Pién tor

Ch. 3 Transistor lwé&ng cwc noi
( ch 6. Bipolar junction Transistors
& ch 7 Transistor Fundamentals)

Vao chiéu ngay 23 thang 12 nam 1947 hai nha nghién
clru John Bardeen va Walter Houser Brattain cua Bell
Telephones da chirng minh thanh céng sw khuéch dai
clia transistor tiép xdc diém dau tién. Day la tién than
cla transistor néi dwoc phat minh b&i nha vat ly William
Bradford Schockley nam 1951.

Ba nha phat minh dwoc gidi Nobel vao nam 1956 vé
phat minh Transistor (co cong lam thay doi nén van minh
cua nhan loai)

Transistor dwgc san xuat diu tién va dwa vao s dung
vao nhirng nam 1954 - 1956...

IC dAu tién do Jack Kilby nghién ctu ché tao thanh cong
vao nay 12-9-1958, 6ng nhan dwgc giai Nobel Céng
nghé théng tin nam 2000.
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l. Cau tao

Gom 2 noi tiép xuc ghép xen ké nhau.
C6 2 loai Transistor n6i: npn va pnp (h. 1)

Cc Cc tT: Cc

n P
B B B B
» -
n P
E E E ‘ E
loai npn loai pnp

* Vung phat E pha dam,

« \/ung nén rat hep va pha lot (nhe)

« Vung thu C I&n nhét va pha trung gian
gilra vung phat pha dam va vung nén pha
lot.

- Tén goi nham am chi:
Cuwc phat phat cac hat tai dén cyc thu
(gop) va dong hat tai nay dwoc dieu khién
b&i cwc nén (goc)

3/17/2017



Point-contact transistor

T

collsctor lsad
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First commercially available point-contact transistor

NPN
Transistor

Il

PNP
Transistor

Il

BJT Transistors:

Collector Base Emitter

Terminal Terrminal Terminal
n ¥

Sandwiching a

P-type layer
between two n-
y type layers.
M-type  P-type M-type
Collectar Base Emitter
E mitter Base —ollector
Terminal Terminal Terminal

==

Sandwiching a
N-type layer
between two p-
type layers.

F'—ttr:le M-type FP-typ
Emitter Base Collector
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Sw phan bd dién tich can bang nhiét dong
n p n

®60 o

SOD D

+

elele
(=) (=)

eeee
SOD D

60 S
LLX

vung hiém

200
208 @
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* Khi chwa phan cwc, Transistor giébng nhw
hai diod mac ngwoc nhau va co rao thé

0,7V (hay hai vang hiém) nén ngwng dan.

E wc
B

cach nhin nay con dung dé do thir
transistor con t6t hay hw
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l. Cac kiéu hoat ddng-Phan cuc

« C6 4 kiéu phan cuc
tuy theo cach cap dién

-Ngwng
-Bao hoa

-Tac dong thuan thu-nén
-Tac déng nghich CB

No6i phat-nén EB

phc.ngwoc phc. thudn

Noi phc.n

phc. th

Tac déng

Ngwng |thuan

Of (Forward

(0ff) active)
Tac déng |Bao hoa
nghich (|(on
Re\.lerse Saturation
active) )

4 kiéu hoat ddng cua BJT

1.Ca 2 ndi EB va CB déu phan cwc nghich :
Do 2 nbi déu ngwng dan > BJT nguwng dan

Eex Eex (off)
f Y n
BT R

5 o —

vung hiém réng
! i
| Vee Vel

3/17/2017



2.Ca 2 nbi EB va CB déu phan cuc thuan:

Do 2 nbi déu dan cac hat tai cung chay
vao ving nén.Ma ving nén hep nén bi
tran ngap cac hat tdi = BJT dan bao
hoa(On).

