%559 % 55 12 1 2010 4 12 A
1000-3290/2010/59( 12)/8377-08

Yo B

ACTA PHYSICA SINICA

Vol. 59, No. 12, December,2010
(©2010 Chin. Phys. Soc.

BEMNEFEMEXTHFREEEBERNTZM
BEE' ARE Amh

(BRSO AR TR 402160)
(2010 42 A 18 HgH ;2010 47 A 19 H kB E )

RS TSR PO T RGBS B E 1O U S D RORI T AL I AR L B (0 BE SR I A
A LS A B AL 508 B B B AT B AR A R, LLE S GaAs SG2# B N ], R T il B X 3 G B SR 11
SR W FE I R G BB B SRR T (2 B A A L S R R ri e 3 RS 98 B2 A 56, TG 7 R R
TR L S SR R0 S BEAT G, B BRI PR (TSI (R T M BB L BE SR I, e AT BT L
WL RS, HJRFRAE r=0 BRI ; I3 il B2 A KA, D63 R~ s 530 BRI I, ELAT 1 1) R AN W
R ARG A U TEBE R AR TS Ol T R T AR 7508 B LA R b7 R B BE p B AR 1Y K e TR 2 2 T

.

REWR: LR, T RS, WEEER, E

PACC: 0530

1. B =

H 1924 4915 B B RGOk, il 76 50 55
FE SIS Z I G e — N E A 20 4D 80
AEARLAK , WOGYe 20 1 B B 4 B2 R 1 28 il e i
J& o S BB Bk TR AN T AR, IFF 1995 4R S
T4 R RIBEEER . 1997 4925 M AL 2
5% SRR T B S ) TR U8 1 9 R, 156 I R AR T
SRR A T 0", Seuh R0 A6 & B T BE
e IR B, & M BDE T F R E B A
BERDT k[ 6] X4 GaAs Y # b LTI F &
SLBE OBER U T TSRS, RITRE MR TR
BERIG AR RS T, i, Bl v 45 A B (o g 3R Sk
[7—10 ] X% 3% (58 R I FHI B 58I 1 R LIl 5
hok 32 RF 3 A S i 0 3 A A P R ORI A 4
AT THIFSE. SCHRL 1L 18 T AETEHER AR R ik
Ji - B €0 58 R T3 5 YR AR T . SCik [ 12,
137 43 BT T INAE L BRI H 8 SR 1 3l 1 2otk
BAI—A A0 s v 0 24 385 R 2R 45 (- 38 37 3
PN T SCRR 14,15 ] XU B 91 b i R O Y
TR R A 555 S IR 10 016 27 s v 1) 24 58 R AR K
REHEAT THF5E. HR , 33X B0 5% R 45 15 B (858 SR it

LR v R B 4 A8 A R Xk XA [l R AT
G, AU 58 5 U 1 L Bl ) e A
BT SC T E T 8 DGR N A Al 7 1 SO A A
A TEER R HOE. S, A SCRLL GaAs Y22 iU
) RV EERHOE A WU T T REEH A BER
FIRZ TR

2. A I AR A Tk M 7 A2

TEROCABRE TER T M SIE T L,
RO G L AT AR e s (| 1) . AR O
FHEREELAR R IVERF , s e T 5T 2
T B T B, S R G RE R /N T T
AT HIOIAR S BB B R A, — BT, &Gk

e(r)
) = (r)] , (1)
A o (r) My (r) RETFREEFRIDEREL, | ! 2 F1
| x |2 A CTFEOR TIPS, REhER N

E= [y fpdr. 2)

ARG AT RL H R % i A, | T v i

* R HEZE A SFEHARBE A (HEES . KI071206) 5% Bl S

+ E-mail : chzhfu@ 163. com



8378 i Bii|

it 59 %

3

A, TG T SR T S
W B AR SR T B A e w7 AR B BN RE
& H, 20

ﬁ:ﬁp,‘ +ﬁex +ﬁin+ﬁ”g. (3)
ﬁim
~ whe K 1
TR 2 Vzmph V2,
~ K2 )
H,_, =5 vV +V(r) +E,,
m

— e

"'/#.ﬁr
Bl > W
4

1 — o

H, =h12,

i, =%g|)(|2 -,
o m, BT AR, E5%E LR m,
=mh/(cL(r)) ;A ZWALS F2A8RE; vV, B2
Tz BT N AR EE AT B, R V() 430 R
T IERERBARE ; m. A1 w435 R BT 198 SO
HALER ¢ OMAE S S8 efd TR
BISIMEXTRE R INB IE B IE & AL, ST EURE

| x |2 IEH, AE, = %gu(ﬂ.

