























































































































































































































a15198 4.1 udaensufouifivudr d Aunsdlves cualo,

50

hk1 © dastm (A°) dops (A°) Intensity
003 9.,12335 5.61 5.6454 w

006 18.4775 2.82 2.8243 w

101 21.4425 2.437 2.4486 Vs
012 22.1385 2.376 2.3753 w

104 24,7125 2.133 21363 m

009 28.38735 1.877 1.8828 w

107 31,1583 1,732 1.7300 VW
018 33.790 1.612 1.6095 m

110 38.790 1.426 1.4288 m
1010 39.322 1.401 1.4126 w

116 39.8013 1.274 1.3983 w

202 44,592 1225 1.2750 VW
vw=very weak , w=weak , m=middle , s=strong , vs=very strong

ol g
un1 hkl wagn) d m00ﬁ1$ﬁqm1uﬁ CuAIOZ ﬁﬂﬁawnﬂ1$msaaﬁanuiu

AMIUMIAT a,c V0ITASIA¥INLENTITnuea x1lNantsauan Sehetul

A1519N

4.2 w@aen1stusouLAoudn a,c

&
NEITUL

1

wenmsnau Bdmsums e

A =
TUINDNITANYUN

T v
i Tieyanal

i 115052 Temiaumsan

= a [=Y
SRl TR & Sniar i it aiien’ et aed8ns 5ai S P dienansnnde fmsa HTO 19
CuAlO, 2.8525 2.849 0.12 16.9851 16.98 0:.03
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@159 4.3 naaenisiufouifivudn d Tunsfives Cu(y_y)SnyAlOp 5 x=0.001

hk | e dastm (A°) Sopg (A2) Intensity
003 9.1255 .61 5.6358 w

006 18.4775 .82 2.8208 w

101 21.4425 .437 2.4464 Vs
012 282 413895 .376 28 3 W

104 F4.. 7725 (133 2150 m

009 28.3875 *R77 1.8821 w

107 31.1585 X/32 1.7288 VW
018 03490 [ e 1.6085 m

110 38.790 .426 1.4286 m
1010 390322 .401 1.4120 w

116 39.8015 .274 1 .-3979 w

202 44.592 3] 1.2249 VW
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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4.1.3 d3UNaNISMNSId0Y

NsivoNaIsUSENoY CuAlo,

INMISUNUAY e Fyudieq fu w gainaiiiAavennduaznaaibianseos
MINTENIINTEUIY  Haz L HounsEurmesenineseu i1l 1 Rufiudseesing
sewdeszuIunIasgIu ASTM ufanuda Jarand i Auenuudaaedn arshiafourdiu

da1susznauflaiwed1sh cualo,

NSivaNAITYSENOY Cu(q_y)SngAlO, 3 x = 0.001

(ovrnarsusznouil 1 funas i duansida e sa9fyn 181 1wunuilezae
AoYived %qnﬁnnﬂsnﬁuﬂﬂéLﬁaﬂQQiﬂ Lin g1 uaIsUTENOY CuAlo, Ay n
g uazinsea¥ivvevarsimiitostiow i udoufivars (Bugnusenis Hetiuans i dude
CuAlo, uazifin sn 1411y Hridunis duarsidordrtg feenmaiwanisnsaadou
Snsiviufloufiunsimves cualo, $991ANaNITASIIAEL Fensanauguit 4.4 wuin
nsINi1EAd ufUNSINY09aTT CuAlo, MAUSENIS WAANIINISLANAIS 1T sn 140
MWunufezaouves cu  a@rwrson b fusuanunivesoonnduiti Aty 921 douy
e v L fu i dnties F91unailiAaurarninsesda¥remoaudnis LUApunUasvun g
YOI UUIY L A

Heliu 91NNANISATIDADY HAEAUIBAITZHEINNTENIINS LU VLA UIA T
1M uS oy RouiuA I asgin ASTM udanudadanand 1 Auefiu wanedrdisusenoy
Cup. 9995ng 001A10, Tiafuudu ﬂﬂawnuéqné wazdrsiiieduie arsdedaun
CuAlOo, uazifinarstde sn v tunud cu AwUdune 0.1 %Iua daudunsdves
A x = 0.002 - 0.009 AuAISUSzNOUAINATIY fbwatduiBoafiu Feudngnanis

ASIVAVVANNIIN AUNIANUIN 1.
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a a 4
4.2 ﬂ17ﬂ7'1Qﬁﬂﬂf)iﬁﬂ'ﬁtﬂﬂﬂ\lﬂﬂﬁqiﬁﬁﬂlﬂﬂuﬂu?ﬂ‘sﬂuuaﬂal'iliu

;ﬁanﬁnwsmsamﬂaun%uﬁmmaqﬁun ﬁﬁaﬁﬂuawsuszﬂau Cualo, tnafiai
tinzdudmiuIET tasazitfe n1sTtasizifiunisnsefulaetonsen (flavvinsag
ﬁLﬁuaqﬁUSgﬂan%uﬁwsﬁaaﬂweiﬂu1aw1sﬁﬁﬁﬁqn Lius 19109 ﬁq%u§3505Q1ﬁL§an
STETECRPE & Taufls1vaz 1 Suadumeunaznanisnanee dall

d

4.2.1 N1sdLasaed Cu(j_x)SnyAlo, v inalinfinnseunand i

MSTAs s IUSIIMsI e v inaliniaasouteniiasy 1 Huns
a a A a o B
3Lﬂﬁﬁgﬁiﬂﬂﬂliﬂﬁuu?MSﬂuLwBQﬁulmiﬂﬂt%11UﬂizquuilﬂﬁUﬁﬂOQEW@lHﬁﬁuu {37
a o | . W BW
i u1e99in598 (Radioisotope) wdrvanudessedunuuioanyy  a1niufia
vSurmsedunuyy Hivdeeanun way I UTVI0951 9 Teu LuFoy L fvuiuans
2 i a) ] ' él u-vyru v
AIOUINIIATFIU INTIUAIUSHINEIQNINEY  ANUY YumBuNISNAADY Sedevinas
” « 1] » e e . ¥
LASUNAITAIB0INMAEEITAI0YINNINTTIU Telvunoudiell
4.2.1.1 NM51ATYNAISHI00719IATg Y
A A o o ' ¥ 5 o
- LHBNRIN MISTIATIENANISHIEEINAINU §599  Cu,Al,Sn
Q’Q}g ar o
tuaefusenoundn Aeuuisivzdiov iafuuansiedie SapA NI BEN S USENOY
Cu(y_x)SnyAlOoy liGuIm819  cu,al,sn I iRoefivusuasig Mogiuais
@10079 ondIed1Y 19U AudITHIel g Cu(1-x)SngAlO; ;5 x = 0.001-0.009
BUSuIes19 Cu,Sn, Al BgIUGIN 52-54 % , 0.1-0.9 % WAz 22 % SuaEy
TS tafuudasiiedienasgiu 1Hauan uazdvUSuImveednstSuliy  al1Eans
A R | a
Cualsnoy Fuifuarsdadrsnrasgruliduduusg cu = 53 % , sn = 0.5 %
wag Al = 22 % ®UaT6Y ﬁaz1&a13ﬁ10ﬁ1qu1msgﬁuﬁﬁu%nwmﬁﬂ@uﬁazﬁaﬁuﬂuau
. 4 & - &

- WIS 15uN Cuo, Sno, uar Al,05 deeINUENIW A1
PINNITAMIN wInduTunazua fi i fusanaz 1 dua

- wiasiedwasgiu fiaduutdruge UIELSIe 50 me.

. % ! . 4
wdr wrtdluv anaadn Sendaeiugui 4.5 wazninasFeudavianaradn Eae

s & - @ 2
nusou tHetfoefiunts tusex 1o ANuAANIUFUN 4.6,4.7
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zuﬁ 4.5 udanvianardfinidans

JUN 4.6 uaaenrsdarrvrananadnitaidans savnaudeu
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Uit 4.7 udavvrawarddniadansudananisde

4.2.1.2 DMsiafoudIsaiodn
- wdIsieIetteenisitasisiuannisEeiuiuin 50 me.
o - - ) o, 4 s ﬁ i~ b4 U
ua29daviuvaanardadn waznnisavia i Netlewnunis 1usee Liaudionirusoulsu
LAYINUAISAI00INNIATEIY
4.2.1.3 widrsdedauIasgiuuazdIsilod e Inifoedegun 4.8
) ’n a [ oA a4 4 &
ufradaviviunasanandin ufruntvervinaseuluneinesiatinseu Fe1§1a509
ﬁaﬂﬁﬁﬂiuﬁw Liuadeanafiafansou savadirar9unisery 10 ufl
- 3 a -1 | W@ “
4.2.1.4 wrdrshfeenisiasazh Yuannainediialimson wazuy
ar a ar U A ] as ar a ar as A
Taufurwssdunuusauidiafeeiiom iaufurmsed doudaeiuguil 4.9 wazusznou

v Duyade Gaudaaelugun 4.10



UM 4.8 udaenisimtfuvansiiediviindenvzervilansou

FUN 4.9 udavinintgiues tied1vesuniiloy (HPGe)
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A & [ v o & a
Juf 4.10 uanegaasesdaiasedunuuivssnevdiy W iasad 1afoedeTias iz

yilaua 0909 (MCA), asufn teeduarTUsunsuiunisdtasizudieya



< ¢ - : P 4
AMNTIHAL LA AUAAUNITNAFAUWIUTHUNTURITUTENBUNNANINININUG

as 4
Nﬁu11nziautﬁuﬂmazunzuiﬁmqgﬂn 4.11

LATANFITRIDENHALAITRIDEIINIATF I

FIA1TAIDEIMALHITAIDLIINIATFIUN

147un96 Vial B268% 50 mg

NINITUO B0  A2FADINTOU

(¥ < as ' s -nl
AL TANEII02087190931N 4.8
Y

- ' o =
AU DUTUND L NATHAUIATAU

SaeRuNUNITani2 e HPGe uaz MCA

AU T HINA TN TITIR T AT 1TG 2889

BAERITAIDEINNIATIOU

- < -y
Lﬂ1ﬂﬂtnﬂuﬂ1uﬂmﬁﬁqnaﬁ

ﬁﬁﬁﬁqaéﬂﬂuazﬁﬁﬁanaﬁﬁﬁuﬂmiﬁﬁu

ETRIEL: Cu,Al, Sn
L)

