ECE 440: Lecture 25
Intro to BJT.

Next 5 lectures: the Bipolar Junction Transistor (BJT).
But first, a bit about transistors. Two characteristics:

1) Amplification: a small signal (I or V, terminal #1) can control a large signal (usually I, flowing between terminal #2-#3).

Think of a tiny faucet controlling the amount of water flow through a giant hose. How many terminals? ____________.

Why is the water faucet/hose analogy particularly useful for sub-100nm transistors today?

2) Switching: the transistor can be turned on/off.

Two main transistors we study for the rest of 440:

1) Bipolar junction transistors (BJT): small input current (faucet) controls large output current (hose)

2) Field effect transistors (FET): small input voltage (faucet) controls large output current (hose)

Note, BJT = current-controlled current switch = always have some current flowing = power dissipation
This is its Achilles’ heel compared to the MOSFET, more power dissipation ( limits integration level per chip.

· BJTs have been gradually replaced with CMOS especially in high-density logic apps over past 30 yrs.

· But, BJTs better for analog circuit applications ( higher speed and gain.
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Figure 7.1

External control of the current in a reverse-biased p-n junction: (a) optical
generation; (b) junction /-V characteristics as a function of EHP generation;
(c) minority carrier injection by a hypothetical device.




Remember the P-N diode with the lights turned on!

Reverse bias (V = Vp-Vn < 0) current with lights off = small.

When light is on, it creates _________________ in the middle __________________ region. These are swept by the electric field already present and modulate the _______________.

Can we inject (e.g.) holes electrically instead of optically?!

Yes, we know how to inject holes electrically. Take a p+n junction. When forward biased, this injects holes into the n-region unilaterally. Draw:

Now put the hole injector (forward biased p+n) and current modulator (reverse biased np) together:
Draw like Streetman & Banerjee:
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Figure 7.2

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.




Emitter (p+) injects holes into reverse-biased Base-Collector.

For Collector to… collect all (most) holes we need Base to be quite _____________. Mathematically, Wb ≪ _____.

Properly biased, with BJT “on” the voltages are: VEB > ____ and VCB < _____ (same as VBC > _____).

If so, then almost all injected holes are collected: IE ≈ IC are the “large” currents here (water passing through hose).
But, is there a Base current IB? What does it mostly consist of?
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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.




Base current I​B (remember the base is n-type):
· Some electrons ___________ with injected holes.

· Some electrons injected into p+ (forward biased EB).

· Few electrons swept from thermal generation in reverse biased CB junction.

Base current I​B is small, but it’s there. Sign of IB goes against the direction of electron injection (see figure).

In a well-designed BJT, IE ≈ IC ≈ 100IB
We can write from current continuity: __________________
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There are both PNP and NPN bipolar transistors.

It’s easier to study PNP’s because current flows in direction of injected holes. But NPN is similar, just replace holes with electrons, and keep good track of signs.

Intuitively (dimensions/doping being equal) which kind of bipolar transistor is faster?

BJT performance parameters:
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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.




Emitter efficiency:
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Base transport factor: 


[image: image7.wmf]Ep

C

I

I

B

/

=


Current transfer ratio:
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Current amplification (common emitter gain):
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Let’s begin to understand BJT physics. Think of it as two independent PN junctions:
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Band diagram in equilibrium (all I=0):
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Electric field:

Charge density:
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