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CHUONG 1: KHUECH DAI TIN HIEU NHO

1.1. GIOI THIEU VE BO KHUECH DAI PIEN TU

1.1.1.

Bo khuéch dai dién tu la mot mach dién tr ma tin hicu dién (o ¢ dau ra ctia n6 16n
gap K lan tin hiéu dau vao cua no va dang tin hiéu ¢ dau ra giong hét dang cua tin hiéu
0 dau vao.

Con tin hi¢u duge dac trung boi thong s6 dong dién i(t) hoac dién dp u(t)

So do khoi cua mot bo khuéch dai dién ta cho ¢ hinh 1.1

Hinh 1.1: Bo khuéch dai dién ui

Trong so do nay ky hié¢u hinh D mo ta day la bo khuéch dai.

K dugc goi 1a h¢ so khuéch dai cua bo khuéch dai. Hé s6 nay la t1 s6 gitra gid tri tin
hi¢u ra chia cho gia tri tin hi¢u vao. Néu cdc tin hiéu vao, ra la dién dp thi ta co hé so
khuéch dai dién ap.

K,= UJ/U,

Néu cdc tin hiéu vao, ra la dong dién thi ta ¢6 hé s6 khuéch dai dong dién:

K, =L/,
Neéu cic tin hicu vao ra la cong suat thi ta ¢o hé so khuéch dai cong suat:
KP - PI‘/PV

O day U,. 1., P, la dién ap. dong dién,
” ~t - Ao - " . ~ | Iy ik
cong suat trén dau ra bo khuéch dai va Uy, %Y
[y, Py lan luot la dién dp, dong dién va cong
suat dat vao bo khuéch dai.

Trén hinh 1.1 ¢, va Z,, la suc dién dong va

tro- khang trong cua tin hiéu dat vao bo
khuéch dai. Z, la tro khang vao tuong duong

cua bo khuéch dai: > _
: : UymV)
z\-‘ - U\/I\ Hinhl.2: Dac rinh bien do cua bo khuech dai

7. la tro khang ra cua bo
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khuéch dai:
Z, = U/,

Dic tinh bién do cua mot bo khuéch dai 1a quan hé gifta dau ra v& dau vao cta bo
Khu¢ch dai. xét & mot tan s6 xiac dinh. Quan h¢ nay ¢6 thé 1a quan hé U, theo U, hoac
[, theo I,. Hinh 1.2 chi ra dac tinh bién d6 & tan s6 thap.

bac tinh tin $6 cua bd khuéch dai 1a su phu thude clia hé s6 khuéceh dai cia bo
khué¢ch dai viwo tan s6. Hinh 1.3 [a dic tinh tan so dién hinh caa 1 bo khuéch dai.

Mco phi tuyén (khong duong thing)
cua bo khuéch dai 12 su thay déi dang cia :
tin hiéu so v&i tin hidu vao do tinh phi 1

tuyCn cua cdc phan 1 cliia mach gay ra. 22 | / S \

méo nay duge tinh a1y s6 caa (Ong binh

phuong cac thanh phan bic cao phat sinh

khi ddu vdo chi ¢6 thanh phan tan sé. ; | : -
) [ ¢
Z. 1o irdg khane ta cua bo khudch dui Hink 1.3 Dde vind tdn 56 cnia e Flindéels den
1t = N il

Bay chinh la phan tr ticu thu tin hi¢u ra ctia bo khucéch dai hay bo khuéch dai ¢an phai
cung cap tin hic¢u can thi¢t cho phan nay.
Trong riat nhi¢u trudng hop thue t€ cac trd khang nay 1a thuan trd. BE bo khuéch dai

lam viéc 10t ta phai phoi hop tre khang:

Zo=12,

Néu bo khuéch dai ¢6 K; =1 v K >1 thi ta goi nd 1a bo khuéch dai dicn 4p.

Ncu bo khuéch dar ¢6 Ki-= 1 vii K;>1 thi ta goi né la bo khuéch dai dong dién. bo
khucch dai nay con duoe goi 1a bo
lap lai dién dp.

Néu bo khuéch dai cé K; >1 va
Ky >1 thi ta go1 n6 14 bo khuc¢ch dai

cOng sudt.

¥

Lia lsn Iy
Hinh{ d: Bac tink irsen den cria Tranisisior
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1. 2. TRANSISTOR LUONG CUC - BJT (Bipolar junction transistor).

1.2.1. Cau truc cua transistor.
Transistor la mot linh kién ban dén bao gom ba 16p ban din véi cic ban dan p van
xen K€ nhau. Theo trinh tw cia micn p va mién n ta ¢6 hai loai transistor pnp va npn

(‘hinh 1.5).

< 3. 8mm > - 3,8mm >
0,025mm 0,025mm
> |

i

(a) ) (b)
Hinh 1.5: Cau triie clia transistor.
(a): transistor pnp: (b) transistor npn

Mién p tht nhat cua transistor pnp (véi transistor npn [a mién n) dugc goi la mién
emitter, mién nay duoc pha tap chat véi nong do 16n nhat, né dong vai tro phat xa cac
hat dan (10 trong hoac dién tir), dién cuc n6i v6i mién nay duoc goi 1a cuc emitter, ky
hi¢u Ia E. Mién n (v6i transistor npn 12 mién p) duge goi 1a mién base, mién niy duoc
pha tap chat it nhat, do rong cua né rat nho so véi kich thude toan bo transistor ( v6i
hinh 1.6 ty 1¢ nay la 3.8mm: 0,025mm = 152: 1), mién base dong vai tro truyén dat
hat dan. di¢n cyc noi v6i mién nay duoc goi 1a cuc base, ky hiéu 1a B. Mién p ti€p theo
(VOi transistor npn la mi¢n n) duge goi la mién collector, mién nay duoc pha tap it hon
mi¢n emitter nhung nhi¢u hon mién base, déng vai trd thu gom cdc hat dan, dieén cuc
noi voi mién nay goi la cuc collector, ky hiéu l[a C.

Vi cau trie nhu vy, transistor bao gom hai chuyén tiép PN, chuyén tiép PN gitra
emitter va base dugc goi la chuyén tiép emitter, chuyén tiép PN giita base va collector

dugc goi la chuyén tiép collector.
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1.2.2. Nguyén tac hoat dong cua transistor.

bé mo ta hoat dong cua transistor, ta 1y transistor loai pnp lam vi du. Su hoat dong
ctia transistor npn s& tuong tu bang viéc thay thé 16 trong bang dién ta. Trén hinh 1.6
khi chuyén tiép collector khong dugc phan cuc, chuyén tiép emitter duoc phan cuc
thuan. Do rong viing ngheo sé bi giam. muc giam tuy theo dién dp phan cuc. két qua
dong ctia cac hat da so (cdc 16 trong) khuéch tdn tr mién ban dan p (cuc E) sang mién
ban dan n (cuc B).

Khi chuyén ti¢p emitter khong duoc phan cuc, chuyén tiép collector phan cuc nguoc
khong c6 dong cia cac hat da s6 (dién to & ban dan n) chi ¢6 dong cua cdc hat thi¢u so
(16 trong ¢ ban dan p) ( hinh 1.7).

Dong hat da

e
xt o -
_ nfl +-+-+
o -t -
-+ -+
hi |
'. ' !
| I . P J L o . | | ‘
U Ucc
Hinh 1.6: Chuyén tiép emitter phdn cuc thudn Hinh 1.7: Chuyén tiép collector phdn cuc ngige

) Dong hat thieu so
Trong truong hop, chuyén -

ti€p emitter phan cuc thuan, —» ‘ >

chuyén tép collector phan
cuc nguoc (hinh 1.8). Chuyén

ticp emitter phan cuc thuin

nén cac hat da so khuéch tan Uy
qua chuyén ti€p t6i mién base Hinh 1.8: Nguyéu idc hogt dgug cia transistor pip

tao Ién dong Iz. Tai mién base

cdc hat da s6 nay lai chuyén thanh céc hat thiéu s6, mot phan bi tai hop voi cdc dién
tao thanh dong I Do do rong ctia mién base rdt mong, chuyén tiép collector phan cuc
nguoc nén cac 16 trong ¢ mién base bi cudn sang mién collector tao 1én dong I.. Dong
I, ndy duoc tao boi hai thanh phan: dong cta cac hat da so tor mién emitter, va dong
clia cac hat thiéu so ( 16 trong & mién base khi chua ¢6 su khuéch tan tr emitter sang).
Dong ctia cac hat thiéu so dugc goi 1a dong ro va ky hiéu la I,. I, ¢6 gid tri rat nho co
nA toi vai pA.

F]"d Cd' II = i(j + I]{
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1.2.3. Cac cach mac co ban cua transistor.

Transistor co ba cuc ( E, B, C ), néu dua tin hi¢u vao trén hai cuc va lay tin hié¢u ra
trén hai cuc thi phai ¢c6 mot cuc la cuc chung. Do vay, doi véi transistor ¢6 3 cach mac
co ban: Base chung, emitter chung, collector chung.
1.2.3.1.Base chung (CB — Common Base).

So d6 cach mac CB duoc minh hoa ¢ trén hinh 1.9

I I
i C
\7_
:_il“
o
B
(a)
C I & .
D <+ E B +— ~ C
s " w /T °
T'.:B ATIB
(4 B
| (I L | B
| 1 |
UM — U(._‘. (b)

Hinh 1.9: So do cdch ghép CB
(al: transistor pup, (b): transistor npn

Trén hinh vé chiéu mii tén chi chiéu cua dong dién trén cdc cuc cua transistor .Dé
thdy rd quan hé gitta 3 cuc cua transistor trong cach mac CB nguoi ta dung hai dac
tuyén: dac tuyén vao va dac tuyén ra. Dac tuyén vao ( hinh 1.11a) mo ta quan hé gitra
dong vao I véi dién ap dau vao Uy ing vor cac gia tri dién ap khac nhau cua dién ap

ra Ugcg.

bac tuyén ra ( hinh 1.11b) mo ta quan h¢ gita

Eoc—e /————o C
dong dién ra I vor dién ap ra Uy tng voi cac gid I, =0
. . " N .. N N _ ,\, I['BEJ = I{'tJ
tr1 khac nhau cua dong dién vao I. Trén dac tuyén

B

nay duogc chia thanh 3 vung: vung tich cuc, ving cat
Hinh 1.10: Dong bdo hoa nguoc I,

va vung bao hoa.

Lh



KY THUAT MACH DIEN TU

Vung tich cuc duoc dung dé khuéch dai tin hiéu (nén con duoc goi la viing khuéch
dai). Trong vung tich cuc chuyén tiép emitter duge phan cuc thuan, chuyén tiép
collector phan cuc nguoc. O phan thap nhat cua cung tich cuc (duong 1. = 0 ), dong I
la dong bao hoa ngugc I, dong I, rat nho (¢6 nA ) va thuong duoce ky hi¢u thay cho
lego (hinh 1.10 ).

Khi transistor hoat dong trong vung tich cuc ¢6 quan hé gan dung I ~ I

Vung cat la ving ma ¢ do dong I = 0. Trong viing cat chuyén tiép emitter va
collector déu phan cuc nguoc. '

Vung bao hoa la vung o bén trai duong Ug; = 0 trén dac tuyén ra. Trong ving bao
hoa chuyén tiép emitter va collector déu phan cuc thuan.

lAmA)
j\ LY
4+ Ving tich cuc
IL.(mA)
Uppg = 20V TE —
Jopg = 2V : '
Uiy = 10V / fHmA
6 -
p U= 1V . / SmA
= "B . /_ 1 A
4 m/s
p 4 b B
5| N % imA
4 3 -
, 5 2ma |
3L g 1
! I, =lmA |
| LE ] i
I, =0mA
P S N B - { i L 1 . 4 >
02 04 Uy (V) -1 ) 5 10 ; 15 20 ]
el Ving cit U V)
(a)

(b)
Hinh 1.11: Ddc tivén ciia cdach mde CB
(a): Ddc mivén vao, (b): Ddc vén ra
+ Hé 50 a.
Trong ché do mot chiéu, dé danh gia muc hao hut dong khuéch tan trong mién base.

nguoi ta dinh nghia hé so truyén dat dong dién o,..

I(T

1

e

Vai I, I 1a cac dong dién tai diém lam viéc. Theo dac tuyén ra hinh 1.11 thi = 1,
nhung thuc t¢ a thuong trong khoang 0,9 + 0,998.

Trong ché& do xoay chiéu, khi diém lam viéc thay doi trén dac tuyén ra, hé s6 o« xoay chiéu duoc dinh
nghia:
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Al
alll.' = o v
\[[
He 56 o, con duoc goi la h¢ s6 base chung, hé s6 ngan mach, hay hé s khuéch dai.
Thong thuong, gia tri oy, # o,
1.2.3.2.Emitter chung ( CE- Common Emitter ).

So do cach mac CE duoc cho trén hinh 1.12

Hinh 1.12: So do cach ghép CE
(a): transistor npn, (b): transistor pnp

Trong cach mac CE, dac tuyén ra la quan hé gitta dong ra Ic va dién ap ra U, ting
voi khoang gid tri ctia dong vao I, Pac tuyén vao la quan hé gitta dong vao I va dién
ap vao Ugg, tng v6i khoang gia tri cta dién dp ra Ucg.

Cha y rang trén hinh 1.13, do 16n cta I, cd HA, con do 16n cua I cd mA. Vang tich
cuc cua cach mac CE la mién ¢ bén phai ctia dudng nét dit Ucgpp Va phia trén duong I
=0.

Vung phia trai dudng Uy, 12 viing bao hoa. Ving cat la vang & phia dudi duong I
= 0.Trong vung tich cuc chuyén ti€p emitter phan cuc thuan, chuyén tiép collector
phan cuc nguoc, vung nay dugc dung dé khuéch dai dién ap, dong dién, hoac cong
suat.

Theo dac tuyén ra hinh 1.13b khi I = 0 thi dong I # 0 . Piéu nay duoc giai thich
nhu sau:

TEl CO . ‘ ‘[C - O“[t + ICB()

e =a(Ict+lg) + Ieg
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Suy ra:
alg Lepo
l(_'= - +
1-a l-a
Khi Iz= 0. chon o = 0,996 ta co
| a .0 [cro
T la 1-0.996
l(_~ e 250 [(_‘HU

Néu I = | A, khi [;=0, dong I = 250.1 uA = 0.25 mA.

Dong I khi d6 chinh la dong ¢

Vay:
: Iego
CEO = —
l—a ‘[H = 0
[ (MmA)
S0 pA
| / B0 A
84 70 LA
[L(A Tr //— 60 WA
A LA Ugne = 20V | )
' (.
100 = Uge = 1OV 50 pA
t}(] [ 2 ﬁ - /"_—
= Ut'l- = = r 40 pA
70 v = 4 | - -
10 2 / Ving tich cuv 30 uA
Gl w3 - //’___ RN
50 = 20 pA
[ 20
40 ) _(//
30 1 10 A
20 F | /// '
. ¥ Iy =10 pA
L 111 L1l - .
02 04 06 08 1 Ugl(V) it 5 1o T 15 U (V)
: _ / T (V)
(a) L'(-HII‘ \.I‘;“lg cat 1C =Pl
o (b)
Hinh 1.13: Pde tuyén cua cach mac CE
(a): Pac tuyén vao, (b): Pac tuyén ra
Heé so [

Trong ché do mot chiéu, dé danh gid kha nang diéu khién cua dong I doi véi dong
[, ngudi ta dinh nghia hé s6 khuéch dai dong di¢n f:

TB._

BL]\J =
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Vai I va Igla gia tri dong dién tai diém lam viéc. Thong thudong B ¢6 gid tri trong
khoang tur 50 téi trén 400.
Trong ché do xoay chiéu, hé so B xoay chi¢u duoc dinh nghia:

Ale |
B, = |
|
|

'E]R Uee = constant
+ Quan heé gitta ava f

Taco: [e=1c+1;

Mat khac : I = [ /o, 15 = 1/p

Két hop cdc diéu kién trén ta c6:

B
o = - .
B+1
oL
Hoac: p =
I- o

1.2.3.3. Collector chung ( CC — Common Collector ).

So do cach mac CC duoc cho trén hinh 1.14

I, L
- o P
E
n
L U N
—» i T U
B
['.Hll 1] l-illlé
( G
I
___.. I
I,
Bo —»

Hinh 1.14: So do cach mdac CC

{a): transistor npn, (bl: transistor pup

9
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bac tuyén vao va dac tuyén ra cua cich mac CC tuong tu nhu cach mac CE, bang
cach thay I boi I, Ugp bot Uge.
1.2.4. Nguyén tac Khuéch dai cua
transistor.

Xét so do CB nhu hinh 1.15

Theo dac tuyén vao va dac tuyén
ra cua CB ta co thé rit ra nhan xét;

Uy=200mV sKQ U,

dién tré vao cua cach mac CB rat
nho ( khoang 10Q + 100Q) va
dién tro ra rat 16n ( 50 kQ =+
IMQ).

Hinh 1.15: Nguyén tac khuéch dai caa mach CB

Trong so do hinh 1.15 ta chon transistor ¢6 dién tré vao R, = 20 Q, dién tr6 ra
R, = 100KQ.
Dong dién vao:

{/Hi" _ _2_09?’:}?£ i 10”?:4
Rv 200

v =

Giasuo, =1(I=1)thi I, =1 =10mA
Khi do dién ap ra sé la:
U,=1R=10.5=50(}V)
Vay hé so khuéch dai dién éap:
U S50V

I

U~ 250mV

u

Nhu vay, nguyén tac khuéch dai & day chinh la viéc truyén dat dong dién tir mach
dién tro thip sang mach dién tr¢ cao. Chinh vi vay, transistor 1a tor ghép cua hai tu
tiéng Anh, transfer ( truyén dat ) va resistor (dién trg ).

1. 2.5. Cac tham so gioi han.

Doi v6i moi transistor ¢c6 mot vung lam viéc trén dac tuyén ra. Néu transistor hoat
dong trong vung nay sé co ty 1¢ tin hiéu ra trén tin hiéu vao la 16n nhét véi do méo nho
nhat. Vung nay s€ bi gi6i han bdi mot vai tham s6 nhu : dong I 16n nhat I, dién dp
Uecg 16n nhit Ugg,,.. (d6i v6i cich mic EC),

Vi transistor ¢o dac tuyén ra nhu hinh 1.16, I, = S0mA, Ugg e = 20 V.

Duong Ucgy,y, trén dac tuyén la gid tri nho nhat cta U, thong thuong

Ucey = 0,3V.

Cong suat tiéu hao 16n nhat dugce dinh nghia:

10
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P(‘nm.\' = U('Iﬂ'[(‘

Va1 transistor cho trén hinh 1.16 thi

I (mA)
Peamax = 300mW. '
. . Y e o . . A : A 50 puA
Ta ¢co thé vé duong cong cone suit trén A— .
- - - : : 40 pA
e nr x - - . © = : . s
dac tuyén ra bang cach chon mot vai diém  lown 50 ot
. ~ E .= ; 30 pA
thoa man Ugp. I = 300mW. z W e
: = 0 i o Poe=Uppd 20 pA
T Jh o . D . [— - 1 - E
Vidu, chon I¢= I¢p.,= S0mA suy ra Uy el e £0pA
= 6V. Chon Ucp =Ugpmay = 20 V. suy ra I | Zaa v °[“ X
. o N . . . - MERRTY
= 15mA. Néu chon I- nam gita hai khoane /F_ -
g ( & 0yl =

: 5 20) BT ;
rén I = 25mA thi Uy = 12 V. Vi 3 diém Vet Vi 1o gy U+ O
trén ta ¢o the veé (TU'(_)’C dU’CjI]g cong C()ng suat Hinh1.16:\Ving hoat dong ciia transistor
(cO thé lay thém cdc diém khac).
Nhu vay, ving hoat dong cta transistor bi gi6i han bdi cdc tham s6:
[(‘[C() < I(‘ = [(‘mux
U(.‘l{hhg U{‘]{ < U('Iim:lx

U(j[.;.l(_‘ < P(‘m:lx

Chu y: doi véi cach mac CB thi P, = Ueg I .

1.2.6. Phan cuc cho transistor luong cuc- BJT
1.2.61. Gioi thiéu
bé transistor ludng cuc hoat dong ta phai phan cuc cho né. nghia la dua mot dién ap
mot chiéu tir bén ngoai vao chuyén tiép emitter va collector véi g1d tri va cuc tinh phu
hop. Bién ap mot chi¢u nay s& thict lap ché do mot chiéu cho transistor. Khi phan cuc
néu:
- Chuyen ti¢p emitter phan cuc thuan, chuyén tiép collector phan cuc nguoc
transistor s¢ hoat dong trong vung tich cuc. Khi tinh todan ché do mot chiéu
trong vung nay ta thuong sur dung cac cong thic:

Uge = 0,7V
I = B+ DIy =1
[e =Pl
- Chuyén ti¢p emitter phan cuc nguoc, transistor s& lam Viéc trong vung cat.

- Chuyén tiép emitter va collector déu phan cuc thuan, transistor sé lam viéc
trong vung bao hoa.
Chd y rang: dé transistor khuéch dai tin hi¢u phai phan cuc cho né hoat dong o ving
tich cuc.

+ Diém lam viéc tinh.

Khi phan cuc cho transistor, dong dién va dién 4 7™t lap cho transistor
mot diém lam viéc ¢6 dinh trén dac tuyén ra. dié; im

11
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vi¢c tinh (con goi 1a diém cong tac tinh va thuong ky hicu 1a diém Q). D¢ transistor
khuéch dai duoc tin hiéu, diém lam tinh Q phai nam trong ving tich cuc. néu chon
duge diém Q thich hop thi bién do tin hiéu ra ¢6 thé lén ma khong bl méo (thuong la
gifra dac tuyén ra)
1.2.6.2.Phdn cuc co dinh

So dé mach phan cuc ¢6 dinh duoc cho trén hinh 1.17.

Vi transistor pnp s¢ dd, ciac cong thiic va cdch tinh hoan toan tuong tu, bang cdch
thay doi chiéu dong dién va cuc cla dién dp cung cap.

Uer:
0 U Upr-
o o
R, llr Ry ¥ R, ih-
. 1 A 1!;
I i C %O I'in higu i C
Tin hicu |/ . ra (ac) me
Vi {ach o } I‘* B B
E E
) (hy

Hinh 1.17: Mach phédn cue ed dinh
{eri Sevddey mecich, (b Ser do g dicong

Pé phan tich chd do mot chiéu ta ¢6 thé bo cice tu dién va st dung so do tuong
duong nhu hinh 1.17b

+ Xét vong buse —emitter ( hinh 118 ):
Uee = U + iRy B ]
Uee = Upg
Ry

Iy =

U

Theo céng thic trén, dién ap Uec. Ugg luon khong doi,

vi thé gid tn Ry $€ quyét dinh gid tr1 dong ;. va dong Iy

nay sé khong doi ( vi vay nén got la phan cuc c6 dinh ). Hinh I.18:Vong buse - cinitter
+ Xet vong Collecior — emitter ( hinh [.19}):

Gid tri dong I, chay qua dién tro R duge tinh theo cong thic:
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le =Bl

Chu ¥ rang. dong Iy phu thudc vao gid tri Ry, ma I tv 1& véi I; theo mot hing s6 B,
vi vay gia trl cua e khong phu thuoc vao dién trd Re. Khi thay doi R dong I, va I,
khong doi . Tuy vay. ta sé thay gia tri clia R, quyét
dinh gia tri Uep ma U la mot tham s rit quan
trong.

Xét cho vong collector (hinh 1.19) ta ¢6;

Uee = Ugp + 1cRe
Taco: Ugqp=U--Ug

Vi Ue. Uy lan Tuot 1a dien thé clia cdc cuc
collector va emitter.

Trong truong hop nay: U, =0V, nén Uy = Ug

Ngoal ra. Uy = Uy — U suy ra Uy, = Uy,

Vi dui.i: Cho mach dién nhy hinh 1.20. Hay
tinh cac gid tri cua ché do mot chiéu Iy, I, U U
Ugc-

U —U e 12V -07F

)t _
Ry 240 KO
— 47,08 ud
I = Bly = 5047 84 = 2.35m4 Hink 1.20
Gidgi: U,y =Upp =10 R = 6831 Gia

(/'r B = {, nE o= UTV
Up =0y =683V
T p =L =07-6283

=—613F A IimA)
tr1 Uge am, chiing 10 chuyén tiép collector phan cuc %'
nguoc,
+ Puong tai tinh ; \- Q; Ly
Buong tii tinh 1a dudng quan hé gita dong dicn ra - AN N & N ::.
va dién dp ra trong ché doé mot chiéu. Dudmg tai tinh - N
duge v& trén dic tuyén ra. diém Jam viée (inh Q sé 4 \ .

: " . B Uce Uiy,
nam tren dU'UI]g nay. Hink .20 Duevoe wdi tink

13
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boi v6i so d6 mach nhu hinh 1.19. quan hé gifta dong dién ra I v dién dp ra U

Khi ¢otar R
Uper = Lee = 1R

Phuong trinh trén chinh la phuong tiinh dudng tai tinh . B¢ v& dudmg tai (inh ta can
xdc dinh hai diém: Dicm thd nhat ta cho U = 0 suy ra I = U /R diém thi hai ta
cho I¢ =0 suy ra Ugp = U VA hat diém nay ta v& duoce duong tai tinh nhu hinh 1.21

Neéu thay doi gid tri coa dién rd Ry, s& 1am cho I thay déi. khi do dudng Lai tinh

khong doi. nhung di¢m lam vigc tinh Q s¢ dich lén hoac xuéng (hinh 1.21),

Khi gilt nguyén gid tri R v thay doi nguén U thi dudng tai tinh sé dich chuvén
nhu hinh 1.22b

Trong truomg hop: thay doi gid tri dicn g R va @it nguvéen nguén U ¢ lam

dudng tai tinh thay doi nhu hinh 1.24a.

A
Leo ..
&, it
Ceo .
R. RoR =K, R Uy o oranl e
[ &P\ Lo \-
T;:KQ '\\”- Q) lig R, (: Q, L,
RN\ SR NANEAN
A N N
Ui Loy (h} Uges Uy Uiy Uy

{a)
Hinh .22 Oy vdv thik, (g Kid Ry thay doi, (b Kid U, thay dii

14
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+ Transistor bdo hoa.
Theo dac tuveén ra cua transistor. khi transistor bio hoa thi U = OV do d6 dong
dién collector bao hoa Iy, s€ 1a dong 1.,.,,. va duge tinh theo cong thic:

] =/ — gl

LAl [STHEY

¢ F. T@
I
1.2.6.3. Mach phan cuc 6n dinh cuc emitter , R"AI\J Reg,

. K . . N { ‘ l[;
Mach phan cuce on dinh cue emitter nhu hinh '
3 p . o U\ O__a .
[.24. Dign 1ro Ry, duge mic thém dé tang do 6n ﬁ L
R,
djnh hon so voi mach phan cuc ¢d dinh ( didu

nay s¢ duge minh hoa qua cdce vi du sau nay ). Hinhr 1.24: S0 d6 phan cuc o din Ewiteer
Trude hét x¢t vong Emitter — Colector
+ Vong base colector (hinh 1.25)
U = LRy + Uy + 1R, I
Tadabict I = + DI, I8
Thay vao phuong trinh trén ta cé:

T Upe: ¢ I
Ry
Uo= LRy + Uy + (B + DR, /> %

Rut [;; ta dugce:

[; L Hinh 1.25: Vong Base-collector
/ . . ( ., s lfj‘f"

Ry~ (B-1)R,

V6t cong thiic trén ta ¢6 thé vé mot mach ndi G€p nhu hinh 1.26.
Trong trudmng hop niy, dién dp Ug, W base dén emitter duoe dién trd R phan hoi tro
ve dau vao vai hé s6 (B +1). Néi cich khae dien wé cuc E la linh kién trong vong

Emitter — Collector xuat hién véi R;= ( +1)R,; trong vong base — collector

L5
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+ Vong emitter — collector (hinhi 1.27]
I]i

Uee =Ry + Ugg + IR

Thay thé I¢ = [ vii nhém cac 50 hang ta co

Ue = Uee — Ie(Ret R)

1
|
bién ap U duge xdc dinh bang:

UL.": I},:RE

Ve L

Trong khi dién dp tr cue C td1 mat la
Ue=Ug + Uy
hoiac Ue= U — 1Re

|
Bicn ap tai cuc B ¢6 thé xde dinh tir: Uy = Uqe — [;R; K I§¢If |
hoac Uy = Uy + Up [_-(Q 1 U«
Vi du 1.3: V&I mach phan cue Emitter nhu hinh 1.28 R, ¥l
xac dinh: Ugy; Uy, Ug. Ug Ue 1y I |
€L

Giai
R Iy — - Hinh §.27:V dng Emitter-coltecn
l= Coo =l 20 202079 40 10A f
R,+(f+DHR, 430KQ 1 (SHAL
Ie = Bl = (50)(40.1pA) = 20.1mA
UC]_-‘ = U(‘(, — I(‘ {R(_- +R[:_) ’_j_c 20N
= 20V - (2.01mA)2K +1kQ) ke § o
[ B
= 1397V lou P ‘ BN S
Up= Uge — (R =20V 20ImA)2 KOy = o)  Joso
20V — 402V = 15.98V g e

Ug=U. - Ugp = 1598V - 1397V = 201V
hoic ta o thé tinh theo cong thic:

Up = IR, = [o.Rg = (20ImA)(1k(2) = 2,01V

Uy=Upe+ U, =07V + 201V =271V

Upe= U — Ur =271V = 1598V =- [3.27V
+ Mirc bdo hoa

Dong I bio hoi véi mach phan cuc emitter ¢6 thé xdc dinh tuong tw nhu
mach phan cuc ¢6 dinh;
U

] [ max = R(. + RL-

=1

b
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+ Duong tai tinh

Al
Puong tai tinh cia mach
. . Uie

bhan cue Emitter tuong déi L
phe ' € Re+Ry; e
210ng vol mach phan cuce ¢o
dinh. /Q

Phuong trinh vong emitter —

collector xdc dinh dudng tai

tinh nhu saw: \l .

. Uy Uee Uiy
Ucp = Uge = TR+ Ry) !

Hinh 1.29: Ducing 1di tinh

Chon Ic=0mA tacod

Uer = Uee

I = thimA
o= U Ret Ry |

lice = hniA

1.2.6.3. Mach phan ap

T-

- N - " . G
Trong cac mach phéan cuc trude, su phan cuc dong 3

}

dien 1oy va dién dp Ugy, 1a mot ham s6 cta hé s6
khuc¢ch dai dong dién (B). Trong khi dé. B 1a nhay %R'

cam vGi nhiét do, dac biét 14 chat silicon. va gid

thuc ¢ cta [ thi thuong khong duge xdc dinh chinh Hinh 1.30; Mach phedn dip

xac. Vi thé, xay dung duoc mét mach phan cuc ma it

phu thudc. hoac doc 1lap vé § 1a vo cing quan trong. Vdi T Y

s0 d6 ctia mach phan ap nhu hinh 1.30. néu chon duge cdc L.:“i : 1
%

tham s6 cta mach hoan hao thi dong dién I¢, va dién dp ( RE%

Ucg ©6 thé hoan toan doc 1ap véi B .
+ Phan tich chinh xac
Dau viwo cita so d6 hinh 1.30 ¢6 thé v¢ lai nhu hinh 1.31.
S dung dinh 1¥ Thevenin ta ¢é thé tinh duoc dong I nhu —'\N\'_ro
Sau’ g k.
Ngin mach ngudn ¢ap U ( hinh 1.32) ta cé:
R =R, /R, Hinh 1.32:
Nguon twong duong U,,:

Xac
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RyU

Ug = Uy = R 4R R,
[ 2

‘ L
\ Uee T R, ¢
Tu so do tuwong duong Thevenin (hinh 1.34) ' T—;__o

[J'.m — ]}’; 'Rld — UB[-Z — Il{‘Rli =0 Hinh 1.33: Xic dinh F,,
I, = U= Uy R,
R, +(f+1R, e !
L

La — é R,
‘ i

d!l‘lh dll‘(_')'C IC* wr do xidc d].nh dll’QC UL’.‘[E theo COHg Hinh 1.34: Ser et e g civone Thevenin

Vi I tinh dugce theo cong thic trén ta ¢o thé xéc

thuc:
Uy =U TR+ R
Vi du 1.4: Cho so d6 nhu hinh 1.35, Xdc dinh U va

(39KQN3.9KQ) - ok
_ [P o ek 3.55 3ykQ¢ UK
Ria = Ry/IR, 39KQ +3.9KQ 29K0 ;

—f\/\/\,—%
1.3
()
-

L, Tt ‘ !
U __{?1{_;"(.(. O B9KM22Ky 2\ H}_T_K p= 14
TR 4R, 39KQ+39KQ | .
3})1\-5'3% [ Sk S AmStiul
= Ca=lp VRO - 6,05uA —
R, ~{(f + 1R, 3.55KQ+(H1)(1.5KD) L

Hinli

I.=Bl,= 140.6,05nA = 0,85 mA
l'é{'!

+ Phan tich gan ding ~ Il{i:fi{:

[

Piu viio ctia mach phan dp ¢6 thé duge vE lai

nhu hinh 1.36. Vai R, 1a di¢n tro twong duong y
gilra basc vt mat véi dién tre cue emitter Ry,

Trong phan trude ta da bidt. tro khdang phan dnh gifia base vaemitter 1a Ry = (B+ 1R,
Néu R, rat I6n hon R, thi dong T sé nho hon rat nhi¢u dong [, kht dé I, = T, va Iy = 0.
Do do:

18
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y = ;ik (cong thuc phan dp }
VIR = (B+1)R; = BRy. . Khi phan tich gdn ding Ry phai thod man diéu kicn:
BR; =10R,
bicn dp va dong dién cuc cuc E duoc tinh:
Uy =0 - Uy

i
I, = &
E R,
l(.‘() = [

Tu do. dien ap Uy, duoc tinh nhu sau:
Uy = Uge - IR - LRy
U(‘liu =Uce—I¢ (Re+Ryp)
Vi cach tinh nhu trén, ro rang I, va Ueg, hoan toan doc lap véi f.
Vidu I.5: Hay lam lai vi du trén v6i phuong phap phan tich gan ding:
Dé dang thay diéu kicn PR, > 10 R, thod man.
/] = R 3922 -
"R 4R 39439
U, =U,-U, =2-07=13()

2t)

Dong dic¢n tai cuc collector v emitter La:

L/ 1.3V

lo=1, = Pl LSS 0.867mA so sanh voi 0.85mA trong phuong phédp chinh

XAC

Dicn ap Uy
U = U - IR AR )= 22 — (0,867mA) (10KQ + 1,5k ) = 12.03 V s0 sdnh

Vol 1222V,

Nhu vay. két qua cia phuong phdp phan tich gan ding rat gin véi két qua chinh
xdac. Trong thue (€. néu dicu kign PRy > I0R, thoi man, ngudi ta dung phuong phap
phan tich gan ding d¢ tinh todn ché do tinh cia mach phan ap.

+Transistor bdo hoa.

Dong 1., trong mach phan ap tuwong tv nhu mach phan cuc cmitter. Khi transistor
£ 1¢nn & Mid g 1 1 P .

bao hod, U .. = 0V do dé:

U, .
R.+R,

l(‘ bh = I(' max —

+ Puong tai tinh.

9
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Pudng tai (inh trong mach phin dp giong hét dudng tai tinh cua mach phén cuc
cmitler. voi:
U

.=
¢ K. +R

{

|l'.'_x'{(-}:- :()V

I

v

Uy = UCCiIL‘ = Qmd
2.6.4. Mach phdn cuc hoi tiép am dién dp

Mach phan cuc hoi tiép dién 4p duge cho
trén hinh 1.37. Mét dudng hoi 1iép tir cuc C vé

cuc B lam cho mach dat duoc sy on dinh dang
k&, Tuy nhién diém l1am viéc Q (duge xdc dinh Hink 1,37 Mach phdin cxe I iép dicn dp
bai Io, vt Uey,) khong hoan toan déc lap P.
nhung On dinh hon so v&i mach phéan cuc ¢é dinh hoéc phén cuc cmitter .

+ Vong Base — Emitter ( hinh 1.38)

U, =T.R - TRy + Uy + LR,

Mat khdc: ', = I, + 1. Tuy nhi¢n. dong 1. va 1, qud
lén so véi lynén 1. =~ L. Thay thé [ =L ~Bl,val, =L
€ ¢6 két qua la:

U, =BI; R + IRy + U + B R, L

Rt gon tacod: Hinh 1.38: Vaug Buse - enutter

U, = U + BI (RAR,) + IRy,

Vay dong [ la:
_ U(‘("_ o Um;‘
=
Ry + P(R. +R;)

K&t qua trén cho ta thay phan hdi cla dién wo R trd lai dau vao, twwong duong vol
su phan hai cua Rg.
Chii ¥: Véi cic cdch phan cue rén ta ¢ mét phwong trinh tong quit tinh I nhu
sau:
U
R, + fBR'

——

i
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Trong mach phan cyc ¢6 dinh R™ = 0. mach phan cuc emitter 6n dinh R* = R, ( véi

B+1 =) condéi vot mach héi tiép dicn dp R* =R+ R,.

Ul = Ui - Uy
U
Vi ]C = BIH nén [{. = _/ '
R;;—’_ﬁR
Noi chung. BR >> R,nén 7, = il N 5
prR R

Nhu vay. néu theo cong thie trén thi I, doc 1ap véi gid tri cua B. Vi R trong mach
phin dp thuong lon hon mach phan cuc emitter nén mach phan dp it nhay cam véi su
thay doi cia f3 hon mach phan cuc emitter . Con mach phén cue ¢6 dinh thi R = 0 nén
[~ bi anh huong rat nhiéu v su thay déi caa B.
+Vong Colecior  Emirter { hinh 1.39)

Uce = iRy + Ugy + T R

_—-U:_(.

Vilo= I vl = [ taco:

Uee= U +I(R - +R)

Vil

Up: = Uge = TR+ R

Vi du 1.6: Xac dinh I, vi Uy, trong hinh vé

250k<2
1.40

Giai U, o—3} B =90

IH — {i o { i . — o 9 .BY , — l l ,9 1 “.‘A ],ZkQ
R, +(ff+DR, 230K +531KE)Y -+

I = B[“ =(9O0)(11,91pA) = 1,07mA
UL‘[{Q = Ut'(.‘ - ](: (R(: + R}-‘.)
= 10V —{1,07mA)4,7KQ+]1,2K) = 10V -6,31V =360V

Vidu l.7: Tiéptuc tinh lai vidu 1.6 vé1 § = 135

Gidl
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O, =0, - ; e
p= 0¥ 07 = 8.891A
R, + (R, + R 250K+ (135%4,7KQ - 1.2K()

Va [ .= Bl = (135)8,89uA) = 1,2mA
Uipo = U~ Lo (Re + Ry = 10V — (1.2mA)4.7KQ + 1.2KO)=
2,92V
Qua hai vi dy trén, mac du B tang 50% nhung 1, chi tang 12,1%. Uy, giam

Khodng 20.9%. D41 vai mach phan cuc ¢6 dinh, ncu B tang 50% thi [, ¢ taing 50 %.

Vidu 1.8: Xac dinh I U trong hinh vé 1.41.

