Bai giang Ky thudt dién tur

CHUONG I: CAC KHAI NIEM CO BAN

1.Mach dién va cic dailuong coban
1.1 Mach dién
Mach dién: mOt hé gdm céc thi€t bj dién, dién t(r ghép lai trong d6 xdy ra qua trinh
truyén dat, bi€én dGi nang lugng hay tin hi€éu dién do bdi cac dai lugng dong dién, dién
ap.
Mach dién dugc cau tric tU cdc thanh phan riéng ré dd nho, thuc hién cac chlc
nang xac dinh dugc goi 1a cac phan t& mach dién. Hai loai phan t( chinh cUa mach dién

1a ngu0n va phu tai.

- NguOn: cic phan tU ding d€ cung cdp ning luong dién hodc tin hiéu dién cho
mach.

VD: may phat di€n, acquy ...
- Phu t3i: cac thi€t bi nhan ning luong hay tin hiu dién.
VD: dbng co dién, bong di€n, bép dién, ban1a ...

Ngoai 2 thanh phan chinh nhu trén, mach di€én con c6 nhiéu loai phan t( khac nhau
nhu: phan tl diing d€ n6i ngubn véi phu tai (VD: day n6i, day tai dién...); phan t( lam
thay dGi ap va dong trong cac phan khac clla mach (VD: mdy bi€n ap, may bi€n dong ...);
phan t(r 1am gidm hodc ting cuGng cac thanh phan nao do cUa tin hi€u (VD: cac bO 1o,
b6 khuéch dai...).

Trén mOi phan tl thudng c6 mOt dau ndi ra goi 1a cac cuc d€ ndi né vdi cac phan
t( khac. Dong dién di vao hodc di ra phan t{ tU cac cuc. Phan tl c6 thé€ c6 2 cuc (dién
trd, cudn cdm, tu dién ...), 3 cuc (transistor, bi€n trd ...) hay nhi€u cuc (may bi€n ap,
khuéch dai thuat toan ...).
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1.2. Cdc dai lu'ong co ban

A i B
+ Uas

* Pién dp
Pién 4p gilta 2 di€ém A va B 1a cong can thi€t d€ 1am dich chuyén mot don vi dién
tich (1 Coulomb) tir A dén B.
bon vi: V (Volt)
Ua=Va—- Vs
Uag = - Uga
Uag: dién ap gilra A va B.
Va Ve: dién thé tai diém A, B.
* Dong dién
Dong dién 1a dong cac dién tich chuyén dich c6 hudng. Cudng dd dong di€n (con

goi 1a dong dién) 1a lugng dién tich dich chuyén qua mOt bé mat nao d6 (VD: tiét dién

ngang cUa ddy dan ...).
Don vi: A (Ampere)

Chiéu dong dién theo dinh nghia 1a chiéu chuyén ddng cla céc dién tich duong (hay
ngugc chi€u vGi chi€éu chuyén ddng cla cac dién tich am). D€ tién 10i, ngudi ta chon
tuy y mOt chi€u va ki hiéu bang miii tén va goi 1a chiéu duong cla dong dién. Néu tai
mOt thoi di€m t ndo d6, chiéu dong dién tring v&i chi€u dudng thi dong dién mang dau
duong (i > 0); con n€u chiéu dong dién ngugc chiéu duong thi dong dién mang dau am
(i<0).
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2. Cac phan tr hai cuc
2.1 Cdc phdn & hai curc thu déng

2.1.1 Pién tré.
La phan t dac trung cho hién tugng tiéu tn ning lugng dién tlr .

Ky hiéu: R — Bon vi: Ohm (Q)

G-= % : dién dan — Don vi: Q! hay Siemen (S)
Ghép nhiéu dién tré:

-NGitiép: R=R *+R, +..

1 _ 1 4 1 <
- Song song: R R R
1 2

Quan hé gilta dong va 4p cUa dién tré tuan theo dinh luat Ohm.

i R
—AWY
h — adl
u=Ri
U(t) = R.I(Y) I(t) = G.U(t)
U(t): Pién 4p gilta 2 dau dién trd (V) U(t): Pién 4p gilta 2 dau dién trd (V)

I(t): Dong dién gilta 2 dau dién trd (A) I(t): Dong dién gilta 2 dau dién trd (A)
R : Dién tré (Q) G: bién dan (Q'/S)
Khi R = 0 (G = ): m6 hinh ngadn mach.

Khi R = o (G= 0): m6 hinh hd mach.

Trudng PH Giao thong van tdi TPHCM
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Cong sudt tidu thu trén dién trd : P = UI = RI*(W)

* Cdc thong s6 c@n quan tam cUa dién tro :
- Tri danh dinh: gia tri xac dinh cUa dién trd.
- Dung sai : sai sO cUa gia tri thuc so v3i tri danh dinh.
- Cong sudt tiéu tan : cong sudt tiéu thu trén dién trd.
- bién 4p lam viéc toi da.
- Nhiéu nhiét.

Hinh dang thuc t€ cla dién tré:

* Cong thirc tinh dién tro:

Theo véat liéu ché tao
Néu la dién trd cla cudn day: Tri sO dién trd cla cudn day dan phu thubc vao vat

liéu, ty 1€ thudn vdi chiéu dai va ty 1€ nghich véi tiét dién day.

I A2
R=p P : dién trd xuat E—ZmZ /mg

1 : chiéu dai diy dan [m]
S : tiét dién day [m?]
Thi_du: Tim dién tré cla 1 day dan dai 6.5m, dudng kinh day 0.6mm, c6
p =430nQm . Dua vao cong thlc ta tim dugc R =9.88Q

Theo Iy thuy&t mach:
Pinh luat Ohm:

Trudng PH Giao thong van tdi TPHCM
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== (Q
/g
Khi c6 dong dién chay qua 1 vat dan dién thi & hai ddu ddy s€ phat sinh 1 dién 4p U
ty 1& v@i dong dién L.
Theo nang luong:

Khi c6 dong di€én qua R trong 1 thGi gian t thi R bi néng 1én, ta noi R da tiéu thu 1
nang luong: W = U.Lt

~W=RI*’t JhoacW.s
Ta thay rang t cang 16n thi dién ning tiéu thu cang 16n.
* Cach doc vong mau:
Ngoai cach do, gia tri cUa dién tr& con c6 th€ x4c dinh qua cic vong mau trén than
dién trd. SO vong mau trén dién trd tuy thudc loai vao dO chinh xac cla dién trd (3 vong
mau, 4 vong mau hay 5 vong mau).

V ogg maa

!

0

Magl 2 3 Dung
Sal

Gid tri tvong Ung cUa cac mau dugc liét ké trong bang sau:

Mau Tri sO Dung sai
Den 0 +20%
Nau 1 1%
Do 2 +2%
Cam 3
Vang 4
Luc (Xanh 1a) 5
Lam (Xanh duong) 6

Trudng PH Giao thong van tdi TPHCM
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Tim 7
Xam 8
Trang 9
Vang kim +5%
Bac +10%

Ghi chu:
- Vong mau th(r 3 (d0i vGi dién trd c6 3 hay 4 vong mau) va vong mau th( 4 (doi
v0i dién trd c6 5 vong mau) chi hé sO mii.
- Néu mau vang kim hodc mau bac & vong th(r 3 (d0i v4i dién trd 4 vong mau)
hodc & vong th(r 4 (d6i v&i dién trd 5 vong mau) thi tri sO tuong Ung 1a:
Vang kim: -1
Bac: -2
Vi du: B0 - Xam — Nau: 28.10' => Gi4 trj cUa dién trd: 28 Q
Nau — Pen — PO - Bac: 10.10% £10% => Gi tri dién trd: 1KQ , sai sO 10%.
D4 - Cam — Tim — Pen — Nau: 237.10° 1% => Gia tri dién trd: 273Q , sai sO 1%.
* ng dung cda dién trd trong thuc t& ban Ui, bép dién, dén soi d6t ...
2.1.2 Phén ttf cubn cam

* Cau tao.
Cubn cdm gbm nhi€u vong day quan sat nhau, ngay cd chOng lén nhau nhung

khong cham nhau do ddy déng c6 trang men cach dién.

CuOn day 16i khong khi CuOn day 16i Ferit

Trudng PH Giao thong van tdi TPHCM
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Tuy theo 18i cudn cdm 1a khong khi, sat bui hay sat 14 ma cudn cdm dugc ky hiéu
nhU sau:

_———

L1 L2 L3 L4

L1 1a cuOn day 16i khong khi, L2 1a cuOn day 1di ferit,

) L3 14 cudn day c6 16i chinh, L4 1a cudn day 15i thép kY thuat
* Cac tham sO co ban clla cudn cam:

Khi st dung cudn cdm ngu0i ta quan tdm dén céc sO chinh sau:
- Hé s tucamL:

12 kha nang tich tr(f ning lugng tU trudng cla cudn ddy, don vi la Henry (H).
1H = 10°mH = 10° uH .

A pd ~ A XL A ~
He sO pham chat: | ?=5~ | phu thuOc vao f

S

0 T6n hao cudn cam.
a Dong dién dinh mUtc L.

. Tén sO dinh mUrc.
- Cam khang
Cam khéng cla cuOn day la dai lugng dac trung cho sy can ré dong dién cla
cuOn day doi véi dong dién xoay chi€u .
- Ghép cuén cdm
. Ghép noi ti€p:
L,=L+L,+..
Cong thirc nay chi s& dung cho cac cudn day khong quan hé vé tur, khong c6 ho

cam. Néu cac cudn day c6 tU truOng tuong tac 1an nhau thi:

TU truOng tdng cuOng (quan clng chiéu):
L, =L +L +..+2M

Trudng PH Giao thong van tdi TPHCM
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TU trudng doi nhau (quan ngudc chiéu)
L,=L +L,+..—2M

. Ghép song song:
Khi mac song song cach biét vé tUr thi cong thiic tinh nhu sau:
1 1 1 1
S et Y P
L L L L

td 1 2 n

- Ning luwong nap vao culn day:
Dong di€én chay qua cuOn diy tao ra nang lugng tich trlt dudi dang tU trudng:

W=1L.I2
2

W: nang lugng (Joule).
L : Hé sO tu cdm (H).

[ : CuOng d6 dong dién (A).
* Pac tinh cudn cdm véi dong AC

Dién &p trén phan tU dién cdm bang tGc dO bién thién theo tir théng:

u(t)

_dy©) _
== = e, 0)

Trong d6 e.(t) 1a sttc dién dOng cdm Ung do tU théng bién ddi theo thdi gian gy nén.
Mat khac: ¢(t) = Li(t)

Trong dé: L 1a hé s0 tu cdm cUa cuOn day

Nhu vay: u() = dl,Z(t) _ d(Li(t)) _ I di(t)

dt dt

=> i(t) = %ju(t)dt +i(t,)

Y(t,)
L

Trong do6 i(t,) = la gi tri dong dién qua phan tU dién cdm tai thoi di€m ban dau
to.

*Hinh dang thuc t€ cla cudn cam:

Trudng PH Giao thong van tdi TPHCM
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*Ung dung thuc té cla cudn cdm: Relay dién tlr, bién ap, anten, nam cham tlr ...
2.1.3 Phén tir tu dién

* Cau tao cUa tu dién:

Vé co ban tu dién gbm hai ban cuc kim loai d6i dién nhau va phan cach & gilta
chat cach dién ma con dugc goi la chat dién moi (dielectric).

Chat dién moi c6 thé 1a khong khi, chat khi, gidy (tdm), mang hitu co, mica, thly
tinh hodc gdm, mOi loai c6 hang s6 di€n modi khac nhau, khodng nhiét d0 va d0 day khac
nhau.

Ban oo kim loai

Chét dién mdi
i C
Ki hiéu: C — Don vj Farah (F). ||
Pién tich gilra hai ban tu dugc xac +u - dinh:

q(t) = Cu(t)
*Khai ni€m chung

& Tri s6 dién dung C: kha ning ch(ta dién cla tu dién dugc goi la dién dung (C).

Trudng PH Giao thong van tdi TPHCM
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DPon vi cla C: Fara (F), F 16n nén trong thuc t€ thudng ding don vi nhd hon pF,
nF, pF 1F =10° uF =10°nF =10" pF

- Theo quan di€ém vat liéu: Pién dung C (Capacitor hay Condenser) cUa tu di€n tuy
thuOc vao cau tao va dugc tinh béi cong thic:

c=¢>
d

V@i: C: dién dung {F}
S: dién tich clla bdn cuc {m?*}.
D: khodng cach gilta hai ban cuc {m}.
€:1a hang sO dién moi va € =€,.&,(£, 1a hang sO dién méi tuong doi; & la
hang s6 dién moi khong khi, &, =8.85x10" (F/m).

- Theo quan di€m ly thuyét mach: ty sO gilta dién tich Q va dién ap dat vao 2 vat
dan (hay ban cuc) U.

C=

hay Q =C.U

o

VGi: Q: dién tich c6 don vi 1a C (colomb).
C: dién dung c6 don vi 1a F (Fara), UF , nF, pF.
U: sut 4p @ hai ban cuc c6 don vi la V (volt).

- Theo quan di€m nang lugng: tu 1a kho chita di€én va lugng dién ning ch(fa trong tu
dugc xac dinh:

w :lc.v2
2

Nang luong tinh di€n J tinh theo Ws (Wast gidy) hoac J (Joule) dugc cho bdi
3 Ghép tu:

Tu ghép song song: | S. =G =+c.+. | 4p tuong duong bang ap tu cé dién ap nho
nhat

+Ci+~~~ ap tuong duong bang tOng cac dién 4p thanh

2

. N 1
Tu ghép nOi tiep c. c

1

phan
*ChuUrc nang cUa tu dién:

C6 hai chUc nang chinh:

Trudng PH Giao thong van tdi TPHCM
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Nap hay x3 dién: chlc ning nay ap dung cho cic mach lam bang phang mach
dinh thi...

Ngdn dong dién DC: chltc ning nay dudgc 4p dung vao cic mach loc d€ trich ra
hay kh(r di cac tan s6 ddc biét.

*MOt s tu dién thong dung:

1.

2.
3.

4.

Tu héa: (c6 cuc tinh) dugc ché tao vdi ban cuc nhém va cuc duong c6 bé mat
hinh thanh 18p Oxit nhom va 18p bot khi ¢6 tinh cach dién dé lam chat dién moi gia
tri: 1uF - 10.000uF .

Tu gém: (khdng cuc tinh) gia trj 1pF — 1uF

Tu gidy (khong cuc tinh): Hai ban cuc 1a cac bang kim loai dai, & gilta c6 10p cach
dién 13 gidy tdm dau va cubn lai thanh 6ng. Pién 4p danh thlng dén vai trim
Volt.

Tu mica (khdng cuc tinh) pF -> nF. Dién ap lam viéc rat cao.

Tu dugc son chdm mau dé€ chi gia tri dién dung.

5.

Tu mang mOng: pF — UF (khdng cé cuc tinh): Chat dién méi 1a polyester (PE),
polyetylen (PS). Bi€n ap lam viéc rat cao.

Tu tang: (c6 cuc tinh) 0.14F — 100uF
Tu dién thay d6i duoc (Variable Capacitor).
Viét tat 1a CV hay VC.

* Cach doc tri s6 tu

Loai tham s quan trong nhat cla tu di€n 1a tri sO dién dung (kém theo dung sai) va

dién ap lam vi€c cla né. Ching c6 thé dugc ghi truc ti€p, ghi bang qui udc chir s6.

a. POi véi tu dién c6 cuc (tu DC).
Cac cuc dugc ghi bang ddu + hodc dau -.
Pon vi dién dung: 4F , 4F D, MFD, UF.
Dién 4p lam viéc: VDC (volt DC) dugc ghi truc ti€p bang chit sO.
VD: 10 4F /16 VDC, 470 UF /15VDC, 5 UF /6VDC.
b. Cacloai tu mang mOng:
Né€u khong ghi don vi thi qui Udc don vi 1a pF.
VD: 47/630 c6 nghia 1a 47pF, dién 4p lam viéc l1a 630V.
Néu sO dau c6 dau cham thi don vi la uF

Trudng PH Giao thong van tdi TPHCM
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VD: .1 c6 nghiala .1 4F
.47 c6 nghia la .47 uF
Trudng hop ghi bang chir s6:
VD:123K -> 12 *10° pF, K 1a sai sO ( hay dung sai).
Ky tu chi dung sai: G =+2%;J =+5%; K =+10%; M =+20%
VD: 473J -> 47.000pF = 0.47 HF

223 M-> 22.000pF = 0.22 UF
*Pac Tinh Nap - Xa Cua Tu.

Xem mach nhu hinh vé:

Tu nap

K & vi trf 1: Tu nap tu dién th€é 0V ting dan dén di€n thé Ve theo hdm mii d6i vdi thoi
gian t. Dién thé tUc thoi trén hai dau tuy:

V. () =Vie (1—6% ) vGi t: thoi gian tu nap (s), T = RC hang sO thdi gian (s)

VDC C
Pac tuy€n nap:

Y ¥ V(t)
i c
VDC .............................................

) : i 0.99
e

' TR ()

v .

7 57T

Nhan thdy sau thdi gian ¢ =57 tu nap di€n thé V. = 0.99 VDC xem nhu tu nap day.
A ~ PN N A . .2 N .’ . . V, PN
Khi dien thé tu tang dan thi dong di€n tu nap lai giam tu gia trl cUc dai I = %C ve 0.

Tu xa

Trudng PH Giao thong van tdi TPHCM
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Khi tu nap day V. OV, ta chuyén K sang vi tri 2: tu xa dién qua R -> dién thé trén
tu gidm dan tU Vpe -> 0V theo ham mil thoi gian theo t. Dién thé 2 dau tu xa dudc tinh

theo cong thltc: | V. (1) =Vpee

T 57

Sau thdi gian t =57 thi dién thé€ trén tu chi con 0.01Vpc.

>

xem nhu tu x3 hét dién.

Trudng hop tu xa, dong xa ciing gidm dan theo ham s6 mii tU tri sO cuc dai bat dau la

\% o
I =% xubng 0.

Dong xa tUrc thoi dugc tinh theo cong thitc gidng dong nap | |

t) =Vlef%

*Pac tinh cla tu dién doi véi AC.

Taco:| I =%D Q=1It

PGi vGi tu dién, dién tich tu nap dugc tinh theo cong thic:

Ucv=I1t V:%.I.t

Q=CV

Pién ap nap dugc trén tu la su tich tu cla dong dién nap vao tu theo thOi gian t.

D0i v&i dong dién xoay chi€u hinh sin thi tri s tUc thoi cla dong dién:

i(t) = I . sin Wt

Hé thuc lién hé gilra dién ap V. va dong dién i(t): >

Trudng PH Giao thong van tdi TPHCM
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O V. (¢t =[1,sin cadt
0

V(t) —é.]m(—coswt) :élm sin(wt—900)

Dung khéng X, cUa tu dugc xé4c dinh:

x.=ljpc= L

2 oC

. w
VOi f =— {Hz}.
21T
Nhu vay, dién &p Ve trén tuU ciing 14 1 tri sO thay dGi theo dong dién xoay chi€u hinh sin.

Dua vao két ludn trén, ta thdy & mach dién xoay chi€u thuan dién dung, dong di€n vuot
pha truGc dién ap mOt géc 90°

2.1.4 M6 hinh thuc té cUa cdc phan tir dién tro, dién cam, dién dung

Cac mo hinh dugc néu @ cac phan trén 1a mé hinh ly tuéng. Trong thuc t€, cac phan
t(r nay khong chi don gidn 1a cac phan tUf thudn ma con ¢ nhiéu cac phan t(r ki sinh.

Cac mo hinh thuc té& cla cac phan t dién trd, dién dung va dién cdm 1an lugt nhu
sau:

Rc

B USRS B I -

|
[
R Lr C

Lo CL L
Khi thi€t ké mach, ngudi thi€t k€ can chd y dén cc phan tU ki sinh nay.

2.2 Cdc phén t& ngubn

2.2.1 Nguén dp déc 18p

Trudng PH Giao thong van tdi TPHCM
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u(t) = e(t) Ui
2.2.2 Nguén dong déc 1ap

i JO
O
i(t)y =J(t) Lu P
0
3. Cac dinh ludt coban cllamach dién
3.1 Dinh ludt Ohm
U: dién 4p gi(ta 2 dau mach I z
I
I: dong dién chay trong mach
U
Z: tOng tré clla mach
U=271
u(t) = Z.i(t)

3.2 Dinh luat Kirchoff

Nhénh: 1 doan mach gdbm mot hay nhi€u phan t( 2 cuc noi ti€p vGi nhau trén dé c6
cing mOt dong dién di qua.

Nt (dinh): 1a bién cQa nhanh hodc di€m chung cUa cic nhanh.
Vong: 1a mOt tap cac nhanh tao thanh mot duong khép kin
3.2.1 Pinh ludt Kirchoff 1
TOng dai sO cac dong dién tai mOt nit bat ky bang 0.
2+i,=0

Trong d6 quy udc: Cac dong dién c6 chi€u duong di vao nut thi 18y dau +, con di ra khoi
ntt thi 1dy dau - ; hodc nguoc lai.

Vidu:

11—12—13:0

Trudng PH Giao thong van tdi TPHCM
Trang 15




Bai giang Ky thudt dién tur

-i1+iz+i3:O

Dinh luat Kirchoff 1 con dugc phét bi€u dudi dang: TOng cac dong dién c6 chiéu
duong di vao mOt nit bat ki thi bang tOng cac dong dién c6 chiéu duong di ra khoi nit
do.

3.2.2 Pinh ludt Kirchoff 2

TGOng dai sO cac dién ap trén cac phan t(r doc theo tat cd cac nhanh trong mOt vong

bang 0.
Z + U = 0

Dau cUa dién ap dugc xac dinh dua trén chi€éu duong cla dién 4p da chon so vdi
chi€u cUa vong. Chi€u cla vong dugc chon tuy y. Trong mOi vong néu chi€u vong di tir
cUc + sang cuc — clla mOt di€n ap thi di€n 4p mang dau +, con ngugc lai thi dién ap
mang dau - .
Vidu:

Urs+t Uz +e,-Up+Uri—e,=0

Ugrs + Uz - U + Uri = €1 — €

. Q. di .
R3 15 +C__[13 dt_L2 d_t2+R1 1, =€, —¢6,
30

3.3 Dinh Iy Thevenil — Norton

Pinh ly Thevenil: C6 thé€ thay tuong duong mang mot clfa tuyén tinh bdi mot
ngubn ap bang dién ap dat trén c(ra khi hd mach mac ndi ti€p vdi tré khang Thevenil

cUa mang mot cUa.

Trudng PH Giao thong van tdi TPHCM
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Pinh Iy Norton: C6 thé thay tuong duong mOt mang mot cla tuy€n tinh bGi mot
ngubn dong bang dong dién trén cla khi ngdn mach mac song song vGi trd khang

Thevenil clla mang mot cUa.

i A I A I A
MachA ——e'+ + +
(tuyed lU =T lU = Dz, lU
tinh) |—e Eg : Iy !
B B B
Thevenil Norton

DE tinh céc gid tri Zr, E,, J, ta tién hanh wiét titu cic ngudn dOc 18p (ngdn mach

nguOn dong va hd mach nguln 4p):

4. MOt s0 hé thong thong tin di€n hinh
4.1 Khdi niém chung vé tin hiéu

Trong doi sOng hang ngay, ching ta thudng phai truyén di ti€ng néi, hinh anh, am
thanh ... goi chung la tin tlc. D& c6 thé truyén tin tlc qua cac hé thOng dién t(, ngudi ta
bién d6i ching thanh mot dién 4p hodc dong dién, bién thién ti 1& vdi lugng tin tlc

nguyén thuy, ta goi d6 1a tin hiéu.

