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Basics of
Semiconductor Physics

) Detailed Explanation
of

Try Yourself Questions

"

LA N Sol.

16
Jy = an% - qunx[Mj - 64 AIm?

LPH Sol.

Here E, is not exactly as in the middle of the gap because the density of states N, and N, are different.
Ec-E

« \3/4
_Ec-Ei+Egl2 _ [N, [mp]

e KT *
Nc I’)’],7

E 3 m, 3 (056
2 —(Ec+E) = kT-=-1 = 0.0259-=1 =-0.013 eV
2 o ) 4 n[m,,] 4 n( 1.1 j ©

So E, is about % below the centre of the band gap.

LES (b)

Given the probability of state being empty is 0.9258

ie. 1-fE) = 09258

The energy level being occupied by electron is f(E)
f(E) = 1-0.9258 =0.0742

;
1+ e(%)
;

1+ e(%)

fE) =

0.0742
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(%)
1+e )~ 13477
E-E-
= 2523
E—E, ~ 252KkT
E = E.+252KT

The energy level 2.52 kT above the Fermi energy is occupied by electron with probability 0.0742.

LN Sol.

The diffusion current density is defined as

substituting the given values, we get

_ 4x10™ - n(0)
= (1.6x107¥)x25 22—~/
009 = (16x107)x ( 0010-0
0.09><_O1.901O _ 4% 10%— 0)
1.6x107"7 x25
n0) = 1.75x 10" cm3

T5. K3}

Intrinsic carrier concentration in semiconductor is given by

n, = NcN, exp[-E, /2KT]

Given the bandgap energy

Ego= 1216V Ejg=24eV

The ratio of intrinsic carrier concentration of semiconductor Bto semiconductor A is obtained as,

Ns _ JNeNy exp[-E g5 /2KT]
N JNGNy exp[—E gy /2KT]

exp[—(EgB—EgA)/ZkT]

—-(2.4-1.217eV
exp| ———————
2x0.026 eV

Nis _ 4452 x 10-10
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1Y Sol.

(i)

(i)

Electronics Engineering

Minimum conductivity, o,

cSrnin

min

We know that,

e Electronic Devices and Circuits

2qni\“Jn Up

2x1.6x107 9% 3.6x10"™ 7500 x 300

1.728 x 103 U/cm

The conductivity of semiconductor,

O =

By mass action law, p=

For minimum conductivity,
do

dn
do

an

Similarly, p=

From equations (i) and (ii),

(iii) Minimum conductivity, o =

min

min

min

0%

1

n
r
nCIUnJrFCIUp
0
P
qun + _? iqu

b, —— i qu
n~ 2 i Gkp

by iﬁ
UP Hn

ny M
Ho
3.6x102 |79 _ 1 8% 10" cm3
300

3.6x10" /%ﬂ =72x10""cm™

00
1 anen o
A b P
DT NTRTRN YT

2n;q \JupH, B/cm
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Junctions

% Detailed Explanation

S S

Try Yourself Questions

LA Sol.

D
I = QA(_p,On +%an(QQV/kT _ 1) — [O(qu/kT_ 1)

Lo
10\2
b, = izwz 2.25% 10%cn®
m 10
5 102
ny= DL U8XTOF 5 o5 10%em
Py 10

For minority carriers,
D = %— Up=0.0259% 450 = 11.66 cm?/s on the n side

D, = %- L, =0.0259 x 700 = 18.13 cm?/s on the p side

L,= JD,t, =11.66 x10x10° =1.08 x 102cm

L = (D1, =18.13x0.1x10° =1.35x 103 cm

D D
I=qA -£p +—”nj
[Zoe 2
11.66

1.6x107"° ><0.0001(—2.25 x10° + 18.13
0.0108 0.00135

2.25><103)

=4370x 10715 A
I=1,(e%50:02%9 _ 1) = 1,058 x 10 A in forward bias.

I=-I,=-4.37 x 107"° Alin reverse bias.
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Sol.

