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ABSTRACT 

In this research, 11\W03 (0 < X < 0.05) ceramics were fabricated by solid state reaction 

at 1,OOO°C for 48 h. The crystal structure of InxW03 samples is monocl inic along with a smaIl 

amount of Irlz(W04)3 when stoichiometry x higher than 0.02. As the amount of In in 11\W03 

samples increases, the intensity of the W03 peaks decreases whereas that of the Inz(W0 4)3 

increases. From SEM micrographs, the grain size slightly increases from 5 to 20 f-Lm when the 

stoichiometry x increases from 0 to 0.02. However, when x> 0.2 smaller grain size, around 15 

f-Lm, was observed. The non-linear coefficient of InxW03 varistor decreases from 4.76 to 

minimum value about 1.43 and then increases upto 2.28 at x=0.05. In doped-W0
3 

ceramic is a 

new kind of low voltage varistor - capacitor materials. Persistent photoconductivity of 11\W0 3 

ceramics was also investigated. Both the conductivity build-up after turning on the light and its 

decay after turning off the light exhibit slow killetics. The decay in photoconductivity after 

hlmmg off the i llumination is well described by multiple exponential function along with a 

stretched exponential function at all of stoichiometry x. 

Keywords: 11\W03 (0 < X <0.05) ceramics, XRD, SEM, persistent photoconductivity 
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J.1 fll uuihnnua:::fll l'J.,nhrl'ty"o.nlty'Yil 

{fljlh'~m)'uhn~uu In-P3 -W031~~m111lJ{f'Ul11ti'UtJcil\llJ1fl l~tJ\llllf'li:ir1flV.fl TYf~\ll'U 

fl1 'J1}j~~fl~lfJlJ~~'I.h~~£Ji'\'l1\l1vH~lU(l~'\'l1\lU{f\l i1tJV1Wlf'U W03 ttJ'Ul{f~~t~f1 1\9l 'J I mlJf1 

(electro chromic) ~lfl ~H~'U {fllJntl'l.h~vf1~1,'~tfJ'Ulnrl~1 'H)llU1v~ (smart windows) rll'l1~U 
q 

y d' Ji ... 1 QJ QJ 

'lJl'W U(l~'JtlV'Ufl ll'Hlfl1'hJ'J~'I1V\9l'W(l\l\ll'U(Richard and Edwards, 2003; Ramana et.a!., 2006) 

t d' QJ d Q:..OQ, ~tq d. I d $I 

'Ut)f1111fl'U'Uvt(llJ'lJl\l'tltJ\l W03 V\llJ{flJU\9l\9l1111J !tJ{f11tfllJ 1'lf'U NO ' N H3, CH4 U(l~CO dlU V'l 'Ux

(Khatko , 2005) ~~ffl1J11tl'll1~~f1~tll'Ui1m1111\9llJ(lYi1J'Yll\l~\lU1\9l~tJlJi~11I'UtJcivl~ ~1'U ~03 

III 'U 11:Hl ~'U i l U d l'l1 ~U 'll 1 ~ ~£J ~11I'U J1 i vJli 11 'lli \lU {f \l ITO 1'U lltJU {ffl \l~(l 'lflJ \9lU U'U. . ~ 

{fn 'll )~f1tJU 1~(W04)3 ii{fm~ l tJ'U i 1'111 i vJ li l'lftJ\9lUfl\9l 1 tJtJtJ'U'lln ~ +3 (trivalent cation 

conductor) ri1'U ~WO i:ir1f1Vill'W~1l~'ll1 ~ ~f1~llI'UfJllm wi1\9l11'\l1\9ltJ'4illfllh\9l11 'U '\l1f1\9l1\ll2 

tllYlI9lVM (Gaewdang et.al., 1993) 

Q.I ~ d dd ~ ~ 1 
'\'l\lfftV'l'UU1tJU9f (tungsten bronzes) lJnl9l)lfllJfltJ Mx W03 IlJtJ M fltJ tJ~\9ltJlJ'tItJ\l (l'l1~ 

{flnh~f1tJU~tfl~'\llf1U~(l~tJtJf1\9l~~\9l~(l'tltJ\l WOJ 1iun'U1'Uuuu1~l:!lJ~\9lti'U (comer sharing) 

t~tJlJ~tJn'UlfJ'U1m \l~lVtJ
q 
1lJ-3rl (tunnel network) 1'UrrllJlJ~ l~ tJ\llllf11u tJ 

q 
1lJ\lrllll'U~11\l \PInY'U 

o <V d 1" _I d , ~ _~ " 3+ 
{fl 'l11U Illo o2WOJ U(l~ Iiloo3W03 '\l~lJ~fJ lJ-3flIlUUllJ{fllJl'I1(lVlJ Ul9ltlllJ1lJ1tlJ'lJtJ\l !tJtJtJ'U In 

-=' ~ 1" ~I d & J."",d ,
t'WlJ'IJ'U 2fJ lJ -lfli::: f1mmlJ'Ua'll'l1m'l1(lvlJ9f\l'\l~lJ'lfmjVf111 HTB (hexagonal tungsten bronzes) 

tv t/ d dd ~ Q gJ I 9J 11] 3+ Q ~ d t1 d $I 

Wf1 (lf1£JtlJ'tI tJ -l HTB fit) '\l~lJrr'U11\l'Ut'IJlJU\9lm !tJtJtJ'U 10 l'WlJ'IJ'UtJf1 {fn'll1~f1tJU'Ull~lJ{f~'\'ltJ'U 


U{f\lUJ1111f1~ltJ 1(l'l1~ 1'Uu~'tItJ\llflH{f11\l1)'tIlmUfl -ff~~1'U llJ(l x 'tItJ\l1tJtJtJ'U l(l'l1~'\l~iifll{f\l
.. 

llmUllJ (Raghavan, 1976) 1~1{f'UtJiif1n1111i 1'Um1\9ln'\l1\9lt11\9l~1'U111f1fl1\ltJ1Yl19HJ 

1\9lV HltJ'u iif11 Vlihlfl~v{ v (E> 128 f)l(l~t~f1I9l)tJ'U 11(l~) + oil In ~e - + '" Sn· +y '\l l mT'U 

* . 
t11Ifl~fJ {f'tltJnlfl lU Sn '\l~'llritJV~\l~Uf1lJlJ1Yti:iVir:l~~l'U 116 H(l~ 496 f) h~t~f1\9l) tJ'U 11(l~ l\9lV• 
, * 'j} , I 

Yt III Sn i:i9i'1~~1\9l 3.2 IlJ lm1'UlYt ~\l lT'U~\liifl11 lJI1I'UI'llI~Yt'\l~{f11\li1\9l11'\llfltJ1\9l11 'U Vl 

t.fl'U l{f~'tItJ~u~~ InB0J 11I'U {fl1 'll1~f1tJu~iil'lltJfLcH'U~'tIeJ\l In3 
+ 1um lJltlJ~n\l~\ll'l1lJl~{flJ~~~ 

'111I'll1~tll'Ui1"n'\llflt1119l11'U (Messous et.a!., 1995) lflV~Hl'UlJll~iim1 ftf1£Jl{flJU~ fl1~ i1 tJ\l 

U{f\l'tleJ 'l InBOJ l1hJUtlUf111\l~li~fln \lt1\9l~'Wr:l\l\lll..l 3.10 ~h~f1\9l1t)'U 11(l~ fllt~m.J I 'll'tltJ'l{f1l9lfl 

(Stoke shi ft) ijtil,.h~ lJltlJ 1.26 ~t~f1\91 1tJ'U 11(l~ tht~t)'U I 'll'tltJ\l{f 1\9lf1~iifillJlf1f111fil~'Wu1'W 
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.. I 	 J+ c:-.. " • ~ , 9J Q ~ ~ 
ffl 'i u 'i::;mm lnBO):Bj 'lfllJ 'WlflU":~p11JnW (Chammade, et.al.,1990) fl'Yllf11'ifl'f)'hllfflJtJIVI 

4 & .d J+ & ~ 19 I od c.1 ~ d ~ 'JIQ.I 

I'ifl~Uff~'U fl ,n,mm~tJ1 loBO):Tb "1r~f11'i l'i fl~Uff~'il::;fl~ l'W tJ1'W ffl 'UtJ11Hlmllf)'W lW~lJf11'i l'ilflfl1tJ 

3+ 1 .oS ~ "" OJ OJ 4 4 .JJ 0 ,~ I
Cr ,, \I 1..1 loB0 3 "1r~UOtJf11'iI'ifl~Uff\l"::;1f1fl'illm~~'U'Vl"~~l'W T ~ A 9f~ "ff1m'iO'Wl 1J 

2 2 

l'i1l~1J~1t~lJfnllJ!.,jlJ!tff~1l1'n'Ut9fm'Uff~m.y]~v Vf)J'~ l~ijf11'iffmnf)n i1fl~mH'Uc)~ Ce
3 
+ 1'W 

ffnll 'i ::;f)fltJ ln Sc • B03 (0 S x S 1) f11'itllci~!!ff~'il~fl~l'Wth'Wtlli1~ (Gaewdang et.aL,1994)x 1 x

In
6
WOl2 ff1m'imllci~!!ff~I~lHh'WilJlt1'W - l~tJ1 ~~Wl'IJJiJ~lf) ';h 150 IfmilJ 

19fn:iJf) 'U C)~ iff ~~ij C) ~ flU'i :::fl c)'Ul1 ~m1l'W w03 '1 ~ftJ fl11lJfflJ 1'ill rt C)~ 'ill f)ffllJ 1'i 0 

tb ::;~fl fi'l lllJ111ffl~C).f!!H~lJ~1 (low voltage varistor) tttflll'i::; ltJ'lftllwf)nilfl~n'Wm\l~lJ ''rl 

tfh.Ji1'UW::: (transient overvoltage) 'mJf11'iffmn fflJtJ'11fl11lJ lli tll'Wt~~t-fflJ'Vl1~ '1v./~1 (non-Imear 

e lectrical properties) 'Ufl~ ffl 'ill'i::;f)c)l1' lJ'i::;tJtJ W03-Nap, W03-AIP3' W0 3- COP 4' W0 3­.. 	 , 
'JJ Q.I '~I 	 ' <:::::). 4 ~ 9J

M n02 
, 
1~~!!1VI1J fl.fl'.1996 (Makarov, and Trontelj, 1996) ff1l.Jt9f'illJf) W03 'VH'ilc)~1t1 L~O, 

d 'i/ dlrJ 'i/d <9 QJC> " ". lIJ 'i/ ~ 'd 
Vp s' 	 COP3!!,,::; L3.z0) l'Wmmwmf)WWf) l~lJf11'ifl'f)'hllfflJtJ~'Vll~ l'vhn n~~!!~ll fl. fl' . 1976 

Q rI .d~ 9J 
(Kaneki, et al.,1976) !9f'illJflff'UC)~ W0 'Vl!'ilO~1{J GdP3 (Yang, et aL, 2004) !!,,::; SbP3 (Zang,3 

et ai., 2004) 'il::;1l1'fiT~YlJll'i::;i1'Vl~'UC)~rnllJlli!1ll.Jt~~!-ff1J'Vll\11v./Yh'VhntJ 2.56 u,,::; 4. 1 ~llJrll~'U 

~ cI 	 d..t:!t 'j) til "do ..r:::::1 £9 ~ OJ d
l"f"lJ'lJ1\1 'U C)\I WO) 'Vl! 'ilc)fl1{JO::;~c)lJ In ~lJ f11 'i!~ 'i tllJ!!"::;fl'f)'hllfflJ 'U~ f11 'i ~'i 1'il1~f11"1r 

NO um; CO (Khatko, 2005) !!1?1!"1r'il:iJfl W03~!~c)~1V In iI~Ilil~ij@lfl1l1fflJtJ'11f)11lJllitlllJ!;~ 
.... ~ 

!-fflJ'Yl1'l 'v./Yh ~~t'l'lJ llJ 1m~~llJ ill(Jij'il::;fff)1l1fflJtJ'11'Y1l~ IYlYh'UC)~ !~~!9f'i l:iJf)'UC)~ ffnm'fl1111 

,Q"d,Q..Q.Q. oQ.d 	 d ~'j).d.d £9 

Inx W03 (0 :S x :S 0.05) lflV11i1l!lm(J1f11'i!f)~!lIlJffl'i"::;mV'Uc)~!!'U~'il1flff1'i~~~lJ'Vl!lIw'l'lf.mf) 

'Uc)~ ff1nh::;flmJ Inp 3 Am::; W03 t~mll'Wll'i::; 1{J'lftJ1'Wf11'i1l'i::;~fWltll'W1i1m~fl.f'lfiJ~!!H~'W~1 

u,,::;ff .f11 'VltJ11'Y'I~l!;~!! ff~!ttC)ll 'i::;(Jfl~!1I'W'fl1~ 'i1'il1~!!ff \I. 

1.2, 1 fff) 141fflJ'U~'Vll~ I Yl.yhm::;uff~H1~Vf11'i i~ff.f11'Vl~l'W'Vl ll.J '1Yl~1!!"~fff)1l1 
fflJtJ~fl11lJ lli!1l'W !~~!-ff'W 'YIl~1YlY1 1~c)W '\1 fl:iJ l1'C)~ 'UC)~!]jfl !9f'i l:iJ f) 'U C)~ffl'i ~~. 	 .~ 

'fl1111 InxW03 (0~x~O.05) 

12 .2 	 fff)141fflJ'illl'Yll 'I iYl~lm:::!!ffffrr'UU 'i~~'W~11~Vf11'i1~filf) 11lJ~ '1 'Y'IVh U":::fl11lJtJl 

lYl;q l~tll~{J'W ~llJfl,)llJg ''W'ih ~ 20 !~h~cH - 2 !lJf)::;13'j ~ cH m'l~ fff)14 1~lJ~U~'W cH 

ff t11 f) 1 ~ 'i ff 1 fl 11 ~ ~ W 'H JJ :iJ l1' C) ~ 'U C) .:)! ~ ~! 9f'i l:iJ f) 'U tl 'I ff 1 'i ~ ~ 'fl 1111 lnx W03 

(O~x~0.05) 

1.2.3 fff)1l1fffll'VltJl I'Y'IY1 1t~'IUff~'UC)~!~~!C)f'iliJf)'U c)~ffl'i~ 'l~11h lnxW0 3 (0~x~0.05) 

~c)Wl1 fliJl1'C)'l !~Ofll'i,h ::;vmltll'W'fl1~ n'il'Vll~Uff 'l. 	 .~ 
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... v 
1.3 'V6'U1'UgJ'U6~fl1n\Jn 

1.3. 1 111fll'mI1(1lJl9l''J1lJfl'tl'tl 'Hn'J~'lI'l'nllloxW03 (O:S;x:S;O.OS) l~t'lnl.lBmt'llfll'J 
"::::'G 	 cl ~'1I.cdd 4
lfl~ltlllmHt:;mt'l'U'tI'lH'tl'l1l1fl'ff1Hl'l\9llrYlltlllH'IfH'lfl'tl'tl'lm'J1.I'J:;flt)U loP3 H~:: 

') <>ct _ ' ''''''''''' '" ~I 	 dW03 	 ~~[J1tiU!l m t'l1fl1'J lfl~lull 'ffn~:;mtJ'tl'tl'lU 'tl'l 

1.3.2 	111 fll'J\9lnll'ff'tlu 1 m '1'ff~l'1Hiifl!~'l ~~f11f1'tl'tl'll9l''J1lJfl'tl'tl'lm'J ~'lI'l'1l11loxW03 
~ 	 d Q.ld ~ .& l' !JI ~.c::. <jI

(O:S;x:S;O.OS) 1~t'l11ifl1'Jmt'l1!Ull 'J '1'ffmfl9l'U~::ffflEl1 ~ f1'J '1 'ff 'J1'1 f.I~m'lf'll.ll1 f11f1 Y'11 t'l 

1.3.3 	111flni~'fflJull'Y11'1 i vJii1m::u~ml1Jm'1ill~lU~::f1flEl1~lJ'~U~lloi' 

ml.lfl lm~lf111~fJo!l1iJlJ,r'tl'l'tl'tl'll9l''J1lJfl'tl'tl'l~1'J~'l1'l1,\.h loxW 0 3 (O:S;x:S;O.OS) 

~ 0 ~ • .IJ'1 '" 0:: '" .dJ <V 0

1.3.4 	flflEl1~fl l'WlJ1 ~Y'fYi1l'lf'lU~'1'tl'tl'l!lJ~!9l''J1l.lfl'tl'tl'l~lm'l\9l1ll1 lox W03 (O:S;x:S;O.OS) 

.& £:! 9J ..::::uv, 91 o.d o.c/ 

1.4.1 	 ffflEl1'YlqEltlu~::n1J'J 1lJ'U'tI1,J~f.I~fl1'J11lt'lH1ll! III 'tl'tl1,J~m~fl'Yl'J 'till fl'ff 

1.4.2 	111fl1'JI~I~t'llJ!9l''J1lJfl'tl'tl'l~1'J~'11'l1111 loxw03 (O:S;x:S;O.OS) 'il1fl'ffn~'1~ll~!lIll 
dl.1 	 ') """.1 "''''''' "'?I d 

~Hf.I~fl'tltH ~l'J u'J:;flt)U I~03' w03 ~Y'lt'l11iu!l m t'J1fl1'J!fl~lull J;1' l'J~::mfJ'Ut)'1U'tl'l 

1.4.3 	 ffflEl11flH~j1'1f.1iifl!~'1~~.fl1f1'tl'tl'lI9l''J1iJfl'tl'tl'l~1'J~'11'l1111 loxW 0 3 (O:S;x:S;O.OS) 

II1t'lnfll 'J!~t'l1!UlJ 'tl 'tI'I f 'I ~~y! 'tI floi'll1t'Jlfl~ 'tI'I !~)f)oi'l 'J v~yjuvJ 'J fl 1 \9l 'JlJ1\9l 'tI ft,r'tl 

Bruker ill 08 Advance 

<jI 	 fJI tlQ. cl 'd 91 I 

(O:S;x:S;O.OS) ~1t'lf)~'tI'I ~~'Yl'J'Jffll 'tImf)\9l'J'tIllUU1J'ff'tl'l f)'J1'f'ttll1 'tI JEOq ll JSM­

54 IOLV 

1.4.5 	 f1f)El 1'fflJ tWlfl1 'I i yj~hm:;u~m 'I 1~t'lf11'JiY'l'fff11~~lll 'Yl1 ll i rJvh 1m:: ~lJllilfl11lJ 

~hMJlll~;JlffU'Yl1'1 hJ~h~ 'tI0! '11 fllJ11''tI '1'tl'tl'lIU fl! 9l''J llJf)'U 'tI'I ~1'J ~'11'l1111 
• OJ 

loxW03 (O:S;x:S;O.OS) 

1.4.6 f1mn'ff1Jllilfl1'11vJ~ lm::U'ff~rl'um 'Iill ~-llflt'lf)ni~~1f111lJ~IrJ.yhu~:;fI'lllJ 

111 irJYl1~l1J~t'J'\.,I11.I\9l1lJfl11lJ~ilJ'lh~ 20 !~h\9loi' - 2IlJf)::!~h\9loi'~'tI0!11fllJ,r()'1. .. 

~ Q.'jI 

(0:S;x:S;O.05) 'YlfJO!l1iJl.ll1't1'1 

1.4.7. ffm-n~ml't,hlyjvh!;'1U'ff'l'tl'tl'l!~~I9l''J1lJf)'U'tI'Im'J~'11'l1111 loxW 0 3 (0:S;x:S;0.05) 
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~~fllvr:h~:;;'Ji'1U 

I'lllli'm 11H~tJ'W "'tIfll)!\Vj~ fJlJ!~Y>l!9fn:iJfl'tltJ-:jftl) ~-:ji';l'th InxWO} (O:$x:$O.05) 

~ ;}) 	 d d £'it ~ ~~ 
'illflft11\9l-:j\9l'WYI!1l'WIiNyrafl'tltNftl':ili'J:;;mrlJ lnp} It,,:;; WO} 1I>W11illUfl'HJlfllJ 

IflmlltJftl 'J'tI~'i:ll(J'tIeN!!~-:j 
o I 'jI ~ 	 t!l dd r 1 11 "".,.

5.2 YIl 'VIYl11Ul.NN'i:l'tltJ-:jtJ:;;¥'ltlllftlWiltl In Y111N"¥'ltJ 'i'lJ"lml"lNam'i!~'iJafllfHm::;. 
a. d.t::::l. diWQ 
!'i!~1l'VIfll'i'l'tltJ~!1l1il!9fnllfl'UtJ;j1:nJm¥'l1'W1 InxWO} (O:$x:$O.05) 

1.5.3 	I'llhrml1Ji1;jN'tI'UmiJ:;;l'lflllmJI~tl In ~ihitlftll1J~Y11-:j "l'\"lyhm;:;uftl'l) 'i ,,'\"lyh 

m::;umY~1JUJ 'il'ltJJl ua::;ftmmmlll"llillltJ!~~1 ff'WYlH l'\"lth~tlW'VI fliMtJ'i'U tl~ 
• 	 <U 

c{ "'::t ~ W 0 

!lJY>l19f';illlfl'tlfl'ltnm'l¥'lTWl InxWO} (O:$x:$O.05) 

1.5.4 "l ¢lfffnnftfllYl1.111 '\"lyhl~~ II ft ~'tItJ"l!~Y>lI"liJ 
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q 

UrIrI 2 .. 

"'" q "'"v q q 'V 

!!l,!ltl~ rlq'll.Q!!(;l~~ 1l,! 11l£JrlUUJ1 'U8~ 

'\ v ~ _I .... III ~ 
2.1 l flHa'jl~Nt'lfl'UM(;JnlJ'j~fUl 'lJ 'f1-1a'fllUH)fl lCUA (WOJ 

i fI'j ~'tYrl~ r-.I~f)'lJel~l1~m~'W elelf) 1G)j'~1 'W el'fllJfI~hh:::f)el'lJ hJ~ll'Jelelf)~:::~'fl'f(l~l'Wl'WlJ1f). 

d. Q.I.c1 ~I rI .ct 0 I 1I 

(l:::elelf)~::: ~'fl'j(l'il:::lJel:::~el lJ W !1J'Wf1'WI'Jf)(l1~U(l:::lJel:::\9lellJ ° 'ill'Wl'W 6 el:::\9lellJeltl(lellJ'j el 'U f11 'j 
~ ~ 

!~ellJ~ml'W'lJel-:Ju~(l:::elelf)~:::3~'fml:::riell rf!fl'fl!tJ'W elimft!!'Wl(Jll1 'Wl1mtlnJ!!'U'lJ!"J5'W el h J.:irlnJ 
q ~ q ~ 

'tYllJ !'I1 gtJlJ elimftnJ~!'I1 gl'JlJ m'Vl~ 2.2 !!'tY'fl~ lrfl'H 'W elimft'tYllJ!l1 gtllJ!m ::: elimrll1 f1!l1g tl lJ~ 
q cu q q 

Q ~ I <V 

!f1'fl 'IJ'W 'j llJ f)'W 

. 
ill'fifl 2.1 U'tY'fl~ im-:J'tYrl~r-.I~f)'lJel~ W03 l'WmrufJ'fllJfI~ 

il l'fi~ 2.2 !W'fl ~f11'j!~ellJ~ml'W'lJel~ elelf)\9l:::3'fl'fm-h'rf!fl'flelilJ~ftnJ'tYllJ!l1gUlJ. ~ 

u(l:::elimftn.ll1 f1!l1gtllJ 'hlJf)'W. ... 

