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Determine the number of quantum states NV in Silicon between E. and E,. + 0.05 eV at T —

300 K.

Given:
e Effective mass of electrons: m.;, — 1.08m,
e Planck’s constant: h — 6.626 x 10~ Jhedotps

o Thermal energy: kT — 0.02585 eV (converted to Joules)

Solution:

1. Convert Thermal Energy kT to Joules:
ET = 0.02585 eV x 1.602 x 107 J/eV — 4.14 x 10721 ]
2. Density of States Function g.( E):
The density of states g.(E') for conduction band electrons is given by:
X 4 (2m )52
9B > E) = =22 \/E—F,

3. Integral to Find Number of States IV:

To find the number of states between E.. and E. + 0.05 eV, integrate g.(E) from E. to
E.+ 0.05 eV:

F+0.05 el
N = [ g.(E)dE
o i

4. Substitute the Expression for g.(E'):

EA0.05eV 4 g +\3/2
4w (2m;

v- [ ) S E.dE
E v
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5. Change of Variables:

letz — E — E,, sodE — dx. The limits of integration become 0 to 0.05 eV:

r #3/0 (LU5 eV

_ o Ax(2m*)%?

N = —;J \;"LT dr
h 0

6. Evaluate the Integral:

The integral of 4/ with respect to z is:

(L5 eV 9

.
[ Vrdr = .—.'r.'J’ -
v

(.05 eV

]
.05 eV 9 _
[ VIde = E[u.ua)" 2
J) t

(0.05)%% = 0.00052 eV*/*

.05 eV
/ viade =~
S

7. Substitute and Calculate V-

a

% 0.00052 = 0.00034 V"'

T I

¢ Convert Planck's constant b to J'\ cdotps:

B — (6.626 x 107+ .]"-.,t.'d{)tp":"i — 2.93 x 1071 7% L'u:_lr,_HL.m"lJr




18/ S5 daalas /o)) giSaY) Ayl /aaie dilua/cilad) ABUS £ gua ga (b A glaa ALl /iy 9 3 g9 pellia, o]
51 dl) aid/a glad)

oLy

7. Substitute and Calculate V-

s Convert Planck's constant b to J' cdotps:

B? = (6.626 x 107 J\cdotps)® = 2.93 x 1071 J%\ cdotps®
e Effective mass factor:

o

(2m7)%? = (2 x 1.08 x 9.11 x 107*)%% = 2.71 x 107% kg**

. . (2] :IH -
e Combine these to find ——

2m )42 2,71 x 1078 55 71— —
( ”;J:'} 203 x 10— ~ 9.25 x 107 J™* edotps ’
1 2.93 x "

s Combine with the integral result:
N = 9.25 x 10% % 0.00034 — 3.15 x 10°2 states/cm”
Conclusion:

The number of quantum states in Silicon between E,. and E,. + 0.05 eV at T — 300 K is

approximately 3.15 x 107 statfﬁs_,-"'crll'l'l'.
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Problem:

Determine the number of quantum states V.. in the conduction band and N, in the valence band of

Silicon between given energy levels.

Given:
e [Effective mass of electrons in the conduction band: m., — 1.08my
s Effective mass of holes in the valence band: m; — (0.81my
e Planck's constant: b — 6.626 x 107 J.s
e Thermal energy: kT — 0.02585 eV
s Energy range for conduction band: from E,. to E. + 0.05 eV

s Energy range for valence band: from E, — 0.05 eV to E,

Solution:
1. Convert Thermal Energy kT to Joules:

ET = 0.02585 eV x 1.602 x 107 J/eV = 4.14 x 10722 J

2. Density of States Function in the Conduction Band g.(E'):

The density of states g.(E') for conduction band electrons is given by:

A7 (2m* 3/2
il By e ‘f_<ﬁ>_ T
2

3. Density of States Function in the Valence Band g, (E'):

The density of states g,,( E') for valence band holes is given by:

4 ..m
g (B < B)= \/E E
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4. Integrals to Find Number of States V. and N

e For the conduction band (from E. to E. + 0.05 eV}

E. 40,05 eV
N, — f g.(E)dE
B,

e For the valence band (from E,, — 0.05 eV to E,):

E,
N, —f g.(E)dE
. —0.05 eV

5. Substitute the Expression for g.(F') and g.(E):

s For the conduction band:

