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Surface Diffusion of Ge Atoms on Ge(001) by using RHEED Intensity Oscillation
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Surface diffusion of Ge atoms toward the [1107 azimuth on the Ge(001) sarface, grown by a
molecular beam epitaxy, was measured by a method of the reflection high-energy electron diffraction
(RHEED) and by intensity oscillations from the vicinal sucfares, an activation energy of 1. 9eV was
obtained. Influences of cleanliness and flatness of the surfaces on the RHEED patterns and intensity

oscillations were also discussed.
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Fig. I DPhase diagram for RHEED pattern of
Ge(001) surface grown and annealed in a
molecular beam epitaxy apparatus. Intensity
i the RHEED intensity for a pattern of a
reconstructed surface.
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Fig. 2 Photographs of RHEED patterns at
[1007 azimuth on Ge{001) at three
temperatures,
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Fig. 3 RHEED intensity oscillations of Ge
(001) at [110] azimuth at a substrate
temperature, Ts, of 250°C. Pre-heating means
annealing before growth., ao is the lattice
constant of Ge crystal,
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Fig. 4 RHEED intensity oscillation of Ge
(001) at [100] azimuth at various substrate
temperatures, ao is the lattice constant of
Ge crystal.
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Fig. § FPhotographs of the RHEED pattern of
the wvicinal surface of Ge oriented 2° from
(001) towards {110). Arrows in the figures
mean directions of an incident electron beam.
These three photographs demonstrate the
vicianal surface shows (2x1) single domain
after annealing.
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Fig., 6 Typical data set showing the transition
from oscillation to constant response as a
function of substrate temperature, with
constant growth rate of 0.4pm/h.

e G0



& - kH
Vi [110] FrliciE Ay [110] Filic ARBE 0.78
TARHEE TIN5, FRERIG S ARl RHEED
WEEDRALBEERA D, Tilld Fig. 3 @ BB50C D7
= — D HDP Fig. 4 0470 RUIEED ME I EEK
HMlxhTnd, Fig. 3 ® 650C 7= — TR
EHECE 2TV B, 0L, BUOREERL L
Bp8s R ADRBAMAPRERECEKZELTED
BT L HHI S IC TR o T, — i, BB &
IR TR 2 5 — v ORESTTCE AR S
1, DTIEMEZ —rOENELT VS, SO

ME

BIE T

mﬁ,ﬂﬁ,ﬂ%ﬁ,A%fﬁé%ﬁﬁﬁ@ﬁ%ﬁ%ﬁ
AT HERRIE & FIRHCIREEATRL 122 B8 & 58

A aubw‘é%o BREEDSRN D SR LIS o o &
HATLE AL,

T, A 7EEOESICE, RENH T HEITE
g, Fig. 8, Fig. 4 @4 7 LTINEWES L5 &,
BEASE LY, S0 EHO_-2b—ELTWT, &
i Fig. 4 OIRTNIE & 8523 SIREI OB ORIEN
X, Fig. 4 oA 7 LCWRVOEICHS 2 4EDHE 850°C
EOAERICE » THIRTMHE A TR LS, Fig 8
O 1EA 7 OEFRTIT 325FC T TIET A TH
B, A7OMELNKE (D, ETEEZCRF » 7M
RISNELIEE S, COERDOEAL BREREL L5,
COWRET Ge OERBHEERT 5 a0k T3 wEL
{fEafcbDEELILNG,

4.3 EEILHIRE

4 7®FEH T RHEED WERES D & £ &I
Een RS L H R Neave 6"k - TEHZ &,
Gals THRRONIDOBEPTH 2, COFEE Ge
(001) pEEHRKC L2 AMKHEHT I LTS
A, COFEOHEBENGUTORNTES,

LHTHRER B 5 L BOETFOREE 7 4
YA s 4 v ORO T=020 (20 e 2|,

D RIS, ¢ B RS EEA SIS, ETOTF
7 A Lk Uc VEOETFRER ¢ & IR Rmini
HEEE Le=V' 2 SRAL 44, L LBREETTR, 7
FA LR LEMOEFCE - T, EETERSET S
15, EFWRHSGIRA~EF SR EEREEL, HFLOE
FlEsnF s 2 2--mB-TLES L, #FhoETR
B in U A EEEENILTEE, S L0 2h0
EEMssr R 2emEeRld aheld, foRe
THEWEEE R ERLTEMNTELZ, BEERCL-T
D HELSBVETZ LEMRECEEEEERR—m s
FLOEFETELN L2 ETOME « Tkt s, £FO
FFOBFEOBE Na b L, METAEFO 7592
ZEAE Js LT c=NslJs THE D, 2Tk HNERE

