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Abstract: The influence o f electr ic fie ld on properties o f strong-coup lingm agne topo laron in quantum w ellwas inves-

tigated using linear- comb ination operator and un itary transfo rm ation m ethod. The ground state energy and v ibration

frequency o f magnetopo la ron w ere obta ined. The effects of we l-lw idth L, electric fie ld streng th F and the cyclotron

frequency X
c
of m agnetic field on the ground state ene rgy we re discussed. The re lations of the ground state energy o f

the m agnetopo laron w ith the coup ling constant, the w el-lw idth and the e lectr ic fie ld streng th are der ived. Num er ica l

ca lcu la tions illustra ted that the abso lute va lue o f the ground state ene rgy of the strong-coup ling m agnetopolaron w ill

decreasew ith increasing the we l-l w idth and increase w ith increasing the exte rnal e lectric field streng th. The abso lu te

va lue of the ground state ene rgy o f the strong-coupling m agnetopo laron w ill r ise w ith increasing the cyc lo tron fre-

quency. The sm a llerw e l-lw ider and the larger is the abso lu te va lue of the g round state ene rgy of them agnetopo laron,

the pecu liar quantum size e ffect is significant.
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1 Introduction

W ith the deve lopment o f the grow th techniques

of the sem iconductor, the w e ll performance hetero-

structures, quantum well and superla tt ice have been

prepared, w hich is the great breach in sem icon-

ducto r physics and mater ia l science. In recent

years, many physicists stud ied the propert ies o f the

po laron in the quantum well w ith various me thods.

The influence of phonon on the properties of the

electron in the m icrostructure and the properties o f

the phonon located in the ex terna l f ie ld have a-t

tracted much interest for the physicists.

For the system located in the ex terna l field,

Larsen
[ 1]

ca lculated the two-dimensional po laronps

energy in themagnet ic field by using harmon ic osci-l

lator operator a lgebra m ethod. Thinking about the

electro- in teracts w ith the bu lk LO phonon and the

surface opt ica l phonon, Gu et al
[ 2] 1 investigated

magnetopo laron cyc lo tron v ibrat ion in the sem icon-

ductor quantum we ll by using the pertubation me-

thod. W ei et al1[ 3 ] invest igated v ibration magnetic-

field of the Coulomb impurity boundmagnetopolaron

in the GaAs /G a1- x A lxA s quantum well by using

M acDonaldmethod. Eerdunchaolu et al
[ 4 ]
. invest-i

gated the electr ic-magnet ic fields and temperature

dependence using variationalw ave-function and har-

mon ic oscillator operator algebramethod. Ferre ira
[ 5]

and C laro et al1[ 7 ] investigated the electron bu lk LO

phonon coup ling system in the infin ite high barrier

quan tum we llwh ich located in the electric-magnetic

field paralleling the grow th ax is. But so far, very

few scholars investigated the in fluence of electric

field on properties of strong-couplingmagnetopolaron
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in quantum wellby using linear comb ination opera tor

method. Recently, Chen et al1[ 7 ] investigated the

in fluence of the electric fie ld on the propert ies o f

binding polaron in quan tum we l.l In th is paper w e

stud ied the influence o f the electric- fie ld on proper-

t ies of strong-coup ling m agnetopolaron in quantum

we ll by using the linear-comb ination operator and

unitary transform ation method. The relat ions of the

ground state energy w ith thew e l-l w idth, the electric

field streng th and the cyclotron frequency

w ere obta ined.

