TASK 12.2

Limit of MB approximationiswhen ez — ¢, = 3kgT.
lonisation energy of Boronis ey — ¢, = 0.045eV (from table on notes)
ASSUME &F = Enidgap
EFi - SF = kBTlnfl—O
&

:f—(ga_gv)—(gp_ga)

=0.56 — 0.045 — 3(0.0259) = 0.437 = 0.0259In (%)
N, = n; exp(0.437/0.0259) = 3.2 x 107cm3

TASK 12.3

(@ n =25x10"cm® at 300K; N, =6x10°cm® N, =4x10°cm*
- n-typewith n=N, — N, =2x10"cm?

£ -, =k;T In[%j = 0.0259xIn(2x10%/2.5x10%)

=0.11eV
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(b)  At450K, n =6.5x10° cm® > N_ - N, therefore we must use the "full" formula:

2
n = NdzNa+\/(Nd2Naj +n’

n, = 7.6x10"° cm?®; p, =n?/n, =5.6x10°cm*

TASK 12.4
1

L e (e %)
expl(e. - £ )/ksT] = (1.65x10°)™* = 6.06x10°
£, —& =k, TIn(6.06x10°) = 0.523eV
En — & = Ec — & —3&, =0.193eV

=1.65x107

po = n expl(e, — & )/ksT] =348x10"° cm®; n, =n?/p, =1.5x10° cm?




(b) P, =N, -N, =N,/2
N, =2p, =6.94x10° cm®; N, = N,/2=3.48x10"°cm*

(© &- — &5 changes with temperature so we cannot use the value from (a).
n (T = 450K ) = 6.5x10"cm*. So
2
Na _ Nd Na _ Nd 2
= + +n
pO 2 ( 2 ] 1
P, =3.6x10"cm® and n, =n?/p, =1.4x10"cm™
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TASK 12.6
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