PHBK Tp HCM-Khoa B-DT
BMDT

GVPT: HO Trung My
M6n hoc: Dung cu ban dan

Chuong 5

BJT

Transistors (Transfer Resistor)

Bipolar transistors Field Effect Transistors

NPN,PNP / \

Junction-FETs (JFETS)  Insulated Gate FET's
N-channel, P-channel

MOSFETs
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BJT
Gidi thiéu
Blrc tranh y niém
Pac tinh tinh cta BJT
Céc tham s6
Céc hiéu trng th&r cp
Céc dac tuyén cta BJT
M6 hinh tin hiéu nho cia BJT — TD: Cac mach Kb
BJT & tan sé cao
Cac loai BJT khac
Cac trng dung ctia BJT: Gwong dong dién, ...

-r.- TA

Giél thiéu
BJT duoc phat minh vao nam 1947 do William Shockley, John Bardeen va
Walter Brittain tai Bell Labs (M¥)
BJT=Bipolar Junction Transistor
Transistor = Transfer resistor
BJT la dung cu tich cuc ¢6 3 cuc.
BJT la dung cu 3 cuc dau tién cua cac dung cu ban dan va tiép tuc la dung cu
dugc chon cho nhiéu ing dung s6 va vi ba (microwave). Mot thap nién sau
khi BJT dugc phat minh, né van giir dung cu 3 cyc duy nhat trong cac @ng
dung thuong mai. Tuy nhién khi giao tiép Si-SiO2 dugc cai tién, MOSFET da
tr nén thang thé. Hién nay HBT (Heterojunction Bipolar
Transistor=transistor ludng cuc chuyén tiép di thé) cd hi¢u ning rat cao vé
tan s6 va do loi.
Céc ung dung cua BJT: Kb, mach CS, mach logic,...
BJT vén con duoc wa chudng trong 1 s6 tng dung mach s6 va analog do toc
d6 nhanh va d6 loi Ion. Tuy nhién né khuyét diém 1a c6 tiéu tan CS Ion va
tich hgp nho trong IC.




BJT ‘ —

Original
point-contact e
- trl%r;fs;stor Inventors of the transistor:
i ( ) William Shockley, John Bardeen

and Walter Brattain
First grown transistor

Single crystal Collector
ntype  Indium lead
geranium

Base
lead

P'(YPfE Indium
Emitter
lead

Co 2 loai BJT: NPN va PNP

Ky hiéu:

+ E = Emitter=Phét, B=Base=Nén, va C=Collector=Thu
+ Jg:chuyéntiép PN gira B va E

+ J. : chuyén tiép PN gitia Bva C

E Emitter |Base | Collector c E ®- Emitter |Base | Collector c
Pt N P . N* P N

B
E (Ve L
E C
Ves =Ve—Vs + +
Veg = Ve - Vg VEs lIB Ve
Vec = Ve - Ve 5
=Veg - Ve

le=lg+1¢




Transistor Outlines (TO)

For some transistors, the pin function can be identified from

packaging:

Power Transistor Small Signal Transistors

e Shown about twice actual size.
‘I
T Emitter —|[| 4= Collector E; k
Emitter
Base Base TO_ L8
TO - 92 Hermetically-Sealed
Case iz Collector Plastic Pac‘l'cave Case
TO-3 Package 2
TO-92 TO-18

B
e AN
v Bottom view J‘ Bottom view
©

Be

Power Tab Package
Shown about actual size
Used for power transistors,
three-terminal voltage
regulators, and SCR’s

Heat Sink —*
Mounting
Tab

1

Center lead is common
with heat sink tab

Case is connected
to the collector (C)

i 7
Types of transistors
: . Emitter Base
» Discrete (double-diffused) g CMIter o
+ .
p*np transistor 5 um
200 pum e -— Collector
* Integrated-circuit
n"pn transistor oo o
Base
° “ml [ taen
buried layer
200 um

