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T4 A7 RelM AgnS, thEA-E §H45ke] HWE Wb o2 AglnS, 924 dhag ghdol s
GaAs(100) Hell Alatetsich. AglnS, W wheh& Zwkds) 7|whe) L5 282} 680°C, 410°C
= Aasielct, olu ddA wiete] Aaldde] 10 Kol St s A9 eee. 597.8 nm (2.
0741 eV) 23|84 A& wlE ~d e o] 717} ZhalAl viepghon], m3 o)A X-4H 8%
FA(DCRC)S WA (FWHM)E 121 arcsec® 717 2+ 245o] A4 H4 240902 o 5
31%ich Hall 274+ van der Pauw ¥PH ol 98] 24=glon, 250 o &s= $ulap Swe)
o] 293 Kell A 742} 9.35 < 1077/, 2.94>¢10™m*/V - s Yok AglnS, w-47) ulahe] sz
5 whbdd 39 el 5288 10Kel4 238 ACr(crystal field splittingh 0.15 eV, ASo(spin
orbit coupling) = 0.0089 eVElrt. FAE AR $8A4E dolnr] ¢35 71=(y), pe/de(pho-
tocurrent/darkcurrent), #tH5|-848]4% (maximum allowable power dissipation: MAPD),
54 ZHresponse time)5-% 54§ A3}, § Z7] £971e) DA $Aw 4l2] 74 y=0.08,
pc/de=1.02X10°, MAPD=312 mW, £8217Hrise time)=10.4 ms, & A 7H{decay time)=10.8
ms® 7 F2 5492 gtk

Absiract

The stochiometric mix of evaporating materials for the AgnS, single crystal thin films
were prepared from horizontal furnance. Using extrapolation method of X-ray diffraction
patterns for the AgInS, polycrystal, it was found tetragonal structure whose lattice con-
stant a, and ¢, were 5.785 A and 11,137 A, respectively. To ohtains the single crystal thin
films, AgInS, mixed crystal was deposited on throughly etched semi-insulator GaAs(100)
substrate by the Hot Wall Epitaxy (HWE) system. The source and substrate temperature
were 680°C and 410°C respectively, and the thickness of the single crystal thin films is 6
iwm. The crystalline structure of single crystal thin films was investigated by the photolu-
minescence and double crystal X-ray diffraction (DCXD). Hall effect on this sample was
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measured by the method of van der Pauw and studied on carrier density and mobility de-
pendence on temperature. The carrier density and mohility of AgInS, single crystal thin
films deduced from Hall data are 9.35%10%/m® 2.94x107m’/V - s at 293 K, respectively.
From the photocurrent spectrum by illumination of perpendicular light on the c-axis of the
AgInS, single crystal thin film, we have found that the values of spin orbit coupling ASo
and the crystal field splitting ACr were 0.0098 eV and 0.15 eV at 10 K, respectively. In
order to explore the applicability as a photoconductive cell, we measured the sensitivity (),
the ratio of photocurrent to darkcurrent (pc/de), maximum allowable power dissipation
{MAPD), spectral response and response time. The result indicated that the samples an-
nealed in S vapour the photoconductive characteristics are best. Therefore we obtained the
sensitivity of 0.98, the value of pc/dc of 1.02%10°% the MAPD of 312 mW, and the rise and

decay time of 10.4 ms and 10.8 ms respectively.
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A o]x] W7k o] 1.87 eVl A HolH nheA
ojoix] WlAdal s} 2 9 e 4x,” LED
(light emitting diode) 5ol -g-&-40] 7= ¢l
o] FEED 3w EAorh 53] AgnS&= 439
A ARk Sl 7R, A elal Bakeke] 5
Tpo| 55, W A ol 4-st o glw w4l
& AR S8 0] 7|HE . gle] ofale 2A
A7y BT Bk A=y 9lcht AginS,
9] A3k ubd-E- Bridgman-Stockbarger technique,S)
zone levelling,” iodine vapour transport,” liquid
encapsulated czochralski(LEC)®,¥ #1¢ Z=# @
e-beam 224, Hot Wall Epitaxy(HWE)'® %
o] gic}. o} vy FREd] HWE w2 k419 &
AE AFR 7pdsle ZAAAHR At mRelw
3% whre] AAREE. s v ld] A g
BHajdefel 77 243eA AAE AT
2 o] Wik whE 4 9l AR S48 F
d Fglomg ko2 e S gluie Aol
9‘1]:1_'13)

