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Ch. 3 Transistor lwéng cwe noi
(ch 6. Bipolar junction Transistors
& ch 7 Transistor Fundamentals)
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Vao chiéu ngay 23 thang 12 nam 1947 hai nha nghién
clru John Bardeen va Walter Houser Brattain cua
Bell Telephones da chtrng minh thanh cong sw
khuech dai cua transistor tlep xuc diém dau tién. Pay
la tién than caa transistor néi dwoc phat minh b&i
nha vat ly William Bradford Schockley nam 1951.

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

Transistor dwoc san xuat dau tién va dwa vao s
dung vao nhirng nam 1954 - 1956...

IC dau tién do Jack Kilby nghién ctru ché tao thanh
cong vao nay 12-9-1958, 6ng nhan dwosc giai Nobel
Coéng nghé thong tin nam 2000.
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|. Cau tao
» GOom 2 nai tiép xtic ghép xen ké nhau.
* CO 2 loai Transistor noi: npn va pnp (h. 1)
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* Vung phat E pha dam,
» \/Ung nén rat hep va pha lot ( nhe)

» VUng thu C lén nhat va pha trung gian
gitta vung phat pha dam va vung nén pha
ot

> Tén goi nham am chi:

Cuc phat phat cac hat tai dén cuce thu
(gop) va dong hat tai nay duoc diéu khién
bdi cwec nén (goc)
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Point-contact transistor

plastic
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First commercially available point-contact transistor
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BJT Transistors:

Collector Base Emitter
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Collector Base  Emitter

E mitter Base Collector
Teminal

Terminal Teminal

*
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Emitter Base Collector
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Sandwiching a
P-type layer
between two n-
type layers.

Sandwiching a
N-type layer
between two p-
type layers.
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» Khi chwa phan cuc, Transistor giong nhu
hai diod mac ngwgc nhau va co rao the
0,7V (hay hai viing hiém) nén ngwng dan.

N
E- [ ‘ T C
B

cach nhin nay con dung dé do thi
transistor con tot hay huw
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I. Cac kiéu hoat ddng-Phan cuc

« C6 4 kiéu phan cuc Néi phat-nén EB
tuy theo cach cap dién phc.ngwoe phe. thuan
d Tac dong
-Ngwng

-Bao hoa ) [o] phc.n Off (Forward
-Tac déng thuan thu-nén (Of) active)

-Tac dong nghich CB |phc. th

Tac dong |Bao hoa
N nghich (|(on

Re\_/erse Saturation
active) )
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4 kiéu hoat ddng clia BJT

1.Ca 2 noi EB va CB déu phan cuc nghich :

Do 2 n6i déu ngwng dan > BJT ngwng dan
Eex Eex (off) i

|
|
|
|
, El
|
|
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2.Ca 2 ndi EB va CB déu phan cuc thuan:
Do 2 nbi déu dan céac hat tai cung chay
vao ving nén.Ma ving nén hep nén bj
tran ngép cac hat tai > BJT dan bao
hoa(On).
. E

<

ex
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Cic kiéu hoat dong trén khong st dung
rieéng biét ma két hop nhau trong hoat
doéng giao hoan ( chuyéen mach)

. ylc

o Ql
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3.Phan cwc thuan EB, Phan cwc nghich CB:

Do tac déng cua dién trwedng ngoai,cac dién tw
tw do bj day vao cwc nén. Tai day do cwc nén
hep nén c6 chi 1 so it dttd bi tai két, da so dttd
con lai déu bi hut vé cuc thu > BJT dan manh (
kiéu tac déong thuan rat thdng dung trong mach
khuéch dai) . Engoai E

-
«

ngoai
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Cach hoat déng giong nhw & kiéu 3 nhwng cac
hat tai di chuyén theo chiéu t cwc thu sang
cwe phat . Do cau trdc bat doi xirng cac dong
thu va dong phat déu nhé hon & kiéu tac déng
nghich = BJT dan theo kiéu tac ddéng nghich.

n P n

I I
L |
I D
I
F <
I I
| |
| |
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Cach phan cwc nghich nay it dwoc s
dung , ngoai trir trong IC s6 do cau tric doi
xtrng nén cac cwc thu C va cwc phat E
c6 thé thay theé vi tri cho nhau.

