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Abstract

The magneto-opticol effect was investigatedfor the cholcopyrite compound
ZnGeP2 ,the change in the energy gap due to the magnetic fteld wus meosured
to be z 0.002 eV at room temperoture. The temperoture cofficient of
AEr.n(T)wos found to be 1.67 X1O4 eV/I( in lhe temperature range(300-400)K.
fh; reduced effective mass of carriers m* wos calculated ond it found to
decrease with increosing temperat ure.

K eyw o r d s : Z n G e P 2, M a g n et o - op tic al effect, S e mic o nd ucto r c omp o un ds, Opt ic al
properties

Introduction

The compound ZnGeP2,
belongs to the group II-IV-Vz
semiconductors, which crystallize in
the chalcopyrite structure. Its energy
gap, at room temperature is. (1.85-
2.00) ev.[l] which is termed as a
pseudo direct gap relative to that of
the indirect gap of its binary analog

gaplzl. Temperature dependence of
the optical properties also has been
investigated and the temperature
coefficient of the energy gap

reported to be in the range of (4.99
to 5.1S) x10a eV/k in the
temperature ranges (300-400) K. In
this work, the result of an
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.
mvestlgatlon of the magnetic effect on the a reasonable change in the optical energy
fundamental optical absorption edge of gapof ZnGep2.
single crystal of this compound is fne geometrical magnet gap mentionedpresented. above was suitable fir tfrLfrup" and the

size of the optical samples of ZnGep2.
Experimental Technique single crystals used in this work have

The experimental setup for magneto- been prepared by the method of solution
optical measurement is shorm in the block growth [3] ,However preparation
diagram in figure (1). The measurement5 techniques for the optical samples used in
are made in the temperature range (300- &is work have been discussed elsewhere
400) K for a magnetic field of 0.7 tesla. ill.
Details for the sample holder and heating
system, temperature as well as optical Theoretical Aspects
measurements are shown in figure (1). For normal incidence of mono_

l- monochromator 6- chopper

2- lens -V lamp

3- mple 8-reorder
4- heatq 9-thermocouple

5- detector lGmagf,etic pole

Fig.(l): Schematic diagram of the
optical arrangement for the
absorption measurement

The optical beam passing through the
hole in the first magnet pole strikes the
sample and the transmitted beam passes
through the next pole- hole into the optical
detector. The magnetic field, B, was mea-
sured using the teslameter which is
capable to detect up to l0-3 tesla. The
teslameter showed a uniform magnetic
field in acrcular areaof 2 cm in diameter
in which gives 0.7 tesla for lcm apart. The
intensity of the field was capableto make

chromatic radiation, the ratio of the
transmitted,I, to the incidence portion,16,
for a uniform sample thickness , d, is
given by the relation [2] :

T: I/Io= exp(-a d) ....(l)

where tl is the optical absorption
coefficient which can be calculated using
equation (l).The rapid rise of a with
increasing photon energy hv is due to
carriers being raised from the valence
band (VB) to the conduction band (CB)
and is given by the power law Q):

a( hu) :A(hv -E r;o """""""" Q)

Where E*is the optical band gap enerry
, A is characteristic parameters of the
bands I41, and fi is a number which
chuacteizes the transition process and is
equal to (ll2) for direct allowed
transition,and 312 for forbidden
transitions, (with different K-values).
While it is equal to 2 and3 for indirect
allowed and forbidden transitions
respectively [5]' When a magnetic freld B
is applied to a solid, the frequency of the
orbital motion of the electrons is much
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greater than the reciprocal collision time ,

so that an electron can make several
complete orbits between two collisions.
In this case, one can neglect the collisions,
consequently, the motion of electrons
would be expected to break down if
rllo(T) ,>1, where cDo is the angular
frequency of electrons, <r> is the
expected value of the mean free time , a

condition which may also be expressed in
the form Bpp > 1, where pp is the electron
Bohr magneton . With this condition, one

should expect the motion of an electron to
be in a periodic orbit and so to be

quantized. When an electron moves in a
circular orbit of radius r with a period
2nlru,owill have angular momentu* **,0o
12 , according to elementary quantum
theory it should be equal to nh, where n is
an integer equal or greater than one , thus
one has:

12: nh/ mo a)o ............................. (3)

where m* is reduced effective mass of
carriers and roo :eB/m* is the angular
frequency and h:hl2n : 1.054 x10-34

J.sec, and the kinetic energy,E, of the
electron is given by :

E: % m. @o'y' : % nh @r.........(4)

So that the lowest energy in the
conduction band is now no longer equal to
zero but it is equal to (%hro). Thebottom
ofthe conduction band is, therefore, raised
by ar amount proportional to the applied
magnet field. A proper quantum
mechanical treatment [6] shows that for
free electrons only odd values of n are

permitted, the allowed energy levels are

then given as [7):
Eu: (n +%)h o)o................ (5)

where n is any positive integer and the
levels are referred to as Landau levels. If
the magnetic field is directed along the z-
axis, the quantization will only refer to
motion in the x- and y-directions, the
particle will be free to move parallel to
thez-axis.
The energy of an electron in the
conduction band is then given by the
equation:

g=(n +%) hato+ 1"n tzmgt(, .......... (6)

This equation is applicable also in
semiconductors provided that the carrier
density is degenerate then it can be

rewritten in a new form for a conduction
band as :

g:1n+%)hrrr6*h2 YJ l2^. 
".................. 