Substrate




BJT Structure - Planar

p-base diffusion

£ B c O] 4 b4 b 4 [Eo, ]

n-type substrate

n+ emitter diffusion

n-type substrate 510 ! —— &0, W []
p-base

The “Planar Structure” developed by
Fairchild in the late 50s shaped the basic
structure of the BJT, even up to the present
day.

n-type substrate

* In the planar process, all steps are performed
from the surface of the wafer

» BJTs are usually constructed vertically

— Controlling depth of the emitter’'s n doping sets the
base width
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Bwc tranh y niém
Sosanh BJT va FET

BJT FET
Dung cu dya trén diode ma | Sy dan dién duwoc diéu
thwong bi chan, trir khi cac | khién bang dién tredng
cwc dieu khién (Base va dwoc tao béi dién ap dwa
Emitter) dwoc phan cuc vao cac cwc diéu khién.
thuan.
Vi vay dieu khién la dong Vi vay diéu khién khong c6
dién, va BJT ban _chat la dong dién va FET la dung
mach khuéch dai dong. cu dworc diéu khién bang
dién ap.
11
N\
BJT va FET (1/2)
Diéu khién ludng [nwérc] Diéu khién ludng [nwérc]
b&ng sy thay ddi thé nang b&ng thay déi do réng kénh
FRRARI R T v S T
Ludng chét léng Ludng chét 16dng trong mién bj gi¢i han
——
SRR B
A AT AT A P T A T =
R ]
Tang thé nang lam divng D& rong dwoc didu khién béng “cdng”

ludng chét Idng Trang thai OFF
Trang thai OFF
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BJT va FET (2/2)

—/—1
- B e I
T z B N e e e
e e T P T T g T g g g T e T g g T T
Giam thé nang cho phép Tang d6 rong kénh lam cho
luéng chat 16ng chay chat Iéng chay
) BJT, HBT 9 FET > .
Thé nang dwoc di‘éu khién Do rong ‘kénh dan dwoc diéu
bang dién ap nén-phat khién bang phan cuc céng
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5.1 CAu tao va nguyén tac hoat déng cua BJT

BIT ding 2 chuyén tiép PN méc nguge nhau dé ¢ hé sb khuéch dai cao va hoat
dong tan so cao. Hinh #6.3 cho thay cau tao cua BJT NPN va mat cat ngang cua no.

e Emitter contact

_—— Base contact

—— Collector contact

B 14ng E B €
mién nén
“\

Phan mat cétngang

a) Céu tao ctia BIT b) Cach nhin don gian cia mat cit ngang
Hinh #6.3

D¢ hiéu 1am thé nio BIT ¢6 do loi, ta xét BIT NPN 6 ché do tich cue thuén, nghia la
chuyeén tiép Jr dwge phan cuc thudn va chuyen tiép Je duge phan cue nguge. Khi d6 nd ¢

gian d6 nang lwong nhw & hinh #6.4.
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Gian doé nang lwong cia BJT NPN
chwa phan cwc (& dkeb)

EMITTER BASE COLLECTOR
le ]
Wy

« Noéng dd Ny & Emitter >> N, & Collector
» Khoéng cé dong dién
« 2 diode d4u ngwoc nhau 5

Gian d6 nang lweng cua BJT khi dwoc phan cwe & ché dé tich cuc
thuén, & d6 J. dwee phan cwce thuén va J. dwerc phan cwe ngworc.

Phat (Emitter) Nén (Base) Thu (Collector)
Dong dién tt
Je dwoc phan cwce thuan:
* DPién t&r dwoc bom tr E _sececese
vaoB. oo - ==

+ Diégntrdingangmién = 0——————
nén vao mién thu.

