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T 500 °C. T2 2 BT AL HE A S I R D) R v
Ga Y5 i ¥ 10001070 °C ' %5 2 R i JE 558 (As
beam equivalent pressure, As BEP), UL As &[]
0—80% FEEACRMETR. 4 10 mm x 10 mm JEFE
21500 um ff] GaAs(001) L & 41 S (Si 5 A2 B
N Np = 1.49x 10'® /em?®) H In FHEEAIAE S BT I,
PO A E AR IR B R AT I MBE 24 .
FIF 5 =X g B TR 99X (reflection high energy
electron diffraction, RHEED) M Il % /™ 5256 i 2
HLF IR 15 keV, AT 22 HLFA 1.5 A, 4500 A
/NF1°. 7 As BEP N 1.3 x 1072 Pa ) Asy SRR
PR AR T e IR, i B IA ) 580 °C K 5E Ak
4. B S, AT IR PR S 550 °C, W E Ga i
HEE N 1050 °C, 76 V/IT R KT 15 & T,
£L0.25 ML/s (monolayer/second) A K A K
500 nm 5 [ GaAs ZZ )=, JE AR K 40 min 3K15
JEF PR . LA R EE N VIGG R, 4t
JR iR FE B K 22 530 °C, 474 As BEP 1.3 x 1076
Pa, 43 3B K ALEE 5, 10, 15, 30, 120, 240 min.
— UGB KSERSE, JH As I8, KRR PUE K E =
T FEAEI% 2 STM o HR TH AT H R R AE.

3 HR5iT#
3.1 REEHRHVRE

R4 GaAs(001) 2 i =44 AH B AT %1, 7E 1.3 x
1073 Palf] Asy BEP % fF T GaAs(001) 3 M 1
B2(2 x 4) FE AR FE X [y 520560 °C 113191, Ak
56 W R BRI 22 530 °C BT RT3 I 4R R 1H B A SR
TP B2(2 x 4) MR WA 1 . Bl 1 (a)
Ny RHEED 74 B, BRS04 73 % H [110] J7 1N
2 %, [100] HHA1 x , [110] HFN4 x , E1(b)
791000 nm x 1000 nm ] GaAs(001) FH STM [,
BRGSO T 400 nm, F I T 4E N BT
1EAE.

TEPIRRRE I B2(2 x 4) EHIAH T, ¥ Asy BEP
1.3 x 1073 PaBffk N 1.3 x 1076 Pa, i KIF
AT RE, IR RS < KA. b
F B KN TR] R K, 3 1T TR 50 A B A R 2 (AR
1B K5 min 5 3R T 46 H IR 20 [110] J7 11 1 %
RANGLUEE 2 (a) Fror; 3B K 10 min J& 5T R ;48
Kl 2 (b) Frow, ZREIG0H [110] 5 [110] T 1A
J&; 1B K15 min YR BAL G MR, A

S B RS S R, R A AN TGP AR A
B2 (c) fitzr; 3B K 30 min Ji5 2 T 2 BURLIR 45 14 i
B2 (d) frw, R TIRELF JC T FHARAS; Bk
2 h G R IAL T 67 PR, (HZAX T B 2 (d)
R KHBE R B A BT T F%; Bk 4 h 5 RIEDOE T
I, RA DB K ERGFEE. A2 (a)—(d)
A LAE H B E IR KR E K, GaAs(001) RHZ
T3 T H P $E SR T2 M i AR D T P 3R T I A
55 GaAs(001) 2 [ FiUHURS 16 1 72 1 B0 5 S 30 A
FERIXTEL, B2 (a)—(d) B2 B 2 St 734 ) 2 T R
B R, AR, B2 () (F) 2022 B TR R 2
FHAREAEILIR K A& AF T K AR E. B2 (d)—(e)
BRI R EH &SRR G
M 2 (f) SR Ll A DHCR B2 E IR X
B, HRKFETAGAE, KRS MRk, 7]
LA N TE A SR T FE N 530 °CAR As JE 25 1F FiB K,
GaAs(001) RIHZ P T WFIHE BB ESIRE, K5
PR B ERE. F S 3 A R L RO s
AR BT 75 L B AT BE A 0] T AN R TR TS0 1V
A5 Sz bR R As JE (Asy BEP N 1.3x 1073 Pa)
PSR 5 AE As JE (Asy BEP 1.3 x 1076
Pa) ‘P &R AL, 25 bR E7 L8
27 7 A ER AL R R