2 Adfee mHAZZEE A4Eld 6 N9
Ag, In, S A 85 B¥|E Ausle] pH oA 44
ARHORE AghnS, oHEAS A sleld €495
A& XRD(X-ray diffraction)2 Z33le] 2
ATx 9@ HAREE Feld e, EDS(Energy
Dispersive X-ray Spectrometer)& o]4-&}o] A&
2 ZAW|E Felsioict. A9 AglnS, hEA
HWE ®h& o] 85| w9 GaAs(100) $ell

AgInS, @24 9ptg Az o, HA4J-L2 PL
2] AR uE 2~ e o F A XA 8% F
A1 (double crystal X-ray rocking curve: DCRC)2|
2R (FWHM) S &4 31e] ¢olisgith. Van der
Pauw HhH 2 ® Hall 32 =A5te] 24k} 5=
{carrier density)®} o] % (mobility}2] &% 9&
g dTsigch =23 25 2@ 93 ARy
{photocurrent) A% &L ZAJsto] sl zje]
ZA A AbFxF2-(crystal field interaction) =} 2~3-
= 432 (spin-orbit coupling)el] 2)gF ZElE
{splitting) ACr3} ASoS dolugic}l. 28]y 4w
o] BAL Joluwal Ag In, S 37] #5171 E
air, vacuum 97144 dAEste] I (sensiti-
vity: v), Hd #4840 AH, 3R} HHR v
pc/de 3 2 -FFAHEEAZY, WRHAE F4
shedrh

2. 48 8 53

T

2-1. AginS, C}2H 8ty
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14 8 A7 22 Fotd ampouled ¥ 11pm
o= wAHe] BAEE sheA A7) 2o LS
A A vk 5 Abgo R olq AR
9 E7F2 ampoulee] 313 == AL ukx)Elr] 95
Al Al 20°CE LehA] 2 F49 =7 500
Coll =adsbd 2 Aol A] 244170 A A} 2



98 FHE - o T -

Oistance

kel

1050'C

oy WLLLLLLLLLLLLl

wire .| NRRERNEN

ALOslube "olououuccuiaoco...-nnu —

e

toins ——Segtn ) [

] . ao..- LT oo--
€T160 N Yrys

SRS NN

I A

Temp.
controller

Fig. 1. Horizontal furmance for synthesizing of AgInS,
polycrystal.
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Fig. 2. Photograph of AgInS, polycrystal.
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Fig. 3. Block diagram of the hot wall epitaxy system.
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Table 1. The annealing condition

Sample Annealing condition
AglnS;: Ag Ag 0.0015 g (970°C, 1 hr)
10 *<Ag vapour Pressure<10"° torr
AgInS,:In In, 0.0015 g (850°C, 30 min)
In vapour : 107 torr
AgInS, : S S, 0.0015 g (450°C, 30 min)

S vapour : 10™ torr
AgInS,: Vacuum  Vacuum (650°C, 2 hr)
AglnS;: Air Air (400°C, 30 min)

(light chopper, PAR, 19)5 7|3 34375 (mo-
nochromator, Jarrell Ash, 82-000, 0.5 m)& %33
glo] Ao 2 AgElyo) SRR Y es
Fhel) M2 A2 A3 e gkl gxs G
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#A Aol A4 dE)nle (Philips, PM2528) 2 7
sttt pe/de ¥IE F517) S8 GAFet AT =
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22]3)7) &8 =EZF 300, 500, 800 x5 A A| 7]
F, TS 1VeA BA Z2A 8 A
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LA)Z 243ty AF= derlE 2 25 &
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FAFE LA ZATE(GS, 7040A)0] <375}
7o) whel Walsls A v Was S48k
. ol AgnS, s+dA wha AL ZH7 Table
15} ZHe #Hake] dxg] 2y daje=ls & 3
AAd A4S 2AM L