‘&} 3 ar ar -
Eﬁﬂ 4.11 TﬂﬂzuﬂﬁﬂuﬁﬂGﬂﬂﬂﬂuﬂqﬁﬂﬂﬁﬂﬂﬂ?ﬂLﬂﬂaﬂ nﬂiaﬂniqﬁuamiau
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4.2.2 WADISHIIVADY

~ ifewnans i iasiziMuasaeTaudunasedunuun uax AU A AN
yurasedununn sgtinsinveenisdarsiaifedunuuneonu deguil 4.12,4.13
HAZDINNTINNDTY AR UMINNA99IY 1.039,1.779,0.158 MeV JaduiAnduda fiu
ammband 1 usedununn fifineinnisdarufivesteTrinys9d99519 Cu,Al,Sn
MUY

- A AUSYIASNd (A) 9D AUNIS A = Aoe'xt (e A,Aq
fousuiwsedvovansiiodivuiasgiunazaisaiosne wYoufvurwniusou uuiu

- 3ntaerunsy Uil 2.9 15InsIpuIseAvesdsiodieuas -
grufutuou uazns1uAIUSINSIA09dIsEI001Y A IU15 09 M M A1 U U0 B

FAQNINY AUANFH007191H uazudAINANITAMIAUAISINR 4.4

M58 4.4 udANUSHIBEIRIUAITUSENOY  CuAlOy , Cu(j_y)SnyAlO,

fimiln ZfiwinSuiana (%)
GRETPLIRN]
% Sn % Cu % Al

CuAlO, - 52.0992 22.3960
Cug 999Sng . 9o1A105 0.1698 52.8257 23.1599
Cug.998Sng. gp2410, 0.2492 52.4545 22.4323
Cug.g97Sng . 0g3A105 0.3853 53.9519 24.1608
Cugp.g96SN(g.00aA10, 0.4633 53.0429 22.5165
Cup.995Sng. 0054107 0.6072 53.1000 23.9062
Cup.9945N(g . 00eAl0s 0.7050 54.4549 22.4325
Cug . 9g93Sng . 07410, 0.7318 52.9848 23155943
Cug.gg2Sng . gpgAlos 0.8597 53.7496 24 .7840
Cug.991SNng.009Al0; 1.0101 52.2329 23:9792
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Al-28 WANNIU 1779 KeV
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- wihuSuIsI9iIeg u M1599% 4.4 wrawasitEudua i

mIuTua uazniftegluzuvesgasiuiana faztfmasienrsaeil 4.5

a1319% 4.5 uanuiuust ai1hainnisd sz it inalialanseunendiadu Naa

SAMPLE |EXPECTATION VALUE NAA
X Cug9SnAlO, X Cu(ySn,AlO,
1 0.001{Cug,999S10,09;A10, |0.0016 | Cugg954S10916A10,
2 0.002 | Cug g9 S 69, AlO, | 0.0024 | Cug 9976 SN 0024A10,
3 0.003| Cug.997510,003A10, [ 0.0038 | Cug 996,50 0035A10,
4 0.004 | Cug 996510 904A1O, | 0.0046 | Cug 995450 0046A10,
5 0.005 | Cug 995 S gpsAIO, [ 0.0060 | Cug 9949 SN 060 A0,
6 0.006| Cug,994510906A10, [0.0070 | Cug 9930500 0070Al10,
7 0.007] Cuyg 993 S1g 597A10, | 0.0073 | Cuig 99377510 6973A10,
8 0.008| Cug 992 St gogAlO; [ 0.0085 | Cugg9;5 Sy 0035A1O,
9 0.009 | Cug 991 Sngp9AlO, [0.0101 [ Cug 9399 S 10, A1O,

4.2.3 d3UWaNISAII9d0Y

VINHANITNAADIILWUTY  USUIIWONEIH Cu,Al WAz Sn AUAIS
USEN0U  Cu(y_x)SngAlO, ; x = 0.001-0.009 &4tfiuarsiinedrs #iaFuuiu
e tuFou i fevfivuiuie B INnsT a1z ie nalinfiaasounendiadu w20
Arand i Aueiuivgasinmue  wfiaguidin nsTiasizibnuduiasiadioniseny
faasou 1iuigiimnzamsusigiiiusigiu uas dfrwdeeruiunisaanvdage i
AuAuliAysz 9 i veteTainuseddeniadediadu J9n153 aseidiodfiideaiuse

Tias e idane L8epuninuaz 13eusum dndae
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4.3 NISINEMIANIINANS nEA

nsTaauiind  (HunrsAnurBeinsea¥ae YoM Enfign  fe 1 funs
4 o P ' o X @ a , &
UUBUINAIIWDTANTVONAISUTENaUN Lafuudu uaznswdeUsuI M I uo Mo N unile
WU LTa  @aoAdunl UM i NI Senaninuaandan Tauflvannisdneifle msaa

T | 4_ & X o P ﬁ
dOURIINUTENTVONAIS TAULATENTANIS 1Au Luueesed 1 5nd uazaur avn A ag
vouuanid a,c  WPNVINHANITASIVAOY AuIdo 4.1 uasx wannis Auiide 2.3
a1wﬁsnﬁﬂxﬂﬁu1mn1ﬁﬁﬂqﬂmaquanﬁa1ﬁiﬂv

o, L] 4"’.

- W7 hki ua=zd d wey @15096Iun CuAiOp WAz  ouNIuYe
Cu(-x)SnyAlo, W1HIINNISATIFADY 1UAMINKIFY a nay c YOI IATIAE 9
HanuuuLEnerInuea IauAdaNNIS K. 1-K. 3 TUAANUIN . uaz18NBNISUSUNS Y

a ' & X ] a
Ao 1eod davlunisa st fidenanuazsinSaay MlisIvaz LduAvONIUSUNSY

GNNIWA 4. 14

10 REM a,c CALCULATING PROGRAM FOR HEXAGONAL STRUCTURE MATERIAL
20 REM M=NUMBER OF DATA SETS AND N=NUMBER OF TURNS
3O DIM A(100),B(100),C(100)

40 INPUT M,N

S0 GOSUB 250

60 FOR X=1 TO N

70 A(1)=0 : RESTORE

80 FOR J=1 TO M

90 READ H,K,L,D

100 E=ABS(1/D"2-L"2/CAVE"2)

110 F=4*(H " 2+H*K+K"2)/3

120 A(J+1)=SQR(F/E)

130 A(J+1)=A(J+1)+A(J)

140 AAVE = A(J+1)/M : NEXT J



150

160

170

180

190

200

210

220

270

280

290

300

310

320

340

350

360

C(1)=0:RESTORE

FOR R =1 TO M

READ H,K,L,D
Z=ABS(1/D"2-F/AAVE"2)
C(R+1)=L/SQR(Z)
C(R+1)=C(R+1)+C(R)

CAVE = C(R+1)/M : NEXT R
NEXT X

PRINT TAB(10)"a= "3:;AAVE;SPC(10)"c = ";CAVE
END

B(1)=0

Y=0

FOR I = 1 TO M

READ H,K,L,D

IF H<>0 OR K<>0 THEN 320

B(I+1)=L*D
Y = Y+1
B(I+1) = B(I+1)+B(1)

CAVE = B(I+1)/Y
NEXT 1
DATA 0,0,3,5.65,0,0,6,2,.82,1,0,1,2.44

RETURN

JUN 4.14 udATUSUNTUNISAUIN a,c

64



4.4 wan1sIadudnIenNdninyg

INNANITAUIWAT a Uag ¢ YONAITUSENOUANNEN D GRPTRE I TR T foR

1

- NS@AITUSENOY CuAlo, 1wadgy Fea1siaf 4.6 uaz 4.7 dauna

dFUVONAITUSZNOUYADYNSTY Cu (1 _y)Sny Al0, 1HSIVSINEIUmIs1aR 4.8,4.9

M1519f 4.6 udavwanIsIaduiiniandninurvesarsuszney CuAlo,

STUIVYIINIS A flou FEUENINTENIN a ¢
hk1 STUIVVIINIT Az oy (A9) (a9)
dhk1
003 5.6454 - 16.9361
006 2.8243 = 16.9458
101 2.4486 . §572 16.2692
012 2.3753 .8567 17.5610
104 2.1363 8543 17.0797
009 1.8828 - 16.9451
107 1.7300 . 8489 16.9847
018 1.6095 .8496 16.9883
110 1.4288 .8576 -
1010 1.4126 - -
- 1.3983 - -
116 1.2750 8437 17.1531
M a,c 1ady .8525 16.9851




M15I90 4.7 udaewanisiufeuifivudn a,c

415670819 | A apgy (M agpg [AANAIA | cagrm |1 caps |ROWANA
CuAlO, 2.849 2.8523 0.12 16.98 16.9851]| 0.03
U
-NSEASYSENOY Cu(y_y)SngAlOy 5 x= 0.001 1Hwadeil
M1519H 4.8 udasnanisTaduiiniendninorveeansusznou
CUp. 9995100014102
hk1 d a c
003 5.6358 - 16.9073
006 2.8208 B 16.9247
101 2.4464 2.8548 16.4581
012 233 2.8550 16.8158
104 2.1350 2.8555 16.9046
009 1.8821 - 16.9388
107 1.7288 2.8556 16.9179
018 1.6085 2.8596 16.9368
110 1.4286 2.8572 -
1010 1.4120 - -
- 1.3979 - -
116 1.2749 2.8584 16.9673
A1 a,c 1adv 2.8545 16.9574

66

duveNdIsUsznoy Cu{IFX)SnxAIOz;X=O.002-0.009 BAANHA T IUNY AN UIN .
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mnuanwmsaaﬂau‘lum'\s’mﬁ 4.7 uag 4.8 uar AITINITUMANUIN N.