Cac kiéu hoat dong trén khong st dung
riéng biét ma két hop phau trong hoat
ddéng giao hoan (chuyéen mach)

. Ilc

. Q1
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3.Phan cwc thuan EB, Phan cwc nghich CB:
Do tac dong cua dién trwdng ngoai,cac dién tir
tw do bj day vao cwc nén. Tai day do cuwc nén
hep nén cé chi 1 sé it dttd bij tai két, da sb dttd
con lai déu bi hat vé cwe thu > BJT dan manh (
kiéu tac ddong thuan rat théng dung trong mach

khuéch dai) . Engoai

E

ngoai

m
m
[N

>

;|/ InC+

—

ICH IC
- |+ VCC

<

Cach hoat ddng giéng nhw & kiéu 3 nhuwng cac
hat tai di chuyén theo chiéu tt cwc thu sang
cwe phat . Do cau truc bat dbi xirng cac dong
thu va dong phat déu nhé hon & kiéu tac dong
nghich > BJT dan theo kiéu tac dong nghich.

n

E

ex

P

n

E

ex

1
——
Ei

1

1

1

1

|
1
—
I
<
|
1
1
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Cach phan cwc nghich nay it dwoc sir
dung , ngoai trir trong IC s6 do cau tric déi
xtrng nén cac cwc thu C va cwc phat E
c6 thé thay thé vi tri cho nhau.

1.Trong phan khao sat transistor hoat dong
khuéch dai ta xét dén kiéu tac dong (BE
phan cwc thuan, CB phan cuwc nghich)

2.Phan hoat déng giao hoan sé xét dén
sau.

3.Biéu thirc dong dién trong BJT ( rép CE)
* Theo dinh luat Kirchhoff ta cé:
le=1lg+Ic (1)
* Theo cach hoat dong cua BJT vira xét cé:
le=le* Le=le (2)

IC = Ir'|c + Ic‘o (3)

Goi (¢ hé so truyen dat dong dién phat — thu :
~ sodttddéencwcthu I ¢
~sodttd phat d ttr cwe phat — T — I

Thay vao (3) cho:

lc= Qg +leo= A +lcpo (4)
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« Hé sob truyén dong dién rat bé
a <1 (0,95 = 0,9998 )

cong thirc (4) thwong chi sir dung trong cach
rap cwc nen chung ( CB).

* Trong cac trwong hop thQng dung khac ( nhw
cach (ép CE) ta c[luyén doi thanh dang nhw
sau béng cach viet lai thanh:

]B [co IB[B (,B—H) (5)

1
* Véi: @

ﬂ=i ; ﬁ+1—L

- -

Nhan xét
D6 loi dong(do khuéch dai) Vi rat lon (
100 — 500 loai < 1W, va 20 — 100, loai > 1W))
* Dongri j, L 2]0 &~ ﬁ—l_l)[CBO
inh th

rat bé & nhlet do ong nhwng lai tang
nhanh theo nhiét do .

« O nhiét d6 binh thwong ( nhiét d6 trong
phong),ta con lai biéu thirc don gian :

lc=f lg (6) va Ic= ¢l (7)

+  Tong quat ta c6 thé s dung (1) va (6) trong
cac phép tinh phan giai va thiet ke mach
transistor.
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Chu y:Transistor con dwgc goi la:

1. linh kién diéu khién bang dong dién.

2. linh kién diéu khién bang hat tai thiéu sé.

3. TRANSISTOR la chiy viét tat cua tor ,
TRANSsfert ReSISTOR (Bién tré& chuyén ).

4 Doi voi transistor loai pnp, cach ly luén vé hoat
déng cling gidng nhg’ (o] t[an§istor npn nh\ung
thay dién t&r tw do bang 10 trong, nén chiéu
dong dién nguwoec lai.