B / E.+0.05 eV 4,,,_{9!”' fop E_ IE

s For the valence band:

4 (2m,, )32
, = f E, - EdE
E,—0.05 eV - RF

6. Change of Variables and Evaluate the Integrals:

e Conduction Band:

letz — E — E,, sodFE — dx. The limits become 0 to 0.05 eV:

2

A (2m*)3/2 005V
Nz = # / \/.'L‘. dx

3
h JO

Evaluate the integral:

0.05 eV o

— '; 9

/ vedr = —z°/*
Jo 3

(0. 05)%% = 0.00052

0.05 eV 9
Vzdr ~ i % 0.00052 = 0.00034
J ) .
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* Valence Band:

lete = FE, — E,so dE — —dx. The limits become 0 to 0.05 eV

4 2],“::).'3 2 (.05 eV
N,= _/ Va da

h? 0

The integral is the same as for the conduction band:

005 eV

Vo dz = 0.00034
]

Substitute and Calculate N, and N

s (Convert Planck's constant ki to J.s:
hY = (6.626 x 107 J.s)* = 2,93 x 107" J%¢°
s [Effective mass factor for conduction band:

(2m>)** = (2 x 1.08 x 9.11 x 107*)%% = 2.71 » 107 kg**

e Effective mass factor for valence band:

(2m;)*? = (2 x 0.81 x 9.11 x 10731)%2 ~ 2,04 x 107 kg"/?
(o, .+ \372 (9m* V52
e Combine to find "')”;l’f{" and i”h}_

(2m?)3/2 2.71 x 1074

OF « 10135 T-3 «—3
h? 2.93 x 10-10 AT

X

(2m:)*¥2  2.04 x 1074 U —
. 2 s —_ 0z w 10 73 -3
K 593 x T0-10T 6.95 x 10™ J ™ ".s

e Combine with the integral results:

N, = 9.25 x 10°® x 0.00034 = 3.15 x 10°? states/cm”

o

N, = 6.95 x 10°® x 0.00034 — 2.36 x 10" states/cm"
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Conclusion:

e The number of quantum states in the conduction band of Silicon between E. and E,. +

0.05 eV is approximately 3.15 x 10°? states/ cm”,

e The number of quantum states in the valence band of Silicon between E,, — 0.05 ¢V and E, is

approximately 2.36 x 10°? states/cm”.

This revised solution uses the period (.) for multiplication and provides clear calculations for both the

conduction and valence bands.




Problem Statement

In a silicon semiconductor, determine the number of available quantum states in the conduction

band and valence band within specific energy ranges.

Given:
» Effective Mass of Electrons (Conduction Band): m;, — 1.08m, where my is the free electron
Mass.

» Effective Mass of Holes (Valence Band): m_, — (.81my,.

I
e Planck’s Constant: h — 6.626 x 107 J.s.

e Thermal Energy at Room Temperature (300 K): kT — (.02585 eV,
e Energy Range for Conduction Band: From E. to E. + 0.05 eV,

e Energy Range for Valence Band: From E,, — 0.05 eV to E,.

Task:

1. Calculate the number of quantum states [V,. in the conduction band between E. and E. +
0.05 eV.

2. Calculate the number of quantum states [V, in the valence band between E,, — (.05 ¢V and
E,.



Solution

1. Number of Quantum States in the Conduction Band (V,)

To find N, integrate the density of states function g.( E') over the given energy range. The density

of states for the conduction band is:

4TI'|[2TJ"L;1}:5 2
h.‘i

HE[E = Er} _ E — E,

Integrate this from E. to E. + 0.05 eV:

E.+0.05 eV
N, = f g-(E)dE
E,

Substitute g.(E):

E.—0.05 eV ‘ *yd,/2
' A (2 '
N, = [ ol ;"'.i”} VE —E.dE
!II

JE
Change the variablex — E — E., so dE — du:

+13/9 0.05 eV
o Aw(2my)
LV :1

.h- J

\/Ed:ﬂ




Evaluate the integral:

(.05
2

0.05 eV 9 . e
f vzdr = -2%%| = - x (0.05)"*?
g 35|, 3

(0.05)*% =~ 0.00052

2
3 % 0.00052 = 0.00034 eV

L

Thus:

47 (2m?)*?