ar Qr &
tiounf1 a,c v ufvuifvuiu drtdnadenisied 4.9

P13519% 4.9 uAANAY a,c ¥9IAITUTENOY CuAlo,

hag aunNTNyYn Cu(l_x)SnxAlOZ ; Xx = 0.001-0.009

d15@100149 A7 a A ¢
CuAl0, 2.8525 16.9851
Cug.999Sng. 001A107 2.8545 16.9574
Cug . 99gSng. 002410, 2.8555 16.9320
Cug . 9978ng 0p3A10; 2.8575 16.8975
Cug . 996SNg.004A 102 2.8589 16.8552
Cug 9955ng . 005A105 2.8586 16.8592
Cug.9945n0.006A102 2.8582 16.8676
Cug.9g935ng. 0g7A107 2.8585 16.8619
Cug.9925ng pogAl07 2.8587 16.8572
Cug.991Sn0g.009A107 2.8581 16.8704

9InA519 4.9 wrbayann (douifunsiwtdna deguit 4.15,4.16



FPararmeter aa ( ~A)

Pararmeter < (°A)

TEST CRYSTALLOGRAPHY
Sample : CUAIO2 dope Sn{%)mole

2.86

2,858
2.857
2,856
2.855
2.854 i
2.853 1 Er/

2.852
2.851

i |

T

T

T

SAMPLE

sufl 4.15 udAeAY a WONAITUSENOY CuAlo,

laz DUNTUYA Cu(q_y)SnyAlO;

TEST CRYSTALLOGRAPHY
Sample : CuAlO2 dope Sn(%)mole

17
16.98
16.96
16.94
16.921

16.91
16.88
16.86
16.84
16.82

N

1

&

T

T

T

16.8 ] {8 1 i | { I i

SAMPLE

JUR 4.16 udaed1 ¢ 189AITUTENOY CuAlO;

oy ayﬂsumﬂ CU(I_X)SHXA102
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ndaefivesnanfid a,c  @INITOUIWIAMIANIUSNIATYEN 1 MU L YA
v, i
maqﬂﬁsuiznavﬁLﬂ%ﬂﬂiuuﬁazma f991ninseadrvvovarsaudunish (4.1) 1Hu

aputgnsrinuea vivrasderBiDudail

v = a2csin60 (4.1)
wwaf1darnns e (loufunsan 1Edegui 4. 17

TEST CRYSTALLOGRAPHY
Sample : CUAIO2 dope Sn(%)mole

1.2

o 7
192 +

196+ B\E\

195} E\g

194+ \

193+ \\ /)}———Er”Aa
192+ \E/E\E/

191+
119L E L 1 1 ! I ) ' ] L

T

VWOLULULIME (<10 ™ 28 rm 7 3)

L17 w@aeusuaas 1 uﬁau;mamaqaﬂsﬁzm?unﬁu

el
=
=2~
&
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4.5 dyunan1siaduiidiniandnine

IINNISTLATIZN WanISTNAdDY Uil 0 a,c V99 dA15US¥NOU
Cu(1_x)SnyAlO; 5 X = 0.001-0.009 tile1fvufy CuAlo, udInuituduimsg
sn tduunuiievieves cu MUSuIa x = 0.001 f9 0.003 % Sya STauRersEN

! X W @ A
991 a Juwasliv Ay feguil 5.2 daunn ¢ Fuwrstivanas faguit 5.3 (e
N TIATNETINLENTIINUD TEezdunnu ¢ 1HUNISSURUSEUTNg 0, MU Cu ua
A A MY .o on &
HavInMIsunui cu o sn Fedsedevevezeeuitu 0.46 uaz 0.69 MINAIEY
N1 MoEneuvN 0, fNoxmONYDN Sn Viduregdindmeadauinvesndn  Jeredi
= - J I y
LHeNY ¢ Juuastivamas moaﬂnnﬂsLuﬁuuuuaqu§n1mﬁ13tﬁa ﬂﬁwwqqq Y99 Sn N
" A ﬁ 4 (ﬁ 2 .
LUTUUNUNDEADY Cu LTUIUIULYDT LBUATYD ANUA 0.1-0.9 % WUIY AUINVDY
F P - ) -
Wan  @u1sofvediunisivyey 05 U#2 NUAAIAIIVBIIVOIUNYU ¢ ANAY DU
. . ¥ . .
USuIm 0.4 1Ued Lyufisa Mea nuuIzwuI AU nveHANILTNa ANH WS a0 é
A & ' &4 a
a,c LABURANTIMNIEAIINIIVFNIN Sn FLdu 41 0.5-0.9 1ved 1 sudSuaes
' a ) o -5
181 a,c agruiuseutiiened dedeansesfivnishensonsinns udsuntacves
USUIAs L Fufiu NS LUdouuYa i L AuFavzegIusavusunm 0.1-0.4 1Ued 1vudiva
¥
LRI UY
wazaINNIsiiasieMSuiasves 1 wigisa  9xnuia YSurasiuur sty
) y A
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TUAITUTZNOU CuAlO, UAT BYNSNYA Cu(_y)SnyAlO,

o
Yuunil 1AETY mansieanidnieiwih  tdu amwalrudrundwindh

a a 4 £ o a4
usangnisdinessudianainiomdrduuszdnsvaediun nsgandumsuasvosdns
y o g A s @ A
ftafundu 1ugAoynsuYes Cu(y_y)Snyalo, tHednyrdnvezduifvoenis iadou

a ~ o~ as W f‘:’ -4 1

Grvvesdianasouludans  Tav1uSsutRoufvaniifinis i udounvasveeuilawiay 1 va
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NINHWEN

5.1 NISIAADINAIUNT UNYQIHNHD

(Resistivity Measurement)

j 4 o
5.1.1 TuUMDUNISINANIWAI UNTUNIIIHHN

nsiagaiwdriunmuniewiy fiunasdnufe  auddnieinihves
A15Usenoy Hiadoududn Budrsiiun arsdediiun e Ay Fnfieaznnatiis,
A10150M31089 NS LUABUNYAAN YN SN YeNdN s Gendnada fid1 tugan
pefusznaver1sting  deerTiasaziMEeininseddreuesdns wion1s udounyas
dxAONNIUAIUIATIAS %qﬂuﬁ&twaﬂﬁﬂzLﬁu%ayaﬁugwuﬁaﬁﬁm Aun1sHozuds
usenouit afuudutuyssyndaderutdisey
Teruidonsell  1Enns eseugrsusEney CuAlO, WAT  BYNTUYA
Cu(1-x)SnyAlO, uwaz wsTadgmndirumunieininsaeisianse  (Direct-

P 0 - g i - o
Resistivity) @viRoniuuduemazin ifofovovdioyafintd 3918 msininuad

Solid State Electrometer (Keithley : Model 610C,6105) AAUARNITU

Ui 5.1
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] ] & .
INgURl 5.1 war quN 5.2 1fuiaSeeflefusenoudiy  Electrometer

610C) uar Resistivity Chamber (Keithley Model

(Keithley Model
F a a v
6105) T3 Auann1sTaf @I wdr und uni e 1in AIVUINTIIU ASTM  (D257-66)

P 4 o ¥ YA [ ' s o
(pfonisafindosflo] FeTmrlinedurasuaziRavesarsiitesny  aufingnnis¥e

ANUN 5.3

VOLUME /

FUR 5.3 waaeuannasTaddnindyuna uni e inin

) @ as a4 4 ) o
IV INUANNITANNA 1D ﬁﬁuﬁiﬂﬂﬂzﬂﬂujmuﬁﬁﬂﬂﬂlwﬁﬂuﬂﬁuﬂ1Q1WW11ﬁﬂﬁﬂ

[

A2 7UH TUNIU

~
n

X A a )
WUNVDIFAITHIDUY

>
1

t = AITUUUIVONAITAIDH
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N5 Tad @M uErunun Wi auuannisdiedu sz 1dinana

Hﬁﬂﬁqumﬁiﬂﬂﬁ D 1

m1$1eﬁ S 1 udaedrgnindrunrunieinin vovaisusenoy CuA102

Uag 2UNITUYM CU(I_X)SnxAlOZ ;3 x =0.000~-0.009

ffufveeansdied1y = 1.54 cm?

arseeie | audunu | araue1a | amwdiiuniuatiwe
(x10°40) (cm) mMatniy 104 (. cm)
Sn=0 G- 2 30 0.33 0.5869
Sn=0.001 0.0650 0.31 0.3249
sn=0.002 0.0355 0.22 0.2465
Sn=0.003 0.0390 0.30 0.2014
Sn=0.004 0.0165 0.205 0.1209
Sn=0.005 0.0225 0.260 0.1311
Sn=0.006 0.0205 0.215 0.1441
Sn=0.007 0.0210 0.215 0.1513
Sn=0.008 0.0190 0.255 0.1154
Sn=0.009 0.0160 0.18 0.1377

urdioya Ardaniwdiiumiunieindinun (lswfunsawibdaguh 5.4
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RESISTIVITY
" Sample CuAlO2 Dope Sn(%)mole
E 0.7
0. .
q 0.6
t
( 0.5
0
r -
X 0.4
Lo
? 0.35
) L
g 0.2 .
a 0.1 { | i i i ! 1 { J
0 0 1 2 3 4 ] 6 7 8 9
ig

SAMPLE

sUft 5.4 ugasdranindrumuneinihvesarsusznoy

CuAlO, WAz OYNSUYA Cu(_y)SnyAlO,

WAL LYA @15070079 (Sample) 0 WNIUDN d@15USNdU CuAlo;

