CLASS 17

BJT currents and parameters



Ig = IEp + 1g,

Ic= ICp + 1y

Ig =Igp + Lg, - Icy

Igp = IEp - ICp

Ig =1+ 1

Iz, = current produced by the
electrons injected from B to E

I, = current from the electrons
thermally generated near the edge
of the C-B junction that drifted
from C to B.

=IEp_l_IEn'ICp 'IC

= IEp - ICp * IEn B IC

n

n

=Igg+ Igy - I



An important BJT parameter is the
common-base (CB) current gain, o,

a, =Ic, /Ig

=Icp / (g + Igy)

= Icp Igp/ Hgp(gp + 1gn)]

= Hgp/ (gp + 1g) Iy / gyl

=Y Ot
Emitter efficiency, y = I,/ (I, t Ig,)

=g,/ Ig

Base transport factor, o = I, / I,
Since o, =y g and Iy, <<Iy, , then
Ig, = Ig. Hence, y = 1.
I¢cp = g, - Thus, o = 1. Consequently,
o, ~ 1.




Ic= ICp +1cy
Asop=I¢, /I, Ic=0pIg,+Ig,

Since o, =y oy andy=1Ig,/Ig:
Ie=(a,/y) yIg+ I,

Ie=0,lg+ ¢,

Ig=Ig+ 1

I, can be determined by measuring the

current flowing across the B-C junction
when E is an open-circuit. I; = 0.

The value of I, under this condition is

is represented by the expression: +

known as I35 I-go represents the leakage E B C
current between C and B when E-B is open — |
circuited. ( o Iq D
Collector current for the CB configuration i :

Ic=a,lg+ 1o



The conventional current
flow is always in the opposite
direction as the flow of
electron.

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

The flow of holes is always
opposite with the flow of
electrons.

The general equation that
relates the emitter, collector
and base currents is:

I, =1, +1,
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Holes are injected from E to B when the  Distributionof the mmority carriers
E-B junction is fb. Holes will then diffuse 10 an active mode pap transistor
across B and reach the B-C junction.

(QVig )/KT E(p) B(n) Clp)

Pn(0) = Pnot (]
where: “(-')
P,, = density of the minority carriers

under equilibrium condition. )ll(x)

=n,;2/Ng
Ny = donor density in B. | lle,
kT/q = temperature equivalent voltage HE(-X 3112 _\ | B -Il ()
The existence of the density gradient of HEL - 5
holes in B shows that the holes injected A W

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-C.



(aVeg ) /KT

Pn(0) = pnot
n(0)=Pno Distnbution o the mnonty cars
If th.e E-B junction is fb, the minori?y carri.er nanactve mode o I P st
density at the edge of the E-B depletion regiol

(at x=0) is increased beyond its equilibrium E(p) B(H) C(P)
value by a factor of : ..
(aVeg )/KT hl)
e
P.(W)=0 ,
(W) By

Under the rb condition, the minority carrier
density at the edge of the B-C depletion regiol 0
(x=W)is 0. B b
If the B is very narrow (i.e. W/L <<1): - /1 F==\1 Hc(X)

qVeg )/KT ; ,
Pn(x):pnoe( ) 1-(x/W)] Wk



Distribution of the mimority carriers

(Veg)/K 1n an active mode pap transistor
(Veg )/KT . . 3
Pa)=pnoe [1-(ow)y]  Eol B Cip)

This expression is close to the

real minority carrier

distribution in B. The

assumption that the minority

carrier distribution in B is

linear simplifies the derivation IlE(X
of the I-V characteristic. lip, i




(aVeg)/KT

~4Vep S
Ne(X=Xc)=Ncee =0 Distrbution of the mimorty caries
where n, and n., are the electron inan actve mode pup transistor

densities under equilibrium E(p) B C(p)
condition for the E and C, | | |
respectively. ) ()
_ (aVes)/KT | (x+xg)/Le |
- - hiYy
for X <—xg
i
‘ )
— xmxe)/be BSS g | —
Nc(X) =Ny —Negk I -==1 iy
for x> x :




Transistor currents in the active mode of operation

The hole current, I, , injected from E at x=0 is proportional to the

dient of the minorit ier density. ST TR
STATICNT OF TAE TIOTILY SATTer Cemvty Distributton of the munoriy camer
lep = A[—q Dp —ddpn } manacive mode pap fransistor
X x=0 B By (|
qADpPno e(qVEB)/ KT |
Y, i)
The hole current collected by C at x=W is
— dpn ) (v
ll
_GADppno e(qVEB)/ KT i e (o
W ol [ Il
W . .
= — << : :
IEp ICp for 2 1(i.e.when B is narrow) T

p



Distribution of the miority carriers
in an actrve mode pnp transistor

I, is produced by the flow of electrons E(p) B(n) C(p)
from B to E. Pn((:)')
dn
— E
e =A% g
X_—XE

Lg is the diffusion length

of the electron in the E.

Dy is the diffusion constant for the
electron in E.




I, Is produced by the flow of electrons
from C to B.

dn
|~ =A| gD~ —&
Cn 4Pc 0X by
i C ]
:qADCnCO
Lo

LC is the diffusion length

of the electron in the C.

D is the diffusion constant for the electron
in C.

Distribution of the minority carriers
in an active mode pnp transistor

E(p)

B(n)
Pn(0)

Pa(x

Pno

Clp)







The current in each terminal (E.B and C) 1is
determined mostly by the minority carrier
distribution in B.

I is independent of Vg. as long as the B-C
junction is rb.

If it is assumed that there is no recombination in
B, Ip=Icp. Hence,
Igp = lgp - I, =0

Ig=lIgg + Ig, — Icp = Lgn — Lca



QUESTION

The p*-n-p transistor has 10", 107 and 5x 10"° ¢m™ impurity density
in each E, B and C, respectively. The lifetime is 10-* , 107 and 106 s.
Assume that the cross-section area, A = 0.05 mm? and the E-B junction
is fb by a 0.6 V. Determine the common-base (CB) current gain, o, .
Other device parameters are D; = 1 cm?/s, Dg = 10 cm?/s, D = 2 cm?/s,
intrinsic electron-hole pair density = 9.65x10° and W = 0.5 pm.
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Dp = diffusion constant of hole in B =10 cm?/s

P,, = hole minority carriers in B during thermal equilibrium
Pu, = 0;*/Ng = (9.65x10°)%/10!7 =931.225 cm3
D, = electron diffusion coefficient in E =1 cm?/s

ng, = electron minority carrier in E during thermal equilibrium
ng, = n2/Ng = (9.65x10°)%/10"° =9.3122 cm?3
Ly = electron diffusion length in E

2 -8 -4
LE:,/DETE :\/1cm /3{10 stlo cm

-19 2 2 2 -3
(1.6X10 C}[0.0SXlO cm JLlOcm /S}[931.2250m J (qVEB)/kT
e

lep=lep = 4
{O.SXlO cm}

-14 10
ICp:IEp:1.49X10 x1.1505x10 A

4
=1.7142x10 A



-19 2 2 2 -3
[1.6X10 CJ(0.0SXlO cm ]Elcm /81[9.3122cm ]

IEn - 4
[10 cm}

-8
=8.5709x10 A

4
lep _1.7142x10

) =0.9995
lE 1.715x10

(XO:

Emitter efficiency, y = I,/ (I, + Ig,)
=g,/ Ig

In the case of narrow Base, I;,= I,

Thus,y=aq, .

10
{1.1505X10 —1}




