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Abstract

In this special project, Cd; ZnS thin film have been prepared on slide glass substrate by
thermal evaporation by using different precursors: high purity (99.999%) of CdS and of ZnS and
powder preciptated from solution in chemical bath. When the ZnS mole ratio was less than 0.9,
the crystal structure Cd, . Zn, S film was hexagonal wurtzite. However, for x > 0.9 the Cd, Zn S
film were grown with cubic zincblende structure. As the ZnS mole ratio increases, the energy gap
values of Cd,_Zn S film varies from 2.31 eV for CdS to 3.47 eV for ZnS. The SEM micrographs
show that the grain size decreases when the Zn concentration increases. Electrical sheet resistance
at room temperature of Cd,.Zn S thin films increases as a function of Zn concentration but the
sheet resistance decreases under illumination using a halogen (ELH) lamp. The three activation

energy may be attributed to the barrier height and/or trap states appearing at intergrain boundary.
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2d,, sin @ = nA (2:2)
dio d, fie JrEEIEMINGTUIL
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o Ao PNATNBUINTTUIVUUINAVRITITONY FI924NINY
UANNTENY
A v o dy a1 3 J
n Ao BUAUMIIALAUY UAIAWA 1,2, 3, ...
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J 1 J Aou a [ ~ v v A
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ﬂTi’JLﬂﬁ13ﬂIﬂ§\1ﬁﬁ’NWﬂﬂuu ﬂ'lll'lﬁﬂﬂ”Illﬂiﬂﬂﬂ']'iﬂWHQNWWﬂWﬂQWﬂJﬂQIﬂiﬂwaﬂ, VUINUB
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P
PG (2.3)
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o o 9 = = 9
LlﬁgﬁWﬁiﬂiﬂﬁﬁﬁi'NWﬁﬂLLll‘]JLﬁﬂcﬁ?jiﬂu'ﬁ)ﬁﬁ']hlﬂﬂ'lﬂﬁﬂﬂ'ﬁ 2.4)
12172t/ SR IS
TN N~ 2 & \ | Fr (2.4)
d 3 a c
A A 1 ~ =<
o a,c 1G] ﬂ?ﬂﬁﬂﬂlﬂﬁjﬂﬁﬂﬂaﬂ
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h,k,1° fA® TEUIVUBDINAN
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KA
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5, cosb
A Al
4o D ) VUIAVDINTU
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K ) fﬂﬂﬁ‘ﬂ%QGUUﬂU"U‘L!']ﬂLLﬁ31“1J§NGUE’NLﬂiu
A 9 A A Y A g 2 £ 1
Bz@ 19 ﬁgﬂ&’ﬂ?'mﬂ'NQ"U'ENWﬂVIﬂ'NllL‘lliJVlﬂTLﬂuﬂﬁﬂWu\‘lsUﬂx‘]ﬂWﬂ'J'm
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Intensity (a.u.)
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a Y { : - ' LT =~ T4
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d o
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a i 1 1 1 Jd oI
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I =R, 2.8)
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2.4 wmaluladganmasazmalinmsmaeuflanulasmsszmaasalsanudouly

Q9 v

qeyey1nfA [Ohring, 2002; McGuire, 1988; Harris, 1989; “ffﬂemti, 2526]
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2.4.1 N A veInwlugANAR (kinetic theory of gases)
2 d %) < Ad o dgl A a @ @ [ ]
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1@ (most probable velocity) WanuumuAe v Taoausaniarlaein
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2RT
7 \R 1/— (2.36)
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) = f v2 f(v)dv/ f f(v)dv::m% (2.38)

rnn o \/» 3RT (239)

2.4.1.2 ANNAK (pressure)

Ed
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A a @ ) o yJ a o 1 Y J Y =
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Qmﬁ{]ll (T) AUUANUAUUBDINIY (P) ﬁ]gvlﬂ'ﬂ

P =nkT =nRT/IN, = nMv_ /3N, (2.40)
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AUINANUDITTIZMTHY mﬁmmmumug{uﬂﬂmwmTmaﬂaﬂmmmmﬂu 2d, v
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NIINTTUON AD 2d A, MIBUAUVBIOYMAATIiavznadumeldfouly d’ A n=1

mfp mfp

a ° 1y o o < vy
mmmmmwummuimaqa 1 mTumm %Gﬂﬂﬂiﬂﬂ

Z = n2ndey (2.41)
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v

wiuszezaoamsyu (4,,,)
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1

A =—— (2.42)
ifp ﬂ«/Endf

Y

dmiuussnmanguvgines  wasanuauussema A, sslianlszina 500

mfp

[V a Y a0 [ d' U [% 3
geeasoN auuAld d, Ia)szana 5 deaasen e luanalylumsdsneduivawisonm

[ [ Y
1804, /v saznelddenlunnaunwgildifemssuiudszina 10 ° afsdedund
J .