1-9 WNIBEN Cu(q_x)SnyAlOy; x=0.001-0.009

5.1.3 dgunan1siadnindiiuniun i
mwnnwsﬁawsmwiuﬁ 5.4 USENOUNUIIAIAIIUAIUNIUDILNIE VDN
CuAlO, UAT BYNSNYA Cu(j_y)SnyAlop f1anay Yszuim 5 1M Aouting
520181971n5.9x103 A-cm3 Wiy 1.2x1030-cm
Ho1dy sn 1Awived iuduesiva 141 tuunufl exmenves  cu
a1 927108 uN u LW £ 1IN S LUADuNYaY wameati fiudiaudiiunueineddse
amiunis tadeuil Januauasd aidwduy Brdeason tuou Reuiiunis iudsunyas
quntipiasa  azwud Danvuzdeandesiiu N5 LUAsunYasvoensIDimed unu c
(zuﬁ 4.16) wazdsuIasanag ﬁqzuﬁ 4.17 uﬁﬂqiﬂnﬂs1U3uuuﬂacu§uﬁm$ﬁﬂnﬂn

et ) & .
Hunut nmahiinanonis i ndoulvoenminzddse
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5.2 N1SINANLANIN INDSSud LannSnueedns CuAlo, uay

aYNITUYA Cu 1-x)Sn A102

usangnisi Rasng voeUsIngniIsdinatudeoutniia  Audrsiediiun fe
4 i A A
Usngnisdisiun  Sedruisoafurofenis i adeufiveeminedrut Audunounruu g
3 ar o, s Qs ﬁ ' A Qs -
HAZUBNIINU BIAIWITOUTIUMI SEAUNINIIUYDNd s L FoRegauarsiediu1Bdnkae
& ™ e .,
1IN s Lafundnsivdiuisila cualo, way aynsuye Cu(q-x)SnyAlO,
& a a " as s/ S ar A d J
Feidns thvuSuradrsideordruguantn dedu dneaenasiadeufiveenine flos
- A ar [} s tl Qs "
HUTT0T TIYABY TUANHIME I SNNAT U UOUA LV LUDISN (non-degenerate semi-
P @ a a
conductor) IWeANEIANTANIS I nedTudianasn SasusIngnIsdvesdiun 91

o
arudunufveedurszansdiua 1 9u

= (k/e)(aEp/kT) = (k/e)In{Ng/Ny) (8.2
e« = duuseAnfvesdivn
k = draefvesivaduiu
No = effective density of states
Ny = A 70MUIHULYINI ML AULDUAD T WU

A A 'y Qs a
N uduiuiiu dunish 5.2 i 1hamtm%uuLﬂ?aaﬁauwmsgﬂuaﬁwsu
d |
usznautugainduysednsevoeFiuntd fgampd 25 Oc (298k) avilsrvaxidua

VOIDINUTUADUNITNAADY P il
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5.2.1 YUAUNITNAAON

1. nnsesnuuuyaqunsdnisiaduaisdiodn
amdun1siausingnisiidiun

2. ¥aiafougunsfinisia Ferdun

v &
YIMWHN (electrode) TaulFdunuULad

inodsuaifaviln K

Electrometer (Keitley)

Nanovoltmeter (Keitley)

saufitnezunsunisia Heguil 5.5

A= ELECTROMETER

Ay = NANOVOLTMETER

|
L__=ELECTRODE S P PY AT

JUN 5.5 LAAUNUANNISTAgUNSENI s TaUs 1NN saF Lun

i
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A = " d ¥ a 1 o
U 5.6 udavynuNsENdsnAavIadulszdnsuevdiun

Wgompiies 25 Oc (298K)

3. NINISNAAN KRR MUANA I VO gaMPiuuaNsHIaE1e ud)

a r 1 & as A . /] N
0 AT uaz sV TAUNITUUANEI0 L ASONTUAN x-y TOUNIMUAIH AT aflunivunu
(& ) A ar ] - ar - w & ar i g 5 g
x WAz AV aglumiauny y tiedadianuduszdadudunuiiasasenuirduyszand

YOITLUR

5.2.2 WANISNAADN

~ ar - ~ . d d o ) o Z;I t-“ o (7] . n:'l
VINUANNITUOIUSINHNITWLNOSTUD LAARSNINDD LM@YITG‘;HOQH!HQ.IH]
v _ [ o ) \ a ) o A - .4 o ) 4
YPIiavzudar @Il ueandIenued ) i]%,"ﬂTG},H“UQWU‘U@QIHTWYNﬂﬂ‘ﬂl.lﬂ'.]flljﬁn\lﬁﬂll
s & o a ;
IRTIZEIAY] Llﬂ‘éﬁﬂlﬂﬂ'i‘._1'J@ﬂ?'lﬂgﬂq'ifﬁﬁl'dﬂﬂnlﬂ PVOIAITUTENDY CuAlO, haz auUnsuYn

Cu(q_x)SNyAl0O, N x=0.001 1EHANISNAADNANIFUN 5.7 uag 5.8
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i 3 I
e BRa 8 1
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o et " 1 ] T = sngs
o
THHH B ! b
jmEmaswa; =g 82 = af
josut - T
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222 : i
T
has 1
it 1
jaassssas!
228! u
HHEH
pugas "
pudus 3
josss s
e T
JRSER 7! e
ma -
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1
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T =S EEES S TaapEEReE gy g
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o e et = unnsanar s sean kr
AaT(K)

suft 5.7 udeenanasiausangnisddiuavevdrs cualo,

NMNEIUNNY X

MAFIUUNY v

0.08 x 103

1.25 x 103

mvV/cm

mV/cm

Uit 5.8 uaaman1sTausINgnIsafiunvecdns

NMAAEIUUNY X

NIAIURNY ¥

aT(K) =

79

Cu(l_x)SnxAloz ;s x=0.001

0.015 x 103

0.

23

X 103

mvV/cm

mvV/cm
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dIUNaNITTAYONAITUSENOY  Cu(q_y)SnyAlOp 5 X = 0.002-0.009

1WudaetSrunanulIn n.

Siuiden ﬂﬁ?ﬂﬁﬂ?ﬂuﬁzalﬂiﬂzﬁﬂﬁﬂﬂ?ﬂﬂﬁﬂq

4 o
ﬂﬁﬂNﬂﬂﬂ?ﬂﬂﬂﬂQqHEUﬁ 5.7 uar 5.8 LUBAUIMAIAIINTUYEN

d
ASIW SEuin AV DU & T ula az1fiaduyszdntveediun Avdunis
o =limaV/ AT (MV/K) (5.3)
AT-5>0

& o B
Fa¥svaz 1 duanisauin 1Heael

= y.Cy . Gy . oT¢ (5.4)

1o y Ao sruziuuuIunu y,Cy A9 Cablibrat Scale ®IUHUINNU y
Gy flg 9ASIVUIUAUUUIUNY ¥
x 09 SEozIUUUILNY x,Cx A9 Cablibrat Scale MUUUIUNYU X
Gx 9 9AFIVVIOAIVUUINNY X
annguﬁ 5.7
Xx = 0.8 cm Gain x (Gy) = 104
¥ = 5.0 ‘cm Gain y (Gy) = 104

calibrate scale Cy 0.1 Volt/cm

calibrate scale Cy 0.25 Volt/cm

40uV/K

n

o Te

w ¥ 4 -
At 9z 1AduYszAntvoNT 1 UAYeNdITUTENBY CuAlo, (&) = 625 MV/K
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nguit 5.12

Gy x.Cy
x = 0.3 cm Gain x (Gy) = 104
F="2.3 cm Gain y (Gy) = 104

0.05 Volt/cm

n

Calibrate scale Cy

Calibrate scale Cy () 74! Volt/cm

T, = 40 AV/K

. ¥ g
Aty 9 18NS ANt veeF 1 unvevdISUSENOY Cu(q_y)SnyAlOp x = 0.001

(&)= 613 uUV/K

INNIFATUINUAT A2 INTUYEINTINTIEIINNISNAAEY USINRNITH

¢ 3
Fiun Hevua 1ENaRennsIeN 5.2
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M1519R 5.2 uﬁﬂqﬁﬁﬂHUSzﬁnéﬂLUﬂ

415610614 arduuszAntvoediun (uv/K)

CuAlO, 625.0
Cug.999Sng.001A10; 613.0
Cugp . 998Sng. 0024102 457.0
Cug 997SNg. 003A102 416.0
Cup g9g96Sng . 0044102 =500.0
Cup,9955n0.0054102 746 ¢
Cug . 994SN(.006A102 -453.3
Cup.9935np, 0074102 -354.2
Cugp 9925ng.00gAl02 -338.46
Cug gg1SNng.009AlO, ~300.0

TEST THERMOELECTRIC EFFECT
SAMPLE CUALO2 DOPE SN(%)

700

5001
4001
300
200
100

Cuav 7/ K)

—2001
—-300[
—400
—5001
—-600

ANTUo9TL uA

o

U5y

Ay

SAMPLE

A 5.9 u@AINIIMNANISTAUSINgNITAT L UAYEIAITUSENOY CuAalo,

WAZDUNTUYA Cu(j_y)SnyAlOy; x=0.001-0.009
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5.2.4 djuuazdiasigimanisinduiiiniginediud lanninvevddns

waftfainnisinrumsiedt 5.2 uae auifunsan Fagud 5.9 wevans
UszNay CuAlo, fi9 x=0 WAr BYNTUYA Cu(;_y)SnyAlo, Saudl x=0.001 fis
0.009 3z 1fiutkd1  x=0,x=0.001,x=0.002 uaz x=0.003 tHuvsuraiKesnis
LAwa1side sn 141 uunuiiaumieinsesevesndnozaoy cu tHua1sAed unrila
W uﬁﬁwﬁuu$sﬁn§mao%tUﬂﬁaUﬂ anavIunseRaiUsu @15 180 sn #uannda 0.4
1ed trudsuaduty nafidnvazni s adeufvaem vz luasiediuanat e« Jusiia: §u
39 cianaitrfoBuraudnn s tudsudn #uus s Antueed iuaannafiaf Fusiia Suiivg o
0.003-0.004 1Uofiaudina vaw sn Hidwidrrunufornenves cu Ao cualo,
iugrsfedunsiioR yavasuantia Wwanugd ¥19 cu 140 Twey i fu cut(Alo,y)~
Foru Feiliga og 1fuvmauuan

tlefinas Ay sn 18 tuunuit cut Auandu agnMiigavesuaniiavos cut
faravmroty Jamauiiudy a0 sn o ounedt denma it uauidatiovas tgad
fitlaaeui91n cut ﬂmnﬂﬁﬁﬂ%ﬂﬂgﬁutaq Fevr LHu18e Nt vee Fuuszansvoediun
faranas udidorin sn (¥ uunud cet Ruduromnnwetdu | Ay 0.4 1U89 tvuUd
Twa vey sn 14111 wdigavevnaniid ves cut wuaty 9xd sn o tuunuil wa
3In58a ¥a3 cut wuaty w0 sn FidAn i tounudt cut Iwanmafisfiaveew ne
AN S tuAsunvas L Husiia Hu %qLﬁﬂ%ﬂﬂwwwszQUsz?ﬁ1ﬁaﬁnnﬁsLau sn i1y
tfiudn i P zaudmsuUSuaUse9das:  wdwe Ay sn 141y vSunanndedu
x > 0.005 wfiemau sn Midrtounudt cut fiy war § sn 14110uvIvasY

oysenitvezmenunedau 39 ifiudnuoves schottky defect wazldd w15y

415130 sn 1fwi¥r10188nian furnnin 0.009 tvas 1vufsua
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5.3 N1SIAFVUANIIUAN

