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Surface Debye temperatures for the Si(111)-(7x7) and the Si(lll)—(\/3x\/3)-Ag surfaces are determined
by the surface structural analysis of the reflection high-energy positron diffraction (RHEPD). Relations
between surface phase transitions and root-mean-square amplitudes of surface atoms are discussed using
the obtained surface Debye temperatures. An order-disorder phase transition of the Si(111)-(V3xV3)-Ag
structure is discussed by the result of the structure analysis using order parameters of atomic arrangements
of Ag. Difference of surface plasmon excitation processes between electron and positron beams is also dis-

cussed.
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Fig. 1 RHEPD patterns of the Si(111)-(7x7) surface by 20
keV positron beams. (a): At the one beam condition. (b):
An incident direction rotated 1.5° from the <112> orienta-
tion. A diffraction spot from the (11) rod is observed. (c):
At the 111 Bragg condition. (d) At the 444 Bragg condi-
tion.
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Fig. 2 Temperature dependences of several diffraction
intensities from the Si(111)-(7x7) surface [4]. Solid lines
are calculated by the dynamical diffraction theory [5] with
the surface Debye temperature of 290 K and the bulk
Debye temperature of 600 K. Angles 0 are glancing angles
of the incident beam and angles ¢ are azimuths from
the <112> orientation.
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Fig. 3 Temperature dependences of several diffraction
intensities from the Si(111)-(7x7) surface calculated by
the dynamical diffraction theory[5]. In the calculations,
the surface Debye temperature is fixed at 300 K for the
first bilayer and the bulk Debye temperature is changed
to 600 K (open squares) from 300 K (solid circles)[4].
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Fig. 4 Temperature dependences of RHEPD intensities
from the Si(111)-(V3xV3)-Ag surface at several diffrac-
tion conditions[14]. Solid lines are calculated by the dif-
fraction dynamical theory with the surface parallel Debye
temperature of 110 K, the surface-normal Debye temper-
ature of 140 K and the bulk Debye temperature of 610 K.
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Fig. 5 (a): Temperature dependence of RHEPD patterns
from the Si(111)-(N3x\3)-Ag surface. (b): Temperature de-
pendences of RHEPD intensities of (0 0), (1/3 1/3) and (2/3
2/3) rods corresponding to the RHEPD patterns in (a)[14].
Energy of the positron beam is 10 keV.
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nm, FIRAIT0.078 nm & 1T & A EZEL LT,
RS BT DS ZALIX R m N O RN E O 21k
XL oTWa EfEimTE 5.

4. FEWMEEL : 7T T U EhE (23]

By IR &, ki E AN T IR GEL
T 5. FEWMERGELIX, AR TRbE, M R
7 R VbR L OB (74 /7 Vb)) 12 k&
AT BND. BERINTIE, FERPERGELO BELWTE
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Do T, FEEPERGEL AR Y FVITIEZER 2N EE X
bb. WEEFRE L OBEENRICE L Cid&kim
ERERNEROZE Y, BB COBE v — ALK
DT ANK =W O FREENLITE LW T, 22
T, BIcRE T T AEVEICEL TETFL DL
21TV, BB X DR o ¥ a o~ .

SI(ID-(7x)EAR R EILIEF I EHTH Y, 77 X
T U E AL ECRkETH D, ZORM
[0S e BN B e Sl N Y 1 ) b} AR 1 AN 3 o e
R4S L - T, KON EEE 7B (RHEED) (2
Lo TRANZATON, TDHBW ONDIIZENRH %
[25-2717%, mEEBGE IR0 D R B3 2 A
FETLLTICIHR R D KR ) Td 5. Fig. 61310 keV
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DS — L OB GEIBR(AR R 1.59)28
FEHZRAF LA LT, Mh o, 2ho,
IR E T T AT UREREICHIG L TWS. 22
THRHEA e Z &%, BIRRIC L DRI T T XE b
LG 1 BRI & D B —7 Db @O [24] DI %
L, BEFTE 2 BERICEZ =7 R EbEL
o TWAD., Thbb, BEF T, Ru77 A€
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BT AGFHEAAICIE & A SREET, 1RIER CHH
ERLTWA.
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Fig. 6 An energy spectrum of 10 keV positrons reflected
from the Si(111)-(7x7) surface at a glancing angle of
1.5°[23]. The position of Zm at 11 eV indicates the
single surface plasmon loss peak.
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Fig. 7 Mean excitation numbers of surface plasmon exci-
tations for several glancing angles of 10 keV posi-
trons[23].

Al BEUBI & HICETFITBWTIT 1 EEELOMER
DIEFIZEONOIZX LT, BE T, 3 Bk 4
[EELOMER D BN T & &R L7, Fig. 8 11 Si(111),

Al(111)F L Bi(00D)ZFKE D DOFKE 77 A€ 48
RANRY NVERT Y U3 DORITIC L > TR L
7o T3 L OGE ISk 2 E k[ O fE R T
b5, b, BEHT T AT OFEEIEEET
FEAEMEICE O THEEFICR LT 25 [, &

W LT 1.6 HTHY, BB XD FEmhEE
1K) 60% K&V, BT LBHETF T 7 XEVED
PHHBITRIIZFELWEEZEZLNDHDT, ZOEZ
W & 77 XE L OO AN IEBE B2k
RTO0%RENWZ LZEWRT L. ZOFABITR

4
o e+
ES_M
0
£
=
j |
o
= !
sl A
=
s 1 |
=
o 1 1 1 1
0 20 40 60 80 100

Atomic number

Fig. 8 Mean excitation numbers of surface plasmon for
several surfaces, Si(111), Al(111) and Bi(001). The
open circles are for positron beams and the grey solid
circles for electron beams[29].
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