EECS 105 Spring 2002 Lecture 21 R. T. Howe

Lecture 21

« Last time:
— Large-signal model under forward bias

— Ebers-Moll model, start small signal model

* Today :

— Small-signal model of the npn bipolar transistor
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Transconductance (cont.)

* Forward-active large-signal current:

ic =1ge"BE""n (14 vep V)

» Differentiating and evaluating at O = (Vy; V)
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Comparison with MOSFET g

* Bipolar transistor:
« MOSFET:

* Typical bias point: drain/coll. current = 100 uA;
Select (W/L)=8/1, u,C, =100 uA/V?
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What about the Base Current?

Unlike MOSFET, there 1s a DC current into the
base terminal of a bipolar transistor:

Ig=1Ic/Br=g/Br)e BE M 1+ Veg V)

To find the change 1n base current due to change
in base-emitter voltage:

dip | Gig| di,

alc Q@VBE 0
H_/ H_/

8VBE 0
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Small-Signal Current Gain 3,
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Input Resistance 7_
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In practice, the DC current gain 3, and the small-signal
current gain 3, are both highly variable (+/- 25%)

Typical bias point: DC collector current = 100 uA
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Output Resistance r,

Why does current increase slightly with increasing v-.?

Model: math 1s a mess, so introduce the Early voltage

ic =Ige"PE" " (14 veg V)

Dept. of EECS University of California at Berkeley



EECS 105 Spring 2002 Lecture 21

R. T. Howe

Graphical Interpretation of 7,
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BJT Small-Signal Model
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BJT Capacitances

Base-charging capacitance C,: due to minority carrier
charge storage (mostly electrons in the base)

Cb = 8mlF

Base-emitter depletion capacitance: C;= 1.4 Cy,

Total B-E capacitance: C, = C;+ C,
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Complete Small-Signal Model
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