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Undoped SnS and SnS thin films - doped- with Cu' have ‘been deposited on slide-glass
substrates at temperature 370 °C by spray pyrolysis method. The starting solution was prepared
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range 0.05-10.0 wit%. The crystal structure and surface morphology-of the films were studied by
XRD and SEM. Energy gap values of the films were evaluated from the optical transmission
spectra. Electrical resistivity and Hall effect-measurements were.performed with van der Pauw

configuration. From Hall effect measurements at room temperature, electrical conduction of all
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2.2 ANTAMUAIVRIA 13NN
2.2.1 anvazlnssainavenaunaany (Kittel C., 1971; NuHng taznas, 2545)
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(Fermi - Dirac distribution) AN (2,14)
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1
f(E)= expl(E - B¢ Vk5T]+1 @14)

4 < o T P a d [
e f(E) fe WeddumsnszeionSeanuninziluiiszwudidnaseulussdy

o i = o . g . . .
WA E ﬁqmwgu T Glﬂ”] UWUUINSH (fermi-dirac distribution

function)
o o L) R
Ey Ao szAUNAINUNS (Fermi energy level)
A ' A Lo A (Y .23
ks A0 AIANUDI VAR Y- AR UL 1.38 x 107 /K
=1 F=Y [} =Y
T A gungiiluvyavueunaiu

lumsfsananunTwiuwne s lugmigauqannudoumuisausn 1aid
o[k

o = é LY s AJ 0 - " fa q' =Y qq‘
2 N3 A9 ATMETINIAIUINUIGNT (intrinsic semiconductor) NYWUUNN 0 K woznsalnas

é %3 [-] d‘ 1 =y a’ e . .
i TuSqnF (extrinsic semiconductor)
2.5.1.1 a19nIRIssHABUNSUAN

A [ o dl = add' = a ﬂ‘ Q. ] =y a = =
Tusasnednhimusaniaguugil 0 \K #iedrsnedniigiiadunsudn

. . L . a d 9/ 3 @ g/ g o’ o t:‘
(intrinsic. semiconductor) BlaNw soUgANIZAUAIINAI THAT WS o udu Tl daoutiwazis
P (Y o o o o 1 £
Teasuawmitu T uwearuauda aidimuald N(EWE ilusiwauaonislunauinenile
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U e 1
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n(E)E = N_.(E)f(E)dE (2.15)

ﬁ' =) 1 L e Q £ 4
s Ne A9 ATINHHMUUYDITN1UEWANIU (density of state) Tuwouii aiie

v ] ¥
WITRNNNIATENANNANING T BT Inauuazigad 1 gaegaRe Iy

3

Y N 302
2
NC(E)=2J{ ':J E'” (2.16)

& * A o . ad °
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; Sk T
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a0 IuzRugIuvetazaoul ¥ 1InauMsN (2.26), (2.35) uay (2.36) mnsadion1d

v ¥
Tugtvesanmsii (2.37) Al

n® +n(N, + N.)~ (N, - N, N, =0 (2.37)
lf;’e) N! =BN exp| — Eqy 2
¢ <EXP K T (2.38)

n eglugivesaunsnIenTiandeisNvesaLIIAE
n:—%@h+NQ+%kN(Hﬁf+4NJNd—NJF (2.39)

{I9'Ey >> kyT-Hay N7 sziiantion 15100150055 90a00159 (2.39) mouiae a1y

yiie 1dRIUDUAIHN T (Binomial seri¢s) 9218

n:—[u)+—;~(Na+NL)+NC(Nd —Na)+

2 N, + N,

NU(NG N

H Aot oo
N +N. (2.40)

81 N, >> N/ aunsii (240) 9naeiiu
NN =N N - N E,
— ¢ as_ al AN exp| —

n ) 2N, BN exp kT (2.41)

¥

$1 N, finnlosanniife Ny >> NN, il aunisi 2a7).awsnangy1dd

n2

—-N. =0 2.42
N, (2.42)

- E
13 nz\/BNchexp[— “} (2.43)
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vyl maunisi (2.42) Weguugiidinsaunsena N, < n < N, UazannaImauns

11 (2.43) iiioguMilannInuAITENI n <N, <Ny

252 amnmumu i ezasinnaes (wiingd nazanz, 2549; Kittel C., 1971 ;
Nutiag uarAmy, 2545; Runyan W. R, , 1975; tmq‘n%, 2538; Van der Pauw

L. J., 1958)
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lundngaunansondnauysol (ideal-or.perfection crystal) M3lAADUAVDININE

i =2 o a o H i H 4
Wulieonsdase auwldiinintion o) 11 l¥sianaseuMadouiidroniusa v Inss

v ~ w =)
AULTIANIN UUND

dv_

m,— =eg 2.44
T (2.44)

