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Today’s Discussion

* Transistor as amplifier
* Small signals circuit
* Exercises
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Amplification Example
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Common Emitter Amplifier Stage




Small signals equivalent circuit
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Gain — Input & Output Resistance
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Common Emitter with Emitter Resistance




Small signals equivalent circuit




Gain — Input & Output Resistance
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BJT parameters

l l
Yy = ﬂ — Ep emitter injection
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Summary — general solution for currents

I 422 | cenn VB _ W e
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These expressions apply to all bias conditions
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Excess minority carrier distribution in the base
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Current Transfer Ratio &

To evaluate a we need to be more accurate
with y instead of approximating y = 1.

The electron current from the base must be
Included for the emitter injection efficiency.

From p-n junction theory
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Current Transfer Ratio &

On the p-side of the forward biased junction
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Current Transfer Ratio &

From the general solution with Ap. =0
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Current Transfer Ratio &
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Current Transfer Ratio &

D ub
DI b pPp = "nPn

from Einstein’s relations In the neutral regions
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Current Transfer Ratio &

Finally:
—1 —1
Ly nnﬂg Wp m\nnﬂﬁ Wp
Y = 14 D " tanhL—n ~ |14 D I
LY p,u? D LY ppus By

At firstorder tanhy =y

Ly = hole diffusion length in the n-region

LY = electron diffusion length in the p-region
1, = hole mobility in the n-region

ut = electron mobility in the p-region o



Current Transfer Ratio &

The base transport factor is
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Exercise on y and B

* Consider a BJT.

* Emitter doping is 100 times the doping In
the base region.

 Neutral Base width Wy < L,

* Neutral Emitter width W,, < L,

Question:
Estimate emitter injection efficiency y and
base transport factor B
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Exercise on y and B

- Emitter and base width are much smaller than L,, L,
— carrier concentration profiles vary linearly
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Exercise on y and B

From narrow base diode lecture

D
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Similar for emitter with narrow width. Emitter is highly doped
diffusivities of minority carriers on the two sides do not differ
much
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Exercise on y and B

N,=100-N, and W,=0.1-W,
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Exercise on y and B

N,=100-N, and W,=0.1-W,
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Base carrier profile is linear so B = 1
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Exercise on y and B

Suppose L, =L, =L
Neutral Base width Wy > L,
Neutral Emitter width W,, > L,

Now carrier concentrations decay
exponentially, not linearly
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Exercise on y and B
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Exercise on y and B

However, the base transport factor B would not be
good for transistor operation, since only holes within a
diffusion length from the edge of the depletion layer (on
the base-collector side) would contribute to collector
current.

The rest of the injected holes would recombine in the
base.

So, we want the emitter to be long enough not to be
considered “narrow”, but the base region should be
narrow to have B as close as possible to 1.
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