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The effect of sputtering temperature on the surface roughness

at nano-scale during Au sputter etching
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An Au(111) surface was irradiated with 500eV argon ions at various temperatures. The resulting surface
showed the formation of pits with nano-meter scale (nano-pits). The surface morphology of nano-pits formed
after 6ML removal by ion irradiation under various temperatures was studied with STM. The depth and size
distributions of pits at various irradiation temperatures were analyzed. There was a specific irradiation tem-
perature at which the depth of pits became very deep in comparison with other temperatures. The results

were compared with other fcc metals.

1. 1ZC®IC

AF ANy B Y TN T, FE SISV TE
SHEDTOBICHEFICLLS FRENDIFETH
L. RS FRDEEEZFRODIEERERD—D
I, STEEERE PNt ANy X T
HTHD. — BRI, ALV EREBENE — 7
AFvHEERAN AT 2 XZ A F—EEKI LTA
Ny BT 5 e, ANy ZREDO MMM D72 ES

Copyright (c) 2005 by The Surface Analysis Society of Japan

FESRERmET sz EnmonTVnG. &
Ny B LRSI ERICET 2% < 0ER
RETNVIIANR B RO EEZTEY, R
Ny ZIREICEL T, InPE2 ARy X 512
RBICHERT EANRNy X a— U RER LN &
BEHMOLNTWEIRETHD.

InPD ARy Z a— 2 DFRIL, PORIRA SR
ZY IR VEAOIFEFITENIneRB AR IC



Journal of Surface Analysis Vol.12 No. 1 (2005) pp. 9 - 15
FE BEF M Au AN FT o F TS RNy K EE FEE T R

BO, InALENEETINLLEZEZLNTWND.
— XIS, REEBPEEICRDIBETANRy X
T 5 L&, ANy ZRIIIRAEILEIC L > TEE
LTEBEREND EEZEZOND. LN -> T, H
fhEem A ANy X T 5 LG AL A R Lo iE N
FERRENLEEZLN,PL(11]) WY 25T T
AN BT HE, RARTERFIEIDANR Y X
J L — AN WATREENTEAZ ENMBILTY
5I1].

Fxlx, ) A—F =P A4 XOEEOLEREEK
ZHIML C, ZNIC IV ERBEBICDTFRET A RO
BIRMEEZMETDHZ LICHEEZEL, FloA 4
AU RFTNRERBITEBNTARy XITL5H
HE 72 1 M ORI DWW THFFE &2 1T o 7.

2. FEB

KEFT~ZHLEAL~A I LI, BEERE
XV AulEAZ 100-200 nmEE L=, ~A W5
WIRE % 350 ClZfr> TEBLZITV, REREL
LEED/AES#E®E ZE A L=, £9°,1070 KT30%
MMEZ AT, IRICIL K VD Ar A 4 TAXy XY
VI LTREOHFERRFLZRVERE, 61
1070K T304 7 =— /L LT-. ZOMEEIT > 72 Au
fEIL, B CdhDH Z L ZAESIC L W HEZE L, LEED
IRV (11]) BiEdRIc e > TWAZ L 2R LT-.

A F v EFIVF—%500 VICRE L, Arf A2 nT
A2 —H IS5 mm ¢ DI IR NS L5
L RRERE LT, 2O TOA 4 BREED,
CuD bRk 2 R AN # L TR S22
L— R —DIES LCuD ANy ZINER2 2% FAWTEE
L7c. REBROA A AHAIT18 ThH, Zhixk
DIVONOEBREBOHIR)HE D O T, AFHAN
45° KO/ STIUIREFEIZTE WD LIZEWA RO
RN ERES TV D2

Au(11 )/~ A B & FiR) 5425 KETDH A
Ny ZREICEREL, ETHROI-A A4 BHSHE
TISHMARNy Z Lz, ZhiE, K6 RF 8ok
FEIHHYTEAR X THD. ANy ZET LE
BEICMBVH IR T L7-. Ay X ELRDOREASTM
~BEL, ZF@HOMMEERCEHEI L. STMD
“REFEDA— IS T 7 7 A4 NEFEBEEHA
W, EBES A= VIZAu(IID)EDREF AT v 7
BHEN0235 mm THAZ X HWVWTKRIEL-.

