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Abstract
In this work theoretical method based on classical mechanics, Maxwell equations and quantum mechanics is utilized
to find the mathematical expression for relaxation time, this expression play an important role in the simulation of
quantum semiconductor devices .One has studied the relaxation time in the semi classical approximation, the optical
potential, perturbation method and generalized Schrddinger Equation for relaxation time. Theoretical relation
between the relaxation time and absorption coefficient is obtained. At last one has studied the quantum mechanical
absorption coefficient, absorption coefficient for Maxwell’s equations and quantum mechanics, and parameters

affecting absorption coefficient.
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Introduction

Semi conductors (sc) play an important role in our
day life. They are widely used in electronic devices
like computers, mobiles, televisions, solar cells and
sensors. The physics of semi conductors are
presented in many standard texts [1,2]. The optical
properties of (sc) are an important factor in
understanding the performance of optical sensors and
solar cells. These properties are based on the
interaction of electromagnetic waves (e.m.w) with
matter. The optical properties of semiconductors
provide an important tool for studying energy band

structure, impurity levels, excitations, localized
defects, lattice vibrations, and certain magnetic
excitations.

The efficiency of a solar cell is dependent on the
optical absorption of the semiconductor used to
fabricate the solar cell. In bulk crystalline materials
and even in thin films, the bulk absorption coefficient
is the most important parameter that determines the
optical absorption. Classical models such as Drude
model or Drude-Lorentz model describe the optical
absorption based on the complex dielectric function
[5,9]. This approach works very well for the
absorption of photons by the electrons inside a band,
for example, conduction band. However, from band
to band excitation of electrons, a detailed
understanding of the band structure of the material is
essential. To calculate optical absorption in
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semiconductors, one
mechanical models
equation [2, 6].

has to invoke quantum
using Schrodinger's wave

When a radiation beam or particle beam enters a
medium its intensity decreases due to the decrease in
its energy per particle and due to decrease of the
number of particles. This indicates the existence of a
resistive force which causes these changes. The time
taken by a particle on the beam to stop is called
relaxation time (t). The relaxation time is defined as
a time between two successive collisions. This
relaxation time can be obtained by different quantum
methods.

The relaxation time is an important parameter of
obtaining the electrical optical properties of
semiconductors. There some techniques, such as
optical potential, for the determination of the
relaxation time, but it is important to simply
determine the relaxation time by a different methods.
These methods are presented by expectation value,
perturbation  method, optical potential, and
Schrddinger Equation. These methods generate a new
mathematical formula for relaxation time.
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Generalized schrédinger equation for relaxation time

Recently same attempts are made to modify and generalize Schrédinger equation to start from the wave function
inside matter instead of free space. This model is utilized to construct a new energy band theory. The inclusion of
the effect of matter in this theory gives a motivation to try to see the form of energy and effective mass inside
matter. According to this model the upper conduction energy band edge is given by: [ 69 ]

n? 2
2
Where |C1|=1—l o= ne t (2.2)
2¢ m
Thus
h 2 e T 2
E= 2.3
2mn*; S m? #3)
Utilizing equation (3.17) and (3) one gets
3
N [ s e 4 D)Z(%j nK (2.9
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3
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Thus the relaxatlon tlme can be given by (2.5) to be

VAE = \/_ |c|2eT 47N, ( thz

T = (%D ( )|c1|2( ) @aniy)? (L) Ve e
Or the relaxatlon time can given by equation below :-
r = [@B/(E) ek () w2 (L) wie) @

Quantum relaxation time and absorption coefficient

When a radiation beam or particle beam enters a medium its intensity decreases due to the decrease in its energy per
particle and due to decrease of the number of particles. This indicates the existence of a resistive force which causes
these changes. The time taken by a particle on the beam to stop is called relaxation time (7). t is defined as a time
between two successive collisions. This relaxation time can be obtained by different quantum methods. For instance
one can use perturbation method to find the change in particle energy due to a resistive potential. For simplicity

assume the perturbing part of Hamiltonian I-AIl to be a constant i.e.:
H, =V, (3.1)
In this case the perturbation, i.e. change in energy is given by:
E, = (H)y =[O, (-Vo)U, dr =V, [U U, dr =V, (32)
Where the total energy E is given by:
E=E +E (3.3)
The energy change is given by:
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AE =|E,| =V, (3.4)
According to uncertainty principle the relaxation time is given by:
h h
T=At=——=— (3.5)
AE V,