MOt cach tOng quat, tin hi€u c6 th€ 1a tudn hoan hodc khéng tudn hoan, 1a lién tuc

theo thdi gian (tin hiéu analog) hodc gian doan theo thOi gian (tin hi€u xung, s6 hay tin

hiéu digital).
s(L) 4
Xét tin hiéu hinh sin: s(t) = Acos(wt — @) +Al~
[
A: bién d0 Z_ - /\ ot
qj \/ \/
I T
TruOng DH Giao théng van tai TPHCM A fm——— : T :
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w = 271f : tan sO gbc
@: pha ban dau

Ngoai tin hiéu tuong tu, ta con gdp cac tin hi€u dang khdc, tin hi€u tOn tai gidn
doan theo thdi gian, vi du: xung vuéng, xung tam giac, xung hinh thang. Hinh sau cho thy

mOt sO tin hi€u dang xung:

v(t), v(n),
A Atr—
‘ ‘ ‘ o /:r\/ \ t
§ ! " - | ) -
O LB 0O | |
| T | | T I
el 1
V(D) v(),
.(ll% .(ll%
O - O J/: -
A R—- LA - [

4.2 Cdc théng s6 dac trung cho tin hiéu

4.2.1 PO réng (do dai)

Khi bi€u dién trong d0 thi thoi gian, khodng thoi gian tOn tai cUa tin hiéu, k€ tUr lic
bat dau cho dén khi két thiic, dugc goi 1a dd rOng cla tin hiéu. Né&u tin hiéu tudn hoan,
do rOng duoc tinh tuong Ung vGi thdi gian tOn tai tin hi€u trong mOt chu ky.

4.2.2 Gid tri trung binh

NE€u tin hiéu s(t), xuat hién tai s(t) thoi di€m t,, c6 d0 dai T thi gid tri trung binh

trong khodng th0i gian t cla né dugc xac dinh bdi:

to+T

s(t) = % J’s(t)dt

4.2.3 Ning luong cua tin hiéu

Trudng PH Giao thong van tdi TPHCM
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Thong thuOng s(t) dai dién cho mOt dién dp hay mOt dong dién. Nang lugng tin
hi€u trong th0i gian tOn tai cllia né xac dinh nhu sau:

to+T

E = J's2(t)dt

Ning lugng trung binh trong mOt don vi thoi gian (thuOng dugc goi 1a cong sudt
trung binh cUa tin hi€u) dugc tinh:

to+T

_1°»
= Js (t)dt

52(t):E
T

Can bac hai clla nang lugng trung binh dugc goi 1a gia tri hi€u dung cla tin hiéu:

S=4/s°(t) = /%tTTSZ(t)dt

4.3 Cdc hé théng dién t dién hinh

PE thuc hién viéc cac truyén céc tin tlc di xa hodc thu thap, x( 1y tin hiéu tU noi
xa t@i ngudi ta can trang bi cac thi€t bi chlrc nang va tap hop ching thanh m6t hé thdng
dién t nhat dinh. Trong cac hé do¢, tin tc c6 thé dugc truyén theo mOt chi€u nhat dinh
(goi 1a hé théng hd), ciing c6 th€ truyén theo cd 2 chi€u (goi 1a hé thdng kin). Ba hé
thOng dién t thuOng gap 1a hé thGng thong tin quang ba, hé do luOng va hé tu dOng
diéu khién.

4.3.1 Hé théng thong tin quang bd

Pay 1a hé thudng ding d€ truy€n ti€ng néi, hinh dnh tir cac dai phat thanh, phat hinh
t6i may thu.

Trudng PH Giao thong van tdi TPHCM
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Anten

Tin tlc » Chuyén d6i — Diéi ché —» Khuéch dai

Tao séng mang

THIET B| PHAT
Anten

Chon va

Khuéch dai o Gidi diéa
khuéch dai

A " ~» Khuéch dai = Nhan tin
trung tan ché

#» Tron song -

A

Tao dao déng ndi

THIET Bl THU

Héthéng thong tin quang ba

Tai dai phét, tin t(rc (ti€ng néi hay hinh anh) dugc truyén qua b chuyén d6i, bién
thanh cac dai lugng dién tan sO thap. Tin hi€u loai ndy c6 ning luong nho, tan sO thap
khong thé€ blc xa di xa. Vi vay ngui ta phdi ding mOt séng cao tan (goi 1a séng mang)
d€ mang tin hiéu di xa. Qua trinh goi 1a di€éu ché tin hiéu. Qua bd phan nay, mot trong
nh{ng tham sO cUa séng cao tan (bién d0, tan sO hodc goc pha) bi thay dbi tuy theo quy
ludt cUa tin hiéu tan s6 thap. Sau dé cac tin hi€u nay dugc khuéch dai va dua dén anten

dé bltc xa qua méi trudng truy€n séng.

Tai bd phan thu, séng cao tan da dugc di€u ché ti€p nhan tir anten s& dugc chon
loc, khuéch dai va dua dén bO trOn séng (dem tin hi€u cao tdn mang tin tlc trdn voi
s6ng tao ra tai chO - goi 1a dao dOng ndi) d€ tao nén séng cé tan sO thap hon goi 1a trung
tan. Sau do séng trung tan nay dugc khuéch dai, gidi di€u ché€ (nghia 1a tach tin hiéu tan
sO thap phan anh tin tUc nguyén thuy ra khoi séng mang — con dugc goi 1a qua trinh tach
séng), ti€p tuc khué€ch dai va dua t&i bd nhan tin (vi du 1a loa trong mdy thu thanh).

Trudng PH Giao thong van tdi TPHCM
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Hé thOng trén 1a hé thong hd: tin hiu chi truyén theo mOt chi€u (tUr dai phat t&i
may thu) ma khong truyén theo chi€u ngugc lai. Chat lugng va hiéu qua cla viéc thong
tin phu thuOc vao chat lugng cUa thi€t bi phat, thi€t bi thu va méi trudng truy€n séng.
Thong thuOng khi truyén tin hiéu di, ngoai cac tin hi€u can truyén (goi 1a tin hiéu h{tu
ich) con 18n 16n cac tin hiéu ky sinh khong mong mu6n (do linh kién va méi truOng
truy€n gy nén) goi 1a nhiéu. D& c6 hiéu qua thong tin tOt, m6i bd phan trong hé théng
thong tin quang ba néi trén can c6 ti sO tin hiéu trén nhi€u (SNR — Signal to Noise Ratio)

cang 16n cang tot.
4.3.2 Hé do lurong dién tir

Trong thuc t€, nhi€u khi ta can do dac cac thong sO hodc thu thap tin tlfc vé mot
doi tuong nao do, vi du: nhiét do, tOc db ... Thong sO can do c6 thé 1a mdt dai lugng
dién hodc phi dién, d6i tugng can do c6 thé 1a mOt dai lugng dién hodc phi dién , doi
tugng do c6 th€ 1a mOt ca th€ hay tap th€, khodng cach tUr doi tugng can do dén b0
phan hién thi két qua c6 th€ rat gan hodc rat xa. MOt hé thOng nhu vay dugc goi
chiing 14 hé do ludng dién tU.

Ngu0n tin Cam bién

. s . —» Xuly —» Hiénthi
can do dau vao

Héthbng do ludng dién tUr

BO cdm bi€n dau vao bién d6i dai luong can do thanh mot tin hiéu dién ti 1& véi
né. Sau d6 tin hi€u ndy dugc x( ly (bi€n dbi thanh dang thich hgp, khuéch dai ...) va
dua dén bO phan hién thi. Trong cac khOi trén, b0 cam bi€n déng vai trd quan trong
nhat. N6 quyét dinh d6 nhay va d0 chinh xé4c cla phép do. Thiét bi do dua trén nguyén
tac sO thudng c6 d6 chinh xac cao, khd ning chdng nhi€u cao, dé phoi hgp vdi cac hé
thOng truyén va xU 1y s6 liéu khac. N6 ciing cho phép thuc hién do dong thoi nhi€u dai
lugng hodc nhiéu tham s6 clla mOt qué trinh, hodc do luOng tur xa.

4.3.3 Hé théng twr ddng diéu khién

Trudng PH Giao thong van tdi TPHCM
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Hé thOng tu diéu khién thudc loai hé thdng kin: ngoai dudng truy€n tin hiéu theo
chiéu thudn, con c6 dudng truyén ngugc (goi la dudng hoi ti€p) dé€ theo ddi, do dac
hodc so sanh 1 hay nhi€u théng sO cUa qué trinh, tir d6 san sinh ra tin hiéu di€u khién,
nham dua hé théng tré vé mot trang thai 6n dinh nao dé. Vi du: hé thOng tu dOng diéu

khi€n nhiét do.
» BQcambién » Khuéch dai
. . A 1A AV . . -
bai tugng chiu | BOphan |_ So sanh va
didu khién | chdp hanh | khuéch dai
Tao mUt chuén
Hétydong diéu khién

POi tugng chiu su’ di€u khién & day 1a 1 10 sdy nao d6. Nhiét dO cla né (thong s
diéu khi€n T,) dugc b0 cdm bi€n chuyén thanh 1 dién 4p (ty 1€ véi nhiét d0). Qua
khuéch dai, dién ap V, nay dudc dem so sanh vGi 1 dién 4p mau Va4 (do bO tao mlc
chudn gay ra). Gia tri cUa Vg, dugc lua chon tuong Ung v4i 1 nhiét dd T, cho trude (T, 1a
nhiét d§ can duy tri cla 16 di€n hodc bubng sdy). Tuy theo gi4 tri cla V, 1a nhd hon hay
16n hon V¢, ma dién ap ra clia bd so sanh AV cUa gia tri duong hoac am. Thong qua hoat
dOng cla bO phan chap hanh, AV tic dOng 1én doi tugng chiu su diéu khién d€ lam ting
hodc lam gidm nhiét d6 T,. Qua trinh c( thé ti€p tuc cho dén khi nao T, diing bang T,
(tlc 1a V, = V) thi AV = 0 va d6i tugng chiu di€éu khi€n mdi duy tri trang thai can bang,
tuong Ung v4i nhiét dO To.

Hé thOng trén day rd rang 1a 1 hé kin. Tin hiéu V, dudgc lién tuc so sanh v&i mic

chudn V. dé€ tao ra tin hiéu hoi ti€p AV, khong ché doi tugng chiu di€u khién theo

Trudng PH Giao thong van tdi TPHCM
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hudng tién tdi trang thai can bang. Mc d6 chinh xé4c cla gié tri Va, khd ning phan gidi
cUa b0 so sanh, ngoai ra con phu thudc vao d6 chinh xac clla bd cdm bién G ngd vao.

Hé thOng di€u khién tu ddng c6 thE hoat dOng theo nguyén tdc tuong tu (nhu vi
du trén), ciing c6 thé theo nguyén tac sO (tin hiéu diéu khi€n tac dOng r0i rac theo thoi

gian).

Trudng PH Giao thong van tdi TPHCM
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CHUONG II: CAC LINH KIEN BAN DAN

1. Chatban dan va co'ché dan dién
1.1 Mangq tinh thé va lién két hod tri

Céc chat ban dan dién hinh nhu Ge va Si thubc nhém 4 bang tuan hoan céc nguyén
t0 hod hoc. Chiing cau tao tU nhing tinh th€ c6 hinh dang x4c dinh, trong dé cac nguyén
t(r dugc sap x€p theo mot trat tu chat ché, tudn hoan tao nén mdt mang ludi goi la
mang tinh th€. Xung quanh mOi nguyén tUf ban dan ludn c6 4 nguyén t khac k€ cén, lién
két chat ché vGi nguyén t& d6. MOi nguyén tlr nay déu cé 4 dién tUr hod tri ¢ 16p vO
ngoai cling. Do khodng céch gilta cac nguyén tU rat gan, cac di€n t ndy chiu dnh hudng
cUa cac nguyén tUf xung quanh. Vi vay di€n t(f hod tri cUa hai nguyén tUf canh nhau thi c6
nh{ing quy dao chung. Quy dao chung d6 rang bubc nguyén tUf nay v4i nguyén tU khac.

Qu¥ dao
_chung

Hinh 2.1: Cau tric tinh thé va 1ién két hod tri

Do lién két v&i 4 nguyén t(r xung quanh, 1Gp vO ngoai cling clla mOi nguyén t(r dugc
b0 sung thém 4 dién t, nghia 1a dU s6 dién t( tdi da cla 16p vo (8 dién t), do d6 16p
ndy tr@ thanh bén ving (it c6 kha ning nhan thém hodc mat bat dién tl). Trong trang
thai nhu vay, chat ban dan khong cé dién tich tu do va khong dan dién.

Trudng PH Giao thong van tdi TPHCM
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1.2 Pién ttr tur do va 16 tréng — bdn dan loai i

Tinh trang trén day xdy ra trong mOt chat ban dan thudn khié€t (khong 1an tap
chat) c6 cau triic tinh thé hoan chinh va & nhiét do rat thap (T = 0°K).

Khi chat ban dan c6 nhiét dd cao hon (hodc dugc cung cap ning lugng dudi dang
khac: chi€u anh sang, bi ban pha bGi cic chum tia...), mOt s6 dién t(r hoa tri nhan thém
ning lugng sé thoét ra khdi moi lien két v&i cc nguyén tl, trd thanh dién t( tu do. Cac
dién t ndy mang dién am (q = 1,6.10"°C) va san sang chuy€n ddng c6 hudng khi c6 tac
dung cUa dién truong. Khi mOt dién tU tu do xudt hién, tai moOi lién k€t ma dién t&r vUa
thoat khdi thi€u mat mOt di€n tich &m —q; nghia 1a du' ra mOt dién tich duong +q. Ta goi
d6 1210 trOng.

Nhu vy, trong chat ban dan thuan khiét vlra xét (goi la ban dan loai i) c6 2 loai
dién tich tu do cing xudt hién khi dugc cung cdp ning lugng la dién t(r va 10 trong.
Mét d6 cla chiing (nOng d0 trong mOt don vu thé tich) 1a bang nhau: n; = p..

Pién tUr va 16 trong 1a hai loai hat mang dién, khi chuyén ddng c6 hudng sé tao

nén dong dién, vi vay chiing dugc goi la hat dan.

1.3 Bdn dan loai N va bdn dan loai P

Chat ban dan thuén khiét trén (Si hodc Ge) néu dugc pha thém tap chat thudc
nhém 5 (As dGi v&i Ge hodc P d6i véi Si) v4i ham lugng thich hgp sao cho cac nguyén tlr
tap chat nay chi€m chd mot trong nhiing niit clla mang tinh thé thi co ch€ dan dién sé
thay dGi. Khac v&i chat co ban (Si hodc Ge), As hodc P vO ngoai cling c6 5 dién tU, trong
d6 4 dién tU tham gia lién két hoa tri v3i cdc nguyén tU 1an can, dié€n t( th( 5 lién két
y€u hon v&i hat nhan va cac nguyén tU xung quanh, cho nén chi can cung cap mot niang
luong nhd (nhO nhiét db, anh sang ...), dién t& nay sé thoat khoi tinh trang rang budc,
trd thanh hat dan tu do. Nguyén t(r tap chat khi d6 bi ion hod va tr& thanh mOt ion duong.
Néu c6 dién trudng dat vao, cac hat dan tu do néi trén sé chuyén ddng c6 hudng, tao
nén dong dién. Nhu vay tap chat nhém 5 cung cadp dién t( cho chdt ban dan ban ddu nén
dugc goi la tap chat cho. Chat ban dan loai nay goi la ban dan loai N.

Trudng PH Giao thong van tdi TPHCM
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o

(5 " piente

the 5

Hinh 2.2: Mang tinh thé cia chat bn dan loai N

Trong chat ban dan loai N, n, > p,. Ta goi dién t(r 1a hat dan da s, 16 trOng 1a hat
dan thiéu s6.

Trudng hop tap chat pha vao thuGc nhém 3 cla bang tudn hoan nguyén t& (Bore
doi v6i Si, Indium doi v3i Ge) do 18p vO ngoai cling clla nguyén tU tap chat chi c6 3 dién
t(r, khi tham gia vao mang tinh th€ cUa chat co ban chi tao nén 3 mOi lién két hoan chinh,
con mOi lién két th(r 4 bi bd hd. Chi can mot kich thich nhd (nhiét dd, anh sang ...) 1a
mOt trong nhitng dién t& cla cadc moi lién két hoan chinh bén canh sé dén thé cho vao
lién két bd dd noi trén. Nguyén tU tap chat lic d6 sé trd thanh ion am. Tai moi lién két
ma dién t{r vira di khoi sé du ra mét dién tich duong, nghia 1a xudt hién mot 10 trong.
Néu c6 dién trudng dat vao, cac 16 tréng nay s€ tham gia dan dién. Nhu vay tap chat
nhém 3 ti€p nhan dién t tU chat co ban d€ lam san sinh cac 10 tréng nén dugc goi la
tap chat nhan. Chat ban dan cé pha tap chat nhém 3 goi la ban dan loai P (hodc ban dan
16 trOng).

Trudng PH Giao thong van tdi TPHCM
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Hinh 2.3: Mang tinh thé cia ban dan loai P
Trong ban dan loai P, 10 trOng 1a hat dan da s6, dién t( 1a hat dan thiu sb (p, >
n,).
Nhu vy tuy theo tap chat pha vao thubc nhém 3 hay nhém 5 ma chat ban dan thuan

i tr@ thanh ban dan loai P hay loai N. Hat dan da sO tudng Ung 1a 16 trong hodc dién tr.
Cac nguyén t(r tap chat khi duoc kich thich trd thanh ion am hodc ion duong.

O trang thai can bang, mdi chat ban d&n déu trung hoa vé dién, nghta 12 t6ng dién
tich duong bang tOng dién tich am.

1.4 Chuyén déng tréi va khuéch tdn cua hat dan

1.4.1 Chuyén déng tréi

Néu dat hat dan (dién t hodc 10 trOng) vao mdi trudGng chan khéng khi cé dién
truOng tac dOng, cac hat dan nay sé chuyén d0ng c6 gia tOc (nhanh dan hodc chdm dan
déu). Nhung trong mang tinh th€ cUa chat ran chla rat nhi€u nguyén t(r (k€ cd cac tap
chat), chiing ludn ludn dao ddng vi nhi€t. Vi vay khi chiu tdc dung cUa dién trudng, cac
hat dan trén dudng chuyén dOng c6 gia tOc s€ va cham vdi cac nguyén t(f clla mang tinh
th€. MOi 1an va cham sé lam thay d6i tri s6 va chiéu cla van tdc tlrc la lam tan xa
ching. Chuy€n dng cUa hat dan trong mang tinh thé chat ran dudi tac dung cla dién
trudng nhu vay dudc goi 1a chuyén dOng troi. Dong dién do chuyén dOng trdi cUa hat

dan gy ra goi la dong dién troi.
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1.4.2 Chuyén déng khuéch tdn

Dang chuyén dOng khuéch tan xdy ra khi c6 sy phan b6 khéng dOng déu trong thé
tich. BOi v&i chat ban dan, khi ndng d6 dién tlr hodc 16 trOng phan bo khong dong déu,
chiing sé khuéch tan tU noi c6 ndng dd cao vé noi c6 ndOng dO thap. Dong di€n do

chuy€n dOng c6 hudng nay gay ra goi la dong dién khuéch tan.

2. Chuyén tiép P—N va dac tinh chinh luu
2.1 Chuyén tiép P — N & trang thdi cin bang

Gid s c6 2 khoi ban dan loai P va loai

N ti€p xdc nhau theo tiét dién phang nhu ]

hinh vé.

Trudc khi ti€ép xiic, mOi kh6i ban dan A

déu can bang vé dién tich (tng dién tich

duong bang tOng dién tich am) d6ng thoi gid

v

thi€t rang nGng d6 hat dan ciing nhu nOng
do tap chat phan b6 déu. Khi ti€p xiic nhau, Q4

do chénh 1&ch nbng dd (p, > pa; Nn > pn) s€

xdy ra hién tugng khuéch tan cla cac hat L)

dan da s0: 16 tr6ng khuéch tan tUr P sang N,

dién t& khuéch tan tU N sang P. Chiing tao o
nén dong dién khuéch tan c6 chi€u tU P sang
N. )

0 I
\ n” ’ , < A e I
Trén duoOng khuéch tan, cac dién tich 41/I.

trdi ddu sé tai hgp vGi nhau lam cho trong

A ) y o Hinh 2 4: Sy hinh thinh chuyén tiép P - N
mOt vung hep O hai bén mat ranh giGi, nOng (a): phan b nézng 36 hat dan
(b): mat do dién tich
(c): phan b dién thé
(d)T EfX va ViX theo phwong X

dd hat dan gidm xulng rat thap. Tai ving
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dé6 (ving c6 bé day o), bén ban dan P hau nhu chi con 1ai cac ion &m, con bén ban dan N
chi con 1ai cac ion duong, nghia 1a hinh thanh hai 1&p dién tich khong gian trai dau doi
dién nhau. Gi(ta 2 18p dié€n tich nay sé c6 chénh léch dién thé (Vx>V,) g0i 1a hiu dién
th€ ti€p xiic. Nhu vay trong mat ranh gidi xudt hi€én mot dién truong hudng tUr N sang P
g0i 1a dién trudng ti€p xtic E.

Ving hep ndéi trén goi 1a viing nghéo hay chuyén ti€p P — N. NOng d6 hat dan trong
viing nay chi con rat thap nén dién trd sudt rat cao so v3i cac viing con lai. Do tOn tai
dién truOng ti€p xic, cac hat dan thi€u s6 cla 2 chat ban dan bi cudn vé phia d6i dién:
16 tréng tr ban dan N chay vé phia cuc am cla dién truOng; dién t{ tr ban dan P chay
v€ phia cuc duong cla dién truOng. Ching tao nén dong di€n trdi, ngudc chiéu vdi

dong khuéch tan cla hat dan da s6.

Néng d6 hat dan da s trong 2 khGi ban dan cang chénh 1&ch thi hién tugng khuéch
tan cang manh liét va hién tuong tdi hgp cang nhiéu, do d6 dién truGng ti€p xic ngay
cang ting va dong dién tri clla hat dan thi€u s6 ngay cang ting. Vi vay chi sau mOt thoi
gian ngdn, dong trdi va dong khuéch tan tré nén can bang nhau, triét tiéu nhau va dong
tOng hop qua mat ranh gidi sé& bang 0. Khi d6 chuyén ti€p P — N dat tGi trang thai can
bang. Ung v6i trang thai d6, hiéu dién thé tiép xiic gilta ban dAn N va P c6 mt gid tri
nhat dinh. Thong thuOng hi€u dién thé ti€p xic vao khodng 0.35V (dbi v&i Ge) hodc
0.7V (d6i vdi Si). Hiéu dién thé nay ngin can khong cho hat dan ti€p tuc chuyén d0ng

qua mat ranh gidi, duy tri trang thai can bang nén dugc goi 1a “hang rao dién thé”.