(7)
where 1116 and rn.* are the angular
frequency and the effective mass of
electrons in the conduction band
respectively Which is plotted as a function
of K., Then one obtains for each ,n, a
parabola, where the individual parabolas

are a distance 2Btrrp*: h or. apart ,as

shown in figure (2). If po*: e h/2m*"c
then equation (7) becomes:

E:(n +%) ehB/ m. ac + lf t( 72m *,

"""""(8)
Where c is the speedof lightinvacuum
.To a certain extend the band splits here
into parabolic energy zones that overlap.
The band edge that results form K,:0,n:0
is raised by B p-p after the magnetic field
has been applied, and equation (8) reduces
to:

E o@):%e h B/m. rc.................(9)
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The same effect should occur for valence
band:

E o(0):%e h B/n|,c.....,...(10)

where m*, is the effective mass of holes. .

Then the total increase in the energy gap,

rvhich is due to 1he magnetic field then,
rvill be given by:

AE:% ehB ct {(1/m.,)+(1/m. v)}...... (11)

n=012, EL

f,:

coefficient varies linearly with the
logarithm of the incident energy,hv,
according to e{uation (2).The slops of the
plots of figures 3 and 4 yield n: Yz

which coresfonds to a direct allowed
transition process E* could also be
estimated from this equation by plotting
la (lty']2 versus ,hv, and the intercept of
the straight line with hv-axis gives the
value of ,Eg,. The energy gap will affect
by the magnetic field and it increases with
incruasing the field as shown in the figure
(3) and (4) for the temperatures 343K and
400K respectively.

ft
#i'v
&ffi
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ffi
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Fig.(2):Transition between Landau
Ievels

Results And Discussion

Magneto-optical absorption measur-
ements were made for a single crystal
compound ZnGePz at temperature ranges
from 300K to 400K. When B:0 Tesla the
logarithm of the optical absorption

1.96 '1.98 2 2.O2 2.A 2_06 2.O8

Phofon cncrgy ( eV.)

Fig.(3): The linear relation of
the[a(hv]]z as a frrnction of photon
energF before and af,ter applying the
magnetic lield at 343 K on ZnGeP2, the
y2 4"9982 for B:0.7 Tesla line and 12
4.9962 for B= 0 Tesla line.

2.

o B=0 T-esla & B=0.7'fesli

n:0123
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T:400K..

j B=Q T' * B=.7 T

Fig.(5)Tempereture dependence of the
ener$/ gap beforc *nd after applying
the magnetic field for ZnGe%,thef
=0.99N3 for F'4.7 Tesla line and y2

=t.9946 for B= 0 Tesla line
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Fig.(4):The linear relation of the I

u(hv)]2 as a function of photon energy

before and after applying the magnetic

field at T=400K on ZnGeP2. the y2

=0.9993 for B=0.7
The values of the energy BaP Eg

before and after applying the magnetic
field Eg,s are plotted versus temperature
in the temperature ranges 300-400K as

shown in figure(5). However, the

temperature dependence of E* for ZnGeP2

is given elsewhere [1]. Figure (6) shows a

linear dependence of AEg"e(T) on

temperature according to the equation

{12):
AE*,B(T)=0 .l7xl03T-0.0538 ... ".... {12 t

* ft(e-o)
1.%

1.93

1.v2

1.89 . -
310 UA 370 4ffi 4N

300 ed

fig.(6) A Eg.nG) due to the magnetic
effects (B) as a function of temperature.
the a2 =0.998 .

This dependence on temperature can

be explained as follows:
In a degenerate semiconductor the mean

free path of carriers L is depending on the

Carrier concentration N and their
mobilities [rp according to the equation

[8 ]:

LN=(rrl2ex3Nlt)''pn".. 
" ". ".........(13t

In the investigated ternperature

range) the catner concentration in ths

semiconductor increase with increasing
temperature, due to the following equation

[eJ:

N--2(2nkgTth')'o ( m"*mu* l*',''n exp(-

330 360

Temp.(K)

I

@

t,
u.!

1.51

1.9

1.96 1.98 2 2.02 2.44

c B(B{.77

Temperaturqk)
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While, FN" in general decreases with
incresing; I hrt it has much smalls
values than that of N. Then ,L, and
consoqreirtly, meim free time, T, of
carriers increase with increasing
temperature [10].
It was meirtioned earlier that fie cyclotron
resorumce will occur when oo<a> :
Bppttl, or the frequency of the orbital
motion of the electron in the magnetic
freld is much greater than the reciprocal
collision time So that an electron can
make several complete orbits betweentwo
successive collisions, and the width of the
resorumce will be of the order of lh,
radians/sec. this explains the increase of
N'.B(T) with the temperature. Figure (7)
shows the temperature dependence of the
reduced effective rrass of a carrier in
ZnGeP2 rn the temperature range 300-
400K, which were calculated from
equation (11).
The increase of the mean free tinae with
increasing temperature also explains the
decrease of reduced effective mass ofthe
carriers .The dependence of the reduced
effective mass of carriers ontemperature
is:

@i t ^"Yzn<t' 
-o.wzrt' +t.stffir, -

373.9T+34fl)4...... (1s)

fig.(7): Temperature dependence of the
average reduced mass for ZnGeP2
compound, thea2 4.9/9,4.

Conclusion

l- The change of fie energy gap in
ZaGePz due to a magnetic field is an
indication of the semiconductor
degeneracy.
2- The temperature of the
change in the energy gap due to the
maguetic freld AE*6(I), accotdimgto the
fomrulae.'

AE or(T): 0. I 7xI tr3 74.053 I .

3- The decrease of the reduced effective
mass of carriers with temperature
indicates the semiconducfivity
characteristics for the compormd.

3{ro 320 340 360
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