3. EBRERBIUEBE
3.1 ANy ZIZLY TELMELDOES

Fig LIZ/R L72D 1%, BN 5425 KOKIRE T,
R HKI6 MLO &R TFEEZRET 572100 X
Ny B T EITol2DREREZSTM TH#l
BLTELOTHD. BUARy HEMETANR Yy Z L
THIREDNDTNGEI LT TTVWSARZLR ST
WHZERb)ND . Fig l1OZTNENDEEDSTM
B O TITIESTMAG F O EMRER 7 O Wrid X & 7~ L
. EOSHLVWDESORNDTETWVDNIEL-S
TV DML ENEFNOERE T, STMEDOE ST
EOLI iR BHNE A NI T ATELE
D NFig. 2 THH.STMTHE I NELSBEINT
WHEZANRRICHET S, 2O, BES
400KLL ETIE, —JRFREBIEZORLNEEAL
FEELZRWN, 350 KTCAXRNy Z LT DITEN
RN TETCWDHI ENbb. £, 350 KTIX
EWRLFEEL, ROES DA HBIRV. Fig.2?
t A RNT T LAOEERE, TROLES S/ OIRN
DEAHIBEOBEEELE LT ey b L-DMFig3
Thbd. 20X, FFEDOIRE CTROBEI 5
WIRN D Z EIXAg(100)E THHE H ATV 5 (380
K)[3] . ZDfERIE, HHDEBETARN XY T %
7729 CREVIEFICTIIFE IR D FERBE
NEETDHIEEZRLTEY, =AYy XY
YT ETRVWEWEAICIIZ OREEZE TR TN
X b2n. 2l BER L LD ALOREICIL, A
350200 nmD 7T T AN AL TE Y, Fig. 1
Y TH5STMBTIRIRFAT v 7B —RBIES
NDHDH LD ORI Th > 7. £72, Fig.1
DOWrE K <CFig.2 D& X ~ 7 T LT TIE, T
LFEEL CWERF AT v 73R CER, BT
LTW3s.

RIZ, TNFNDOEETE H LTFig. 1D X 57
REMNC R sTO0EBETH. £7, REIE
BRI OGRWERELTEHED ANy X%EDFE
HIFREEZEZD. A AV IX ZRTHICIET V& A
WCARTH. 0EODAF L DOBEICLY ARy
AEINTTELHRAOEEIL, Z< DV Iab—
a rynfThbiTEBY, 1 keVOTZ R LF—T
BEAROGEIZ, AFAAED30REF X30REF<
SWVWOEHENL T U X LAy X END T &N
RENTWAH[4]. LR T, RERIEEN/EZ S
RWBAIZIE, VA LAy X ER, D
Bzt Ab—RKFRET2INRENDZ LT 5.
INNERICBITHABRICHEYT 5. LEIRIC

_10_



Journal of Surface Analysis Vol.12 No. 1 (2005) pp. 9 - 15
FE BEF M Au AN FT o F TS RNy K EE FEE T R

bl EE LT RV — DR WRE LR D &0
BZDH XI5, TablelIZ/RL7=DIE, W< D
DOELIFTEFZ b OB OREILH DO T RV
X—OHEERTHDH[5]. T RT PR T 7 AL
BT HIEMLBES —BEKETEIY, 2D
FFANAT v 7R 7 IClkIREnNs 7 K7 b
LABERL, LV 7Ty NeREIZRD. ARy
A TIEEINTEDLIORERT A TH DN,
ZEADIBOTEEAL T RVF —1X7 K7 ~ ATk

a) 300K

b) 325K

RHEBWVW. AT T EORFRX 7 DJRAH
EBTH2Z LIV EY FOEERBEI S By
FREERLTRERE Yy EREHRIND L, ED
By NOHFNA Ny Z I THIZE y RRERKS
N TRTORBBEOIBMNPEZ 21 EHBIZR
DBE, AN EINEBEDLTSIZT KT FARZE
LEFAT v 7RF 717 v 7SN THEBT
L. F0ORER, —RFBT 2NN DRI NER
T5.

o) 350K

08 -103 -55 I 1ML
) . |-104 6.0
E E E
£ 10 ‘E, ~105 4 g 65
2 2 E

1.1 -106 4 1ML 70

124 1ML -107 4 -15

T T T ~108 T T T T T T
0 50 100 150 200 0 50 100 19 200 o 50 100 150 200
distance (nm) distance (nm) distance (nm)
d) 375K f) 425K

-16 07

“ 1ML

04

height (nm)
5 o &
height (nm)

2.1 03

02

T T T 01 .
o 50 100 150 200 o 50

distance (nm)

100 150 200 0 50 100 150 200

distance (nm) distance (nm)

Fig.1 Topographic images and their cross sections of Au(111) surface irradiated by 500 eV Argon ions
at (a) 300K, (b) 325K, (c) 350K, (d) 375K, (e) 400K and (f) 425K.
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Fig.2 The histograms of the height distribution for the topography shown in Fig.1.
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Fig.3 The relation between irradiation temperature and pit depth.

