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Relaxation of the first bilayer of InP(111)A surface
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Summary

Surface structure of InP(111)A is investigated by reflection high-energy electron diffraction (RHEED) rocking

curves and first principles calculations. In this study, we use Ar ion sputtering and low-temperature annealing as

a cleaning treatment that yields a (1x1) surface structure. RHEED rocking curves reveal that the interatomic

distance of the top surface bilayer reduces as if the surface were under compressive stress. We perform first

principles calculations based on a 2x2 unit cell to obtain a stable structure. The calculated results suggest that

the top compressed bilayer is necessary for the surface energy minimization in structures missing In (or P)

atoms. Taking into account of electron counting rule, it is concluded that InP(111)A-(1x1) surface structure

comprises randomly distributed In vacancies with compressed bilayer .

F—U—F : KSEEEF BT, InP(111),

—JRBRRIRL, R I

Keywords : RHEED, InP(111), first principles calculatlon, surface structure

1. [XC&HIZ

- VL EW 8RO P EEIEA~T 7T B X
F o VR E LT, BTN, A ORERE. B
WE T A ADEHRICH S, Xy T — 75
ICITHEERMETH 5, 734 ZADOWHILIZEN,
IP(111) DK &2 M5 2 LIS HMB A O
FTRMOBEN S L EETH DN, B L ZOREHE
EOFEMME TV R VORBIRTH 5,

PB4 O M-V ELA Y EEKTH D
GaAs(111)"2, InSb(111)34, InAs(111)%, GaP(111)972 &
LEFTANAALELTHOYLNA TS, ZRHDOEME
HARPEA A L, £ OREMIE IS, T, HE
72 EITRAE L TRk % Ze R Z R~ 37, FrICIIE ST
FNRRMETRIGT D A Rl CrIQx2)FE E@MEE B
HZENMLNTEY, TOMEL 2 EEM RO

MRE 23R L7-fEdE & L CRO LTV D, il
F=v 2 har by o7 0 70 DR AR
HCTHY, BEINZREOMKER FIZMETDH 7
Vo 7Ry RNOBEFIZETE 2 BOVIRE-ICBEH)

L. fHFAIC iz@@ BT SN TLENRT D
HLDOThDH, FHEHELYAW-RE = XL X —0
O b IR T O RMEET VD e S L8 L= 2K 1 P
ThHHIERMLNTWVWD, ZORE, KoMK
JEE 2 Jg B OV IERIEF I W 2> CHEE 7 A EE
SNTHEEE LD ERWESINTND,

L L7236, InP(11D)ZFREICES U CIdKmt s L ¢
&Y . InP(L1D)DIEHFR T OVERUITIE F O M LT
IXREE 2R T2 D7, Z DOREREEIZ OV TORE T O
-V BALA P8R e R TR D T 72 W O 23N BLIR &
Hbi b, 2003 2 Li HIxAEERILFESMAE X X
2 — (MOVPE) (Z XV R SE7 InP(11DA i (In Ji

*ORFIRZFE T ERE T LR
R Ay PN S N S e
AL R L T E R AT



THRREFEIZHDER) ITBWT, £O7 =— /ViEE
23 400°C TR EBREIENBLIL, ZLE VKR
250°CH T =— VIRE TIE(3xV3)R30° £ A% 1 /3 Hi
5T EEER N RVEMES (STM) & KHEF[7]
PraEfANTBIZE LTS Y, 2008 4£(Z Akiyama 1%
N DORBERERIZ DOV T ab-initio FHE 24T K FEH
TR Ny v R_R—= N ENTREH LTV TR R
HEIOBEBFEHZHREL TNDE Y,

AAFZECIETIR OB I E S 4172 InP(11ID)A 7O 7
TN—T Ar A A ANy B2 Y Tl 200 CHE ORIE
T o= AT S LIk ImP(11)A FKHEDIEE
fbeRkAiizt 2 A, (IxHFEERDPBNTZ, 7T =— VIEE
% I E IR O S00°CREE & ¢ EF 5 & (2x2)&im o H
BZBE LN, In Fry 7Ly NOEEBBEEIN
L7202 Z T mPAIDA-(IxD)REETE L Lz, K
S EHE 7 M4 (RHEED) D w2 7l 0L 45—
JFELGHE D25 Z ORE OREMT 21T o To & 2 A,
fit O M-V FELE W EEER 9D 11DA RiEICEN D
(2x2) PR & [FIRRIC, K 8 O EMEREf & &

R FDORMDTFET D 2R L0 THRET 5,

2. RBRAE

W23 EHE InP(IDA 1 CTH 0 | TR Bk 7 =
N— (MTI corp. B4 N &Y 7> K—7) % 0.5X4 X 15mm?
WZEIlr L CREA L7, BEEZER ToRmFR I
WTCiE, —RICHW SIS 1000°CLLE D EREANEED
%mféﬁwo%ﬂﬁ\MPﬁﬁ@ﬁf%wﬁﬁE%ﬁ
THEHOTH D, 200CRREDNEN S P IR 257K3E L
MR B 7207, FEICIE 200m FBEEDO In D Ry 7L
v MK S EED, S00CRRE DM TIIZN L DA
WIZEL 0¥ um BEM EOY A XZRET 28570
SEM THIZE X7z, Z O X 9 IZERMENCEmIGRY)
ZREL I &L, REMASCEREICEZ KT
T, FI T, BUFETIE Ar £ T ARy 2 Y T L
200CFEE DR T =—WIZ L o T bRl diz, =
DL RAREIMEL TS Ar A A2 ANy X Y T THid
TR EEEARETH D Z & 1% RHEED KEDOE D
BENDOMRIND, ThbbL, T4 72— X72ET
KD/ 7 77 2 R HLEEROBIPTELS S HEL L
WD DRI RBREOMICHER TE S, 2 n &
O P FT ORI K E 2 RIEIHEZ RET 5D L&
A5, 7To—MREL 500°CFLE I LT 5 & (2x2)
HREENHET B8 b o208, FOBRAICITFERE
WZIn Fry 7Ly BRI TND Z ERBRESN
étw AWFZE CIHKIER T =— L TR SN D (IxD)FE
S % MG TR AT 5 T2, (2xQ)F I & (Ix1)FE H D