(Optical Properties)

a L3 ar ar s [ é
NI15IAANUAEN I UAN Lﬁunﬂsamﬂmanﬁ&ﬁugﬁumaqaﬂ@ ﬁﬂﬁﬂmaquuuﬁmaq
A ar o & 2 o v -] ar s ar .
NISANEIAITNIAIUT  IWa RN ins Tufeanyae dAuTAveunundeeIy Saofa s on
- y X A a ¥ a 4
awnnwstUauuuuaq%LﬁmvuLuaﬂ1sﬁqmiuﬁuu1ﬁsuuﬁqmeawaaswﬁﬂﬁtﬁﬂﬂswﬂgnws&
[ 1 = o, x =1 J
M99 fiaerun1h tdu msiadnwuinin@iu nrsiieusangnasiigandunasi
A a ' a4 o ﬂ
AIVUNINTUTUANING vovdITANMIUNT 1 Tudy
- ¥ oy o i o & - X
IUITEURT O NN STaduliinudeveedIsiediun  Hiasouduiny
o . o 1 Qs o~ & = ~
T5M15undn dams1iSean wax I idadiunsasaini Jeflsrvazi18ua fe Afuas
$79M710012A8% 200-800 nm LﬂﬁauﬁﬁﬁuﬁwsﬁiaﬂﬂﬁuaxfmaLUﬂm¥umaquacﬁﬁﬂu
p0nuIINAIsHI001 SautBunisTadiunasunisgandundvvovarsiiiedneiiendna
-ﬂi e E ge'.l, b * -y ] o
TNTIANTIU LanInIsneaoy Taeldiadesdlenifundn y7-7810s d1uniesinin-
fimos (UV-Visible Spectrophotometer)Lambda 15(Perkin-Elmer Lambda

°, & - s A
15) iauitaozunsunisniuvesiniesde deuaavaugufl 5,10 uazguiadoile

9eig deguit 5,11 dedsavazifun dederud

¥ [
5.3.1 YUAdUNISIA
] a .ﬁ [ 4 gﬁ ar i
- 1afvudrsiednanfieanisin enrsneasenselifiaSuuansiieti
Viogruguvovvosudeilt Junywdn Saunisdadiiiiufa
. v oA 4 = o A W,
- MmsyYsutiivuiafeside Tavusuiasesafidautd o wax 100 % T
)
Krvuvavd (Blank) Feauiiiag cacos (ufatFounrsueiun)
- nmsianisazfounaznisganduvesaisiiedis cualo, uaz aunsy
Y0 Cu(q_4)SnyAlOp 3 x = 0.001-0.009 uazifiviufinna da1u1s0
d
ngae ANy vaNduUszAnsu0en1sganduiivainiuerandu vosidaaial

nadeutd Aeguh 5.12
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Shutter
Photodetector

Reference

.__ _————-.-..ﬂ__._._. 5..,
Source 0 Meter

A . A —
FJUN 5,10 UAMIUANNITN NIUYONLIATON UV-Visible Spectrophotometer

3 A - .
§Uﬁ 5.11 1R8N0 UV-Visible Spectrophotometer

Y99 Perkin-Elmer Lambda 15
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AUULAY (Absorbance(A))

angn1Taan

NETT

w
G
L}
B
=
L]
L5 ]

EBﬁ.ﬁ | SBB.Q 480.8 SEH.B 668, 8 768.8 6ag.a

A21UAIAAL  (nm)

A 5012 wdaemanIsTANISQANAuNANY0NaI St

#9271081298% 200-800 nm.

%1n§uﬁ 5012 Wi He e auE29n1081998% 380-420 WITULUAS

d15U5EN0Y CuAlO; WAL BUNTUYA Cu(j_y)SnyAlO, ; x=0.001-0.009 Hf1

g 2 - g
duusedninisganduude (A) 1wu§um1uﬂsu1muaqﬁyn (sn) Midwidy Seua

X = 0-0.003 UNSNINUSHIM x = 0.004-0.009 vzdoudigenyd

A i ¥ ' [ ar
tiioundayanavum w1 1d0unsINSENINN A (absorbance) iU WANNIY
(hv) vz1énsandegud 5.13
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85008

-
i
i
|
-

00000 -

-

FN1TAANAULAY (Absorbance(A))

!{-:{-;L
E 05006 -
% i
(1 |
n 4
= !
a Z
;g B ) 4ﬁﬂﬂ : : : H T T

B.55) . 1T 26" |2 a2 3\\1 4.13 6.2 Hadd1u (hy )

quit 5.13 udaensawsewing A o h)

5.3.2 Nsitasaziuazdgunani sinduiinisuds

&

IINNISNMUAIN n (Quantam efficiency) A s dIusEuing
A2 UUUI LIUYDINT AN L ARDINUAY (photo current) HUUSUILYEY INMOUNANE
[6] uaz n azLﬂuﬁﬂﬁuuﬁuﬁwﬁuuszﬁnénwsgmnﬁuuﬁq (0,ps) 4 1fleidou
AsAMsENine (nhy) 170 fu wdveru (hy) ) ud11ddruves idunsenazaindiuves
LRuns 9 difiafuuny x (hy) auwie¥dia oz 1Budindeeiu (Inter Band Transi-

- . A & -~ G u
tion Energies) #v9yifiunisiudvunvasnisganduuaevesansfisiiuisiaiauu

o

YuoffuA1 n 13U

n o= 2 sz 1fiunrsgandunavsfla1iase (indirect transition)

P

n = 3/2 %:Lﬁuﬂﬁﬁ@ﬂﬂﬁuuﬁqmﬁﬂmsﬁ(direct forbidden transition)

e

172 9ztdun1sgandundesiinnse (direct allows transition)

=
1]
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Faruarnwanisnaaeen1siagiid 1 0ad1uninsnsIN cualo, uaz BYNTY
40 Cu(q_x)SnyAlOp 5 X = 0.001-0.009 feguit 5.12 war 5.14 RRrsennsd

voe cualo, uWeyaitiduniduunsinseniae (@apshy )2 fu hY 91K nsan

Faguit 5.14

Test Photospectroscepy (200—800 nm
! I 4 5 ’

Sample CuAl2

r
i
3k
4 f
}
/
1
= al
i
2 - i :_ff
o ;o
ﬁ I:
. — f‘
9 - ¢
- - {
< ;,’
~ - {
;
i - i‘
A J
= ! :
}
I ™, O
f b i
" ‘_“ I
= J
e e}
—_———
O : | . : ! .
2 3 4 5 6

HAIIU (hy) )

U 5.14 wdAINsINTENINN (@h))2 Ty waeenu hy/

1849931900 UDUNAIIIUTABASY 3.3 eV UAg 5.2 eV
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und tasazfuazund gy
6.1 undiasazd

INNIsANYINSzuIunIs 1afuy dr1susznovfiaived1ud (ABO,) ;
A=Cu,B=Al uaz 1hua15130fyn (sn) 14110 unuezmen veunevums (cu) au
a r) a
USuIM 0.1-0.9 % Twa 9 Hgesiuianavesdisuszney  #1lde CuAlO, Uae
Cu(1-x)SnxAlOy 5 x = 0.001-0.009 Savidudnnisiafoy 1058 eudisen
d
¥09¥09ufe waz Taauiifmiandn  wuitasusenay cualo, Hudqns finseadie
HuytgnaIinuea  daravnvovuanid a=2.8525 §94As0N, c=16.9851 §9dAToY
4 a o a ar a ¥
AN UINE 1 AuafUN1519 ASTM uazand i fos funavruddoau [7,8,23] 97nuudy
wWidIsUsEnouitd  iaduifnieiwihtasmouas  wasfinudn drsusznauiisd
@y J ar a o a J 3 U a
ANUANI Wi L Dud sAeGI e ieR uaz sfini Sy WYUBYNY  USu1wnI s 1 Buds
o o 4 A
LY0UBNOEMON Sn 191U ununezmoNYEY Cu AUTATIAT 1990 CuAlo, (W 1y
- e a a A A g a a
MSTUBUUTIIMNIS LANAIT1T0dIu sn F91dnan)snadaumiusuin sn 890 1 nadia
a a 4 a o a w a a a
UWIATOULDARLITU IaNUANININ  Sasnisiadiaruutwindrod tansasdine

