Linh kién dién tr Chuong 5: BJT

CHUONG V: TRANSISTOR LUONG CUC (BJT - Bipolar Junction Transistor):

Transistor ludng cuc, thudng goi tit 1a BJT. 1a loai linh kién bdn din dugc tao thanh tit hai
mdi ndi P-N vdi ba cuc tinh ¢6 kh3 ning khuéch dai tin hiéu, hoic hoat dong giong nhu
mdt khéa déng md rat thong dung trong nganh dién t. N6 st dung ca hai loai hat dan:
dién ti¥ va 16 trdng, vi vay x€&p vao loai ¢é hai cyc tinh (ludng cuc).

1. Cautao:

Transistor 12 linh kién dugc tao thanh bdi 2 16p ti€p xiic P-N ghép lién ti€p, mién gitta c6
bé rong nhd tao 2 ti€p xiic P-N gan nhau.
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Linh kién dién tr Chuong 5: BJT

# N&u mién giffa 12 chat ban din loai P: dgl Transistor NPN
4 N&u mién giita 12 chat ban din loai N: dgl Transistor PNP

Transistor c¢6 3 chan ndi ra ngoai:

e Cuc E (Emitter): dudc goi 12 cuc phét, dugc pha ddm tap chit nén ndng do hat din
da s6 ctia n6 16n , do d6 kha ning sinh dong 16n.

e Cuc C (Collector): dugc goi la cyc thu, ving nay ciing dugc pha it tap chat (it hon
viing E) d€ c¢6 d6 din dién tot.

e Cuc B (Basec) : dugc goi la cuc nén, viing nay dugc pha rat it tap chat (it nhat
trong ba viing) , bé ddy rdt méng (cd 10*cm), cuc B diung d€ diéu khién dong hat
tai phdt ra tir cuc E.

Do ciu tao nhu trén, hinh thanh 2 chuyén ti€p P-N rt gin nhau:
« Chuyén ti€p giita mién phat — nén dgl chuyén ti€p Emitter (Jg )

< Chuyén ti€p giita mién thu — nén dgl chuyén ti€p Collector (J¢ )

& Cautao BJT toc dd cao (HBT: Heterojunction Bipolar Transistor)

Emitter

GalnP n-type emitter contact

afs p-type b

Base

contact  gogector
contact

GaAs n-type collector

Sub- Base Emitter Emitter Collecior Gaas
collector layer  layer  cap layer  substrate

Consumer 11%

Computer 8%

Industrial 6%

Military 5%

Communications 68%

13 Predicted world GaAs market by application in the year
2000

11 GaAs HBT 8-12GHz 4.5W microwave integrated circuit
power amplifier
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Linh kién dién t& Chuong 5: BJT

Vi du: BJT 2N3904

2N3904

NPN SMALL SIGNAL TRANSISTOR

Maximum Ratings @ Ta=25°C unless otherwise speified

Characteristic Symbol 2N3904 Unit
Collector-Base Voltage Veeo 80 W
Collector-Emitter Voltage Veceo 40 v
Emitter-Base Voltage Veso 5.0 v
Collector Current - Continuous Ic 100 mA
Collector Current - Peak lem 200 mA
Power Dissipation (Note 1) Pa 500 mWw
Thermal Resistance, Junction to Ambient (Mote 1) Raua 250 KW
Operating and Starage Temperature Range Tj Tara -55 to +150 °C

2. Nguyén tic hoat dong va kha niing khué&ch dai ctia BJT:
Xét nguyén tic hoat dong ctia BJT loai NPN lam vi du.

Khi chua phédn cuc: Mach thi nghiém nhu hinh vé:
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B :-:. DDD -. - - <
a" =" (" 0| & =
- — l - —
- L+ B_ P
1 | 1 |
VEE Ve

Cuyc E n6i vao cuc am , cuc C ndi vao cuc duong cla ngudn DC, cuc B d€ hd. Trudng hop
nay dién ti trong viing ban din N cda cuc C va E , do tdc dung clia luc tinh dién sé& bi di
chuyén theo huéng tir cyc E vé cuc C . Do cuc B dé hd nén dién tit tir viing ban din N cta
cuc E s& khong thé sang viing ban din P clia cuc nén B, nén khong c6 hién tugng tdi hop
gitta dién tf va 16 trong va do d6 khong c¢6 dong dién qua Transistor

Nhu vay khi chua dit dién 4p 1én cdc cuc cla Transistor thi cdc chuyén tiép Jg , Jc & trang
th4i can bing nén khong c6 dong qua cdc cuc clia Transistor.
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Linh kién dién t& Chuong 5: BJT
Mudn Transistor hoat dong & ché& do khuéch dai thi:

- Moi ndi BE (nén phit) : phan cuc thuin
- M&i n6i BC (nén thu) : phin cuc nghich.

