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AR IRZ. WK1 (al)—(cl) W LAE H,
AR K B2 ) S B80T R BRI AR O R ) RN
N, IXRWIBEE R FEIT 6 b - GB35, 23 s
i /N, G & 1] Sk S IR A A A S
A [110] J7 A1 BEAT, 1% 2 1 TTE Al 17Gag ssAs T
I 2 T VB B i1 IR B & 1) S PR S B XA
155 ) PELE Alg 17 Gag g3 As VeI F 4 Pk 1 S B
(STM) K rp ] LA £ 3] (W 1 (a)—(c)). WE
This, i BT EA S, TDFTs AR 2K
TR, X g 7 G R AR
TR, W 1 (1), ‘B EoR T — N8Oy W i, X
KR BA XS E N b T & KRS

1 ARBEET ((a), (al) 520 °C; (b), (bl) 530 °C;
(c), (c1) 540 °C; ) Alp.17Gag.s3As/GaAs (001) R
%31 (1000 nm x 1000 nm) STM &5 {8 B iH-25 4 [&]
Fig. 1. The surface morphology of STM images of
(1000 nm x 1000 nm) Alg.17Gag.g3As/GaAs (001) films
and Fourier transformation under different annealing
temperature ((a), (al) 520 °C; (b), (bl) 530 °C; (c),
(c1) 540 °C).
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Fig. 2. Coverage of island, pit and terrace versus an-

nealing temperature.
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Fig. 3. Coverage of pit versus annealing temperature.
XL () B 1 (b) P& ERISiE SRS
SEIRTEON
To—T
a(T) = 44.254 exp ( 0

1

) —98, (1)

Hor o(T) AR IR AU 5 %, T AR MIRAR G
JZ(°C), & 2% 0, ARG o HE IR Z A A
(61 &~ 16.127); 1 Ty ~ 520 °C, XH&—AE LU
B K FHILE, iR AR T 520 °C, IR K 2k
WFER KA (it E E R O AW e). @il (1)
Al LIS BI7E Asy BEP N 1.2 x 1072 Pa, iB K 60 min
%ﬁ:—l:iﬁﬁtjgkﬂ\fiA10,17Ga0,83AS %H}'@, ﬁ%%
IR KR A 544 ©C, X HL e o R KGR R
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FE (LB 4 (a)—(c)). B G iHnT LA 3, 7£ 520 °C
MR K TP SR EZ 9251 pm. BEEIR
KR FERISE T, T 67 B RS BB o, fE
540 °CHFIAF] 158 pm. 44 5 3% B Bl % 18 KO B AR
1 Aly.17Gag g3 As T (1R RS B2 328 8 I, TR R
i) TP Ak, RS FE ARk i 3 R R T LIS
5 78 f 2 AR AAR L R B0 X, il 4 () B
. G RO

Ty —

T
Ry(T) = 174.35 exp ( > +76.76,  (2)
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Ry (T) R EARESE, &K 0, ~ 26, MR
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)BT, A G RAESE T 2RI o R
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Hit P2 BE M AROUE L 5 e 1 6 PP 350 i it P2 P 324

3.2 ERIRNIRBIRIZIE

HRAE SCHR [18, 19] 52 0 I 2 A,
J S5 HIOE R o W LIRS A
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X MOBFHHEIERE R, AG NRIE A H1fE, it
MR M AT ARoR

e i2) ®

080503-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 67, No. 8 (2018) 080503

Hieght/nm

0 20 40 60 80 100 120 140 160
Position/nm

Hieght/nm

0 20 40 60 80 100 120 140

Position/nm

B4 FEEET (a)—

| (b) 530 °C

Hieght/nm

0 20 40 60 80 100 120 140 160
Position/nm

250 F

150
520 525 530 535 540

Annealing temperature/°C

(c) Alp.17Gag.s3As/GaAs (001) R G B w2 (d) RS2 FER JREE 1784k

Fig. 4. Terrace-step height of Alg.17Gag.g3As/GaAs (001) films under different annealing temperature ((a)—(c));

(d) roughness (Rg) varies with annealing temperature.
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1)a:7x:urﬁexp[}z<]h>], (6)
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,,,, MR E B, R H B i AG NS 5L
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MZ 5B T BEN, ATURRA
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Z 5 AL JE - i (G AN R o2 B )ZE SR T A A
B, % F1 em x 1 em Alg17Gag.g3As i H N
6.25 x 101); K Alg 17Gag.s3As HME AR G g )=