'tYlnh:::f)el'lJ W03 1'WfJ'fllJ fI~ 'il:::ihI1lJ1ru'IJel~el:::~HnJ ° l'Vlli)'U 75 !tlel~!G)j''Wv1i'fltl l lJ"(\ 

!!~ f11 'j !fl'flU l!!fI'W 9r'IJ el ~ elel f)~! 'il'W 'il:::ri~ r-.I(l 1rfi m ~'tYrl~ r-.I~f)!'lJg t1'W!!11 (l~' til'll1 rf!fl'fl!Yl ff~H "l 
เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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1l1'1..11'W :lJlf) !'If'lJ a -wa x (2.98<x<3.0, ~ -WOx(2.83<x<2.90), r-wax (2.66<x<2.72) u~::: W02 

1m ~ H~ f) 'Ue·u ..h1'\rtl~ 'ffn U)'::: f) tJiJwo31 'W ~f'l11f1~ ~ lli)ju1Ufll-J 9r'tJ tJ~ tJ:::IPI tJ:IJ tJ tJ f)~! 'il 'W 'il:::)j 

lm~'ff~Nf.I~n' 'W),:::iJiJ 1:IJ 1 'WfI~i1f) (mu9!f)'1rJ P21/n) ~~ru'l1i.;!iJ"rtJ~ a=7.297 5~'ffIPl)'tJ:IJ, 

b = 7.539 5~'ff~ H)11, c = 7.688 5~'ffIPl),tJ:IJ , A = 90.91 u~ijr.r'YliJ-;h~tJum.f)ii"rtJ~'ffl),U)':::f)tJiJP <lJ ca qJ 

WO
J 

~f)'il:::!nlPlln 'W I'W'ff 111 l'WfI~ijf)~1:1JfliJ11PI),f1~i1n (tric1ic) (Yang et aI., 2004) . 

mj N hn~11l1m~'ff~1~H~f)'tJtJ~ WO
J 
O~IU~£J'W 'U\PI1:IJ~ru'l1iJiJ~f)~1(J f)ril1~31'W9h.:j 

tJru'l1.f)lJ~l 50 U'l 17 tJ~fflt9!m9rfJ'ff 'il:::)jlf1'i' ,u.,tinll-Jn;iJiJ'IPI),f1~ijf) 1l-J'lf1~tJru'l1.f)lJ 17-330 
Q <u <II 'U 

tJtJf1 'IJ )'tJ:lJun U~UltJru 'lmlJ'ff ~f)11 740 tJ~fflt9!m9$(J'ff'il:::t1Jl-JUiJiJtlPllPl),:::1 mY~'illf)~tJ:IJ~ril'fflPl
ca <lJ QJ 'U <II 

(Saljc et. aI. , 1997) lml11f1'i'~H~f)'tJtJ~ WOJ ~~W'l1i.;!lJ~l),:::~iJ 5 tJ~ffltfl~l'W t1J'W'U'~ 3 UiJiJ 

'il lnf1l'j~ tJ:::1PI3:IJtJtJf)~t'il'W'tJ11PI'l11£J'1J\11fl lf1)~H~f) U~~:::tJtJf)IPI:::31P1i'~'tJtJ~ WOJ ~tfl(J l'if' 

:IJ:IJt ~tJ:IJ~ tJfi'lJ'iJ:aU~fJl-Jt1I'W 1 'if''tJ tJiJ 'tJ tJ~ tJtJf)lPI:::Hf'li'~t~tJ:IJ~tJfl'W~~ft~ H~ , -Hlf) lPItl'hrl-J tJ'W 'ff1Pl tJ (Jf1• 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:2.66<x<2.72
http:WOx(2.83<x<2.90
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Asse ssed w -o Phase Diagram from 73 to 75 at.~/o 0 

\"ei g.h t Percent O:~:ygtJl
19.5 

1800 

r-1600 

1800 ' 

::::~l_~I;!~~~-~'"r.:~~,,~c"',,' , ...,:btiV< 
_WII°., 

r-HOO 

uoo­
~ 
~ 

~nffi§~ 
HE@ 

_~ ­
11 

WOI-A I­
r- UOO 

1000 ­
\VHO S1 -----+l" ~m~ ,;.4;",'","~-WOI-B

~:;s::: r- 1000 Illtt I WnO.1Strits ~ 
800­

600 

WnO ln_1 Strits 

585°(' 
484"(' 

1, 

! 
......­ i 

~n§ -;',,:- WOJ-C 
i:;;;;=~ 
~~~ :@ 1-WOI-D 

I- 800 

~ 
I- 600 

400 + .........,......_.____ "T"'"". ......_ _ .............___;-,,I"""T-r--r-r-r_-r-+- 400 

13 74 1S 16 

Dotted lines are specnlatiye. Atomic Percent O:\"ygen H.A . Wriedt. 1989. 


l '11 £:! Q....::::t IV t! 
2.2 &ft'HtJ 'H U.J(,'I tl 'U el-3 ell!!VIl'JlJYI-3tlUll! 'lJ ':) ell!C)j 

'illtltl1)~U~~~~Hltll'l~fjl'lr~ W03 i~~:lJI~mJ~iln'W'il'Wtlmm1J'W lm~"i1t1'tJil~fJ lmrl'i'W 

rUH'lJ'lJ~ l~"1 ~ ':il'Hn tI '1 'W fJ lmrl'~l:lJl H)~'il~ i riil~l'lil:IJ1ill9J1~'I1~~1~"l I'li'l hJl~Y]l il1lfl~llI'W 

~lJl.h~ tlil'lJ~!1 tltl'<hl1~~!I'l'WD )il'W CJflhJI'l )lfliHlil MxW03 tlU U'V1)tlil~l'lil:IJ 1 ~ '11 ~ l'li'll1Ji 'W 

'ill:IJ~rl'yh "'1eJ 1:IJ~r1iJ ~:IJ:IJlI'l)~l-3ililtllU'illtll~:IJ tlmvltlt.HY:IJ:IJlI'l)!lDDII'l'f\) ~ 1 tl11'~nD!eJtl9i~. . 
ltl 11'~ i.11nh~tleJD Inoo2W03 II~~ lIlo.o3W03 iJlm~~¥NN~tl!1J'WIIDDII'lI'l)~ 1 m.Jm;'1ml'l'W 

D 'J il'WCJI rl'tlEJru~YimEJ'tJil'lII'lI'l)~ lmr~l1~ml'l'WD)il'WCJlftil illmrl''il~iJ 3 H'lJ Dft eJ ~l:IJl'I1~tI:IJ. 
~ll1~ tI:lJII~~l1'll'11~tI:lJN~:lJNm'Wn'W~~)1J~ 2.5 1I~I~mB:IJlru'tJil~lm1~ In L~:IJ~'W~l)1J)~tlilD

<u 

'il d r& u 1 1111f1r:1'1t11 ~'I1~u~~ 1 f1H~¥N N~tl 'il~I1J~tI'W l1J 11J'WI€Jtl9i~ 1 m.J~l1~ ml'l'Wu "JeJ 'W CJI 

D'lnfl'llm~flmY'W (Bouchard and Gillson, 1968) 'VlD11-ffl'lri1'W 1:IJ~ x ~~~'1 0.33 lm.:j~¥v.lV~f1.:j
~ ~ 

t , , f 

~llJl'Hft tl:IJ ft-l'I1fttl:IJ U~~'I1tlmfttl:IJN~:lJNm'Wn'W U~~~il~'f\il:IJ'tIil~ In 'il~I.,rl1umjh!illlJ 'Ir1nJ 
<u. OJ 

.d dQ.I 

'Hm'l1 ~tI :IJ ~'1 fl1 'Vl'V1 2.6 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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a 
---~ 

2.3 lA':i,nr~HU~f)'Uf)-1 ifl".i'l.h ::;f)f) 'U 1n WO (Diot et. aI., 2001)6 n 

bYl'J lh-::; f) tJ 'U In6WO l2 ii i fl1 ~ bY ~ 1-H'l tl f11l lJ.w'U TI fl'lJ bY 111h-::; f) tJ 'lJ I; ~ bY tJ ,:j (binary 

'" , ,
valency) \91 1tJ t'J1 ~ l'15ll 

0 1 .d"" "" , .,; "" ') ') ~ 6J "" 'I ~ 
bYl1 u:; ::;f)tJlJ'YI lIU\911Ifl1l11 MP I2 11ltJ M fltJ tJ::;\91tJlI 1i:l'\1::; IflHbY11~~i:lf) MPI2 tJ11l16IW~J 1'\1 

511 'Yf'Wi'fl'lJ 1m ~ ff j'l~!!'lJ'lJyJ~tJtJ' nl~'lJf)'V'I~ tJ~ (detect fluorite structure) '~lll~J MP I2V2 lritJ 

W d', .,...ci.<:::.i Q.I d'0 d'1 

1'l1t'J~f)'lJ1rrf)t'JtJt'J (cubic) 1l1'W1'U 7 ~f)'lJ1rrf)'YI11'UtJ 1J'UtH'J f)'lJ1rrm111f)'W (edge sharing) ~f)111rrf) 

\911 ~f)m'Jll::;iitJ::;\91tJlI W 1I11f) ~tJ~!!i:l::;ii!!1!!flll ;'UtJ~tJ::;\91tJlJ tJtJf)~1llll1l1ll1ll 2 In!!mJ; tJ~~1JlI 
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0 o 0 

2­
o 0 
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• Re 

I \VO 6'" 0 2'4 

6 Re07i 4D 1. 4 

RC6 "'011D 2 

2.4 aVhr'Vlfl~Hm'lJ'Ufl'i'j~'U'U I n20 )- W O) 

'1~l{~U'O~!g~!i{~ (Richard and Edwards, 2004) '~Vhf)1':1Mm:ntvJ{1"~V~!!m:JJ':I~1111'l 

I~O)-W03 ~'lU{1'~'l"wm'Vl~ 2.8 'Vl'U '.i1ii'tl1)'lh~f)v'U~!{1'i)rJ);iv I~(W04)3 !!'O~ In6WO l2 

{1'lJlh~f1VU I~(W04\ {1'1:JJ1':1tlthhh1l'U1'l·-.nh'vJlh'lliJ~ufl~'VVm..l'lh~~ +3 d1'U ]n6W012 ii 

fff) tlfl l'Vi~ ~ ~t11' UU ':I ~ ~111! 11 'U 1'11~ ':I 1111~ iJ 1~'1 i'U 111 f) ~ 1'lVl ~~ if ~ 15:1.1 'U 1 'l'll tJ '1 In6 WO l2 

{1' 1:JJ1':1tl!~1t1:JJ'n~tln i"lf'O-!l1'O (Dabney et.a!., 2002) {1'1)U':l~f)tJ'U lnp3 !1I'U {1'1':i~'l~hwl"l1iJ~ 
cl .dt 4 oQ, 131.<::1 at 31 0l'JJo 

!B'U (n-type) !lW'l111f)U1Ufl'U"lf'lltJ'ltJ~~V:JJtJVf)"lf!11'U !!~m:JJf)1':1!l1V~1t1V~~tJ:I.I Sn 11~'YI1 'HtJ l 

1vJ ~ 1 1 ~~ Vri 1 '1 :JJ 1 f) 11 11111]'U 11 f) 1 ':I ~ il ~ !11 'U J"11 vJ Yll i U ~ '1 U{1' '1 'll tJ '1 ~ '1 U ':I ~ ~ 11 "V 
~ 

V u i ~. 
~!~f)'Vl':ltJiJf)iY {1'l':1U':l~f)Vu~'U!~tlml,:m'!~'Uu':lv'Ucif In,WO) f,)f)n'UlJ1lJ llJ U~1 (Bouchard and 

GiUson, 1968) ~rl':JJ'lJ1'l'lltJ'l W03 ~!~V~1t1 In iiftf)tlfI1l~~11~t11'UU':l~~1Iit1J'UtJumrum111')U 

Uf)m1mtl~iJ~ !9f'U NH
3

, CH4 U'O~ CO t1J lJ~'U'tll':1U':l~f)tJ'U'llV'l WO) l'U~ t1'llV'l~ 15:JJ'lJ1'l{1'l:JJ1':1tl 

t11 hju ':l~tlf)l'1'l~!1Im1.w1~1 '1 tll1u'1 tI~l1VU'U'UU {1'~'l ~'O 1'11~':I 111,)'UUf)'tl~iJ ~'fi Ht~fJU ':I ~ i tI"lIU~ tJ. 
เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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~.:JU1~ crfJ:lJ1Hl::;19l"n l.ifl ~fJ.:J WO) ~1:lJl'HI1l,)::;~1J111hJl1~~1'flfJfl!H~'tJhl~1 (Makarov and 

Trontelj, 2000) ii'iff11JW::f111:lJ lU11hH~Wff'UYl1.:J lhHh~.:j '~iif11,) ftf11J 1fll1lJlll'U 11~mlflfJ f'tlfJ.:j 

"'Iii "'" 	 ;:liI
WO} 1~Uf11,)l1)fJ~ltlfJ::;'fIfJmHnU'1f'U'fI 1'1f'U Alp), COP4' Mn02, Na.p U~::; Pr60 12 1lJ'U'fI'U 

(Wang ct aI., 2010; Yang et. aI., 2004; Zang et. aI., 2004; Makarov and Tronteij, 1996) 
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Preferential volatilization of W03 above 1200 °C, 
- - - -------- ­

0 0 0 0 0 
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In2 0 3 + IneWO ,2 + WO) + 

Ine WO'2 In2 (W04 h In2(W04 h 
00000 0 0 0 000 

0 0 0 

" I I I I I I ~I I I 

0 '10 20 30 40 50 60 70 80 90 100 

Mole Percent W03 

mft~ 2.8 	U~'fI.:Jl'Vl~'~fJ::;ummJfJ.:J,)::;uu ~O)- WO} 1'U'ifl.:JfJWlt.fJii 700-1,400 fJ.:Jff119l'mCMU~ 
1)'fIl.:Jf1~:lJViuu~~.:J !'rl m~t'n 'til'U 1)'fIl.:J f1~ li 11l1.:ju~'fI.:J lvl m-.m:lJ 
q 	 q 

.. 
-4 ~ Y 4 1I~.ct..ct QJ q G 	 ..:::::to d' 

2.5 fll 'jflfl'YllflHi:r'jH~ilf)~'ltl 'l1i m'Hil£rmJ'U'U0-:j':i-:j i:rl8 flCV (Cullity, 1956;.:J1:lJ'UIflU, 

oQ.Q, Q,.I ~..:::::;. Q.I C\ ~ CIt. cI 44 Q.I 

2530, ,!lfl tW, 2549; !1fl'UtJ, 2550; .:J1:lJ'Ulfltl, 2551; -:j1:lJ'U'fIU, 2553, !1fl'UtI, 2554) 

f11') 1~Ul1U 'U 'tI0.:J1-:j~lfJf1GJ511l'U i1j ~1 '*1 'U f11') ~lU 'Uf1'iff11JW::; 1 fl H ~~l.:J'tIfJ-:jf-l~ f1 ~.:JfJ1 fftJ 
f .:j~lfJf1 cH~ lJfll1:lJ U11f1 g'U r111~U111 1f1U It''.:J ihliJ 'fI1fl f1 m::; 'YIU flU ~1') i 1mh.:J ~.:J fJ1 1) 111 'U f-I~m~Ul 

"'I & '" a'd"l iI Jl "" "I_I ~I 'I .,; _I a' '" '" '" '" 
It'l fJ f-Illf)'Wl1'W 'Ullf) !'fI 9l'~ ~n'fllfJU1.:J'il::;lt:lJ'U !lJllJ'U:lJ:lJ e !'U'tIw::;'YifJlJmWIfl,)11)1)U~UJUJ1WH~ 

q 	 q Q q ClU 

1fJ f)cH1) ::;lfl ~fJ'U ~ 11l d~hJlJ1J 28 ll~:;arlfJf.:JfflfJf)cH~,h'U1m -:j~~l.:J'tIfJ.:J ~~f1fJfJf)m1)::; lfi'flf1l'Hl'Ylm 

~fJ'fIUU1Jl1m11-:j1l ~::; U'U1Jl~~:lJ II"lt'Hlu ') f1 f11 ~1~'UfJl1H~f)ii f11 ,) ~'fI~ tJ.:Jil1lJ'W ')::; 'U 1U'tIfJ.:J fJ::;lflfJ:lJ 

~.:J ~1:lJ n ()~::;Yi'fJ'U fl glJ~lflf1m::; 'YIU 1'f1 uii:lJ:lJ'fI f1m ::;'YIul'vilnu:lJ:lJ~::; Yi'fJ'U vf.:J~1.:j*1fJ f1GJ51)::; II 'Yi,) f1 . . • 	 q 

Q.I ~ ..::::::I ~ ..:::t C\ • 9J , ~ 

~fJ'fIf)'U 11UU 1~'l:lJ:lJ 1f)YI-q'fl1 :lJ fJ :lJf)n m::; 1'il.:JfJfJfl1)lf)U~H'::; ')::;lJ 1U'fI lUfl 11:lJ UIflf)1fl N'ti fJ.:J'YI 1~1'fl'U 

fl ~lJ (path difference ) llJlJ,)1'Ul'U1Yin::;'U1U'tIfJ-:jfll1:lJtJ11f1~lJ'tIfJ.:J1.:Jff1fJf1GJ5~-:ji1Uf111 f) g~tH 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



11 

nA = 2dhkl sin 8 (2.1) 

.. 
n ;itl rll~'lJ'\Jtl'lfn) !~V1!'lJ'W 

1 
1 Difftal:sed 

Incident 

beam 

2 

beam 

2 

-0- -0 -1 A' 

~I 

-0- -0 - j B' 

Q 

- -0- - 0 - -0- - -0- -0 - -0- - 0 - ­

)I' ,., 1 ' " 
1'W llh !'lJ'lJfll'H~V1! 'lJ'W lW ~Vifl !l1 ~lU 'il~ ,.h l fl !)Yil:J lJ!~V1! 'lJ 'W!~ lJ -ffTHf'lJ1il~115 m Yl 'j lh ~ fltl'lJ 

. .. 
GJfi!~H~V10'lJ uCl~ 'il~ ijl'l lU11 11'1 '\J tl'l'l1f1 Yil:JlJ'\J tl'lfn 'J !~ V1l 'lJ'W ~l 'I fl'U -ff111 f1J1i1~ 115 mn nh ~f)tl'lJ 

" IPll 'l'lfiJ~lf)lJ fll'J 1!fI 'jl~111m '1~5l'l '\Jtl'l~~mh'«I~ Vfl1'J nn V'lJll1V'lJ'JtJUlJ'lJfl1 'J !~V 1 &'IJ'W '\Jtl'l.. 
~1'J~1tlVl'l fl'IJhJ rl'lJ 1191 'J 'Ii 1'W'\J tl 'l fn'J!~V1! lJ lJ '\J tl'I f'l !YWf)cjf'\J tl 'I ~'1 ~~ f) ~ 'IIfha 1'W.utllJ Cl I~ tnfllJ 

~ ... <u .. 
~ tJU'lJ'lJfl1'jta V11'lJ'W '\Jtl'lf'I !YW OcM'\J tl'l lll lOJ111 m n 'JlI 'J ~Otl'lJ~l'l"l 1 ~Vfl1'J1m V'lJlYiV'lJ J ,jU'lJ'lJ fn'J 

" . ~ 'jI 

l~v11'lJ'U fi'~fl'lJ'Jlll! 'lJ'lJfn'J I~V11'IJ'W 'illO hMm~'J 'Ii 1'W tJ'W 'Vll I~~von Im01J1Yi Vll I'll!! 1111 'I'\J tl'l 
~ ~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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I ';I .::9 Cla.::::t • 
'j ~ 'U TtJ'vhh h1'if)~ fl1 'j I ~ tJ 1 I'U lHWfllJ1 1~ tJ fl1 'j 'j ~ 1J 'j ~ 'U1 'U 11 ~1'*bYty rl'flll W(hkl) 9f 'Ill 'IHm tJ fl J 1 

i ')fiHJCIl(H)f ~ 'I ~')flj iJ(mwf11 ~ III 'U "YJ'U fl rl''U 'lHWil ~~ 'j ~ l-J l'U~ftll fll-J rl ~ fl. 


o 

(f1) Iu ° 2 3 

('1 ) 4% W0 
3 

(log scale) 

('A) 25% W0 
3 

[U
6 
W0 

12 

(iI) 7"% WO - 3 

In (\"1>/0 )
2 • 3 

-tL 

10 20 

+ + Silicon 

30 --to 50 60 

2-TIleta (degrees) 

. .. 
m l't-n 2 .1 0 IICY~'1fl1'jI~tJll'U'U1''1ffWflCJf'tlfl'lCY1'j1.h:::flfl'U1l-J'j:::'U1J lnp)- W03 

.Q r:I "::::'Q <V Q Q a" Q <I 

( Kittel , 2 005; '1111l-J\9ltJ, 2545; !\9l'U£J, 2549; ~\9l'UtJ, 2550; '1111'U\Pltl, 

2551 ; i~uv, 2551) 

.,. "J ~"'" ~ ~ 1 ft I "'" .,.<V1 ~I
lJ1J 'VU'I' . 2478 llllfl l-J mHt (Max Knoll) !\Plfl~f1l-Jl1(lflfl1'jll(l:::l'fifl1'j 'Ufl1'j u 'j~~ll! 

~ .,."'" d ..!. ,.I
" fl(lfl 'l~(l'Ylni'l''U fll(lfl\9l'jfl'Ull'lJ1HYfl'lm1~'tIl-J 1l(l ~\9l fllJ1111l'Uln'j~ lfll-J fl1l\Pll-JIl-J (Manfred Von 

, ~, I "'" .,. ~ .,."'" d • .,; d 1 ~I 10

Ardenne) \Pl 1J 'j~~llifl(lfl'l~ (1T1ni'l'l-Jflmfl\Pl'jfl'U1l'U'UCYfl'lm lftlm fl'lmflCY11'j1l 'Uu 'Yt i'l'. 2481 ~£J 

Ifl1fl'ljjfl~ tJ 'j:::~llflfiJl-Jv'liJn1~'1't1V1tJ'lin'1lJ1flUfl ~fll.l1 'l-J1/ ,),{'i'I'. 2498 'lf1'j mi11C1l~tJlJllg <Vl!mr 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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13 


~ jfii .
iJlJ1J\lIJiH iJflU UmmiJ--1 "" .­ , 

mJ1JfHilfl~'j()'UU1J1Jtm--1mlVl 

Resolution 

-easy 

-skilled 

-special 

Depth of focus 

Mode 

- transmission 

- refraction 

-diffraction 

-other 

Field of view 

Signal 

Cost 

5 11m 

0-2 Jllll 

0-\ 11m 

Poor 

Yes 

Yes 

Yes 

Some 

Small 

Only as image 

Low 

0-2 pm 

10 nm 

0-5 run 

High 

Yes 

Yes 

Yes 

Many 

Large enough 

Available for processing 

H igh 

I 0 Q <Q d &.cj 91..c.:i /.:l. .Q cl lIJ 9J ' .Q, cj db] <J} I 'JJ 
m-nI\lf)1L'U~BmfWrH)'U CM'llJl1'Ul'Yl~H'l\9lBbmWl'H)'U'illf) ri;Ym'lB~ f)t'llJfnt'lf)\9l) B'U 'Yl ~fl'il::;tlmHWJtJ 

q 'U 

j,'f'UllJ IvHh yt1mnf~u'lfllJf)cilJf.h~ f)\9l)t) 'U'hnhlf)'l-Jru::; LtJml1 lfltJrllf_h~f)mtJ'U 'il::;f))lfl hllJ 'U 
q 

~1J f:j1 'lJ B~"''';lB~1 'J lf1tJ'lJ~'fl1~ r;l'U llJUlit'l1~ f) 'U'U )::;'1..1 1'lutJf)cif-11 mf1enll hrtfl~BL~ f)fl) tJ'U 'Yl~tJJI:iJ 
- q .. 

Bt~ f) l'n B'U t'l1 ci lrl~ ::; tlf) \PI )11J1l'U lfl m CM'ULCMtJf U'fl::;ull'fl'lt1Jm1UJUmU, vJV11Lf1 eH-Y 'll'i eJ , uhf')::;'U u 
.. u u 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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Electron 
Beam 

~ 
Electron Gun 

Anode 

Magnetic 
.....--Lens 

Specimen 

2551; Runyan, 1975; van def Pauw, 1958; Barsoukov and Mcdonald, 2005) 

, 
2.7.1.1 l-l~~ RC I'HJ!llIlIB'tJflHJ. 
d Q.I 9J Q.I Q.I 'j) IV I , Q.I .Q. .d. cI Q.I cI I Q.I 

II f1 flf) W:::: fI f11t1flllI9l119l1'tJl'lTU ~HH19l119l B B'tJ m II I9lB flU fl lJYHl\9l 'tJ91f1 yrIi ~::::I l'l l fl ll• 
~~nlJ'\J B-l~lJ'W!!\9l 'tJCH'\J B-l1'111'i'1'tJ1'l1l.J (ZR) nll~lJ'Vl!!\9l'UcH'\JB-l1'11IfhJ'l.h·::::~ (Zc) ~-l~::::111'11 

Z RC = Z R + Z C (2.2) 

mh-l h nl9l11Jfh Zc ~::::~'UB~nllmlll~ ~-lJ'tJ1l1Itl 'U~I'l'B-lI;UtJ'tJ~1'\JB-l Zc l'UJV'\Jtl-l1l1l.Jl'tJ ~'U19l 
ml't'\Jfl-l m'\J1l1l.Jll.Jl;-lcHB'U'\Jtl-lfh~llYi!!~'tJCH hw~ j = ~ ~-lJl.I Z = I/ = - j / 

C / jU) C 7 (J)c 

(2.3)
ZRC = RS - ~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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l~ £J~ Rg AthHll'U 1'U 'i11-:j'IJ'V-:j~1J.yj!!~ 'U CJfri1'U Yroe A~'U'ill'U 1'U ~'U~fl1'VI'IJ'V-:j ~1J~U~'U CJf!rl 'V 

jil1 1lJ~ A,j'1' fHr'e)'W'U~YI~'Vmw C iJA11Y1tY1l1fl m111l:::1~il Z RC !,j'l~Al ~ lI1flfl1 1VhHN 

11ml1:Y~ (Nyquist plot) ~~Wi~!!fl 'U Z' 1l:::!1l'UA1'IJ'V-:j ~i-:jfl1'Vl~ 2.12 

ro 

! 


, 
2.7.1.2 l-:jll"j RC g)rH!U'lJ'Uum 

. .. 
l'Umw ZRnlJ Z c ~f)'IJ'Ul'Un'Ui-:jfl1l'tn 2.13 U~1~1JYh!~'UqJ1l:::ijAli-:jtjiif) 

l I 1 (2.4)--=-+ _ . 
Z Z Z 

RC R C 
.. • y 

l 'U mwull1' ~ = Rp i-:jfl1'YlYi (2.13) i-:jU'U1:Y1Jfl11 (2.4) 1l:::flmmll'U 

1 
- ­ = 

1 
- + jroc (2.5) 

Z 
RC 

R 
P 

(1 +jIDR C) 
p (2.6) 

R 
P. 

c 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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v y • 

f1Wl1'l191-Ji':Um:;;\9l1'l111'tJtl'lTI'11f11111 (2.6) 1l~'~ 
'" 

(jroR C + l)(jroR C-1) 
-- - -_..:..p-------"-p- ­

(2.7) 

R R, 
Z 

p p 
(2.8) 

(2.9)Z" 

,:<i I Q)' 

!l1tl L = fll fl'l\9l1nm (time constant) 

fnll'lUTI'<fl'lfl1111-ffmiu,j'J:::wjl'l Z' f11J ZIt 1l:;;C;[J fl11m l'rl 'tJtl'llUfl 1 TI'~~'l 

f1 11'Vh~1l1 RC ~tlU1J1J'tJ'Wlt.ltlVl'l~l[Jll:::UTI'~H~~ f1TVll1 2.14 

=R C 
p 

ro = 1IAC 
nlax 

'N
• \ 


ro 

:W2 
R 

t 
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""nJfl1 1Pl'i'ff1fl1l (impedance spectroscopy) U,, ::; UtllPllJlPlulPl'WeUmtJfl11Pl'i""11'111 (admittance 

spectroscopy )'il::;tJ'i1flUtlQ''\.JflTW~ 2.15 
r--------1 ,..---------'1
I e ' 
• 0() ••
I 

•
I 

I I 
I I 
I I 

(fl) 

-1m (Y) -1m (Z ) 

(i) 
p 

(R
0() 2 

R e(Z) +R ) Re (Z) 

('ll) 

1m (Y) 1m (Y) 

Re(Y) - 1 R -1 Rc (Y)G 1 (R +R) 0() 
0() 2 

( fl) 

.nl'rt~ 2.15 U""~'l1'l'il'i RC ~tlUlJ'U'U'W1'Wtlci1'l~1t1 (fl,'l) ~lJYi!!~'UeUmtJfl11Pl'i 11'111 ('U , 'il) u,,::; 

UtllPllJlPlulPl'UeUmtJfl11Pl'i 11'111 (fl ,ll ) 

'l~Vll~[~ tl fl'.i1 fl11lJ'il!'i'U1flWIPl (geometrical capacitance :C ) ~'lfl~tl C l1j t) C hJ'jtJ ·~ 
• geo r:X) 1 <u 

• ~ )f.... dI da a 91 . 
2.15 ""1 t.Jfl 11lJIPl 1'W'YI1'U'U tl'l1'Wtl""1'i1Pl1tltl1'l (bulk resisitance:RJ CJf'lflfl tl Roo l1'itl R U"1fl1fl'l 

I 

191111"1 '[ = R C = R C fl11lJl11J1t1'Utl'lfi1fl'l19l1nm~fl~tl fi1n" l Htl'Uflmtl'~!~fl'YI~fl 
00 00 I I 

('t ) 'Utl'l {f1'i 19l1tlciH ~i,*ffmnJ'WW'l fl11lJ~!;'llJlJ (00) ~l'hlHZ" ii fl l ""'l{f1Pl ~tl ill Um; 'il ::;D q cu q p 

tJ'i 1fl Utl~~ ~~ 'U'W 'i1~'Utl'lm1~fl~ 'l 1'l fl"lJ 'l 'W.flTV~~ 2.15 ('U) ~'l~~~'U 'W'i1~d 'il::;""tl~ fl-c)'tl 'ln'U 
l~ tl'U 1'tJ ffi '"[ = I 1~tlyf1'11 L < 10 -7 s ~fl11lJ~!;'llJ lJff~{f~ (ill ) 'U tl 'llfl~ tl 'llitl~i,*1~

P D D • • • max 

lW::;mtl'll'i'l~ tl 'Wl'U ill 't ~ Illfl'il::;111t1'i1flUfl1 Z" 'lJm1~ 'Utl'liJlJYiu~'UeUmtJ fl1~ j",,1fl1l 
max D 

• ., ddt", .... ~ .l. .J , ~ ~ • 1~ ..1 
tltl l '1 A'jflmlJ!lJtl"~mUl1fl lJ 'Utl'l""ljIPl1tltl1'l"'lIW1 '[ 'il:!: l'WlJ 'U 'U ff 'lrm Al1{f1'U fl'l'Utl'lm ln• ~ D 
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(arc) uJlnn~'U hJ~hJ'vh!~'WoHff!Uf) l\91)fflf1l1 u~thmjmCJhi!itl'WI'U CD 't 21 u~'nuf1i~ 
~ m~ D ~ 

1~fHllJ ll~U'nf)ntl~' 'W m1yj 'Utl~ UlJ~u~'W oHff!Uf) l~)ff1 f111 ff1) ~1mh~~!llm~~ f1!~ CJ1:Uf) Iii iJ YHl 

~tlm l'V'lrltn~f)~ lJ U~O'l!lIw..j~mn'l'w'W £ :iJf)ll~ii ~~l'itlm 1vJ'U tl~ UlJ~U~'WoHff!U f) 1 \91) ff 1 f111. 
' ... ,.I .d 'l 'JI d' ~ 'JI I

f)C'll1rlfl f) 'nnflH1~f)~lJll~\lf)f)~ !11 ~~tl''WCJf)m~'Utl~1~f)~lJ\911r,N 11 1f1!ff'WUf)'W Z 

'Wtlf)1l1f)mW~ R = R U~~ C = c ~~'Vl1hn~m1vJf1i~J~f)~lJ 1 U'W 0'1 
1 00 I 00 

..::::.. d .J .. .d..d,c::t~.Q"Q, Q.Q..J jJ

tl!~f) 1'Yl) ~'U fl fJ''Wff1)~~mtJ!f1lJ 'Uru~'YllJUnmCJ1!f1lJ!f1~'U'W !)11l~'11 R = R U~~ C = C 
• J R J R 

!rlfl R ~fl rl 11lJ~1'W'Yl 1 'W'Uru~!n~UflmCJ1!f1lj ih'W c fttl f111lJllhH1 1'Ufl~'U1!1rul~~1' )!clf
R :.J R' 

ci'W (po larization region) ''Wff1)~~mCJ ~tl~;~flmf1~h~f)1'Yl)'fl ~~''W1~1l) RC 'Utl~mW~ 2 .1 5 

(~ ) i ~il1'l'nJ~hl R = R U~~ C = C ffTUfl1W~ 2.15 (11) 1l~uff'fl~m lYhu rli~1~f)~lJ 2 ~~ 
2 R 2 R ~ 


f ~ ~ .::2 ~Q

mm'YI'Utl~nmfl tl R C :s:; R C u~~m1rl'iUm ~1~f)~lJ'Yl!f)'fl1l1f) R U~~ C ll~ Uff~Nll 'fl 

co co 2 2 '" co co • 

'hjt.lill~~m'rt~ 2.15 (11) ~~:iJf)ll~!n\91~'W~rl11lJ~ff~lJlf)f)i1f111lJ~~!f1itl~limt11U 1\911 ~ , 'W 
'" 

m1yj!!ff~~ f1 11lJffm4''W£)~l1i1~ -1m (Z) fl'U Re (Z) lJlf)f)i1~1l~!1I'Wf111lJffmr'W£)~l1i1'llm 

(Z) fl1J Re (Z) !vttl'~m1vJff1'W'l1qjU)1f)nllJmtl\91m'Wy]~ 1 ~'1J'W~'1!:UCJlJf111lJffmr'W£111ii 
!tllJ Z *= Z'-jZ" !!~~!:UCJ'W Im( Z') !!Y1'U - Im( Z) 

ffll1 f 'UUtl\91 lJ \91U\91 'W "lfff! U f) 1~1ff1 f111'U tl'l 1'1 11 ) RC I'itl'U'W 1'W'U tln'lll) ~'1m'Vi Vi 
I at, d'cv cf..:S Q cf Q.I 'jI tV Q cf 

2. 15 (f) fl1!W'fllJ\91UI9l'WClf~ 'Vill f1tl y.W)1lJ'Utl'lUfl~lJI9lU\91'WClf'Utl'l19l1\911'W'Yll'W (G ) f)'U!W\91lJ\91U\91'WClf
t 

'Utl -l~1!~'Ulh~ 1l
• 

(CDC 
J 

) ~'1J'W1l~I~i1 

Y = G + j(()C (2.10) 
a I I 

m1vJ'Utl'lfflJf11)~ (2.15) 1l~U11f)nflQl'Wm'Vi~ 2.15 (f1) ff1'W!W'fllJ\91UI9l'WoH'Utl'l 

1~ (j)) ''W flTn~ 2.15 ('I) 1l~Uff\91'1~'1f111lJffmr'Wi 

[ l+jill R C ]
2 2 

Y = jill C + (2.10 
a CO R R[(R +R ) + jCDC ] 

. 2 CO 22CO 

~'1m 1vJ 'U tl'liWf11) (2 .41) i:::t.l") lf) ntl~''Wm 'Vi ~ 2.15 (u) mh~11 n l9l 1lJmlv-l 

'tjfl-lftlWli 2.15 ('U), (f1), (11) U~~ (~) 11i !Hl~ ,;j1'11UU1r11rl11lJ~!mli ~,;jrl11lJ~!iJ'W 1'11UU'j ~ 

ff1flty'Umfl1111!'}111lfH11 f)~ ilf)ff! f1iJ'U tl~ UiimfJ1~ln'fl~'W'Uru~ 'Vl1f11) 'YI'fl ~ tl ,;j ~'1J'W '1~iJ f)1'J !~lJ 
d .r... dt 'l 'JI c! == 

Uf)'W YlffllJ'UlJlJl f1tl! !f)'W log fl'Vitl !l1!1I'W 3 lJ ilt 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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" / / 2(Z ) - RZ + (Z) = 0 (2.12) 

