24 1 Vol. 24 No. 1
2003 2 CHINESE JOURNAL OF LUMINESCENCE Feb., 2003
: 10068 7032(2003) 0+ 0033- 06
AN N DN =N
SR A T AR A T UK e &
N4 *
KM B EA
( ) 028043)
(30) (LO)
: (469 A
1 3l £
20 70 ,Thach' " Zn0
’ 2 ¥ ®
Sak'?!  Evans'®! Xy s
(471 z , z>0
9 80 ° 2 ( 2
' > 0), -
AL R ey
S ot om?t dree(Eet 1)
: . LB Ghs+ D e a,
Huybrechtsl J ¢ ﬁ:
P v e b))
Gifeisman! ' 0
. 12 « —iW P
Lepine! Matz  Burkey Z[sin( Wz) (Ve Yy Pa%+ he c)]
Fibhlich v
Devreese! , (la)
T - [amtBa| ¥
V=i ey (1b)
e Byl ¥
Qn P Vo=1i| =g Esﬂ (1c)
1 1 1
Sahoo! ' € €w &
1d
1 &1 Eo—1 (1d)
Chun ' Landau  Pekar g€ &+ 1 et
1
wi= E( Wi+ Wf) (le)
Huybrechts
[ 18]
: 20020711, : 2002-09-16
(99009)
(1963- ).

E-mail: zmtlnjw@ public. hh. nm. en, Tel: (0475)8313561




34 24
a; me” ’
S= 5
€ Fus P BW P 2
o (1f) 0= <;Jz—ﬁm lfwl?) =
&= 8E2u1 p
. HO.P 15 2
L <L[ YEwlr |2]2>—
e, Y m & Il w =
ur= B (lg) | B ) 2
Ziﬂ y <2—m[ ;E0|go|] ) =
Uux= D) 1
[19] o B (5)
Hi'= U2'UT'H Uy Ua=
H= Hi+ H. (20 BN B Rl s B
P? e 1) 2 2E2 . 2 2
H.i= + (2b) w s N
2”21 428 Eeot 1) Z[an at 2m“} (ap+ fy)lag+ fy)+
P v
Hi= ==+ X2 ydbap+ D Eabtb,+ 2,2
2m v wew 0 ee Z[ s + (L%E_Q_} (b + go)(b y+ gg)+ Zsm
I
. s P ot
§[sm(sz)(VWe Pt he (sz)[VTV(an/+ f’iV)exp[— 4—E(1— al) W]] .
- x —iQe P +
%:[e (Voo ™ b+ hec); (2¢) exp[— (1- al)[z )J ZWH] ]
z ’ exp[(l— al)[ J ZWII,B,]+ he c]
.%“y s
» Ze(k(VZ(bb+ g'Q)exp[— _(1— az) Q] .
. -y N ¢
exp| - (1- a2)[2 J s
exp[(l— az)[ J Z@B]+ hoe ]+ ay (6)
2y
B{% (B+ B} ) (g (O HI :
10)10)10) ,
j=xy
Y 101031 1) :
=il 2y (B B7) (3b) apl 0= agl0)= B10)= 0
A BI10)=11) (7)
Ui= exp|- [ial Ddyay Wi+ A= (01§01 O1H 101001 0)=
w a
N DY B\ FA
iaszgbg Q] .p] (4a) 7(1— a1)2+ 7(1— a2)2_ 5t
: . Y| s o3 SOy
U= exp[ Z(a%fw— aﬁfw)+ v T A om Jw
W 2
. ! » BEQ? 2 .
Y bgo- bggo)] (4h) QZ[F‘“ “ Zm] k1% Zain
Q

fv(fw), go(go)

