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~*fi3;f;t~-+G')!jo/;:fltlI¥1,1t~I¥1jj:Ji~:fltlm--t 0 tc.6b

vc.:cG')m~~5;D0':' ciJ'Jit::m~-C'tf>0, 7.:clv

7 7 A~~f*iJ'ff: §~iiHf-C20,¥l;JJ::, m~VCoo

--t 0 ~ < G')~~, :fltlffiiUiJ'±'Ji!!c L -Cc IJ J::Vf G tL

-C~k:fltl~~':'':'Ktf>00. MAG').~, m~*
IE c \" ij G')v'i.&Jft!lvc:Mt 0 JJf:rG')!'ic7UiJ'biJ,tL

vi, ~f*m~v'i.:c G')Ji!fJWll¥1tJ:fIt,;r,..::m:h-c':fltlm~ tL

0 . .:cG').1ijtJ:Ji!fJWljj:iJ'tJ:\"~FMJlE!jo/;Ji-C'v'i,M

EBE-C'l'iJ~g-C'tf>0.1ij tJ:@I;J1T~~~Jj Ltc.mtFfiJ'Jj

fflLtJ:\". MJlE~-C°S<::9JLtc..1 ijtJ:m~~*6b0

~xtl¥1~$v'ltJ:\' ,G')-C'tf>0.
:;$:m~-C'v'i, ~~M~--t 07.:c IV 7 7 A~~f*

G')ij 'b, m~1iJf?iEiJ'lill'tA,vcfibtL -C~ tc.7J~ ;t; :/
(a-C), '/ ~ ::1 :/ (a-Si) -'\='IT'IV" =- ':7A (a-Ge) vC

~~01iJf?iE~~G')~r, .:cL-CJi~G')1iJf?iEtt~~

i%Bfi'Ltc.\',.

7J-;t; :/JJf:rv'i.1 < ~pGtL0.1 ij vC sp3(4 !'iC&),

sp2 (3 !'iC&).:c-L -C sp(2 !'iG&)G')M~7fj~~ c 0 .:.

C~~~0. #M~G')Ji!fJgl¥1f1t,;r,..::m:h~tf>0~

~ 7.:c :/ rMJlEv'i5.5 eV G')/~:/ F'of' -V 'Y 7°~ t

--::>~~f*-c'tf> IJ, sp2 M~G') If '77 7 ~ F MJlE(!I

tt)VCv'i/~:/ r·of-v 'Y 7°iJ'fra'1tf, ~~I¥1jj:Ji

~t--::> . .:.tLKxtL-C~C~--t~-CG')M~7fj~~

C0':'C~~~, m~~.:c-G')~.~$ctMA,~

*~rtB!t1\t c tJ: 0 iJ', .:c-G') £:;$:m~ v'i Sp2 c Sp3 G')