Giai
X s 18V
Trong truong hop nay dién tro cuc B cho o
phian cyc 1a hai dién tro v61 mot tu noi gitia é 13K0
hit ENG T 31 ovds 1hi 5 . 91KO V0K
chiing xudng mat. Poi véi thanh phian mot Atk o,

s : ) , II{] : 1Opk
chi¢u tu coi nhu ho mach va R, = R, + R,. ‘ T 0l 10k

[ X . . Q
=t sau khi thay s0 ta ¢o j_sm
R!.}. - ﬁ(R - R{) -

Hinh I.41
I, = 35.51A

[ =Pl = (75)(35,50A) = 2,66mA

U =U - [ Re = U =T R =18V —(2,66mAK3,3KOQ) = 9,22V
+ Ché do bdo hoa hoa

Lay xdp xi | = |, phuong trinh caa dong bao hoa giéng nhu mach phan dp v phan
cuc Emitter do la:
_ U

Rl" + RF;'

Ohh T 0 inax

+ Puong tdi tinh

Néu I~ 1. dudng tai tinh cua mach héi uép dien dp tuong tu nhu mach phan ap

va mach phén cuc emitter .
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1.3. KHUECH DA TIN HIEU NHO DUNG TRANSISTOR LUGNG CLC,
1.3.1. Gidi thiéu
Cac Kicu phan cue da duge gisi thidu & phan trude ¢ duoc si dung dé phan tich tin
fieu xoay chic¢u nho. Cac mach duge phan tich sau day 1a nhitng mach dién thuc &
thuong duoc su dung. B¢ phan tich bo khuéch dai tin hiéu nho dang BIT nguoi ta
dung 5o do twong duong dé phan tich. Khi v& so dé tuong duong doi véi tin hiéu xoay
chiéu can chi v 2 dicm sau:
- Thit 1ap @t i cde nguon cdp mot chi¢u & mic dién thé OV (ngan mach
nguon cap)
- Ngan mach (a1 ca céc tu dien,
1.3.1.1. S0 dé tuong duwong ctia mach CB.
Tren hinh 1.42a 14 su d6 cich mace CB ciw ransistor npn. Nhu phan trén ta da biet
transistor dugc ¢u tao baoi ba 1dp bin dan. tao 1én hai chuvén ti¢p PN. vi thé ta col
chuvén 1ép emitter (gitia cuc B va E )la mot diode. ngoai ra vi L= a1, nén gitta cuc

B va cuc C duoe ¢6 thé duge thay the bing mot nguén dong ¢4 gid ti I al,. . Véi su

thay the do 1a ¢6 thé vé duge so dé tong dwong nhu hinh 1.42b.

. I l ) I
o . A Eo-%— T - — 5 C
e
D, \#/ L=l
Bo—— ————0n BoO———————————0 33

Hinfv f 420 () Ciclomdge CB by Serde rrong dirony
Khi transistor duoe phan cuc va hoat dong & viing tich cuc thi chuyén tiép emitter
phin cuc thudn, khi d6 diode D, (trong so d6 tuong duong) twong duong véi mot dién
o ¢ gid i bang dién trd thuan cia diode. dién o nay dugce ky hiéu la r, va duoc
duge tinh theo cong thi:

U.
ro= —
I,
Vi Uy la dign thé nhiét, ¢ nhiét d6 binh thuong U, = 26mV. do dé:
26mi”
ro= =
. ] le I .
ot » ’ = o C
Nhu vdy, s¢ do tuong duong cia cia mach
- - . . .. . r. l=al,
CB duge v& lai nhu hinh 1.43.Vé&i so do c
tuong duong hinh 1.43 ta ¢é thé tinh duoc BO . » O B
tréy kh;jng VAo vara clia ]‘nach CB nhu sau: Hinh {.43: Sodd niomg duvny cia edelt mie CR

{3
Lo
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Gia tri 1, ral nho. 101 da la 50 Q.

Tro khdng ra dugc tinh khi cho tin hi¢u vio bang khong, vi thé [ = O nén [ = ol

= (), nghia la diu ra cua hinh 1.43 ho mach. do dé:

=
Thuc té, trd kKhing ra cua mach CB c& var MQ.

1.3.1.2. Su do twong duong cua mach CE.

Tuong tu vdi cach mac CB, ta ¢6 thé vé duge so do tuong duong cia mach CE nhu

hinh

.44,
JL O

m
#J:_

B o %

E © l O B ko

Hink 1.44:(a) Cach mde CE: (b} So dd tiiemg diemyg

Theo so d6 trén ta ¢

7z =Y Y J B

1,

3 I

So d6 twong duong hinh 1.44b khéng xac dinh
dugc trd khidng ra, thuc the tro khdang ra duoge xac
dinh theo dé doc ciua dudng dac tuyén ra (hinh
1.44)

Giasutrg khang ractamachCElaZ, =,

Vi tré khang vao 1a Pr.. tré khdang ra la ry ta

’ [(mA /ﬂo doe=tir,

by

Hinh 1. 44: Xdo dinh v, cue mach

vé lar dugc so do tuong duong cua mach CE nhu hinh 1.45.

1.3.1.3. So dé twong duong cia mach CC.
Tuong tu nhu cach méc CE, ta s¢ ¢ so dd
tuong duong cua mach CC.

24
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Hinh 1.45: Sodé heong dirong ctia cdelr inde

DCE{V}
(D
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So dé twomg duong nay sé duge vé trong cdc mach cu thé & phén sau.
1.3.2. Cac mach khuéch dai tin hiéu nho thong dung ding BJT
1.3.2.1. Mach phan cuc cé' dinh mdc E
chung

So' d6 mach nhu hinh 1.46

Tin hi¢u vao U, duge dua dén cuc B cla
tranststor trong khi ddu ra U, 14y tir cyc C.
D¢ dang nhian ra dong I, 1a dong nguén
khong phai dong cuc B, trong khi dong ra 1,
Ja1 [a dong cuc C.

Vi tin hiéu AC. ta ¢6 thé vé lai so d6 nhu

hinh 1.47.
bay la mach mac theo kigu CE nén ta ¢6 thé
vé 8¢ do tuong duong nhu hinh 1.48 I, S I
—»
Ny - - ks - -t - -~ r At ; Ir'
Chu ¥ rang. hé 50 3 ¢6 duge wr bang tham s6 U I: f
— ~ — * - ~ o . — ! R(. A
k¥ thudt hoic bang cach do ludng truc tiép. Gia 7 A
3 . . . A R,
tri r, duge xdc dinh tit phan tich mot chiéu cia €L J: -
mach va do ton cua r, thuong ¢6 duge tir bang Hinhi .47+ Sordd {43 1 bl nh
tham $0 k¥ thudt hodc dac tuyén ra. Tom lai p. r, facong ciia U va Cp. €
va T, coi nhw da biét.
N . 1
Tu hinh 1.48 cho théy: ' L, ‘_IL
e < © t ¥ —
Tro khang vio clia mach: ; ' H‘ i
" ! I‘_
— = 7,\. H
Z\' - lzli // Brc Uz, R fir, Pl Ly gR" v
Vi gid tri Ry, thudng 160 hon 10 ln | |
Q . 3

Br., do d6 cho phép tinh gin ding:
Z, = Pr,

Tro khang ra Z, duge xde dinh khi cho U, = 0. Trén hinh 1.48 khi U=01=1I
=0. v6i mot mach hd ngudn dong ta co:

Z, =R /1,
Neur, 2 I0R, = R, //r, =R_thi:
Z, = R,

Hé s6 khuéch dai dien dp K, duoc tinh nhu sau

Hinh 1.38: 50 dd nrong dreong

1}

U, =- BL, (Re// 1) nhung I, = %

¥

L

25
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do do U =-[ ) (R // 1)

nén K, = {"_" = — ) Néur, > lOR thi K, =- ~
- I‘_ P

Trong phuong trinh trén, khong ¢6 B. tuy nhién gid ti cta B duge ding d¢ xdce dinh
*, ddu trir the hién dién dp ra nguoce pha véi dién ap vao.

11é s6 khuéch dai dong dién duac xac dinh theo cdch sau:

Theo luat phan dong cho ddu vao va dau ra.

ALY np

L= nen -ttt
ry o+ K, I, rn+R.
\.’(_:}’i l _(_Ile__l{_{(_..) n n — ..__}3..'"_’]_....
"R 1.,. R, + [

RA RS \'\ \( B Y R PR

Két qua K = - = : ‘
oA T K /_.il_\ Ry, + [ ( R HH, /5;

Neéur, > 10 R va Ry = 10fr, thi:

K=o PR
J(_ {F]'}{er;}

Quan he gitia K, va K, dirge the hién qua cong thie saw:

Ki =- KLI ’
')\r'
Vidu: 1.9: Véi sudohinh 1.49
—_— 70k .
. Xdc dinhr, ‘_ Ll %O U,
, B 100
2. Tim Z, v6i 1, = o Q L, "—% o= S0k
3. Tim Z, voir, = o Q2 Z\ l “

4. Xac dinh K, v&i 1, = 2 Q

‘N

.Tim K, véir, =9 Q

6. Lap lai tr 2 + 5 v&i r, = 50 KQ roi so sanh két qua
Gidi;
I. Phéan tich DC.

Soo= 2 .
lli = _'.._‘...’__.....[ [P 1 I___U _7 24’04 “_A
R, 47040

I.=(B+ D1, =010 (24.04 pA) = 2,428 mA
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. : Yopl
r, = H_(_)ml _ _(mrl_ — 10’71 0O
f, 2.428md

2. Br. = (100) (10,71 Q) = 1.071 kO
Z, =R,/ Br.=470kQ // 1.071 kQ = 1,069 kO
3.Z,=R.=3kQ

4. Ku = __{?\,- - - Skgl— — '2801 l
" 10.71Q '

5. VIR, 210 fr, (470 kQ > 10,71 k)
Ki=p=100
0.7, =r,//R.=50kQ //3kQ =283 kO so sdnh véi 3 kO

J= - e (28K 564 94 o sdnh véi 280, |

K= PRy (00)0470kQYS04Q)
L R ROR, By (50KQ + 3RO 4T0KO + 1.0714C2)

= 94,13 so sanh véi 100
Ki¢m tra:
7 (-264.0:
K=-K Z _ (_*64“:”_(_1069£2} =94, 16.
' 3£Q)

1.3.2.2. Mach phan ap

Mach phan dp nhu hinh 1.50

So do6 tuong duong hinh 1.51. Chii ¥, trong so do
twong duong khong ¢ Ry 1a do ¢ t4n 56 hoat dong
cua transistor, gia tri dung khdng rat nho nén (a coi
ngan mach R, d6i véi tin hicu AC.

Tro khing vao 7, :

Z. =R’/ PBr.

: R.R
ViR’ =R, //R,= 2 I,
| R +R, o T '
Tro khang ra : |
U _Z_’ R, <R
Z‘r = RL // r{] h Il
Nél.l I'“ Z 10 RC — ZI' ~ RC e e
R'.
Hé e kh uéch dai dién ép K. duoc Hink {.51: 5w do nemg diomg mack phin g
- - 5 ; v :

linh nhu sau;
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U]. = - (Blh) (R( // rf:-)

Vil, = ("J

i

R

f

Neur, 2 10 R, thi K, :if; .

H¢ s6 khudch dw dong dien K, -

So @6 hinh 1.48 giong voi 1.51 néu ta coi RY

K = { o PR
’ o r + ROR+ )
Ncu r.2 10R,.  thh:
K =l Arn R
oL ARy RS
Vaincu R* 2 10pr i K = - = =g
‘ / R
R . /
Quan he gima K, va K, 1 K, =- K, . RI

f

Vi du 1.10: Cho so d0 hinh 1,32 xdc dinh:

a. o772 K K vair, =70

dodo U, = - ok VIR /1)
I8

=R, /Ry = R, dodotaco:

I LAY
N
| ¥
S0k é §(m.8k£l
|
v, poug | (=
[ —— ; 4 — l“!.li" ‘_
-—> . [!, 4y 7.

j ikl
—» Q2 L
7. 82k S 1505 et

Hinh 1.52

b, viir, = 50 KQ xdce dinb cde tham o wén v so sanh K¢t qua ra,

Giai:
a. DC: Kicm tra PRy > 10R,
(90) (1.5 KQ) > 10(8 .2 K

135 KO > 82 KO — thoa man

Re . 82RO
Ro-R, T 36K+ 8.2KQ

U, =

U,=U,-Ug =281-07=211V

1, = Eo 2 — 141 mA
RS

- 20mlT _ ZomlT 18,44 O
¢ /. i1l ’

=281V
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+Z, = R/ Pr.= 715 KQ //(90)(18.44 )y = 7,15 kQ // 1.66 kQ = 1,35 kO
+7,=R.=68kQ

B
Fo 18440
Dicukien R” 2 1001, (7,15 kQ > 10(1.66 kQ) = 16,6 kQ ) khong thoa man. nen

B (O0) 713k
R~ fir 705460 - 166K

K =

=73.04

b. 7. = 1.35 kO
+ 7. =R/ e, =68 kQ /30 KO = 398 kO so sdanh vdi 6.8 kO
£ oor 39840

+K, = e =-324.3 5o sanh vai -368.76
Fo 18,440

Bicukicn: 1, 2 10 R (S0kQ) 2 10 (6.8 kQ) = 68 kO Ykhong thoa man. nén:

K = SR, _ (00X 7.1 SKQN304CY)
D R KRS ) GS0AQ - 68K 360+ 1.66KCY)

= 04,3 so sanh vor 73004

Vidicu kicn ry = 10 R khong thoa man do do T
K. K, Z, ¢6 sai khac. T
1.3.2.3. Mach phan cuc Emitter %R“ ii(

S do mach duve cho twén hinh .33, So do _I, (\' ! I/I et
twong duong nhu hinh 1.54. Sor dd nav o dicn 1o b & b - -
cuc . khong the bo qua duge dor véi thanh phin Z, g R, Z

AC. =
. . _ Hinh 1.33: Mook ploe oo eniirer
Tren so do khong 6 mat r,. Anh huong cia 1,

lam cho viee phan tich rdl phdc tap. nen

trong thue ¢ hau hét cie tudng hop ¢ o o B - (O_ Y
the ho qua. 3'
! ?[ir(, Come B«
Tu kinh 1.34 ta ¢6: — !
g, - ] r s
[J\ = I]‘l’..}]‘u + ]\R| { . o E OI 1 :i|‘+l}[|
R,
U =15+ B+ LR, ‘ ?
' O T _____ O
[ 4

Hinh L34 Sodo g decnyg mgehpshidi ciic ennires
Vi §§ thuong 16n hon 1 do doé phuong trinh ducce rit gon.
Zy = Pro+ PRy~ [ (r, + R;)

Vi Ry thudmg 160 hon r, rdt nhicw nen: Z, = 3R,

29
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Tré khiang vao : Z, =7, // Ry
Tro khang ra Z_ 0 V61 U, = 0V, I, = 0 va Bl, =0 s0 d6 1.54 ¢6 thé thay thé bing
mot mach twong duong hé mach. Két qua la:
ZI‘ = R(.‘

H¢ 6 khuéch dai dién ap K, duoce tinh nhu sau:

U
h Z;,
U,
U, =-LRe= BII)R(,‘ - ﬁ { Z—) R,
h
L, R
Nén K, = U: =-p Z
Thay th¢ Z, = B (r. + Rp) ta ¢o:
K L(; _ _ Rc‘
U, r+R,
Lay xdpxi Z, = BR,.
A
T L‘ R .

Hé 6 khuéch dai dong Ki:
Gia tri cua R}, thudng chon gan véi Z, nén cho phép xap xi I, =l,. Theo luat phan

dong vai mach vao ta s€ ¢ két qua:

l Rb’]\' nAn [h _ R.’)’
= —f2-nén =
" RB + Z{J ]1 RB + Z.’J
I
Honntia: 5~ =f
]z"}
e [r _ [r ]h _ RH
[)O do Ki - {\- B [r’? ]1' ﬂ RH + Zr’}
Z.

Quan hé pita K, va K, : K =-K, E
"
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Vi du 1.11 : Cho so dé hinh 1.55 khi WV
khong ¢6 C,. xdc dinh : ' CLh
d. TI.. ?ﬂnk 23k
' l()uP Ur
b. L" | R 110 O 2
. % [F =1 {l 7
.z S v, ~4uh :
I,
d‘ l\ll' — 1,56k 1 (OuF
L
c. K- g T
Giai : = =
a. Phan tich DC: Hinh 155

R 200 = 0.7¥
CTUR A (BEDR, A70KO £ (121)0.5640
= 35,89 nA

L=+ 11, =(121) (46.5 uA) = 4.34 mA

ro= 2ol . 26.{:1!-' =599 Q)
! 4.34m1-

b Z.=Br, + Ry =120(5.99 Q + 560 Q) = 67.92 kO
Tro khing vio: 7, =Ry // 7, = 470kQ // 67.92 kO = 59.34 kO
¢ Z.=R,=2.2KO

Uo R (12002.24Q)

LK, =" =-""+t= o= =-3.89
ST U T T 27T Teromo
50 5dnh v -3.93 khi tinh K, = R./R,.
( 9)4)’((2

104,92

1 M

V4
¢ Ki=-K, " =—(-389) - | =
R L2260

50 sdnh vai 104,85 khi tinh K, = BR,, (R, + Z.)
Vidu 1.12: Lam lai vidu 1.11 khicé C,
a. Phin tich DC nhunhau var, = 5,99 O
b. R bi ngin mach d6i véi AC do ¢6 tu C;.. nén:
Lo=Ry [/ 2, =Ry /] Br, =470 kQ // (120) (5,99 Q) = 717.70 O
C. L =R .=22k0

R, 2 . )
d. K = -"¢ = ;”;f = - 367.28 (tang 1én so vdi khi khong c6 C,)

-
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o PR (RO oo
S SR ST o WICIE X To S

1.3.2.4. Mach khuéch dai tai cuc E (mac CC)
Khi ddu ra duge &y tir cue E cla tranzitor nhu hinh 1.56. 50 dé duge mic cue C
chung. Picn dp ra luon nho hon tin hi¢u vio chut {t boi vi tiéu hao trén cue B 61 cue E.

do ds K, = 1 khong giong nhu dicn dp cuc C. dién ap cuc

L cung pha voi U, vadién dp U, = UL o
Vi teg Khdng vao 1dn va tro khang ra nho. so do nay e
thutmg duoe st dung d¢ phoi hop tro Khang. Hi¢u qua R, ‘
' . a . ar - —>
clia mach ¢6 the dat duoe tong duong v&1 mot bicn ap. L !
_J J | . ) o)l ¢,
Bé qua anh hudng cia 1, ta vé duge mach tuong duong C I ot
nhiu hinh 1.57 . Anh huong cua r, s¢ duoc XELsau. 7 gj‘[, v
Tré khang vao duoe xde dinh nhu cic mach trén VOL: L
o // 7‘ Hinh 1.36: Mach tai cie E
Va2, = pr, + (B + DR = PRy,
7., : Trés khang ra duge xde dinh qua phuong trinh
dong I
(J"rr
I, ="~ fir, J[u.{
L=
Zy, ‘
. . . e 1‘1 :
v sau do nhan voi (P + 1) dé co I Tacor « U
R, RS T
L"; |[|_:|[a1l|[h
IC:(B+1)111:(B+1)7— - L - L
-
Thay Z.. = gR Hinh 1.37; Sodo teony diong
¥ Ay = I
/3 + 1) L
i= RS
b+ (/f+ I)R T [ pen]e R
ﬂ.’ /6"1- ‘
nhung (B+ Y =Pva - ——=F—/ =1L, BN e
p+1 b |
“’ le 2—
. {J"r\_ @ L, § R r.
do dé I.= S . L.
ro+ R, | |

Vi dong I, duge xdc dinh theo cong thiic trén ta ¢6 thé v¢ Hing 1.38: Xow dinti 7,
duwcsie mach nhu hinh 1.38.
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Tra khang ra duge xde dinh khi U, = 0 nén 2. =R /1,

Vi R, thuong [6n hon 1, do do:

/. =1,
H¢ so khucceh dai dién ap K, duge tinh:
] R-’L'(jg\-
U .= R+
U R

Do do K, = U’L’ R np
1 ¢

Vi Ry thutmg 16n hon . nén Ry + r, = R, do dé:

K = _(_J’_’ ~ 1
YU,
H¢ s6 khuéeh dai dong dién K
) R, A 13‘ R,
Tacol, = R;s‘ ‘7 nén I R +£_.

{
va  L=-1.=-(B+1)I, n("-:n[—’:—(Bﬁ—l)

2

. v /r' I3 . 1
do dd K=, = ——(B+1)R 7

sy " I

- N n RH
vavi (f+D=pPnénkK, =

Rh’ + Z.f.\
Z.
Quan h¢ gita K va K0 K, =-K, R
3
Xét andr Juedng cra r, - Bang viéc tinh todn chi tiét s€ ¢o:
(F+DR,
Z‘\ L[\ = I-S]lu + R
1+
-

Ncu dicu kien 1, 2 10 R duge thoa man.
Zy=Pro+ B+ DR =P, +Ry)

_ Dr.
7. Zo=n IR

Coif+1=zf, Z. =1, 0/ R [, vavir,>>r1,, Z, =R, /IT,
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Neu dicu kien r, > 10 R;; duge thoa miin vacoi B+ 1 =

SR,

K,= Z—
nhung Z,=B(r,+R))
dodo K, = PR = e
O PULFR) T R, 12y
Vidu 1.13. Cho so dé hinh 1.59 xdc dinh: _ L
t, Z. Z. K, K. Khibquar, vakhir, =25 kO 0k i

va 50 sinh k&t qua

. o) .

Giai: O, - (_ﬁ?Ur
+ Khi bo qua 1, 7 VA
B R, ~(+1R, Hinh 139

_oreew
T 20kQ+ (1013340 CoTe b

L=(B+1)1,=(101)(2042 uA) = 2,062 mA
< 26:” 2_0(;:;;1 = 12610

Zo=Pro+ (B+ DRy =(100) (12,61 Q) + (101) (3.3 kQ) = 334.56 kQ = iR,
Z,=Ry//Z,=220KkE // 334,56 kO = 132,72 kQ

Z, =R /1, =33KkQ /1261 Q = 1256 Q=r.

L, R, 3.34C)

Ko=— = 2. C =099 = |
U, Ro+r  33k0Q-12.610
R, (100)(220k02)
M TR 2, T D0k 33456k =00
- s ooe L 1327240
K,=-K, 7 = —(0.99) - = - 40,06
%, L3340 )

+ Khir,=25kQ:

Diéu kién r, 2 10 R khong thoéa mén nén:
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(F-DR, 100 +1)3.340
Zo=Pr.+~ H = (100)(12.610) = % )’ © =2957 kO
l + i | - 33402
" 25402

VoI Z =Ry /1 2, =220k // 2957 kQ) = 126,15 k€2 so sdnh vai 132,72 KQ ¢6
duge trude do.
2, =R/ 1.= 12,56 Q nhu ¢6 duoe trude do,

(PHDRZ, (100 +1(3.3402)/ 295.740) (
K, = N 33402 = 0,996 = |

Phi hop vai K&t qui trude. N6 chung vaéi didu ki¢n r, 2 10 Ry khong thoa man. két
qua véi Z,. K, nhu nhau. 7, ¢idam khong ding ké. Tir do 1a thay. thue 1€ bd qua :inh
huong cuar,

1.3.2.5. Mach Base chung I, I I
’ — —» —
Mach base chung dic trung [ trd Khiang vao nho. °— 1 ' :Té . -
' . . “ - L. - . . o { o
o Khang ra lon va h¢ so khuéceh dai dong nho hon R ;R,__ | R -
PR . . e e N .. . » l: ) - : v l.[
mach EC. trong khi hé sé khuéch dar di¢n ap rat % i, 7

lon. So dd nhr hinh 1,60

e
s . l l
So do tuong duong hinh 1.61 © * + ©

. - Hinh 1.60: Mach OB
Theo sa do hinh 1.61

Tro khing vio: 7, =R, // 1,

I I,
i I. 1
Trokhangra: Z =R o] : j{ -0
¢ 50 khucéch dai dién dp ducce tink nhu . ' /l\ ’ "4,7-_
sdu: L, 7, R, él \fr aly, %R{ - L
U=-TR.=-- )R =alR, o J B l
‘ { Hinh .61 Serddéi nieme dieemp
V(i .=
I
. U,
dodo U = (- )R,
r
U aR. R
Vil K,= ="z ""
U, " ¥

Heé 56 khucch dai dong dien K@ coi R, >>r,
[.=1,

va L =-al, =-al,
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SUY ru K=- =-a=z=-i

Vi du 1.14. Cho s3 do hinh 1.62 xéc dinh:

FLI _* ey ii”:hl(l;
) o) ¢
b. 7\ ' i”( JTRIT 3
. r,= 13O % 7 1
C. ZI.- L T = ' — 7
d K, o ‘ l - ‘
e. K Hinh 1.62
Giai
| Uy =1 2V =070 1,3V L3 mA
a. = ——— . "= =" T =1.21mM
o R, 15O Vo R
26mb _ 2oml -
fe = I, l )mA o
b. Z, =R /r.=1kQ /200 =19.61Q=r,
(S Z]. - R(~ = 5 l\Q
K R, 5kQ ,
LK,=— =, = =250
G200
¢. K=-098=-1
1.3.2.6. Mach héi tiép AC tic cue C Lo
Mach héi ticp tir cuc C vé cue B nhue hinh g R,
1.63 dé tang do on dinh clia mach. Re | _(1 FG L,
Véi s0 do tuong duong nhu hinh 1.64. LG
. - . . . . . L, o= Y K
Cic budc thue ién sau day la két qua cua = A
—
kinh nghi¢m lam viée voi mach dién nay. Z, |
Tinh tro khkil]g vao 2, : Hinh 1.63: Much hoir ey e O
L"‘IYJ_ - (/'Ilr v
I =
R)r,‘ R, lr U,
U\ Cr 4 . 2 O
o N.I g
voi U, =-1R

_ I,
—
r i _/"‘
vi 1.=pI,+ T

Vi B, thuong 1én hon I’
= B,
\'El lJI' - - (Blh)R(' = - B[hR(_‘

- ——| -t
||Ia .

Hinh 1.64: 5o doi neem g deny
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U,
nhungl, = /3‘ nén
FH

R
| ST ..f.__L
|3 /j \R Uy
Vi the
U, -t R.U L l R.|
I _ o L { L v 1+_‘}L1
R, rR,. R, . ro

Mat khac:
U, =1Br.=d, + I"pr.=18r, + I'Pr,

R.
U\' - I\Bl‘c - RL{I T {"J[J]!",(.fv\.

r,
AR
N . |
Néen U 14 . LI + } L=1[r,
L e ]
- U, o
Tudosuyra: 7, = == oot
- /. S R
IR
R,
. Rr Rr'
Nhung R thuong lon honr, nén t + — =
r r,

o i r
lodo Z, = = ‘
do do Z, | R LR

R, B R
Trg khing ra 7, : Khi dau vao U, =0, hinh 1.64 dugc vé lai nhu hinh [.63.
Néu bo qua hudng ctta fr. thi :

Z. =R /R,

[1¢ 50 Khudceh dai dién ap duoge

tinh nhu sau; Ry
Tai cuc C ( hinh 1.64). SRR . o T

| 1
[ =Pl +1 Cimd fir. gm.@u R. ¢ Re 77
val gia tri Bl >> 1" va l = Bl _L 1

U =-LRe=-(BLIR¢
thay [, = U, / pr, ta cé:

Hinh1.65: Xdc dinh 7,
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U, = ,B‘_\ Rf-

L, R,.
Dodo: K, =" =+ -
L .

11¢ 56 khucceh dai dong dién K
U, = Uy, — U =0 tuong duong véi :
EBr. + (L, IR+ IR =0
vorl =Bl taco LPr+ LR - R+ BLR =0
nén I, (Pr.+ R, + PR =R,
Thav I, =1/t [, = BL, ta co:

I
?’3- (fr+R. - PR = LR

PR
pro+ R+ PR

suvra I, =

Br. rat nho so vén Ry + BR. ¢6 the bo qua. nén:

IR
NET TR 4R

Véi BRe >> R,. thi:

w_ L R R
‘1. R.+pR. TR

1

Anh lurcng cua v,

R Iir
I+
R,
Z,Tinh chiticts@ cokétqua: Zy="7 77 p 7,
5 ' R, R i

Va thuong R / Ry << | nén:
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. = 1T R, T 1 R. giongkét qua trudc

Z.: Z.=r,//R )R,
vair, 2 10R,

Z, =R // R giong kél qua trude
Vai diéu kién chung R, >> R,

7. =R

Voir, > 10R, :

R,
K,z ~ ’—
) UAY
Vidul.l5: Chosodd 1.66 xac dinh: 0
a. 1, 2,7k
IC.
bh.Z.. 180K L
Z ,—f\/\/\,_-—o—{ H U-
c.Z,. :
_ o =200, r,=0cQ
d K, U 6 -
My 7
c. Kl- —_—
Z.
I Laplaiteb +evéir, =20kQ —
Hinh 1.66

va so sanh ket qua.
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Giai:
o Vel V=0TV 11,53 uA
a. — o . — 53 s
ST RO AR IR0AQ + (200)2.74Q F
[, =B+ Dl,=201)(11.53 uA) =232 mA
R TR
I, 2.32mA
, e Mr2Q
b AT RN 270 =3605 €

AR, 200 180kQ

C. Z, =R // R =27kQ /] 180 kO =266 kQ

R, 27hQ
T 210

=- 240,86 Q

PR, (200)(1804Q)

3 - L= e S )
¢ K= R AR T IR0KO + (20002.74Q)
f. 7. @ Dicukiénr, 2 [OR_ khong thoa mén. nén :
R
I+ p
L= ko
R —+ N
M R R

Sau khi thay s¢ tinh duge Z, = 617,70 so vGi 560,5 QQ o trén.

Z 7. =1, /R R.=20kQ // 2.7 k2 // 180 kQ = 2,35 KQ so sanh v 2.66 k€2

g trén.
{ ! + 1}(1;}//??[)
R. 1,

Ke= " r IR
1+ '
R

¥
Thay s6 vao tinh duge K = - 209,56 so véi — 240,86 ¢ trén.

Zz .
ek 2 2005661770
"R 2.7402

{

= 47 .94 so sdnh véi 50 ¢ trén.
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8.8. Mach hoi tiep DC tir cue C.

So do mach duoe cho tren hinh 167, véi mach
nay. co dien trd hot ucp mot chicu de tang do
on dinh., tu Cy 8¢ thay déi v 1€ dien tro hot tép

tr dau ra vé di viwo cua mach doi vai thanh

phan xoay chicu,

. -~ 2 ur “ o . . (‘I —

Tar vang tan so fam viee, ww C; col nhu J .

- . - s i . ' — | - 4.
ngian mach thanh phan xoay chi¢u xudng miit 1, IT Z
vico dung khdng nho. So do wong duong nhu e

. ' N Hinh L67 Ml hoi tiep DC e €
hinh 1.68.

Tro khing vao:
7, =R /] DBr.
Tré Khdng ra:

Z,=R.JR I,

. Hinh o8
vorr, 2 10R

7, =R/ Ry,
He so khucch da dicn dp K, dugc tinh:

bat R'=1,// R, /Re thi U, =-BLR’

nhung .= nén U =--—R"
' B ‘ .
do dos K, = i Uz o
a /

L"! . R,’ // Rf '
Vi, > LOR thir K, = —==— %"

U ’
He s0 khucch dai dong dien K. duge tinh nhu sau:
R:"l ! ) /, R,
C O

vavai daura stedung R =r, // R,

l R‘ /3] i . 1’,. ﬂ_[_)_)_
"TORwR. N LT RER.
! R, 2R
Do dé: K|: _1_*' — I, . I = ﬁ._.é__ = I, = . ...___ﬂ_'f-_.l?..___ S
10, L RYRCR, + B 1 AR+ AR=R)
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Vi R, thutng 16n hon Br., nén R, + fr.= R,

I BR.GIRY - B

{0 R R, +RY 4 o«
R,
Hoac K, = . K, Z.
I, "R
Vidu 1.16: Véi so do 1.69 xic dinh: L2V
a. r. ]
KO
b. 7. 120k 68k yldour
. —0IuF |
c. 2. logF | 5:- g fi= 140
i K. U o }—s r, =30KG2
S — b -
e. K. & \ =
! Hinh .69
Giai
L., =U,,. 2v-0.7F
a.l[; — ot ey _ 1 .1 0 7 = 18‘6 M‘A
R, + BR (120k2 + 68KC2) + (140)340

I, =(B+ DI, = (141) (18,6 pA) = 2,62 mA

26mV 26mV
r = =
) !, 2,62mA

=992 Q2

b. Br. = (140) (9.92 Q) = 1,39 kQ)
Z. =R, //Pr,= 120kQ // 1,39kQ = 1,37 kO

c. Dé rang thay di¢u kién r, = 10R . thoa min, nén:
Z.=Ro//Rpn=3KkQ//68KQ = 2,87 kO

ui _ 68402/ 3402

d.r,> I0OR nén: K, =~ = -2833
' r 9.9202
\ K= P
e. Diéu kién R,>>fr. thoa man nén: "7 R.
1+
7l R,

Sau khi thay s6, tinh duoc K, = 122,8
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1.4. TRANSITOR TRUONG - FET

1.4.1 So luge cau tao cua transistor truong FET

1.4.1.1 Gioi thiéu chung

Khéc v6i transistor ludng cuc ma dac diém chu yéu la dong dién trong chiing do
ca hai loai hat dan (dién tir va 16 trong) tao nén, transistor truong (Field Effect
Transistor- FET) hoat dong dua trén nguyén Iy hi¢u ung truong, diéu khién do din
dien cua don tinh thé ban dan nho tic dung clia mot dién truong ngoai. Dong dién
trong FET chi do mot loai dién tich tao nén. Cong nghé ban dan, vi dién tu cang tién
bo, FET cang 16 o wu diém quan trong trén mat xu ly gia cong tin hiéu véi do tin cay
cao va muc ti¢u hao nang luong cuc bé.

Su khdc nhau co ban gita BJT va FET duoc chi 16 & hinh 1.66

Ue

a) -1 b

Hinh 1.66: So sanh BJT
va FET

Transistor hi¢u tng truong FET gom ¢6 hai loai chinh:

- FET diéu khién bdng tiép xiic p- n (hay goi la FET méi noi don ): Junction FET,
viét tat 1a JFET

- FET ¢6 cuc cita cdach dién : Insulated Gate FET viét tat 1a IGFET. Thong
thuong 16p cich dién 1a 16p o xit nén goi 1a Metal Oxide Semiconductor FET
(MOSFET hay MOS). Trong loai transistor truong ¢6 cuc ctra cach dién lai chia lam
hai loai la- MOS ¢6 kénh sin va MOS ¢6 kénh cam ung. -

Méi loai FET lai duoc chia lam hai loai kénh N va kénh P.

Transistor truong ¢6 ba chan cuc: cuc nguon (Source) ky hi¢u 1a S, cue cong

(Gate) ky hiéu 1a G va citc mang D (Drain).
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- Cuc nguon 12 noi ma cdc hat dan da s6 di vao kénh va tao ra dong di¢n

nguon I
- Cuc mang D Ia noi cac hat dan da so di ra khoi kénh .

- Cuc ctra G 1a cuc diéu khién dong dién chay qua kénh.

Transistor trudng c6 nhitng wu diém n6i bat so véi transistor ludng cuc BIT la
dong dién qua FET chi do mot loai hat dan da s6 tao nén, do vay FET la linh kién mot
loai hat dén . FET c6 tré khang Yao rét cao, ti€ng 6n trong FET it hon nhiéu so véi
BJT. FET c6 do 6n dinh vé nhiét cao va c6 tan s6 lam viéc cao. Tuy nhién né ¢6
nhuoc diém 12 hé s6 khuéch dai thdp hon nhiéu so véi BIT.

1.4.1.2 Cdu tao va ddc tinh cua JFET:

1. Cau tao va ky hiéu:

JFET dugc goi 1a FET ¢6 méi néi don, c6 hai loai la JFET kénh N va JFET
kénh P

JFET kénh N ¢6 ciu tao gébm thanh ban dan loai N, hai dau n6i v6i hai day ra goi
la cuc mang D va cuc ngudn S. Hai bén thanh bdn dén loai N Ia hai viing bdn dén loai
P tao thanh m&i néi p-n nhu diode. Hai viing nay duogc n6i véi nhau goi la cuc ctra G
(hinh 1.67).

JFET kénh P c6 cau tao tuong tu nhung chét ban dan ngugc lai v6i JFET kénh N.

Ky hié;.l cua JFET nhu hinh 1.68 a (kénh N) va 1.68 b (kénh P).

Cuc ming
(Drain): D

o..-.—.——
Cuc cong
(Gate): G

Cuc ngudn

o(Source): S

a) b)
Hinh 1.68: Ky hiéu

Hinh 1.67: Cdu tao transistor IFET

trieong JFET

e
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2. Ddc tinh:
Xét JFET kénh N c6 cuc D n6i véi duong
nguon, S noi véi am ngudn nhu hinh 1.69

A. Khi cuc G ho (Ugg= 0V):

Luc nay dong dién sé di qua kénh theo chiéu
tlr cuc duong cua nguén vao cuc D vara & cuc S dé

trd vé am nguon cua Upyp , khi nay kénh ¢6 tac dung

nhu mot dién troé.

Khi tang nguén Up;, dé tang dién thé Upg tix

Hinh 1.69: JFET khi U ;;=0V
OV Ién thi dong I, tang lén nhanh nhung sau d6 dén va Up>0V

mot dién thé gidi han thi dong I}, khong tang duoc
nira goi la dong dién bao hoa Ipgs . Dién theé Upg c6 Ipgs goi 1a dién thé ngéit Up (pinch-
off).

B. Khi cuc G ¢6 dién thé’am (Ugg< OV):  Hinh 1.70

Khi cuc G ¢6 dién thé€ am n6i vao chat ban dan loai P, trong kénh N ¢6 dong dién
chay qua nén c6 dién thé duong ¢ gita chdt ban dan N s€ lam cho mdi néi P-N bi
phan cuc ngugc 1am dién tir trong chit ban dan clia kénh N bi ddy va 1am thu hep tiét

dién kénh, nén dién tro kénh dan tang 1én, dong I, giam xudng.

Vung bao hoa
Uge= OV
Uge= -1V
Ug=- 2V
Ugs= -
ov Ugpy=- 4V
| L /L: 4
15 25 Uns

Hinh 1.70: JFET khi
cie G ¢6 dién thé” am

Hinh 1.71: Ddc tuyén ra cia JFET kénh N
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Khi tang dién th¢ am 6 cuc G thi muc phan cuc nguoc cang 16n lam dong I,
cang giam nho va dén mot gid tri giGi han thi dong Iy gin nhu khong con. Dién the
nay ¢ cuc G goi la dién thé ngat U,

Hinh 1.71 1a dac tuyén ra cha JFET kénh N dé chi su thay doi cta I}, theo Uy
ing v6i ting dién the Ugg 6 cue G (goi 1a ho dac tuyén I,/Ug).

Doi voi JFET kénh P: JFET kénh P ¢6 mach thi nghiém nhu hinh 1.72 véi
nguon -Up,, cung cdp cho Uy, dién thé cung cdp cho cuc G bay gio 1a dién thé duong
(Ug>Ug). JFET kénh P ciing ¢6 dac tuyén ra giong nhu JFET kénh N nhung co cac

dong dién va dién thé¢ nguoc dau.

+ Ip(mA)
7 Ugs= OV
° Ugs= 1V
5 —
! Ugs= 2V Viing
3 dinh
; Ui =4V thung
| y

l I : | | .
s 10 s 20 25 Uns
Hinh 1.72: JFET kénh P _ Hinh 1.73: Ddc tuyén ra ciia JFET kénh P

3. Ddc tuyén truyén dan:

Dai vai transistor ludng cuc BIT thi dong dién ra Ic va dong diéu khién I quan

he v6i nhau theo he s6 p:
Ic:f(lu):B-Ils

O day B Ia hang s6 con I 1a bién diéu khién. Moi quan hé nay dugc bicu thi la

mot duong thang.
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Con doi voi JFET, quan hé giita I, va Ugs duge dac trung boi cong thic
Shockley:

I,imA)

4 IpimA)

Ugs= - 6V
Ugs= - 5V
Ugs= -4V
Ugs= - 3V
_ | L >
U © 7 Ugs=Uy -6V Upg
Hinh 1.74: Cach vé déc tyén truyén dar nr ddac neven
rruveén dan
T 32
I = Ipgs-(1-Ug/Up) (1.1)

O cong thic 1.1 thi Inss va Up la cdc hang s6 . con Ugg 1a bién diéu khién.
Phuong trinh 1.1 bi¢u thi mo6i quan hé giia dong di¢n I, va dién dp Ugs. do thi bicu
dién clia n6 1a mot duong ¢6 dang gin nhu duong cong parabol, goi la dac tuyén diéu
khién hay dac tuyen truyén dat. Quan he nay duogc th¢ hién bang ham I,=f(Ug) khi
dien ap Upg khong doi. Ta ¢6 thé vé duge dudng dac tuyén truyén dat ndy bang céch
suy tu dac tuyén ra (hinh 1.74), hoac vé truc ti¢p theo phuong trinh Shockley

Qua duong dac tuyén truyén dat ta thay: khi thay doi dién dp trén cuc cna thi bé
day cua I6p ti€p xtic P-N s& thay d6i, lam cho tiét dién ctia kénh cling thay doi theo.
Do do di¢n tré clia kénh thay déi va cuong do dong di¢n qua kénh cting thay doi . nhu
vay di¢n ap trén cuc ctta Ugg da diéu khién duoc dong dién ¢ cuc mang 1,

Theo 1y thuyét, khi Ugs =U,, thi bé rong clia kénh giam xuong 0 va dong dién
mang bao hoa I,s=0. Nhung véi linh kién thuc € thi c6 mot s6 dong do van chay qua
kénh ngay ca khi ¢ diéu kién ngit | Ugs N Uy |

Dong dien nguoc cuc cong 1 1a dong dién chay tir cuc cong dén cuc nguén khi

cuc mang ngan mach véi cuc nguén trong truong hop | Ugs > | Up

Thong thuong dong I bang khoang vai nA déi véi FET che tao bang Silic
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4. Nhitng moi quan hé giita BJT va JFET : (hinh 1.75)

JFET
[, = L (1-Ugy/ Up)
I,=1s
P11, 1o =0A
IR
\j
[ =0A
..... - ]
JFET
: l
. v Hinh 1.75: Quan hé giita BIT va JFET Up=07V L,

1.4.2. MOSFET :

MOSFET duogc chia lam hai loai la MOSFET kénh lién tuc va MOSFET kénh

gian doan. Moi loai kénh lién tuc (kénh dat san) hay gidan doan ( cam tng) déu ¢6 phan

loai theo chat ban dan 1a kénh N hay P. Ta chi xét cac loai MOSFET kénh N va suy ra

cau tao nguoc lar cho kenh P.