Qs ar 8
war Taduiifinieinesiudianasn Hrousingnisisiua AT UNANI S NAA DI NI MR

FNUAANAIUAISINN 6.1,6. 2



a1509f 6.1 AU HAAIAIIIUIUADINUMUI UUUNI M

%Qﬂ“”l\l']ﬂliﬂﬂﬁ&lﬂ"ﬁ 6.3 uax 4.1

GRETIRDIRE a c Volume No Ng

(©A) (°A) x10-28m3 | x1028p~3 x1025p~3

CuAlo, 2.8525 |16.9851| 1.1968 | 2.5065 | 1.1459

Cug 999SNy . 001A10, [2:8545 |16.9574| 1.1965 | 2.5071 | 1.8936
Cug 9985np. 0o2A10; |2:8555 [16.9320] 11956 ' 2.5091 {12.1142
CUo 9975M0. 003A102(2.8575 |16.8975| 1.1948 | 2.5107 |20.8315
Cup 9965n0.004A102|2.8573 [16.8543| 1.1916 | 2.5175 | 3.9337
Cug 0955ng.005A10,12-8580 |16.8650| 1.1929 | 2.5147"| 9.6283
Cug 004500, 006A102|2.8576 [16.8524| 1.1917 | 2.5173 |12.3524
Cup 993Sn0.007A107|2.8582 |16.8619| 1.1929 | 2.5148 |28.5846
Cug 0925M0 00gAl02|2.8586 |16.8572| 1.1929 | 2.5148 |61.5483
Cug 9915ng . 009Al02|2.8581 |16.8704( 1.1934 | 2.5137 |80.2300

90
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a1519ft 6.2  aguauANIvInivesdIsusEnay CuAlO,

WAy DYNTUYA Cu(q_y)SnyAlO; ; x=0.001-0.009

415610019 s p(10%) | Na/Ng(%) | a(x1077) Eq

(MV/K) (s.cm) (m2/V.s) (eV)
CuAlOjy 663...3 0.5860 0.045 0.0967 0.197
0 620.0 0.3249 0.075 0.1748 0.184
0.2 460.0 0.3169 0.482 0.1792 0.137
0.3 413.3 0.2014 0.829 0.2820 0.123
0.4 =55073 0.1247 0.156 A5 55 0.166
0.5 -480.0 0.1311 0.382 0.4333 0.143
0.6 -458.6 0.1391 0.490 0.4084 0.136
0.7 £386 2 0.1333 1.136 0.4261 0.115
0.8 -320.0 0.1245 2.447 0.4560 0.095
0.9 A2 K. 4l [N B AT 3 P94 0.4124 0.088

& ~ A s Qs
INNISIN 6.1 uag 6.2  Liadiasrzima tivafuduifinneindy  uag
a a - ar 4 o a a

inefindiannin druisodtasiemédn dawmSvansiediuneiia  usu-Miauiueisny
] g a d
Aduuszdnsvevdiun arurson1darnarIuduiutvey Heikes’'s formula [13)
flo

—A IS n-type

S

L

-(K/e) [(Ec-Eg) /KT+A]

-(K/E) [ In(Np/n)+A] (6.1)
-d" 51U p-type

S

+(K/3)[(EF—Ev)/KT+A]

+(K/E) [ 1n(Ny/n)+A] (6.2)



92

i\ [ g - <O " 7] v
A f9 #1090 TeduivdneazvoenIsnse 19y Aufitdezasivinsrziddntion
o tfuufiuinoudu aunsatlozfonsanaui nenves small polaron

IINAUNIT 6.1 WAz 6.2 d101509x LJousanand Dunsiaty 18y
8 = (K/)e) (AE4/KT) = (K/e)ln(No/Na) (6..3)

nuanuazngednisiagnmindruniuniwih auwiiidie 2.5 aznuin

A1ANTWAN DI VDIW U (mobility) 3zuw11¥e 1 narruduius

p= 1aun, (6.4)

fiatiu 91nHan I snaaesTaauiivesdn susenay CuAlO, Udz BUNTUYA
Cu(1-x)SnyAlOy ; x = 0-0.009 wuid d15Usznaudendid  I9asea¥reuuy
tgnsinuea (Ho1huarsiFe sn (¥ udawdn Tusasea¥eveedrsusznouiid
AN IOz MNTeHININTEUIVIULUINAY ¢ AnAd AIUTTULAUMUINNY a dilan 1 fw
$u danrs imdull foifvufunns i vdvunuasvesszosaunuauny c Wd197199na17
197 seozluumiuny a cudouwvasliooyin unvogndr i ivdoueas e
Tias1eafeUiuAsveednsIu 1 vinuiwa venudl Thranasdonndevfiunisanas
v99szuzluwINNY  c $9d7UiHdn piuresvesarsanavazdiiaiiuuiniunndu
uaz 183151z Na s fuauiiini et uaz inedud1anadn GRERERILESTRTCR R
N3 LAvusiiavevdansieiunitg oz iudvuornsiiaitt Susiia §u vadlnns 1 fudans
130 sn td11wfusunm sn > 0.3 %Twa Feanmadnsaudn AuaIsUsEneu CuAl0,
u%gn% g9 1 fluarsiediuaiaddsga  Tunvedase (Jo1dn sn KRR STEETT SR TEFTRIN
0.1-0.3 %iva dianmsouiiduidriudedusuuittion 1de 1 Roufuwivedaszfoisa
A SUsEnouR1E  densudaedud@ i fudrsieiiueiiol ud 1501 dudrst 3o Sn

o v " - 3
tivtuawuiunaiiuanndt 0.3 %2iva udr vSuadianesouddssaz LAuIuLY  uazd
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s LadeulluEsdss 99 A9 1 nAEIINNANT S AU U ANTNAG BIVDIN Ny a1

sy aruandy arsuszneuing Jeuudavaniifoanu L Buarsfefiiuneiio §u

6.2 unagy

Ndud15USENOU0ANITANAN ABO, willafainedtad Aulagiuifauasiien
Nﬁﬂ%ﬁﬂ fautiini e i veearsusenaut (Senanasine Buntauln wuin  Jauud
viuansiediun  wazaruisofiez i afouarsusenovt Muifnuinsurvevvovud
39 1Buitiadsanior Bnke idearinsoefunansusenoufun1Buda foznn
nwsiﬂqmﬁuﬁﬁﬁuswumaqawsﬁqﬁuuﬁ&u Lﬁaﬁazﬂﬁtﬁuﬁagaﬁuswu AUNI5 M9z uId S
Usznaudandn Wuszyndadifudeuse Audarsiviun1 sy

fetu vruivuil Fardduradnuinszuiunis tadendansusznovfianvod 1o
ABOy; A=Cu, B=Al uar wansiaduiidmendningr  wleune  Sadniwa21uun
invesdIsusznousiendna fiwudr arsuszneuitiunssuaunts ey Sa3inag
Trdadianuaz1§iagqunsd tdu o Infgumpdge gunsinasiaSeumia el saea
ud15 1 af Fulu %q1ﬁuﬁﬁ@qUns&ﬁnﬁm§utaquasﬁagﬂuusx{ﬂﬁ Ipuauiifdanda
Hrofivank Roefiufiidiinuuineunds  Fenaaenisiudoufouty weisaed 6.3
(Horudunouusnuaz BuintBirdrsusgnou Bilassis Buan s A i un Snnenszuan
Msiafon uar wannsnadeuguANARug N d1u1sofezAiinanisnaaoefisoudig
wiue - anegivedeidinnasiasendisuseney cualo, udr tdudnsiFedyn 14

4 a a o
‘lUlLﬂuﬁaaﬁﬁlan‘l}aﬂ Cu lwaﬁﬂv’lﬁ\‘lﬂﬁﬁ1UaUukaniﬂluﬂ‘UE}\Iﬂﬁiﬁ\wnu“’l lﬁi)ﬁﬂ‘]‘il@ln

19130 (Extrinsic Semiconductor) @wisafedyusanurififiearsied 6.4



M15197 6.3 udneAIAINvENUANAAYONAITUTENOY CuAlO, uae

DYNSUYA Cu(1-4)SnyAlOy ; x=0.001-0.009

LATTICE CONSTANTS
SAMPLE REFERENCE
a(0a) c(%)

CuAlO,y Z.8523 165.9851 This Work

CuAlO, 2.8570 16.9400 [2]

CuAlO, 2.8460 16.9500 [8]

CuAlO,y 2.8600 16.9530 [9]
Cug . 9998ng pp1Al107 2.8545 16.9574 This Work
Cug . gggSng . pp2Al107 2.8555 16.9320 This Work
Cug_g9975ng 0p3Al0; 2 . 85 3 16.8975 This Work
Cup.996Snp.004Al0> 2.8589 16.8552 This Work
Cugp.g9955ng 0ps5A101 2.8586 16.8592 This Work
Cugp.9948ng . 006Al02 2.8582 16.8676 This Work
Cugp.g9g93Sng gp7A10, 2.8585 16.8619 This Work
Cup.992Sng.gogAlOy| 2.8587 16.8572 This Work
Cug 991Sng.0p9AlO,| 2.8581 16.8704 This Work
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915198 6.4 AFUSIVSINWISID L mediladigecautiing 1w e CuAlO,

A
WaE OUNTUYA Cu(y_y)SnyAlO, 180 x = 0.001-0.009

415619879 S p (10%) Na/No (%) |u(x10"7)| E, REFERENCE
(MV/K) | (£x.cm) (m2/V.s)| (eV)
CuAl0, 670.0 0.0590 | 0.044 [0.1100 0.190 (3]

CuAl0, 663.3 0.5860 | 0.045 |0.0967 0.197 |[This Work
1 620.0 D-32894=0 075 P, ok +748 0.184 |This Work

2 460.0 0.3169 | 0.482 |0.1792 0.137 [This Work

3 413.3 0.2014 | 0.829 |0.2820 0.123 [This Work

4 ©553.)3 [1770~1 247 070156\ 1024555 0.166 |This Work

5 -480.0 | 0.1311 | 0.382 |0.4333 0.143 |This Work

6 -458.6 | 0.1391 | 0.490 [0.4084 0.136 |This Work

7 -386.1 | 0.1333 | 1.136 |0.4261 0.115 |This Work

8 -320.0 | 0.1245 | 2.447 |0.4560 0.095 |[This Work

9 - 20N P00 . 1 FANE 20010 4124 0.088 |[This Work

a ] A = g =
NG LUY A15A10619A L ATUNHUNBILLAY 1-9 MBI Cu()_y)SnyAlO, ;

