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Electron Raman Scattering in Spherical Quantum Dots
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Abstract; The differential cross-section (DCS) for electron Raman scattering ( ERS) in a semiconductor spherical

quantum dots was presented. The process of ERS neglects the phonon-assisted transcription and the electron states

were confined with GaAs or CdS quantum dot system. Single parabolic conduction and valence bands were assumed.

The contribution caused by electron and hole was contrasted separately. The selection rules for the process were also

studied. Singularities in the spectra are interpreted for various quantum sizes and different incident photon energies.
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1 Introduction

Due to the beneficial effects of strong confine-
ment, there has been enormous activity in studying
the growth and electronic configunation, as well as
magnetic and optical properties of quantum dots,
quantum wires and quantum wells. As one of the
most important system in these low-dimensional
quantum structures, much work has been done for

"7 In recent

quantum dots by many scholars''
years, some researchers have succeeded in prepara-
tion of some special quantum dot structures by taking
advantage of the technique of semiconductor micro-
electron and the method of growing without orienta-
tion, this quantum dots represent a controllable be-
havior in quantum energy state and physical beha-
vior. Now, InAs quantum dots have been generated
by method of Stransk-Krastanor(S-K) and quantum
dots have been made in the ways of original alternate
supply ( ALS)"*~""! Otherwise, with the improving
of the device such as quantum transistors, high-
speed memory elements and infrared photodetectors,
quantum dots exhibit more strongpoints than quan-

tum wells and quantum wires do' >/,
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Owing to no-damage and little value of material ,
ERS has been a widespread way to study semiconduc-
tor structure, behavior of phonon and electron'” )
With the headway of the microscope electron Raman
scattering, we can acquire direct information in the
energy band structure and various physical properties
of  low-dimensional  semiconductor
Zhang'*"

dimensional nanostructures and the experimental

systems.
studied Raman scattering in low-
results showed the dependence of Raman scattering
on the phonon modes and the quantum sizes.
Studies of the electron Raman scattering with
multiphonon, one phonon or without phonon have

[22~25]

been done Our group have studied the ERS

with one phonon or without phonon in cylindrical

6,24, 26] , we all got

quantum wires and quantum wells'
the result that the differential cross-section ( DCS)
for ERS has an inseparable relation with the sizes of
quantum structures. However, we have not paid at-
tention to the different effect between hole and elec-
tron for Raman scattering in the spherical quantum
dots. In this work, we discussed DCS of ERS wi-

thout phonon and revealed the distinction effect

between hole and electron in the GaAs and CdS
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quantum dots.

In Section 2, the model and the fundamental
theory were presented. In Section 3, the expression
of the Raman scattering DCS is studied. In Section
4, the numerical results of GaAs and CdS quantum
dot were performed and the discussion was showed.

In Section 5, the conclusion was given.

2 Model and Theory

We consider a spherical quantum dot with the
infinite potential barriers and the radius R,. The

wave functions can be written as follow -2’ .

Wy = Y, (0,)R, (1) (1)

with

J I
R, (1) =FM (2)

RS oo oy
where j =1,2 denotes the electron and hole. Y, (6,0)
are the spherical harmonics functions, they order by
liand m. J, (an,zj) ,

tions and order by n;. The quantum numbers: n; =1,

are the spherical Bessel func-

30,=1,2,3-+-; =1, <m; <l;. Boundary quali-
flcatlon 18
Jilx.. =0 (3)
(X ’ j RO)r Ry
The electron energy levels can be given by .
hz)(n N
Enj,lj = *j ]2 (4)
2m; R,

where mj* means the effective mass of electron or

hole.