~~~n:lJl'HH~l'JlJll1 li'1~!1J'W 

" 2 / R R

J2 ( J2 
(Z ) + Z --;- =-;- (2.13)( 

d' 91 rI lI] 'lI I Q.I , , .d 
El'4mlJ (~) 'lJEl~J~'il'jlJfll!lJ'WI!!''WtJ !'jl'il~ t~Jl ~~\9l~!!f)'W Z 'il;;;ElQ'Vl 0 llbl;;; R 

2.7.1.3 fl':jn~ '\l8~11.JfI (Bode plot) 

't d£:>. .:::::. 'jJ 1 d Q.I Q.I rI IV d 
(rectangular coordinate) !!i:l~ tfHW'j~!'W\9l!'M~!i:l''W (polar coordinate) t~tJlJflJllJi:l'lJYl'W1i~~m 'VfYl 

Re(Z) Z' = Izi cos ~ 


Im(Z ) z" = Iz\ sin ~ 


$ ~ fin -] (::J (2.14) 

1~tJ~1lJ~rri:l'~El Izi = [ ( Z/Y +(Z"Y]Yz (2.15) 

Q.I Q.I rI rI 

'illf)flJllJi:l'lJYl'W1i'lJ~~Elew!blm (Euler relation) 

exp ( j$) = cos.p + jsin.p 

Z = jZ \exp(j$) (2.16) 

Y a::ds 
Im(Z) 

z" 

~__________ X axis
O 

~K-__ 

o z' Re(Z) 
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1f)'lJth:;;~'ffll \! 'iWUllll (pure capacitor) 1;j1JlvJ 'ff <P=-90 fJ'Ifl'l11(;1:;;1;jlllvJ'ff'tlfJ'Il9ll~nj'Yll'WlI:;;lj 

rh lll 'W fl''W v.. 
m1~'tI fJ'I i 'lJ ~ 11:;; II 'ff~ 'I fll1 lJirm';''W,j1:;; 'I"d 1'1 Izl n 'lJfll111 ~ II (;1:;; 1;j 1JlvJ bYn'lJ 

fll1ll ~ i ~ till f)'Wfll1ll~ 11:;; Itl'W (;1 fJf11~ rill (logarithmic scale) 'Ii'fJ~'tIfJ'If)J1vJ 'tI fJ'Ii 'lJ~~ fJ J1'\i tTf) 

(weight) 'tI fJ 'IihJ,"u~ 'U 9fyf'lfll111~~'111(;1:;;~fll111~~111:;;lj~ll'vi1n'W i'W 'tIW:;; ~f)J1vJ 'tI fJ'I1 'W fll'ff~~l 

Dll~ 11~'W eMlI:;; 1tlnlJf)J :;;~f) fJ ~i 'W ~1 'Wfll111 ~~1~'1'1 i'W f)J illl9lllf)'lJ D1:;;~'ffll\!1 ill~fll111~I; '11;jll 

CO ~ 0 ll~l1;jlll~bY <I> = -90 fJ'Ifl'l f)J1vJ'tIfJ'I1;j1lIvJ'ff~1'~ 1~1Tf)1I:;;I~tI'II'lJ'W 1 D1l1f)1;jll -90 fJ'Ifl'l 

II'ff~'1111 :J i 'lflil'U flllf) 'lJ D1:;; ~ II 'lJ'lJ 'ffll \! 1 ill i'ltT'W'Wq~ f)J 111 ~l~ tI'II'lJ 'W 1 DlI:;; \1 f)il 1(;1 fJ 'I1 '11fJ~i 'W 

'WlItJ'tI fJ'ID~lll'W ~l'rl 'fffl'l~ (constant phase element, ePE) I9llfJ~l'1't1 fJ'I f)J1vJ i 'lJ~ bh'\i 1'lJ 

Dll~Il~'WeM (z) 1l(;1:;;1;jlllvJbYlI:;;1l bY~'1i'lJD~ 2.16 'Wq~f)J 111~ID~tI'W 1 D~1I:;;~'W fJ~n'lJ ~h'li1r1't1fJ'I 
Dl~f) i'm~ 1'lf'W fl11lJ 1:J11 tI'lJ'tI fJ'I ~h'\i'U1DI~f) i'm~Il(;1:;;1:;;i'lJfll111bYll'lJ1ill'tIfJ'I Nil f)'W'\i'l'f'W,j

<to • 

- 200 

-100 


-180 


li 
CI -120 

'2» 
f -eo 

0 	

--40 

-.0 - 20 

0 
80 120 lGO 2'00 0 , 0-' l()O 10' ,~ 10' 1()4 'OS 

ClllfHZ 
(fl) 

1 
o lD=J 

),oa 
10' 

l()O~~~~--~~~~~ 
1 • ,()D 10' 1()2 'OS 1()4 'OS 

wHZ 

('U) 

flll'fn 2.17 	 f). UbY~.:Jm1vJ1'Wfll'ff~Il(;1:;;m 1vJ 'tI fJ'I i'lJ~ 

'tI. Ll-cf~'1m1vJ'tIfJ'I Dll~Il~'W eM'tIfJ'I1'1111~ljI9l11f)'lJD1:;;1I't1fJ'I'lJ1I1W i 'Wm 1 1 l"lfi'W ~fJ~ 
• 	 <to 
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r1151JVh~'Wc)$'Ufl.:l CPE lI:::iJOl1J 1~0r11'Ufl.:l P U~::: n Arlfl P ~fl r11fl.:l19i1~'li~'WflO 
'" 

Om111lJg ri1'W n AtJ'Wl'nniJAl9lflf~llilhn.hou~:::ijr11fltil:::Y111'l 0 S n S 1 u~1~o~11tJll:::ijr1 1 
<u 


, • & 0 Q d 31Q.1 jI 


flQl:::Y1 11'1 0.8 jN 0.99 1l1'W1'WllH'Ufl.:l Z(CPE) 1l:::AfW1'Ufl.:lf11jfl111J19l1'W'YI1'W (resistance) U~::: 

U1.l119l1lJ CO -0 -ff1'W 1l1'W 1'W ~'W I9lm'YI1l:::A~tJ1n1Jr11fl111J ~ 1l'l~1 (capacitance) U~::: Ulhl9l11J CO-
o 

1 
Z(CPE)=--­ (2.17)

p(jro)D 

(2. 18) 

°1 ." ".A1. 'W11lb1'Al9lfll (Zang et al. 2004; Hozer, 1994) 

2.7.2.] mlt111l'l~1'Ufl'liff~~ lliAtJ'W 'ltJI9l11Jf1~'U fl.:ll milJ 

ll::: Uff~'I~\l ff1Jf)1 l 

(2.1 9) 

Arl fl U = i11JllldiYlt'Ufl'lfl111JlliA1/'WA;'IAbY'W (non-linear coefficient) 

hH.I a ll:::Y1 1'~1l1f1ff1Jml 

J 
log{-.2.) 

J 
U = _ ----'-I _ 

E 
log(-.2...) 

E 
I 

JogJ - LogJ 
= 2 I (2.20) 

logE - LogE
2 I 
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ri1'U E 1!(1~ E fieJ (1''U1lJivJyh~(1'eJ~fl~eJ'InlJ J Im~ J mlJ(11'f11J 
I 2 1 2 

~'1J'U(1'lJf1n~ (2 .20) 1l~fm1m~'U 
I a= - ---- (2.21) 

logE -logE
2 I 

(1''U1 lJ'~~1 E 1l~lni~1l1f1 

E = ~ (2.22)
L 

~ Q.ld Q cI'Q,I 	 'jJ,ld 2Q 

tll'H;1lJ'\JeJ'II'lf:J1lJf1'i:Y1'YllfnJ 0.5 1'1f'U~llJ~) II(1T~'U'Yl 	 A = 1[(0.5) 

A = 0.785 ~n1'11'1f'U~llJ~) 

A 


v = 
til A = 0.785 ~l)l'1I'1f'U~llJ~) 

I 
J =-.l. 

j A 

I = J A = (l lJ(1illleJlJ tI~ eJm)1'1I'1flJ~llJ~))(0.785 ~n 1,'j 1'1f'U~llJm) = 0.785 
I I 

lJ(1illleJlJlJ 

1 = J A = (10 ii(1illlm,J'iJ~eJm)1'1I'1flJ~llm))(0.785 ~l)NI'1f'U~llJ~)) = 7.85 
2 2 

lJ(1illWlJlJ 

(1' 'U 1lJ,.,Hhrl'.:J'YlC11tJ (breakdown field:E
b

) V;llnru l~ J j = 1 lJ(1illleJ lJ{j ~eJ 

~l )l '1 I'1f'U~llJ~) hw~ I;, ih'nhtJI~'U i1(1I'l~m'1flJ~llJ~) '1'11eJ1J1.:Jflf'lt,* i1(1I'l~eJ ii(1 illlJ~) 

ri1'U m~lI(1'f1 (leakage currentl) 1l~V; 111 )rul~(1'lJ1lJ1vHh I'vilnlJ 0.8 Eb t 'U ldeJl'1f)l lJf1~ll~i:i 
X ," 	 d ,

'\JeJ1J'\JeJ'Ilm'U (grain boundary) Im~I'Umm'U (bulk) lJ)::;lJ1ru11'\J'U1~'\JeJ.:Jlm'U (grain size) lJfl1 
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v 

log [(Vfem) 

logE! log ~ log E (V /cm) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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I Q d , , 'lI 

f111:U'l1'W1!l'W'W'lItl\l[;Ym'W::;m!~tl:U\9ltl (density of interface state: N) '111 'fl1l1f) 

2E N <I> 1/2 

N =( s d b) (2.23) 
t 

q 

= of 

ES = permittivity 'lItl\l!"}f".i1:Uf)[;Y (ES = ErEO) 


E = permittivity 'lItl\lil'tyty1f11r1 = 8.85 x 10 -14 'Vhf'flcpjtl!"}f'W~!:U\9l"j
o 
, .dill ~ d Q 

Er = fIlf1\1'YJ !'fltlmf)\9l".if) (dielectric constant) 

N 
t=_1 (2.24) 

N 
d 

~'U~nw'\Jtl'U'lItl\l!m'W 1l::;lJfl11:U~ lyJfhlh1f)tltlQ'lIru::;~'Vl1f11".i1'fl c-V 1'fl~ f = 

1 !:Uf)f)::;!~h\9l"J5 ~\l1l::;!1I'W~\lf111:UbY:uW'W.fi 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:l1l::;!1I'W~\lf111:UbY:uW'W.fi
http:fltlmf)\9l".if
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) 1 2(~ -y ) 
( _ _ __)2 = b gb 

(2.25) 
C 2C qE N 

b bO s d 

C 


01 

'""' 
0 

~I .D 

H 
I 

~I l) 
.D , 

'-" ,,,, 


v (V)gb 

f1Jlll~'vJ~h~tt~'U'eFHI~(j ~ 'U01J'UO'l tfl 'HJ (capacitance per grainboundary) 

f1JllllJ~c)'jhwJ'W'UtJ1J'UtJ'Ilm'W~!l'j'l~'W = 0 (lhnlJV!1J 'Wl41~'fI~tJ\911 'jl.:j. 
19f'W~11l\91'j) 

Y = 
gb 

u'H~'W11JHtJi1'~H~(j~'UtJ1Jlm'W (applied voltage per grain boundary) 

C 'iJ~l'n'~'\lln C ~1'f1'~l'Il'j~JtJ~1'W1'U'UO'llm'W (n) ~'1i1'llm'j
b 

c 
b 

= 
c 
­

o 

(2.26) 

L 
n = -

d 
(2.27) 

c 
o 

(2.28) 
n 

'1 '" ~ N 'il ~ '\1l 'fI'illf1f11111'J$'W 
d 

2& ~ 
9f'lfl1111G)f'W = 	--- (2.29) 

qE N 
s d 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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(2.30) 

qc N 
s d 

E = ff't.nlJ'n-Rl'i~'YImlJ (breakdown field) 
b 

V = 1l)'1~'W~f1ft1t)lJ'Ut)1J '\H)'1lflHJ (voltage barrier) 
b 

a = ftlllJ'l11hml,jl!'Vil~ (specific conductivity: a )
o 0 

L 
IT =­ (2.31) 

o RA 

V 
R=- (2.32) 

A 


เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:R=-(2.32


27 

Q.J Q.I" d' I ~ ""0 
2.7.2.2 f111:IJ'ff:IJYfU Jj')~'H 11-:J J-V !'\JUUU'lHW1\9lfl 

f111lJiflJ~'\J Ih~'\rj1-:J J-V ''\JllU1J ')HJ~rlfi'tltJ-:J11~m\9ltJf ~tJ 

""::I-
linear region non-lineal· l·egion 

112 
E 

* 2 [-(<P b -~EI /2)l
J = A T exp (2.33) 

kT 

* 2 BE112 - 'jibth l 
J = A T exp kT 

[ 

* 2 BEJ/2_~ 
JnJ = InA T + b 

kT 

B 1/2 * 2 <I> b 
lnJ = (-)E + InA T - ­

kT kT 

Ln (J1Jfl'H~ y = mx+c 

~ 
slope = ­

kT 


~ * 2 ~ b (2.34)~f1\91f1Ufl'U Y = InA T -­

kT 

(2.35) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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91 91" <> d :::1 1_1 ~ 112 d!II 
mmfH~'U~1'U\9IeJ'illf)'IJ)!1W'YI!lJ'Ul~'U\9I)'1 (linear region) lJ\9I~Uf)'U E f)'il:;; 

1~~1 InJ ~'1~1'U1Wl11~1 J 1~ ~'1m:;;l1~ J 'il:;;!n~'illf)f)n lfH'YIeJflJeJeJiJf)fllJ~i''U 'il:;;~'Un'IJ
000 .. 

