Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica -

Institute of Physics, CAS

He, Au B F4EHR AuCu; BT R E R

HE& THhEE HERR )

Surface segregation of AuCus by Het and Au™ irradiation

Fa Tao Chen Tian-Xiang Han Lu-Hui Mo Chuan

5| {8 & Citation: Acta Physica Sinica, 65, 038201 (2016) DOI: 10.7498/aps.65.038201

7E 28 %32 View online: http://dx.doi.org/10.7498/aps.65.038201
214 %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/13

AT RERH B B S &
Articles you may be interested in

1 R Z o i B 7R s R ) R 2R VAT
Study on electrical properties of ion-beam-etched HgCdTe crystal
Y224k .2015, 64(11): 116102  http://dx.doi.org/10.7498/aps.64.116102

FLT SRR MG 07 R B R T BT ik
Calculation of single event upset based on Monte Carlo and device simulations
PP 2EH%.2014, 63(19): 196102  http://dx.doi.org/10.7498/aps.63.196102

fiKF &% 60Co v Y edm T~ SOI MOS #3441 B AL AL 2
Degradation mechanism of SOl NMOS devices exposed to °°Co ~-ray at low dose rate
Y22 H%.2012, 61(24): 246101 http://dx.doi.org/10.7498/aps.61.246101

ER IR TS M i B0 T 2 R R I A S 5 A AR A W SO S i A LB S b
Back-gate bias effect on partially depleted SOI/MOS back-gate performances under radiation condition
PP 2E4%.2012, 61(20): 206102  http://dx.doi.org/10.7498/aps.61.206102

A N URBHE B =B CMOS T2 H 77 A5 NPN BURR 38R K XS Hi A 3 22 (1 52 1
NPN bipolar effect and its influence on charge sharing in a tripe well CMOS technology with n* deep well
YHA4.2012, 61(9): 096102  http://dx.doi.org/10.7498/aps.61.096102


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.038201
http://dx.doi.org/10.7498/aps.65.038201
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I3
http://wulixb.iphy.ac.cn/CN/abstract/abstract64353.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64353.shtml
http://dx.doi.org/10.7498/aps.64.116102
http://wulixb.iphy.ac.cn/CN/abstract/abstract61150.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61150.shtml
http://dx.doi.org/10.7498/aps.63.196102
http://wulixb.iphy.ac.cn/CN/abstract/abstract51384.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51384.shtml
http://dx.doi.org/10.7498/aps.61.246101
http://wulixb.iphy.ac.cn/CN/abstract/abstract50427.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50427.shtml
http://dx.doi.org/10.7498/aps.61.206102
http://wulixb.iphy.ac.cn/CN/abstract/abstract48265.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract48265.shtml
http://dx.doi.org/10.7498/aps.61.096102

38 % 4R Acta Phys. Sin.

Vol. 65, No. 3 (2016) 038201

He, AuBFHEBAuCu:; B THZFH RN

D)1

[ yezRe)

#Hx e E)Y

1) (b E TR TR BV ST, 438 621900)
2) (RIS E fURIE, 438 621900)
3) (M EEEBL E Ae A AT, bRt 100049)

(20154 9 H 22 HYLE; 2015 4 11 A 14 HURSMEEH )

K 4 DR S 7 VR A B R (111) AR L4 T AuCus #E, 2 MeV He & F Al 1 MeV Au 5515 i
PEEAT I, P A AR T B X He, Au B T48 AT /G AuCus T R R B AT T 2 #r, XA F 5
T SBUORMECRKMITIT AT T, 28R 212 MeV He & 740 BRI, Bl 557 BRI S0 OK, MWE
BIFE S IE R An JCRIT S 21 MeV Au B4R BRI, Bl 25 4R BRI SE08 K, WL BIREMIE R Cu o R
i ass, 5 He & 4@ MEAH . 81X He, Au B 7EAF b A7 AL I S5 7 257 LA A 0, AR iR
AR 53 A (P66 P S 5 SR P A [ 3R T e 3R AT A 3 0 i R 8 7 A L v g 2 L.

