: Ky hiéu Op-Amp

Op-Amp khuéch dai hi€u dién thé Us=U, — Uy v&i hé s6 khuéch dai K,.

Do d6: U=K4U=K4(Up-Uy)

Néu Ux=0 thi U=K,Up nén U, dong pha v&i tin hi€u vao U,, vi vay dau vao P (positive) dugc goi 1a

dau vao khong ddo va ky hiéu bdi dau (+).

Néu Up = 0 thi U, = - KqUp nén U, ngugc pha véi tin hi€u vio Uy, vi vay dau vao N (negative) dugc

g0i 12 ddu vao ddo va ky hi€u béi dau (-).

Ngoai ra Op-Amp con c6 hai chan d€ cap ngudn d0i xUng, cdc chin bu dién 4p, bl tan s0...

MOt bd khuéch dai thudt toan ly tudng c6 cac tinh chat sau:

Tr@ khdng vao Zy=

Tr& khang ra Z,=0

Hé s6 khuéch dai Ky= o

Theo sO d0 tuong duong hinh 8.2b, Op-Amp 1y tudng sé& c6 dac di€m Uy = U, dong di€n vio Op-

Amp &dauPvadauN, I, I, O.

§ Zr .
le la
UMC\- T h- y % ] UN:? x = l fl o
Ud ?Zu I:"::\'/. Kald U Ud - ':;i‘;’::'KdUd U
Upol B . Ut B ]
a) b)

Hinh 8.2: a) SO d6 tuong duong Op-Amp; b) so' d6 tuong duong Op-Amp Iy tubng
Trén thuc t€ khong c6 bd khuéch dai thudt toan 1y tudng, thong thudng mOt Op-Amp c6 Zy c¢G hang
trim K tGi hang M |, Z.cG hang t&ihang  vaichuc , Ky khodng vai trim t&i hang triu 1an.
Hé s6 nén ddng pha: N&u dat vao dau vao ddo va khong ddo cic dién dp bang nhau nghia la:
Up=Uy=Um 0 (U, g0i 12 dién dp dOng pha), theo 1y thuyét thi U, = 0, nhung thuc té€ khong nhur
vay: U, KU,
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VGi K¢ dugc goi 1a hé sO khuéch dai dOng pha. N€u OA 1y tudng thi K. = 0, d€ danh gia kha niing
lam viéc cla Op-Amp thuc so v3i Op-Amp ly tudng ngudi ta ding hé sO nén ddng pha CMRR

K,
K

c

(Common Mode Rejection Ratio): CMRR

Gi4 tri CMRR cang 16n thi Op-Amp cang gan véi Op-Amp ly tudng, thudng CMRR = 10° = 10°

% Pac tuy€n truyén dat:

Pauvaodaol\_ /TPau vao khéng dao

Mién bao hoal Mién tuyén tinh |Mién bao hoa

- g

Hinh 8.3: Pac tuyén truyén dat cia OA

Dadc tuyén quan trong nhat cla Op-Amp la ddc tuy€n truyén dat (hinh 8.3), theo ddc tuy€n nay,
U, chi ty 1& vé&i U, trong gidi di€n 4p (Uumin — Umay) ndo d6. Gidi dién 4p nay goi la gidi bi€n d6i dién 4p
ra cla Op-Amp (hay mién tuy€n tinh). Ngoai gidi ndy, di€n 4dp ra khong thay dGi va dugc xdc dinh bang
c4c tri 86 Umin, Ummax 20i 12 di€n 4p bido hoa, gid tri dién 4p nay khong phu thudc vao dién 4p vao va gan
bang tri s6 ngudn cung cap (dién dp bio hoa nay thudng thdp hon tri s6 ngudn tlr 1V dén 3V gia tri).
< Dong vao tinh, di€én 4p vao 1éch khong:
Dong vio tinh 1a tri sO trung binh cUa dong vao dau vao ddo va dau vao khong ddo

It % Véi U, = Uy

Dong vao 1éch khong 12 hi€u dong vao tinh G hai dau vao
I, I o I o,thongthuong I, 0,11,
Dong vao 1&ch khong phu thudc vao nhi€t d0, do dé khi nhi€t d0 thay d0i tri sO dong vao 1éch
khong ciing thay d6i theo.
Trong Op-Amp thuc t&€ khi U, U, 0 thi U, van khac khong. Lic nay dién 4p ra do dién ap 1éch
khong G dau vao giy nén. Vay dién dp 1éch khong U, 1a hiéu di€n 4p can phdi dat gilta hai dau vao Op-
Amp d€choU,=0=>Uy=Up-Uy U, =0

Dién 4p 1éch khong U, s& bu téi ddu ra mOt dién 4p U, U,, K, U, K,(U, U,)

110

Tai liéu hoc t@p va tham khdo mén Mach Pién ti



Truong KTCN Hung Vuong Khoa
Dién tir

Ua
Rz

Hinh 8.4: Dién dp 1éch khong

> R
Theo hinh 8.4 ta c6 thé tinh dugc: U R 1R u, U, U,
1 ht
e Rl
Dods: U,, K,U, Ury)
1 ht
K R
A s 2 Uro UO 4 UO l
Tu d6 rit ra dugc: R, R, R,
I K, ( )
Rl Rht
II. Céac Ung dung clla Op-Amp:
1. B6 khuéch dai ddo: Ly
R N
W— >
1

L

Hinh 8.5: Bé khuéch dai dao
B0 khuéch dai ddo cho trén hinh 8.5. c6 thuc hién hoi ti€p 4m song song dién 4p qua Ry, , néu coi
Op-Amp ly tudng, dong vao Op-Amp, I, =0
U U, U, U

TainatNtaco: I, I,=>

Rl Rht
S 5 U, U.
Ta da biet, voi Op-Amp ly tuOng Uy = 0 nén Uxy= Up ma Up = 0 nén Uy = 0. Do do6: R R
1 ht
Ur th

Hé s6 khuéch dai dién 4p: K,
2 s ué€ch dai dién ap U R,

Dau (-) thé€ hién tin hiu ra ngugc pha v4i tin hiéu vio.
Néu Ry =R, thi K, =-1, s0 d0 hinh 8.5 c6 tinh chat 1dp 1ai ddo tin hiéu.

Néu R, = 0, tU phuong trinh I, = I, ta c6:
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U Ve A 2 A Z,. oA o« 2.
I, ' ~ hay U, LR, , tUc la di€én 4p ra ty 1€ vOi dong di€n vao. Pay chinh la mach bi€én d0i dong
ht

thanh ap.

d

U
. ZV v v R
Trd khang vao: I, y

d

=

Trong truOng hop yéu cau hé s6 khuéch dai 16n thi phdi chon R, nhd, nén trd khang vao Z, = R, nhd.
Khac phuc di€u nay bang sd d0 khuéch dai ddo hinh 8.6

R
M
Uv '\«‘F"{ﬂ; NS
+ Ur
Rz
Us Ra

¥
L

Hinh 8.6: Khuéch dai ddo cé tré khdng vao 16n

. U U
Bang cach tinh tuOng tU nhu trén ta c6: —— —=
Rl Rht
~ , 3 N ’ A 2 < A Rht RZ
Mat khac: U, U, (cong thlec phan 4p), Vivay: U, r —)U,
2 3 R, R,
D e A o . R R
Tri s6 hé s6 khuéch dai: K, —(1 —2)
Rl R3

Néu ta chon R, = R, thi K, chi phu thuOc vao ty s6 Ry/Rs, c6 thé ting ty sO nay tuy y ma khong dnh
huéng dén trd khang vio cla mach.
Vidu: Cho b0 khuéch dai nhu hinh 8.5, v&i R1 = 100K , Rht = 500K . Tinh dién 4p dau ra khi dién 4p
vao la2V

Giai:

u? U, 00,0 qov
R, 100

Taco U,

2. Mach khuéch dai khong ddo:
B0 khuéch dai khong ddo c6 mach hoi ti€p am dién dp dat viao dau vao ddo, con tin hi€u dat vio

dau vao khong ddo, nhu so d6 hinh 8.7
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Uv
-+ UI‘
N—AAA——
g R1

L
Hinh 8.7: B6 khuéch dai khong dao

Vi Uy = Up. Trong truOng hgp nay Up = Uy nén Uy = Uy,

R
Mat khéac ta ¢6:U U,
Rl Rht
A ~r 7 . Ur Rht . N 2 A L
Hé s6 khuéch dai: K, U 1 R khi R, , R, 0 thi Ku=1, s0 do hinh 8.7 trG thanh bQ lap
1