ltvc.1 ":)-C*~ 0.1 ij -C'tf>0. a-Ge -'\='a-Si v'i t

":)c.*rti-C'Hv~ 4 !'iC{lLG')Sp3 iJ'GmS<:~tL, m~

~~~0J::~~3!'iG&G')~:/~~:/~M~-'\='5!'iG

{1LG')7 P - T 4 :/ ;7"M~G')frav'itf> ~ IJ ::m~:m~
tL -C\" tJ: \" . .:. tL G a-Ge -'\='a-Si v'i a-C VC.tt~-c

Sp3 t)J'l..G')M~7fj~iJ'-@;'~ tLtJ:\" ".*rti,;%" c,;r,..

tJ:~tLtc.'1t\"iJ', m~1iJf?iE.:c-G')t G')v'ia-C vct\('

~0 c .:ctLvj: c~ < tJ:\' '.

7.:clV7 7 A~~f*m~VCOO--t0~~v'i±'C L
-CX~, ~r~, $jj:r~G')@I;J1T1iJf?iEK.1":)-C

~6bGtL-C~tc.. ':'G')ij'b$jj:r~~":)tc.@I;J1T~

~iJ'7.:c IV 7 7 Am~vc;a0Jitm:~tJ:~~-C'tf>

0 . .:. tL G G')mulEv'i.:ctL.;cnG')~~vc.1 ":)-Ctf>0

~lGtLtdlJl~ Qvc~~ 0m~lZSIr S(Q)~1j.~ -C

< n0. S(Q)G')7 - ~ .:r:.!Jt~vc.1 ":)-CJJf:rG')itJ

1£:9-:;fJlOO~(radial distribution function; RDF) iJ'

*~0. tc.~L, Rill~~BG')3~~~MG')JJf:

r!'ic7U~ 1 ~~VC LiJ,~m-c'~tJ:\,,(Ji!§:.G')*~

~ G'),;r,..-C'~ ~ G')'1W¥Ii ~ -@;'~ tJ:\,, iJ' G -C'tf>0 ). l;J

Tvc a-C, a-Si, a-Ge vC~\"-CfibtLtc.@I;J1T~~

M:!-I!:G')\,'< --::>iJ'~i%B1n. .1 ij.

/.:clv7 7 A!jo/;JiVC~~0, JiwG')~i'itJ:m~

1iJf?iEv'ia-C ~ ffl\"tc.~r~@I;J1T~~-C', B:;$:G')

~/v-7°vC.1 "? -CfibtL -C\" 02). lHiGv'i~~T

~ 17 ~ t c vC L -C a-C iJ' ~ '7 7 7 ~ F tt (sp2) C

17" ~ 7 .:c :/ r tt (Sp3) G')~Jl~iJ' '7 :/ 17" A vc:9-:;fJl--t

o ".MA".:cT~~.~Lk. ~CK~~0Ji

WG')$jj:r*l@l;J1T~~v'i Mildner C Carpenter3)

vC.1 "? -CfibtL, *9 5%G')sp3 m~iJ'-@;'~ tL -C\"

0':' c ~§J.j GiJ'vc Ltc.. Li C Lannin4)Vc.1 0 A

~'YY$~~.Ltc.~CG')$jj:r~@I;J1TG')M:!-I!:

vH' < --::>iJ,G'):fltlffifB-C'TmU~tL0RDF c~3&LtJ:

\". yo. ~ 7.:c :/ rtt 7J -;t; :/~ §t~--t vacuum

arc $-C'v'lVj:vstlOO%G')sp3 m~iJ' Gms<: ~tL0 .:.
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c iJ~q:,M.:r~@J:jJTr;T)~~iJ'G1iliJ'6DGn Ll '05).

7 - ~1ft~-C'fF~ Lt-= a-C VCtol'L, ~·IV / 

f Ivr;T)D4line ~ ffll' L, ~{ffiliJ'G{g;{ffilr;T)$l'li!
1ttI-c'q:,M.:T*&@J:jJTr;T)~~iJ~fibnL l' O. t. r;T)-t}

/ 7' IVfH~ C ,z, c"100% r;T)sp2 iJ' G tJ:. 0 ~0"7 7 7

-1 1-.:@ -c'~ 0 t. c iJ~biJ' ":)L l' 06). Jljt)fl:"7T
7 :t - r:yJf~m-c'ft, sp * a-C -C'S(Q) iJ~0-25

A-I r;T)$l' V /Y'-c't!}Gn Ll'O 7).

a-Si r;T).:@:yJf~r;T)W:M-C'ft, a-Ge vctovt 0 q:,

M.:r*&@J:jJTiJ,G t!}Gn0 RDF ~8)Si r;T)i\'iI5il*-c'

~~-~L~LL •• ~nkt.c~~o. ~r;T)

~, ~r~@J:jJT~~iJ~ a-Si VC~l'Lfibn, ~

r;T)~~?~<q:,M.:r~@J:jJTr;T)~~, ~GUK~.

.:@ c r;T).ItitiJ~fibnt-=H4). ;,jQ1Wj-c'Wf,fVCa-Si

C a-C r;T).:@~q:,;["vc LL •• Lkl'. JljtWvc

a-Si vCtovt 0 q:,M.:r*&@J:jJTr;T)~~iJ' G t!} Gn t-=

RDF ~ ~ 1 ~ (a)vclf,-r-. 5c ffi ft c-Si iJ~lf,-r-.r(

~ RDF -C'r;T)Jjf(r{ftil:-c'~ I), 4,12 tJ:. c'r;T)~{i

ft~r;T)&iI:-C'r;T)Jjf(r~-C'~ o. RDF r;T)1 iI E!r;T)

1::> ~ c 2 ilE! r;T)1::> ~ r;T)&il:ft,XtJ7t-r-oi\'il5J'er;T)

~nc 181t.-C'~oiJ~, t: - ~*lilftD-6iJ~":) Ll '0.
3i1E!r;T)l::'-~ft1l!§~-r-oiJ~, "J1!!l" r;T)~?tJ:..

:@fH~":)Ll'O. m1i1E!r;T)1::°-~r;T)*lil~ I), i\'iI5

ilr;T)*~ fti\'il5rar;T)~n c.!tit L L 1%;@1Jtv'PGl'

-c'to I), 2 iI E!r;T)1::'- ~ *lilfti\'il5iljEjiJ~lO%;@lJtv'P

Gl'-C'l'o t. ciJ~biJ''':) Ll'o. 3 ilE! VC1::'_ ~

iJ~mn tJ:.l' r;T)ft 2 jifjEj (dihedral angle) iJ~~ o!f,f

JJIjr;T){i~:ff":) Ll 'tJ:.l <c, -r-tJ:.b'0q:, (*)~gJlll
~rtiJ~tJ:.l't. c~lf,-r-. t..hGr;T)9;D~ft11t~c L

