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Atomic structures of Ga-polar GaN{0001) reconstructed surfaces have been investigated by using first-principles total
energy calculations as well as scanning tunneling microscopy measurements. It is found that the 2X 2, 4 X 4, and 5 X 5
reconstructed structures of Ga-polar GaN(G001} surfaces consist of Ga adatoms adsorbed on the Ga-terminated surface

bilayer.

L3 LU & I

GaN oM I b E gk, BmEEses g
- A A d— PORAESHEaL —F—& 4
F—FOERIZLY, E2{OMRECHLEZED TN
B0, Ebike, WIRESEHESEFIZT L FAY KEy »
TG E UTIER ISR iEEE b b, REIE
A WEEBECAY—BFFAL AL LTHHEER
HETHDS, NESHLEERL BPEE BB
R, BET AN R VAR E (BB, G
WENTWS, Dk, WHMm#EE (zincblende) &
O REE (wurzite) OWAMREET S, KREWY
Ry w 7R b0, SAHEELS T rEEEEboR
Y, Gads Y QRO ULV B S LEE & T
£ OFEGH HHH B - TS,

B 2< O34 Ak wurtzite #3% GaN @
(00011 fih (c &) ~DTEHF o v VERAWTFR

E-mail: ohno@nrim.go.jp

INTND, GaN O & F ¥ v AR TR, host
RO LS B TEATSERMBER WD LRRER
METHD. EROBRRETIL F 7747 (a-ALOY)
HEAFLIAVBRTWS, $ 77 4 THAIZD,
SIC, Gads g ¥ DIV i g, S, MO 4 Y
BB TN, 377 4TI 16% & GaN L O
FREERLHTLOR A0, (bSmReitEnbid
BTH LT AR Th 3. SICIRBFELTRETER
DA BIREDEASMERR S, EhmELofET
HYBEBIEETO GaN li BT ¥ 7 7 A 7 RB
LTwna,
ZOHEBHMEOMEO D, Y ErE el
RIZE D GaN DRELRBESBICLS L, INEHEET
#REH (RHEED) 2 X 2 £ OBHER Y O GaN R kR
HBETSWEIZIFELASER LR, LPL, &
i, BERRERTSS A/ —AOMEREEY, B
<HBENEHRTRAEEEIZENER Y,
EREICETAEERIIRC L Sk oTe. FOER
GaN R XD M-V LS4 A Ly e 28

— 10—



KREFES - Qi-Kun Xur + B3EFJ 135

KRR R L LRI TE R, 20
GaN HHEREECR THBE Mo mARcty s ¥
Vv AR FEE A B LT B b ic F BN b 0T
bbH, FHRTIE HeifTorH—REsgErEE by
FOVEEBER (STM) (2 &% GaN(0001) EEREETH O
HRETIT DN THET B,

wurtzite #1E GaN 2O BT EHNIY, F0EBETSH
3, THebb, BEOGN2ERTFBE GETFET
e (0001) 2R0E (Ga@) & NHEFE THRBE
iz (0001) |E (NI @ 2 OIS T AEET
B, GGEBLUNT b ZF e LBRRICLY
BT 2o RN TED™, 7, NHIRELTHLE
BiE 3, GaN{0001) M (NTE) 1 A% $ 774
FTEBE RN ALY~ ARAWES TR X %
—# (MBE) it LV GaN 2 EEHES®2Z iz k
DIERIEN S, 20N HOBEBRMEE STM % RHEED
LB sh, 2AF-FHHELTFbh TV,
Smith HOM|E" N2 £ H &, NMZ, HEGREED
Wi - T, 1X1, 3X3, 6X6 c6xX12) REOH
s TRd. IX1HEL EETANEFEOEN
HPOHEZGRTFARELZEET, ZEHGahE
BRIBFETHZLELLNTND., 3X3, 6X6, clb
X12) Y OFHMEEFAEE, ToIX1EE0 1 ETE
CallZERBO L E LI 1 FFRBUTO G 2RE
ERDZ LRV ERD. ZOX I REROEER
B 300 CLUFCOREE L, BT 1X 1 i~
WERRRER R TS, ZOHEBERE 1IXIBEED
Ga ER FORE-EREPER L EL LTINS,
A 1L GaN{(0001) R1E (Gafl) %, KFEZ v F
FLSE—ATTOMLED BB VEESHh
7o Si IR O 6 H-SIC(0001) FREAHEL LE 7T X<
F1E MBE R TERE L, 2X2, 4X4, 5X52 K 0FEEE
HEE 28 LY, Sic-(3X3) iz 750°C T 15048
EDAIN Ay 77 RS L, RIZGaORBEET
T650°C T GaN A E L. CaNEERIN 75 X<
BB 0C T2 REFEOGARTARELTRT
T 5, MELFEE 1X1RHEED A% — % T L,
B GaERIT LRTE LV hEFhicdhnwlErb
5. 2x2 iRy 2 F LERERHRERTLE
FEROG H#ZEE L, 200CT10AMT=—nT52
EikbEbhvie. RELZGHORER ICIZ 2X2
RHEED A& —RHlEh, 22 g kEhmEs
MTHDEELHNDY, ZO2X2RHEED A4 — 13
LTI LENmTRELTHANIATELT, 2X2
BECHENAERERE L GaNK A Ga gt th 3
BOVGEHL 272 B, 4 X 4, 3 X5 BiE 2% 2 /M % 350~400