D0 réng mién nén nhé hon
chiéu dai khuéch tan L, dé
dién t& co thé téi dwoc J

Jc dwoc phén cuc ngwec:

* DPién t&r dwoc kéo vao
mién thu do dién trwdng
nguoc (b)

Dong 16 = dong n&n
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« C&c yéu cau quan trong doi vai dung cu dién tir:
— Hé sd KD cao va fanout I6n.
— Ng0 vao nén duoc cach ly véi ngo ra

« Nhac lai tiép xtic PN véi phan cuc thuan va phan
Cuc nguocC:
— DOng nguoc tiép xic PN duoc tao boi hat din thiéu sb

— Dong thuan tiép xdc PN phu thudc vao su phun hat
dan

17

Hé s van chuyén mién nén B va
hiéu suat phat vy,

* Il =B Ig,

* hiéu suat phat Ve . IEn
IEH + IE?J

fe

e Ti s truyén dat dong dién o

Ie Blg,

- = - Bﬁf}_:\ = ik
I.E‘ IE?! =+ IE]'J '
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bé lgi dong B
« DoOng nén dwoc tao béi dong 16 ducrc phun vao
E (IEp) va dong 16 do tai hop trong mién nén véi
cac dién t&r dwoc phun vao t E (= (1-B)Ig,).
Nhuw vay
lg =lgp + (1 = B)lg,
* D6 lgi dong E chung B (cé gia tri 50 > 200)

3 o Blgn _ B(gn/IE)
S0y T =B L=Hals
B B,
=
va gi— 2
1l — 19

Sy thay doi trong dong dién nén lam anh hwéng
cwong dé bom hat dan da s6 va dong thu trong BJT

T
C i)
Rz
n
Collector — v,
(Thu)
B
P Base
Ip (Nén) /\
R; = . — R
! ~. ~— 7 - Dong thu |
Emitter - . T . (08 4 <
- ong nen an den
=, " (Phat) " thay @i dién tich midn nén
II
4,/' Ig E
(a) 20
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5.2 Pac tinh tinh caa BJT

Tiép xtic nén Tiép xtc phat Tiép xuc thu

Si05—FT 8 ] :
n
L‘D |
}
n |
|
e BEe—" -
Dang lé Is
. A \
BE [
!]r ¢I§E (L //
P = D) <=—@ED) B i
L) - =YD p ~
—I6m :
o @ (@ o) -
g s Ic
;.]?iB Dang dién tr Inc @
7 P n 53 2

Néu ta gia st rang mién phat rong va dung phan tich 1 chiéu dé hiéu dung

cu. Ta sé str dung cac gia thiét don gian hoa sau.

1. Bién t& dwoc bom tiv njién phét tiép tuc khuéch tan qua mién nén va
dién trwdng trén mién nén dd nhé dé khong co hién twong troi.

2. bién treong chi khac zero trong cac mién nghéo va bang zero trong cac
vat liéu khoi.

3. Dong bom collector bd qua dwoc khi BJT dwoe phan cuwc nguwoc.

4. Qui wéc ky hiéu mo ta dién ap: Vge= Vg — Vi, V&I Vg va Ve 1a dién thé do
dwoc tai cac cwc Bva E. TD: Vge > 0 nghia la Vg > Vg,.

Téng quat, c6 cac dong dién sau trong BJT:

- Dong [dién] nén I,: duoc tao ra tr 16 két hop voi dién tir dwoc bom vao
tlr mién phat (Thénh phan I) va |6 dwgc bom qua tiép ,xuc Je vao mien
phéat (Thanh phan II). M6t 1an nira ta bé qua J. v&i ché do tich cwe thuan.

- Dong [dién] phaét I gom dong dién t tai hop voi 16 trong mién nén (lll),
dong dién t&r dwoc bom vao mien thu (1V), va dong 16 dwoc bom vao
mien phat (11). 22
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Thanh phan dong dién

I}F;B = Dong phét dugc bom vao mién nén = Ig,

I%E = Dong nén dugc bom vao mién phét = Ig,

zﬁE = Dong tai hop trong mién nén

F5C = Dong 1 dwoc bom qua tiép xtic J phan cuc nguoc

IBC = Dong dién tir dwge bom qua tiép xdc J. phan cuc ngugc
I,,c= Dong dién tr dén tir mién phat (=10

bPé co dung cu hiéu nang cao, ta can gi?