LJE;j1fL L l' O. (kvc, 7 - ~ 1ft~~;j1fI.*-c'P'F~

Lt-= a-C r;T)q:,M.:r~@J:jJTiJ'G:>.K6Dt-=RDF ~ m 1

~ (b) vclf,-r-. a-C ft)\:;vc '<b.1it.r(t-= ~ J vCa-Si C

Jl.tJ:. I), ,XtJ7t-r-0 i\'iI5J'e.:@iJ~~""77 7 -1 1-iJ' G If

-17~/r~~~~-r-or;T)~, m1~W~lf,L

k~J~,XtJ7t-r-oi\'il5rar;T)Jjf(r&iI:~~q:,K~~t.

tf t. c iJ~-c'~ tJ:. l '.

~1~
(a) a-Si cDCPtl:r~@]1tf~~iJ'G~G.nt~i'lJt£:9-;;fp~

~ (RDF). [xi¥ik 12) J: IJ].
(b) a-C cDcptl:r~@]1tf~~iJ'G~G.nki'lJt£:9-;;fp~

~ (RDF). [Xi¥ik6) J: IJ ]

12 12 612 2416 12242412 824

t t tt tt tttttt

t. t. 20'¥-r;T):±.JI,IHt7 ~ Iv 7 7 ~c¥ZJ1$:vctovt 0
m~~~.:@~~/t:~-~Y~~V-Y3/K

~":)Lt!}oct.6vc~":)t-=. "'<~iJ,r;T)~/t:~

-~~~~tt~n~nJl.~o~I)~~~GnLto

I), UTr;T)~?~=~r;T)77P-TK~~~n~

? -~ft~/'T7JlvP (MC)I.*-c'~ I), ft!!.ft~

rlb:1J~(MD)I.*-c'~o. f.l;;ffj1E~~~/T 7JIv P

I.*tt, ~/rr;T)~~~jEjlJt~~~Ot.CK~":)L

-* 'Y 1- 'J - ~ r;T)Jmm=-*lvo¥-iJ~Jljt/NctJ:.o ~ ?

vcf±m~n Ll'oiJ~, (kr;T)~ ? vc, Jjf(rFa,tEl]L1''F

fflr;T)~T/Y~~~~o~~~~o: I)~~K

-iZ-r-o ~ ? vC§ ill"'"7 ~ - ~ c L L~~~tJ:.~

T / Y ~ Iv (m 1 :iJjj~iJ', {t l '-1i'\' -c·m 2 )fl:;JltEl

][fFffl~~lI-r- 0) ~~~iJ', ft!!.ft, II) %li\'il5il

)fl:1bt(tight-binding) , Hartree-Fock 1.*, ~ 0 l 'ftW

lJtmM~I.*~cr;T).r.~77P-T~t!}Gno

~T/Y~~~~I)~tf~l.*~cGno. -~,

MDl.*ft.:::. ~ - 1-/r;T)JlIb~;@A~?F11tVC1iRl'

l!ifFa'Fa'~-c'&fil!ifml'Ll' < ~I.*-c'~ o. t. r;T)~il

'<bMCl.*cl8l~K~~~~tEl][~ffl~T/Y7

IviJ~&:\~C tJ::o. t.nGr;T)~I.*~UT-C''<b? /}' L

~L<.1it.r(L~~ ?

10

10

8

8

4 6
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3

3.1 -'E- '/ T tJ Iv P ~

&~OOKt6. ~4~&.~~~.~K5/

!iI"A ~C") tJ:. iJ: 6, \, 'b \<P 6 Continuous random

network (CRN) .~ ~ 1"FI) I±l-t tdb ~c, Wooten

G 15) ~cJ: '0 l: j\¥:~~ Keating ;t; 7 / V -r-IV iJ:~A
'2,htc.(WWW -'E-7'/V). ;t;7 / V -r-/vi*J~vi

3 a 3 fJ ( d2)
V=-z L; (ri/-d2)2+_z L; rijrik+- ,16 d 8 d 3

(1)

2::.2::.-C', a vi bond-stretching 1* ~, fJ vi bond

bending 1*~ -C';:b I), d vi f ~;t; / F:ft (Si -c'vi

d= 2.35 A, Ge -C'vi d= 2.46 A) -C';:b 616). a t fJ

vi~la-c'vil!!UJ:E-c'~6/~5 ~ -!il-C';:b I), IJ''2,tJ:.

jRd,>..O)t t -C'vUlvtJ:E~ t L l::J2kx.62::. t iJ:~ G

hl:\"6.
Metropolis MC algorithm iJ: ffl \" G h 17), }[ij M

~~J1!.~1lf0) ~ t -c'2161J/j!0)1*~~1i;ts A - /~
-tc/viJ:.~'2,hl:\"6. ;j<.", l- '7-!7~Cvi6Affi

~C:tJr.lX. l: 5, 7 AffiiJ:1i;"£ h 6. m~~~-c'vi2::.0)

WWW -'E-7'/viJ:~~"'e;:b6 t1fx.Ghl:\"6.

WWW ~c J: '0 l: t1t G h tc. a-Ge, a-Si O);f§i*JI*l~

(RDF ~Cjuvt 6 )p(r )vi~~ t O)-¥SciJ:~~',t~c~

\,,15). Sp3 .~-C'md,>..l::t1' Gh 6.~vi 4oo1*fiEl

109.47° ~ CPii) t L l:fiElJ..!tfi~1O.9°, ;t; / r:ftO)

fi~2.7% t tJ:. 6. V 1) :::1 / t 7J -;t; /0)%&1b1-~

iJ' G /f -1 7 -'E-/ r:tk a-C 0). ~ ~ ~ ~:tk ~
(DOS) 18,19), 7K~1t 7 -'E-/v 7 7 A V 1) :::1 / (a-Si:

H) O).~ t WWW -'E-7' /v ~ue:'0 l: %&:Jt '2,h,

Si-Si ~ Si-H ~ci*J-t 63!1!.~~tJ:.tEli*JI*l~vi~~ t
~ < -¥Sc-t 6 2::.t iM;p G h l: \,, 620). 2::.0) ft!!.,

Hartree-Fock ;$;~CJ: '0 l:;t;7 / V -r-/v~~U I) I±lL

tc. a-Si 0).~1i.If~ t;:b 621).

3. 2 ~ -'E- '/ T tJ Iv P ~

~:ili, ~ -'E-/7 7J/v 1=1;$;(Reverse Monte Carlo;

RMC) t \" ') ~ L \" 15;$;iJ:7 -t /v 7 7 A !ffoJl:~

~~t L l:1f~'2,h l:\,'622). 2::.hvi@]:JJT~~O)