2.2 Chuyén tiép P — N khi c6 dién dp ngodi — Pdc tinh chinh luu

2.2.1 Phén cuc nghich

Khi dién ap V dugc nOi nhu hinh 2.5 (P ndi v8i cuc am, N n6i v&i cuc duong goi l1a
phan cuc ngugc). Gia thiét dién trd clia chat ban dan & ngoai viing nghéo (goi 1a viing
trung hod) 1a khong dang k€. Khi d6 dién ap V gan nhu dat 1én toan b0 viing nghéo,
chOng lén hiéu dién thé ti€p xic V.. Tinh trang can bang trudc day khong con nira. Bién
trudng E do diép 4p V gdy ra cling chi€u vGi E,, sé lam hat dan da s6 cUa hai ban dan roi
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xa kh@i mat ranh gidi di vé 2 phia. Do d6 cling nghéo bi m@ rdng (1>1y) dién trd viing
nghéo ting. Hang rao dién thé trd thanh V., + V khi€n dong khuéch tan cla hat dan da s6
gidm xudng rat nhd, con dong tréi clla hat dan thi€u sO thi ting theo V. Nhung nOng d0
hat dan thi€u s6 rat nho nén tri s6 dong nay rat nho. N6 nhanh chéng dat dén gia tri bao
hoa I, khi V con rat thap. Dong tOng hgp qua chuyén ti€p P — N (chi€u duong quy udc la
chiéu tU P sang N) & trang thai nay 1a: I = - I,. Nghia 1a khi bi phan cuc ngugc, dong dién

qua qua chuyén ti€p P — N c6 gid tri rat bé va chay theo chi€u am. I, con dugc goi 1a dong

ngugc bao hoa.
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Hinh 2.5: Phin cuc nghich chuyén tiép P - N
2.2.2 Phén cuc thuan

Khi dién 4p V dugc mac nhu hinh 2.6 (P ndi cuc duong, N ndi cuc am g0i la phan
cuc thudn) thi tinh hinh s& ngugc lai. Hang rao dién thé gidm, chi con Vi — V, cho nén
hat dan da sO cUa hai ban dan sé tran qua hang rao sang mién d6i dién. Tinh trang thi€u
hat dan trong viing nghéo sé dugc gidm bdt, khi€én bé day ving nghéo bi thu hep (1 < 1)
va dién trd cla ving nay gidm. Dong dién hat dan da sO ting nhanh theo diép 4p V, con
dong dién trdi cUa hat dan thi€u sO s€ gidm theo V. Tuy vay dong hat dan thi€u s6 nay

vOn rat bé nén c6 thé€ coi nhu khong dGi. Nhu vay dong tEng hop qua chuyén ti€p P — N
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lic nay dugc goi 1a dong dién thudn. Tri sO cla né 16n hon dong dién ngugc rat nhi€u

va tang nhanh theo dién ap thuan V.

Can chi y rang dién ap thudn cang ting, bé day ving nghéo cang gidm va dién &p
hang rao thé V,, — V cang gidm. Khi V., = V, hang rao thé bién mat, dong qua chuyén ti€p
P — N theo chiéu thudn s& vo cung 16n, phd hong mién ti€p xiic. Pay 1a trang thai can
tranh khi st dung chuy€n ti€p P — N phan cUc thudn sau ndy.

Hinh 2.6: Phan cuc thuan chu}'én tiép P-N

2.2.3 Pac tinh chinh luu

Chuyé€n ti€p P — N (con goi 1a m6i ndi P — N hay viing nghéo) 1a b0 phén quan trong
nhat cUa ti€p xic gilra hai ban dan khac loai. Tuy theo dién ap dat vao theo chi€u thudn
hay nghich ma n6 ¢6 dac tinh khac nau. Khi phan cuc thuan, vang nghéo hep, dién trd
nho, dong dién 16n va tang nhanh theo di€n ap; khi phan cuc nghich, viing nghéo m& rOng,
dién trd rat 16n, dong dién chay qua rat nho va it thay dGi theo dién ap. Nhu vy chuyén
ti€p P — N dan dién theo hai chi€éu khong giOng nhau. Néu c6 dién 4p xoay chi€u dat vao
thi n6 chi dan dién chl yéu theo m6t chiéu. Ta g0i d6 1a tinh chat van hay dac tinh chinh
luu.
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Hinh 2.7 1a d0 thi néu 1én mOi quan hé gilta dong dién va dién 4p cUa chuyén ti€p P
— N: vé phia thudn, dong di€n ting nhanh theo dién 4p, con v€ phia nguoc, dong di€n rat
nhd gan nhu khong dGi.
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Hinh 2.7: Dic tinh Volt - Ampere ctia chuyén tiép P - N

2.3 Hién twrong ddnh thting chuyén tiép P - N

Khi chuyén ti€p P - N bj phan cuc nghich, néu dién 4p ngugc ting dén mot gia tri
kha 16n nao d6 thi dong dién ngugc trd nén ting vot, nghia 1a chuyén ti€p P - N dan dién
manh ca theo chi€u nghich, phd héng ddc tinh van vOn c6 cla né. Hién tugng nay dugc
goi 1a hién tugng danh thlng. Gia tri dién 4p ngugc khi xdy ra qua trinh nay thudng ky
hiéu 1a V3 (dién 4p danh thung).

Nguyén nhan dan dén danh thing c6 thé do dién hodc do nhiét, vi vy ngudi ta
thuOng phan biét hai dang: danh thling vé dién va danh thlng v€ nhiét. C6 khi ca hai
nguyén nhan dé k&t hop lai vdi nhau va ting cuOng 1an nhau, gdy ra mOt dang danh
thUng th( ba 1a danh thlng dién - nhiét.

Pénh thling vé dién phan 1am hai loai: danh thUng thac 1ii (avalanche) va danh thlng
xuyén ham (tunnel).

Dénh thlng thac lii thudng xay ra trong cac chuyén ti€p P - N c6 bé day 16n, dién
trudng trong viing nghéo c6 tri sO kha 16n. PBién truOng ndy gia tOc cho cac hat dan, gy
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ra gay ra hién tugng ion héa vi va cham lam sdn sinh nhiing déi dién t(r - 16 trOng. Cac
hat dan vUa sinh ra nay lai ti€p tuc dugc gia tOc va ion héa cic nguyén tl khéc ..., c(f
nhu thé s 1ugng hat dan ting 1én gap boi, khi€én dong di€n ting vot.

Panh thlng xuyén hdm xdy ra ¢ nhiing viing nghéo tuong doGi hep, tlc 1a chuyén
ti€p cla nhimg ban dan c6 nOng dod tap chat rat 16n. Pién trudng trong viing nghéo rat
16n, c6 kha ndng gay ra hiéu Ung “xuyén ham”, tlc 1a dién t0 trong ving hoa tri cla ban

dan P c6 kha ning “chui qua” hang rao thé d€ chay sang ving dan N, lam cho dong dién

tang vot .
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Hinh 2.8: Déc tinh Volt - Ampere ctia hién twong dénh thing chuyén tiép P - N

Pac tuyén Volt - Ampere cUa hai dang danh thlng néi trén gan nhu song song vdi
truc tung. Khi nhiét d6 maéi tru0ng ting, gia tri dién ap danh thUng theo co thé xuyén
ham bi gidm (tUc hé sO nhiét clia Vs &m), con di€n 4p danh thlUng theo cO ché thac 1,
lai ting (hé s6 nhiét clia Vs duong).

Péanh thlng vé nhiét xady ra do sy tich l{iy nhiét trong viing nghéo. Khi c6 dién ap
ngugc 16n, dong dién nguoc ting 1am néng chat ban dan, khién nbng d6 hat dan thi€u
sO ting va do d6 lai lam dong di€én nguc ting nhanh. Qua trinh c thé€ ti€n trién khién

cho nhiét d0 viing nghéo va dong dién ngudc lién tuc ting nhanh, dan t&i danh thlng. Tri
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sO cUa di€n &p danh thUng vé nhi€t phu thudc vao dong dién ngudgc ban dau, vao nhiét
d0 méi trudng va di€u kién tda nhiét cla chuyén ti€p P - N. Pdc tuy€n von-ampe c
doan dién tré am, nghia 1a dong dién ngugc ting vot trong khi di€én ap trén hai dau
chuyén ti€p P - N gidm xudng. Péanh thling vé nhi€t thuOng gay ra nhiing hdu qua tai
hai, pha hdng vinh vién dac tinh chinh luu cla chuyén ti€p P - N. Con danh thlng vé
dién, n€u c6 bién phéap han ché dong di€én ngugc sao cho cong sudt tiéu tan chua vUQt
qua gia tri cuc dai cho phép thi chuyén ti€p P - N van c6 thé hoi phuc lai dac tinh chinh

1U'u cUla minh.

3. Diode ban dan
3.1 Diode chinh luu

Hinh 2.9 1 cdu tao di€n hinh cUa loai diode chinh luu, ché tao theo phuong phap

In !A“"de sip |2 sio,
g

— Ge-N — Si-N

hop kim.

‘ Katot K
a) b)
Hinh 2.9: Cau tao diode chinh luu
B phén co ban cla diode 1a chuyén ti€p P — N, c6 ddc tinh chi dan dién chd yéu
theo mot chiéu va thudng dugc Ung dung d€ bién dién xoay chi€u thanh dién mot chiéu
(do d6 c6 tén la diode chinh luu). Hinh 2.10 13 ky hiéu cUa diode ban dan.

Anode ” Katot

chiéu thuin

Hinh 2.10: Ky hiéu diode ban din
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Pac tuyén cla diode chinh luu trong thuc t€ (loai ché tao bang Silic, nhém dong
di€én nhd) nhu hinh 2.11.

tlin(mA)
120 1

80 L

40 1

80 VB 40 20
Vi

t=

1H“':Ith{\j}

L

0.4 08
V.

(

T
|
|
|
|
|
|
|
|
|
|
|
|
|
1

(MA)
Hinh 2.11: Djc tinh V-A cua diode Silic trong thuc té

Khi dién 4p thuan c6 gia tri nhé hon V, = 0,6V (d6i v&i diode Ge 1a V, = 0,2V) thi
dong dién thudn con bé, chua dang k€. Chi khi dién ap thudn vugt qué dién 4p m& V, thi
dong dién mdi ting nhanh theo dién ap, hon nlta doan dac tuy€n nay gan nhu mot
duong thang vGi d6 d6c khong d6i. Vi vay c6 thé biéu thi diode phan cuc thuén bang so
do tuong duong nhu hinh 2.12.

A }i'f Td K
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Hinh 2.12: So 46 twong duong cia diode phan cye thuan
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Dong di€én ngugc c6 gia tri rat nhd. Khi di€p 4p nguoc ting, dong di€n nguoc thuc
t€ tang dan va khi dat dén dién ap danh thlng Vs thi dong di€n ngudc ting vot. Néu
khéng cé bién phap han ché dong dién d€ ngin nglta sU vUOt qué cong sudt cho phép thi
qua trinh danh thUng nay sé 1am hdng diode. Nhung vay phan cuUc ngudc thi so dO tuong
duong cla diode 1a hd mach.

* Cdc théng s6 cdn quan tam cUa diode nhu sau:

- Bién 4p ngudgc cuc dai cho phép Vg msx (A€ khong bi danh thlng).
- Dong dién thuan cuc dai cho phép .

- Cong sudt tidu hao cuc dai cho phép P

- Tan sO cuc dai cho phép cUa tin hi€u xoay chi€u fp.,.

- Pién dung mat ghép: LGp dién tich 1, tuong duong v4i moOt tu dién goi 1a dién
dung mat ghép N-P. O tan sO cao 16p dién dung ndy quyét dinh t6c dO déng mé cla
diode khi né 1am viéc nhu mét khod dién, tUc 1a dién dung mat ghép N-P quyé€t dinh fia.

- Dién tré 1 chi€u (dién tré doi vGi dong 1 chiéu)
Ri = Vi/In, : €0 gid tri rat bé (may Q dén may chuc Q).
Rug = Vig/lng : €6 gié tri rat 16n (hang tram kQ )
- Bién tré xoay chi€u (con goi dién trd vi phan)
rq = dV/dl
Tham sO ndy chinh 1 nghich ddo d6 dOc dac tuyén V-A cUa diode.

Vé phia thudn, dac tuyén c6 dang dOc dimg, rs tuong ddi nhd. V& phia nguoc,
mién ddc tuyén gdn nhU nam ngang, dong dién ngugc rat nho, gia tri rs tuong Ung sé
rat 16n.

3.2 Diode cao tan

3.2.1 Diode zener
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Vé cdu tao: van la chuyén ti€p P-N, nhung ché tao bang vat liéu chiju nhiét va tda
nhiét tOt, do d6 khi dién 4p nguoc du 16n sé xAy ra qud trinh danh thlng vé dién (danh
thlng thac 1t hodc déanh thlng tunnel) ma it khi danh thlng v€ nhiét, nghia 1a khéng pha
héng diode. Bdc tuy€n von-ampe trong qué trinh danh thlng gan nhu song song vi truc
dong dién, nghia 1a dién ap gilra katot va anét hau nhu khong d6i. Ngudi ta 10i dung uu

di€m nay d€ ding diode Zenner 1am phan t( Gn dinh dién ap.
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Hinh 2.13: Dic tuyén V - A cia diode Zener
Gidi han trén cUa pham vi lam vi€c chinh va tri s6 dong dién ngugc t0i da cho
phép, xac dinh b&i cong sudt tiéu hao cuc dai cla diode P, (di€m B trén hinh). Ky hiéu
quy udc cla diode Zener va mach On &p tuong Ung gidi thiu trén hinh 2.14 (Iuu y: diode
Zener lam vi€c @ trang thai phan cuUc ngugc).

Hinh 2.14: Mach 6n 4p ding diode zener
V,: dién 4p mOt chiéu chua 6n dinh

V,: dién ap 18y ra trén tdi (dd On dinh)
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R; : dién trd han ché dong dién qua diode, sao cho di€m lam viéc ndm trong pham
vi AB cho phép.

Khi V; bién d6ng, dong qua R, va D, thay dGi, nhung dién &p V, trén hai ddu D, van
gan nhu khong doi.

* P& dédc trung cho diode Zener, nguoi ta ding cdc tham sé sau day:
- Bién 4p On dinh V;

- bién trd tuong duong (con goi dién tré dOng) tai di€m lam viéc (ndm trong mién

dénh thUng)

_dv,

¢ d

Tri sO rs cang bé ching td dac tuy€n danh thUng cang dOc dlng, nghia 1a chat lugng

On dinh dién 4p cang cao.
- DBién tr@ tinh xac dinh bang ty 1& s6 gilta di€m ap trén diode va dong dién qua n6

@Y.
IZ
- Hé s6 6n dinh phan anh ty sO gilta lugng bié€n thién tuong doi cla dong dién va
lugng bi€n thién tuong dGi cUa dién ap phat sinh trong qué trinh dé:

oo dL/T, _dl, V, _R,

t

Tdv,/v, dv, 1, T,

R rang 1a dién tré dOng rq cang nhod so v3i dién trd tinh R, thi d0 On dinh dat dugc
cang cao.

Poi khi ngudi ta dinh nghia hé s6 6n dinh bang ty 1& s6 gilta lugng bién thién cla
dién &p vao va lugng bién thién tuong Ung cla dién 4p ra.
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- Hé s6 nhiét cla dién ap On dinh: Hé s nay bi€u thi luong bién thién tuong doi
cUa dién 4p On dinh theo nhiét do:

dv,

1
6, =—.
Vv, dT |I, =const

Tuy theo cO ché danh thlng thulc loai thac 1ii hay loai tunnel ma 6, c6 gia tri
duong hodc am. Thong thudng tri s6 6, vao khodng (2 -> 4)10°/°C.
3.2.2 Diode bién dung (Varicap)

Diode bi€n dung la loai linh kién ban dan hai cuc, trong d6 chuyén ti€p P — N dugc
ché tao mot cach ddc biét sao cho dién dung cla né thay doi nhi€u theo dién ap nguoc
dat vao. Chiing thudng dugc diing trong cidc mach tao séng di€u tan, mach tu dOng di€u
chinh tan s6 cOng hudng, trong cic bd khuéch dai tham sO hodc nhéan tan. Diode bi€n
dung dugc bi€u dién nhu hinh 2.15.

A ' K
Hinh 2.15: Ky hiéu cia diode bién dung
* P& dac trung cho diode bién dung, nguoi ta diing cdc tham s6:

- Gi4 tri danh dinh cUa dién dung: thong thuGng gié tri ndy dugc do trong mot di€u
kién x4c dinh (gid tri dién 4p ngudc, tan sO do, nhiét d0 mai truong ...).
- Hé s0 thay dGi cUa dién dung: 1a ty sO gilta gia tri dién dung do dugc & hai dién

ap ngugc khac nhau.

C

K -G
C2

o . g2 , .. . A ax o ax ” dc . . .
Doi khi dé tdng quat hon, nguadi ta dung dO dOc cua dac tuyén C(V) = Wbleu thi

tOc dO bi€n thién cla dién dung C theo dién 4p ngugc V.
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- Hé s6 phdm chat Q: dac trung cho ty sO gilta cong sudt tin hi€u h(tu ich 18y ra tUr

varicap va cong sudt tiéu hao trén né.
3.2.3 Diode tunnel

Diode tunnel 1a mOt loai dung cu 2 cuc c6 chuyén ti€p P — N nhung khac v3i cac
loai diode trén, ndng dO tap chat trong ban dan P va ban dan N & diode tunnel c6 gia tri
rat 16n (khodng 10" nguyén t( trong mOt cm®) do dé viing nghéo rat hep (khodng 10°
cm) va dién trudng ti€p xtic trong viing ndy dat dugc kha 16n (gan 10°V/cm).

A ' | K
Hinh 2.16: Ky hiéu cua diode tunnel

Diode tunnel thudng dugc Ung dung d€ khuéch dai va tao dao dOng siéu cao tan.

4. Transistor hai cuc tinh (BJT)
4.1 Cau tao
BJT dugc tao thanh bdi 2 chuyén ti€p P — N nam rat gan nhau trong ciing mot
phi€n ban dan don tinh th€. V& mat cau tao, c6 thé xem nhu BJT do ba 16p ban dan tiép
xtic nhau tao nén, trong d6 18p @ gilta c6 bé day rat bé (khodng 10 cm) va khac ki€u dan
dién véi 2 16p bén canh. Néu 16p & gilra 1a ban dan loai P thi hai 16p bén canh la loai N,
tao nén loai transistor kifu N — P — N. Con néu 10p & gilra 1a ban dan loai N thi hai 16p

bén canh 1a loai P, tao nén loai transistor kiéu P — N — P.
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Hinh 2.17: Cau tao va ki hiéu cia BIT

NOng do tap chat trong 3 10p ban dan ciing khong giGng nhau. L3p c6 ndng d0 tap
chat cao nhat (ki hiéu N* hodc P*), nghia 1a nbng d0 hat dan da s6 cla né 16n nhat, goi
la mi€n phét (mi€n emitter). LGp d6i di€n (ki hi€u N hodc P) c6 nGng dd tap chat thap
hon goi 1a mién thu (mién collector). L&p G gilta c6 nOng dd tap chat rat thap (do nbng
d0 hat dan da s6 cla 16p nay tuong doi nhd) goi 1a mién nén (mi€n base). Ba sgi kim
loai dugc gan vdi 3 18p néi trén ding lam dién cuc cUa transistor. Ky hi€u cuc collector

la C, cuc base la B va cUc emitter la E.

Cac 16p ban dan dugc dat trong mot vo kin bang nhura hodc kim loai, chi ¢6 3 dién
cuc tho ra ngoai. Ki hi€u quy Udc cla 2 loai transistor N — P — N va P — N — P nhu hinh

2.17. Miii tén v€ trén trén cuc E trang v&i chiéu dong dién chay qua cuc do.

Do cau tao nhu trén s€ hinh thanh 2 chuyén ti€p P — N rat gan nhau. Chuyén ti€p
th& nhat & ranh giGi mién phat va mién nén, goi la chuyén ti€p emitter, ki hi€u J.
Chuyén ti€p th( hai, & ranh giGi mi€n nén va mién thu, goi 1a chuyén ti€p collector, ki
hiéu Jc. Hoat dOng clia BJT ch( y€u dua trén su' tuong tac gita hai chuyén ti€p rat gan

nhau nay.

4.2 Nquyén ly hoat ddnq va kha nding khuéch dai ctla BJT

Xét nguyén tac hoat dOng cla loai N — P — N. SO d6 mach dién nhu hinh 2.18.
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I

{a) ib)
Hinh 2.17: Mach khuéch dai ding BIT loai N-P - N
Nguon E; (c6 sl dién dOng vai volt) lam chuyén ti€p J: phan cuc thudn. Ngubn E,
(thudng c6 gid tri tUr 5V dén 12V) lam cho chuyén ti€p J. phan cuc nghich. R, Re 1a cac
dién trd phan cuc.

D& don gidn, gid thi€t ban ddu nbng dO tap chat phan bd déu trong cac 10p ban

dan, dong thdi ta chi chii ¥ dén dién trd cla cac ving nghéo J, Je.

Khi chua c6 ngun E,, E, tac dung, ciing gibng nhu qué trinh xdy ra & diode, trong
mOi viing nghéo Jg, Jc s€ tOn tai mOt dién trudng ti€p xic (hudng tUr N sang P) tuong
Ung v&i mOt hiéu dién thé ti€p xiic. Hi€u di€n thé nay déng vai tro nhu mot hang rao
dién thé, duy tri trang thai can bang cla chuyén ti€p (can bang gilta dong troi cla hat
dan thi€u sO va dong khuéch tan cla hat dan da s6, khién cho dong dién tGng hgp qua
mOi chuyén ti€p bang 0).

Khi c6 ngudn E,, chuyén ti€p Jc bi phan cuc nghich, hang rao dién thé va dién
trudng ti€p xiic trong viing nghéo ndy ting. Tuong tu nhu diode phan cuc nghich, qua
viing nghéo Jc s€ c6 mOt dong dién rat nho (do hat dan thi€u sO cla mi€n base va mién

collector tao nén), ki hiéu 1a Icgo, d6 1a dong dién ngugc collector.

Néu c6 thém ngudn E,, chuyén ti€p Ji s€ phan cuc thudn. Hang rdo dién thé trong Je
ha thap (so vdi trang thai can bang) khi€n dién t(r tr mién N* tran qua mién P, 10 tréng
tUr mi€n P tran qua mi€én N*. Sau d6 cac hat dan khong can bang nay ti€p tuc khuéch tan.
Trén dudng khuéch tan, ching sé tai hgp vdi nhau. Nhung do ndng d0 hat dan 2 mién

chénh 1&ch nhau xa (n, > p,) cho nén cac dién t(f phun t mi€n N* vao mién P, chi mOt b
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phén rdt nho bj tai hop, con tuyét dai da s6 van c6 th€ khuéch tan qua mién base tGi
viing nghéo Jc (khd nang bi tdi hgp trén dudng di chi rat it vi mién base rdt mong, nOng
d6 16 trOng G mién nay khong cao 1am). Khi tdi viing nghéo J¢, cac dién t{ néi trén 1ap
trc bi dién truOng trong Jc hiit v€ phia collector tao nén dong dién trong mach collector.