> T

Ko
RO

3.4 dar 2 TE

3-1. AgInS.2| HAVE U 815F UEBH EMH|

3-1-1. CHEE AginS.2| AHTX

FAE AglnS, t1AALS 2oz whEe] 3l
X-ray 32 TYZE Fig. 4¢) 2gc}. Fig. 42 34
FHEYE (hkD)2 A7) 25 6 ghe] JCPDS
(Joint Committe on Power Diffraction Standards)
o} AA sk Fselold AUAARE AR S2
of ¢+ glglrh A=Ak Nelson Reley 2A4] o]

Hot Wall Bpitaxy(HWE) o] 2|3 AglnS, -- 99

]

H

(112}

INTENSITY
(204b

DIFFRACTION ANGLE (28)
Fig. 4. X-ray diffraction patierns of AglnS, polycrystal.
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Fig. 5. Lattice parameter ao of AglnS,.
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Fig. 8. Double crysial X-ray rocking carve of AgInS§,
single crystal thin Glm.
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Fig. 10. Cross section of AgInS, single Crystal thin
film grown at substrate temperate 410°C.

Flg 11 phntngraph of AginS, single crystal thin film
grown af substrate temperature 410°C.
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Table 2. EDS data of AgloS, polyerystal and single
crystal thin film

Polycrystal Single crystal thin film
Element Starting Growth Starting (%) Growth
(%) (%) (%)
Ag 37610 36.880 36.880 37.426
In 40,034  40.799 40.799 40.591
5 22,356 22.321 22321 21.983

E#L 6N2| £EF 2+ Ag, In, Sell 4 vhes &
A XA 7lEe R ge] 2Agon, Agel Ind
L-A EA] X-4g- o]-85)3, S= K-A9 B4 X-4
= »‘l—%ﬂtﬂ ZA) 5}, oAl o oA wbeke)
i1y )"Mvﬂ—-q 7‘)"]1:‘].‘2]( %2‘].;] 7’1}\-]}_-]].__0] +39 9.
A g9leld AT glo] shateprA 2Adulst
ol FoigeE & 4 ik
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3-3. Hall g1}

A AgnS, &3 W2 van der Pauw 4
Ho 2 Hall £3-Z 293 Kell4] 30 K7k 223
5 A S48 52 Table 3¢l Rgl7, o] 5%
nEEE Fig. 120 vehligleh Fig. 12014 B=nfe}
7o) o] E5r}t AREel A= 294X 107 m%V - secsd
_uq Fujita '"2] Z=}¢} 7te] 100 Kel4] 293 K7}

= A& AE, 30 KellA 100 K71 B2 Ak
oal 7108 B2 P}, k) s 2w 1/
Tell thgk 22] <4 el ule} Halx glglen
ol wfef % o(1/T)e] W& In ngk2 Fig. 133}

Table 3. The resnltant analysis on Hall effect AgInS,
single crystal thin film

Hall mohi-
lity 1 (m?/
V- gec)
2.94%107
3.71% 107"
4.45%107
535x10°°
6.23%x107°
6.87x107
B.08x107
0.23x107
9983107
8.98x107*
6.53%10°°
402107

Hall coef- Conduc-
ficient Ry t1Vtt§r
(m*c) (@' -m"

-324x10™  355.41
-452%107"  401.84
-L67%107"  423.20
-5.58%107  436.97
-656x10"  531.78
180 266X 107 -8.21x10" 538.26
150 2.28x10% -9.05x107" 567.08
130 1.99x10° -1.06x10™" 568.56
100 1.86x10% -1.12x10" 571.92
77 178x10%7 -112x107°  560.32
50 170x10% -1.38x10™ 521.92
30 1.69x10 -152x10™ 572.45