m;j;Ff~c1ll!;fUtJ:.t;::vt-c'tJ:.<, fq]1li'f~c.~~1"F I) I±l-t

2::.t iJ: -c'~ 6 0) -C', t l: t 1ll!;fUtJ:.15;$;-c';:b0 ').
*~~~.~MC;$;~~~~;:b'0tc.~~~;t;7

/ V -r-/v~ffij ~ '0 l:1:r.l6 &:\~iJ:tJ:.\" 2::.t -C';:b6.
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U~K£*~7~~l)~A~m~-t6:

i) ~W~cJi',tO)frr§6::jj (j![3t§6::jj) ~c-tc '" l- L

t.:.~iJ' G 1±l3'6-t6. 2::.O).~O) RDF U~~
lZSl~S(Q)~iWlf-t6. 2::.hGt~~-c't1tGh

l:\"6 RDF t S(Q) 0) "~" ~HW-t6.

ii) 1*~&fif.~ 5 / !iI".b. ~::::.ibiJ' L l: ( -'E-/7 7J/v

1=1 A7 '" 7°), ~L\'.;f'1\J~~1"F6. 2::.0).~0)

RDF t.~lZSl~ S(Q)~gtW L, :j3}lf~~-c't1t

Ghl:\"6 RDF t S(Q) 0) "~" ~gtW-t6.

iii) ~ LgtW'2,htc. "~" iJ:ffijO)..z:-hJ: I)IJ''2,vt

hvi, 2::.0).~~I±l3'6iB~::::.-t6. 2::.O)Ji~~,

"~" iJ:~/J'~::::.Jpz*-t 6"£ -c'Wi: 1))1g Lrr ') .

RMC ;$;vi~~iJ'Gt1tGh6 RDF t S(Q)~.l:ttlt

LtJ:.iJ:G!ffoJl:O)3 tX5G.~~1"F I) l±l-tt.:t':V' t '0
0)15;$;~;:b6t~bh6. HW~J..!t~~~, t'0

tm~~~.~~t1t6tc.~K, ;:b6~*~1lf~~

vt 6. t.: t x.fi, ~&~ (a-Si O)~i';- 4 ~&) ~T

I '" !7 L, 2::. O)~*~1lfiJ:7iMitc. '2,h l:\,\tJ:.\"~

i';-, 7 Iv ~ 1) :;(.b. ii) iJ' G:j3}I±l3'6-t6. 2::.O)ft!!.,

;t; / r":ft~::::'~/J'O):ft'2, O)'ftU~l~:tJr.lx.62::. t ~c J:

I), t Iu-c't tJ:.\''.~~1"F I) I±l-t 2::.t iJ:~vt Gh

6. ;t;/rfiEltm~~~*~1lf~;:b6~, tc.tx.

vi a-Si ~::::,ju\"l:, 4oo1*fiEl~tJ:.1u t L l: t 109.5°

~::::.-t 6 &:\~iJ: tJ:.\". /G!JHlU>*!ffoJl:-c·vi1*3!I!.~~c

60°iJ' G 180° "£-c'§lf'2,h 6 iJ' G -C';:b6.

ffij~::::'~""t.:J: ')~::::., RDFfi~~iJ'Gt1tGh6

S(Q)0)7-l) =~~~::::'J: I)t1tGh6iJ:, QO)fIi

l~lH::::.'ftU~l iJ:;:b6 t.: ~ RDF 0) ~- ~ - !7 0) ffij~::::.

p~9k~l±lm-t6~i';-~;:b6. 7-l)=~~K

J:6 "AI" ~tJ:.tO)iJ', "*~" 0)~-!7-C';:b

6iJ,a}lJ~\"J& I):J2k\"iJ:&:\~t '2,h l:\"6.

*15;$;~~~~~I±l<b-tJ:')~QO)fIi~O)

'ftUilliJ:J&I)~iJ'h 60) -C', ffij~O)/GliiiJ' '2,iJ:tJ:.<

~I), RMC;$;~mtm~~~RDF~~~Ll:

< h 6. ~~, RMC ;$;fi a-Si14), a-Ge ~ a-C 0)

*~tJ:..~~1"F I) I±l-tO)~::::.rc,;ffl'2,hl:\,'623). t.:

tx.fi, 17281J/j!o)Si1*~~::::.:XtLl:, -mO)~*
~1lftJ:. L -C', 4 oo1*jEj-c';:b6109.5° ~::::.jEjJ..!t5t;:fjJO)

~\,\ 1::.0 -!7 t60° ~180° }[ij:ill~::::.t 1::.' -!7 iJ:mh

614). 2::.hvi:fft*1f X. G h l: \" 6 4 001* CRN.

~t PiiI1i~::::.tJ:. I) ..z:- ') -C';:b6. 2::.h G fi MD ;$;~::::.

J: 6 ~*t t ;:bb'ltl: §4 -c':j3}J..!t~~-t 6.

( 785)



.:=.h -,r -e;lzli.re::'"(~tc: MD ?$;vi~miJ' G~~tl'!

"'-.(7) ~ ~ 0'. 1/ - ~ a / vc)ooffl'2:h '"( ~ tc: (1 tv tb

k. I) 10-16Kelvin (7)~,7'f1). 7~}v7 7 .A¥~W

(7)~ < vi~miJ' G {1p!J.9: '2:h ~ (7)-C', ~tl'!-4~~m

(7)~~ O'.I/-~a /iJ'~,*r~h,. ~*Gvi,:=,(7)J:

?~§i¥J-e~C-?~~K~L,"(TIMD?$;~~~

tc:4HS). L\¥:rmvi ::7 /5<" L.tJ:~.oc c :1JrPl-C'(111)

OO~£fiKrPlvtGh, £fi(7).~~L\¥:rm(7)~

~-e.A7"-~'2:hk..~K~~'2:h~. =-0'.-1

/:1J~:t;(7)fl~~V~ct7~d9~L.~KJ:,,:>

'"(7:r.. L. I-tvc:'cVch,,:>k..

~~(7)~tl'!n!t*iJ' 1 tvtbk. I) 1012L\¥:r~/cm2

-c'tb~.:=. c~~~ ,"(~J:? ':='hvi 1 L\¥:rtbt-:: I)

(7)d=iIsb~ OOfliJ' 1 tvvc 10-12cm2 -C'tb ~ (7)c ~11ffi

-etb~. -:1J, bhbh~~~O'.I/-~a/-e~

~ £fi*OO1JvibfiJ' 10-12cm2 -e tb ~ . .:=.(7)':='

cvi:m~(7)n!t*vcgt.~~ ~ 0'. 1/- ~ a /~irb

.-JtJ:? c~~vCviltvvcbfiJ>1M(7)L\¥:rLiJ'

:I1k,,:>'"(vH'vttJ:1.'':='cvctJ:~ . .:=.hvHt.HifFa'~

