gooo

0000 Vol. 24, No. 4, pp. 245-252, 2003

Jooobooboboo sooiooood

oo ooood 0Od

gooooooogo

& 185-8601 UUOOOODOOOODO 1-280

020020 100 250000

Structural Change of Si(001) Surfaces after Alternating Current Heating
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Si(001) vicinal surfaces heated with a sine wave of 10* Hz AC are investigated by using scanning reflection electron
microscopy. Surfaces of 1x 2 that consist of wide 1x 2 terraces (the 1x 2 dimer is perpendicular to the direction of the
heating current) and narrow 2x 1 terraces (the 2x 1 dimer is parallel to the direction of the heating current) terraces
were obtained at temperatures below 8500 . At temperatures between 8500 and 11000 , on the other hand, double-
domain surfaces where 2x 1 and 1x 2 terraces are arranged regularly with approximately equa widths were formed.
The driving force for growth changes from thermal effect to evaporation effect at about 85000 . At temperatures above
11000 , the surfaces are composed of mosaic domains due to the evaporation of the atoms.

nog o o0 0

sgoooopooooooooooooooooo
goboooooooboooooooboooobooooon
goboooobooooboooooooboooobooooo
gboooooboooboooooooboooobooooo
gboooooooobooooooboooobooooon
ooooooood

gobooooOoooboooooooboooobooo
goooooooooooooobooooooboooon
000000 muooo0ooooo®goo*®goo
gsoolooopoooooooooboooboooo
gobodoooooooboobooooboooboooooooo
g0 sool00000000000krg1mOo0o00o
goooooobooo0ooDO sep-up00oon
2x 1002x 10000000000000FRg. 1040
O0Osepdown 0 00000 1Ix2001x200000
000000Fg 0D O0O0OOOOOOODOODOO

E-mail: doit@crl.hitachi.co.jp

0000ooOo*®»0o0o0o0000o000onooooon
0000000oU000oDOoo0O0oOoO2«x100000
SSO000002x 100000000001x20000
0SsSO00000Ix200000000000%000
O0oo0o0siooloOoooooo*sgoooos g
ooo0o*™mOoo0oooooUuoUooooouooOg 2x1
00 1x200000000 DoubleDomand DDO O O
ooooooooooooooo
goooogosooloooooooooooooon
0000000 00 scanning Reflection Electron Micro-
scopel OO0 00000 OOOOOOOUODOODODOO
ovesgooooUooU0o0oooooooooooooo
oooooopbboOoOoO0ooOoOoOoooOoOoooo

200 a

O00REM®OO00OOOOODOODOOOODOOO
O Reflection High-Energy Electron Diffraction0 0 O 0O O O
00000o0000ooO0o0oo0o0oooOooUoDOoO
00000000 1x10°*PA0 000 OOOODOOO
0O 20kvOO0O0OD0OO0OO0OD2nmO000000O 3000

— 45—



246 0000 0240 040 020030

goooooooooobooooOoobooOORrREMOO
goooooooooboobooooodg

00100000 30x 5x 0.5mm*0 000 00OCZ-N
goooooOds12ocmiO0O02000000000
gooogooooooonoooooooooboooo
gobodooobooobooooobooboooobooooon

£ E_
up
Hid* “-—qx :SB
own

() (b)

Fig.1 A Si(001) surface: (a) a 2x 1 surface consisted of
wide 2x 1 and narrow 1x 2 terraces, and (b) a1x 2
surface consisted of wide 1x 2 and narrow 2x 1 ter-
races. The2x 1 (1x 2) surface changed to the 1x 2
(2x 1) surface by step-down (step-up) current heat-
ing. The front edge of the 2x 1 terrace was the Sa
step parallel to the dimer row, while that of the 1x 2
terrace was the Ss step perpendicular to the dimer
row.
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Fig.2 REM images of the 2x 1 surface after AC hesting: (a) before heating, (b) 6000 for 180 min, (c) 8000 for 150
min, (d) 9000 for 120 min, (€) 10700 for 5 min, and (f) 12400 for 3 min. The direction of the 2x 1 dimer is
shown in (&). Bright regions correspond to the 2x 1 terraces and dark regions are the 1x 2 terraces. After AC
heating, the step bands (B) released pairs (P) of steps, then the pairs split into single steps (S).
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Fig.3 REM images of the 1x 2 surface after AC hesting: (a) before heating, (b) 800
O for 180 min, (c) 8500 for 240 min, and (d) 9000 for 60 min. The direc-
tion of the 1x 2 dimer is shown in (a). After AC heating, the step bands (B)
released pairs (P) of steps, then the pairs split into single steps (S).
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Fig. 4 REM images of the flash-heated surface after AC heating: () before heating, (b)
8000 for 60 min, (c) 8000 for 120 min, and (d) 9000 for 60 min.
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Fig.5 A Si(001) surface with 1-5 um terrace width. AC
heating produced the 1x 2 surface at temperatures be-
low 85000 , the DD surface between 8500 and 1100
0, and the rugged surface above 11000 . On the
other hand, DC heating produced the 2x 101x 2 sur-
face at temperatures below 10700 , the DD surface
between 107000 and 11000 , and the rugged surface
above 11000 .

0000000 1x 20 0008500011000 O DD O
00011000 000000000 000000000O
0000000000000000000 10700 O 1100
00DDOOODDO0O0O0ODONONDOOO0O0ODDO
000000000000 00000

3.2 1x2000000800000000

2x100000000000000sepupd D00
sepdown0 00 001x 2000000000000
OFg 200000 1x 2000 wdt00000000
wOOOOO1x2000000AwDO0OwOw@20
000000000000D0900 000000000
1x 200 2x1000000000000000000
0000000000000 0000000oNo0onDO
0000000 stepup0 0 O step-downD 00000
00000000000000 1x200000000
0000 1x 200000 O0stepdown 00000000
00002x1000000sepup000000000
00000000000000000O0 1x20000
000000000000000000000000 Aw
Dt000MFg6MOIO0000000000001x 2
0000000 120000000000000000
000000000000AWD t000000 SO0
00000 DOO0O0O0OOD0O0O0ODNONOO0ODO
0000000S000000000S000000

107 . ~

A_V;:;TS:L (Aw)?= Dt
;‘104 :

< ° 800°C
= 750°C
o 700°C
s o0

10-5 L 1

10> 10° 10* 10°

t [s]

Fig. 6 Growth of the 1x 2 terrace after AC heating. The
horizontal axis is heating time t [s], and the vertical
axisisthewidth Aw (WO wo)( 2 [cm], where wo and
w are the widths of the 1x 2 terrace before and after
heating. Below 85001 , the 1x 2 terraces grew with a
102 power-law of time dependence.
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Fig. 7 A Si(001) surface during AC heating at 9000 . (a) Without atom deposition, the
1x 2 surface changed to the DD surface. (b) With atom deposition (about 2.4
ML), the 1x 2 surface did not change to the DD surface.
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Fig. 8 Formation of the DD surface by AC hesating. At the
critical position X, the growth of the 1x 2 terraces
stops due to the balance between evaporation effect
and thermal effect. At xO X, thermal effect is larger
than evaporation effect, so the 1x 2 terraces grow due
to thermal effect. At xO ., however, evaporation ef-
fect is larger, and thus the kinetics of the atoms is
dominated by evaporation effect. The 1x 2 terraces
do not grow at x[J X, and the 2x 1 terraces are pro-

duced instead. The driving force changes from ther-
mal effect to evaporation effect at X..
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