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Enhancement, Depletion
N-channel, P-channel



BJT
Giéi thiéu
Blrc tranh y niém
Pac tinh tinh cua BJT
Cac tham sd hiéu nang cla dung cu
C4c hiéu &ng thr cap
Cac dac tuyén cua BJT
Mo hinh tin hiéu nhé cua BJT — TD: Cac mach Kb
BJT & tan sb cao
Cac loai BJT khac
Cac rng dung cua BJT: Gwong dong dién, ...
Thyristor



5.1 Gioi thi¢u

BJT dugc phat minh vao nam 1947 do William Shockley, John
Bardeen va Walter Brattain tai Bell Labs (M)

BJT=Bipolar Junction Transistor va Transistor = Transfer resistor
BJT la dung cu tich cuc c6 3 cuc.

BJT 1a dung cu 3 cuc dau tién cla cac dung cu ban dan va tiép tuc 1a
dung cu dugc chon cho nhiéu tmg dung s6 Va v1 ba (microwave). Mot
thap nién sau khi BJT dugc phat minh, né van gitt dung cu 3 cuc duy
nhat trong cac ng dung thwong mai. Tuy nhién khi giao tiép Si-SiO,
duoc cai tien, MOSFET d4 trd nén thang thé. Hién nay HBT
(Heterojunction Bipolar Transistor=transistor ludng cuc chuyén tiép
di thé) c6 hiéu ning rat cao vé tan so va do loi.

Cac ung dung cua BJT: Khuéch dai dong/ap/cong suat tin hiéu, mach
CS, mach logic,...

BJT van con dugc wa chudng trong 1 s6 tmg dung mach so6 va analog
do tbc d6 nhanh va do 1gi 16n. Tuy nhién nod khuyét diém 1a c6 tiéu tan
CS 16n va d6 tich hop nho trong IC. 4



BJT

Original
point-contact

transistor
Inventrs o the transistor:
William Shockley, John Bardeen

and Walter Brattain.

They received Nobel Prize in Physics in 1956 "for their researches on semiconductors and
their discovery of the transistor effect"

First grown transistor (1950) Single crystal Collector

n-type Indium lead
geranium

Indium

p-type

Emitter

lead 5



Ky hiéu:

Co 2 loai BJT: NPN va PNP

 E = Emitter = Phat, B = Base = Nén, va C = Collector = Thu
o Ji: chuyen tlep PN gitta B va E
o Jo: . chuyén tiép PN gita B va C

=

Emitter

Base
Pt

Collector . Ermtter Collector C
P N

N
B
Ig

Ves=Ve— Vs

Veg=Ve—Ve

Vec=Ve—Vc
= Veg - Ves

(a) pnp

I,=1,+1,
Hinh 5.1 Ky hiéu cua hai loai BJT

Vee=Ve— Ve

Vec=Vs—Vc

Vee=Ve—Ve
=Ves - Ves




Cau tric cua BJT

3 mién dwoc pha tap chat riéng:
— Mién phat (E = Emitter)

— Mién nén (B = Base)

— Mién thu (C = Collector)

2 chuyén tiép P-N
— Chuyeén tiép PN gitra B va E (goi la J- hay EBJ)
— Chuyen tiép PN gitra B va C (goi la J. hay CBJ)

Nf“)ng do tap chat & cac mién khac nhau:
— N6ng d6 tap chat & E > B > C (TD: n+-p-n, p+-n-p)

Bé réng clia mién nén nhd so v&i chiéu dai khuéch tan cla
hat dan thiéu s



Transistor Outlines (TO)

For some transistors, the pin function can be identified from

packaging:

Small Signal Transistors

Power Transistor _ , ,
Shown about twice actual size.

Shown about 1/2 actual size.

E]l‘.jt[EIT I

Basze TO-18
TO - 0 Hermetically-Sealed

Case 15 Collector Plastic Pan:icwe Case

TO-2 Package : o=
TO-92 TO-18
B
£nc o

\O ij/' Bottom view \ | Bottom view

o O/

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

Heat Sink —*
Mounting
Tab

Center lead is common
with heat sink tab.