2 Theory

W e consider a quantum well of a po lar sem icon-

ductor filled on the range o f |z |[ L w ith the inf in ite

high barriermaterials filled in the space |z |\L. An

electron located in the quan tum well and an electric

fieldF and a magnetic fie ld B are applied in the

z-direction. The to talH am ilton ian for the system can

be expressed as:

H = H 0 + H e-ph ( 1)

w ith

H 0 =
1

2m
Px -

B
2

4
y

2

+ Py +
B
2

4
x

2

+
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2

z

2m
+ 6

k

ÜXLa
+

k ak + e F z + V( z ) ( 2)

U sing a Frohlich- like Ham iltonian for the electron-

LO-phonon interaction

H e-ph = 6
k

( V
*
k a

+

k e
- ik# r

+ h# c) ( 3)

For an inf in ite quantum wellw e have introduced the

confinement potentia l

V( z ) =

0, -
1
2
L [ z [ 1

2
L

] , | z | >
1
2
L    

( 4)

The electron bandmass is denoted bym and L is the

w e l-lw idth, e is the electron charge, its posit ion r=

( x, y, z ) and its mom entum p = (px, py, pz ), a
+
k and

ak are the creation and annihilation operators o f the

LO phonons w ith the w ave vectork.

w here  Vk = - i
ÜXL

k

Ü
2mXL

1 /4
4PA
V

1 /2

( 5)
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2m XL
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XL is the frequency of the LO phonon and A is the

Froh lich electron-phonon coupling constan,t V is the

vo lum e of the crysta.l

w here B
2
= 2eB /c (7a)

and Xc =
eB
mc

( 7b)

W e introduce the linear-comb ination o f the creation

and ann ihilation operator b
+
j and bj to represen t the

momen tum and position of the electron.

pj =
mÜK
2

1 /2

( bj + b
+

j )

rj = i
Ü

2mK

1/ 2

( bj - b
+

j )

  j = x, y  
( 8a)

( 8b)

and [ bi, b
+

j ] = Dij (8c)

Here K is v ibrat ion frequency of the po laron and is a

var iat iona l parameter. W e substitute Eq. ( 8 ) into

Eq. ( 1) and carry out un itary transformat ion.

U = exp 6
k

( a
+

k fk - ak f
*
k ) ( 9)

where fk ( f
*
k ) is the variat iona l parameter. The

transfo rmedH am ilton ian can be rew ritten as:
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The tria lw ave funct ion can be w ritten as
[ 8]

W4 = Un ( z ) 04 ( 11)

where 04 is the zero-phonon o f the phonon fie ld.

Un ( z ) is the w ave function o f the e lectron mov ing

along w ith z-d irect ion, and

Un ( z ) =

N (C) exp[- C(z /L + 1 /2) ] cos(Pz /L ), z [ L /2

0, z > L /2

( 12)

where C is a variat iona l param eter and may be
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obtained by m in im izing the total ground energy.

N ( C) is a norma lizat ion constant wh ich is easily

obtained by the relation

N (C) = 4C( C
2
+ P

2
) [LP

2
(1 - e

- 2C
) ]

- 1

( 13)

The expectation va lue o f the to tal H am ilton ian can

be obta ined as

F = 3W H c W4 =
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For
5F
5f*k

= 0, w emay get the fk.

  W e subst itute f k to Eq. ( 14) and obta in the

ground energy of the strong-coupling magnetopo laron

in quantum we ll is
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For
5F
5K

= 0, w e may get
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P
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3 /2
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B
4

16m
2 = 0 ( 16)