CTWGBT=—ATHZLiclvBLENDN, =0
2 OO ORI TR LRI B LT,

2. B—FIEREF L

B RIERTE L STM %I, Zo & 5724 GaN(0001)
FE LICBAEN S RMERROR IS L5 1
NBRFETH D, BAL, GaN(0001) REEET LS
—RHEHEET, STMBB LT3 icky, 2
X2 AX4BEROBECTNVEBRELEY. BARE
RS ETAORERERAD bz, FOETE
WAL E—EZFETAZLEDETHE, BEBHET
FAF—EREENEESECE SN E—RRiES
BERWTEBEIIHETZ LN TESY, RiAOdH
BT, SRR A~ L TR S A
A, GaIRFBLIUONEFOAS LB b0R7
VA RE-FRENERT Ly AERERWTERL
e ZO, GaRFOIJEBFIIARBTLLCWD
H#OA, 4 4pMEFIRBLORRVARNE LD,
SRR A A F— O E T Ga3d BEF O R A H S
PREMMER LR LEY. BROoEREEL, E
ek A F—232025 Ry T CTORMB 2 EEBRE S L
THEMAL . f8E X 28 B wortzite $3% GaN iz
B3 CaNEERIZ1LVATHY, 195A0ERES
FLHERELTWD, Eir, FEEMED 174 GPa & 5TE
EH, 195GPa DEREL O—HITRV, EERELHE
R, HROBELESZETLOTEREHE
OREDOIRE LR -THY, FHEOFHEHELEMNTT
w5,

GaN R ICEN DB A R FEAEEI RS Ga KT
BBIONETEEZL-TEY, LT, 20%E
MBETRAF—IL G BB L UN RO bl
Yy inRET AL LoD, GaEFOILERF
T AOFERBHERMEDL AN7 GaSBOETMED
DITRAF—-, ElbulkGa), KELW, dLIh ik
F g, AT GaEBNBRENSZ Lizhs,
NETFOEERF LI+ VB NERETORLOEERET
HENDTORTEEDDZRALE~L Y KEL R
2. BT, GalEFE NETFOLSERT v il
BOLRERT S0 TR, ¥ &%y LEELED
T, 203N T GaN O F—rE Lk
EZBND, T0L5RENEELDHD L, GARFO
ERRF v N, w(Ga), OBIIEMICHRINBI
BRid, E(bulk Ga) —AH <y (Ga) <E{bulk Ga), &723.
I AHEAAY GNOBRTRASE—2HL,
AH =B (bulk Ga) +E(N)-E(bulk GaN), THz b3,
oA OFHETIL, S 7 GaN OBRRAX 1T 1.4eV

—11—



136 HERE FaL HIF

{2000}

Fig. 1 Filled states STM images of (a) GaN(0001}-2 X 2 phase (at — 3.0 V)

and (b) 4 X 4 phase {at —2.8 V).
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Fig. 2 Atomic structure medels for the GaN((001)-2 X 2 re-
constructed surfaces (in top view): (a) Ga-adatom
model, where a Ga-adatom is located at the T 4 site
right above the second-layer N atom, (b) N-adatom
model, where a N-adatom sits at the H 3 hollow site,
and (c) Ga-vacancy model.
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Fig.3 Atomic structures of the optimized GaN(0001)-2 X 2 reconstructed
surfaces (in side view): (a) Ga-adatom model, (b) N-adatom
model, and (¢) Ga-vacancy model.
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Fig. 4 Surface charge density distributions calculated for the GaN{0001)-2 %
2 surfaces: (a) Ga-adatom model, (b} N-adatom model, and (¢) Ga-
vacancy model. The local density of states is integrated from the va-
lerice bands covering about 2 eV below the Fermi level, which is cut
at 1.3 A above the outermost surface layer.
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Fig.5 Surface formation energy of the GaN(0001) surface
as a function of the Ga chemical potential, scaled with
respect to the bulk-terminated Ga-1 X 1 surface.
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Fig. 6 (a) Alomic structure and (b) surface charge density distribution for the 4 X 4 Ga-adatom
model.
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Fig. 8 Filled states STM images of the 5 X 5 phase recorded at (a) —3 V and (b} —2.3 V.
In the propesed model shewn in the right part of {b), the adatom relaxation to several
positions is possible, not necessarily at the bridge site shown.
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