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Assignment 7
SOLUTIONS
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a) We know that
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So this is a very good approximation.

Problem 2 MKC 6.18
We know that
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Sowecanget fJ; asa function of time as below,

The time interval until [, drops to unity is 88.8 days, and at that time the base lifetime is

1, =1, exp(~t/1,)=139x10"s

Problem 3
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1) The grading of composition from GaAs to Al,Ga,..As in base and the grading of composition in
emitter can reduce the effect of the spike in the conduction band. Plot p -E-B diagram of BJT and
HBT as below:
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And we can get the depletion width in emitter
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The purpose of the heavily doped sub-collector is to decrease the resistance in collector.

To get the quasi-electric field in HBT, we have
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Also, X2 =1.4nm
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Also, in emitter, the depletion width is

N N 2 1 1
XF———a =—L‘)—EL[ +—-—][VH -2kT) = 140nm
N+ Ny Ny +Npe | g (Npe AB
which shows the grading region is totally depleted.
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Band gap change over Wy is dE:“‘ ®
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Now since base is doped p-type, Ey is flat, AE.
And we get the quasi electric field

AE™
qw;™
Using 1-D Poisson to verify the result

E




b) Inside base, we have drift-diffusion equation
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¢) In BJT, base transit time
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So HBT has a much larger current gain.
) The pros and cons of BJT and HBT
pros cons
BIT Cheap Large base resistance
Can’t have too high frequency
HBT Large current gain Complex manufacture
Low base resistance
High frequency operation

f) A SiGe HBT is similar to a conventional Si bipolar transistor except for the base. SiGe, a
material with narrower band-gap than Si, is used as the base material. SiGe HBT has a higher gain,
lower RF noise, and low 1/f noise than an identically constructed Si BJT, and higher raw speed
can be traded for lower power consumption as well. So SiGe is mainly used in high frequency
application. Also, unlike other technologies like GaAs, SiGe has the ability to integrate analog, RF
and digital on a single chip using existing CMOS fabs, this leads to massive drive toward
BiCMOS technology. SiGe HBTs can be used in making low-cost, lightweight, personal
communications devices like digital wireless handsets, as well as other entertainment and
information technologies like digital set-top boxes, Direct Broadcast Satellite (DBS), automobile
collision avoidance systems, and personal digital assistants. SiGe extends the life of wireless
phone batteries, and allows smaller and more durable communication devices.



Problem 4 MKC 6.19
a) We know that in the base, we have continuity equation
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And considering steady state, we can get an equation for excess density
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b) Using the expression in (a), we can get the slope of the distribution at x=0 and x=xg, since we
know the relation of current and the slope is
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The difference of the current is caused by recombination, and we can get the expression as
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