Néu goi I; 1a dong dién chay qua cuc emitter (tuong Ung v&i chuyén dOng cUa dién
t0 mién N* sang mi€n P thi dong di€n tao nén bai s di€n t{ chay tdi collector vira néi
s€ 1a alg, trong d6 o 1a ti sO gilta sO lugng dién t( t&i duoc collector va tong s6 dién tlr
phat di tUr emitter, tUrc la:

o=
Thong thudng o = 0,95 + 0.99 (nghia 1a ti 1& hao hut hat dan doc dudng di tir cuc E
t3i cuc C chi rat nho).
‘ a A o . D
VéiB = - hé s6 khuéch dai dong dién

4.3 Ba s0'd6 co'ban cia BJT
BJT ¢6 3 cuc: E, B va C. Tuy theo cach chon di€n cuc ndo 1am nhanh chung cho

mach vao va mach ra ma c6 3 so dO ¢ ban sau day:

4.3.1 Mach base chung (BC: Base Common)

Tin hiéu can khuéch dai dua vao gilta cuc E va cuc B, tin hi€u sau khi da khuéch
dai 1ay ra gilta cuc C va cuc B. Cuc B 1a cuc chung clla mach vao va mach ra. Nhu vay
dong dién vao 1a dong emitter Iz, dong dién ra 1a dong collector Ic. Dién &p vao 1a Vs,

dién dprala Ves.

SO d6 mach base chung nhu hinh 2.18.
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] I
- E C e

| & T

&A) Vs IHTB Ves 2R
! l

Hinh 2.18: So dé_mach base chung

IEzlc+IB
Ic= 01 + Icro

=> Ig=0Ig + Icpo + In
1-a
Ig = IE(l'a) - Icgo = T (Ic N ICBO) - Ieo

=9 +-1
Cl—aBl—aCBO

~ Y n” 2 A a
Vi dong Icgorat nho nén I = Is

B = % ' hé s6 khuéch dai dong dién

4.3.2 Mach emitter chung (EC: Emitter Common)
Cuc E 13 cuc chung gilra mach vao va mach ra. Dong dién vao: Is, dong dién ra I,

dién ap vao Vg, dién ap ra Vee. SO d6 mach mac E chung nhu hinh 2.19.

Hinh 2.19: Mach emitter chung

Ic= 01+ Icro

IE:IB+IC
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=>Ic=0 (I + Ic) + Icso
1-a)Ic=0aIg+ Icro

Ic=Bls+ (:B+1)ICBO: Bl + Iceo
Iceo: dong dién ngugc collector clla mach EC.

Théng thudng, BJT c6 a = 0,95+ 0,99. Tudng g B =19 + 99; Ieso = (0,01 + 0,1)
HA, ICEO = (1 - 10) lJ.A .

Luu ¥ rang & mach BC, hé sO o xap xi bang 1, dong Icso rat nhd. Con & mach EC,
hé s6 B rat 16n hon 1, dong Iceo tuy 16n hon Icso nhi€u, nhung so vé&i gia tri Bl thi van
khong déng k&,

4.3.3 Mach collector chung (CC: Collector Common)

Ngubn E, c6 ndi trd rat bé mac gilta cuc C va dat, vi vay doi vdi tin hiéu xoay
chiéu thi cuc C coi nhu dang thé vGi dat (di€m G). Chinh vi vy, & mach nay, tin hiéu
can khuéch dai dua vao gilta cuc B va G, tuong duong nhu dua vao gilta B va C. Tin
hi€u sau khi da khuéch dai, 1ay ra gilta E va G, tuong duong nhu 1ay ra gilta E va C.

Nhung vay cuc C 1a nhanh chung cla mach vao va mach ra.

Hinh 2 20: Mach collector chung

4.4 Pdc tuyén Volt — Ampere ctia BJT

DO thi dién ta cac mbi tuong quan gilta dong dién va dién &p trén BJT dugc goi la
ddac tuyén volt — ampere (hay ddc tuy€n tinh). Ngu0i ta thuOng phan biét thanh 4 loai
ddc tuy€n: dac tuyén vao (néu quan hé gilta dong dién va dién 4p & ngd vao), dac tuy€n
ra (néu quan hé gi(ta dong dién va dién 4p & ngd ra), dac tuyén truyén dat dong dién

(néu su' phu thuQc cla dong di€n ra theo dong di€n vao) va dac tuyén hoi ti€p dién ap
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(néu su bi€n d6i cla dién &p gilta hai ngd vao khi dién ép ra thay d6i). Dudi day chi giGi
thiéu 3 loai ddc tuy€n thudng ding nhat cho tUng ki€u mach co ban.
4.4.1 Mach base chung

* Ho ddc tuyén vdo

Mac BJT theo so d6 BC G trang thai tinh (t(rc 1a chi ¢ dién ap mot chi€u phan cuc).
E,, E, 12 cdc nguOn dién 4p moOt chi€u cé thé€ thay doi gia tri. Cdc dOng hO mA k€ ding
d€ do dong dién, con cac volt k€ do dién ap gilta hai cuc. Gilt dién &p Vs = const, 1an
lugt hay déi gia tri E; r0i doc cac cdp gia tri tuong Ung cUa Iz va Vg, k€t qud vé dugc
do thi

= const

I = £ (Vi) VCB nhu hinh 2.21.

P6 1a dac tuy€n vao cla BJT mac BC. Tap hop nhi€u ddc tuyén vao (mbi dudng

Ung v&i mot gia tri khong doi clla Veg) tao nén ho ddc tuyén vao.

4 I(mA)
mA maA 6
b b Vﬂ;: 10v
E C
B VL‘B: Sv
== (v V) > il
E, <>VEB V{ED E, 3 Vep=0v
Vies(V)

0 0.5 1 il

Hinh 2.21: Mach 1ay dic tuyén tinh cia BIT méic BC va ho dic tuyén tinh

C6 thé thdy rang dang dac tuy€n nay tuong tU nhu dac tuy€n thudn cla diode, bdi
vi gilfa cuc E va cuc B cla BJT c6 chuyén ti€p It phan cuc thudn. Pién ap ngd ra Vs
anh huéng rat it dén dong di€n ngd vao.
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* Ho ddc tuyén ra

Néu 1an lugt gilr dong Ir bang cac gia tri nhat dinh, thay d6i nguon E, r0i xac dinh

cac cap gia tri tuong Ung cUa Ic va Vs, ta ¢ dac tuy€n ra clla mach BC.

Ic =1f(Ven)|, _
° I, =const
4 I(mA)
|
]
\
15—3\-' ! i
3 —
: Te=2v K
—
2 : y
I “ ’
I le=1v -7
W RN
Iy .
Il:J' _-_.___II-L=U"-'1 _/,/( S
0 3 6 |9 12 Ves(V)

Il’..‘mj}
Hinh 2.22: Ho dic t‘uyén ra tinh cua BIT mac BC

- Pac tuyén gan nhu song song v4i truc hoanh, chiing td rang ngay ca khi Ve = 0,
dong Ic van cé mot gid tri khac 0 nao d6 va viéc ting Vs anh hudng rat it dén tri sO cUa
Ic.

- Buong thap nhat Ung v&i I = 0 chi cach truc hoanh mOt khodng rat hep. Tung d0
nay chinh 14 gi4 tri dong dién ngudc collector.

- Pham vi rat hep. phia dudi dac tuy€n nay la mién tat, tuong Ung vOi trang théi
tat cla BJT (cd 2 chuyén ti€p Jg va Jc déu phan cuc nghich).

- Ir cang tang thi I¢ cling cang ting. D6 1 vi sO hat dan da sO cUa mi€n emitter phun
vao mién base cang 16n thi s0 t&i dugc cuc collector cling s& cang nhiéu.

- Pac tuyén bao gom 3 doan. Poan gan nhu song song vOi truc hoanh Ung vdi
trang thai khu€ch dai thong thudng cla BJT (Jg phan cuc thudn, Jc phan cuc nghich).
Doan chéch xién G bén trai truc tung (v& nét dt) tuong Ung vGi trang thai dan bio hoa
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cUa BJT (ca hai chuyén ti€p Ji, Jc déu phan cuc thudn). Poan th(t ba bén phdi (vé cham
cham) chinh 1a qua trinh danh thlng chuyén ti€p Jc, xay ra khi Vs qua 16n 1am dong Ic
tang vot. Py 1a mién cdm s dung d€ khoi phd hdng BJT.

* Ddc tuyén truyén dat dong dién

IC = f(IE) Y

cp = const

A T-(mA)

Hinh 2.23: Hg(]dac tuyén truyén dat dong dién ciia BJT mac BC
N6 c6 dang gan tuy€n tinh, phtt hop v&i hé thic Iy thuyét (coi o 1a khong dGi). Trén
thuc t€, hé s6 o chi 1a hang sO khi dong dién I tuong d6i nhd. Con khi I kha 10n, nghia
la dong hat dan khuéch tan qua mién base c6 méat dd 16n thi ty 1€ phan trdm sO hat dan
bi tai hop trén duOng di sé tang lén, khi€én a gidm. Pi€u ndy lam cho dac tuyén & ving
dong di€n 16n ngdy cang léch khdi quy ludt tuyén tinh.

4.4.2 Mach emitter chung

* Pdc tuyén vao

IB = f(VBE) \Y;

s = const
Pac tuy€n vao phdn anh moi quan hé gilra dong va ap cUa chuyén ti€p Ji G ngd vao.
Thuc chat day van la nhanh thudn cla dac tuyén diode.
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t Ls(uA)

300 +
Vc'|-:= | ﬂ\f

200 ¢+

100+

0 05 i
Hinh 2.24: Ho dic tuyén vio tinh cia BJT mac EC

* Pdc tuyén ra
Ic = f(V.
c = f(Ver) I, = const

Pac tuyén ra cla mach BJT mac EC dugc thé hién nhu hinh 2.25.

A
Mién
Mién —~ danh
dan ~~ thing
bio? | -
hoa -
61 -
31 N
of 3 6 T9 12 Vaw

Hinh 2.25: Ho dic tuyén ra tinh cia BIT mac EC

So vGi dac tuyén ra clla mach BC, ho dac tuyén cla mach EC c6 mOt vai khéc
biét:
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- Budng thap nhat (Ung vdi Iz = 0) phan anh gié tri dong dién ngudc collector cUa
mach EC (Iceo). DOng nay 16n hon dong Icso clla mach BC. Pham vi dudi dac tuy€n nay
van goi 1a mién tat, Ung vdi trang thai ca Jg va J. d€u phan cuc nghich.

- Cac dac tinh phia trén Ung v&i Iz # 0 van bao gdm 3 doan: doan chéch xién Ung
v0i trang thai dan bao hoa clia BJT, doan nam ngang Ung vOi trang thai khuéch dai cla
BJT c6 d doc 16n hon so vGi ddc tuyén mach BC, con doan doc dlng Ung véi qué trinh
dénh thlng.

* Pdc tuyén truyén dat dong dién

le =1(ls) Vg = const

DO dOc clla dac tuy€n chinh 1a hé sO khuéch dai dong dién B . Trong pham vi dong

dién dong 16n, gia tri B gidm nén dac tuy€n khong con tuy€n tinh nita.

loa (MA)
16 1 Vee=10V
10!
V=5V
5|
. : ' } -
100 200 300 ls(nA)

Hinh 2.26: Ho dic tuyén truyén dat ciia BJT mic EC

4.4.3 Mach collector chung (CC)

* Ddc tuyén vdo

I = f(Vec) V.. =const
CE

Ho dac tuy€n vao cé tinh chat ly thuy€t trén thuc t€ it dung.
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* Ddc tuyén ra va ddc tinh truyén dat dong dién

I = f(VEc) I =co 5 IE = f(IB) vV
B

nst sc = const

2 dac tuyén clla mach CC gan gibng véi mach EC vil; = L.
4.5 Cdc tham s0 gi6i han ctia BJT

Dong di€n cuc dai cho phép: Tiy theo di€n tich mat ti€p xc, vat li€u va céng nghé
ché tao, di€u kién t0a nhiét v.v... mOi BJT chi c6 m6t dong dién t6i da trén moi dién

Dién ap cuc dai cho phép: Veema, Veemas Veemax. PO 12 cdc dién ap khong dugc vuot
qua dé€ khong gay dénh thUing chuyén ti€p P — N tuong Ung.

Cong sudt tiéu tan cuc dai cho phép: Tiy theo k€t cdu va cong nghé ché tao, dac
biét 1a tuy theo di€u kién t@a nhiét cla chuyén ti€p collector ma moi transistor c6 mOt
cong sudt tiéu tan cUc dai cho phép, ky hi€u 1 Pene,. Gid tri ndy thudng cho trong cac cdm
nang, kém theo di€u kién cu th€ vé nhiét d0 moi trudng va ché dd tda nhiét. Khi lam
viéc trong mOt tang khuéch dai nao do6, d€ khong pha hdng BJT, cong sudt tUc thoi tiéu

tan trén transistor nhat thi€t khong dugc vugt qua gia tri P max.

N

Crmax
Crmax

VCE

Mien _[7 Mién cho phéep

ap nho 7/// lam viéc
Ly,

ICfmax=

.=
Loin - B m YCE

»

VCEmax

Vg,  Mién dong nhd
Hinh 2.27- Mién lam viéc cho phép trén ho die m}rén ra cia BIT
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Tan sO gidi han: Thong thudng BJT chi 1am viéc mOt cach hiéu qua dén mot tan
sO nhat dinh. Khi tan sO tin hiéu ting cao, vai trd dién dung cla chuyén ti€p P-N dan
dan tr& nén déng k€. Mat khac, chuyén dOng cla hat dan qua bé day mién base khéng
th€ coi 1a tUrc thoi va chi€m mOt thdi gian dang k€ so v4i chu ky tin hiéu. Vi vy, cac hé
sO truyén dat dong dién B sé bi gidm theo tan sO; dong di€n ra va dong di€n vao (hodc

dién &p vao) sé bi 1éch pha nhau v.v..., gy nén cai goi 1a “méo tan s6”, “méo pha” v.v...

5. Transistor tru'Ong (FET)

Transistor truOng (FET — Field Effect Transistor) hoat dOng dua trén su di€éu khi€n
d6 dan dién cla phi€én ban dan bdi mdt dién trudng ngoai, dong thoi chi ding mot loat
hat dan (hat da s0) do d6 thudc loai don cuc tinh. Tuy ra d0i mubn hon BJT, nhung tinh
ning c6 nhiéu uu viét hon (dién trd vao 16n, hé s6 khuéch dai cao, tiéu thu ning lugng
bé, thudn tién phat tri€n theo xu hudng vi dién t( hod ...) vi vay ngdy cang dugc Ung

dung rOng rai.

Transistor tru'Gng bao gbm 2 nhém: transistor truGng dung chuyén ti€p P — N goi tat
1a JFET (Junction Field Effect Transistor) va transistor trudng c6 cuc clfa cach ly goi tat la
IGFET (Isolated Gate Field Effect Transistor) hoac MOSFET (Metal Oxide Semiconductor
Field Effect Transistor).

Nhém IGFET chia thanh 2 loai: loai kénh c6 san va loai kénh cdm Ung.

5.1 Transistor truong ding chuyén tiép P — N (JFET)

5.1.1 Cau tao

Cau tao don gidn hod cla JFET cliing mach hoat ddng nhu hinh 2.28.
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Ving nghéo s

) > ©

Hinh 2.28: Mach khuéch dai dung JFET loai N (a)
Ky hiéu cua JFET loai N (b) va kv hiéu cua JFET loai P (c)

Thoi ban dan Si loai N hinh tru c6 dién trd sudt kha 16n (tlc la nong dd tap tuong
doi thap), dugc gan voi hai soi day kim loai & day trén va ddy dudi (ti€p xtic khong
chinh luu). Pay trén goi 1a cUc mang — D (drain), day dudi goi 1a cuc ngudn — S (source).
Vong theo chu vi cUa thdi ban dan loai N nguoi ta tao ra mot 18p loai P, va do dé tai
ranh giGi gilta hai ban dan s€ hinh thanh mot chuyén ti€p P — N (viing nghéo) c6 dién trd
sudt kha 16n. Phan thé tich con lai cUa thdi Si (khéng bi viing nghéo choén chd) goi la
kénh dan. LGp ban dan loai P cling dugc tao ti€p xiic khong chinh luu véi mot soi kim
loai, diing 1am cuc clta — G (gate), con goi 1a cuc diéu khién. Toan bo hé thOng trén dugc
dat trong mOt vO kim loai hodc bang nhura gan kin, chi ¢6 3 dién cuc G, D, S tho ra
ngoai. P6 1a JFET loai N.

MOt cdu tric tuong tu nhung ding thdi ban dan ban dau loai P va 16p bao quanh 1a
loai N tao nén JFET loai P.

5.1.2 Nguyén tac hoat déng
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Xét nguyén tac hoat ddng cla JFET kénh N lam vi du. NOi JFET v&i cac ngubn dién
ap phan cuc Eg, Ep nhu hinh 2.28. Ngu6n Ep, thong qua dién trd Ry, dat dién ap Vps gilta
cUc mang va cuc ngudn, gy ra dong chuyén ddng qua kénh dan cla dién t (hat da s6
cUa thoi ban dan N), tao nén dong dién mang Ip.

Mat khac, nguon Eg tao dién 4o gilta cuc clra va cuc ngudn, lam cho chuyén ti€p P
— N (hinh thanh gi(fa cuc cla va kénh dan) bi phan cuc nghich, nghia 1a bé day ving

nghéo ting 1én va do d6 thu hep tiét dién cla kénh dan.

Né€u gilt nguyén Ep khong dGi, ting dan gié tri Ec, tinh trang phan cuc nghich cla
chuyén ti€p P — N sé& cang ting: viing nghéo ngay cang m& rOng, kénh dan cang thu hep.
Do d6 dién trd kénh dan cang ting va dong méang I cang gidm. Con dong gilta cuc G va
cuc S chi 1a dong ngugc cla chuyén ti€p P — N, thuOng rat nhd khong dang ké.

NéEu bay gi® ngoai di€n ap phan cuc Eg c6 thém tinh hi€u xoay chi€u e, dat vao gilta
cuc G va cuc S thi tuy theo tri sO va ddu cUa e, ma tinh trang phan cuc nghich cla chuyén
ti€p P — N sé thay d6i. Pién trd kénh dan bj bi€n d6i va dong mang ciing bi€n doi theo.
Néu e, tdng gidm theo quy ludt hinh sin thi I s€ ting gidm theo hinh sin. Dong nay ha
trén Ry, thanh mOt dién ép, bién thién cling dang vdi e, nhung bién d 16n hon, nghia 1a
JFET da khuéch dai tin hiéu.

Nguyén 1y hoat dOng clia JFET kénh P hoan toan tudng tu, chi luu y rang cac dién
ap Ec, Ep c6 cuc tinh ngugc lai. Cac 16 trong, hat dan da sO cUa kénh P, tao nén dong

mang.
5.1.3 Pac tuyén Volt — Ampere

* PDdc tuyén ra (ddc tuyén mdng)

I = (Vs) V.. =const’
GS
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lo 4(mMA)

Vung dién trd Ving ddnh thing
o

n,

: ! Viing thit kénh |
l VGS = OV ,IL;j

_ /
VGS - 'SV_/"‘ 53 VDS

.

6 9 12 15 18 (y

Hinh 2.29: Ho dic tuyén ra ctia JFET kénh N

Xét Vs = 0 (ngdn mach G — S). Tang dan Vs tU gia tri 0 trd di, quan hé I, theo Vps
c6 dang nhu hinh 2.29.

Pac tuyén gbm 3 doan: doan bén trdi gan nhu tuy€n tinh véi d0 dOc kha 16n. Khi
dat tdi gia tri Vps = V,, viing nghéo m& rong t&i mUc choan hét ti€t dién cla kénh cla
viing gan cUc méang, nghia 1a kénh dan bi that lai & phia cuc méng. V, dugc goi la diém
that. Pi€m A 1a diém bat dau that kénh hay di€m bat dau bao hoa. Viing dac tuyén nam
3 bén trai di€m A goi 1a ving dién trd. Néu ti€p tuc ting Vps 16n hon V,, dac tuyén
chuyén sang doan th(t 2, gan nhu ndm ngang. Lic nay, ving nghéo ti€p tuc m& rdng,
mién kénh bj that trdi dai vé phia cuc ngubn, lam cho dién tré kénh dan cang ting. Vi
vay tuy Vps tdng nhung dong Ip hau nhu it thay d6i. Ving ddc tuy€n nay goi 1a ving that
kénh (hodc ving bdo hod). Néu JFET dudc sU dung nhu mOt phan t& khué€ch dai thi sé
lam viéc trong ving nay. Poan dac tuyén th( 3 tuong Ung v&i hién tugng danh thlng
chuyén ti€p P — N, xdy ra khi Vps qua 16n. Ving dac tuy€n nay goi 1a viing danh thlng.

Trudng hgp Ves # 0, mOi dac tuy€n van bao gdm 3 doan nhu trén, chi khac 1a do c6
thém tac dung cla Vs, chuy€n ti€p P — N bi phan cuc nghich nhi€éu hon, dién tr& kénh
dan ting hon va do d6 gia tri dong I nho hon. Trj s tuyét dOi cla Vs cang tang, dong In
cang gidm, dac tuyén cang dich vé phia dudi. Mat khéac, di€m bat dau that kénh cla
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mOi dac tuy€n xé dich vé phia tri. Pi€m bat dau xdy ra danh thlng cla tUng ddc tuyén

cling dich dan v€ bén trai.

* Pdc tuyén truyén dat

I = f(Vas) Vs = const
A |p
I
Vps = Const pss
Ves
Vp 0

Hinh 2.30: Pac tuyén truyén dat cia JFET kénh N

Dang cUa ddc tuyén ndy phan anh qué trinh dién trudng diéu khi€én dong dién
mang: tri sO tuyét dOi clla Vs cang ting, ving nghéo cang md rOng, dién trd kénh dan
cang tang va do d6 dong mang cang gidm. Khi Vs dat t0i gia tri dién ap that V, thi dong
mang gidm xubng bang 0.

5.1.4 Tham s6 déc trung cho JFET

* Pién trd vi phdn ngd ra

A a‘/DS
P 01, |V, =const

Day ciing 1 nghich ddo d6 ddc ddc tuyén ra. Khi lam viéc trong ving bdo hoa (viing
that kénh), gid tri rp thudng khé 16n (khodng 500kQ).

* HO dan (P dbc ddc tuyén truyén dat)
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g = dl,
0V

Vs = const

Tri sO g» phdn &nh mUc d0 dnh hudng cla dién ap di€éu khi€n Vs tdi dong mang.

Céc JFET thuOng c6 g, = (7 = 10) mA/V.

* Pién trd vi phdn ngd vdo

—_ a\/GS
Lol

Vs = const

Ngd vao cla JFET 1a chuyén ti€p P-N phan cuc nghich, dong I chi rat bé (thudng
c0 0,1 HA & 25°C) vi vay dién trd r; thudng rat 16n (cd 10 + 100 MQ G 25°C)

* Hé s khuéch dai tinh

— a\/GS
0V |I,, = const
=> l’l N gmrd

Hé s06 nay so sanh mUc d0 anh hudng doi v4i dong mang cUa di€n ap Vs va Vis. |
cang 16n th€ hién tac dung diéu khi€n cla Vs dOi vGi dong I, cang nhay (so v8i Vs).

* Pién dung lién cuc Cgs, Cps va Cep
Day 1a cac dién dung ky sinh, hinh thanh gilra cic dién cuc vGi nhau. ThuOng & (3
+ 10) pF. Khi JEET lam vi€c G sO thap, cac dién dung ndy c6 thé bo qua.

Ngoai cdc tham sO trén, ngudi ta con quan tim dén mot sO tham sO gidi han nhu:
dong mang cuc dai cho phép Ipma, di€n ap cuc dai cho phép Vosmas, Vasmas, CONg sudt tiéu

tan cUc dai Ppma, di€n ap that kénh Vp, dong mang bao hoa Ipss v.v...