Here relaxation time means the time taken by the particle in the perturbed excited state. This equation indicates that
the strong resistive forceV, — oo, causes the relaxation time to be short 7 — Owhich is in conformity with

commonsense.
Relaxation time can also be obtained by utilizing the optical potential V, which is introduced to account for particle
energy losses in inelastic scattering where the wave function of the free particle takes the form:

Vit B
w=~Ae "e " (3.6)
For constant optical potential:
V, =constant (3.7
The current density j and hence the bam intensity | are given by:
| = nevXaw (3.8)
Thus using (3.6) and (3.7) yields:
2 —thh —th
| =hfly| v=A%ve " =1l * (3.9)
The time T taken by the beam to decrease can be defined to be:
| —ZV—IT
— =g = e_l
I 0
yAY,
-1
h
h
T=— (3.10)
2V,

Again the expression for the relaxation time t resembles that obtained perturbation method. The two expressions
coincide if one sets:

1
V, ==V
| 2 0
In this case:
T= z (3.11)
VO

The relaxation time can also be obtained quantum mechanically, if one treats atoms and electrons as harmonic
oscillators subjected to resistive force s beside the restoring force — K, X in this case the total force is given by:

ma = —mw’X = —K X + /v (3.12)
But:
. . \Y; . V
X=Xo8" o) v=y,e" =-2x.e"....v=-2X (3.13)
XO X0
Thus
2 VO XO
ma=-mwX=—-KXx+u—x=| u——Kk, [X (3.14)
XO VO
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— MW X = (g — Kg )Xo Where....uzy = o
Vo
Hence
2 Ko — Ho
W = (3.15)
m
W=+ Ko  Ho
Jm
Treating atoms as harmonic oscillators, the force is given by:
F =—kx=—(k, — £)X (3.16)

And utilizing Schrédinger equation for harmonic oscillator the energy is given by:

E = n+£ h—M
n 2 \/E

When the resistive force F, = z4,X dominate i.e:

OF Y775 91 5 ST " oK,
Thus the energy can be written as:

S i Ky
=N Y,
Jm

= J_r%hwoi (3.20)

(3.18)

for..n=0 (3.19)

In this case the time dependent part of Schrédinger equation becomes:

_iEn L wgipt

w=~Ae " =Ae? = Ae™! (3.21)
For decaying one chooses the minus sign to get:
w = Ae™" (3.23)
Thus the intensity of the beam becomes:

| =nviw = |l//|2VhW

| = Ave "' hw = | g2
The relaxation time is given by:

(3.24)

=€ . Hence....2w,7 =1

ST =— 3.25
" (3.25)

2Jm

o — Ky

T= (3.26)

For very strong resistive force:
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_2m
m

11

Tt = F L2
0 r

Again strong resistive force causes relaxation time to be short. Relaxation time can also be found by using semi
classical approximation. For electrons subjected to only coulomb electric force of the nucleus F. the equation of
motion of the electron becomes:
mv?

r
When a magnetic field of the flux density B and a resistive force F, = £/ are taken into account the equation of
motion of the electron becomes:

mv?

T (3.27)

Thus:

(3.28)

=mw;r = F, (3.29)

=mw’r=F,+F_ —F =mwr—Bev— (3.30)

r
m(w’ —w2)r = (—Be — z)wr (3.31)
m(w+w,)(W—w,) = (—Be — z)w (3.32)

For small change in (W)[wW = W, ]
AW=WwW =W, -W
Since Fr decreases W(W,
m(2w)Aw = ( Be p)w
+B
Aw=w, =HETEE (3.33)
m

Using uncertainty relation and treating the electron and the atom as harmonic oscillators, the energy change, thus
takes the form:

AE = hAw = (” - Bej (3.34)
m
And the relaxation time reads:
TZAtZiZ m (3.35)
AE  u+Be
1
T~ (3.36)
1+ Be