A =5x10" /P

mfp

A = ' S a [ = ' o3 J a @ -3 Jd
VK] /1m/p HrU B UAIATLAZANAY (P) Urdautlunes NaNuaY 10 ° nos

v v
Ao WA NG MUt TanAIARfINTIv ImMBUEgRI N AYINY

2.4.1.3 MIPUVBIMBUUNUA (gas impingement on surfaces)

[ A @ { =i g a 3 1
Wandmsyuvesie (@) Jaldsnanudvesluagansuiufilumdminde

Y

F ) 9
Wundararldnn
1 =
D= va (2.43)
NAANMTN (2.40) 22 18
() B . & W
F N W TUaneMT 1 UAAT-IUIN (2.44)
A Tt
A
150
22 P 1 a a =
®=3.513*10 ( T)‘” THARDAS 1B UANAT-IUIN (2.45)

4 @ 1 ] 4
donnudu (P) agluniitones
Y3115U99M5 Iane UM (volume flow per second; v ) @1u1sarnldnn (04 /n)

i a I~ a a { ~
diefianandu 1 3119 9nauNIIN (2.40) Lazaunsn (2.43) 92 14

v = 3.64%10°(T/M) " 4 gruASiuRLaIA I (2.46)
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2.4.2 msansamasuazmstun (gas transport and pumping)

2.4.2.1 S2UUMS IHavesmes (gas flow regimes)
A A 1 Y o o d 9 o %] [ Y @
megﬁmumﬂwuzqagaunmﬁmnnvﬂuwua'mwmi@@mcmaﬂ %21’11114?\’3']1!@14114

a 1 @ 1 a 4]
MruzgyanMmiaauuanaeiy  dawwaldinams lvavesmaannauggagimendng
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]
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ﬂﬂWﬂjgﬂUﬂ'ﬂlﬂﬂuqﬂJﬂJTﬂTﬂﬂuﬁ (high-vacuum) ﬂ?TNﬁuqlluum@QﬂWGﬁﬂgNUﬂ55]3‘1/”1?”[:]@

ms naluszauTuana  (molecular flow) Iaslumsszmedslugaane (high-vacuum
A o a p—1 4 7a g a 4
evaporator) 110z9UnIINIIMIUNTIEH 191 1AIedoBRIDIaNATRUMUN AT NNOT (auger
9 Ja g " o
electron spectrometer) uazﬂam@amiﬁuemﬂmau (electron mlcroscope) 5’aummﬂuﬁwu
8 9
ms maluszau Tuanansd@u  (molecular-flow  regime) — WUIBANININTZYZMITFUNUYDY
) R = -l X T Vi &® 1 oqy <
Tuanadunhanndlen)sesumsunuszuungufeativesny . zaeiliueuiunIns
A (2 1 (] o 9}.& [ U = [ @
waou InivesTumnamaediusiudnelaRenludenannanuauges ez msrunuues
Y [
Tuanaszagas hlamssuseslmananiuazifannmssuiueananmssuiuimiees
e = ' (24 ) A .
mMrug lunsaitiziFun sz uumMs MavesMauuLniia (viscous — flow regime)
Youana19upInis Inag lAInAamuyasy  (Knudsen number 3 Kn) 11d91n

@ 1 1 %) [ 1 ]
'PJﬂi'lﬁ')ui%ﬂ'J'l\‘liﬁwllﬁﬂﬂﬂ']ﬁ“lfu (A, )UDINIHHATANHUSRNIZVDITSUY  1TY ngfumu

nfp

fuiNa YOI V3D Ve (d ) ffufie Kn = Ay 14, 981890

millwa“luﬁzﬁﬂmaqa (molecular flow) Kn>1 (2.47 1)
s Ivaluszaunans (intermediate flow) 1>Kn>0.01 (2.47 %)
M3 lvauuvviia (viscous flow) Kn< 0.01 (2.47 7)

2.4.2.2 MY (conductance ; C)

- o ; 2 ;
1N3UN 229 wag 230 FuaasdIulszneUYINITUEYYYINIA-TD- Sy wage
() ]

o 1 1 1 d' a J d’dd” d‘
‘Uf]ﬂ?f'liﬂ']ﬂ"l“lﬂu‘l’]'ﬁ)gﬂiﬁ@ﬁ 9 ma‘wmmwms'lwameﬂmaqam«nmumw UNUN A 21N

a Ao @ [ a Aa Y Y1
vinaninnuau P, lldwsnanianuau p, 9z 1a

g=CcP-2) (2.48)
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A A [ v o = 1 [ a 1 a = T
WD Q AY BMIIVUMY (gas throughput) wmmﬂu ﬂ’smﬂuﬂmﬂsmmmmum YU
J a 1 a J=| <] ' = o & A ' [ a 1 a et A
No5-an5AIUIN C 1Wumasnvesmsimaiviiody aasaeIun (liters/s) LAZIIDIDIN