1.4.2.1 Cau tao va ky hiéu cua MOSFET kénh lién tuc :

Nguoi ta ché tao san kénh dan dién gom hai ving ban dan loai N ¢6 nong do tap

chat cao duoc noi lién nhau bang mot kénh dan la ban dan loai N ¢6 nong do tap chat

thap hon . Céc 16p ban dan nay duoc khuéch tan trén mot nén la chat ban dan loai P,

phia trén kénh dan dién ¢6 phu I6p o xit cach di¢n SiO2.

Hai day dan xuyén qua 16p cach dién noi vao hai ving ban dan N nong do cao

goi la cuc S va D. cuc G ¢6 tiép xtc Kim loai bén ngoai 16p 6 xit nhung van cach dién

voi kénh dan, thuong cuc S duoc noi chung véi nén P .

1.4.2.2 Pac tinh cua MOSFET kénh lién tuc :
A Khi U, =0V:

Truong hop nay kénh dan dién c¢o6 tiac dung nhu mot dién tro , khi tang dién ap

Ups thi dong [, tang 1én dén mot tri s6 gidi han 1a [gs (dong I, bao hoa ). Dien dp U,

O tri sO I ctng goi la dién ap ngat U, giong JFET .
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Cue ming D

(Drain)
? Si0, Kenh N
N 37
o |
l S
o N ; : .
Cuc cong G /] én Cuc de SS D
(Gate) 5 (Substrate)
G I G !

& Cuc nguon S
(Source)

'S

Hinh 1.76: MOSFET lien tue Hinh 1.77: K¥ hiéu MOSFET

kenh N

B. Khi U, ..<0V:

Khi nay cuc G ¢6 dién thé am nén day cdc dién tur 6 kénh N vao ving nén P lam
thu hep tiét dien kénh dan dién N va dong I, bi giam xuong do dién tro kénh dan dién
tang Ién. Khi tang dién thé dm o cuc G thi dong 1, cang nho va dén mot tri sO gidi han

dong I, gan nhu khong con. dién thé nay ¢ cuc G goi la dién thé ngat U,.

C.Khi U, >0V:

I,imA) 4 Al

109 |
4_

Hinh 1.78: Cdc dac tring cia MOSFET lien nic kénlt N

Khi phan cuc cho cuc G ¢6 dién the¢ duong thi cdc dién (o thi¢u s6 ¢ mién P bi hut vao

vung N nén lam tang tiét dién kénh |, dién tré kénh bi giam xuong va
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dong I, tang cao hon tri s6 bao hoa Ijg. Trudong hop nay dong I;, 16n dé lam

hong MOSFET nén it duoc st dung.

Hinh 1.78 la dac tuyén ngo ra Ip/Upg va dac tuyén truyén dat I,/Ugg cla
MOSFET lién tuc kénh N.

1.4.2.3 MOSFET lién tuc kenh P:  (hinh 1.79)

.

1 v / 1
[_,.”:\.:[_.],z -6V u

Hinh 1.79: Cdu tao va cdc ddc tinh ciia MOSFET lién tuc kénh P

1.4.2.4 Cau tao va ky hiéu cua MOSFET kénh gidn doan (cam ting):

Hinh 1.80 gidi thiéu cdu tao cia MOSFET kénh gidn doan, hinh 1.81 13 ki hi¢u
cua chung.
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Kénh N Keénh P
D?

Khong co
Dy Si0), kénh dan

G Cue de
58
S{
Hinh 1.80: MOSFET gidn Hinh 1.81: Ky hiéu ciia

doan kénh N MOSFET gidan doan

Trong MOSFET gidn doan thi hai ving ban dén loai N pha nong do cao khong
dinh lién nhau nén goi la kénh gian doan. mat trén kénh dan dién cing duge pha mot
l6p O xit cach-dién SiO,. Hai day dan xuyén qua I6p cach dién noi vao viing ban dan N
got la cuc S va D. cuc G ¢6 tiép xic kim loai bén ngoai I6p 0 xit va cdach dién doi voi

cuc DvaS.

1.4.2.5 Dac tinh cua MOSFET kénh gidn doan: (Hinh 1.82)

Do cau tao kénh bi gidn doan nén binh thuong khong c¢6 dong dién qua kénh,
[=0 va dien tro gita D va S rat 16n.

Khi phan cuc cho G ¢6 Ugg>0V thi dién tich duong ¢ cuc G sé€ hit cac dién tu
cua nén P vé phia gitta clia hai viing ban din N va khi luc huat du [6n thi s6 dién tr bi
hut nhi¢u hon du dé nai lién hai viing ban din N va kénh duoc lien tuc. Khi d6 ¢6 dong
dien Iy, di tr D sang S, dién thé phan cuc cho cuc G cang tang thi dong I, cang 16n.
bien the Ugg du 16n dé tao thanh kénh dan dién goi 1a dién th¢ ngudng Ugg 4, hay Uy.
Khi Ugg<Uy thi dong cuc méng 1,=0mA hay khong c¢6 dong dién chay qua kénh (kénh

dan chua duoc tao thanh ).
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Dac tuyén ra va dac tuyén truyén dat cia MOSFET gidan doan kénh N duoc bicu

thi & hinh 1.82, khi U¢>U, thi dong [, va Ugg quan hé véi nhau theo cong thuc :
Iy =Kk {U(as”ul')z (1.2)
bay chinh la phuong trinh cta déac tuyén truyén dat & hinh 1.83b.

Hé so k 1a mot hang s6. né duoc xac

Bat diu ngat

dinh nho cdc gia i [}, va Ugg tuong ang trén

dac tuyén ra (ing voi moi mot diém bat ky
trén dac tuyén ra ta c6 mot cap (Iy. Ugg)
twong ung) goi la Iy ., va Ugg on)s Khi dO:

k= Il}lnm/{llfi.‘ilnm_ LI[I]3 (]3) U

Vidu ohinh 1.83b v
ll)[un] = 10mA khi l—’.(;!-i (on) = 8V
Hinh 1.82:Ddc tinh cua
=>k = (10mA)/(8V-2V)’ =0.287A/V* MOSEET kenh gidn doan
=>1, =0.278.10 (U, - 2V)" mA
1.4.2.6 MOSFE'T gian doan kénh P:

Tuong tu nhu MOSFET gian doc :
g SFET gian doan hinh 1.83 a,b,c
kénh N, hinh 1.83a mo ta ciu tao,
b-dac tuyén ra va dac tuyén truyén

dat cua MOS gian doan kénh P.
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plotmd o ima

| 81 Uyi= - 6V

. -

— o

— 3 s L = - 5¥

1y -

mE 3 U= - 4¥

-2 2

— | ['1'._\'._ - AN
S ' > »
6 3 1 lﬁ_ 2o o ! | SFNES) T CE AN

" hi v

Hinh 1.83: Cent tao v caie dee tiven cia MOSEET audn doan kenh P

1.4.3. Phan cuc cho FET
1.4.3.1. Gioi thieu:

Ta da bict rang miuc do phan cue cho 1 transistor ludng cuc ¢ thé dwoce thict lap
bang cich st dung cdc cong thic:

U= 0.7V le=B1;  valexl,

Quan he gitta ddu ra va diu vio duoe dac trung béi e s6 8. n6 14 | hing s6 thict
lip moi quan he wyén tinh gita 1 va 1. DOT v transistor trudng. méi quan hé giita
dau ra viv daw vao lai Khong tuyen tinh, su lien hé khong tuven tinh gitra I, v Uy ¢o
the Kum phuc tap hod khi phan tich FET & ché do mot chidu.

Su khdc bict naa gita BJT va FET la: bien dicu khién diu vao cho BJT i dong
dicn. trong khi & FET la dicn ap.

Cac cong thue chung doi vai FET:

[,=0A (2.1)

vt Iy=1 (2.2).

Béi vat JFET va MOSFET kénh dit sin thi cong thiic Shockley cho quan he giiia

dau vao va dau ra b

Ip=Tpss( 1-Ugy/Uy )’ (2.3)
Con doi vai MOSFET kénh cam tng:
= k(Ugy- Uy’ (2.4)

Dicu quan trong 12 t4t ¢d cde cong thie wen day 1i dac trung cho linh kién. chung

Khong thay doi trong qud trinh [am vi¢e. Mite do thay déi ctia nach dién

rh
=
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duoc coi nhu su thay doi cua dong dién va dién ap két hop vé6i dieém lam viée qua

phuong trinh ctia no.

1.4.3. 2 So do phan cuc co dinh. (hinh .84 va 1.85)

Hinh 1.84: So do phdan ciee co'dinh cho Hinh 1.85: So do nweong dicong o ché’do tinh
IFET

O ché do tinh (khi chua ¢6 tin hi¢u xoay chicu): I~ OA. va Uy, = IR, = 0A.R
=0V.

O ché do nay. mach tuong duong duoc vé lai nhu hinh 1.85.

Ap dung dinh luat Kirchhoff ta co: -Ugo-Ugs=0

hay Ugs=-Ugg (2.5)

Vi Ugg la nguon 1 chiéu 6n dinh nén Ugg cling khong thay doi. Do d6 nguoi ta
goi la “so do phan cuc c¢o dinh”.

Dong cuc mang I, duge tinh theo cong thic Shockley:

[p=Ipss(l 'U(:}S/UP)E.

Do thi bi¢u dién moi quan hé trong phuong trinh Shockley duoc thé hién &
hinh 1.86. Cho Ug=U,/2 thi dong I, = I;,s/4. Puong cong di qua 3 diém: (0 . Ipss)-
(Up. 0) va (Up/2. 1s¢/4) chinh la duong cong bi¢u dién phuong trinh Shockley.
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TIl)l_ITl.'\} Al“(mr\]
]DSﬁ
IlJ.‘;H
' IIJQ
[y d
y U, oy
{ Uiy ; L U,
Hinh 1.86: Ddc tuyen Hink 1.87: Tin dici fam
tinh vige

O hink 1.87. mic ¢ dinh Ugs duge bicu thi 1a mot dudng thang diing ¢6 phuong
trinh: Uge= -Ugg. Tai bat kv diém nio trén dudng nay ta ciing ¢6 Uge= -Ug . Lt d6 dé
dang xdc dinh duge mic I, twong ing. Diém giao nhau coa 2 dudng goi 1a diém lam
viée tinh Q.

Theo Kirchhoft: Ups= Upp- IR (2.0).
Vi cue S noi dit nén U=0V (2.7).
= Up=Up  (28) va Us=Us  (2.9).
Nhuge diém chinh cta cdch phan cuc ndy la can 2 nguon phan cuc, chinh vi vay
no it duoc sir dung trong thuc € va & it duoc dé cap trong héu hét cic muc tiép theo.
Vidu2.1: Cho cde sd'lidu ¢ hinh 1.88, tinh: Ueisor IppUps » Up, Uy, U

Griai:
* Sur dung phép tinh todn hoc:
Uge=-Upp, =2V
IDQ = IDS.‘S( - Ugg fUP )2
[0 mA[l- (-:2V)/(-8V))?
= 10 mA (1-0,25)
= 10 mA (0,75)*
= 5,625 mA.

I
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Ups= Upp- IpRp
= 16V- (5,625 mA).(2 KQ)
=475V
Up=Ups=4,75V
Ug=Ugs=-2V
U=0V

A] p(mA)

Ipss = 10mA

1 Ipg=5,6 mA

"] Ipes/d= 2,5mA

|

I

|

|

| |
M= .4V 0

Up-'— -8V UP!Z_ A U(;S(): U:::;= -2V

»
>

Hinh 1.88: So do cho vidu 12 Hinh 1.89: Cach tinh diung do thi

Su dung do thi: ( Xem hinh 1.89).
1.4.2.3 So do tu phan cuc:

Hinh 1.91: Phdn tich o ché'do I chiéu

Hinh 1.90: So do ur phan cuwe JFET
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So d6 tu phan cuc s& loai trir yéu cdu 2 nguén 1 chiéu. Dién dp diéu khién Ugg
bay git dugc xac dinh boi dién dp dat rén dién rd Rg dua véao cuc S nhu & hinh 1.90.
O ché€ do tinh (1 chiéu), tu dién ¢ thé thay the bang hé mach va dien rd Ry duoc
ngan mach vi I5=0A. Két qua ta ¢6 su d6 twong duong nhu hinh 1.91.
Dongchay qua Rg la dong [, nhung [g= I, nén:
Ups = IpRg
Chon chiéu cua vong nhu kinh 1.91, ta cé:
“Ugs-Ups=0 hay Ugg = - Upg
Suy ra phuong trinh tai tinh:
Uags = IR (2.10).
Luu ¢ & day Ugg 1a ham cia dong dién ra I, va khong ¢6 dinh nhu so dd phan cuc
cd dinh.

Tu (2./(}), thay vao phuong trinh Shockley ta ¢6:

I, = Lpss ( 1- Uy /Uy )2
= Iy (1= (-IpR/Up ]2
=1, = I+ [RJU )?

Day [a mot tam thiic bac 2 d8i véi 1, dang tong quét ctia né: P+ K\ I, + K, =0
chinh la phuong trinh cta 1 dudng cong Parabol- goi la dac tuyén tinh (dac tuyén
truyén dat) (hinh 1.92)

(2.10) Ta s& biéu dién d6 thi cha phuong trinh, day 13 phuong trinh cua | dudng
thang nén cin xac dinh 2 diém:

Dié¢m thi nhat:

cho I,= 0A

= Ugs=-IpRs=0V

va diém thit hai:

cho Ijy= Ly /2

= Ugs=-IpRg= -Ijss Ry/2.

4 [ (mA)

I D55

Lyssd
Ue=0V, I,=0A(U .= - [,Ry
Uy 0 Uss

Upﬂ"lz
Hinh 1.92: Bdc tuvén tinh
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N6i 2 diém nay sé duoc duong tai tinh. Giao diém cta duong nay véi duong
cong déc trung cua linh kién- dudng dac tuyén tinh, chinh la diém lam viéc tinh.
Muic Upg ¢6 thé duge xac dinh béi dinh luat Kirchoff:
Ugs + Upg + Ugp — Upp= 0V

va Ups = LRy, Ugp=1IRp, Ip=1Iq

= Ups =Upp-Ip (Rg+ Rp). (2.11)

— Us =1IpRg - (2.12)
U, =0V (2.13)
Up = Ups + Ug = Up, — Uy (2.14).

Vidu 13: Cho cdc gid tri biéu dién & hinh 1.93. Tinh :  Ugg, I, Uy, U, U

Up. 1,=8mA,U=-8V
Giai:
/ “D(m;\}
A"~ mmmmTmmmmmsmeeeees — 8
i
20V i
I, T |
‘L{ 3.3k0Q i e
5 i Ip=4mA,U;s=-4V
b N 4
|
|
|
j 2
i Ugs=0V, I,=0mA
1
Rs € 1kQ ———— 2, Ugs(V)
' ? 8 6 -4 2 0 :
—— - (Up) (Up/2)
Hinh 1.94: Cdch tinh dung do thi
Ta co:

Ugs= -IpRg (phuong trinh duong tai tinh).

Chon I,=4 mA = Ug = ( - 4mA) (IKQ) = - 4V

Ta vé duoc duong tai tinh nhu hinh 1.94.

Vai phuong trinh Shockley (phuong trinh dac tuyén tinh (hinh 1.101).
Giao diém clia duong tai tinh va dac tuyén tinh 1a diém lam viéc tinh Q. toa
do cta diém nay la: Ugg, = -2.6V,I;,, = 2,6 mA,

Ups = Upp-Ip(Rs+Rp)
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T[”i m\) IimA)
Bl 3
4 4
o= 2.6mA
) et 2
— » -
() 0
Uy Up2
Hinh 1.95: Cach tinh ditng do thi Hinh 1.96: Xic dinh dicm Q

=20V- (2.6 mA ). (1IKQ + 3,3KQ)

8.82VUy  =1,R¢=(2,6mA). (IKQ )
=2.6V

U, =0V

U, =U U, =882V 42,6V =1]42V

1.4.3. S0 do phan cuc phan ap:

O so do phan cuc phan dp doi véi transistor FET (hinh 1.97), cac linh kién

Tl’.-,“ Uy,
1<,< R

f

Tl.l_ p—
¢
i

IR

Hinh 1.97: Mach phan cuc phan dp Hinh 1.98: So do twong dwong

dugc bo tri giong nhu phan cuc phan dp cho BJT. nhung & trang thai tinh thi su

phan tich doi v6i 2 so do thi hau nhu khic nhau. Dai v FET. I = 0. nhung do 16n
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[, cua so do chung Emiter doi voi BIT lai anh huong dén ca dong vivdp o dau vao va
dau ra cua mach.

Dong 1, trong sa do phin cue phan ap doi voi BIT chinh fa dar Iwong lien Két
9ilta ngd viwo viv ngd ra. con d61 v FET thr var oo nay L la Uy () ¢he do tinh. ta ¢o
so do tuong duong nhu kinhl.98.

Khi 1; = OA thi I, = Ig, va dién dp chinh Ta di¢n ap dat weén Ry

- R o L P
o= (2.15)
R, + R,
[_/'(; _L‘[(}H_LJI{S: 0 IT[':'. L’-]{S = [\,I{\.‘: l]}[{_\
T L"(;S - l_:(; - Inl{_g (2 l 6}
Phuong trinh (2.16) Limss
chinh la phuong (rinh dudng

a1 tinh.bicu dién mai guan s

hé gitia Ug, va L, no ctng la
- . 2 R U=l LRy

mot duong thang, DE xac

dinh dudng thane nay tré
inh duong thang nay trén a0y 1T, R

dic tuven truven dat ta cting -
: - - : = ~y

. . e . 1=l =00
xac dinh 2 diem nhu hinh 1.99. \ T
, o . . Ce e . T >
Giao diem cua duong tat tinh N 0 -
B [£1.3

+ [
e _ o - .. " e i o reodfind Fe fan vie
véi dac tuvén tinh (dic tuyén truven dat) Hink 1.99: X dinh dicui fin vid

chinh 1a didm tam viée (inh Q cic gid tn tinh twong g cia no 1 Iy, v Ugy,.

Khi cic gid tri pay duoe xac dinh th ta e

UIJS: U]_){_)' [|)(RU+R_\.;J (2[9

Uy =Up,- iRy, (2.20)
Us = 1Ry (2.21)
[ == U AR +RS) (2.22)

Vidu 2.3: Chosodo hinh 2,17, tinh.

i dpy va Uyt by, -
('}I{_"!_g . (!_jl.!;!]r)_'\' . ¢ }(.-"rl.l}f; .
Giarn

) Dai vat die wyén truyen dat

NGU Iy = Tpgg/h = SmA/ = 2mA thi Uy = Bp/2 = -2V

0



KY THUAT MACH DIEN TU

Ta vé duoc dac tuyén nay nhu hinh 1.101.
Taco: Ug= R,Upy, /(R+Ry) = (270 KOQ)(16V)/(2.1MQ + 0.27TMQ) = 1,28V
Ugs=Ug = [pRg = 1,28V — [, (1.5KQ)

| ._.___.__._.' 16V “I]}i m\)
i g
< 24K
§2_1'\I 2 OuF, |, 8 (Ieq)
e [«=8mA
L, U =av
o I,=2.4m
= Qz\l.!lm.\il as=0V
{ l“ o iy U .=1.82V .
| U= - 1.8Y v
- (I,=0mA)
Hinh 1.100: Ser o chovi di 14 Hinh 1.101: Minh hoa cho vi du
Khi I, = 0 mA: Ugs = +1.28V
Khi Uoe = 0 V: I, = 1.28/1.5=1.21 mA.

Ta xac dinh dugce duong tai tinh nhu hinh 1.101va di¢m lam viée tinh co gia tri:
o = 24 mA Ug, = -1.8V.

byUy = Upyy- IR, =16-2424=10.24V

¢) Ug =R = (2.4mA).(1.5kQ) = 3.6V

d)Ups=Upy — [p(Rp+Rg) =16 -2.4 (2.4 +1.5) = 6.64V

¢) Upg = Up-Ug =10.24 - 1,82 = 8,42V

1.4.3.5 Cac loai MOSFET kénh dat san:
bac tuyen truyen dat cua cac loai MOSFET kénh dat san ciing tuong tu nhu doi
voi JFET nén o ché do tinh cdc phan tich cting tuong tu. Chi khac la doi véi dac tuyén

truyén dat. khi Ugg> 0 thi I, vuot qua gid tri bao hoa.
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Hinh 1.102: Sodo cho vidu
. 2.3

’ \\- P

. - oo 2

lI' . l.t,\
U= - 08

Huth L0380 o tevdn il v
caede v deih decres O

Vidu 15: Cho so dé phan cue cua MOSFET kénh N dat sin véi cde gia tri nhu

hinh 1.102.
Tinh: w1, va Ugy,
b, Uy,
Giai:
I, = [/ =6mAMd =1.5mA.
Ups = Up/2=-3V/2=-15V

a. DE ve dac tuyen truyén dan. ( xdc dinh didm:

Ta can xde dinh | dicm nia kht Uge> 0. cho U= 1V

>y = g (- U /U )’
= 6mA [ (+1V/(-3V)
= [O.67 mA

S

Ta xde dinh duge dic tuyén ruven dat nha hink 1.103. Ap dung cic cong thic

tuong (v nhu JI'ET. ta ¢o:

Tor cong thue (2.15): U, =

TOACHIRE )
10312+ 110110

Tucong thae (2.16): Uy = U - [[Ry= 1.5 = 1,,.750

[,=0mA = U, =U;=15V

LU= 0V l)= Us /Re = 1.5/750 =2 mA.

T do ta xic dinh duge dudng t tinh va diém lam viée tinh: I,,=3.1mA.

U(i.‘i(\) =08V
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b. Ups = Upp—Ip(Rp+ Rg) =18 V- (3.1mA)(1.8kQ.750Q) =~ 10.1 V

Vidu 16: nhievi du 15 nhung voi Rg=1500

Giai:

a. Phuong trinh duong tai tinh:

Ugs=Ug- [pRg = 1.5 V-1, (150Q)

Cho Ip=0mA = U,=15V

Uss=0V = 1,= Uy/Rg =1,5/150 = 10 mA

Ta vé duoc duong tai tinh nhu kinh 1.103. chi y 0 day diém lam viéc tinh véi

dong cuc mang da vuot qua I,
Ing=7.6 mA © Uggo=+035V
b. Ups = Upp- I (Ry+ Ry)
= 18V-(7.6mA) (1.8kQ + 150Q) =318V

1.4.3.6 Cac loai MOSFET kénh cam ing:

bac tuyén truyén dat cta cic loai MOSFET kénh cam ung thi hau hét déu khac
volr JEET va MOSFET keénh dat san.

Dau tien. can nhic lai rang doi véi MOSFET kénh N thi dong I,=0

khi Ugg < Uggan (dién ap ngudng- Threshold).

Khi Ugs > Uggeryy thi Iy=k(Ugs- Ugg iy ) (1.23)

Khi da xac dinh dugc ro dién dp nguong va I miuc cua dong cuc mang (Ip,,,) va
UGsion) tuong ting thi ta s& xdc dinh duoc hé s6 k:

1. Phan cuc bang hoi tiép:

U i‘

Hinh 1.104 (Phan cue hoi tiép ¢ho ik 1105 Sordo neong
MOSFET kénh cdam iing) :
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Mot cach phan cuc cho MOSFET kénh cam tng nhu hinhlI.104. O ché do tinh,
khi I;z=0mA va U, =0V tavé lai so d6 nhu hinh 105.
Mot su két noi gitia cuc D va G sé duoc tao ra, két quala Up= Ugva
Ups = Ugs (1.24)
O daura: Upg = Upp - [oR
=> Ugs=Upp—IpRp  (1.25)
Phuong trinh 2.25 1a phuong trinh clia mot duong thang, chinh la dudng tai tinh,
dé xdc dinh no ta ciing xac dinh 2 diém:
Ugs= Upp | Ip-oma Ip = Unn[Rn‘ UGs-o
.
Xiac dinh giao ctia duong thang nay véi dac tuyén tinh ta sé xdc dinh duge diém

lam viéc tinh. (hinh 1.106). -

I
I ¢ 2K

1 DO

0

Hinh 1.106: Duong idi va diem lam viéc Hinh 1.107: (So dé cho vi di 2.6)
1nh

Vi du 104: Xdic dinh l,va Uy, & hinh 1.107
Giai:

*Xdc dinh dac tuyén truyén dan:

]IH R
k = = =0,24 x 10* A/V?
(Uc';sum) o UGS‘{ Th) )2

* Cho Ugs =6V (gitta 3V va 8V)
[,=0.24 x 107 (6V-3V)’
=2,16 mA
(Xem hinh 1.108 )
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F 3 l“ & l];
L= 10V, I,=11,76mA
10 10}
| UpniR,,
S
1,,=2.75
Y -t ———--
|
l{_.ﬁ: 6V, 1,=2.16miA !
l g -
r o6 8 { 3 6 8 12 Eis
Lasern U L s =64V
Hink 1108:Xdc dinh diic tovin Hinh £.109: Xdc dinh didin lin

*Cho Ugy= 10V (>Ugg i)
Ip =024 x 107 (10V - 3V)
= 11.76 mA.
* Pudng tai tinh:
Ugs = Upn- R
= 12V- [,(2k)
Cis= Upp= 12V
Iy = Upn/Ry
= 12V2KQ
=6mA | Uy = 0V

Il= 13 mA.

Ta vé duge dudng tai tinh, dudng tii nay cat dic tinh truyén dat tai diém Q chinh
1a dicm 1am viéc tinh (hinh 1.109) v6i:
lpp=2.75 mA. Ugsg= 6.4V = Ugso

2. Phan cuc bang dién dp phdn dp: (hinh 1.110)

V&1 I5= 0 mA. ta ¢o;

R‘.I”.‘J'}
U, = 777 1.26
Y R +R, (1-20)
Uge = Ug- IRy

UI)S = UDI)_URS' UR!)
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i

—

Hinh 1.110: Ser do
phdn cue phdan ap

= Upg = Upp- I (Rg+Ry)

40V
T

0

Hinh 1.111: 5

S2K

7 do

chovidu 17

(1.28)

Vidu 17: Tinh ly),. Uggq va Upg voi cdc so licu 6 hinh 1.111

R.U,,

- = 18V
R, +R,

Giai: U, =

Us = Ug- IR = 18— 1, (0.82kQ).

Khl ln - () ]-[LA = U(ES = 18V

Khi Ugg =0V =1, = 18/0.82 =21,95mA

= Ve duoce duong tai tinh nhu hinh 1.111a.
V61 Ugg= 5V, I yn= 3 mA khi Ugg o

=10V

I X o)

F

20

k = - .o = 3mA /(10V-53V)

(('JIII( iStom ("( WS )

[0

Lhg=6.7n|.

v [imA)

U,/Ug=21,95

0

Hi
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= 0,12 x 10 AN

In=K (Ui Uiem) =002x 107 (U -5

=> Ta ve duoe dac tuyén dat nhu hinh 1.111a

Grao cua dac wyen véi dudng tai tinh chinh 1 diém lam vice tink Q. vai:
o= 0.7 mA Uisg = 12,5V

Ups = Ui — IIJ(RS+R|))

th

=40V (6,7 mA) (0.82kQ2 +3.0k) =144V

1.4.3.7 CAC LOAI FET KENH P:

O cic phan (rén ta mai chi xét sy phin cuc cho ¢dce loai JFET kénh N. Dot véi
cde loal FET kenh P thi dic tuyén truyén dat ¢ nam doi xung so var loal kénh N qua
truc Iy nhu hinh £.112.

Chi ¥ rang 0 mdi so d6 hink 1.112. chidu cla cdc dicn dp ngudn cung cap va
chidu cde dong dien thi nguoe lai so véi FET kenh N, Trong trudmg hop FET kénh P
thi U fuon duong (¢6 theé duong hoice am d6i véi MOSFET ¢6 kénh dat san). con Uy,

thi luon am.

F Ii]
’-l j¥]
|
Ry, { | P
Y

L]

o

R

|
!
I
VAN

Hind §.7f2u)

o7
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T - lIIJ]}
¢ t,
g R,
.—’ [i]}]):lRII
2 t,
Rh’ 5 .J +
. U
o ¥ (}
+
Ui
| Pe >
= Con Uiy 0 Las

Hinh I .£12¢)

Vidu I18: Tinh Iy, Ugg d6i v6i JFET cho 0 hinh 1.113.
Giai:
Uy = [20k€ (-20V)] / [20k€2 + 68kE2] =-4.55V
Co Uiy =U, + IR .
Chon I, =0 mA = U, = U, =-4,55V
Uy =0V =1, =-Uy/Rg=-455/1,8 kQ =253 mA
K&t qua ta vé duoe dudng tu tinh nhu finh 1114
T dé ta xdc dinh duce 1oa do dicm lam viée tinh;

L= 3.4 mA Ugsg =14V
Theo Kirchoff: -I,Re + Uy — IRy + Uy, =0

= Upg = -Upp + IR+ Rg)
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20V 4+ (34 mA) 2.7k + 18kOD))

Uy =14V

=-47V.
—- e - 20V o
I z ’ I:: b
68KE ?2.'&-;2 Ly
6
>+
(, _ l ll[J.‘w ) i :
|
I
20KE) { , |
— . + - __’.
FiNe! 3 iy 0 "3 [-4 o
I
g ..,.

; e X 1 Y
Hinh P EIY:Hinh mindt hog vidu 2.8 Hinh 1120 Xic dih diin Q

-

1.5. Phan tich ché do tin hiéu nho dung FET

1.5.1 GiiGi thi¢u:

Khuéceh dai dang FET ¢6 do loi dien dp tot véi dac trung trdy khdng diu vio cao.
Ching cang duoe su dung trong cde so dd ¢6 ticu hao nang luong thap vai giai 1an s¢
thich hgp viu kich thudge, trong luong nho. Ca hai loui JFET va MOSFET kénh dat san
déu duge thict k& dé dang vo1 do loi dién dp nhu vay. Tuy nhién mach dung MOSIET
kénh dat san thutmg ¢o trér khang vivo cao han so vai so dé su dung JFET tuong ting.

Trong khi o BJT dong dien daw ra (dong collector) duge dicu khicn bang mot
dong di¢n 0 dau vao (dong base). thi & FET dong dién dau ra (dong cuc mang) la
duge dicu khicn bang di¢n dp ¢ dau viw (di¢n dp céng). N6i chung. BIT 1a mot linh
Ki¢n duoc dicu khién bang mot dong dicn vi FET la linh ki¢n dudc dicu khién bang
dicn ap. O ca hai trudmg hop. chu ¥ rang dong di¢n Ia dai luong bién thién duge didu
khicn. Do FET ¢ dac trung diu vao lém nen cdc so dé twong duong cua néd ¢ che do
xoay chi¢u du sio cung don gian hon so véi BIT.

Trong khi h¢ s0 dac trung cho ché d khuéch dai cta BJT 1a f thy 0 FET la do ho
dan g,

FET ¢6 th¢ duge st dung nhu mot bé khuéch dai tuyén tinh hodc mot linh kién

sO trong cde mach logic. Thue (¢ MOSFET kénh cam tng xud hién kha pho
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bicn trong cac mach so0. dac biét [a trong cdc mach CMOS véu cau luong ti¢u thu nang
luong ral thap . |

Cing nhu BIT. cde thong s6 dac trung cho su khucéeh dai ctia FIET duge phan tich
trong chuong nay bao gom do lot (1é so Kutech dui) dien dp. v Khang vao vio ted
khang ra.

1.5.2. Mo hinh cua FET o ché do tin hi¢u nho :

Trong ch¢ do tin hicu nho. mot tinh ¢hat cua FET dugc tng dung 1a ding dién ap
dal gitta cyc cong va cuc nguon dé diéu khién dong dien chay it cue ming vé cuce
newon (dong dién trong kénlh ddin ).

Ta da bi¢l rang & che do tinh dién dp Ugg dicu khién dong mét chic¢u I, thong
qua guan h¢ duge biéu dién theo phuong trinh Shockley:

I=1 el 1-U i/ Up) <1.26>

Khi thay doi dién dap Ugg s€ lam thay doi dong cue mang 1. su thay doi iy duoce
dic trung b d6 ho dan g,

e, =Al/AU, <1.27>
1.5.2.1. Cich xdc dinh g, bing phuong

phap hinh hoe: (hinh 1.115)

[ERT

Xét dac tyén truyén dat trén hinh 1.121.
ta thiy rang g, chinh la do¢ doc cua dic tuycn tai

dicm lam viéce. DO la;

L, | 0

€= M = Ay/AX = Al /AU, <1.28> Hinh 1115 Xic dinh g, nhe dic iyvon

{raven et

Trén dudng cong dac tuyén truyén dat, 16 rang la do doc cha né (chinh la g,,)
tang lén khi diém lam viée thay doi tie diem U, dén I . hay ndi theo cach khic, khi

Ugs tang dén dén OV thi do 16n cua g, cling tang 1én.
Vidu 19: Xdc dinh g, cia mor JFET vor e =8mA va Up = < 4V 14i cde didm

phidn ciie:

@} Upg=- 05V
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wj L = - ]Sy
by Ui = 250

Criaad -

Trude tien ta phai v¢ dic wycn lruyén pip (mA)
dat cua JFET, phuong trinh ctia dac tuven i b8
Iy =1t F-UG/ULy a
) . . gpal—05YV 2.1
hay: [, = 8mA-Un-4V))* ° T me
. ff,=>.\'m.»\(l 5
thinh 1.116)
4
Ta xac dinh duoe 3 didm wuen dac ,
luyén dmg véi Vo = - 05V . - .5V 3
va - 25V, 1
o é [ | !
g =ALAU =2 TmA/L6V =3 5my [ 2 -l o
o g B N A
by 2.=1.8mAQ.7V=2.57ms : 1oV

~ ) _ ol FI22: Nde dindt g, cho vedu 19
gL =1OmA/LOV=] Sy

1.5.2.2. Tinh g, bang bieu thiic todn hoc:

Phuong phip ding dac tuven truyén dat d¢ xdc dinh .. co tu dicm 1a tue quan.
don gian nhung thudng cho gii tr1 khong chinh xdc mot cdch tuyet don. Vi vy ngudi
t co the xde dinh g, (0 ¢dc hicu thic (odn hoc dua vao tinh chat: daer fian fetl ot

dicnechindt 1 do dee (he SORACH L 1Ep taven i diom des

Al L JU
Ty I[}S\( I 'LJ(‘IS/LJ']J) .

di,,
AU O AU |0 AU,

dl,,

[}

rr

= 2L [ 1-U /UL [d/dU- UUJ’-dqu/dU(;.&;J

~ .
"_]l.)SS [—’(_iS
= gn=" ) I- — <29 >

U, | U,

Oday U ‘ bicu tht gid tri cla o ] ludn duone .
A | = H = =

T cong thire 1.29 1 thay ¢ dat gid rf max tai Upe=0V. Khi dé -

=m
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;
27,
g‘mt.‘ = L < ‘)0>
Giari g, bicu thy gia tr1 g, tai diem ¢6 U = OV,
Ta o
o =g (1-U /UL <1.31>

Vidu20: Cho JEET o6 didce tnyen truven dat nhrvi du 19
) Tine gid i iy e ¢,
by Tindt g, t1ar cde dicn rong vi du 19, so sdnh két qua.
Giai:
27

A D
d) L. = ';,:{, = H8mAHN ) = dmy

¢p Tai Ui = <05V g =dmst1-(-1 5V )i-dV jj = 2.5msts0 voi 2.57ms)
U= - 2.5V g =dms(1-(-2.5V)i(-4V )i=1 Sms(so vai 1.5ms)
£.5.2.3. Anh lwong cua l,toi g,

Mo quan hé todn hoc gita g, va dong phan cue  tinh [, s¢ duoe xac dinh wr
- 11 = d [ ; :

phuong trinh Shockley v duoe viét dudn dang sau :

l‘L't;s/L-:l’ = \.f_.-. J'F_.-J_\-_;- <|.32>
- gn'. = gm-ﬁ '( l _L'!(iS/LII’) = gmlﬁ! A\ ‘F !_-'J.\\. < l 32>

Ta s¢ dung 3.7 d¢ xie dinh g, 6 motso gid tri dice bict cua I

+néu I =l 0 =g

o el

+ncu 1,=1,./2: g =g /2 =0707¢

Pyl

+meul=l/4 e =g.0/2 =052,

?:n il

1.5.2.4. Tro khang vao Z; cua FET :

Trd khang vao cua FET Jardl 1dn v ¢é the cor gan ding no Ja trs Khing o cda
vao cta mot ha mach.

Z(FET)=»Q <«1.34>

V61 JFET . 7. =100, con d6i vai MOSFET thi Z,=10""+10"7Q.
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1.5.2.5. Tro khang ra Z,: 2 lyimA)

Tro khang ra ciua FET

['ro khang re I'E Uees OV
thuong duge bi¢u dien vai tham s =
5O dac trung la hon hop ra vy, o = U= - 1V
(0 la bicu thi dau ra output . s bi¢u g -

) 4 I "

thi [ay ra o cuc nguon) don vi 3 Al Uge=-2V
cua y,, thuong la puS i

/I(ILT) =1y = ]/.\"Ius <1336 U=l -6V Ugs

Iro I\hil[lg ra dll'(_)'L‘ Xac dU]h Hinh 1.117:Xac dinh tro khdang ra

tren dac tuyen hinh 1.117, no chinh la

do doc cua dac tuyen so voi dudng nam ngang tai diem lam viéc, dac tuyén cang nam
ngang thi tro khang ra cang Ion. Ta ¢o:

= AJ | Uy = constant <1.36>

J'l]
bien tromang ry bicu thi su anh huong cua dién dp cuc mang Uy t6i dong dicn
cuc mang Iy, khi di¢n ap trén cuc cong khong doi. Nhu vay. dién trd méang r, chinh 1a

tro khang ra cua FET ¢ ch& do xoay chi¢u trén cuc mang.

Hinle 1118 Sordo twong duong

1.52.6. Mach tuong duong cua FET o ché do xoay chiéu :

(hinh 1.118)

O 50 do tuong duong cta FET, su dicu khién cta dién dp Ugg t6i dong 1, duoc
bicu thi bang nguén dong g, U, duoc ndi gitta cuc D va S, chi¢u cua nguon dong nay
la chicu tir D dén S, n6 thi¢t lap mot su dao pha 180" giira dicn ap dau vao va dau ra
Khi FET lam viéc

Tro Khdng vao duoe chi ra bang hd mach ¢ ctia viio va tr¢r khang ra chinh 1a dien

ro' ry gIfa mang va nguon .
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Trong nhung truong hop khi ry khong duge nhac dén (gia st du lon tuong tng véi hG
mach) thi so do twong duong s¢ don gian [a mot nguon dong ma do 16n cta néd duoc

[y

dicu khi¢n bang di¢n dp U va tham so g,,,.

1.5.3 Sodo phan cuc co dinh cua JFET :

1

.J)lr
Ry
C,
¢ ¢ [: ‘ |
._|'_. !
l‘—-—» g S - T S 7
SR, T ? R, ™
7 1 '
T t 5
___l,__ L G _— - *

_ Hinh 1.121: Tinh 7,
Hinh 1.119: So do phan cuc co dinh cho

S0 do phan cyc co dinh doi voi JFET duogce bicu dién trén hinh 1.125 so d6 tuong

duong hinh 1.119.