5.1.5 So' d6 tuong duong
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Dua vao nguyén tac hoat ddng va cac tham s6 ddc trung cho JFET, ta c6 sG do
tuong duong doi vGi tin hi€u xoay chi€u bién dd nhd, tan s6 thap cla JFET nhu hinh
2.31.

Gi(ra hai cUc vao G-S c6 dién trG rao r, gilta hai cuc ra D-S c6 dién tr& kénh dan
va nguOn dong g, ves (dai dién cho kha ning di€u khi€n dong dién mang bdi dién p vao

VGs).

Nhu vay néu c6 tdi mac vao gilta hai cuc ra D-S thi dong dién tdi (ciing 1a dong

di€én mang) 1a:

Vv
A DS
1p =8nVes T
D

=> Vps = - WVps * iplp
Hé thlc nay tuong Ung v3i sG do tuong duong hinh 2.31b, trong dé 1 Vps 12 ngudn
dién 4p, tuong duong cho kha ning khuéch dai tin hiéu clla JFET.

G b | sl b
rT——r—% T e ‘:ﬁr:——-:
] | | | | |
Rg| " Rp | T Re| o | \Rp |
CERE NN UL L iR
o InVes o b uVes b |
SR T U S S T Ll
.S i .S i
(a) (b)

Hinh 2.31: So d6 twong duong drong cia JFET ding ngudn dong (a) va ngudn dp (b).

5.2 Transistor trt*Ong cé cuc clra cdch ly

5.2.1 Cau tao va hoat déng ciia MOSFET kénh cé san
TU phié€n Si loai P, ngudi ta tao ra trén bé mat mot 16p loai N dung lam kénh dan.
O hai ddu khuéch tan 2 mién N* ding 1am cuc nguén (S) va cuc mang (D). Trén mat
phién Si dugc phll mang SiO, bdo vé&. Phia trén mang ndy, d6i dién kénh dan, gan mot
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bang kim loai, ding 1am cuc clfa (G). Thong qua “clfa s0” khoét xuyén qua mang SiO, &
viing thich hgp, ngudi ta phun kim loai, tao ti€p xtic tuy€n tinh v4i 2 viing N*, dung lam
dau dan ra cho cuc S va cuc D. D4y cUa phién Si doi khi ciing dugc gan véi sgi kim
loai, diing 1am cuc d& SUB. Thong thudng cuc d&€ dugc ndi vGi cuc ngudn. Ky hiéu cla
MOSFET kénh dan c6 san loai N nhu hinh 2.32 (b).

Né€u phién Si ban dau loai P thi ta c6 MOSFET kénh P nhu hinh 2.32 (c).

D D
( SUB G@L
SUB
S
(a) (b) (c)

Hinh 2.32: MOSFET kénh c6 sén loai N: c4u tao (a) va ky hiu (b)
Ky hiéu MOSFET kénh co sin loai P (c)

Xét hoat dOng clla MOSFET loai N trong mach nhu hinh 2.33. Ban dau dudi tac
dung cUa dién &p Vps (do ngubn Ep tao ra), qua kénh dan va cuc mang cé dong dién Ip,
tao bdi hat dan da s6 clQa kénh. Néu c6 thém dién dp Vs (do Eg tao nén) vi cuc tinh
nhu hinh vé thi cling gidng nhu 1 tu dién, cic dién tich &m sé tich tu trén cuc G, cac dién
tich duong sé tich tu G cuc d6i dién, tlc 1a trong kénh dan (16p SiO, déng vai tro dién
mdi cUa tu. Céc dién tich duong nay sé tai hop véi dién t(, lam gidm nOng d6 hat dan
vOn c6 trong kénh, khi€n di€n trd cUa kénh ting va dong méng Ip gidm. Cang ting tri sO
Ves; Ip cang gidm. Ché d6 lam viéc nay dudc goi 1a ché d6 lam nghéo hat dan. Néu doi
cuc tinh ngudn Eg (Ves tr@ thanh dién ap duong) thi tinh hinh dién ra trai 1ai: cang ting tri
sO Vs, nOng d6 hat dan trong kénh cang ting, Ché d0 lam viéc vGi cuc tinh Vs nhu thé
goi 1a ché d6 giau.
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2® P
n+ il
D
C qéRD
G (|E )sua é
— ¥ R,
R Vos| + 1
v G —-— E
s s - Ep
Eo 2 Vs
& _

Hinh 2.33: Tang khuéch dai dimg MOSFET loai N

Nhu vay ngay khi Vs = 0, MOSFET kénh cé san da c6 dong mang ban dau Ip # 0.
Tuy cuc tinh clla Vs ma MOSFET nay hoat ddng & ché dd giau hay ché dd nghéo, ding
gia tri Vs d€ diéu khién dong Ip ting hay gidm. Trén co s d6, n€u co tin hi€u xoay
chiéu e, dua d€n ngd vao thi hi€n nhién dong I s€ bi€n dbi theo e, va trén tdi ngd ra sé

nhan dugc tin hiéu khuéch dai.

Pac tuyén truyén dat va dac tuyén ra clla MOSFET kénh c6 san loai N hoan toan
phdn 4nh qué trinh trén day. MOi dac tuy€n ra van bao gbm 3 phan, tuong tu nhu cla
JFET: doan Ip tuyén tinh theo Vps, doan Ip bdo hoa (trang thai that kénh) va doan danh
thiing. O ddy chuyén tiép P — N hinh thanh gita kénh dan va phién Si ban ddu. Do Vps
gdy ra phan b6 dién thé doc theo chi€u dai kénh dan, tinh trang phan cuc nghich cla P —
N khong dong déu, dan t&i hdu qua ti€t dién kénh dan gidm dan vé phia cuc mang.
Diém ubn trén dac tuyén ra tuong Ung vdi trang thai bat dau that kénh. Ving that kénh
1a mi€n lam viéc chl y€éu cla MOSFET khi khué€ch dai tin hiéu.
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Io4 (MA)

IDSS

., Ves
Vo Ché do |C Ché dd
nghéo giau

Ipjy (mA) Vo = i‘iv
4+ |
Ché dj giau
! v
31 ! @b Ves =0
At — .
Ché db ngheo .
21 1 Vg ==
+ / _2V
1 / ____/V
7 . , — ):3/=VDS
0 5 10 15 20

Hinh 2.34: Bic tuyén truyén dat va dic tuyén ra ctia MOSFET kénh cé sén loai N

Mach hoat dbng va dac tuyén clla MOSFET kénh c6 san loai P giGi thiéu nhu hinh

2.35.

Hinh 2.35: Tang khuéch dai va diic tuyén ciia MOSFET kénh c6 sén loai P

5.2.2 C4u tao va hoat déng ctia MOSFET kénh cam Ung
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Cau tao MOSFET kénh cdm Ung loai N ciing tuong tu nhu MOSFET kénh c6 san
loai N nhung chua c6 kénh dan ban dau. Gifta mién mang (loai N) va phién Si loai P
hinh thanh chuyén ti€p P — N (cuc dé thudng ndi vGi cuc ngudn nén chuyén ti€p gilra
ngudn va dé bi ndi tat). Vi vay khi c6 dién ap Vps dat vao, trong mach mang chi c6 mot
dién tr& rat nhd chay gilta chuyén ti€p P — N phan cuc ngugc. Pién trd tuong duong

gita S va D xem nhu v6 cting 16n.

Es
—q1t
'
S0, |
=l Ll D - ves *|6 |D *
N | b N* [ | -vung Sl ++b+ ?
DS
SUB L g,

sus | \ _

- Ving nghéo

Hinh 2.36: Céu tao va cac dién &p phan cue cia MOSFET kénh cam tmg loai N

Khi ¢6 thém dién dp duong Vs, di€n tich duong sé tich tu trén cuc G, con dién tich
am tich tu & ving doi dién, phia bén kia cla mang SiO, (ving nam gilta hai mién N.).
Tuy vay khi Vs con nho, lugng dién tich cdm Ung nay khong 16n, chiing bi 16 tréng cla
phién loai P tai hop mat. Chi khi Vs vugt quid mOt dién 4p ngudng Vr ndo do, lugng
dién tich &m cam Ung néi trén mdi trd nén déang k€. Ching tao thanh mdt 18p ban dan
loai N G trén bé mat phié€n Si loai P, déng vai tro nhu mOt kénh dan ndi lién hai mién N*
cUa cuc ngudn va cuc mang. Do xudt hién kénh dan ndi lién hai mién N* clla cUc ngudn
va cuc mang. Do xudt hién kénh dan, dién trd tuong duong gilta S va D gidm xulng va
do d6 dong méng Ip ting lén. Tri sO Vs cang 16n, ndng d0 dién tich am trong kénh dan
cang nhiéu, dong Ip sé cang 16n. Ché d0 lam viéc khi Ves > Vi nhu vay goi 1a ché do
lam giau dién tich. SO d6 khuéch dai cla MOSFET kénh cam Ung loai N nhu hinh 2.37.

Khi dién 4p tin hiéu xoay chi€u e, (x€p chOng 1én di€n 4p mOt chi€u Vs do ngudn Eq tao
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ra) diéu khi€én nOng d0 dién tich am cdm Ung trong kénh dan va do dé diéu khién dong

Ip ting gidm. Trén di€n trd Rpva trén tdi Ry sé ¢6 dién ap da khuéch dai cUa e..

Iy C,
+ 4 b1
C 0 §RD
LG |!_<\ Vobs gRL
i ‘+ I 1 / "
Rs? T_ Ep
Vv
] |'%° |s
eS - T
VS S =~
Es

Hinh 2.37: Tang khuéch dai ding MOSFET kénh cam tmg loai N

Pac tuyén truyén dat va dac tuyén ra cla MOSFET kénh cAm Ung loai N nhu hinh
2.38. Ta thay rang chi khi Vs > Vr mi c6 dong méng Ip. MOSFET kénh cdm Ung chi lam
vi€c & ché do giau.

b, v L
A ID GSA__/'
I
!Gia_./
VGS1
/
/
Vae Ves =V / , ,_VDS
ol v, ] 0

Hinh 2.38: Dic tuyén truyén dat va diic tuyén ra ciia MOSFET kénh cém tmg loai N
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Né€u phi€n Si ban dau thudc loai N, cdc mién ngudn va mang thudc loai P*, thi sé
c6 MOSFET kénh cdm Ung loai P nhu hinh 2.39. Nguyén ly lam viéc tuong tu' nhung
di€n dp Vs va Vps 6 cuc tinh ngugc 1ai.

Hinh 2.39: Ky hiéu cia MOSFET kénh cam tGng loai P

Tham sO dac trung cho MOSFET ciing gan gidng JFET: dién trG vi phan ngd ra rp,
dién trd vi phan ngd vao 1, hd dan g,, cac dién dung lién cuc, cac tham s6 giGi han ...
DPang chi y 1a do 18p cach dién SiO,, dién trd ngd vao cla MOSFET vo cUng 16n. LGp
SiO, rat mOng nén g, rat I6n nhung dién 4p danh thlng gilta G — S hodc gilta G — D
thuOng tuong doi thap.

5.2.3 Nhé@n xét chung vé JFET va MOSFET

- JEET va MOSFET hoat dbng dua trén su di€u khién dién trd kénh dan bdi dién
truOng (dién truGng ndy do dién 4p trén hai ngd vao sinh ra, con dong di€n vao ludn ludn
xap xi bang 0. TU d6 khéng ché dong dién ra. Do dac diém nay, ngudi ta x€p transistor
truOng vao loai linh kién di€u khi€n bang dién 4p, trong khi BJT thudc loai diéu khién
bang dong dién (BJT c6 ngd vao la chuyén ti€p P — N phan cuc thudn, dong dién vao

bi€n d6i nhiéu theo tin hiéu con dién 4p vao thay doi rat it).

- Dong dién méng Ip tao nén bdi chi mot loai hat dan (hat da s6 cUa kénh), do d6

transistor truong thudc loai don cuc tinh. Do khéng cé vai tro cUa hat dan thi€u s6,
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khong c6 qua trinh sdn sinh va tai hop cUa hai loai hat dan cho nén tham s6 cla FET it
chiu dnh hudng cUa nhiét d6. Tap &m ndi bd clia bé hon & BJT.

- Ngb vao cUa FET c6 dién trG rat 10n, dong dién vao gan nhu bang 0 nén mach vao
hau nhu khéng tiéu thu ning lugng. Di€u ndy dac biét thich hgp cho viéc khuéch dai

cac nguOn tin hi€u y€u, hodc ngudn c6 ndi tré 16n.

- Vai trd cuc ngudn va cuc mang c6 th€ ddi 1an cho nhau ma tham s6 clia FET khong
thay d6i dang ké.

- Kich thudc cac dién cuc S, G, D c6 th€ gidm xulng rat bé (dua trén cong nghé
MOS), thu nhd thé tich cUa transistor mOt cach dang k€ va nh@ dé transistor truOng rat

théng dung trong cac vi mach c¢6 mat do tich hgp cao.

- Ciing nhu BJT, FET c6 thé mac theo 3 s6 d6 cO ban: mach ngudn chung (SC —
Source Common), cUfa chung (GC — Gate Common), mang chung (DC — Drain Common).
Cac mach gidi thiéu G trén thudc lai SC. Mang DC c¢6 s@ dO va dac di€ém tuong tu
nhung mach CC cla BJT: dién tr& vao rat 16n, dién trd ra rat nho, di€én 4p ra dong pha

va xap xi tri sO vGi dién 4p vao. Con mach GC trén thuc té€ it dung.
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CHUONG III: CAC UNG DUNG CO BAN
i.  Mach chinhluubanky (half ware rectifier)
TU tin hi€u xoay chi€u cUa khu vuc (220V — 50Hz) hay thdp hon (qua bi€n thé),
ding diode v&i tin chat chi dan dién theqjm(f)t chiéu (P-N) d€ ddi dién thanh DC.

D
Py N °

Ban ky +: D phan cuc thudn nén dan, nén dong dién IL qua tai RL ciing c6 gia trj sO

bién thién theo ban ky + cUa nguOn. Nén di€n thé ra trén tdi VL ciing c6 dang ban ky +
cla V2.

Ban ky -: D phan cuc nghich nén khéng dan, do d6 khéng c6 dong qua tdi IL, nén VL

KéEt qud: 1a dong chay qua tdi IL, va dién thé trén tai VL chi con lai ban ky +, nén
duoc goi 1a mach chinh 1uu bén ky.

Dién 4p trén tai:
Vo ==V, sin cotdet = ~|cos | = Yo =045,
DC 277_.!’ m 0 T : hd

Tuong tu cho dong trén tdi:

1
IDC =_m :V_m :()45“%
T TR, :
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ii.  Chinhluu toan ky (Full ware rectifier)
Bi€n thé & day la bién th€ c6 chau gilta 1am di€m chung, dién 4p & 2 dau nguogc
pha nhau so v&i di€m gi(ra. ViA
: ANVAN

>
] ¥

" 5 | % | /\\/ >

>

- Bén ky + tai A: D1 dan, D2 ngung => dong I, chay qua D1 qua R trG vé diém
gi(ta bi€n ép.

- Ban ky —tai A (chinh la ban ky + tai B): D1 ngung, D2 dan => dong Is chay qua
D2 qua R vé di€m gilta cUa bién é&p.

Do d6 dong qua tdi chinh 1a tGng cla 2 dong I, va Is.

Dién &p trung binh trén tai:

v, =2Yn 20,636V, =09V,
T

Tuong tu cho dong trén tai:
2L,V o Vaws
T TR,

I

DC
L

Nhan xét: DO gon song cla mach chinh luu toan séng gidm so vGi chinh 1uu bén ky.
ii. Chinhluucau

Thay vi phai st dung bi€n ap c6 chau gilra, + |
ta khong can ma chi can sap x€p céc diode v j(%(

R

dé c6 thé dan dién & ca 2 ban ky. i 4 X é
- Banky ddu Vi > V: D1D3 dan, D2 : |
D4 tat => dong chay A->D1->R->D3->C.
- Banky sau V, < V.: D1 D3 tat, D2 —
D4 dan => dong tir C->D2->R->D4->A.
Cong thUc tinh dong va &p nhu 2 diode
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iv. Macdhloc
D
- M—o
+
VL
Vi—
1 R

— D —

‘ ¢ —p—

hiéu ra trong cdc mach chinh Iuu c6 dO gon séng kha 16n va VDC thap (toan ky
VDC = 0.636 Vm). Do d6 d€ cai thién dd gon séng ngudi ta mac thém cac mach loc.

O ngd ra, khi D1 d&n, dong qua tai R va nap cho tu C. O dinh A, dién thé gidm, tu
14p tc xa dién qua tai vGi thoi gian T = RL.C. Khi tu xa dén B, D2 dan va lai nap cho
tu 1én dinh A, c( thé€ ti€p tuc. K&t qua 1a dang séng ra nhu hinh vé& c6 VDC ting va do
gon séng gidm so vdi ltic chua 6 tu 1oc.

v. Madxén

Mach xén con goi 1a mach gidi han bién d0 tin hiéu, trong dé tin hi€u V, ludn ti 1&
vGi tin hi€u vao V; néu V; chua vugt qua mot gia tri ngudng cho trudc Vi, con khi V,
vUgt qua m{c nguGng thi tin hi€u ra V, ludn gilt mot gia tri khong doi.

Céc linh kién tich cuc dugc si dung trong mach xén thuOng 1a diode, transistor, dén
dién tU cling nhu cac vi mach tuy€n tinh. Tuy nhién mach xén diing diode dugc s dung
rOng rdi hon vi mach cau tao don gidn, d6 tin cay cao.

Cac mach xén dung diode:

« Mach néi tiép: tdi n0i ti€p diode.

« Mach song song: tai song song vGi diode.
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Gid thiét diode ly tudng.
V,=0
1 =0 (dién trd thudn)
Is = 0 (dong ro, dong ngu'Qc)
r, = o0 (dién tr@ ngugc)

s Mach xén trén:

D
R
Vi Vo
I Vn
Mach néi tiép
Vo A
VN f——-
|
|
| \'A
' >
0 Vi

Ham truyén da

v
0 »
R
— \A\N——o—o
v Vo
— Vy

l .

Mach song song

Dang tin hiéu ra khi tin hiéa vao hinh sin

Mach néi tiép

Mach song song

+ NEéuv;>Vy
~ Diode tat

- Vo= Vi

+ Néuvi< Vy

~ Diode dan

— Vo =Vj

« NEéuvi>Vy
~. Diode dan

- Vo= Vn

« NEuv;<Vy

— Diode tat

— Vo = Vj

< Mach xén dudi:
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D

R
— \WA\N—9o o
R
Vi Vo Vi ZS D Vo
R S R !
Mach néi tiép Mach song song
Mach ndi ti€p Mach song song

+ NEéuv;<Vy
_ Diode tat

- Vo= Vn

e Néuvi= Vy

— Diode dan

i Néu Vi < VN
— Diode dan
- Vo= Vn

i Néu Vi > VN

- Diode tat
— Vo = Vi - Vo = Vi
Viy
Vi ( t
// | »
4 |
7 | Vo
: >
0 Vx

Ham truyén da

Dang tin hiéu ra khi tin hiéu vao hinh sin
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CHUONG IV: MACH KHUECH PAI

1. Khai niém vé mach khuéch dai
1.1 Khdi niém mach khuéch dai

Khuéch dai 1a qua trinh bién ddi mot dai lugng (dong dién hodc dién 4p) tUr bién
d0 nho thanh bién d6 16n ma khong 1am thay dGi dang cUa né.

Tuy theo dang cUa tin hi€u can khuéch dai ma ngudi ta phan ra: b0 khuéch dai tin
hiéu mOt chiéu (t6ng quéat hon: tin hiéu bi€n thién chdm) va bo khu€ch dai tin hiéu xoay
chiéu. BO khuéch dai th( 2 1ai dugc chia lam 2 loai: tan sO thdp (4&m tan) va bo khuéch
dai tan sO cao.

Khoi khuéch dai

i i
RS I ) L

-+

Vs Vi Q Avi R D Vi
I
I
L

Hinh 3.1: So d6 khoi tong quét cia mach khuéeh dai

1.2 Cdc théng sé dac trung ctla mach khuéch dai

N n~ n’ . o« A 7 — v N\ rd 7 -~ « A 7 Y o A 7 N
- Hé sO khuéch dai dién 4p: A, = V—L la ti sO giUa dién ap ra VL va di€n ap vao VS.

S

N n n . N « A — i
- Hé s6 khuéch dai dong dién: A = li .
— PO — VLIL
P VI,

1

- Hé s6 khuéch dai cong suat (d0 10i cong sudt): A,

Ju VR _Vi
- TOng tr® ngd vao: Z; = T

1
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- TOng tr& ngd ra: Zo.
Chat luong bo khué€ch dai cang tOt khi Z; cang 16n va Z, cang nho.

.1.3 Cdc théng s6 Hybrid

i

2, <=
*—— —e
+ +
V1 V2
— L o

Hinh 3.2: So 6 trong duong mach khuéch dai 4 cye 2 cia
Phuong trinh mang 4 cuc viét theo thong s& Hybrid :
vi = huiy + hpvy
io = hoiy + hpovo
Thay cac thong sO mang 2 c(fa bang cac thong sO h cla transistor :
vi = hil; + hv,
i> = hdy + hevo

Trong d6 cac théng sO h cUa transistor dugc dinh nghia nhu sau :

h, = v—ll » : tr0 khang vao ngan mach
vl A A 2
P Z A : dO 1gi dien ap ngugc khi hd mach
hy = z—zl V. : d6 10i dong thudn ngan mach
h, = ‘1,—22 5 : tOng dan ngd ra hG mach
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Ung dung v6i cach mac khac nhau (EC, BC, CC) ma ch(t th(t 2 dugc chi dinh. Vi du
. hoe, hje,. ..
2. Cac khai ni€ém co'ban cllamach khuéch dai mot tang
2.1 Piém lam viéc tinh va dudng tai mét chiéu

Xét mOt tang khuéch dai ding BJT mac EC nhu hinh 3.3.

Hinh 3.3: Tang khuéch dai don gian ding BIT méc EC

P& BJT c¢6 kha ning khuéch dai tin hiéu, chuyén ti€p J; phan cuc thudn con
chuy€n ti€p Je phan cuc nghich. O mach nay, ngudn E; cling dién trd Rp tao ra dién ap
mOt chi€u lam cho chuyén ti€p Je phan cuc thudn & mOt mUc nhat dinh, nghia 1a 1am cho
dong I va dién ap Vi trong mach vao c6 nhiing gia tri Isq, Veeq ndo d6. Trén ddc tuy€n
vao cla BJT, cap gid tri Isq va Vi 12 toa d0 di€ém Q, goi 1a di€ém lam viéc tinh ngd vao
clUa BJT. Ngu0n E, cing dién tr& Rc tao ra dién 4p mOt chi€éu lam phan cuc nghich
chuyén ti€p Jc, khi€n cho dong I¢ va dién 4p Ve & ngd ra c6 nhing gia tri xac dinh: Icq va
Veeq. Cap gia tri Ieq va Vg S€ xac dinh nén mot di€ém Q, goi 1a diém lam viéc tinh ngd
ra.

