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Surface studies of nitride thin films using scanning probe
microscopy
Yukiko YAMADA-TAKAMURA, Zhi-Tao WANG, Yasunori

FUJIKAWA and Toshio SAKURAI

Atomistic study of nitride thin films became possible by
combining a high vacuum film growth system to an ultrahigh
vacuum scanning probe microscopy system. The detailed
study revealed various surface reconstructions depending on
the polarity and the surface stoichiometry. Recently, the
method has been successfully applied to the studies of the
polarity control of GaN growth on Si, the halogen etching
process of the nitride film, and the growth process of thin
metal films on nitride. The applications taking full
advantage of the capability of atomic scale characterization,
such as spin-polarized scanning tunneling microscopy of
diluted magnetic semiconducting nitride films, are expected

to be successful in the near future.
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ZAb AV v oA (GaN) [ O & K O K @ HE & T & E O
Mtk s ME AT SEFICEELRER TS, LL AR
NH L JEA DN E VWEKICE T AN A MK EREIET
BonhdZ D% o7 GaN EEXREHZ X O H B 8T 5

(Y

I KRR E TH o BEDOTT AR OREICLDY
GaN CRESINLL2ELELHErEEROS FHR VXX — 3k
(Molecular Beam Epitaxy : MBE) # W 72 & B % F T © %
i ple & 28 Al e & 2 0 A E o - # Bl 4 (Reflective High
Energy Electron Diffraction : RHEED) % fl \ 7= sk £ & m ##
HEOXTOBBEPIIEFICAEREREZ LS T K 5ITR o
7o, T LI, MBE ¥  EICEAE MY X VB M (Scanning
Tunneling Microscopy : STM) 7 ¥ ® £ & 7 v — 7 B #% 8
(Scanning Probe Microscopy : SPM) ¥ & % Ak & 5 =
LT, Bl EEKERRX@mME O o M eE B S D ARE
Lo o,

MBE-STM (T Kk 2 & #1 @ B R i3 (Mt & £ @ Mk & 12 Kk 7
T2 GaN JE R M O F HkHiEoOFEMEHLNNITLREZILE
ThH ", GaN OX EMBEB I LY HEEE T H Y. I
< OB A cEERICEBEICL TCKRET 5. U7V Y HH
HEIX R PR LAEFLERTED B 1) s T L DI e A
([0001]) & -c¢c o ([0001]) W% fi Cixwv, £hZ

g
O EAZ R E LT Ga MR, ON BRMEEES TR, K
RS RO RME OBRY ARG OENSENDL RLRD

%

BofEL. O BEREREMEEORT Y, Ga MK XK@ TH
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GaN(0001)D (Ix1)# & 2 B 1(b)lc /& 4, MM & F m #l ki
WAHFEL TR HEHEMEENHBHAT S &%, RHEED &
STM /» b E ®W 22 D MICTH L I L7 DR Smith 5 T d
00V, N MM (K 2(a)). Ga M PER (K 2(b)) & b |
FmAMEOZEAICIE L TEZERHEMBMAMESE S LD FENR
RHEED (T K vV BB S h 7, 6511 STM # M T 5 2 &I
XoT., 2 b0 RERE (K 3(a)) B X O#M K 22 & K
fiE & (B 3(b)~ (e)) Z W E T 5 F N A Lo,

SPM I L 2 @ oMo Azl Fliocd 2, K 4 (a)

W9 = fF B 8 o RHEED X% — v "N E 6 b GaN B X N

i

Pl H S b M N DDA STM Bl 8 & 17 5 &
4 (b))l T X o, Tix17HEE (fluid & ) %2 8 7
Ga M ME #8 3 & c(6x12)# & 2 /k + N W M 58 8 o B £ 25 i R
T 5 D, 2o k5t E RHEED © & THEfli + % @ X W
# T ® 5., 7. RHEED X % — V2 B e v E # % »
STM TH 2 & 285 A5 b & 5., Al-Brithen b 1T % 2k o [ i
gn B B GaN(001)-(4x1H)HE & &= 5 v i B M &2 B D
(4x3)M & 2 STM TH E L TWw 5 2 &5z, | 7 4 i fE
TAXZ bp XAab— WA AITAS®KREEIZRD &E&E X
b b, &L TIEX. fluid M & % &~ 3 Ga @ ® 72 Ga M M K
FWICHBT HEHR STM W CE FEHEEIBEZ LTV
5 10,

AR Tl .MBE-SPM % Al W7 Z W B EFENDL DL

<

L7 LV AEHEANTIL., % 0RBB2EIC A w x5
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2 vy aryhEicBRERELEZ GaN Eo ML R HEHE
YUy =oN— 4, Bl - KmEME - & ME 7% GaN &k E
A EKR EL T O s, AE T, B xr 81T o =

Si(l111) L ®» GaN gk & ® MBE-SPM #f %2 ic 2\ TH N T %,

2.1 #8®&KZ MBE-SPM ¥ X 7 A

Hox B ICHE M L7 GaN ] MBE-SPM ¥ 2 7 A T |
MBE # & & HB & B 2 STM / FE # fih i + M 7 B % 8
(Non-contact Atomic Force Microscopy : NC-AFM) % & %
— Kb E., S HICXHEPIENNE F o LEE L H ML
lea=—27 RIEETH L, TOHNBEEEZKE S5 (a)lc, KK

M % ® 5 (b)IZ "+, MBE ¥ 275 A & N &E o tEE %

i

i SPM Y A 7 A2l FhNMToOoOBRBEARICHEH SN CTPE

n . OO0 Y AT AFHEMBEIr — X THERINLT WD,
XK

| |

SDOKRIREBEAEEYICEHIEIE D T SPM (Z 5 Ay
fit HE Bl 22 N A RE & 2 B,

MBE ¥ 2 5 Al @@ 77 X< &5 1+ # & L2HN KR

BEXh Tk, 77 X~ FE MBE I kL 5 GaN i £ »n 7 fE
ThHdH, MEZORARBBEITHEEIr — X 2N L TCHEEHAEZET
Z SPM ¥ A 7 A IS 5 ,STM # 821X M FBE L 7= X

YT AT UM E e — 7 HWT MYy NVER T DOSEME

T4 9, NC-AFM Bl £ 1% 7 v — 7 L B K % 300kHz.