Case is connected
to the collector (C)



Types of transistors

, Emitter Base
 Discrete (double-

. + . P+
diffused) p™np transistor 5 um Nr
P—
200 um pe -— Collector
* Integrated-circuit n"pn
. Emitter Collector
transistor contact cantact
Baswe
contact
R L
6 pm Collectar _ £ ' ::;:’:'f;ig"
¥ buried layer : — :
200 um ¥t

Substrate




BJT Structure - Planar

p-base diffusion

S0]4 4+ b v [0

n-type substrate

n+ emitter diffusion

n-type substrate Tﬂhl l,—l 510, 1

\_ p-base

n-type substrate

The “Planar Structure” developed by
Fairchild in the late 50s shaped the basic

structure of the BJT, even up to the
present day.

* 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

11



Birc tranh y niém

So sanh BJT va FET

BJT

FET

Dung cu dwa trén diode ma
thwdrng bi chan, trw khi cac
cwe diéu khién (Base va
Emitter) duwoc phan cuc
thuan.

Vi vay diéu khién la dong
dién, va BJT ban chat la
mach khuéch dai dong.

Sw dan dién dwoc diéu
khién bang dién trwong
duwoc tao boi dién ap dua
vao cac cuwc diéu khién.

Vi vay diéu khién khdng co
dong dién va FET la dung
cu dwoc diéu khién bang
dién ap.

12



BJT va FET (1/2)

Diéu khién luong [nudc]
bang sw thay doi thé nang

i B e E  E A L Nt T A A R
T e T T o T L

Ludng chét 1dng

i

Tang thé nang lam disng
ludng chat 16ng
Trang thai OFF

biéu khién luong [nudc]
bang thay dbi dd réng kénh

Ludng chét 1dng trong mién bj gi¢i han

e = L L =L~ L~~~

Pé rong dwoc diéu khién bang “cong”
Trang thai OFF

13



BJT va FET (2/2)

Giam thé nang cho phép Tang d6 rong kénh lam cho
ludbng chat Idng chay chat Idng chay
BJT, HBT - FET >
Thé nang duoc dieu khién Do rong kénh dan duoc dieu
bang dién ap nén-phat khién bang phéan cwc céng

Hinh 5.2 Cac céach diéu khién lubng nwdc (dong dién) trong BJT va FET
14



5.2 Cau tao va nguyén tac hoat ddéng ctia BJT

» BJT dung 2 chuyén tiép PN mac ngwoc nhau dé c6 hé s
khuéch dai cao va hoat déng tan s6 cao. Hinh sau cho thay cau
tao clia BJT NPN va mat cat cla no.

_—— Emitter contact

— Base contact

a) Cau tao ctia BJT s



Bé rdng
mien nén

E

II
5

C

Phan mat cit ngang

N\

\
a%__Wﬁ

1

\

!

Fi

b) Mat cat ngang dwoc don gidn hoa cta BJT

Hinh 5.3 Cau tao ctia BJT

16



Gian dé nang lwong ctia BJT NPN
chwa phan cuc (¢ dkcb)

EMITTER BASE COLLECTOR

(a)

« NoOng d6 N, & Emitter (N,,) >> N, & Collector (N,,)

« Khéng co6 dong dién

- 2 diode dau nguwoc nhau
Pé hiéu lam thé nao BJT c6 dd loi, ta xét BJT NPN & ché do
tich cwe thuén, nghia la chuyén tiép J- dwoc phan cwe thuan
va chuyén tiép J, dwoc phan cwe nguwoc. Khi dé né cé gian
dd nang lwong nhw sau: 17



Gian dé nang lwong cta BJT khi dwoc phan cuwc & ché dd tich
cwc thuan voi Jg dwoce phan cwe thuan va J. dwoc phan cyc

nguwoc.
J. dwoe phan cwe thuan: Phat (Emitter) Nén (Base) Thu (Collector)
e Dién t& dwoc bom ti E . Ao
. Dong dién tw
vao B.
- Pién tlr di ngang mién \
nén vao mién thu. _seececee

_____ i
Po rbng mién nénnhéhon —————— /

chiéu dai khuéch tan L,dé
dién tlr co thé toi dwoc J, +

« Dién tr dwoc kéo vao
mién thu do dién trwwdng
nguo’c

Jc dwoec phan cwec ngwoc +7;,

Dong 16 = dong nén

(b)
Hinh 5.4 Gian d6 nang lwong ctia BJT NPN & ché dd tich cwe thuan. g



C4c yéu cau quan trong ddi véi dung cu dién to:

— Hé sb khuéch dai (KD) cao va fanout I&n.

