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Abstract The nflience of electric fiell on pwperties of strong-coup lingm agne opohron i quanum wellwas nves-

tigated using linear comb nation operator and unitary transtbm aton method The ground state energy and vbraton

frequency of magnetopo hron were obtaned The effects of weldw dth L,

electric field strength F' and the cycloton

frequency @ = of m agnetic field on the ground state eneigy were discussed The relations of the ground state enemgy of

the m agnetopo laron w ith the coup ling constant the weltw dth and the electric field strength are derved Numerikal

calcu htons illustrated that he absolute valuie of he gound state energy of the strong-coup ling m agnetopolaron will

decreasew ith increasing the wellw dih and ncrease with increasing the extemal ekctric field strength The absolite

value of the ground state energy of the strong-coupling m agnetopolaron will rise with ncreasing the cycbtron fre-

quency The smallerwelbkv der and the hrger is the absolite value of the gound state energy of the m agnetopo laron,

the pecu liar quantum size effect is significant
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1 Introduction

W ith the devebpment of the growth tediniques
of the san iconductoy the well perfomance hetere-
structures quantum well and superhitice have been
prepared which is he great breach n sem icon-
ductor physics and maternl science In recent
years many physicists studied the properties of the
polaron n the quantum well with various methods
The nfluence of phonon on the properties of the
electon n the microstructure and the pwperties of
he phonon located in the external fel have at
tracted much mnierest for the physicists

For the systam bcated n the extemal field

[ 1]

Larsen ' caleulated the two-diensional polaron’s

enegy n themagnetic field by usng hamon ic oscit

lator operator akebra m ethod Thinking about the
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electo-nteracts w ith the buk LO phonon and the
surface optical phonon Gu et al™ . nvestigated
magnetopolaron cycbtron vbraton in the sem icon
ductor quantum well by using the pertubation me-
hod Weiet al."” nvestgated vbraton magnetie-
field of he Coulanb m purity bound m agnetop olaron
n he GaAs/Ga_,AlAs quantum well by using
Madonaldmethod Eerdunchaolu et al®.

gated the electrr-magnetic fields and tem perature

nvestt

dependence using variational wave-function and has

. . L
mon ic oscillator operator algebramethod Ferre ira !

and Claro et al.'” nvestigated the electron buk LO
phonon coup ling systenm n the infnite high barrier
quan um wellwhich located n the electric-m agnetic
field paralleling the growth axis But so far very
few scholars mnvestigated he nflence of electric
field on pwoperties of strong-couplingm agnetopolaron

Foundation itam: Project supported by Natural Scien ce Foundation of China ( 10347004)

Biography SHAN Shuping

conden sed m atter

fanak, was bom i 1976 Chifeng

Inner Mongolia M aster Her work fcuses on optical properties of

#* : Comesponding Author E-mail xiaojlif@ 126. can, Tel ( 0475) 8164960



308

28

n quantum wellby using linear can b mation operator
method Recently Chen et al'” nvestigated the
nflience of the electric fied on the propertes of
binding polaron in quanum well In this paperwe
studied the nfluence of the electrie-field on proper
ties of strong-coup Ing m agnetopolaron n quantum
well by using the linear canb nation operator and
unitary transfom ation method. The relatbns of the
ground state enegy w ith thewellwidth the electric
field
were obtaned

strengh  and the cyclotron frequency

2 Theory

W e consider a quantum well of a polar sem icon-
ductor filld on the range of 1z ISL w ih the nfh ite
high barriermaterials filled n the space Iz | 2L. An
electon located n the quanum well and an electric
field F and a magnetic field B are applied n the
zdirection. The totalH am ilionian for he systen can
be expressed as

H=Ho+H.u (1)
w ith

Hy = Zl[[Px—%y]z+[Py+ﬁ4g 2] +

P’ R
m + ZEwLak a, +

Usng a Fwohlich-like Ham ilionian for the election-

Fz+ V(z) (2

e

LO-phonon nteraction
How= 2(Veale* s he ) (3)

For an nfinit quantum wellwe have ntroduced the

confnement potential

<L
Q 2L\Z\2L

V(z) = (4)
o lzl>—L
’ 2
The electron band mass is denoted bym and L is the
welw dih e is the electon charge its positbn r=
(% y z) and ilsman entm p= (p., p,, p: )y @ and
a; are the creation and annihilation operators of the
LO phonons w ith the wave vectork.

where ¥ = - [Fﬂ[ o '/4[4]@ P

Ino) V)

o mel Pl
a2 T2 o

@, is the frequency of the LO phonon and a is the
Frohlich electron—phonon coupling constant V is the

volun e of the crystal

where B’ = 2B /e (7a)
and o, = ,f% (7h)

W e intioduce the lhear-canbnation of the creation
and ann hilation operator b and b 1o represent the

manenim and position of the electron
172

e s R (8a)
RE J=xy

= [m] (b= 4) (8b)

and [b:5]=§ (8¢)

Here A is vbratbn frequency of he polaron and is a
varitbnal paraneter W e substiute Eq (8) into

Eq (1) and carty out unitary transfomatbn
U= es| Saifi-af )] (9)

where f; (fz ) is the varntonal paraneter The

transfom ed H am ilton ian can be rewritten as

H' = B+ bl B 1) -
J

B'E [bh+b+b: 2b b, 1+ bb, + b b

64712)\, v U v G v Ux ly Uy y Uy
2 .