Quantum mechanical absorption coefficient
The absorption coefficient can also be obtained by using the wave function of the photon which takes from [36 ]

w = Ae'te™) (4.1
The density of photons is given by:
2 —
Thus the radiation intensity is given by:
| =hfnv = |z//|2chf = ychf = hwc|1,//|2 4.3)

When photons enter matter k is replaced by K . As a result the wave function is given by:

http: // www.ijesrt.com © International Journal of Engineering Sciences & Research Technology
[448]


http://www.ijesrt.com/

[Ahmed, 3(11): November, 2014] ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 2.114

= Aei(IZx—wt)
The wave vector inside matter can be found with the aid of (3.22) to be:

E:k(1+1x):k(1+1x1+1x2ij (4.5)
2 2 2

Hence the wave function takes the form:
—kxy

= Aeilknn)xwilg ™2 " (4.6)
Ky
1/7:Ae 2 e—l[k(l+x1)x—wt] (4.7)
Therefore the intensity is given by:
| = A’Ce ™™ = | g™ (4.8)

(4.9

But since:
| =1,e”
It follows that the absorption coefficient is given by:
o =KX, (4.9)
In view of relations (3.9) and (3.11) one gets:

_ be’N e’N(Be — ur)w (.10)
Y 2 2 :
b [I:O—Wzmj +w?(u, — Be)

4, —Be)
XO
In view of (3.18) the above equation reads:

CC,e’k*(Be— ur)

2

X, = (4.11)

2

(?—Czksz +C?k*(Be—,)?
0

Where:

3/2
C,= 4, (ij h? (4.12)

3 \2zm
Thus the absorption coefficient is given by:

CC,e’(Be — ur)k®
(F, /%, —C?k?m)’ +C?k?(Be — ur)
In the case when B,Fo and p, are small, equation (4.13) becomes:
C,e*(Be— ur
o= 2 (3 - /,l )k
C°m

But if B and p, are extremely large, the absorption coefficient can thus given by:

C,e’k?
o=— (4.15)

(Be — ur)

Absorption coefficient from maxwell’s equations and quantum mechanics
Maxwell’s equations can be utilities to find the electric susceptibility. According to these equations the electric field
satisfies:

a= (4.13)

(4.14)
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2
VZE—,uEaatE—oy%:O (5.1)
Let the solution be in the form:
E=Ee™™ s P=xE (5.2)

Substituting (5.2) in (5.1) yields:
—Kk? + puew’ —ouwi =0

k? + ouwi
5= Ko 63
LW
But
e=¢,(1+Xx) (5.4)
As a result the electric susceptibility is given by:
k® -1 o . 1 oi .
X= >+t —I=— -1+ =X, +IX, (5.5)
Eoldotte W™ EW  Copips,ur Wé,
The real and complex parts can take the form:
1 1 o o
=ﬁ—1=—— ........... prrnnnnns X, ==+——=+—- (5.6)
C*pr pyw ur we, W
Where the relative magnetic permittivity satisfies the relation:
H= ML, (5.7)

According to equation (3.22) the wave number is given by:
P YR (RSS! BT SR PO [ S PO ey
2 2 2\ ur EQW 2 2ur EQW

The conductivity o is also given by:
2

ne
o=—-7T (5.9)
m
As a result the wave function in the medium takes the form:
W= Aei(Ex—wt)

_% i[[lz"ika—wt]
w=~Ae e M
The intensity can thus be given to be:

(5.10)

99 —2né’r
| =chfly] =1 =" =le™" =1 (5.1
Therefore the absorption coefficient with the aid of (3.18) can be given by:
2 3/2
a:wzg—”No(LJ h2k? (5.12)
me,w 3 27m
It is clear that the absorption coefficient depends on the wave number k.