1ai dién ap.
Vi du: Cho mach khuéch dai khong ddo nhu hinh 8.7 v&i R1 =100K , Rht = 500K , Uv = 2V. Tinh

dién dpra

Giai:
N , R, 500K
Dién dp ra dugc tinh theo cong thire: U, 1 —* U, 12v
R, 100K
3. Mach cOng:
a.Mach cOng ddo: SO d6 mach cOng ddo nhu hinh 8.8
U1 ,;—JMH}V—I:. ﬂ. ’E}H}L
Rz
Uz. AN I=z NI
Ur
Ro |, P
Une—AAN—
Hinh 8.8: Mach céng dao
u U u, U u, U u, U
i, 1 .1 I,=——r 2% - "N N -
Rl R2 Rn th
R R R " . R,
Ux=0nén: U, hy, Sy, . MU, hay Ur iUi véi L
R, R, i il i

b. Mach ¢dng khong ddo: SO d0 mach khuéch dai khong ddo nhu hinh 8.9.
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R4
U1,;_J‘|,.|'|,||'I|,_...h ,&R
Bz 5 | N~
Uz AN, — 2y o N
>4
E r
Hn In P t‘“ -
Uno—AAN—
Re
Hinh 8.9: Mach céng khong dao
. . R,
Tainit N ta co: Uy U,
0 Rhl‘
TainitP:I,=0nén: I, 1, .. In O
U Up U Up U Up g L 1 1 U U U,
Rl R2 n 1 RZ n Rl R2 Rn
R 1 1 1 u U U
Thay Uy=Uptacé: ———U, — — — —+ =2 ..
RO Rht Rl RZ Rn Rl RZ Rn
~ .. Ry Ry, "
Néuchon R, R, .. R, Rth:U, — U

nR, i

Vidu: Cho mach dién nhu hinh 8.10, Rht = 10M  biét:
a) U1= 1V,U2=2V,U3=3V,R1=500K ;R2= 1M ;R3= 1M

b) Ul=-2V;U2=3V;U3=1V;R,=200K ;R,=500K ;R;=1M
Hi1

Uto—AM, ﬁ?{r
Rz -
Uzo— AN, NI~ l
Ra > H
Unes AN _‘;ﬂf e
F
Hinh 8.10
Tinh Ur trong hai truOng hgp d6
Giai:

DAy 1a mach cOng ddo nén ta co:

R R R
O L S O A T
1 1 3
R R R 1 1 1
b) U, ht U, ht U, ht U, ﬂ( 2) @2 @ 3V
R, R, R, 200 1000~ 1000

4. Mach tru: SO d6 mach trlr dugc cho trén hinh 8.11
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Rz
] W
1 Mo
U1 T
— AW .
Hﬂ P____:ﬁ—u—f:
Uz b Le
P --*"'f
Ha
Hinh 8.11: So'd6é mach trur
u U u, U 1 1 u U
Tai ndt N: ——= r—rsUu, — — 4L ==
Rl RZ Rl R2 Rl RZ
R
TainitP: U, LU,
R3 4
1 1 u U R,(R, R R
Thay Uy = Up ta cé: v, — — — ~=>U, BB Ry) , —=U,
R3 R4 Rl R2 1 R2 Rl (RS R4) Rl
x . 1 1
Ne€u chon R, R, R, ,R; tac6: U, 1 U, U,
2
Néu , , thi: U, (U, U,
Khi mu®n trt nhi€u thanh phan dién 4p ngudi ta st dung mach trlf nhi€u thanh phan nhu hinh 8.12.
RMia
U1 =
Rhaz
UZ::
RBn
Ruran’ N
UI'Ic ’\fl‘f\’ -
. Ur
Rpsatr Re
U‘I'r AM
Reiuz: P J_
Uze 1 5
HPi.f.m'
Un=

Hinh 8.12: Mach trtr nhi€u thanh phan
PE tinh todn dién 4p ra, ta xét dong dién tai nit N va P.
! Ui UN UR UN "

0= U, Uy U, U, 0
11 RN/[ RN il N N

Tai niut N:
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VUG i
Thay U~ = Up ta s€ tinh dugc: U, - — U,
1 " il
i
5. Mach tich phan:

Mach tich phan 1a mOt mach bOn cUc, trong d6 tin hiéu ra ty 1& véi tich phan tin hiéu dau vio.

t
U, k Udt
0

NgUudi ta c6 thé dung Op-Amp d€ tinh mach tich phan nhu hinh 8.13

Hinh 8.13: Mach tich phéan
dU.  .dW, U,)

. . u, U
TainitNtacé: i, i,=>i ——— =>i. C
dt dt
. U du 1!
Thay i, =i vaUy=0tadugc: -~ C—=>U, — Udt U,
R dt RC

Uy 1a dién dp trén tu C tai thoi di€m t= 0, thong thudng Uy = 0, khi t = 0. Vi vay

t

L [ U dt 1 U, dt
R 0 0
VGi  RC dudc goi la hang s6 tich phan.
Khi mu6n cOng hodc trlr cic tich phan, ngudi ta dung mach tich phan tOng va tich phan hi€u nhu hinh
8.14 va 8.15
U”—’\E;\v—ll 4|C

Hz -
|2 N| :‘"“m..

s AL, .
i T <
i - e
Hn *t

Une—AM—&2

Hinh 8.14: Mach tich phin tOng

116

Tai liéu hoc t@p va tham khdo mén Mach Pién ti



Truong KTCN Hung Vuong Khoa
Dién tir

C
. ‘ 1
Um_m_._N ~—
-
R -
Uze—AAA, . Ur
T

Hinh 8.15: Mach tich phén hiéu

Bang cdch tinh tuong tu nhu mach cOng, mach trlr va mach tich phan ta c6 thé tinh dudc:

U U Uny,

VGi mach tich phan tOng: U,
R, R, Rn

0

. A 1!
V0Oi mach tich phan hieu: U, RC U, U,)dt

0
6. Mach vi phan:

. A < A ~’ vy « A 2 A 7. . A » « A PN ~ dU )
Mach vi phin 1a mOt mang bOn cuc, trong do tin hi€u ra ty 1€ vOi vi phan tin hi€u dau vao:U, &k 7 -
t

SO d6 mach vi phan diing Op-Amp dudc cho trén hinh 8.16

i
|

Uv I S
Iy Ur
+
-
Hinh 8.16: Mach vi phdn
dU dU
Tinh tuOng tu mach tich phén ta c6: U, RC p - 7 -
t t

V&i  RC dugc goi la hang sO vi phan.
Khi tin hiu vao 14 hinh sin, mach vi phan lam viéc nhu mOt b 10c tan cao, hé s khuéch dai clia né ty

1€ thudn v§i tan s6 tin hi€u vao va lam quay pha tin hi€u vao mOt géc 90°. ThuGng mach vi phan lam

. A L g . 2, R < . P 1 N A ~ IR O .2
viec kém On dinh O tan cao vi khi d6 Z. C 0, lam hé sO hOi ti€p am giam.
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Bai 9: PIEU CHE

I. Khii niém di€u ché bién dd va di€u ch€ don bién :
Xéc dinh tin hi€u AM trong pham vi thdi gian (hién thi trén oscilloscope) va tan sO (hi€n thi phG) 1a d0
thi hinh hoc (dudi dang bi€u d6 hinh hoc).
Tinh toén ti 1& di€u ché cUa tin hiéu theo cic sO do dudi dang séng.
Tinh todn bién tan trén hodc dudi cla tin hi€u AM theo séng mang va tan sO tin hi€u di€u bién .
Tinh to4n cong sudt bang tan cla séng AM theo cong sudt séng mang va ti 1& di€u ché.
Dinh nghia thuat nglt DSB, SSB thong qua tin hi€u AM.
MOt trong nhitng nguyén tac kY thudt dugc si dung trong dién t( vién thong d6 1a di€u ché€. Pi€u ché
12 qua trinh chuy&n d6i tin tc sang dang tin hi€u cao hon tan s cao hon sao cho c6 thé truyén tin tlc
t&i moi noi dudi dang séng dién tUr thong qua séng vo tuy€n, diy dan hodc cip quang. Ngay nay nhu
ching ta da bi€t 1a n€u khong c6 di€u ché&, thong tin khong thé truyén di dugc.
C6 3 nguyén ly cd ban cla truy€n thong tin va di€u bién, di€u tan va di€u pha. Ki€u di€u ché don gidn
va lau dOi nhat la di€u bién AM.

IL.Phuong phip di€u ché bién dd (AM):

A

Umax

_-S6ng tin hiéu diéu ché

»

S'Dr'lg dléu E]LrDI"IQ bao

ché AM :M“‘Hﬂﬂ an

E)ET;Z:OU“UHU”U“U - |
R AL

Hinh 9.1: Qud trinh diéu ché séng sin

Tin hiéu mang tin tUc nhU giong néi, hinh anh, d{ liéu nhi phan dugc truyén tU nGi nay t&i noi khac
thong qua hé thOng thong tin trung gian. Vi du tin hiéu 4m tan dung diy dan d€ truyén di xa. Cdp dOng
truc truy€n tin hi€u video gilra hai di€m va cdp xoan ddi ding d€ truyén tai d{t liéu nhi phan. Tuy nhién
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trong khodng cich truy€n tdi 16n viéc dung cip khong thuc hién dugc. Trong truOng hgp nay ngudi ta
dung thong tin vo tuyén.

DE truyén thong tin vo tuy€n di xa mOt cach tin cdy thi phdi s& dung tin hiéu tan s6 cao. Néu tin
hiéu tin t(c dugc truyén thang di thi can phai c6 anten dai va khong truyén di xa dugc. Phuong phap diéu
ché€ tao ra tan sO tin hi€u cao hon chta dung thong tin ban dau (thdng tin nguyén thuy) d€ cé thé€ truyén di
xa.

DPiéu ch€ dugc dinh nghia la phuong thlc bién dbi ddc diém cla mOt tin hiéu theo ddc di€m cla
mot tin hi€u khdc. Tin hi€u thong tin la giong néi, hinh anh, dir liéu nhi phdn hay tin tUc khdc duoc st
dung dé€ bién doi thanh tin hi€u cao tdn d€ truyén di. Tin hiéu mang thong tin dugc goi la tin hiéu diéu
ché va tin hiéu cao tan bi diu ché dugc goi la song mang hay séng bi di€éu ché. Séng mang thudng la
song hinh sin, tin hi€u thong tin div 1 tin hiéu tuong tu hay tin hiéu s6 cho phép gill nguyén hinh dang khi
truyén di. Trong hdu hét cdc trudng hop thi tan sO song mang 16n hon rat nhiéu so v0i tan s6 théng tin
16n nhét duoc truyén di.