0 =Py (2.49)
i A a 1 a a o 3 d' Y
o % 9 ﬂiiJ']ﬁi‘U’ENﬂﬁhlﬁﬂG]@’Ju'W] ANUUIINAUNIIN (2.46) ‘1]$]1ﬂ’3'1

C =364(T/M)" 4 W3011.7 AaAIABIUIN

[
A 1

as 3 a =
WogunQuuAutu 2984831 (25 B UHALYT)
o ' 4 1w 4 o o
ﬁ'lﬂLl'W]GNWL%@Nﬂ@ﬂuLLUUBHﬂiN ATNITUINIYUDITSUY (Csys) ‘l]ZfﬂﬂJﬁﬂﬁ’lllﬁmﬂ

o

ANNAUNUT

1 1
= p— b 2.50
€ L

lusiueudelnuiioFeua N ULUVYLNY

CS = @ NI LTI (2.51)
(Y] < o J
2.4.2.3 9n515v04m 53N (pumping speed; S)
VIR N o , 0 g
mstuiidunszyaunsiier lvanavesmaoennnszuy  Aumsiinuveeiluy
[ < o A a (43 ~ [} 1 1 ] A v A
snsusalumsily (8) fe USuansvesmai lvamussuinvewedeniional Wonnuaudi
Y
] " 1 g v w
Hoa 1Mt (pump inlet) TAUTW P Aeriy
S = g/P (2.52)
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11 q = C(P-P,) UNUA1 g 1ATUMIN (2.53) wld
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SI’
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Q

24
243 ﬁuﬁaﬁytymm (vacuum pump)
AR ! v , a4 g @ 4 9 o
Puigganmeaunsondsesnld 2 dau Aeiluiuvuindeudioms (gas-transfer

4 [

@ d o > @ o P T A R il
pumps) UaTUURLUUANAUMY (entrapment pumps) laedunuuundeudienstaziiten
[ a % I'd o 9 -3 [ Yy (a [~ 1 @
Tuanavasmaeannnlsuasvesdun waziiwingduaoumsdalvllsuasianasnoudy
s e 4 o o i a o yda S
ponll  dmdlusiuuuinuinmatiuezanny Tuanavesmaer 3nAneluilun - Taonns
' 9 g A i e i A ) & Vo 9
aruiulidluveunad lunfisgnandsllungyanmeauuumasudons Fuiwovesn 1o
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anaealszinn Av
S ed A& 9 ow = == " g
1. funnmaoudhoma lngnmsinug (positive displacement pumps) Tﬂﬂmngmwﬂ
90N (isolate) 91N5891101MAA (inlet port) tAIUAADMIGTOI0INMADDN (outlet

= @ Y a [2Y I3 ' q/ % 1 54 o
port) LLﬁ%ﬂ%ﬂJﬂTﬁﬂﬂiﬂﬂi1JW]§5U'E]Qﬂ']“]fmﬂaﬁﬂﬂu“llﬂﬂﬂﬂ‘lﬂ W'J@EJNGU@\T{’NW‘Uimﬂﬂ

be

2 d ) 2
1w Junnalsans (rotary mechanical pumps)

<

'
=

)
2. flusina (kinetic pumps) TaoflusiaginauTae i Tuwusuun Tuanamaludnuagd

[

Yy A 9 1 o 9 v 1 o 4 Jd
‘1/]1114ﬂ1%gﬂlﬂﬁﬂuﬂ1ﬂﬁﬂﬂ%@ﬁu1@1ﬂ'lﬁlflﬂ ll’]JEN‘]f?N‘lHE]'IﬂTﬁE]’ﬂﬂ"U@x‘l‘ﬂilW’t]EJ'N

1 4 % ' A o dy 1 1
dotiina  @ed1avesihunilsvant i Jailedlsnszao (diffusion pumps)

& B a {

2.4.3.1 Yuninalsmns (rotary mechanical pump)
AV T G2 &
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2.4.3.1.1 Huninal smanuuuIn (rotary vane pumps)
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51 2.31 waneTaseadinvoe lsa3tludatiaiam

1. Induction 2. Isolation

3. Compression
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o i 4 = a
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¢ < a o o TRy '
1. Tswesaznyuamuduuim  ihildmagngasenainnauzgyainedigiuinieges
21mAd1 (58n91 NM39ABINALAN (induction)
s : o q Y Yy A4 A A .
2. Tawesvznyude I ihldmagnaiumnldindoun Tasn1sunuf (solation)
4 J ) [ a 3 0
3. e lsmesnyulilifoy 180 e Mwazgnomsuililsuinsianas (compression) vhilvt
Y] [4) Io ] yQI 4 1 [
ANVAUVBIMFNA WM UYL TlonnANUANLITIMANIEL BN
A @ (1) o 4 1 [ ua./’ 4] @
4. wWeannanuauvesmameludungaindiiussnmaniouen  asiumaazgnivesnly
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g
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a 4 o 9 v o 9 Y 1R [} [}
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2.43.1.2 Thninalsa3uugngu (rotary pisti