3 Differential Cross-section

The Raman differential cross-section for ERS

denotation is expressed as follow'*’ .

fo _ Von(e,)
ddw,

where e, is the polarization vector for the emitted

W(w,,e,) (5)

s9%7s

- 81'r3c477(w1)

second radiation field, ¢ is light velocity in vacuum,
w, is the secondary radiation frequency and w, is the
frequency of the incident radiation, p(w) is refrac-
tion index as a function of the radiation frequency.
W (w,, e, ) is the

according to;

transition rate calculated

W(a)é, e) = %Z |Mj|25(E/’_Ei) (6)
S

<f|H ‘a><a|H1‘l>
=2 E -E +il,

Z <f‘H,l‘b><b‘H,s|L>
b E, -E, +il,

where | i) and |f) signify the initial and final

(7)

states with their corresponding energies £, and E, in
|a) and |b) are the intermedi-
I',and I,
The Hamilto-

nian H, denotes the interaction between electron and

the quantum dots.
ate states with their energies £, and E,.

are the corresponding lifetime widths.

the incident radiation. Simultaneously, the Hamilto-
nian H; describes the interaction between electron
and the secondary-radiation field. Utilizing the di-

pole approximation, the H, is expressed as follow:

2
H, = e "/ L (8)
my\ Vo,

—ithVand j=1, 2, where m, is the free-

with p =

electron mass, and the H is expressed as:

_ lel mh
Hjs - mj sz elp (9)

This Hamiltonian describes the photon emitted by
the electron (hole) in the transition between con-
duction (valence) subbands in the system. With ac-
counting the intermediate state possible in different

bands,

such two situations:

we can describe the processes of ERS as

(1) Firstly, we consider the intermediate state
in conduction band. The system absorbed an inci-
dent photon and start up an electron-hole pair with
the state |n,,l,) in the valence band and the state
I’y in the conduction band. Then, with the
I') to the

| n!

e’ e

electronic transition from the state | n/

e’ Ve

|n,,l.), a scattered photon is generated.
(2)Secondly, we assume the intermediate state

in valence band. When one electron jump from the

state |n|,l}) to the state |n,,I ) with the system

er’e

absorbs an incident photon, other electron jumps
from the state | n,,l,) to the state |n',I}) simul-

Overall ,

process is from the state |n, [, ) to state |n, 1 ).

taneously. we can account the ERS skip
Consider the | i) includes vacant conduction
band, a totally occupied valence band and an inci-

dent photon of energy fiw,, so
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Ei = ho, (10) LATNL A, IG e, 17 (8)
The final state | f) involves an electron-hole pair in (E, -E)* +T e “f
a real state and a scattered light with energy hw,, where
thus ; 20 + 1!
Ly =

E =ho +E,, +E , +E  (11) (20 +1)!

where £, , and E, , are determined by Eq. (4).

Using energy and momentum conservation laws, we
can obtain ;
E -E, =E,, -E.. +ho, (12)
E -E =E,,-E, , +ho, (13)
If we just premeditate the backscattering confi-
guration X(ZZ) X ( The backscattering configuration
means the incident radiation wave vector and the
scattered radiation wave vector are parallel to a
straight line but with opposite direction, both the po-
larizations of incident and the scattered radiation
wave vectors are plumb to the direction of the inci-

dent radiation wave vector), on account of the se-

lection [, =1, and the Eq. (12) or Eq. (13), the w,
can be expressed as:
E"'evl'e B E”l'v/u
O (14)
or:
E"LJL B E"th
o o= (15)

Next, we perform the DCS matrix elements.
Considering electron transition between conduction
and valence band, with the envelope function ap-

proximation , the (a | H, | i) can be represented as:

ilel m, | 8
H, i) = —— L W.
(al it 5 Rim, N hVo, 07 i

Ro J’(Xn zR )]I(th,z RLO) \
0 -]1+1(Xn;,z)-]m()(nh,z) '

And the electron-secondary radiation interaction

(16)

matrix element (f | H, | a) can be written as:

AD =L'e‘ L.,

hV

Ro ]Z(Xn IR )]l(/\/ne,l RLO)

0 Jz+1 (Xn;,z)-]m (Xnml>
By the Egs. (5) ~ (7), Eq. (1) and Eq.
(17), we state the DCS for ERS as:
o 16¢* Lim’w n(w, )
ddw,

rdr (17)

h3c4R12m0wm( a)l)

r r
G Ro ]l (Xn:.,l Rio)']/ (/\/nh,[ Ri()) R
. r
e 0 -]1+1(Xn;,1)-]1+1()(n,,,1)

r r
Ry ‘]1 (Xng,l R_O)JZ (Xn(.,l }?0) s
Y o Jin (Xn;,z)']m (Xn‘,,z>
Kxee,  HXm

Wi,a = * p2 * p2
2m, Ry, 2m, R,

2
W(,,f = h7x2
, 2m,; Ry

Now, we get the matrix elements and the ex-

<Xi,1 _Xi;,l)

pression of DSC for ERS with the intermediate states
in conduction band. Thus, the expressions with in-

termediate state in valence band have similar form.