Trong di€u ché bién d0, bién d0 séng mang ...bi€n dbi theo tin hiu tin tlc. N6i cach khéc, gid tri tlc
thoi cla bién dd séng mang thay dGi phit hgp v&i su bi€n dbi bién dO va tan s cUa tin hi€u di€u ché.
Hinh 9.1 cho thdy séng hinh sin di€u ché thanh tin hi€u séng mang c6 tan s cao hon (khi ti€n hanh di€u
ché€ thi tan sO séng mang 1a khdng thay dGi nhung bién d6 cla né bi€n dbi theo tin hiéu tin tdc (tin hi€u
di€u ché), bién d0 cUa tin hi€u di€u ché ting thi bién d0 cUa séng mang ciing ting. C hai dinh dudng va
dinh 4m cUa séng mang di€u bi€n dbi theo tin hi€u di€u ché.

Néu dem n0i lién cdc dinh cla séng mang & cuc tinh duong va cuc tinh Am nhu mOt dudng nét lién
(xem hinh 9.1). Ta s€ tdi tao duQc chinh xic hinh dang tin hi€u di€u ché. Pudng tuGng tUgng nay trén
dang séng mang dugc bi€t nhu mét dudng bao va né gidng nhu tin hi€u di€u ché .

Pudng bao
tin hiéu diéu ché

-

Hinh 9.2: Phuong phdp don gian biéu dién séng hinh sin cao tan
B&i dang séng phUc tap nhu hinh 9.1 rdt khé vé& nén nguoi ta thuOng don gidn bang cich mo td séng
mang cao tan bang nhiing doan thang c6 d6 dai bi€n dGi cich déu nhau thé hién cho d0 bi€n dbi theo tin

hiéu di€u ché. Hinh 9.2 cho thdy tin hi€u 4m thanh hinh sin dUgc séng cao tan truyén di. NhU ching ta da
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bi€t tin hi€u xoay chiéu c6 th€ dugc bi€u dién todn hoc bdi mOt ham lugng gidc. S6ng mang hinh sin
dugc bi€u dién bang mot bi€u thltc don gidn: u. = Uc.sin2 f..t
Trong bi€u thlc nay u, bi€u dién gid tri hinh sin tlc thdi trong mOt chu ky.
U. : bién d0 dinh (do tlr di€m 0 dén di€m c6 bién dQ 16n nhat)
F. : tan sO s6ng mang.
T : thGi gian .

Tuong tu, mOt séng di€u ché hinh sin c6 thé dugc bi€u dién vGi mOt cong thlc don gidn:

Uy, = Up.sin2 f,.t

Trong d6: fm : 12 tan sO cUa tin hi€u diéu ché.

Trén hinh 9.1 ta thdy rang tin hiéu di€u ché ding gi4 trj dinh cQa séng mang 10n hon khong gidng nhu
su lién qua gilta cdc dinh. PuOng bao cla tin hi€u diéu ché bi€n ddi theo dinh trén hodc dinh dudi cla
bién d6 séng mang. BGi vaiy duOng bi€u dién mUc 0 cUa tin hi€u di€u ché tring khdp vdi gi4 tri dinh cla
séng mang khong bi di€u ché. Nhin chung bién d0 cUa tin hi€u di€u ché nén nhd hon bién d0 séng mang.
Neéu bién d0 cUa tin hiéu di€u ché€ 16n hon bién d0 tin hi€u séng mang thi méo s€& xudt hién. Méo giy ra
sU mat chinh x4c cUa thdng tin dugc truyén, mOt di€u quan trong trong viéc di€u ché bién d0 1a gi4 tri
dinh cUa tin hi€u di€u ch€ phdi nho hon gi4 tri dinh cUa séng mang .

SU dung phudng trinh todn hoc cho séng mang va tin hi€u di€u ché chiing ta s& thi€t 1ap phudng trinh
toan hoc cho séng di bi di€u ché.Trudc hét phai Iuu y rang gid tri dinh cla séng mang bi€n d6i tUng
di€m theo tin hiu di€u ché. Gi4 tri cUa tin hi€u di€u ché cOng hodc trUr gid tri dinh cUa séng mang. Gi4 tri
tUc thoi clla duOng bao dién 4p trén hodc dudi c6 thé bi€u dién bang mOt phuong trinh don gidn:

U, =Uc+ uy,

Thay u,, bang bi€u thlc lugng giic ta c6 :U1 = Uc+ U,.sin2 .t

TU céc bi€u thUc trén cho thdy gid tri tUc thoi cUa tin hiéu di€u ché dugc cOng vbi gid tri dinh cla
s6ng mang, c6 thé thdy gia tri dinh cla u, thuc chat 1a dudng bao cla séng mang, gia tri tUc thdi clia séng
da di€u ché u, nhu sau : u, = u;sin2 f,

Trong bi€u thlc nay gi4 tri dinh cla séng mang Uc dugc thay thé béi u,

Thay bi€u thlc vao U, va khai tri€n ta dugc :

U,=Uc+ Uy sin2 f,.t) sin2 fe.t=U.. sin2 f.. t+( Uy. sin2 f,.t). sin2 f..t

Trong dé :

Uc.sin2 f..t:séng mang
Up. sin2 f,.t :séng di€u ché
Bi€u thlc nay gOm hai phan, phan th( nhat 1a séng mang binh thuOng (khong mang tin) va phan th(

hai 14 séng mang da bi di€u ché bai tin hi€u di€u ch€. Phan th( hai cla bi€u thlc 12 ddc di€m cla diéu
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ch€ bién d6. Mach dién phai tao ra phép nhan todn hoc cla cic tin hi€u tuong tu thich hgp d€ lam xuat
hién tin hiéu diéu bién .

Mach dién s dung d€ tao tin hiéu AM dugc goi 1a b0 di€u ché&, né c6 hai dau vio cho séng mang va
tin hi€u diéu ché&, két qud nhan dugc & dau ra (hinh 9.3).

B di€u ché bién d0 tinh tich s& cla séng mang va tin hi€u di€u ché .

. BO DIEU CHE >
Thong tin hay ’ Tin hiéu ra
tin hiéu diéu ché
Tin hiéu
sdng mang

Hinh 9.3: D@u vao va ra cla b6 dién ché AM
1. Chi s6 di€u ché va ti 1& diéu ché:
Nguyén tac di€u ché bién d6 (AM) la dién 4p di€u ché tin hiéu U,, phdi nho hon dién 4p séng
mang Uc. BGi vay quan hé gi(ra bién dd va tin hi€u séng mang 1a rat quan trong. MGi quan hé nay thé

hié€n trong gidi han cla ti sO dugc bi€t nhu chi sO di€u ch€ ma con goi 1a hé s6 diéu ché hodc mlc dd

U

di€u ch&, m Ia ti sO gi(ra dién 4p tin hi€u di€u ch€ va di€n 4p tiin hi€u séng mang: m U_m
C

Chi s6 di€u ch€ phdi nam trong khodn t&r 0 1, n€u bién dd dién 4p di€u ché 16n hon bién dd

séng mang thi m s€ 16n hon 1. P6 1a nguyén nhan gy méo dang séng bi di€u ch€, di€u nay dugc minh

hoa trong hinh 9.4.

|

Hinh 9.4: Méo dang khi xay ra hién tuong qud diéu ché

Ot day tin hi€u hinh sin di€u ch€ bdi séng mang hinh sin nhung di€n dp di€u ché 16n hon dién dp séng
mang rat nhi€u. Di€u nay dugc goi la qua trinh di€u ch€. Nhung c6 th€ thdy dang séng bi dan mOng gan
vGi dudng 0 hon, dudng bao cla dang séng tin hi€u G dau ra bi cat cut. N€u nhu gilf cho bién db tin
hi€u di€u khi€n nho hon bién d6 séng mang thi méo sé khong xuat hién. Pi€u kién ly tudng cho di€u

ché bién d0 1a: U,, = Uc hodc m = 1, di€u nay 1am cho dau ra ly tudng nhat va khong méo dang tin hiéu.
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Chi s6 di€u ché c6 thé dugc xdc dinh bang viéc do gid tri thuc t€ cla dién dp di€u ché, dién ép
séng mang va tinh ti sO (hé sO truy€n). Tuy nhién thuOng tinh todn chi s6 di€u ché thong qua cic gi4 tri
s6ng va di€u ché. Bat cf lic nao tin hi€u diéu ché bién d0 ciing dugc hién thi trén mdy hi€n séng, chi s6

di€u ché c6 thé dugc tinh nhu trong hinh 9.5.

UI'I"IEI

Umaxip-p)

Hinh 9.5: Tinh todn chi s6 diéu ché

Gid tri dinh cUa tin hiéu di€u ch€ U, bang gi4 tri tUr dinh d€n di€m thap nhat cla dudng bao tin hiéu da

A ” . L s R , U U..
di€u che, dugc tinh todn bang cong thuc : U, %

Qua hinh 9.5 c6 th€ thdy U, 12 gid tri dinh cUa tin hi€u dang di€u ché, trong khi d6 Uy, 12 gid tri thdp nhat

hodc doan thdp nhat cla séng di di€u ché. U, bang gid tri tU dinh t&i dinh cla tin hiéu AM hodc bang

U

2
Thuc hi€n phép trlt U, cho Uy, ta nhén dugc gid tri dinh téi dinh cla tin hi€u diéu ché, gid tri nay 1a gid

. 2 ., . el 2 . « A P N ., H N 2, N U i
trl dinh. Gia trl dinh cUa tin hi€u séng mang Ucla gid trl trung binh cua Uy, va U = 5 a=
~ o, CL, o < A s 2 N 2 N g R ~ A ~ 2 Umax Umin
Thay the cdc gia tr] nay vao cong thUc dau tién cho chi sO di€u ché ta nhan dugc ket qua: m U U
max min

Gid tri Uy v2 Upin ¢6 thE doc thang tUr man hinh mdy hién séng va dua thang vao cong thlc tinh chi
sO diéu ché .