(sz)[vwexp[— (1 a1)2W2]+ he o



1 2

35

;‘3 [VogoeXp[ 4E}\( - az)202]+ he C] (8)
fv(fv) golge),

Lo

. EA EA
A = S (1= ai)’+ S(1- az)’- 5

2.2 K 22
I Wl sin ( Wz )exp| - (1- a1) W
2 mA

[4 2 Ezwz\\ -
Fop, + al m
| VQ|2e‘2(}zexp[— — 02)20{|
gy (9)
0 Rq + G%M_
2m
1- a ay,
n= T g (10a)
1- a2 Wy
n= 2 9 (10b)
(10) (9)
K 1)
JUO VR S Y
N LJE N LJE
1N A t2N A
ho} N INEED
5 GLEL)LH[1+ 1 J; [ > t1eIfC
1 ] Hag A
2(t1)—f1(z) - asBxio| 1+ 12 & o z)
(11a)
NERE!
ooexp{— X - %ul[(aj + t_l] x}
(11b)
1
ooeXF{ y—ku\(ﬂz+l{|y}
2(z)—f - =y
y + tz
(11¢)

,%%I=g1|b<0| a<0|HH|02|02|12=
1D D)
7)‘(1— a)’+ 7}‘(1— az)’ -
v 1 2 W [ B 2W2]
w | “sin”( Wiz )exp| — 3 )\( - at) I

2 >, W )

m
Foy, + a1

2m

[1- (1- ay)? ;Wﬂ

| Volze_wzexp[— _E}\(l— az)zoz]
¢ Fo, + a%ig
2
[1- (1- az)zzﬂm%‘] (12)
(10) (12)
T = E7A ! — 7+ %‘)\ 1 17"
1+ lJZ 1+ 12
tiN A 2N A

GLEL’Lt{H i1 J%}{(H t%)[g%erfc(tl)] -
1 2
fi(z)+ %T{expzzu%[[&_ﬂ 2+ %J erfc
1
SELR A
3 2
{(H 13)f o 2)- %Texpzzuf[[a}:] 2+ tiz} :
1
Az o1
elfc[zus[[ws] + tj} (13)

-S0 -10
, a1 —0, az—’O(t1—>0°, L‘z—'°°),
(13)

>

bgT(ILEwL (%[1— ezzuzkerfc(zu)\)] -

NE: 22 1

> aLEwL[l— e Aelfc(zu)\)] L

o, By J%{— %H gerfc(zux) ezzuzh_
VER

zuA+ z u}\elfo(zu)\)e “a

o

—o

2 t

2
T[ Zzuz
) ats o J;_e rerfe( zu ) —

L A I zzu2 1
P 0 By J;{gelfc(zu)\)e M Eu}g*‘

T oo 22 L
A
5 z uderfe(zun) e 12

(14
V= Jar o+ (o [a- @ [a)-

[(1+ 2u%’) “Cerfc(zux)e . u)z] (15)

2
o Fe”

N@;’“

“erfe( zun)

(14)



36

24

3w+ 2q ,/(*)L}\(b@+ %MJ
t1=
fors a1

22
¢ “rerfe( zux)]

2.2 2
2q.,| - h?erfo(zu)n) ¢ " ?zzuz}\)eﬁc(zu}\) e
(16a)
22
| o+ hgT(lL&L[l— ¢ uherfc(zux)]
. 3w— q /w}\uxz
2:

JAa + hg(].\ W’ xerfc(zu)»)
22 22
2a J‘%A( 4]Terfc(zu)\) & %zzu%\ﬂ‘fc(ﬂt}») ¢ MJ

ﬂ.[ 22
J}\_Cds+ ) ase  rerfof zu))

(16b)

(15)
A= M(z) (17)
ai(az) =0, ti(t2) = (17) (14)

g2 [u 349
= 2{1‘ et MJ

erfe( zun ) + 2 s uz)\oerfc(zu)\o) e "yl -
P
EL R %
a By, 4 QUNFT L€
2

elfc(z;h )+ @z2u22b612u%elfc(zuxo)] L

\— %TJ%— %J%uxoz+ %J%e/uib
erfe( zun ) + %T J%zzuﬁoef”%eﬂc(mo)} e
OSED{% J%ielzuzk,erfc(zuxo)+ %J%zu)\o—
%T J;}t)zzuz)\oezzuz’belfc(zu% )} -