Hay ndi cyc B vao mot dién th€ duong sao cho : V> Vg > Vg |

Sy din dién cda Transistor dudc gidi thich nhu sau:

o e :di chuyén to E -> B : Tao dong Ig,
Do mo6i ndi BE dudc phan cuc thuian: _ ,
Lo : di chuyén tr B -> E : Tao dong Ig,

nhung lugng tap chit 3 E >>B (B pha rat it), nén Ig, >> Igp, do d6 dong Emitter dudc tinh
Ig = Ign + Igp=1IEn

Céc dién t nay sang dén B, do viing nén B mdng, nong d6 16 trong it, nén chi c6 mot s&
rat it dién t tdi hgp véi 16 trong cda viing nén. Phin 16n dién ti chua kip tdi hop tiép tuc
khuéch tdn sang viing C. Ma cuc C ndi vdi cuc (+) ngudn Vee , nén né hiit cdc dién tif nay
& ving B sang, tao thanh dong cuc thu collector (I¢).

DPdng thdi 16 trong tir cuc (+) ctia ngudn Vg di chuyén vao viing B thé chd 15 trong da mat
di do sy tdi hop, tao thanh dong cuc nén ( Ip).

Chinh vi cdc dién tif va 16 trong déu tham gia vao qia trinh din dién nén linh kién nay
dudc goi la Transistor luong cuc.

Ngoai dong I¢ néi trén, qua ti€p xtc Jc con c6 dong dién tich do cdc hat tdi thi€u s6 clia
ban than 2 cuc B va C (e & viing B va 16 § viing C), dugc goi 1a dong dién ngudc Icpo, né
chinh 132 dong Collector khi E hd mach. Tri s& cla né ting nhanh theo nhiét do, vi khi
nhiét do ting lién k&t ddng héa tri bi bé giy, dong Icpo ting din dén dong Ic ting. Hién
tugng x4y ra day chuyén giy hiéu ng hdy thdc 1am hu Transistor.

Do d6 d€ bdo vé transistor khi nhiét do ting, ngudi ta gidi han dong Icgo bing cach phdn
cuc on dinh nhiét cho né.

Vi viéc phan tich dong nhu trén ta thdy:

Ig=1. +1p (1)

7 S6 dién tit dén dugc cuc C
bit a=-%= : dgl hé sd truyén dat dong phat
I S dién ti phat di tr cuc E

Ic = . IE (2)
Thé (1) vao (2), ta dugc

Ic=a s +Ic)
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Linh kién dién t& Chuong 5: BJT

= de=—1I
l-«a
bit  f= IL :dgl hé s6 khuéch dai dong Transistor
-a
(B: thudng c6 gia tri tir vai chuc -> vai trdm)
Vﬁy . Ic = BIB
IE = (ﬁ + 1) IB

Ta néi Transistor c6 chifc ning khué&ch dai dong mot chiéu.
o thudng c6 gid tri: 0,97 < a < 0,99, thuong xem o. =1

Do f>> 1 nén ta co thé xem: Ic ~Ig = Llp

Tuong ty cho khi xét nguyén tic hoat dong ctia BJT loai PNP. chi khac 1a d€ Jg phan cuc
thuan. Jc phan cuc nghich. Cuc tinh clia cidc ngudn mot chiu ddi ngudc lai. Chiéu cila
dong dién ciing thay ddi. Tao nén dong collector trong trudng hgp nay 1a cdc 18 tréng phun
tif mién P* qua mién N va khué&ch tdn d&€n mién collector loai P.