Trong thuc t& chi sO di€u ché cang gan 100% cang ly tuGng. Bang cdch nay bién d0 tin hiéu 16n
nhat sé dugc truyén di, cong sudt tin hi€u 1én hon dugc truyén di nhd d6 tin hi€u dua ra dugc khde
hon, dé nhan hon. Khi bién d6 cUa tin hi€u bi€n d6i khong theo nguyén tac va cich qud xa pham vi cho
phép thi n6 c6 thé duy tri 100% di€u ché. Tin hi€u 4m thanh, chan han nhu su thay d6i bién d6 clia mOt

ngUdi néi. Chi c6 dinh cUa tin hi€u m&i c6 100% di€u ché .
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Bat c( ltic ndo séng mang ciing dugc di€u ché bdi tin hi€u, nhing tin hiéu mdi tai cdc tan sO khac
nhau dugc sinh ra nhu 13 mOt phan cUa qud trinh di€u ché nhiing tan sO mdi nay dugc goi la tan sO bién
hay diy bién, dugc xudt hién truc ti€p phia trén va dudi cla gidi tan séng mang (hodc phO tan sO séng
mang). Pac biét hon 1a gidi bién xudt hién tai c4c tan sO 1a tOng va hiéu clia hé s séng mang va tan sO
séng di€u ché, gid thuyét tan sO séng mang 1a fc, tan sO di€u ché 1a f,, gidi bién trén 12 fyg gidi bién
dudi 1a f; sy dugc tinh nhU sau:

Fusg = fc + f,

Frsg =1, - Iy

Su ton tai cUa nhling tin hi€u bG sung 1a k€t qua tU phuong thlc di€u ché, di€u nay c6 thé dugc
chltng minh bang todn hoc. C6 thé bat ddu vGi phuong trinh cho mot tin hiéu AM, u, di dugc mod ta
trudc day.

u, = Uc .sin2 fc .t(U,, .sin2 £, .t)( sin2 fc .t)

Bi€n d0i lugng gidc tich cUa hai séng hinh sin cho ta k&t qua :

coSsA B cosA B
2 2

Alip dung cong thUc nay vio phuong trinh séng da di€u ché bién d6 tUc thai cUa tin hi€u ta c6 :

SinA.sinB =

E, U.sin2 f.t U—2’”.0052 tf. f., U—2’”.0052 tf. [

s6ng mang LSB USB

C6 thé thdy s6 hang th(r 2 va3 cla bi€u th(c trén chira tOng (f. +f,) va hiéu (£, -f,,) cla tan s6 séng
mang va tan sO tin hi€u di€u ché. Phan t& dau tién trong bi€u thifc trén chi 1a séng mang dugc cOng thém
vao thanh phan c6 tGng va hi€u tan sO.

Theo phuong phép dai sO ta cOng séng mang va hai tin hi€u gidi bién v4i nhau qua su md ta dang
séng AM tiéu chudn da thu dugc trudc dé, di€u nay dugc minh hoa trong hinh 9.6.
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Khoa

DA&i bién trén
U

Emcnsznt{fc + fm)

Song mang

Uesin2n(fe - fm)

Dai bién dudi

U;ccrsznt{fc - fm)

Tin hiéu AM

téng hap

Hinh 9.6: Tin hiéu AM la ghép cOng dai s6 cUa séng mang va cdc giai bién

Van dé nay chi o rang mOt séng AM khong chi ch(ra nguyén séng mang ma con chlfa ca tan sO bién. Quan

sat mOt sO tin hi€u AM trén hién séng ta c6 th€ thdy su thay d6i cla séng mang theo thoi gian. Pay goi la

hi€n thi trong pham vi thoi gian. Di€u d6 khong dua ra chi sO thuc t€ cla diy bién mac du né da dugc tao

ra trong qué trinh di€u ché.

C6 th€ thdy dudc tin hi€u gidi bién bang cich vé& d0 thi séng mang va bién d0 gidi bién theo tan s6. Pi€u

nay dugc minh hoa trong hinh 9.7

fuse

fe

fuse
Tansd— »

Hinh 9.7: Hién thi pham vi tan s6 cUa tin hiéu AM

Ot day truc hoanh bi€u thi tan s0, truc tung biu thi bién dd cUa tin hi€u. Sudn cla bién dd tin

hiéu ngugc véi tan sO dugc thay d6i nham bi€u thi cho pham vi cUa tan s6 thiét bi ki€m tra nhu may

phan tich phG s& hién thi pham vi tan s6 cla tin hiéu .
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Tuy nhién tin hiéu di€u ché phUc tap hon tin hi€u hinh sin don gidn nhi€u, s€ phit sinh gidi bién
tan phia trén va phia dudi phlc tap hon. chang han nhu tin hiéu giong néi bao gdm rat nhiéu séng hinh
sin dugc trOn vGi nhau tao thanh.Ta bi€t rang tan sO giong néi & khodn 300 3000Hz, vi vay tin hiéu
giong néi nam trong pham vi cUa gid tri phia trén va dudi cla tan sO séng mang nhu hinh 9.8. Céc gidi
bién nay chi€m mt khodn ph0, c6 thé€ tinh todn tGng dd rOng bing cla tin hiéu AM bdng céch tinh gidi
bién tan 16n nhat va nhd nhat. Di€u nay dugc thuc hién bang viéc tinh tOng va hiéu cla tan s séng
mang v3i tan sO di€u ch& 16n nhat tan s giong néi 16n nhat nhu trén 12 300Hz hay 2kHz. Néu tan sO
s6ng mang 13 2.8Mhz hay 2800 kHz thi gidi bién tan 16n nhat va nho nhat 1a:

fusg = 2800+3=2803kHz

frsg = 2800 — 3 =2797kHz

TOng d6 rOng bing 1 hiéu cUa bién tan trén va dudi :

BW = fysg - fisg= 6kHz

3KHz 3KHz
| 300Hz | 300Hz |
D&i bién Dai bién
duGi trén
fc- 3KHz fc fc + 3KHz

Tansd——»
Hinh 9.8: Gidi bién trén va dudi cla tin hiéu AM
TU cong thUc trén ta c6 dO rOng bing cla tin hi€u AM gdp d6i tan s 16n nhat cUa tin hiéu di€u
ché. Vi tin hiéu giong néi c6 tan s6 1&n nhat 1a 3kHz tong d0 rOng bing c6 gid tri gdp ddi 1a 6kHz.
2.C4c b di€u ché bién dd: C6 hai cich cO ban d€ thuc hién di€u ché bién d6 .

Cich th(r nhat d6 1a phan séng mang v&i hé s0 ting hodc gidm bién d0 theo tin hi€u di€u ché.

Céch th(r hai trOn truc ti€p hodc cOng hé s séng mang vGi tin hi€u di€u ché, sao d6 ghép tin hiéu
tOng vao thi€t bi phi tuyén. Tat cd cdc mach di€u ché bién d d€u tuin theo mOt trong hai phuong phap
trén .

C6 thé€ khdo sit hiéu qua cla phuong phap th(f nhat bang cach tham khdo phuong trinh ¢G ban:

Uam=Uc .sin 2 fe.t + (Uy .sin 2 fi.t). sin 2 fe.t

U

Ta c6 chi s6 di€uché la:m —= U, mU,
C

Bién d6i phuong trinh trén va phan tich thanh thira sO ta c6 :

Usm=sin 2 fe.t(Uc+ m. Uc .sin 2 f,.t) = Uc .sin 2 fc.t(1+ m .sin 2 f,.t)
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TU phuong trinh trén ta thdy di€u ché bién d da thuc hién dugc viéc nhan séng mang v&i tOng
cUa 1 va séng di€u ché€ hinh sin. VAy ta c6 th€ tao ra mOt mach dién ting hay gidm theo tin hiéu di€u
ché AM dugc tao ra khi cho séng mang di qua mach nay.

O & phuong phép th(r hai ta trOn truc ti€p séng mang v&i tin hi€u di€u ché sau d6 dung cic dién dp
nay thich hgp theo dong dién trong thi€t bi phi tuyén .

Thiét bi phi tuy€n 1a transistor trudng (FET) c6 dudng dép Ung 1a duGng parabol. Ta thdy rang dong
dién trong thi€t bi nay ti 1& binh phuong vGi dién dp dau vao (hinh 9.9), khi d6 ta néi rang thiét bi hay
mach dién dé c6 dap Ung tuan theo luat binh phuong .Viéc ning 1én luy thira bac 2 1a do cOng séng mang
va tin hiéu di€u ché theo phuong trinh AM, cic tin hi€u khong c6 ich khdc nhu séng hai bac hai (goi 1a
san phdm bac hai) dugc tao ra bang mach nay. SU dung céc bd 1oc di€u chinh & dau ra d€ loai nhig
thanh phan ngoai ¥ mubn nay va chi dua ra séng mang ciing v3i cac gidi bién. MOi tudng quan theo ham

mii ndy 12 ¢ sG cho vi€c di€u ché€ bién d0, trOn vao b0 tao khic .