4.3.1. 901U (rotary pistion pump)
a = a 3 J g A a <
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5111 2.33 naasdnugngluveluvina lsnSuuugngu

(=4
(Y] d
2.4.3.1.3 IIZVRITUN (stages)
VI " A Jdou 1 J ' ¥ o a 3
Hinanf lnmesdufeimyuedmoluamnes Sunin Jusdeanaziae) (single stage
[~} 1o A v Y 1 v o o J~) [y 9 ) v o A1 o
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J [

317 2.34 Thiina 2 3919 (two-stage pumps)

LY e

2.4.3.1.4 MaUaman (gas ballast)
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= S V1 A 2 1w
Tugii 235 duiluileffsnsznehifideain 3 U (3 stages) SmvuApAUSZUL

@

v 1
auannalaoiizaumiy  (guard ring) ATl IR leduiundewdhgszuugyyinimia
=1

g o

9y a

Y
Usngasel Inadoundu (back streaming) JeAoeilurunzINsa (baffle) noodn lovtuen 1]

o o Yy 1y ] . w e ~
mavzgniluioannisdedoiing (backing connection) Auiluwnalsnis

ard
2.4.4 IzVIUMIATBUT ANV IBMITUNEES (thin-film evaporation processes) [Ohring,
2002]

=\ a d 9 ada o w ~ 19 1Y
A5ASENN ANV 1AIITATT ILHUENT ‘ﬂ%ﬂWﬂuiuﬁﬂJﬂﬁﬂ?ﬁﬂﬁgﬂUﬂUWNﬂuﬂﬁgﬂ'lﬂl

7]
v

a
-5 X -7 d o 4 a a o 9 ada A A Y
10" 99 10 W99 mqﬂﬁzfmﬂmmmimsﬂuﬂaumammﬁu A8 NITAIUANNITINTDULNY

' o A 9 @ ' @ A Y o v a
DEADUINNUVAINUUANINNIDY thENLLW‘L!i@Qi‘U (substrate) Vlﬂ"l\'i’ﬁ)ﬂﬂ‘lﬂ LHATNUDUNULNA
3 o aa a Jd 9 3 a2y @ ad 1 d':?' 1 =2
qu\Imea ’J"ﬁﬂ'limiEJJJWmJ‘lJNﬂ’JUﬂﬁﬁ%LWUﬁTiuuNﬂ’JUﬂuﬁﬂWﬂ’l‘ﬁ Lm“lu‘wu%zﬂmam

= = =~ Y ad Y 9 8
IWEN ﬂ']ﬁmﬁﬂllﬂﬁllllNﬂ"]ﬂ?'ﬁﬂﬁimﬁﬂfniﬂ'wﬂ?']lli@u (thermal evaporation)

2.4.4.1 9NIINIIZNYATT (the physics and chemistry of evaporation) [Ohring, 2002]
ad @
INNITNADIVBUIINUASYALY U (Hertz and Knudsen) @Gli1ﬂ151ﬂﬁﬂlﬂﬂ@$ﬁﬂuﬁ§8

Tuanalugagnd Minunasiuiaauseu (heat source) Ao

3.513*%10% ; A s a
eszc Tyanoms1UsUALAT-IHIN (2.54)

~ A [ o A ~ ' ] Ay A
Tagh @, Ao WANBUBIIIUIUDLADNNTO IUIANVDIAIINILNBADNUITNUNADLIN
P o mmﬁuauﬂa (equilibrium pressure)

A
M @9 wraluana
T fe gungiluniiunaiu

A a o J o ) v
4D P‘C SJWM’JEJHJ‘HVI'E]S ANIINITILLHINIANT (mass evaporation rate) ’c’f’]‘iJ'lﬁﬂﬁ'lllﬂiﬂﬂ

[, =584*107(M/T)""*P, nsuaomauauamas-3u1i (2.55)

Tagh T, flo YI0UDIBATINTTLNYET
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= [ -2 d o s -4 o 1
NANUAU 10~ NBIMMVDN I“e Glu'ﬁmmmummznmﬂﬁzmm 10 NIUMDAMITI

v
a daAaa

v
IUANAS-IUT AuTudaNTanTadesnIMIssMems fe gungil wszaziinanszny
WINABANNAUANAA
2.44.2 mmo“fu‘lammmq (vapor pressure of the elements) [Ohring, 2002]

v o J ' a v @
anuduussznegungiuazanuau lo uaaslddeaunms

dP  AH(T)
dT _ TAV

(2.56)