[110] [100]

1 (a) THHEMB2(2 x 4) EHF I RHEED 7 45 K;
(b) ~FIHH B2(2 x 4) EAM K STM [l (STM [H] i HL &
R —2.3 V, BN 300 pA)

Fig. 1. (a) RHEED Parttens of 2(2x4) reconstruction
flat surface; (b) STM image of p2(2 x 4) reconstruction
flat surface, STM gap voltage —2.3 V, current 300 pA.
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%30 min
-

15 min

2 K As &M TR KR STM (a)—(f) 23 7% M7 (1738 K B (B4 5 min, 10 min, 15 min, 30
min, 120 min, 240 min, (a) STM [AIFEHEN —2.6 V, LN 300 pA, (b)—(f) STM [AIFRHEEN -3 V,

LI 200 pA

Fig. 2. STM images of annealing surface under low As pressure, patterns (a)—(f) correspond to

annealing time 5 min, 10 min, 15 min, 30 min, 120 min, 240 min respectively, patterns (a) STM gap
voltage —2.6 V, current 300 pA, patterns (b)—(f) STM gap voltage —3 V, current 200 pA.

3.2 REEWEE

B4k 2 0 B LR 1S EB2(2 x 4)
1, % [ RHEED i7 4t a0 B 1 (a) s, A H
RHEED 52 i 5% As R K 1) GaAs(001) FH,
KA T — LA B 2 OB SR ] 3 AR Ak 1) R
RHEED #i7 % B, Wi 3 frox. 438 K5 min, 10
min, 15 min i, RHEED fi7 5+ & & 7% [110] J5 17 )
2 x H[110] A4 x ZBHAA G, 81
B2(2 x 4) EM KA BAFAE, 3R =AM LB H#
A, B2(2 x 4) H A I W (14 17 74 Sy F Al 1) B 44
3B K 30 min J&, [110] A2 x 5 [110] 51
4 x 44, [110] J7 1A H BT 6 x ; 2438 K 60
min J&, [110] J7 A BRI 6 x , [100] 77 A A 1R
6 x , [110] J7 1A ATEMII6 x , XRRE O A
ML (a) BT B B2(2 x 4) F A H ) JE B 56748 Ny
T () GaAs(001)-6 F AL A (1016171 38 2k 120 min,
240 min J5 [110] FF 1AM 6 x BRI, ZR1H 1
GaAs(001)-6 A AHALE A, ATLLE HAKAs K
AT TR IR K, R E M AR AR & — A RS (1 A
2, (2 x 4) HIHIZHE K, GaAs(001)-6 H 144
B R (EREA R EM RS RES, BT

A RGNS, IR AN [F) ) AL A A TR
A SCHRAF B o HER ) STM B REIE 523X — A,
Kl 4 FfroR.

VIR R TR N B2(2 x 4) AU 4 (a) Fin$
T A4 JE B HE A B, 3B K 30 min J5 & 1 LT
A, R R W E 4 (b) F(c) B, HAE 4 (b)
3 7 3% TH) FE A R Ak e B B 4 (b) HR R A X I R
HE A RS, T B 5 C X I8 A TP R
BL. B4 (b) # A X320 nm x 20 nm #J STM B 41
Kl 4 (c) Fiow, I SPIP #4453 #1184 (c), Line pro-
file %7K Line 1 P& &4 2.4 nm 154 72 Line
20 %, UL AT A 4 (b) 7 A X3RN (2 x 6) FE A,
BB A 6 F B &5 s, [110] &
N6 x, [110] FFN2 x . 3B K 30 min J5 —FhHr
{1 B R A E R TR FF 46 TE A, BT (1 3R TR A5 1R 47
5 3 fRiE k30 min f RHEED fi7 5 AR AT, &
HIMHIT IR RS FE A VA FP I (2 x 6) Y
#H. 3B 4K 60 min—240 min ] RHEED 75} & &
N2 GaAs(001)-6 ), H GaAs(001)-6 = A4 AH
() RHEED fi7 54 B+ [110] 55 [100] J7 A1 6 x —HE
IRMERA S, SR [110] J7 M6 x EEk kK i bl
AL UL, ST AT A2 1) GaAs(001)-6 FERIAH.
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[110] [100] [110] [110] [100] [110]

5 min

120 min

240 min

30 min

B3 Bk 5—240 min f] GaAs(001) £ifi RHEED #74 &
Fig. 3. RHEED patterns of GaAs(001) surface under 5-240 min annealing.