Parameters affecting absorption coefficient
The conductivity and absorption coefficient y are related, according to the relation| 48 ]

Cuoc
o= i (6.1)
nl
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ne’r

o =— (6.2)
m
Where p stands for the magnetic permeability, ¢ represents the conductivity while ny is the refractive index. The
photo conductivity is thus expressed in terms of the relaxation time and effective mass, according to the relation

(6.2). The absorption coefficient is thus given by

2
cune'r
o= (63)
mn
According to equations (3.26) the absorption coefficient is k dependent through m* and it goes like
a ~(2k —6C.k +4C’k®) (6.4)
Equation (4.15) shows that the effective mass affects a to go like:
a~k* (6.5)
The absorption coefficient is also dependent on the K via the effective mass where equation (5.9) yields:
a~=k® (6.6)

The relaxation time is dependent on the magnetic flux density as shown by equations (3.36)
In view of equations (6.1), (6.2) and (6.3)

1

u+Be

With the aid of (6.3) the absorption coefficient is directly related to K as shown by equations (3.26) [beside (4.14)],
(3.15) ), (5,10) and (5.6) respectively:

ax (6.7)

a~k? (6.8)
a =~k (6.9)
a~=k* (6.10)
a~k® (6.11)
a~k? (6.12)

The absorption coefficient is also proportional to the concentration of impurities N since it is proportional to free
carries concentration n as shown by equation (6.3)

a=n=N (6.13)
It is also affected by magnetic material via p, where
a=u (6.14)

The effect of the magnetic properties on the a absorption coefficient can also be obtained with the aid of equations
(3.22) and (3.23) to get

271C
o = ETHCX D

6.15
n, (6.15)
Bearing in mind Langven expression for Larmer frequency [ 67 ]
o — Be
= = 6.16
L om (6.16)
The absorption coefficient takes the form
2ucC Be

n 2m
The effect of spin and orbital angular momention can be incorporated via the atomic magnetic moment beside the
magnetization vector (M) which is given according to quantum paramagnetic theory as [ 59 ]
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20,2 ,.2
v oohgTmes
KT

Thus the absorption coefficient is related to the spin quantum number M, via the magnetic susceptibility. Where g is

H (6.18)

the splitting factor and 44, is called Bohr agnation.

Discussion

Equation (2.7) , show the quantum expression of relaxation time as a function of the photon energy , this expression
play an important role in the simulation of quantum semiconductor devices .

From equation (6.3) , we find that (when (7 = o,then a =0),and as T = o ,a = o), this means , when the
relaxation time increases , the optical absorption coefficient increases .

Equation (3.5) indicates that the strong resistive forceV, — oo, causes the relaxation time to be short

7 — Owhich is in conformity with commonsense.
Equation (3.36), show that, the relaxation time is dependent on the magnetic flux density.

. 4 3
From the expression [t = \/[ (ViE)/(T:—;) |C, |2 (%) (4mNp)? (ﬁ) h* k2] ,and

equation (6.3) ,we find that ,[ when E - 0 ,7 - 0 ,a —» 0,means no absorption ], the light travels through the
semiconductor material , [when E > 0 ,t > 0 ,a > 0,means absorption .

The relaxation time is dependent on the magnetic flux density as shown by equations (3.36) .

Equation (6.9) shows that the absorption coefficient dependent on the wave vector (K)
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in the simulation of quantum semiconductor devices . 4. Y. Hwang, H. Kim. And H. Park,
From our result it is clear that the relaxation time Temperature Depenence of the Absorption
affects on the absorption coefficient of Coefficient, Pusan National  University.
semiconductors, also the relaxation time is dependent (2002).
on the magnetic flux density. Also our results 5. H. Derin. M.I. Aligeu. And C.B. lbragimou,
indicate that the optical absorption coefficient Temperature ~ Dependence  of  Optical
depends on the wave vector ( K ) . The coefficient ( Absorption in Solid Solutions, Volume [113]
K ) is an optical property of the semiconductor American Physical society (2006).
material , and is related to the index of refraction (n 6. M.H. Eisa, H. Shen, H.Y. Yao, Y. Mi, Z. Y.
) , which merely determines how much light is Zhou and T.D.Hu, Studies on Absorption.
absorbed by the semiconductor material , if k > Coefficient Near Edge of Multi Elements,
0 means absorption, k = o ,no absorption Fudan University, Shanghai, China (2005).
(The light travels through semiconductor material ) . 7. Weikun Ge and L.L. Chang. Effective mass
Theory volume [54]. American physical
References Society (1996).