~~~CC'"('k,~I'iJ~-etb~(7:r..L.l-tv~&-e

=- 0'. - I- /:1J~:t;~m < .:=.c ~~IEQ L '"(V~ L 1.' ;

gt.~ ~ ~ 0'. 1/ - ~ a / vimr'i'U)!n!t*~:I1k ":> '"( 1.'

~,:=,cvctJ:~). LiJ'L bhbh(7)~~ 0'.1/
~ a /-C'vi, ~~~~-C'{jz(7)L\¥:riJ'-?,,:> '"( < ~ llti

KL\¥:r&iI:(7).~~IEQ':='~':='C~-e~~(7)-e, ~

(n6) ~~~~

3.3 5J--TifJ:1J~1*

Nf1r*(7) =- 0'. - I- /(7);iib:1J~:t;(N5CJllz:
.~:1J~~~~~Gh~mli~ffl~~/~~~

(7)'k,C-C', 7:r.. L. I-tv.A7"-}v(7)m1.'HifFa'Fa'~-e

m ~, -t (7)Hif~u-C'(7)L\¥:rift. iI: tJ: c· ~ tit Isb'"(1.' < :1J

?$;~~rib:1J*(Molecular Dynamics; MD)?$; C

il'f~. .:=.h;l: -C'~SiJ' G~TM(7)L\¥:r*(7)J& 1):I1k

1.' iJ' tJ: '2:h'"( 1.' ~. fl ~ vi Verlet 7 }v :o:t 9 ;(

L.24)iJ'Jj,;%~< ffl1.'Gh, HifFa'C:'C (7)&iI:vi {jz(7)

1?vc~~Gh~.

rCt+dt) =2rCt) -rCt-dt) +r"Ct) (dt)2

+O[(dt)4]. (2)

MC?$;c~.K, ~.K-.~~l?K@~~

::7" ~ 5< c L '"(~.i¥JtJ:~~ / ~ ~ }viJ', tb~ 1.'