<> ~ d 

eJW'I1 fllJ~'1'U. '" 
-E 

J =J exp(__a) 
o 00 kT 

E 

luI =Jol 
a 

o ()() kT 

E 1000 
InJ =loJ _(_a_)(_) 

o ()() lOOOk T (2.36) 

1000 
T 

iI1'W~ 2.25 U~~.:jmlvJfll1lJfflJ'rl''U'lj):;;Yr:h'l in J n'IJeJW'I1fllJo • OJ 

. , .. 
n'fl1'Yl~1'U'YI1'U'YI1'l1vJ~l (p ) 'il:;;!lI~tJ'U111I9I1lJ fI11lJ(ii'lU 

.4---i_+~ 
grain 

bo. duy gnm 

logf (Hz) logf (Hz) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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2.7.2.3 fl(1 1flfl11" 111l YJvhmJu ~(1 -l'yh'l.HfI(1 (Poole - Frenkel type) 

20 112o 10 E 

-(~ b - 2J3E1I2 )l 
J = cEexp (2.37) 
pf kTr 


-$b 213 112 
LnJ = In(cE-)+(-)E 

pf kT kT 

213 112 $b 
lnJ =(-)E +clnE- ­

pf kT kT 

213 
Slope =- (2.38) 

kT 

~ $b -q, b 
~~l\9I~Uf1'W Y = c inE - - =-- (2.39) 

kT kT 

1l1flft1f111lJi'mHl-:Jf11wJ 't1~'I11fi1 ~ ,~ tm~1l1f1~~l9lm!fl'W y 'il~'I11 fi1 '1~$b 

2.8 i.Jm't'tl.h'....tvhIV'iIli:J~ 

hHn1"~-:J 19l1'1..i1:Uf1ij,i'fJ'Uf1l'11 fJ-:t f-I~m (1'lJ fJ ~fJ 'Uf1l'fifJ 'IH~f1ihm £J1fiJ~ ~fJ'Uf1l'11 fJ -:Jf-I ~f)'Ul'1 

1f iJ~iifJW(1'lJ'llill 'W fl11"')'Uflt~f1\91 1" fJ'Wl!(1~1'I11fJ hmfl(1'1":::'~ ~'I:Uflf1 eJf)i1nm'f1l'11'11~ nu~f1l'11'11 ~ 

1fiJ~9in'l 't1:::t/1"1f1!]tlhn:::iul'I-el'l-:J1'W1'\.J'~fJ-:J i1 '1Utl 'Ul'f~'1'11lJ'llfJ'Im1"~'I19l1111 1\91 £J1'\.Jil1l'1~ 2.28 

ii,rn:::iu l'I -el-:J-:J1'W 'llfJ'InlJif1 l'1 1'11:::1ftJ ~,)U 13(1 (EIb) u(1:::n'Uif1l'11'11 :::1fiJ~')'Ufl!~ mn fJ'W (EJ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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(Jiang, 2012) fi1 i1 f11'i tl('t~t1ritHJ (release) t{J lJ f)('t If)~o'lJ~flYnl1~t1rifJtJDtgfllPl'ifJlJhrO'lJ utl'U 

111 tt('t ::aihJfllJi fl'W111 ~'tliJ~ t1rifJtJ 1~J('t1:HO'lJUtl'lJ11t('tlJctl "hlJfiTj1f11'i 'i1lJ9t1 (recombination) 

tl h.Jf) " 1fl~DlgfllPl'ifJ'W1 'WHtl'lJ 1.1 1'Yl 'i 1'W ~i'W "~lJl'i 1lJ~10'lJ 1~"1 'Wtttl'lJ11t('t'Wcll ~tJlli~h'W O'lJ~fl 

'W111::: 'lJW ::; ~"f1'l'i~~~TU1V~ llill~lJf11'i~1tJU ff ~ OU~f)'W 111::: 1):::lJf11 'i llU Dtg fllPl'ifJ'W 111 fJllU 1~"mJ.. 
f1 8 'Wuti'J ff1lJfltgf)IPI'i 8'W ~"f1''i~1 'WUtlUU1U"::: 1~"1'Wt! tl'lJ 11t"'WctllJm lJlWUfJtJ ff1'i~~~1U1~~ 

u1m :::u "f1'hHhh',li~ m ::: tt"f1':i'i~ (dark current) ~~lJri1U8tJ ul'itrlfJlJf11'i~ llJUff~"~U'Wff1'i~~ 

Q) 0 " ... .1 ..::s .... I~ ~ 9J f .dt Cl 9J 9J 
~ 1'1.,1 1 m ::; mY 1fl ~ 8'W 1)::: lJ u 'i lJl wt 'W lJ 'lJ'W UlPltlJfJ 11 tJ~ 'Q 1tJtHl'~ 11 'i fJl1 tJ~ fll'if)'i ~ IPI 'W ~ 1£JU"f1' ~. .. . ~ 

m:::uffi 'VH~lfl1'i('t~,,~riri 1m:::!!ff:i'i~!l1:i'ifJ'W1'W'lJW~ '¥i llilJfll'J~ l£JUff ~ ul'i U1 ~fl~~'WU--l1 OU <flfl.. 
Ynl1 ::: ~~lJfl,gflm fJ'Wtt,,~m1fJllUhl:l lJ'Wq~fl'i'ilJ llitl rifJ£J~tgf)1PI 'i fJ'W 111 fJ llJfte fJ fllJ 1'l'1'W '¥i e)(i1~ 

tI fl~ 'fi'i 'i1J~ 1 JlJ ~fJV~ lJtI 'i::: 1)r1'l~tHjl 'W OU <flfll'tl 11 ::: ~~J'W ~t~fllPl 'ifJ'W~ff'i~ l1UttlUU1U('t:::/111fJ . .. 
1~l:l1 'Wtttl 'lJ 11t('tlJctl~~V~ f1~t1 'i1 fl{] fJ~lJlflt~enhl1u1~1 'Wf)l'i~f)rnfl11lJtll'W m\l~'Yl1~1rJ~l 1~ £J 

t1 f)~ fll:l1 flfl1 'i t.l~fnJ ri fJ£J1)::: 1i't1m'W1'W fl--l1fll:llflfll'J nlJi1U~t~ B~ 1)lfl o'lJ i m 'Hl1 ~lJ f11'itl rifJ £J 

= od "" 'I ~. 'I ~ 10J <V 'I ~ ~ .! 1. 1'" & clt
Bt('tf)IPI'i eJ lJ U(1::;/'I1'ifJ !eJ('tBBfllJl'tl1lJlfl ff~~W 111fl('t !flf11'i'i1lJIPI1 !<JfnmtJ~'W1lJ 'lJ'W ufJf) ll~t1J'W 
. ~ ~ 

'¥i 1l1 'lJ B~ffm'WU1'rJ~ht;~!tff~~B~'W (persistent photoconductivity) 

E __________~__---I~L----­
C • 

i Release 
E ............. 


Ie 

Recombination 

E ----- ------ ---- ------­
F 

E ..Q....Q..Q.
Ih : . 

• Release 

E --~o~o~o~----~or---------------­
v 

fIl'ft~ 2.28 'i~i'lJ'W ~~ ~1'W'lJfJ 'l OlJ~f)'W1'11~<JfiJflllUfl!gfllPl'iB'W (Etc) U('t:::OU~fl'nll1::: 'tliJ~llU1eJ('t 

(E th) ~lh 1f){] 1'W~fJ~i1~umJ't'j~'l-HU'\J eJ~ff1'i~~~11.11 ~~YiUU('t:::~ ~l1J1~1):::U fffl 'lU'YI 'W. 

=" 'I O<V 

8mfl~'i8'Wttl:l~ !eJ('t\PlllJm~u . 

fi1 11 1J fl'M'~lJ"f1'l'i iifl11lJfl1N w fl11 lJ l1lJl d ttl:l:::£Jl1 I hrfl'i:::U ff '~~h I '11"~1'W 
.l .d ~ '" "1 • .I~1 clt <V 

'WlJ'VI'I1 1Jl~it wd m:::mY!ynn I ll:::t1J'W~~ff lJ fl1'i 

I =envA (2.40) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:1'W~fJ~i1~umJ't'j~'l-HU'\JeJ~ff1'i~~~11.11


31 


(2.41) 


(2.42) 


U~t~U-.1 ~l nflll1J'Vl 'W lull 'W 'tJ U~'Vll 'Vl~ fl~'j ~ (n) !n~1J1 ~lnn1J'flnl'tll1~ 'fl-.1tT'W fllllJ'Vl 'W lUU 'W 'tJ U~ 
, • I • II 

l'tl'11 ~fl~'j~ (n) v\iYlJ-w'W£tl1Jn1J'fln'Vll'11~'i5iJ~V\ i V\!tJ~fJ'WU'l1 "~~llJnm ~~U~~-.1i~'fl'lij ~u 

(Studenikin, 1998 ) 

(2.43) 

(2.44) 

(2.45) 

N =-- - - exp t (2.46) I ( I J (X)

II epVa wd T; 

., . 
ril ld '1JmiU:rhl1J1JN ~~tJ'j~1J1uJ':h fllllJl1'Wl d lji'llUUfJlJln 'fl~tT'W ~ln~lJ f)1'J l1 (2.42) ~~ 

!:UfJ'Wl'l1~1~1l (Gu, 2005; Huang, 2011) 
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1= eJ1( ; Jnd)Va 

= eJ1( l;J(TYa (2.47) 

.a ~ 'Q.lQJ . 1 .d '~d r9JlVQ..I d .oCl. 

!:tJ tl (Tt fI tl f111lJ '11 'Ul u'W '1..1 'II tl,'j f) 'IJ ~ f) 'Vi I'll ::; ~ tl '11 'U ,'j '11 'tJ',H.) 'Vi '1..1 'Yl U~ fI1 f) 'IJ ~ f) 'Vi 1 '11 ::; lJ '111:11 tI 'If '1..1 ~ 

m ::;mY'J1lJ (I) 'IItl ,'jii illJ'IJl,'j~ff:tJ~'W ~n'IJ n'IJif)'Yn'l1::;llf)'l5iJ ~ll:;a1J'Ui,'jci ~tl 

(2.48) 


(2.49) 

l~uli 

Va fitl U'J,'j~'W ''IJ!!tltT~lIt)'W 1..rn'IJtT1'J~lmh,'j~H' 'Wm'J'Yl~r:ttl,'jlJ'\1lj 1tl!1l'W11r:t1Pl' 

J1 flO fffll'V'lflri tl,'j'll tl,'j 'Vi 1'11 ~ ljm.J1t1!lI'U yn 'J1,'j!C)f'W ~!:tJ~ 'J I'i tl(l1r:t 1Pl'-1'Ul'Yl) 

W fi tl fl11lJf)11,'j'll tl,'jtT1'Ji1 tlV1,'j~1,;t'Wm'j'Yl~ r:ttl,'jlJ mj1 tl!1J '1..1 !C)f'W~!lJ ~'J 

I ~tl fl11lJtl11'11tl,'jtl1'J i1tlV1,'j~1,;t'Um'J'Yl~r:ttl,'jlJm.J1 tl!1J '1..1 !C)f'W~!:tJ~ 'J 

d fitl 'U tl,'j tT1'J i1t)v1,'j~1,;t '1..1 m'J'Ylflr:ttl,'jiJm.i1m1J'1..1 !C)f'W~!:tJm 

1 fitl m:::UtT~l~ '~1l1f)m'J'Yl~r:ttl,'j~nm t 1~"1 

'f r fiu ,s1,'j~1\P1'111r:t ,'j (decay time) 

fi 0 fl 11lJ'I1 '1..1 1Ut.A '1..1 'II t),'j n'IJ i f)'Vi1'11 ~ l'U;'W tT n i 1tl VHlJ '11 t.A 1 tI!1J '1..1 I'i t) r:t f)'IJ 1ft'nN ti .. 
"" ! C)f'U ~t1JY1'J 

(Til fio fl 1 1lJ'I1 '1..1 1Ut.A'W 'II tl,'jn'IJif)'Vi1'11::: 1 'U~illJ'IJl,'jlJ'I1t.A 1t1!1J'U~t)\PIl'n~tC)f'W ~!lJY1'j 

~1,'j;1\P1'11 1r:t,'j1l~ljriTk'W r:t ,'j!ri tltlT1! '11 fliJ!'rilJ~'U t~tl,'j 1l1f)lJ hh.J tl'W!,r1:1Jl~ 1lJ~1t11 '1..1 'J~ 1JTW 
q .. 

QQ.I • cv Q.I r Q.I IV q" d' 

f1l) 'Yl'J1'WC)f'lf'U'J::;'I111,'j'J~~'IJ'Vir:t,'j,'j1'W\PIN"1 ~,'jfl11:tJff1J'Yi 'Wli (Studenikin, 1998; Johnson, 1996) 

(2.50) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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In r, ~ In rm + ( ~X~J 
E( (1,000)- in r + --,---------'-----,­

- ro (I,OOOk) T 

~ E(
fl11lJ'tfll = --,--------,---­

O,OOO)k 


E = (J,OOO)k(mllJ'llu) 

( 

q 

(2.5 1) 


11..1 fll l flfHl fll'vnl11 vJVll!;,HnY'1 11 ::; ~tl'lijfl1':ilnfJHfl''11,rn'lJ fl'1':l 1Pl1miH 11::: 1~';i1m :::Ufl' 1vJl I'l 

(i p) lI::;ijfil!'vi:JJ~'Wl'll:JJnm (t) i'lj)WI~ 2.29 ~'111::;i5tJfl11!~'Wm::;Ufl''1l1~'W (rise current) ~'1 
'" '" ..fl11:JJfl'lJrl lA1i (Ghosh, 2007) 

(2.52) 


,;, a . Q." .J,;, '" 
!:JJtl 10 'fltlm::;Ufl'!':l:JJI'l'W'tJtl'lm::;Ufl''lIl'1l'W (!:JJ"D t=0) 'YICl'l1l1fl'YI~l'lfl1':l1l1tJUfl''1 m::;Ufl''il::;Cl'lCl~ 

1'l1:JJnm (t) ~'1'il::;i5fJfl11!1J'Wm::;!!fl''tJ1Cl'l (decay current) 'il::;Ufl'~'1~'1'fl11:JJif:JJl-rlJn (Ghosh, 2007) 

(2.53) 
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PPC deny fiIacd by: 

L.iptotr ~l)-f..~-I)mql{-(thfj 

Dart; lneI Al,u.Ga,,~ 

l ..iablon T=JOOK 

1..-'. 

0 1000 2000 3000 4000 5000 

Time (s) 

InI 	=ln1 , - tl (2.54)
P IJ lTd 

In I p 0'11 t 1-wrhlH) 'H~rnf)'U~h-!l;11'l'tll~'UfhnlJl)t1~'Il::;fll'W1W 1~'Illf)fll1lJ'lf'U'tItl-!lmlyj 

In 1 p 0'11 t (f1-!1flTW~ 2.30) l~~lVl<Jf'U!~rnf)'U 

~J100~----~-----T----~~~ 

-~ =6405 

- 1 

, 
I•• 
'~ 

, . -

'ta;l=59s=3.75 I~:

9 	 ••-­....-v-.•• 
200 300 400 500 

t (5) 
.flll'l~ 2.30 fll1lJl:YlJ~'U£)::;'l1r,h-!l In I p 0'11 t 'tItl-!l~fll'Vnl11yjVJ1!;~1l~-!lyf-!lGJfl-!1m::;!!~'tIl~'Ull(l::; 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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1tJ '¥lHIJ iillihh'l;i\9liJ'~V!m£J~11~eH "lnnmlf)'Vnm;iJmn£J'lfi1~ ~'1JtJm:::llLY1~1\9l~1~'1~e)'1 

VhllJ 'IJ1 '1~ 1,*111~1'11l'l91i\91 2 ~1 LYllJntl~":::1~£JtJ1mj'~~£Jmff£JLYlJfnj~ (2.48) ll'tl:::LYlJf11~~ .. 
<v "" '"(2.52) fl 'l tJ rW (Huang, 2011; Gu, 2005) 

(2.55) 

....; ~ .o:::j I 91 A Q.I c.:! tJ I dQ.l 
m eJ 1 V! Td\ ll'tl::: Tn :lJfI1\lf)\9le)'1mf)~tJ m"fl~Hl11't1'1LY:lJf)n'¥l (2.55) hfvQltJJ11'Ue) '1Vl''1 f) 'lftJ 

cl t/ Q.I.J~Q

l\9l~\9lWf) 9f ly/ 1tJtJl'lf£J'tI (stretched exponential function) ~'1tJfle) (Ghaffarzadeh, 2010; Luo, 2013; 

Guo, 2013) 

(2.57) 

(2.58) 

Cj.I v • • 

n 'U ~f) l't 1'Yi ::: 11'I LY e) 'I 'If i1 fl ij LY 1:lJ 1~ tll1 ,.::: ,)1] V! '1 e) 11 ri e) £J y/l V! ::: ~ LY ~ ::: , ~un 1 'I ~ 'I n'U 11 ~ ::: n tJ t1'1 

fl1V!tJfl 111' I l llll ::: 12 fte)m:::llLY~l~:lJ~lJ (t=O) ~1~£Jln'Unmlf)y/1V!:::J'ILYe)'1~1:lJrll~'U 111'il::: '~il 

(I)11 (2 .59) 
0"1\ = ejJVa W 

12 (I) 1W ::: (2.60) 
0"12 = ejJVa W 

(2.61) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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~ ~ fI • ~ Q.I .:::S 
tlHl Al lli:l ~ A2 ria u'rl f)!\9lc)1fl1~'W1Vi'Wfl (weighting factor) 1<fltl 'Vl Al + A2 = 1 (Lin, 

2013; Lin, 2012; 1 en, 2012) ~·ui1 AI u'O~ A2 ff1lJ11flm'~'il1flfll1~\9lm1yj (fit graph) '\.IC)~Hi:l 

(2.62) 

~ . 
ri1'Wm W '\.I C)~;'W ff11 l'lf'W l"1l11lJfl m::;u ff 1 yj 1\9l'\.lru~ '\.I1i:l ~ff1lJ11 tI 'il ::a:ti fl'W '1mj1<fl tlB1fltlfflJfl u'Vi 

}I

liI 91 Q.I .c14 

(2.44) Ui:l~ (2.56) l<fl<fl~ 'Urla 

d .ci I 

'il1flfflJfll 'HI (2.46) ffllJ110'YI'il::;mfl1 

(2.64) 

(2 .67) 

(2.66) 

(2.67) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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(2.68) 

.d 1'13' . .1 d
C)f~ A; U~~ A; ~llJl1tnn ~~'i11f)011Vl~ml'rl'Utl~~H'1011'Vl~otl~ l'Wmwm~H{fhn~'Ul'U'W f) 

(fllJl,) t1~ 'il ~ ,"1)1,)f.Ul111'mi1'W ')l1'Utl~vr~ni'W{ftm~tgf)C}n'YH'W'Wt~Vo1~~1m'lf'W O''W~~ (flJ 011 
" " 

(2 .69) 

2.8.1 nm'n nfilfI11lJ'H'W1U 'Il'W'Utl~ O'uif1l't111 ~1'W'1f1~m~U{f'Ulo~ 

f11,) 11 1filfl11lJ'H'Wlu'll'W'Utl~O'mrf)'Yl1'\1~1'W'lh~m~t!{f'Ulo~'i1::;m ftVml'Yj In Jp O'u t 

o t(s) 

f11'rt~ 2.31 ml~fl11lJi1m·r'W'lh::;'1..r:h~ In I p O'u t t~tl1i'f11'W1W'Hlfl11lJl1 'W 1U'll'W'Utl~ O'U ~f) 

'Wll1~'1J 'lh~m~U{f'U lo~ 

In1 =-1/ +ln l (2.70) 
p I/ r dl 

tJ1ff l lJl')t1111fi l 11 '~'i11f) ~~i~Uf)'W Y (fitl In 11) t!~~{fllJl')t1f11'W1W'I11filfl11lJ'H'Wlmj'W 
." ." "'~GJd~'Utl ~fllJ~ fl'W 1'\1::;'Utl~VlolJ1J1~ ~~ .:j ·U fltl 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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Ul~flf.:j iJf)l'HilDf)H'ml'V~ logIp U'Yl'W lnIp hw~ InIp=2.3logIp 

h.rvll'WD~!~t1Jn'W T d2 mlJl'Hlm 'fl',\) lf)flJllJi''W'lJD~mlyJ 

lnl =-t/ +lnI 
p /T 2d2 

(2.71 ) 

(2.72) 

.­
'lID ~ n1J~f)Ynl1~ 1~~~iJ ~D 

N_~(_l)
II - epVa wd 

N=~(_l)
12 epVa wd 

2.8.2 n m'l111r11flJllJl1 'W lUl-i'W'lID~nlJ~fll'nm~ ' 'W 'lfJ~m~u ff'll l~t.! 

(2.73) 

(2.74) 

(2.75) 

m'll1 1 fhmllJl1'Wlul-i'W'lID~nmlf)l'l1l1 ::; ''W'lfJ~m::;Uff'll1~'W hWDlfftlm l li Inlp nlJ t 

i~ml'ln 2.32 

o t(s) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



39 

1 = 1max ~ - exp(-Yr)j (2.76) 

_1 == l-exp(-t~)
1rnax ~r, 


1__1 = exp(-t~ ) 

Imax ~r, 

IJ1__1 ]=-t~ (2.77)u1 ~ "Jmax 

X2 X3 X4 
In(l -x)== -x--- - - - + ... 

234 

'j/ 1 d nl III 'j/' ~I
til - - « 1 fflJf)11l'l (2.77) 'i):i;LJ1:i;lJ1W !~11!LJ'U 

1moc 

_I _ t~ (2.78) 
1max ~" 

'j/ '" "" cO 'I 91\1] 'j/ =,,; 1 d.... n.l ~ 
'lJeHY'I!f1\9lf"H)fflJf)11l'l (2.78) 'i):i; t'l5 !1?l'i)1 '1!lJeJ - - «1 f)f1eJ'l51'1!!1f)'l 'lJeJ'I m ll"l f)):i;U ff 'IJ1'IJ 'U 

Irrw<. 

ffl'U "If 1 '1li'1 £J'l 'IJ 6'1 m 1vJf111lJ tlf) Iii'eJ 'I 'i):i; ClfHt 'I f) n f"11 'U 1m111f11f111lJ 11 'U 1UU'U 'IJ eJ 'I O'lJ if) 
.. '" . 

'W 1 11 :i;'Yl'l'l5iJ ~Yt c1lJ1J NU1.1:i;!G}f)1:iJf)'i):i;''l1'fflJm1Yi (2.71), (2.73), (2.74) U1.1:i; (2.75) 1~ 
• co '" 

!'If'LHI?l £J1f) lJ m :!:1!ff'IJ1Cl'l 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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U'n'n'" 3 

.. 	 . 
h.l i fl 'J ~ f11 'J livi11~'Vhf11'J !~1 £Jllu-nd1mn~rlJ1J~!~-:jYl iYf1-ff'lltl~!lJ~I9f'J llJf1'l1 tl~'ffl'J ti-:j 

i --rlll In,W03 (O:Sx~0.05) ~lf11Yl'Ji~~'U~!ll'UVl~Vl~f1 l~vl1hJi)tnV1f11'J!f)mllmnnl~mv 
d .c:t G& lfJ9If.:S Q;	 '~.:%

'lJtl~U'll -:j'YI!1J'U9f-:j~~ l~f1m1fl-:j~~~tllU'U 
" 	 . 

'" 	 a '" 0« "'iI"'~1 ~ 'i3.1 fl1':iIAjtl).JI).J~IC)fll).J fI'U8~ In, WO ( _ :1_ 0.05) 'illf1"ljVl-l\il'l.fmlJU"~"ilfl &~tIJ 

nl.liimfJ1f11jlf)~ltJU"ljil~illt1'Utl~U.u-l (i~tTv, 2550) 

3. 1.1 	 !fI~ tl-:jlitl!!-n::;t;lumw~li1 'Uf11'J!~1£Jll!~~!9f'JllJf1 I.n.W0 3 (0<x<O.05) ~1f1 

~ ~ 
1. 'ffl'J ~-:j~'U 

- B'U!~£Jll(III) tltlf1 19f~ (InP3) 


- i~m~'U(VI) tltlf1 19f~ (W0
3
) 


2. fI'Jf)tlltf1'Vl 

') 	 "'~ d
3. !ll-n~tl~!ll~ 

4 . !fI~tl~5~18i~'Ji'if1 

5. !fI~ tl~ f1JUfllltlfll'V! fllJ!\9l1! 'U f11'J !Vl11Yl'J 
q q 'U 

6. !~l!Vl11Yl'J 

7. !~ltlU 

8. fll9h1J-nGJfii~tl~lJ'U1 

3.1.2 	 f11'Jfll'U 1fllmlJlfll1Y1'.ii-:j~'U!~tl!~1 VlJ!~~!9f'jllJf1 I.n.W03 (0<x<O.05) ~1f11Y1'J 

~-:jI9l'U~!ll'UH~H~f1 l~£J1i'l1 iimVlf1l'J!f)~!ll'U1Yl'J-n~m£l '\lO -:jU~-:j (j~tTv, 2550 ; 

lh~1il'U,2550) 

r1lf11'J !\9I1Vll!~~!9f'JllJf1'l1tl-:j'ffl'J~-:jiTWl InxW0
3 

(0::;xg).05) I9i tllll~ 
111-n l11!-nfJ-n'lltl~H~H~f1 W0 3 = 231 .8482 f1i'1l 

mwx = O.Ol 

.oJ 
H-:jHb'lf1 W03 : 0.005 Inp3 	 = 231.8482 + 0.005 (277.6382) 

= 233.2364 f1i'lJ! 111b'l 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:0::;xg).05
http:0<x<O.05
http:0<x<O.05
http:O:Sx~0.05
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(0.005)(277 .6382)( 4) 

233.2364 

= 0.0238 fli'lJ 

(231.8482)( 4) 

233.2364 

= 3.9762 fli'lJ 

mill x = 0.02 

.ci 

y.NHrtfl W03 : 0.01 ~03 	 = 231.8482 + 0.01 (277 .6382) 

= 234.6246 fli'lJ/ llJrt 

(0.01)(277.6382)( 4) 

234.6246 

= 0.0473 fli'lJ 

(231.8482)(4) 

234.6246 

= 3.9527 fli'lJ 

mru x = 0.03 

"'" H,H'lafl W0 3: 0.015 ~03 = 231.8482 + 0.015 (277.6382) 

= 236.0128 fli'lJ/ lml 

(0.015)(277.6382)( 4) 

236.0128 

= 0.0706 fli'lJ 

(23 1.8482)( 4) 

236.0128 

= 3.9294 fli'lJ 

mill x = O.04 

"" H,mrtfl W03 : 0.002 Inp3 	= 231.8482 + 0.002 (277.6382) 

= 237.4010 fli'lJ/ l1Jll 

(0.002)(277 .6382)( 4) 

237.4010 

= 0.0936 fli'lJ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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(23 1.8482)(4) 

237.4010 

= 3.9064 fl-ilJ 

film x = 0.05 

~ 

H~H'fIfl W0 3: 0.025 Inp3 = 231.8482 + 0.025 (277.6382) 

= 238.7892 fl-ilJ / ilJ'fI 

(0.025)(277.6382)( 4) 

238.7892 

= 0.1163 fli'lJ 

(23 1.8482)(4) 

238.7892 

= 3.8837 fli'lJ 

Vll1Hfl 3.1 	 mY~'llJhJ1tu'ffl'ji'll'i'tJ~lii'UflTH~1tJlJl~~I9f'jl:iJfl In,.W0 3 (0::Sxg).05) 

'1llfl 'fl'l 'ji'lI'i''U~I1J'U ~NH~ fl iflV1iLJ~ in fJl fl1 'j IO~ltl'U 'fI'l':i'fl~'fI1[J '\J U'l II ~'l 

! 1 

Composition InpJ WOJ 

(x) (g) (g) 

0 - 4 

0.01 0.0238 3.9762 

0.02 0.0473 3.9527 

0.03 0.0706 3.9294 

0.04 0.0936 3.9064 

0.05 0.1 163 3.8837 

3.2 	liifll"JIA1£nJlijYlI1J".ilil fl 'UM InsW O J (O<x<0.05) ~ltlj;Jn~'l~\l~'lh'\mNaflrYlU 

1~tlamUlflTnnYlliJ\liIl'nl~"lU'U8~H';~ (j~tTfJ , 2550 ; LJ'j~Til'U, 2550) 

1 	 111H'lH~fl WOJ \PlllJmlJ1W~~U'lfl1'j1111J11J~'j1lJn'U l'\.Jm ilmlil111l1' 

Itl 'UH'l'fl~lijtl~fl~ltlUn~l\hJnm 2 i'1ilJ'l 

'" 	 & Q '" 'I _~
2. 	 fl1mWU~\9lUlJ'\JU'lTil~ In 'il l fl H'l H'fI fl Inp3 'iJ~mfl1mlO ~'UlJ'jlJ1ru 0, 

~ _I aG a ~ 1 d
0.01 , 0.02,0.03,0.04 um: 0.05 ~lJmlJU 'j I9f'U\9l11mUU 'Uu ntllfl1fl'l1 
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3. !rlV1J~u~'nhhlrr~!lJ~H)~yhtl1'irr~!lJ~ l~vl~m"lrr~ 4 i'U~':lV!fliV"l5~ 

13l~'iilf) l~m~lJu'i"lrr~YiCl~ 1 i'U u~1yf"l11' 10 l'U1Yi 'iJlmT'U ~"l !~lJ 
~ '1-1 ~ 	 ""i ') a' ~ cl""i 	 cl 

HHV~ lJ'iJ'UiN 4 \9l'U UCl~\9lV'UW1!lJ~Vl"lYmf)VVf)'iJlf) llJCl~VmlJ~'iJ~ 

li'uH5~flf"lCl~11'i~mru. 0.5 i'U 

4. 	l1l!lJ~~V"lrY1'i~'~lhmlril'Ufl'i~!1JClll~Yhi:Hil~;~u~1111!'Ul!\9l1!m
'" " . 