— Ng6 vao nén dwgc cach ly v&ingo ra

Nhac lai tiép xtuc PN vé&i phan cwc thuan va phan cuc nguoc:
— Doéng nguoc tiép xic PN dwoc tao béi hat dan thiéu sé

— Dong thuan tiép xtc PN phu thudc vao sw phun hat dan

Chu y 1a bé rdng mién nén Wy rat nhé hon nhiéu chiéu dai
khuéch tan dién t& trong mién nén ban dan P. Bé& cho khi dién
t&r dwoc bom vao tir mién phat, hau hét chang di qua mién nén
va khdng tai hop vai 16. Va mot khi dén mién thu thi chiju tac
dung cua dién trwedng manh (do phan cwc nguoc Ji) lam cho
nod di dén cwe thu va tao nén dong dién thu.

Ta nén nhé rang néu diode do chuyén tiép J- dwoc pha bat doi
xrng (p-n+), dong phan cwc thuan chi yéu dwoc tao ra ti sw
bom dién t& vao mién P. Dong phan cwc thuan nay ciing bi
thay déi b&i sw thay ddi rat nhd trong dién ap phan cwc thuan vi

dong dién phu thudc vao dién ap phan cwc thuan theo ham ma.
19




Hé so van chuyén mién nén B va
hiéu suat phat ¥,

 [-=Blg, 7
* Hiéu suat phat v, Y, = En
e
[y, +1g,

. TisO truyén dat dong dién o

/ Bl

C En

E B ]En T ]Ep

— Chu y: Hé s6 van chuyén mién nén con dwoc goi 1a hé
sO truyén dat mién nén

:B}/e:a

20



Do loi dong S

« Dong nén duwoc tao bédi dong Io dwoc phun vao E (Igp)
va dong 16 do tai hop trong mién nén véi cac dién tor

dwoc phun vao tw E (= (1-B)lg,). Nhw vay
lg=lg, + (1 = B)lg,
DO lgidong E chung 3

8- Ie _ BI, _ Bl /I, _ By,
I, I,+(1-B), 1-BI, /I, 1-By,
hoac dwoc biéu dién theo a: B =
1 o

« Hé sb B co thé ¢ gia tri kha I&n v&i BJT tir vai chuc cho

dén vai tram.
21



M

: " P
Ig
R;

—1 n

« e 1E

Collector
(Thu)

Ba§e
(Nén)

Emitter
(Phat)

(a)

%—ﬂxwé’“\m Dong thu I,

al Dong nén Iz (dandén
thay doi dién tich mién nén)

(b)

Hinh 5.5 Sy thay doi trong dong dién nén lam anh hwéng
cwdng dd bom hat dan da s6 va dong thu trong BJT

22



5.3 Pac tinh tinh cua BJT:
Quan he¢ gitra dong dién va dién ap
Bay gio ta s& phat trién m6 hinh cho dong dién trong BJT. Ban dau ta sé
mo hinh do‘n gian Qé thé hién péc tinh chat chinh cua qUng cu.‘Sau do
ta sé ban vé Cg'uc van dé thuw cép‘. Trqng BJT, cac hat dan tw mién‘phét
dwoc bom “thang dirng” qua mién nén, trong khi dién tich mién nén
dwoc bom tir “canh” cua dung cu nhw dwoc chi & hinh 5.6.
Néu ta gia st rang mien phat rong va dung phan tich 1 chieu dé hieu
dung cu. Ta sé str dung cac gia thiét don gian hoa sau:
1. Tap chéat dwoc pha déu trong mdi mién
2. Khéng c6 dong dién sinh-tai hop trong cac mién nghéo
3. bién t& dwoc bom twv m!‘én phat tiép’tuc khuéch tan qua mién nén va
dién tredng trén mién nén du nhé dé khéng co hién twong tréi.
4. Dién trvong chi khac zero trong cac mién nghéo va bang zero trong
cac vat liéu khoi.
5. Dong bom collector bé qua duwoc khi BJT dwgc phan cuwc nguorc.
6. Qui woe ky hiéu mo ta dién ap: Vige= Vg — Vi, vOi Vg va Ve la dién
thé do duworc tai cac cwc B va E. TD: Vg > 0 nghia la Vg > Vg,.
23