Chiéu dong dién trong transistor

* Transistor npn Transistor pnp
e e

nén coéng thire trén van dung cho cé hai loai

3/17/2017

11



lI.Cac cach rap va Pac tuyén V-

» Co6 3 cach rap (xac dinh tir ngd vao va ngo ra
cla mach transistor) : CB, CE, CC ( EF)

1. Cach rap cwc nén chung (CB-common base)

Co
|

©
|
|

i
|
[

T

Vo RL
VCC §

Oo—

_—|C i

Do:

Tin hiéu vao nén — phat BE
Tin hiéu ra thu — phat CE
Ca 2 ng6 vao va ra c6 cwc phat chung

2.Cach rap cwc phat chung ( CE-common emitter)

Co
o | o
|
Q
RC
4 VCGC

Vo

{

O

T
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3. Cach rap thu chung (CC - Common Collector
hay mach theo phat (EF- Emitter Follower)

« Mach dién — o

T
vi CVjr jRB lvcc RE e gRL

Ci
Vo
+ RB Co
vi Cv) |"° |4 vee
_ + RE ——

« Hinh vé cho thay:
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4. Pac tuyén cach rap CE

«  Go6m c6 3 dic tuyén thong dung sau:

a. Dac tuyén vao Ig = f (Vge) |Vee = Cte
ls( MA)

VceE 1V 2V

s |a/

3

0~ 10,7 Vee (V)

b. Dac tuyénral. =f (Ve ), lg =Cte
vg bao hoa vung tac déng
—ACA mA) 60uA
6 ) lg = 50UA
- 40uA
4 L 30uA
B : 20uA
2 | : 10uA
i OuA
TS 7207 25, VCE (V)

vung ngwng ( cut off)
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C. Pac tuyén truyén IC = f ( IB)

Ic (mA)
« Trong dai thay doi
nho ciia I,I. thay déi
tuyén tinh.
Khi dong I 16m, I
khong con tuyén tinh

( s€ xét trong chwong 0 I;C A)
mach khuéch dai)

4.D6 Igi (d6 khuéch dai) dong
« Tai diém tinh diéu hanh Q, ta co:

Ic | 3.8m4 381070

V;; = = 95
Iz ¢ 40ud 40107
« Tai diém tinh diéu hanh Qg, ta cé:
4,2 4.210°
ptc| _2mA_ 320",

C
IB ‘QB 4OILIA 4010—6

3/17/2017
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Puoéna thana tai tinh ( DCLL)
 Phuwong trinh dwdng thang tai tinh :
Tw ( 5) viét lai:
lc = (vec = Vee)/ Re =-Vee / Re + Vpc IRc(7)
Duc‘yng tai tinh dwoc vé trén dac tuyéen ra qua
2 diém xac dinh sau:
Cholc=0 > Vegy=Vee (Piém M)
Cho Ve =0 = Iy = V! Re (Piém N)
ndi 2 diém M va N lai ta cé dwoc dwdng tai tinh
+ Giao diém duong tai tinh vé, dwong phan cuc
lg chon trwdc cho ta tri s6 diém tinh Q.

Puwdng thang tai tinh

- Vé Ic (MA)

3/17/2017
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IV . Mach phan cwc co ban

« Mach phan cwc bang 2 nguén cap dién riéng:

Tinh dworc tri s6 diém Q: =
Ve =Rglg+Vge (1)
lg = ( Ve~ Vee) / Rg (2)
lc= Bls (3)
Vee =Rele + Ve (4) 2
Vce = Vee- Rele (6)

Ic (mA)

Bao hoa

30uA

: 20uA
2 | ngwng
! 10uA
|
|
| OuA
0 51 10 15 0,25 V:(V)
Veea Vee

Thi du : V&i Vec=18V; Rc = 3kQ) , dong lgq = 40uA
Tinh dwoc Q (I =4mA,
(Vee=6V,
(Vge =0,7V cho trwéc

3/17/2017
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~

n

Do loi dong
* Theo trén ta cé:

Ic=4mA valz=40 A
* Tinh dworc:

p=teo_2md_,4,

Iso 4uAd

o Transistor cé tinh khuéch dai dong
o D6 Igi dong c6 thé tinh nhanh tir dic tuyén

Transistor Approximations

* Ly twéng
Cho Vge =0V, ap dung khi stra chira

O 0
_I_
_|_
Ideal]
VBE= 0V h 4 QBchB VCE
0 0

3/17/2017
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« Second Approximation
Vge = 0,7 V (Si), va 0,3 V (Ge)

O O
_|_
_l_
secon
VBE=0O, 7V @BdCIB VCE
O 0
DATA SHEETS

« Mbi transistor c6 cac théng sb riéng cho b&i nha
san xuat:

VCEO! VCBO! VBEO!
ICmax’
PDmaX!

