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Section 25

Bipolar Junction Transistor - Design
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Problem of Low Base Doping:

Current Crowding - Non-Uniform Turn-On
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Problem of Low Base Doping:

Current Crowding - Non-Uniform Turn-On

o ‘MVBE Double diffused junction
— H3- | configuration:
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j JW. N, (e —1)dx => Determines the injection
=> Spatially dependent

=> More current in the corners

The larger current density near the emitter may
cause localized heating and high injection effects
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Problem of Low Base Doping:

Current Crowding - Non-Uniform Turn-On
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Double diffused junction

configuration:

Emitter doping must

compensate / overcome the

base dopin
D, Wy 2y N
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Low doping in base

=> resistance along the
current path

=> potential drop

=> Determines the injection
=> Spatially dependent
=> More current in the corners

Non-zero base resistance results in a lateral potential difference under the emitter region

For an n-p-n transistor as shown, the potential decreases from edge of the emitter towards the
center (the emitter is highly doped and can be considered an equipotential region)
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Problem of Low Base Doping:

Current Crowding - Non-Uniform Turn-On

Sketches from text book
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If the base doping is kept to small values, it will have a high resistance:
Lesser ability to conduct means higher resistance
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Low Base Doping: Non-uniform Turn-on
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Non-uniform current inefficient
h current at the edge can cause burn-out

gD niZB qV 'ge (X) B
i LA § [0
:|C:jJC(x)dx:. W, NB( )
2
o [3a()dx 1D, N (6907 _1)dx
" We Ng

Interdigitated designs for almost all high power

transistors (E-B distance minimized)
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Low Base Doping: Current Crowding

Key facts:

1. Current crowding is due to 2D nature of BJTs
2. Itis a function of the doping concentration

3. As base doping concentration increases, resistivity decreases D, Wy n_ZB Ny
n L

— Consequence: Current gain goes smaller DC ¥ Wa D 2
—> Emitter current injection efficiency decreases B ~p "M,EB

; : Non-uniform current inefficient
The larger current density near the emitter may .
: : L High current at the edge can cause burn-out
cause localized heating and high injection effects

Possible Solution: Emitter widths are fabricated

with an inter-digitated design
- Many narrow emitters connected in parallel to
achieve the required emitter area

Interdigitated designs for almost all high power
transistors (E-B distance minimized)
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Problem of Low Base Doping: Punch-through
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V¢ Is negative (reverse bias)
=> X, gc Jrows

Low base doping is not a good ideal!

Vg IS positive (forward bias)
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Problem of low Base-doping:

Base Width Modulation
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Problem of low Base-doping:
Base Width Modulation
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Problem of low Base-doping:
Base Width Modulation
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Punch-through and Early Voltage
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