0 d, SHAER d ~6 ML(WLE 1 (a)—(c) FHEE);
u&%%%@ﬁ%%%ﬁ¥£wwﬁb%%ﬁ¥
bb), BB R AT AR R A
Tripen = %, (9)
Horp S oy B 3 PUL rpen AR KBTI FEAR
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REM RS, IEW7ER 2 Fvhie 4R 7ER
kﬁhﬁu%ﬁﬂ%dﬁ#%mmﬁ%w%mﬁﬁ
PARSF B T8 R, BE A I I PRI AN 2 5 85
TV HABN TR, M85 5 B E 75
Wb, FrLL, 520 °C AN R ] B ] 46 26 51
LM HHM, A S5 RE TR LR
(B 1 (b)) 8RBT & (B 1 (a) SR
TR T
Aok, B4R F o IE B Fi8 k iR E, R

080503-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 67, No. 8 (2018) 080503
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A0 IR - EE 0 3 35 52 e IR K I TA]. AR 4 AT Sk
5645 5 23R KGR E N 540 °CHB K 60 min A4 i
JIES 25 T K B AT IH, R 0.20 < 6 < 0.25. 4
1B KR N 545 ©C, [RIRE AT LAHED AR KB R 292
55—60 min. XM 5HTCHIGRAE— 3. FTER N
()72, AN SCH SR Ian e b, 1 2R K il R It vy I e R
T ) A R = A R IR K & )8 Ga i 122
& S S ) v 2 T 4 S Ak P2 TR, 43R R T I
e I, PR T TR 3 ) v A N R X S (R R T
PP AT e 5 e i 4 A 22 .
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Fig. 5. Annealing temperature vs. annealing time un-

der various annealing atoms ratio (0.2; 0.25; 0.3; 0.35).
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Abstract

For matching lattice parameters, AlGaAs alloy is usually grown on a GaAs (001) substrate. The AlGaAs/GaAs
multilayer structure has been widely used to manufacture various photoelectric and electronic devices. The practi-
cal importance of atomic flat surfaces lies in improving the performances of modern optoelectronic devices based on
AlGaAs/GaAs multilayer structure. The influence of temperature on the flatness of the film has not been analyzed
in detail, so it is very important to prepare the surface at an atomic level by adjusting annealing temperature. In
this paper, 15 ML Alg.17Gag.s3As are deposited on an n-doped GaAs (001) substrate by the molecular beam epitaxy
(MBE) technique. We study the effects of various annealing temperatures (520 °C, 530 °C, 540 °C) on the flattening
of Alp.17Gap.s3As/GaAs (001) surface under the same condition of arsenic BEP about 1.2 x 1073 Pa, annealing time
60 min and growth rate (0.17 ML/s). The (1000 nm X 1000 nm) scanning tunneling microscope (STM) images and
Fourier transform graphs are obtained to show the evolution of surface morphology. In a temperature range of 520—
530 °C, island is ripening, the coverage of the island increases, the pit also begins to merge into a larger pit; when
the temperature exceeds 530 °C, the increasing of ripening rate leads to a big island and the pit turns into terrace,
while the coverage of island and the pit gradually decreases. In the annealing process, the area of terrace increases and
gradually approaches to 100%. By quantitatively analysing the coverage of pit (island, terrace) and root mean square
(RMS) roughness varying with the annealing temperature, a 545 °C (£1 °C) better annealing temperature is proposed
by fitting the curve of RMS roughness variation. At the same time, the film annealing model is analyzed in this paper.
Comparing the results in the literature with our experimental data, it is found that the change of annealing temperature
can influence the number of active atoms, in which the ratio of annealing atoms contributing to surface flattening (6)
should be proportional to the annealing temperature. According to the experimental results, Aly.17Gag.s3As surface
basically presents the flat morphology with 60 min annealing at 540 °C when 0.20 < 6 < 0.25. When the annealing
temperature reaches 545 °C, we can also speculate that the annealing time is about 55-60 min. This is consistent with
our previous conclusion. It should be pointed out that our experiment avoids metallizing the film surface caused by
the anti-evaporation of the atoms and the metal gallium atoms climbing on the surface of the film when the annealing

temperature is too high. The experimental results are applicable to the Alp.17 Gag.s3As thin film growth and annealing,.
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