4  Results and Discussion

We calculate the DCS for an ERS process with-
out phonon. Considering the system of the GaAs and
CdS quantum dots, the physical parameters are
adopted as: m =0.067m,,m, =0.45m, for GaAs
=0. 18m,,m, =0.5lm, for CdS. I, =1
meV = [,.
l,=0=['=

with the intermediate state in the conduction band is

and m,’
With fixed the quantum numbers: !/, =
}', we can acquired that the ERS process

just dominated by v,(n, ,n/,n,), and v, (n_,n} ,n,)
stand for the ERS process with the intermediate state
on the valence band.

In Fig. 1, we give the emission spectra for the
quantum dots in the X (Z7) X scattering configura-
tion with different materials and various radiuses.
The incident radiation energy is £, =3.02 eV in the
Fig.1(a) and E, =6.81 €V in the Fig. 1(b). The
Fig. 1(a) shows that the DCS of Raman scattering is
larger while the size of quantum dot is smaller both
in the GaAs and CdS materials
the Fig. 1. in the Ref. [25],and it is due to quan-

. This accords with

tum dot-size-selective Raman scattering which origi-
nates from Ref. [29]. the GaAs get
stronger effect than CdS in process of ERS. We can

Moreover,
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30 ) radiation energy K, increases in the Fig.2(a). We
. a
25k :;)lll(i”ll;g‘éﬁ; R¢=3 nm also get the similar result in the Fig. 2(b) , it shows
ool E=3.02eV the configuration is due to hole. Comparing Fig. 2
=
2 s (a) and Fig.2(b), we can obtain that the hole has
2 R=3.5 nm . . .
= Lo- ”_ a weaker configuration for Raman scattering DCS.
Ri=4 nm
51 Ry=3 nm 25 (a)
R 5,:31115 nm R3 — E,=3.65 eV
O’FO*\ i\ [ [ I o 20 o= e glfig% f‘¥
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Fig.1  The Raman DCS for GaAs and CdS quantum dots ? 1.5
with various radius in the scattering configuration for 1.0 ’
electron (a) and for hole (b) 0.5 >

get similar conclusion in the Fig. 1(b) , it shows the
influence caused by the hole in valence band.

Comparing Fig. 1 (a) and Fig. 1 (b), we can
observe that both the hole and electron all have con-
figuration for Raman scattering DCS, even though,
the contribution of electron is much larger than that
of the hole. The smaller size the quantum dots have,
the more the configuration represents. It agrees with
the result in the Ref. [26].

In Fig. 2 we show the emission spectra for the
quantum dots in the X ( ZZ) X scattering configura-
tion with various incident radiation energies in GaAs
material. We set the radius R, =3 nm and choose
various incident radiation energy as E; =3. 65 eV,
3.92 eV, 4.21 eV in Fig. 2(a), and E, =6. 81
eV, 6.95 eV, 7.07 eV in Fig.2(b). We can dis-

cover that the DCS become small while the incident

References .

Ol 1 1 I I I
1.180 1.185 1.190 1.195 1.200
Es/eV

Fig.2 The Raman DCS for GaAs quantum dots with various
incident photon energies in the X (ZZ) X scattering

configuration for electron (a) and for hole (b)

5 Conclusion

In conclusion, we calculated the DCS of ERS
in spherical quantum dots with materials GaAs and
CdS. Both electron and hole have contribution to the
DCS of ERS, however, the contribution of electron
is much larger than that of the hole. The higher inci-
dent radiation energy is, the smaller the DCS of ERS
is. With the radius becoming smaller, the DCS of ERS
tends to larger. We also acquired that the DCS for
Raman scattering in GaAs are bigger than that in CdS

under the same size and incident radiation energy.
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