1 " v a [2J yd [ a 1 g
a1 ar dawmtulsnasvesle (v) uaztatidumalugauaduds v, sxiiauilu

Y v
RT/P §91 1 @owaanish (2.56) Tuu 1diiu

dP_ PNH(T)

2.5
dT RT? =)

Y

NANsEuaa A (1) Sauniny 48, (Awdeuvesans lunsszve) Tunsdiies

AH p AH
InP=- =+ R0 £ = 7p— < (2.58)
RT RT

A A 3| ' = a a
Wo I (V7o P, = exp I) W UAININVRIMIIUNNTA

TEMPERATURE  (K)
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i
e
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104/T (K™)

{ v o Jdo

517 236 nsmluaasainnuan levessig Tasgadig o wwduiusiuganasumad
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2.4.4.3 yrassuiannuFeunldlumsszmeasae il (electrically heated evaporation
source) [Ohring, 2002; McGuire, 1988; Harris, 1989]
2 A Y am ) ) ) 9 v 1 £ o o
TunsnseuAduDI9A83TTEMEA1IAWANNSBU zded INANNSoULAa1TNIAITI

Ay o A oA 1 o o Y Yo 9 A =i o g
NAVINTUINUAADUNILNHUIDITU Iﬂﬂﬂ?qﬂuﬁﬁﬂzcl“]fﬁ?ﬂWu‘ﬂTHﬂ5’0‘11?\?13%141!83141 Lﬂu

De

150 a 1 é o Y a 9 d’w 9 A
Ltﬂﬁﬂﬂnuﬂiﬂﬁlﬂﬁi}'IEJﬂﬁﬁuﬁ‘l‘t"l‘ﬁ'1“]5\‘1%31/]11‘Hmﬂﬂ'ﬂuiﬂuﬂluﬂﬂ’mﬂnfﬂu NI9URNaIn

vy

~ o Y ' o a Y =) a @ = = ] Jou
mumm"lﬂ HATINUUANNUIDUUNATYUA ﬂ\iglhfl 2.36 LLQ$E‘1J°V] 2.37 LL‘U\‘JEJE]ﬂIlﬂﬂ\‘m

2.4.4.3.1 WiaanIHArHARIANITIAY (tungsten wire source) [Ohring, 2002; McGuire, 1988;
Harris, 1989]
1 o A a d" 1 ) a A o I a
uvastuiiariadizoglugivesuaniaiuseuifmieviuratvsoy Wuinden
= a Yo @ = yd3
nssnszuenwsezinu  TavvandmndemsanszuenslddmsuTansivaenazaiw 1457
dmvaadngl Tausg 15 1dd A0 Tanzivaenazaiodn yaadasamua o 1d

' Y
WNTENIQUNAN 2200 tADIY tAUANHYsEaNTAmIZaAAS
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2.44.3.2 !!“r‘iﬁ'ﬂﬁ]lﬁﬂ‘ﬂﬁﬂ!!ﬁﬂhﬂzmgﬂ (refractory metal sheet source) [Ohring, 2002]
unaanuilastiaudulangasgy wu Memay, unumay wag Tnauady szmilouny
7 & A = Y v 9 Y a1 v 9 '
gunsaliiduvaadn Ae Uanwdumuludues wasldnnudeunawssdudunnszuags

1 o a 1 dy 9 d? 1 1 [ [ dl
Lmmmmmﬂam%zgﬂﬁﬂwumiugﬂsmma 9 NU ﬂ\‘lgﬂﬂ 2.38

Resistance Heated Evaporation Sources

ot — M:xc\ y,.w,«w,wm\_.u. ‘”%;:{;;;
ﬁ‘?g’,,}’; foil dimple boat
wire hairpin
X
iire heli:
i, foil trough
........... W st
Pl e i

chromium coated tungsten rod

wire basket

B et

—

U7 2 38 uarasundsd uiannusounldszmoasate Ifuwusig

2.4.4.3.3 TSN (sublimation furnaces) [Ohring, 2002]

v o =3 o o a a
Tumsszmie dalla, dalua vazasdszneveonlanuiain azdoaldinsiiia
o {3 v 4 ] ¥
ginsailumssemeaeiidumanionasama  (pellet) aeiM3IduruAzINTS (baffle) WD

{ <} 4 = { o ]
ﬂﬁmﬁmmsﬂsgmquﬂ@aﬂuwmwmﬂ Lﬁmuwmmsmgunﬂummﬁ”wﬁamuumﬂu
U [ a :ﬂ' g a 3 2 % é L] Y A
Lmaammm‘waﬁmﬂumgmﬂ"lﬂtmzmﬂmmuimsu muwumuﬂia%aauﬂlwTmaqa Pl

v
pzaonuaIaswiumu 18

2.4.4.3.4 ihyiaew (crucible source) [Ohring, 2002; McGuire, 1988; Harris, 1989;
LY J
FeINe, 2526)
1 o a Y a dy = [~ Y 2 9
L!fﬁﬁ\‘iﬂ%uﬂﬂ'ﬂﬂ5@1!‘111!@1&%%Nﬁﬂﬂmzkﬂuﬂﬂﬂﬂiﬂﬂigﬂaﬂ “IN’diNﬂﬂﬂ']ﬂI‘]Ji'ﬂu, '11!
o 4 Y < J Y Y v yJ
lasn, unsla, oonlad uazlanznuanwudougs Wudu dareegldsuanuiounnuaaia