5. 	 1'U f)1'i!HlmU'~1J'i'i Vltl1fl'l1'U'iJ~'Vlltl1'i !~lJVru.lffiil~1V5~'il 100 V"lfl'l. 	.. 
!9fCl!9fvrY~vi1 llJ"l 'iJ'Uf)'J~.J"lO"l 1000 V"lfl'l!9fCl!~'V1;" ~"lu<jfyf"lIH'Ul'U 48 

i1 llJ"l !!~1Cl~tlUmflilCl"l~1V5\9l'il 100 V"lfl'l!9fCl!9fV'ff ~Vi11m'iJ'Uo"l. 	 '" 

e 1000:::l
1iZ' 

800c 
~ ,... 
Ii: 600 
r"? 
1'0 
--' 

400 ii ;; 
C?-~ 20013 
I'O ~ 

0 10 20 30 40 50 60 70 . 

llttl("lfllu 1) 

~V"l'ffl 'i ~"l~1111 In.WO) (0~x~0.05) 'iJlf)'ffl'ii"lI'i''U~!1Jl!Vl''lVl~f)~!\9l1VlJ l~VTI 
l1 ~mVltl1'i !n~!~'U ffl'jCl~mV~V"l U~"l 

3.3 	 nl';jftfl'Ula'il1fflm~wamJ,m,mj~HC)J 'j lijflln.W0
3 
(O<x<O.05) 1l1fliIl'j~~~'U~ 

lih.~N--lN~fl~W·I~Uill~u~1hJilmmfll".iIO~ltJ'Ul.Tn~~~lU'UfFm;j --l (§~uu, 2550) 

" 	 " 
l'U -11'UliVl! U1JtJ1~fff)El1'fflJ 1Jll'Vll"lYl ~f)-ff~l"l"1~"ltJ 

d1 l' 91 £9 .Q 
3.3.1 f)1'i fl'f)'Y1 l flH'ff'il"l VlCl f1!'lf "l ~Clfl1fl 

a' 	 a'o. _.1 ') 0. a' • 
!Vf)9f!'iV~Ul1'ifllmlJ!\9lV 'i (XRD) ~V"l Bruker 1'U D8 Advance fl11lJ tI11 

fl~'U5"l*Wf)i' 1.5406 tl"l'ff\9l'iVlJ l~Vl~f)'j~U'ff 40 ilClilumJ'll !!Cl ~ fl11lJ~1"lftmr 

40 n1Cl1TCl~ 
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2 """ c: 'fH1tl,:j~i:l'YIJ'Hr'Utlmf)I9l ';lt)'UulJ lJ I:ltl,:jmlfl (Scanning Electron Microscope: SEM) 

4)1 , 
O'Htl JEOL J'U JSM-5410LV. 

& W If) " .l JiI d ~ W 
3.3.3 f)l'Hl'f11l1l:lfllYiI9l1'U'YI1'U! ....frt l'YItltu'Vi fill'H tl'l . .. 

- U'Vici'l~ltlm ~ ul:lhll9lJ'lfl'l~ Keithley 1'U 236 


- f1111~'Ut111~~1 


- I:lltl '~ 


3.3.4 f11 Ji1f)1l1~1I-WUmJcHmtlf) il9lJI:liflll 

-	 lfl~tl 'l Precision LCR meter '\Jtl'l Agilent 1'U E4980A '-MiYtytyltul~I:l"U 

(ac signal) 1'V11O'lJ 20 iJi:l~11i:l19l' 1'ifmlll~1'U'lfJ'l 20 13JI9lcH 0'1 2 lllf)~l~Jl9lcH 
'lW ~'IJ 

1m::: ! 'IS tl UfH fill 'Vi tl'l. '" 

-	 f11 1 1~'Ut11"l~~hl'if'YllltJ'UB1~f) i'YIJf1 ifltltlul,rul1''l~tltlmfiiJ 200 tl'lrnl9fi:llClft'JI:l. .. 
ItJ'Unm 1<J11im 

- "Y1 t1'~ 
3.3.5 f)1J fff)EJ11:lfllYit111~~11;'l11l:l'l 

- 'Vi"tl\9l1~eJ1 i"1'\)'U150il9ll9l' 

- lmci'l~ltlUJ'l~'U"Yl.yhfl'l~ Keithley 1'U 236 

C:t. cI .d t Q.I 

-	 fI tlllYi 11191 tlJlm::: J~UU1'lStllll9l tll:ltytyltu 

:? 
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, 

'U'fl 'n "" 4 

4.1 m'jftmHi:J'1Iiwhll~f.lim:l'\lIHIU~l"lJ'jlijf)'\Ia~i:Jl'j~~~rJlh In,WO
J 

(0< x< 0.05) ~'~11'J'1I'illf)i:Jni,u,u~,ihUH~~f)1~1'J1ihJ{)mmm'jlfl~liJUiJn(;l~(;l11'J 

& (l.I 9J &.:::::t, 9J 4d.;: QJ.c:t d 

4.1.1 ~ ~ f)1 ')flfll:ll ~ fll:l w:::1fl 'J.:J ff'J1.:J ~~m 'If.:J '\l M) 1flfl1011iflU m 011 'lJ'W 'tI tl.:J ,).:J ffltlfl"lJ 'tIfl 'l. 
Iljfll"lJ,)l1Jfl'tltl.:Jffn~'Ii':lll1 In,.WOJ (O~ x:S 0.05) ~1~I~tl1J1)lfl'ff1')i.:J~'W~llh..l~'I 

& 1 =cI.I=== =?I c:! 
~~fl fl t11'fi lJ{)m £.11m') tflflllJ'W'ffl')~::: m l'J'tI tl'l1I'tI 'I 

Iljfl l"lJ'J11Jfl'tltl'l'ff1'J ~.:Ji1'W1 In, WO (OSx:S0.05) ~1\9I1 till 'fl''\IW~V'l lhj]jf)1'J 1~1~'\l::: I~'Wmy
J 

1~ t11titl'W'l U~lrltl~l'Wfl1,)l~l~tlWl1f11J 1000 tl'lfl11"lJm95t1'ff fI10i~m'Jl'J1f)1mll'Wl1m 48 i11m. .. 

x = O.OO x = 0.01 x=O.Ol x=0.03 x = o.os 
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20 30 40 50 70 80 

2 Theta (degree) 

.::t y.J <lJ d cl ~ .c9 0 dd d Q.I 

.fll'Wli 4.2 !!{Y~.:Jl1 f1mllJl'\JlJ m'Hn()1IUl..!'tIel-:J'j 'H1Ielfl91 !lJ~!91JllJfl'\Jel-:J{fn fl,:j\9l1l..!1 W0 'V13 

!\9l1VlJ'illfl{fl'j~-:JI'i'l..!~!~m,m-l~fl 1~()1ili~mVl mJ!n\9l!~l..!{flHl~m()'tIel-:J!!~-:J 

iJ!\9lel{~,rel Bruker 1lJ D8 Advance ~-:J~-:JffWflcUii~1f111lJVl1f1~l..! 1.5406 e)-:J{f\9lJellJ ~lJlJ 29 . . 
!VllilU 20-80 el-:Jf11 '\Jel.:J!~\9l!9lJ liJfl'tlel-:JmJ~.:J~1\1l W03 ll~liJlfl~P ~ l..!lU (200) ~1911UlftJ'l~f1:U 

lJlJ 2 9 liJ::;lJlill 23 el-:Jfll ~-:J!~l..!1911!mtJ-:J~:Uf111lJ!'li'lJ {f-:J{f\9l'tlel'llm-:J~~fluuU IlJ hm~iJfl (200). .~ 

,, ~ 0.05 

x = 0.04 

x = 0.03 

x = 0.02 

x = 0.01 

x=o 

70 80 

2 Theta (degree) 

..c:f. do " <jI.c1 <J..I d cI d.Q .dl Q.I 0 

m'Wli 4 .3 U{f~ -:Jl'tf1f1 11lJ!'tIlJ!n()1!Ul..! Hmtlf191'tltl-:J!lJ~!91JllJf1't1tl-:J{flJm\9l1l..! 1 fn, W0 
3 

(0~<O.05) ~!\9l1()lJ1l1f1{flJ~-:JI'i'l..!~!iJ lJW,JH~f11\9l()1ili~mVl f11 ·Hn\9l!iJl..!{flJn::;m() 

.f' 
'" = Q,I-..s 

20 30 40 50 60 
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VlnH~ 4.1 !!1:1~'lri1fl'l~lf1')'lH~mJfJ'l!9f,)liJmJfJ'Hn,)~'l~'":nh ln x W03 (O:Sxg).05) ~!\911£1:JJ'j)1f) 

1:11 ') J''lIPi''W~!1J'WH'l H~f)1~l£JllhJllm [11m') !n~!1J'W 1:1U[l~ m£l'UfHU~'l 

Composition ( x ) 
of 

W03:In 

Lattice Parameter ( A ) 

~(e) 
Volwne 

(A3 ) 
a b c 

0 7.430 7.722 7.898 90.9 453.5 1 

0.01 7.429 7.762 7.831 90.8 45 1.52 

0.02 7.412 7.763 7.816 90.6 449.70 

0.03 7.201 7.770 7.420 89. 1 4 ] 5.11 

0.04 7.1 81 7.867 8.761 87.] 494.31 
- ­

0.05 
-­

7.259 7.902 9.022 87.0 516.8 

510 

.r- 500 
0< 
'-' 480 
Q# 

e 460 

-= -.- ­
~ 440 

420 

Wt--+--+--+--+--+---t--<I--+---+--\ 

86 +---+---+--1---+----1 
~ 9.0 

'-'.. 

~ 8.5 

Q# 

S 
~ 
; 8.0 

~ t=~~~~--j-----I 
<Ii 
.~ 7.5 

t: ~---....... 

j 

0.00 0.0 1 0.02 0.03 0.04 0.05 
Composition (x) 

il1'n~ 4.4 	 !!1:1~'lm 1'Wri 1f1'l~lf1')'lH~f)'UfJ'l!~~!9f')liJf)'UfJ'l1:Yl')~'l~'"n.l1 In.W0
3 

(O:Sx:SO.05) ~ 

!\911£1:JJ 'j)1f)1:11,)J''l1Pi''W~!1J'W H'l H~f) l~£IilhJllm £11m') !n~! l1u 1:1u[l:::m£l'UfJ'll!~'l 
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& <V 'jJ.c.9 a. 'jJ oC'!>.d ~ Q)Q d' 

4 .1 .2 ~Hlf11)fff)£ll[;lf)£l W~ 1m ~1;1') 1~~[;lf)!'}j' ~1)[;lfl1f1~1tJ1l:i f11)! mJ1!lJ'W'tIeJ~) ~1;1'Wf)C]f. 
d ~ &Q)O .JQ ~'jJ~cl

'tIeJ~!lJ~!C]f)llJf)"eJ~1;1'1)f)~1'I1'W1 ~03: (0.01) w03 <YHI'I)tJlJ1)lf)m)I'I~I'I'W'YIltJ'W 

