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Atomic structures of semiconducting and metallic glasses studied using
anomalous X-ray scattering

Shinya HOSOKAWA

Abstract

(Received Oct. 31, 2011)

In order to explore local- and intermediate-range atomic structures on some semiconducting and

metallic glasses, anomalous x-ray scattering (AXS) experiments were performed using an improved

detecting system suitable for a third-generation synchrotron radiation facility, ESRF, Grenoble, France,

and the obtained data were analyzed using reverse Monte Carlo (RMC) modeling to obtain partial

structure factors and to construct three-dimensional atomic configurations of these glasses. Some

examples of semiconducting and metallic glasses are demonstrated to show the feasibility of the com-

bination of the AXS and RMC techniques.
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bENPLL L, TIIED, I ANVF S Nz#
ELXHRY 7 s, FFFICRWHEDREECBITE %,
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KDz, 8oece®, 8sese®, B E U Gese (D & LS IR
To KB L UHIVIERITZ N2, Petri 512X % NDIS
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NDIS D#RP S, TD L) Lo RHHEITOVWTHEL L
L CTWhe L Lads, RMCEMETIE, By b7
JETFHHEOR S TIDOL) BRPIVE = BR O 2 &
BELDHEDT, ZORMCFHEORHEDLFHS M ED
FAEZOWT, BEROD 2352 LIETE RV,
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L7cb EOFEMERT I ENTE, 20T LiE, S@
T8 LDENT 72 22 o 72 LT O GeSe, 775 A D RMC
rge [20-22] &3 2 EHATH %, 6 MHM R
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I2E - T, AXS & W Tirbi, SR O % JEAR &
L7227 FAY —DREEETFTVAIRBENTWS,

FHELVERODITIE, EHICRER AXS 77— % DI
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H U T XMEELITERTASIE R 12 S <, 72 AXS Bz
FT 570 ERIEO AN F—DE L LEWDSTH
%o —F, PEFIIHEMKE 2P ETFOWELEEZ >0
T, I ANO P T ORE %K 2 72012 EHIELD,
L7235 T, ZoOff%ETIE, AXS & XD, ND %Ei#%17-
720 ND &, 79X - V) —=TNVDIFI LT - T
TVanNVIIR (ILL) O¥—A454 > D4 ZHWTiTo
720 FEBROFEMN, X [15] KWRE 2 TFETH 5,

E4 0O, Eds TFA~zheh, ORI AXS T
ApeS(@) ¥ AGS(@). XD BLUND TfE7- S (2hzh
Sx(@) & Sy(@) ZRL, FEMIIZIIIG L7z RMC &
DFERERT . P DL, TXTOMERTFOT— 5138
DEoTRZS, LeLADS, ILBETLHL, WD
PR ECE RO T I ENTE S, AGSQ) O
1 ¥E—2 OfifEiE, ApS@ DZFN LD 1.50m™ kX
Ve F72, SNQ) D2, 3E—TiEIE, Sx(Q) FT—7%
ERBELTHE QUAKREL Y7 PLTWDE, IhHOME
&, WEEIC L > Tt 2 BAREICHK L TV 5,
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31— i PdggNigPy metallic glass
30 — ;
29 —
28| ;
07 b

Papd _XDonly |
‘ XD+ND

AXS+XD+ND

gi(r)

0O = N W H OO N ® O

r[nm]
E5 XD (A#), XD & ND (HivwER), B X OAXS,
XD, BLUND (KWFEH) 07— &2 Hwizt o RMC
R Bk 72 gy () BIORGE T 4 v b O Mk,

RMC 7Y ¥ 7oAy M 7R THEHE Kok
PdB L ONii4:1x 0.20 nm, PZELDDIZOWVTIX0.18
mZE L7z 4 0FERIE, ThERD AT PV
DWC, RMCETY Y 7Ol 7 4 v FERTo §XTD
74 v MlIFHE X CEBRRRETE L TWw S, FHEP L5
STz g BEEK 5 ICKRVERTRY . ZHUSHIET %
S;(@) RO L [15] 2Bz Z & 7w,
SR L H IS, MBOLEZNEND DY OJFHTE
ﬁ%ﬂﬁj LRIT5H720121E, ENEFRO S;HQ) DEAEEK
ST R TARAEONT VS ENLETH D,
2%1 12, S(Q OFELE—2 0 QfufETo S;(Q) DEAM
BW, 2RT. EPSHLNRIHIT, XfEHVlE
AXS B X UXD TIE Wep DlIZ 1 %% 272 ) Tl 20 Sy(@)
D Wep DL 2 BRRETIEHZH, TNTHI L PTA L
3hsb, LEZOLNL, EHIT, Sy(Q) D Wyp DI
Sx(@) R AS(Q) & BT T 2 LI D 5o
ND 7—=% 2fHT 2 0EMEF v 735720
12, XDk &, H50IEXD & ND DL X0 RMC i