@ £ 9 ' y
‘VNﬁlﬂumqaauﬁaﬂﬂgiﬂﬂifﬂUﬂ’Jﬂ
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2.4.4.3.5 mstszanamgamgiivewnasdutiannuZeur HAR MUY (estimating the
temperature of resistance heaters) [Ohring, 2002]

“lumsaammuﬁaﬁuﬁﬂmm%’@uﬁ’aﬂ"lﬂ‘ﬁw MMTUsTUUMSITMes msdszina

o w

1 a < a a v o i
ﬂT@qmﬂQ?J“Uﬂ\‘i“Uﬂa'Jﬂﬂ'J"liJ?ﬂutﬂUﬁﬁﬁTﬂi‘g ﬂ']UclfgljﬁlmGlﬂTuﬂl@Qﬂ?’luﬂﬂJWHﬁﬁ%ﬁ?’]ﬂ

o w

1o @ a o w a1 g ~
fae il (P) vesumastwiuguugiivesuaadn srde i p Gauthu 1° R wie vV /R Taud

I, Vuag R Ao nszud, usaau uazanudiumu i ewdey dmsuvaaltnnimenn L uag
Vv ]

wuidaunaiu A, Mdsliihannsadousglugl
P = 270 0 QN TNOIY LA« (2.59)

v
aumstiauuanmanmdniliih o0 veslanzannsolsenialdnngunnd

T §NUFURUT o(D) = p(0) [ /7 ()] " TagN p(0) AD AIVDIAMINATUMUN U NS94

Q u

T (0) uay n fo dndlaenalfeziidntnlng 1 wievzamisalszumaigaugiing

' Y
frde lfhnsaedh liludaihifveasaunssdaudouniy  lunsditlesdulilnunguesan

L4 2 @
Wm—ha%mu (Stefan — Boltzmarn law) G]fﬂllﬁﬂﬁllﬁﬂﬁﬁllﬂ'ﬁ

P e M 7 (8) * | (2.60)
Tag P~ Ao MMAINIIUNSIT (radiated power)
A 1 1 v v a £
€ Ao AMIUaosnasnuIIFINHININ
o Ao ansnvesaeyhy =567 * 10 W/m’K*
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A fo WUNRIveIUARIN

S
'
AA o

a dy o o v o Y
Iﬂﬂﬁﬂﬂ’]ﬁﬂ (2.59) uag (2.60) UL'}’TaJ'lgf’f']ﬂiumﬂﬂjﬂﬂ'ﬂﬂﬁﬂuﬂyaﬂymgiﬂULﬁu@ﬁﬂ

IANIUVUA

2.4.4.4 M3szmeasUseneu (evaporation of compound) [Ohring, 2002]
4 [ o 5 4 a <
Wesnnasdseaovziilosousualvgnilane  daiudesufianarudlyloudn
\ ' Sy dg s A Yo
dtlsznevvedlovzaraldnnmsasduiiduvesudmSevounan amnsouaas 1das
{ ] L o o i ' [~ d
A3190 2.4 w4 M15dszneuvesd1snedimy 1-vI 1aun Cds, CdTe 1oy CdSe Wudu e

> M, + % X, , 100fl X

I~ a aaa o A el [V dy
szl lovziinll§ATe1nsuandavon (dissociation) A9 MX e
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(S)

FiavoI asen

Ugnsenil

ADE

m3sszieo Iaelidmsunndn

MsuenaIulsznou

M3szime lasMsuana’

) 314 1a9 Tus

@) 00 lag

MX (s 38 1) > MX (g)

MX(s) > M(s) + % X, (g)
MX(s) > M(1) + 1/n X, (g)

MX(s) > M(s) + % X, (g)

X =8, Se, Te

MO,(s) > MO(s) + %2 O, (g)

SiO, GeO, SnO, AIN, CaF,

MgF,
Ag,S, Ag,Se

é e o 1
qAIANAIUINGN 3,5

CdS, CdSe, CdTe

$i0;, GeO,,TiQ,, Sn0,, Z10,

- Tane, X = olang

a a Vv a a 1 = ard Y ad
2.44.5 E)‘l’lﬁ‘l"l’s’ﬂlﬂdiﬂ‘NET‘JNW\‘l!i‘mﬂilmVIE)‘S%‘U“Umi!ﬂ‘iﬂﬂ‘l"lauﬂﬂﬂ%ﬁﬂﬁizmﬂ