Az

A

L

(a)
BT e R )
B (1), (3) A (2) X, 15 B R SR BE B R
* * h *
E(e,07, X, x )=f [‘27079" 9,L(r) .

Trhcl |2— h2 *az
L(r)y ¢ Tom X X

+

+V<r>|X|2+EO>/+§|X|4
1 * *

+7hﬂ(¢>x+x ®)

—u(l@l? +lx1?) |dr, (4)
Kol 0, = a/0w, x, FAINLABERF 4. B 6058
REF ARG =R/, BeE BB AR 43 0 o K. A

2
FATLBRECY &, A B o = ¢ = L A
2
WA 0y = S, T
mexe
2
fic = _eh .
amexao
1 B (e i s EL A A X B, 4 - = 2%, ¥

2
REF PR IR p = 2R, r FIXT @ B3 IF 4R
Hi(4) X f5 2

b

(b) (c)

(a) JEFBUERIEI, (b) SR Ly FHEL, (o) S L a8

K 9 or)

1 & WK @ dL
L& L(r) L 9
2T o ma, [ ") ar’ T

2
+[’n'£h
m. a,

0
—+
ar

~u] o) + 5% = o,
(5)
&)+ ) ()

vl X120 + B = 0.

3. HERRMNFH W R A HE

Y AN S T O ok RS B A AR AN
KT (5) RS FE I A] 208 fh (5) 15
[T u]e() + B -0,
ex 70 i (6)
[V(r) —plx(r) +gl x(r) 1°x(r)
+ o) =0.

i (6) A — A RDE F B R o(r) 5T
HIBEPREL Y (1) IR

hQ x(r)

2 weh®

am, a,L(r) B

o(r) =- (7)

M



12 4 FEIE R A IR XDE = RUEOL T3 REEH O BER K2 8379

H—Ir, @(r) Fx(r) AIEEELEA. &
¢ =l ¢l exp(ip,),
x =l x| exp(ig,),
Yo, —@, =i, @(r) Fx(r) BFFSHIR, B &4

PEgEE. B (7)) XA UBL, Y u <Omwthz(r)
I, @(r) Al (r) BORES AR AT A, 2 6
LI RIZ S TiE SN ]

_ meh’

- am,a,L(r) "

B(7) AN (6) B EE =5, x(r) DL A2 40
TR

M max

(h/2)?

1
g weh’

x(r) { x(r) 12 -

am_a,L(r) K

- V(r) +,U«}]—O. (8)

TR BRI x(r) # 0, T2

{XO)Z—I{QQQY—Wﬁ+M}}‘O-
g _meh ___,

am,_ a,L(r) B
HH x> > 0, 523 i ME
weh? Ko

3 6 R F P28 AR A /M
Mo ZIBIARAE | BV 2
weh’ weh’
[E@%HS“ amagl(r) " %)

(9) K, B O BER L 5w 19722 AL Fl 5 41
BT HLREL & | BUETESE LA K.

4. g FiR DA ROk T 8O B A B A
N e

%Q]<M<

BT I35 1 SE T 95 RN
w(m =p) |1 =TT G0
S (0) HHIE T = 0 K IER S © STk
FEn BRR R u(0) = (31 n)"/(2m,) 3k, NBE
RIS R 1 (9) FI(10) 27T 78 8138 60 1
ey

T. =

ffu(()) 1 -mfh;(r) +%2 S an
H1 (6) ARG ALBER ML TEERE | ¢ 12 A
BFEEERE | x |7 430k
2 (RO\? 1
L o(r) | = (7) [ o
am, ayL(r)

]

X -V(r) +p

b

2
Tmieh

{ (h0)?
PR

1 (h2)?
g [ weh®
am_a,L(r)

| x(r) 1% = -V(r) +u

4]

(12)
1 (10) FT(12) SAT LA Y, B o5 5 i k1
BB | o2 F x| 2 bR e USSR XA, 8 5
BB V(r) B2 G, M p =w(T), Wi,
Lol Bl x| 2 L 5IRE T 4K
FEREELLTE BT 2 Jhor i SIS IER T,
A4 V(r) =V /2. XFE1(b), L(r) =L, ; miXxtF
El1(c), L(r) = 2L,[ Ax + 1]r, it Ax = (R, -
R)/R, B— /NGB V(r) ,L(r) fRA(11),(12)
2, AR B3 e 10728 A PR R B €0 05 2R I % Ul
T, URSETHUERE | o> I FHEE | x 17 W
1(b) Finppts i, L(r) = Ly, A