Khi cac gia g

n Va rg duge xac dinh tr sy phan cuc thi mach thay thé tong
duong vai ngan mach vi dién khdang X =1/(2TTfC)la rat nho so vé6i cic tro khang khac

cua mach, dong thoi cdc nguon mot chicu Ugg va Uy, déu duoc dat & gid tri

Hinh 1.120: So do wwong dicong cria mach hinh 1,119

OV bang ngan mach twong tng . Chi¢u phan cuc cua Ugs xdc dinh chi¢u cua nguon

dong g,,Ugs, néu Ugg 1a am thi chi¢u cua ngucn dong la chi¢u nguoc lai. Tin hicu vio

ky hicu la U va tin hicu ra dat rén ry kv hi¢u laU,.

+) Z,: hinh 1.126 da chi o rang: 7, =R <1.37>
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+)Z,: cho U, =0V nhu dinh nghia cta Z, s& cho U= 0V.
Ket qua la: g, Ui =0mA | do d6 nguén dong c6 thé duge thay thé bing mot
hd mach tuong duong nhu hinh 1.121

G
N * U,
— +—
Z
U, Z )
R
_+ o
Hinh 1.131: V¢ lai hinh 1.130
Trd khdng ra khi nay sé la
Z. =R/, <1.38>
Néur,> 10R, = r//R, ~ R,,. khi do :
Z= R, <1.39>
+.) I(u: Ur = - gmU(}S(rd//RD) ]nf‘l U(}S = U\-

=  U=-g U(r//Rp)

= K=U/U=-¢g (r//Ry <1.40>

Néur>10R:

K=U/Uz= - g R, <1.41>

Gia tri am cta bieu thic A, chi 16 ring dién ap vao va ra léech pha nhau
180"

Vidu21: Cho so do phan cuc hinh 1.122 vai Ugso= -2V va I,,,=5.625mA,
Iss=10mA, U,=-8V, y, =40 us.

A

a)Tinh g,? b)Tinhr, c)TimZ ZvaKk,

ome

f

20V
g

%Q S

Gidi:
)8 =2l psl [U,=2(10mA)I8V=2.5mS
8= &mol1- U{}SQ V)
=2.5mS8(1-(-2V)/(-8V)) =1.88mS

[pss= 10mA

U,=-8V
b)r,=1ly,=14us = 25k0Q
) Z, =R, =M Z,
Z, =R /Ir=2kCU125k2 =1 85k
K“: ) g”-’(RD//r") Hinh 1.122: So do phan cuce ¢6 dinh cho vi du 21

= -(1.88ms)(1.85k2 = -3.48
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1.5.4 So do tu phan cuc JFET :

*) Truong hop c6 mac tu Cg:  (hinh 1.23)

So d6 phan cuc ¢6 dinh ¢6 bat lgi 1a can
phai ¢6 hai nguon cung cdp mot chiéu dé thiét
lap diém lam viéc mong muon. Tu Cg s€ lam

ngan mach & ché do mot chiéu, cho phép Ry

ac dinh diém lam viéc. O ché do xoay chiéu,

Hinh 1.124: So do e phan cue JFET

tu coi nhu ngan mach va két qua la ngan mach Ry .
Mach tuong duong JFET duoc thiét 1ap nhu hinh 1.124 va duge vé lai chi tiét o
hinh 1.125 .
Vi so d6 tuong duong c6 dang nhu hinh 1.125

nén cac cong thuc cua Z, , Z, va K, cling tuong tu

+) Z,: Z.=R <1.42>

+)7Z,: Z=r,//Rp <1.43>
néu ry, 210R,, thi : Z, ~ Ry <1.44>

+) K, K, = -g.r//Rp) <1.45>
néury >10R,: K,= -g.Rp <1.46>

Dau am cua biéu tl’lf;’c K,
chi ra rang tin hiéu vao U, va
tin hiéu ra U, léch pha nhau 180"
*) Néu khong mac tu Cg:
N&u bo tu Cy & hinh 1.123
thi dién tro Rg s€ 1a mot phan cua

mach hinh 1.126

Hinh 1.124: So do thay the tiwong dicong

N N o . hinh 1.139
Trong truong hop nay, dé xac dinh Z, , Z,

va K, , mot cich don gian nhét véi chu ¥ vé su
phan cuc va chiéu cua chiing, trudc tién ry sé duge bo qua-dé hinh thanh mot truong

hop co ban dé phan tich
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Trong truong hop nay, dé xdc dinh Z,,Z, va K, mot cich don gian nhat véi cha
y vé su phan cuc va chiéu cua ching, trude tién ry sé duoc bo qua dé hinh thanh mot
truong hop c¢o ban dé phan tich.

+) Z, : dua vao diéu kién ho mach gitta cuc G va mach dau ra thi dau vao con lai
nhu sau

Z.= 7 <1.47>
+) Z.: 6 khang ra Z=U/U, |U =0V

Hinh 1.125: So do niong dwong khi khong ¢é tu C,

V6i U,=0V & hinh 1.126 thi cuc G coi nhu duoe néi dat (OV) dién dp tren Ry ¢
la OV va R; coi nhu duoc ngan mach.

Ta cé: [ +1p=g,,Ugs
Vor U= -(1+1,)R

= L+l=-g,A+I))Rs = -g 1 Rg-g. IR

hay : I(1+g, Ro=-Ip(I1+g, Ry =1, =-I, (do g, Re=0A)

= U,=-I, Rp=I, Rp
— 7= UJI =R,
<1.48> .

Néu tinh dén N N

car, trong mach thi
so do tuong duong
s¢ nhu hinh 1.127
Vo : Zr: Ur/]r | Uv=0 =

- Ip Ry/L. L+,
Hinh 1.127: so do tuong duong khi tinh dén r,
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Ta ca: =g U;s+Ir -1,

ma : Ur,=U+U,

= [= g, UssHUFUi o 1y -1,

V6i U= -(1,+1)Ry

= I=- (g, +1/r )(,+)R Iy /r -1,
= =g, UsHU+Uq 0/, =1

V61 U= -(1,+H1)R,

= L=- (g + U/t +DR-1, Ry/re-15,

I (0-g Ro+R.Ir, +R, /1))

=] = ..
t+g R, +R./r,

[

— Z]- =U lf[r = :I_f}_R i

Cdtg R 4RI,

7. = <1.49a>
ot g ROHR

néur,zl0R, = (l+g., RARJ/r)>>R T,
=1 +g, Re+Ryr+Ryr, = 1+g, RAR 1,
khi do Z. = R, <1.49b>
+) Ay o1 v so do hinh 1127 taco: Ui=U - Ry
Dién dp dat tren r, la: U-Ug va v ['=(U-Ug/r,
= dinh luat Kirchhoft vé1 dong dién cho két qua:
Iy=g, Ust(U Ui, = g (U-l, Ry — U R+, R/t
=1, =g, U/(l+g, RAHRFR)/TY).
Madién apdaura U =-1, R,

= K,=U/U, = - 8ok, <1.50>
I+ g, R, +(R.+ R 7,
néu rdZIO(RD—I—RS): Ku:Ur /U\': - Em l{I)/(l-+- Em R]'))
<3.25>

—> quan hé vé pha : tir 3.24 cho ta bit U_va U, van 1éch pha nhau 180"

Vidu22: Sodo phdan cuc hinh 1128 ¢6 diém lam viéc tinh dicoe xde dinh boi:
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Uiso=-2.0V, 1,=2.6mA vdi l,,4=8mA va U,=-6V, mach dwoe vé lai nhire
hinh 3.14, gia tri y,, duoc lay la 2018
a) Xac dinh g,

b) T'imr,
) TimZ,
d) Linh Z, trong triong hop c6 va khong co ry. So sanh két qud.
e) T'inh K, trong truong hop cé va khong co ry. So sanh két qud.
Giai:

d. 8mo=2l s [Up =2.8mAIV = 2.67mS

8n=8mol 1-Us/Up) = 2,67(1-2,6/6) = 1.5ImS
b.ry=11y,=1/20uS=50k
. Z,=R,=IM2
d. +) Truong hop ¢ér, ry=S0kQ>10R,=3, 3K
=>7 =R, =33KQ
+) Néu khong cé r,: Z, =R,=33KQ
¢) +)Neéucory,:

ngEJ
' I+g,Rs+(Rg+R))/r,

- 1olms33kQ =192
141511+ (33+1)/50 o

+) Néu khong cé r,:
Ku = - gm Rf)/(/+¢grf1 RS) = _1'98
= V0i cdc két qua trén cho thay
anh huong cua r, [ rat nho néu

ra>10(R,y+Ry)

1.5.5 So do phan ap JFET:

S0 d6 phan dp phé bien d6i véi céc loai BJT
cung dugc ap dung cho JFET nhu hinh 1.129

Hinh 1.129: So do phdan cuc phin
dap cho JFET
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So d6 twong dwong & ché do xoay chiéu cho JFET nhu hinh 1.130. Thay thé
nguén mot chiéu Uy, bang ngan mach tuong duong, tic la R, va Ry, duge noi dat . khi
d6 R, coi nhu méc song song véi R, vd R}, ¢ thé cting duoc dwa xuong noi dat nhung
& mach ra trén ry. Mach tuong duong ¢ ché do xoay chiéu s¢ dugc dua vé dang co ban
ctia vai mach da dugc phan tich (hinh 1.131)

Hinh 1.130: So do tuong duong che do
xoay chiéu hinl 1,129

+) Z,: R, va R, dugc méc song song véi hd mach tuong tng cta JFET, két qua

Z,=R /IR, <1.52>
+)Zr.: cho U =0V sé
c6 Uy va g, bang 0
=> Z.=14//R, <1.53>
néu rya>10R,, -
Z, =Ry
<1.54>
+)K,: Us=U, va U =-g, Ugry//Rp)
=> K,= UJU, =-g.(rg//Ry)
Neurg210R,, : K, =-g, Ry,  <1.56>

Hinh 1.131: Ve lai mach hinh 1.130

Chd y riang cong thic doi voi K, va Z, cling
nhu truong hop phéan cuc c¢o dinh va tu phan cuc
(khi ré nhanh Rs), chi khac nhau ¢ cong thic
cho Z, do anh hudng cta su song song két hop

gifa R, va R,

Hinh 1.132: S do lip cue nguon JFET
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1.5.6. So do lap cuc nguon :

Tuong duong véi so do lap emitter cua BIT 1a so do lap cuc nguon ctia JFET nhu
hinh 1.132, chi y rang dau ra duoc ldy trén cuc nguon va khi nguén mot chiéu cung
cap duoc thay thé bang ngan mach tuong tng cuc méang noi dat va vi thé goi 1a mang
chung.

Thay th¢ mach twong duong JFET s€ cho ta so d6 1.133. nguon diéu khién va tro
khang ra cua JFET noi dat tai di€ém cudi va noi véi Rs tai diém kia, voi U, dat trén Ry,
Voi gmU g, Rg,ry duoc noi véi nhau va noi dat. ching cé thé duoc noi so.ng song nhu
hinh 1.134, nguon dong sé c6 chicu nguogc lai nhung Uy thi van dat gitta G va S

+) Z,: hinh 1.133 da chi ra rang: 7. = Rg <1.57>

+) Z,: Cho U,=0V thi cuc G coi nhu néi dat nhu hinh 1.134, thuc t& Ugg va U,
dugc noi song song va U= - Ugg

Tu so do ta ¢o:

[+2, Ugs= Igptlp, = U/rg+U /Ry S > T 2 i
U, -
[ =U(l/r;+1/Rg) — g U . U d) U fr“ L
. G5
= Ur(]/]‘d+l/RS) ' gm( 'L]]-} 8 R 1
=>I =U,(I/r+1/Re+g, 5 T
4._
L Z= U, R S
= . _1___ Hinh 1.133: S0 do neong duong
VR, +1/R, +g, 1
Day la bieu thiic cho 3 dién tro mac [ <«
song song, do do Z.= ¢y |$ Z
ro//Ry//1/g,, ‘ U.
(1.58) ‘ = '
) Hinh 1.134: Tinh 7,
Neur,210Rg: Z~Ry/ (1/g,)
(1.59)

+)A,:bién dp ra U_duoc xac dinh :
Ur=gn-Ugs(ra//Rs)
Ap dung dinh luat Kirchhoff cho vong ngoai ctua hinh 1.134: U= U =U_ ,
ma: U,=U, - U,
=> U= 2,(U-U)(Ry//Ry)
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hay:

Ur:gm'U\-(rd//RS)-gm'U\'(rd//RS)
> K=UU = &R (1.60)
L+ (r, //R,)
R &, Ry
Néur, 2 10Rg: K =U/U = 2t (1.61)
1+ ng

Quan hé¢ vé pha: Bic¢u thic K, Ia mot s6 duong nén U, va U, dong pha trong so do

lap cuc nguon. Mat khac K < I, tic [a U <U,.

do

Vidu 23: Cho hinh 1.135 voi U= - 2,86V va l,,, = 4,50mA
alinh g,
b)l'imr,.

c)Tinh Z,

d)Tinh Z, khi ¢6 va khong co r,. | Uf;;ui

Giai: —

a) 8.o=21Ipg! /UP [=2.(16mA)/14v=8(mS) L'
2,=8,0(1-Ug,/Up)=8mS(1-(-2,86v)/(-4V)) | | _

b) =10y, = 1/25u8 = 40k, Hinh 1.135: So dé mach vi du 23

) Z.=R;=IMQ
+ )néii co r:

Z =r,/IRJI1Ig, =40kL/2,2kE/1/2,28mS
+) khong cor, :

Z, =Rl (11g,)=2,2kL2/438,602=365,96(2

i
Nhie vay ta thdy r, chi cé anh huong rat nho dén 7,

+) Néucor, :

gm(!f’ / R ) _ ( !?Tq)("l'(]kng”') ’)kQJ )

u = (),95
T+(r, /R 1+ (2.28mS)(40kQ 1/ 2.2k0)) ‘

gida tri nay nho hon [ nhie da dw dodn o trén

+) Khong cory :

u

ngS _ 2
l+g R, 1+(2,

m

Diéu nay chiing t6 r, luon anh hudng rat nho dén do loi (hé s6 khuéch dai) ctia so
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5.7.So do JFET cong chung:

So do cuoi cung cua JFET duoc - (]T'; f S DT (_3” .
phan tich chi ti¢t la so do cong chung s . 2 ( . 2 -
nhu hinh 1.136. tong w nhu so d6 A l? ‘U
base chung o BJT Z T Uy

Thay th¢ mach tuong duong nhu = - - -

. : P . o ~ Hinh 1.136: So do cong chung JFET
hinh 1.137. chi ¥ rang véu cau nguén '

dicu khién g, U duge noi tr D dén S véi ry mic song song. su cach ly doc lap giira
mach vao va mach ra ré rang da bi mét di khi cuc G duoc néi dat. Hon nita. dién tro
dugc noi gitta cuc vao khong con la Rg; nhung 1a dién tré Rg gita cuc S va dat. Cho

rang vi tri cta dién ap di¢u khién Uy thuc su da xuét hién truc tiép dat trén R,

—1d 1t

C C .
._| | Ip [ — ) |

}_T [ {F— N B R

> U g 5 N - T
;/ { G5 &m /.€ < _,,_’ T, I
R 7 U Z 2. Ups R, Ur,

L Ucis L

) ) % R,,Ur,

. inh 1.138: Tinh 7" cho hinh 1.13
Hinh 1.137: Sodo thay thé twong dicong Hinh 1.138: Tink Z," cho hinh 1.136

JFET

+) Z,: trude hét ta tinh Z,” rén hinh 1.136 va Z, duoc coi nhu tré khang tuong
duong cua Z,” va Rg mac song song.
Ta vé lai mach nhu hinh 1.138 v6i U'= - U .
U-Ury-I'. 1=
=>Ur,=U"-T".1,.
Tursodotaco:
I'+g,. .Uy = I,
=>I'=1Iryg, Us=(U- TRy )/r, - g,.U
hay: I'=U"/r,-I'Ry/r-g, . [-U’]
=> I'[1+Rp/r,] = U'[l/ry+g, |

= Zf.J\ = U,/I‘ = [1+R])/rtl] / [gm+l/rd] (162)
hay: Z'=U’/U =r+R/1+g,_ .1,
Do d6: 7.’=Ry/Z.’
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> Z=Ry R

+ 8.7

m

] (1.63)

Neur,210R

3 1+R, /r
=> Ryry<<lva lI/ry<<g, n 'l
rgrm + ] -f f'“..
=> 7= t&_’f_}g = l/gm
(Qm + 1 }IIII JV“E
= Z"‘ = RS//I/gm (l 64)

+)Z..: v61 U =0V 6 hinh 1.137 s¢ coi nhu ngan mach Rg va U noi dat

=> g .U, =0 var, mac song song vii R,

Z=Ry, /I, (1.65)
Néur210R,,: => Z ~Rp (1.66)
+)K,: hinh 1.137 chi ra rang: U, =-Ugva U=l.R,
bien ap dat tren R la: U, = U, -U,
va: Ir= (U, - U)/r,
Tu hinh 1.137 ta co:

Ugs &, -Ir=1 => U=U,

= I, = (U-U)/r, +g, .U ma U=I,.R,

=> K=U /U= [g.Ry+Ry/r])/[1+ Ry/r] (1.67)

Néu r210R,,thi  Ry/r, =0

=> K=g.Rp (1.68)

=> quan h¢ v¢ pha: K, 1a | s6 duong nén U, va U, la dong pha ¢ s6 do cong
chung.

1.5.8. MOSFET kénh -

dat san: (D-MOSFET = Depletion

MOSFET) ts s

Thuc t¢ cho thay cong thic Shockley
dUO’C C/lp dung ChO M()SFET Hinh 1.145: Macl tcong dicomg MOSFET kénle ddt san

kénh dat san cting cho ra cong thic tuong tu déi véi g,
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That ra cac mau xoay chicu tuong tng cho MOSFET kénh dit sin giong mot
cach chinh xac nhu truong hop dung cho JFET & hinh 1.145. Su khac nhau duy nhat
tao ra 6 D-MOSFET la Uy, 6 thé duong cho loai kénh N va am cho loai kénh P

Két qua la g, ¢6 thé 16n hon g,,, duoc minh hoa bang vi du ¢ dudi.

Vidu24: Cho sodo 1.145v0i
Usso= 145 val,,=7.6mA
(Pd tinh todn o phan 1.4)

a)linh g
b)Timr,

m v SO sanh vai S

¢) Phac hoa so do twong duwong ché do

xoay chiéu ciia hinh 1.146.

d)TimZ,
e)Tinh Z,
. Hinh 1.146: Hinh cho vi du 24
fHTimK,.
G : D
U, I u
— . r
Yy 1.8kQ2
4 1OMQYS  110M < § +—
T ;’{‘I
T L .
Hinh 1.147: Mach ncong dicong hinh [.146
Giai:

a)  gu=2lyl/U, [=2(6mA)3v
=4dms[1-(0.35v/(-8v)] = 4.47ms.
b) ro = 1y, = 1/10us = 100k
) So - do teong dicong nhie hinh 1.147.
d) Z=R,/IR, =10 M/ 110MQ=9,17MQ
(ap dung cong thiic 3.26).
e) Ap dung cong thirc 3.27
Z= r1,/JIR,=100k&Y/1,8k2~9,17 hQ
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Ap dung cong thic 3.30
K,=-g,.Ry=-(447ms)(1,8k2)=8,05.

1.5.9 MOSFETkénh cam ung: (E- MOSFET = ENHANCEMENT MOSFET)

MOSFET kénh cam ung c¢6

thé 1a koai kénh N hoac P nhu hinh P
T e ]
vé 1.147. Mach tuong duong & ca  C Tﬂ pPMOS
U
. . ¥ .‘ 6o mU{‘.‘i d
hai loai trén hinh 1.147 cho ra ho ’ l ey %r

mach gita G va kénh DS va mot

|
C __]21 nMOS

nguon dong tr D vé ¢6 do 16n phu S
thuoc dién ‘ci]‘_) giﬁ'a G vas. Hinh 1.147: MOSFET k(;f‘:"{f'f"”* ting ché'do tin hiéu

boi véi E-MOSFET.moi lien he gitta dong ra va di¢n dp diéu khién duoc xdc
dinh:

= K[ Ugs- Uasem ]

Véi g, van duoc xdc dinh boi cong thie g = Al /AU .

ta ¢6 the bat nguon tir phuong trinh truyén dan dé tinh g, ciing nhu diém lam

vIEC:
({1’. d ’) d 9
gn=- 2= % k(Ugs—Ugssm)’ = k—2— (Ups— Uggpr) 2
on (jL"r( N {.{{_;'rt N ( GSs GS lh}) d{j’[ N ( S GS(TF )
== g.= QK(U(;S"U(;HHIU) <3.43>

Nhac lai 1a hing s6 k duoc

(;I

xdc dinh tir di€ém lam viéc dac trung. ¢ R,
C,
S N 2 . ‘A R R
O cdc truong hop cu thé khac, viée o~ I+
X U,
phan tich ch¢ do xoay chiéu ciing 1 D
- L G| o .
g1ong nhu so do doi véi JFET hay —| l . |::
U, G

D-MOSFET. Chu y rang doi vai e ls
E-MOSFET thi su phan cuc cting =

o . o Hinh 1.148: So do héi tiép
chi gi6i han 6 mot 6 cach dac trung e mdng E-MOSFET
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1.5.10 So'do hoi tiep cuc mang MOSFET kénh cam ung:

S0 do6 hoi tiép cuc mang E-MOSFET duoc chi ra & hinh 1.148. Nhic lai tir tinh
todn ¢ ch¢ do tinh rang R ¢6 thé duoc thay the bai mot ngan mach tuong dwong khi I
= 0A va do d6 Upg=0V. tuy nhién, & ché do xoay chiéu né cung cap mot tré khang cao
quan trong gitta U, va U,. Mat khdc, cuc ra va vao duoc noi truc icpvaU=U,_ .

So do twong duong duoc vé lai & hinh 1.149

+) 2. hinh 1.149

I, =g, UsstUJ(ry//Ry) va Uy =U,

= I, =g, U+U, /(r//R}) => U, = (r//Rp)1, —g, U)

Vo L=(U, - UJR. = [ U, - r//Ry)(, — g, U)IR,

= LRy = U~ //RpL+(ry//Rp)g,, U,

= U, [l+g, (/R = L(R+1//R, )

= Z, = U, [/ I =
(RpA1y//R )/ 1+, (ry//R )]

Vi R>>r1,//R |, nén:

Z,=Ry/(1+g, (r,//Rp))

Néu r,210R,:

7Z~R/(1+g,R,)

om

+) Z,: thay U, =0V => U, = 0V

- Hinh 1.149: So do ncong dicong ciia hinh 1.148

va g, Ugs=0
v6i phan ngan mach tr céng t6i Ry

nguon nhu hinh 1.150. ! [ ]
. z 4—...
U,=Ug;s=0V 2. Uss= 0mA

RN S
T

Hinh 1.150: Ngan mach GS

Ry, 1y, Ry mac song song nén:

Z, =R/t /IR

Ry, 14 Rp mac song song nén: 7, =
Ri//ri//R .

Binh thuong R;>>r//R, va v6i r,210R, nén Z, ~ R,

Ry, 14, Rjy mac song song nén: Z, = Ry//r /IR, .
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Binh thuong R;>> r//R, va v6i r;210R

nénZ ~ R,

+) K,: hinh 1.51: R,
I =g, Us+U/(r,//R;) ma $
Ug=U, val, = U, -U)/R; "
U, = [1/(r//Ry)+1/R,] = UJI/R; — g, ] - H”,
K, = UJU, = [I/R, — g JILAr/Rp) +1/Ry] "ok
Nhung 1/(r,/Rp)+ /Ry = 1(t//Ry//R;) 1
nen K = - g (r,//Ry//R;) Hinh 1151 Sordo phan ap E-MOSFET

ViR, >>r,//R vanéur, 210R, thi:
Ku ~ -8y RI)

Quan hé vé pha: biéu thac K 1a s6 am nén U, va U, léch pha nhau 180"

1.5.11. So do phan ap MOSFET kénh cam ung:
So do cudi cuing dudc nghién ciu doi véi E-MOSFET la so do phan ap nhu hinh

1.151. Dang cua n6 giong nhu dang

da xuat hién ¢ phan trudc. U,
N , —
So do tuong duong o ché do T

xoay chiéu nhu hinh 1.152.
Nhu vay, doi véi E-MOSFET thi ta co:

Hinh 1.152: Mach twong dwong hinft 3.31

+)Z,: Z=R,//R, <3.45>

+)Z.: Z=r//Rp <3.46>
Néur,210R, thi Z.~R <3.47>
+) K, K,=U, /U, =-g (r//Rp) <3.48>
Néur>10R,thi K, ~ -g_ R, <3.49>
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71.6. HOI TIEP

1.6.1. Khai niém

Hoi tiép la lay mot phan tin hi¢u diu ra dua trd lai dau vao lam thay déi dau vao.
Trong chuong cung cdp nguon va on dinh ché do cong tac cho transistor ching ta da
Xct truong hop dac biét cta hoi tiép do 1a hoi tiép dong dién. Tuy thuoc cuc tinh cia
tin hi¢u tac dong vé dau vao ma nguoi ta chia thanh hoi ti€p am va hai tiép duong. Hoi
ticp am lam giam nho dién ap dau vao, nguoi ta st dung né dé 6n dinh diém lam viéc
tinh. Nguoc lai hoi ticp duong lam tang dién ap dau vao, nguoi ta sir dung vao mach
tao dao dong.

Trong pham vi nghién ctiu trong phan nay la hoi ti€p am. Vay khi n6i dén hoi tiép ta
mac dinh do 1a hoi tiép am.

So do tong quat cia mach hoi tiép (hinh 1.153)

U Tin hiéu vao

U, - i»‘ ) L_; U,: Tin hiéu vao phan khuéch dai
inhicw) T higu ra Uy Tin hiéu hoi tiép
U,: Tin hi¢u ra.
- B: He so hor tiép
Hinh 1.153 So do tong quart ciia mach hoi K: Ham truyén dat cia khau khuéch

dai

Tin hiéu vao khau khuéch dai bao gom tin hi¢u vao va tin hiéu hoi tiép.

Kht tin hiéu vao va tin hiéu hoi tiép nguoc pha nhau thi duoc goi la hoi tiép am nhu
hinh 18.1. Dong thoi lic d6 lam giam nho di¢n ap. Khi ¢6 héi tiép am mach sé ¢6 tinh
chat sau:

I. Tro khang vao 16n.
Thu duoc dién 4p 6n dinh hon.
Cai thién dédp ang tan so
Tro khéng ra nho.

3

[ I SO V]

Mo rong ving hoat dong tuyén tinh.
6. Giam duoc nhiéu.

1.6.2. Phan loai hoi tiép

+

Dua vao cich lay tin hiéu Y dau ra dua
hot tiép lai dau vao ma nguodi ta chia thanh:
Hoi tiép dong dién va hoi tiép dién dp.

Dua vao cach ghép tin hiéu hoi tiép vé dau

vao ma nguoi ta chia thanh: Hoi tiép nai tiép

va hoi tiép song song. Cu thé chia thanh 4 loai nhu sau: Hinh1.154 Hoi tiép dién ap
noi tiép
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Hoi tiép dien dp néi tiép (Hinh 1.154):

Tin hi¢u hoi tiép ty 1¢ v6i dién ap dau ra va

noi ti€p vai tin hiéu vao.

. Hoi tiép dién ap song song (Hinh

1.155): Tin hi¢u hoi Gép ty 1¢ véi dién dp

dau ra va song song vdi tin hi¢u vao.
2. Hoi tiep dong dién noi tiép (Hinh

1.156): Tin hi¢u hoi tiép ty & vai dong

dién dau ra va noi tiép vai tin hiéu vao. v e
. N
.. L R L . | R=LU, R,
3. Hoi uép dong dién song song U, C) v s ?
(Hinh 1.157): Tin hiéu hot uép ty 1¢ voi L :
dong dién dau ra va song song vdi tin U=pL| B= U/, \

h IcU vao. Hinhl. 156 Hoi tiép dong dién not tiép

Hoi tiép noi tiép lam tang tré khang vao,

con hoi tiép song song lam giam tr¢
I I=I

khang vao. Hoi tiép dién dp lam giam tro B - >
khang ra. hoi tiép dong dién lam tang tr I\(T)J ' gRi
khang ra. Tro khang vao I6n va trd khang = j J—T
dau ra nho do la mong muén cta hau hét cdc E':“'J: _
1

tang khuéch dai. Ca hai yéu cau duoc dap
. P L P Hinhl.157 Hoi tiép dong di¢n song song
tng trong hoi tiép dién ap noi tiép.

1.6.3. Tac dung cua hoi tiep
1.6.3.1. anh huong cua héi tiép doi voi khuéch dai

Khi khong ¢6 hoi tiép: K 1a hé s6 khuéch dai. Khi ¢6 hoi tiép: p 1a hé so hoi tiép
ctia khau hoi tiép thi hé s6 khuéch dai ctia mach ¢6 hoéi tiép giam di (1+BK) lan so véi
khi khong c¢o hoi tiép, chi tiét hé so khuélih dai cua khéau khuéch dai, hé so hoi tiép cua
khau hoi tiép va hé so khuéch dai cia mach ¢6 hoi tiép duoc thé hién theo bang 1.1.
BANG 1.1: HE SO KHUECH DAL HE SO HOI TIEP VA HE SO KHUECH DAI
KHI CO HOI TIEP

bicnap biendp Dong  Dong
' He s6 KD khong ¢6 héi K U/U, U/, /U, I,

He s6 hoi tiep p U/, /U UM L
He 56 KD c6 héi tiép K U/, UA LU LA

90



KY THUAT MACH DIEN TU

Hoi tiép diép ap noi tiép:
Trong hinh 1.154 chi ra héi tiép dién ap noi tiép. Tin hi¢u hoi ti€p noi tiép véi tin
hicu vao, két qua lam giam toan bo tin hi¢u vao. That vay, néu khong ¢6 hoi tiép

(U=0) thi h¢ s6 khuéch dai dién ap:
U,

Kz_UT

Y,
U,
Néu ¢6 tin hi¢u no6i tiep U; noi tuep v6i dau vao, ta c6: U = U, - U,

Boivi U=KU,=K (U,-U,)=K U-KU,=K U, -K (BU)

Cho nén (I+BK)U =K U,

T do suy ra h¢ s6 khuéch dai dién ap khi c6 hoi tiép:
=Y K
U T I+

Tu do ta thay he s6 khuéch dai khi ¢6 hoi tiép sé giam di (1+BK) Ian so vé6i khi
khong ¢6 hoi tiép. Hé s6 nay 1am thay déi tro khang vao ra va cac dac tinh khdc cua
mach.

Gor: g = (1+BK) la do sau hoi tiép.

Hoi tiép dién dap song song:
H¢ so khuéch dai theo hinh 1.155 la:
U, KI, K1 K1

K.: : - —_ L = !
VL, T L+, 1+ U, T+ BRI

K
Hay K, = ; EY
-+.

1.6.3.2. Anh huong ciia hoi tiép dén tré khdng vao:
- Hoi tiép dién ap noi tiép

Chi tiét dugc thé hién trong hinh 1.158. Tro khdng vao c6 thé tinh theo cong thic:

Khau khuéch dai

Khau hoi tiep

I\'Z\ - Ux_ BKU\
U, = Iy+ Z, . BKK = [.Z.+ BKI

Z

v v

Hinh 1.158 Hoi tiép dién dp noi
Hép
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U, = 1,7, + BKK, =I,Z +BKI,Z,

!

Z, = L/‘ =7, +(BK)Z, =Z,(1+ A)

v

W

Két luan: Khi ¢6 hoi tiép tro khang vao s€ tang len (1+pK) lan so voi khi khong co
hoi tié€p, cho ca hoi tiép dién ap va hoi tiep dong dién.

- Hoi tiép dién dp song song:
Hoi tiép dién dp song song duge thé hién chi tiét trong hinh 1.159. Tro khang vao

duoc tinh theo cong thiic. '
U U U Uu,/l, r4

Z .:—“—r—: t = k- —_ = - =— —
I, I+, 1,+pU, 1.1 +pK/I, 1+pK

P

Vay trd khang vao s& giam di (1+BK) lan so vai khi khong ¢6 hoi tiép.
1.6.3.3. Anh huong cua héi tiép dén tré khdng ra:

Tro khang ra chi phu thudc vao Khau khuéch dai 7.

Khau hoi tiép

hoi tiép dién dap hoac hoi ticp dong

dién ma khong phu thuoc vao hoi

>

1

||'—'
AN
=

tiép noi tiép hay song song. Dé -
;
thuan tién chuing ta nghién ctu loai

hoi tiép noi tiép.

Hoi tiép noi tiép dién dp: [1=BU, B=I/U

Hinh 1.159 Hoi tiép dién dp song song

Hoi tiép dien dp noi tiép duge thé

hién trong hinh 1.158 chi rd su phu
thuoc cta tré khang ra. Trd khang dau ra duge xac dinh bang dién ap cung cap U, gay
ra dong dién I, khi ngan ngan mach U, (U=0). Dién dp U s¢ bang
U =17 +KU,
Véi U= 0 thi U =-U;
vivay U =17 - KV, = 1Z-K(U)
Viét lai cong thuc nhu sau: U+pKU =17

Vay ta ¢6 trd khang dau ra khi ¢6 hoi tiép:

Uz

YT 14 K

Tur d6 ta thay rang hoi tiép dién ap noi tiép s€ lam tro khang ra giam (1+pK) lan so

voi khi khong ¢6 hoi tiép.
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Hoi tiép dong dién noi tiép:
Tro khing dau ra khi ¢6 hoi tiép noi tiep dong dién duogc xdc dinh bang tin hiéu tac
dong U ¢ dau ra khi ngan mach U, ty s6 giita U va I chinh 12 tr& khang dau ra. Trong

hinh 1.160 chi r6 chi tiét héi tiép dong dién noi tiep. Gia tri cta trd khang ra duoc tinh
nhu sau. Voi U =0 va U =U, ta c6:

' , ,
I = S KU, = S KU, = ,i - KpI

Z, Z. Z.

Z(1+BK) =U il ,

Z .= LT =Z (1+Kp)

Hinh 1.160 Hoi 1iép dong dién noi tiép

Bing 1.2: TONG KET ANH HUSGNG CUA HOI TIEP PEN TRG KHANG VAO RA.

Dién ap noi tiép | Dong dién noi | Pién c?p song .| D(}ng dién noi |
_z\.j. 7., (14BK) Z,(+BK) | Z J14pK) | Z JO+pK)
Tang Tang Giam Giam
_z,.. 7./ lfBK) ZO+K) [ ZJ1+BK) Z.(1+Kp)
| f:}ia’lm | Tang | Giam | Tang

Vidu 1.6.1 Xic dinh hé¢ s6 khuéch dai dién ap, tro khdng va va ra ctia mach c¢6 héi tiép
dien ap noi tiép. Vai : K = -100, Z,=10 kQ, R,=20 kQ, h¢ s6 héi tiép : a. f=- 0,1
va b. B=-0,5

Lot giai: Str dung cong thiic trén ta ¢6:

d.
= -1 _-100 oo
1+ K 1+(=0.1)(~100) 11
L= L 20000 ek
TR pK s

Z.=2,1+BK) = 10 kQ(11) = 1 10kQ
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. K ~100 _ —100

L= - " L= =_1.96
Tl BK 14(0.5)(100) 5]

b. o= 7 (1+BK) = 10 kQ(51) = 510kQ

, L 20x10°

IR T/ G
V@t vi du 1.6.1 cho ta thay khi hé s6 hoi uép thay doi s¢ lam thay doi hé s6 khudéch
dai, trd khang vao. ra ctta mach ¢o hoi tiép. Hé o khuéch dal gram di 11 1an (i 100
con 9.09), trd khdng vao giam di 11 lan va trd Khdng ra tang lén ciing 11 lan. Hoan

=392.1602

toan twong tu trong truding hop § = 0.5 hé s6 khuéch dai cia mach ¢d hai tiép s¢ glam
di 51 lan. tro khdng ddu vao tang 1¢n 51 1an va trd kKhang dau ra giam di 51 lan. Vay ¢o
thé dung héi tiép am dé thay doi cac tham s6 clia mach khuéch dai.

1.6.3.4. Giam méo tan $6:

Trong bo khuéch dai hoi tiép am ma ¢d BK >> 1. thi h¢ s6 khuéch dai s¢ la K = /[,
Khi d6 ¢6 the xem nhu mach chi don thuan la dién trd nd khéng phu thude vao tan so
cho di bo khu&ch dai dé co chda phan tx phu thuoc tan 6. Thue ¢ thi méo tan s6
glam 1a do sur thay doi cua hé s6 khucch dai theo tan s trong mach ¢6 hoi iép am dién
dap dugc giam ddng ke,
1.6.3.5. Giam tap am va méo phi tuyén

Khi ¢6 héi tiép am s& lam nho tin hi¢w nhicu (Vi du tiéng U cua nguon cung ¢ap) va
g1am nho méo phi tuyvén,

Tap am vi méo phi tuyén déu gim di (1+BK) lan, day 1a mot anh hudng ding ke
trong hdi tiép am. Tuy nhién khi ¢6 héi Giép am s€ lam giam nho h¢ s khuéch dai ma
trong thuc & doi khi ngudi ta can ¢6 h¢ $6 khuéch dai [6n. Vay néu muon tang hé so
khuéch dai ciia toan mach thi khong thé diing héi ti€p am. Mot trong nhitng wu diém
cua bo khuéch dai ¢6 hoi Gifp [a s€ giam nhd duge tap am khi qua tang khuéch dai ¢6
hoi 1iép. Van dé nay sé dat duge khi diéu chinh h¢ s6 khuéch dai thich hop va giam
nho ducc tap am.
1.6.3.6. Anh hudng ciia hoi tiép dm dén hé s khuéch dai va ddi tan:

. K K l
K, === = =
[+ K pK B

Theo cong thic tinh he s6 khudch dai khi ¢o hoi tiep am la:

Néu BK >>1, h¢ so khuéch dai xap xi 1/B, dac tuyén tin s6 déc xudng & tan so cao do
dung khang cua mach nho. Dac tuyén tin $¢ do doc 1eén & tan s6 cao do dung khang
cta mach Ign. Khi ma hé s6 khuéch dai giam xudng thap dén gid tri ma h¢ s6 Kf

khong con Idn hon rit nhiéu so véi 1, thi cong thue K = 1/p khong cdn ding niva
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Trong hinh 1.161 ¢hi ra m&i quan he giita hé s6 khucéch dai va tan s¢ tam viéc. Khi
cé hoi LEp am dai an lam vice By s¢ rong hon khi khong ¢6 hoi iép B, Trong mach
hoi tiép. Cac gidi han tan sé trén va dudi duge xde dinh khi hé s6 khuéch dai ctia mach
giam di 3dB3.

T H¢ so khuyéch dai

0.707K,, |

N
0.707K,,

Hinh [.161: Anh neong cria hon 1iep dén hé so khuvéeh elei ver eledt teb
1.6.3.7. Anh huong dén do on dinh khuéch dai

O day ching ta cht quan tam dén van dé én dinth khucch dat khi c6 héi ticp so véi
khi khong c6 'hoi ucp. Lay vi phdn hal v¢ cua cong thic tinh K

R R
K, | !l-rﬂKi! K hay ‘K /ﬂﬂ‘ K ‘khl BK >>1

Nhin vao cong thic trén ta thay mach ¢6 hoi tép. h¢ s6 khuéch dai ¢6 do dinh hon
mach khi khong ¢6 hoi tiep véi he 56 [a BK .