< A =

1o Qs = 1 &4 2 A ¥ 5 ] 2
memuwaﬂ%wsewan"lnﬁuuusmimfluwaﬂwﬂiznaumwwﬂwmawammu

'
A A

v o
a1eq Thun Tasawdniflezasuvesmisiiatu laswwaniinaginsefiadiod luuaz Iuou

b,

ﬂ 9 P 3 a = 1 d”l o 3 -1 A = o @
IHURAU ﬂ']ﬁ“V]W"Iﬁz"Uut‘lnﬂlJﬁﬁlﬂﬂ1uUﬂﬁJ1ﬂ11ﬂﬂ31Mli]1uﬂ'ﬁLﬂﬂf)'l«lTl‘UﬂQ‘W']’HZ NITNA

9

a

8

al 2 = d” 4 v 1 ¥ o
ANITHINI(steady state)°1N%ztnﬂﬂjumaﬁmmmmu"lﬂummmuﬂﬁ:mm"lmmnqauum

¥
Y

A ' o = g v = v S a1 L5 <
¢ — 00) HIDNTUNNISVUATUHINIFANISAUYALYIND 1N T U (thermal equilibrium) ALY

) = [~ " A
'ilzulﬂﬂ']lsﬂﬁﬂ‘llﬂﬂﬂ'J'liJﬁ'Jﬁ'ﬂU!ﬂﬂumﬂﬂW"lﬁz Ao

T
(v) =et < 2 (2.45)
mC
A A ' o A a . & ' P
We 1 AN Funaundsnlaoanisnszg (mean free time) Faflurraaiwine
A iy a A o w P
maau‘n"l@naum:nm’snsxmnu Tatw

T= (2.46)

\%

A A o A a & o

e 1 fio szezmundondasnn1snizide (mean free path) Sailussuznian
- UK P = a  w
wmmﬂaauﬂﬂﬂauﬂﬂzumsns:mnu

- o &
v A9 ANUTIAYINDUYDINIVE



30

HUANURUIUUYDINT LU

J= ne(v) (2.47)
2
ne (vt
wld J= ﬁs (2.48)
me
A ¢ & a
iinengveslovudsiiomlay
J=o0¢ (2.49)
i o/ e aawirindh (electrical conductivity)
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pe 7 =y (2.50)
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e Ry = =— (2.68)
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Ry=— (2.74)
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Joseph Prince J. ngAMe, 2002)
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258  nalnmsnsz@amne (Kittel C., 1971; nuiing uaznaz, 2545; Kodigala

Subba Ramaiah* uazay, 2006)
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. 2z%'m g(x) 43
Qi= [ N,
337°) 1 (dne,£)

Tay g(x) = ln(l +fj —(1 + i)‘
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d 1
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2.7 NqUHVIA3A Drude’s theory) (NuTINE uazAMY, 2549; Kittel C., 1971; Nuiind uaz

ANy, 2545; Shanthi S, uazAny, 1999; Elangovan E. uaznay, 2003)

¥ =4 1o a g a <o .
1M lamgunisdsznuvesnguimdianasoudaszinsi (free electron Fermi

v
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. . 1o @ o aq ) o o o
gas approximation) HUNMANNTNRUT Ve ladianas AU UAMIANUAvoINdIu TH

aouiluFIdumsh (2.100)
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a ad =4 Y .
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[Cu)/[Sn] Resistivity (x10° Q.cm ) Sheet Resistance (x10° Q/sq )
(Wt%) Darkness Illumination Darkness INlumination
0.0 7.36 2.32 73.64 23.20
0.5 5.08 1.63 50.77 16.31
1.0 2.38 1.52 23.83 15.24
5.0 0:89 0.12 8.99 1.25
10.0 0.16 0.05 1.63 0.56
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Hall Carrier £ Mean Free
[C(:ﬂt/([,/s;l] Cocefficient Concentration (l\cq;?/ﬂ‘;t:) Path
A (x10* em*€)" 1| x10" cm? ' (A)

0.0 2.00 31.40 0.03 (.04

0.5 19.00 3.29 0.37 0.24

1.0 13.00 4.81 0:55 0.41

5.0 8.00 7.81 0.89 0.78

10.0 3.00 20.80 1.84 222
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Mosburg et ai.

i "U.S. Geol. Surv. Prof. Paper, voluma 424, page 347, (1961} primary

*Handbook of Chemistry and Physics, (1973) optical data

Radlation : CuKai
Lambda . 1.54050

SS/FOM ;: F30= 10{0.0280.106)