X

0.001-0.009

nansefl 6.4 wudraniidnieiwinvesansuseney cualo, HiaFuniu

oy ar J ¥ o 0 wa
farand i Avenudddnepiundeu wfounedvdruisoiaznaaevuas fiunduifveeans

as 8, a ' 4 Qs U= a o
fafiauwlniml cu(y_y)SnygAloy; x = 0.001-0.009 FeietifanzfiTunduin

Widn11Y felunedIdodeindn nanisnaaevivotunseilaves 1iunssiduuaz i

% o .
doyanugiu AunisdAnyrimedruidaarans i dediannsedad vevdrsusznoveaniyd

farnedtaddiaany  FearursoiezuruuszyndadiBudausedudarstaiiumiebing

Ino$3ud1anm3n (Thermoelectric Device) (19U Thermistor 1Hd1UIuUI AN
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o duauus

9INN15ANYY nszuauntstafon o Teduiidwovarsiefiunaiaiuy i
Wit @rsieduniig doudreezddrniiudrumuge vszurw 5.9x103  wafiiag
gunsditrdmadevanifiaie netni fidogmuruuszing  foudnevziidaeniau
nsnadoy uazu tanuin sxfeenanisAnuiuazyseAudiunn toe i fuunediu 1du
yTndulifiusefiuino§Iudiannin (Thermoelectric power) 39iiv1441 wenain
vrAnvimefruiagmefi@ndvecvesudy  udriieRnvinasa¥rainsesdofadaunis

o as

asaviadniiy nivguadendradiediv §33uA01 Auewrannisesinisaivayusy
ar a e (| s g -~ 2

Uszum Mefrunisiamgunsdiiuniside Witesifunisinge wdeddredunn 1o
g a, ] ﬁ o o, a |g A

twsaz annasAnyideyatiievliy  navimsaudrdrsiediuneiaaunti @aruasofies
[ ) o a A

uszfud i duidgniediu  solar Energy 14 U uI Ao UINEazIna 1 uasfg L i

2 o O ) a e ' a o

u1ndutuady udnnsdviledIdove 1dusuuzdt Iun1s3dumedrunease arseeil
ar Qr L} a . s A
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@519 .1 uwdaentstufouifloudn d Aunsiiwes cualo,

110

hkl e dastm (A°) Bahs (A?) Intensity
003 9.1255 561 5.6454 w

006 18.4775 2.82 2.8243 w

101 21.4425 20437 2.4486 Vs
012 §2 1383 2.376 2(~3953 w

104 24.7725 L od 33 241363 m

009 28. 3873 1.877 1.8828 w

107 311580 Y733 1.7300 vw
018 33.790 ¥ 1.6095 m

110 38.790 1.426 1.4288 m
1010 39, 322 1.401 1.4126 w

116 39.8015 1.274 1.275¢ vw
vw=very weak , w=weak , m=middle , s=strong , vs=very strong




M1518 N.2 udaenIsiufouifoudr d Aunsiives Cu(y_y)SnyAlOp ; x=0.001

hk1 =) dagtm (A°) dobg(AY) Intensity
003 9.1255 5.6454 5.6358 w
006 18.4775 2.8243 2.8208 w

101 21.4425 2.4486 2.4464 Vs
012 72,1385 %3758 Z2A3733 w

104 24.7725 213 63 2350 m

009 28. BT 1.8828 1.8821 w

107 31 WIES 1.7300 1.7288 VW
018 3790 1.6095 1.6085 m

110 38.790 1.4288 1.4286 m
1010 39322 1.4126 14120 w

116 39.8015 1.274 1:274% w
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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M1519 0.3 uaaen15iuiouifiousn d AuNsiNeN Cu(q_y)SnyAlOp 5 x=0.002

hk1 8 dastm (A®) dops (A®) Intensity
003 9.1235 5.6454 D.0218 w
006 18.4775 2.8243 ¢Mg173 w

101 21.4425 2.4486 2.4439 Vs
012 2241388 2297258 2-{3708 w

104 24.7725 2.1363 253329 m

009 28.3875 1.8828 1.8795 w

107 31 ~A585 1.7300 s WU a vw
018 33.790 1.6095 1.6076 m

110 38.790 1.4288 1.4278 m
1010 390322 1.4126 1.4112 w

116 39.8015 1260 1.2744 w
vw=very weak , w=weak m=middle. , s=strong , vs=very strong
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A1519 N4 udaenI1studouioudn d Tunsfives Cu(q_y)SngAlOp ; x=0.003

hk]1 e dastm (A°) dong (A7) Intensity
003 9.1255 5.6454 5.6371 w

006 18.47735 2.8243 2.8213 w

101 21.4425 2.4486 2.4469 vs

(6 ] 28 /1385 X X153 2, 3739 w

104 g£4.7T725 2.1363 TSR m

009 28.3875 1.8828 1.8812 w

107 31.¥585 1.7300 PLILD ONF VW
018 S 3 790 1.6095 1.6088 m

110 38.790 1.4288 1.4288 m
1010 39 . 32 1.4126 1.4122 w

116 39.8015 1.2750 1.275Q w
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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M1519 n.5 udaen1stuFeuifioudt d Aunsdwes Cu(q_y)SnyAlOy ; x=0.004

hkl dastm (A°) bt &™) Intensity
003 9.1255 5.6454 5.6198 w

006 18.4775 2.8243 2.8170 w

101 21.4425 2.4486 2.4440 Vs
012 2Y.138)5 X237 33 2.3708 w

104 24.7725 215363 1326 m

009 28. 9673 1.8828 1.8798 w

107 3 17 385 1.7300 vy VW
018 39w H90 1.6095 1.6073 m

110 38.790 1.4288 1.4279 m
1010 ;322 1.4126 1.4111 w

116 39.8015 1% %59 1.2742 w
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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A1519 1.6 nAANSIUSouLAouar d uNSENEN Cu(q_yx)SnyAlOy ;5 x=0.005

F hkl dASTM (A©) a5 1a (AY) Intensity
003 9.1255 5.6454 5.6493 w
006 18.4775 2.8243 2.8247 w
101 21.4425 2.4486 2.4494 vs
012 22 #1385 2%3 £33 2.3764 w
104 24.7725 2{1368 2¢h371 m
009 28.3875 1.8828 1.8833 w
107 31.1585 1.7300 1o TN VW
018 33490 1.6095 1.6098 m
110 38.790 1.4288 1.4296 m
1010 392322 1.4126 1.4125 w
116 39.8015 12750 1527535 w
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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@159 N.7 ud@aen1siufouiisuny d Aunsiives Cu(q_y)SnyAlO; ; x=0.006

Fhkl 5] dagTm (A°) dops (AP) Intensity
003 9.1255 5.6454 5.6466 w
006 18.4775 2.8243 2%8239 w
101 21.4425 2.4486 2.4483 Vs
012 22.1385 £y3758 2.3754 w
104 24.7725 2413863 41362 m
009 28 .88735 1.8828 1.8824 w
107 313415815 1.7300 1.7306 vw
018 33.790 1.6095 1.6090 m
110 38.790 1.4288 1.4290 m
1010 39.322 1.4126 1.4124 w
116 39.8015 12 12 30 1.2754 w
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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MS519 0.8 uaAINIs1uTouiioudd d Wunsdvey Cu(q_y)SnyAlOy 5 x=0.007

hk1 e dastm (A°) dohs (A7) Intensity
003 9.1255 5.6454 5.6391 w
006 18.4775 2.8243 % 8219 w
101 21.4425 2.4486 2.4475 Vs
012 £.1385 Xy¥7 53 20NJ7152 w
104 24.7725 2.1363 Pgd57 m
009 28 ., 813 1.8828 P=sB8 LT w
107 31 =589 1.7300 1.7306 ‘A
018 33s(790 Y 6035 1.6089 m
110 8 (799 1.4288 1.4291 m
1010 38 322 1.4126 1.4122 w
116 39.8015 1% 290 1.2750 w
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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M58 N.9 uadAINIS LUToutoudd d unsBvey Cu(q_y)SnyAlOy ; x=0.008

hk 1 e dasTM (A°) dghs(A) Intensity
003 9.1235 5.6454 5.6502 w

006 18.4775 2.8243 2.8247 w

101 21.4425 2.4486 2.4497 Vs
012 22 41385 299253 2537635 w

104 24.7725 2444363 264374 m

009 28.39715 1.8828 1.8838 w

107 31.1585 1.7300 1521318 VW
018 33790 1.6095 1.6095 m

110 38.790 1.4288 1.4297 m
1010 I In322 1.4126 1.4122 w

116 39.8015 3\ 278 O 1.2754 w
vw=very weak , w=weak , m=middle , s=strong , vs=very strong
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M1519 .10 waaenNIsiuFouifiousr d Iunsfves Cu(y_y)SnyAlO, ; x=0.009

hk 1 dastm (A°) dops (A°) Intensity
003 9.12355 5.6454 5.6373 w
006 18.4775 2.8243 28221 w
101 21.4425 2.4486 2.4476 Vs
012 22.1385 2537 583 2A3T7S52 w
104 24.7725 2R3 63 2l 358 m
009 28.3875 1.8828 AL w
107 31.1585 1.7300 1.7300 VW
018 334790 1.6095 1.6091 m
110 38.790 1.4288 1.4291 m
1010 395322 1.4126 1.4118 w
116 39.8015 12950 12752 w

vw=very weak

, w=weak

, m=middle ,

s=strong ,

vs=very strong
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AS519 N.11 udeenaniIsIaduiifintandninyrveedrsusenay

Cup,g99Sng op1Al0;

F hkl d a c
003 5.6358 - 16.9073
006 2.8208 . 16.9247
101 2.4464 . 8548 16.4581
012 2.3733 .8550 16.8158
104 2.1350 .8555 16.9046
009 1.8821 3 16.9388
107 1.7288 .8556 16.9179
018 1.6085 .8596 16.9368
110 1.4286 /8572 ]
1010 1.4120 - L