Nhu vay vGi mOt BJT da cho, ngubn E,, E, cling cic dién trd phan cuc Rg, Rg sé&
quy€t dinh gia tri t0c thOi cla dong dién va dién &p trén BJT, néi cach khac chiing sé&

quy€t dinh di€m lam viéc tinh cla mach.
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Iy .nIC
)
N N
E & Vee =Veeg E lg2
Rg / Rc (2)
S Q> Iy = IH(J
Iggp-----= Q Ieq F-/---2x0
! | Lgs
| y |
Q3
| Y Ve (3) : 9 Ve
0 Varg  EINB 0 Veeo  E°N
Hinh 3.4: Déc tuyén vio vi dudng tai mach vio Hinh 3.5- Dic tuyén ra va dudmg tai mach ra

Dong Is va ap Vg lién hé vGi nhau theo ddc tuy€n tinh cla BJT (dudng sO 1 — hinh
3.4). Mat khéc theo dinh luat Kirchoff II:

E,=1gRg + Vg
=> IB = —Vﬂ+£
R; Ry

Giao di€m cla 2 d0 thi néi trén xac dinh di€ém lam viéc tinh Q cla dudng tai mach

vao.

Tuong tu, trong mach ra, dong Ic va 4p Ve c6 quan hé v&i nhau theo dac tuyén ra
cUa BJT (dudng sO 1 — hinh 3.5 Ung vGi dong Is = Isg). Theo dinh luat Kirchoff II:

E, =IcRc+ Ve

=> IC :—LVCE +&
RC RC

Giao di€m cUa 2 dO thj trén xac dinh di€m lam viéc tinh Q cla dudng tai mach ra.

Nhu vay di€m Q trén dac tuy€n vao va ra 1a mOt va 1a duy nhat. Vi tang khuéch
dai dang xét, cac cap gid tri (Is, Vie) hodc (Ic va V) thod man dinh luat Kirchoff II trong
mach vao hodc ra s€ xac dinh nén dudng tai mOt chi€u clla mach vao hodc ra. Giao
di€m cUa dudng tai mOt chi€u vGi ddc tuyén tinh tuong Ung cla BJT chinh 1a di€m lam

vi€c tinh ma toa d6 cla né 1a gia tri dong va ap tUc thOi trong mach.

Trudng PH Giao thong van tdi TPHCM
Trang 74



Bai giang Ky thudt dién tur

A ~n d N 2 ~ — 1 d \ 2 . ~ — 1
PO dOc cua dulng tai AB la W@y = "R s cUa dudng tdi MN la tg6 = R Nhu
B C
vay, mOt cach tOng quat, 6 dOc cla dudng tai mOt chiéu cé gia tri tuyét dOi bang

nghich ddo cUa dién rd tuong Ung.

2.2 Trang thdi déng — PO thi thdi gian

Trang thai 1am vi€c cla BJT hodc FET khi c6 tin hi€u xoay chi€u dua dén ngd vao
(do d6 xudt hién dién ap xoay chi€u hodc dong dién xoay chi€éu & ngd ra) goi la trang
thai dOng. Liic ndy tin hiéu xoay chi€u V, x€p chOng 1én dién ap phan cuc vOn c6 & trang
thai tinh. Trén hinh 3.6 va 3.7 minh hoa d6 thi thdi gian cUa cac dong & trang thai tinh va
cac dong tuong Ung & trang thai dOng khi V. hinh sin.

+ 1I":s F Y 1'n"'s
Trang thai tinh Trang thai déng
V.=0 t !
0 ) 0 S '
A iB A iB
Tog NP N
t t
0 ] 0 i
A iC - BiC+ICEO Ey lC
ICQ ICQ TN, T T T T
i |
0 i 0 "
Hinh 3.6: Cdc dong dién ¢ trang thdi tinh Hinh 3.7: Cic dong dién & trang thai dong

Ta thdy dong dién tlrc thoi & trang thai dOng 1a tGng dai s6 cla 2 thanh phan: thanh
phan mot chi€u (Ung vGi trang thai tinh) va thanh phan xoay chi€u do tin hiéu V, gy ra.
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0] (a) 0 (b) 0] A

! / (©)
10 = T +ig.
Hinh 3.8: Cdc thanh phin cia dong dién tire thoi

2.3 Puong tai xoay chiéu

Puong tdi MN G hinh 3.5 1a tap hop tat ca cac vi tri c6 thé c6 cla di€m lam viéc
tinh. N6i cach khac mOi di€m trén dudng tai MN xac dinh mOt cap gia tri tuong Ung cla
d()ng Ic va dlén ép VecE.

POi vGi trang thai dOng, khi c6 ngudn tin hiéu xoay chi€u Vs tac ddng, moi cap gia
tri tvong Ung cUa dong vao &p tUkc thOi ic(t), vee(t) trén ngd ra sé xac dinh nén trén dac
tuy€n ra mOt di€ém lam viéc dOng. Khi bién d0 V. thay dbi, di€ém lam viéc dOng bay xé
dich trén mOt quy dao nao d6 dugc goi l1a dudng tai xoay chiéu.

VCEN

1.

Pién trd tai dbi véi tin hiu xoay chiéu clla machra: R. = . Vay do doc

2 \ 2 N ~ —_ 1 -, N , - pY 2. o N
cUa duOng tai xoay chiéu la: (g0 = ~R s trong do6 & la goc gilra duOng tai xoay chiéu va

truc hoanh.

Mat khac, c6 th€ coi trang théi tinh nhu 1a mOt truOng hgp riéng (Ung v4i bién d0 V,
= 0) cUa trang thai dong. Khi bién d0 V., thay d0i, di€m lam viéc dOng di dOng trén
duong tai xoay chi€u. Khi bién dd V, = 0, di€ém lam viéc dOng trd vé tring v&i di€ém lam
tinh. Di€u nay chlng té di€m lam vié€c tinh ciing chi 1d m0t di€ém lam viéc dac biét cla
duong tai xoay chiéu. Nhu vay cd dudng tai mOt chi€u 1an xoay chiéu déu chlra di€m

lam viéc tinh, hay néi cach khac, di€m lam viéc tinh Q 1a giao di€m cUa 2 duOng tai nay.
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2.4 Cdc ché d6 lam viéc cia phan t& khuéch dai

Tuy theo vi tri di€m 1am viéc tinh trén dudng tai xoay chi€u, ngudi ta phan biét cac
ché€ d6 1am viéc sau day:

2.4.1 Ché dé A
Khi chon dién ap phan cuc sao cho di€m lam vié€c tinh Q nam & khodng gilra doan
MN trén dudng tai xoay chi€u (trong d6 M va N 1a giao di€ém cla duoOng tai xoay chi€u

vGi dac tuyén ra Ung vGi dong cuc dai Ipm., va dong cuc tiéu Ig.,) thi ta néi phan tlr
khué€ch dai lam viéc & ché d0 A.

\: C iHZIBmux
|
[{'.'m.lx r== s
I ip=Ipg
1 Qr‘v.
. —_—— e
g i
1 1
[Cul : .
]{1 _ : 1 N ]|3-=]J.'$u|in v
min fF—— - == = -
} 1 :\P LE
1 1
G I V(*FQ 1
1

Hinh 3.9: Diém lam viéc & ché d6 A
Pac diém cla ché d0 A:
- Khuéch dai trung thuc, it méo phi tuyén.

- Dong tinh va ap tinh ludn khac 0, nghia 1a ngay & trong trang thai tinh, tang kh€uch
dai da tiéu hao mOt ning luong dang k€. Bién d0 dong va ap xoay chi€u 1ay ra (Icm, Veem)
t0i da chi bang dong va ép tinh. Vi vay ché d0 A c6 hiéu sudt thap, thong thudng hiéu
suat tOi da cla 18p A 1a 25%.

- Ché d6 A thudng dung trong cac tang khué€ch dai tin hiéu nho.
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2.4.2 Ché d6 B

Néu chon dién 4p phan cuc sao cho vi trf di€ém tinh Q tring v4i di€ém D hodc diém
N thi phan t& khué€ch dai 1am viéc G ché d6 B ly tudng. Pac di€m cla ché dd nay nhu

Sau:

- Khi dong di€n vao (hoac dién ap vao) 1a hinh sin, thi dong dién ra va dién &p ra chi

con n(ra (hodc gia nlra) hinh sin, néi cach khac: méo phi tuy€n tram trong.

- O trang théi tinh, dong Icq = 0, do d6 ndng 1Ugng tidu thu bdi tAng khuéch dai rat
nhd. Chi & trang thai dOng, dong dién trung binh Ic méi ting dan theo bién d6 tin hiéu
vao. Do d6 ning luong tiéu thu ciing ti 1& vGi bién dd xoay chi€u tin hi€u xoay chi€u lay
ra. Nhu' vay ché€ d0 B c6 hiéu suat cao (khodng 78.5%).

- Ché d0 thuOng dung trong cac tang khué€ch dai cong sudt (cac tang culi cUa thiét
bi khuéch dai). D€ khac phuc méo phi tuy€n, né doi hdi mach phai c6 2 vé dbi xUng,

thay phién nhau lam viéc trong 2 nUta chu ky.

ik ey i —

1
1
t |
1

Hinh 3.10: Diém lam viéc & ché do B
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Trén thuc t€, ngudi ta con ding ch€ dd AB (trung gian gilta ch€ dd A va ché do B):
di€m Q chon & phia trén di€m N va gan di€m nay. Lic d6 phéat huy dugc Uu di€m cla
mOi ché d6, gidm bGt méo phi tuy€n nhung hiéu sudt kém hon ché d6 B.

2.4.3 Ché dé D

Ché d6 nay con dugc goi 1a ché dd khoa hay ché d0 déng md. Ngoai ché dd
khuéch dai, BJT hodc FET con c6 thé lam viéc nhu mot cii dong ngat dién (ché dd
khod). Liic ndy, tuy theo xung dong di€én vao (hodc dién ap vao) ma BJT lam viéc & 1
trong 2 ché d0 doi 1ap: trang thai khoda (trang thai tat) khi Q nam & phia dudi diém N,
trang thai dan bio hoa (trang thai md) khi Q ndm phia trén di€m M, gan di€m C. Pay la

ch€ d6 BJT lam viéc vdi tin hiéu xung.

3. Cac mach phan cuc cho BJT
3.1 Ding nguén 1 chiéu Vg,

Hinh 3.11: Mach phén cuc ding nguén 1 chiéu
Dinh luat Kirchoff II cho vong c6 chlfa Vig:
-Vgs + Rplg + Vig + Relgqg = 0

Mél ICQ = IEQ, ICQ = ﬂIBQ

. Ieo

-Ves + Rs B+ Vie + Releq =0
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— Vis = Vi

Q
R, + R

0 Ie
Dinh luat Kirchoff I cho vong tU Ve dé€n mass:
-Vee + Releq + Verq + Releq = 0

1 1

=> = +—
leq Rc + R e Rc +R;

cCc

Pay chinh la phuong trinh dudng tai 1 chi€u (DCLL). D& I On dinh, phdi chon R

. 1 . _—
>> Ry/P . Thudng chon Rg = B('B +DR; d€ I, On dinh.

3.2 Dung dién tré' R;

Hinh 3.12: Mach phin cye ding dién tré

Dinh luat Kirchoff IT tUf Ve -> R -> mass:

I

—cQ
-Vee + Rp B+ Vie + Releq =0
Vcc - VBE
R, + R,/

=> I, =

Dinh luat Kirchoff II tU Ve -> R -> mass:

-Vee + Releq + Vepq + Releg = 0
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=> Veeq = Vee — (Re + Re)leq

1 1

=>lg= "= Vet ———
ICQ RC + RE e RC + RE

cC

Day 1a phuong trinh dudng tai 1 chiéu (DCLL) cla mach.

3.3 Dung dién tré phdn dp

Vee
Ic
R¢ l
C,
| _li B c +
v, | + _VCE
Rg Vee _|E -
Vi Re S

(a) = (by —

Hinh 3.13: (a) Mach phan cwe dung dién tro phan ap
(b) Mach Thevenil trong tng

Theo dinh ly Thevenil:
R, [R,
RBB = RT N Rl//Rz = Rl " R2
RZ
Veg = Vi = U = R1 +R2 Vee

Theo céch tinh todn tuong tu' nhu' mach phan cuc ding dién ap Vg, ta co:

4 VBB _VBE

Iy R
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3.4 Phdn cuc nho hoi tiép ttr Collector

+Vcc

C,

|
f

d_

'
.

[

¢

[
N

c
E

Hinh 3.14: Mach héi tiép dﬁng_kiéu héi tiép tir Collector

O mach nay, dién r® Rs dan dién &p t ngd ra (cUc collector) va dua ngudc vé& ngd

vao (cUc base):
Vie = Vee— g Rg = Vo — (Ic + IB) Rc—1s Rs

Vi vay khi nhiét d6 1am dong ra Ic tang 1én thi dnh huong dé sé tac ddng ngugc vé
ngd vao, lam Ve gidm va lam I, nghia 1a bu trir 1ai su bi€én dOng di€m lam viéc do nhiét
do.

Dinh luat Kirchoff II cho vong tU Ve -> Re -> Rp -> mass:

-Vee + Rc (Ic +Ig) + Relg + Ve =0

=> Ve + Ie(R +&+R—B)—o
CC C C B B
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Vee =V
+ Ry + R,

C

=> IC:

R

Ve = Vee - IERc

HOéC VCE = IBRB + VBE = IB RB

4. Cacmach phan cuc cho JFET
4.1 Phdn cuc cho JFET kiéu tur cap

Hinh 3.15: Mach phgn cue cho JFET kiéu ty cfip

Céc JFET thuOng dugc tu phan cuc nhd dién trd R, mac gilta ngubn va dat. Dong
méng ID sé ha trén dién tr&d d6 mét di€n 4p Vsu = Ip.Rs. Chinh dién 4p ndy phan cuc
nghich cho chuyén ti€p P — N gilta cuc clfa va kénh dan, bdi vi dong qua RG x&p xi bang
0 nén di€m G gan nhu dang thé vdi dat.

Vas =-Ip Rs
Vs = Ep — In(Rp+ Rs)

Ta c6 th€ xac dinh di€m lam viéc tinh Q bang do thi. Gid st dac tuyén truyén dat Ip =

f(Vas) cla JFET dugc md phong bang bi€u thic:
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\%
Ip = Ipss %‘ié
P

1
=I5 = -—V
D RS GS
F ID F ID
V=0
Ipes Ep ~\M
Rr+ER:
Q VGSZVGSQ
IDQ IDQ ——————
I
|
: Vias=Ve
Vs i Vre
0 ) 0 Vbeg N Ep i

Hinh 3.16: Diém Q trén 2 do thi
Giao di€m Q cUa do thj néi trén xac dinh cap gid tri can tim: Visq va Ing.
O ngd ra, gid st dd 6 ho dic tuyén méng cUa JFET nhu hinh 3.16. Mt khac:

I, == : Vs * Ep
R, + Ry R, +Rg

Pudng tai 1 chiéu nay thé hién bang dudng MN. Giao diém cla dudng nay vdi
ddc tuyén tinh Ung vGi Vs = Vasq 5€ xdc dinh tri s6 dong va ép tinh trong mach ra.

NgUudi ta ciing c6 thé xac dinh di€m tinh Q theo phuong phép gidi tich, khi da biét
cac tham 56 Vp, IDSS, RD, Rs...

Qua 1 s6 phép bi€n ddi ta dugc:

Rg.I
P P
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Pay 1a phuong trinh bac 2 doi vdi In. Nghiém cla né chinh 1a Inq. TU dé xé4c dinh
dUOC VGSQ va VDSQ.

4.2 Phdn cuc cho JFET kiéu phén dp

- * Ve Vasgl 0 Vau
Hinh 3.17: Mach phén cye cho JFET kiéu phin ap Hinh 3.18: Xdc dinh diém tinh bang §6 thi

2 dién tr@ Re; va Re; tao nén b phan &p. Do Ig = 0 nén:

RGZ

VGM = ED - -
RGl +RG2

= const

Mat khac: Vsy = Ip. Rs.

Vi vay di€n 4p phan cuc & ngd vao xac dinh b8i: Vs = Vom — Ip Rs
Va & ngd ra: Vps = Ep — I (Rp + Ry)

Dong mang Ip xac dinh nhu sau:

v
I, = _LVGS +

R, R,
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Quan hé nay (thé hién bang dudng thang AB) cat truc hoanh tai hoanh d0 Ve, cat

Vou
trUc tung tai tung dO R ). Giao diém cUa duOng nay vdi dac tuyén truyén dat Ip =
s

f(Vss) 1a di€m tinh Q.

5. Cacmach khué€ch dai tin hiéu nhé dimg BJT hoac FET

MOt thiét bj khuéch dai thuOng bao gOm nhi€u tang ké ti€p nhau. Cac tang & phia
dau 1am nhiém vu khuéch dai dién 4p vGi bién d6 tin hi€u con chua 16n nén dugc goi
chung nén dugc goi chung 1a tang khuéch dai tin hi€u nhd. Ching lam viéc G ché do A.
Cac tang phia cu0i c6 nhiém vu dua ra trén tai mot tin hi€u céng suat 16n, it méo dang
va hiéu sudt cao, thudng goi l1a tang khuéch dai céng sudt. DUGi day, chiing ta khdo sét
mOt tang khuéch dai tin hi€u nho theo phuong phép théng dung va phuong phap gidi
tich: thay th€ mach cu thé€ bang so d6 tuong duong xoay chiéu, roi ti€n hanh don gidn
hoé, sau dé tinh ra cac thong sO dac trung cUa mach. D6 1a cac thong so: do 10i ap, dO 10i
dong, dién trd vao, di€n trd ra dOi vai tin hi€u xoay chiéu.

5.1 Mach khuéch dai dung BJT mac EC

Hinh 3.19: M6 hinh trong dwong BIT méac EC

Cung khdo st cac thong sO xoay chi€u cla mach:
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Hé phuong trinh théng s0 h:

re - ce

|:vbe :hieiB +h vV
. =hiy +h,v

oe " ce

_mV,| _mv,B_mhV,

I I I

h — vbe
Vep =0 BQ ‘Q cQ cQ

ie — .

I

B

O nhiét dd phong, Vr = 25mV. Chonm = 1
25(mV)
* 1o (mA)

h =l

fo (thong s6 clla BJT)
1
B

Ve =0

1%
— "be

hre -
1%

ce

i5=0

-

ce

QM

i5=0

Thong thudng hy va he. c6 gié tri rat nhd (< 107

Nhu vay so dO tuong dudng cUa transistor sau khi da loai bo nhiing thong sO anh
hudng khong dang k€ vao mach :

Hinh 3.20: Mb hinh twong duong tin hidu nhé cia BIT mic EC
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+V, is

i
|

(b) R

Hinh 3.21: Mach khuéch dai méc EC (a) va so d6 trong durong cua no (b)

* Pién trd vao :

Rig = (RB /l hie)

Thong thuong tang khuéch dai E.C c6 dién trd vao cd 600Q - 2kQ

* Pién trOra :
Roe = Re

* PO 1gi dong :

ip _ i dc B — _ R, B EB:E
A= TS S T TR 4R feR+h hfeh R
S C B S C L L
* P& 10i ap
1
. R g
vl lL lC lB vi + RL hie hi(:'
* PO l1oi ap toan phan :
Viu o Rop Re
Tve v v *“h, R,+R

5.2 Mach khuéch dai dung BJT mac BC
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> B e &ele
j i i
Rs R, | N
I e Lo
| SR ; R :h'-té ® éhub: SRe IR
D : L
Rie : B P! Ros
__ R
R.

Hinh 3.22: Mach khuéch dai BC va mach trrong duong tin hiéu nho, thn sb ‘rhfip

So db tuong duong tin hi€u nhd, v4i thanh phan 1/h,, c6 th€ bd qua.

mVT hie
hy = =

Iy, hg

i i h,
hy, = c — C — fe

iy i,(1+h,) 1+h,

* Pién trd vao :

Riz = (Re//hw)
* Pién trO'ra:

Ros = Rc

* PO 10i dong :

i i, d- 1 R R ,
pam=lidede=__Re g ogo_Re yop g
Ig I 1 g R. tR; Ry +hy i
* PO 10i ap
.. R )
An=-L=tOLdCBE =R O-—C ), I--)=h,
VEB lL lC lE VEB RC + RL hib

* PO 1oi ap toan phan :
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A_V_L:vL e = p Sy R
tp — fb
Vs Vg Vs hy, Ry + R

5.3 Mach khuéch dai dung BJT mac CC

I
nin

=

Hinh 2.23: Mach khuéch dai ding BJT mic CC

1 g | | ig :
5 ® B clc ! 5 B! he E Cclc
A | 'If | A
I heip | | 1
I = I
R BRI A
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Hinh 2.24: Mach trong dwong tin hiéu nho tan s6 thap cia BIT méc CC

Viéc x4c dinh di€m lam viéc tinh tuong tu mac EC: dung phuong phap do thi hodc
gidi tich.
VL = VE = (RE//RL) iE = (RE//RL) iB

iE = (1+hfe) iB

:>R]'E = (1+hfe)RE
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R, =(1+ he )R,
* Pién trd vao :
Ric = Re//(he + Re/R1)
*Pién trO'ra:
DE tinh tOng trd ra cUa tang khuéch dai, vé 1ai mach tuong duong cUa hinh 2.24a.

15 i .
B 't hy E

-
Wy

-

Rs
, — = .,
i ST R:3 Rig Wi

| ]

= RUC

Hinh 2.24c: Mach trong duong hinh 2.24a

R;

e, )

R
Roc = Re//(h + (75,
fe

* PO 1oi dong dién :

\ . . | | R
A =1.i:i["‘.id.£:imRE//RL)D ° ,
s v, Iz iy R, Ry +h, +(R; //R))
* PO loi ap :
h . | | R
Avc:v_L:\.}_Ld.Ed_:(RE//RL)D b —0 !
Vi g gV Ry +h, + (R //R;) Rg+ R

5.3 Mach khuéch dai dung JFET mac SC

So db tuong duong clia mach khuéch dai tin hiéu nhd tan s6 thap cla JFET
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Hinh 3.25: Mach trong dwong tin hiéu nhé tan sb thap cia JFET

Vi rgs = @, 1ps (xac dinh trudc).

G = _ZIDSS E%_VGSQ E
VP VP
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|
|
Rp §
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I G\ s §
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Hinh 2.26: Mach khuéch dai ding JFET méc SC
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Hinh 2.27: Mach tirong durong tin hidu nho tan s6 thap cia JFET mac SC

* Pién trd vao :

Ris = (RG // Fi) = Rg
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VGi 1; 1a dién tr3 vao cla JFET (dién trd cUa chuyén ti€p P-N gilta clfa va ngubn)

thudng rat 16n vi chuy€n ti€p nay phan cuc nghich (Is = 0).
Trén thuc t€, Ris thuOng cd mOt vai MQ.
*Pién trOra:
Ros =(Rp//1p) = Rp
V@i rp 1a dién trd vi phan ngd ra cla JFET, thuOng c6 gid tri ¢§ (0.5 + 1) MQ

* PO loi ap :

\47 vL d—
Ay = = [—I— R, =-g,, R, // R, I,
i Vs i % E:% p +R /IRy E 9n R

Néu JFET mac theo so d6 méang chung (D.C) hodc c(fa chung (G.C) ta van phan tich

theo phuong phap tuong tu. Tang D.C van c6 ddc diém va Ung dung gan nhu mach C.C
cla BJT: dién trG vao 16n, dién trd ra nhd do 10i 4p xap xi bang 1 va tin hiéu ra dong

pha v&i tin hiéu vao.