<!/ 1 """ _ 1"' = c>,<;ll <l 
~~~[;lf) ~tl11ilJ {] m tJ1f)1)!f)~!lJ'W1;1'1) [;l ~ mtl"eJ~II'tI ~ 

(2 22) 

(-40) 

(400) 
(622) 

~ .1 1. ..J. 1 • 
30 40 5 0 60 70 80 

2 T beta (Degree) 

.ci .c:t 'jJ.J nJ t=1 d' cl a. .:9 Q.I 0 

m'ffYl 4.5U1;1'~~'Ylflm1lJI'tIlJf)1) ![;ltJ1!lJ'W'tIeJ~) ~1;1'mf)C]f'tleJ~llJ~IC]f) llJf)'tIeJ~1;1'1)mI'l1'W 1 

c:i .:::s ~ 9J .:::l cl & Q.cj a.~ dQ

I~ 0 3:(0.01)W03 'YIII'I)VlJ1)lf)1;1'l)I'I~l'IlJ'YI!t1lJ~~~[;lf)1 ~tJ1l:it1{]m lIlf)1)!f)mll'W 

..:::::.. .,,~ 9J I & Q.I Q 0'.:::1 .....; c1I OJ 

lJIl'leJ)V'I1eJ Bruker 1'W D8 Advance 9f~H1;1'Wf)C]flJfllfl11lJtJ11f1[;l'W 1.5406 eJ~1;1'I'I)eJlJ 'YIlJlJ28 

30-80 tl~ff1 'tItl~I~~IC]f)liJf)ff'lltl~1;1'1)~~I911't11 ~ 03 :(O.0 1)W03 ~nh1f){]111~~IC]f)liJf)'lItl~1;1'1 ) 

~~I911'I.h ~ 0 3:(0.00W03 1)~'li)1f){])~'W1lJ (222) ~\9l1U'l1U~~f1iilJlJ 28 'li)~lJlW 30.99 tl~ff1~~ 

111 'W \9l1 U'I1 t.i ~ ~ ii f111lJ! ~1] U' ~ '1~ !! [;l ~ 1) ~ 'li ) 1 f) {]) ~ 'W 111 g'W "l ;) tl (400), (411), (332), 

(43 1),(440),(622) 'lItl~ lf1H~~f)!!lJlJ~h1if) 1'I1lJri1ilJ 

1;1'llJl).O rl l'W1 tU 'I1 1"'W1~'lItl~!m'W 1~ 1)1f)U'1'I) 

A 
D -:=-- (4.0 

I3cos8 

9J d d &.&f3 = f111lJf)11~'tItl ~'Yl fl'YI)~tJ~m~'I1 'W~'\J fl ~f111lJU''1 (full width at half-

maximum of the diffraction peak) 

~~'tI'W1~'lItl~lm'W'lIeJ~I~~!C]f)liJf)'lItl~1;1'1)~~1911l-l'1 ~03:(O.0l)W03 l'VllnlJ 73.3 'W11'W!lJl'I) 
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ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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'Uf)~I,jj)ICI"jliln'Uf) -.1t11 ~~~Pl·J'lh IR.WO
J 

(O<x<O.10) ~1g}~tJlJ~lnil'nk-.1flU~ 
!'I 4 ~ "'ct~I"''''''' "'!C'I aluUfHfUIil lj)tJl1ilJ{)mtJlnl~ln~UlJUtll·.i'it::1l1tJ'Ue,m'U-.1 

. 
.q I $I 91 ole:. d I ~.c:::. 'j.I mnn 4.6U'ff~~f11l'lmtJ~ltJmHl~'iHlm'JffWm"fWI'JtllJUlJlJ'fftl~mWI 1J 'Jtlrurll'\1lJl'Utl~. 

cl ~ clevo c1d ~91dd 
tlJ mC]j''JllJfl'Utl~ 'ffl'JfH 911t11 lnx W03 (O~x~O.05) 'VHfI'J (J1J lfl'ffl'JfI~f1lJ 'YI !1.J lJ 

f4{J rl~fl 1~tJntJ5m (J1fll'Hn~l~lJ 'ffl'J"~mtJ'UcNU~~ 
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. . 
4.3 Natl1'ift tllllfnJllil ·m'l''ri~h~~f) ..htll''jl~nf)W'Hilih'f)'1'U6 ..uii~A9J''j lilfl'Uf)'1IIl"j

~ .. 
~'1~-nh InIW03 (O<x<O.OS) ~A~~U'IJ'illfllIl"jk'l¢i'u~AiJuN'INUfll~u11hJnmU1 
m "j!fl~!1JuII1"j t'I:;; t'llU'Uf)'1U<U'I 

4.3.1 ~n'lf)1';iffmn{l1.l1j~hll..:J !vHhm:;;u{l~';i..:J 1~tlf)1';il~f1'11lJl'i'l'U'V1l'U IvHi1~eJU! '11 flil 
• 'U 

l.OE-06 

y = 4E-07x+2E-09 -~ .... 
c 
Qj 

t 5.0E-07 
:::I 
U 

-2 -1 2 

Voltage (V) 

-5.0E-07 

-l.OE-06 

• 'U 
m,"~ 4.7U{l~~ f) ';i1vJfI'111.1~lJ'rr'U TI';i:;;l111..:Jf) ';i :;; U{l -U';i ..:Ji'U lvJ '~h!rle)'~hf)1';il~~tJilll1 flill1'eN 

fl1'U '1illl11f1 '111.11'i'1'U'V11'U~ l~1¢l'¢l''1t1n{ltJ~~'1'U tJ..:J dJ~!C]f'j1ilf)'UtJ..:J {l1 ';i~..:J 191'1'111 

If\W 0 3 (x=O) ~!~1t11.1'iJ1f){l1';i~..:JI'i''U~!1J'U~N~~f) 1~tlntl~mmf)1';i!f)~L1J'Um';i 

S.OE-06 

-~
- y - 6E-OSx - 1 E--ll7 
c 
~ 
; 4.0E-06 

u 

-0.1 -0.05 

-4 .0E-06 

0.05 0.1 

Voltage (V) 

-S.OE-06 

• 'U
m,"~ 4.8u {l~~m1vJfI'11 1.1~'lJl1'lJ1h:;;l111..:Jf) ';i:;;U{l -U ';i ~i~jhHhLrl fl'rilf)1';il~~tJilll1 fl ill1' tJ~ 

fl1'U '1illl11f1 '111.1 I'i'1'U 'V11'U~ 1~1¢l' ¢l' '1t1Th {lfl..:J ~'1'U tJ..:J L~ ~!C]f';i llJf)'U tJ~ {l1 ';i ~~ i'1111 

In. W 0 
3 

(x=O.OI) ~l~i'1tJlJ'iJ1f)m';i~~I'i''U~!1J'U~~~~f) 1~ [J11i1..l~mtJ1f)1';iLf)~L1J'U 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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y= lE-04x-4E--08~l.OE-OS 

-0. 1 

-­-c 
f 
; S.OE-06 
U 

-o.OS 

-1.0E-OS 

O.OS 0.1 

Voltage (V) 

fhU 1u!111fl11:JJ~11-!'Yll'U~1~ 1~~1t1n~tJ~~1'tltJ~!~~!"1fJliJfl'tleH(;y1J~'ll'hUl 

InXWO) ( - 0.02) ~!~1t1:JJ'illfl~lJ~'l~'U~!1I1-!~'l~~fl l~tlntJBmtllfllJ!n~!1J'U 
'"{fl'Hl::;mtl'tltJ'lU'tl~ 

<- l .OE-OS-

-0.1 -0.05 

c 
~ a.. a..
U5.0E-06 

-5.0E-06 

0.05 0.1 

Voltage (V) 

-1.OE-05 


rll'U 1U!mfl11:JJ~l'U'Yll'U ~ 1~1~~1t1n~tJ~,f1~ tJ~!1J~!"1fJliJ fl'tltJ~mJ~'l~1tJ1 

In.W 0 3 (x=O.03) ~!~1t1:JJ'illfl(;y1J~'l ~tt~1111-!~'l~~fl l~tlntJBmtllfllJ!n~!1JtA 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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6.0E-05 

3.0E-05 

-0.1 -0.05 0.05 0.1 

VoItage (V) 
-3.0E-05 

-6.0E-05 

illl't~ 4.11 U'ff~.:Jm1yj'fr:llJJ-ffJJ~lJ£)~'Hi1.:Jm~U'ff-U) .:J~lJ 'yjYh1rl~nhoul~~ 'm.u 'H niJ11'tJ.:J 
• 'U 

fl1lJ 1 illm'fl11JJ~llJ 'YIllJ~i~ , ~~1 tlTI 'fftJ.:J,Tl'lJtJ.:JAi1~AG)f) llJO'lJ tJ.:J'ffl)~.:J I'htl1 

In,W0 
3 

(x=O.04) ~A\Vl1t1lJ1J10'ff1)~.:JlVl'lJ~AtI'WfNH~O l~tlTIu~m£JlflULn~AtllJ 

-0.1 -0.05 

_ 1.0E-06 
~-­..j.I 

= Q) 
L. 
; 5.0E-07 
U 

-5.0E-07 

0.05 0.1 

VoItage (V) 

:'1.0E-06 

il1'rt~ 4.12 U'ff~.:Jf1 )lyj'fl11lJ-fflJ~'W ..r)~'Hil.:Jf1 )~U'ff-u).:J~'W 'yjvhArlm11fll)i~~mu 'H nlJ11'tJ.:J. .. 
flllJ 1 ill 111'fl11lJ~1'W 'VJ1lJ~i~l~~ltln'fftJ.:J ,T1'lJ tJ.:JAi1~AG)f) llJf1 'lJtJ.:J'ffl)~.:J 19htl1 

InxWOJ (x=O.05) ~AI'I1 fJlJ 1J10'ff1)~.:J~'W~AlI'WH.:J H~f1 1~ tlnu~m £Jlfll) Ln~AlI'W 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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it 0 .... d Q 	 j.I C:;.Q, .di QJ' 0 

!lJeJ'VIlm'i1fl'VIfJW'VI J.;!lJ'VI eJ'I'UeJ'IllJ~lCU'i llJf)'UeJ,rffl'i f)'1~ 1lJ1 Inx W0 (0.s:x.s:0.05)3 

~ d ~ <jJ d ~ ..:9 1 .c..c.t oQ~ .Q, d c:;
'VI!~'i fJlI1l1f){yl'i ~ 'I ~ 'W 'VI!1l'W V-I'I V-I'n f) !~ fJ11iUU f)'j fJ1 m 'i!f)fl! 1l'W{Yl'i 'n~ 'n ltl'U eJ'IU'U'I 

Composit ion (x) 

of 

InxW03 

R(O) p(O·cm) 

0 2.50x 106 9.81 x 106 

0.01 1.60x 104 6.28x 104 

0.02 1.2Sx 104 4 ,91x 104 

0.03 1.00x 104 3.93x 104 

0.04 1.67x 103 6.5S X 103 

O.OS 1.11 x 105 4.36x 105 

IOE+07 

.- I.OE+06 
E 

-a ~ 
0 10E+05os; 
0; 
{I'J

0;;j 

a:<:» 

IOE+04 

I.OE+03 +-- - -..,---- -r-----r-----r-----.. 
o 	 0.01 0.02 0.03 0.04 0.05 

Composition (x) 

~ 0 QJ' ~ oC::) " d.Q, .:9 Q.I 0 

!lJeJ'VIlm'i 1~YlfJW 'VIJ.;!lJ'VIeJ'I'UeJ'I!lIfl!CU'i llJf)'U eJ'Im'i m~1'W1 Irt.WO) (O.s:x.s:O.OS) 
d .c:l ~ <jJ .d cl ..:9 ~ .::::.~ Q d 	 d
'VI!~'i tl lJ'il lf){yl'i~'1~'W 'VI!lJ'W V-I'I V-I'nf) 1flV11iUU f)'j fJlm'i !f)~Hll'W m'i'n~mtl'U eJ'IU'U 'I 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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!~~)!clf':i1iJf1'\H}Hn':i~~i':nl1 In.W03 (0< x<O.05) ~I\9ljmJ'il1flff1 ':i ~~ I'i'U ~ I1J 'W 
H~H~f1 1~t:J11hjBm tl1fl1':i In~I1J'Wff1':i"::;mtl'Ufl~1l~~ 

1.0E-Ol :J 	 •., . 
:-t•• 

•
8.0E-02 41. 	 •

•~.,-, .... 	 •<'-' 	 ·x=O•..... 	 ..:. 
qj 

6.0E-02 ,.. 	 • • x=O.OI= :. 	 • • x=0.02 "'" .... 	 •::I"'" 	 • • x=O.03u 
4.0E-02 

. 
• 	

x=0.04 

• x=0.05 

2.0E-02 

O.OE+OO ~~;;;:;"'--I11!!!!!!!!~---.--------r---' 
o 	 50 100 150 200 250 

Voltage (V) 

.flTn~ 4.14 ll'i~Wl~m 1yJfl':l1ll ihJ~'W lh::;'1r:i1~m ::;llfflyJyh-ll':i~i'Wi 'VH~hlrlmhfl1 ':i 1'~~ 
r->. 9J cl ~ .dJ Q.I'O .o:::i d 

"QU! '11 ~ll'l1fl~'U fl~lll~IClf':i1llf1'Utl~ff1':i m\9l1'Ul Inx WO (0:Sx:S0.05)'YIlm till J 

~ 'jI d cl .::9 <=j 	 .<:\.d c::!I~ .£::\ ~I cl 
'il1fl'i:l'l':i \91~ \9I'W'Vllll'WH~H"fl ~ fW11i'l.lUm tl1fl1':ilflflllJ'W ff1 ':i"::;" lCl'll fl~ ll'U~ 

1.5E-Ol 

::II h •.,. .
1.2E-Ol • •.... 	 ·x=O

•..w. 	 • .. x=O.OI 
JI.. 	 • 

~ 90E-02 ,. 	 • x=0.02e . 	
•• ("j 	 • x=0.03•3, ..t. 	 •• x=0.04 

•6 .0E-02 	 •I-:l • 	 • x=0.05 

.. 
3 .0E-02 

O~E+OO "~~~--~~------~----,-----~ 
O.OE+OO 3.0E+02 	 6.0E+ 02 9.0E+ 02 1.2E+03 1.5E+03 

E (V/cm) 

dt 0 Q.I'.::::1 Q'j) cl 	 & QJOQ, 

IlW'YI1fl1':i 1fl'YI"Q U! '11 ~ll'l1 fl ~" Hl~tllfllClf':i1llfl'Ufl~ff1m~\9I1'W1 In.W0 (0:Sx,S0.05)3 

~! \91j till 'ill fl ff1':i~~~'W~11J'WFN ~il fl i ~ tJ1ti 'l.IBm tIlfl1 ':i lnflt1hJff l Ht::;m tJ'U tl ~ll~~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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0 1 2 3 
L og E (V/cm) 

iI1't't~ 4.16 II'ff'fl'1f1 )"lvJfl11lHhrvi'U i)"~l1 i1'1ft1,H)f11i'lYilJ'U~Nm1lJl1'U1UU 'U m~ lm!vJtb o'U 

ft1Cl tlf11i'lVllJ'UtI'1'ff'U llJhHhrlm11f11)" 1'fl~tliUl1flii,rtI'1 'U tI'1 l~ 'fll9f)"liif1'UtI'1'ff1)". .. 

0 5 10 15 20 25 
E1I2 (V/em)1 !2 

ftl't't~ 4.17 U 'ff'fl'1m1vJ fl11lJr.llJYi'U i)"~l1 -11'1 Cltlf11i'lYilJ'Ii nlJ'b'1~'UtI'1f111lJl1'U1UU 'U 'UtI~m~u 'ff 

, ...JYj 1f1'U 'ff'U l lJ '~Yhlrl(lvl1 f11)" 1'fl~ tltl.! 11 fliJ""tI 'I'U tI'1l~'fll9f)" liif1 'UtI'1tn)" ~'1 ~hu1. .. 
lnxW03 (O::;x::;O.05) ~l'fl1t1lJ'i)1f1ft1)"~~~'U~ltlmm~~f1 1'fltlnf11)"ln'flltl'Utn)"Cl~mtl 

0 

-1 

-. -2 
N e 
u 
~ -3 

~f) -4"" 
0 
~ 

-5 

-6 

-7 

• x=O 
.. x=O.Ol 
- x=O.02 
• x=O.03 

x=O.04• .. 
• x=O.05• 

• •• .­
••

• 

0 

-2 

-4 

N ­E -6u 
~ 
'-' 
~ -8 

= 

-10 

-12 

-14 

· x=0 
• x=O.OI 
• x= O.02 
1II 	 x= O.03 

x=0.04 
• x=0.05 

• 


เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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.c:S I.Q cI, c10 0J d. 0 OJd. .Q~ ~ .:::::t. 

VIl'lH'fI 4 .3 IIff" 'l fll 'i'nn:IJ 1\91 eJ 'J \911'1"1 'VIffl t'l tyl:IJeJ'Vllfl1'J 1\91 'VIfJ W'\1 tJ:IJ '\1eJ'l'tleJ 'l1:IJ \91 1"If'J 1:lJf1't1 eJ'l 

iYl'j ~'lvlTWl If\W0 3 (0:Sx:S0.05) ~1\9I1V:lJlJlf1ffl)i'l~\.J~lrJmm'l~f1 hWl1hlijmm 
"" ~I cl

fll'Jlf1l91llJ 'W ffl'J ~ ::;mv'tleJ'll! 'tI'l 

Composition 

(x) 

Eb 

(V/cm) 

0"0 

(S/cm) II 
II. 

(rnA) 

0 382 2.26x 10­ 6 4.76 305.60 

0.01 85 .12 3.69x 10­ 5 2.22 68.10 

0.02 10.68 S.50x 10-4 1.52 8.55 
.. 

0.03 14.24 2.67x 10-4 1.43 11.39 

0.04 12.55 2.10x 10-3 1.52 10.04 

0.05 29.28 1.17x 10-4 2.28 23.42 

, • I • 

..:::::t I J .t.::I. d' I .:1 0 Q.I .:!I 0 Q.I c:! c::::.. 'JJ d c::::.. 

~nH'fI 4.3 (AD) llffl9l'lfll'Wl'Jl:IJI\9I eJ'J\9IN"1 flfflf1ty!:lJB'VIlfl1'J119I'V1fJW '\1 tJ:lJl1 B'l'tlB'lI:IJI9II"If'Jl:IJf1 

'tIB'lffl'J~'lvl11l1 In 
x
W03 (0:Sx:S0.05) ~1\9I1v:IJlJlf1ffl'Ji'lI91''W~lrJ'WV,m-l~f1 

Od, 1""= "':::1 cl1I9IVTfilJ ~ f1 'J V1 rll'J 1f1191 11J'Wffl'm::;mtl'tl B'll! 'tI'l 

Composition 

(,x) 
0b 

(eV) 

Nd 

(cm - 3 ) 

N. 

(cm-Z) 

t 

(om) 

d 

<p m) fJ 
(V l / Zcml/Z) 

0 0.796 2.54 X 1012 6.68 X 1010 2.09 5.00 9.30 X 10-3 

0.0 1 0.685 1.14x 1012 4.16x 1010 3.00 10.00 7.74 X 10-3 

0.02 0.640 2.28x 1012 5.69x 1010 1.46 20.00 1. 11 X 10-2 

0.03 0.648 1.I 4 x 1012 4.04x 1010 1.46 15.00 1.1 1 X 10-2 

0.04 0.649 2.54x 1011 1.9 lX 1010 1.43 15.00 1.12 X 10-2 

0.05 0.681 S.72x 1011 2.94x 1010 1.08 15.00 1.29 X 10-2 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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6.6E-11 

6.6E-l1 

€ 
u 

6.5E-11 

6.5E -11 
o 4 8 

VoIta ge (V) 

fi1r:t l~h \9lcM lrl 'e),vllf)1) il9l~mu l'l fliJ11'ij~~ij~l~l9llC)f) liJf)~ij 'lffl) ~~i'n,h In WO
J• '" 	 x 

(x=O) ~l\9l1 tJlJ 1)lf)'ffl)~~~'t,! ~lth"!j;W~.j~f)1mJ1TI1l BmtJlf)Ulfll9ll th..!'ffl) f1~mtJ 

2.2E - I0 

2.2E-I0 

€ 
u 

2. 1E-IO 

2.1£­ 10 +--------y------...,------~ 

o 	 0.5 J 1.5 

Volt age (V) 

m'ff~ 4.19 mYI9l~mlvJfll1lJiYm-rl..!lh~ ,w:h~filmllJ~•'vJYhn'UuHil..!1vH~h~fll1lJ~ 900 

fi1 f1l~)\9lcM lrlml1f)1) i~~fJtu'l1.QiJ'I1'ij~~ij~l~l9llC)f)llif)'lJtJ~'ffl)~~il'\h In, WO
J 

(x=O,O 1) ~l\9l1tJlJ1)1f)'ffl)~~~l..!~llll..!H~ H~f)1l9ltJ1TIllBm tJlfl l'l lfll9lllll..! 'ffl n'l~mtJ 
~ij~u<\i~ 

12 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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1.5E-10 

1.5E-I0 

6) ·5E-1O 
U 

1.5E-1O 

1.5E-1O 
o 32 

Voltage (V) 

f)i~!~J~qj !rle),vllmJl~~~Ul'Y! iJll-H'e>.:j'lJU.:jI~~!91Jlilf)'lJe> 'HnJ~.:jI9l'nl1 In,WO) 

(x=O.02) ~!~1VlJ'illf)~l J ~.:j~'U~!11'1-H·m'I~f)hWThl~mV1mJ!f)~!11'UmJ-n~mv 

1.2E-I0 

1.2E-I0 ....---. 

€ 
U 1.2E-1O 

1.2E- I0 

1.2E-I0 +------r----r----"""T'"---;r--­- ---r------, 

o 0.1 0.2 0.3 0.4 0.5 0.6 
Voltage (V) 

il ll'f~ 4.21 !!ffiNm lvJflJllJ~lJ'Yi'U1h~w.il.:jfllfI11lJ~ "rI.yhnu!!J.:j~'U lvJ~ l~ f1 JllJ~ 900 

f)i-n!ih~qj !rlml1mJl~~~Ul'Y! iJll-H'e>.:j'lJU.:j!~~!91Jlilf)'lJe>.:jmJ ~.:jI9l'nl1 In" WO) 

(x=O.03) ~!~1VlJ'illf)fflJ~.:j~'U~!11 'UH.:jH~f)i~vllhJ~mV1mJ!f)~!11'UmJ~~mfJ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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4.0E-I0 

3.5E-I0 

3.0E-I0 

g 
U 2.5E-I0 

2.0E-I0 

1.5E-IO 
o 	 1 2 3 4 5 


Voltage (V) 


.fll'W~ 4.22 !!bY~,:jmlvlfr:l1lJiYlJ'l4''\..j'fi)~l1il,:jfilfl1llJ'il.1v1Yhtl'IJ!!H~'tAhHh~fl1llJ~ 900 


illi;)!~h~9f !rlm;hf)nl~~tloAl1 JJ:lJ11'iJ,:j'tJtN!JJ~!9f)l:IJf)'tJiJ,:j bY l ) ~,:j1?l1'\..h In,w0
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lnxWO) (x==O_02) ~!\9111'J:lJ~1f)1;1'1)"i'lI91''W~!1J'W~'I~~f) l\91tJntJBmtJlf)l<Hn~ 
~I cl 
!lJlJ1;1'l'Hl~mtJ'llfl'lU'lJ'I 
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l"xW0 3 (x=O.04) ~1\911(Jll'iJlf)1:Yl)'~-:J~'\.J~I1JWHf!-.j~f)1I9lvntlgmUlf11 ),If119l 
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Q, cI~ 0 ~d Q,jJ cl Q &Q.JO 
2 !]JOO~!eJ)" 1'l9l' !]Jtl'Yllm)" 1'f1 'ml ill11 fl]Jl1 tl.:J'1Jtl.:J!]J'fI!9l')"l]JO'1Jtl·HYl)"O.:Jl'll'Wl 

q " 

InxWOJ (x=0.05) ~!~1£J]J'illO~n~.:JI'i''W~!1J'Wf-m'I~O hW11hJf]m£Jlm)"!f)'fI 

~I c:
!u'W~l)" Cl~m£J'1Jtl.:JU'1J.:J 

Q cI .<:::). cI~ 0 Q.I~ Q" d oQ

20 USJ)I'l9l' - 2 !]Joo~nJ)l'l9l' !]Jtl'Yl1m)"1~'YltJilll11J]Jl1tl.:J'1Jtl.:J!]J~!9l')"1]JO lox W0 3 

(0::;x::;0.05) ~!1'l1£J]J'il10~1)"~.:JI9i''W~!1J'W~.:J ~~o1~£J11hlf]m £11m)" !f)~!1J'W~1)" Cl~ m£J 

Composition 

(.I) of InxW03 

P arameters 

Rs(O) Rp(O) Cp(pF) 
fmax(Hz) (dmax Rr<;:p 

0 

-

200 640000 1.13 20020 0.91 

0.01 80 69500 4.04 60019 1.05 

0.02 lO 4000 31.20 120020 0.94 

0.03 20 7500 17.20 11 0000 0.90 

0.04 30 1070 8.73 1950000 1.14 

0.05 100 20000 15.00 60019 1.13 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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. .. . 
c:s ~ ~ ~ ... I~~ ~ 5'1 a v II .c::::l ~I ~ 
'm~":i[llll~fJlJjlJnf)":itll!mUlJUU1":i~~~ltl'U0'l!l"'l'illf)Ul":i ~'lAUn!lJUU'lU~f) 

tlH)U fff) ll 1 fffll'Vt lrHh!;.:J Uff.:J 'il~ ~e:J.:Jij fn:llll tilt ff.:J t '11' n'lJffU~1mh.:J !!~1'Vl1 f)1 'j,j,~ li f) 

d.;, J & c\.c: ,J • .,; l l ~'YH't1lJ'tJ~~ll1!1m 'If.:J'il~!1t1f)11!tJ~m~Uff'tJ1'tJ~ U~tlle:J'I1~~mHntlltff.:Jm~Uff'il~m~Uff v.J 

(4.2) 

(4.3) 

"h~1'11tY'Vt 'lJl1!1m'tJ1~~ (rise time) Uc\~!1m'tJ1c\.:J (decay time) ijl~1I1f)f) lTI1 ~.:Jrh m~Uff'tJ1 
~~uC\~m~uff'tJ lCt':) 'il~!;:Uv~mj1~11.JlJC\~!~m~f)qfl'Vt!~~!;vml'lni~ ~.:J1:1 :Uf) 1'j

'U 'U 

1= f An_I [1 -exp(-lhr(n_1J]+ Aj-exp(-(lhrnY)] (4.4) 

I = ~ An_I[exp (- 1/ T d(n-IJ]+ An [exp(- (I / T dn y)] (4.5) 

rl 1'Vt11 1ih~ e:J f~l.:J'l'tJe:J.:Jff flTW tJ11YJYht;.:JU ff .:J~e:Jf~U1:1~.:J 1~~1.:J11.:J~ 4.5 uC\~ ff1111 1 t1'111rl1'f111l1 

'I1mu,j~'tJe:J.:J1.J1~'il \9I1l1\91111.:J~ 4.6 'il1f)1:1l1m1. 

N=~(_l) (4.6) 
I qpVa wd 
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~l'H:j~ 4.10 ~1'V'n~illJl~eJ{~1-J'l'UeJ 'H"m y.1111'yjYhl~-JII~-J~eJf'W;1Je)-JI~~WlfJ1lJtl'UeJ ,nn'J~-Jvl'nl1 InxW1,P3 (0.00 S x S 0.05) ~1~1mJl~tJ11iJBmEJ1tl1'Jlfl~ 
I~'W ~l'Hl:;; ~ 1tJ'UeJ -JU ~ -J 111 tl ~1 'J~-J 1'1'W ~1~'W vN ~~ tl ~, ¢(111 tl tl1~ iJ f iJ ~~ tl1 ~ '~?l ~ eJ -J ~ eJW i111lJrYeJ -J 1rYl.u1 niJ v1-J n'lf'WjJ~~rv~~!~ tli'l '1'11 'W 'W19ftJ~ , " 

Composition Rise Time (s) Decay Time (s) 

(x) ]"Term 2
nd 

Term 3'd Term 4th Term SthTerm ]"Term 2
nd 

Term 3'd Term 4th Term Sth Term 6
th 

Term 

'til = 256.41 't" = 321.54 't,) = 598.80 't,,= 1233.19 't" = 2075.24 't'l = 281.69 't" = 425.53 't,) = 649.35 't,,=1225.51 'td, = 1924.07 't'6 = 057.56 

0.00 Al = 45.47 A,='162.3 A) = 168.2 A, = -60.81 A, = -0.1162 Al = 41.28 A, = -321.4 A) = 467.5 A, = -224 .9 A, = 38.34 A6=0. 1512 

~ = 0.4717 ~ = 0.4296 

't
01 

=312.50 't" = 386.10 't" = 943.39 'tdl = 328.95 'td, = 480.77 'tdJ=510.20 'td4 = 2515.29 'tdl= 13518.48 

0.0 1 Al = 18.15 A, = -20.18 A) = -1.084 - Al = 66.78 A, = 871.4 A) = -910.6 A, = -47.38 A, = 20.76 

~ = 0.7780 ~ = 0.8237 

't'l = 161.03 't" = 261.09 't" = 454.55 't... = 862.07 't' l = 3 14.47 'tdl = 892 .86 'tdJ = 'td, = 7592 .89 

0.02 Al = 10.54 A, = -30.1 A, = 26.45 A, = -1.744 Al = -0.8862 A, = 18.54 1682.03 A, = 19.01 

~ = 0.8284 A) = -35.64 ~ = 0.8 106 

't'l = 294.99 't" = 't,) = 523.56 't" = 1112.59 't" = 4253.17 't'l = 't.,= 476.19 't" = 746.27 'to< = 2045.60 'tdl = 3027.06 

0.03 Al = -2385 364.963 A) = -7279 A, = 3819 A, = 0.2514 284.900000000 A, = -71.34 A) = 76.16 A, = -23.37 A, = 2.241 

A, = 6773 ~ = 0.4899 Al = 17.31 ~=0.7819 I 

't'1=263.16 't,2 = 352. 11 't,) = 520.83 't... =1321.31 't'l = 285.71 't", = 497.51 'tdJ = 568.18 't" = 2016.47 't", = 3045.90 

0.04 Al = 10. 17 A, = -20.34 A, = 14.5 A, =-5.151 A,=-0.3151 A) = 19.46 A) = -21.32 A, = 0.6897 A, = 2.489 

~ = 0.8950 ~ "" 0.7427 

't'l = 256.41 't" = 427.35 't,) = 641.03 't... = 970.87 't" = 1898 .20 't'l = 240.38 't,u = 363 .63 't" = 462 .96 'td, = 719.42 'td, = 2084.63 'td6 = 149.66 

0.05 A, = -50.44 A, = 491.7 A) = -1125 A, =780.9 A, = -0.2733 A, =41.28 A, = -321.4 A) = 467.5 A, = -224.9 A, = 38.34 A6=0. 1512 

~ = 0.6255 ~ = 0.4296 
- '------­ - - -­ -­ . _-­'------­

---l 
.j::;. 
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J . ~ 

9'InH'f14.6 Uff~'.If) 11lJl1 'W1U'l-h..J'lJB,nb'~~1fiJ~1'i1'.l"l '"'~1l1f)f)1)1~{ffll'VfWlivl~ ~~-.lUff'.l~B 

f.U'IJB-.l~ii~~9f)llJf)'lJB'.I{f1)~'.I1911'111 InxW0
3 

(0.00 ::; x ::; 0.05) ~~~i~mJ 1~t1n 
~~ ~ c::: cl ~ <J} ~ c::: dtltlm tI1m)~f)~~ll'UffW"~ (lltl'IJB-:JU'IJ'.I1l1f) ffl)\9l-.l\9l'U'Vl~ll'Uf.I -.l f.l(lf) 

Deeay Component 

omposition 1SI Term 2
0d 

Term 3'" Term 4'b Term 5<1> Term 6
tb 

Term 

(x) 10 N" 1
0 N'I 10 N" '0 N" 10 N'l 10 N'I 

(A) (em')) (A) (em'3 
) (A) (em'3 

) (A) (em')) (A) (em')) (A) (em')) 

(10) ( 10
12 

) (10) (lOll) ( 10. 4 
) ( 10

12 
) (10""') (10

12 
) (10""') ( 10

12 
) (J 0""') ( 10

12 
) 

0.00 LSO 11.95 1.47 Il.73 IAI 11.22 1.30 10.34 1.23 9. 8 1 1.11 8.86 

0.01 13.30 105.90 13.12 104A5 13.10 104.34 12.08 96.19 IIA5 91.12 - -

0.02 4.59 36.56 4.09 32.57 3.78 30.09 3.84 27.71 - - -

0.03 1.60 12.77 1.54 12.3 0 1.47 11.72 1.34 10.63 1.29 10.28 - -

0.04 10.36 82.51 9.80 78.03 9.55 76.04 7.63 60.77 7 .29 58.06 - -