Line profile

g —100
1

—200

—300

0 2 4 6 8 1012 14 16 18
nm

B4 (a) 20 nm x 20 nm GaAs(001) B2(2 x 4) FEMHFE STM B, STM 8] f 1 N —2.7 V, HLHN 150 pA; (b) 100
nm x 100 nm JEfFFEFE STM K, STM [HERH KA —3 V, HIGA 200 pA; (c) 20 nm x 20 nm GaAs(001) (2 x 6) 4
STM ELL K Line profile B, STM [AIBEHE RN —2.5 V, HifiA 200 pA

Fig. 4. (a) 20 nm x 20 nm STM image of GaAs(001) f2(2 x 4) reconstruction surface, STM gap voltage —2.7 V, current
150 pA; (b) 100 nm X 100 nm STM image of disorder surface, STM gap voltage —3 V, current 200 pA; (c) 20 nm X 20
nm STM image of (2 x 6) reconstruction and their line profile pattern, STM gap voltage —2.5 V, current 200 pA.
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B 4K 120 min 5 8 2r HF 3 STM K4 &l 5 (a)
5 (b) frzr, B 5 (a) s R HAEAE R B H A
AH, (ESE AN HER— 1) (2 x 6) B R Rl ) E AL R
[, {E[110] &b FIM 6 x A& B, MAE [110] &l I
AMEE 4 (a) F1 (b) ) = AAHE (dimer row) B5%,
7f dimer row F) 77 7] As dimer FJHR, X PR
BMEER S (b) ATLLEHEREH. WE S5 (a) 5 (b)

A AR K 120 min J5 2R, S2FR2 H— L858 211
(2 x 6) HAYJEPANER T —THE dimer K (2 x 6)
) JFI TR . X T RE A2 R T RHEED 74 Bl v
[110] J7 M 4 x — ELARBORI TS i R 2458 K
240 min J&, =23 #EE STM KK 5 () 5 () FiR.
[110] & FKAR A 6 x , 1HJE [110] &1/ dimer row
AR NE VIR I 458, dimer row ) 56 JE AR 4%

5 50 nm X 50 nm (a) 5 20 nm X 20 nm (b) fi As ik 120 min GaAs(001) &5 ##% STM K, (a) 5 (b)
STM [HIBRE R0 —3 V5 —3.3 V, Hi4 528 300 pA 5 400 pA; 50 nm X 50 nm (c) 5 20 nm x 20 nm (d)
ik As HE3B K 240 min GaAs(001) E4HFR STM H, (c) 5 (d) STM [RIBRHESHIA —2.9 V5 —2.8 V, By

4100 pA

Fig. 5. 50 nm x 50 nm (a) and 20 nm x 20 nm (b) high resolution STM image of GaAs(001) under low As
pressure annealing 120 min, (a) and (b) STM gap voltage —3 V and —3.3 V, current 300 pA and 400 pA;
50 nm X 50 nm (c¢) and 20 nm X 20 nm (d) high resolution STM image of GaAs(001) under low As pressure
annealing 240 min, (c) and (d) STM gap voltage —2.9 V and —2.8 V, current 100 pA.

3.3 KEMHSEWRENXHR

# Asy BEP H 1.3 x 1072 PaP#{k A 1.3 x 1076
Pa, KT EH -5 R TH H A [F DA, A2 1T FE L
1B K 120 min A PABYEL, H3.15 3.2 07 k%K
MRS BRI RE S, H—B B =
BERZL. S — B B NI K 0—120 min Z [/, #)
IR B2(2 x 4) EHR ML R A B As KR
BT, AsJET4 MR LR 18] 78 Asy BEP A
1.3 x 107% Pa B2 T, 2EA GaAs(001) 2 [H 175
At PR HAE B R As K. Bl thAZHS