\ 1.3979 2 -
116 1.2749 8584 16.9673
A1 a,c 1adu 8545 16.9574
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#1519 N. 12 udaswanisinduifnieandninurvevdisusznay

Cup.998Sn(, 0p2A10,

hkl d a c
003 5.6215 - 16.8645
006 2.8173 « 16.9038
101 2.4439 .8520 16.7474
012 2.3708 .8521 16.8663
104 2.1329 /8531 16.9102
009 1.8795 4 16.9154
107 1.7278 .8564 16.9223
0i8 1.6076 .8614 16.9382

110 1.4278 .8578 A

1010 1.4112 z L

’ 1.3970 g -
116 1.2744 8584 17.0301
A1 a.c 1ady 8555 16.9320
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A1FIN N.13 UAMNANISIAduIANINNanInu1vevd1sUSenay

Cup.997Sng 0p3A107

hk1l d a &
003 5.6371 B 16.9113
006 2.8213 - 16.9277
101 2.4469 .8554 16.3790
012 2.3739 .8558 16.8090
104 .lg ) ¥ .8559 16.8957
009 1.8812 - 16.9307
107 +-029% .8581 16.9267
018 1.6088 .8609 16.9380
110 1.4288 .8576 -
1010 1.4122 - -
- 1.3977 = -
116 1.2750 , 8587 16.9516
#1 a,c 1adw .8575 16.8975
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15149 N.14 udeeanani1sIadutinieandninurvevdisusznay

Cup.9965n0,004A107

| hk1 d a c
003 5.6198 - 16.8593
006 2.8170 2 16.9020
101 2.4440 2.8521 15.9048
012 2.3708 2.8522 16.6380
104 2.1326 2.8529 16.8404
009 1.8798 . 16.9181
107 1.7285 2.8600 16.9158
018 1.6073 2.8616 16.9173
110 1.4279 2.8558 y
1010 1.4111 . s

3 1.3972 G :
116 1.2742 2.8578 16.9352
A1 a,c indy 2.8589 16.8552
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M1SI9 N.15 UAANNANITIAGULANIINANINuIv09dISUSENOY

Cup.9955np gps5A107

hkl d a c
003 5.6493 - 16.9479
006 2.8247 - 16.9481
101 2.4494 .8583 16.8509
012 2.3764 .8587 16.9487
104 2718 % ¢ .8578 16.9339
009 1.8833 - 16.9496
107 sa)) .8590 16.9493
018 1.6098 .8592 16.9509

110 1.4296 .8591 -

1010 1.4125 - B

- 1.3985 B -
116 1.2755 .8590 16.9571
# a,c 1adv .8586 16.8592
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M1579 N.16 LaaINanTsIadulianendninurveNdIsusenoy

Cug.9945n0.006A102

hk1 d a c
003 5.6466 - 16.9398
006 2.8239 < 16.9433
101 2.4483 8570 16.7868
012 2.3754 .8575 16.9351
104 2.1362 8566 16.9241
009 1.8824 4 16.9415
107 1.7306 .8585 16.9465
018 1.6090 .8576 16.9415

110 1.4290 .8579 /

1010 1.4124 2 _

- 1.3985 3 =
116 1.2751 .8582 16.9565
f a,c 1ady .8582 16.8676
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A1514 N.17 wdnewanisiaguidniandninurvevdisusenoy

Cugp, g9938ng 0o7A102

hkl d a c
003 5.6391 - 16.9172
006 2.8219 - 16.9313
101 2.4475 .8561 16.3810
012 2.175% B578 1%\8777
104 2 F1ial7 .8565 16.8998
009 1.8817 - 16.9353
107 1.7306 .8609 16.9432
018 1.6089 .8602 16.9367
110 1.4291 .8581 -
1010 1.4122 - -
- 1.3981 - -
116 1.2750 .8585 16.9354
41 a,c 1afy .8585 16.8619
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1579 N.18 WAAINANISIAANLANINNANINuIvoNdISYUSENaY

Cup.992S8ng, 0pgAl0;

hkl d a ¢
003 5.6502 - 16.9506
006 2.8247 - 16.9481
101 2.4497 .8586 16.9756
012 2.3765 .8588 16.9671
104 2.1374 8583 16.9452
009 1.8838 - 16.9512
107 1.7312 .8590 16.9526
0i8 1.6095 .8575 16.9463
110 1.4297 .8593 -
1010 1.4422 - -
- 1.3985 - -
116 1.2754 .8586 16.9520
A1 a,c 1ady .8587 16.8572
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A15149 N.19 udaenaniIsiadutifnieandninurvevaisysznay

Cup,9915ng,009A102

hk1 d a c
003 5.6373 - 16.9118
006 2-8221 - 16.9325
101 2.4476 .8562 16.4367
012 2. 3152 .8574 16.8845
104 271858 .8566 16.9034
009 1.8823 - 16.9405
107 1.7300 .8588 16.9327
018 1.6091 .8610 16.9411

110 1.4291 .8581 -

1010 1.4118 - B

B 1.3984 B -
116 1929.82 .8590 16.9504
A1 a,c Lady .8581 16.8704.
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A1519 N.20 ASTM vesnauivefegiiilunesntsd (cualoy)
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HF, Type

Isostructural with CuFeOj5:N

d 2.38 2.82 [2.44 |5.61| CuAlOy

I/14] 100 80 80 30 Copper Aliumnium Oxide
Rad.Cok 1.790 Filter Fe Dia. dA 1/14|hkI dA I/17| hkl
Cut off 1/I; Visual b 1~ 20 003 1.09( 12 |208
Ref Human and Lcrent. .82 |80 006 1,074\14 [1.1.12
Z. ANORG.ALLGEMJCHEM.279 241 .437|80 101 1.01 8 |0.2.10
(1955) .376[100 [012 L9241 25 |1.0.16
Sys. Rhombohedral S.G. R3m A 33R0 104 .939 8 |[0.0.18
ap5.896 b, ¢, A C .877|20 009 LOI8W 12 | 211
28.1 Z 1% DX .732110 107 .912| 10 [314
Ref Ibid .612(50 013

.426|40 1 9. 00

nw Sign .401 |30 116

2V D mp Color .274 140 202

. 225120 024
HEXAGONAL: A,=2.849 c,=16.98 .188|10 119
C=5.860 Z=1: Dx=5.104 D=4.897|1.148|20 1.0.1%




Nan1sTaUsIngnIsidiun

¥99d15UTENOY Cu(1_x)SnyAlOy 5 x=0.002-0.009
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=0.008

]

aViuv)

A K16 udaewanITTAUsIngn1sd81unYeedIs Cu(;_y)SnyAlo,

S EEHT R
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T

0.009

Ut W17 wdaenanisTausangnasddiuavesdns Cu(1-x)SnyAlOy;



NI FINILIT U

A1 A9 id e A vy



137

” A
IS Y. 1 uaﬂ436uasﬁqanﬂﬁﬂ045wqﬁtnuvﬁaq

fonu1iny Fomudangy dgdnwd | 1avezmew | wIaBzmow
NDIUAY Copper Cu 29 63.546
DONTLIU Ooxygen 0 8 15.999
pgiiluw Aluminium Al 13 26.982
TUTAT LAY Nitrogen N 7 14.006
fiyn Tin Sn 50 118.69
A1519 9.2 udaadoinLanauaz iwin
Fomuniny gasiviana fiwmiinuiana
Aoy vefooniud Ccuo 79.539
ogdifloueantyd Al1,04 101.961
Ayneon s Sno, 150.688
ABYLYES UL AT Cu(NO3),.3H,0 241.531
pgiltiluntuitasy A1(NO3)3.9H,0 374.964




A1s519 4.3 awmtiimig
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Hrumii dodnud i o i umdi dgdnud fa o
inse T 1012 L OS d 10-1
finy G 109 Ludl c 10~2
Lung M 106 fiad m 10-3
fisa k 103 109A5 m 10-6
LA h 102 TRRT n 1072
Linme da 101 fiin p 10-12

1518 v.4 A1 a9 fidn 9 iy
A aeil dodnud U U

ANt Saud 2.99x108 ms™ !

Uszvoedidnnsou 1.6x10719 Coulomb

A1 nefvosuwaad 6.624x10"3% Joule.sec

Arneilvevsuadunfu 1.380x1073% Joule/K
8.62x1077 eV/K

CRIIORE SehiRTY No 6.02x1023 (kmole)~!

Arasflvesusegaond 1/4 9x107 nt.m2/coul?

Araeda1ad L Eansniugnnid 8.854x10"12 F/m

ﬁwtwaéﬂasﬁﬁaﬂuQmmﬂnﬂﬂ 4 x10”7 Henry/m

Gravitation constant 6.6720 Nmzl(g'2
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N5 13 e euu o idniy

1 electronvolt (eV) = 1.6 x 10719 Joule
1 kilogram mass - 5.61 x 1029 MeV

1 atomic mass unit (amu) = 931.478 MeV

1 electron rest mass = 0.511 MeV

1 proton rest mass = 938.256 MeV

1 neutron rest mass = 939<5350 MeV

1 angstrom (A©) = 10-10 m

1 neutron = 10° dyne
1 k.cal = 4.186 x 103 Joule
Inx = logeXx = 2.3026 logypx

e = 2.71828

logipe = loge = 0.43429

loge2 = In2 = 0.693
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wann1saner draeRvosuania
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YIATIFIU ASTM 14

- #1 a,c tHumsroeuasenineesARuMNIUINNY ﬁwuﬂsnﬁazﬂﬁuau

w18 1 ndunas

dpk) = 1/[4 (h2+hk+k2)_1_2 (W.1)
3 c2

c = 4/3a2d212 / [3a2-4d2(h2+hk+k?)] (W.2)

a = /[4d2c2(h2+hk+k2)] / [3(c2-12d2)) (W.3)

# d (h,k,1) @w1s0gifhain  ®1519 ASTM a9 1 fum Langdiaves

uﬂaz%ﬁ@ (Material)
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