Tiép xUc nén Tiép xuc phat Tiép xuc thu

I_I\I_I I_ll/l_l I_I/I_I

Si0— ! | Y ! [
B [ | ﬂ+)
P |
I
H |
|
A A
\
R‘H—.
Je phan cuwce thuan Jc phan cuwc ngwoc N
— - o,
o BE e T s B e T
T dong tai hop
Déng lo s ~
dongril
& Y Ip / /9 CBO A N\
BE b))
'» I3k /L g
__,.Hf = I
u_u<“’ © <JF=@ #° N
I (D) - JBC
. Bﬁ /@ SHW |
15 I
_ L
15t Dnng dién tur Inc @_@
+
H P H
Al

Hinh 5.6 So d6 cau tao BJT NPN (Si) v&i cau tric va cac dong dién trong dung cu.
Cat doc theo AA’, ta c6 thé phan tich dung cu theo 1 chiéu. 24



Thanh phan dong dién

Iﬁﬁ = Dong phat duge bom vao mién nén =Ig,,
IBE = Dong nén dugc bom viao mién phat =]
e g |y Ep

Ig £ = Dong tai hop trong mién nén

{‘%C = Dong 16 dugc bom qua tiép xuc J, phan cyc nguroc
Iﬁf = Dong dién tir dugc bom qua tiép xtic J- phan cuc nguoc
I,c= Dong dién tir dén tir mién phat (= 1)

D¢ c6 dung cu hiéu nang cao, ta can gi?

*Ip,==1 Ep - Igp~0 . Hiéu,suét phat cao
* He¢ s6 van chuyén mién nén cao

R



Tong quat, co cac dong dién sau trong BJT:

* Dong [dién] nén I, duoc tao ra ti 16 két hop v&i dién toy
dwgc bom vao t mién phat (Thanh phan 1) va 16 dwoc bom
qua tiép xuc Je v@o mién phat (Thanh phan Il). M6t 1an nira ta
bd qua J v&i ché do tich cwe thuan.

. DQng [‘dién] phat I-: gdm dong dién tor tai ho’p V@i 16 trong
mién nén (llI), dong dién th dwoc bom vao mién thu (1V), va
dong 16 dwgc bom vao mién phat (11).

Nhirng dong dién t&r (V) va 16 (V1) thiéu s chay trong J, thi
quan trong khi dong phat tién toi zero. Trong phan tich nay,
ta se gla sl rang Cac nguyen to tap chat déu bj ion hoa hét
va néng dé hat dan da sé bang néng dé tap chat. Ta qui
wd'c cac Ky hiéu cho cac ndng do tap chat (véi BJT NPN):
N,=—nong dé Donor tai Emitter; N,z—nong dé Acceptor tai

Base; Ny-—nong do Donor tai Collector.
26



Cac dong dién trong BJT N*PN

« EBJ (J;): Khuéch tan da so

—1 EN
—1 EP

« CBJ(J.): Troéi thicu so

—Icpo
Jc thu thap nhitng dién tu to E va tao nén dong

len
Dong nén

—Dong tai hop Iy



Cac ché do lam viéc cua BJT

Vg (prp)
Vig (npn)

A

Common-emitter output characteristics

(cvs. Vp)

Saturation
C IlI
i { |
| f —
y | Vep=0

y _f/ .
/)

i Ig>0
/;/;‘__
Active Saturation : i .f?x‘ . : Active v ﬁ: =D
cg (pnp) i / T S EC (pap)
Ry e—— - W T s SN PN, i
:\\\\\%}gﬁ\\@ i ! ”fi-'--‘}” A Cutoff "l
N CUtoff N N Inverted Inverted i
k;\-&: NN it f
Qk\\;&\B o 5: ulu-f{‘[i n
Ché dd (Mode) Tiép xuc emitter J | Tiép xuc collector J.
TAT (CUTOFF) p/c nguoc p/c nguoc
TICH CUC thuan p/c thuan p/c nguoc
Forward ACTIVE
TICH CUC nguoc p/c nguoc p/c thuan
Reverse ACTIVE
BAO HOA (SATURATION) p/c thuan p/c thuan

