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BJT currents and parameters



• IE = IEp + IEn

• IC = ICp + ICnC Cp Cn

• IB = IBB + IEn - ICn

• IBB = IEp - ICp

• I = I + I• IE = IB + IC

• IEn = current produced by the
electrons injected from B to E
I t f th l t• ICn = current from the electrons
thermally generated near the edge
of the C-B junction that drifted
from C to Bfrom C to B.

• IB = IE - IC

• = IEp + IEn - ICp - ICn

• = IEp - ICp + IEn - ICn

• = IBB + IEn - ICn
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• An important BJT parameter is the 
common-base (CB) current gain, αo. 

• αo = ICp / IEo Cp E

= ICp / (IEp + IEn)
= ICp IEp / [IEp(IEp + IEn)]
= [I / (I + I )][I / I ]= [IEp / (IEp + IEn)][ICp / IEp]
= γ αT

• Emitter efficiency, γ = IEp / (IEp + IEn) 
= IEp / IE

• Base transport factor, αT = ICp / IEp

• Since αo = γ αT and IEn << IEp , then o γ T En Ep

IEp ≈ IE. Hence, γ ≈ 1.
• ICp ≈ IEp . Thus, αT ≈ 1. Consequently, 

α ≈ 1αo ≈ 1.   
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• IC = ICp + ICn

• As αT = ICp / IEp , IC = αT IEp + ICnp p p

• Since αo = γ αT and γ = IEp / IE :
IC = (αo / γ ) γ IE + ICn

IC = α IE + ICIC  αo IE + ICn

IE = IB + IC

ICn can be determined by measuring the 
current flowing across the B C junctioncurrent flowing across the B-C  junction 
when E is an open-circuit. IE = 0.
The value of ICn under this condition is 
known as I I represents the leakageknown as ICBO. ICBO represents the leakage 
current between C and B when E-B is open 
circuited.

• Collector current for the CB configuration• Collector current for the CB configuration 
is represented by the expression:
IC = αo IE + ICBO
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• The conventional current
flow is always in the opposite
direction as the flow of
electron.

• The conventional current• The conventional current
flow is always in the same
direction as the flow of holes.

• The flow of holes is alwaysy
opposite with the flow of
electrons.

• The general equation that
l h i llrelates the emitter, collector

and base currents is:
IE = IB + IC
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Holes are injected from E to B when the
E-B junction is fb. Holes will then diffuseju c o s b. o es w e d use
across B and reach the B-C junction.

( )EBqV kT
n noP (0) = p e

where:
pno = density of the minority carriers

under equilibrium condition

n noP (0) p e

under equilibrium condition.
= ni

2/NB

NB = donor density in B.
kT/q = temperature equivalent voltage
The existence of the density gradient of
holes in B shows that the holes injected
from E will diffuse across B to the edge of
the B-C depletion region before they are
swept into C by the electric field across
B CB-C.
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( )EBqV kT
P (0) = p e

• If  the E-B junction is fb, the minority carrier 
density at the edge of the E-B depletion region 

n noP (0) = p e

(at x=0) is increased beyond its equilibrium 
value  by a factor of :

( )EBqV kT

• Pn(W) = 0
• Under the rb condition, the minority carrier

( )EB
e

Under the rb condition, the minority carrier 
density at the edge of the B-C depletion region 
(x = W) is 0.

• If the B is very narrow (i.e. W/Lp << 1):If the B is very narrow (i.e. W/Lp  1):

( )
( )

EBqV kT
n noP (x) = p e 1- x W⎡ ⎤⎣ ⎦
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( )EBqV kT

This expression is close to the 

( )
( )

EBq
n noP (x) = p e 1- x W⎡ ⎤⎣ ⎦

real minority carrier 
distribution in B. The 
assumption that the minority assu pt o t at t e o ty
carrier distribution in B is 
linear simplifies the derivation 
of the I V characteristicof the I-V characteristic.
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( )EBqV kT

E E Eon (x = x ) = n e−

CB
C C Co

qV
n (x = x ) = n e = 0

−

where nEo and nCo are the electron 
densities under equilibrium 
condition for the E and C, 
respectively.     

( ) ( )EB E EqV kT x + x L

E Eo Eon (x) = n + n e 1 e
⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥

−

Efor x x

⎢ ⎥
⎢ ⎥⎣ ⎦

≤ −
)x x L( C C)x x L

C Co Co

C

n (x) = n n e
for x x

−( −
−

≥
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Transistor currents in the active mode of operation

The hole current, IEp , injected from E at x=0 is proportional to the 
gradient of the minority carrier density.  

dp⎡ ⎤

( )EB

npEp x=0
qV kTp no

dpI = A qD
dx

qAD p

⎡ ⎤
⎢ ⎥
⎢ ⎥⎣ ⎦
−

The hole current collected by C at x=W is 

( )p noqAD p
e

W
≈

d⎡ ⎤

( )EB

npCp x=W
qV kT

dpI = A qD
dx

qAD p

⎡ ⎤
⎢ ⎥
⎢ ⎥⎣ ⎦
−

( )EBqVp no

E C

qAD p
e

W
WI = I for <<1(i e when B is narrow)

≈

 Ep Cp
p

I I for <<1 (i.e. when B is narrow)
L
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I is produced by the flow of electronsIEn is produced by the flow of electrons 
from B to E.