(deposition geometry) [Ohring, 2002]

~ s q’.:l Y Aa 1 a0 O P 9
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P— Y
. @ Y ] @ ' @
1NNITILINY (total evaporation mass, M, ) amnsaialanmiminvesaisaounlaznaisme

1 Y
u,mﬁa‘wmmnmmﬁuummﬁum (surface source) mmammmsmﬂmssww%m"l?fﬁ]m

M, = H O, dA,dr = Hl"dAdt
04

(2.61)
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Point Source Surface Source

31 2.39 uaasgluuumsssievesds
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911n3UN 2.39 dA, Ao NunRIvonsInaw 9z 18731dA. = dA, cos6. aariu vzilauily

— F,cos@
dM, = dA,| ——— (2.62)
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HoNnsaNIsseredIsnamaIfulan iR oy mamﬂﬂimmmuwuﬁgﬁﬂuaﬂ
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(The Joint Committee on Powder Diffraction Standards)

I Pattern ; 49-1302 Radiation = 1.540598 Quality : High

I
(CdygZng,) S 2 1w k|t ;
24836 69 1 0 0
| 26527 48 O 0 2
| Cadmium Zinc Sulfide 28.204| 100 1 0 1
36648 27 1 0 2
43738 45 1 1 0
47.870] 30 1 Q 3
e 50,9268 ] 2l 0 0
S 51873 3 1 1 2
| Lattice : Hexagonal Mol. weight= 135.06 52854 19 2 Q 1
| 54.628 3, 0 4] 4
5.G.: P63mc (186) § Volume [CD] = 99,58 58.300 3 2 Q 2
: . ] 60881 2/ 10| 4
a= 413750 | Dx= 4505 66838 10| 2 0| 3
| 69.325 4 2 1 0
| 70.932 7 2 1 1
| P24 Al =1 4
| c= 6.71580 ; 75529 98] 1] 0l 5
i i
! L= 2 |
|
|
| SAMPLE PREPARATION : Cd CE2, Zn CI2 and thiourea were mixed in an
+ alkaline solution, which was heated to 85 C and stirred for 30 minutes. The
precipitate was filtered, dried, ground and heated at 300 C for 2 hours under
nitrcgen, then 800 C for 2 hours under nitrogen.
UNIT CELL DATA : Reference reports: a=4.14, ¢=6.716. |
GENERAL COMMENTS : Call p ters g ted by leastsq |
refinement. |
|
Pattern ; 40-836 Radfation = 1.540398 Quality : Not indexed
Cd; 232Ny 57 Sqp 2th 1 h k !
25502 61 1, 0 0
27.081 100/ © 0 2
. Cadmium Zinc Sulfide 28.776 43| 1 (4] 1
i 37.442 5 1 4] 2
| 44833 81 1 1 [+]
| 48902 10 1 (4] 3
52.230 2 2 0 0
] 55.696 4 0 (4] 4
Lattice : Hexagonal Mol. welght= 1314.43 120.554 2 3 1 3
| 148.685 2 3 [4] [
. 8.G.: P&3mc  (186) Volume [CDJ= 93.21 i
a= 4.04200 Dx= 4683 !
c = 6.58800
Z= D |
COLOR : Yellow
GENERAL COMMENTS : Pigment.
SAMPLE PREPARATION : Mixed sulfide of desired composition was
precipitated by reaction of water solution of Cd { N O3 )2 cantaining zinc ions
with salution of BaS containing excass sulfur, The precipilate was filtered,
| driad and ground and subsequently calcined in an inert or reducing
atmosphere at a minimum lemperature of 400 C,
GENERAL COMMENTS : 27.7 mole % ZnS. |
GENERAL COMMENTS : The infroduction of ZnS into CdS forms a solid |
solution with concomitant variations of lattice constants that cbey the follawing | i
empirical relaticnship: a=4.131-0.00134 P; s=0.003, ¢=6.713-0.00458 P, 1 |
§=0.004, where P=male % Zn$, s=slandard deviation. |
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| Pattern : 244137

