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Defect studies of annealed AgInS: epilayer
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Abstract

A stoichiometric mixture of evaporating materials for AgInS; single crystal thin films was prepared
from horizontal furnace. To obtain the single crystal thin films, AgInS; mixed crystal was deposited on
thoroughly etched semi-insulating GaAs(100) substrate by the Hot Wall Epitaxy(HWE) system. The
source and substrate temperatures were 680 C and 410 T, respectively. The crystalline structure of
the single crystal thin films was investigated by the photoluminescence and double crystal X-ray
diffraction(DCXD). The carrier density and mobility of AgInS; single crystal thin films measured from
Hall effect by van der Pauw method are 9.35X10' cm™ and 294 cm%V -s at 293 K, respectively.
From the optical absorption measurement, the temperature dependence of the energy band gap on
AgInS; single crystal thin films was found to be Eg(T) = 2.1365 eV - (9.89 X 102 eV) T%(2930 +
T). After the as-grown AgInS; single crystal thin films was annealed in Ag-, S~, and
In-atmospheres, the origin of point defects of AgInS; single crystal thin films has been investigated by
using the photoluminescence(PL) at 10 K. The native defects of Vag, Vs, Agint, and Sin: obtained from
PL measurements were classified as a donors or acceptors type. And we concluded that the
heat-treatment in the S-atmosphere converted AgInS; single crystal thin films to an optical p-type.
Also, we confirmed that In in AgInSy/GaAs did not form the native defects because In in AgInS:
single crystal thin films did exist in the form of stable bonds.

Key Word : Hot Wall Epitaxy, single crystal thin fim, Hall effect, optical absorption,
photoluminescence, point defect
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Element Polycrystal Single crystal thin film
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3.3 Hall &=}

A43d AglnS: TEA UYL van der
Pauw 22 Hall Z3& 203K oA 30K 71A
2% HIE FUA ZHF gE F OFEE ¢ #
¢ Fig. 99 Je) Fig. 9914 BE vls} 2
o] o]EEst FLeME 204 cm?/V - sec RoH
Fujita(1719] @39} Ze] 100 KelA 293 K7HA
= ZAx} Akg (lattice scattering), 30 K o]4] 100 K
NAE E€E A (impurity scattering) ol 71¢1&
Reg ALY}, Carrier density & €% 1/T 9

- 260 -



A &9 A4 Yol et Wi ey of
o 2% 94(1/T)] A Inn e Fig. 103
Zoh. 8439 A E. & no exp (-E4/kT)
22 Fig. 109 7]€21¢}A 7& 23 112 meV
Aot =¥ Hall 33 &Age=z RE Hal AF
Eol &9 #ololA AglnS, ©AA utehe self
activated(SA)d] 7]13le nd MEAYE & F
4= 3

T rr
L]

MOBILITY (cm?/volt - gec)

2008l Lot i tisiil N W W RYIT)
' w w

TEMPERATURE (K)

19 9. Temperature dependence of mobility for
AgInS; single crystal thin films.

B
.

. - w
G5 10 15 20 25 30 3 00
TEMPERATURE (107/T)

CARRIER DENSITY (electrons/cm’)

L S

2 10. Temperature dependence of carrier
density for AgInS: single crystal thin
films,

4, E7 AHEY ZJUY AHEY

AginS; @34 %ete] FF 4 spectrag 293Ke]
A 10K7HAl &8t Fig. 119 BQh 3&EF £
Heg 2R 2AMRY oA (hy)d gdedte
BFEF AF 2F 83 (ahv) ~ (hv-Ep9
BAZEE A A& T3 Table 20 kvt

a8.128  AglnS; 92 A uthe] F4 T M
9]%t direct band gapd % &4 & UEyxn
g1t} Direct band gapd €% &AL varshni
equation [18]

2

E(T) = E,(0)- TG_TE

£ 2 9F5n Uk 9714 E(0)e OKojA

o dquA A, o8 B AFoH E0)%

21365eVoli g+ 989x10°%V/K, A= 2930Ko]
o},

¥ 2. Peaks of optical absorption spectra
according to temperature variation of
AgInS,/SI GaAS(100) single crystal thin

film
Temp.(K) Wavelength(nm) Energy(eV)
293 661.9 18731
250 6384 19421
200 616.8 2.0101
150 600.6 2.0643
100 589.3 2.1039
b 585.6 21170
50 5826 21282
30 581.1 21335
10 580.4 21362

Shay[19]& Tetragonal %A Fig 133 Zo] 7}
AR e I'yZ), I's(X) and T's(Y)E 28 5o
A e d7]d44 E(DE AEd I'i(S)
& FHARD F2)Aol9) A 3L yekhd
},

AglnS; @273 udute] Fed spectrad 293K
o} A 10K7HA 438 Fig. 149 B gch o] 1y
A #AgFdolE SA emissiond] g RoZ2 Ho)
T WEA7L & %38 5] 700~800nmAkelel 9l
I 600nmA =l sharpd B S0 oy
600~650nmIHoll = WE o E Hole B4y
Eo] BEHNT

2% 2KY o Ez(2) = 2.1365eVo}il Shay[19]
9} elctro-reflection spectradlA 2KY w n = 1¢]
Ar-excitonFt hv & 20250eVelt},

hy =Eg - Bpx -——-- (2)

A Erx: free exciton binding energye°]t}.
2 (2) W&t EpxE 0.1115eVe]tt.