Wb - -y e b -

8n
(b= b )(b+b )]+ kZEoL(az wfi )

(@ + fi) + Z{Vk (g +fi )*
eXp[— Z’M{% VZ] eXp[ Z@@[%—El 1/2] .

5 2
ex{— zn‘j exp(th* z) + h* % +P_21;L+ | el Fz

(10)

. . . 8
The trialwave finctin can be written ad "

oY= @ (z)10) (11)
where | 0) is the zero-phonon of the phonon fieHl
®.(z) is thewave function of the electron moving

along w ith =d irectbny and

®.(z) =

) {N(Y)exp[— YA+ 1/2) ] eos(Te L), | 2| LA

0 lzl L2
(12)

where Y is a variatbnal paran eter and may be
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obtaned by mninizng the total ground energy
N(Y) is a nomalizaton constant which is easily
obtaned by the relation
N(Y)= 4y(¥ + T )L (1- &)
(13)
The expectation valie of he total H an iltonian can
be obtaned as
F=<olH'l by =
E)\‘+ B4E +
2 3m° A

% 2
ZVka ex;[— k Ej' exp/— thz] +
;

4n

E"Llfklz*'
k

2
<¢‘§; by+ (bl @zl 0y (14)

For%: Q wemay get hef.

k
W e substiute fi to Eq ( 14)
ground energy of the strong-coupling magnetopo laron

and obtan the

n quantum well is

E 30
F=—}\+ 3 2a

27 3wt W
12 2
o )2 I |:k]*§:|
M B
0 Foy, ml’
|e|FL—1+ Y ——lcoth =
2y Vw2

BN B'E o N B
= 4B P Em-v)
2 3me N T o T

1 Y
| e|FL[2y+ ST

1
—200&1% (15)

For=-=(Q wemay get

oA
2 (DL 372 B4
AN-a IJ_[ AT - 1671,2 =0

3 Results and D iscussion

(16)

As shown n he Eq (15),
eney E( of he strong-couplng m agnetopolaron n

the ground state

the quantun well is not only related to the electon-
LO-phonon coup Ing-strength @, but also he welk-
widthL, the electric field strength F and the mag-
In order to chrify the in-

flience of the electrie-field on properties of strong-

netie-fied strength B.

coupling magnetopolaron in quantun well we take
RbCI crystal quantum well as an example and per

Hbm he numerical calcuhton The corresponding
paraneters for RbCl are & = 12 83, & = 10. 9
o= 21, 45meV,m = Q 432mo. Wherem, is the
free electron mass and the electron-phonon cow
pling constant is a= 4 2 The num erical calculation
resu lts are shown the fgures n Fg 1~ 6 and every
feure m akes the meV as the energy unit

The Fig 1 descrbes the variation of the ex
temal electrie-field strengh versus the variatbnal
paraneter with he wellwidth L= 8 nm and L = 10
m. The figure clearly shows hat the extemal elee-
trie-fied strength ncreases w ith ncreasng the varia
tonal paraneter The well w dth is more w der and
he electrie-field is more stionger for a given varia
tonal paraneter The Fig 2 shows he relation of the
vibration frequency A of the stiong couplng m agneto-
polaron n quanum wellw ith the cyclotron frequency
®, of themagnetic fied W e may make out fran the
ficure he vbration frequency A of the magneto-
polaron ncreases with increasing the cycbtron fre-

quency @, of he magnetie-field Fran the equation

B g
©e=c ", wemay know that the vibration frequency

35 =
— L=10 nm

30F ---L=8 nm /

25t /

20r 7

F/(10'V-m™)
@
N\

1

Y

Fig 1 Extemal ekctric-field strength ¥ versus the varia
tional paran eter for differentwellw dth L.
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Fig2 Cycbtron frequency®_ versus the vibraton frequency A.
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A of the magnetopolaon increases with increasing
hem agnetic-fiell strength B.

The Fi 3 and Fig 4 respectively descrbe the-
variatbnal of the ground state energy of the strong-
coupling m agne topo laron versus the well w dth w ith
the different variational parameters and the different
electric-fed strenghs The wo figures clearly show
he influence of the elecrc field on the ground state
enegy of the magnetopolaron in the quanum well
They show that the absolute value of the gound state
eney of hemagnetopolaron decreasesw ith increas-
ng the wellw idh. This is the peculiar quantun size
effect InFi 3 the ground state energy of the mag
netopolaron n the quantum well is acted as a fune
ton of he electrie-field strength for the different va-
riatbnal paraneters Y=4, Y= 5 Y= 6 and the elee
trie-field strength = 4% 10°V /m Fram the Fig 3
wemay know that the change of the ground state en-
ey of the magnetopolaron is more obviously with
he change of hewellw idih for the larger variatbnal
paraneter In Fig 4 the ground state energy of the

-60f T i
> g s
_%r 7 _—
; ~
- 120¢ g
= Vil
-~ .
-150¢ "'=4X|0° V/m
/ — y=4 nm
/ -=-y=5nm
-180; / ~— y=6 nm
o L — 1 - 1 1
4 5 6 7 8 9
L/nm

Fig 3 G wound state enegy £, of the m agnetopolaron vewsus

thewellw dth L br different variatonal paran eter Y.

