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Structural and Electrical Properties of CulnS: Thin Films
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Abstract

Single-phase CulnS; thin film were prepared by E-beam deposition and the effects of its annealing were
investigated. The S/In/Cu was stacked from S, In and Cu by EBE method and then, In the nitrogen
atmosphere, the stacked layer were annealed to convert chalcopyrite CulnS; thin films. and that result we
obtained p-type Chalcopyrite CulnS; thin films, Its resistivity was 0.03~0.0072cm, Hall mobility was 0.07~

0.1cn’V™'S™ and Hall concentration was 10% %cm’, respectively.
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TAA dolnz, 72+ 44 FFF dAHTRL 9/
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7] &)X dAFYLEE 200~700C WA 100C
Zhez HAA 7MAA 77 3024 AT

E Aol AFg AHY AFEL vander pauw
methodZ ZA3Ren, 224 &L Jge2 ¥
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A& dote FRHENLS X-A HEAog ¢
gEHe] AEEAE Energy Dispersive Spectrosco-
py(EDS)E, EWPAL SEMe®, 183 #AY 2
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Fig. 1. Calcurated X-ray patterns for CulnSs.
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Fig. 2. X-ray diffraction patterns at various anneal-
ing temperature,
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AMe= 7 BGEEAA GAFIo) HA) guAe
2 AZdd

40TS 500C ANE 74 42T Aejo] Bgo] T
dstA dojuk @4 CulnSy dheho] 2 AU €
A2 x 50T dNe X-4 d83=7n tdELEd
v Z7pstgon dabe X-AMsAde] HYUHIE &
FWHM.(full angle line width at half maximum
intensity) £% #4sigoh gatviZes gHad
HEotsw waEHy JAWLS gHs FNEY F&
BAg oAt

AX2LEE 600C 2 & 2% 27° 299 CulnS:
AL AR a gtde] 30° 2% Syt 24 A3
o oA oz AAse 4%E Uehddrh 2 o]
fE 22EAMEE JAHY 7 447 7Y9ENe
dod ©A CulnS; A%s7E Aol Cuwt AFE
(re-evaporation)d ZAoZ Azt

E L ARG 2¥Ad e X-d HHEY

{a) 55-5-2 (b} 53-5-2 (c) ref. 7
Table 1. Calcurated and Experimental X-ray diffrac-
tion data
calculated observed 28 values &
M_ deviation( 428)
ah e e e @ ® @
intensity 28 420 28 428 28 42
106 834 001 30 0« &« xx %
556 1584 002! 20 = * * * * *
487 1820 101 Woox o2k x &k

316 2824 112 100 275 -074 2175 074 218 -024
304 2938 103 5 303 +092 « * * *
274 3268 200004 30 320 -068 321 -0538 325 -0.18
23 3764 211 5

204 4442 23100 5 * * * * * *
194 4684 220204 B0 4595 -0.89 4625 -059 465 -0.34
166 95536 312118 60 548 -056 547 -066 550 -036
1581 5798 224 W ox ox ok x ok
1370 685 400,008
1266 7504 316332 30 * * * * * *
1128 824 228 B x4 x & x 2 x
Cu Ka radiation, 4=1542 A

* not observed due to low intensity
# this table was adopted from ref.7
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ALE dAZEE UF T>30T2 443z, (2)
600T ol oz FA}Y 2ade] veht 2
<5 9A EAHZEE T<6W0TE AZ€d.
Add goziy X-A AER=Y gAAAE %
-056~+0923 =R Table 1o} Yelom fab=
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A Fote 4 glov HALYA dF EHE AS
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2. |4 4% a7

E 20 miA 2AY AVE AEMA BiE =E
3 vmstgch. 24Y 271 d ¥ 1/Deosf 2 FH
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ARz gojgE oM AT e Hout
AZFoly, 1w X-A sgold w4 AAY v
500 A o] 7t & Fg Ehih

X 2. 9 A Grain 27] &
Table 2. Small Grain size Comparison

dE o 8 Axgy 7 z omalGran
Size

_ . . glass/CIS 300A
1975  Kazmerski Evaporation NaCl/CIS 1500A
1979 Steven  Sputtering glass/CIS 500~1000A
. glass/CIS 400A

1980  Hwang  Sputtering glass/CIS+S A
in this paper E-beam  glass/CIS S00A
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2% 3. SEM A3

Fig. 3. Scanning Electron Microscoph.
(a) indium-riched film (52-5-2)
(b) copper-riched film (54-5-2)

a9 4. Cu-to-In ratio?} 19) ¥tute] SEM ApA
Fig. 4. Scanning Electron Microscop of films with

a copper-to-indium ratio close to unity.
(a), (c) 53-5-2 (b), (d) 55-5-2
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Table 3. Comparison of electrical properties

= Resistivity  Mobility  Concentration
dx o § om Vs a’ n, p
971 Tell 5 15 16" )

1975 Kazmerski 0.1~80 02~83 10°°%
1979  Steven 0.1~500 01~10 108 p
0.1~10 (as-deposited)

=]

199 H
WA 01~10 (suphr zdded)
% W 001~10 000%5~144 10™2
Y o0~10 o028t 1057
in this paper  003~0007 007~01 10 p

* not reported
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