10KY o E;(10) =2.1362eVelil 10KY = PL
peak®] energy hv e 2.0245eVolnE (2)4 ) A
Emt 0.1117eVe]l®A  free exciton binding
energyt 0.1115eVY S ¢ 4+ AALh

2% 10KY ™ PL spectrag Fig. 1590 24t}

Fig. 15¢ @33 dl9 593.8nm(2.0880eV)2}
596.9nm(2.0771eV)<= exciton® photon#}¢] 432
€22 polariton®] 713 free exciton® upper

- 261 -



polariton Ex'% lower polariton Ex*2& Xolxu}
[2021,22,23], A AN GaAs7l B9  AgnS; &
A4 2esl gle AR PL 2HEH AN &
3 ol mFETH24].

GaAs?1 B9 apgte 56532A[25]0l1 & QF
oA o] 7@l AFF AgInS, ©FA uhuto
ap#t& 5.785A°1 3 cote 11.137A )¢t

GaAs?| 29 adte AglnS: ©EA 29y a
Fro £ Frojod A GaAs7|HE AgnS, ©@2A
utete} AgInS:dl &4 $8& Fo| AghS; &

straing TETh AginS, B3R were] k= 09
A &5 HAD 7 A gLz Q8
g == 13 o o] 3 ZE A
heavy-hole-exciton(hhx, 2.0770eV) 3
light-hole-exciton(lhx, 2.0880eV)E E gz &
t}. ol lhx$} hhxe

2.0770 = hhx = Eg(10) + 8Ex™ ----- 3)

20880 = Ihx = Eg(10) + S8Ex" --———- @

o2 FEEY 33 @oAH SEx™st SEX"
= 4z %=0014 straindl wWa Was
heavy-hole-exciton® light-hole-exciton2]
binding

energyolth. ol e HAAE AghhS; GEA
utgto] 2 2} ¢ 3} (lattice relaxation) §l©]
pseudomorphicdt Al A% HAUSE T

@A SEx™e  Eg10) = 21362eVelsiA
SEX™ = 21362 - 2.0880 = 0.0482eV ojt}. (2)4
ol hy = 20880eVE 3tA exciton®] binding
energy Epxe 00482V & & + ok

Fig. 1594 Ix= free to bound &% 2¥9EY
o2 AzZdd. 597.8nm(2.0741eV)] LES-ElE
neutral sulfur vacancy Vsl F7Hdl T&€
exciton(D’, X)[23]22 Bt} Lo AUA hyve
20741eVolx

hy = Eg - Erx - Epx —— - (5)

o) Epxt bound exciton?] binding energy°l
22 VL donordl F4® exciton(D’, X)9
binding energy: 0013%eVelth F7 Ve o]
3} o\ x| = Halsted[26]5 9 <3}

o e FAE ARSI, Epe FAY o235
oy o) 2 Epgtel 0.0695eV AEUS & F
t}.

PL ¥%8 600.1nm(2.0660eV)e] I} ¥%8+&

neutral silver vacancy Vagdl @7ld] F4 &
exciton(A’, X)e2 HAh L9 YA hve
20660eVol 22 (5)2o) ]84, Vag’?) acceptorel
749 exciton(A® X)9 bindgin  energy:=
0.0220eV 9§ & F Utk
ETT{_ =01 ----- N

A Exe F/4Y ol23 ouxgdes ghol
022eVedE & F Ut

PL #%$3 6048nm(2.0500eV)= I %539

phono replica I-LOZE Bl
612.4nm(2.025eV)peak & donor-acceptor
paire(DAP)Y] AZAFoZ  AF PL  peakE

E (10) = 2.1362eVolal A, (2)de] 93 Em7}
0.1115eVe 2222 n = 19 Aj-exciton %8
o]}, 618.3nm(2.0052eV)% -8l &= DAP emission?]
phonon replica DAP-P12.2 x.9lt},

PL spectra®] Fig. 14¢14 293Kd 1.8675eV ¢
228 E(203)3E 00056eVe] =eol7) gl o
e 01115 / (4 = 0.0070eVSt 0.0013eVe} 23+
€ Ztu glf{eo= 293KW 1.8675e¢Ve] PL 358
£ n = 49 As-exciton E589S & F U