Vidul.6.2:

Neéu mot mach khuéch dai ¢6 hé s6 khuéeh dai bang - 1000 ¢6 he s6 hoi ticgp 3 =

O.1. h¢ so khuéeh dai thay déi 20% theo nhiét do. Hay tinh su th
khucch dai khi ¢6 hoi 1iep am.

ay dol cua he 56

Loi giai:

St dung cong thic

|f1’K ‘ |
‘K_ | BK

@k = ‘— L 20%] =0,2%
KT 1= 0.1(-1000) -

Nhu viy d6 on dinh cua hé s6 khuéch dai tang lén 100 lan so v6i khi khong ¢é héi

tep. He s6 khudeh dai thay déi r 1000 sai s6 20% xuong con 10 v sai & chi con
( 2(;
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1.6.4. Cac mach hoi tiép thue té

Cic vi du vé mach héi (iép s& duoc gidi thich. minh hoa tic dung cua hoi tiép vor
cdc loai khdc nhau, Trong phin nay chi giéi thicu nhirng noi dung ca ban.
1.6.4.1. Hoi tiép dién dp noi tiép:

Trong hinh 1.162 14 mot mach khuéch dai héi tiép dién dp noi 1ép su dung FET.
Tin hiéu ra (U,) thu duoc thong qua sir hoi tép trén cdc dién tro R, va R,. Bi¢n ap héi
tiép U, duoc ghép néi Li€p véi tin hiéu nguon U, . tin hiéu tde dong vao fa U..

Néu khong ¢d hoi tiép thi hé s6 khucch dai la:

{/ . Lion
K - rr’ - _ngI. Z
U, £
r——-
_ . C, +
Trong d6 R 1a dién wd phdi hop song r ¢ R
' P song —h g
song L ' [ | i
| I '{:\] . &
B i) R, -
RL—R[')// R](R ||+R2 ) _ - L o —i
Khau héi tiép c6 hé s6 hoi tiep: | —~ |
{./ }f —_ Rj - ; -
ﬁ =—= —= Hink 1.162: Mach khuech dad hoi vdp
o Ry+ R, net i dién dp dang FET

Thay gid tri ctia K v B ta ¢6 thé iim dugc he s6 khuéch dai cha mach khi ¢6 hol tigp

am.
K _ng!
K, = = ) '
"1+ K 1+[R,R, AR, + R, g,
Néu BK>> 1 ta ¢cd: K_Ei:_RlJrRl_
! B R,

Vidul1.6.3

Hav tinh hé 6 khuéch dai khi khong ¢ hoéi ti:é'p va khi ¢6 héi 1iép trong mach su
dung FET & hinh 1.162. Theo cdc gid tri nhu sau: R;=80kQ . R,=20 kL2, R, =10k
Rp=10 kQ. va g = 4000uS.

Loi giai:

Dau tién tinh R
RR, _ 10kQ(I0K) _

R, =-— =
"TR +R, 10kQ+10kQ

¥

Bo qua 100KQ trd khéng do R, va R, méc ndi ti€p
K=-g R, = - (4000 x 10 S)(5 kQ) = - 20

5kO
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He s6 héi tiep la:

=R, -20kQ
R +R,  80KQ+20kQ

P

H¢ so khuéch dai ¢6 hoi tiép:

K, = K = _ 20 _ ::‘39 — 4
T KB T 14(=20)(-20) 5
Trong hinh 1.163 la hoi tiép dién dp noi
tiep su dung khuéch dai thuat toan. He so — U
khuéch dai cta bo khuéch dai thuat toan khi I ) |42!/\ :
khong ¢6 héi tiép 1a K, khi ¢6 hoi tiép sé \q, o Y )

giam xuong cung hé s6 hoi tiép

Vidul.6.4 =
Tinh hé s6 khuéch dai cta mach theo

hinh 1.163. Biét _h(‘: 56 khucch dai cua bo Hinh 1.163: Hoi tiép dién ap néi tiép sit dung

khuéch dai thuat toan K=100.000 va céc bo khuéch dai thudt todn

dién tro R;=1,8 MQ va R,=200 kQ.

Giai:

R, 200k
R +R,  200k+18M

[ =

?

U,
R1—£ R]
. K 100000 _ 100.000 _ 9.9999 ‘ j
U, U‘.lTE
|

"T1E KB 14(0.1)(100.000)  10.001 )
Chu y néu BK>>1 thi: Us
K.f:_':‘]'_:]O |
ST B0l | |

Hinh 1.164:Mach hoi tiép dién dp noi
1iép

Theo mach trong hinh 1.164 hoi ti€p dién ap néi tiép. Tin hi¢u vao 1a U, dién ap

vao la U, , dién dp rala U.. U, ciing c6 dién dp hoi ti€p noi tiép véi dién dp vao. Khi
khong c¢6 hoi tiép thi U= 0 ta co:
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L,
v,oooU, U h

A Y IR

- WLILR, h R AL Fh) /?_;L,RI,_‘

g
Vap =
Ur

{

= |
Khi ¢0 hot tiép thi

b.-'{] K h P R . / 1?‘,{, h o Rf,

U, 1=K 1+ R, 1h)  ho+h,R,
Néu h R;>>h  thi K, = 1.

v

Chu v: Khi st dung tham s6 h dé phan tich mach dung BIT, ¢6 su tuong dwong voi

cdc tham s6 1, 3, 1., o nhu phan trén nhu sau: h,. = fr.. hy. = B, h .= -o, h=r

vh— L

1.6.4. 2. Hoi tiép dong dién noi tiép

Ciing giong nhu cdac vi du ta vira xét trén, hoi tiép b
dong dién néi tiép la lay mot phan lay dong dign {
diu ra (1) dua trd Jai ol Uiép voi dau vio. Hoi tcp /h L
dong dién ndi ti€p 6n dinh hé s6 khuéch dai va lam SRy s

tang tré khang dau vao.

|
]

Minh 1165 cho ta mot mach khudeh dai dimg — * ~~, v, ] bt
transistor don. Dong dién hoi tiép nod1 tép duge lay N >

_ - L 2R
t cle cmitter . Dong dién nay, qua dién tro Rg, tao

ra di¢n 4p hoi ti€p nguge pha vdi tin hiéu nguodn, két

qua 12 1am nho6 dién dp dau ra U,. Muén bo hoi tiép '
. .. T . ) . .. . . Hinh {165 Hoiwép dang dicn nai iep
dong dién néi tiép thi khong dung dién tro emiter
hoic mac thém maot i dién song song v no
Xét khi klvong 6 hoi nép:

Duwa vao hinh 1.165 va bang 2.1 ta ¢o:

4 Lk ok,
LF v 1»’? h\ + Rff hw + Ieif
U, -IR,
— el — r — _R
g I3 I3 "

Tré kKhdng vio vitro khang ra
Z=Ryjli(h +R.)~h + R,
Z =R,
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Khi o hol tiép:

K —h,lh,

7 = - - _
YU, 1+ 8K eier | T h,
“lh, +R,

Tro khdng viwo va trg khing ra ¢ thé duge tinh theo bang 18.2

i R £ )

7

Z,=Z 1+ pK)y=R (14

=20+ BKY=h, (1+-/--- e, bR

H¢ 56 khuéch dat dien 4p K duge xdc dinh:
UoodR. () ~h.R.
K= "f="L=| 2 R =K R =— "~
vy Ue U h.,+h.R,
Vidu1.6.5
Tinh hé s0 khuéch dai dién dp cuia
mach sau vor cde so licu trén mach
Giai: : .-
SN {}m] | oL
Khi khéng ¢6 hoi tiép . hym120
h, =900
L. ~h C/
K="= ___* _ 1mV rms
U, ho+ R, S 51002
12 _
U =—0.083 —é— =
900 - 510

Hink 1.166: Mach Hudeh dai
7 hat tieép ding dién
L p i & die

Hé so khuéch dai khi ¢6 hoi tiep:

K = L __K_ _-0 0?’2 =-1.92x10""

U 14 K 4435

He s6 khuéceh dai dién 4p khi ¢6 hoi tiép:

U}. —3 3
Ky =75 =K R =(-192x107)(22x10°) = -

99



KY THUAT MACH DIEN TU

Hé¢ 6 khuéch dai dién dp khi khong ¢6 héi tiép (tie khi do R;=0)

Ku=_ b=

Iz i)

=-20373

R -22.10°
1.6.4.3. Hoi tiép dién dp song song
Ta x¢t mach hai tiép dién ap song song su dung bo khuéch dar thuat toan vér gid
tr1 khong thay doi theo hinh 1.166a. Theo hinh 1.166b va bang 1 cho bo Khuéch da
thuat toan 1y tudng. dong dién vao =0, di¢n dp vio U,=0, hé¢ s0 khuéch dai bang vo
cang. ching ta ¢6:
L, f, !
{

K: —_— = e = — ——
7. Pt R,

H¢ s6 khuéch dai khi cé hos uép

K . = — ! = - A = l =
Y1, 1, 1+ pK B

il

Thong thudmg . h¢é sé khuéch dai 1a khuéch dai dién dp khi ¢6 hoi tiép .

(J'r . 1Jr i Rr
Kul' = - ,.‘ = (_R-:] ) o !
1, R R

R,

—

{a)

" Hinh 1.166: Bo Klwedeh dui hr)f'_n'cip .:I'm_dr'a_"n dp diing
OFP-AMP

bPéi véi mach dién hinh 1.167 mach khuéch dai hoi tiép dién ap song song su dung
I'ET. khi khong ¢6 hoi ticp . Uy=0

K = - = _u.gn.lR- R\
I,
ey e e /, |
Hé s6 ho uép = T e

Khi ¢6 héi tiép hé s6 khuéch dai ciia mach :

U, K —g.R,RR,

! ] + ﬁK R."" - Hay RJ’JR‘

~

Hé $o khuéch dai dién ap cia mach khi ¢6 hoi tiép
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U, 1, —g,RpRR,. R,
K, = = .l mLPTST ):(_gm,rg”)__ P
f, {.-A. R, + qu”R R, Ry +g, R R,

(09—
RAVAVAYS
H +
:
-
A
My

() ] b -

Hinh 1.167: 86 khnech dui hai tiép dién dp song song sit dung
FEV «) Sordo mach: bl ser dd neemg duemg

Vi dul8.6
Tinh h¢ s0 khuéch dai dién dp khi ¢6 hoi tiép va khi khong ¢6 hoi tiép, cho mach
[.167a, bict cdc gia i g, =5 mS. R;=5.1kQ, R=1kQ va R,=20 k2.
Khi khong ¢6 hoéi tiép hé so khugch dai dién 4p 1x:
K=8nRp=-(5 x 10*}5,1 x 10*)=-25,5
Khi ¢6 hoi Uép thi hé s6 khuéch dai.

R RS

Ky= ( ng{)) % =(=253)— 4 20};!0 P :
*f Ry + &R R, (20x107) +(5x16°)(5.1610° Y(1x10%)

=-255(0,44) =112
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1.7. KHUECH DAI VI SAI Gy
Sa d6 mach khuéch dai vi sai duge cho trén hinh
1.68

Chit ¥ ring. mach gém hai dau vao, ha dau ra va

cuc emitter cua hai transistor duge nol vor nhau,

mach lam viéc theo nguyén 1y cau can bing néu hai

ransistor duoc ché tao cung diéu kién va R, = R,

. o , R,
= R thén ap ra duge lay @it hat collector (kicu doi -
xtng) hoac trén mai collector ddi vai dat (kiéu khong S
T VER
doi xing). Tuy theo cich dua tin hiéu vao ma ¢é cac Hinh 1168 Mach khueel dui i saf
¢h¢ do khidc nhau:
- Dua tin hiéu vao mot dau vao, con mot dau non dat- ché do don.
- Hai dau vao dua hai tin hi¢u khiac nhau — ché d6 vi sai.
- Dua cing mot tin hiéu vao hai dau vao — ché do dong pha.
1.7.1. Ché do mét chiéu
\ _ Uy
S0 do phan cuc cho mach vi sal nhu hinh 1.169 T
Theo hinh vé ta tinh duoc:
Phién the tan cuc E: [“|+ R, R |l
=i, - .= — = - 3 .- lil‘l
Up=U,-U,=0-07 0.7 (V) Lt o

Tong dong dién cuc E cua Q va Q- |: 0 0 :I
1 2
/- U= (U ) Uy =071 S J

Rf’f R:"f ) L I =
e [ Rk
Néu Q). Q, hoan toan giong nhau thi:
Ly = L= 1,2 U
Va I(-]: I(jg = I(j = ]E/z Hinh 169 Phan cire cho ngeloed son

Bién dp trén moi colector s€ ;- Uy = Uy = U - [ER
1.7.2. Ché do xoay chiéu
1.7.2.1.Ché dé don

So d6 mach nhu hinh 1.170

Néu hat transistor hoan toan nhu nhau thi:

lm = lhl =1
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I,

)

e}

L

thy

Hinh P70 (a): Ché'do don: by Serdd neong duemng

Vi Ry thuong rat 16n. nén ap dung dinh luat Kirchholl ¢ hinh 1,171} ;

U\ | l|,[' - Ih]. =)
Suyra: /, - Lu
2r

Dong dicn tai collector: [.=fl,=0" "
=1
Picén dpra:

U=1cRe=p "t =fet, - i,

H¢ s6 khuéch dai di¢n dp:

Hinh 1171 Xide dinh |

R

2r,

Vidu: £.7.1: Cho mach dién nhu hinh 1.172. Hay xdc dinh di¢n dpra U ;.

Giai:
Dong 1 duoc tinh:

U =008 oy — 0.1
——_—— =193 44
I 4342

!
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Dong tar cuc emitter:

fpy =T =T =065
S I o R A ‘

Gia trr dién (o 1

, - U Loy
o= _(”.'ﬁ' < 2690 By = [y =75
96.5 144 — 0, Qs :I»
H¢ s6 khuéceh dai dién dp - Ly =2mV . 1.i »
R, 4740 = e i ==
y = ST —87.4 ERINY!

S 2, 22090
bién dp ra la: e
Hindi 1172
U,=K, U, ,=8742mV=0,175V

1.7.2.2. Ché do vi sai
Khi dua tin hi¢u khac nhau vao hai dau vao cta mach vi sal. mach s¢ lam viéc
trong ché do vi sat. Tuong tu ché do don. dé dang tinh duge hé 56 khuéch dai vi

sal;

VeiU, =U,-U, U,=U,, U,

1.7.2.3.Che’ do dong pha
So d6 much vi sai hoat ddng & ch¢ do dong pha duoc vé trén 1.173

Theo so do tuong duong ta viét duoc:

U

=)
~
]

! 4}
¢
- Loy
Hinh LI73: (wr Ché'de dong pha: (b Sordd teny diceong
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/

h

U, =208+ 1)1,R,

!

U
Suy ra: 7 = A
P2 DR,

Dicn dp ra:

BL LR,
U, =1.Re = PR = ;‘-'Igw e,
= o

Heé 6 khuéch dai déng pha:

Mot mach khuéeh dai vi sai t6t khi h¢ 6 khuéch dai vi sai K, 160, hé s6 khucch dai
néu Ry, 1on thi K

thuc (&, d¢ tang R ma dong I khong déi. ngudi ta ding mot ngudn dong ¢d dinh nhu

dong pha nho. Ky, -> 0. Theo cong thiic tinh Kp - ap 5S¢ giam. Trong

hinh 1.174a. Trong so d6 nay. tr¢ khdang ra cua mach CE Lar, déng vai tro cua Ry

trong cac so do wrude. So do wong duong xoay chiéu nhu hinh 1.174b

- .

)
j . I 7r
o, %?.
Rl% g R pacie

R, Ry

1
N o (a) (a)
-l

Hinh LIT4: ia) Mach kaéch dei of sen diong ngndo dong, 1h): Serde tetong chiemy voay cludu
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CAU HOI VA BAI TAP

1. So sanh 3 cach mac ¢u ban cua transistor vé 12V

trd khang vao. ra. hé s¢ khucch dai dién dp. "

dong dign, §,33“k£1 {Kfour
2. N¢u cac phuong phdp phan cuc cho transistor. L ik l SE—o L,
Uu nhuge diém cua timg phuong phap L, o) e [ =er
, d g1 £ phap. 2 by 1y = 40k0
3. Cho mach dién nhu hinh 1 - | *;:
a. Xac dinh cac dién dp va dong dién mot chiéu o
lat cdac cuce cua transistor. Khi § tang thi cidc o |
gtd tri do tang hay giam?
b. Tinh trg khang vio ra ctia mach. oy
¢. Cho U, =20mV. Tinh U, %
. i : 39KQIS 3.9K0)
d. Chor,=9. Xacdinh U de K, = - 200. !__',
4. Cho mach dién nhu hinh 2 v J .
re e . e . PO Y ¥ [s_luu «—
a. Xac dinh ¢hé do mét chiéu cia transistor - 71 'l by 1= 30k 7y
b. Tinh tro khing vao ra cua mach. . 2§
j— e > g . N . .. y L : C
Tinh hé so khuéch dai dién ap va dong dicn . o A M‘i D68KES T ’
[inh 2 :i;'“

5. Cho mach dién nhu hinh 3

a. Xac dinh diém lam viéc tinh Q cia transistor.
b. TinhZ,.7, .

¢. Tinh K. K,

d. Lam lai cde phan wen khi ngat bo w Cp.

L6V
S
11,
330K0 5_61\Q§ Upe
- L o
T |
GG : ? .
O 34 €,
1 : . . l-r
I, '%
—»
Z. i3 =200
1y = BOK(2
r,= 100
D4TRQ

6. Cho mach di¢n nhu hinh 4
Biet K, = -160 va K; = 19 . Hay xdc dinh U, R R,
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I. Trinh bay cau tao va nguyén ly hoat dong ctia cic loai FET kénh P.

2. Tinh U}, ¢ so do phan cuc hinh 3.

¢
. I =6mA

Up=-6V
O— |—— =30 kQ
U, |
Ihe=5mA |
= - 10MO — |—o0
Up= -5V < | .
/.\ ? -
Sk
L S /.
Hinh 5. Hinh 6
U,
> <
7. ; _
s 40KOS
Hinl 7 Hinft 8
3. Cho so do hinh 6.
a) Tinh toan cdc gid tri phan cuc
b) Tinh Z,. 7, .vaK, .
I
4. Tinh tr6 khang vao. ra va hé s6 khuéch . It
. A s - ~ L _'
dar dicn ap tren hinh 7. néu r, = 33kQ. ”

5. Tinh cdc gid tri phan cuc va tinh tr¢ khing
vao. ra, h¢ so khuech dai dién dp cta so do
hinh 8

Hinh 9

6. Tinh di¢n dp dau ra cua so do hinh 9 néu dicn ap vao U,=0,8mV va r,= 40kQ
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Chuong 2
GHEP TANG KHUECH DAI

Mot bo khuceh dai thuong gém nhiéu ting khudch dai mac licn nep nhu hindr 2.1
vi thong thuong mot tang khucéch dai khong dam bao d he so Khucch dai can thict.
trong so dd nay tin hiéu ra cla tdng dau va cic tang trung gian dugce ding lam tin hicu

vao cho tang khuéceh dai tiép sau no.

l—J\'] LJI\ | L W0 U\'N i

Tinh theo don vi dB ta co:

K, (dB) = K (dB} + K »(dB) + .... + K {dB)

D¢ thue hién vice ghép gilta cde 1ang ngudi ta ¢6 theé dimg tu dien. bicn p hoac truc
tuép...

2.1. MACH KHUECH PAI GHEP RC

Much khucch dai RC hai tang nhu Zinh 2.2, ding phan cye v duong i bing dien

trd va ghép tin hiéu bang tu di¢n.

I
|

§ I, é Ry, l" Oy ém % Ry +__ 200K
L4

Hink2.2: Mach ghdp 1ing RC

LOS
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He 5o khuéceh dar dien dp

Tro Khdang viwo cua mach
Z, = R /IRy// P,
Tra khdng ra cua mach

7. =R/,

Vidul : Tinh ht so khucch dat dién ap. dien dp ra trg khdng vao va trd khdng ra

cua mach Khucch dai ghép tang RC thindr 2.3) Bidt dicn tré i Re=10K O,

: T e N R
i ! :
! : . )
‘, | 3k f; ERINS] ; [3kes < IR0
) & & & \
: ;- It r
[ Gl ITipy i
v o= 1 : . 8 |
.. M| [ D <y
L ITAY e T I|.I M ~ I \ Rl .
| | g
< 4Tk < ikl oy 2 A @ et war
& L & <: =
4 < k- ke & : !
g | ‘ | ‘ I
I I
H |
l'_ — L ~_ . !

Hink 2.3 Mach cho vidu |

Giai:
Cac gid trt phan cue (¢hé do DC) tinh duge 1a:

U, =47V, Ug=4V., U =11V, I, =4mA
Ta ¢o:

b 7
= "C=22650
4
Hé 6 khuéeh dai dién dp & tang I:
K = R AR

’

o

ul

(2.240 H Il ‘§ Qi 4 . ?k£ 27420 Q i 6 30|
6.502

663.2¢
6,502

=-102.3
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He s0 khuceh dai o tang 2

T S T T
r, 6.502

H¢ s6 khuéch day dien dp cua ca mach

K, =K, K, =(-102.3)(-338.46) = 34,624

ul

Bicn ap ra

L

Tro khing vio

K, U,= (34.624)(251V) = 0.866V

7, = RURJ Pr, = 4.7k 5kQ//(2003(6.502) = 953.60)

¥

Tro khang ra

Z,=R,.=22kQ

NEu ¢ diu ra mac voi 1 dicn trd 10kQ thi dién dap trén tai L
R _ 10k

= U SR 0,866V =071V
4R, 2.25Q + 1040

‘L

2.2. MACH KHUECH DAI GHEP BIEN AP

Mach khuéch dai ghép RC ¢6 1 6 nhuge diem la: tu ghép lién ting lam suy giam
bien do tin hicu o ving tan s¢ thip. dién trd 1di lam téu hao cong suat AC va DC giam
hicu suat mach vix khé phot hop tra khéng gitra cde tang ... Do vay loai mach ghép RC
chi duge st dung d¢ khuéch dai tin hi¢u nho.
Mach khuéch dai ghép bién dp tuy ¢ | viu yéu dic¢m nhu: Jam giam bién do tin hicu
O ving 1an so rat cao do tu tap tdn gilta cac vong day bién dp, t6n hao 6 161 sit v hoi
cong kénh. Song no ¢d 1 50 wu dicm ma mach ghép RC khong the ¢6 duoe. do 1i hoan
toan cach di¢n DC gifra cac tang. Noi 16 cta vong day dong riit nho (khodng vai Q)
nen ticu hao cong sudt 1 chiéu nho. lam tang hi¢u suiit mach. Viee phéi hop tro khing
gilia ¢cdce tang fuon duge dip ung dé dang dé giam mcova tang cong sudl ra cuc dui.
nho uu diém nay nén mach ghép bién dp ¢6 thé vlia diing Tam mach khuceh dai tin
hi¢u nho, nhat la dé khuéch dal cong suat.

Mach khuéch dai hai tang ghép bién dp duge mo ta nhu hinh 2.4:

L0
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e 4kQ L louH KO
‘ 2

+ s
- u
I IR 1] ®
2? v 7 | + 7 ) % 2k
}-— - I[

b)

Hinh 2.4: a) Mach khuéch dai ghép bién dp (5 = 50, pr.=

Tt mach twong duong b, ta co:

U,

Kul =

2K
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l)

2.3 MACH KHUECH PAI GHEP TRUC TIEP

Mach khuéch dai ghép truc tiép (khong ¢6 tu ghép) nen khong ¢6 ton hao dién dap ¢
tan so thap do tu ghép. Cac tang khong bi ngan cich nguon DC nén anh huong lan
nhau ro rét tir viée tinh todn dén viéc thay thé transistor va su thay doi nhi¢t do moi
truong.

Do vay can phai ¢6 mach on dinh ché¢ do lam viéc va on nhi¢t bang hoi ti¢p am
emitter  hoac tr dau ra va dau vao. Néu nhu dung3 tang tro len thi dé gay tu Kich.,
thong thuong la mac thém tu ¢6 gia tri hang chuc pF ¢ 2 cuc C-B cua transistor. Loai
mach nay ¢6 do khuéch dai khong Ion. '

Mot mach khuéch dai ghép truce tiep nhu vi du sau: (hinh 4)

T
R, =180k é g (II Z q
302V [ H | )

o 0, 6.2 0, -
’ tE - .
' <
. | 2 Re=8kQ
U
e Ry,=1.1k
Ry =1.2K e
O, pr=40 By =100
rg= 13470 r,=520

Hinh 2.4: Mach g¢hép tang tric 11ép

*Xac dinh phan cuc DC
+ Voi Q,: Turdién ap daura U, =8V, taco:

— I‘j 3

0.8k = =5mA

0.8k

Va: U = (OmA)(1.1kQ) =55V
Tu:  Upg,n =07V, taco: Uy, =U =55+0,7=62V

J
h
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ap dung quan he [ = Bl ta co:

+ Vo Q:

Ta thay |,

_____

I!EJ -

le.a|\£}| =

> |j;,. nén:

Iy _ SmA
S, 100
12-6.2

= 501A

=1.93mA

ley = Lk, = 1.93mA va: [, = 1.93 mA
Vay Ug, = (1.93mA)(1.2kQ) = 2.32V
Va: U = Ug, + Uy, =2.32+0,7=3.02V

* Xac dinh cac gia tri AC

Tro khang vao moi tang lap emitter gan bang PR, nén ta ¢o:
Z,, =B R, =40(1.2kQ) = 48kQ

Z=BR,=100(1.1kQ2) = 1 10kQ
S3K110K -3K _

- R
KuI = El =
R;’-.I
R,
l<u] = L2 -
R,
Ktl - KulKuZ
K =K,.Z,

Ry /PR

R

1

~R.H _ ~08K _

R

1

1.2K

0.8KQ

12K

- 0.7273

=(-25)(-0.7273) = 1.818
__(_1_.8181(48A‘£2}:

109,08

K, =K, .k =(1,818)(109,08)= 198.3

2.4. MACH KHUECH DPAI CASCODE

bac diém cdta mach khuéch dai Cascode

la dung 2 tang khuéch dai mac noi uép (hinh

2.6). Tang thu hai mac

113

12K

U

0
:: Res :-: Fi=
c’ < J:f:_
‘ TN D

v o a1
:—: FiL
1

oo b or )
< Rz 4 Fert= Ce< Re /4 C
1T
1 <= L L . =L

. TE
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ki¢u CB d¢ tang tan so cat. tap nhiém nho (vi noi trd vao nho). giam thi¢u hicu tng
miller & tan s6 cao. Tang thi nhat mac kicu CE. lam viee o dien ap thap. he so khuéch
dai dién ap nho (cang nham giam hi¢u ung iller cua tu O tan sO cao). Song h¢ so
Khuéch dai dién dp toan mach lai 16n (khoang vai tram lan).

Ta ¢o the dung vi du tinh toan cho mach Cascode thuc ¢ & hinh 2.7:

6.8kQ2 1.8k€2
Rb1 Rc C4

* .U,
A |
L | Sk
[ I * a1
L 10uk 5.6k | \
- Rb2 U, B, =p,=200
c2
L:\! .——:{ }+ - 'rh‘ QZ
Sul .
L 4.7KO 1 1KO .
Rb3 § Re ; ]
T e

HINI 2.7

Giai:
* Tinh cac thong so DC
Ilil "‘:]Jil hOLTlC I('g *‘:l(']

T " 1’ e ] -
lLl’ BE = Bl la co: 2 1 hUE:iC IBZ tlm
P |

Dong I, ré mach qua PR ma no duge mac song song véi Ry = 4. 7KQ.
Vi PR =100(1KQ) = 100K€. ¢6 gid tri 16n hon Ry, nhiéu lan nén ¢6 thé bo qua
hi¢u ting Iy, 1én mach Ry.. Tur cach tinh gan dang., ¢6 the coi Iy, =14,
%p phan cuc:
R, (U, ) 4.7kQ(18) 846

U BI= o = : e = — 496 vV
R, +R,. +R,  47kQ+56kQ+068k) 17
. u, =-u., 4.95-0, -
Va ll-'l — L'_ — __-'_"_._____f_.i'. — _:_ _0_?_ — 4123m A
R, R Ik
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Dien tro ucp gidp BE cua Q, la:
_ 26ml” _ 20mV

B B 4.25mA

U, =6,12Q

¢l /

Il
Tuly, sl tacoir, = 6120
“ Tinh cdc thong s6 AC:

ul

K - x
(.

Tar cua Q, 1a rd vao cta Q, tice 1a trd ticp eidp EB clia nd. nén: R, . = I.s
1 2 & I.1 el

Viy: K, = :“3 = -1 (h¢ s6 khuéch dai nho nén giam duoc hicu ting
el
miller).
Va K= Roo R 18K o)
© R, I 6.12
Vay: K, = i = K,.Kyy = (-1)(294.1) = - 294.]
J i

2.5. MACH KHUECH DAI DARLINGTON

Mach khucch dai Darlington ki¢u ¢o ban duoc mo ta & hinh 2.8. biac diem cta no
laz dien tro vao 16n. dien trd ra nho. h¢ s6 khuéch dai dong 16n, he so khucch dai dién
ap =~ 1 trén tai emitter.

* Cach phan cuc cua mach nay giong nhu mot tang lap Emitter dung hoi tiép dong
dien o Emitter. chi y rang dong emitter cta tang thit nhat chinh 1a dong bazo cua tang
thu hai.

Transistor su dung trong mach Darlington ¢6 hé s6 khuéch dai dong la B, (hé¢

sO nay cao nhat), khi d6 dong cuc goce duoc tinh:

Hinh 2.8: So do Darlington co ben
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U, -U,
R,+BR,

Ilﬁ_

Do B, rat [on nén:

L= By DL =By,
bicn ap phan cuc la:
Uy=U; + Uy

Vi du : Tinh di¢n ap va dong dien phan cuc o hinh 2.9

J +]8Y
3.3MEQ) %

L= 1.0V
By = 8000

é_wr.]{}

Hinh 2.9: Mach vi du 4

Giai:

181" —1.61" -
lg= ' ' ~2.56 HA
3.3MCQ+8000.(390€2)

[ = 8000(2.56pA) = 20.48 mA =
Up = 20.48mA(390Q)) =8V
Ug=8V + 1.6V =9.6V
Voi: U =18V
Mach tuong duong xoay chieu:
Mot mach Darlington lap emitter nhu hinh 2.10 . Tin hicu dugc dua vao qua tu C,.
tin hicu U, duoc dua ra qua tu C,.

Mach tuong duong nhu hinh 2.11
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+Ugy +-18\'|

Uge= 1.6V
[}, = 8000

—
2 _
SR, :
< 3000

Hinh 200 Sorde Darlington
lp eminer

+ Tinh tro khing vao AC:;

Iy
>

»:

Hinh 2.11: So do Darlingion lap
emitier tirong duong

Dong bazo chay quar, la: [, = U=l
h
= [ry=U U =U - I,(1+B,)R,
= Us =Ty [ry+ (I+Bp)R ] =1y (1, + BRy)

Tro khang vao nhin wr bazo cta transistor:

U
Iy
= Tro khang vao cua mach:
Z,=R
+ He 5o khuéceh dai dong:
Dong di¢n ra trén R
I], = I“
. !,
Vi L =By,
Ly

= H¢ s6 khucceh dai dong ctia mach la:

=1, + BpR,

W//(ry +BpR,)

+ PR =Py + DIy =Byl
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+ Tro khang ra AC:

Ta co:

B

. I R, 1
(r.+p,R)+R, ' a.R.+R, '

i

p— B _..._...R” —— ﬁHRh‘
D PR, +R, LR, +R,

<Hinh 2.12a,b>

b)

Hinh 2.12: So do niong dicong AC dé'tinh 7,

., UL U, U, U,
= Jrp e B, = 24 Zr
‘TR » Pols R B . )
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Mat khac:

7 U !

T UR tVUr i
+ H¢ so Khuech dai dien dp:
U=y + By I R =1y (R + By R, )

U, =1Tyr, + (I, + B IR,

Ta ¢o:
U, =1I,(r, + R.+ By1,)
[

[ n “‘{Rf +ﬁ”R! } ( I: BI) I )

K,=Ure R*BR

u

U, r+(R +B,R)

Hinh 2.13: So do niong dwong AC dé' tinh K,
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Chuong 3
KHUfCH DAI CONG SUAT

3.1. BPINH NGHIA - PHAN LOAI
3.1.1. Dinh nghia

Mot bo khuéeh dai nhan tin hicu i ¢dc bo chuyén doi hode cde ngudn vio khiic
v cung ¢ap mot miuie tin hicu 1én hon o dao ra. Tin higu vao nét chung thuong rdt nho
(val mV tr mot mdy Cassette hay CD. hoac vai uV wr 1 antenna). tin hiéu nay can
duge Khuéch dai du 1én dé kich thich tai hoat dong. Trong cdc tang  khuéch dai tin
hi¢u nho. ¢ic nhan (¢ chinh ¢iin quan tam la su tuvén tinh v do lor bien do. Khi bicn
do tin hicu vido vuot dén pham  vi doan cong cua dac tuyén viwo/ra thi vice tinh
win s& chuydén qua phuong phip khac. né nham giam méo khong dudng thang do
doan cong gay ra khi tin hicu vao chuta du ién.

Tang khuéch dai cong sudt fa ting khucéch dad cudi cung cua bo khuch dal. ¢o tin
hicu vio 16n. N6 ¢ nhiém vu cho ra tai mot cong sudt ldn nhat ¢6 thé duge. vai do
mco cho phép vithao dam hicu suat cao.

Do khudch dai tin hi¢u 1on, transistor Yam  vice trong micén khong  tuyvén tinh nén
khong thé dung so dé tuong duong tin hicu nho nghien ciu ma phii dang d6 thi

3.1.2. Phan loai

Tang kbuéch dai cong sudt ¢6 thé lam vice ¢ cde ch¢ do AL B ABva CL D
thy thuoe vio ché do cong tac cua transistor.

“ Che¢ do A La ché do tang khudch dai ca tin hi¢u hinh sm vao. Ché do nay ¢o
hicu sudt thip (dudi 25%) nhung méo phi tuyén nho nhat, nén duge dung trong trudng
hop dac biét.

VO
M thuen 'y
dp e v
che do A : Y
Ra du 360" L, T
/ .
Mo thidn EREtE
ap el -
che do i3
ov = ov a
(@) )
Hink 3.1
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Che do B: Khucéch dai nira ché do hinh sin vao, day 1a ché do ¢6 hi¢u suat 16n (n=
78%). tuy m¢o xuyen tam lon nhung ¢6 the khac phuc bang cach két hop véi ché do
AB va dung hoi tiép am.

“ Che do AB: Co tinh chat chuyén tiép gitta A va B. N6 ¢6 dong tinh nho dé tham
gla vao viée giam méo ldc tin hiéu vao ¢6 bién do nho.

* Ch¢ do C: Khuéch dai tin hicu ra bé hon nua hinh sin, ¢o hi¢u suat kha cao
(>78%) nhung mco rat 16n. N6 duoc dung trong ciac mach khuéeh dai cao tan ¢6 tai la
Khung cong huong dé chon loc song dai mong muon va dé ¢é hicu suit cao.

* Che¢ do D: Transistor lam viée nhu mot khoa dién 1o déng mo. Dudi tac dung cua
tin hicu vao dicu khi¢n transistor thong bio hoa la khoa dong, dong I dat cuc dai, con
kKhoa ma khi transistor tat. dong I = 0.

3.2. KHUECH PAI CONG SUAT CHE bO A

3.2.1. Khuech daiché do A dung tai dién tro

Trong tang khuéch dai ch¢ do A. di¢m lam viéc thay doi doi xing xung quanh
diem lam  vice tinh. X¢t tang khuéch dai don mac EC v mach niy ¢6 hé s6 khuéch
dai lon va mco nho. Ta chi xét mach ¢ dang nguén cap noi tiep. Mach dién duoc cho &
hinh 3.2

* Che do tinh:

Dong phén cuc 1 chi¢u duoc tinh theo U va Ry theo cong thic:

Uee = 0.7V
R

B
Tuong ung voi dong Collector sé la: 1= B.1,

bicn ap Collector — Emiter : Uce = Uge - 1. Re

5

Hinh 3.2:Sa do khuéch dai che do A ding i dién trég
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Tu gid tri Ug ke duong cong dac

AT
tuyeén sé duoc duong tai mot chicu. U.
v = =Ly
e - C . .. R
Tu do s¢ xac dinh duoc diem lam viéc Q ‘ <
, o ) Q
Hai truc toa do s¢ ¢o I va Ugy nhu ey A e ls,
hinh 3.3
I —
0 I T r T
\ Ucro Uc Ue
* Che do dong (khi ¢6 tin hiéu): LU

Khi ¢6 mot tin hicu AC duoc dua (61 dau vao cua bo khuéch dai. dong dién va
dien dp ra s¢ thay doi theo duong tai mot chiéu.

Mot tin hi¢u dau vao nho (hinh 3.4a) s¢ gay ra dong dién cuc goc thay doi &
bén trén va bén dudi cua diém lam  viée tinh. dong collector va dién ap Collector -

Emiter ciing thay doi xung quanh di¢m lam viéc tinh nay.

Tin
hicu
< vao

- ]\m hicu

dien  ©l I .. U ] |
»TRLT
> di¢n .
| o {,)]‘:?n . >_\. ‘I’)ll;l]
;”lp ra an ra
(&) (L]

Hinh 3.4 Quan hé giita tin hiéu vao va tin hien ra.

Khi tin hicu dau vao 16n hon (hinh 3.4b) diau ra s¢ bi¢n thién xa hon so voi diem
lam vi¢e tinh da duoc thi¢t lap i thoi diem trude. cho 161 khi ca dong dién va dién
ap déu dat dén mot gia tri gidi han. Doi vor dong dién. gia tri gi6i han nay ¢o the la
0 ¢ diém Kkét thic thap hoac Ugqe /R 6 diém két thic cao cua chu k¥ hoat dong cua
no. Doi vai dien ap Collector - Emiter. gidi han ciing ¢6 thé 1a OV hay bang gid tri
nguon cung cap Uge.

* Cong suat cung cap tu nguon 1 chieu:
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Lldey=01" .1,
: ¢

*Cong suat ra:

+ Tinh theo @id i hicu dung:

Placy=1

O F s !l']( T

-

P’ ey = [L iy K(
Lo
IUJ.{E{L‘} - [ His
R,
+ Tinh theo gid tri dinh:
O N
Pucy = ””;: frer (}}-"’ R
[
, _him
ey q}\;
=0

+ Tinh theo gt v dinh - dinh:

P.{Ut'} = {( kA .l”_.ra'l';f Y P
| 8

-

/7
Pac) - “;”*”]R(.

L7

(_'f',' -2
}T.{HL‘) = -----.UJ 1
8K,
* Hieu suat mach: hicu sudt ctua mot mach khuech dai phu thuoe vao tdng cone

SUAl xoay chicu trén 1ai viv ong cong suit cung cip wr nguon { chicu, Hicu sudt duoe
tinh theo ¢ong thire sau:

3 .
= D) g0,
Fdey

- Hiew suat cuee dui:



KY THUAT MACH BIEN TU

Vi mach khuéceh dai cong suat ché do A, hicu sudl cue dai ¢6 thé¢ duoc xde dinh

théng qua gia tri dong dién cue dai va dicn ap cuc dat.

LJ('lﬁ M Lj('(f

axip-pl

I(fl—‘.ip-pl - L‘T('('/R('

Py lac) =

A

Cong sudt mot chiéu (de) i ngudn dicn dp cung ¢dp cue dai duoc tinh dng v

oid tri done thién ap hang mot nita e1a tr cuc dat
P v o & o i H z A

(]

P\-‘ Ny (dC) = U('(‘ A 1(.'N-l;|x)/2 = U i ’!7 - ﬁ

Ta tinh duoc hicu suat cue dat:

??m o '_i”“'\: ("ﬂ . 1 UO (.,/"t.) =
h ‘Pr'u’:.r_\' (({(')

Hicu suat cyc dai cia mach khuéch dai tai ch¢ do A diing tai di¢n trg nhu ta
thily la 25%. Hiéu sudt nay chi dat duge trong trudng hop dac bi¢t. con hau hét cac

mach khuéch dai che do A ding tai dién ¢ déu cd hicu sudl nho hon gid 1 25%.
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Vidu 1: Tinh cong suat vao, cong sudt ra, hiéu sudt va cong sudt ton hao

transistor khi cho tin hiéu vao voi dong base I, (peaky = 10mA

b Ic (mA)
N 0V _ -
le=Ucc/Rez0m =190 K
= 900 |-,
800 - -
700 (— ]
600 [~ -
I, 500 = | ee—— - 20 ’sa
¢ 400 — \TM?rlg tar mot chicu
300 0
200 Diém lam vice
100 Ig=0mA
T T T T T .
5 10 15 20 25 Veg (V)
I I
Veeg Veg = Ve
a) b)
T = o= : Ji )
HINH 3.5: S do cho vidu | Uk Unecll Uk
“CETMOC

Giai:  Tinh cdc gid tri d€ xdc dinh diém Q:
ly =Uq -07(V)IIR, = (20-0,7)/ 1(k2) = 19,3 mA
lo =p1;,=25.193 =482,5 mA
Uep =Upe -1 R-=20- 482,5.20= 10,35 (V)

Mach dién khong ¢o Ry, , nén Ucr =Uqse =20(V)va
I =Uq !/ R-=100mA
Ta vé duge duong tdi mot chiéu Ry (2 diém Ugp = 20V, I = 100mA).