28



Céac ché doé hoat ddéng ciia BJT NPN

Phan cwc cho

Ché dé hoat déng Cach nhan biét véi BJT NPN
Jg Jc

Tich cwc [thuan] Ve = Von Va Ve > Vigsar

Thuan | N ,
Han | NOWOC T huéeh dai) o= Bl

Vae Ve < 0 (thwc té Vg, Vige < Vop)

Nguwoc | Ngwoc | Tat (OFF) =] =0
c 'BT'E™

Ve = Vigesar Va Ve = Viogsar

Thuan | Thuan |Bao hoa (ON) < i
cSPlB

Twong tw v&i ché dd tich cwe thuan
Ngwoc | Thuan |Tich cwc ngwoc nhwng hoan dbi chlre nang E va C:
le=Brlg (Br<<p) va Ic=Ig+Ig

Chu y: Vi BJT NPN Si thi Vgy= 0.7V, Vgee = 0.8V, va Ve, = 0.2V.
29




BT tai lop

1. V61 cac truong hop sau BJT hoat dong & mién nao?

a) NPN: Vgg =-2V, V=12V d) PNP: Vegg =0.7V, Vg =-15V
b) NPN: Vg =0.7V, Vg =15V e) PNP: Vgg =3V, Vgc =10V
¢) NPN: Vg =0.7V. Vg =0V f) PNP: Vgg =-0.7V, V=0V
2. Hay xac dinh xem cac BJT trong hinh E1 duoc phan cuc ¢ mién hoat dong nao?
~ 15V — 18V " ov Vee
0.7v | - 3v 1 - 07V - Fy
- 5V
(a) (b) fc) 5 2k
R1

- ov 4@ 15V " 20v B =80
0.7V + + 0.7v + 2v |+

(d) (e) f) =

Hinh El Hinh E2

3. Cho mach & hinh E2 phai chon R1 va V¢ bang bao nhiéu dé c6 V=5V va [c=2mA, biét Vge=0.7V?

30



5.3.1 Nhirng dong dién trong BJT

Vi BJT dwa trén cac diode p-n nén ta sé st dung cac kién thirc cta
chuyén tiép p-n dé tim hiéu BJT.
Ta sé gia st rang bé rdbng mién phat thi dai hon so véi chiéu dai khuéch
tan 16 va bé rbng mién nén nhé hon so véi chiéu dai khuéch tan dién .
Ta sé sir dung cac truc va goc toa dd nhuw trong hinh 5.7, cac khoang
cach x,, x,, va x, dwoc do tr cac canh cua mién nghéo. Bé rdng mién
nén la Wz nhwng bé rdbng mién nén phan trung hoa la Wy,,. D€ don gian
ta sé gia st» rang Wz =Wy,
S dung ly thuyét diode p-n ta c6 cac quan hé sau cho nhirtng néng do
hat dan doi ra trong cac mién khac nhau:
Op.(x, = 0) =ndng df 16 do1 ra ¢ canh mién phat cua J¢
— Peo lexp (Vpe/V7) — 1]
ony(x; = 0) =nodng do di¢n tu dé1 ra ¢ canh mién nén cua Jr
— Npo lexp (Vpe/V7) — 1]
ony(x, = Wp,)=nong do dién tir do1 ra ¢ canh mién nén cua Je
— Npo lexp (—Vep/Vp) — 1]
op(x. = 0) =ndng do 10 déi ra ¢ canh mién thu cua Je

= Peo [€Xp (—Vea/V7) — 1] , 31



Emitter Vee Base Ver Collector

*IB ) * Ic
Wp

1" ')f 20

Ip

Neo

n.

density

>
T 7 A

Equilibrium

‘!)('U

Npo

—>[EBile— Wpg, —>| CBI f&—

Mién nghéo Mién nghéo

taiJE (a) tal Je

Peo

(a) nong do hat dan can bang ctia dién tir va 16 cua cac mién nghéo chuyén tiép trong BJT NPN.