6. Cac dang ghép lién tang
e |
Tang Tang Tang
1Wil 1 VDI 2 ™ VDH gRL

I
-u::",
1—5{‘—1-

“7 | |

Hinh 2.28: Khuéch dai ghép lién tang

O phan tén, ching ta di lam quen v6i mOt sO tAng khuéch dai. Hinh thlc mach
dién cla cac tang nay c6 th€ khong giOng nhau, s& dung linh kién khéc nhau, ..., nhung

mOt cach tOng quat, ta ludn ludn coi chiing nhu nhitng mang 4 cuc (hai cuc vao va hai cuc
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ra). MOi mang dugc dac trung bai cac thong sO cd ban: trd khang vao, trd khang ra, d
10i dong, dO 10i 4p,... va thong thuOng, cac thong sO nay thay dGi theo di€ém lam viéc va
theo tan sO tin hiéu.

Nhu vay tin hiéu ra cla tang trudc déng vai tro tin hi€u vao cla tang sau, dién tré
vao cUa tang sau lam nhiém vu tai cla tang trudc. PO 10i chung toan thiét bi sé 1a tich
cUa d0 1gi tUng tang :

\%
et o dado gl <4, o,
il Il 01

1

n
on-1

Linh kién thuc hién su ghép tang c6 thé 1a tu dién, dién cdm, bién &p, ... DUGi day
sé khdo sat tUng dang ghép.

6.1 Ghép dién tré - dién dung

PV
R
Ré 4 C,
| ¢
C, - I
EGQE

E. Q) Ré
R, 1
g,;rs R'3 C4 AT

Hinh 2.29: Mach khuéch dai ghép 2 tang ding céch ghép RC
Ki€u ghép ndy c6 ché€ d0 tinh cUa cac tang dOc l1ap vGi nhau.

Viéc khdo sat bd khuéch dai nhi€u tang (xac dinh di€m tinh, tinh cac théng sO co
ban...) sé ti€n hanh 1&n lugt cho tlng tang, theo t( tu tlr sau ra trudc. PE tinh todn thong
s& xoay chi€u cla céc tang khu€ch dai tin hiéu nhd, ta van ding phuong phap quen
thuQc: dau tién, xét & pham vi tan sO trung binh, 1ap so dO0 tuong duong don gidn hoa

(coi cac tu n6i tang nhu ngan mach, bd qua cac dién dung ky sinh...) r0i tinh ra cac

Trudng PH Giao thong van tdi TPHCM
Trang 94



Bai giang Ky thudt dién tur

thong sO can thié€t. Sau d6 xét cho pham vi tan sO thap (tr& khang cac tu khong con 16n)
va pham vi tan sO cao (xét vGi vai trd cac tu ky sinh va su thay dGi theo tan sO cla cac

tham sO transistor nhu @, 3...).

6.2 Ghép truc tiép

P& khuéch dai cac tin hiéu mbt chi€u hodc tan s6 rat thdp (tin hiéu bi€n thién
chém) khong th€ ghép tang bang tu dién hodc bi€n 4p ma ngudi ta noi truc ti€p ngd ra

tang truGc v3i ngd vao tang sau. Trén hinh 2.30 1a mOt vi du vé kiéu ghép nay.

W,

Hinh 2.30: Mach khuéch dai 2 ting dimg BIT ghép tryc tiép

Ché€ do tinh cUa cac tang lién quan v&i nhau. Hién tugng khong On dinh di€m lam
vi€c cUa tang nay s€ gy ra su' xé dich di€m lam viéc cla tang kia va do d6 lam thay d6i
dién ap ra. Vi vay nguoi ta thudng thuc hién hoi ti€p d€ han ché “su troi di€m tinh”
vUa néu.

Trén mach & hinh 2.30, Rs; Re 1 cic dién tr& On dinh dong tinh cUa tUng transistor
(hOi ti€p am dong dién noi ti€p). Dong emitter cla Q, gay nén dién 4p mOt chi€u trén Re.
Chinh dién 4p nay phan cuc cho Q, (thong qua bd phan ap R, — Ry).

Cach phan cuc nho hoi ti€p tUr Q, vé Q, nhu vay sé tu dOng On dinh dong tinh cla
cac transistor. That vay, do ban chat cla transistor, khi nhiét d6 méi truOng ting thi cac
tham sO Icro, Icso, O, B, ... sé tang khién dong Ic, Ig tang va diém lam viéc mat on dinh.
DPoi véi hinh 2.30, n€u nhi€t d0 1am viéc I, ting thi di€n ap trén R tdng, do d6 (thdng

Trudng PH Giao thong van tdi TPHCM
Trang 95



Bai giang Ky thudt dién tur

qua nhan ap R; - R,) dién ap phan cuc cho Q, sé ting va dong I; ting. Nhung do ghép truc
tiép:
Vi2=Ve1 = Vee— (Ia + Is2) Ry
Cho nén khi I¢; tdng thi Vi, gidm. Dién ap phan cUc ndy gidm sé& 1am I, va I, gidm,
nghia 1a han ché su ting dong tinh cla Q, do nhiét d0 gy ra.
Nhu vay mach ghép truc ti€p c6 hoi ti€p trén diy c6 di€ém lam viéc kha On dinh.
PO 10i 4p cla mach ciing kha cao. D& dang chitng minh dugc rang:

R
Khi Ry >> Ry, thi:Av = hg: hee RLZ

il
Trong d6 Ry, 14 tdi cla tdng Q,, Ry 1a dién trd vao cla tang Q..

6.3 Ghép Darlington

PE nang cao hé khuéch dai va dién tré vao, nhi€u khi ngudi ta ghép hai (hodc ba)
transistor nhu hinh 2.31a. T6 hop nay déng vai trd nhu mOt transistor N-P-N (hinh 2.31b),
g0i 13 transistor phtfc hgp hodc transistor ghép Darlington. Tai R, thudng mac & cuc E va
do d6, trén hinh 2.31, transistor phUtc hgp hoat ddng nhu mot tang khuéch dai mac C.C.

+ch: +VGC

C Ry C
—————————— —dr——-i I———————-i——-l
1 Is C : 1
1 i 4 |
Y = |
R — 1 R ! ,

H 1 Q,z " - 1
I i b= +—-!
______ ek E
v B v,
R, Ry

(a) (bl
Hinh 2.31: Mach khuéch dai ding BJT ghép Darlington

Ngudi ta ciing c6 th€ ghép trén transistor P-N-P v&i mOt transistor N-P-N nhu hinh
2.32a. TG hop ndy déng vai trd nhu mot transistor loai P-N-P (hinh 2.32b). Nhu vy, trong
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cach ghép phlc hop, transistor Q; déng vai trd quy€t dinh loai dan dién (N-P-N hay P-N-

P) cUa transistor phUc hgp, con Q, chi 1am nhiém vu khuéch dai dong ra.

‘
i
1
‘EE--
o

[

[

ﬁ

(a) (b)
Hinh 232 Ghép Darlington dé tao transistor P - N - P

Hay xét mach hinh 2.31a lam vi du. Tang Q,, mac C.C, c6 dién tré vao kha 16n:
Riz = hipp + (1+hs) Ry = hg Ry

b0 10i dong :
I
Ap=—*=1+hg, =hg,
Ig,

Ap dung mach tuong duong cla BJT mac C.C, ta vé dugc mdt so dd tuong
dudng xoay chi€u cla tang Q.. Pién tr& vao cUa transistor phlic hop (nhin tU cuc B,),

xac dinh theo:

1

1 R.
/IR, Ez he, =
El

/IR, Ezhm iz
oEL ’ "14R._h

O i277OE1

O day do Ry, khé 16n nén khong thé bd qua vai trd mac song song clia thay gia

hOEl

tri gan diing cla cla Ry, ta c6:

RL
1+ th2 |:IhOEl]RL

 =hg i,
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Khi hg . hopr Rp << 1 thi:
Ri= hgi . hm . Ry

Pién trd vao cUa mach hinh 2.31, k€ dén cd vai trd Rg:
R, = (Rg /)

Do r; rat16n nén tri sO Rg déng vai tro quyét dinh.

D0 10i dong cla tang Q,
IEI
Ail - IS
Trong do:
I = (1+he)Is;
Con Is xac dinh tUr dién ap vao:

Vi = Is (RB // I'i) =< IBlRi

IBlri B +rl
Cho nén: Is = =1
T Ryn) Y R,
_ ~ (I+hg )Ry
=>An= T -,
RB +r1

Do d6 d6 1gi dong cd toan mach:

Ry

Ry
Ai=A;.Ap=({+h =h.,.h
1. A = (1+hg) R +r fE1 -1 B2 R, +r

B i
Néu bd qua tac dung phan dong cUa R thi d0 1¢i dong cUa transistor phiic hgp sé
la:
A; = hgi hie

PO 10i &p xac dinh tuong tu nhu BJT mac C.C:
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sz 1
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CHUONG V: KHUECH BAI THUAT TOAN

1. Khai niém vé khué€ch dai tin hiéu bi€n thién chdm

Cac dang mach khuéch dai ghép RC ma ta da kho sat & chuong 3 dugc Ung dung
trong cac mach khuéch dai tin hiéu xoay chi€u, tan sO thdp nhat cfing trén 1Hz. Trong
thuc t€ con c6 nhing tin hiéu tan s6 dudi 1Hz, goi 1a tin hi€u bi€n thién cham, nhu: tin
hiéu cdm bi€n tUr su bi€n thién nhiét dO, bi€n thién d0 am, bi€n thién muc chat 18ng,
bién thién cuGng d0 anh sang, phan Ung hoa di€n, dong dién sinh hoc ... Cac tin hiéu
bién thién cham c6 th€ xem nhu tin hi€éu mot chiéu (DC).

B khuéch dai tin hiéu bién thién cham néi chung c6 nhiing dac di€ém sau:

- Tin hi€u c6 tan s6 thap nhat, xem nhu tin hiéu DC.

- C6 ngd vao dbi xUng (cdc ngulOn phét tin hi€u bi€n thién chién chdm thudng c6
dang doi xUng — Hinh 4.1)

- Hé s6 khuéch dai rat cao (nguOn phat tin hi€u bi€n thién chdm thuong c6 bién do

rat bé, tUr vai 'V dén vai chuc pVv)

- Kha ning chéng nhiéu t6t.

- Ap phan cuc ngd vao va ngd ra bang khong d€ dé chudn héa (khi chua cé tin hiéu,
dién ap tinh bang zero).

- Phan cuc phai rat 6n dinh, khong bi troi theo nhiét d0 (n€u khong sé gay sai sO &
ngd ra). Pay la di€u kién rat quan trong cla mach khuéch dai DC.
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) k ©

Hinh 4.1: ab: Cdc cam bién nhiét tao tin hiéu d6i ximg
¢: Mo hinh mach dién nguon tin hiéu doi ximg
2. Gi6i thiéu vé bd khuéch dai thudt toan
2.1 Gidi thiéu chung vé bé khuéch dai thudt todn

Khuéch dai thudt toan (KDTT), con goi la OPAMP (viét tat tU Operational
Amplifier), 1a mOt khu€ch dai DC c6 hé sO khuéch dai Ay rat cao va thudng dugc ché
tao dudi dang tich hgp (IC: Integrated Circuit).

KDTT vOn dugc dung d€ thuc hién cac thudt toan trong mdy tinh tuong tu cho nén
c6 tén goi nhu vay. Ngdy nay, KPTT dugc Ung dung trong rat nhi€u linh vuc khéc nhau,
vGi tam tan sO rat rOng, t& DC dén hang GHz .

Cau triic co ban clia mOt b0 KDTT nhu hinh 4.2. Ngd vao la tang khuéch dai vi sai;
ti€p theo 1a tang khuéch dai trung gian (c6 thé 1a tang dém hodc khuéch dai vi sai), tang
dich m{c DC d€ dat mlc phan cuc DC & ngd ra; cudi cling la tang dém dé€ khuéch dai
dong va c6 trd khang ra thap, tao tin hi€u bat doi xUng & ngd ra. Cac tang khuéch dai
déu ghép truc ti€p vdi nhau.

Vi >
' Kb KD trung Dich mic Pém ngd v
0

vi sai gian DC ra —

Hinh 4.2: So d6 khéi ciia mot bd khméch dai thuat todn

Hinh 4.3 gi6i thi€u v€ chi ti€t ca mOt bO khué€ch dai thuat toan. Cap transistor Q;
va Q, tao thanh mOt khuéch dai vi sai ¢ ngd vao. Tin hi€u ra tU cuc C clla Q; va Q, dugc
dua dén cuc B clla Q; va Q.. Cap transistor nay tao thanh mach khuéch dai vi sai th( hai.
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Tin hiéu ra 1ay tU trén cuc C Q, dua vao cuc B Qs. Qs va Qs tao thanh mach ghép
Darlington d€ dich mUtc DC, ting hé s& khuéch dai dong va vdi ki€u mac C chung dé€ c6
tr@ khang ra thap. Tin hiéu ra 1dy trén Ry, dién trd phan cuc E cla Qs Q; 1a ngudn dong
cho cdp vi sai Q; va Q.. Ry, Re, Dy va Rs tao thanh mach phan cuc va 6n dinh nhiét cao Q..
Tuong ty, mach phan cuc va 6n dinh nhiét cho Qs gOm Ry, Re, D, va Re.

| 0 +VCC

38

REOER .

Ly
e —
i

~ - ~
4| 4|
D, R; WD ng §R4
R = Rs =

R : zwm

X

0 .\VEE
Hinh 4.3: Mach cu thé cia mét bd KDTT

Dién ap ra V, cling dau (hodc cung pha) v&i dién 4p vao trén dién cuc B Q.. Vi vay
hai ngd vao nay theo th(r tu goi 1a ngd vao khong dao (hodc ngd vao thudn, ky hiéu :dau
+) va ngd vao ddo (ky hiéu: dau -)

2.2 Pac tinh va cdc théng s6 cia mét bé khuéch dai ly tudng

Hinh 4.4a minh hoa ky hi€u clla m6t by KPTT thong dung. Ta thdy c6 hai ngd vao
(ngd vao ddo co dién ap V, , ngd vao khong ddo c6 dién 4p V,") mbt ngd ra (c6 di€n ap
V,), va nguOn cap di€én * Vcc. Trang thai ngd ra khong c6 mach hoi ti€p v€ ngd vao nhu
G h. 4.4a goi 1a trang thai vong h3. Hé sO khuéch dai dién ap cla KDTT trong trang thai
dé, ky hi€u A,,, dugc goi 1a hé s6 khuéch dai vong hd (Opened — loop gain).
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+Vec Vo 4
+Vee Bao hoa duong
L .
O i S —— HSKD vong hd
Vi S————]- -V R
Vo v
_ +Ve AV, =vi —v;
“Vee —L— -Vee
(a) (b)

Hinh 4.4: Ky hiéu va dic tinh t:ru}'én dat dién dp vong hé cia mot bo KBTT
Ta c6 dap Ung tin hi€u ra V, theo cac cach dua tin hiéu vao nhu sau:
- Pua tin hiéu vao ngd vao ddo: V,=-A,, V,

1

- Pua tin hiéu vao ngd vao khong ddo: V, = A,, V,
- Pua tin hiéu vao dOng thdi cd hai ngd (goi 1a tin hi€u vao vi sai)
Vo= Ay (V7 =V )= A, AV, . O trang théi tinh, V"=V =0, suyra V, = 0.

Hinh 4.4b minh hoa ddc tuyén truyén dat dién 4p vong h& cla KDTT. Theo dac

tuy€n nay, c¢6 3 ving lam viéc:

- Vung khuéch dai: V, = Ay, A,

AV; = V] - V, nam trong khodng * Vs

- Vung bao hoa duong: V, =+ Ve , AVi> Vs

- Vung bao hoaam: V,=-V¢c , AV;<-Vg

+ Vs 1a cic mUc ngudng cla dién 4p vao, gidi han pham vi ma quan hé V, (AV,)
con 1a tuy€n tinh. Cac KPTT thudng c6 Vs khodng tU vai chuc UV dén vai trim UV .

* MOt bO KPTT ly tudng cé cdc théng s6 cO ban nhu sau:

- Hé s6 khuéch dai vong hd: Ayo — ® (thuc té€ Ayo > 10.000)

- TOng ré vao R, — @ (loai BJITR; > 1 MQ, loai FET R > 10° Q)
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- T6ng trd ra Ro =0 (thudng Ro < 1Q)

- Dong phan cuc ngd vao: I, = 0 (thuc té I, tU vai chuc nA dén hang trim nA)

DE don gidn trong viéc 1ap cac cong thiic tinh toan G phan sau, ta xem b0 KDTT la
ly tudng.

Cac cong thuc tinh chi 1a gan ding nhung két qua khé chinh xac, thudng dugc ap
dung trong thuc té.

3. Cacmach Ung dung co'ban clia khué€ch dai thudt toan
3.1 Mach khuéch dai ddo pha

Tin hiéu ra ddo pha vdi tin hi€u vao. DoR; = ®, [; =0 nén V"=V, =0,

TU d6, dong qua R;:

Ve Ve R,
R R, AAA
R4
- He sO khuéch dai: AW >__. +
r + - ]
Av = V—O = —& Vi C—) — \f_o
V. R, - 1
g T6ng trd vao: Hinh 4.5 Mach khuéch dai ddo pha
V.
Zi=-L= R1
I

3.2 Mach khuéch dai khéng ddo

Tin hi€u ra dong pha v&i tin hiéu vao.

Trudng PH Giao thong van tdi TPHCM
Trang 104



Bai giang Ky thudt dién tur

- Il
Rz Vip,—» +
A g— AV; >—_.+
R, I R
M - 2 Vo
_%_ Vie + + + W
RiZ v, 1
L : '

(a) (b)
Hinh 4.6 Mach khuéch dai khong dao (a) va mach twong duong dé tinh téng trer vao (b)

- Hé s6 khuéch dai:

Do ndi trd R, - «, I, =0 nén dong qua R;, R, 1a bang nhau

I =

Vi N AVl + BVO,

R;: TGng tré bO KDTT

Thay vao biéu thic V;
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Ao
Vi=LiRi+ 77 LR
A,

B peRg e

Vay mach ndy c6 tOng trd vao rat 16n.

3.3 Mach dém

- Hé s6 khuéch dai: V&i mach dién ép, ta co

hoi ti€p am dién 4p 100%:V, = V.. Do d6: + >——' +
Vo

Vi -
i =

- TOng trd vao: Z; =R, (1+Avo) Hinh 4.7 Mach dém

\%
AV:V‘:Zl

3.4 Mach céng dao ddu

Dung phuong phap x€p chOng, 1an lugt tinh Vi, Voo, Ves theo cac kich thich ngd vao
dOc1ap I, I, Is do Va1, Voz, Vs tao ra nhu khuéch dai ddo dau.

R, ILp
Vo = -R_llvn Vile _L”V'v}"vl R,
I I =T;41,41;
R Vio, g ) N
Vi =22V : 7 >__. Y
12 via _3’R13 1 I_—
1 —
Vs = _II:_ZVi3 Hinh 4.8: Mach cong dao déu
13

R R R
Vo=Vo+ Vg + Vg = E;V +—2V, +—2E
11 Rlz R13

Néu ChQIl R11 = R12 = R13 = R1 thi:
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R
VO = -?i(vil +Viz +Vi3)

Cac cong thic trén c6 th€ dugc mé rOng dén n ngd vao tly .

3.5 Mach céng khong ddo ddu

Tuong tu nhu mach khué€ch dai khong ddo, V; 1a x€p chong hai tin hiéu V;; va V.

Gid st Vi, = 0, ta tim dugc dién ap ra V,; tuong ung vGi Vii:

ol — il
Rl 11 + R12

Tuong tu, khi Vi, = 0 ta tim duQc V., tiong Ung vOi Vi:

R R
bR
Rl 11 + RlZ 2

Vay khi c¢6 cd Vi, Vi, va gid thi€t Ry, = Ry, thi:

R - +V R R
— + — +_2 il i2 E 1 2
Vo Vol VoZ % Rl 2 [ W‘ -"\M
L . . Ry; ) Vo
Néu c6 Ry = Rz = Ry =R, thi: Vils AA +
. R
Vo=Vo+Veu=Vi+Vpy Viz, ‘VVE

Hinh 4.9: Mach céng khong dao dau
Cong thic trén c6 thé dugc md rdng dén n ngd vao tiy .

3.6 Mach khuéch dai vi sai (mach trir)

Theo hinh 4.10, V;; 4p ngd vao ddo, Vi, 4p vao ngd vao khong ddo. Ap dung phuong
phap x€p chOng cho tUng kich thich ngd vao, ngan mach ngd vao con lai, ta dugc:

R4 R3 R4
V01=-R—Vn Vi ——W AN
3
Rl i —e \/
Viy ——AM—y >_ °
$p.
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R R R
0:V0 + Vo1 = 2 + i __4Vi
V ’ Vl 1+R2% R3 %’2 R3 '

Néu ta chon R; =R, = R; = R, thi:

Vo=Vi—Va

4. Cac Ung dung tao ham clia khuéch dai thudt toan
4.1 Mach tich phdn

Coi dién thé tai di€ém A xap xi bang khong. Do d6 dién ap dat lén hai ddu tu C 1a —
V,. TU do:

3 v, ‘o > :
M3t khdc:i = - W >__. Vo
1 +

1.
Suy ra: V, = -EJ'Idt =
Hinh 4.11: Mach tich phan

o
=
®!

o
—

1
= - — [Vt
Hay V. RCI s

4.2 Mach vi phan

Do dién thé diém A xap xi bang khdng nén

av, AN
i=C —* —>

dt Vi

®

o .. V,
Mat khac: i =-—>
R

Hinh 4.12: Mach vi phan
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dav.
S : Vo=-RC —
uy ra 0 d
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CHUONG VI: CAC MACH SO CcO BAN

111. Caché thdngsd
1.2. Khdi niém

Hé thOng tuong tu: bao gOm céc thi€t bi dugc thi€t ké d€ diéu khi€n mot thong tin
hay mOt thong s6 vat 1y va dugc bi€u dién dudi dang tuong tu.

Hé thOng sO: 1a mOt tap hop cac thi€t bi dugc thi€t ké d€ diéu khi€n mot thong tin
hay mt thong s6 vat ly va dugc biéu dién dudi dang s6.

1.3. Uu diém cla hé théng s6

- Dé dang thiét ké

- Dé dang luu tr(r thong tin

- B0 chinh x4c cao

- Dé dang 14p trinh

- {t bi &nh hudng cla nhiéu

- C6 th€ dugc tich hgp vGi méat dd cao trong cac chip tich hgp c6 kich thudc nhod

1.4. Nhuoc diém clia hé théng s6

Vi thé gidi thuc xung quanh ta 1a thé gidi tuong tU nén mubn c6 dudc cac Uu di€m
cUa ky thuat s6 khi phdi lam viéc véi cac tin hi€u vao va tin hi€u ra tuong tU, can phai

chuyé&n dGi tin hiéu tIr tuong tu-sang-sO va nguoc lai theo cac budc sau:
- Chuyén d6i cac tin hiéu vao tuong tu thanh dang s6.
- XU 1y trén céc thong tin sO.
- Chuyén d0i tin hiéu sO ngd ra thanh dang tuong tu.

Piéu nay lam tang tinh phUc tap cla hé thOng, ting thoi gian truy€n tin hiéu va ting
gia thanh cUa hé thoéng,...
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1.5. Cdc hé théng dém

MOt sO trong hé thOng sO dudc tao ra ti mOt hodc nhi€u ky s0 (digit), cu th€ bao
gbm 2 phan: phan nguyén va phan 1€, dugc cach nhau bang mét ddu chdm cd s0 (radix).