2
meh

2
meh L (13)

am, aL,

. héfg] 172 ’

—%2]<,u<

am, a,L,

_243 meh’
T =2 u(0) 1 -

am, a,L,
(h0))*
h2 2
dg TR u(m) ]
x 0

| o(r)1° =

am

e

Ly

x{ (h)°
* [a’:j‘iiollo - ]

- %Vorz +u(T)

, (15)

, 1 (hQ2)>
I x(r) | ={ ;
laf )]

am, a,L,

- ivorz +u(T) . (16)

2




8380 //N | N R4 59 4
Xﬂg 1(0)@?%5@7‘%%%@%, L(r) = 2L0[Ax + +6(1T8h2)2/‘LBl+4(7T€h2)31n ,LLB'—TI‘é‘hz
1]r, & uB' + weh

[ el _@] <p < meh’ _ 2(meh’)’ }
am a,L(r) 2 am, a,L(r) "’ (uB")? - (meh®)?) "’
an- b [mB' + 2melln B = mER
r =280 [i mel’ Y v B'u uB' + meh
< TrkB'u - am a,L(r) ¥ 2 ’ B 2(ﬂ8h2)5 ] .
(18) (uB")? = (meh®)* 17
| QD( ) |2 (h!))z i)@i%ﬁ]vpx m‘%é/j—;\‘ﬂ‘j
r =
mel’ ? 2 1 (h)>
[amexaoLh) _“(T)] N., ‘g(“ - ZVO) T 4gB’
2B’ mel’ B' - meh’
0)> b In | ¥ we . (24
X{ Fn_g;zh) X[M+MZHMB'+1T(9E2} (24)
4[amexa0L(r) -l T>] ) \
5. BE RAHKBRRNT W
Ve (1) | (19)
T L GaAs Yesp 08 Bl BEAT A, R
o (h0)? BERGSEIA. SRR MBS IR R GaAs BT Y
X = o[t n] HRTE m, = 0. 45m, , FoH m o T 11 R, S0
ama(r) M RS 148 T = 2. 233 x 10° m. 1Lk
| w(0) = B (3w’n)/(2m,), #Emid (10) KR
=5 Vor (1) (20) (7). EFe, AT 17 1AM e, =13, 133Kk H

Bl ol 2 x 12 fEr=—1.08r=1.0 B4, [
ot B U B8 Ay B ORI AT 78 T 5 50 3 LT 2 Al
FSF TN DG TR N, FIECT R N, RFE T (D) B
IR G FRON, AT EON,, 15 3%
RN

() (amaly)?
oh ™ 2g(mek’ — am, a L)’
o [ (h!))zamexaoLo
A(mek’ — am_a L)

o —iVO} L(21)

2
Nex = 2|: (h!z> ameanLO +M - 1V0:| . (22)
8 LA(meh™ — am ayly) 4
XHEL 1 () R BRSO, & B' = 2am,agLoAx,
JEFHN,, T

h)’
Nph:%(ll -L+1), (23)
A
(R 1 ) > |uB' - mek’
I, = - (7) ,ufB’{mB + 3meh In ,uiB/ P
6(meh’)’

2(mek’) ' uB’ }
[(uB")? = (meh®)*]?) °

V. 1 , '
2 =2330,u5{3[ (uB' - weh®)’ + (uB' + meh®)’ ]

(uB')? - (wel)?

e=e6,=1.1625 x 107 F - m™". SCHK[ 1814 H
GaAs i 12=0.01 meV,g =4. 868 x 107> J, T SCHik
(4745 V, =480 eV - cm ™, 1]l SCHR[ 6 ] B IRZ,
AT 2] Ax = 0. 05. ASCHHEFEL L, = 10 nm,
R, =10 nm.

51 HERBREEMBTHUEENTHER

X1 (b) JIiR 062 i 8 R B AR A
(14)RH T, =8.9 K, 5 3CHk[6 ] ASLIRIE (T, =
9.7 K) 1. X 1(c) FrRmG2ame, i (18) X
R385 K < T. < 8.9 K. B srs i PHAY I VT
FINO < T < T. P EREIRARA (13) F1(17)
2, A9 B Gl 5 B S o ORI A s B T 72 7 155 10
T HOBERIE T A E e w iR ARTE | 25 R A ]
2 s .