T,
h/ Ic, cac tri min, type, max

3/17/2017
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Dang voé Transistor

Vai trd clia dwdng thang tai tinh

Phan giai mach Transistor.

Xac dinh diém tinh diéu hanh Q.

Cho biét trang thai hoat déng ciia
transistor ( tac déng, bao hoa, ngwng).
Mach khuéch dai cé tuyén tinh hay khong.
Thiét k& mach khuéch theo y dinh ( chon
trwdc diém tinh Q , tinh céc tri s6 linh kién)

3/17/2017
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1.Mach co6 cung Rc va khac Vcc

« D6 doéc DCLL nhw nhau

Ic
10 mA
(-1/3 kOhm)
3 mA
(-1/ Rc)
0 9V 30V VCE (V)

2. Mach c6 cung Vcec nhwng khac Rc

« Puorng DCLL c6 do déc khac nhau
lc
15 mA

(-1/ 1 kOhm)

5mA

21



Chuy:

- D6 loi dong dién thay dbi theo vj tri diém
tinh diéu hanh Q.

- Piém tinh diéu hanh Q thay déi vj tri theo
di?n thé phan cuc transisjtor va con thay
doi theo tin hiéu xoay chiéu ( AC) tac dong
vao mach .

» Ta sé xét cac dang mach ph,ém cwc (DC)
khajc & chwong 4 va sw khuéch dai trong
ché do déng ( AC) & chwong 5.

Sw thay dbi dé loi dong dién hFE
1. Sw thay ddi hee theo nhiét do

1000 — T~ =
1 2 — 111" Common emitter _|
500 VCE =4V -
300 T-=100°C
Mt 25 [T T
R
"éﬂ 100 N
. B
50 =T | [ 1/~ 55 ] T\-}L .
ey
g 30
N
& \\
B 10
5
3
0.01 0.03 01 03 1 3 10 20

Collector current I~ (A)

3/17/2017
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= 2. DONg lcq cang I&n hge cang nho

Theo hinh trén ta thay khi Icq cang I&n, dwong

cong hge cang giam xudng, tri sé hgz cang nhd
khoang 30 dén 50 > hgg(bh) < heg

Cach tinh hg (bh) nhw sau:

I conny
By = —
ol I 5
V
I cony = €<
R ¢
7, > VBB: V cc
R R 5

Thwong chon bao hoa sau:

=
=
IR
e}
=
a

Transistor giao hoan (Transistorswitch)

Phén cuc cuc nén thub’pg str dung trong mach
sO vi mach duoc thiét ké dé hoat dong tai dan

b&o hoa va ngwng dan >Biém diéu hanh Q nam

trong vung bao hoa va vung ngung.

Theo trén mach dwoc phan cwec bao hoa sau va
ngd ra cé mirc thap Veeph = 0,2V (bao hoa) va
murc cao V¢ ( ngwng dan)

Mach sb thuong cc?n goi la mach giao hoan hay
chuyén mach vi diém diéu hanh cta n6 (luan)
chuyen (switch) gitra hai diém trén DCLL. Mach
con dwgc goi la mach hai trang thai.

3/17/2017
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7.6 Phan cwc phat- Emitter Bias

« Mach sé thwéng sir dung phan cwe cwe nén.
Nhwng khi né chuyén thanh khuéch dai,
chung ta can dén mach cé diém Q dwoc
mién trtr 1am thay d6i do loi dong.