0.05 1.91 15.23 1.86 14.85 1.81 14AI ].69 13.79 1.47 11.67 IAI 1 J.21 

N=~(_l)
I QJ1Va wd 

~ " .c.:1. <;J Q.I 2 2 ~ 

'VfU'Vllnn\9l~(wd) = TIr = 11(0.5) \9l1)1-.l~9f'U\9l~:lJm 

cl = '" 
f)11:IJ11'U1'IJfJ-.l~:IJ~~9f)l:IJf) = 0.2 ~9f'U\9l~:IJ\9l) 
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Ul1'YI"" 5 

hI 1m~,n'Wllltlrll~~l9f'lliJfl'IJtl~b1'1'l~~i";1l11 WO) ~l~tl~1t1 Inp3 1~tlbYflri1'W'lJtl~~ni~ 
" 4 4 "I~ ~3J.c.:icl .:::9 ~ ~ 
~\Jfltl InXW 0 3 (0s;xS;0,05) l~'Wll l~1I1fl~1'l~~~'W'YHllW-W'H'lf) W03 ml~ ~O) fl11lJU'l~'YIll\1'~ 

IflI'JTI ,j amV1f)1'lln~H1J'W{fl'Hl:(l11'J'lJtl~U~~~ ~ill'l1!JiJl,lOO tl~fflI9fm;tlm1J'Wnm 48 i'11m 

hHnf)1ffl~~H9f'lliJfl 'IJtl~m'l~~i1111 WO) ~llJl~l~tl 1n,.o) iith:UV1titl'WIW~iJfl11lJU~~ HIPi~ 
d = "" 'lj./ cit ""eel j./ ~ or:: "" .d ~ ~ dI

'IJ tl~ IlJ ~H9f'lllJ fl '\) ~ lJ H'W 1 ~ 'W lJIU'U {fl 'IJ V11'IJlJ 'IJ 'W ~ 1lJ lJ 'lm ill {f1'l 111 tl'YI m lJ 'IJ'U 111 fl f)1 'l fffl1l1 

lm'H"~H~~fl1~ tlf)1'l liI'J1Iu'Uf~ffm flcM'WU1119f'lliJfl'IJtl~ff1 'l~~i1111 W03 ~ llJ \l~l~tHI(l~~I~tl 
~1tJ IOP3 inm~~~l~~~mil\J uuu llJ l'Ufl~i1fl l~tI,j'llfltP~'U1U (022), (220), (202), (122), 

(222), (004), (040), H(l~ (140) fl1miliu ~lfl~~lm~H~fl a, b, c ~lJ 13 u(l~illm~'l'IJtl~'l1~~ 

'l1'\.h m9f(lrl'iJ~1t'tJ~ V'WHtI(l~ 'tJ fl 1lJJJ1mill'IJtl~ ~1'l t~tl ulPitY1'l1fum iUI~~19f'lliJ f) ~iJmm ill 

ffnl~tl x > 0.02 1I~th1fl{]Yiflf)1'lliV1Iu'Wf~~mflcM'lJtl~lvl~ 1niW0 4\ m.j~~1lJtl~~1t1 [Richard 

& 'jJ c1 J' ~ ~ ... .d ~ ~ 
and Edwards, 2004] 9f~fl11lJl'lJlJ'lJtl~'Wfl'IJtl~lvl~uy.j~'W1I~I'WlJ'IJ'U~llJmmillm'll,\)tl x 'YI1'WlJ'IJ'W 

\I1fl fl1 'W ci l l'J SEM 1t1;,.~~'l'l1'I,1'Ui1liJm9f'lliJmf'IJtl~b1'1'l~~i1111 WO} ~llil~l~tl~1V InpJ ihm'U 

~tl~1.h~tfl'YI~tltfl'l'U'IJ'U1flll'lilulm'U'IJ'U1fll~fl Im'W'IJ'U1~ 1~iJ'IJ'U1~tI'l~mill 10 llJ lfl'lllJ~'l 

ff1'Wlm'U'IJ 'U1~I~fliJ'IJ'W1~tI'l~lJ1~ 4 llJ 1mllJ~'l ulPilrltliJf)1'lI~tl~1t1 1np3 ,\)~ln~lm'UtI'l~lfl'YI 

~~l lJ~~i1'IJ 'U 1~1~ flm fl 'l'W 'l11 1 llJ1fl 'lllJ~ 'lln~~'U 1~ VlJf)'\)~If)1~~~U'U~1'IJtl ~lm'W 'IJ'W1'fll~ 
.d J' "" '1 'jJ 'I'~ • r:: "" .d ~ ~ 

I fflJtl Ut1~ 'IJ'W1fl'IJ tl~lm 'Uti 'l~tfl YlYl ff1lJ'W 1I~lJU 'U1 ~ 'U lJ ~ 'l1 ty'IJ'U\9l111 'U'l lJlill b1'1 'l 11Itllnp3 'YIt'WlJ 'IJ'U 

hJl1TU tl~l?i tl1r1'W 1m 'U tI'l~lfl Yl~mnni1H 'U 11UlJ t~lJ~'U~1tJt'lf'UI~tl1il'W ri1'Utfl'l'W tI 'l ~I.fI 'YI~ 
l1-d~mru iJ 'IJ'U1~ t1~Mlrlm.rhJ1w ff1'l I~tl x> 0.03 U(l~I1J 'U~tJ1bY~lfl~11'lftl~11~'l ~'l11H lfl )'W 

(void) iJ ~l t1~ (l '~HrltlmlJlUHn'il; tl x > 0.04 U(l~tt'YIUllJtI'llfl{]'lftl ~i1~'l~'l111~1f) 'j'W1(lmrltl 

mlJ1W~l'll;tl x = 0.05 

1I1f)m 'l i~~fl1'W ~l'W Yl l\J 'vJ~l~~ill 'l1 fJiJ'I1'tl~'IJtl~liJflI9f'j1jJ fl'IJtl~ ff1 'l ~~i1111 lnxW O) 

(O$xs;O.05) 'Vflr.i1 lrltlbY~ ri1'Will" (x) IYhJ~'Uu~1fffl1'W~1'U'YI llJ lvH~ li1'IJ'U1~(lfl(l~'il'U m ~ ..t~ij~ l 

'j ~'l111~fl11lJ'l1'W1HtJ'W 'IJtl~m~UffUt1~H 'l ~i'W lvl~1'WU11ff'U 1lJ 'yj~l -rl'..a'YI nlU (~) U(l~bYlJlh ~ 

iiYl ,jfl11lJllJl1J'WI~~I.-ff'W (U) ,~tH:Y~~h'U llJt1 (x) iJ~ll~lJ~'U ~-3ij H(lm1l1flfl11lJ ff.:j'IJ tl .:jfhu'Vf.:j.. 
ffOV«(2\) i1u'W11ulJt1~(l~trltl ifi'l ff1'U llJt1 (x) l~lJ~'U fl11lJ'l1 'U1 UtJ 'U'lJtl.:j~lt~fl\9l'ltl'UB~'l~iJ~ltlQ 
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1l1flf11'Jffm:J1~hJ'nu~rw CJ1l9f'lcJ5'EllJ 'tJ'El ,m1'fll9f'J1:umJ'El 'H11'J ~'Ii':nl1 Inx W0
3 
(0S;x:::;0.05) '1Wlf1'1 

100 l~'J 'flCJ1- 2 lllfl maif'J'flCJ1 'Vl'ly;h '1lJ1'11l'J [;'1ml~ hhJnfl~rhlJ~lfl11lJ~1yJtl1'tJ 'El'l'tJ 'E11HmlJ 

1l'J1fltJ'El~ ~fli'lm1lJ~ 'I'tJ'El'l'tJ'El'lJfl1U'Vl'lftflV(~\) iJ~l~'EllJ,j'l'1~'I~'IJlJ m~U[;'1lyJ~l~ [.H 1:1 '1lJl~'fl 
19f'J1:umn'fl1l1flm~U[;'1~l~fl'fl'J 'EllJ 1'YI1:1,j'llJfl1U'Vl'lftflVJ1[;'1'fl '1lJmW~~'flri1lJ 1lJ1:1 x=0.04 ll~iJ~l 

q 

.J 1 0 "" Q c. liJ ~d ~ liJ o'd' 

'I J'.i1fl~'tJlJ:IJl U1:1~fl1:1 flfll'JlJ1m~U[;'1'tJ'El'l'Ell1:1fl'fl'J'EllJ 'ElTi'lJl1) !'fl'fl'fl1I)fl1:1 !fl'tJ'El'l'l1'El'fllVlfllJ1fl11 

fl1:1lfl'Vl1:1 - rVhlJ lfl1:1 
'" 

" 	 .­
In

x
W0

3 
(0.00::; x ::; 0.05) 'Vl'lJl1lJll'J1fltJf11'J[;'1fl1'Vl\l1iyJvh9f'lU[;'1'1~'ElrlJ mh1~'El 'lf1'1:tfllVl'tJ'El'l 

'Vl1 'YI ~ ~ 'EllJ,j'1'11)11 ('1lJ 'J~ ~'lJ 'YI 1:11 I) ~ 'El I) 1lJ1Y1) ~ 'Il1JlJ H1:1lJl1l1 flfl'lJ ~fl 'Vl1'Y1 ~ lJ f11'J,r'lJU 1:1~ 11~ 'El tJ 

'Vl1 'YI ~ ~CllJ,j'1'1 i'llJ lfl ~1'lf1'1; llVl 'Vl1 'YI ~ [;'1l'JJl 'J tl 'YI1l 'fi'111 flf11 'J YlIVl m 1yJ 'tJ 'El'lI'l1:1 fl1 HI 'fl1:1 'El 'I 1'fl tJ 

'1 ,*lT1:1~lYl1:1l BflCJ11'VlllJlJl:tftJm:r'I nilJ 

5.2 ifflJl1mil~~f)liIUf)UU~ 
" 

I . 	 1l1flf11'Jffmn1m'I [;'1~1'11'fl 1)f11'J l~1)1l'lJlJ r 'IffWflCJ1fl1'J'!JlJl1flf11'J l~ I) 1l'lJlJ r 'IffmflCJ1~ 
i,I 	 ." 

1I11 291'U~1'1 20-60 'El'lff1 Ylfl'\J'El'lf11'Jl~inl'lJlJ'\J'El'lr'lffWflcUY1l,j'lIY1[;'1'fllTflll~Cl~Y1l1l1
q 	 q cu q 

.:::9 ~ Q d d<:::::l. 9J' 	 dl 

2. 	 11 l flm 'J fffl1:l1 [;'111 'lJ IVl 'VI 1'1 'Elll'VlU'fl 'U 9f l'l1 'I9f'El'U 'Vf'lJ 11H1:1 fl 1'J 'VI 'fl1:1 'El'l 'Ell 1l1lfl1fl 111l fl m'fl 

lfl~ 'EllJ '~l~ 'El'l1l1fl ~l~fl1 'VI'J 'f1~'lJ~ nUl~1mr1'\J'El'll~'f1l9f'J l:U fl l1l~tJ'lJ[;'1J1l[;'111 'Elri 'I 

'I ~d ~ I ~ ,.t. ... c. d ')

1'11:1 ! 11 lIu'J ~ 11 

q 
fl1'l'J ~ 'YI 11'lllJ 'El [;'11 'Jfl'lJ 'Ell1:1 fl rY1 'J 'fl 


3. 	 f11'J ffmn[;'1lJ1Jllfl1111 llll1J'Ul9f'Il fflJ'VI 1'1 1yJ~l lJ'11m)ln'f1l~ 'El'l1l1flU'YI~'I ~ltJ1yJl,ru'J 'I 

i'U '~1llnlJ 11 0 111:11'i' 

4 . 	 fl1'JlJ f11'j ffflfJ 1[;'1lJllilfi1111 l1ll1J'Ul9f'llfflJ'Yll'll yJ~1'\J'El'll~'f1l9f'J1:Ufl'\JCl'l [;'11 'J~'I ~TW1 

.d "" ~ ,d, ~I ~ 
W0 'YIl\lCl fl11)'El~IVlClll'\J'El'lTil\9jCllJ<'1l'l1 lJ Cd, Ti U1:1~ Al !ulJlVl'U3 

5. fln1~flW[;'111'lJ1l'VI1'1U[;'1 'IU1:1~'VI1'll yJ~l fl1'J1'lJVll 1,rl~1~[;'1'fl'YI~'I1l1mIVl1fJlI[;'11'J
q 	 q 

i 1'E1ri1'1~U'lJ ~ 'EltJu~1 !~ 'El1:1 'f1 H1:1m ~ 'VI'lJ 11 1 fl,j'mJ fl 'Vl 1'El 'I1'I~fl~ 11 'J 1fl tJ 'lJ 'U ~1m!1~ 

~lIH[;'1n'lJ'Ellf11ff 
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U'YI'YI 6 

(J'.i t.l~H1NilVl.:Jl'Wl~rJ.. 

oQ Q.I 

6. 1 'lHlU'YIfl 'J111'J'\JfJ "Fabrication and Electrical Characterization of ZnTeIW0 3:1n Heterojunction" 

Proceedill in The 39
th 

Congress on Science and Technology of Thailand (STT 39) "Innovative 

Science for a Beller Life" 21st_nrd October 20U, Bangkok International Trade & Exhibition 
.. 

Centre (BITEC) Bangkok, Thailand. If1fJi:i 'ntJCl::;!vtJ~i'lij;jtl 

'lI ., 'l 'l 'lI
ZnTe WJtJfI'J1lJHll-A !l-A,)~1J1JbH,lJill1mft!'I1 

• u u 

!f1~mJ1J l-A!"li,)l:iJn W0 :In '\J 1ntTl-A ii,nllnl) ii1n1l1 r1':lJ1J1l'Vl1.:1 lyJYJ1'lJtl.:l')tlfJl'i tll11l.wl-Ai 'lJtl.:lb11,)~.:I
3

i'J'tA1 p-ZnTe/n-W0 3:In 1~fJ1~fi1m111tlm~'l-Alh::;'l111.:1fi1m~UbYlyJYJ1nUUHil-AlyJYh'If'J.:I -0.5 0.:1 

2.0 l'JCl~ !riml1m')1~~mu'l1fl:iJ~11l-A'ti'J.:Itlt\!'I1fl:iJ 20 - 300 !f1Clll-A l'tU'h~!!Hil-AlyJYJ1!'vhnl-A
<II ~ q ~ 

-U E-03 

) .SE.JJ) 

BUl3 
_ ZO R 

2.8£-03 

> 2.3E-03 . · 2.\OK 

K 
I SE--03 

~ 
U E.-Ql 

~ nOK 

ILOE4I 

· jOO~ 

30"'" 
",J 0 OJ 1.0 u 10 1J 

<W"T<D' (A) 

•• .. ·.i ~[~ 

.fI 1'ft'f1 
4 

6.1 UbY~ .:I m wl fI 'J111 tl1lWUll')::; '1111.:1 fi 1 n ') ~UbY 1yJYJ 1 n UU '.i .:I i l-A , yJ{(j l!ri tl v'llm ') 11>1 

tltu '11 fI:iJ~11l-A 'If'J.:I tlt\! '11 flij 100-300 !f1Clll-A 'lJ tl.:l ') tl fJ~f)111i~l-A 1l'lJ tl.:lbYll~.:I I'lTU1 
<:II <u <II qt q 

d d 1 Q d. d. 'jI 91 9
p-ZnTe/n-WOJ:In "li.:l! \9l 'H .llI ~ V 'J 11 n 1) ') ~ m V bY 1) !f1 ll fl 'JV fI 'J 111 ') tll-A ! l-A ') ~ 1J 'U 

bY ill ru1 m ft 
• u u 
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-8 


-9 


• 
::. -12 

.E 


-13 


-I~ -1----.-----.--------.-------.------. 
0.00 0.05 0.10 0.15 0.20 0.25 

Vollage( V) 

ill....~ 6.2 !I{1'~'lmlvJfr:llmYlJ~'Ui'J::;'H11'l In{I1(l-exp(-qV/(kT»} tl1J!lHi'U lvJvhlrltJyhm'Jl~ 

~fJ ru 'H JJiJ..1tJ'l '\JtJ'l'J tJ(I~tJ111i~'U i'\JtJ'l{1'l'J~'l~1'\.h p-ZnTe/n-WO]:ln ~'ll\Pl1 (llJ 1~(I 

-5.50 

-6 .00 

-6 .50 

-7 .00 

-7 .50 ~ 

-8.00 

-8.50 

-9.00 

-9.50 

-10.00 

.: 

.. -;:::..:........-: .... ­..:......
'::.:.'­.::....

,II!:-·· 
. 1 .­.....'...­,'..,'.. 

• 20K...•-.-• ­
• 260K 

" • 300K 
.,.­•• -. 

,.,. 

I 

0.0 0.5 . 1.0 1.5 2.0 
Voltag(,( V) 
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1.6 

• • .. .. .. 
·.. .. .... 

~ 1.0 .• • .. • • ..••;;. .. ....... ......:5 0.8 · ..- .. .. ..... 	 ·20K 

~ .. 220 K. .. ... .;;. .. .. ... .'C 0.6 .· .. ... .. 	 ·260K 

0.-1 -300K·••a'· 

0.0 +-----.----_- - -.------,.----.-----.------, 
0.0 	 0.5 1.0 2.0 2.5 3.0 3.5 

Current ( rnA) 

hA 'I11nO-300 iflCl1lJ 'Uel~'JelU~el111l_WlJi'Uel .Hn'i~~i,:nl1 p-ZnTe/n-W03:In ~~ 

lPl1mJ1~tJn m'i'i~mUffT:i iflij~1Ufl11111ellJ1lJ'J~'U'U'(fUJUJlmR'
• u u 

7.0 

6.5 

6.0 

.-. 5.5 

::c 5.0 

4.5 

• • • 

• • • .. .. 
•• 

·.• • 

•• •• .. .. .. .. • ­• • 

· ·. 
• •• .. .. .. 

• • 

. • • 

• •• .. .. .. -• 

· • • 

• • .. .. 
• ­

... 
• • • 

-20K 

..220K 
·260K 

- 300K 

4.0 

3.5 +-----.-----,-----.------r------.-----, 
0.0 1.0 2n 3n 4n 5.0 6.0 

Current ( rnA) 

Q.ld ~j} IQQ Q.ld &Q.lO 	 .::9 r.j, 

1~'YlfJUA '11 JJll'l1 el~'Uel~ 'J eltJ\9l el111l'WlJ 1i'Uel~'(fl'J m\9l1lJ1 p-ZnTe/n-W0 :In 9f ~1\9l 'J tJll3 

l~tJ1TI f11'J 'J:::m tJffl'J iflij~1tJfl1111 1 ellJ1lJ 'J:::'U'U'(fUJUJlmf1'
• u u 
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, 
Vlrn:jn 6.1 tt1J~'1~lm~tt1JivH~1~lJ~1VU'Wf)rr1J (IJ ~lttnm~w5q~lJfI~ (n) ~lf111lJ~'1f@'1 

nltt'Vm1mJl'W'lItu~~hJltumll'Wl!'Wv (¢BO) tt,,~ vilfl 11lJI9i'1'W'Vll'WU'4mlJ (~) Y1 

1~1l1f)f)l'Hh'W1tu lfW1~f)" 1 f)!'Vl ufiJ UUlJ f)uiJ1Ji'W It" ~TI'lI U'I ':tf1'1 trimllf)11 
. .. 

<Vd..::::::.91 ,~~ Q.lt/ C1Q.1'O & d 

1~'Vl qUA 'Vi J;JlJ 'Vi fl'l'll e:J'I 1 e:Jtll9l tl111i'Vi'W1i'll U'I1Jl m'l~1'Wl p-ZnTe/n-W0 :In C)f'ltI9l1 tllJ
3

'\ =c1 ""~ ~ 9 
l ~tl11im11~m tl1Jl1tfllJ~1t1f111lJ 1 U'W l 'W 1~1J1J1JWWlmfl'." " 

T(K) 
Is 

(xl 0-5A) 

Ideality Factor 
Barrier Height 

(eV) 
Series Resistance (0 ) 

I 

I-V 
(~)-l

d ln l I - V H(I) - I H ( I) - I 
( dV ) 1 

d In! 

20 1.02 107.787 130.002 0.031 0.032 396.770 389.460 

40 1.1 2 50.235 70.261 0.067 0.063 388.550 382.248 

60 1.14 34.301 47.013 0.104 0.105 381.248 368.090 

80 1. 15 22.405 35.260 0.143 0.138 378.513 365 .323 

100 1.22 17.310 28.208 0.182 0.174 365.285 361.042 

120 1.27 13.1 81 23.507 0.222 0.219 358 .067 354.616 

140 1.29 8.775 20. 149 0.263 0.252 354.372 353.81 3 

160 1.35 9.589 17.630 0.304 0.292 353 .373 352.269 

180 1.36 8.385 15.738 0.346 0.328 338.4 16 338.549 

200 1.38 7.084 10.647 0.388 0.497 333 .069 336.263 

220 1.40 7.563 9.583 0.430 0.546 328.273 327.532 

240 1.47 5.280 8.962 0.472 0.464 31 9.926 309.367 

260 1.48 5.4 10 7.916 0.515 0.540 3 16.633 302.596 

280 1.58 5.425 7.793 0.558 0.547 305.201 275 .527 

300 
-

1.65 5.837 6.528 0.602 0.636 276.789 228.379 
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6.2 	 GIH.l'IJ 'Ylfl 11)J1'il(J'YltJQd~'YI11"flld~lttllHlld "Influence of I~03 on the microstructure and 

" 
electrical properties of W03-based varistor" ~"ihl(J1:'1~tU(J~~"lj 

Abstract 

I~03-doped WO) ceramics were fabricated by solid state reaction at I,OOO°C for 48 h. The crystal 

structure of I~03-doped WO) samples belongs to monoclinic along with small amount of 

I~(W04)3 phase. From SEM micrographs, the grain size slightly increases when the amount of 

r~o3 in WO) samples increases. The breakdown voltage decreases with increasing I~03 

concentration from 0 to 4 mol %, and then increases when the concentration of In20 ) above 4 

mol%. Thc defects in crystal lattice due to I~O) addition were proposed to explain the nonlinear 

electrical behavior of I~03-doped WO) ceramics. W03 ceramic doped with I~03 is a new kind of 

low voltage capacitor-varistor mate rial. 

Introduction 

Varistors are electronic ceramic devices that show nonlinear electrical properties. TI1ey are widely 

used to protect electrical and electronic equipments against transient voltage surge. A typical 
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example of varistor is ZnO doping small amount of Bi20 3 and other metal oxides that play a 

dominant role in either practical applications or physical interest. W03 has received much 

attention because of its potential for many applications, such as electrochromic devices, gas 

sensor and varistors [ 0 . Makarov and Trontelj [2] flTst reported that NaC03 and Mn0
2
-doped 

W03 ceramics exhibited nonlinear current-voltage characteristics with low breakdown voltage. 

Moreover, the permittivity of W03 is high [3]. It implied that W03 is a good candidate for 

capacitor-varistor with low breakdown voltage. Recently, W03 ceramics doped with Tb40 
7 

displayed improved nonlinear electrical characteristics at high temperature [4]. Many kinds of 

doping materials such as Y P3 [5], Lap3 [6], DyP3 [1], COP3 [7] and Pr6 [8] were doped in0 li 

WOJ ceramics exhibiting varistor behavior with a low linear coefficient value. Considering both 

low nonlinear coefficient and high dielectric constant, they can be suitable to a new kind of low 

voltage varistor- capacitor materiaL Therefore, it is possible to improve the varistor properties of 

sintercd W03 ceramics by doping another oxide. The purpose of the prcsent work is to investigate 

the influence Ofl~03 on the microstructure and electrical properties ofW03-based varistor. 

Experimental 

The starting materials in the present work were analytical grades of I~OJ (99.99%) and W03 

(99%). The composition investigated were (I-x)WOJ+xI~03 where x=O, 0.01,0.02,0.03,0.04 

and 0.05 mol. The starting materials were weighed and blended for 2 h using an agatc mortar. The 

mixed powders were then pressed at 100 MPa to form pellet 10 rom in diameter and 2 rom in 

thickness. The pellets were then sintered at 1000°C in air for 24 h. The heating rate was fixed at 

lOO°CIh. The crystaJ structure of samples was checked by reading X-ray diffraction patterns on a 

powder X-ray diffractometer using CuKu radiation (A= 1.5406 A). The current- voltage (I -V) 

characteris tic curves were measured by using a computer interfaced Keithley 236 current/voltage 

sourcc. The capacitance- voltage (C -V) measurements were carried out by Agilenl E4980A 

Precision LCR meter. 
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The origin of the varistor action can be attributed to the existence of double Schottky 

barriers at the grain boundaries and the barrier height depends on the conccntration of the oxygen 

adsorbed on the grain surface occurring interface states. The nonlinear coefficient (U) of the 

varistor was obtained by the following equation 

logJ2-logJ 1a =---=----­
logE2 -logEI 

where VI is the voltage corresponding to JI= 1 mA/cm
2 

and V 2 to J2 = 10 mA/cm
2 

, respectively. 

The breakdown voltage (E
b

) defined as the field density at current density attains 1 mA/cm
2

• The 

barrier voltage is defmed by Vb = ~d when d is the grain size. The leakage current density (\) 

was measured at O.8E
b

• The capacitance-voltage (C-V) was performed with Agilent E4980A 

Precision LCR meter at 1 MHz. According to the Schottky barrier model and the obtained 

parameters from C-V curves such as density of donor (Nd), barrier height (<i>b)' density of 

interface states (N) and depletion layer width (t) were determined. The Nd and <i>b were 

calculated from the slope and the intercept of straight line plot of the following equation 

2(¢b - Vgb ) 
A2qCs N d 

where Co is the capacitance value at zero bias voltage and V is applied voltage. Density of 

interface states (N) and depletIon layer width (t) were determined by following equations 

N 
t=--1 

Nd 

where ( , ::100 was the dielectric constant of WO) [9] and q is the electron charge. 

The Schottky barrier height (<i>b) was determined from the following expression by thermionic 

emission mechanism in Ohmic region 

.. 
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kT kT 
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slope =­
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* 2 <l>b 
y =loA T - ­

kT 

where ] is the forward current density, A is Richardson cllrrent, E is the electric field, k is the 

Boltzmann 's constant and ~ is constant related to the potential barrier width. 

Results and Discussion 

Fig.1 shows the results of XRD patterns of the sintered lnzO} -doped WOJ ceramics. The major 

phase of lhe samples is a WO] phase (JCPDS 72-677) and there is an obvious second phase as 

I~(W04)] (JCPDS card no. 49-0337) in the doped samples when the Inp] content exceeds 0.02 

mol. The amount of IDz(W04)] phase become bigger with higher I~OJ content. The variation of 

lattice parameters and volume of unit cell as a ftmction of lnz0] doping is shown in Fig. 2. The 

lattice parameters 'a' and 'c' decreased to minimwn value at x= 0.04 and x= 0.03 mol, 

respectively and then increased for higher concentration oflnz0J' In contrast, lattice parameter 'b ' 

gradually increased with increasing in lnz0] content. The change in volume of unit cell as a 

function of IDz0J doping, is found similar to the behavior of lattice parameter 'c' . It d creased to 

minimum value at x=0.03 and then increased for higher concentration of lnz0 J' The SEM 

micrographs of I~OJ- doped WO ceramics with different amounts of lnPJ are shown in Fig. 3. 

It is apparent that the addition of lnzOJ gives rise to an increase in grain size, indicating the added 

IDzOJ accelerates the grain growth during sintering process [8]. The appearance of second phase 

as In/W0 4)J suggest that the added lnz0J did not fully dissolve in the W0 3 crystal latt ice owing 

to its rather low solubility. The fonnation ofl Dz(W04\ expressed as follows [ lO): 
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It can be seen that the samples with small amounts of 1l1:!03 having various small pores and the 