KA B TR, R T, AuCus
PACS: 82.80.Yc, 61.80.Jh, 68.35.Dv

1 58 =

EEANES P TR S R R T b
R DT T SR T A AN e RS 1
FEORTE, & TR RMEE S X T 1AM, R
(b 47 3t AR 2 R R AT AR SR =
7 B RS, WA S TR o O B A
e O ST AT i 0120 3T g 2 91 4
FNGUIEH T e RE R D4 (KRR B AT A 1O
R BT B U0 & 2 R R W R, 45 A
ST S F ) RS SR R P
A 1187200 b5 SR R AT A7 AT T WAL

SHE A R EWAT R K o ik —
W aer R m T H AT R U, EEN
A AEBUR Tk 7/ N W da S R 00 N
PRI AL, n— S8 T RO VA 4. BRI BLAE, 24K
MR T EARTAT S SR BIAR G, WliR

DOI: 10.7498 /aps.65.038201

Ji AR g 220 LR AN ] (R /7R e o 4 25,24
WA G SR ABIIE R, AR5 P 0 S B 4
o P & bRk 028 BRI il S SR
AR S EBOAEIA, L2 B AERL T IR, &
< P AR R B R B SR B RN 5 4 S5 A, X B
B R T REAT A & e SR AL 2 357, G &k
MITCER R AR, TS BUE G o G5 A
RE R AR 129731,

SR, AT TN BT 78 45 R — B IF A
e, X R A e I A S A5 B S ) R T i T
G (52,550 3 fz ke HY SR ) e 4 2 A T B AR
R R ERN. Au-Cu 1A R 2 HEF LM —Jua
SR, HH T A ARG R AR X AR HA S
SE R RN SE R AR A EU i e 4%, M EARAE R
P - TCFP AR M2 tHICAF X, R T & e af il
AT IR R, A, Au B EthRER TR T
M AR T N R ) R . AR SO S A i
e A Het 55 Au 87 SO S N HE b AR

* [E R ERFL S H RN G (HES: 11205135) . i [E A2 EOT 5L Befl 2 A 2 (HEvfE'S: 2012B0301045) AIE Z B A

WA R BRI (HEHES: 2013AA8041073) ¥ Bt i,
T EEVE#E. BE-mail: tao_faQqq.com

© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

038201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.038201
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 3 (2016) 038201

RNy R TR, X Au-Cu — 7o & & T A
B ANFGI R, 456 8T ARR I 2 HrioR R
WA [ P 2K B 4 IR o0& & 75 K ISR TH R BT
R,

2 HtR Ik

AR SL R P O R A e S 5 7 B AL, A B
Si(111) KPR T Au-Cu . @i 3T Ar SR
oy I, R R AR 205 Au, CudERIK
IR R ERE R Y. H X SR ATH (XRD) X3
JELIR 5 R EAT RAE.

K Fl SRIM2012 5 44 BB 40 453 2] 7 2 MeV
He™ M1 MeV Au™ 7E#F di P B S A2 43 A Fl 7~
AR F 47 (ion displacements) 73 A R AE, FRHE
BF RS 3 1 4 TR T T 29 82 A1 21 (dpa), B %€
LI TR IR S L

R AR N Y P Y R W N
X HL SIS R 2 1.7 MV ER 51 ik 2 2
HEAT. AR AL S F A AR IR S HOAT T AR
[F B S AR R, 72002 2 MeV Het,
FIEN3 x 101 /em? F 1.5 x 106 /em?, 48 FRIR
NERE; 1 MeV Aut, 1x 1013 /em? F11 x 101 /cm?
PR e ) S R S e R v s UL T A R T
JE IRE S, 230K A AR 1 (RBS), XRD %%
T %o R % 3 3 THI ¥ B 43 A8 Ak AT RAGE