*Ipn>>1Igp : Ipg~0 + Higu suét phat cao
¢ Hé s6 van chuyén mién nén cao

49

Cac dong dién trong BJT N*PN

« EBJ (Jz): Khuéch tan da s6

—len
g C
*« CBJ(Jo): Trdi thiéu sb
~leso R
* Jc thu thap nhing dién tir tir E va tao nén dong ICN
len | .
* Dong nén CBO p—
N E c—
—Dong téi hop gy —
Rb
E J_ IEN
T
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Cac ché do lam viéc caa BJT

Veg (pnp)
Vi (npn)

Active Saturation

Common-emitter output characteristics

Veg (pnp)

Ve (npi) Ip=ile——>

-0

(Ic vs. Ve)

Saturation
i
/

! r Vep=0

Ic

Ig>0

L Active Ig=0
Cutoff B
" Ve (prp)

Veg (npn)

*

Cutoff

Inverted
active f

Saturation
Ché do (Mode) Tiép xtc emitter J¢ | Tiép xuc collector J.
TAT (CUTOFF) p/c ngwoc p/c ngwoc
TICH CUC thuan p/c thuan p/c ngwoc
Forward ACTIVE
TICH CU'C nguoc p/c ngwoc p/c thuan
Reverse ACTIVE
BAO HOA (SATURATION) p/c thuan p/c thuan 15

Tom tit cac ché dé lam viéc caa BJT

Tich cuc thuan | Tich cuc ngugc B&o hoa Tit
N o7y v Noriv | v oy e Tle Ble s
BE BC {7 BE = o
check
Ic = Belg le = Brls Ve oy Ve i<i0
L=l +1 check
il 3 e BB i I
E e e (be careful with polarity) £ B ¢ VBC <0
check: check: check
Veg >0-2V Vee > 02V LBl
chuy:

* Br = do loi dong B thuan (dau vao B, dau ra C, Jg dwoc p/c thuan va J. dugc p/c nguoc)
* Bg = d0 loi dong B nguoc (dau vao B, dau ra E, Jg dwoc p/c nguwoc va J. duoc p/c thuan)

26
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BT tai lop

1. V&1 cac truong hop sau BJT hoat dong ¢ mien nao?

a) NPN: Vgg = -2V, Vg = 12V d) PNP: Veg = 0.7V, Veg=-15V
b) NPN: Ve =0.7V, V=15V e) PNP: Vgg =3V, Vgc = 10V
¢) NPN: Vg =0.7V, Vg =0V ) PNP: Vge =-0.7V, V=0V
2. Hay xac dinh xem cac BJT trong hinh El dugc phan cye & mién hoat ddng nao?
+ + +
T 15V — 18V n ov Vce
o7V 1 - v T - 07V -
N 5V
(a) {b) (c) 2kQ
R1
— ov —~ 15V 7@20 v p=80
v ¢ o7V, | + 2v ] o+
(d) (e) if) -
Hinh E1 Hinh E2

3. Cho mach & hinth E2 phai chon R1 va Ve bing bao nhiéu @& c6 Ver=5V vi Ie=2mA, biét Vg=0.7V?

27
BJT NPN & ché do tich cye thuan
Emitter VpE Base Vep Collector
=+ =}
Ig Iy I
N L
Neg ———— We
‘ Pbo ] — g
| |
| |
Peo——— | Npo | Peo
—>Bile— Wpg, —>| Bl f&—
Mién ngheo Mién ngheo
tai Jg (@ tai Jo
(a) nong d¢ hat dan can bang cua dién tir va 16 ctia cc mién nghéo chuyén tiép trong BJT NPN.
Phan cuc Phan cuc
thuan nguoc
I'4 N I'4 N
Pel¥e =0) ,,"b("')
N ¥
Peo 4 "bo L Pco
Xe b %
Xph=
syl b= 0 Xp = Wan Y.=0
(b)

(b) sy phan bé hat din thidu sé trong cac mién phat, nén, va thu. 28




Gian d6 nang lwong va sw phan bé dién tich thiéu sé trong
BJT dwéi cac che do bao hoa, tich cwc thuan va tat.