1. W.E Pickett, E.N. Economic, Theoretical 8. F. Matossi and F. Stern, Temperature
Study of Optical Absorption in Amorphous Dependence of Optical Absorption, American
Silicon, Volume [37], Physical Review Physical Society (2001).

Online, American Physical Society (2007). 9. Kim and Tao Jiang. Measurement and

2. M.A Gaffar, A. Abu El- Fadl, S. Bin And Calculation of Optical Band Gap of
Anooz, Temperature Dependence of the Semiconductors, ~ Volume  [39]  Korea
Indirect Band Gap and Related Optical Advanced  Institute  of  Science  and
Parameters, Volume [85], Physics Department, Technology. Taejon 305 — 701, Korea (2000).
Faculty of Science, American Physical Society 10. Joels. Bader a}nd B.J. Berne. Gua. and Classi,
(2004). Relaxation. Time Volume [104], New York

(1994).
http: // www.ijesrt.com © International Journal of Engineering Sciences & Research Technology

[452]


http://www.ijesrt.com/

[Ahmed, 3(11): November, 2014]

11.

12.

13.

14,

15.

16.

L.Y.Yu. J.C.Cao, and C.Zhang. Optical
Absorption Coefficient. In Semiconductor
Under Strong Magnetic Field, Volume [110],
Faculty of Engineering (2006)

M. Leyva. N.P. Montenegro. H.S Brandi. and
L.E.  Oliveira, Effective ~ Mass in
Semiconductor and Applied Magnetic Fields,
Brazilian Journal phy. (2006).

O. Kara bulut and N.M. Gasanly, Electrical
and photoconductive properties, Volume
[253], Middle East Technical University,
06531, Ankara , Tyrkey (2005).

E.J. Donth, Relaxation and Thermodynamics

in Polymers Glass Transition. Academie,
Berlin (1 1992)
J.F.  Stebbins, P.F McMilln and D.B

Dingwell- Structure, Dynamics and Properties
of Silicate Vol [32], American Physical
Society (1995).

S. Senthilarasu and S.H. Lee,
Photoconduction and Transport mechanisms in
polycrystalline, Volume [504], Chonbuk
National University, South Korea ( 2007).

17.Gerald Burns, Solid State physics. Academic
press. Ins, London (1985).

1.

http: // www.ijesrt.com

Charles Kittel, Introduction to Solid State
Physics, John Wiley and Sons. Inc, New York
(1971).

N.F.Mott and E.A. Davis , Electronic
Processes in Non-Cry stalline Materials, Vol
[4] P. 272, Clarendon press ,Oxford , (1979).

J. Tauc, Amorphous and Liquid
Semiconductors, Plenum, London , New York
, (1974).

J.C .Slater , Quantum Theory of Molecules
and Solids , Mc Graw. Hill New York |,
(1974).

Malan O.Scully and M.Suhail Zubairy,
Quantum Optics, Cambridge University Press,
London( 1997).

R. Kaplan, Optical Spectra of Donor
Impurities In Semiconductor in High Magnetic
Fields, Volume [181]. American physical
society (2007).

V.N Fleurov and K.A. Kikoin, Perturbation
theory for Light absorption in semiconductors,
Volume [31], Moscow. USSR (2007).

H.J. Stocker and H. Kaplan, Theory of
Oscillatory  Photoconductivity —in  Semi
conductors, Volume [150], Syracuse

University (New York 1986).

G.A. Thomas and T.M. Rice, Optical Study of
Interacting Donors in Semiconductor, Volume
[23], American Physical Society (1981).

[453]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 2.114

J.I Pankove, Optical Process in
Semiconductors, Dover, New York. (1975).
Shu. Yuan and Gunther Bauer, Optical
Properties of Semiconductors, Volume [50],
American Physical Society (1994).

Hartmut Haug, Optical Nonlinearities and
Instabitities in Semiconductors, Academic
press, London (1988)

E.L.Nagaev, translated from the Russian by
M. Samokvalov, Physics of Magnetic
Semiconductors, Russian Edition (1979).
English Translation (1983).