A

a = hang s6
.'lll
!
/
Séng mang _,f”
S oi=avwy
f)”
//’
,/
-
.r"//
.--'/-f.
Pién ap VvV - *

Hinh 9.9: Ti 1€ gilta dong dién va dién dp cUa FET
Diode va transistor IUGng cUc 12 cac thi€t bi phi tuy€n, cic ddc tuy€n cla ching khdng theo quy ludt bac
hai nhung chiing ciing c6 khd ning thuc hién di€u ché€ bién d0, dac di€m cla vi€c st dung thi€t bi ¢ quy
ludt bac hai (nhu FET) 14 tao ra cdc thanh phan bac hai(hay cdc séng hai bac hai). Cac thi€t bi phi tuy€n
khéc nhu diode, BIT 1ai ¢6 sdn pham séng hai bac 3 khi d6 b0 10c c¢6 thé€ loai bd dugc thanh phan hai bac
cao. Vi vay diode va BJT rat hitu ich cho bd di€u ché bién d0 .

Hi1
MW ——

D+
"'-;'"' ;-,v. H
H 2 —1—_ .
Rs c = =t

+

Hinh 9.10: Piéu ché AM ding diode
B0 di€u ch€ lau d0i va don gidn nhat dugc mo td & hinh 9.10, né bao gdm hé thOng di€n trd trln,
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diode va mOt mach 10c LC. Séng mang dugc ghép vGi di€n tré vao va tin hiéu di€u ché dugc dua vao
thong qua dién trd khdc, tin hiéu da dugc trOn xudt hién qua R; .

Hé thOng nay cho phép hai tin hi€u trOn vGi nhau mOt cach tuy€n tinh, nghia 12 dugc cOng dai s0.
Néu ca séng mang va tin hi€u di€u ché déu la dang séng hinh sin thi s€ c¢6 k€t qud dang séng nhan dugc
tai di€m nOi hai di€n trd nhU trong hinh 9.11. Culi cing séng mang s€ tai tin hi€u di€u ch€ nhung tin hiéu
nay khong phdi 1a di€u ché€ bién d0 ma 1a hai tin hiéu dugc cOng v&i nhau mOt cich don gidn hay trdn véi

nhau mOt c4ch tuy€n tinh, di€u ch€ 1a qud trinh nhan ch( khong phdi cOng.

Tin hiéu diéu ché %

AT ATATANAWA
VAVAVAVAVRY

s LA
. VRAVAVAVAY

A

R A /\ A AWaA
ARV

Hinh 9.11: Dang séng qua b6 diéu ché diing diode

TOng hgp cic dang séng d€ cung cép cho diode chinh 1uu c6 ddc tuyén theo quy ludt ham mi.
Diode chi thong qua mOt nlra chu ky séng vao con trong nla chu ky am thi séng cUa diode s€ cat di va
khong cho tin hiéu di qua. Dong qua cUa diode 1a mOt chubi xung dudng ma bién dd bi€n d6i ti 1& vdi
bién d0 cUa tin hi€u di€u ché (hinh 9.11d)

Céc xung duong nay dugc dua vao mach cOng hudng song song LC. Mach LC cOng hudng tai tan
sO séng mang .

% Nguyén Iy lam vi€éc cUa mach cOng hudng nhu sau: & nltra chu ky duong cla séng mang diode

dan, & nlra chu ky 4m diode khod. Khi diode dan dong dién nap vao tu dién, khi diode kho4, tu phéng
qua cuOn cdm, do mach LC dugc diéu chinh cdng hudng vi tan s6 séng mang nén qu4 trinh phéng,
nap ning lugng trén LC tao ra sy’ dao ddng” trong mach va&i tan sO va bién dd hudng Ung vdi tan

sO séng mang . k€t qud 1a dang séng sau khi qua mach di€u hudng 1a AM (hinh 9.11e).
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AN
Y I'J“ I'l'

- rlh'm

) [ T+ Tin hidu AM

| - G . +. -~
Tin higu
gidu che” ! E E) ~

s} Séng mang

+

XY
Hinh 9.12: St dung JFET bién d6i va khuéch dai dé tao ra tin hiéu AM
Hé 50 Q clia mach di€éu hudng dl 16n d€ tao ra mOt séng hinh sin can d6i nhung ciing khong qua
16n d€ gidi bing cla né con chlra dugc gidi xung dugc phit ra. Coi bd 10c LC nhu mot b 1oc gidi
thong, c6 nghia 12 cho thanh phdn séng mang va cc diy bién di qua va loai bd cic thanh phan khong can
thi€t, mOt phuong phép di€u ch€ don gidn khac nhu hinh 9.12 né bao gdbm mdt bd khuéch dai thudt toin
va mOt transistor trudng (FET) dugc st dung nhu mét bién trd. BO khuéch dai thuat todn dugc két ndi

nhU mOt phan t(r khong khuéch dai dbi vdi tin hi€u séng mang. Hé sO khuéch dai cla mach doi véi tin

R
hiéu tao dao dOng dugc tinh theo cong thirc : K 1 ?f

Dién trd hoi ti€p R¢ 1a mOt gid tri dugc dinh truGc trong khi d6 R; 1a trd khang cla JFET kénh N.
th€ hiéu dich 4m dat vao cOng (B"). Thé hiéu dich duong dugc dat vao cbng (B*) tin hiéu di€u ché dugc
dua vao cuc cOng théng qua tu C, ddu khong ddo (+) clia b0 khuéch dai thudt todn, bang viéc thay dbi
hé s6 khuéch dai cla b0 khuéch dai theo tin hi€u di€u ché ta s c6 tin hi€u di€u bién AM.

Khi khong c6 tin hi€u di€u ché, tr khang clia FET da dugc c6 dinh do d6 bién d0 séng mang & day
12 hang s0. Khi dua tin hiéu di€u ché hinh sin vao, trd khang FET sé bi€n d6i. Tin hiéu di€u ché dau
vao ¢6 cUc tinh duong s€ 1am cho dién tr& cla FET gidm, nguoc 1ai khi tin hi€u dau vio c6 cUc tinh dm
thi s& 1am cho dién tr& cUa FET ting. Viéc ting dién tré clUa FET dan dén gidm hé s6 khuéch dai cla
b0 khuéch dai thudt to4n va ngugc 1ai, k€t qud 1a & dau ra c¢6 b0 khuéch dai c6 tin hiéu AM .

MOt mach di€n khdc cho ta tin hi€u FM 1a st dung linh kién c6 trd khang nhu hinh 9.13

Cac mach nay s dung diode PIN d€ tao ra tin hiéu AM tai tan s6 VHF, UHF va tan sO cUc ngan.
PIN diode 12 mOt loai diode silic dugc thiét k€ d€ st dung tai cdc tan sO 16n khodn 100MHz. Khi phan
cUc thudn, nhiing diode niy hoat ddng nhu nhiing dién trG bi€n dGi. Trd khang cla diode bi€n dGi tuy€n
tinh v&i cuOng dd dong di€n chdy qua né, mOt dong dién 16n cho trd khang thap, ngugc 1ai mOt dong
dién nho cho trd khang cao. Bang cich diing tin hi€u di€u ché bi€n d6i theo dong phan cuc thudn cla
diode PIN, tin hiéu AM sé duQc taora .

Trong hinh 9.13a, 2 diode PIN dugc dau lung vGi nhau va phan cuc thudn bdi dién d4p mot chiu co

dinh, tin hiéu di€u ché dugc ghép vao diode thong qua C,. Tin hiéu di€u ché xoay chi€u nay dugc x&p
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chOng 1én dién dp phan cuc mOt chi€u, trong khi d6 né ciing lam bi€n dGi trd khang cla diode. Khi tin
hi€u di€u ché vao 1a duong (>0) dat trén cUc cla diode 1am cho dién trd cla né ting lam cho bién d0
s6ng mang qua tdi gidm. Khi tin hi€u di€u ché€ 1a 4m (< 0) 1am cho diode phan cuUc thudn nén dién tré cla
né giam do d6 1am tidng bién dd séng mang .

Mach diéu ché dung diode PIN nhu hinh 9.13b céc diode dugc n0i theo dang hinh

D D2 D2

¢
Soéng mang D D
Tai é? ' P=Tai

Séng mang

C
Tin hied 1
diéu ché

Tin higu |
WV diéu ché

Hinh 9.13 a, b: BO diéu ché bién db ding diode PIN

Trong cd hai mach dién cUa hinh 9.13 diode tao thanh mach suy gidm bi€n dGi, ma sy suy gidm
bi€n dGi cung v4i bién dd tin hi€u di€u ché, nhu vay mach di€u ché 1am gidm dang k€ 1ugng tin hiéu.
Do d6 can phdi c¢6 bd khuéch dai d€ khuéch dai AM téi mUc thich hgp. Mdc du bat 10i nhu vay song
b0 di€u ché PIN van dugc st dung rOng rii vi day 1a phuong phdp tao ra tan s séng AM cuc ngan.

Céc mach dién cla bd diéu ché dugc trinh bay & trén dugc bi€t nhu mOt b0 di€u ché muc
thap .”MUc thap”dugc xem nhu 1a tin hi€u xudt hién v&i mUc di€n 4p va cong sudt kha thap, trudc khi
truy€n tin hi€u AM phdi nang cong sudt 1én. Trong mOt hé thOng st dung bd di€u ch€ mlc thap, tin
hiéu AM dudc ghép qua mOt hodc hai tAng khuéch dai tuy€n tinh nhu hinh 9.14. C6 th€ 1a mach khuéch
dai ché d6 A, AB, B d€ ting cong sudt mach dién t&i mUc 1y tudng truGc khi dua tGi anten phit, thi bd
khuéch dai khong gy méo AM.