« Mach dworc thay déi nhw sau: dem dién tré
mach nén thanh diénj tr& mach phat. Chi mét
thay d6i nhwng lam tat ca khac biét.

Y twéng co’ ban

Ta cé:

Ve =Vee - Vee
thwong Vgg , Ve
khéng dbéi, nén
dong phat khong
déi va doc lap

déi vé&i hgg:
[E:VBB_VBE:ﬁ:h.S. =
RE RE
Va:
Vee =Ve- Ve

3/17/2017
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Cac budc tinh cia mach nhw sau:

1. Tinh dong cwc phat I

2. Tinh dién ap cwc thu V. vé&i I = (hgg / hge +1)I
= IE

3. Tinh VCE - VC - VE

4. Cho dién ap cwc phat V¢

Chuy:

> Trong mach phan cwc cwec nén = dong nén cb
dinh

» Trong mach phan cwc cwc phat > dong phat

c6 dinh

7.7. Mach thuc LED

1.  Mach thiuc LED phan cwc cwe nén

Do RB =10 RC, nén 1 5%
transistor dan bio hoa, LEDJ;/

cho dong qua LED:

RB
SW 15k
o= Vee=Vceon = VD |: =15V
¢ Re VBB
15V—
=M=8,67mA I
15kQ — = L

Mudn thay ddi dong qua LED, ta thay déi Vcc hoic Re,

va dién tré Ry phai bang 10 1én R dé transistor dan bao hoa cirng, va

do lgii dong khéng thanh van dé quan tam.

3/17/2017
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2. Mach thuc LED phan cwc cuwe phat

+ Xét mach theo hinh sau:
Khi sw hé, I =0
transistor ngwng dan
Khi sw déng, dong
Iz = 10 mA khéng déi, >
dién ap roi trén LED
khong con dang quan
tam du cé tri 1,8V, 2V, VBB=
hay 2,5V. D6 la loi diém 15v 2 1,5k
cua mach phan cuwc

cuc phat so v&i phan cuc cuwc nen —

- Loi diém nira la khéng can den dién tr& Rc )

% Mach trén hoat déng trong vung tac déng, muon thay
doi dong LED thay doi Vgg hoac RE.

8. Transistor Quang
(Phototransistor)

« Khi dwoc chiéu sang cho:

Ie=IpH BH) Iao=Ir+1a=1rH B+)) Iz

dong téi 1a déng I, rat bé.

»= So sanh véi diod quang thi:

- Transistor quang nhay hon do dong thu
I&n hon ¢c& miliampe,

- Nhuwng c6 toc d6 ( hodc chuyén mach)
thap hon c& microgiay.

3/17/2017
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2. B6 ghép quang - Optocoupler

* Mach theo hinh sau:

Rc

OPTOISO
Vs—= __+Vcc
p— *—DK _

4N24

Loi diém cda bd ghép quang:

- C6 lap dién gitra ngd vao va ngo ra tot tw
2500 V dén 7500 V ( so v&i bién ap) hoac tir
vai chuc dén vai traim MOhm déi véi dong
dién mét chiéu

« Bd ghép quang c6 thé hoat déng & ché d6
DC hay ché dé AC tan sé cao

- Hé sé truyén dat dong dién = 1./ I-(LED) cé
tri cao ttr vai chuc phan tram dén vai tram
phan tram tuy loai.
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Do loi dong va thé & ché dé dong (AC)

« Xét do thj sau

* Ta cé:
- D6 loii dong
.y _AL| _Ip-l| _ (4=2)md
AL, Iyp-Iy|, (40-20)u4
- Do lgi thé
AN Vo Vel _ 612 o

Y

AI/BE‘ VBEZ_VBEI‘Q - 0,68—0,65 -

0

Phan giai bang dé thj

10 15 20 VecE ,
VCEK VCC vbe

vce

3/17/2017

28



3/17/2017

u
1

I Slope

fipfesmena

e ) +
i3 v

29