~.r~i¥J7~p-~-e~Gh~~~/~~~~

~m'2:h~. ~.i¥J~~/~~~cL,"(~

Morse -? Lennard-Jones (7)2 W ~ ~ / ~ ~ }v (JEe

]~IH:vt(7)f*l~) iJ'tb ~ iJ', *~*6ir(7) 1 ? tJ:~ /

nC5$1.':1JrPl11:iJ'tb~ J: ? tJ:*-C'vi, ?;l: < 1.'iJ'

tJ:1.,(ftJ~~~ts 3 W~~ /~ ~ }viJ,;j/tJ: < c 'k,

~~c~~). ~17~/rtt*~*6ir¥~WK

)t;j L '"(vi, ~-c'vc;lzli.re::k.Keating ~~ / ~ ~ }V16)

-? Stillinger-Weber ~ ~ / ~ ~ }V2S), *JEe~ 1/ /

:/ (7).J~*6ir ill :lEUI'!li 1"F ffl'k, c I) 1.'h tc. Lifson

Warshej26)vCJ: ~ ~ ~ / ~ ~ }viJ'~ '2:h'"( 1.' ~.

.Tersoff ~ ~ / ~ ~ }V27) vi~.i¥J ~ ~ / ~ ~ }v c

L'"(vi:/m:~(7)'k,(7)-c'tblS? Kerlies C Tersoff28),

Isimaru G29)vi Si .~(7)~ ~ 0'. 1/- ~ a /-C'':=' (7)

~~ / ~ ~ }v(7)~ffl11:~7F L '"(1.' ~ . .:=. (7) ~~ /

~~}vviC, Si, Ge~~ts~5C*vc'k,jJt~-c'~

~.
~.i¥J;t; ~ / ~ ~ }v~ ffl1.' ~l::;lzIi(7):1J?$;vCviL\¥:

rFa';t;~ /~ ~ )v~tltlsb~ "mrttJL~" iJ,~[I:'2:

h'"( 1.' tJ:1.'. W ~mf*l~:E!f!.~ (Density Functional

Theory; DFT) ~ffl1.,tc.mrtt~(7)gH~:iJ' MD (7)

;frHif~Uc:' c vC -Co~ nv:f!ff-1'ffiir-c'tb ~. C.:=.lSiJ',

DIT~~*(7)~.HifM~~~c~~klsb, -t(7)

J: ? tJ: .:=.c vi -g[ Isb-t ? 'k, tJ: 1.'. Car C Parri

nello30)vi£m:;mrttJL~iJ' G @:~vcL\¥: rFa' ~ ~ /

~ ~ }V~gt.~~:1J?$;~m~t±l L, DFT ~ MD

vc~ I) J2,ts.:=.c vcn!t~ Ltc: . .:=.(7):1J?$;vim-L\¥::E!f!.

4

(tb~1.,viabinitio) MD?$;cil'fvin, .~cm

rtt~(7)M.~~HifK~KAh~,:=,c~-e~~J:

? vctJ:":>tc:. ~.~~(7)1jjU~.IH'G, ;l:tcl00M~

~(7)L\¥:r~ LiJ':I1k~tJ:1.'iJ', a-Si31),a-Si:H32,33),

a_C34,3S),a-C: H -? 4 OOw*6ir a-C (ta-C) 36,37)vcJ;G

ffl '2:h'"( 1.' ~. a-S:H -c'vi Si-H (7)-,r b I) (7).~

iJ'~wa'2:h~ J:? vctJ:,,:>tc:32,33).

*6An!t*~~tsJ:?~ib:1J*~:I1k?c~K~'k,

":> c~.(7)L\¥:riJ'0J6,~c tJ:~. -t':=' -c'~~'2:htc:

(7)iJ'5$*6ir (tight-binding) ~ T }v ~m~irh-lttc:'

MD -c'tb ~ (TBMD) . .:=.(7):1J?$;-c'~sM(7)L\¥:r

(7):I1k1.'iJ' I'iJ~gc tJ: I), .:=..:=.10'9"-(7)Fa', ~ A., VC1iJf ~

iJ'hbh, a-C *38,39)-? a-Si40), '2:G vC7 ::7 - 1/

/41) vc)ooffl'2:h'"( 1. ' ~ •



~2~
MD '/ ~ ='- 1/- '/ '" :/i$;-c:'l'FGhka-CO),j'IU![.
J'l1IJ=;J</v'f'-f16.5 eV -C:'120MO)j] -,-G :/!1R'f~jz,t
~', 0.5 fs F",IliJ\-c:'5-10 ps i -c:'H~ lA=:. "tl!ltlt.~"
tJ~31~'.

~O))$(;* t.:c Iv tJ: V(:.iJ,vt]~lttLt-.:*5*V(:'tJ: G tJ:\' 'vi
'1'-(';:\;045).

~CO)~~=,-I/-~s:/o)~~~:h-~:/~~

O)='-::>O)~tJ: 0~ifJ=,* ;v~ - V(:. '-::>\, ,-cmfr L J:

'). V- t ,-::>vi6.5eV O)~ifJ= '* /v~ - -('120M 0)

:h - ~ :/ ~ ~~f& "J t-.:. 0.5 fs Fi'l'~-C' 5-10 ps i
-c'HJJ. L t-.:. TBMD vi DFT-MD J: 9 HJJ.ffi'fFi'l'

-c'EE~Jl¥Jv(:.£In -c \" 0 iJ~, HP 'J - !7 7-. T - ~ '"
:/~17~0)ffi'f~~~~0. ~~*5*~~2~

v(:.;7f;~. fffivi13 eV (JJt~K-.i1I\' ,) -C'120MO) ~~~

f&,). *5*~~3~0)J:')K~0. HJJ.~nk
Rill~~.~~GnktO)t~<-~~0 .•
2!Zl(7):jI;]'!Hi "~~:!x:jI~" iJ~~\"iJ~, • 3!ZlO):jI

