Chapter 11-1 Detailed Quantitative Analysis

The goal 1s to relate transistor performance parameters
(5, ar , B, €tc. ) to doping, lifetimes, base-widths etc.

Assumptions:

pnp transistor, steady state, low-level injection.
Only drift and diffusion, no external generations

One dimensional etc.

General approach 1s to solve minority carrier
diffusion equations for each of the three regions:
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General Quantitative Analysis

Under steady state and when G, = 0,
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For the base in pnp, we are interested only in holes.
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The rigorous analysis is carried out in chapter 11, but we are going to take
a more simplified approach.



Review: Operational Parameters
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Injection Efficiency : ¥ = lep/(lep + IEN)
Base transport factor : o= 1/ lgp

Collector to emitter current gain: op-= ar ¥

Collector to base current gain: fy-= ape/ (1 — ope)

These parameters can be related to device parameters
such as doping, lifetimes, diffusion lengths, etc.



Review of P-N Junction Under Forward Bias
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Review of P-N Junction Under Forward Bias (cont.)

|, =qADg dAn/dx; =-(q A Dg/Lg) Ang(0)
|,=—qADg dAp/dxgz = (q A Dg/Lg) Apg(0)

Total current
| = I, +(— 1) (“~ because x; and X, point in opposite directions)

= (q A Dy/Lg) Apg(0) + (q A Dg/Lg) Ang (0)

= (q A Dy/Lg) Pgolexp (q Vgg/ KT) —1] +
+(q A Dg/Lg) ngolexp (0 Vg /KT) —1]

~ (q A Dg/Ly) pgo exp (9 Vgg/KT) +(q A Dg/Lg) Ngg exp (q Vig/KT)

Note ! I, and I, can also be calculated based on the fact that Q, has to be
replaced every z; seconds
2 1,=Q)/gand I, =Q /5= and Iz =1, + 1



Simplified Analysis

Consider the carrier distribution in a forward active pnp transistor
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Simplified Analysis (cont.)

Ngo» Pgo @and N, = equilibrium concentration of minority
carriers in emitter, base and collector

Ng(0), pg(0) and n-(0) = minority carrier concentration under
forward active conditions at the edge of the respective depletion
layers

Ang (0), Apg(0) and An-(0) = Excess carrier concentration at the
edge of the depletion layers



Simplified Analysis (cont.)

Ang (0) = ng (0) —ngy, = Ngy [exp (q Vigg/ KT) — 1]
Apg (0) = pg(0) —Pgy =Pgo [exp (q Vgp/ KT) —1]
By taking the slopes of these minority carrier distribution at the

depletion layer edges and multiplying it by “gAD”, we can get hole
and electron currents.

Note that I, = q A D, (dn/dx) and I,=—-qAD, (dp/ dx)



Calculation of Currents

Collector current, 1~

Ic =( A DB (dp/ dXB) (slope must be taken at end of base)
=g A Dg [pp(0) — 0]/ Wy
= A Dy pg(0) / Wy

l. =g A (Dg/W5g) pgyexp (QVgg/ KT) - (A)

(only hole current if we neglect the small reverse
saturation current of reverse biased C-B junction)



Calculation of Currents (cont.)

Emitter Current, I

| 1s made up of two components, namely |z, and Iy
l.p = |, + current lost in base due to recombination
= |, + excess charge stored in base/zy
= 1.+ q AWy Apg(0) / (273)
~qA (Dp/Wg) pgy [exp (AVep/KT) |
+qA[Wg/(273)] Pgo [exp (qVeg/ KT)] --- (B)

[ Assuming exp (qVig/ KT) —1 = exp (QVgg/ KT)
when Vg 1s positive, 1.e forward biased. ]
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Calculation of Currents (cont.)

Emitter Current (cont.)

|\ corresponds to electron current injection from base to
emitter since E-B junction 1s forward biased.

len =0A (D / Lg) Ngglexp (Q Vigg/ KT) — 1]
~ A (Dg/ Lg) ngylexp (q Vgg/ KT)] ----- (C)
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Calculation of Currents (cont.)

Base Current, I

-supplies electrons for recombination in base
-supplies electrons for injection to emitter.

l5=0A pgo [Ws/ (273)] [exp (QV gg/ KT) ]
_|_
GA(D g/ Lg) Ngoexp (QV g/ KT)

( recombination) + (electron injection to emitter)

Now we can find transistor parameter easily.
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Calculation of Currents (cont.)

Base transport factor, o ¢

ar  =le/lgp
gADg (qVEBj
) Wiy PBo €XpP T o
- gADg (qVEBj gAWR qVEB Wg
Wi, PBo €Xp T + 21y PBo €Xp T +2L%3

(same as eq. 11.42 in text)
Emitter injection efficiency, y
Y = lgp /[ lgp t gy ] I

=1/ 1+ 1/ lgp ] =

—1/[1+(C)/(B) ] 1+ (PENeo / Le)

(Dpppo /Wp)
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Calculation of Currents (cont.)

1 1

DgLe Pgo DglLeNg

>N, - N2/ Ng ... doping in emitter
= Py - N2/ Ng ... doping in base
Gac — 7 O1
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