970TCe Ag 71N AgnS; ©2A 29
g 1NZEG gAestn 10KelAM 23 PL
spectrag Fig. 1601 2t dAE old9 10K+
o] PL spectragl Fig. 152 ¥ &3l Fig. 16914
t %939 SA emissiono] &3 RoeZ nels
broad® PL #%&7t old yehlx g3 glrh
Silver vacancy Vag® Vag, Vag' 2 Vag27b 9L
I VA E neutral silver vacancy® 22tk 4
W7 Va'ol #4389 exciton(A®, X)o o3 ¢33
298 o2 EASEY I o JeluA %=
AL AgEY oA dAel2 Agd vacancy Vag
7} AgE ANAT Vol QolA, Vil F48
exciton(A’, X)7F ¢i71ef Lol vetvAl geda
ad

Sulfurst XY oH ECES E B[
I7b oleztsel, 'etn E7IstA, Vaglsh Ik'e)
AFY (Vag-Is)'e) Hejel 23 FHNE SA
centerg}t ¥ A|3}3 complex acceptorgti® 3§
o}, .

AgE97lelA st Va site’t AgE
ANARL, (Vag-Is)'ZEHe] SA center’t $191A
complex acceptor7} A71A] o} 1 SA emission
o] 9) % broad3 PL peak® UEl}A gecia &
. AgESiZlg dAEER dxgeddg

- 262 —~



donor-acceptor pair(DAP)AZ %l 9§ &3 %
89 A7 8 Fo% RAE B, AgeH
71 dAelst22M  acceptord 7t S8
3, donord] & ASRE o ®Bol 4ANUYL B
o} DAP %%39 A77F ¢ $71 stz £}
L 898+v A9 ¥z A &¥dked  hhx, lhx
92 x5 siolA

AginS; @2A dgE SES7jdA 3083
450°Col A dA et 10KANAM &4 PL spectra
£ Fig. 1791 B4t} Fig. 17914 B+ uis} o)
hhx, lhx, k% L %87t Yelz] -ols et
Neutral sulfur vacancy Vs°Q! donordl T4%
exciton(D’, X)ol €& PL #3538 L7t 193
AL SESIA dAste V' S8zt A9
Ax Vs"7h 2ol Vilol 74 exciton(D’, X)7}
lel L7t epdA deva agd

SA emission®] €% broadd ¥$-27F S¥4
714 dAEsle= AR ¥ X oA
o 2YE 3 JutE HS SA centerE S
vacancy VsStE F#digs FAold, Agst X
¥ 2 Ind XNy BEEEE [y T noleE
9 Vsshe] Al (Iag-Vs)'EE (I,-Vs)'d FH
o] SA center7} Itk ¥ i complex donorgl &
A SE7IANA A Vsoll Sakzt sl
i SA center’t $191% SA emission°] &%
broad® peak7} WEFGA] of ol g},
SES 7oA 94238H SA emission®$-87F Y
Ba itk webAs (ag-Vs)'EE (V) ¥
el SA center7t AHSHE AUthE FAoIth

AgInS; @484 dtehg 850TE In EH7IA
3087 dxag AglnS, @@A g 10KAA
Z2% PL spectra® Fig. 189 B ¥t In ¥47)
oA GxestA AAw ¢©]He PL spectrast A
o e g sln Yt Ingl FFL A9 ¥
%3 AgInS, @24 ¥te] APl o

g

§

-—n
-—o
=
-—_—
=
-—

FEREEL

-—
-—
P

°
4

g

OPTICAL DENSITY (Arb. units)
&
T

g

e e e
500 580 SO0 820 60 e 60
WAVELENGTH (am)

a8 11. Optical absorption spectra according to

temperature variation of AgInS;/SI
GaAS(100) single crystal thin film.

:

GAP (o)

8

Eql0) = 2.1365 &
a =9.00x 10 W/K
8 = 2930K

EPEFGY BAND

0 —
TEMPERATURE (X)

39 12. The temperature dependence of the
energy gap in AgInSy/SI GaAS(100)
single crystal thin film. The solid line
represents the fit to the varshni
equation.

2zinc blende chalcopyrite

T, no spin-orbit spin-orbit
——

r,{s)

r] | Al g ¢
0 —rr.(z)

i
1
L)
1
[ I
I - r,o0
|\t "k:L____ a0
! | Y

a8 13. Fine structure for energy level of
AgInSo.

INTENSITY (Arb. oaite)

@ 14. Photoluminescence spectra of AgInS;/SI
GaAS(100) single crystal thin film.

- 263 -



a3 15. Photoluminescence spectra of AgIn$y/SI
GaAS(100) single crystal thin film 10K.

INTENSITY [Arb. unite)

330
WAVELENGTH  (nm)

33 16. Photoluminescence spectra at 10K of
undoped AgInS2/SI GaAS(100) single
crystal thin film annealed in Ag
vapour.
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2™ 17. Photoluminescence spectra at 10K of
undoped AgInS2/Sl GaAS(100) single
crystal thin film annealed in S vapour.
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13 18. Photoluminescence spectra at 10K of
undoped AgInSz/SI GaAS(100) single

crystal thin film annealed in In vapour
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