3. Baso do co ban cta BJT:

Nhu di biét, BIT c6 3 cuc: emitter, base, collector. Ty theo viéc chon dién cuc nao lam
nh4nh chung cho mach vio va mach ra ma c6 03 so d6 co ban sau:

Mach base chung (nén chung - viét tdit la CB):

Tin hiéu can khuéch dai dua vao giita cyc B va cyc E, tin hiéu sau khi da khuéch dai 14y
ra gitta cuc C va cuc B. Cuc B 1a cuc chung cia mach vao va mach ra. Nhu vay dong dién
vao la dong Emitter (Ig), dong dién ra 1a dong collector, dién 4p vao 1a Vgg, con dién dp
rala VCB~

Né&u khong v& mach phan cuc (tao dién 4p mot chiéu cho cac chuyén tiép Jg , Jc ) thi so dd
base chung c¢6 dang don gidn hda nhu sau:

(a) Common-base
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Linh kién dién t& Chuong 5: BJT

Mach Emitter chung (phdt chung - viét tdt la CE):

Tuong ty nhu trén, cuc E 1a cyc chung cia mach vao va mach ra. Nhu vy dong dién vao
la dong Base (Iz), dong di€n ra la dong collector, di€n 4dp vao la Vgg, con di€n dp ra la

(b) Common-emitter

Mach Emitter chung (phdt chung - viét tit la CE):

Tuong ty nhu trén, cuc C 1a cuc chung cia mach vao va mach ra. 0] mach nay tin hiéu cin
khuéch dai dwa vao giita cuc B va C, tin hiéu sau khi da dugc khuéch dai 14y ra giita cuc E
va C. Nhu vay dong dién vao la dong Base (Ig), dong dién ra 1a dong Emitter, dién dp vao
1a Vcg, con di€n dp ra 1a Vgc.

(c¢) Common-collector

Do dic diém ciia n6, dién 4p ra ddng pha va xap xi dién 4p vao, dién trd vao rit 16n, dién
trd ra rat nhé nén mach C.C con dugc goi 1a mach phat theo dién 4p (voltage follower)
hay phdat theo emitter (follower Emitter).

4. Dic tuyén Voltage Ampere ctia BJT:

D6 thi dién td cdc mdi tuong quan giita dong dién va dién dp trén BJT dugc goi 12 ddc
tuyén Voltage — Ampere (hay dic tuyén tinh). Ngudi ta phan biét thanh 4 loai dic tuyén:

4+ Dic tuyén vao : néu quan hé giita dong va dp & ngd vao.

+ Dic tuyénra : néu quan hé giita dong va 4p & ngd ra.

+ Dit tuyén tryén dat dong dién: néu sy phu thudc clia dong ra theo dong vao.
*

Dic tuyén hdi ti€p dién 4p: néu su bi€n ddi clia dién 4p gifta hai ngd vao khi dién
ap & ngd ra thay d6i.
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Linh kién dién t& Chuong 5: BJT

Trong céc ki€u rdp cd ban trén thi loai CE dugc ding phd bi€n va nhiéu nhit, do dé ta
chi yé&u khado sdt dic tuyén clia loai mach nay. Sau day chi trinh bay 3 loai dic tuyén
thudng dudc st dung trong ki€u sd d6 cd ban trén.

a. Pdc tuyén ngo vao:

IB =f (VBE)

Vg =const

Mach cho ta dic tuyén véi Ig 1a thong s& va Vg 12 bién. Thuc chat diy van 1a nhdnh
thuan cla dic tuyén diode.

O mbi dién thé Vg thi dong dién Ig s& c6 tri s khdc nhau vi du nhu sau :
Vee~ 0,25V ;I = 10pA
Vee~ 0,5V Iz =~ 50pA
Vee= 0,6V ;Ip = 80nA

Vee= 0,7V ; 1z = 100pA

I

Rb -1V
° o1 = cc

- g NPN
Vbb =

T ° Vbe
[
Vg Volts

v Base-Emitter Voltage

= \ y,

Y
v,

g

~
=
=
-
-_--——_

n
=1
=]

)

Base Current

=3
=3

Dic tuyén trén dugc vé dng vdéi dién th€ Vg = 2V, khi dién thé Vg > 2V thi dic tuyén
thay ddi khong dang k€, thé hién dién th& ngd ra Vg it Anh hudng dén dong vao.

b. Ddc tuyén ngo ra:

I.= f (VCE )‘13

=const

LAn luot dit Iz = OpA, mdi 1an ting 10pA. Thay d6i Ve , do Ic . Mbi thong s& Iy cho mot
dic tuyén chi ro su thay d6i clia Ic theo V.
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r a

30

Khudch dal L T, e 250
Ic

|‘?:b.::%b__o;l.h =
20

I5=0 |
B T, = 150 WA —

Collector Current
z £

W oA AT W ]|l e e
1I:rI.";: ¢ S Ver Volts = e
Ngung din L Collector-Emitter Voltage
»
c. Ddc tuyén truyén dat dong dién:
IC - f (IB) Vep=const