Anten

\%

Song mang Piéu ché Tin hiéu
bién dd KD cao tan

Tin hiéu
diéu ché

KB
Am tan

Micro| }——

Hinh 9.14: Bé diéu ché mirc thap
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Diéu ché & mUc cao ciing c6 thé€ thuc hién dugc, khi di€u ché mUc cao, b0 di€u ché bi€n dbi dién
4p va cong sudt G tang khuéch dai RF culi cliing cla may phat, mOt vi du vé mach dién di€u ché mUc

cao 12 b di€u ché collector nhu hinh 9.15.

Anten
\_\ J,-‘
Khuéch dai
cao tan _l
Séngmang C T fé
dua vao 11 NSWAL C[ -
N | =
]
Ed
Tin hiéu diu ché BA1
Micro| J——>{ o 2k
- csl °©
+Vce

Hinh 9.15: Bé diéu ché mirc cao
Tang ra cUa mdy phat 12 bd khuéch dai cong sudt va lam viéc & ché d6 C chi can nla chu ky
duong cUa tin hi€u vao. Dong xung ra & collector giy ra dao dOng cho mach cOng hudng tai tan sO ra ly
tudng. Mach cdng huéng do d6 tii tao 1ai dugc thanh phan cuc tinh Am cUa tin hiéu séng mang.
IIL. Pi€u ché tan s (fm):

Trong FM, dién d0 séng mang khong thay d&i trong khi d6 tan sO bi thay dGi do tin hi€u di€u ché&, khi
bién d6 tin hi€u thong tin thay dGi, tan s6 séng mang thay dGi tuong Ung, khi bién dd tin hiéu di€u ché
ting, tan sO séng mang ting, n€u bién d0 tin hiu di€u ch€ gidm, tan sO séng mang gidm. MOi quan hé
ngUdc 1ai ciing c¢6 th€ dugc thuc hién. Khi bién d0 tin hi€u di€u ché thay d6i lam tan s6 séng mang thay
d0i 1én xudng xung quanh tan sO trung tAm (tan sO trung tAm 1a tan sO séng mang khi khong bi di€u ché).
Su thay dGi tan sO séng mang dUgc tao ra do tin hi€u di€u ché, coi nhu su sai 1€ch tan sO. SU sai 1&ch tan

sO cUc dai xudt hién khi bién d0 tin hi€u di€u ché cuc dai.
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/\\//\ b) Tin hiéu diéu ché

¢) Tin hiéu FM

Hinh 9.16: Di€u ché€ tan s6
Tin hiéu thong tin di€u ch€ hinh 9.16 12 mOt séng hinh sin tan s thap, & mlc chu ky duong, khi bién
dd cUa tin hiu ting 1én, tan sO cla séng mang cling ting 1én.Tan sO cao nhat xudt hi€n tai dinh bién d6 tin
hiéu diéu ché.
Khi bién d0 tin hiéu di€u ch€ gidm, tan sO séng mang gidm.
Khi tin hi€u di€u ché bién d6 bang 0, tan s6 séng mang Ung vGi di€m nay goi 1a di€m tan s6 trung
tam cUa no.
Khi tin hiéu di€u ch€ chuy&n sang ban kY am, tan sO séng mang gidm t&i dinh cla ban kY am, sau d6
tin hi€u di€u ché ting dén 0 tan sO 1ai ting 1én.
Gia s{ tan sO séng mang 1a SOMHz néu dinh bién d0 tin hi€u di€u ché& lam cho tan s6 dich chuyén
200Khz, tan sO séng mang sé thay doi ting t&i 50.2MHz va gidm tGi 49.8MHz. Toan bd bi€n ddi la:
50.2 -49.8 =0.4MHz
Trong thuc t€ cho thdy sy bi€n dGi tan s6 cho thdy sy dich chuyén tan s séng mang 1én xudng xung
quanh tan sO trung tam. Tan s6 cUa tin hi€u di€u ché x4c dinh ti 1& bi€n dbi tan s& ma khong anh hudng
tGi sU bi€n d6i bién dO cUa tin hi€u di€u ché .
1.C4c gidi bién va cac tham sO di€u ché :
Bat c( quy trinh ndo ciing tao ra diy bién nhu trong AM, khi mOt séng hinh sin tan sO khong d6i
di€u ché€ v&i séng mang sé& cho hai gidi bién dudc tao ra.Cac bién tan 12 tOng va sai 1€ch cla séng mang

vGi tin hiéu di€éu ché. Vi FM ciing vay, cdc cdp bién tan trén va dudi dudgc tao ra. Phd cUa tin hiéu FM
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rOng hon AM, hinh 9.17 cho mOt vi du vé& phG cUa tin hi€u FM sau khi di€u ché séng mang vGi séng hinh
sin tan sO don. Gidi bién dugc tao ra tU séng mang f. va tU mot tan sO khéc .
Néu tan sO di€u ché 12 500Hz. Thi cdp gidi bién dau tién 1a trén va dudi séng mang 500Hz. Cdp

gidi bién th(r hai 1a trén va dudi séng mang 500 x 2 = 1000Hz va ti€p tuc nhu thé .

Dai bién duéi Song mang D&i bién trén

- e - - A .
~ ~ | ~
| |
| | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | ' | | | | |

fe
| | | | I I | | | |
| | | | fe - fm fe +fm | | | |
| | | | fe - 2fm fe + 2fm | | |
| | | fcl- 3fm fe lI- 3fm | |
AR o
| fe - 5fm fe + 5fm
¢+ 6fm fe ' 6fm

Hinh 9.17: Diéu ché tan s6
Luu ¥ :Gidi bién c6 th€ dugc m& rOng tUr tan sO séng mang ra hai phia bang cdch cOng thém hodc trr di
lién ti€p cdc khodng cich bang tan s6 tin hiéu di€u ch€, n€u moi gidi bién dugc gid st 1a mOt séng hinh
sin v&i tan sO va bién dO nhu hinh 9.17 thi tat ca cac séng hinh sin nay dugdc cOng vGi nhau d€ tao ra tin
hiéu hinh sin .

Khi bién d0 cUa tin hi€u di€u ché bi€n d6i, dd 1&ch tan sO sé& thay d6i, luong day bién dugc tao ra,
bién d0 va khodng céch ph6 cla né phu thudc vao su chénh 1&ch tan s va tan s6 di€u ché. Chi y rdng
tin hi€u FM c6 bién d6 khong d6i. Tin hiéu Fm 12 tOng hgp cla céc tan sO gidi bién, ¢ thé thdy rang db
rOng gidi bién bat budc phai bi€n dbi cung d6 chénh 1&ch tan sO va tan s di€u ché. Vi vay phai cOng
chiing 1ai d€ cho tin hi€u FM c6 bién d0 khong dGi .

Mac dit FM 1a cach thUc tao ra sO lugng vo han gidi bién trén va dudi, nhung chi nhig cdi c6 d0
rOng nhat 1 c6 ¥ nghia trong viéc truyén tin tdc. Bat c(* mOt gidi bién tiéu bi€u nao c6 dO rdng nhd hon

s6ng mang chua di€u ché 1% déu khong c6 ¥ nghia.
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Nhu ta di bi€t khGi luong cla gidi bién quan trong va d0 rOng cUa ching phu thubc vao tOng dd

1€ch tan va tan sO diéu ché. Ti 1é gilta d0 1&ch tan sO va tan sO di€u ché 1a ti sO di€uché m: m

S
f,: d6 1éch tan sO
f, : tan sO diéu ché
Tuy nhién khodng chia tan s6 16n nhat c¢é thé cho phép tan sO di€u ché€ 16n nhat dugc st dung
trong tinh todn d€ tinh chi s6 di€u ché m, m dugc bi€t nhu 1a chi s& chénh 1&ch.
C6 thé thdy rang pho cla tin hiéu FM bién ddi theo d0 rOng bing phu thuOc vao chi sO di€u ché
trén, chi s6 di€u ché cang cao thi cho d0 rOng bing cang 16n .Viéc bdo toan phd 1 hét sUc can thiét, dd
rOng phd cUa tin hiéu FM can dugc cin nhac va gidi han bang viéc dat gid tri trén cUa chi sO di€u
chinh.

Hinh 9.18. cho m6t vai vi du vé€ phd cla tin hi€u FM vdi cic chi s6 di€éu ché khac nhau.

0,77

0,44 0,44

a) Hé sé diéu ché =1

0,58 0,58

0,35 0,35
0,22

b) Hé s& diéu ché =2

Hinh 9.18: Ph@ tin hiéu FM
2. So sanh gilra di€u ché FM va AM:

Nhin chung di€u ché tan sO c6 chat Iugng cao hon di€u ché bién d6. Mdc du cd hai phuong phap
diéu ché déu cho phép truyén thong tin tU n0i nay dé€n ndi khic, cd hai phuong phédp trén déu c6 khd
ning tuong dudng, c¢6 do tin cdy nhu nhau song ki€u truyén tin tic bang FM mang 1ai nhi€u 10i ich
hon .