‘46% — F=2x10° V/m o

_4al F=4x10° V/m P
8F o F=6x10f V/m _
-50} y=4 ’
" ‘
g -s2f
W _s4f B
~561

60 65 70 75 80 85 90

L/nm

Fig 4 G wound state enegy £, of the m agnetopolaron vesus
thewellwidh L Hr different ekctrie-field strength F'.

magnetopolaron n the quantum well is acted as a
fanction of the wellw idth br the different electrie-
field strengths = 2% 10° V /m, F = 4x10°V /m,
F=6x10 V/m and a given varatonal paran eter
Y= 4 We also see that the absolite valie of the
ground state energy of the magnetopolaron changes
obviousl w ith he snall electrie-field strengh. For a
constancy well width e absolhte value of the
ground state energy of the magnetopolaon becan es
lagerw ih a lager electrie-field strength. The Hurth
tem and the fifth ttem n Eq (15) enbody he rela
ton between the ground state energy of the magnelo-
pohron and thewellwidth The inflience of the fifth
tem on the ground state energy is laiger than the
fourth tem  The Fig 3 canpared w ith he Fig 4 for
Y=4andF = 4x 10°V /m and the change of the
curve of the Fig 4 is obvibus The result is that the
nflence of the electric fied on the ground state
enewy is laiger than the variatonal param eter

A s shown that he curves of the ground state en-
ergy Ko of the magnetopolaron versus the electrie-
field strength F' for differentwellwidh L and diffe-
rent variational parameters ¥ are given respectively
nFig Sand Fg 6 Fran the Fig 6 we easily fnd
that he absolute valie of the ground state energy of
the magnetopo hron increases monotonically w ith ir
creasing the electric-field strength A ccord ng to the
fifth m Eq (15),

trie-field strength will result n the ncrease of the

the increase of the extemal elee-

electric-field energy of hemagnetopolaron and cause

he total ground state energy to ncrease W e can see

fran the F g 5 that the ground staie energy of the

i — L=6nm
\ ---L=7 nm
—46" \ - [=8 nm
- ~a
g r e ~\\
k? =50+
-52+-
—54+
1 1 1 1 1 1
0 05 10 15 20 25 30
F/(10° V.m™)
Fig 5 Gwound state enegy £, of the m agnetopolaron vesus

the electric-field strength ' Hr different wellwidth L.
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Fig 6 G ound state energy E,, of the m agnetopolaron vemsus
the electric-feld strength F' Or different varitional

paranetery.

magnelopolaron decreases with increasng the wel-
w idth for a given electric-fe d strength We also can
see by the diagran that the weltw dih takes w der
and the ground state energy of the magnetopolaron
changes more obviously with the electrie-field
strength varieties W e canpare the fourh tem with
he fifih tem n Eq (15), and the fifth tem rises
he predan nant fincton The Fig 6 shows that the
several Ines are alnost parallel for the different var+
ational parameter The ground state energy of the
magnetopolaron ncreases with increasing the varia
tbnal parameter for a constancy electric-fied
strength The Fig 5 and F g 6 do camparison, and
the curve of the Fig 5 changes more obviousl. It is
to say that the influence of the wellw idth on the
ground state energy of he magnetopohron is larger

and the variatbnal paraneter is snaller

R eferences

4 Conclision

W e imvestgated the nfluence of electric fied
on properties of strong-couplng magnetopohron n
quantm well by usng lnearcanb naton operator
and unitary transfomm ation method W e not only ol
tain he relation about the ground slate energy of the
strong-coupling m anetopo laron in quantum wellw ith
the wellwidth the ekctric-field strength and the
varatbnal paran eter but also get the relatbn of the
varatonal paraneter w ith the extemal electre-fie d
strength and the relation of the cycbton frequency
of he magnetie-field with the vbraton frequency
Andwe carried on the discussion to hese relations
Numerical calculatbns illustrated that the absolute
value of the ground energy of the strong-coupling
magnetopolaron decreases with rising the wellw dth
and rises with risng the extemal elecre fied
strength For a gven wellw idh, the absolite value
of the ground state energy of the magnetopohron in-
creases with ncreasing the variatbnal parameter
W hen the welbkw idth is snalks

ground state energy of the magnetopolaron is more

the variety of the

obvious with he changng of the variational para
meter For the constancy electrie-fiell strength, the
absolute value of the ground state energy of the m ag-
netopolaron decreases wih ncreasng the wellw tth
and the ground state energy of the magnetopolaron

changesmore obviously w ith thew iderwelkwidth
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