3 Results and D iscussion

A s shown in the Eq. ( 15) , the ground state

energy E 0 of the strong-coupling m agnetopolaron in

the quantum well is not only re lated to the electron-

LO-phonon coup ling-streng th A, but also the w e l-l

w idth L, the electric fie ld strength F and the mag-

netic- fie ld streng th B. In order to c larify the in-

fluence o f the e lectric- field on propert ies o f strong-

coupling magnetopo laron in quantum wel,l w e take

RbC l crysta l quantum we ll as an example and per-

fo rm the numerica l calcu lat ion. The corresponding

parameters for RbC l are E0 = 12. 83, E] = 10. 9,

ÜXL= 21. 45m eV, m = 0. 432m 0. W herem 0 is the

free electron m ass, and the electron-phonon cou-

pling constant is A= 4. 2. The num erical calculation

resu lts are shown the f igures in F ig. 1~ 6 and every

figurem akes the meV as the energy un i.t

The F ig. 1 describes the variation o f the ex-

ternal e lectric- field streng th versus the variationa l

parameter w ith the w e llw idth L = 8 nm and L = 10

nm. The figure clearly show s that the ex terna l elec-

tric- fie ld streng th increases w ith increasing the varia-

t iona l parame ter. The w ell w idth is more w ider and

the e lectric- field is more stronger for a given varia-

t iona l parameter. The Fig. 2 show s the re lation o f the

vibration frequency K o f the strong coupling magneto-

po laron in quan tum wellw ith the cyclotron frequency

Xc o f themagnet ic fie ld. W e may make out from the

figure the v ibration frequency K o f the magneto-

po laron increases w ith increasing the cyc lo tron fre-

quency Xc o f the magnetic- field. From the equation

Xc =
eB
mc

, w e may know that the v ibration frequency

F ig. 1  Ex terna l e lectric-field strength F versus the va ria-

tiona l param eter for different w ellw idth L1

F ig. 2 Cyc lotron frequencyXc versus the v ibration frequency K1
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K o f the magnetopo laron increases w ith increasing

them agnetic- fie ld strengthB.

The F ig. 3 and Fig. 4 respective ly describe the-

variat iona l of the ground state energy o f the strong-

coupling magne topo laron versus the w ell w idth w ith

the different variational parameters and the d ifferent

electric-f ie ld streng ths. The tw o figures clearly show

the influence o f the electr ic fie ld on the ground state

energy o f the magnetopo laron in the quan tum we l.l

They show that the absolute value of the g round state

energy o f themagnetopolaron decreasesw ith increas-

ing the w ellw idth. This is the pecu liar quantum size

effec.t In F ig. 3 the g round state energy o f the mag-

netopo laron in the quantum we ll is acted as a func-

t ion of the e lectric- field strength for the different va-

riat iona l parametersC= 4, C= 5, C= 6 and the elec-

tric- field strengthF = 4 @ 10
6
V /m. From the F ig. 3,

w e may know that the change of the g round state en-

ergy o f the magnetopo laron is more obviously w ith

the change of thew e llw idth for the larger variationa l

parameter. In F ig. 4 the ground sta te energy o f the

F ig. 3 G round state energy E0 o f the m agnetopo laron ve rsus

thew e llw idth L fo r d ifferent var iational param ete rC1

F ig. 4 G round state energy E0 o f the m agnetopo laron ve rsus

thew ellw idth L fo r different e lectric-field strength F1

magnetopo laron in the quantum well is acted as a

function o f the w e ll w idth fo r the d ifferent e lectric-

field strengths F = 2 @ 10
6
V /m, F = 4 @ 10

6
V /m,

F = 6 @ 10
6
V /m and a g iven variat iona l param eter

C= 4. W e also see that the abso lute value of the

ground state energy of the magnetopo laron changes

obv iously w ith the sma ll electric- field streng th. For a

constancy w e ll w idth, the abso lute value of the

ground state energy of the magnetopo laron becomes

largerw ith a larger e lectric- field streng th. The fourth

term and the f ifth term in Eq. ( 15) embody the re la-

t ion betw een the g round state energy o f themagneto-

po laron and thew ellw idth. The influence of the fifth

term on the ground state energy is larger than the

fourth term. The Fig. 3 compared w ith the F ig. 4, for

C= 4 andF = 4 @ 10
6
V /m, and the change o f the

curve of the Fig. 4 is obv ious. The result is that the

in fluence o f the electr ic fie ld on the ground state

energy is larger than the variat iona l parameter.

