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(The Analysis of DC and AC Current Crowding Effects Model
in Bipolar Junction Transistors Using a New Extraction
Method)
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Abstract

DC and AC current crowding effects™ for microwave and high speed bipolar transistors are
investigated in detail using a new and accurate measurement technique based on Z-parameter
equations. Using the new measurement technique. dc and ac current crowding effects have been
explained clearly in bipolar junction transistors. To model ac crowding effects. a capacitive element
defined as base capacitance(C,), called ac crowding capacitance, is added to base resistance in
parallel, thereby treating the base resistance(R,) as base impedance, Z,. It is shown that base
resistance decreases with increasing collector current due to dc current crowding. and approaches to
a certain limited value at high collector currents regardless of the emitter size. It is also observed
that, due to ac current crowding. base capacitance increases with increasing collector current. To
quantify the ac crowding effects for SPICE circuit simulation. the base capacitance(C,) including the
base depletion and diffusion components has been modeled with an analytical expression form.
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Fig 1. A small-signal PSA BJT equivalent
circuits with Z, model to explain
current crowding effect.
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Fig. 2. The comparison of measured and

modeled curves to show the validity

of the Zb model as suggested in

Fig. 1( ;=30 vA ).
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Fig. 3. The variation of base resistance vs.
normalized base current for emitter
sizes to show dc current crowding
effect.
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