M 2 ATLAE H 2 Lo Bt i feegdils
P Bl R R R e /IMELAR 5007 B TG 6 5 T ok s 5
JE L ISR A2 E S B A O, r = 0 BT ATk
PR, I EER A R FRAE r=0 B

5.2. I FHEEBUENTWL
B EABHRACA(15), (16) A1 (19), (20) 3K,



12 4 FRIE B A% IREEXDLARUEOL T T RGEB A BER 1R 8381
1.20 o
0
£ ® el
1(0)
L15F
8 o L4
S g
3 =
= #(To) 3
L10F Lok
u(To)
1.05 T N S 0.00 L . - :
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 L0

7

2 BTEES p R (a) URTERE LWL, (b)

A3 A B RURS E E S H BRI Al AR IR DL, B
COEERINCTRUEE | o > AT 8RR | x| ? AL
B, Z5 R 3 MK 4 B, b A 3

@

“ 240
E
S
N
s 120
N lol® 121

-1.0 0.0 1.0

r

7

FESERE L TR
(a) FIE 4 (a) R T HEUT I FHELEE T, BFAYZER,
K3 (b) P 4(b) S R AR 2525, B 3 () 1
Pl 4 () IR AR A2 2R,

®

240 Iz

b
w&
=
=
E‘ 120
N

0

-1.0 1.0

1712 191%/10®m2
%
(=)

Do
>
(=}
>

0
-1.0

1 1
0.0 1.0
r

B3 S i A B G RO T RS T RO AL B A (a)T=8.5K, (b)T=4.0K,(¢)T=1.0 K

M3 AL 4 7] DL Y AN 08 5 B 2 15 Al
AF CHIRE THAEIGARE T R, 1 e 51y 1?1y
ML ILF-E A (W 3 (a) M 4 (a)) . X UL T
B0 B R B8O B LT AR AR T HLERAR /N, I 41
ARTE r=0 BT, Bifi G 6 B B B AIG, O' %50% B il
THEEER R (WK 3(b), (c) ME 4(b),(c)), H
T FNET 19 534 71 Bt e 5 ek o2 R T 44 K
flan, 24 T=28.5 K W, S+ FE 19 7 A 3 [Fl
-0.127<r<0. 1271 T=1 K B}, 5340 y5 Bl JLF- A 2%

AU
5.3. NFHEEMEERNEWL

K5 250 T r = 0 BRIz G400 B AT o
JERGIELRE T 07, Forp SR R Y L o W
UL, T HE LR SE B2 L ] 72 AT 0. ML 5 /]
VA G ANE RO SERE L AR Al 78 Ry K B ARG
IR ) B ARR T R A, B 70 B LG i 0 T
IR R, T H. Y R ARG R BRI LTS



8382 7/ - = S (4 59 &
ol @ o00 | (b)
. s | loI?
E - E
E E
‘% 100 F lpl? % 100 |
a gt 121
X i 1712 X L
0 1 1 1 1 0 1 1 1
-1.0 0.0 Lo -1.0 0.0 1.0
r r
2 ©
200 lo|
st
£
§ 100
=
O 1 1 1
-1.0 0.0 L0
r
4tk 5 B T ARG 508 B R P AU EREAL B AR L (a)T=8.5 K, (b)T=7.0 K, (¢)T=5.0K
RETCE N, FI N, HRBEIRLEE T A REARIITIG O, bl 780
_ JnAs R IF 22 F R R OB SOk T B A
L B L ) R ARR T 8 S, B, 4R T=8.5 K A,
240

—
(2]
(=}

1212 1¢12/10% m-2

e
(=]

5 40 B AT 0 R R IR E (72 1

5.4. T HPERENT

Hi (21)—(24) AT 2DGF 40 N, AT %L
N, R AR AL S5 AN K 6 B, s gk 2 i
W SERE L AR BRSO, e s B B L T AR B
L. HE 6 FTLAE . SIS s i L&A nl g,

He TR BB 519% ;4R T=1 K i}k
THOE BB TR0 71% . N 6 36 7] LLE H, S5
B Ry U AR B O A A B R AR
i A A Rz

400

6 JETHN,, FHCTHN, BRI s ik



12 4 FEIE R A IR XDE = RUEOL T3 REEH O BER K2 8383

ARICHE 2 UEE P OE T 3T R G B
BEAT TR, BTS2 - Bl (5 2R I 3T L A 35
ARAR T LS 4R A R BRI R RO S A % TG T
FIT- AR08 B2 LA R RORL 7 B 3 5 38 B A K.
WFFE R GEM B (B8 SR I SR 8.9 K, BB 5
LI E LT . B BE R B3 H AR TE I K