Built in voltage, with no. external voltage applied the voltage (V) across the p-n junction is given by

V< VZ[M]
n;

17 16

V.= 25mVIn %

(1.5><100)

= 25x29.12mV
V, = 728 mV
width of the depletion region.

2¢ 1 1
W = = —O _— —_— V =032
dep = Xn T Xp \/Cl (NA+NDJ 0 mm
%o Ny 107,
Xp ND 1016
X, = 10xp

By solving equation (i) and (ii)

x, =0.03pmandx, =0.29 um
@

For P*N junction diode

1 1
N, >> Ny (or) N_A<<N_D
28{1 1}
= [SEs| Vi,
\/Cl Na— Np o
2 1
W |52 —y,
q Np .
1 1
_— << —
Na Np

2x1.04x107"? 1
W= Se X 16
1.6x10 3x10
1.04 x 1079 F/m = 1.04 x 1012 F/cm
1.802x 10°cm

x 0.75

§m
o
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Optoelectronic Devices

) Detailed Explanation
of

Try Yourself Questions

"

(b)

Given photocurrent density J, = 10 mA/cm?
The open circuit voltage of solarcell is

Vo \/tln(1+§—L]

S
or Ve = \/[ln(1+J—LJ
Is
D, D
Js = qnp -
=l o

where n, = 1.5 x 10'%cm3
L, = JDyt,o =V25x5x107 =35.4pum
> = DyTpo =V10x 107 =10pm

,\
Il

Jg = (1.6><1O19)><(1.5><1O1O)2><{ 25 10 }

+
(35.4x 107 (5% 10"®)  (10x107)(10%)

- Jg = 3.6x 107" Alcm?
since the solar intensity is increased by 10 times

= J, = 10 x 10 mA/cm? = 100 mA/cm?

Given temperature remains constant hence the reverse saturation current density also constant.
' Jg = 3.6x 107" Alcm?

.. The open-circuit voltage is

VOC

-3
(0.026) lnL1+ 100x10 ]

36x10° "
Voo = 0.565V
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1PN Sol.

(i) Entire junction is uniformly illuminated
Iy =1, =AgW+ L, + Lp) G,

16 15
v, = Ve in| Nalb |_ g oppin| 10"x10°
n (1.5x107)

i

= 0.6374 Volt

2eg Vo[ 1 1 2x11.7x8.85x 1074 x0.6374( 1 1
W= |—2| —+—|= +
g (Na Np 1.6x1071° 10~ 10%®
W = 95.26 x 106 cm
L,= JD,t, =\25x107° =5x107° cm
L,= JD,t, =\10x5x107 =2.236x107° cm

(ii) Short circuit current
Is =5x16x1079(95.26 x 106+ 5 x 1073 + 2.236 x 10°9)

I, = 4000(0.00733) = 29.32 Amp.

D, n? 2
L, Ny L N,

0

D, D
_ Agn?| 2, Da
? (LDND LnNA}

= 5><1.6><1O"19><(1.5><1O10)2[

(iii) I (dark current)

Aq

10 s 25 }
2.236x10°x10"°  5x10°x10'®
= 895.0089 x 1012 Amp
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Field Effect Transistor

) Detailed Explanation

2 ;

Try Yourself Questions

Sol.

Since Vpg > V5, MOSFET is in saturation region

n COX W
Iy = 52 T Vs = Vo) (14 AV,e)
100pA = k(2-V4)? (1+31)
T10pA = k(2-V4)? (1+51)
100 _ 1+ 3A
110 1+5A

A = 0.0588V"

(©
(d)

n = new concentration of electrons at the surface
n, = equilibrium concentration of electrons

mon

_ 5 ~r-3
ny = o Ny =1.8x10° cm
\y/\/[ _ kT _ .
n=nmne'" V= rL ¥ = surface potential

10
y ﬂm(ﬂ}o.ozfsm(sxm ]:0.612V
qg | 1.8

(b)
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