3 ERER
3.1 Au-CuEpEsf&

JE R T A S R A B A SR R, 1
i) YRR 2R 159 31 )R FE 2 300 nm [ Au-Cu i
JiE S8 BT A, Cu ERGIRET D2, fif Au, Cu
JFFHHEFAu: Cu=1:3. EX—JETFHT,
G R IR TR A I AR S R (A L L () BT
7~) AuCug, H A Au i+ S 77 BT A, Cu
JiF didEmG. B 1 (b) s AAE Au, CuJfiF-Lt
(AL 1 XRD 3, ] LA HANE Au, Cu i1
B St 3 JBE PR 5 % A W S B2 ), S S0 30 R 1Y
AuCug FHE A BB, AT 2 R 2% AH.

3.2 4aBRR

ARSI PR SR B R SRR
T 5 IR RE 2 RBRAD S B HE T 0 T AN ] Y g A

HHRL TR, AER N2 MeV ) Het /A% T St A
MR T, FERT, STHREREZN
790.5 MeV /u, He™ 7EFF fis o 1) RE B 451 2% 77 =0 DA HS
THEIN T, RER N1 MeV [ Aut AAE T 47 (1)
RAEE T, EHARERET, BT WRRERELLN
0.005 MeV /u, Aut FEAE i i g & 451 2k 77 X BAAX
e .

AuCug AuCus
(200) (220)

k Au:Cu=1:2
L Au:Cu=1:3
A\ hwousia
1 I 1 I 1

1 I I
40 50 60 70 80
20/(%)

1 (a) AuCug FRTE G AL JT 4518 (b) A Au-Cu &
T LR XRD %

Fig. 1. (a) Face center cubic structure of AuCus;
(b) XRD patterns of samples with different Au-Cu ra-

tios.
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Fig. 2. (color online) AuCug irradiated by 2 MeV Het:
(a) Range distribution of Het; (b) total displacements
distribution; (¢) Au and Cu vacancies distribution in
film.
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distribution; (¢) Au and Cu vacancies distribution in
film.
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Kl 5 9 Aut #8185 AuCus #E RBS i 5L %
70 & LA fb a3, ] SIMNRA % 14% RBS it 2
ITLA G5 B A FR BE 1) Au, Cu iR S &2,
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#1 Het fEHAETE AuCus MR 5K Au, Cu i
Tt
Table 1. Au-Cu ratio of average and surface of the

film before and after Het irradiation.

Au: Cu it

AEIFE /cm? W FE /nm
FHy E1]
R 328 0.322 0.247
3 x 101° 341 0.283
1x 1016 329 0.306

4000} (b) 3x10'%/cm?

3000 —— Experimental
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0 k J A
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E N
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0 ) ]
3 I I
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[
0.6
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(a) FIEAT; (b) 3 x 101 /em?; (c) 1 x 10'6/cm?; (d) 4&

Fig. 4. (color online) RBS spectrums of film before and after He' irradiation with different fluence: (a)
As-grown; (b) 3 x 10®/cm?; (c) 1 x 1016 /cm?; (d) Au-Cu atom ratio trend near surface.
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Fig. 5. (color online) RBS spectrums of film before and after Aut irradiation with different fluence: (a)
As-grown; (b) 1 x 10'3/cm?; (c) 1 x 10'*/cm?; (d) Au-Cu atom ratio trend near surface.

%2 Aut SEEHTE AuCug HE P 53R Au, CuJi 7HE
Table 2. Au-Cu ratio of average and surface of the film

before and after Aut irradiation.