Radiation = 1.540598 Quality : Deleted
| ZnggClgy | M| b kI
28466 100 1 101 |
2 32852 10, 2 0 O
Sphalerile, cadmian, syn { Zinc Cadmium Suffide 47280 S50, 2 2 0 |
| 56103 30 3 1 11 i
§' se8e, 2 2 2 2
69415, 5 4 0 O
68721 <A0) 3 9 4
78600, 20 4 21 O
| Lattice ; Face-centered cuble Mol. weight= 102.14 gro89) 10, 4 2 2
| : : 94855 6 &5 1 1
S.G.: F43m (216} . Volume [CD] = 160.46 pemf06,550 =3, 4| 4] 0
1 1139007 =G "G 3| 1 f
a= 543400 D= 4228
i s
7= 4 fcor= 640 i —
; Fo
i k |
l
| |
| Pattern : 40-835 Radiation = 1.540598 Quality : Not indexed
fr_.¢ ,,,,,, | . . ol 8 Bl 5
Cdg 05 2N 65 S10 2th 1l h k i
25208 89 1. 0l o
26914, 90/ 0 0 2
Cadmium Zinc Sulfide 28.587| 100 1 0 1
‘ 3z2al st L1[—0| =2
! 44370, 76 1 1 0
| 486241 36/ 1/ 0 .3
51847+ 10, 2| 0|0
i 55404 /31 0/ O} 4
Lattice : Hexagonal i Mol. weight= 1352.99 118.784 3 3 1 3
146514 3/ 3/ 0 6
5.G.: P63mc (186) Volume [CD] = 94.94 147575 Y2i\ N w24 1
: . 156.350 =3 ‘3| A 46
a= 4.06900 | I 'Dx= 4733
‘ = 662100 |
‘ z Z= 0 N
, i
COLOR : Yellow

GENERAL COMMENTS : Pigment.

SAMPLE PREPARATION : Mixed sulfide of desired composition was
precipitated by reaction of water solution of Cd ( N O3 )2 containing zinc ions
with solution of BaS containing excess sulfur. The precipitate was filtered,
dried and ground and subsequently calcined in an inert or reducing
atmosphere at a minimum temperature of 400 C.

GENERAL COMMENTS : 19.5 mole % ZnS.

. GENERAL COMMENTS : The introduction of ZnS into CdS forms a solid
solution with concomitant variations of lattice constants that obey the following
empirical relationship: a=4.131-0.001314 P; s=0.003, ¢=6.173-0.00458 P;
5=0.004, where P=mole % ZnS, s=standard deviation.




| Pattern : 24-1136

Radiation = 1.540598

Quality : Deleted

Il

|

ZnggCdy4 S

Wurtzite, cadmian, syn / Zinc Cadmium Sulfide

Lattice : Hexagonal Mol. weight= 102.14

S.G.: P63mc (186) Volume [CD] = 80.33
a= 3.84110 Dx= 4223
c= 6.28700

Vicor=_2.90

GENERAL COMMENTS : (002) may be observed as the strongest reflection
due to preferred orientation.

2th Il h
26.8321 1001 1
28383) 65, O
30.389| 100 1
39402, 40 1
47.280| 70 1
51502/ 65 1
55.187| 10/ 2
56.066| 45 1
57.246| 15| 2
58.683 1 0
63204) 8/ 2
65.651 1 1
72481) 200 2
75.586| 8! 2
773261 10] 2
786131 .2 1
81.757, 14 1
82524) 6| 2
87989, 8/ 3
91.215, 18 2
94618, 2, 0
94.855¢ 8/ 3

100348, 8| 2
100.900, 4 1

=

CO0O0 L0 A0 2200000002000 0

AONOWONHE 2CWAENDAaNOWAN-_2NO

Pattern : 3-1093

Radiation = 1.540600

Quality: Deleted

ZnS

Waurtzite / Zinc Sulfide

Lattice : Hexagonal Mol. weight=_ 97.44

S.G.: 0) Volume [CD]= 7791
a= 3.80000 Dx= 4.154

¢ = 6.23000

| DELETED AND REJECTED BY : Deleted by NBS.
| SAMPLE SOURCE OR LOCALITY : Specimen from Pribram.

2th 1|« @)

271465| 50| 1
28587| 70, 0
30699 30/ 1
47835 100 1
50.978| 30
56783) 100/ 1
72675 10|
76809 730 2|
79079 30
83219| 30
88.898| 70
92.004| 30
95578/ 100, 0
99401 30

- 000 =

h 3

-

o —-=NOo




| Pattern : 2-563

Radiation = 1.540600

Quality : Deleted

Cds

Greenockite / Cadmium Sulfide

| Lattice ; Hexagonal | Mol. weight= 14447

S.G.: P63mc (186) ; Volume [CD] = 99.90

a= 414200  Dx= 4803
- Dm= 4820

¢ = 6.72400

DELETED AND REJECTED BY : Deleted by NBS 6-314.

COLOR : Yellow, orange

MELTING POINT : 780

OPTICAL DATA : B=2.506, Q=2.529, Sign=+

SAMPLE SOURCE OR LOCALITY : Specimen from Bishoptown, Scotland,
UK.

2th

25.064
26.832
28.587
37421
43.917
48.104
52230
68.765
66.763
71.403
72.675
75.374
80.678
83.219
86.907
92.094
96.811
103.334
108.024
116.471
141.872

80
60
100

90
90
80
30

60
30
60

60
40
40
30
30
30

20
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