ECE 440: Lecture 26
Narrow-base BJT.

This is the 2nd Bipolar Junction Transistor (BJT) lecture.
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A p-n-p transistor: (a) schematic representation of a p-n-p device with
a forward-biased emitter junction and a reverse-biased collector junction;

(b) I-V characteristics of the reverse-biased n-p junction as a function of
emitter current.




What did we learn last time?
What’s special about the Base? (why?)
Let’s try to make things simple(r):
· E→B current is all holes (p+ to n)

· Holes diffuse across base, ignore drift (how come?)

· Ignore any small reverse current at CB junction

· Ignore recombination (for now)

Reality check. This is what a more realistic BJT looks like:
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Process flow for double polysilicon, self-aligned n-p-n BJT: (a) n* buried layer formation; (b) n epitaxy
followed by LOCOS isolation; (c) base-emitter window definition and (optional) masked “sinker”
implant (P) into collector contact region; (d) intrinsic base implant using self-aligned oxide sidewall
spacers; (e) self-aligned formation of n* emitter, as well as n* collector contact.




What kind of bipolar transistor is this?

What is the cross-sectional area?

What’s with all the extra n+ and p+ regions?

What about the SiO2?

Now, sketch the energy band diagram at equilibrium:

Back to our simplified analysis of the P+NP (VEB>0, VCB<0):
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We know all action is minority carrier diffusion, focus there:
In fact, all action is hole diffusion in base, so get Δp there:

Where pn = ni2/NB.

Now I can almost calculate the collector (hole) current…

[image: image4.wmf]B

W

x

p

C

dx

dp

qAD

I

=

-

»


… because I get a nice (linear) slope from knowing WB ≪ Lp
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This is a narrow-base BJT, and we want it that way! Then:





IC  ≈ 

Remember, only holes are “captured” by the Collector.

Why?
To get the Emitter current, don’t forget there is a small electron injection component from the n-type Base.
Draw these injected (minority) electrons in Emitter:

And remember the expression from the long-base diode:
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We can finally write the entire Emitter current:




IE  = IEp + IEn ≈ 
Now we can calculate a lot of those “merit” parameters listed in the last lecture, like Emitter efficiency γ = IEp/IE.
Finally, what is the Base current?

IB  =
IB(inj. to E) + IB(recomb. with excess holes)

≈ IEn + QB(stored)/τp

≈ 
The current gain is
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The expression for gain β can be simplified two ways:

1) If there is no recombination in the base, and IB due only to electron injection back into Emitter:
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2) If Emitter efficiency is perfect (γ = 1) and IB is due only to recombination in the Base:
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Where Lp = (Dpτp)1/2 is hole diffusion length in the Base, and by construction WB ≪ Lp. If you are not given Dp how do you calculate it?
Clearly (by construction) β ≫ 1 so we get CURRENT GAIN!
Why? (qualitatively). Draw energy band diagram, think about what happens if I draw a small current from Base (inject electrons).
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