Phan cuc Phan cuc
thuén nguoc
4 N e N
T 14 A
Pel¥e = 0) np(x)
n _
Peo _—/ \ bo e Peo
X, < > X, > X,
b= 0 1
Xe=0 b = W X =
(b)

(b) su phan bd hat dan thiéu sb trong cac mién phat, nén, va thu.
Hinh 5.7 BJT NPN & ché d6 tich cwc thuan.

Chu J} neOZNDE9 pbOZNA39 va nCOZNDC 32



Gian do nang lwong va sw phan bd dién tich thiéu soé trong BJT
dwdi cac ché do bao hoa, tich cwe thuan va tat.

Thuan

__ Thuan

x,_\k

e
S\

Néng do hat dan thiéu sb

|
Electrons '

Thuan 1, Ngwoc
TN fc
— ‘\\

\__ -

No6ng do hat dan thiéu sb

|
Electrons

Ngwqc Ngwqc

—_I.Irﬂ{l \

g do hat dan thiéu sb

Electrons

Ih_ Holes : Holes : Holes
N | '
Holes / "bo Ca Holes — Holes 1 -
e e |
Peo T | : ______"“mdl ) _/
SATURATION FORWARD ACTIVE CUTE,}FF
(Bao hoa) (Tich cwc thuan) (Tat)

33




Sw phan bd nong dé hat dan thiéu so

i
Emitter EBJ Base CBI Collector
(1) depletion () depletion {n)

= region region
8 | _ |
= | b Electron |
= | | concentration |
f | | n, (ideal) |
:é Hole I n, i8] I I
x1 1 . At
] concentration | |

? i |

f -
,/ i Distance (x)
P (0) m, (with
Pro recombination)
~=—— Effective base

width W
« Dong dién chinh 1a dong dién tl tr mién phat vao mién nén

do phan cuc thuan va do khuéch tan hat dan thiéu sb qua
mién nén

> C6 tai hop (trong mién nén) lam gidm nong do dién tdr

> Mién nén dwoc thiét ké ngan (nham tbi thiéu hoa sw tai hop)

> Mién phat dwoc pha tap chat rat nhiéu (d6i khi tré thanh suy bién) va

mién nén duwoc pha tap chat it. (Npe >> N,pg)

« Nhirng dong dién tr6i thwdng nhé va bé qua dwoc 34



Phan tich don gian hda

E B C

(") (1‘3) (n)

Poos Npo V& Pep = NONG A0 hat dan (& dkeb) cua hat dan thiéu s6 & E, B, va C

2.(0), n,(0) va p,(0) = ndng dd hat dan thiéu s6 & canh mién nghéo (tich cuwc thuan)
5P, (0), on,(0) va dp,(0) = ndng dd hat dan doi ra & canh mién nghéo

0P, (0)= pL0)=poy = Pep [exp (Vg / Vy) = 1]

ony(0) = ny(0) —nyy = nyy [exp (Vgg/ V) — 1]

Bang cach 14y dé dbc cla cac phan bd hat dan thiéu sd nay & cac canh mién
ngheo va nhan no6 cho gAD, (hay qAD,), ta c6 dwgc dong dién tr (hay dong 16).

Chaylal,=qAD,(dn/dx)val,=—qAD, (dp/dx)

35



Céac phan bd hat dan thwdng gap

Phan bo tuyén tinh
- dong khuéch tan hang

pfis

Phan bo phi tuyén
> dong khuéch tan thay doi

p=Nexp
N §
Bom
hat dan E:> —a
0 L %

dp

Jp,diﬁ“ =—qD p g
quN - )C
= eXp—

Ld Ld

36



Tinh toan cac dong dién (1/3)

Dong [dién ¢ cwc] thu, I

I = q A Dg (dn/dxg) (6 déc phai dwoc 1ay & cubi mién nén)
=q A Dy [n,(0) - 0]/ Wy
=q A Dg n,(0) / Wy

Ic=q A (Dg/Wp) nyglexp (Vg / Vy) — 1] =Ig[exp (Vg / V) — 1]
I~ Igexp (Vag ! V)