Au: Culift

=R R SIR=N 2 S i S
RIS /cm TR /nm e e
AR T 351 0.292 0.339
1x 103 343 0.298 0.283
1x 10 295 0.347 0.339

M RBS i & 45 R v LLE B, Aut 48
Ji R i 0 2R THT A oG 36 A X B A LG A R 32 R
Ao R B Au B T T BE B I 5 P AU (2
20 atoms/ion), Wb st 1) 7 6L 5 FBE AR — A . X
1 x 10 /cm? 77 5248 IR A RE 0 S 450 39 68 0
JEREZ N2 x 101° /em?, BN T & R 4N
2250 x 10" /em?, D] JHb 0 S st 1) 980 IS8 )2 2 T DAL 2
W, T LLIACH, FEST R T Au Js 3 AH X £ 5
YET Cu st 3 AR S T A L

4 1 ®

Fadszig gk WEH, Het 5 Aut X AuCus
TR IR T, P2 AR T PR AN [R) 1 2% 1H T 25 A i 3

Het I E R Au TR EEIG K, Aut G L
HCuCREEM K. NTEBRIMIUR, FEH
IR 2 P o B~ Y IR 7 A R AN [ 25 6 O BE 4
A .

M2 (c) B AT LU H, 2 MeV He' £
BN F R A T RS HAF 53 AR 1 Au, Cu
JR 2, AHAESEE R AL Au, Cu i ¥ ALK E
W2 BEAIS, S8R Au, Culi 7 AR E
TV RS FE. T 8 0 A R F 2 e S e B o A
RN, AERISAE T, B HE™ A2 B8 - 2 ik
Fe A B o G o, MR BE a4k 1) R BEAIR AL L, S5 4%
TAH L ) JiR - A A A BEE AR AL [ 25 9 B v Ak A
B, AT DAA 7 5 A 2H oo — 4 [ [ B OB A ok 3
ik, WO RE, 5T AuCus IR, H A fec 45
¥, Au, CuEFARFRAZE AR, EHEERALHLEE]
BRI B ARG A, Iz BT 7 REST
AL, ALY BN Y 500 EEHLE. Cu i1
RN T Au R E, §HOERE R T Au i
F. Wk, fEIERE Au, Cu i 720603 B BAK
THOLR, Au, Cu 555 MR THI [F) 3 5 9 395, 5
Culf FH B R, FHOERI Au 1 A&

K.
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Abstract

Surface segregation is a significant phenomenon due to its influence on many surface processes, such as corrosion,
oxidation and catalysis. Defects and vacancies produced by ion irradiation in alloys used in reactors or other radiation
environments may also induce surface segregation. In this work, we deposit AuCus film on a Si(111) substrate by magnetic
sputtering. He™ and Au™ produced by pelletron are used to simulate radiation fields in reactors, and surface segregation
induced by ion irradiation is investigated. SRIM software is used to simulate ion range and displacements produced in
sample. Rutherford backscattering spectrometry is used to determine concentration changes near the surface of sample
before and after irradiation. The results show that two kinds of ion irradiations lead to different surface segregation
trends. When irradiated by 2 MeV He™, Au elements are segregated at the surface of sample. Oppositely, when irradiated
by 1 MeV Au™, Cu elements are observed at the surface of sample. After analysis and discussion, we consider that this
phenomenon is induced by different vacancy distributions by He™ and Au™ irradiation. 2 MeV He™ produced Au and Cu
vacancies are distributed in whole film from surface to substrate smoothly, except very near the surface the concentration
of vacancies has an obvious reduction. As a result, a gradient of the vacancy concentration is formed between the surface
and the interior of the film. As the concentration of vacancies on the surface is lower than in interior, it would lead to
vacancy diffusion from interior to surface, equivalent to diffusions of Cu and Au atoms along the opposite directions.
Because of lighter atomic mass, Cu atom has a faster diffusion rate than Au atom. As a result, the concentration of Au
atoms near the surface increases. Unlike Het, Au™ produces a mass of vacancies near the surface of the film, consistent
with the Bragg peak by energy deposition of Au+, but decreases rapidly inside the film. It leads to a gradient of the
vacancy concentration from surface to interior of the film. When vacancies diffuse from surface to interior, Cu and Au
atoms diffuse from interior to surface, the lighter Cu atom concentration increases faster than Au atom concentration.
Our research results explain the different segregation trends by light ion with higher energy and heavy ion with lower

energy. It may help to understand the surface segregation of alloys used in complex irradiation field.
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