B 458 5 B AR UG R TH B2(2 x 4) M 5B K 5%
T (2 x 6) EA BRI, LR T As 178 55 %4y
H290.75 ML, 0.33 ML 10131 ) B2(2 x 4) EiZ
Wi (2 x 6) EAIEHAS RIS AR, R As 7 55 %
BHEAL T 56%, p2(2 x 4) EALMEK As dimer %L
B TR 2, B2(2 x 4) HEAFHLFEI 34 As
dimer #SATAES 5. IR R T EB IS 5 WL I 2
B2(2 x 4) EAMRTZ MM As dimer, PRI T
WITE B 26 TE ST 340 dimer row J7 [ B [110] &
). £ As [BibH O [RINF, 20 1t 2R B As J5 7, R
FE WP As B 70 T BB ) As J5F. 4 As dimer
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B i, R R - E R AR AR A K As T 5
R (2 x 6) BRI, 78 [110] fA L4 x 74
N6 X, T EMINFE RN B2(2 x 4) A JF HLE BT
R E M. A SRR TIUZ 1) As dimer 7ER T 1 it
B R B RE RS AN REAE [110] S A1 A% 6 x A
W R ERm 2 3NMNETFENR TS5
3 TH PR B3 B WP FE RS, R R 28 B2(2 x 4)
HIA IR (2 x 6) . BARHKEES®E
JE &R E TR M [001) 7 1 LR, FiiE
RETE RIS BRI FHEEPRE. 5
— W B B2(2 x 4) HEAIR AR BN R E 1)
(2 x 6) ), PP R B B 2 [ ) 3R, R
T DA B [T PR RE AL R . DR e ] DA T 8 oAtk
AN TR R T 1) B AL R TH 2 T A B AR I R &
— AN R L.

55 M BONIE 4K 120240 min 2 8], I 2 (e)

B (f) °T LA B8 i B 3 T T A 1 EH B2 K
T AR SRR, WS (b) E(d)) ATLE H, 58—
B B 3% T 4 th B 25 14 3% A% 9 B 4R 1 IR dimer
row [ (2 x 6) A, &6 o C &5 5 D g5 i
As dimer #5710 (2 x 6) EABAL. K5 (d) AT
BEUIR (2 x 6) AR IE & H C 4511 D 454 1
HEA R MR, KR RELAD 45/ 8 E. C4il5
B & 16 574 Ji7 i As TR 78 75 2602 — B0, T D 454
K As 78 52N B 41— 0.16 ML. FIGAE
55 B B s AR R (R AR B A SR T As TP,
B2 1A B &5 TIZ I As dimer 215 26 T it B B¢
KIIEF. RBLAE[110) B 6 x EEF A%
B, RORTERC T #E VIR (2 x 6) AL, 1X i B
GaAs(001) K [FFPRTY (2 x 6) A 2 (A AR,
A2 B AR W50, 3% T T 50 1 e 24k
HigHL.

6 RIMEMHI A-B2(2 x 4), B-(2 x 6), C Al D-FEKIRAI (2 x 6)
Fig. 6. Surface reconstruction mode A-$2(2 x 4), B-(2 x 6), C and D-Zig-zag (2 x 6).
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4 % #®

A% S I K As R OB K Ab B 447 35 1
GaAs(001) B2(2 x 4) EHJL M, FFH STM FAEA[H]
B K] ) GaAs(001) RIS S R EM. KL
R IESRG 7 T T8 21 Fe 7 45 R 2 217
RS, MR E AL T H B2(2 x 4) HAYZMT
AR (2 x 6) HLAL, 5 A AR IR URIR 1 (2 % 6)
HEH SR, KBS L =M BT
GaAs(001) R As RIS HEA RS, BA
AR IR b Y P Bl R T As BT IR, 7EIC As
JEZMT, GaAs(001) R THIZHN S As I p2(2 x 4)
I E MR NE Ga HERIRE (2 x 6) F4H
HIRA, XRIEARIRE (2 x 6) AR AR
IRE 4530 °C, As BEP N 1.3 x 1076 PaltlfefasE
AELE, BEACIRI (2 x 6) EARAE As JEZ&1F R I
— AR (2 x 6) EIAH.
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Effect of low As pressure annealing on the morphology
and reconstruction of GaAs (001)"
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Abstract
In the low As beam equivalent pressure condition, the in-situ annealing treatment is carried out for the previously
atomically flat GaAs(001) f2(2 x 4) reconstruction surface. Utilizing scanning tunneling microscopy, the surface is found
to change its morphology simultaneously with the surface reconstruction during the increase of low As beam equivalent
pressure annealing time. The surface morphology undergos from ordered flat to disordered flat and then gradually returns
to the ordered flat state again. The surface reconstruction turns from f2(2 x 4) to (2 x 6) and then changes to “zig-zag”

(2 x 6) state. And there is a correlation between the evolution of the surface morphology and surface reconstruction.

Keywords: surface morphology, surface reconstruction, pre-roughening, (2 x 6) reconstruction
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