I

N, = # 0.00034

2. Number of Quantum States in the Valence Band (IV,)

To find IV, integrate the density of states function g, ( E') over the specified energy range. The

density of states for the valence band is:

Q1(E < r.*] ==



Integrate this from E, — 0.05 eV to E,;:

E.
N, = f g,(E)dE
E,—0.05 eV

Substitute g,(E):

i} E. A (?rrl-; ) /2
N, = / - E,— EdE
E,—0.05 eV he

Change the variable x = Ey — E,so dE = —dx:

A { Dy ¥13/2  p005 eV
B dmw(2m,,)

g
h il

N, vdr

The integral result is the same:

0.05 eV
vrdr = 0.00034 eV
0

Thus:

4?r[erL;}"i""E

53 = 0.00034
L

J.nlirf_1 —




3. Substitute Values and Compute

Convert Planck’'s constant h to J.s:

R® = (6.626 x 107 J.s)* = 2,03 x 10710 J3.6°

Effective mass factor for conduction band:

vy

(2m?)%% = (2 % 1.08 x 9.11 x 1071)%2 = 2,71 x 1074 kg

Effective mass factor for valence band:
Im*)? = (2 x 0.81 x 9.11 x 10731)3/2 = 2,04 x 107 kg*/?
p g

2 ,...I;q > {EJ.”_'JIIR 2
Calculate E—”;;— and —5—:
(2m?* )32 2.71 x 107~°

o 55 1—3 . —3
- 503 TomoT < 9-25 % 107 17%.s

(2m;)*?  2.04 x 107
h? 2.93 x 10-101

~ 6.95 % 10°* J 3 g7



Finally, the number of quantum states:

N. = 9.25 x 10°® x 0.00034 — 3.15 x 10° states/cm”

an

N, = 6.95 x 10% x 0.00034 = 2.36 x 10 states/cm"

Conclusion

® The number of quantum states in the conduction band of Silicon between E. and E,. +

0.05 eV is approximately 3.15 x 10°2 E-tél,tEE-I.r".CIIIH.

e The number of quantum states in the valence band of Silicon between E, — .05 eV and E,, is

approximately 2.36 x 10°? statea_,a"'cm:!'.



Determine the number of quantum states V.. in the conduction band and N, in the valence band of

Silicon between given energy levels. Use different energy ranges for these calculations.

Given:

Effective Mass of Electrons (Conduction Band): m.;, — 1.08my,

Effective Mass of Holes (Valence Band): *m; — 0.81my,

Planck’s Constant: b — 6.626 = 107 J.s

Thermal Energy at Room Temperature (300 K): kT — 0.02585 eV

Example 1: Energy Range E. to E,. |+ 3kT



1. Number of Quantum States in the Conduction Band (V)

Energy Range: From E.to E. + 3kT.

E.+3kT =E.+ 3 x0.02585 eV = E. + 0.07755 eV

The density of states function g.(E') for the conduction band is:

47 (2m* )42

f'E}Er' — .
9:(E = E,) 3

B~ Ef.'

To find N

E.4+0.077556 eV T AT T
' A (2m’ )™
N. = f I: }.5”) v E—-E.dE
Ll

E.

Substitute x = E — E,, sodE = dx:

#13/2 (LO7T755 eV
N — dm(2m?) fasits
='C h_:?"

i)




Evaluate the integral:

0.07755
2

0.07755 eV o 9 g /e
f VIdz = —x*? =5 X (0.07755)%

t% t
0 9

(0.07755)%% 2 0.0021

¥

3 # 0.0021 = 0.0014 eV

i

Thus:

- Ll?r{?-ru;}ﬂ"lg

h3

N, x 0.0014

2. Number of Quantum States in the Valence Band (IV,)

Energy Range: From E, — 0.07755 eV to E,.

E,— (E, — 007755 eV) = 0.07755 eV



The density of states function g, (E) for the valence band is:

A7 (2m*)3/2

To find ¥,

E. A Em
N, :/ { +.,f_-5 — FEdE
F

S —':l.':lllllll;.ll-.l 1'1'.

Substitute z = FE,, — B, sodFE = —dr:

Al Pyt 1502 0.0TT5HG eV
]

B

The integral result is the same:
007755 eV
j vade =0.0014 eV
1]
Thus:

w2y, )
N, = ——— « 0.0014