—# % HEJIR R —207—
SN, —EHSET A PIENC Il g » e T

H, BB LR & c TFThs

iy, & 7 EROEmIC iww&®xT/7m%ﬁm
whh, KO2BYOFECHEERIRETELELoh
B, 1D RF v FICBAAENTHRBERETS “2
FouTHET THY, 3 10EBRF v FEAT v TO
@7 7 R L 2 TEBER SN, 2I0EE- TR
BT 5 “BHRE” Thd, HRE T EEEENEE L.
WAT 7RI I Lhh&, Le BEL D BERE,
LAF v THRECE -3 NE, L 259 7B
LWL Rt BAATEMNTES,

RHEED oMEMREIT 2 O 2 T ORI
AEELED roughdlat BEREHETEEELLNT
BY 2 WU E QBRSO B REEED RENZAED
A, A7EFEETORBRENS LAF » THRETH
A5, EFROF 5 A LT rough-flar EFEiILEL
3 RHEED OEIED LAV, LihLERETHN
i, rough-flat BREDHE D570 RHEED ORREEIRE
B s, k-7, & 7EMICET S RHEED OBED
BEPLEREERE Lo 2BH20E:HTE 5, I
B Le2i O & &% RHEED 58575 <, Lol O & &
& REHEED EEISELE, 47 EFofELEROHE
BEERCEERERZ % © REEED EioAtEH
~, FOBRATIE Li=i{ BEHII->THhBEELRRTE
ERTEA,

CCCRT IR 2R A 0EMNEL, 4 72
EEOTHA7ORERZ0LL, BRORATy TOHS
HE@ER b L9 5, I=hjftand THZ LMD, &%
Ak 41 BCHU L S (001) Bod 7 EIETR
a/2 X BOHMETHL, UL, EOfioBs
ﬂhfb%%ﬁf%%bﬂ@@mmoham2Mﬂ®&

OEERECEECHELR T —FDETo D&M OE
ﬂﬁ%@bﬁ%ﬁwo%mﬁ7@%ﬁ€®§ﬁ5ﬁﬂ
Mo oosEal, REOEMOEHEI L5, &
Bicl LT 6=1 ERC 2 EOREERE LI,

Fig. 7 OBHEFEFROBEEES D, A=ay2 &
L, ERTRIERUIEDS 7EFEE L, HEHRE
% 0.1~0.6 um/h @ P TE S, BREEE
bR CERETTES SR —2oRERTcd T 5
REHEED REIMEA S (- R HETE) HE2xD
(Fig. 6 8}, @& & L=l THBE LT, P=2D¢
£b, ToREwETLEDEEERER D 2kbizbo
Thi*,

I 7 —

-8 — BRIE 0 OREREO RHELICLS

ISR T AR a/d &L, t 0T LI EEE
mb\ffj‘rﬁj L/Tl(‘%o



— 208 —

Substrate Temp, {°C)
320 310 300
T T T

ot 1°0if toward (110)
b= 2°otf toward (110)

Diffusion Coefficient{cm¥sec)

=13

! ! | ! !
168 170 172 174 176
Reciprocal of Substrate Temp, (107K}

Fig. 7 Arrhenius plot of logD vs, 1/T.
Activation energy AdE=1.9eV,

LbOTH L, 1EF 7 oRFiCBWTRERER 0.6
pmf/h & Lick s, D BEREFCPLTATECELD
@, BOFey P ERERLCE ST, BE»
SRk SR, BOREOFICTN TS b IRBIERE
BER - bDEFA DN, a2 OEREPIA i/l
ORELTETVbDEELLNE,

DR D 3 #=2Dc EDBERLTHELD, IO
EEpSswdsd DI 14 s, ULhLRESET
ARSI BERI A v FRESI, Bl bz i F
M Fig. Td d4E=1,0eV TH B, 1ZTHR~LS
i Ge (111) BHTOREERICHESEE o 5 v ¥
i AE=1.0eV  0.8eV THH, Tk (001 HOM
1.9eV ORNEECIE>TH5E, FHMPETOFEE
&, HEECL - TEEE A v MR EERENS
CLHELAE, 1.9eV HBERNEICAEEL 5. D
OSHE NI, FEE O 7 — 2 BENIEEEE
WTERIN TN EPEFEBESTLIL, &5
i, BrOESIE, BECHE, BERICOIEREERDS
BoTWE o EhbIRTECLimeniEEBENR
A

Fig. 8 i3 Fig. 7 © D AT Lli=2Dc LI
WL BRI L ©5 5, BmEEERERE
BE, RRHEOMKICKET b, BEM LMD EEL
Do FRREMEAES 5B & T TR KRR LY

REMNSE H8%E F3F (1987)

3§gbstrateTemp_([’C}
310
500 T T 3100
I Growth
Rate
= 01pum/h
<100~
= L
Z .
3 I ~
= F ~. ~ 0.5 nm/h
o
= 504~
w
2 | \ 1.0um/sh
E -
10 ! | ) 1 1
168 170 172 174 176

Reciprocal of Substrate Temp{107K)
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