Hefse KR 5 /IMELAE Bl Il 5 O 0t 5 07 B
5K i OIS B ] A N U5 67 B A OC HLAE r=0 B
Pz B /). JoIE e Bk 58 S5 e 5 AR, 42 30T
U T, W B O BER I G TR RO B L
AR, BB RAR A HUR BRAE r=0 BRaL s B iR 2
FRIREEARG , D' 0 38 B0 0 B8 LA R S 1 R 4
ROREFAFAE S BB A WK, I HOE 7800 & A
KL He R O, I IR A R AROIL T R
TROE AT PR

[1]  Anderson M R, Mewes M O, van Druten N J, Durfee D S, Kurn
D M, Ketterle W 1996 Science 273 84

[2] Andrews M R, Townsend C G, Miesner H J, Durfee D S, Kurn
D M, Ketterle W 1997 Science 275 637

[3] Imamoglu A, Ram R 1996 J. Phys. Letr. A 214 193

[4]  Loruovik Y E, Semielov A G, Vilangder M 2006 Theor. Exp.
Phys. 84 176 (in Russian)

[5] Loruovik Y E, Semielov A G 2007 Theor. Exp. Phys. 86 1007
(in Russian)

[6] Baliti R, Hartwelt V, Snoke D 2007 Science 316 1007

[7]  Bonolowa N S, Noruvik Y Y 2008 Phys. Stat. Sol. 50 1496 (in
Russian)

[8] YuXC, Mo Y 2004 Acta Phys. Sin. 53 4075 (in Chinese) [ 4%
FF B 5 2004 WA 53 4075

[9] CuiHT, Wang L. C, Yi X X 2004 Acta Phys. Sin. 53 991 (in
Chinese) [ 21 %5 | EMAL, A E 2004 P34 53 991 ]

[10] YuXC, Ye YT, Cheng L 2006 Acta Phys. Sin. 55 551 (in
Chinese) [ A% A, PhE4  # Hk 2006 P44 55 551 ]

[11] Tan W H, Yan K Z 1999 Acta Phys. Sin. 48 1983 (iin Chinese)
[iRAERg | EIFTAE 1999 PIHE24IR 48 1983 ]

[12] Zhang J M, Liu W M, Zhou D L 2008 Phys. Rev. A 77 33620
[13] Zhang J M, Liu W M, Zhou D L. 2008 Phys. Rev. A 78 43618
[14] Ji AC, Xie X C, Liu W M 2007 Phys. Rev. Lett. 99 183602

[15] JiAC, Sun Q, Xie X C, Liu W M 2009 Phys. Rev. Lett. 102

23602

[16] Kittel C 1956 Introduction to Solid State Physics (2nd ed) ( New
York: John Wiley & Sons Inc. ) pl88

[17] Cuiti C, Schwendimann P, Quattropani A 2003 Semicond. Sci.
Techn. 18 S27

[18] Shen X C 2002 Spectra and Optical Properties of Semiconductor
(Beijing: Science Press) p604 (in Chinese) [ PL2#4il 2002 2
FEOGIERDEF R (dbat: BlaEdibe) 5 604 1T



8384 moom % it 50 %

Influence of temperature on the Bose condensation of
photons and excitons in optic microcavity

Cheng Zheng-Fu' Long Xiao-Xia Zheng Rui-Lun
( Department of Physics, Chongqing University of Arts and Sience, Chongging 402160, China)
(Received 18 February 2010 ; revised manuscript received 19 July 2010)

Abstract

In this paper, an exciton-photon model is created in an optic microcavity, and then in Bose condensation (BC) , the
variations of chemical potential range and number density of particles with temperature and position are studied in cases :
constant width and varying width. Taking a semiconductor optic microcavity GaAs as example, the influence of
temperature on BC is analyzed. The result shows that the range of chemical potential is related to dielectric function and
microcavity width, while the number densities of photons and excitons and the sum of both particle numbers are related not
only to them but also to temperature. The theoretical temperature of BC of GaAs is close to the experimental value. The
densities of photons and excitons are almost equal, and their distributions are restricted to r=0 when BC occurs. With the
reduction of temperature the number densities of both particles increase and their distributions expand, and the number of

photons is more than that of excitons no matter how the width of optic microcavity changes.

Keywords: optic microcavity, photonic and excitonic system, Bose condensation, temperature
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