number of pores decrease by further additions of 1l1:!03 content. No more pore was observed at 

x=O.05 mol. 

The electrical properties of samples characterized by I -V measurements are shown in Fig. 4. It is 

se n that whole J-V curves is shifted to the left side with increasing in 1n
2
0 3 content. The 

important parameters extracted from I-V curves of different samples were tabulated in Table 1. 

From Fig. 5, the nonlinear coefficient decreases from 4.76 to minimum value (U = 1.43) at x= 

0.03 mol and then increases to 2.28 at x= 0.05 mol. Breakdown field (Eb) of the doped samples 

decreases while the content of 1~03 increases up to 0.04 mol and then increases when the 1~03 

content exceeded 0.04 mol. The Eb values of all doped sample were smaller than that of the pure 

W03 as previously observed in Pr
6
0 II -doped W03 ceramics [8] . The lL value as a function of 

l~OJ dopant shows the similar behavior of the breakdown voltage: IL value decreases to 

minimum at x=0.04 and then increases when x higher than 0.04 mol. 

The barrier heights of I~03- doped W03. were 0.194-0.357 e V, which were smaIler than that the 

pure W0 3 (0.10-0.20V). The ionic radius of In
3 

+ and W6+ is 0.82 and 0.62 A.. , respectively. With 

3
rather big difference of ionic radius between In + and W6+, the low limit substitution inW6+ site by 

In] ' ions is observed at about x<0.02 mol. By further addition ~f 1~03 content, the following 

competing factors influencing the electrical properties as follows: 

in,o)~ 2in; + 6e' +~O,
2 

This reaction represents the occupation ofIn in an interstitial site ofW0 3 and creates six electrons 

to maintain the electrical neutrality [11]. Thus, the electrical resistivity would be decreased with 

1~03 addition jf reaction above occurs. The rugher In2 content, the rugher the second phase 0 3 

1~(W04)3 created. Because the 1~(W04)3 segregates to the grain boundaries, block the migration 

of the carriers and thus increase the electrical resistivity with adding I~03 exceeds 0.04 mol. It is 
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therefore bel ieved that the In20 3 addition is fairly effective in attaining high conductivity when x 

less than 0.4 mol. 

so 60 

2 Theta (degree) 

Fig. 1 XRD patterns of (I-x) W03+ xlnp3 ceramics . 
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Fig. 2 Variation of lattice parameters and volume of unit cell for I~03- doped 

W03 ceramics. 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



91 


Fig. 3 SEM oflnp3- doped WOJ ceramics. 
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Table I Some parameters of W03ceramics doped with different mole OfI~03 . 


Composition 

(x) 

Eb 

(V/cm) 

0"0 

(S/cm) a 
IL 

(mA) 

0 382.20 2.26xlO
·6 

4.76 305.60 

0.01 
. 

85. 12 3.69xl0
·5 

2.22 68.10 

0.02 10.68 5.50x-4 1.52 8.55 

0.03 14.24 2.67xlO 
-4 

1.43 11.39 

0.04 12.55 2.lOxlO
·3 

1.52 ] 0.04 

0.05 29.28 1.17xlO 
-4 

2.28 23.42 

Composition 

(x) 

0b 
(cV) 

Nd 

·3(em) 

N 
t
(cm-2 

) t 

(nm) 

d 

(/lm) 

fJ (V I12cm'l2) 

0 0.796 2.54xlO ' 2 6.68xlO 'O 2.09 5.00 9.30xl0
-3 

0.01 0.685 1.14xlO
'2 

4.16xl0
iO 

3.00 10.00 7.74x10
·3 

0.02 0.640 2.28x10
12 

5.69xlO 'O 1.46 20.00 l.llxlO 
-2 

0.03 0.648 1.I4xlO 12 4.04xlO 'O 1.46 15.00 1. 11 x IO 
-2 

0.04 0.649 2.54x lO" 1.91xl0
iO 

1.43 15.00 1.12xl0
·2 

0 .05 0.681 5.72xlO" 2.94xIO 'O 1.08 15.00 1.29xlO 
-2 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



0 

-2 

-4 

N 

E 
u -6 

$ 
-. -8 
.= 

-10 

-12 

-14 
0 

1n 

94 

tt" •••• ... ......... 

e.. ... ' 

.. 

.. .~ 
... ' 

.' 

• x=O 
• x=O.OI 
• x=0.02 
• ,,=0.03 

x=0.04 
• x=0.05 

10 15 20 25 
E IIZ (V/cm)lil 

Fig. 7 In J_E plot of W0 3ceramics doped with different mole oflnpr 

1.4E-09 

I.2E-09 

---x=Q 
1.0E-09 ~x=O.OI 

--x=0.02 
8.1E-10 

....."=0.03€ 
U x=0.04 

6 .1E-1O 
~,,=0.05 

((Hz) 

Fig_ 8 C-f plot ofW0 3ceramics doped with different mole oflnpr 

2.OE +O~ 

1.8E+O~ 

1.6E+0~ 

UE+O~ 

g 1.2E+0~ 

~ 
1.0E+0~ 

8.0E+03 

6.0E+03 

~ . OE+03 

2.0E+03 

O.OE +OO 

--;.;.=0 

• , = 0.01 

--­ ;.;.=0.02 

,.·,=0 .03 

·'..-x=O.O-l 

--,;.=0.05 

O.OE-rOO 1.0E+03 HlE+03 3.0E·03 <.OE+03 5.0E +03 6.0E+03 

Z'(fI) 

Fig. 9 Cole-Cole plot of impedance spectroscopy of W03ceramics doped with 

different mole of Inp 3. 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



95 

Table 2 Electrical parameters of impedance spectroscopy of W03 ceramics doped with different 

mole of Inpr 

Composition (x) 

oflnxW0 3 

Parameters 

~(O) Rp(O) Cp(pF) fmax(Hz) WmaxRpC p 

0 200 640000 1.13 20020 0.91 

0.01 80 69500 4.04 60019 1.05 

0.02 10 4000 31.20 120020 0.94 

0.03 20 7500 17.20 110000 0.90 

0.04 30 1070 8.73 1950000 1.14 

0.05 100 20000 15.00 60019 1.13 

Conclusions 

The effect of 1~03 addition on the microstructure and nonlinear electrical properties of W03 

based varistor were studied as afunction of In20 3 concentration. The breakdown voltage of W03 

varistor decreases with increasing ~03 content indicating ~03 addition can reduce the 

breakdown voltage. Impedance spectroscopy was performed as a function of 1020 3 mole 

concentration. Impedance spectra are well modeled in term of electrical equivalent circuit 

composing of a parallel resistance Rp and constant phase element (CPE) in series with another 

resistance (Rs). The ac conductance data of I~03-doped W03 ceramics, corresponding to the 

universal lonscher's power law, are well explained by hopping process occurs between 

neighboring sites. W0 3 ceramic doped with ~03 is a new kind of low voltage capacitor-varistor 

material. 
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! \9l hltlllf)1ll~'l, .:.t1lJhl\9ltl 1.:.tlH'il')ty lW~'Yl'V'l,)\9lhl 1.:.tlH'il,)ty. "m~lJ~:::mlS!ytil1J1JHVI'lJflflflfl !"IfVl'fl 

I~fl~ltJfl::: AB1Jrl il flfl1U ITTt1 11J!iJ'Ui l1r1¥J 11111-:Jlltf-:J'lJH-:JICW il~lItf -:J tl lt1g]U" ') 1tl.:.t 1hl 1 'l1tI 
'" 

.:.t1lJU\9lV 1.:.tl1l'il~ty, i~Utlll0'1ll~.:.t ll~~ruJ)''V'I,) 'V'I,)'YIm~." m"lIVl1tJ1JW~1J1JH CdTc IV1tJ"l::: I-HVI 

-I .Clt, .<!t _ I .Clt, c! ~I c! .a.. c! C'!t. Q..I 'Q d1U 'J :::tJ::: lJ'J :::'tiVl 111 fllJ'J:::V1'US! IlJUI"Ifilillltf -:Jtll'flVl tJ" ,).ltl.:.t1hl 1 'iltl! ~hl fJ\9l fJ fI W::: TVI tl1f1'1~\9l ') 

mn'lJW'Ylfl!hl hVl"I':i ~'ilfJlJlfl~1l'ij/1flW'Ylm')m~m~'lJ.:.t. 255l.. 
'lllJU\9lV 1'll1l'il~ ty , i~utI H0'1U~'llW~ ruJ)''V'I') 'V'I,)'YIm~."m ',jlh :::~ll~:n~U1J1-.l CdO ~1~6 ~lfJ 

tI~Aa1J AI iil't'i11J!iJ'U'i'}'~~11111-:JlliJ-:J'UtI-:JI"If~~!!iJ'ifnt1V1U" ')1 tI'll hl l'l1t1mhl fJl'l fJflW::: 

1'Yltl1f1'1~\9l{ ml1'lJhl &'Y1 f1 !hl hV'V'I,)~'ilfJlJlf)~ll,ij1flW'Yl'YI1') mfl m~'lJ'l. 2553 . . 
i~utI U0'1ll~ -:j , '1 1lJ U\9lV 1,n,JI'il~ty ll~~Yl'V'l~\9lU 1'll1l'il~ty. "flnl1',j:::~'U! .fr'}''t'I.rh~n,,"A"'-:J'lfUVl 

1't'ili~!'t'i1Jl ::: iJ1Jn1J!"lIil~UiJ~alt1g]U'lf UVlW~1J1Jl'l CdS/CdTe" ,)ltl'llhl1 'l1t1 mhl fJl'l fJflW::: 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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Indexing of X-ray diffraction pattern for In6 W0 12 

2-B d I r pDF Rhombohedral Hexagonal 
(0) C\) (0/0> (%) II k I II k I 

22.559 3.9382 8.5 7.9 I 10 012 

23.761 3.7~ 16 9.3 8.8 I 1 1 021 
29A~1 3.03 [3 2.3 0.9 200 20 2 
29.881 2.9878 31.8 31.3 1 1 I 0 03 

30.400 2.9379 100 100 012 2 1 I 

32.620 2.7429 3.3 2.9 2 I 1 300 

35.101 2.5544 35.5 40.1 2 I I 122 
35 . 4~1 2.5307 4.9 4.0 012 I I 3 

44.522 2.0334 5~ . 7 2.3 013 3 I 2 
46. 1..J0 1.9657 2.4 3.4 220 024 
50.198 1.8159 13 .9 23.1 310 214 

50. 84..J 1.7943 17. 1 23.6 1 :2 3 410 
-

52 .623 1.7 378 ~ -_.) 4.6 1 :2 3 232 
59.541 1.55 13 5.7 0.4 023 125 

59.7 17 15472 3.8 8.9 4 1 1 502 
-

60. 126 1.5376 10.8 014 1 4 3 

60.302 1.5336 7.5 18.6 1 33 2 41 
60.580 1.5272 4.9 106 400 4 0 4 

-
63.323 1.4675 4.0 7. 1 024 4 2 2 

-
63.502 1.4638 3.2 124 5 1 1 

i1 PDF #7.&-14 10. 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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Pattern: 32-1286 Radiation =1.540600 Quality: Not indexed 

Tb40 7 2th I h k I 

Terbium Oxide 29.063 70 1 1 1 

33.666 40 2 0 0 

48.376 70 2 2 0 

57.559 80 3 1 1 

60.242 60 2 2 2 
Lattice: Face-centered cubic 

70.907 60 4 0 0 
Mol. Weight=747.70 78.306 100 3 3 1 

S.G.: F (0) Volume{CDJ=150 .14 80.760 90 4 2 0 

Dx=8.269 

0=5.31500 Z=l 

SAMPLE PREPARATION: Tb40 7 was heid in vaccum for 6 

hours at 1750 C. 

*Private Communnication, primary reference : 

Ferguson,I.,Hughes,Atomic Energy Authority, 

Springfingfieid _Nuclear power Oev.Lab ., UK. 

Radiation :CrKa Filter :Bata 

Lambda :2.29092 d-sp: Oebye­

SS/Fom:F8=1l(0.1020,7) Sc herrer 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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-
Pattern: 72-677 Radiation =1.540600 Quality: Ca lculate d 

wo3 2th I h k I 2th I h k I 

Tungstan Oxide 
16.451 <1 a 1 1 73.026 <1 4 1 4 
16.853 <1 1 a 1 '73.026 <1 ·1 3 5 

'16.853 <1 1 1 a 73.333 1 ·3 1 5 
20.58 1 <1 1 1 1 '73.333 1 ·5 2 2 
23.110 99 a a 2 73.548 2 -4 3 3 
23.580 % 0 2 0 "73.548 2 ·3 3 4 
24.349 100 2 0 0 '73.nl 1 3 4 3 
25.989 1 a 1 2 74.109 1 5 2 2 

Lattice: M onoclinic Mol, Weight:23L85 26.306 1 a 2 1 '74.109 11 ·5 0 3 
26.586 20 1 2 0 74.855 11 · 2 4 4cubic Volume{CDj=423 .68 28.605 16 ·1 1 2 '75.114 11 a 1 6 

5.G.: P21/n (14) Dx=7 .269 28.9 15 16 1 1 2 75.516 2 2 4 4 
' 28.915 16 ·1 2 1 ' 75.5 16 <2 -4 2 4

0=7.30600 8eto=90.88 29.377 1 ·2 1 1 76.199 <3 ·5 3 1 

b=7.54000 29.679 <1 2 1 1 *76.199 <3 ·1 1 6 
33.253 38 0 2 2 76.399 <4 -4 4 2

c=7.69200 33.551 24 ·2 a 2 76.658 5 -1 1 6 

0/b=0.96897 34.152 56 2 a 2 76.9121 5 1 6 0 

Z=8 • 34.152 56 2 2 a n .729 <1 · 2 5 3
c/b=L02016 15.381 6 ·1 2 2 78.137 <1 1 6 1 

35. 638 7 1 2 2 '78.137 <1 ·3 2 5 
' 35.638 7 -2 1 2 78 .496 2 6 a 0

1/lcor=5.59 36.022 <1 -2 2 1 78.661 1 -2 a 6 
36.164 1 2 1 2 '78.661 1 -0 2 6 
36. 275 <1 2 2 1 '79.062 <1 ·5 2 3 
37 .006 <1 ·1 0 3 79.488 <1 ·5 3 2 

ICSO COLLECTION CODE: 014387 ' 37.006 <1 0 1 3 79.714 <1 6 1 0 

TEMPERATURE FACTOR :ITF 37.321 <1 1 0 3 79.879 <1 ·1 2 6 
37 .620 <1 0 3 1 '79.879 <1 -2 1 6 

ICSD COLLECTION CODE: 016080 38.579 <1 ·3 0 1 'SO.244 11 -5 3 2 

SPACE GROUP AS REPORTED RY ICSD :ICSD SG: P121/N11t is 
38.936 <1 · 1 1 3 ' SO.244 1 ·1 2 6 

'38.936 <1 3 0 1 '80.534 <1 0 4 5 
14 SG short form : P21/n 39. 251 <1 1 1 3 80.654 <1 -6 1 1 

REMARKS FROM ICSD :REM REF. 39.719 1 1 3 1 80.818 <1 2 1 6 
40.459 <1 ·3 1 1 'SO.8 18 <1 ·2 6 0 

TEST FROM ICSD : AT least one TF missing. 40.S02 <1 3 1 1 80.958 <1 0 5 4 
41,418 13 · 2 2 2 '81. 218 <1 ·3 4 4 
41.866 13 2 2 2 81.527 <2 ·1 6 2 
42.613 <1 0 2 3 81.678 <2 ·1 4 5 
42.955 1 0 3 2 "81.678 <2 1 6 2 
43.683 <1 2 3 0 81.904 <1 ·2 6 1 
44.245 4 3 2 0 8~ . 1 21 <1 ·1 5 4 

'44.245 4 -1 2 3 ' 82.121 1 ·3 4 4 
44.688 3 -1 3 2 '82.396 1 ·1 5 4 
44.899 3 1 3 2 82.704 1 · 6 0 2 

* calculate from ICSD using POWD-12++, (1997) primary 45.361 4 ·3 1 2 82.822 <1 -4 3 4 

reference: 45.713 <1 ·3 2 1 '83.001 <1 4 5 0 
45 .986 4 3 1 2 '83 .001 1 4 4 3 

'45.986 4 3 2 1 '83.097 1 -3 3 5 
47.234 9 0 0 4 66.727 1 ·2 1 5 
48.240 9 0 4 0 67.075 3 ·3 4 2 
48.842 1 0 1 4 '67.075 3 1 2 5 
49. 391 <1 ·2 2 3 67 .196 2 3 2 4 
49.895 22 4 0 0 67.559 3 3 4 2 

Radiation :CuKa1 Fitter :Not specified 
' 49.895 22 1 4 0 '67.559 3 -4 3 2 
50.207 5 2 3 2 68.015 1 1 5 2 

, 50.207 5 -3 2 2 68.230 <1 4 3 2 

Lambda: 1.54060 d-sp: Calculated spacings 50.320 12 ·1 1 4 ' 68.230 <1 ·2 5 1 
50.706 10 1 1 4 68.418 <1 2 5 1 
50.833 · 6 a 3 3 68.866 1 5 2 0 
51.364 <1 -3 0 3 69.548 1 ·5 1 2 

'51. 364 <1 ·1 4 1 69.817 2 0 4 4 
51.460 <1 4 1 0 70.340 1 5 2 1 

'51.460 <1 1 4 1 ·70.340 1 5 1 2 
52.317 <1 3 3 0 70.5 13 2 -4 0 4 

'52.317 <1 · 1 3 3 ' 70.513 2 ·2 2 5 
52.599 <1 1 3 3 71.011 1 ·1 4 4 
52.710 <1 -4 1 1 71.325 1 1 4 4 
52.823 <1 ·3 1 3 '71.325 1 2 2 5 
53.083 <1 4 1 1 71 .772 2 4 0 4 
53.451 11 0 2 4 ' 71.n2 2 -4 1 4 

'53.451 11 ·2 0 4 71.928 4 0 3 5 
53.660 6 ·3 3 1 ' 71.928 4 4 4 0 

'53.660 6 3 1 3 72. 161 2 2 5 2 
72.614 2 ·3 3 4 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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Pottern:71-2194 

In203 

Indium Oxide 

Lattice : Body-centered cubic Mol. Weight=277.64 

5.G. : la3 (206) Volume{CD}=1035.51 

Dr-7.123 

Rodiotion=1.540600 

zth 

17.518 

21.497 

24.873 

30586 

33.104 

35.463 

37.693 

39.815 

41.847 

I 

<1 

6 

<1 

100 

1 

29 

3 

1 

2 

h 

2 

2 

2 

2 

3 

4 

4 

4 

3 

k 

0 

1 

2 

2 

2 

o · 
1 

2 

3 

Quolity:Ca leulated 

I 

0 


1 


0 


2 


1 


0 


1 


0 


2 


a=10.11700 1/lcor=13.02 

Z=16 

ICSO COLLECTION CODE: 014387 

TEMPERATURE FACTOR :ITF 

* Calculated From ICSD using POWD- 12++, (1997) primary 


reference: 


*Acta Crytallallogr., volume 20, page 723, (1966): 


Marezio,M. 

Rodiation :CuKal Fitter:Not specified 

Lambda :1.54060 d-sp: Calculated spacings 

43.802 <1 

45.689 4 

49.295 1 

51.025 33 

52.715 1 

54.366 <1 

55.985 2 

57.573 1 

59.134 2 

60.669 11 

62.182 2 

63.675 4 

65.148 1 

66.603 1 

68.043 1 

69.469 1 

73.671 1 

75.050 3 

76.422 1 

77.785 1 

79.141 1 

80.491 1 

81.835 1 

83.175 3 

84.512 <1 

85.846 4 

87.176 <1 

88.505 <1 

89.835 1 

4 2 2 

4 3 1 

5 2 1 

4 4 0 

4 3 3 

6 0 0 

6 1 1 

0 2 6 

5 4 1 

6 2 2 

6 3 1 

4 4 4 

5 4 3 

0 4 6 

6 3 3 

6 4 2 

1 5 6 

8 0 0 

8 1 1 

8 2 0 

3 5 6 

8 2 2 

8 3 1 

6 6 2 

7 5 2 

0 4 8 

8 3 3 

2 4 8 

6 5 5 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:1/lcor=13.02
http:Volume{CD}=1035.51
http:Weight=277.64
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Pattem:37-242 Radiation=1.S40600 Quality:lndexed 

InQ,QZW03 2th I h k I 

Indium Tungsten Oxide 
23,055 100 0 0 2 
23,861 55 0 2 0 
24,115 76 2 0 0 
26.757 2 2 0 1 

28.734 28 1 1 2 
33.492 31 0 2 2 

Lattice :Orthombic M ol. Weight=234.14 34.194 39 2 2 0 
S.G.: (0) 35.648 2 1 2 2 

Volume{CD}=422.21 41,658 23 2 2 2 
0=7.36700 44.591 13 1 2 3 

Dx=O,921 45.122 5 1 3 2 
b=7.44100 45.407 7 3 1 2 

47,130 15 0 0 4 
c=7,702oo 48.880 5 0 4 0 

49.406 11 4 0 0 
a/b=O.99006 50,438 19 1 1 4 

53.605 10 0 2 4 

c/b=1.03508 54.716 6 0 4 2 
55.216 15 4 0 2 

SAM PLE PREPARTION :Prepared from In W03or In20:), 55.600 13 4 2 0 

W03 and W02. A preliminary for 4 days at 837 K was 57,937 3 3 3 2 

followed by heating to 1273K for 7 days 59.519 7 2 2 4 

60,638 6 2 4 2 

GENERAL COMMENTS : Orthorhombic tungsten bronze. 60.983 11 4 2 2 
62.471 11 3 1 4 

*J.Solid State Chem., volume54, page 365, (1984) primary 

reference: Ekstrom, t., Parmentier,M ., Watts,K" TilleY,R. 

Radiation : Fitter:Not specified 

SS/FOM: d-sp:Not Given 

F25=7(O.0340,99) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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r-­
Pattern : 74-1410 Radiation =1.540600 Quality : Calculated 

In6W0 12 2th I h k I 

Indium Tungsten Oxide 14.545 1 a 1 a 
18.722 <1 -1 1 a 
22.637 8 1 1 a 

Lattice : R h ombohedral Mol. Weight =1064.76 
23.851 9 -1 1 1 
29.536 1 a 2 a 
29.964 31 1 1 1 

S.G. : R-3 (148) Volume[CO] = 694.55 30.493 100 ·1 2 a 
32.726 3 -2 1 \ 
35.200 40 -2 -1 1 

a = 6 .22770 Alpha = 9 9 .01 Ox= 7.637 35.567 " 1 2 a 
37.967 <1 -2 2 a 

Om= 7.500 <W.898 1 ·2 2 1 

41.862 1 1 2 1 
44 .658 2 -1 3 a 

Z=l Illcor = 10.46 44.959 5 a 3 a 
45.335 2 -3 1 1 

46.224 3 2 2 a 
ICS O CO LLE CTION COOE : 027197 48.821 <1 -2 2 2 

TEMPERATURE FACTOR : ATF 
49.103 1 -1 3 1 
49.454 1 -2 3 a 

TEST FROM ICS O : Calc. density unu s ual but tolerable. 50.288 23 1 3 a 
50 .977 2" -3 2 1 
52.332 2 2 2 1 
52.735 5 -2 3 1 
56.070 <1 1 3 1 
57.028 <1 ·3 2 2 

57.784 1 -3 -2 1 
58.412 <1 -3 3 a 
59.650 9 2 3 a 
60. 266 19 -1 4 a 
60.573 11 -3 3 1 
61.302 2 a 4 a 
62.266 2 2 2 2 
63.463 7 -2 4 a 
63.997 2 -4 2 1 
64.705 1 -1 4 1 
65.641 1 2 3 1 
66.456 1 1 4 a 
66.805 2 -3 3 2 I67.036 1 -2 4 1 

68.587 <1 -4 2 2 
69.724 1 -3 -3 1 
70. 574 <1 -3 4 a 
71. 248 1 -3 -3 2 
71.810 <1 -4 3 1 

*Calculated from ICSO u s ing POWO- 12++, (1997) primary 72.143 1 3 3 a 

reference : 
72.925 2 -4 -2 1 
74.422 4 -4 -2 2 
75.302 <1 2 4 a 

*Acta Crystallogr., Sec. B, v o lume 38, page 1437, (1982) : 76.619 <1 -3 3 3 
76.893 1 -4 3 2 

Michel, O .,Ka hn,A. 77.546 1 ·1 5 0 
78.360 1 3 3 1 
79.175 <1 a 5 a 
79.501 1 -5 2 1 
79.717 1 -2 5 a 
81.174 1 -4 4 a 
81.4<W 3 2 4 1 

82.247 2 -1 1 5 
83.053 5 -4 4 1 

Radiation: CuKa1 Filter: Not specified 83.694 1 -2 5 1 
84.549 4 1 5 a 
85.297 1 -4 -3 2

Lambda: 1.54060 d-sp : Calculated spacings 85.618 4 -3 5 a 
86.099 <1 -5 3 1 
87.534 1 3 4 a 
88.171 1 3 3 2 
88.654 <1 -4 4 2 

88.866 2 -3 5 1 
89.770 1 ·3 4 3 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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Pottern : 72-1465 Radiation = 1.540600 Quality: Calculated 

W0 3 lth I h k I l th I h k I 
16.475 1 0 1 1 62 .31.2 U 3 · 0 

16.904 <1 1 0 1 °6'2 .3U U -3 1 ·Tungsten Oxide ° ).6 .904 <1 1 1 0 63.145 . -4 1 3 

20. 39.1 1 -1 1 1 °63.345 . 3 1 · 20.609 1 1 1 1 63.479 2 - 3 · 1 

Lottice : Monoclinic 
23.147 100 0 0 2 64.038 <l -4 3 1 

13.611 78 0 2 0 64 297 <1 1 5 1 
24.310 97 2 0 0 °64.2 97 <l · 1 3 
26.029 1 0 1 2 64.765 <l -5 0 1 

5.G. : P21/n (14) M ol. Weight =231.85 26.619 15 1 2 0 64.910 <1 3 3 3 

27.130 <1 2 1 0 65.026 <1 5 1 0 

21l64l 16 -1 1 2 65.185 <1 5 0 1 

28.959 14 1 1 2 6'5.597 <1 0 2 5 

0 = 7.30000 Volum e[CD] = 422 _11 °26.959 14 -1 2 1 66.055 1 -2 3 · 19.404 1 -2 1 1 °66055 1 -5 1 1 

29.7 13 <1 2 1 1 66.310 1 -3 2 · b = 7.53000 Beto = 90_90 Dx = 7.297 33.303 so 0 2 2 66.49 1 <l -2 · 3 

33.585 " -2 0 2 °66.491 . 1 5 1 1 

34.189 " 2 0 2 G<i721 2 2 3 · "34 .189 " 2 2 0 °66.nl 2 -1 , 5 

C = 7_68000 35.429 . -1 2 2 67.161 3 -3 · 2 
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