5.4.4. Base spreading resistance and emitter current crowding

Large area bipolar trandstors can have a very nontuniform current distribution due to the
resstance of the base layer. Since the base current is gpplied through the thin base layer, there
can be a dgnificant series resstance in large devices. This resstance causes a voltage variation
across the base region. This voltage variaion in turn causes a varidion of the emitter current
dengty, especidly since the emitter current dendty depends exponentidly on the locd base
emitter voltage. This efect is minima in the center of the emitter-base diode and strongly
increases toward the edges. In extreme cases, this effect causes the emitter current to occur only
a the very edges of the emitter-base diode. The parameters involved include the sheet resstance
of the base layer, the emitter current dengty and the current gain in the device. The characteristic
length, | spreading, Can be obtained from a distributed model smilar to that of a metal contact to a
thin semiconductor layer as described in Section 3.9.
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Where rg is the samdl sgnd emitter ressance, Rsg is the sheet resstance of the base and Jg is
the emitter current dengty. This andydss is only vaid if the emitter current dengty is close to
uniform. The emitter current dengity in a BJT can only be condder close to uniform is the emitter
dripe width is less that the characterigtic length in the case of a one-sided base contact or less
that twice the characterigtics length in the case of a double sided base contact or:
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The corresponding value of the base resstance for auniform emitter current distribution equas:
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for a one-sided base contact and
1 W, (5.4.14)
Ry = =R —=
12 ° L,

for a double-sided base contact, which effectively has the resstance of two sections with hdf the
emitter dripe width connected in padld. A series of narrow emitter fingers with dternating
base contacts is therefore typicaly used in large area power device, resulting in the characteristic
interdigitated structure.