Ve

amal L, ., LT

—

YUzt e yerfe( zuy ) =
T ZZMZ
ngz uz)\oe yerfe(zun )

Fo i ﬁ _ ﬁ &zzuz —
o S\ZJZSW\OZ 4 ¢ %)erfc(zu)\o)

ﬂ-[ b 2.2 zzuz l
2 ol Uhe verfe( zuy ) 2 (18)

e P2 Em ) oy (19)

2m+ 42€oo( €t 1) T

o P (e U

= 2t Tea(emr 7 (2)

M= Hyg— T

SO =
% u)\+ ETJ; )\oezzn)t]

efe(zuy ) - q By | - L L

erfe( zuy ) - %
)berf([zu}b)—

L NI 22 zzui f S
yAUNt 5z ule verfe(zu ) ‘

N2 N

T )‘O 22,2
hg J:z 2)» %elfc(zu)»o)} -
q; Ei)s ﬂ-[ z lt

yerfe( zur )+ _zu)\o—

2 1
z uz)bez u%elfc(zu)\o) . (21)

3 X591

1. , z LurL |
ugl) s
3ay,
i = 22
1 m ( a)
I
3o+ “ZCGS /og,)\
o= (22b)
= o Jan (22¢)
T
I o2 Ea‘%
N = ZGSE*)S"' T 283 (23)
6+ —~a
2 S



37

()

SO

(23) Jro1 o1 A1
(2c) WAL= T4 Gt O [dant
A AE 1 1
B as s dzunt2 (5)
’ 24 25 , ,
6 0 o, (24) (25)
A AE S0 LO
2 z >ulL 1( usl) ' / ,
’ SO 10 .oz

oo
N ]1 |
3o+ 20, . - [
e {4 4zuy 3+ ZHC‘L [oy A

= (24a)
e 1 1= (26a)
1-
Jm"- 2 A NE T Aoy, + %GSQL
3oy + %Gs z:ji e (26h)
= — (24b) ey
Pes+ 5o 20 = Ja [ (26¢)
=t o+ Lo - o o)L Ui
2 2 ZUA n, > ag
(24c) N = ZQLE(Q+ —]TZEOS (26d)
6+ 2 s
, A A
1 Jmo[Ao1 A
N = ZE\— ag By (- 2 J;L+ 4 (leu)\)— LO , S0
a9

[1]
[2]
[3]
[ 4]
[5]
[ 6]

[ 7]

[ 9]

[10]
[11]

[12]
[13]
[ 14]
[13]

[ 16]

Ibash H. Optical surface phonons in zinc oxide detected by slow- electron spectroscopy [ J|. Phys. Rev. Lett., 1970, 24: 1416
1418.

Sak J. Theory of surface polarons [ J] . Phys. Rev., 1972, B6:39813986.

Evans E. Theory of surface polarons [J]. Solid State Commun., 1972, 11: 1093- 1098.

Ueba H. Electron in swface phonon field [J] . Phys. Stat. Sol. (b), 1980, 100:705-714.

Lee William W, AntoniewiczP A. Surface polaron in the viciniy of two orthogonal surfaces [ J] . Phys. Rev., 1987, B40: 9920
9924.

Xiao J L, Xing T H, Sun B Q, et d. The properties of suface polaron in polar crysals [ J]. Phys. Stat. Sol. (b), 1994,
183: 425 435.

Zhang Peng, Li Zijun, Xiao Jinglin. The influence of the mteraction between phonons on the induced potential of the surface po-
laron n magnetic field [J]. Chin. J. Lumin., 1998, 19:306 305 ( in Chinese) .

Liang X X, Gu S W. The polarons and their dead layers in semt infinite polar crystals [ J]. Solid State Commun., 1984, 50:
505-508.

Gu Shiwei, Zhang Jie. Surface elecirons in semtinfinie crystals [ J]. Acta of Inner Mongolia University, 1985, 16:379-387 (in
Chinese) .

