ECE 440: Lecture 27
BJT Gain.

Two main pictures for P+NP bipolar transistors:
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Figure 7.7

(a) Sketch of the terms in Eq.(7-14), illustrating the linearity of the hole distribution in the base region.
In this example, Wb/Lp = 1/2. (b) Electron distributions in the emitter and collector.
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Summary of hole and electron flow in a p-n-p transistor with proper biasing:

(1) injected holes lost to recombination in the base; (2) holes reaching the
reverse-biased collector junction; (3) thermally generated electrons and holes
making up the reverse saturation current of the collector junction; (4) electrons
supplied by the base contact for recombination with holes; (5) electrons injected
across the forward-biased emitter junction.




Recap our simple model for P+NP bipolar operation:

1) Current continuity: IE = IB + IC
2) When EB diode is forward biased (VEB > 0), Emitter current IE has two components:

a)  Holes it injects into the Base (IEp)

b)  Electrons the n-type Base injects into it (IEn)
3) Base current has two components:

a)  Electrons it draws from terminal to supply IEn
b)  Electrons it draws from terminal to recombine with injected holes (QB/τp)
4) Collector current is made up of holes it manages to sweep (“collect”) from the ones injected by Emitter, minus those that have recombined in the Base, strictly speaking IC = IEp – QB/τp
Is Collector current made up of any electrons?

Does our current continuity assumption hold?

When and what can we ignore to simplify our life?

One more look at the equations for P+NP:

[image: image3.wmf](

)

1

/

2

-

=

kT

qV

B

i

B

p

Ep

EB

e

N

n

W

D

qA

I



[image: image4.wmf](

)

1

/

2

-

=

kT

qV

E

i

E

n

E

n

En

EB

e

N

n

L

D

qA

I



[image: image5.wmf](

)

1

2

/

2

,

,

-

=

=

kT

qV

B

i

p

B

p

stored

B

rec

B

EB

e

N

n

qAW

Q

I

t

t


Where, remember: Lp = (Dpτp)1/2 for holes in the Base.
How do we keep them straight?

Tip #1: Remember who is injecting what where (if it’s into the Base, then use Base parameters like Dp, Lp WB and NB)
Tip #2: If the terminal is “narrow” use its width instead of the minority carrier diffusion length there
Tip #3: QB,stored is just the area under the stored charge triangle in the Base (1/2 * height * width…)
Tip #4: On notation, if it’s unambiguous we don’t need the extra E/B/C super/subscript (Base is the only n-type chunk here, so Dp must be for… minority holes in the Base!)

Tip #5: Remember the (expx-1) factor is what multiplies the equilibrium minority carrier concentration (e.g. ni2/NB)

So, why do I have GAIN?! (IC/IB ~ 100)
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Figure 7.8

Approximate excess hole distributions in the base: (a) forward-biased emitter,
reverse-biased collector; (b) triangular distribution for Vg = 0 or for negligible pn.




Ex: P+NP bipolar with NE=1018 cm-3 and NB=1017 cm-3. The quasi-neutral region width in the emitter is 1 μm and 0.2 μm in the base. Use μn=1000 cm2/Vs and μp=300 cm2/Vs. The minority carrier lifetimes are 10 ns. Calculate the emitter efficiency, the base transport factor, and the current gain of this transistor biased in the forward active mode. Assume there is no recombination in the depletion regions.

(Warning, this is a little tricky. Are the emitter and base “narrow” or “wide”?)
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