~-C'vi Sp2, Sp3 ~ t "J t ~ < -?its "~:!x:jI~" t
~0. cn~~ffiK~vt0:h-~:/~~0)~ifJ=

'*;v~ -iJ~*~\"Vl C:', 31"-17 -'E-:/ F':jI~~ t 9

£\,< t~;7f; L -C\"0.

a-Si VC'J\"-C t [qI~v(:.~ffiiJ'GO))$(;*~ ~ :L !/
- ~ '" :/~D"Jt-.:. C C -C', (111)00~ ~ ::Z:/£
i:&0)~~~~72M, 1 eV (7)~ifJ=,*;vo¥'-~t

'-::> Si ~~249M~f& "J k. C C -C', £i:&)lffijoo-c'~\

~3~
MD '/ ~ ='- 1/ - '/ '" :/i$;-C:'1'FGhk a-C O).~.
J'l1IJ=;J< /v4'- - f113 eV -C:'120MO) j] -,-G :/ !1R'f~jz,t
~', 0.5fsF,,'IliJ\-C:'5-10psi-c:'H~Lt~. Sp2,Sp3~to

--:J C~ < 13-D-"~tIt.~" U.t. '6.

~l¥Jv(:.1=. C0 Jz~@O)5W* ~:ilvt 0 t-.:6b, x-v 00

i73-C'vi)j'iJ:Ml¥JjJtW-~-f4:~~ "J -C\" 04H4) .• <

A:: ~ C t v(:.'* 'Y F 'J - !J v(:., ~ 4 ~ v(:.;7f;~ J: ')

tJ: 3 ffil.ffi--'f'4 ffil.~iJ~~:i:v(:.-?i in 0 C t -C';:\; 9 ,

27Mo)~~iJ~ 5 ffi:{:ft( 7 P - T 1 :/ !J" ~:/ F' t IJf

~4~
MD '/ ~ ='- 1/ - '/ '" :/i$;-C:'1'FG h t~a-Si O).~_ C

C -C:', (111)00'/ y ::z :/£;fRO)!1R'f~~72M, 1 eV 0)

J'l1IJ=;J< /v'f' - ~ to V) Si !1R'f249M~jz,t --:J tc-. 3 j!t~
"? 4 j!t~iJ:31il:vC13- i h'6 .
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x ~.~T'-3'
XX - *ll%;f§~

~5~
Si-Si-Si 75' fl' 7- Y r K.Uvt 0
;f Y fjjt c ftEJ1Jto),f§~.

1;- Y 7·· ~ 'Y :/.~T· - }r ~ - A
(CSD) ~;.fUfflU:.
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32.5
l1iJ'( 2.45
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~ 2.4
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40
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X
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fin 0) -'f' 411!'!l;6:6 §~w:ve ts:. Q. C O)*5*fi, C

n~~~~Gn~~k~.~~~~tmWn~
"'-'~ve, i!§t~fi120M-c'.j;ts:.\,,;6', Si-Si~H

Ve'-'J\,'~ {, ~~ Ltc.. %1t§tl¥Jts:.~*ve1it '5 ~ fi~

0;6:, Si-Si G')$ / Fjjtfi 2.3-2.48 A. G')js9ve5t:W

L f:ItJ1I!'Hi2.39 A. -C'~ Q. C nfi7j(~*5i!G')

ts:.\,<~i!velt"'" ~ ~5tjjt \, 'J: 5 -Co~ 0 .

x~~I:j:111:r~0)@]:jJf~~~~~7~~77

A.:@~'i!fU I) t±I-r-C t ;6':.;;r;1lJ~g-c',-tntP~, ~
~l¥Jve 7 ~ /v 7 7 A.:@~fF I) t±IL, {I}tf RDF

~EG')~~*5*tlt~.~-r-OCt~*~Gn~

~k. ~~~.~Lk.:@o)~L~L~~Qli{'

lli*1j!ts:.:JJ,*fi RDF G').J:t~-c'~ -0 5. MC '*~O)
~~ t~~O).Ii\"fi~ 1,2 il'E1 G')1::'-!J vel*JL

~fiV'l t ~c~tn'.~o t-r-nfi 3 il'E1 t)jlif:-c'~

o. c::.ntfi]!E:ve, RMC,*fi~~-C't!tGno

RDF veli{'J1I\".:@~fF I) t±li'":JJ,*-C'~ O. 

:JJ, MD,*~.:@O).M:iI&~~EO)Dn~~~
oG')K1fffl~~Q. ~<liJ1I, ~~~5t~/Tn

/v 1=1 it;; (Path Integral Monte Carlo; PIMC) t JJ¥fi

no:JJit;; {, a-Si G').~ G') tc.~ vem~ ~ n ~ \"
o~. c::.O):JJit;;~~~GnkM1.ltK~~o~!*

rG')5t~I*J~~771~/G')~~~5t~~0~§t

~ L, MC it;;veJ& I) An ~\" 0 (MC it;;vef'i;f§].l

1"Pffl $ T / -/ -\' /v G')'~~;6'&:,~). t!t G n 0

RDF fi~~t~ < -~-r-Q.

a-Si 0) TBMD -/ ~ OL v- -/'"/-C'~~~ntc.,
5~13L(6~W:{, ! )SiO)tl'tjij{,~*~\,,(±ts:.~