Mot cdch 1y thuyét, do doc clia dic tuyén nay chinh 12 hé s& khuéch dai cia dong dién .
Trong pham vi dong dién 16n, gid tri B gidm, cho nén dac tuyén khdng con tuyén tinh nita.
IC'"‘ VCE:1GU
Yl
VCE =ov

| .
L

Ig

Ngoai ra khi kh3o sat dic tuyén truyén dat dong dién ngudi ta con quan tim dén mdi lién
hé gitta dong dién ngd ra va hé s& khuéch dai hgg (hay B) khi nhiét do 1a hiing s6 c6 dinh.

hpe (BYA
400 |-
T = 125°C
300 |-
500 T = 25°C
T = —55°C
100 —///—\
0 L L L 1 L -
1 10 102 10° 104 10° Ie (un)

(1 mA) (10 mA) (100 mA)

Gidng vién: Truong Ngoc Béo 8
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5. Tham sé xoay chiéu va mach tuong duong BJT:
a. Tham sé xoay chiéu:

Trén thuc t&, khi BJT lam viéc véi tin hiéu nhd, cé nghia 1a trén cd sdcdc dién 4p mot
chiéu phan cuc cho hai chuyén ti€p Jg, Jc nay c6 thém dién 4p xoay chiéu bién do nhd dua
dén ngd vao dé€ BJT khuéch dai thanh tin hiéu xoay chiéu ddng k& trén ngd ra. Trong
trang thai d6 (goi 12 trang thdi dong cla tin hiéu nhd), mdt cidch gin ding c6 thé coi BIT
nhu mot phan ti tuyén tinh, tic 12 phin t ma quan hé giita dong va dién 4p trén né thé
hién biing nhitng hAm bac nhat. Piéu nay 13 hoan toan cho phép bdi vi nhu thiy rd tir cdc
dd thi & phan trén trong pham vi hep ciia dién 4p hoic dong dién, dic tuyén Voltage —
Ampere ctia BJT coi nhu nhitng doan thing véi d6 doc khong ddi.

Vé6i quan niém nhu trén, c¢6 thé thay thay th& BJT & trang thdi tin hiéu nhd bing mot mang
hai ctta bon cyc tuyén tinh nhu sau:

I I,
—_— -
o | S
+ +

ma ng
v - V.

' hai s z

o 5

& day, mot cdch t8ng quét, ky hiéu dién 4p va dong dién & ngd vao 1a Vi, 1, , & ngdra la
V,, I, véi chiéu quy uSc nhu hinh vé&. Sau nay khi 4p dung cho s& db cu thé (C.B , C.E,
C.C) thi cdc dai lugng k€ trén sé& 12 nhitng dién 4p hay dong dién trén cdc cuc tuong dng
clia transistor, dong thdi tiy theo loai BJIT ma chiing ¢6 d4u (hoic chiéu) thich hgp.

C6 nhiéu tham sd dic trung cho BJT: hé tham s6 z, y, h. Sau diy chi trinh bay loai thong
dung nh4t: hé tham s6 “h”.

Vi=1i (I, Vo)
L =1 (I;, V2)

Ap dung cdch tinh vi phan toan phin ciia ham 2 bién, ta c6 :

ov, oV,

dV] =—1 dI] + —ldVQ
oI, \
ol ol
d12=—2d11+ 2dV2
oI, ,
oV, oV,
bat —L =hy; ; —L = hp
oI, v,
[ ol
8—2 = hy; —2 = hy,
ol ov,
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DPong thdi sy bién thién clia dong va dp 1a bé (do tin hiéu bé) nén ta thay ky hiéu vi phan
clia chiing bing chinh sy bi&n thién cda ching, nghia 1a thay :

dIi = ii 5 dVi =V, dIo = io N dVo= Vo

AR
hy; (hodc h; ) 1a dién trd vao clia BJT khi dién 4p xoay chiéu & ngd ra bi
ngidn mach.
D—
K@ @ K
=

P
F
hy2 (hodc h; ) 1a hé s8 truyén nguge vé dién dp (hé s6 hdi tiép 4p) clia

BJT khi hé mach ngd vao d6i véi tin hiéu xoay chiu.

h

I, @ )

= _'Ir..

Ll -
hy; (hodc hy ) 12 hé s6 khuéh dai dong dién ctia BJT khi ngd ra bi ngin
mach ddi véi tin hiéu xoay chiéu.

(i 5]
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Mg

[
Al
hy, (hoidc h, ) 12 dién din ra ( dAn nap ra) cia BJT khi dong xoay chiéu
& ngd vao bi hd mach.