£1 SQ D1 Y—2 0 QETO S;Q OERWH W,
F=15 Pd-Pd | Pd-Ni Pd-P Ni-Ni Ni-P P-P
S¢@ | 0.296 | 0.404 | 0.092 | 0.138 | 0.063 | 0.007

ApaS@) | 0.537 | 0.377 | 0.086 | 0.000 | 0.000 | 0.000

AS(@) | 0.007 | 0.616 | 0.002 | 0.288 | 0.087 | 0.000
Sy(@ | 0.099 | 0.345 | 0.086 | 0.301 | 0.150 | 0.019

HAEAT> THhIze WINLFH CWHEFERE, » v bt7
PidE, 2 HEOFHIRHTITo 720 #RIZK 51T, R
XD D&A), B DHVIFHICER (XD Z:ND) TRLTH 5o

XD DO#§H7ZF T RMC G5 21T o 72354, gpp@) (2403
REDT v & LENLERT I, 3‘&710157: v M7 RA)
ETHNE =27 2R, TORRELIRHLEWAXY b
WHRHLESEFHLELS E LRV, T4bb, ZThiZPPH
BIDOZANREL XD DT —FICEEL T nwI &R L
TWwb, 72, gy TTH, UHIREDOEN, T4bbH
By b EFTENETHWE =7 2B LTWE, T/,
Enini(®) D1 E— 7 ZIREATE V. 51T, Sx(Q) D Wpgpg
DEIZFI30% L KE VI DD ST, goapa® DE— 71
EAVNS R rOHFMIZY 7 LTS, 2, XDF—%
DH% RMC IS &, Ni 5127 Pd i1 & XBIA
ONPHL o TVELLOTHILEEZOLND,

RMCE7Y Y ZIZND F—4% 2z % &, ZFTRTO
& DHE 1 ¥ =275, PAPBIUNiPHBEOY -7 DR
SRNSLHHEERNTEE SN, L2 Leds, 52
¥ — 7 OAERTEIR SR IR E L, 5o AXS &1z
TAERE I DR R o TWnD,

Ni KW TO AXS I & ), Park 513 PdyoNiggPy,
BT ADOHRHEEE TR OWT, ZofNRESE
IZL7:, PETOEDHYIC3OONEEROIETAIE L7
EMTIRLDT G XY —FEFIN [28] wEwmL TV,
COETNE, FEETHZ QS L QAGS@) 127 4 v b
ST, WL OVDOWET A —F 2RDTz, bhvbhid
ZORMCETY 7L 5> T, Park 5OETFNICIEEF
NBEVEI LR ELITFELVIEOHEREZGS 2 ENTET
Who 1) Lo P s [29,30] THRELA-LS
(2, PdEFIIMEOKE T & ) RERFEFEEER-> T,
2) PHETIE, PARNiETEOMIIBZS L 2B DK
FHEMZ > Twb, 2D 1, P2p WREEETFIL
X o TRERWE SN2 2 oD Lk [14] L B2
LLBELABBRLTVETHA ),

M6 (a) &, RMCEFY ¥ 72X o> THESN 3 KT
JEFECH 2R T BRDKREWIEIZ, Pd, Ni, PJET %R
o —RLT, PADEZ WIS E NI DLW s,
FIVHIEEIREEIC R o TV B XD ICB R B,

6 (b) i&, PAdET (H#), NiET (KWER), B
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(b) 0.10

0.08 |-

0.06 —

Fraction

0.04 —

0.02 |—

4— Icosahedra

0.00

0.10

6 (a) RMCETY ¥ 7IZ&k o TH LNz 3RITIHEFHCH. FROKEVIEHIZ,

-0.20 010 . 0.00
W

6

Pd, Ni, P+ %R

Fo (b) PdJET G, NiJET (RWEM), BIPPET (—H8H) oxb ) oraiin
BIpr8g A—5 Wy, BLOZNSOKE WIVER) . KENE, E20HKO & Oz R T,

LFOPHT (M) b o HEHKRFE/ ST A —
5 Wy, BEROZNSOKE HIVER) 2535, 2,
SR T AT L E B <7201 IE20M R [31] 2%
CELLEDLNTVWLDT, ZOHFEENRL2DTH S
[32]c ZCFME, IE20WfAD & X DM -0.17% /R ¥, Mz
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