MM EREM I+ —3.42003 =z Y. Miyagawa (AIST)

gMETAIILAYZaAL—v3a )T 0T
dynamic-SASAMAL

Simulation of Atomic Scattering in Amorphous MAterials
based on Liquid model

BIEF - ENRER

EXRBMEEMER it 5— (BHE)
E R RM R AR

[FLC&OHIC
SAEETIVESEAE
MREADIEHA

EXag:d)

= B2 R



MHERBM T4 —5.42003

iz Y. Miyagawa (AIST)
o | MEEALDAFUE—LERVN AL UEA
=E KEED S OB TR DRI A~DEA (L

Beam Scanner
U Target %
] J—
| |I|::> Ion Beamg

Analyzing
Magnet
|
J/ Pumping
TS5 X2AA2F A (PBIL, PSIL, PIID)
Plasma Source Kﬁ?ﬁ@ﬁﬁﬂ‘b?ﬁﬁﬁ?’lﬁ@ﬁﬂ’\w53]\75§3Iﬁ'é
8¢ KEDBEMNEHM
Q
@
Q&@Q Target ’ff:m?l’b/\o,rjomﬁo)mfg‘ib'ib)@%ﬁ
Tls® SBAAUEA

R 7

Pumping

| High Voltage
_ Pulser




MM EREM I+ —3.42003 =z Y. Miyagawa (AIST)

FLHIZ

“Dynamic—SASAMAL” (£, 1A VEATIZEITAHMERED
HROCEEDEEIH . RINVAEDREKRTFEEZ RO BT-
OICRHABINI2ARERETIVICEKSEFHETHILALSA
Liarng5.LTHS,

NZRAWVWSIEICEY /AU EREICAGSLIZEZEIC
DT, MHREOTRMEM PO REEZEDRSHT R D/
PRANYIRGENEAREDEMICHE->TEDLIITEIE
JHMEUIaAL—FTHIEMNEHES,

ARIOTSLERASAYIL 7 () ODFRFELz2X TR
MHENT I AL—ZICHA AL EICKY ., T5XITAOERE

HMELTHETTAZEDHE XS TSI - [HBITHET I
L—A”PEGASUS“M5ERELT-,



MM EREM I+ —3.42003 =z Y. Miyagawa (AIST)

PEGASUS

2EERELEH T, 75X T7aEX, EZEHT
IZH1+5

(1) FEDERET A R -1
(2) ¥, TNNAADERF-HE
(3) FAERAEMDFR-HH*-BR

DNZFEL, EERSIUEIEIRNDERBZE
HEELI-ZEZaL—4



MEEERMTI4+—5.42003

PEGASUSMO =
REFRFRVIAL—A

=zY. Miyagawa (AIST)

2RITTRAA S aAL—5

hEHR/STAHIL
TS5RXIBEDERE S
B RFEF/FEER

1AV EAN(RERE)

Dynamic-SASAMAL

17 -FHREREERAE
WEtETOI S L

FEAFY  BEEDRSHH
RINYR) G A4 BEL




M EER M 74+ —242003

IS5 XX EERFEEDHE R

RS STHIL A, A4 B

RISYBYL T AA G .

IVFT  IVFOTHADILZE R, 7
e

EERE (AR, ETHE

=zY. Miyagawa (AIST)

BENSDAFEA
RINYRYL G

PECVD#E
IyFUTHE

I ROV RN FEER
AFVFEANEE F




M EER N TI4+—5.42003

=z Y. Miyagawa (AIST)

AA-BEAREREERYIAL— 3 -0—FDO N %E

2R BRI LUE

JEHE &
EUTHILAK

*hem

TRIM
ACAT
SASAMAL

MARLOWE
Crystal-TRIM
ACOCOT
COSIPO
XTOPS

BT TH)

Lok

EVOLVE
TRIDYN

ACAT-DIFFUSE
dynamic-SASAMAL

FFENFE

PARASOL, MD-TOPS
MODYSEM, SPUT3
MOLDYCASK, MOLDY

2 (AEZEE L BCA) X, 41 AV EBEREDHEBEERZE
Ry 3B LEMBHETILEEAT S LICEH T, &t
HEmMEzEmBLTWS, ChizkY, BCA a—FKIiE, 4
FUEA. REHBEG. R/A\vAa ) g, RE#HIELGE
DITal—avicEbh, LTS,
EUTHILAE  EERE—T Y FERIES 2 K EEE
Pla—FTlE, 2—45y FRFOHE. EHERE. H5
WME, BRELADORE ICHEERNLZFEZAVNTLSDT,
EVTHLOEKEFEINTINS,

BMECTHILAE  BREKRFEZFAT S,

TREBRORE ., BIEOFERSHH. HEBRK
BIRANRNYRY V5%



MM EREM I+ —3.42003

=Y. Miyagawa (AIST)

SASAMALDETEET L

Incident ions : energy E,

\ \ \ reflection sputtering

O/\va;ancy

\" Implanted ion @

A\ .
E<Ec

® O interstitial

S = average atom distance amorphous target

If random number < & / s2, then a nuclear collision occurs.
On the straight line from one collision to the next collision,
the atom looses its kinetic energy through electronic
interactions.

Nuclear collision

scattering function

dt
do =7 a2 LX) f(t"2)

f(tl/Z) = t1/2-m [ 1+ (2 A tl-m )q ]-l/q
t=¢T/T,

Electronic energy loss

Same as TRIM : Ziegler’s equation

Parameters of the scattering function

A m q

Thomas-Fermi(WSS) 1.309 0.333 0.667
Kalbitzer-Oetzmann 254 0.25 0475
Lenz-Jensen 292 0.191 0.512
Moliere 3.07 0.216 0.530
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Thin Film XRD : Cu-KX Ray, 40 keV, 20 mA.
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Table 2. Saturation fluence and saturated thickness of nitrogen

implanted layer in titanium. N into Ti
energy| saturation| saturated range in Ti(LSS theory )
fluence thickness

keV | x1017 N.cm2 (A Rp(A) | ARp(A) | Rp+ARp(A)

10 2.5 310 204 121 325

50 10 1250 914 384 1298
200 30 4100 3210 846 4056
500 50 8600 6440, 1190 7630
1000 80 13000 10100 1450 11550

TIIVIVRAEBDESE =Rp + ARp
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Example of pipe inner coating
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Pipe Length Dependence

50Pa DC3kV |=5cm | 0.02ps  0.03us | 0.04ps| 0.08us 0.118pus | 0.12 ps
radius = 2cm

1=5cm, 10cm = e

Hollow cathode
discharge

plasma spreads whole
inside of the pipe.

| =15cm
I1=15cm
Hollow cathode
discharge
plasma is not in the
middle of the pipe.
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0.03
0.00

1072 /cm3

0.96
0.88

0.80
0.72
0.64
0.56
0.48
0.40
0.32
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0.16
0.08
0.00

1012/cm3
0.25
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0.14
0.11
0.09
0.07
0.05
0.02
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FEEBM 74+ —2242003
Particle distribution in

=zY. Miyagawa (AIST)

DC magnetron sputtering system

MAX = 0.24 x10"2 /cm3

1
al
sl|

[ & I

target” )

field -

B

5

1012 /cm3

0.72
0.66
0.60
0.54
——0.48
0.42
0.36
0.30
0.24
0.18
0.12
0.06
0.00

o Y
. koo

(B) TIME = 37.555 msec, MAX =0.7205 x10'? atoms/cm?3

500 V/cm

Electric field and magnetic field.

Target : AlCu
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