% Uu di€m cla FM doi véi AM :

= Tinh chOng nhiéu cao, khd ning loai bd nhiéu tOt.
» Hiéu sudt truyén tin hiéu hon han d6i v4i diéu ché AM
» Tin hi€u FM c6 bién d khong dGi, do d6 khong can thi€t phdi s& dung b0 khuéch dai tuy€n tinh dé

nang cong sudt. Thuc t€ tin hi€u FM thuGng dugc phét ra ¢ mUc thdp sau dé dugc khuéch dai bdi bo
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khuéch dai lam viéc G ché d0 C d€ nang cong sudt. K&t qua ta c6 cong sudt cao hon bdi b khuéch dai
lam viéc & ché d6 C cho hé s khuéch dai 16n hon.
< Nhuoc di€m clia FM so v6i AM va ciach khac phuc:

- Trong thuc t& FM loai bé dugc mOt 1ugng 16n nhi€u, nhung nhi€u van anh hudng dén tin hiéu
FM. Piéu nay ddc biét diing cho tin hi€u c6 tan s6 cao. Nhiéu ciing 1a mOt dang ning 1ugng, né bao gdm
mOt Iuong 16n céc séng hai va thanh phan tan s6 cao hop thanh. Nhing tan sO cao nay tai mOt thoi di€ém
nao dé c6 bién dO 16n hon bién d0 tan s cao cla tin hi€u di€u ché, di€u ch€ nay la nguyén nhan giy
méo dang tin hiéu & tan sO cao.

- D€ vuot qua van dé nay, phan 16n hé thong FM s dung kY thudt “ti€n nhan” (hay khuéch dai
trudc :pre-emphasis) d€ loai bd nhi€u & viing tan cao. Tai may phat tin hi€u dugc dua qua mOt hé thOng
khuéch dai tan sd cao nhi€u hon khué€ch dai tan sO thdp. Dang don gidn nhat cUa mach nhu hinh
9.24a. Mach nay cho phép ting hé s6 khuéch dai tai viing tan cao, 1am tin hiéu tai tan s6 nay khoé hon
nhiéu, lam ting ti sO tin hi€u trén tap am, ting d0 chon l0c va tinh trung thuc.

Mach khuéch dai trudc ciing ¢ tan sO giGi han f,, tai d6 d0 ting tan sO 1a khong doi, xem hinh

A n’ e > .2 Ve R
9.19b. Tan sO giGi han trén dugc tinh todn bang bi€u thUc : f, R —
2 RR,C
Tan sO nay thuOng dugc dat tai mOt vai gia tri cao hon tan sO 4m thanh khodn 30kHz.
f il
a) ’—{ ) : : b) /!
L, Biéu ché a
R1 tan so 3dB F
= 0dB -
Ra= 2122Hz.

l 30Hz

EM bTa‘\ch séng Ma}n\:ﬂl}hha!n ché trudc -
c) FM l Out
;L Bién do

0dB|———. t

o\ aqBl . ~— bapung Kb
d) \ 0dB <—— Pap tng

| _3dBH
Y \a? han ché
i 1 i >
2122Hz t=7,5ms Téan so

e)

Hinh 9.19: Mach khuéch dai trudc, han ché truéc va do thi
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DE tin hiéu thu dugc & mUc binh thudng, mach “gidi ti€n nhan” (hay mach han ché trudc: de

emphasis) dugc st dung & may thu. Day 12 mach 1oc thong thdp véi hang s6 thdi gian 1a 75 s.
(hinh 9.19¢ ), né cat bo bét tin hiu G ving tan cao, lam gidm tin hi€u & ving tan cao khodn 6dB. Pudng
dap tuy€n nhu hinh 9.19d, nhu vaiy mach khuéch dai trudc tai mdy phat va mach han ché trudc tai may
thu bu dap cho nhau cho ta mOt dudng ddc tuy€n tan sO binh thung. Su két hgp dap Ung gilta bd
khuéch dai trudc va han ché trudc 1am ting tin hiéu tai viing tan sO cao trong khi truyén lam tin hiéu
manh hon va c6 it nhiéu hon .

- FM s dung qud nhi€u khodng phd, khi can truy€n ciing mOt Iugng thong tin ¢6 d0 rOng bing cla
tin hi€u FM rOng hon nhi€u so vGi AM, mdc di c6 th€ chon chi s6 di€u ché sao cho gidi bing dugc sU
dung & khodn tan s6 thap nhat. Nhung dd rOng bing van 16n hon tin hiéu AM. Hon n{ta gidm chi s
diéu ché chinh 1a gidm tinh chOng nhi€u cUa tin hiéu FM. Trong hé thOng radio FM hai dudng, PO 1éch
tan sO cho phép 1a SkHz vdi tan s di€u ché 16n nhat 1a 3kHz. Ta c6 ti sO dd 1€ch 12 5/3 = 1.67. Pay coi
1a gidi bang FM hep (narrow bard FM — NBFM) .

Do FM chi€m mOt gidi biang rOng né ddc biét ding cho nhiing tan sO rat cao. Thuc t& né it st dung
trong hé thOng thong tin c¢6 tan sO nhd hon 30MHz. Phan 16n hé thOng thong tin FM lam viéc tai tan sO
UHF ,VHF va tan s6 séng cuc ngdn la nhiing khodn phd dugc chia cho tin hiéu FM, d6 1a nhitng pham
vi phG bi€n, di€u nay 1am cho pham vi truy€n tin clia né cé gia tri hon .

- Nhugc di€m khéc clUa FM 1a mach dién dung d€ di€u ché va tich séng qui phUc tap so voi AM ,
khé thi€t k€ hon va gi4 thanh mach di€u ché FM cao hon .
3.BO di€u ché tan so:

Nguyén tac cO ban clla FM 1a bi€n d6i tan sO séng mang theo tin hi€u di€u ch€. Mach dao dOng
LC mach dao dOng thach anh tao ra séng mang, muc dich tiép theo 1a tim céch thay d6i tan sO cla bd
tao dao dOng LC, tan sO séng mang dugc xic dinh bGi gia tri dién cdm va di€én dung cla mach cOng
hudéng. Tan s6 séng mang thay ddi tuy theo su' bi€n d6i cla dién dung dién cdm. PE c6 tin hi€u di€u
ch€ tan sO, can tim mach dién c6 su bi€n dGi dién 4p theo su thay dGi cUa gia tri dién dung hay dién
cam .

Khi b0 tao dao dOng thach anh tao ra tan sO séng mang, tinh th€ thach anh xdc dinh tan sO dao
dOng. Chi ¥ rang mach dién tuong duong cla tinh thé thach anh 1a RLC vdi hai di€m cdng hudng nbi
ti€p va song song. Bang viéc két noi tinh thé€ thach anh v4i tu bén ngoai ta s& thu dugc tan s6 hoat ddng
cUa tinh th€ nay hodc ding mOt mach dién c6 dung khang thay doi theo dién 4p dat vao. MOt thanh phan
hay dudgc st dung d6 1a tu dién c6 gid tri bi€én dGi theo dién dp dat vao (voltage-variable capacitor —
VVc). Thanh phan nay chinh 1a Diode hay Varicap, day 1a loai diode c6 di€n dung bi€n dGi theo dién 4p
dat vao.

a.Bd diéu ché dung diode bié€n dung :

135

Tai liéu hoc tap va tham khdo mén Mach Dién tir



Truong KTCN Hung Vuong Khoa
Dién tir

Khuéch dai
Micro r—i :,>—{|:

Hinh 9.20: Piéu ché tan s6 véi VVC

Hinh 9.20 cho thdy mOt bd di€u ché tan s6 co ban s dung diode bi€én dung. Trong d6 L,C 1a
khung cOng hudng 4 tan sO séng mang. Diode D, nGi ti€p vGi tu C, ngang qua mach cOng hudng. Gia
tri tu C, rat 16n tai tan sO hoat ddng do d6 trd khang clla né rat nho, cé thé coi nhu D, dugc ndi ngang
qua mach cOng hudng. Khi d6 tOng dung khang clla mach sé€ 1a dung khang cla diode D, song song vGi
tu C,. NhO d6 xdc dinh dugc tan sO séng mang trung tam.

C6 hai nhan t6 di€u khi€n dién dung cla diode D, 12 phan cuc mOt chi€u va tin hiu di€u ché.
Trong hinh 9.20 phéan cUc dién 4p cho D, cau phan dp R,va R,. MOt trong hai di€n trd nay tao nén su
bi€n ddi do d6 tan sO séng mang trung tAm VUGt ra ngoai pham vi hep. Tin hiéu di€u ché dugc ghép
qua tu C; va RFC. Tu C; la tu ngin khdng cho phan cUc mOt chi€u dnh hudng tdi tin hi€u di€u ché.
RFC (radio frequency choke) 1a cudn chdn, né cé tré khing cao tai tan sO séng mang ngin khong cho
tan s6 séng mang dnh hudng t&i mach dién tin hi€u di€u ché .

Tin hiéu di€u ché xudt phat ti micro dugc khu€ch dai va dua t&i mach di€u ché. Khi tin hiéu
di€u ché thay dGi né lam ting hodc gidm dién 4p phan cuc lam dién dp cap cho diode D, bién dbi gay
ra sU bi€n doi dung khang cla diode D,. Pi€u nay lam thay dGi tan sO séng mang theo yéu cau. Gid sUf
tin hiéu dang & ban ky dudng thi dién dp phan cuc & di€m A dugc cOng thém vio, 1am diode bi phan
cUc ngugc hon dan dén dung khang cUa né bi gidm giy nén su ting tan s6 séng mang. Nguoc 1ai 8
ban ky 4m cUa tin hiu dién dp phan cuc ngudc cap cho diode bi gidm 1am ting dung khang dan dén
tan sO séng mang bi gidm.