Forward

Forward

[ Mino

rity charge density |

|
Electrons |

VRN
e R

Forward I Reverse
s 2 .
2l -___\ Ie
= Reverse
— \
Ig v
I
i :

| Minority charge density |

i
i Electrons
I

Reverse

), Holes ; Holes :
} i 1
HUJCS/’ "o E ,‘;;:7__ Holes /‘: — Holes E —
B L i
SATURATION FORWARD ACTIVE CuTorr

Sw phan bd néng dd hat dan thiéu sb

Carrier concentration

Emitter EBJ Base CBJ Collector
(n) depletion p) depletion (n)
region region

| -

| Electron

| concentration

| T n, (ideal)
Hole : n, (0)

I

|
|
|
|
|
|
|
|
|

I
|
I
|
|
]!
\ I /
—/| $\ il |
PR n, (with Distance (x)
recombination)
<—— Effective basc
width W

« Dong dién chinh do dién t&r tr mién phat vao mién nén (do
thiét k&) do phan cwc thuan va do khuéch tan hat dan thiéu
sb qua mién nén

> Co tai hop (trong mién nén) lam gidm ndng d6 dién tir

> Mién nén dwoc thiét k& ngan (nham téi thiéu hoa su tai hop)

> Mién phét duoc pha tap chét rat nhiéu (d6i khi tré thanh suy bién) va
mien nen dwoc pha tap chat it. (Npe >> Njg)

* Nhirng dong dién tréi thwdng nho va bd qua duoc 30

15



Dong khuéch tan di qua mién nén

Emitter EBJ Base CBJ Collector
(n) depletion (p) depletion (n)
5 region region
E - [
< | | Electron |
= | | concentration |
S | | n,, (ideal) |
k- Hole In, ©)] |
S concentration | } :
A |
== | | / |
} P, (0 n, (with Distance (x)
Pro recombination)
[<—— Effective base

width W

Khuéch tan dién tlr qua mién nén dwoc xéc dinh b&i néng do tai J;

np(0) = npoe””” Ve

Dong khuéch tan cta dién t& di qua mién nén (gid st dwdng thang ly twéng):

dx

Do s tai hgp trong mién nén, dong dién tai Jg va dong dién tai J; khong bang
nhau va hiéu clia ching bang dong nén

31

I, = ApqD,, dnp(x) _ ApgDy, <,”P7(0)> A-=A=di¢n tich mat cit ngang cua dung cu

Dong [dién & cwc] thu

pién tl khuéch tan qua mién nén vao J. lai dwoc kéo qua mién nghéo
clia J. vao mien thu do phan cwe ngwoc J. lam cho c6 dién thé cao tai C.

ic = I,evBe/Vr véi dong béo hoa la Is = qApDpny /W

va ta c6 thé viét lai dong bao hoa nhu sau:

Chu y rang ly twéng thi i doc 1ap véi veg (dién ap phan cuc J.)
Dong bao hoa thi
— ti1é nghich v&i W va ti lé thuan voi Ag
+ Ta mudn c6 bé réng mién nén ngén va dién tich mién phat Ién dé co
dong dién cao
— Phu thudc vao nhiét dé do c6 sé hang n?2

32
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Dong [dién] nén

« DONg nén iz dwoc tao nén tir 2 thanh phan
— L& dwoc bom tr mién nén vao mién phat ( ig,=1,5F)
iny = qAEDpnfe
NpLp
— L6 tai hop voi cac dién tir khuéch tan (t E) vao mién nén va
phu thudc vao thoi gian song hat dan thieu so 1, ( ig,=lgeR)

vBE/Vr

. n
B2 = ——
)
e n , > <A by N 2
vadiéntichQd& miénnénla ¢, = GAEWN opp v
Ny
Do d6 ig, ¢ tri , qAEWRE o ve
NATb

« Dong nén tbng cong la

iy — (qAEDan2 N qAEan) om/Ve

NDLP NATI,
33
Hoat déng ctia BJT NPN & ché dé tich cuc
Dong thu VBE
—_ I VT
| c=Is e
v
Dong nén BE
. IC IS . VT
B= ", -,
BB
Dong phat
VBE
.. Bp+1. p+1 VT _ B
IE:|C+IB: 'IC: . |Se |C: aIE o=
p p B+1
Chu y: V&i BJT-PNP, ta chi can thay Ve bang Veg \
4
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M hinh tin hiéu I6n cia BJT — NPN (ché d6 KB)