A s show n that the curves of the ground state en-

ergy E0 of the magnetopo laron versus the e lectric-

field streng thF for d ifferen tw e llw idth L and diffe-

rent variational parameters C are g iven respectively

in Fig. 5 and F ig. 6. From the F ig. 6 w e easily find

that the absolute va lue o f the ground state energy o f

the magnetopo laron increases monotonically w ith in-

creasing the electric- field strength. A ccord ing to the

fifth in Eq. ( 15) , the increase of the ex terna l elec-

tric- field streng th w ill result in the increase o f the

electric- field energy o f themagnetopo laron and cause

the to tal ground state energy to increase. W e can see

from the F ig. 5 that the ground state energy o f the

F ig. 5 Ground state energy E0 o f the m agnetopo laron ve rsus

the e lectr ic- fie ld streng th F fo r different we llw idth L1
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F ig. 6 G round state energy E0 o f the m agnetopo laron ve rsus

the e lectr ic- fie ld streng th F fo r different var iationa l

param ete rC1

magnetopo laron decreases w ith increasing the w e l-l

w idth for a given electric-f ie ld strength. W e a lso can

see by the diagram that the w el-lw idth takes w ider

and the ground state energy o f the magnetopo laron

changes more obv iously w ith the electric- fie ld

streng th varieties. W e compare the fourth term w ith

the fifth term in Eq. ( 15), and the f ifth term rises

the predom inant funct ion. The Fig. 6 show s that the

several lines are a lmost parallel for the d ifferent var-i

ational parameter. The ground state energy of the

magnetopo laron increases w ith increasing the varia-

t iona l parameter for a constancy electric- fie ld

streng th. The Fig. 5 and F ig. 6 do comparison, and

the curve of the Fig. 5 changes more obviously. It is

to say that the influence o f the w e l-lw idth on the

ground state energy of the magnetopo laron is larger

and the variat iona l parameter is sma ller.

4 Conclusion

W e investigated the influence o f e lectric fie ld

on properties of strong-coupling magnetopo laron in

quan tum we ll by using linear-comb ination operator

and un itary transformation method. W e not on ly ob-

tain the relation about the g round state energy of the

strong-coupling manetopo laron in quantum we llw ith

the w e l-l w idth, the e lectric- field strength and the

var iat iona l param eter, but also get the relat ion o f the

var iat iona l parameter w ith the external electr ic- fie ld

streng th and the relation o f the cyc lo tron frequency

of the magne tic- field w ith the v ibra tion frequency.

And w e carried on the d iscussion to these re lations.

Numerical calcu lations illustrated that the absolute

value o f the ground energy o f the strong-coupling

magnetopo laron decreases w ith rising the w el-lw idth

and rises w ith rising the external electr ic fie ld

streng th. For a g iven w el-lw idth, the abso lute value

of the ground state energy o f the magnetopo laron in-

creases w ith increasing the variationa l parameter.

W hen the w el-lw idth is sma ller, the variety of the

ground state energy o f the magne topo laron is more

obv ious w ith the chang ing of the variational para-

meter. For the constancy electric- fie ld streng th, the

abso lute value o f the ground sta te energy of themag-

netopo laron decreases w ith increasing the w el-lw idth

and the ground state energy of the magnetopolaron

changesmore obv iously w ith thew iderw e l-l w idth.
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电场对量子阱中强耦合磁极化子性质的影响
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摘要: 研究了量子阱中强耦合磁极化子在电场作用下的性质, 采用线性组合算符及幺正变换的方法导出了

强耦合磁极化子的振动频率 K和基态能量 E0。讨论了强耦合磁极化子的基态能量与阱宽﹑电场强度﹑回旋

频率之间的关系。通过数值计算 ,结果表明:强耦合磁极化子的基态能量的绝对值随着阱宽的增加而减小,

随着外加电场强度的增加而增加;磁极化子的基态能量的绝对值随着磁场的回旋频率的增加而增加; 磁场的

回旋频率随着磁极化子的振动频率的增加而增加。
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