Q)
(a)

(1) Assuming that all acceptors are ionized
_EF

NA=p=NVe[K_BT]=8x1024 exp [-0.06/(8.617x10°x298)]=7.7 x 10% m

(1i1))  From the Law of Mass Action:

n; = NCNVG(%)

Hence,

Eg
Nc=ni*/Nv e(KBT)= 10°%/(8x10%% exp[1.1/(8.617x10°x298)]=5.02 x 10* m™

From this, the density of donors can be found, again assuming that all are ionized:

Nbp=n

7.7x1023
5.02x1025

Ep — Eo = kg Tln (Z—i)=8.617 x 1075 x 298 x In (

(b) (i) ‘onsider the p-type side of the junction. The Poisson equation states that

VQV — - p — - eNf‘I
EE,  E,E,

Given that ¥ only varies in the x direction, then

d’V _-eN,

2
dx £4E,

Integrating the equation gives the general solution,

dv _—eNAx

_ +C
dx EyE,

We know that at x=w, the electric field is zero, so

) = —0.107 eV



eN w

EyE

i
and hence,

ﬂ B eN, (wp —x)
dx £4E,

Integrating again gives the general solution,

2
4 :dv—“ K+wpx—x—
£,E, 2

We can make x =0 our arbitrary reference point, and set ¥ at this point to be zero, so
K =0 and then the voltage on the p-side, ¥}, is simply the potential at x = w;, so

)
B eNAwp

P 2¢,6,

As the n-type side of the junction has an equal doping density, then the width of the
junction on the n side must be the same, as must be the potential difference, so

z 2
=eNAwP _v zeNan K

"o 2¢8, 2

"o 2e.e,

Hence,

O\
w=2w, =2 i)
eN

b(ii)  For a pn junction

eVo=Ern-Erp=Ec+(Em-Ec)-Erp=1.1+(-0.107)-0.06=0.933 eV

Hence

)0.5 = 56.7nm

12x8.854x1012x0.933
W =
1.602x10719%7.7x1023

Q2)

(a)

N = [ g(EYf(E) dE= [T g(E) dE



Substituting g(E)dE = —— (2m)?E2dE we get
3 1 3 E
- 74 3 (Erp 1 4 3 2ER2
N= m (Zm)z fO EzdE = T2 (2m)2 3

Therefore:

h? N
£y = 2 (s

=Zm

(b) Each atom contributes 2 free electrons:

N/V=2x3.92 x 10%= 7.84x10*® m**

Hence:
2
_ 2 N\3 _
Er = —(3n%3) =669 eV
(©)
E 3 h2|k|2
 2m
k= VZ:E —1.324x1010m1
1= 27” —4.75x1010m
P=hk = mv

V= %k =1.53x10°m/s

%4

)

.
3
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