T Carrier
EINp. d .
() ey
n (m™3)
293 9.35%107
270 6.69%107
250 502x107
230 3.65%10%
200 3.03x10%
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Fig. 12. Temperature dependence of mobility for AglnS,
single crystal thin Alm.
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Fig. 13. Temperature dependence of carrier density
for AgInS, single crystal thin flm.
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Fig. 14. Photocurrent spectra of AgInS, single cry-
stal thin film.
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A(T(Z) —T(8))s} BI(X)—T14(S)) Hojel 9
g BAF 29 & 4 9lm, 10 KA A AL
292)E A(T(Z)—Ty(S)9 BIL(X)—Ty(S),
C(T(Y) —T«(8)) Relel 25 47 X571 2
=g|odr}z & 2 g)r}.

Table 48] 10 KellA] B H}e} Fle] Bx3 19
o] g doa] FldAid delade) o& Azl
ACr2] Z4¢k& ©F 015 eValHl J. L. Shay 5]
Hag) 015V FHET 2 YAsa 4l3, ASoe]

Table 4. Temperature dependence of PC peaks for
AglInS2 single crystal thin film

Temp.  Wavelength  Frergy  ASo or Fine
(K} (nm) (eV) difference ACr structure
663.0 1.8700 C{Z)— (%)
P98 c1a9 20186 M8 A pLrs)
651.6 1.9027 T {2y —T4(5)
B goan 20527 V0 AT iy Lrys)
639.7 1.9381 TAZ) -1y (5)
0 sozg 20879 B ACC oy LT(S)
6284 19731 T(Z)—T18)
10 cesg 21230 M99 AT pxy v
620.3 1.9987 Cy(Z)—Ty(S)
M0 5770 21487 0100 4G pxyrys)
616.5 2.0111 T(Z)—Ty(S)
T g3y 2 000 A mnpy(s)
612.0 2.0258 TU(Z) S T(S)
U2 se98 21759 MU A rx) s)
610.2 2.0318 T(Z)—T(S)
0 ger3 21s16 B AC rxy Lrs)
609.0 20358 T{Z)—Ty(8)
10 567.2 21859 IO ACT Ly rig)
564.9 21948 00089 ASe [L(Y)—Ty(S)
li [ l r,is)
I il
I Gl | af 8l cl n=z
| I r
175 I ACy
| X}
Nl |
ASo
I | fs(yl]

zinc blende | no spin -orbit I spin=-orhit

Fig. 15. Fine structunce for energe level of AgInS,.
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Fig. 16. Cell resistance vs illumination characteristics
of AgInS, single crystal thin flm. (a) vacuum, (b) In,
{©) S, (d) Ag, (g) air.
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Fig. 17. Nlumination current vs voltage characteris-
tics of AplnS, single crystal thin film annealed in S
vapour.
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Table 5. The comparison of darkcurrent with pho-
tocurrent of AgInS, single crystal thin film grown by
HWE method annealed in Ag, In, S vapour, air at-
mosphere and vacoum (light intensity : 3000 Ixj

camnle darkcur- photocurrent ratio
R rent (A) (A) (peide)
AglnS; 1.92x107°  2.05x107° L.07x10°
AglnS,: Air 7.25%107° 496%107° 6,84x 10"
AglnS,:vacuum  6.42x107° 1.92x107  2.09%10
AgnS,: Ag 549%107° 216x10° 3.93x10°
AglnS, :Tn 538%10° 1.92x107" 3.57x10°
AglnS,: 8 1.68x107 171x107" 1.02%10°

Table 6. The response time of AglnS, single crystal
thin film

Sample 20 x
Rise time (ms) Decay time (ms)
ApnS,: Ag 16.9 19.3
AglnS,: In 24.5 243
AglnS,: & 10.4 10.8
AglnS;:air 15.8 13.2
AgnS,: vacuum 43.2 39.5
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