Khi tin hic¢u vao véi dong base I, o = 10mA thi bién do dong collector trén dic

tuyén s¢ la:

Iep =By, =25.10 =250 mA ( gid tri dinh )

e 250x1073 4)2
P(ac) =- -(-_()—).R(‘ = (: ot ? ——).(20Q) =0.625W

)

Pirgey =Uce 1. =20.4825.10° =965 W
%n = (Pac)| Py(dc) . 100% = (0,625/9.65). 100% = 6.48%
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P, =P, —P,=9065-00625=9025W

Qua vi du ta thay ro mach khuéch dai RC dung ché do A ¢o hi¢u suat thap, chi dat

6.3% so vor hicu suat cuc dai la 25%.

3.2.2. Khueéch dai ché do A ghép bien ap

@ ()

Hinh 3.6 Mach khuech dar cong sudt am tan ghép bién dp.

bay la mot dang cua khuéch dai ché do A vai hicu suat 101 da la 50%. su dung
moOt may bién ap dé nhan doi tin hi¢u dau ra dén tai nhu hinh 3.6.

Hoat dong ctua may bién ap: mot mdy bién dp ¢o thé tang hay giam gid tri dién

ap va dong dién theo ty 1¢ da duoc dinh trude. Gia su may bién ap duoc nghién ctu la

loal may tang ap va bo qua su ton hao cong sual.

Ny N,
I — e
I, I
‘I

al bl )

HINH 3.7: Hoat dong cua bién dp
a) Bién doi dién dap
b) Bién dei dong dién
c) Trokhdng

3.2.2.1. Bién doi dién ap:

Nhu ta thaly ¢ hinh 3.7a . may bién ap ¢o thé lam tang hay giam di¢n dp phu thuoc vao

nhing s6 vong day 6 moi bén.

126



KY THUAT MACH BIEN TUf

Su bi¢n doi dp theo cong thie: U /U, =N /N,

dic¢u nity chi o rang néu 6 vong ddy cuon thii cap ldn hon cudn so cap thi dién ap
ra thir ¢dp s¢ Ion hon dien dp vao su cap.

3.2.2.2. Sw bién doi ciia dong dién:

Dong dicn bicn doi s¢ ty 1& nghich véi 6 vong day ¢ 2 cuon, Tie La:

[,/1, = N/N,

Mor quan he nay duge thé hicn ¢ hinh 3.7h. N&u s6 vong day o cudn thi cap 16n
hon cudn so cap thi dong dien chay & cuon thit cap sé véu hon dong dien & cuon so
Cap.

3.2.2.3. Tai cua hién dp co bién doi tro khdng

Khi bi¢n dp thay dor dicn dp var dong dign thi trd Khang ¢ ¢a 2 cudn ciing ¢6 thé b

thay doi. nhu ta thay & hinh 3.7¢.
Tagoi Ry la dign trg nhin vio tir cuon day so cap médy bien dp. trén d6 da tinh deén

anh huong tai ghép W cuon day thi cdp thong qua h¢ so bién ap:
2 2
a® = (N,/N,)

Dien tro tai o cuon day thit ¢ap phan dnh qua dién 16 so ¢ap duge tinh nhu sau:

R/R =R/R, = (NI/Ng]l =a*
Trong do. 1y so: U /U, = N/N, v [/, = NN,

He 50 phin dnh tr tdi qua so cdp bién dp bidu thi ty sO giia tai phan anh R, va tai
R, qua ty so bién ip: R’ /R, =(N,/Ny)?=a?
Vidu 2: + Tinh R°) bict R = 8Q vitty 6 vong ciia bién dp a = 15/

A
N2

R, =(~_) R =15 .8=18KQ

+ Tinh ty 86 vong cua bién ap khicho R, = 1602 R, = 10KQ

R, 10000 .
A2 R, 16 T A

3.2.2.4. Xdc dinh duong tdi mot chiéu, diém lam viéc tinh va tdi xoay chifu
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I (AY
1 Pocone ta L oehicn
0.5 -\/ ]/
0.45 +— 12 mA
04—

10 mA
Afe UL

1
Dang dien 0.35 - ~ & ma P vicy
collegtor 0.3 \\ e
5
0.25 mh

I .
‘o 0.2 S 4mh
L ‘\
015 ! \ 2 mA

P
[
o
3
>

a3
0.05 \\\
J 1 I 1 1 -
[4] 5 10 15 20 25 Veg (V)
AV p——

P Vegp=Vee =12V

! : Q Eren dp collecton
|

FINH32.8: Duine it coer siach Bhaicedi doi cong xid? cle'do A ahep bien ap

Vi dién trd mot chic¢u clta cudn day bicn ap rat nho. Iy twong cor nhu bang (3. Nhu
vay dudmg dac tuyén tit mot chicu Ry, le nay s¢ thang ding song song vai lrye wung
(1) . Dien dp tai didim 1am viee tinh: Uy, = Uge. Néu cho bict dong dinh thien 1 thi
chi vice ke mot doan thang song song vdi true tung L. cat dac yén vor dong 1 »¢ tim
duoe dicm lam vice Q. Can luu ¥ rang khong duge tw v chon dong [, ma phal can cu
vho dac tuyen d¢ xice dinh sao cho ¢d do méo la thap nhat. Dicu nay <6 quan he vol
bicn do dién dp vi dong tin hicu ¢ ngd ra. ¢d nghia la bicn do cua ching khong
vugt quia  doan cong dac uyén va dudong cong  giGi han ton hao  cho phép cua
transistor.

Picm lam viée duge chon ten giao diém cua dudng tai R, v dong [ ung va
tham s0 I; = 6mA. D¢ diam bao cho tin hiéu lam viée ¢ phan dac tuycn thiine thi dong
dien vio ¢d bien do 4mA (peak). T do s¢ xdc dinh duge bién do cua dicn dp ra va
dong ra trén tal bicn dp.

Xic dinh duong tii xoay chidu R bing cdeh ke mot doan thang ¢6 do nghieng (-
1/R>) lech vé truc T di qua diem lam vice Q.

Néu tin hiéu bat dau tic diém Jam vice & mie 0V, thi dong Collector tir dicm Q. L,

¢ bien doi mot lugng:

Ale = AU /R
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Tu gia wr Al wen true I . kéo duong thang dén diém Q 6i truc Ugp s¢ ¢6 dac
tuyén tai R .

3.2.2.5. Dang tin hiéu ra va cong suat ra

Uk A (A
i T
| U, '.I =1y L N
| |
Ut iy | f
| | 1'"(?‘5(;
- |
Uer s ﬁ
| by
o | ! '
(a) (b
HINH 3.9

Tuw hinh vé ta xac dinh duoc cdc gia i sau:

l_J - LJ('I{m;:\ h LJ(']‘.H':IH'
l f— [ - [

Cip-p) Cmax

Cltp-p)

Cmin
Cong suat xoay chiéu gui (6i bién ap:

T

R-(GC') = (Ll Emax L‘ '_i'.'mi;)'(l( ‘max If ':nin)

Phan cong suat nay duoc gui t6i cuon so cap cua bién ap. Néu bién dp 1a Iy twon
g \ Jc g : I )

thi cong suat trén tai gan bang voi gia tri nay.
Cong suat ra cing ¢6 thé duoc tinh theo dién dp roi trén tai.
Vidu 3: Cho mach dién <hinh 3.10>
Xac dinh cac thong so gia tri hicu dung cua dong dién, dién dp. cong suat trén tai.

Cho bict: ty s6 bieén dp ha ap 3/1. dong tinh [ = 6mA, bién do tin hiéu vao Iy, =
4mA
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Giai:
+ Dac tuyeén tai Ry e, bat
dau tr diem Ugp, = U.U
+ Tu dac tuyén tuong ung
VOl I = 6mA., tim duoc:

Ucgg = 10V: I, = 140 mA

+ Dién tro phan anh tir tai
quasocap R’ :
Ry = (N1/Nz): ‘R
=328

Hih 3.10: 50 do chovidu 3
- 720 .

+ Xac dinh duong tai xoay chiéu nhu sau:

Gia tri bién doi cua dong I ké tir diem Q:

e (mA)

YACTI
. 14 mA ’ 14 mA
350 12 mA | 12 mA
300 G
Ry, =7200
l_ 10 mA | L 10 mA
250 s |
- 8 mA | 8mA
150 6 mA \ /‘f 6 mA
100 4mA 4 mA
50 Ig=2mA
3 =2m/ 50 Iy =2m
I : I I : Ie =25mA Lkt
f | min o | | | | ol |
0| 5010 15 20 25 L '
UpelV) 0 5 015 0 Ues(V)
_ oy = 11TV Vg, =183V
o) Hinh 3.11 )
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Gia i dong tai diém A uén dac tuyen 1. <tren hink 311>
lopg + 1= 140+ 139 =279 mA
NOI A v Q s¢ duge dac tuyen tai R,

+ Xie dinh gid tri cue dai va cye téu clia dong v ap trén Collector BIT tir gid tri

cua dong vio Iy,
UCI:’[.\-‘IJm = l~7 V: ](‘ Min — 25 mA
U(.'l'_ Py = 18*‘% Va I('.\-iux = 255 mA
+(COng sudl ra trén cudn so cip bién 4p:

(("-('f-_' LN __{"I('f-. min ) !('malx - [('rnin ) _ (_18 3 -1 '7}(2:_5 —25)
8 8

JDJ.(HL' )} =

=0477 W,
+ G tr1 dien dp hicu dung trén cudn so cip:
Ui = U /2 = (U U 2Y¥2=16,6/2,828= 5,87V
+ Gid tr1 dién ap hidéu dung trén tai;
U o = (NN LU = 1/3.587 = 1,86V
+ Cong suit ra trén tai tinh theo dp U,

Pl =U% = 1.96/8 =048 W

+ Gid tr hiéu dung cia dong tal

N
I ey — \

l - l('{l'mx —

_\I ' [(I(‘Illu_\-[('r‘nin)/z \2 J

(=]

= 3. 230mA/2,828 = 244mA

+ Cong suat ra tinh theo dong I,
Poovy =1 R, =(244 . 10%? =0476 W
3.2.2.6. Tinh cong suat I chiéu va hiéu sudt
Cong suit cua nguén cung cip DC
Py, = Ue. L
Cong sudt ticu tan trén transistor & ché do tinh

PQ = P\-’[IJL'] ‘-le,\c}

13]



KY THUAT MACH BIEN TU

Véi cic thone so o vi du 3. ta tinh dugc
Py = Upe Ly = 100140107 = T4 W
=14 -048 =092W

DI 3
t [ I Yol T I riALY

N = (P o/ Popey) 100% = (048/14).100% = 34.3%
Nhu vav. mach khuéch dai cong suat & ché do A ghép bi¢n dp da tang 1¢n 25%.
Fieu suat cue dai cha nd dat duge Ta 50%.
Ta ¢ thé tinh hicu suat cue dai theo Ug va Uy bang cong thic:
+ D61 vé mach ghép RC
1= 25 [(Uep an - Uer o ¥ Cee (U v + Uer i) -
+ boi vai mach ghép bicn dp:
N =350 [0 - Yo Voo (Lo + Ui v I
Vidu4: Tinh hi¢u sudt cia mot mach khuéch dai cong suat ghep bicn ap vdi
Uee = 12V trong cice truong  hap:

o U =12V bicn doi xung quanh dinh thicn cta dicm Q v Uy, = 12V

h) L = 6\!. U('l-'_(‘} = 12\;

lpu'.ll\

C) L‘:;h':!l\ = 6\;. [_:(-[:_u = 18V

Giai:
Ugpapen = Uepn + Uy = 12+ 12224V
Uegaw=Uepi- U, =12-12=0V
310U v ~Cor e 7 U tUane + U )l

1
[

N

H

23 [(24 - 032424+ 03] =25%
&) Ugpye = U+ L, = 124 6=18YV
Ucrviin = U - Up =12-6=6V

H
)

n 51U e v - Vet viim ¥/ Uee AUcg v T Ui v

25 {(18 - 6)/18.(18 + 6)] = 6.25%

It

by Uipae = Ut U, = 1I8+6=24V
U(.‘t", M — U("I'-'. = L‘.Ip = 18 B 6 = 12 \(I
n = 23 [(Ueg aae = Uers wiin y/ Uce (Ui v + U aind]
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=25 (24 - 1224.24 + 12)] =4.17%
Vidu 5: Tinh hicu suat cua mot mach khuceh dat ghép bién ap

Var Uge = 12V trong cde trudmg hop sau:

U, =12V
by U =6V

T ik

C) Upc;lk = 2V

(iai:
o) L(I Vi, L".{_'I"_i) + L"pc;sk = 12 + }2 - 24 I\
LI[']': Man :LJ(_'!{Q - U[u:alk =12-12 =0V
q - 5() [([—;(‘l-j_\];l.ﬁ - L:('l- Y )/ L]{'(' [Ut'!: RS + LIF(I .\]in)J2
=50 {(24 - 0)24.24 + M. = 50%
b) Uoiuw =l + U = 12+6 =18V
[;L'l‘. M [J(_']{Q - Lj|1L‘:lE\ - 12 - (} = 6 V
| N =50 [(Ugy v - Ugg g Uee (U g + Uy .\tm)l2
=50 [(14-10/24.(14 + 1Y) = 1.39%

Qua 2 vidu tren ta thily mol twong quan gitia bicn do ra U vOI dién dp nguon
Uce Khi U = U thi iéu sudt dat mie 16n nhat (n = 50%). Ncu U, = 1/6 U
= 2V tht hi¢u suit giam rat nhanh d¢n gia tri nho nhat (n = 1.39% ).

0o mdo sdng hai cua mach khuceh dui ¢hd do A tuong doi nho. Trong trudmg
hop ghép bicn dp. do ¢6 dong mot chi¢u chay trong cuon day kha 16n tam tang dong
hoa cua 161 4t bicn dp dan dén trang thai bilo hoa. Pidu niy s¢ gay méo dang tin hicu
ra. D¢ gidm méo do bao hoa tir, ngudi ta tang 1 (r¢ cda 161 sdt bang vt licu cach tr dat
¢ khe hé gitia cic 14 sat.

Nhu viy. khuéeh dai ché do A chi ding cho tin hi¢u nho nhu ting khuéch dai

mino. tién khucch dai va dao pha ..
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3.3. KHUECH DAL CONG SUAT CHE bO B

—  Bdn mach

Hinh32 L Bdn mach i

O ché do B. transistor s¢ diéu khién dong dién & mdi nia chu Ky ctia tin hicu. bé
thu duoc ca chu ky tin hiéu dau ra, thi can st dung 2 transistor, moi transistor duoc su
dung 0 moi nia chu ky khdac nhau cua tin hi¢u. su van hanh két hop sé cho ra chu kv
day du cua tin hicu. Khi mot bo phan cua mach day tin hiéu Ién cao trong suot nira chu
kv con lai mach dién khi do goi la mach day kéo. Mot tin hi¢u dau vao AC duoc dua
vao trong mach dién day kéo véi su hoat dong ¢ moéi phan trén moi nira chu kv thay
doi nhau. tai sau do sé nhan duoc ca chu kv cua tin hiéu do.

Transistor cong suat duge st dung trong mach day kéo ¢6 kha niang cung cap cong
suat mong muon cho tai, va su van hanh ché do B cua nhiing transistor nay s¢ ¢o hicu
suat I6n hon so vor viée sur dung 1 transistor don trong ché do A.

3.3.1. Cong suat va hiéu suat
Cong suat vao DC (cong suat nguon cung cap)
Ppe = Uce Ije
[, =1,y la dong trung binh chay qua nguén cung cap.
Bien do hay dong dinh I, = V2 .I¢, nén dong trung binh chay qua nguon trong
toan chu ky s¢ la:
[,,.= 2l /n (25)
Vidong trung binh [

avg

L..=2\21/xn

avg

= Iy + I, nén ta co:
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Cot Ugpipn = Othi U, =320 . nén:

Ppe =Uedpe =2U 2021/ = 4U I /n
Nhimg cong suit trén tat R | transistor la:

P =Udl

] 47
el 2 —_ !
nen: P =

Fs
Cong suit tren tai R; s¢ tinh theo cdc gid tri sau:
b _ 12 ] — 2 ! _ 2
] reAd U l,lplpb/le, =U I.IpJ"QR[, =U l,u-ln.w/RI.

Hicu suat:

I

n = P/P,100% = /4 . 100% = 78.5%
Vidu 1.5:

Xic dinh cong suit cung ¢dp. cong sudt ra vis hicu suat o che do B trong trudng hop

cho di¢n ap tin hicu ra rén tai 16Q i 207 va U= 30V

Giar:

Dong dinh trén i 160 :

[, =U,/R; =20/16 = 1 25A

Dong chay qua nguén U,
2 .
l“(‘ = '[I) = U..’?L)() AA.
F

Cong sudt cua dicn dp ngudn:
Pyiner =Udpe = (30V) (0.796A) = 23.9W
Cong suat ra ucn tar R :
Prvey = ULp/2R = (20VY/ (2.16) = 12.5W
Hicu sudt:
N = PoePyine 100% = 12, 5W/23.9W.100% = 52.3¢%
Cong suat ton hao trén 2 transistor v | transistor:

PfQ:P\'_Pr PQ:PEQ/Z
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3.3.2. Gia tri cuc dai

O che€ do B. khi U

P]' CACTH My = Uzcc/2R[_

L = Y, thi cong sudt ra dat gid tri cyc dai.

{(30)
Dong trung binh qua nguon cung cip
Ihe==2.1=2."" (31)
D R :
Cong sut ngudn cung cap cuc dal
2 U , .
P\«"r_DCJ max T LJL-..'I[)(_‘ = UL‘L‘ . _};_"" = ZUL-\--\- / It R] (32J

Hiéu suat cuc dai

L.
. 5 . o) .
N =P /Py, 100% = (U- /R Y[ U . = —

) w7 -Qf}.
TR 1 00%

:E 100% = 78,549

5

—

Khi di¢n dp ra trén tai dat 0,636U_( o .U_¢) thi ton hao cue dai trén 2 transistor

(nam trong duong gidi han 16n hao cho phép) s& la:

o

- ﬁ— ] R“;, ' (33)

Tai cua 2 transistor trén cuén so cap bién ap:
R.=(2a)’R, =4aR, =4R’, (34)

Vidu 6: Xac dinh cong suat cue dai o ché dé B khi cho:

U, =30V, tiR, =16Q

Giai:

PR{,-\(_'] max UEL-L-/le' = 28, 125W
Pystaxine = 2U2W /R =358IW
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My = .’;-f-.loof:-f = 78.54%

Pr Vay P] I]'.'.I.\/ 2 = 5.7W

Hicu sudt cue dai o ché do B con ¢o (hé xidc dinh theo ¢id tri dinh:

P]' LA :l—’lzp/zR L.

P =UL.—u 2.
AN AT 5 coLot T - R;_
0 =P P 100% = 78,54% L JU_ %

Vidus:
Xac dinh hi¢u sudit o ch¢ do B. khi cho U = 24V vai dién dp dinh & 2 trudng

hop:

a) U, =22V

pep
b) U, =6V

(riai:

a) =785822V24V)y 100% = 72%
b) = TR.54 6V/24V) 100% = 19.6%

Qua K¢t qua ta thay rang. hi¢u suat tang theo ty 56 gitta U, /U

3.3.3 Cac mach khuéch dai ché do B

Mach dién khuéch dai ¢hé do B phai dung it nhat 1a 2 transistor ¢d ciing cuc tinh
hay khdc cue tinh (P hoac N). Khi can tang ¢ong sudt ra, ¢ méi 1ang cong suit cudi
thuong hay ding 2 transistor & moi v&, mic Kiéu Darlington. N¢u tang cong sudt diing
2 transistor ciing cuce tinh thi tang kich phai li taing dae pha dé cap 2 tin hi¢u ngugc
pha ¢ cua vao,

3.3.3.1. Mach ddy kéo ghép bién dp  (hinh 3.13)

Uu diém cua mach nay 1a & ¢ch& do tinh s¢ khong ticu thu dong do nguén cung
cip ncu khong ¢6 10n hao wén transistor. Mit khic. vi khong ¢é dong mot chiéu chay
qua bién ap nén khong gay mcéo do bao hoa tr. Hi¢u suat cia mach dat lén nhat,

khoang 78.5%.

137



KY THUAT MACH DIEN TU

Nhuoc di¢m cua né 1a méo xuyén tam 16n khi tin hiéu vao nho. khi ca 2 v¢ khuéch

dai khong duoc can bang.

Chia 2 nira dao Ket hop day h 303 Bicn dp daura Kt hop
pha kéo Hinh 3.1. day keo

Nhu mach hinh 3.13 da chi ro. ¢ nua chu ky duong cua tin hi¢u dau vao, Q, phén
cuc nghich nén khong dan, Q, phan cuc thuan nén dan. O nira chu Ky am thi qua trinh
xay ra nguoc lai. Lic chua ¢o tin hiéu (Ug = 0) thi Q,. Q, deu tat, s¢ khong ¢o dong
nguodn U chay qua bién ap ma chi ¢6 dong nguoc I rat nho chay qua.

Tai thoi di¢ém chuyén tiép gitta qua trinh dan ngat cua Q, va Q, s¢ gay nén hién
tuong méo dang song. goi la méo dang xuyén tam.

3.3.3.2. Mach bu doi xting

(c) (d)
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Dung cic transistor (khdc cuc tinh) mac nhu hinh 3.14a. 2 transistor s¢ lam
vice thay phicn trong hai nua chu k¥ cung cap dong ra trén tai. Hai nta tin hi¢u ra s¢
duoc tong hop thanh tin hi¢u hoan chinh ten tai. O hinh 3.14b 12 transistor npn lam
vice, npn tat. con hinh 3.14¢ mo ta ¢ ban kv am cua tin hi¢u vao. khi nay npn tat. con
npn mo.

Mot su bat loi cia mach nay la can phai ¢6 hai nguon cung cip riéng bict. Va
han ¢h¢ nta cua mach bu 1a méo xuyeén tam (hinh 3.14d). bay la su gay khic cua tin
hicu ra tren tai o thot diem chuyén tiép tr na chu ky duong sang am. D¢ giam méo
xuyen tam cho ch¢ do B lic tin hicu dau vao con yéu. nguoi ta s¢ dung ché do AB dé
lam tang kich thich cho tang cong suat cudi ché do B.

Mot dang mach day kéo dung cac transistor bu duoc trinh bay o hinh 3.15. Mach
nay ¢ moi v¢ la mot cap transistor.cling tinh dong thot khdc tinh voi cap transistor
cung tinh kia. goi la mach Darlington b doi xiing. O mach nay thi dong dicn dau ra s¢
cao hon, con tro kKhdng thi thap hon.

Mach gia bu duoc cai tién tr mach bu doi xing dé don gian bt con g nghé ché tao
vi mach. Mach nay dang 2 cap transistor & mot v¢ thi cting tinh. con vé kia thi khic
tinh.

Neuyen tac lam viée cua hai mach Dalington bt va gia bu giong nhau, chi khac

o dicn dp phan cuc dé tao dong tuyén tinh ban dau.

RS
= Vee,=20V

R, :: 100 ©2
>
-:izz 9]
..to‘zz uF
Hinh 3.15
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¢) Mach day kéo gia bu

+U

Ry

S -«
Il
Input _%‘ R, 1 V Output

R

R3
Hinh 3.16
=
Vidu?9:
L=]
R]
i T 0
C{l e 1
1
uy 4 [
Ry R,
. o 4 €2
Q
c: N ’
Ry
: =]
~Upe =-25v

Tu mach phan cuc dong tinh bang diode, xdc dinh:

Cong suat ticu tan trén moi transistor khi cap dién ap hicu dung ¢ dau vao la 12V .
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a) Neu tin hidu vio tang dén gid 11 cue dad ma tin hicu ra chua méo dang,

hay tinh gia ui cuc dal cua ¢ong sual vao va ra va cong sudt léu tdn trén moi
transistor,

b} Xic dinh ¢Ong sudt ticu tan cuc dai cho phép & mo1 transistor,
Giai:
a) Gia tri dinh cua dién dp vao:
Up =2 U =802 0002 = 1697 =17 V.

Xem bicén do tin hiéu ra trén tar ra R trong trudng hop v tudng gin bing dién
dprao (do letdicndap = Hthi U, = 17.
Cong suat ra trén tii:
Powy, =U7 /2R =177/24=30,125W
L =Up o /R =17/4 =425 A
Dong DC chay qua nguon ludng cuc:
Ly =20, ,,/7a=2.425/T1 =271 A
Cong sudt cung cap dong:
Pow, =0y =25.27=6775W
Hicusuat cvan U, = 12V
n =P, /Py 100% = (36,125 /67,75).100% = 53,3%

Cong sudl ticu tin teén mdi transistor:

P, =P, /2=(Pu—P )2 =(67.75-36.125)/2 =158 W

b) Neu dign dp vio tang bang dicn dp U, Uy =25.U
(Uy =17.68V, iU, ,, =U, =25V
Suy ra:
Pow =L 2R =25/24 =78,125 W
Povie = M MU /Ry Y =2/ 1) . (257 /4)=99,4T W

Nue = (P/PL )L 100% = (78,125 /99.47).100%
= 78.54%

Vi tin hiéu vao cuce dai thi cong sudl tiéu tin mai transistor s¢ 1a:
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P, =Py2 =P P2 =(99.47 - 7812512 = 10.67 W

0

¢} Cong suat ticu tan cue dar cho phép g moi transistor:

P, =2/ a). (U /Ry = (2/n). (25774 = 31.66 W
P, =P, /2=31.66/2 = 1583 W

3.4 MEO TRONG TANG KHUECH PAI

Mot tin hi¢u ham s0 sin thudn twy ¢6 mot tan so don ¢ d6 dién dp thay do1 am
hay duong véi <6 lugng bang nhau. Bt k¥ tin hicu nao thay dor khong da | chu k¥ thi
duoc cor fa bi méo. Bo khuéeh dar 1v tuong ¢é the kKhuéeh dat mot (in hicu ham sin
thuan iy dé dua ra tin hi¢u 16n hon. dang séng (r¢ thanh tin hicu sin tan sé don. Khi
méo xay ra. dau ra s¢ khong con nguyeén dang (ngoal trit am luong) cua tin hicu dau
VA0,

Mo ¢6 the xudt hien béi vi cac thict bi ¢é tinh chit khong (uvén tinh. trong dé
nhang ruong hop Khong tuvén tinh hay méo bicn do & xav ra. Didu nay ¢o the xudt
hi¢n ¢ 1at ca cice ¢he do khuceh dai. Mcéo cing <6 (hé xav ra bai vi phan (i ¢ mach
dien va thict b dién dp dng vai tin hicu dau vio mot cich khiac biét & nhiing 1an 5o
Khac nhau. lae nay no da udg thanh méo tin so.

Mot k¥ thudt d¢ micu 14 méo cua nhimg dang song tuin hoan ‘1 str dung su
phin tich cua Furie. mo ta dang song tuan hoan bat Ky trén phuong dieén thanh phan
tan 50 ¢o ban va nhimg thinh phan tan 56 & boi nguyén. Nhitng thinh phan ¢ boi
nguven nay duge got 1 thanh phan séng hau hay him dicu hoi. Vi du: 1 tin hicu ¢6
dien ap ung goc tan s6 1a T000HZ sau khi bi méo, nd ¢6 thanh phin tan so la 1000117
vi thanh phan dicu hoa 1a 2kHz .. Tan s goe cta IKHz duge goi T tdn 56 co ban,
nhimg tdn 50 ¢ boi nguyén 14 cde séng hii. Thanh phan 2 kHz ducce got 1 séng hat bic
2. va 3 KHz [a song hai bac 3 ... Tan so co ban khong duoce goi la song hai. Furie da
khong thira nhan tan <6 séng hai phin so. chi thita nhan boi nguven cia quy tac co
ban.

3.4.1 Mco hai

Mot tn higuw duoce goi 1a ¢6 do méo hii khi no ¢6 thanh phan t1ian s¢ dic¢u hoa

(khong cho thianh phan co ban). Néu tin s6 co ban ¢ mot bién do A, va thanh phan

1an s6 n ¢6 bién do A, . thi do¢ mcéo hai ¢é thé duge dinh nghia nhu saw:

A, [).1004 (35)

' |
“n(méoharbacn)y =% D, =( A [/

Thanh phan co ban thi thudng 1én hon bat ky thanh phan hai nao.
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Vi du:  Tinh thanh phin méo hii cho mot tin hiew dau ra cé bién do goc la
2.5V, bién do hat bac 2 1 0.25V. bién do hai bac 3 la 0.1V vi bién do hai bac 4 la
003V,

Giai:
S Da=( 1A /1A, 1).100% = (0.25V/2.5V). 100% = 109%
“Do=Cla 7 TA DHa00% = 01V/2.5V). 1009 = 49

“%e D, =¢( f ALl J A ‘ 3 100% = (0,05V/2.5V). 100% = 2%
3.4.2 Mcéo hai tong
Khi mot tin hig¢u diu ra ¢é cdce thanh phan mdo hai. tin hicu ¢6 thé coi [A méo

hii tong cua nhitng phén W rieng biet duge k&t hop thong qua phuong trinh sau:

% THD = D + DS+ D, 4o . 100% (36)
(THD la méo hai tong)

MOt cong cu nhu may phan tich quang pho thita nhan su do fromg cua song hiu
trong tin hi¢u bang cdch dua ra thanh phin co ban cia tin hicu va | s¢ tugng cic hai
cua né trén man hinh. Tuong tw nhu vay. | may phan tich song cho phép thita nhan
muc do lwong chinh xde hon cla nhing thanh phan hai cta tin hiéu méo bing cdch loc
ra timg thanh phéan va doc nhiing thanh phan do.

Trong bat Ky trudng hop nao. ky thuat coi | tin hi¢u méo bat k¥ nao ciing chia 1
thanh phan ¢o & va ca thanh phan hai 1a tien dung vi hita ich. trong d6 thanh phén hai
bac hai la loén nhat. Vi viy. méc du tin hi¢u méo vé 1y thuyét [a chia tat ¢4 cde thanh
phin hai tr bac 2 o lén. thanh phin quan trong nhat trén phuong dién do méo & cde

ch¢ do ¢ uen chinh 14 mdéo haj bac 2.

3.4.3 Méo hai bac 2

Hinh 3.18 chi ra mot dang séng sur dung d¢ dat duge do méo haj bac 2. Dang
song hi¢n thot duge dua ra & mice do khong hoat dong. nho nhat va 16n nhat khi ching
xay ra dugce the hién trén dang song. Tin hi¢u chi ra vai do méo ¢ hién tai. Phuong

trith mo ta dang séng tin hiéu méo nhu sau:

o =log + 1y + 1 sor + s ol (37)
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Dung song hién thoi chida dung dong dién tinh I xudt hi¢n o tin hi¢u dau vao 0.
mot dong dién 1 chidu 1, can ¢d vio do trung binh nonzero cua tin hi¢u méo. thanh
phin co ban cia tin hidu xoay chi¢u co ban. va thanh phin hii bac hai [, €6 tdn s0 ¢co
ban gap 2 Jan. Mac di nhitng hai khae déu xudt hicn nhung chi ¢o hai bac 2 moi duoc
d¢ cap o day. Ta x¢t cac ot diém sau:

bic
Ic, 2
3
l
!ijn e
{ | -
n x 3n 2n
2 2
_ Hinh 3.18 . )
+  Tai  thoi di¢m tha nhat:
ol =0
l(‘ = 1(.'”'..5\ = l('(‘_) + li.l + [l witm {1 + 12 ops it
l('n‘.;u\: Il_'() + l\'i' + l] + lf

+ Thast diém thit hai: ot =1 /2
=l =leo L+ T +hone
o=l +1- 14
+ Thon diém thiba: ol =7
i =l =leo Lot Lo Flhans
Feow=leg + 11, =1,
Tu cac phuong trinh trén ta ¢0 kKét qua sau:
1=l = U + Lo - 210074
L= + L)/

Nhu vay dinh nghia méo hii bac 2 ¢6 thé duoc nhan manh nhu sau:

D. = |11, ] .100% (38)
Thay I, [, vao:
D3 = ! ]/2'([['n:-;|.\ + l(':nm) - l(_‘Q/ (I(_'mu.\ N I(.‘min) ‘ 100% (39)
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3.4.4 Cong suat cua tin hiéu méo

Khi do méo xuat hi¢n. cong suat dau ra duge tinh cho tin hicu méo khong con
chinh xac nta. Khi do méo hign dien. cong suat dau ra duge phéan phoi dén cho dién
trov tat Re- theo thanh phin co ban cua tin hiéu méo Li

P, =1-.R.C/2 ()

Comg suat tong:

bl ) A . -
P=(+I,+1.+...)RC2 (41)

Cong sudt tong cting ¢6 the duge bicu dién dudi dang méo hai tong:

“ 7 B - Rl
P=(1+D"+ D+ ... .RC2 =(1 + THD").P, (42)

Mot dang song méo nhu xuat hién & che do B ¢ thé duge the hién bang cach si
dung phan tich cua Furic nhu mot nguyén tac co ban vé6i cic thanh phian hai. Hinh
3.19a chi ra nra chu k¥ duong cua tang khucch dai ch¢ do B. Thianh phin ¢o ban cia
lin hicu méo ¢o the dat duoe nhu & hink 3.19b. Thanh phin hii bac 2 vt 3 duoe chira &
hinkr 3.19¢ va d. St dung k¥ thuat Furié. dang song méo ¢4 thé duce tao ra bang cich
thoin vio nhttng thanh phan hiv v co ban nhu hink 3.19¢. N6i chung. bat kv dang
song tan hoan nao ciing ¢6 the duge bicu dién bang cich théem thanh phan co ban v

Lt ca cdc thanh phan hakmoi bicn do khice nhau ¢ méi goc pha khde nhau,
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3.5. KHUECH PAI CHE PO C VA D
Mac du cac bo khuéch dai ché do A, AB va B
thuong dugc dung trong khuéch dai cong suat,

Khucch dai che¢ do D ciing duge tng dung kha phd

bi¢n vi ¢o hic¢u suat cao. Cac mach khuéch dai ché

do C lai it dugc su dung trong khuéch dai am
thanh ma chi dung trong ciac mach khuéch dai cao
tan dé chon loc s6ng hai mong muon.

3.5.1 Khueéch dai ché do C:

Mot mach khuéch dai ché do C nhu hinh 5.1.
hoat dong trong khodng duéi 1/2 chu ky tin hicu
vao. Dang tin hiéu ¢ ngd ra ciing biéu dién duoc

U,

+U,

RFC

Hinh 3.20)

=Upy

day du ca chu ky cua tin hicu co s hoac cua mach cong huong <mach LC chiang han>

0 ngod ra. Hoat dong cua loai khuéch dai nay dau sao ciing chi ¢6 gidi han , nhu & tang

tron tan Lhdll“ han.

3.5.2 Khuéch dai ché do D:

Khuech dai ché¢ do D duoc thiét ké dé lam viée véi cdc tin hiéu xung hoac s6 . Voi

hicu suat tren 90% cua né s& lam tang thém hiéu qua trong khuéch dai cong suat .

Nguoi ta thuong chuyén tin hiéu dau vao bat ky thanh dang xung trudc khi su dung no

dé truyén mot luong tai cong sudt I6n va sé chuyén nguoc lai thanh dang tin hi¢u sin

dé phuc hoéi tin hiéu goc

t

/\/

ianT
dlliod
I

)
J
ﬂ

L

Hinh 3.21

‘—”/
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Hinh 3.21 chi ra cach dé tin hiéu hinh sin duoc chuyén dang rang cua hay dang
song cat dé dua dén dau vao cua mach kKhuéch dai <loai may so mau>. Do do mot tin
hi¢u xung dac trung s¢ dugc tao ra.

Trong khi chit D dugc st dung dé miéu ta thir tu cta mot loai ché do, sau chu C .
Thi nguoi ta ciing ¢ thé xem D la chit viét tat cua “Digital’. day 1a ban chat cua tin

hicu duoc tao ra cho khuéch dai ché do D.

Tao xung
rang cua
kil Khuéch
0 sann — dai —— I PF _-_T_

L, e+ :

|

| \

Hinh 3.21 J

Hoi tiep

Hinh 3.21 chi ra so do khoi ctia mach khuéch dai ché do D va bi¢n doi lai thanh
dang sin thong qua mot mach loc thong thap (LPF). Transistor ctua bo khuéch dai dugc
st dung d¢ tao ra tin hiéu co ban khi ching tat hoac mo. tao ra dong di¢n chi khi

chting duoc bat Ién vai mot ton hao cong suat it .
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CHUONG 4
KHUECH DAI THUAT TOAN

4.1.GIOI THIEU

4.1.1. Cac khai niém co ban

Bo khucch dai thuat todn (Operational Amplifier - OA) la mach khuéch dai to hop
O he¢ so khuéch dai rat Ion. tro khang vao 1on va tro khang ra nho ... Hién nay cic bo
Khucch dai thuat toan (OA) dong vai tro quan trong va dugc su dung rong rii trong ky
thuat khuéch dai. tao tin hi¢u sin, xung. trong bo 6n dp va bo loc tich cuc ...

Ky hi¢u cua OA cho trén hinh 4.1

. ™ .

OA Khucch dai hicu dienap U, = U, - Uy U TN _?;l'
vol hé so khuéch dai K,

. 2. | = —

Do do: U, = KUy = Ky(U, - Uy)

Neu Uy = 0 thi U = K U}, nén Ur dong pha véi tin hic¢u vao U,. vi vay dau vao P (
Positive ) duoc goi la dau vao khong dao va ky hicu bai diu (+).

Hinh [: Kv e OA

Neu Uy = 0 thi U, = - K Uy nén U, nguoc pha véi tin hiéu vao Uy. vi vay ddu vao
N (Nagative ) duge goi la dau vao dao va ky hiéu boi dau (-).
Ngoar ra OA con ¢6 hai chan dé cap nguon doi xung. cac chan bu dién dp. bu
tan so...
Mot bo khuéch dai thuat todn 1y tudng ¢6 cdc tinh chat sau:
- Tro khang vao 7, = =.
- Trokhang raZ, = 0.
- Heé 56 khuéch dai K = =.
Theo so'd6 tuong duong hinh 4.2b OA 1y tuong s& ¢6 dac diém Uy =U,. dong dién
vao OA odau Pvadau N, I, =1, =0.

Tren  thuc

t¢ khong ¢6 bo L Uv |-
Khuéch dai - e

A = -, . Ur T -
thuat toan ly . K,U, ] U, @ K,U, | Ur
tuong. thong i Upl 1+ i

- - ] 0 | A4

thuong mot — ] —¢
OA ¢6 Zy ¢B e (b)

) Hinh 2: (a)So do neong tiong OA . (b) Sordd tiiong dicong OA IV tone
hang tram KQ

to1 hang MQ. Z, ¢6 hang Ohm t6i hang vai chuc Ohm, K khodng tir vai tram t6i hang
tricu lan.

4.1.2. He s0 nén dong pha

Néu dat vao dau vao dao va dau vao khong ddo cdc dién dp bang nhau nghia la:

Uy=U,=U, =0 (U, goi la dien dap dong pha), theo 1y thuyét thi U, = 0,
nhung thuc t¢ khong nhu vay

149



KY THUAT MACH BIEN TU

U[' = KLZ U\'IT.
Voi K, duge goi la h¢ 56 khuéch dai dong pha. Néu OA [y twong thi K = 0.

bé danh gid kha ning lam viée ctia OA thuc so véi OA ¥ tudng ngudi ta dimg hé
50 nén dong pha CMRR ( Common Mode Rejection Ratio ).

CMRR = . .