Fiiter : Beta

d-sp : Not given

(Y]
9/ = w A o 3
VD NAM I AUUHUDIFIADONBUDI SnS
U
Pattern : 14-820 Radiation = 1.540598 Quaiity : Deleted
Sns 2th i h ok i ‘ l
219840 5| 1, 1} 0
26.025( 10 112 0 i
Herzenbergite, syn / Tin Sulfide 27.481 15 0 2 1 {
30405 5/ 1 O 1 :
31.578 25 1 1 1
32.019|..100 0 4 0
J0046) 15{. 1| 3 1
. 42,549 2 1 0
Lattice : Orthorhombic Mol. weighta 150.75 44740 10 1 4 1
i 45595! 10. 1| 5[ ©
§.G.: Pbnm  (62) Volume [CD] = 192.66 48.541 5 2 1 L]
e 51.347 5 1 5 i
aa 432800 Ox =-5.197 53.178 1 1 2 2
1 53.446 5 1 6 0
- b= 1119000 / Dm= 5.220 54.094 1 2 3 1
| 542675 0] 6 1
¢ = 3.97800 56.707 5 0 4 2
. 63.981 =¥ 2 1 2
ab = 038677 Z= 4 64128 5 2 5* 1
66.602 1 1 7 1
/b = 035550 66.817 70 0 g 0
71403 1 0 8 1
73.595 1 2 7 0
75.234 5 1 8 1
MELTING POINT : 882 C 80.272: 5 1 2] 0
COLOR : Black 84,568 5 1 9 1
SAMPLE PREPARATION : Synihesized by heating Sn + S in evacuated silica 90.569 ! 1 1 10 0
tube at 600 C for several days. Material ground then annealed at 600 C for 2 90.890 | (] ol 8 3 ,
. hours before diffractometer run. 91.215° 5 2 g )
- GENERAL COMMENTS : 0k0 peaks enhanced by preferred orientation. 95.456 1 1 2 9 1 :
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! ADDITIONAL PATTERN - To replace 1-984. 104.517 1 4 5 0 X
| GENERAL COMMENTS : Compare teallite. 106.511 1 1 11 1 !
3 GENERAL COMMENTS : Validated by calculated pattern. 108,007 1 1 10 2 |
{ GENERAL COMMENTS ; Measured density, cotor and meting point from 111.374 ) 15 0, 12! -0
i Handbool of Chemistry and Physics (1973). 112.990 1 24 7 3 .
| DELETED AND REJECTED BY : Deleted by 39-354. 113.480 1 4i Q3 2
: 116.024 1 0i 12 1
| 120.059 1 2 100 2
! 120171 1 1012 1



v

Pattern ; 83-1705

Radiation = 1.540600

3 [ d
VBYAM I UVHVBIFITON VDI SnS,

Quality : Calculated

81

Sn 8,

Berndtite-2T / Tin Sulfide

Lattice : Hexagonal Mol. weight = 182.81
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Sn = 11871 nfwlua
= 1401 aswlua
H = 101 ELUANE
= 120L" asuw/lun
Cl =, 3545 —asi/lua
0 /= 1600 —n3u/lua

= “16.00 _-n5u/lua

¥ [ $nClL+ 2H,07 | = 225626

WA | CHN,S = 104.174
SnCL+2H,0
C,H,N,S

=Y :,', 9/
anfSnum Iy

nsu/lua

AU/ lua
= 2251626 ASY/ans5
= 104.174 n3u/ang

- =P . 3
MIWMTINT TS DIINUAMUNUUYD Sn 0.1 Tlla

1 Tua

0.05 g

9
mgasiudesld  SnCLI2H,0
SnCl,+2H;0
SnCl,+2H,0

= 225.626 NTu/aAT

S 11.2813 LR ULGIGE]

11.2813 p3uli@Isazate 1000 adans

= 22562 nsuluasazaile 200 Hadans

= 45124 nsulumsazaiw 0.1 Tua

= e ¥
MamIsuEIIazaeninNUINIUYeI CHN,S 0.1 Tua

C,HN,S
1 Tua

0.05 Tua

= 104.174 NIN/ANT

= 104.174 NSU/ans

5.087 NSu/ang
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C,H,N,S = 2.0824 nsulumsazaw 0.1 Tua
dau idownon [Cu)/{Sn] 0.5 wt.%
IERRLILTEN Cu (1x2.37)/100 03y
Cu 0.0237 AU
w1 lumnaves CuCl; 134.446 niu
VPG SnCl+2H}0 225,626 Y
SuCl, 225.626%(0.5/100) n3u
CucCl, 0.0025 n3u
o dlonsou [Ca]/[Sn] 1.0 wt.% N3N
IETRLILILN Cu (1x2:37)/1004 N5
Cu 0.0237 niu
w3 ueNaves CuCl, 134.446 a5y
UINUDY SnCI#21L0, 2251626 A5
SnCl, 225.626x(1/100) N5
CuCl, 0.0451 N3
s itensoy [Cul/Sn] 5.0 wt.% niu
I TRTIEILE Cu @x2.37)/100  n3u
Cu 0.0237 n3u
w1 luanaves Cucl, 134.446 nsu
UINVY SnCl+2H,0, 225.626 niw
SnCl, 225.626x(5/100) N5U
CuCl, 0.2256 niu
iy iowson [Cu)/[Sn] 10.0 wt.% n3u
IETRLILN Cu (1x2.37)/100  n5U
Cu 0.0237 n3u
wnluanaves CuCl, 134.446 iy
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