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

2.Phan hoat ddng giao hoan sé xét dén
sau.
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3.Biéu thirc dong dién trong BJT ( rap CE)
 Theo dinh luat Kirchhoff ta co:

le=lg + ¢ (1)
* Theo cach hoat dong cua BJT vwra xét co:
IE - InE g IpE: InE (2)
IC = IFJC T Ic‘o (3)
Goi o, hé so truyéen dat dong dién phat —thu :
sodttddéncwcthu | . |-

~ sbdttd phat d ttecwe phat — 1 . — |-
Thay vao (3) cho:
Ic= %lg+leo=“lg+lcgo (4)
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« Hé so truyén dong dién rat bé

a <1 (0,95 = 0,9998 )

cong thirc (4) thwong chi str dung trong cach
rap cwc nén chung ( CB).

 Trong cac trrong hcy!o th@ng dung khac ( nhw
cach r:ép CE) ta chuyén doi thanh dang nhuw
sau bang cach viet lai thanh:

o 1
l-a | B+1—a
e VOi:

:IBIB+(IB+1)IC (9)

o)

lc = Ico

a 1
p =  pele—

lanCong.com https://fb.com/tailieudientucntt
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Nhan xeét

D6 loi dong(dd khuéech dai) ; rat 1&n (
100 — 500 loai < 1W, va 20 — 100, loai > 1W))

P PonIM | o= (B +1)1co® (S +1)1cno
rat be o nhiet do binh thwro'rng nhwng lai tang
nhanh theo nhiét do .

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

lc=p g (6) va Ic=¢g lg ()

»  Tong quat ta c6 thé sir dung (1) va (6) trong
cac phép tinh phan giai va thiet ké mach
transistor.
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Chu y:Transistor con dwoc goi la:

1. linh kién diéu khién bang dong dién.

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

3. TRANSISTOR la chir viét tat cia tor
TRANsfert ReSISTOR (Bién tré chuyén ).

4 Doi voi transis,tor loal pnp, cach ly luan vé hoat
dong cung giong nhw © t[an§istor npn nhuwng
thay dién tt tw do bang 10 trong, nén chiéu
dong dién ngworc lai.
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Chiéu dong dién trong transistor

e Transistor npn

d

Transistor pnp

e

A1

E

nén cdng thire trén van ding cho c¢a hai loai

le=lc+lg

lc = e g
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lIl.Cac cach rap va Pac tuyéen V-|

» CO 3 cach rap (xac dinh tir ngbé vao va ngo ra
cua mach transistor) : CB, CE, CC ( EF)

1. Cach rap cwec nén chung (CB-common base)
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2.Cach rap cwc phat chung ( CE-common emitter)

O

| ]
KQ RC

g RB
Vo
| RL
__L_h v L+ VCC
—Il_

@

BB =1

& O

*
—

Do:

Tin hiéu vao nén — phat BE

Tin hiéu ra thu — phat CE

Ca 2 ngo vao va ra c6 cwc phat chung

ongThanCong.com om/tailieudientucntt
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3. Cach rap thu chung (CC - Common Collector
hay mach theo phat (EF- Emitter Follower)

 Mach dién

)
et

i — ]
. :
—

Vo
T RL
')

Nt

VCC

|IE
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* Hinh vé& cho thay:

11
e e
. . IC
wp T B |+ VCC
" 1 VEE | =
VEE —— "“J/IE

'
—

* Vg = Vg — Vg
* Vg = Ve — Vg
Veg =V . Vg

CuuDuongThanCong.com
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4. Dac tuyén

cach rap CE

« Gom c6 3 dic tuyén thdéng dung sau:
a. Dactuyen vaolg =f (Vg \VCE = Cte

g

(MA)

= 1V 2V

Vee (V)
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b. Pac tuyénral. =f (Vs ), g =Cte
vg bao hoa vung tac dcfmg‘
A A = 60UA
6| s = 50UA
a7 40UA
4 | 1_._.cy L S0UA
| : 20UA

vung nguwng ( cut off)
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C. Pac tuyén truyén IC = f (IB)| Ve = Cte

Ic ( mA)
. Trong dai thay doi
nho cha I, thay doi
tuyen tinh.
. Khi dong Iz lon, |-
khéng con tuyén tinh
( sé xét trong chwong 0 g (’u A)
mach khuéch dai)
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4.D6 loi (306 khuéch dai) dong
» Tai diém tinh diéu hanh Q, ta co:

3,8mA  3,810°°

e ° 40uA 4010

=95

» Tai diém tinh diéu hanh Qg, ta co:

| 42mA  4,210°°

1. 0 40uA 4010
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Pwona thana tai tinh ( DCLL)
 Phwong trinh dwong thang tai tinh