(chi c6 dong do dién tir khuéch tan néu ta bé qua dong bio hoa
ngugc cua J- b1 phan cyc nguoc)

vOi I = qA(Dy/Wy) n,y = gAD, n?/(WyN ,5) 1a dong bdo hoa

Do sy tai hop trong mién nén, dong dién tai J, va dong dién tai J,.

khong bang nhau va hiéu cua ching bang dong nén
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Dong khuéch tan di qua mién nén

Carrier concentration

concentration

Base CBJ Collector
» depletion (n)
region
Electron

concentration
n, (ideal)

[ -

n, (with
recombination)

I ) -
Distance (x)

—<—— Effective base —=
width W

Khuéch tan dién t&r qua mién nén dwoc xac dinh b&i nong dd tai J.

np(0) = npoe

veE/Vr

Dong khuéch tan cla dién tlr di qua mién nén (gid sir dwdng thang ly twéng):

— AEan <_

A-=A=dién tich mat cat ngang cla dung cu
W= Wy,

Do sy tai hop trong mién nén, dong dién tai Jg va dong dién tai J khdng bang

nhau va hiéu cua chung bang dong nén
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Dong [dién & cuc] thu

- Dién tlr khuéch tan qua mién nén vao J,. lai dwoc kéo qua mién nghéo
cua J. vao mién thu do phan cwc ngwoc J- voi dién thé cao tai C.

ic = I,evBE/VT voi dong bao hoala Is = gAgDypnyo/W

va ta co thé viét lai dong b&o hda nhw sau:

« Chu y rang ly twéng thi i, doc lap voi Vg (dién ap phan cuc J,)
 Dong bao hoa thi
— ti l1é nghich v&i W va ti 1é thuan véi A
« Ta mudn c6 bé rdng mién nén ngan va dién tich mién phat Ién dé co
dong dién cao
— Phu thudc vao nhiét dé do c6 s6 hang n?
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Dong [dién] nén

« Dong nén iz dwoc tao nén tir 2 thanh phan
— L6 dwoc bom tir mién nén vao mién phét (igs=1,EF)
qAED n
NpLp

— Lo tai hop véi cac dién toy khuech tan (tv E) vao mién nén va
phu thudc vao thoi gian song hat dan thiéu so 1, ( ig,=/5R)

(] evBE/VT

181 =

@n
iB2 =
b
x N ’ > DN A x A WTL
vadiéntichQé& miénnénla Q, = q;EV—@ ¢vBE/Vr
A
tBo = &
N ATy

« Dong nén tdng cong la

i — qAgD,n? N qApWn? o558 /Vr
NpLp Natp
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Tinh toan cac dong dién (2/3)

Dong [dién & cwc] phat, /¢
* g dwoc tao nén bdi 2 thanh phan (I, va Ig,)

Q Thanh phan I,
Ig, = 1.+ dong dién bi mat di @ mién nén do tai hop
= |, + dién tich chtra d6i ra & mién nén/tg

= I+ q A W, 8n,(0)/tq
(15 12 thvi gian sOng cta hat dan thiéu so)

Ie, = QA(D/Wg)npo exp(Vige IV 1) + QA(W gl275)np, exp(Vee ! V1)

Q Thanh phan Ig,
Ie, trong rng vGi sy bom dong 16 tr nén vao phat (do J- dwoc phan

cwc thuan).
lep = q A (De/lg)peolexp(Vee/Vr) — 1]~ qA(Dg/Lg) Peo €XP(Vee! V1)
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Tinh toan cac dong dién (3/3)
Dong [dién & cwc] nén, Iy

- cung cap 16 cho sy tai hop tai mién nén
- cung cap 6 cho s bom vao mién phat

Is = qAny,, (Wgl21g) exp(Vge/V7) + QA(D g/Lg)peexp(Vee/Vr)
(tai hop) + (bom 16 vao mién phat)

V@i cac phwong trinh dong dién I, I, va I, ta cé thé dé dang
tim dwoc cac tham so6 khac clia BJT.
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Tém tat quan hé dong-ap ctia BJT
o ché dé tich cwc thuan

npn pnp
Ie = I S eXp(FBE f-"'f Ir ) I = I S exp(vEB / Vr )
A SR . R S | .
lp = == ;Sexp("ﬁf /Vr ) lg = — = —SGXP(FEB .-"'EI'T )
(04 (94 04 (04
R P | o R S | o
lg = [% = /_gexp(vﬂf IV ) lg = {_g = [_;exp(vm IV )
V@i ca hai loai BJT
i, =i, +ig i = i,
. . . . 7 ).
i =1+ )i, EC—(}:EE—(I_{ﬁ}B
{2 (e
H 1+ p |-«