Van dé chinh v4i mach dién hinh 9.20 12 mach dao d0ng LC don gidn va khong dU 6n dinh dé
cung cap tin hiéu séng mang. Mach LC phu thudc vao chat lugng sdn phdm cla nha thi€t k&, tan sO
dao dOng cUa mach sé thay dbi theo nhiét d0, theo sy bi€n dGi di€n 4p, va cdc nhan t0 khic, do d6 bd
tao dao dOng thach anh thudng dugc si dung d€ ché tao ra tan sO séng mang. Phan t& thach anh
khong chi cung cdp tan sO séng mang c6 dd chinh xdc cao ma tan sO cla né con rat Gn dinh trong
khodn nhiét d0 rOng .

C6 thé bi€n d6i cla bd tao dao dOng thach anh bang cach thay doi gid tri tu dién ndi ti€p hodc
song song v&inod .

b. BO diéu ché ding tinh thé thach anh :
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Hinh 9.21: Diéu ché tan s6 ding tinh th€ thach anh va diode bién dung

Hinh 9.21 cho thdy mdt b0 tao dao ddng thach anh tiéu biu, khi ndi ti€p tinh th€ thach anh véi
tu dién va” kich” d€ cho phan t( thach anh dao dOng v4i tan sO tu nhién cla né. Bang viéc ndi ti€p
diode bi€én dung vdi tinh th€ thach anh ta thuc hién dugc di€u ché tan s6 bang tinh th€ thach anh. Tin
hiéu di€u ché dugc ghép vao diode lam thay dGi tan sO dao dOng.

MOt di€m quan trong can chi ¥ trong bd di€u ché tan sO ding phan tl thach anh 13 pham vi bién
d6i tan s6 s6 nhd. Mach dung phan tU tao dao ddng 1a LC c6 d6 chénh 1éch tan s6 cao hon. Tan sO
cUa b0 tao dao dOng thach anh chi thay dGi tOi da 1a 100Hz so v{i gid tri danh dinh. PO chénh 1éch tan
sO thuc t€ c6 th€ nhd hon gid tri 1y tudng. Trong hé thdng phat thanh FM pham vi thay dGi cUa tan sO
1a 75KHz, khi d6 phdi s dung kY thudt khac. Mach di€éu ché si dung phan tU thach anh chi dugc
chap nhan trong hé thOng thdng tin hai dudng (bing hep) 1a hé thdng c6 dd 1&ch tan s6 nho hon.

Mac di1 ¢6 d6 1&ch tan sO nhd nhung mach di€u ché ding phan t(f thach anh van dugc st dung.
Bang cich diing cac mach nhan tan s6 d€ 1am ting d6 1&ch tan s6 tlr 24 dén 32 1an .

c. Bd di€u ché dién khang:

7 +U
.
gRFC
C
th \12 J [I:.‘,'4
: | C1 HFC1
diéu ché ‘ Loi2
Rs Uo -
F{zg
CsT  Ra —C3a
+ + 11

Hinh 9.22: B di€u ché ding dién khding
MOt cich khic d€ tao ra di€u ché tan sO 1a s& dung bd di€u ché khang. Mach nay sU dung
transistor khu€ch dai 1am nhi€ém vu nhu diode bi€n dung, khi mach dién dugc k€t ndi ngang qua
khung cOng hudng cla mach tao dao dOng, nhd bO khuéch dai tin hi€u bi€n dGi theo tan sO cla bd

tao dao dOng .
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B0 di€u ché khang dugc minh hoa & hinh 9.22, d6 12 bd khuéch dai 1am viéc & ché dd A. Dién
tr@ R, R, 14 cAu phan 4p phan cuc cho transistor 1am vi€c trong mi€n tuyén tinh, RFC, ding d€ cung
cap tai cho trd khang cao tai tan sO hoat dOng.

Chi y rang collector cUa transistor ndi truc ti€p vGi mach cOng hudng tao dao ddng, tu C, cb
dung khang rdt nho tai tan s6 dao dOng. C6 th€ coi nhu ngdn mach cuc C cUa transistor vGi dat thong
qua cuOn L, ta thdy rang tr@ khang clla mach di€u ché ndi song song voil khung cOng hudng tao ra
tan sO dao dOng.

Tin hiéu dao dOng tUr mach cOng hudng dugc dua trd 1ai mach thay d6i pha Rs,Cs. Tu C, ¢6 tré
khang nho tai tan s hoat ddng nén né khong lam dnh hudng tGi su thay d6i pha nhu C, va Cs 1am anh
hudng tGi su phan cuc transistor Q, .Lua chon tu Cs sao cho di€n khang cUa né tai tan sO dao dOng gap
khodn 10 1an di€n trd Rs. N€u dién khang 16n hon tré khang qud nhi€u thi mach di€én chl y€u mang
tinh dién dung, do d6 dong qua Rs s& cham pha hon gia tri di€n 4p 90°. Di€u nay c6 nghia dién dp cap
cho cuc B cla Q, s6m pha so v@i dién 4p tU b0 tao dao dOng.

Do dong & cuc C cluing pha v6i dong & cuc B, dong dién & cuc C cla Q, s6m pha hon so v&i dién
4p bO tao dao dOng V, mOt géc 90°gidng nhur mOt tu dién dugc cap ngudn 4p. Nhu vay dién khang
cla b0 diéu ché gibng nhu mOt tu di€n trong trong mach cdng hudng tao dao dOng .

Tin hi€u di€u ché dua tGi cuc B cUa transistor thong qua tu C,; va RFC,, RFC, ngin khong cho
dong di€n tao dao dOng c6 tan sO cao dnh hudng tGi tin hi€u di€u ché. Tin hi€u 4m thanh s& 1am bi€n
d0i dién 4p va dong dién cap cho cuc gOc cla Q, theo tin tUc dugc truyén, dong di€n qua cuc C ciing
bi€n d6i tuong Ung, khi bién d0 collector bi€n dGi, géc pha ciing thay dGi theo dién 4p cla bd tao dao
dOng. Nhu vay tin hi€u tin hiéu di€u ché thay d6i giy ra su' bi€n d6i dung khang cla toan mach va lam
tan sO cla bO dao dOng bi€n dGi theo. Mach nay tao tin hiéu di€u tdn FM .

Néu dem ddo vi tri cla Rs va Cs cUa mach dién hinh 9.22, dong dién van sGm pha hon dién 4p
tao dao ddng mOt géc 90°. Tuy nhién di€n 4p di qua tu gid diy lai dugc ghép truc ti€p vao cuc B cla
Q..V3Gi su sap x€p nay, dién khang cla bd di€u ché gibng nhu 1a mOt phan t& dién cdm. Lugng dién

cdm thay dGi theo tin hiéu di€u ché& 1am cho tan sO cla b0 tao dao dOng bi€n dGi theo bién dO tin hiéu.
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1. Electronic Devices and Circuit Theory.

2. Gido trinh kY thudt mach dién t&, VU trung hoc chuyén nghi€p — Day nghé&, nha xuat
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Khoa

MUC LUC

Bai 1 NGUON CAP PIEN MOT CHIEU
I. GiGi thiéu chung vé€ nguln dién

II. Khdo sit cdc mach chinh luu

IV. Khdo sit, tinh toan cic bd 10c ngudn

IV. Mach 6n dp

Trang 1-2
Trang 2-5
Trang 5-12

Trang 12-21

Bai 2 KHAO SAT, TINH TOAN PHAN CUC TINH CHO TRANSISTOR

I. TGng quat
I1. Khdo sat, tinh toan
IT1. Phudng phép tinh hé sO Gn dinh nhiét

Bai 3 KHUECH DPAI TiN HIEU NHO DUNG TRANSISTOR

I. GiGi thi€u céc thong sO Hybrit
I1. Khdo sit, tinh todn
I1I. Bai tap 4p dung

Bai 4 CAC KHAI NIEM CO BAN CUA MACH KHUECH DAI

I. Khai niém vé mach khuéch dai
II. C4c ch€ d0 cong tic cUa transistor

Bai 5 KHAO SAT TRANSISTOR HIEU UNG TRUONG (FET)

I. Phan cuc cho FET

II. Céc loai MOSFET kénh dat san

I1I. Cé4c loai MOSFET kénh cam Ung

IV. Cac loai FET kénh P

V. Phén tich ch€ d0 tin hiéu nhd dung FET

Bai 6 GHEP TANG KHUECH DAI
I. Khdi niém
II. C4c dang mach ghép tang

Bai 7 MACH KHUECH PAI HOI TIEP
I. Khéi niém

II. Phan loai hoi ti€p

IT1. T4c dung cUa hoi ti€p

Bai 8 MACH KHUECH DAI

I. Céc khdi ni€ém cO bdn

II. Céc Ung dung cUa Op-Amp

Bai 9 PIEU CHE

II. Khdi niém di€u ché bién dd va diéu ché don bién
I11. Phuong phép di€u ché bién dd (AM)
I11. Bi€u ché tan sO (fm)

Trang 22

Trang 22-30

Trang 30-32

Trang 33

Trang 33-48

Trang 48-54

Trang 55-59
Trang 59-74

Trang 75-82
Trang 82-83
Trang 83-84
Trang 84-86
Trang 86-94

Trang 95
Trang 95-102

Trang 103-104
Trang 104-106
Trang 106-111

Trang 112-114
Trang 114-120

Trang 121
Trang 121-133
Trang 134-142
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