Nhu vay, tinh ning cta BJT c6 thé hi€u qua gi4 tri cdc tham s& h clia chiing. V& mit don
vi do h; ¢6 thd nguyén h; ¢6 thd nguyén 1a dién trd (Q), hy, he : khdng ¢6 thd nguyén, h, : ¢6
thit nguyén dién din ( , Tiement).

Sau nay khi 4p dung cho tiing so dd cu thé, tiy theo BJT mic kiéu nao (C.E, C.B, C.C) ma
céc tham s6 c6 thém chi s& tuong tng.

b. Mach tuong duong ciia BJT:

Duya vao hé phuong trinh co ban trén, ta vé dudc mach tuong duong dung tham s& h cia
BIT. Trong mach vao, ngoai dién trd vao (h;) con c¢6 ngudn dién dp hdi ti€p h,v, (rit bé
nén bd qua) mic ndi ti€p. N6 thé hién 4nh hudng cla ngd ra doi véi ngd vao. G mach ra,
ngudn dong dién (he.i;) phdn dnh khd ning khuéch dai dong dién ctia BJT. Pién dan ra
1/hp rat bé mic song song v6i tdi (rit 16n nén bd qua).

I, I
PR S
Mach tuong ?Hdng BIT $ hie | =E hoe
ghép ki€u E.C T e 1
. = o
E Te I:C
— _——
2 nib < 1hob Mach tuong iiu’dng BIT
Y oY 3 ghép kiéu B.C
B
B hie Ip I. g
Mach tuong ducng BJT

ghép kiéu C.C
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O day céc thong s& duge xdc dinh bdi:

hee=
0,025.4,,
e ]CQ
h.
hih = =
hy+1

Tém lai, khi 1am viéc & ch& do tin hiéu nhd, c6 thé thay th€ BJT bing so dd tuong duong
thong s6 h. Viéc thay th& nhu vay gitp cho sy phan tich va tinh todn cdc dai lugng dugc
don gidn va tién 1di. Ta sé& ing dung cédc so do tuong duong nay k&t hgp v6i ngudn tin hidu
& ngd vao, dién trd tdi & ngd ra, cuing cdc dién trd phan cuc d€ khdo st cac tham sd co ban
clia ting khuéch dai dung BJT & chudng sau.

Ciing cin lvu ¥ ring nhitng sd dd tuong duong trén diy chua ké dén dién dung cla cic
chuyén ti€p P-N, ciing nhu quan hé phu thudc tin s§ clia cic tham s6 o, B, ... Vi vdy chiing
chi diing cho BJT 1am viéc & tan sd thap hoic trung binh. Khi 1am viéc & tdn s& cao mach
tuong duong ctia BJT s€ phiic tap hon.

c. Cdc tham s6 gidi han ciia BJT:

Ngoai cdc tham s dic trung cho ch€ @6 lam viéc ctia BJT § trén, khi sit dung d€ tranh hu
héng ta can chd y cdc tham s& gi6i han sau:

Dong cuc dai cho phép: Igmax, IBmax, Icmax

bién dp cuc dai cho phép: Vepmax, VcEmax, VBEmax

Coa . . P
Cong suat tiéu tdn cuc dai cho phép: /. . = %
CE

Tan s6 gi6i han: fr

d. Bdng so sdanh cdc thong sé theo cdc cdch mdc:

MM MM COMMON COMMON
AMPLIFIER TYPE C(]; ASE ON ECI\'(I):UTE(I;N EMITTER COLLECTOR
(Emitter Resistor) (Emitter Follower)
INPUT/OUTPUT PHASE - - . -
RELATIONSHIP L L Lt g
HIGH MEDIUM MEDIUM LOW
VOLTAGE GAIN ok, BEIIx) BE, (B+1 (R 115,)
R, +1, R, +1, R, +(B+1)(r, +Rz) R, +(B+1[r, +(R. IIr,]]
LOW MEDITAL MEDIUM HIGH
CURRENT GAIN . .
5 —To
¢ Rg+r1, g (E+)rD+RL
POWER GAIN LOW HIGH HIGH MEDIUM
LOW MEDIUM MEDIUM HIGH
INPUT RESISTANCE
L. r =B+, (B+1yir, + Ry} B+Dlr, +(r, IRL)]
HIGH MEDIUM MEDIUM LOW
OUTPUT RESISTANCE il . R,
Re Relir, Re LB
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