Tw ( 5) viét lai:

lc = (vec = Vee)/ Re =-Vee I Re V’CC IRc(7)
Du@)’ng tai tinh dwoc vé trén dac tuyén ra qua
2 diém xac dinh sau:

Chol-=0 = Veey=Vee (Biém M)

Cho Ve =0 2 Iy = Veo! Re (BPiém N)
noi 2 diém M va N lai ta cé dwoc dwdrng tai tinh

» Giao diém duong tai tinh va dwong phan cuc

Iz chon trwéc cho ta tri s6 diém tinh Q.
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Puwong thang tai tinh

ic (MA)
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IV . Mach phan cwc co ban

+ Mach phén cuc bang 2 nguén cap dién riéng:

o | ——
A — — O £E
—>— vCce
1. 1B VCE —L=

_— VBB VBE

0

Tinh dworc tri s6 diem Q: =
Ves =Rglg +Vge (1)
Iz = (Vee- Vee) / Rg (2)
lc= glg (3)
Vee = Rele + Ve (4) 2
Vce = Veer Rele (6)
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/ B3o hoa
60uUA
6
A
2
0 5 ‘
Vceo Vee

Thi du : V&i Vee=18V; Rc = 3k , dong Iz, = 40uA
Tinh dwoc Q (1. =4mA ,
(Vee=6V,
(Vge = 0,7V cho trwéc

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Do loi dong
 Theo trén ta co:

I-=4mA valg=40 # A
* Tinh dwoc:

| co 4mA
ﬂ: pu—
Yo 4 1 A

=100

o Transistor c6 tinh khuéch dai dong
o Do loi dong c6 thé tinh nhanh tir dac tuyén
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Transistor Approximations

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

Vg = 0,7 V (Si), va (0,3 V (Ge)

O

_|_

second
VBE =0,7V *

@BdCIB
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DATA SHEETS

. M0| transistor co cac thong so riéng cho b&i nha
san xuat:

VCEO’ VCBO’ VBEO’
ICmax’

I:)Dmax’
Lt
h./ lc, cac tri min, type, max

e
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Dang vo Transistor
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Vai trd clia dwdrng thang tai tinh

* Phan giai mach Transistor.

- Xac dinh diém tinh diéu hanh Q.

» Cho biét trang thai hoat déng cia
transistor ( tac dong, bao hoa, ngung).

 Mach khuéch dai c6 tuyén tinh hay khéng.

» Thiét ké mach khuéch theo y dinh ( chon

trwwdc diem tinh Q , tinh cac tri so linh kién)
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1.Mach c6 cung Rc va khac Vcc

« PO doc DCLL nhw nhau

IC
10 mA
(-1/3 kOhm)
3 MA
(-1/ Rc)

0 9V 30V VCE (V)
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2. Mach c6 cung Vcec nhwng khac Rc

« Pwong DCLL c6 dd doc khac nhau
Ic ,
15 mA

(-1/ 1 kOhm)

5 mA

Vee(V)
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Chu y:

» PO Igi dong dién thay dbi theo vi tri diém
tinh diéu hanh Q.

» Piém tinh diéu hanh Q thay ddi vj tri theo
di§n thé phan cuc transistor va con thay
doi theo tin hiéu xoay chiéu ( AC) tac dong
vao mach .

* Ta sé xet cac dang mach phan cwc (DC)
khe:JC o chwong 4 va suw khuéch dai trong
ché dé dong ( AC) & chwong 5 .
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S thay doi dd loi dong dién hFE
1. Sy thay doi h.e theo nhiét dé

1000 N
Common emitter

500 V=4V
300 Tp=100° C o

| 1] 1]

25 ny

[o—
S
o

V
\
\
|
]

W
Qo

DC current gain hpy

10
5

3
0.01 0.03 01 03 1 3 10 20
Collector current 1 (A)M

ongThanCong.com


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

= 2. Dong I cang Ion hee cang nho
Theo hinh trén ta thay khi |4 cang Ion, dwong

cong hi cang giam xuong, tri s6 h.. cang nhé
khoang 30 dén 50 - h_(bh) <h..

= Cach tinh hge (bh) nhw sau:

Il ¢ (bh)
/Bbh_
I 6
NVCC
l ¢ (bh) =
R ¢
\V BB V cc
1 & = —
R B R s

Thwong chon bao hoa sau:
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Transistor giao hoan (Transistorswitch)

+ Phan cuc cuc nén thuwdng st dung trong mach
s vi mach duoc thiét ké dé hoat dong tai dan
bao hoa va ngwng dan >Bbiém diéu hanh Q nam
trong vung bao hoa va vung ngwng.