HBLOEWR T =— VREZFIC L D b Oh, 8
E LIRS L OB IE . 8OO EZEREIC IR T
FTHMTHAL TRV ORBRTH 5,

RHEED O ASE T % /L ¥ —|L 10keV & L. [AIF7E
TIEDO AFHRFAKGFETH L 2 v 0 iR
M 21/ AR HFMNB I OZNNB55 T 5 L7
one-beam ASt 5L CHIE L7z,

3. FtEAE

FEBRCTEONLEFET OO v X Fihi L 35
bELNLE Yy XU E 2T 5 2 & THEETE
TNERE LI, Flo, TRF IR EMIE NS
AT ONWTEE B EIC KV BREE L7, 2 BE!
BOFEMCOWTIE 31 i X328 cib 5,

3.1 EHEBEFREDFE

0w X SBROFEIT LT AT A AE ) FAOHE
i BDEMWTIT o 72, fidhART ¥ v /vid Doyle &
Turner OFUAE W& HWTEHE L, BRINARTHEERT
VIUY MIERRT R LD 10% E LT, fEimE R
HTPATIC0IAETAT A AL TEATA ANTY 2 L
—T 4 =R EMEL D, IR T 5 100 A D%
SECTHEEZEIT L, BTREZRT T A KTIE
FHET B=2, WX B=1 & L7, BE Ly NI
(00), (£1/2 £1/2), (£1 *+1), (£3/2 +3/2), (£2 +
2)D 9 >ThDH (BEHFEIE), ZZCTHETE Y R34
DEENTVDED, fHR & T HREHI(IxD)EKE D=
ey FIZREEET, EEMIZ 5 >OBERe »
REOHREE LT LIZ5,

3.2 F—REHE

B — IR BREH A CIRm B LRSS (DFT) 2w, #
TR =N HEL RO ELZRER L, S
iz 7 MEVASPA.6'TH Y | ZOFHREICITET & A
ﬁyk@WEwm%ﬁﬁ#ék@mw%%mw”L%
BRI AL ARG (GGA) A ST d 19,
By FA T T FX—(T 4006V Th 5, FtHIL 2x2 B
NN DR F% 10 bilayer £ TERE L7223, Rmnbd 6
bilayer [ZH HIZENT HIRAEE L. DT D 4 bilayer I
2SIV DJFFALEIZEE Lz, FED 6 bilayer O
FAEZNANAENL, BT RAF—DOERL 72D
e it 22 TEA I A SR D 72,

||

4 RBRUHEBREER

%5 L4 HEIREIT ImPID)A O (1% 1) HEE



TohbHIz, MNTGHORTFEMEZE 27, miE 5w
DIHOFEFNZFE LIz, Fig. 1 ([ZHEAER InP(11DA #
4 (@)E LD, (O)EMN OB 2R T EZ R T,
Fig. 1(a)D KWVRENIFEBRBE L7 EFHRO ANH AL,
TRb LRI AR G TH D112 A AL s Zhn
55.5"9 5 L7z one beam ARG E T, THENHD
AFHALO RHEED KEEZ DY I 2 Lb— 3 VX
% Fig. 2(a),(b)IZ7~d Fig. 2(a),()OHAFMITThER
34°L35Th b, I 2 L— 3 XJE L FE RHEED
MIELIZELSKHELTWADZ ERbnd, RBEHE Y
22— BRSO R B, RS
PILTWS, Fiz, FEEILE (SWR) SEEII Kkt
KOHTTRENTND,

10.165 A

(b)

Fig. 1 InP(111)surface; (a)top view, (b)side view.

Fig. 2 Experimental RHEED patterns at (a) [11-2] and (b)
one beam azimuths. Insets show the calculated RHEED
patterns which consist of diffraction spots, Kikuchi
| ines and surface wave resonance regions.
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Fig. 3 Calculated and experimental rocking curves at
(@) [11-2] and (b) one beam azimuths.
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Fig. 4 (a) is depth position of surface three bilayers for
bulk truncated surface. (b), (c) and (d) are energy
minimized surface structures for bulk terminated , 1 In
removed and 1 P removed surfaces in 2x2 unit, respectively,
which are calculated by first principles calculation.
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Fig. 5 Calculated (upper) and experimental (lower)
rocking curves at (a) [11-2] and (b) one beam azimuths
for randomly distributed In vacancies with the vacancy
ratio of 30%.

Hr Lz, IRIRTH 2 U KA 2 {5 THRRAIIC

0,030 0010
222 333 444 555 666
0028
00 0009 4
0,026 |

0.024 0.008
11 P vacancy
0.022 4 00074 50%
00204 P vacancy
50%
0018 ’\/ 0.006
0.016

0.005 \—/

Intensity
Intensity

0014
0012 0.004
0010

0003
0.008 4

0006 -] 0002
4
0004-|
0001
0002
0000 s - | 0,000 - : ¥ » —D

T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Glancing angle (deg ) Glancing angle (deg)

@ ®
Fig. 6 Calculated (upper) and experimental (lower)
rocking curves at (a) [11-2] and (b) one beam azimuths
for randomly distributed P vacancies with the vacancy
ratio of 50%.
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