G trt CMRR cang [6n thi OA cang gan véi OA [V tuong. thuong
CMRR = 107 - 10",
4.1.3. Pac tuyen truyen dat f
Ic

Pac tuyén quan trong nhat cia OA

la dic tuyén truyén dat  hinh 4.3 ). theo ——— : ‘l'-:--r max

i viao dao Bau vao khong dan

dac tuyen nay, U, chity [& véi U, trong

dai dienap( U, . —U

LT

min

) nao do. Da . .
L
di¢n dp nay goi la dai bién dor dién ap

ra cua OA ( hay mién tuyén tinh ). | Ur min

Ngoai dai nay. dién dp ra khong thay ! e

doi vit duge xdc dinh bang cic tr1 6 Micn bao hod | Micn tuyéntmh | Mién bao hoi
+ - — >
Lr

ae UTL o gol 1A dién dp bido hoa, gid
e . . ) . Hinli 3.3 Pdc ieivdn dat ciia OA
tr1 dién ap nay khong phu thuoc vao

dién dp vao va gan bang tri s6 ngudn cung cap (di¢n 4p bao hod nay thudng thap hon
Ir1 O nguon 1 1V dén 3V vé gid i )

4.1.4. Dong vao tinh, dién ap vao léch khong
Dong vao tinh la tr1 trung binh cta dong vao dau vao dio va dau vio khong dao.

Mo+ 1y

2

Dong vao Iéch khong [a hicu dong viawo tinh & hai dau
VAo L,=1"-1;

Thong thuong I, = 0,11, L,

Dong vao léch khong phu thudc nhict do. do d6 khi j

nhiét do thay doi tri s6 dong vao léch khong ciing thay doi

theo. Hink 4.4 Dien ap lech Khone
Trong OA thuc, khi U, = Uy = 0 thi U, vin khic

khong. Luc nay dién dp ra do dién dp léch khong &
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dau vao gay nen. Vay dien ap léch khong U, 1a hicu dién ap can phai dat gitta hai dau
vao OA dé cho U, =0
U,=U,-Ug khiUr=0
bicn ap lech khong U s¢ bu t6i dau ra mot di¢n dp Ur,
Ur,=K,U, =K, (U,-Uy)

Theo hinh 4.4 ta ¢6 thé tinh duoc:

: S R
U, =K,U,-———U._)
1 + R.ﬂ'.'.r
., : K, R
Tu do ta rit ra duoe - U1y =U, ——— — =2V ——
- | R +R,
I+ K, ( )
- R +R,
4.2.CAC UNG DUNG CUA OA Loors
) , hy Nt
4.2.1.B0 khuech dai dao [I_’ o

s

=]

Uv U
= 1 -

Neu coi OA 1y tuong, dong vao OA. 1, =0 -

Bo khuech dai dao cho trén hinh 4.3, ¢6 thuc hién '_""W—"'_'>_J_.
. O
1

hoi ti¢p am song song di¢n dp qua R,,.

Tar nut N ta co: Hinh 4.5: Bo khuéch dai ddo
II = Ihl
v, -u, U, —u

R, R,

Ta dabict, voi OA 1y twong U, = 0 nén Uy = U, ma U =0nén U;=0

Do do:

U, Ur
R 1 R i
. . L. - {_/!F' R it
He so khuéch dai dién ap : K., = v R
SV |

Dau (-) thé hién tin hi¢u ra nguoc pha véi tin hiéu vio.

Néu R, =R, thi K, = -1. s0 do hinh 3 ¢6 tinh chat lap lai dao tin hicu.
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Neu R, = 0. i phuong trinh [, = 1, . taco
[ =- 'R hay Ur=—/1 R, _wic 1a dicn dp ra tv 1¢ voi dong dién vao. Diy chinh
fir

Ia mach bi¢n doi dong thanh ap.

Trés khang vio : £, = JT - (,— =R,
R

Trong trung hop yéu cau hé o khucceh dai ldn thi phai chon R nho. nén tro khing

vao 7, = R, nho. Khic phue dié¢u nay bang so do khuéch dai dae hinh 4.0,

Bing cich tinh tuong tu nhu trén

ta co
v, U,
Rl R.f'.'.f
Mat khac:
. R, .
U,= =,
"R +R,

( cong thuce phan ap ) ==

V1 ovay: Hinh 4. 6: Khucol dod dedo co e kg vae lon
.- R, | R,
U= e 22
R] ) T/

Tri 80 he s6 khudch dai: K, = Pl | +—

Néu ta chon R, = R .. thi K, ¢hi phu thuoc vio ty s6 Ry/R;. ¢o the tang 1y sO nay
tuy ¥ ma khong anh huong dén tr¢ khang vao cua mach,

Vi du 4.1: Cho bo khuéeh dai nhu hinh 4.3, vdi R, = 100KQ. R, = 300K €. Tinh
dién dp dau ra khi tin hiéu vio la 2V.

Giai: Ta co:

Tea—. . .
: R, .. 500kC _ , |
U, =-=-"U =——: -2 =-10F
R, 100402 _
N it
4.2.2.Mach khuéch dai khong dio. - J'_
Bo khucéch dai khong dido ¢d mach hoi Hinh 4.7+ 80 Luceh dai khong deie

ti€p am dic¢n ap dat vao dau vao
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dao. ¢on tin hicu dat vao dau vao khong dao. nhu so dé hinh 4.7
Vi L= U, . Trong trudng hop nay U, = Uy nén Uy = Uy,
Mt khde ta cé:

Uy, = R| f—lRm" U, (theo cong thie phan dp )
Vi viy: U, = B U
o R +R,
He¢ s khucch dai: - K, = S
o o U R,

Khi Ry -> = Ry, -> 0 thi K, = 1. s0 d6 hinh 4.7 tr¢ thanh bo lap a1 di¢n ap.
Vi du 4.2: Cho mach khu¢ch dai khong dido nhu hinh 4.7 véi R, = 100K, Ry, =
SOOKQ, U =2V, Tinh di¢n dp ra.

bi¢n dp ra dugce tinh theo cong thuc:

C 00
U, =1+ " W(, :{1 4 JO0A0 }EV =121
a 10040

[ #

4.2.3. Mach cong
4.2.3.1. Mach cong dao
S do mach cong dao nhu hinh 4.8

l] + l: + ...+ ln = l|11
L -, n U, -0, +..1 v, -t U, -Ur
! K R R,

(R, R
e N A (A
LR R, -

£
hay U, = -—Z aU; vo ¥ =
i=l

Hink 8: Mach cong duo

4.2.3.2.Mach cong khong ddo
So dd mach ¢ong khuceh dai khong dao nhu hinh 4.9
= - —RU

Ry + Ry,

P

Ur

Tur nit N: Uy



KY THUAT MACH DIEN TU

Tai mit P2 I, = O nen
IL+1L+...+1.=0

S L S Ut
- S =4
R R. R,
(o] ] IR T S {
[_ ‘ _____ -+ b e = em e —T = +
R, I R, R, R R
Thay U= L)) taco:
R, ., |' ] [T SN .
— U = A — = e T
R-::. - Rm R1 R;* Ru i R| R: R”

Néu chon: Ry = R.= ...=R =R thi:

Vidud4.3: Cho mach dien nhu hinb 4. 10

R, = IMQ bict: HL ot
o/ U = V.U, =2 V. Uy = 3V.R, = 500KQ, = o7 TD—L@
R.= IMQ. R, = IMQ Jioana— L

b/ U, =-2V. U.=3V. U, = IV.R, =200k
R.= 500kQ. R, = 1MQ

Tinh U trong har truong hop do.

Hinh 4. 10

Giai:
Pay 1a mach cong dao nén ta ¢o:

(R, . R, . R, . ]_ (1000 1000, 1000,
= .4 2 { _ — 1+ Rt .

LU= R T N \:—71'
R R, 5 R, T, L300 1000~ 1000
R R 1 71000 1000 1000 (.
b U= o M T SRy '—_—| (=) w ——1]=3F
LR, R, = R, ) L1200 500 1000

4.2.4. Mach tru
So do mach teir duoc cho trén hinh 4.1
Tai nut N:

' ! g Jio
A U AN U,

Flisdt T Sevddo mandr trie
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Tui nat P;

Thay Uy = U, ta cé:

R (1 1Y U,
_ L.-'? _+__‘:_]__+_‘
R}‘”R4 -\R] Rz/ R 2
R(R +R, R,
v BB R R
R(R, +R;) = R
Néu chon R, = o .R |, R, = a,. R tacé:
I+«
brj_ = — I'O,'g.(_/"rr_, —Of]U.
l+a, = °

Néu o, = o, = ¢ thi

U, = a’(Uz - U, )

Khi muén tl nhiéu thanh phin di¢n 4p ngudi ta st dung

mach trir nhiéu thanh
phan nhu hinh 4. 12.

Dé tinh todn dién dp ra. ta xét dong dién tai ndt N vi niit P
Tai nat N:

BN el

N . . - Ul O
Z v,-b 4 Ur - L_\ = (} RN o2 RN
1 R./«q, R, U2 o—rama—g—nan
A A e _F7 = R.\; n N
Z}:a,(c! Uy+Ur=U, =0 o [ ar

& ; , . 0 Rp al’ R
YaU, +Ur-U, [Zaf +1J=0 U o :
- i— Rpyu2’

t ] L, ; 'p
Tuong tu tai nit P ta cé: ) =

U’ Rp.-‘din '

ia;b’f' - U{ia,‘ + ]} =0 o
i1 i=l

Hinh 12: Mach triy nhiéu thamh phdn

Thay Uy = U, ta sé tinh duoc:
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4.2.5. Mach tao dién ap c6 cuc tinh thay doi
So dé mach tao dién dp ¢é cuc tinh thay doi duge cho trén hinh 4.13

Tar nut N:

R, R,
P11 ) U U
U, | —+ =+
l R 2 R R,
Tal nat P:
PR,

U, = R U, =pU, (winzps 1)
Thay Uy =Upvanéuchon R =R, =R tacd:
U=(2p-1)U,
Khi thay doi vi tri chiél 4p R, ta ¢6 cuc tinh cla dién dp ra thay d6i. Neup =1/ 2
thi U =0.
4.2.6. Mach tich phan

Mach tich phan 3 mot mang bon cuc. trong do tin hiéu ra tv I¢ vai tich phan tin

hi¢u ddu vio.

f U, | Mach ich l T
U, =k J‘UYdf Y| phan —_—
i

Ngudi ta ¢6 thé dung OA dé lam tich phan nhu hinh 4.14.
That vay:
Tai ndt Nz, =1,
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Ll _ {J \
[ =
R
_ LdU diU, -U,)
cdt dlt
Thav 1, = 1. va U = 0 ta duge:
L LdU
R i

BN

flinks. I4: Mach vich plan

U Ta dién dp teép i C tai thoi diém 1 = 0. thong thudng U, =0.khi t =0. Vivay:

VOl r= RC duge got 1a hang s6 tich phan.

(h’ ‘

! !
= - L ijd?‘ = - ! fb"vdz‘
RC { [ 0
Kht muon cong hoie trir cde tich phan. nguo
ta dung mach tich phan tong va tich phan hicu
nhu hinh 4.13 va 4.16.

Bang cach tinh twong (o nhu mach cong.

mach trir v mach tich phan ta ¢6 thé tinh duoe:

Vi mach tich phan tong:

¥} Rl RE R

H

Vor mach tich phan hi¢u:

I i
Ur=— (U, -U, 1t
! R Cﬁ t;[( - i }

4.2.7. Mach vi phan
Mach vi phan la mot mang bon cuce, trong d6 tin
hicu ra ty I¢ v vi phan tin hic¢u diu vao.
J U, C,

dt

5 o —

U, =k

Sor dd mach vi phin ding OA duoc cho trén hinh 4.17.

T"
Hiph 4.46: Mach tich phan hiéu

T

Mach vi l U
4 r
phan
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Tinh todn tuong tu mach tich phén ta co:

dty Fit
U = —RC C oy, dlh
¢t ddt

rl

Vi r= RC duge gol 1a hang s6 vi phan.
Khi tin hi¢u vao 1a hinh sin. mach vi phan lam
viéc nhu mot bo loc tdn cao, hé $6 khuéeh dai cua
né ty 1¢ thudn vai tan s6 tin hiéu vao va lam quay Hinh 4.17: Much vi phan

pha tin hiéu vao mot goéc 90° . Thuong mach v

phan lam viéc kém on dinh & tan cao vi khi d6 7, = vl -» 0 1am hé so hot ti¢p am
(0
gram.
4.2.8. Mach logarit
So dé mach logarit dugc cho trén hinh 4.18.
Tainw N: Iz =1,

it

Ta da bi¢t. dong qua diode dugc tinh theo cong 1
thic: Hinh -'J._I& Mach logari

L:r
I, =1,exp( ’“ )

ml,
Trong do:
ls: dong nguogce tinh
Uq: dién thé nhiét, U, =KT/q voi K = 1.38.10 J/K (hing $6 Bolizman)
¢ =1.6.10" C, d T= 300K thi U = 25,5mV.
m: h¢ s¢ dicu chinh giita 1V thuyét va thuc t€ .
U, dién dp trén diode. Trong trudng hop nay U, = Uy - Ur
Sy eXp(i)
Thay Ip = I, véi Uy = Otacé: "9

U, ==ml, o2

4.2.9. Mach déi loga

So d6 mach doi loga dugc cho trén hinh 4.19.

Tinh toan twong tw nhu mach logarit ta tinh =

Hinh 4. 19: Mach dét loga
duoc:
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U, = —RI . exp :
' ' mb

.
Co the k&t hop @ilta mach logarit, mach doi loga vit mach ¢éng dé tao thanh mach

nhan twong e nhu so do khai hinh 4.20.

l.'_ | Mach

| losarit [

Mach
cong

L, Mach T
T lewarit T

Macly don

Hindt 4.20: Sevddei fhet hes ndiein eon gt

4.2.PHAN BAT TAP
4.2.1. Cde bai tap giai mdu
Po1 vai cide bai @p v& QAL khi coi OA Iy tong thi nguvén tac chung dé grai cde
bar 1ap L
- Vict dong dién tai cde nit ¢ ot N P . vdi dong vaio OA [, =0)
- Tinh U.. U,
- Lapquan he U =U,
- Trquan h¢ d6 xdc dinh ¢dc véu ciu cta bai todn.
Chue 2 Khr gdp bat wiln ghép nhidu tang thi ta xét rieng tmg ting vdi quy tac néu

LIcr.

L - Lr

I .
. Tang | Tang 2 o langn :  *~
K| ’ Kz I\’n

H¢ so Khuceh dai oan mach:

K=U/U =K, K...K,

Trong do: K, . K., ... K, Tan luot 1a hé 56 khuéch dai cta cdc tdng 1,2....n.

Bat tip 1.

Cho mach dién nhu hinh 2|

Cho: R; =20kQ. R, = 250kQ, R, = 25 kQ), VR = IMQ, Ec = + 9V, Uy =
20mV, Coi OA I¥ tudng

a/ Thiet 1ap cong thite tinh h¢ s6 khuéch dai ciia mach ( Ky )

139



KY THUAT MACH DIEN TU

b/ Xdc dinh khoang gi tri cua VR dé tin
hiéu ra khong bi méo dang ( gia thit |Ur
=09 Ec ).

aof Tanut N: I =1+ 1

]T1;l\|

T gia thiét OA 1y twéng nén [, = 0 do
do:

T Hinh 4.0

[,=1,
O, -0, v, -uU,
vai: 1, = R 1, = ‘T
Thay vao ta ¢o:
v.-t, U, -U,
RI R_'_-
Vil =0maUy=U nén U =0vithe
blr\' —_ - ('/:r.'nf (l)
Rl R?_
Tai ndt M: L+ [y =14
-Uy N Ur-U, _ L u
R, VR R,
U, 1 1
C = o e 2
VR 1;(R7 R LR)( )

Thay (1} vao (2) ta duoc:

R, R R, IR
L R,
K o=t Mo o1 1
' R, R, R, VR

b/ Theo phin (a) ta ¢é:

Theo baira: |Ur, =09 Ec=099=8.1V

i
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Pé tin hi¢u ra khong bi méo dang thi [Ur

< |Ur,,j ¥1 the:

.- Ry FRI ' 1 + b o 1 <8.1
R, R, R, IR

Thay s0 vao ta tinh duoc
VR £713,64 KQ
Nhu vay, dé tin hi¢u ra khong méo. diéu chinh VR trong khoang (0 < VR <
713.64 k.

Bai tdp 2.
Cho mach dién nhu hinh 22 véi:

1
Rl = 100KQ o e
R2 = 100KQ U2 R2 1, |
O—'\/\/\,——y—d-[—h_'
R3 = [00KQ .
R4 = 500KQ
L
U, =25mV
U,=35mV
OA 1¥ tuong
Tinh Ur Hinh 4.22
Gldi
Tainat P [+ 1. =1,
Theo gia thiet OA 1v wdng nén I, = 0 neén
I +1,=
_{J_l_-_-L_ + ( 2 (_ — O
!?‘. R'.‘.
! I,
{,|( l + L j = {'—-'--+ (D
\R R} R R
o : R : . . s
Tal ndt N: {7, =—— U (cong thic phan dp )
YR +R,
Hoac ta ¢6 the tinh theo cach sau:
TainitN: 1, =1,
{ _ = (;j___L_ nén {'_/.-'\ . R (2)
R ; ‘R 4R,

R ,w 1Y U, U,
L S 751 L R
R.+R, '\R R, ) R R,
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R, \R.L, + R,
&J R + R,

Thay sO 1a ¢o:

: 500%100.25 +100.35 Ny
U = (l +— | = 180m ¥
100, 100+ 100
Bai tap 3
Cho mach dicn nhu hinh 21 e
Thi¢t lap bicu thitc tinh h¢ - . y
, ‘ ' o = ~ L,
& kKhuéch dai K- . ——+ *
Gidi l D S
Pay [a mach hai ting, Tang _ ,_,\M,_
P la b khuéch dar dao. tang 2 | o
la bo cong. §
Tang1: =
Rj Hinh 22
K, =
R
Tang 2:
) &q&cﬁka
K=+ ——— © (dp dung bai 2)
; R.)] R, +R o
R,
U ==y
Vi 1 RI nén

K,=

R,\RRU,-R,RU,
1 + - = .. - 2
R Ri(R, T R,)

He s6 Khuéch dai toin mach la:

&“+R\&Rm—Rmﬂ]
J RAR, + Ry)

4.2.2. Cac bai tap tu giai

Bart {: Cho hai mach dicn nhu hinh ¢4.23
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- o) = .
RC N Jz
- o I 1y o
o] '\/{/\, » - : ED
+ E1l
- 3]
{atl

(b
ffinkh 4.23

RT = [0kQ. R2 =500kQ, VR = 10kQ, Uv = 1.5V
Aac dinh khoang di¢n dp ra cia mdi mach khi thay déi chiét ap VR.

Bar 2: Hay tinh cac dién dp ra trén cde mach cho teén hinh 4.25 ¢ gia thiét OA [y

lwong. cac 11 so cho trén hinh vé )
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Uwv=0,1V
e
()
1k
15k
+25my
30k i
-20mv - J

Hinh 4.24

Bai 2: Cho mach dién nhu hinh 4.25

Thiét lap biéu thic tinh [,. Vdi diéu kién nao thi
[,=Uv.

Bai 4 Thi¢t k¢ ciac mach thuc hién cac phép

Dy

Loan sau:

a/Ur=5U, -2U, +3 U,

b/Ur=k. U U,
( voi Uy, U, U, la cdce dién dp diu vao, k 1a mét

hang s6)

164
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CHUONG 5
NGUON MOT CHIEU
5.1.  GIOI THIEU CHUNG
Nguon mot chiéu ¢é nhiém vu cung cdp ning lugng mot chiéu cho cidc mach va

thi€t bi dién tr hoat dong. Nang luong mot chiéu do néi chung duoc 1ay tir nguon xoay

chic¢u cta ludi dién thong qua mot s6 qua trinh bién déi duoc thuc hién trong nguon

i - 2 AT g0 ‘J 5{ '\._f " -
- g -, 1
o : Mach | . Sn dpmdt
T & - u . PR | R
U 1 Bién ap Ue cl - h Ly 3 Efj ]-'.-'-' U-‘ chigu 1

Hinh 5.1: 50 do khot b6 ngudn mét chidu

mot chicu.

Hinh 5.1 bi¢u dién so d6 khoi cua mot bo nguon hoan chinh véi chiic nang cac khoi
nhu sau:
- Bién dp d¢ bién doi di¢n dp xoay chiéu U, thanh dién dp xoay chiéu U, ¢6 gid tri
thich hop voi yeu cau. Trong mot so truong hop ¢6 thé dung truc tiép U, khong can
bién ap.
- Mach chinh luu ¢6 nhiém vu chuyén dién dp xoay chiéu U, thanh dién ap mot chiéu
khong bang phang U, (c6 gid tri thay d6i nhap nho). Su thay déi nay phu thuoc vao
tung dang mach chinh luu.
- BO loc ¢6 nhiém vu san bang dién ap mot chiéu U, thanh dién ap mot chiéu U, it
nhap nho hon.
- Bo 6n dp mot chi¢u (6n dong) ¢6 nhiém vu 6n dinh dién dp (dong dién) & ddu ra cua
n6 Us (1)) khi U, bi thay d6i theo su mat 6n dinh cta U, (hay I, ) Trong nhi¢u trudng
hop n¢u khong ¢6 yéu cau cao thi khong can bo 6n ap hay 6n dong mot chiéu.
- Tuy theo di¢u kién va yéu cau cu thé ma bo chinh luu ¢6 thé mac theo nhing so do
Khac nhau va dung cdc loai van chinh luu khac nhau.

5.2BIEN AP NGUON VA MACH CHINH LUU

Nhi¢m vu cua bién ap nguon la bién doi dién ap xoay chi¢u ctia mach dién thanh
dien ap xoay chiéu ¢6 tri s6 can thiét cung cap cho cdc mach chinh luu.

Hau heét cdac thiét bi dién tir hién nay déu dung linh kién ban dan do dé bién ap
thuong dung la bién ap ha ap. Cac so do chinh luu thudng dung 1a so do chinh luu ntra
chu ky. chinh luu hai ntra chu ky dung diode.

Yceu cau doi voi mach chinh luu la dat dugc hiéu suét cao, it phu thuoc vao tai va do

oon song cua dién ap ra nho.
=% & =
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5.2.1 Mach chinh luu nua chu k¥

Mach chinh Tuu noa chu kv chi s dung mot diode dé chinh luu, diode chinh luu ¢6
th¢ duge mac ndi ticp voi cuon day thd cap bién dp hodc mac song song véi bi¢n dp.
o dav ta chi x¢é1 mach chinh luu ding diode mic noi tuép vi trong thue 1& mach chinh
luu dang diode mac seng song it khi duge suw dung. cht thuong s dung trong chinh
luu boi dp. mach nay s¢ duge dé ¢iap sau.

- S¢ do mach nhu hinh 5-2az

OF DRI VA

ftinh 3.2: Moch clon Tave niv chi kb

) F Y
L U

i i

Nguven Iy hoat dong

Khi cap dicn ap xoay chic¢u U, vao hai dau cudn L thi ¢ hai dau cudn L, xudt hién
mot dien dp cam tng xoay chicu U, (hinh 5-2b)

NCu ¢ nua chu Ky daw dien thé 1a1 A (+). diode D duge phin cuc thuin nén co dong
dicn qua tal (di th A gua Ry té B). & nua chu ki ticp theo dicn the twr A (=), diode D bi
phan cuc nguoc khong cho dong dien di qua.

Nhit vity dong dién chi di qua tai theo mét chicu nhat dinh  di tr (+) Ry dén

(-) Ry o cde nwa chu ki dau caa U,
5.2.3. Chinh luu hai nua chu k¥

5.2.3.1.Chinh luu hai nita chu ki sa dung Diode

=3l 1 W
D |

TR <

Hink 3.4 Mach clund T 2 i
chur ki ding 2 dlfode

¥
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Nguyén Iy hoat dong

Pac diém cia mach chinh luu hai nia chu ky ta trong ca hai ntta chu k¥ ca dién dp
xoay chiew déu ¢o dong dién qua tai. So dé mach chinh luu hai nta chu k¥ sit dung 2
diode chinh la 2 so d6 chinh luu mot nira chu ky méc song song ¢6 tai chung.
5.2.3.2.Chinh luu hai nita chu ky st dung mach chink uu cdu

So do mach chinh luu cdu dwoc vé teén hink 5.5

u S W

Hinh 5.3: 8o do mach chinh hwu

Dac di¢m clie mach chinh luu cau Ji chinh Iuu ca hai nira chu k¥ cna dién 4p ddu ra
cua cuon thd cap va dién dp nguoe dat 1én diode trong truong hop nay chi bang mot
nua dién dp nguoe dat lén diode trong so dé mach chinh luu hai nira chu ky st dung 2
diode.
Trong s do6 mach chinh luu cau néu néi dat diém gitta cuon thi cip v mic
thém tai s€ duge mach chinh luu ¢6 dién dp ra hai cuc tinh.

5.2.2.4.Mach boi ap

Sa do bo chinh luu boi ap dugc vé trén hinh 5.6

Mach nhan doi dién dp duoc diing trong nhiing trudng hop dic biét, vi du khi véu
cau dién dp ra cao ma dong tiéu thu lai nho (c& HA). Néu diung mot tang (hinh 5.6a)
thi dien d4p mot chiéu & dau ra gap doi i s6 dinh cia dien 4p xoay chidu & ddu vio, vi
C, va G, duge nap dén gid tri dinh cla dién dp vio qua D, va D, trong hai nra chu k¥
(-) va (+). Tren hinh 5.6b trong nita chu k¥ (-) cta dién dp U,. C, duoc nap dén tri s&
g4n bang gid uri dinh U, thong qua D'}, Trong nita chu k¥ i€p theo C; dugc nap thong

qua C vit D, theo chi¢u nhu hinh vé sao cho sau mot vai chu ky cua dién dp xoay

A
chiéu méi tu di¢n duge nap dén tri s6 dinh {/ , theo chidu nhu hinh v&, N&u ¢6 n tang

nhu vay thi dién 4p ra (ai U, ;< 2nU,. Thuong chon n< 10.
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b, Ting thii 1 Tang i
. e P — “
@ L. . . - o —+ Il + _ o
Jolew R P e O C,
D p :
: - S+ | o
¢ . 3 |_ ! ” i |
: 0 | L
adb Hai lim l C, e MR

by 2 Lin

Hinh 5-6: Much hai dp

5.3. TONG QUAN VE BO LOC

Chiic nang cua bo chinh Juu 1a chuyén doi dien dp xoay chié¢u thanh dién ap mot
chiéu. Pau ra cia bo chinh luu ta thu duge dién dp mdt chiéu. Tuy nhién dién dp nay
chua duge an dinh nhu mong muédn. Vi vay ta phai cho qua bo loc d¢ duge dién dp mot
chiéu 6n dinh hon.

Tin hi¢u ra sau kbi Joc dugc biéu dién nhu hinh v& gom thank phan mot chi¢u va
thanh phin thay doi (do gon song) thanh phan nay ¢6 gia tri nho.

Dé danh gida dién ap ddu ra clia b loc ta su dung Von mét mot chicu (DC
Volmeter) v von met xoay chiéu (AC Voltmeter). DC Voltmeter cho ta gid tri trung
binh hoac gid tri cua dién dp mot chicu. AC Volmeter cho ta gid tri thanh phan thay
dot. ta xdc dinh duge do gon séng nhu saw:

T

. b r{oEy ) 0
po= ) 100 %
U e

Vidu 5.7: Sudung von mét | chiéu va von mét xoay chic¢u do tin hicu ra cua mot
mach loc ta doc duge tir von mét mot chiéu 1a 25V vit von mét xoay chicu la 1.5V, Do

gon song ¢ dau ra cua bd loc khi dé sé fa

l: s} 5
f = g0 = 1OV
U, 25V

d

100% = 6%

S én dinh dién ap: Mot nhan 16 quan trong khac trong bod nguén cung cap do la
lwgng chénh 1éch dién dp mot chidu givad dau ra cha bd ngudn va yéu cau thye (& cua
mach dién. Di¢n dp cung ¢ip ¢ dau ra coa bo nguon khi chua ¢ ta s¢ bi giam di kla
cé ai. Luong chénh léch di¢én ap trong trudng hop khong ta va ¢6 tail dude xac dinh

boi hé s6 got la he s6 on dinh dién dp. v duge xdc dinh:
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AU, = Ya = 1000
( i

<ot

Vidie 5.2: Mot nguén dién ap mot chi¢u cung cap 60V khi diu ra khong 6 tai. Khi
noi voi tdi. dién ap thue € trén d6 [a 36V, Tinh gid tri on dinh dién dp .

Tacd:

Néu gid trl cha dien dp ¢6 (di bang gid tri cva dién dp khi khong ¢ tai thi sw én dinh

U, -U - 56
%AU == = 100% = 6057636 100% = 7.1%

4
di¢n dp la 0% day cing chinh li di¢u mong muon dat duoc.
He s6 gon séng ciiv cde bo chinh lin: - Dién dp sau khi di duge chinh luu bao gém
thanh phan mot chieu va thanh phan hai (gon séng).
+ Dot vor tin hicu chinh luu nia chu ky. dién 4p mot chiéu dau ra 14
U, =0.318U_

i

Gid tr1 cta dicn ap gon song la:

U, i, =0385U,
Do gon song caa tin hi¢u chinh luu na chu kv dude tinh:
U s 03850,
r= ----l L100% = T Jd00% =121%
S de "3 U m

+ D61 v tin hicu chinh luu hat nia chu kv, dién dp mot chiéu dau ra [a;
U, =0,636U,

Gia tri cua dién ap gon séng 1a:

U} l[[TI\i_ (] ’%()8 U
Do gon song cua tin hi¢u chinh luu hai néa chu ky duoce tinh:
[‘Jr r|1|\| 0 308U
r=—"""100% = . 100% = 48%
de 0’63 ]

Tom lai: Tin hiéu chinh luu hai nita chu k¥ ¢d do gon s6ng nho hon tin hicu
chinh Juu nua chu ky.

3.1. Bo loc dung tu

_L : 'I'zi‘i
T

chitu

Mach loc thong dung nhat hién nay la mach  ac fh‘-:.nh
loc tu dién, bao gom mot tu dién duge ndi —— luu

viio diu ra caa bo chinh leu,
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dién dp mot chic¢u duge 1ay ra gifra hai dau w dién (Hinh 5.7)

Hinh 5-8a chi ra dang di¢n dp cua bd chinh luu ca hai nira chu ky trude khi
loc. Hinh 5-8b la dang dién dp ra cua bd chinh luu sau khi da duge ndi véi ty
di¢n. Thay rang (dang song) dang dién dp sau khi da loc la dién ap mot chiéu
nhung van c¢on nhap nho (con thay doi).

Hinh 5-8¢ 1a bo chinh luu hai nita chu ky va dang séng dau ra ciia mach khi
duoc két ndi véi tai (R)). Néu khong ¢6 tai diu ra cua bo chinh luu duge ndi véi
tu dién C vi dang séng diu ra 1y trdng s& 13 mot hiing s6 va 6 gid tri bing bién

do U, cua bd chinh luu.

+ Ith
Sl g v
e —
o+ L

i

Vi

L
I
]
0

Hinh 3-8b: Maclh elind i Kiv co

u 4 L (U,
v

™y

A T S e e
TRVARY \\f’; *u/ ( f \1
S R W

e

L

Hinh 5-8¢: Mach chinh T khi o
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Hinh 5-9a 1a gian do dang séng dau ra ctia b6 loc tu dién thoi gian t; 1a khoang thoi
gian tu dién dang nap dién va nap dén gid tri bang bién do dién ap dau ra bo chinh luu

Un- Thoi gian t, 1a khoang thoi gian va dién ap bo chinh luu giam tr U, va dong thoi
tu dién phong dién vao tai.

U- & U &
U, i _‘EJ ,“) ! U, _‘tl o
i AN N i, V“‘\_ WA
SAVIRVYERVEL RV ‘f 1/
f U ‘l\lj' '|II Jl' VU, I‘;\ | U:- fi \
U TR N T o
T, —» < |, T I"I
|4—\-—b 1 a) 2
—» b)
T Hinh 5.9: So do dang séng ddu ra :

Nhu vay dang song dau ra gom dién dp mot chiéu U, va hai U, chinh la Su nap
va phong clia tu dién.

Do gon séng U,: Do gon séng duoc tinh theo cong thic:

U - e 241, 24U,
rirms) 4\;’5](_1 (_. R! C,

Trong do:I, [mA], C[uF], R, [kQ], I tdn s6 cta dién dp dua vao bo chinh
luu.
Vidy 5.3: Tinh toan do gon séng ctia bo chinh luu hai ntta chu ky véi tu C= 100« F
noi Vol tai ticu thu dong 50[mA].

1y 2 Al 2,40,

4wEfC C R,C

Ta co: Or{rms,‘l o

Thay s6 vao ta co:

2,4.50
Ur{rms} - W - 192V

+Dién ap mot chiéu
Ta ¢6 thé tinh dugc gia tri dien ap mot chiéu ¢ dau ra bo loc tu dién
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I 4,171
=Up, __d{ =Up — de
4 fC C
Trong dé:
U

I, :Dong di¢n tai tinh miliampe

o

. : Bién do dién ap sau bo chinh luu

C :Dién dung tu loc tinh uF.

Vi du 5.4: Bién do dien 4p sau khi chinh luu 13 30V, gié tri ty loc C= 100 x F. Tai
tiéu thu dong 50[mA]. Tinh todn dién dp mot chiéu & dau ra bo loc.
]a’c _ 45171dc_

Taco: U,y =Upy--2C=U
aco de n 4fC m C

Thay vao ta tinh duoc U

L]

4171

r A7 4.17.50

U, =U,, - =30 - T =279V
dc m C 100

Do gon séng cua bd loc tu dién

U
= 1ms) 1o0%,
Ua’c
24Uy 2814,

Ur(rms) - R;C C

2 2.47
> r:i.lo()%:%“‘lOO%

RIC C'Udc
Trong do:
I, [mA],C [u¢F],Us [VIL R [kQ])

Vidu 5.4: Tinh toan do gon séng clia bo loc tu dién véi bién do dign dp chinh luu la
30V. tu dién c6 dién dung 50 ¢ F , dong trén tai la 50[mA].

241, 2,4.50

. 100% = — "2 100% = 4,3%
Tace:  "Zcp 100.27,9
4,171 417.50
_ ? dc _ _ e _
Vi UdC —Um _MC =30 -'7—27,91/
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U.
—> — »’L(r?‘ms) 100%
e dc
241 .
Uy(rms) = “Mde _ 2450,
C 100
= 1,2V 100% = 4,3%
27,9V

5.3.2. Bé loc RC
Dé giam nhéd do gon séng & dau ra bo loc tu dién ta mac thém khau loc RC
(xem hinh 5.10a). Tin hiéu ddu ra cua khau loc duoc chi ra trén hink 5.10b,
5.10c.

Lm(r:n-] u :

Hinh 3-16:Mach loc RC va dang séng ddu ra

- Xét 4nh hudng ciia bo loc RC d6i v6i thanh phan DC, dién dp mot chiéu trén tai
duoc tinh nhu saw:

» R,
U dC: R+Ri‘ 'UdC

R
A N— l NV _L
_\ q N . N
‘ U e L de l]m[ rrrrr | IT

Hinh 5.11: S dd neong dieong cia mach loc RC
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Vidy5.5: Tinh dién dp mot chicu ra tai ¢6 dién trd R=1k Q. Khau loc RC ¢co
thong s6 R=120Q, C= 10« F. Dién 4p U de qua bo loc tu dien U de= 60V.

R U, =— 1000
R+R, ™ dc 1204100

Ta co : U'dcz -.60=53,6/

Xét anh hudng cha bo loc RC déi véi thanh phan AC, do gon song duoc bicu hién
nhu so do hinh 5.10b.
Khi d6 do gon song duoc xac dinh nhu sau:
' Xe
U r(rms)~ "R'_‘Ur(mm)
V6i mot bo chinh luu ca chu ky, do gon séng véi tan s6 120Hz thi:
Xc=13/C
Vai C[uF] Xc [kQ]
Vidu 5.6: Tinh toan cac thanh phan mot chiéu va xoay chiéu cua tin hiéu ra tai
R, cua mach sau:

U,=150V |
l_] I'( l’m‘))I l [J de

5V U (rms)
N /

5000

+
-
| +
1
QO
AW\
:;é
o]

20
\
.
£
5

Giai: Hinh 5-12: Mach loc RC
Thanh phan DC

X

U'r(rms) ~ = U r(rms)
R
R, 5
U', = Uy =———150=136,4V
R+R, 500 + 5
. 1.3 13

Trd khdang bo loc: X = pars =013k =1300Q

Thanh phan AC dién ap dau ra:
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I X{ ) I

o

Y orteny T _R rirmsy T %00

Do gon s6ng dau ra: p=— 1) 1009 =

& de

3.9
136,41

[l

100% = 2.86%

54 MACIION AP

5.4.1. Mach on 4p diing diode zener

Diode 6n dp (diode zener) lam viéc nho hi¢u tng ddnh thung zener va higu tng
dinh thing thdc ld cia chuyén tiep p-n khi phan cue nguge. Khic véi diode thong
dung. cic diode 6n dinh cong tic & ché do phan cue nguoc. Nhing tham $6 ky thuat
cua diode zener i

bi¢n dp on dinh U, (dién ap zener): la di¢n dp nguoe dat len diode lam phat sinh ra
hién tuong ddnh thing.

breén tro dong vy, duge dinh nghia 12 do doc dac tuyén tinh cia diode tai diém lam
viée, |

Iq, = dU,AI,

Can cit vao cong thite trén 6 thé thay ring do ddc cia dic tuyén & phén dinh thiing
¢o tac dung quyét dinh dén chat tlwong on dinh cua diode. Khi dién tré dong bing
Khong (ldc dé phan dac tuyén dinh thung song song véi truc tung) thi su 6n dinh dién

dp dut t6i mute ly wong.

&____V&__q__T__4
I 7aS RV

o— — ‘ —a 100 —+

Hinh 5-13: tay. Mach o dips diing diode Zerer: (1) Bo ChE dide tindt o dink, (¢ ),
Su plue thicde civ dién e done vao diess a6 on dinh

Dicn trds tinh R, duge tinh bang (i s6 giiia dicn ap dat vao va dong dién di qua diode,
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R,=U/L,

He s6 6n dinh duge dinh nghia bing ti s gitfa cdc bién ddi twong d6i cua dong dién

qua diode va dién 4p roi trén diode do dong nay gay ra:
= (dL/1)(dU,/U,) = R/ry, = Ry/ry,

Chring ta thdy hé 56 nay chinh bang ti s6 gilta di¢n trd tinh va dién trd dong tal dicm
cong tac cua diode.

D¢ dat hé s6 6n dinh cao, véi mot su bién déi dong dién qua diode dd cho trude,
dién 4p rai trén diode (do dong nay gy ra) phai bién doi nhé nhat. Céc diode 6n dinh

Si thudng ¢6 Z > 100. Trd khdng ra cia mach 6n dinh cling 1a mot thong s6 chl yéu
danh gid chat lugng cua mach:

R, = AU/AL

& day AU, 1 gia s0 cla dién dp ra, gy ra boi gia s6¢ Al cta dong tai.

R& rang ti $0 v& phai cang nho thi chat lugng mach &n dinh cang cao, vi the cic
mach 6n dinh diing diode zener ¢ dién trg cang nho cang 16t (diéu nay phi hop véi
vai trd mot nguon dién dp 1y tuong).

Hé s6 nhiét do cha dicn dp 6n dinh O, . h¢ 6 ndy cho bict su bicn déi tuong doi clia
dién ap n dinh khi nhi¢t do thay déi 1°C:

8, = (1/U,)(du,/dt)| 1, = Conts

He s6 nay xdc dinh boi hé 86 nhiet do cua dién dp d4anh thing chuyén tiép p-n. Su
phu thuoc ctia dién dp 6n dinh vao nhiét d6 ¢o dang:

R

U,=U, {1+ Bt (T - Tyl ¢ | \ —
Trong dé U,, la dién 4p 6n dinh clia diode zener 0 ¢, /é"l

nhiét do T,

o

Hé 50 nhiet do 0, c6 gid tri am néu hién tuong
danh thing cht yéu do hi¢u ting Zener gy ra. No ¢o Hink 5.14: Mach éin dp ditng diode
gid tri duong néu hi¢n tugng danh thung do hicn tuong thac 10 gay ra.

Vi du 5.7: Cho mach dién nhu hinh 5.14 v6i R= 1kQ, U= 30V, U, = 10V, L =
32mA. Hay xéac dinh khoang gidi han ctia Rt' dé& mach lam viéc trong déi 6n ap.