N2 EEK SON/m D > U a2 85 o F L N —%HFHWTH v

FUL RN —MIEEBE T, BE®XY 7 —TF0FMHTIT I,
STMB B2 21T 5B AT A M E Mg &ic X » & Bz EE
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W E Y5 0ERND LN, NC-AFM Tdhb h X # &M KE O
Bl b A Th DH, AEEE T NC-AFM IZ X 5 GaN # B o K

Ao MEBRICKR LERTERE oS>0 ETH D,

2 . 2 ¥ L BEHEEL2BEEHER L LYY 2 koD GaN £ E
Si(111)E 2 GaN 2 R E S H 2B oEEE & L Tk AIN
NESHWL R D, KU IfEERE KB O S0 %

Bl e FhH)»DEEeERERO=FvlYra=vxs (ZrB,) Tt

|

L7, EEMEE T I v 2L THLND ZtBrlT & B &
J&

2t

7 % D N AEIWCEZED AIB, &% & 5 ,% 0K T+ E

%

X a=0.317nm T ., 7 )b Y g % GaN ® ¥ + &€ % a=0.319 nm
LB T B, HRITTEHERALICEIV AR 15Smm O B

fn ZtB, BN A B S L. GaN B E H E R & L TS Tw b

12,13)

o

Z®» ZtB, ., 7 7 B Fmr &KL — YL a=1y A
(Zr(BHy)y) % AW T Si(l1)Elc =B % % v v Lk ESH
% i 2 Tolle 51 X v B ¥ & n /= "' Si(111)E @ ZrB,
W GaN & R S 2K R . ZrBy, & GaN O ¥ - E B o
— H I LD GaNFE o mEomE L ZrB, BE O & B M
X2 v U a v KR ~o o AL R o B D
BROEE O FE O BN B X ke O ZeB, W A R E - KN
Jg & L 7= Si(l11)HE MK L~ GaN R Z W ¥ E kol E
. 2 A PR E YU a e o B MO B RS
FFEiTw b,

¥xxE 7 — 7 & dEMEEAIT WV, Si(111) R ZrB,
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WO A2 EE L L CRE S ¥ GaN #E O K @ HF Ok

W AWM AT, Bk o B8 E E 22 MBE-SPM # H W T8 £ X h

ZE/
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iz
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m
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A v Dl Si(l1H)y L= %% v v Lk I
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= % 15nm ® ZrB, K T H 5., X % MBE-SPM ¥ R

AL 7Z#%IC750CLL Licm# 3+ 5 2 & T ZrB, # &

NI
B
o
4k
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S O
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BWT GaN O E 2T o7 RE. vy % GaN

™

D =W EAERER CREKEHIZET AN — 7RO
RHEED /8 % — v % ;8 § Y H 72 GaN{0001}-(1x1)®& m 2 15 &
N, BER ICHHEA L 72 GaN{0001}-(1x1) LI Ga & H & + %
&L CRHEED N % — U b R EOH ML &b I NMMEIZH
kT D H Mk E T H D (3x3). (6x6), M O c(6x12)H & N
e = e

Si(111) ki E #k E S 2 BEIcid. GaN # R 3 Xl LD
EHicim# LA oD IcEEEEZAL B, &Y
I STM B EZ N AR CTh o7k 7o Ll AR’ 6 . ZrB, & %
J8 & L 72 GaN R T gk TdH o 2 0K M@K
MG O Bl 1T X NC-AFM BB EMH —0 #BRK TH D,
N M ichm kT 2 FMHEEHEEIIR 6 (a)y~ ()T T L 95 I
NC-AFM @ 2» b b R+ 2 2 & 28 T& k.,

GaN # K © gt & O ®i 12 ZrB, # K £ i 2 Ga H» 2 W\ (X 1§ %

ERICHEBOICBLEZS A, BAEKREKEOKRESRMEZEZ Ga
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K 1w LY M GaN O ff5 G i E o XK, (a)[1120]0 1A ~
O FFE K, [0001]1F EF M, (b) Ga M GaN K £ m T &

%5 GaN(0001)D (1x1)# & . A ML B A KKK 1,

2 M ML oFom oMok . BB E ISR T 5 GaN{0001} D fF
ok & . (a)GaN(0001) (N M ) & (b)GaN(0001) ( Ga H
), Reused with permission from A. R. Smith, Applied
Physics Letters, 72, 2114 (1998). Copyright 1998, American

Institute of Physics.

B 3 N # P GaN JE & i /5 # K & © STM % ., (a)(3x3)¢&
(6x6). % L T 4+3x4+3 -R30° M ¥ 2 M 1c Bl 82 s h % .
(b)(1x1l), (c)(3x3), (d)(6x6). (e)c(6x12), Reprinted figure
with permission from A. R. Smith et al., Phys. Rev. Lett. 79,
3934 (1997). Copyright 1997 by the American Physical

Society.

X 4 Ga i Fl 72 & £ R & T Si(111) Lk & & ¥ 72 GaN #
fE 12 Ga % # ff S & 7= B ©® (a) RHEED /N % — v & (b)
30x30nm> ® STM & ,RHEED /8 ¥ — > 3 = & A H T & %5 2,
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