B
(a) (b)
iy i 2
B — — c 8 — c
23
Dy
eV B UslB) Bis
UBE
J(i’f
E E
() @
Large-signal equivalent-circuit models of the npn BJT operating in the active mode. 35
The pnp Transistor
Forward-biased Reverse-biased
i :
} . 1(
—
ig Injected C
electrons Recombined
holes
+ = + =
0 Uy O 0 Uy, O -
b . P 4
ip E C
1y -~ -~ Il 1
1! [N
V;:‘B Vb(,‘

Current flow in an pnp transistor biased to operate in the active mode.

36
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The pnp Transistor

Bo——— ¢

O

Q.
\L’L

-

W

o
c

Two large-signal models for the pnp transistor operating in the active mode.

Dy
ws Y10

37

Summary of the BJT I-V Relationships in the Active Mode

JBE _ JBE _
e VT e ISeVT Lk
c-'s B, ~ E-" <

BB a
Note : for pnp transitor, replace vBE for vEB
i
E
i = o in=(1-o)ic=
C E B E B+l
o= P VT = 25mV
B+1

VBE
Is vt

(03

38
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Ba cau hinh mac BJT trong mach

Vep - Vep .
v I.— —7
EC c C E E
I E— E c 1 c—
T . . I j ‘I'
e RS BRSNS
Vg ; Ve - Vec c v,
Vs Vep Ve ;
‘ J' 11z l c|
Common base Comimon emitter Common collector
(a) Three possible configurations ufidler which a BJT can be used in circuits.

Ic Ic

_ s VBC =0
| :
Saturation
AN

|~ Saturation

N — Active

Active Igs

Ig>
/ Vae Reverse active ‘
Cutoff . o )
(b) A schematic of the current-voltage characteristics of a BJT in the

common-base and commonemitter configuration.

~07V 7

) =0 oo Iz=0
I B YT ,
Ig; 7 7 7 Vec
| =0 Bl Cutoff
=

Common-emitter

Collector

@
N -
Emitter sg(leelllr T — — T

It is called the common-emitter configuration because (ignoring the

power supply battery) both the signal source and the load share the
emitter lead as a common connection point.

40
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Common-collector

Emitter

Collector

It is called the common-collector configuration because both the signal
source and the load share the collector lead as a common connection
point. Also called an emitter follower since its output is taken from the emitter
resistor, is useful as an impedance matching device since its input impedance is
much higher than its output impedance.

41

Common-base

This configuration is more complex than the other two, and is less
common due to its strange operating characteristics.

Used for high frequency applications because the base separates the
input and output, minimizing oscillations at high frequency. It has a high
voltage gain, relatively low input impedance and high output impedance
compared to the common collector.

42
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Dong-ap: M6 hinh Ebers-Moll

oglp ol
— -~
Ig Ic
E C
C ———
Vie Vee
il P s Sl
[N L1
- —_—
!F Ip
'V eV
!F:!ES exXp FAE -1 ”R:"C'S exp EYBCy-1
[ewr)-1] [ (<425)-1]
B

The Ebers-Moll equivalent circuit of a bipolar transistor looks at

the device as made up of two coupled diodes. 43

Dong-ap: M6 hinh Ebers-Moll

_ €Vpg [l eVen
Ig = —Igsg {cxp ( kgT ) 1} + aplcs |:G}L}_)( FeT ) 1}

"’ L,’_‘
I =aplgs {cxp (1;;) — 1} —Ics {exp (—1;;) . 1}

where " . o
I g et b Mbo th( 7 _,-Em) o [, ePes
= L’EJ €0 L b L’é’
eADpeo eADynp, Won
Ies = otl
Cs 78 + T coth i
e;‘iDbﬂbo

aplps = aples = —————
Ly sinh (%)
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