W:~fi {, 'b -0 ~ 4 -C.~ 0 ;6:). Jj1jtG') CRN ~ ~

/v-C'fiCG')J: 5ts:. "Jz~@" ~-C·~A~nts:.\". ~

(m8) OO~~~6

7 ~ /v 7 7 A.:@O) g\(;jjt:il&~"(,fi.ft.:1f*5i!-r- 0

!*rfits:.o""'< "§~" O)%~~t-0 5 t-r-ot.:
-05. §~ve~~no%Ji~tfi-f2fs:fiiJ-c'~-0 5

;6'. tc. t ~fi, 7 ~ /v 7 7 A Si * 'Y r '7 - !J ve

~~~~nk~ffl.:@~~ot, ~*O)~Om~
;6:t I)t±I-1to;6' {'9;Qnts:.\''. -tC -C'-1;-'Ff 1) 'Y:/

.:@~ -l.J ---::- A (CSD)46l~;.fUffl L ~ f2fs:*l¥Jts:.

5t:tJT~~~tc.47). CSDfiX~, l:j:111:rfJltO)@]:jJf

~~;6' Gt!tGno*5~.:@vel*J-r- ot!tWli)CG') {,

G')-C'~-0 '5. bnbnfiSi-Si-Si 7 '7 !J'.J. / r

vei%l~ nO.:@'~~($ / Fjjt t ~1.ltG')ml*J) ~

~ 5 ~ G')J: '5 ve~~ L ~ ~k. C C -Co357811f!1;6:

7' 1=1 'Y r ~n~\"Q. $ Y Fjjt;6' 2.21~2.64 A.,

$ / F~;6' 58.6~145.8° G')js9ve5t1lJ-r-L, f:ItJG')

$ / Fjjt;6' 2.37 A., $ / F~;6' 106.33° -C'~ O.

)c~~;6:$/ Fjjt 2.35 A., $/ F~ 109.47° G')~

b I) ve~ 0 ;6', 75-96° G')~ b I) ve M~1!ll¥Jts:.5t

1lJ~~Q. CO)~1.lt~~t~Efm~4~%.:@

;6'G{,tc.G~no. ~Gve, ~fi3%tt.j;~\"

;6', 60° Ji1il:illve{,.:@;6'~ I) -t '5 -C'~ O. C nfi

3 ~%;6'G < ot':-0 5. CnGfi 3 ~~~ 4 ~~

;6:* 'Y r '7 - !Jl:j:1vCi'H'ELt!to C t ~7F!J3f:L ~ \"

o. )tve {, JzD:""'k;6', C n~-CoG') Si ve)tf-r- 0 v'l

t ~ c'O)~ 7"/v-C'fi C G')J: 5 ts:..:@;6'7F!J3f:~ntc.

C Uits:.\". $ / F'~;6')c~ < ts:.0 t $ / Fjjt;6'

J;a < ts:.oJ: 5 td§\";j:§I*J{' ~ I) -t '5 -C'~O. Cn
GO)*5*~ •• Lk~G')I:j:111:T~@]:jJfG').:tJT*5

*t {'1j;),~U 1)14), )C~t~*~\,'.



G vc, 3 ~~~ 4 ~~iI; a-Si O);:f 'Y r '7 - !1 "/=tVC

1fiELt!}~.:.cil;7f;~ntc. . .:.nGli:ftE*O):MJ'§.

-'E-'f'lv'"c-li~*- Gntc':' c If:, tJ:\"iI;, ~$tJ:-7:/

7" ~ 'Y v:MJ'§.T - }1~ - 7, C If:, ~)j§ L tJ: \, '.:. c ~

mMLtc.. "/=t~~.~~~.,MDY~~V
Y 3:/' -7 :/7· ~ 'YV:MJ'§.T-}1 ~-7,0) 3 "':)0)

3~:lz:tJ:WE19l1i1;;:!)~ .:. Ucit § VCWc U '.

tJ::tQ, .:.c-ej$~tc\"<"':)iI'o)Y~ ~ V-Y3

:/~7-'E-~777,¥~~(*.~Y~~:/~~~
~7T~rff77,)K~Gn~~~~~~0)~

~~O)~~~~~~~~~mc~bn~.~K,

fillj~~fflil;.JN:lz:~~AK J: '"":)--c:M~~n~ ~ Iv::I

'i"T~ F;lf77,VC:tQ\,,--C, fillj~~O)!JJ);~(*5~tfL

jiO)!iJ}]i/:9-c'litJ:\,' ! )iI;tJ:-1t~~@O)~~vc*5U"':>

< o)iI'~limvt--C\"tJ:\".

K. Morigaki, K. Shimakawa, I. Laszlo, K. Kohary,

Z. Varallyay%.a:; vC ~~ Ltc \". j: tc, V.

Harmat vC Ii CSD iI· G 'f' - }1 ~ 51 ~ I±! L --C \, 'tc.
tc.\"tc . .:. 0)7iJf~liOKTAO):f*JlJJ(T029813,

T032193), AKA 0):f*JlJJ(98-302, 2) c F' :/,}f ~ -,

B *0) jfjOffFI'l'f't"3t:J3t:{;JU'm j] 7" p V"" !1 r (S & T

JAP-21 /98) O):f*JlJJ~"3tvt--c\" ~ .

1) K. Morigaki: Physics of AmorPhous Semiconductors (World

Scientific & Imperial College Press, London, 1999).

2) J. Kakinoki, K. Katada, T. Hanawa, and T. Ino: Acta

Crys!. 13 (1960) 171.

3) D. F. R. Mildner andJ. M. Carpenter:J. Non-Cryst. Solids

47 (1982) 381.

4) F. Li andJ. S. Lannin: Phys. Rev. Lett. 65 (1990) 1905.

5) P. H. Gaskell, A. Saeed, P. Chieux, and D. R. Mckenzie:

Phys. Rev. Lett. 67 (1991) 1286.

6) S. Kugler, K. Shimakawa, T. Watanabe, K. Hayashi, 1.

Laszlo, and R. Bellissent: J. Non-Cryst. Solids 164-166 (1993)
831.

7) K. W. R. Gilkes, P. H. Gaskell, andJ. Robertson: Phys.

Rev. B51 (1995) 12303.

8) J. H. Etherington, A. C. Wright, J. T. Wenzel, J. C. Dore,

J. H., Clarke, and R. N. Sinclair: J. Non-Cryst. Solids 48

(1982) 265.

9) S. C. Moss and J. F. Graczyk: Proc. 10th Int. Conf. Physics

of Semiconductors, edited by S. P. Keller,J. C. Hensel, and F.

Stern (USAEC, 1979) p. 658.

10) A. Barna, P. B. Barna, G. Randoczi, L. Toth, and P.

Thomas: phys. stat. sol. (a) 41 (1977) 81.

11) J. Fortner and J. S. Lannin: Phys. Rev. B39 (1989) 5527.

12) S. Kugler, G. Molnar, G. Peto, E. Zsoldos, L. Rosta, A

Menelle, and R. Bellissent: Phys. Rev. B40 (1989) 8030.

13) A. Di Cicco, A Bianconi, C. Coluzza, P. Rudolf, P. La

garde, A. M. Flank, and A. Marcelli: J. Non-Cryst. Solids 116
(1990) 27.

14) S. Kugler, L. Pusztai, L. Rosta, P. Chieux, and R.

Bellissent: Phys. Rev. B48 (1993) 7685.

15) F. Wooten, K. Winer, and D. Weaire: Phys. Rev. Lett. 54
(1985) 1392.

16) P. N. Keating: Phys. Rev. 145 (1966) 637.

17) N. Metropolis, A. W. Rosenbluth, M. N., Resenbluth, A.

H. Teller, and E. Teller: J. Chern. Phys. 21 (1953) 1087.

18) S. Kugler and G. Naray-Szabo: Jpn. J. Appl. Phys. 7A, 30
(1991) L1149.

19) D. A. Drabold, P. A. Fedders, and P. Stumm: Phys. Rev.
B49 (1994) 16415.

20) N. Mousseau and L.J. Lewis: Phys. Rev. B41 (1990) 3702.

21) G. Toth and G. Naray-Szabo: J. Chern. Phys. 100 (1994)
3742.

22) R. L. McGreevy and L. Pusztai: Molec. Sim. 1 (1988) 369.

23) O. Gereben and L. Pusztai: Phys. Rev. B50 (1994) 14136.

24) L. Verlet: Phys. Rev. 159 (1967) 98.

25) F. Stillinger and T. Weber: Phys. Rev. B31 (1985) 5262.

26) A. Warshel and S. Lifson: J. Chern. Phys. 53 (1970) 582.

27) J. Tersoff: Phys. Rev. B37 (1988) 6991; ibidB38 (1988); ibid

B39 (1989) 5566.

28) P. C. Keriles andJ. Tersoff: Phys. Rev. Letl. 61 (1988) 562.

29) M. Ishimaru, S. Munetoh, and T. Motooka: Phys. Rev. B56
(1997) 151.

30) R. Car and M. Parrinello: Phys. Rev. Lett. 55 (1985) 2471.

31) 1. Stich, R. Car, and M. Parrinello: Phys. Rev. B44 (1991)
11092.

32) F. Buda, G. L. Chiarotti, R. Car, and M. Parrinello: Phys.
Rev. B44 (1991) 5908.

33) F. Yonezawa, S. Sakamoto, and M. Hori: J. Non-Cryst.
Solids 137 & 138 (1991) 135.

34) G. Galli, R. M. Martin, R. Car, and M. Parrinello: Phys.
Rev. Lett. 62 (1989) 555.

35) U. Stephan, Th. Frauenheim, P. Plaudeck, and G.

Jungnickel: Phys. Rev. B50 (1994) 1489.

36) S. Iarloni, G. Galli, O. Martini: Phys. Rev. B49 (1994)
7060.

37) N. A. Marks, D. R. Mckenzie, B. A. Pailthorpe, M.

Berasconi, and M. Parrinello: Phys. Rev. Lett. 76 (1996) 768.

38) C. H. Xu, C. Z. Wang, C. T. Chan, and K. M. Ho,J. Phys.
C4 (1992) 6047.

39) C. Z. Wang, K. M. Ho, and C. T. Chan: Phys. Rev. Lett.
70 (1993) .611.

40) 1. Kwon, R. Biswas, C. Z. Wang, K. M. Ho, and C. M.

Soukoulis: Phys. Rev. B49 (1994) 7242.

41) 1. Laszlo: Europhysics. Lett. 44 (1998) 741.

42) S. Kugler, K. Kohary, and 1. Laszlo: Proc. N2M Workshop,

Grenoble, France 1998 (AlP Proceedings No. 479) p. 64.

Vol. 35 No. 10 2000 ( 789) 7



43) S. Kugler, 1. Laszlo, K. Kohary, and K. Shirnakawa:
Functional Materials 6 (1999) 459.

44) K. Kohary and S. Kugler: ]. Non-Cryst. Solids 266-269

(2000) 746.

45) K. Kohary, S. Kugler, and Laszlo:]. Non-Cryst. Solids 227

230 (1998) 594.

46) H. Allen, O. Kennard, and R. Taylor: Ace. Chern. Res. 16

(1983) 146.

47) S. Kugler and Z. Varallyay: in preparation

48) C. H. Herrero: ]. Phys. C: Condensed Matter 12 (2000)
265.

49) K. Shirnakawa, A. Kolobov, and S. R. Elliott: Adv. Phys. 44

(1995) 475.

lltr% No. 9 <~'m:{;$:4WJ'!Il.O)WTL\, ,~~>!fIf~%O) "5$~'m:{;$:it~O)'m:TT'/q 7

J;E;ffl" (~Ll!1Jl.llU) O)~ 1~cp-C';t'¥ilqm¥i~ n'~ 11llimil';lSI) "t U:. 7c2f:$ ~
W\ts: < :to~Lf\.'k ~ "t-t. c c vc:.iE ~\"~~~l±-L1Jlj]:~l±-n,td~~ "t-t.
No.9, p. 119 (725) ilf!;1 ~(4'*(7)~(7)fipl:lJ(7))("Fb:JmliL.-n·i: U.:)

(A) MFS FET (§3-l-3)

P

~p;I if/;

::ft~J€/" 'E I)

i!l;l~H\j:I±~tiJ
i\'Ii~' i\'Ii;!fHJ1tiiJ~~

(B) AC EL (§3-2)

1!l;l~,,1!j;1±
$.g.,1t. :&5lifilJ

XiIDfJ1t

_____AI
, PbTi03

MgO
ZnS: Mn
PbTi03
ITO

(C) "71Joil'il{fj)j[-t/1)-/7J1-."-x-;7
(§3-3)

PLZTU!f.1Jl

~itMS~
i!l;1!j;EE~tiJ

:¥ililtiJ1'F. i\'Ii~JiG;g
7H1tiiJ~~

(D) IR-OPFET (§3-4)

i!l;jl'i~1!j;:!J
!A1iH~1tiiJ~~
7H1tiiJ~~

Si

~
SiO,/Si: B+Al PbTI03

or Si02 \ I Pt/Cr or Ti

8 ( 790)