- Trong sO (weight) clla moOi ky s6 phu thudc vao vi tri cla ky s6 dé.
Trong s6 = CO sO V'
- Vi trf cUa ky s6 dugc danh th( tu tUr 0 cho s hang don vi, th( tu ndy dugc ting
thém 1 cho ky s6 bén trai va gidm di 1 cho ky sO bén phai.
- Gi4 tri cQa s6 dugc tinh bang tEng cla cac tich trong s6 v6i ky s0.

Giatro—= 2!Ky|‘soé<TroTngo)§

1.5.1. Hé thap phdn (decimal)

Co c0's6 1a 10, strdung 10 ky s6: 0, 1, 2, 3,4,5,6,7,8,9

Ky sO @ tan cling bén trai dugc goi 1a ky s co trong sO 16n nhat — MSD (Most
Significant Digit), ky s6 & tan cung bén phdi dugc goi 1 ky sO c6 trong sO nho nhéat —
LSD (Least Significant Digit).

Vidu: 123,4 =1.10° + 2.10" + 3.10° + 4.10" = 1.100 + 2.10 + 3.1 + 4.0,1 = 123,4

Ta thuong thém ky hiéu D (Decimal) hodc 10 & dang chi s6 dudi vao dang sau dé
phan biét sO thap phan v&i cac hé théng s6 dém khéc.

Vi du: 123,4D hodc 123,44

1.5.2. Hé nhi phdn (binary)

Co6 c0's6 1a 2, strdung 2 ky s0: 0, 1
Ky sO cUa hé nhj phan dugc goi 1a bit ( = binary digit).

Bit & tan cling bén trai dugc goi 1a bit c6 trong sO 16n nhat — MSB (Most Significant
Bit), bit & tan cing bén phadi dugc goi 1a bit c6 trong sO nhd nhat — LSB (Least

Significant Bit).
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SO nhi phan dugc ky hiéu bdi ky tu' B hodc s 2 dudi dang chi s6 dudi.
Vi du: 1101,01B hodc 1101,01,
- Chuyén déi giita hé nhi phdn va hé thp phan

+ Hé nhi phdn — Hé thdp phdn

Tinh gia tri clla sO nhi phan can chuyén.

Viduy: 1101,01B= 1.2° + 1.2 +0.2' + 1.2° + 02" +1.22=8+4+0+1+0+ 0,25 =
13,25

+ Hé thdp phdn — Hé nhi phdn

~ Phén nguyén: chia lién tuc cho 2 cho dén khi thuong s0 bang 0, 18y du's6 cla
cac phép chia sap x€p theo th(t tU ngugc lai ta dugc sO nhj phan tuong Ung.

Vi du: doi 1910 sang hé nhi phan

19 2
19 @

1 4@
02 @
01

1 0

1910 = 100112
~ Phan 1€: nhan lién tuc vGi 2, sau mOi 1an nhan 18y di s6 phan nguyén, ti€p tuc cho
dén khi két qua bang 0 hodc dat dugc d6 chinh xac yéu cau.

Vi du: d6i 0,25, sang hé nhi phan
0,25x2=0,5 - 1ay bit 0
05 x2=1,0 - 1aybit1
- 0,250 = 0,01,

Vi du: dGi 0,69D sang hé nhi phan

0,69x2=1,38 -

Trudng PH Giao thong van tdi TPHCM
Trang 112



Bai giang Ky thudt dién tur

0,38 x2=0,76
0,76 x 2=1,52
0,52x2=1,04

0,04 x 2 =0,08

- 0,69D =0,10110B
- Mét s6 tinh chdt cUa s6 nhi phan:

+ SO nhi phan N bit c6 tam gid tri tr 0 + (2N - 1)

+ SO nhi phan chan (chia hét cho 2) c6 LSB = 0

+ SO nhi phan 1é (khong chia hét cho 2) c6 LSB =1

+ Bit con dugc ding dé lam don vi do ludng thong tin
- Cdc b@i s6 cla bit la:

1 byte = 8 bit

1 KB (kilobyte) = 2'byte = 1024 byte

1 MB (megabyte) =2 KB

1 GB (gigabyte) =2 MB

1.5.3. Hé bdt phan (octal)

C6 c0s01a8,strdung 8kys0:0,1,2,3,4,5,6,7

Hé bat phan dugc ky hiéu bdi ky tu O hodc s6 8 dudi dang chi s6 dudi.
Vi du: 3670 hoac 367,

- Chuyén déi giita hé bdt phéin va hé thdp phdn

+ Hé bdt phdn — Hé thdp phdn
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Tinh gid tri cla sO bat phan can chuyén.
Vidu:2738=2.8>+78"+3.8" =2x64+7x8+3x1=18710

+ Hé thap phdn — Hé bdt phdn

Chia lién tuc cho 8 cho dén khi thuong s bang 0, 18y du' s6 cla cac phép chia sap
x€p theo th(r tU ngugc l1ai ta dugc sO bat phan tuong Ung.

Vi du: d6i 57210 sang hé bat phan

572 (8
4 71 (8
7 8 (8

01 @&

1 0

57210 = 10748
- Chuyén doi gitra hé bdt phdn va hé nhi phan

+ Hé bat phdn — Hé nhi phdn

MOt ky sO trong hé bét phan tuong duong v&i 3 bit trong hé nhi phan
Vi du: d6i 723, sang hé nhj phan
7233 =111 010011 B

+ Hé nhi phan — Hé bat phan

Nhém cac bit cla sO nhi phan thanh tUng nhém 3 bit k€ tir bit hang don vi, roi

chuy€n sang ky sO bat phan tuong Ung.
Vi du: d6i 10010111000110B sang hé bat phan
10010111000110B = 10 010 111 000 110 B=227 06 O = 22706,
Chu y: Hé bat phan thudng dugc ding d€ bi€u dién “ngdn gon” cac sO nhi phan.

1.5.4. Hé thap luc phdan (hecxadecimal)

Co6 cos61a 16, strdung 16 ky s06: 0, 1,2, 3,4,5,6,7,8,9,A,B,C,D,E, F

Hé thap luc phan dugc ky hiéu bdi ky tu H hodc s6 16 dudi dang chi s6 dudi.
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Vi du 16EH hOéC 16E+6

- Chuyén déi giita hé thdp luc phan va hé th@p phén

HEX Nhij
+ H@ thap luc phdn — Hé thdp phdn phan
Tinh gié tri cQa sO thép luc phan can chuyén. 0 0000
Vi du: 2A9H = 2.162 + 10.161 + 9.160 =2 x 256 + 10 1 0001
+ Hé thdp phan — Hé thdp luc phdn 3 0011
Chia lién tuc cho 16 cho dén khi thuong s6 bang 0, 18y 4 0100
du s6 cla cac phép chia, sap x€p theo th(r tu ngugc 1ai ta 5 0101
dugc sO thap luc phan tuong Ung.
. ap [Ucp g ung 6 0110
Vi du: d6i 11512, sang hé thap luc phan
8 719 (16
5 44 0 8 1000
12238 9 1001
2 0
115120 = 2CF846 A 1010
- Chuyén déi giita hé th@p luc phan va hé nhi phdn B Lo11
+ HEé thap luc phdn — HE nhi phdn C 1100
MOt ky sO trong hé thap luc phan tuong duong véi 4 bit D 1101
trong hé nhi phan
AT P E 1110
Vi du: d6i 4B7DH sang hé nhj phan
F 1111

4B7DH = 0100 1011 0111 1101 B

+ Hé nhi phdn — Hé thép luc phdn

Nhém cac bit cla sO nhi phan thanh tUng nhém 4 bit k€ tir bit hang don vi, roi
chuyé&n sang ky s0 thap luc phan tuong Ung.
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Vi du: d6i 10010111000110B sang hé thap luc phan
10010111000110B =10 0101 1100 0110 B=25C 6 H=25C66
Chi y: Hé thap luc phan thudng dugc ding d€ bi€u dién “ngdn gon” cac sO nhi
phan.
155. Co's@daisd BOOLE
Bién va hang trong dai sO Boole chi nhan mot trong hai gia trj 1a 0 hodc 1.
Cac bién Boole (hay bi€n logic) thudng dudgc st dung d€ bi€u dién mUc dién ap
trén mOt day dan hay tai cac cuc vao/ra cla mach.
Cac gia tri 0 va 1 khong phai la cac con s6 thuc ma chi bi€u dién mbt mirc dién ap,
va ching dugc goi 1a mUc logic.
MOt sO ki hiéu khac ciing dugc st dung d€ bi€u dién hai mUc logic thay cho cac

cons® 0val.

Logic 0 Logic 1
False True
Off On
Low High
No Yes
Open switch Closed switch

* Cac phép toan co ban trong dai s6 Boole:
a. Phép cOng logic: ki hiéu la OR, (+)

b. Phép nhan logic: ki hiéu 1a AND, ()

c. Phép bu/ddo logic: ki hiéu 1a NOT, ( ), ()

* Cac dinh Iy co ban clia dai s6 BOOLE

Quan hé gilta cac hang s6
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1
la 0.0=0 0+0=0
b
2
2a 1.1=1 1+1=1
b
3
3a 0.1=1.0=1 b 0+1=1+0=1
4a 0=1 1’=0
b

5a |[A.0=0 5 |[A+1=1 Phan tU trung hoa
b

6a |[A.1=1.A=A A+0=0+A=A DPOng nhat
b

7a |A.A=A 7 |A+A=A Gia tri khong doi
b

8a | (A’ =A L&y bu hai 1an

9a |A.A’=0 A+A’ = Phan tU bu (ddo)
b

Cac dinh Iy cila ham nhi€u bién

10a|A.B=B.A 1 |A+B=B+A Giao hoan
0
b

11a| (A.B).C=A.(B.C) 1 |[(A+B)+C=A+B+C) |KE&thagp
1
b
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12al| A.(B+C)=(A.B)+ A+ (B.C)=(A+B). (A+C) | Phan phOi
(A.C)

13a|A.(A+B)=A A+(A.B)=A Hap thu

14al| A.(A’+B)=A.B A+A’.B=A+B Déan

15a| (A.B)+(A.B)=A (A+B).(A+B)=A TG hap

16a| (A.B)Y=A"+B’ (A+B)y=A".B DeMorgan

156. Cacphanttcoban
1.6. COéng ddo— NOT

A

Bi€u dién: Y = NOT A hay Y = A hay Y =A’

Bang su that v&i ham 2 bién:

Y=A

0 1
1 0

C6ng NOT logic (cOng ddo, cOng bu):

Gian do xung:

|
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1.7. Céng va AND
Bi€udién: Y=AANDBhayY=A.B

Bdang su that véi ham 2 bién:

A B| Y=AB Nhan xét:

0 0 0

0 1 0 Y=0: khicé it nhat mOt bi€n vao bang 0
1 0 0 ) ) o

1 1 1 Y=1:  khitatcd cic bién vao déu bang 1

Nhan xét trén cling ding v&i trudng hop tong quat c6 N bi€n vao ddc 1ap.

CG6ng AND logic:

A A |
Y B Y
B | c |

Gidn do xung:

Y

1.8. Coéng hodc — OR

Bi€udién: Y=AORBhayY=A+B

Bang su that véi ham 2 bién:

A B | Y=A+B Nhan xét:

0 O 0 ; ; o

0 1 1 Y =0: khitatca cac bién vao déu bang 0
1 0 1

1 1 1 Y =1:  khicé it nhat mOt bién vao bang 1

Nhan xét trén ciling ding v&i trudng hop tOng quat c6 N bi€n vao ddc 1ap.
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CG6ng OR logic:

A
S I
) D C

Gidn do xung:

m X

A 1{ 1 |od 1 |oi o |1i1oio
B o) 1 10 o o 1 i1lcgo | 1
Y 1 1 i1l 1 o] 1 i1i1do0]| 1

1.9. Céng NAND (NOT AND)

Bi€udién: Y =ANANDBhay Y = AB

Bang su that v&i ham 2 bién:

Y=AB Nhan xét:

Y =0: khitdtcd cic bién vao déu bang 1

N = =1

o (=] Gl (=] lles!
=Rl Ll Ll I S

Y =1:  khicé it nhat mOt bi€n vao bang 0

Nhén xét trén ciing ding vGi truOng hop tGng quat c6 N bién vao ddc 1ap.

CGOng NAND logic:

—<
o=
—

Gidn do xung:
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A

Y

1.10. Céng NOR (NOT OR)

Biéu dién:Y:ANORBhayY= A+B

Bang su that v&i ham 2 bién:

e I =1 =]
Y =1 Y (=] N
olo|lo~|>

Nhan xét:

Y =0: khi cé it nhat mOt bi€n vao bang 1

Y =1: khi tat ca cac bién vao déu bang 0

Nhén xét trén ciing ding vdi trudng hop tGng quat c6 N bién vao ddc 1ap.

CG6ng NOR logic:

A
L —ot = D
R C
G

do xung:

2

ian
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A

1.11. COng exclusive OR(EXOR)

Bi€u dién: Y = A EX-OR Bhay Y =AB+AB=A0B

Bang su that véi ham 2 bién:

A B|Y=A0OB Nhan xét:

0 O 0 . ’ A

0 1 1 Y = 0 : khi tat ca hai bién vao c6 gia tri gidbng nhau
1 0 1

1 1 0 Y = 1: khi tat ca hai bi€én vao c¢6 gid tri khac nhau

COng EX-OR logic:

Luu y: COng EX-OR chi c6 2 ngd vao.

Gian do xung:
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1.12. COng exclusive NOR

Bi€u dién: Y = A EX-NOR Bhay Y =AB+AB=A0B=A~B

Bdng su that véi ham 2 bién:

— Nhan xét:
A B|Y=AOB i
o o ) Y =0: khi tat ca hai bi€n vao c6 gia tri khac nhau
0 1 0 Y =1: khi tat ca hai bi€n vao c6 gia tri gibng nhau
1 0 0 C6ng EX-NOR logic:
1 1 1

Luu y: COng EX-NOR chi c6 2 ngd vao.

Gidn do xung:

1.12.1. Cacphuong phap biéu dién ham BOOLE
1.13. Biéu dién ham Boole bang bang gid tri

P& bi€u dién mOt ham Boole bang bang su that, ta liét ké 2n t6 hgp cac gia trj 0 va

1 c6 thé c6 cla n bi€n Boole va mOt cOt chi ra gia tri cUa ham.
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Vi du: Lap bang chan tri cho ham 3 bién sau day:
" )
B
- = >

Bang sy that:

R = P RO O O O »
_ P, O O Bk Pk O Ol W

_ O R O Rk O F~ O N
R P R O Rk O O O

Nhan xét: Phuong phap ndy c6 uu di€m 1A truc quan nhung chi phit hop vGi ham
dudi 5 bién.

1.14. Biéu dién ham Boole bang bia Karnaugh

Bia Karnaugh (goi tat 1 bia K) c6 dang khung vuong hay ch{t nhat. N6 dugc chia
thanh 2n 6, trong d6 n 1a sO bi€én clia ham. Doc theo cac canh cla bia ngudi ta ghi cac t0
hap tri cUa bié€n, sao cho cic t6 hgp tri canh nhau chi khac nhau 1 bi€n. Trong cic 6 ghi
céc gié tri tuong Ung cla ham.

Cac loai bia K

- Bia K ham 2 bién: Y = f(B,A)
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Y A Y A
B\ 0 1 B\ 0 1
0 0 1
1 1 3
- Bia K ham 3 bién: Y = f(C,B,A)
Y BA Y BA
00 01 11 10 00 01 11 10
0 0 3
1 14 7
- Bia K ham 4 bién: Y = f(D,C,B,A)
Y BA Y BA
DC\ 00 01 11 10 DCN\ 00 01 11 10
00 00|o 1 3 2
01 0114 5 7 6
11 11112 13 15 14
10 101(8 9 11 |10
Cach dién vao bia K
. Néu cho m6t ham F bi€u dién dudi dang chinh tac 1

(dang ) thi ta dién 1 vao cac 6 c6 th( tu tuong Ung vGi cac minterm (ham bang 1), dién

x vao cac 6 Ung v&i trudng hop tuy dinh va dién 0 vao cac 6 con lai.

Thong thudng, ta chi dién cac gia tri 1 va x, cac 6 con lai bd tréng xem nhu bang 0.

Vi du: Pién vao bia K ham F = 5(2,3,8,11,14) + d(1,4,13)

Y BA
DCN\ 00 01 11 10
00 x| 1]1
01| x
11 X 1
10{ 1 1
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. Néu cho m6t ham F bi€u dién dudi dang chinh tac 2.

(dang [1) thi ta dién 0 vao cac 6 c6 th(r tu tuong Ung v&i cac maxterm (ham bang 0), dién

X vao cac 6 Ung v&i trudng hop tuy dinh va dién 1 vao cac 6 con lai.
Thong thudng, ta chi dién cac gia trj 0 va x, cac 6 con 1ai bo trdng xem nhu bang 1.

Vi du: Bién vao bia K ham F = [](0,2,6,7,13) + d(3,4,11)

Y BA
DC\L 00 01 11 10
001 0 x |0
01] x 0|0
11 0
. Néu cho ham Boole bi€u dién dudi dang bang su' that

thi ta dién 0, 1, hodc x vao céc 6 c6 t6 hgp nhi phan tring v&i tG hgp nhi phan clla bang
su that.

Vi du: Cho bdng su that sau, hdy di€n vao bia K

C B A F

0 0 0 0

0 0 1 1

0 1 0 X

0 1 1 1

1 0 0 0

1 0 1 0

1 1 0 X

1 1 1 1

Y BA Y BA
A\ 00 01 11 10 00 01 11 10
0 111 x o[ 0 X
1 1] x Ifo|o X
. Né&u cho ham Boole bi€u dién dudi dang dai s6

a. Chuy€n ham Boole vé dang chinh tac 1 hodc chinh tac 2 roi dién vao bia K.
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Vidu: Cho ham F sau, hay dién vao bia K
F(A,B,C,D)= AB’CD + A’BC + B’CD’ + AD
F=AB’CD + A’BC(D+D’) + (A+A’) B’CD’ + AD(B+B’)(C+C’)

= AB’CD + A’BCD+ A’BCD’ + AB’CD’+ A’B’CD’+ ABCD+ ABC’D+ AB’CD+

AB’C’D

= AB’CD + A’BCD+ A’BCD’ + AB’CD’+ A’B’CD’+ ABCD+ ABC’D+ AB’C’D

=>(11,7,6,10,2,15,13,9) = >(2,6,7,9,10,11,13,15)

Y ¢D

ABN\ 00 01 11 10
00 1
01 1 1
11 1 1
10 1111

b. Néu ham Boole c6 dang tOng cac tich thi 1an lugt xét cac tich va dién 1 vao mOt
hay nhi€u 6 tuong Ung. Néu tich s6 chlta day dU cac bi€n thi dién vao mot 6, néu tich
thi€u mOt bién thi dién vao hai 6, ...T6ng quat, né€u tich thi€u n bién thi dién vao 2n 6.
Nhiing 6 nao da dién roi thi khong can dién nita (do dinh Iy A + A = A). Chii y 1a bién

khong bu tuong Ung vdi 1, bi€n b tong Ung vai 0.

Vi du: Cho ham F sau, hdy di€n vao bia K

F(A,B,C,D) = ABC’D + ABD’ + BC’D’ +AB’

Y ¢D
ABN\ 00 01 11 10
00
01| 1
11 |1 1
011111
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c. Néu ham Boole c6 dang tich cac tOng thi 1an 1uot xét cac tOng va di€n 0 vao
mOt hay nhi€u 6 tuong Ung. Néu tOng ch(fa day dU cac bi€n thi dién vao mot 6, néu
tOng thi€u mOt bién thi di€n vao hai 8, ...T6ng quét, n€u tEng thi€u n bi€n thi dién vao
2n 6. Nhitng 6 nao da dién rdi thi khéng can dién nita (do dinh Iy A . A = A). Chi y Ia
bi€n khong bu tuong Ung v&i 0, bi€n bu tuong Ung vdi 1.

Vi du: Cho ham F sau, hdy dién vao bia K
F(A,B,C,D) = (A+B+C’+D) (A+B+D’) (B+C’+D’) (A+B")

Y ¢D
ABN\ 00 01 11 10
00 0|00

01fof0|0]0
11

10 0

1.14.1. Riitgon ham BOOLE bang bia Kamaugh

O ké cén: Hai 6 dugc goi 1a k€ can nhau néu ching nam k€ nhau hodc déi xiing
nhau qua truc. Pac di€m cUa hai 6 k€ can la ching (ng v&i hai minterm (hodc maxterm)
chi khac nhau G 1 bién.

Qui tac:

- Ta k€t hop thanh nhém 2m 6 thi loai dugc m bi€n. Bi€n bj loai s& mang gia tri
thay dGi trong nhém dugc két hop.

- Néu két hgp 2m 6 ma ham c6 gia tri bang 1 thi ham dugc viét dudi dang tGng
cac tich. Trong d6 bi€n bang 1 dugc viét dudi dang khong bu, bi€n bang 0 dugc viét
du6i dang b,

- Néu két hgp 2m 6 ma ham c6 gia tri bang 0 thi ham dugc viét dudi dang tich cac
tOng. Trong d6 bi€én bang 0 dugc viét dudi dang khong bu, bi€n bang 1 dugc viét dudi
dang bu.
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- Trong qua trinh t0i thi€u héa ham, 1 6 c6 thé dugc két hop nhi€u 1an véi nhiéu 6

khéac ma khong 1am thay dGi gia tri cla ham.

- POi v6i ham xac dinh b0 phan, ta c¢6 th€ 10i dung nhltng 6 ma ham c6 gia tri tiy
dinh ma gén gia tri thich hgp dé€ rit gon ham.

+ Khi k€t hgp céc 6, can Uu tién cac 6 chi ¢6 1 lién két trudc.

+ Khi tat ca cac 6 da dugc két hop thi khdng can cé thém két hgp nao nita.

+ Sau khi rit gon ham Boole bang bia K, c6 thé rit gon bi€u thitc (thu dugc) mbt

1an n{ra bang cach ap dung cac dinh 1.
Vi du: Rut gon ham: f(x,y,z) = XyZ +Xyz +Xyz +xyz

Cach 1:

Bi€u dién ham f bang bia Karnaugh:

f yZ
X 00 01 11 10
0f/1
I\ jalD
=, Xy
» Y2

Rit gon ham ta dugc f = xy + yz

Cach 2:

Bi€u dién ham f bang bia Karnaugh:

Xty

»y+7Z
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Rit gon ham ta dugc f = (x+y)(y +2)
Vi du: Rut gon ham:
f(x,y,z) = XYZ+XyZ+Xxyz +Xxyz

Bi€u dién ham f bang bia Karnaugh:

f yz
x\_ 00 01 11 10
0_'?\ x ﬁ' B
1 @ X
o
Xy

Riit gon ham ta duQc f = z + Xy

MOt s6 vi du riit gon ham Boole bang bia K:

a. F(A, B,C)=5(0, 1, 2, 5)

b. F(A, B, C) = (0, 2, 4, 6, 7)

c. F(A,B,C,D)=3(0,1,8,9, 10)

d. F(A, B,C,D)=5(0, 1, 2,3, 4,9, 10, 12, 13, 14, 15)
e.F(A,B,C,D)=5(0, 1, 2,3, 6,8) + d(10, 11, 12, 13, 14, 15)

f.F(A,B,C,D)=3(3,6,8,9, 11, 12) + d(0, 1, 2, 13, 14, 15)
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