J.S. Blakemore, Semiconductor
Pergaman Press, New York (1962).
R.H B Ube, Photoeletronic Properties of

Statistics,

Semiconductor, Cambridge Press London
(1992).
T. Desorsy, G.C.Cho and H. Kurz, Light

Scattering in Solids, Ed, By M. Cardona, G,
Guntherodt, Volume [9], Springer, Berline
(2000).

A.H. Wilson, The Theory of Metals, Volume
[21], University Press Cambridge, London
(1958).

E.M. Comnell, High Filed Tranport in
Semiconductors, Volume [30], Academic
press, New York, (1967).

F.J Blatt, Physics of Electronic Conduction in
Solids, Volume [21] , Mc Graw. Hill, New
York, (1968).

K. M. Haroun, PhD thesis, Generalization of
Schrodinger equation for band theory and
inelastic scattering problems, SUST, Graduate
college, Khartoum, January 2007.

J.M. Ziman, Electrons and Phonons, VVolume
[72], Clarendon, Oxford, (1982).

J.B Marion and S.T. Thornton, Classical
Dynamics of Particles and Systems Harcourt,
Orlando, (1995).

Abdelaziz Hagar Abdel Rahman PHD Thesis
the Role of Materials Internal Fields and
Forces in Lasing, University SUST, College of
Graduate Studies, Khartoum, April (2007).
Laura M. Roth and Solomon Zwerdling,
Theory of optical Magneto-Absorption Effects
in Semiconductors, Volume [114], American
physical Society (1959).

Risken H, and Fokker, Planck Equation, 2"
Edition Springer, Berlin (1989).

I. Calderon, Hermandes, Optical Properties
and Electronic Structure, Ed. M.C. Tamargo,
11. VI Semiconductors Materials and their
Applications, New York (2001).

© International Journal of Engineering Sciences & Research Technology


http://www.ijesrt.com/

[Ahmed, 3(11): November, 2014]

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42,

http: // www.ijesrt.com

Frank Matossi and Frank Stern, Temperature
Dependence of Optical Absorption in P-Type,
Volume [111], American Physical Society
(1958).

D. Chandler, Introduction to Modern
Statistical Mechanics, Volume [8], Oxford
University Press, New York ( 1987).

J.Von. Neumann, Mathematical Foundations
of Exuantum Mechanics, Princeton University
Press ( 1955).

M.A. Gaffar, Temperature dependence of the
Indirect Band Gap and Related Optical
Parameters of Single Crystal, Volume [46],
American University in Cairo, Cairo 11511,

Egypt (2003).

DIENES. G.J and VINEYARD. G.H,
Radition Effects in Solids, Vol [2],
Interscience Publishers, London, New York
(1957).

W.B. Jackson and S.J. Oh, Energy

dependence of the Optical Absorption in
Semiconductors, Volume [31], American
physical society (1985).

D.E Aspnes and N. Bottka, Semiconductors
And Semimetals, (Edited by R.K. Willardson
and A.C. Beer, Acad, Press, New York and
London (1972).

W.E. Pickett and E.N. Economou, Theoretical
Study of Optical Absorption in Silicon,

Volume [28], American physical society
(1983).
W.E Pickett, E.N. Economic, Theoretical

Study of Optical Absorption in Amorphous
Gerald Burns, Solid State physics. Academic
press. Ins, London (1985).

Charles Kittel, Introduction to Solid State
Physics, John Wiley and Sons. Inc, New York
(1971).

N.F.Mott and E.A. Davis , Electronic
Processes in Non-Cry stalline Materials, Vol
[4] P. 272, Clarendon press ,Oxford , (1979).
J.Tauc, Amorphous and Liquid
Semiconductors, Plenum, London , New York
, (1974).

J.C .Slater , Quantum Theory of Molecules
and Solids , Mc Graw. Hill New York ,
(1974).

Malan O.Scully and M.Suhail Zubairy,
Quantum Optics, Cambridge University Press,
London( 1997).

R. Kaplan, Optical Spectra of Donor
Impurities In Semiconductor in High Magnetic
Fields, Volume [181]. American physical
society (2007).

[454]

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 2.114

V.N Fleurov and K.A. Kikoin, Perturbation
theory for Light absorption in semiconductors,
Volume [31], Moscow. USSR (2007).