Huybrechts W T., Internal excited state of the optical polawon [J]. J. Phys., 1977, C10:376}+3768.

Gieisman S N, Koropchanu V P. Polaron shift in the theory of shallow acceptors in semiconductors with a degenrate band [J].
Sov. Phys Semicond. , 1985, 19: 1140-1141.

Lepine Y. Excited state energies of the bound Fihlich olaron [J]. Solid State Commun., 1984, 52: 427431.

Devreese J. Energy levels of bound polawns [ J]. Solid State Commun. , 1982, 44:1435-1438.

InT Q, Li T S. The properties of a polaron in polaecrystal slab [J]. J. Phys.: Condens. Matte., 1993, 5:3365 3372.
Qin RH, GuS W. Temperature dependence of the electron self energy in a polar crystal slab [J]. Solid State Commun. , 1997,
104( 7) : 425-428.

Sahoo S. Gound and excied states of the Frohlich bipolan in a multidimensional system [ J]. Phys. Rev., 1999, B60: 10803-



38 24

10806.

[17] Chun D S, Chen Y N, Lin Y K, Effect of electror-phonon interaction on the mpurity binding energy in a quantum wire [ J].
Physica B, 2000, 291: 228.

[ 18] Zhang Peng, Xiao Jinglin. Internal excited state of the weak coupling suface magnetopolaron [J]. Chin. J. Lumin., 2002, 23
(3):277281 (in Chinese) .

[ 19] Xiao J L, Xiao W. The effective mass of a slow- moving surface polaron n a semt infinite crystal [ J]. J. Phys: Condens. Mat-
ter, 1997, 9: 10567 10579.

The Excitation Energy of the Strong Coupling Surface Polaron

ZHANG Peng, XIAO Jing lin
( Department  Physics, Inner Mongolia Notiond University, Tongliao 028043, China)

Abstract: In the early 1970’ s Ibach has made low energy electron diffracting( LEED) experiments on ZnO and oth-
er semicondudor surfaces. The surface polaron in crystals have been of considerable interest. Sak and Evans studied
theoretically the surface polaron in polar crystals. In the 1980 s Gu e al. discussed the weak and intermediate
coupling surface polaran in semt infinite crystals. Gu et al. investigated further the strong coupling surface polaron.
In fad, so far research of the surface polaron only was restricted to the calculation of ground state energy.

Huybrechts studied the properties of the internal excited state of the optical polaron by using the linear combi
nation operator method. Gifeisman et al. calculated the wave fundions of first excited state using perturbation theo-
1y. The excited state energy of bound Filhlich polaron was evaluated using the Fock approximation of Matz and
Burkey by Lepine. A new variational wave function to describe the ground state and the excited states of a bound pe-
laron is proposed by Devreese. Using the effective- mass approximation and the variational method the ground-state
and first excited state energy of a polaron in a polar crystal slab, due to the interactions of the electron with the BO
and SO phonons, are calculated self- consistently by Lu and Li. Qin and Gu investigate temperature dependence of
the electron self-energy in the polas crystal slab using Greer function method. In calculation, they consider the effedt
of the excited states on the electron self-energy and find the ground-state energy be about 11% lower than that of
bulk polaron. A variational calculation is performed by Sahoo to obtain the ground state and the first excited state of
the Filhlich bipolaron in a multidimensional polar crystal. Chun e al. discussed the hydrogenic impurity binding
energy of the ground and the excited state in a cylindrical quantum wire by using Landau and Pekar variational
method. However, using a Huybrechts’ s method, the properties of internal excited state of the polaron has not been
investigated so far.

In this paper, the effective Hamiltonian, the vibration frequency and the excitation energy of strong coupling
surface polaron are calculated by using the linear combination operator and unitary transformation methods. Two lim-
iting cases of coordinate z are discussed. The results show that for strong- coupling surface polaron the excitation en-
ergy will increase with increasing the electror- phonon upling constant as( a;) and the vibrational frequency of

phonon (@ ).
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