Bipolar Junction Transistors
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Diffusion at a p-n Junction
» Forward-biased p-n junction
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» Electrons move into p-type material and are picked up by holes.

* Mean free time in the p-type material is related to the density of holes.

« In typical doped silicon T =107 to 10 s to recombine, but the time between scattering is about t

=102,

» The diffusion time is proportional to the diffusion length squared

Locfc

* The mean free path for scattering is about 0.1 pm, so the mean free path for recombination is about

100 pm.
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Two p-n Junctions
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* An n-p-n device has two p-n junctions
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 Electrons in the n-type emitter are at the most negative potential.
The first p-n junction is biased so electrons flow into the base.
Some electrons will recombine in the base, others make it across the base without recombining.

» The second p-n junction is reverse-biased and has no barrier for electrons flowing from p-type to
n-type material.

» Electrons that make it to the collector will immediately enter the collector to continue as current.

* A pnp transistor is very similar except that the current is due to holes.
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Current Flow in a BJT

- W - -

» The current in the collector is proportional to the emitter current reduced by electrons absorbed by
the base.

a is the fraction of electrons able to get through the base to the collector.

1., 1s the reverse current due to the normal base-collector junction, but this is very small.

* An ideal junction would have o = 1.
Real transistors have o = 0.95 to 0.99.
* o 1s best for thin bases or lightly doped bases.

 If the base doping is equal to the emitter doping then half the emitter current would be due to base
carriers, and o could not exceed 0.5.
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BJTs as Circuit Elements

* Schematic symbol:

» Transistor biasing:

A—>

pnp

A —>

Ve

E

C

e

|\FQ|\F

Ip




Diode Model
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* The transistor can be viewed as two diodes

npn pnp
* A transistor can be checked with an ohmmeter

« Forward current Ig, 1s like a diode, exponential I with V over any orders of magnitude
 Typical currents I~ are mA at 0.6 V in S1 (0.25 V 1in Ge)
* Vg is limited by reverse breakdown like a diode: 10-20 V typically.

* Transistor limits Vg ax and Pa = IcVeg
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Collector Current
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The collector current I is not like a diode!

» Use Kirchoff’s law at the junction:
Ip=1p+1,
* Include the effect of carriers through the base:
Ip = IB+OLIE+ICO;IB+OLIE

* The relation between base current and emitter current is:

* And the relation between base current and collector current is:

_ e,
Ie = 1ol =PBlp
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Current Model
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* A reverse bias diode looks like a current source/sink until breakdown

* Treat the C-E junction as a current source:

B — C

IBl A 4 Ic =Pl

npn E

BJT Transistor Rules

1. Vc > Vg (npn), Ve < Vg (pnp)

2. B-E and B-C junctions are like diodes

3. There are I¢ yax IB max> 20d VBE max like diodes
4. IC = BIB = hfeIB
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Voltage - Current Curves
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» Two graphs determine transistor properties.

 Input (V-I for base to emitter) is a typical diode graph
Different curves depend on Vg biasing

Ip

VBE
* Output (V-I for collector to emitter) looks like a current source

Different curves depend on Ig

Ic

Vee

» Selecting Vgg and Vg determines the behavior of the transistor
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Beta Factor
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* The relation between base current and collector current is:

I = Bl

* Output transistor curves show the amplification factor 3.

» Compare the ratio of I to I~ in the region of constant current.

I B =100
(mA)
6 I =60 pA
4] I =40 pA
7] Iz=20 pA

| | | |
5 10 15 20 JeEMW

In the above example, as Iz goes from 20 pA to 60 pA, I goes from 2 mA to 6 mA. The ratio 4 mA

/40 pA = 100 = p.
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Common Emitter
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* The emitter is in common to input and output.

—
* From the transistor rules:
Vyp=Vg—06V

Ip = (Vg—0.6V)/R,
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pnp Common Emitter
VT W W

* A pnp-transistor is a source of current instead of a current sink.

Rg
Vee |+ i
Load
|

L

» With the pnp the load can be directly attached to ground if the power supply is positive.

« Current sources can also be biased by diodes and zeners.

Rp
N /K/VZ

Ry ¢ Ic I = (V,—0.6V)/Ry

Load

.|”,
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Zener Diode Regulation
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» A single zener diode and resistor will regulate voltage:
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» Power consumption is based on the current through the zener:
V. -V
_ in out
Py = ( R _Iout) V7

* Consider the following requirements:

V,=+10V,
1, <100 mA,
v, =20-25V.

The zener needs at least 10 mA to operate :
R <(20-10) V/110 mA < 100 Q.
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Common Collector Follower
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Combine a follower and a zener:
V.

l

Rc
R (0]

% Vour

 The current flows through R so R can be large and /, 1s small.

 As before, consider V,=+10.6 V, V;, = 20-25 V. The zener needs at least 10 mA to operate and R
<(20-10) V/1I0 mA <1 kQ.

» The base current is negligible.

257-10.6V

P, = ( 6300 OmA) 10.6V = 0.22W

* For the transistor, /,,; < 100 mA.

* The maximum power dissipation in R or the transistor is P=1V= (0.1 A)(I5V)=15W
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