* Theo trén mach dwoc phan cuwc bao hoa sau va
ngd ra co mrc thap Vegy, = 0,2V (b&o hod) va
murc cao V. ( ngwng dan)

- Mach so thwdng con goi la mach giao hoan hay
chuyén mach vi diém diéu hanh cta né (luan)
chuyén (switch) gitra hai diém trén DCLL. Mach
con duoc goi la mach hai trang thai.
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7.6 Phan cwc phat- Emitter Bias

« Mach so6 thwdng str dung phan cwe cuc nén.
Nhwng khi né chuyén thanh khuéch dai,
ching ta can dén mach c6 diem Q dwoc
mién trir 1am thay déi do loi dong.

« Mach dwoc thay déi nhw sau: dem dién tr&
mach nén thanh diénj tré& mach phat. Chi mét
thay doi nhwng lam tat ca khac biét.
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Y twéng co’ ban

Ta co:

Ve = Vg — Ve
thwong Vg , Ve
khéng déi, nén
dong phat khong
doi va doc lap
déi v&i h:

Ve =V e Ve

RE Re

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cac buwdce tinh cua mach nhw sau:

1. Tinh dong cwc phat I

2. Tinh dién ap cwc thu V-voi l- = (hee / hee +1)1¢
= IE

4. Cho dién ap cwc phat V.

Cha y:
> Trong mach phan cwc cwec nén = dong nén co
dinh

» Trong mach phan cwc cwc phat = dong phat
coO dinh
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/.7. Mach thuc LED

1. Mach thac LED phan cwc cwc nén
= : SN
Do RB =10 RC, nén o
transistor dan bao hoa, v ’
cho dong qua LED:

RB

SW 15k
1+ Vee
V cc =V cepnh — VD — 15V
|l c =
R c VBB —_
15V — 2V BT
= =8,67mA e

15kQ -1

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

va dién tré R; phai bang 10 lén R dé transistor dan bao hoa cirng, va
do loi dong khéng thanh van dé quan tam.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2. Mach thuc LED phan cwc cwc phat

« Xeét mach theo hinh sau:
Khi sw hé,I-=0
transistor ngwng dan

« Khi sw déng, dong
le = 10 mA khéng dbéi, >
dién ap roi trén LED

SW

/‘

«

khéng con dang quan
tam du cé tri 1,8V, 2V, —=

hay 2,5V. D6 l1a lgi diém L

15V

cua mach phan cuc

, , ~ A 1
cwc phat so v&i phan cwc cwc nén.—

N

VE

RE

_,\,:,\,_o_ﬂ

.||_

- Loi diém nira la khong can déen digntré R..
% Mach trén hoat dong trong vung tac déng, muon thay

doi dong LED thay doi V;; hoac RE.

LED

PN

, Ok

|+ Vcc
—_ 20V
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8. Transistor Quang
(Phototransistor)

« Khi dwoe chiéu sang cho:

le=let (B+1) 1o = ot lceo= 1o+ (B +1)15
dong toi la dong I, rat bé.
= So sanh vé&i diod quang thi:
- Transistor quang nhay hon do dong thu
I&n ho'n ¢ miliampe,
- Nhwng c6 toc do ( hodc chuyén mach)
thap hon co microgiay.
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2. BO ghép quang - Optocoupler

 Mach theo hinh sau:

Vs
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Loi diém clha bd ghép quang:

 Co lap dién gitra ngd vao va ngo ra tot tir
2500 V dén 7500 V ( so v&i bien ap) hoac tir
vai chuc dén vai tram MOhm do6i véi déng
dién mot chiéu

- Bo ghép quang c6 thé hoat dong & ché do
DC hay ché dé AC tan so cao

* Hé so truyén dat dong dién = 1./ 1(LED) c6
tri cao tir vai chuc phan tram dén vai tram
phan tram tuy loai.
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D6 loi dong va thé & ché do dong (AC)

Xét do thj sau
Ta co:
Do loi dong

Al bng —thaj (4-2)mA
A=pB,. = = = =100
Al L, — 1g, (40-20) A
Do lovi thé
AV \V —\ 6-12
AV: CE _ CE?2 CEl _ = 2200
AVie | Veea=Vopei|, 0.68-0,65
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Phan giai bang do thi

I ( MA) Ig (UA)
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