Problem Solutions

Chaptér Four: Bipolar Junction Transistors

P4.1. Bstimate A for an mpn bipolar transistor assuming that the emitter injection efficiency
and the collector multiplication factor are both unity. The base width is 120 nm, the base doping
is 10'® cm™ and the base minority carrier lifetime is 1.0 ns.

Solution. If the base doping is 10" cm , the electron mobility in the base can be determined

-from Figure 2.8 to be

Uy = 2,50cm2V"1.s‘-1 .
Using the Einstein relationship, the diffusivity of electrons in the base is

D= k—T;zn = (O.OiGV)(ZSOcmZV'Is—l)= 6.5cm?s™.
q

The diffusion length for electrons'in the base is

Lnp =~/DypTnp =.\/(6.5cmzs'] X].O_QS)=8.1X10—SCWI.

The base transporf factor is

)=
120x1077 cm)

. . w2 (
~|1+—2-| =1 =0.989.
o ( +2L%1.BJ +2(8.1><10'5cm)2

Assurning that the emitter injection efficiency and the collector multiplication facter are both
unity,
ar z]\4}’5&7- =Qr =0989, T ~ B

and the common base current gain is
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ap 0.989
ﬂF — —4 p—
l-ap 1-0.989

P4.2. Estimate B for a lateral pnp bipolar transistor assuming that emitter injection efficiency

and the collector multiplication factor are both unity. The base width is 250 nm, the base doping
is 10" cm™ and the base minority carrier lifetime is 3.0 ns.
Solution. If the base doping is 10" cm?, the hole mability in the base can b;a determined from
Figure 2.8 to be 300 cm?V's?. Using the Binstein relationship, the diffusivity of Holes in the
base is | .

DpB'. = k—TyPB = (0.0261/')(300csz'].s*_1 )= 7.8cm?s™.

q

The diffusion length for holes in the base is

Log =‘\/DPBTPB ='\/(7.8cn'zzs~] X3x_10_9.9)=1.53x10'4cm. - -

The base transport factor is

a7=(1+ i ]_] =[1+ 501077 enf ) =o.95..
2(7.8><10‘5 cm)2

Assuming that the erni';ter injection eﬂicien;y and the collector multiplication factor are both
. unity,

ap ~Mygay = ayp =0.95,

and the common base current gain is

ap 095
ﬁF —d f—t —
1—aF 1-0.95
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P4.3. Estimate the base transit time for an npn bipolar transistor if the undepleted base width is
120 nm and the base doping is 10'® cm™.
Solution. If the base doping is 10'® cm™, the electron mobility in the base can be determined

from Figure 2.8 to be
'un ~250em?V L7t
Using the Binstein relationship, the diffusivity of electrons in the base is

Doy =L 1, = (0.0267)250m 27 s )= 6 5em?s.
q .

The base transit time 1s

_ 74 =£1_20><10_7cm)2
2D,z 2(6.5cm2V—1.s"1

tp )—ll.lps.

P4.4. Estimate the base transit time for a lateral pnp bipolar transistor if the undepleted base

width is 250 nm and the base doping is 10" cm”.

" Solution. If the base doping is 10'® cm™, the electron mobility in the base can be determined

from Figure 2.8 to be 300 cm?V™'s”. Using the Einstein relationship, the diffusivity of electrons
in the base is

D,z =%TJ_;_1 o= (o.ost)(300cm2V‘1s‘1)= 7.8cm?s

The base transit time is

w? (250x10'7cm)2 _ 40ps,

B 2D,p 2(7.8cm2V_1s'1)

Lip
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P4.5. Estimate the reverse saturation current for an npn bii)olar.m'msistor if the undepleted base
width is 120 nm, the base doping is 10'® cm™, the base minority carrier lifetime is 1.0 ns, and the
emitter area is 10 cm®.

Solution. If the base doping is 10'® cm™, the electron mobility in the base can be determjnea

,frém Figure 2.8 to be
Uy = 250cm?V1s7L.

Using the Einstein relationship, the diffusivity of electrons in the baseis

D=L, = (O.OZGV)(ZSOcn;zV—ls"I)=6.5cm2s'1:
g

The saturation current is

gAD5n}

o=
ST WyN

N 602107 CJ10~ om™ J.5m s~ J1.45x 10" e Jz
(120><10 cleOlgcm )
=1.82x107% 4 -

P4.6. Estimate the emitter area for an npn bipolar transistor if the forward active collector
current is 1 mA with a base-emitter voltage of 0.75 V. The base width is 180 nm and the base
doping is 10'7 cm™. Assume the forward emission coefficient is unity and the series resistances
are negligible.

Solution. ./;Lssumjn'g the emission coefficient is unity,

I 10724
exP(qV/kT) exp(0.757 /0. 0267)

%1076 4.

If the base doping is 10" cm™, the electron mobility in the base can be determined from Figure

2.8tobe
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Y, = 800cm 2V 157t
'f)'sing the Einstein relationship, the diffusivity of electrons in the base is

D=L, = (0.026V)(800cm2'V_ls"1)= 21em?s7h.
7 : ' .

The saturation current per unit area is
Is _ gD, 51}
A WzNpp
b.602x107 ¢ f21em?i a5 x100em =2 |
(18O><10_7 cmX1017cm_3) .
=3.9x10"0 4cm™

The emitter area can be estimated as

-16
A= Is = S'QXIO 4 > =7.7x10" em®.
Igl4 3.9x107s4cm™ -

P4.7. For the bipolar transistor in the circuit of Figure 4.16, determine the mode of operation and

the collector-emitter voltage.

B =60

B =0.5
Vgga = 0.7V
Vges = 0.8V
Vige = 0.1V

Osv

Figure 4.16.

Solution. Assuming forward active operation,
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Ip=2 =077 _g015md,

S 20k
I = Bplp =(60)0.015m4)=0.9m4, and
Ve =5V - (Uk)0.9md) = 4.17 .

Therefore, the initial assumption was correct and the transistor is forward active.

~

P4.8. For the bipolar transistor in the circuit of Figure 4.17, determine the collector current.

Figure 4.17.

" Solution. Assuming forward active operation,

_W-07V

=0.06mA4,
S5KQ

Ig

Ip = BiIg = (70)0.06md) = 4.2m4, and

Veg =5V —(2.2kQ2)(4.2mA) = ~4.247 .
This is not possible so the original assumption of forward active operation was incorrect. The

transistor will saturate and the actual collector current will be

—

1o = Yec ~Vers _ V-0 oy
2.2kQ) 220