H.J. Stocker and H. Kaplan, Theory of
Oscillatory ~ Photoconductivity —in Semi
conductors, Volume [150], Syracuse

University (New York 1986).

G.A. Thomas and T.M. Rice, Optical Study of
Interacting Donors in Semiconductor, Volume
[23], American Physical Society (1981).

J.1 Pankove, Optical Process in
Semiconductors, Dover, New York. (1975).
Shu. Yuan and Gunther Bauer, Optical
Properties of Semiconductors, Volume [50],
American Physical Society (1994).

Hartmut Haug, Optical Nonlinearities and
Instabitities in Semiconductors, Academic
press, London (1988)

E.L.Nagaev, translated from the Russian by
M. Samokvalov, Physics of Magnetic
Semiconductors, Russian Edition (1979).
English Translation (1983).

J.S. Blakemore, Semiconductor
Pergaman Press, New York (1962).
R.H B Ube, Photoeletronic Properties of

Statistics,

Semiconductor, Cambridge Press London
(1992).
T. Desorsy, G.C.Cho and H. Kurz, Light

Scattering in Solids, Ed, By M. Cardona, G,
Guntherodt, Volume [9], Springer, Berline
(2000).

A.H. Wilson, The Theory of Metals, Volume
[21], University Press Cambridge, London
(1958).

E.M. Comnell, High Filed Tranport in
Semiconductors, Volume [30], Academic
press, New York, (1967).

F.J Blatt, Physics of Electronic Conduction in
Solids, Volume [21] , Mc Graw. Hill, New
York, (1968).

K. M. Haroun, PhD thesis, Generalization of
Schrddinger equation for band theory and
inelastic scattering problems, SUST, Graduate
college, Khartoum, January 2007.

J.M. Ziman, Electrons and Phonons, Volume
[72], Clarendon, Oxford, (1982).

J.B Marion and S.T. Thornton, Classical
Dynamics of Particles and Systems Harcourt,
Orlando, (1995).

Abdelaziz Hagar Abdel Rahman PHD Thesis
the Role of Materials Internal Fields and
Forces in Lasing, University SUST, College of
Graduate Studies, Khartoum, April (2007).

© International Journal of Engineering Sciences & Research Technology


http://www.ijesrt.com/

[Ahmed, 3(11): November, 2014]

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

http: // www.ijesrt.com

Laura M. Roth and Solomon Zwerdling,
Theory of optical Magneto-Absorption Effects
in Semiconductors, Volume [114], American
physical Society (1959).

Risken H, and Fokker, Planck Equation, 2"
Edition Springer, Berlin (1989).

I. Calderon, Hermandes, Optical Properties
and Electronic Structure, Ed. M.C. Tamargo,
11. VI Semiconductors Materials and their
Applications, New York (2001).

Frank Matossi and Frank Stern, Temperature
Dependence of Optical Absorption in P-Type,
Volume [111], American Physical Society
(1958).

D. Chandler, Introduction to Modern
Statistical Mechanics, Volume [8], Oxford
University Press, New York ( 1987).

J.Von. Neumann, Mathematical Foundations
of Exuantum Mechanics, Princeton University
Press ( 1955).

M.A. Gaffar, Temperature dependence of the
Indirect Band Gap and Related Optical
Parameters of Single Crystal, Volume [46],
American University in Cairo, Cairo 11511,

Egypt (2003).

DIENES. G.J and VINEYARD. G.H,
Radition Effects in Solids, Vol [2],
Interscience Publishers, London, New York
(1957).

W.B. Jackson and S.J. Oh, Energy

dependence of the Optical Absorption in
Semiconductors, Volume [31], American
physical society (1985).

D.E Aspnes and N. Bottka, Semiconductors
And Semimetals, (Edited by R.K. Willardson
and A.C. Beer, Acad, Press, New York and
London (1972).

W.E. Pickett and E.N. Economou, Theoretical
Study of Optical Absorption in Silicon,
Volume [28], American physical society
(1983).

[455]

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 2.114

© International Journal of Engineering Sciences & Research Technology


http://www.ijesrt.com/