Cha y:

« I = dong b&o hoa (phu thudc nhiéu vao ciu tao clia dung cu va nhiét do)
« V, = dién ap nhiét = kT/q (=0.026V & 300°K)

B =db lgi dong CE

«a =dblgidong CB




5.3.2 Cac cach mic BJT trong mach

Ves

Vep ————
A, h
—_—

C g I
A . ! IB{_ /

V18 _ '
v, 5 [ £ e}

CB=Common Base=Nén chung =~ CE=Common Emitter=Phat chung

— Ve ——

Vec

"

CC=Common Collector=Thu chung
(a) Ba cau hinh cé thé gap khi dung BJT trong cac mach dién te.

Ic, le 4 V=0
] | 7 "BC
, Common base Coimmon emitter 1 :
Saturation | Saturation
N\ _ — Active
r’ E4 | N
Activ Ig; I
clive Bl
Ig> Lo S Iz=0
~ BI ﬁ Cutoff
| I==0 In,
E B’ )
LI 7 Vae Reverse active |
' 0 Cutoff

(b) Bac tuyén dong-ap (I-V) ciia BJT & cau hinh nén chung (CB) va
phat chung (CE).



Other BJT Configurations

E C
In B QOut
O ')
Common Common Common
emitter base collector
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Common-emitter

Collector
C
i e
5 —+
B —_—
O T V CE
_ Base 1
VBE v IE
E p—
Emitter

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.

46



Common-collector

Emitter

E
T
: E
I B )
a +
] Base —» 1
— - & . -
VBE le
C
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.
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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.
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5.3.3 Dong [dién]- [Pién] ap: Mo hinh Ebers-Moll

I
=~ |
Lo W [I=_ Tnc
TIH
Up "'R {I.;.'II,-
E : : &
— ——0
I = Vae + + Vpe— ""T
K te =D
-~ i
Iy Ip
'ff-' — !J‘_'“[{qu"”-"f‘:‘r - l I IR — Jm'h,qrm.ﬂ-'}k?‘ = I |
G oB

Mach twong dwong Ebers-Moll ctia BJT gidong nhw dung
cu dwoc tao bdi hai diode ghép lai.



UR!R U'j.!f.
E &%
o— 0
T — Vpe + + Vpe— T
K I
- —
Iy I
Ip = Ipgle? u/kT — 1] Ig = Igole?"sc/kT — 1]
o OB

I,=1,-a,l,

IC = aFIF _IR

I,=1—-1.=1-al, —(a,1,—1,)
=l .(I-a, )+, (1-a,)

Cac dd lgi dong CB thuan va nguoc
quan hé vo&i nhau theo

aFIF

R R

F*
R

~

F

~

R

0 aRIR() :IS

D6 lgi dong CB thuan

: Boé lgi dong CB nguoc

Dong dién diode nén-phat
Dong dién diode nén-thu

M6t khi ching ta biét cac tham sé nay, ta co thé tim ra dac tuyén |-V cta BJT
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Biéu dién CE cGa md hinh Ebers-Moll.

I
Pr + 1
E——
Iy le
Bo > oC
Iy
Pr+1 SZ ler
"“’1 l
E
aglg aple
E : : c
[0 — 0
T = Vae + + Vac— “‘T
K D
-~ —
Ir I
I = Ipole"se/AT — 1) I = Ipole?"sc/AT = 1]
o O B
Common base

ap Ny
Pr l—a,” " B+l
Qg DB
Pr l—a, " Pp+l
1 1
Iy =(oply, —aply)= Pels - Pal
B-+1 B, +1
nhu vay
IE=ICT+ FIiFl:]F aR]R
Io=1c — RilzaFIF I,

IF + [R IS

=5 (e M 1)+ = (e 1)

[B: =
Br 1 PBp+l By

R
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