Edn
I A D

⎡ ⎤
⎢ ⎥

( )EB

E
En E

E
qV kT

I = A qD
dx x= x

qAD n

⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

⎡ ⎤

−

( )EBqV kT
E Eo

E

qAD n
= e 1

L

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

−

L is the diffusion length

D i th diff i t t f th

L  is the diffusion lengthE
of the electron in the E.

DE is the diffusion constant for the 
electron in E. 
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ICn is produced by the flow of electrons 
from C to B.

C
Cn C

dn
I = A qD

d

⎡ ⎤
⎢ ⎥
⎢ ⎥Cn C

C

C Co

q
dx x=x

qAD n
=

⎢ ⎥
⎢ ⎥⎣ ⎦

CL
L  is the diffusion lengthC
of the electron in the C

DC is the diffusion constant for the electron 
in C. 

of the electron in the C.
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E Ep EnI I I= +

( ) ( )EB EB

E Ep En

qV kT qV kTp no E EoqAD p qAD n
= e e 1

W L

⎡ ⎤
⎢ ⎥+
⎢ ⎥

−
E

C Cp Cn

W L

I I I

⎢ ⎥
⎢ ⎥⎣ ⎦

= +

( )EB

C Cp Cn
qV kTp no C CoqAD nqAD p

e= +
C

B E C

W L
I I I= −

( )EBqV kT
E Eo C CoqAD nqAD n

e 1
L L

⎡ ⎤
⎢ ⎥ −
⎢ ⎥

−
E CL L⎢ ⎥

⎢ ⎥⎣ ⎦
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• The current in each terminal (E,B and C) isThe current in each terminal (E,B and C) is
determined mostly by the minority carrier
distribution in B.

• IC is independent of VBC as long as the B-C
junction is rb.

• If it is assumed that there is no recombination in
B, IEP =ICP. Hence,

• IBB = IEp - ICp = 0
• IB = IBB + IEn – ICn = IEn – ICn
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QUESTIONQ
The p+-n-p transistor has 1019 , 1017 and 5x 1015 cm-3 impurity density
in each E, B and C, respectively. The lifetime is 10-8 , 10-7 and 10-6 s.
Assume that the cross section area A = 0 05 mm2 and the E B junctionAssume that the cross-section area, A = 0.05 mm2 and the E-B junction
is fb by a 0.6 V. Determine the common-base (CB) current gain, αo .
Other device parameters are DE = 1 cm2/s, DB = 10 cm2/s, DC = 2 cm2/s,
intrinsic electron-hole pair density = 9.65x109 and W = 0.5 μm.intrinsic electron hole pair density 9.65x10 and W 0.5 μm.
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ICp
o

E

I
I

α =

( ) ( )EB EB

E Ep En

qV kT qV kT

I I I

D D

= +

⎧ ⎫⎡ ⎤
⎪ ⎪( ) ( )EB EBqV kT qV kTp no E Eo

E

D p D n
= qA e e 1

W L

⎧ ⎫⎡ ⎤
⎪ ⎪⎢ ⎥+⎨ ⎬⎢ ⎥⎪ ⎪⎢ ⎥⎣ ⎦⎩ ⎭

−

( )EBqV kTp no
Cp

qAD p
I e

W

⎩ ⎭

=p W
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Dp = diffusion constant of hole in B = 10 cm2/s  
pno = hole minority carriers in B during thermal equilibrium
pno = ni

2/NB = (9.65x109)2/1017 = 931.225 cm-3

DE = electron diffusion coefficient in E = 1 cm2/s
nE = electron minority carrier in E during thermal equilibriumnEo  electron minority carrier in E during thermal equilibrium
nEo = ni

2/NE = (9.65x109)2/1019 = 9.3122 cm-3

LE = electron diffusion length in E 
2 8 4⎛ ⎞2 -8 -4

E E EL D 1 cm /s 10 s 10 cm
⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

= τ = =

-19 -2 2 2 -3
1 6 10 C 0 05 10 10 / 931 225
⎛ ⎞⎛ ⎞⎛ ⎞⎛ ⎞
⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟ ( )EB

cm cm cm

cm

qV kT

EpCp -4

1.6x10 C 0.05x10 10 /s 931.225
I I e

0.5x10

⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠⎝ ⎠⎝ ⎠= =

⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

-14 10
EpCp

-4

I I 1.49x10 x1.1505x10 A

⎜ ⎟
⎝ ⎠

= =

-4
1.7142x10 A=
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cm cm cm
-19 -2 2 2 -3

101.6x10 C 0.05x10 1 /s 9.3122
I 1 1505 10 1

⎛ ⎞⎛ ⎞⎛ ⎞⎛ ⎞
⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟ ⎛ ⎞⎝ ⎠⎝ ⎠⎝ ⎠⎝ ⎠ ⎜ ⎟

cm
En -4

8

I 1.1505x10 1
10

⎝ ⎠⎝ ⎠⎝ ⎠⎝ ⎠= ⎜ ⎟⎜ ⎟⎛ ⎞ ⎝ ⎠⎜ ⎟⎜ ⎟
⎝ ⎠

−

-8

-4
Cp

o 4

8.5709x10 A
I 1.7142x10 0.9995
I

=

α = = =

Emitter efficiency, γ = IEp / (IEp + IEn) 
/

o -4
EI 1.715x10

= IEp / IE

In the case of narrow Base, IEp = ICp

Thus, γ = αo .
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