Gidi:

Khi R, = R,,,;, thi dong qua diode zener la A1,
I = Irmm ~ 0.
Theo cong thitc phan dp: U,
R
ro_ g7 _ _ timin gy
Ue=b.= R+R Y 32
min N JmA
U.R
= erin = . HinhS.15: Dac tuven ra ciia diode —ener
U.-U.
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Thay s0 tinh duge: Ry, = 250Q

Khi Ry = Ry ta c6: Uy = U=~ U= 50V- 10V=40V

Dong chay qua R: Ty = 40/1kQ) = 40mA

Dong chay qua R, 1 I, = Liin = Iz — Ligax = 40mA —32mA = 8mA
Suy ra: R, = Rypux = U/l = 10V/8mA = 1,25k

Vay. khi R, bién d6i trong dai (250Q2 - 1,25k Q) thi mach lam viéc trong dai 6n ap

5.4.2 Mach on ap dung transistor

C6 hai loal mach On dp dung transistor 14 mach én dp néi tiép via mach 6n dp song
song. Cidc mach 6n dp nay ¢6 thé cung cap mot dién ap mot chiéu diu ra dn dinh & mot
gid tri nhat dinh ngay ca khi gia tri ddu vao cua mach thay doi hoac tai ciia mach thay
doi.

5.4.2.1 Mach on dp noi tiép

Bicu

So d6 khoi mach on dp noi bie
Len

tiép duoc biéu dién & hinh 5.16

Law

Phin tor diéu khi¢n dé diéu i

chinh di@l] dp dau vao va dieﬂ cip Tuo dicu So winh

dp chuan

dau ra. Dién dp ddu ra ducc ldy
dua trd lai so sdnh véi ngﬁ(’iﬂ dién o L
. Hinh 5467 Ser ded ingcdy eine dpp nov tiep
ap chuén.
Gia su dién dp dau ra tang. bo so sanh cung cp mot tin hicu didu khién, phin
dién khién s¢ 1am giam dién dp ¢ ddu ra.
Gia sur dién dp diu ra giam, bo so sanh cung ¢dp mot tin hiéu diéu khién, phin u
di¢u khién lam ting dién dp dau ra.
Trén hinh 5.17 12 mot mach 6n 4p n6i ti€p don gian diing mot transistor vt mot
diode zener. Trong so do Q, dong vai tro

phan wr diéu khién, diode zener déng vai trd [; . @ -

nguon di¢n dp chuén, hoat dong mach nhu N

sau: R,
Néu dien dp dau ra giam —lam U, U,

giam— U, ., tang lam cho Q; din manh hon.
. . _ ., - . . Hinh 5.07: Mach on dp daw gian
Vi vay tang duge dién dp dau ra— duy tri duge dién
dp dau ra on dinh.

Néu dién ap dau ra tang.
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Uptang—>U ) giam —Ql dan yeu di—vi vay lam gidam di¢n dp ddu ra—duy ti
dién ap ddu ra 6n dinh.
Vidi 5.8 Tinh todn dién dp dau ra va dong qua diode Zener mach 6n dp hinh 3.17.
cho Ry = 1kQ., U, =12V, R =220Q. f =50, U, =20V, Uy = 0.7V.
Gidl.
U, =U,-U,=12V-0,7V =11,3V.
Uge=U,—-U =20V - 11,3V =87V
L. — U200 121

I, =-¢ — =36,4mA
R 2200
Dong chay qua R;: I, = bp MSE 13imd=1, =1
Y g 4y R TIKG = 127 k¢
1{ . -
Jei 50

L, =1, - 1;,=364mA - 226uA ~36mA
a. Mach on ap bi
So do6 mach duge biéu difn trén hinh 5.18. Hai di¢n ud R, v R, déng vai tro nhu
mot mach 18y mau. diode zener D, cung cdp di¢n dp chudn qua transistor Q, sau do

diéu khi¢n dong bazo clia transistor

- L . . (
Q; d€ thay doi dong qua transistor U, e—- -?ﬁ‘)’ U,
Q, duy tri duoc dién dp & dau ra. ?_R

Néu di¢n dp déu ra ting qua phan 0
ap Ry va R,, di¢n dp U, tang, lam '

di¢n dp Uy cua Q, tang (di¢én ap U,

khong doi), [am dong qua Q, ting i

Hink 5.18: Mach on dp bii

dan dén dong T, ctia Q, giam lam
cho dong qua ai giam. Dién dp dau ra giam. vi vay duy tri duge dicn dp ddu ra cla
mach. Trudng hop dién dp dau ra giam giai thich tuong tu.

Dién dp U, bang tong cta dién dp Uy clia Q, va U, va duoc tinh:

Ry

Us=U;, +U, = — 1,
2= VBkz 7 RiR,
Do d6 dién dp dau ra U, duge xdc dinh
R+ R
U, = 1220 40,,,)
Rz - T

Vidy 5.9: Cho mach dién nhu hinh vé 5.18
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Trong do cho Ry = 20k0, U,

8.3V, R, = 30kQ.Tinh dién ap én 4p ra?

Gidi:
) R +R .
Theo cong thic: U, = LR U AU s

¥
2

Thay s6 vao ta ¢6 di¢n ap én dp ra s¢ 1a:

2040 + 304
U,= "t -—2(8.31"+0.?V): 15V
3040

b. Mach on dap noi 1iép ding op - amp

Hien nay mét s6 mach 6n dp néi ticp da su dung 1_ ur
khuéch dai thuat toan op - amp. R
Trong hinh 5.19 bo op — amp so sdnh dién ap ) +
chuan trén diode zener véi dien dp hoi LEp (i bo l (L R2

phan dp R, v R,. Néu dién dp ddu ra thay déi Q,
e . v e . ) o Hink 3.09: Mach g dp noi tisp ding OA
s¢ diéu chinh dé dién dp ra nay khong thay déi.

Dicn ap ra duge tinh theo cong thiic:

vo=a- S
o Dl ‘I"!‘E .a’:

2

) Ly Q) ,.]E”f
.Mach han ché' dong dién .__1_3, I __T R T [
D¢ bao vé mach 6n dp khi bi qua tai hoac iR“ - |+_ o
ngan mach thi so dé 6n 4p duge vé lai nhu b _ \::‘_‘_::» N 2R, | K
hinh 5.20 F S B
Khi dong tai 1, tang thi dién 4p roi tren | Yo |
R.(sampling circuit- dién (r& nay dong vai 4 _ -+
tro mach 1dy mau) ciing tang lén. Khi dicn Hinh 3.20: Mach han che don
dp trén R, tang dic1én, 1am Q, mé, Q, md — \QJ',_ Re 1y
lam dong cuc base cla transistor Q, giam, U Ry ‘ WVT

| } _ e |
va lam gidam dong tdi qua transistor Q. D_‘*_ R
. . "o n - “ 1 1
tranh cho R, qué tai. Nhu vay hoat dong cua | + Lﬁ
iﬁ Rs %RE

Ry vt Q; lam han ché dong tii cuc dai.

Mach han ¢h& dong (hinh 5.20) chi 1
lam gidm dién dp tai khi dong dién vuot i
qua gid trt gidi han. Hinh 5.21 13 mach han

1

Hinh 3.21: Mach han chédong cdi tién

ch¢ dong cai tién . Much
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niy s& [am giam ca dién dp ra va dong dién ra bao v¢ tai khoi qud dong. Trong so do
nay ¢é thém bo phan dp R, va Rs. bo phin dp s€ ldy mot phan dién dp tai dau ra cua
Q,. Khi dong I, tang Ién dén gid i cue dai. dicn dp ron trén R du 16n mo Q, d¢ han
ch¢ dong. Néu dién 1rd tai nho. dién dp dicu khién Q, md nho. Khi dién trd tai ro lai

gid trj ctia nd. mach dién ud lai hoat dong on dp.
5.4.2.2 On ap song sang

Mach én dp song song thuc hién én dp bing dong tiéu hao song song véi tdi dé on

dinh dién 4p ra. Hinh 5.22 12 so d6 khoi ctia mach on dp do.

L,
'} Llr
1.
‘rl » l IT
Tl
. i kg

e Rhicn - |
SR,
=

Dicn dp So sanh
chndn =

Hinh 5.22: S dd kot ek on dp song song

bic¢n ap dau vio khong on dinh cung cap dong cho tai. Mot phan dong di¢n b
mat di do phan ti diéu khién d¢ bao dam cho dién ap ra duge 6n dinh dua dén i,
Mach 1dy mau cung cap tin hicu héi Gép 161 bo so sdnh, sau do 1y ra mét tin hicu dicu
khién dé lam thay déi dong dicn chay qua phén tu dicu khién. Vi du khi dién dp dau ra
tang. mach lay méu cung cdp tin hiéu hoi iép 16 mach so sdnh. dau ra mach so sdnh
dua tin hieu diéu khién lam tang dong dién song song gua phan ta diéu khicn, lam cho
dong tai giam xuong git dién dp on dinh.
a. Mach én dp .xl'ong song don gidn diing transistor

Mot mach On dp song song don gian nhu

Rs
hinh 5.23. SN %
Trén dién 116 Ry dién ap chua 6n dinh, sut R le
ap do dong cung cap i tai R,. Dién dp trén t . v : Lt §Rt
tai duge xiac dinh boi dién dp zener va dién ap b
gita base - emiter. Néu dién rd tal giam, R L .

df)]lg dif‘:‘U khlén CU'C B Cﬁi;l Q] Cﬁng glcllm, lzlm Hinh 5.23: Mach on ddp song soug den gichi
dong collector ciing giam, s& tam dong tai 16n
l&n hon va on dinh duge dién dp trén tar, Dién dp ra trén tai la

U =U,+ Uy
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Vi du 5.10: Cho mach dién nhu hinh 5.23 vé1 R, = 120Q, R, = 100Q, U, = 8.2V, U,
= 22V. Xdc dinh di¢n ap ra, dong I L. I§
Xac dinh dién dp on dp va dong dicén trén tai, T, Tg?
Loi gidi;
bicn ap tan la;
U,=U,+ U, =82V +0,7V=89V
Dong qua tai fa

I; = (_" = %_9_1 = 89mA
R, 10062

Vai dién ap vao 22V, dong qua Rg la:

Do do dong qua collector la:
b. Muach on dp song song ding 2 transistor

Mach dién nhu hinh ve 5.24.

Diode zener cung cAp mol dién dp chuan. |
1 dien S0 e <& auvél dinh dien 4 ,
do do dién ap rén R, sé quyét dinh di€n ap Q, :‘7

ra. Khi dién 4p ra thay doi. lam dong song

song qua qua Q, cing thay doi dé giit cho

di¢n ap ra on dinh. Transistor Q, lam cho ..
dong cuc Basc cua Q, 16n hon mach ding _
mot transistor vi vay 6n dinh dong qua tai

lon hon. Pién dp ra duoe xdc dinh nhu R

Sall:

U =U=U,+ Uy, + Uy,

c. Mach on dp song song diing OP-AMP

Hinh 5.25 la mach 6n dp song song : i

1] 3 -l A .3 151 4 i B
dung OP-AMI HhU la h() S0 Sdnh d](}l’l ap. Hinh 3.25. Macl on ap ding OA

Dién dp zener duoc so sanh v6i dién dp héi Lép tir bo phan dp R, va R, dé diéu khicn

Q,. Dong qua Ry s& dwoc diéu khién sut 4p trén Ry, vi vay dién 4p ra duge on dinh.
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5.4.3.0m ap ding IC

Rit nhiéu mach on dp str dung cic loai IC n dp. Cac IC én dp chifa nguén dien ap
chudn, khuéch dui so sanh. dung cu diéu khién bao v¢ qud tai, @t ci trong mot 1C don
[¢. Mac dir cau tao ben trong 1C ¢6 khic véi cdc mach én ap trude nhung hoat dong
ben ngoai th nhy nhau. Dien dp on dp cling 6 thé didu chinh duge hodc ¢6 the 13 cb
dinh. Dong tai cua cdc IC tir hang tram mA dén hing chuc A. do d6 rit phu hop véi

nhi¢u mach thiét k& véu cau gon nhe.

Hinh 5.26 cho thdy su ghép nai [C
- - ' IN OuT .
on ap 3 chan véi mach. + +

' GND

BDién dp vao U, duoc dua tdi mot Tai
chan, di¢n dp ra duge on dp U, tir ]

. - . . . .. o —
chan thtr 2. chan thi 3 duoce ndi véi |

Mass. Hiwh 5.26: S dd Lt ba ou dp ding 1C

5.4.3.1. On ap ¢ dinh dong IC

tHo IC 78xx cung cdp dicn dp ra c6 dinh
tr (+)5V dén (+24V. Ky hieu xx dé chi
dien ap ra, vi du 7805 1a 6n ap 5V, 7824 la

2l

t

L

v

C
v o - - _J_
on dp 24V. So d6 mach mic trong thuc t&€
nhu hinh 5.27. j: —[
Trong do:

Hinh 5.27: Much an dp diing 7842
- Chan | duge néi véi dicn ap vao.

- Chan 2 duge néi vai mass,
- Chén 3 duoc néi véi tal.
- Tu dién C = 0.1pF d¢ cai thicn qud trinh qud do va loc nhidu tdn s cao,

Dong di¢n dua ra ctia ho 78xx thutng < 1A.

Ho 79xx tuong tu nhu ho 78xx nhung cung
cap dién dp ra ¢S dinh tir -3V dén -24V, + v b i+
: LM317 T vl
5.4.3.2.0n ap ditng IC ¢6 thé diéu chinh AL) | e g
e U \ v .‘- [
dugc dién dp ra ' U l
u . - - . . » . AL
Céc IC On dp ciing sdn ¢6 mot s6 loai cho /? Ra
phép ngudi str dung c6 thé didu chinh dien 4p - -
) . . Hinh 5.28: Mach dn dp dimg LM77
ra nhu mong muén. LM713 (hinh 5.28) la . R e B
mot vi du.

LM713 ¢6 thé hoat dong véi
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pham vi dién dp ra t 1,2V dén 37V, dicn tro R, va R, xdc dinh dicn ap ra (1,2v
dén 37V).

Tinh toin dién dp ra cho mach theo cong thite sau:

R,
U, =Up, (I + 2y 41
| Ru.{ R )

) Ial (*}

Trong dé Uy, = 123V vi Lai= 100uA
Viidy: 5.11: Xidce dinh dién dp ra cua IC LM317 vdi R, =240Q va R, = 2.4k,
Giai: Theo cong thice (¥ jta ¢6: |
U, :IQSVU—réj£§)+(MMHAXZ4KQ)
= 1375V + 0,24V = 13,99V

1C LM318 ciing tuong ty nhu vily nhung dién dp ra 1a dién ap (-).

5.4.3 Mot s6 mach 6n ap khac ding IC
5.4.3.1. Mach tang dong ra cia IC

IC ho 78xx hay 79xx thuding cé dong ra

khong 16n. do d6 dé tang dong ra ¢ the két hop véi
transistor nhu hinh 5.29 flinh 5.29: Much tdng ding ru
54.3.2. Mach tang dién ap ra

be tang dien dp ra diu théem diode Zener
vao chan 2 cua IC nhu hinh 5.30

Khi dé dién 4p ra s& la:

U=U,+U,

IRy

Hink 5.30: Mach 1ang din t rer
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Cau hoi on tap

I

-

Biét dién dp mot chiéu ra sau bo chinh luu 1a U, = 20V. Hay tinh dién dp gon
song khi bo chinh luu la:

Bo chinh luu ntra chu ky.

Bo chinh luu hat chu ky.

Cho mot bo chinh luu hai nira chu ky ¢6 tu loc C = 100pF. Khi noi véi mot dién
tro tai R, = 2,5kQ dién dap mot chiéu ra la U, = 12 V. Tinh di¢n dp gon song ?

( dién ap dau vao bo chinh luu ¢6 tan s6 f = 50Hz).

. Cho mot bo chinh luu ¢6 dung tu loc C = 500 pF, dong dién chay qua tai la

200mA véi hé s6 gon song 1a 8%. Tinh dién dp dinh ( U,,) dua vao bo chinh luu
va dién ap trén tu, biét dién ap ngudn cap 6 f = 60 Hz.

Hay tinh dién ap gon song tal dau ra cua bo loc
U, Q U
1 v

RC (R =100Q2, C = 100puF ). O—E——;{—T—’@
Biét tin hi¢u vao bo loc 1a S0V vaéi dién dp gon

song 2,5V (tin hiéu nay dugc 1dy tir bo chinh luu R

hai ntra chu ky c¢6 dung tu loc ).
5. Cho mach dién nhu hinh 5.31
Biét R = 1,8kQ, U, =83 V, R, = 2kQ.

Hay tinh dién ap ra U, va dong di¢n chay qua zener. ) -
5.

Cho mach dién nhu hinh 5.31. Hinh 5.31

Biét R, =33Q, U, =10V, R, = 100Q.

Hay tinh dién dp on ap dau ra va cac dong
dién tai cac cuc cua transistor.
0.
Hay xac dinh dién ap ra.

Cho mach 6n ap nhu hinh 5.33.
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CHUONG 6
DAO PONG PIEEU HOA

6.1. CAC VAN PE CHUNG VE TAO DAO PONG

Cdc mach tao dao dong diéu hoa doc sir dung rong rdi trong cdc hé théng thong tin,
trong cic may do. may kiém tra, thiet bt y (...

Cdc mach tao dao dong cd thé 1am vicc trong khodng tdn s6 tir vai Hz cho dén vai
nghin MHz. D¢ tao ra dao dong ta dung cdc thanh phin tich cuc nhu dén dién tu,
transistor, diode ...

Xét mot mach dao dong diéu hoa ¢é so dé khéi nhu sau:
- Diéu kién dé 16n tai dao dong i

K.p=1

Qg + Py =207 A
Trong do K: hé s¢ khuéch dai.

B - hé 5 héi tiép.

B

Hinh 6-1

¢, - g6¢ di pha cia bd khuéch dai.
(g - goc di pha cua mach hoi tiép.

- On dinh bién do dien dp dao dong
+ Han ché bién do dién dp ra bang cach chon tri $6 nguén nuéi thich hop

+ Dich chuyén diém [am viéc trén dac tuyén phi tuyén ciia phin tir tich cuc nhd
thay doi dién 4p phan cyc dat 1én cuc diéu khién ciia phan tir khuéch dai.

+ Dung mach héi (iép phi tuyén hoac phan tr hiéu chinh, vi du dién trd nhict, dién
tré thong cta diode.

- On dinh tin s6 dao dong:

+ Ding ngudn o6n 4p.

+ Dimg cac phan tir ¢é hé s6 khuéch dai nho.

+ Dung cac linh kién cd sai s6 nho.

+ Dung céc phan tir 6n dinh nhiét.

Noi chung, mach dién cta bo dao dong cé thé mac theo kiéu nhu sau:
- Mach dao dong ba diém dién cam.

- Mach dao dong ba diém dién dung.
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- Mach duo dong ghép bién ap.

- Mach dao dong doi pha.

- Mach dao dong cau Wien.

- Mach dao déng cong huong.
Ngoai ra con ¢6 ¢ic mach tao dao dong ding thach anh.
6.2. MACH TAO DAO DONG BA PIiEM

6.2.1. Mach dao dong ba diém

dién cam R
tfinh 6.2a la so d6 nguyén Iy " é; \Iy
cta mach dao dong theo kidu ba /L _.._['T'L
di¢m dién cam. Hinh 6.2b 1a s¢ dé tuwong -l- ‘ 3 Re C 7!
duong cua nd. Nhin hinh vé ta thay L va C T L
tao thanh mach dao doéng doc mac gifia ¢ 4
colector - base, ching quyd dinh tan so (a) (b)
lam viéc cla bo dao dOHg. Loi dung dic Hinh 6-2 S do ngiiven v mach tao dao

_ dony ba dicin dién cdim
digm la di¢n dp ¢ hai ddu cudn cam lech

pha nhau 180", qua diém rit ddu ra trén cudn cam s& ¢6 mot phin dién dp héi ticp dua
vé gitfa emitor - base clta transistor khién dién 4p hoi ti€p vé base thoa man diéu kién
héi uep duong va mach ¢6 thé dao dong. Dién tré R, ‘khoang 500Q ding dé én dinh
ch¢ dé lam viéc cho transistor. Néu vi mot nguyén nhan nio dé lam cho bién do dao
dong tang dong dién emitor cling tang, dién dp sut trén R, s& tang khién cho hién do
duo dong lai giam xuéng. Nguoe lai, néu bién do dao dong gism nho, sut ap trén R,
cing giam nho. lai Jam cho bi¢n d6 dao dong tang lén. Nhu vay da thuc hién duge (u-
dong on dinh. Dién tré R, khoang S0kQ.

6.2.2. Mach dao dong ba di¢m dién dung

Hinh 6.3a 14 so d6 nguyén 1y cua mach dao dong ba diém di¢én dung. Trong d6 L va
C tao thanh mach duo dong. ching quyét dinh tdn s6 [am vitc ctta bo dao dong. Dién
ap tren mach cong hudng LC qua cdc tu phan ap C=C,=22pF dua dién dp hoi ticp trg
v¢ gilta emitor - basc ¢l transistor, nhu vay dién ap & colector va & basc léch pha nhau
180" thod man dicu kién vé pha dé 6 thé dao dong. Cic dien trd R, =500Q. R,=50k¢2.
R;=100kQ dung d¢ dinh thién va 6n dinh ché do lam viéc cho transistor, Cac tu dién
Cs, €, dCu la tu theidt cao tén, tri s6 khoang 0.0tpF. Transistor duge mic theo mach

base chung. Hinh 6.3b ti 56 d6 twong duong.
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(a)

Hink 6-3 Macl tuo dao déng ba dien dicn duny

6.3. MACH DAO DONG GHEP BIEN AP

Mach dao dong ki¢u ghép bién dp nhu hinh 6.4a. Dién dp trén mach dao dong

LC duge hoi ticp mot phin qua cuon ghép L, da v& base. Néu cic cuon [ va L, déu

Hinh 6-4 Mach dua dong phép bicn dp

duge quan cing chiéw va khi ddu cha cudn L néi vao colector, cudi clia cudn L., noi
vao base thi dicn dp hoi tcp vé base s€ 1ech pha v6i dién dp & collector 180", thoa min
dicu kién v¢ pha dé cé thé dao dong. Néu bién do dién ap hoi tidp.
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Vuot gud tri s6 g16i han thi dao dong sé xuat hién va duge duy tri. Trong mach dién
hinh 6.4a vi hai cuon day L va L, quan nguoc chiéu do dé s6 diau day 1,2.3.4 mic nhu
vay la dung.

Mach dao dong LC khong phai chi duge mac & mach collector ma con ¢é thé méc
& mach base nhu c¢ac hinh 6.4b, hinh 6.4¢ va mac & mach emitter nhu hinh 6.44.

So sanh gifta cdc mach dién 6.4b vi 6.4c ta thdy nguyén IV lam viée nhu nhau
nhung chiing ¢6 nhiing diém khdc nhau cu thé nhu sau:

Hinh 6.4b diing mét cuén day riéng biét L, d€ ghép va6i L dua dién ap hoi tiép ve
base: hinh 6.4c lai diing diém rit déu ra ngay trén cuon cam L dé dua dién ap hoi tigp
v¢ base.

+ Céc cuon day L, trong mach collector cua hai mach dién nay phai mac dao
nguge diu nhau nhu trén hinh vé thi méi ¢6 thé dao dong duoc.

Mat khic vi trd khang vao cla transistor ral nho. nén mic toan bo mach dao dong
LC song song v&i mach vao cia transistor thi hé s6 pham chat Q ctia mach dac dong ¢
giam nhiéu. khé duy tri doc dao dong. Bai viy chi duoc mic vio mét phin cita cuon
cam L hodc ditng mot cudn day Ly, ¢6 s6 vong rat it dé ghép véi mach dao dong.

Diém lam viéc clia transistor ¢ quan hé dén tan s6 lam viéc ciia bo dao dong, vi
dien dung vao va dién dung ra cha transistor bién dét phu thuoce vao diém lam viéc clia
nd. ma cac tri s6 dién dung nay lai 134 mot bd phan cua mach dao doéng. do dé phai
ghép long transistor v6t mach dao dong dé nang cao do 6n dinh tdn so va phai (im cich
on dinh t6t nhit cho diém lam viéc clia transistor. Thuong thudng chon dong collector
cua transistor dao dong ngoal sal vio khoang 0.2 + 0.5 mA. NEu transistor ¢é tan s6
cat thap thi dong colector phai chon ¢ao hon moét chuit.

6.4. MACH DAO DONG POI PHA
Mot vi du vé mach tao dao dong dao pha dang

phuong phdp hoi tiép co bdan 1& mach dao dong dao

pha. Mot mach dao dong dao pha 1V tuong nhu hinh

Cs
- N U . o ¢ C:
6.5 . Nhac lai rang dé 1on tail dao dong thi yéu cau |{ . AR, I(ﬁ_
: : j - +14 +14 +1
BK=1. va su thay doi vé pha cua phin héi tiép 1a R
L4 R:
180 "' (cung cap héi 1iép duong), trong di¢u kién 1y %
twdng. xét ngudn cdp cho mat hoi tiép 1A mot ngudn j_
Iy twong (dién trd trong bang 0) va ddu ra ciia mit Hink 6.5 B0 dao dong doi pha

hoi tiép duoc ndi vai mét tai 1y twang (tai ¢6 trg

khing vo cung 1dn). Trong diéu kién 1y tudng nhu
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trén duge thue hién ta xem xét va tinh todn mach déi pha sau:

Tén 50 ma tar d6 pha thay déi ding 180 © 1a:

\ 1
F= 2TIRCAJ6

l\.J|___
N

p=
Va ldc nay su thay doi pha 1a 180" .
D¢ cho h¢ s6 khuéeh dai vong B.K 16n hon 1, thi h¢ s6 khucch dai cua ting khuéch
dai phat 16n hon 1/p hoac 29:
K>29

Khi xem xét hoat dong ctia mat héi tiép, mot didu cin chit vlagid trn R va C. M6i
mat dao dong R va C cho ta gée déi pha [a 60"

6.4.1. Mach dao dong doi pha dung FET

Hinh 6.6a cho ta thiy mot mach dao dong ddo pha dung FET ta su dung thong s6
¢, Vit 1, O mot tang khucch dai dung FET. h¢ s6 khuéch dai duoc tinh todn 13 K| =
gm'Ri.

y

(R

B,

_

L A S [V VP T 7Y
S
i j _ (b) = =

Hinh 6.6, Mach tao dao dong doé pha trong thiee 16 (a) diing FET
(i citng BIT

Rpry

O day R duoc tinh nhu sau: R, = R +r
B il

Ry la dién ué song song cha Ry, var,.
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Gia su rang trd khang vao clia ting kKhuéch dai ding FET 1a vo cliing 16n. Néu thita
nhan didu ndy tic 12 tdn s6 hoat dong du thdp do d6 phai tinh dén dung khing cua
FET. Dién trd ra cla tang khuéch dai R, nén nho hon so véi trd khing vao cua mat
hot iép. do d6 xuit hién su suy giam tai. Trong thue (& nhitng van de trén khong ding
chd ¥ nhiéu lam, v h¢ s6 khuéch dai cua tdng khudceh dal lua chon 16n hon chi 6 cho
phép 1a 29 dé dam bao diéu kién dao dong.

Vidu 1

Hay thict k¢ mot bo tao dao dong doi pha (nhu hinh 6.6a) stt dung FET ¢6 g, =
5000 pS, ry, = 40 kQ. v tro khang cua mach hoi tiép la R= 10 k€. Chon gid a1 C sao
cho bo tao dao dong dao dong tai tan s6 1 kHz va R, hoic K >29 d¢ dam biao dieu
kién dao dong.

Giai:

Tinh toan gi4d tr1 tu tr phuong trinh

! 1 1
TRV ST AMRAS6 © (6.28)10 x 107(1 X 10°%2.45)

f =6.5nF
Tinh R_: Gia sit K = 40 (didu n2dy chip nhan duge vai tai nam gitia khoang R va
trd khang vao ciia mit hoi tigp): K=g,R,
Ki 40

R = 4=

g <5000 x [0 ° —SkQ

Dung ¢ong thite trén ta tinh duge R, = 10 k€.

6.4.2. Bo tao dao dong doi pha ding transistor

Néu transistor duge diing nhe mot phin t tich cuc cua tang khucch dai. dau ra
cua mit hot 1iép 1a mot tai kha 1on do trd Khdng vao (/4,.) cua transistor khi thap, o day
st dung tang khuéch dai emitter chung. Néu tang khuéch dai transistor don la 1y neong
thi sit dung dién dp héi tiép la thich hop hon (hinh 6.6 b). Bing viéc két néi nay tin
hiéu hoi tiép duoe ghép thong qua dién 116 hoi tiép R mac ndi tigp véi dicn (rd vao cia
tang khuéch dai (Ry).

Cudi cliing ta ¢6 tan so dao dong 1

| 1

f=
2[IRC J ,
6+ 4(% )

Pé 16n tai dao dong thi hé s6 khuéch dai dong tim duge:
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R Re
hi>23+29p~ + 5 (18.39)

6.4.3. Mach dao déng déi pha dung IC

Negay nay mach dién ding IC da tré nén khd pho bién. né rat thich hop dé diéu
khién mach tao dao dong. Chi cdn mot bo khuéch dai Op-amp ta da ¢6 hé s6 khucceh
dai 6n dinh két hop vé1 mot vai phuong phap hdi tiép ta s& ¢d mot mach tao dao dong .
Hinh 6.7 la m¢t mach dao dong dao pha dung [C. Mach nay dung ba tiang héi tiép RC
d¢ su chuyén pha cin thic¢t Ia 180"

(vast chi <0 suy giam 12 1/29), thi h¢ s6

Khuéch dai cua op-ump (duoe dat boi 4?& ,C ? ¢
\ ) 1 J

{ { £
_ + 14 + 1 ML
di¢n tro R, vt R;) phai 16n hon 29, L v R R % R
—TEE
L e |
l.tc nay mach tao ra duge tan s6 dao 1 4 1

dong theo cong thue : o X
T Hinh 6.7. Tao dac daong dod ple diong 1IC

, i
*‘2HRCJ6

6.5. BO DAO BONG CAU WIEN
Mot bo dao dong trong thue 1€ fa dung khuéch dai thuat todn vi mach cau RC. vai
tan 0 dao dong duge xdc dinh boi R va C. Hinh 6.8 cho thiy mot mach ¢au Wien co

SO

Tin hi¢u ra

Hinh6.8. 8o rae dao dony cdn Wien

Bo qua hicu qua cha (16 khang vito v tré khang ra ctia bo khuéch dai thuat todn, phan
tich mach cau ta ¢6 két qua la:
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b= S VR.CR.C.

Trong trudng hop dac biet R, =R, =R va C; = C, = C dn 56 dao dong sé la:

, !
= nRe
. Ry
\"rd [{4 - 2
Nhur vy t1 56 cha Ry va R, I6n hon 2 di diéu kién d¢ tinh todn tin 6 dao dong theo
)} i
cong thic f, = STIRC
Vi du

* Tinh todn tan 86 cong huong clia mach cdu Wien hinh 6.9:
Gl
St dung céng thdc (rén ta ¢6:
[ ' |
2MRC ~ 21151 x 109)(0.001 x 10°%)

rn =

=3120.7 kliz

* Thi€t k&€ mach cau Wien theo hinh 6.9 dé€ ¢6 (an 6 dao dong f, = 10 kHz.

R, 0.001uF
1{
+1Y
C .
SThe €, Baura
0.001uF
+
51 k¢ ¢l R,

| Ri 2 300kn
L 100 k

Hink 6.9 B tao duo déng cdn Wien
Gidi:

Str dung gid tri can bang R va C ta chon R = 100 kQ va tinh toan gid tri C theo
cong thuc trén ta ¢o;
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I 1 N U .
T 215R T 6.28(10x 109100 x 10%) T 628 = 159p

C

Cling ¢6 the sit dung Ry = 300 kQ vl R, = 100 kQ didm bdo U s8 R+/R, 1an hon
2 dé mach ¢4 thé dao dong.
7.6 MACH TAO DAO DONG CONG HUONG

Mach tao dao dong cong hudng ddu vao, cong huong dau ra

Su da dang cua mach dién nhu hinh
7.10 biang viéc cung cdp khung cong

huong ¢ ca diu vdo va ra clia mach dién.

Phan tich mach dién hinh 7.10 thu dugc

cdc bo tao dao dong khi thay doi cic phén

tr dién Khdng

Hinh 6.10. Much tuo dao déng cdng hireing o ban

6.5.1. Bo tao dao dong Colpitts

6.5.1.1 Bé tao dao dong Colpitts ding FET

Mot much dao dong Colpitts dung FET trong thuc t€ nhu hinh 6.11 . Mach dién
¢6 dang nhu mach hinh 6.10 véi mot vai phan w0 can thi€t d¢ phin cue cho tang

N . - ) ey ;] } I
khuéch dai FET. Tan s6 ctia bo tao dao dong la: f, = Z—I_T/L—‘a

. C,G You

“C + G,

Hinh 6.11. Much tao dao déng Colpitt ditng FET

6.5.1.2 Bé tao dao dong Colpitts ding transistor

Bo tao dao dong Colpitts diing transistor nhu hinh 6.12. Tin s6 dao dong cla
mach nhur cong thic phan trén.
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6.5.1.3. Bo tao dao déng Colpitts dung IC

R, = 100k %
[ |

. aatielv — N
R = 10k | ! C, == %
A B out : Ry [ ;_ - .
e R
- . Vee e T—K
. < ’
¥ H" ]l T Rz T RF ;ct
C, L G I = I
‘ Y - —

Hinh 6.13 Mf“'}’_ fao duo dong Colpiy Hink 6.12. Much tuo dao ding Copittst ding transistor

Bo Lo dao dong Colpitts diing IC nhu hinh 6.13. tdn sd dao dong do mat hoi
1i¢p LC quyét dinh va duge tinh theo cong thie phan 6.5.1.1.
7.5.2 Bo tao dao dong Hartley

Mach tao dao dong Hartey la mach ba diém dién cam theo hinh 18.25 thi X, va

X. la cam khang con X5 1 dung khang

6.5.2.1 Bo ftao dao dong
Hartley dung FET

Bo6 1a0 dao dong
Hartley ding FET nhu hinh

6.14. Mach dicn ¢6 méit hoi

ticp nhu mach ¢ong huong

hinh 6.10. Chu y riang di¢n

cam l.,. L. dugc not chung.

cam tng tr gifta chung Ja M. \ = o
. p i ) Hinh 6.14 Mach duo ding Hinh 6.15 Mach due dong
Tan so dao ddng cua mach Hartley ding FET Hartley ditng transistor
nay duge tinh theo cong thue

SdL
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1

_I‘[I R —

| 2INL, C
L.,=L +L,+2M
6..5.2.2 Bo tao dao dong Hartley dung transistor

Fiinh 6,15 la bo tao dao dong Hartley diing transistor v6i 1dn s6 dao dong dugce

‘ l
tinh theo cong thuc : f, = Q_W

6.7. CAC MACH TAO DAO DPONG DUNG THACH ANH

Khi yéu cau mach tao dao dong ¢ tin s& on A
dinh cao ma dung cic bien phdp binh thuong nhu én e
dinh ngudn cung cap, on dinh tai.... van khong dam bao < R,
duge do on dinh tan s6 thi ding mach thach anh d¢ on !
dinh tan 56, vi thach anh ¢é tinh chit rat dang quy 1a do | = E L
bén ¢o hoc cao. it chiu dnh hudng cta nhiét do, dé 4m ]
vt cile tae dung hod hoc. B l 4 c,

T

N
Thich anh ¢o tinh chat ap dicn. nghia [a dudi tdc | B

*
dung clia dién truong thi sinh ra dao dong co hoc va  Hink 6.16 - Sodd quy wdc va so
) . o oo T L eded e deeomy cric thach anh
nguoc lar kht ¢6 dao dong co hoc thi sinh ra dién tich,
do d6 ¢6 the dung thach anh nhu mét khung cong hudng. Tich chat dao dong cia
thach anh duge biéu dién bai so do wong duong sau:

Thach anh ¢o kich thudc cang nho thi L. C,, 1, cing nho nghia [a (an s& cong

/H’—.

riéng cua thach anh ngudi ta mac néi U€p  Hink 6.17 Mot bién phap a€ thay d6i tan s6
no vor mot tw xoay nhu hinh 6.17. cona hudna riéng cia thach anh

hudng ricng ¢ta no cang cao. |U. '

bé thay doi tdn s6 cong huong

Sau day la mot s6 bd tao dao dong dung thach ankh
6.7.1 Mach cong huong noi tiép

D¢ kich thich phéan th thach anh hoat déng trong mach cong hudng noi tiép,
neud! ta mac néi tiép phan tr ndy véi phin to héi tiép. Tai tan s6 cong hudng noi tiép
cua thach anh tro khang cta né 1a nhd nhat va hoi tiép duong I Ién nhat. Mach dién
nhu hinh 6.18. Di¢n trg R . R, 1a cdu phan dp cho cuc B cua transistor.

Cuon RFC cip di¢n ap mot chiéu, ngian khong cho tin hicu xoay chiéu trén
duong cong sudt anh hudng 6i tin hiéu ra. Héi ti€p duong tr cuc collector vé cue base
la [6n nhat khi trg khdng cua thach anh la nho nhit (khi cong huéng néi ticp), trd
Khing tu C, tai tan s dao dong la khong déng ké nhung né ngan khong cho dong mat
chiéu di tir cue collector dén cuce base.
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Hinh 6,18 Bo g dao dong thach anle dién khién bing hei 1ép nei
Cotép
(i Stidung BIE (h) Sitdung FET
K&t qua I tan 56 cong hudng ciia mach dao dong di duge xdc dinh bing tin
s0 cOng huong noi tiép cua thach anh. Thay doi dién dp cung cdp, thong sO cla
transistor thay doi nhung khong anh huong dén tan s6 dao dong. tan s6 dao dong duoe
gitt On dinh nh¢ phén tr thach anh.

6.7.2 Mach cong huong song song

Khi thach anh cong huong song song thi rd khang cia mach dat gid tri 16n
nhit. N6 duge két noi nhu hinh 6.19. Tai tan s6 hoat dong ctia mach cong huéng song
song. phan tir thach anh duoc cot nhuw 14 mét phan (i dién khing 16n nhat. Hinh 6.19
duge mac gin gidng nhu mach Colpitts. Dién dp phan cuc mot chiéu 16n nhat duwe
tang 1en khi di qua phan twe thach anh tai tan s6 cong hudng song song ctia né. Dién ap
duoc ghép (6i emitter bang dién dp ¢ bo chia dien dung C, va C,.

. RFC
R, £
q{ T A *out
g
W S
$—1 .
R, L | —L.
. < < + 1 XTAL
c. = 5 RET C, == T
B I
L L = L

Hinh 6.19: Bi tgo dao déng thach anh didu khien béing héi 166y song
seg
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Bo tao dao dong Miller ditng phédn tit thach anh nhw hinh 6.20. Khung cong
huong LC duge di¢u chinh gan tdn s6 cong hudng song song cua thanh anh. Tin hiéu
ngudn cong I6n nhit xudt hién tai tan s6 phan cong hudng didu khién tin s6 hoat dong

cuila mach.

]
L C
out
* -
l_.
Rg
—
XTAL ——= : g i
;l ~Cy
RFC ‘
L B
L

Hinh 6.20: Mach dao dong Mifler diéu khién hing thach anh

6.7.3 Bo tao dao dong thach anh ding IC

Bo tao dao dong thach anh ding 1C nhu hinh 7.21. Phan tic thach anh duoc mic
noi uep trén dudng héi ti€p . Mach nay ¢é hé s6 khuéch dar 16n va ¢6 séng ra hinh
vuong nha su dung mot cap diode Zener dé bién do dien ap luon bang dién dp cua

diode (V)
R

— AN ——
[ 100 kQ

Hinh 6.21: Mach dao déng thach anh ding IC
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Chiu trach nhiém xuét ban :

Giam dbc : Cat Van Thanh
Chd bién : Nguyén Thanh Ha
Nguyén Binh Hai
Bia : Viét Anh Manh
Sira bén in: Nguyén Tri Thanh

In 1.000 cudn kho (21,0x29,7) cm tai Nha in Khoa hoc Cong nghé
GPXB s6 223-104/XB-QLXB do Cuc Xuat Ban cap ngay 30/01/2002.
In xong va nop luu chiéu thang 11 nam 2002
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