Table 1 The comparison of calculated activation energy * for various types of diffusion on several fcc metals

activation energy (eV) Au(111) | ratio [Ag(111) ratio [Cu(111)| ratio |Pt(111) ratio | Ni(111) ratio [Pd(111) ratio
adatom diffusion on a terrace | 0102 | 0030 | 0064 0024 | 0053 & 0017 | 0159 0030 | 0068 0018 | 0104 | 0028
vacancy diffusion on aterracd 0455 | 0135 | 0536 ' 0203 | 0618 ' 0195 | 0.688 @ 0130 | 0.910 @ 0236 | 0.632 @ 0.168
step detachment 0559 0166 | 0629 0238 | 0770 = 0243 | 0820 0155 | 1.105 0287 | 0736 | 0.196
dffusion of an atomovera | )5 0077 | 0359 | 0136 | 0365 | 0115 | 0363 0069 | 0529 | 0137 | 0306 & 0082
step(over edge mechnism)
dffusion along a step edge | 0.311 | 0092 | 0220 | 0083 | 0228 | 0072 | 0456 0086 | 0296 = 0077 | 0.310 | 0083
adatom Schwoebel
barrier(atom over astepwith | o158 | 0047 | 0295 | 0112 | 0312 | 0098 | 0204 0039 | 0461 0120 | 0202 = 0054
over edge — adatom on
terrace)
melting point (K) 1336 1234 1356 2042 1726 1825
heat of evaporation (kd/mol) | 3245 255.1 306 5106 372 362
heat of evaporation (eV) 3.364 2,644 3172 5203 3856 3752

12 -




number of pits

number of pits

Journal of Surface Analysis Vol.12 No. 1 (2005) pp. 9 - 15
FE BEF M Au AN FT o F TS RNy K EE FEE T R

3.2 ANRVHILEIVERINTZMHOKRE I &
VRN

Fig 4lIZR LT DT, FEEIZB T H A8y X T
FOERENTZMEEHORE SO MHELE A~
TLATRELELOTHS. FOLIRRESDOR
MTETVDED, EORZIDRNBEZENNEN S
ZLNDOND . FigdDt A N T T L EGEENT L
T, By NEROFEHELEROIES D& DIZEH
REZ RD, ANy ZBEOREEELTRLED
2Fig.5LFig6 Th 5. By hOFHERIIEIR
IR DIFEREL 2D, BEREOIE LD E DIEE(R
ZIF350 K £ THRE L & LIC/BMICHEn L7214,
LV BEEBETIHREN EXBICo>NiR &4 I2HA LT
W5 ROBES D HEFTHA LD L REIC, &
HIEBOIFEAEREILRVEKIRETIIEY Yy FEE
DREAT DI ENRVDT, BRI/ S 2 AR
END. AT v Ain > LB EEIL S T
Ey NRAILEORENEZ S L1102 d e, H<IC
HHE Y RREELTKERE Yy hbEREND
K2, . By NOAENNRY OFEE TR Z

HEHChBE, BERLTRELS oYY AN
DT T ABAFT PRI L TERLEY Yy NERKAT
HZEIWRY, By FOREEDOHHFNIENS.
SOICEIBICRD & IRENFEFICELS 2D,
ARy B ENT-WEEBICKET HIEFITRET N
By hBREZL 5.

WIZ,Fig. 1TE vy hOFRIRIZEBT S &, 300
~350 KTIXE v hOBITFRFIC G iEE 4 KB L
TRV, 375 K, 400 KTIZE vy FOEENE
BRI TWEVEAERRL TWZD LTW
5. ZhiE, 375 KL ETAT v 7ICin» 29k
DIEHE SN THF U IRRAT v Ty VORFN
TRIVF =L ERERFTMITH D L9122 D
NHETHD. TR AXF IR OLEERDILE v
FNEHER b E bEVWRE, T/hbbty b
FERHEBICR>Tm & THDH. 450 KTITAT v
T DRFNAT v TN LBENTT 7 AR
TOHBELEELELIND D, 2O R VX —H
KROBBZERAFEE Yy hORENEHRLTWVDS.

0 50 100 150 400 0 50 100 150

200
pit diameter (nm)

250 300 350

200
pit diameter (nm)

300 K 124 325K 124 350 K
. 104 § ) 104
:i ) \§\ E )
5o NN 5 6l
21 N\ :
I\ ]
7 MANNR :
~ S o §§§§§§ ' SN NN\ \&\\\ DI
0 50 100 1p5|2 diarjzzer (n’:::;) 300 350 400 0 50 100 1p5|2 diarjzzer (n’:::;) 300 350 400 0 50 100 1p5|2 diarjzzer (n’:::;) 300 350
375 K 124 400 K 124 425 K
N NNy 21 2

T
400 0 50 100 150 200 250
pit diameter (nm)

250

Fig.4 Size distribution of nano-pits fabricated at various temperatures.
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Fig.5 Temperature dependence of average pit diameter.
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Fig.6 Temperature dependence of standard deviation of pit diameter.
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Table 2 The characteristic temperatures that appear in nano-pits formation

Au(111) Cu(111) Pt(111)
reference number [6] our study | ratio(Ty/Ty) [7] ratio(Ty/T\) [8] ratio(Ty/ T\
irregular to hexagonal Ty (K) ~400 400 0.3 373 0.275 500-600 0.24-0.29
quasi-layer-by-layer T, (K) 450 425 0.32 473 0.35 900 0.44
melting point Ty (K 1336 1 1356 1 2045 1
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