Al

HZEFAEEZ AT AglnS, JEAR O ERE & 3 -39-

B EEE VT2 AgInS, HEE O VERL L 324

ERER ' - RAEZ - BELES - RIHER - #FI1E -

HEHE S

Structural and Electrical Characterization of AgInS, Thin Films Grown by Single-Source Thermal

Evaporation Method

Shoji KURTHARA', Yoji AKAKI, Masahiro SHIRAHAMA, Kanji TSURUGIDA, Satoru SETO?
and Kenji YOSHINO®

(Received September 29, 2006)

Abstract Structural and electrical properties of AgInS, (AIS) thin films grown by single-source thermal
evaporation method were studied. The films were annealed from 100 to 500 °C in air after the evaporation. The x-
ray diffraction patterns indicated that the polycrystalline AIS films were successfully obtained by annealing above
300 °C. The samples annealed above 300 °C have band gap energy of 1.90 eV. A grain size increased with

increasing annealing temperature. The maximum grain size of the samples was 2.7 um. And all samples were n-

type conduction by thermo-probe analysis. The photoluminescence spectra of the samples obtained the broad
spectra with the peak at 1.8 eV. The dominant defect of the samples obtained by annealing above 300 °C was

sulfur vacancy. The carrier concentration of samples obtained by annealing above 400 °C was about 1x10'® cm?.

The carrier mobility of samples obtained by annealing above 300 °C increased the increasing with annealing

temperature.
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Fig. 1. Chalcopyrite structure.
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Fig. 2. The XRD patterns for the evaporated
AgInS, films annealed at different temperatures

for 10 min. in air.
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Fig. 3. The surface morphology of the evaporated
AglInS, films. The (a) and (b) indicated the samples
annealed at 400 °C and 500 °C, respectively.
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Fig. 4. Grain size of the evaporated AgInS, thin
films annealed from 300 °C to 500 °C.
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Fig. 5. Relationship between band gap energies and
annealing temperatures of the evaporated AgInS,

films after annealing for 10 min. in air.
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Fig. 6. EPMA of the evaporated AgInS, films
annealed at different temperatures for 10 min. in air.
The circles, triangles and squares indicate Ag, In and
S, respectively. The dot lines indicate stoichiometric

values of each atoms.

7 600nm FfTEIZFEE L TWA E TR, 2
T, MELZZBRT, KERR BEELJE2HN

- Ry’ (1)
T

1
a=—xlIn
d

LV RIRGE ez BH L TER Lz(ahv)? & hvé D
BRRNOROT-N Y F¥ ¥ » 7% Fig.sS IZRT,AIS
DAY FE Y v FIEHRIZ L B & 1.90eV THEMN D,
Kz2R5EEBNBBEONL FXy v 7OREHE
HXEOBELIZIE—HLTWBORbME, 2k
n., EEFOKENAIS THELZENE XD,

3.4 RBFIO—TI4 Y AL EPMA)

R L 7- MRzt LU, REEA 300°C A5 500°C @
T 25C ¥ 2 LA SETRAHEEZ{T/= % 7D
EPMA #E5R % Fig6 (IR, AIS O{LFERmMALLIT
AgIniS=1:12 THLNB, ZTORER D L 2ENIC
Ag-rich, In-rich, S-poor &> TWVWHDRLND,
L, HIRIERORHZEAREDOWHITAE N S R
FORRICMOH LB ERIZD EL<AAHFT L &M
TERP2T2HIT, Ag FBFE In KA LT S
FRFORENL R holzldiEeEZLN, Zh
i3, CulnS, MR ERE & LR L RFOKBRT
BHol Y, BB 500°C T In QML
L Ag JRFE S RTOMABLEBELD Li-oik, 24
MEIZ LD AgS Ml TE, TRNEWVET L
F—IZX VML, RRPICRA TV > = FTREHEN
FBEAbhD, BEOMREMEFEERILE —F L2



Al

HZEFEE R 2 AglnS, HEIEO/ERL & FEAm - 43 -

WEWH T bk, EENICA S D KRMEATFEET S
TEEERLTNS,

ZIZT, AIS BROBAICEZOND 12 EED
RREEY, ZOBBICERICHFEL TS THA
DRRKMEIZONVWTEZTHD, ZHLHDOHF T, Ag
FFEY In [ EFR@EFITHD EXIZEL D KRIEGF
FHEFITENEN Ag B8 TFHREF(Ag) & In #&FH
FF(n). S BFNDARNE X ICTAET B RME(ZETL)IT
S (V)L 2D, FTo. ZL BHDFEFBLRVET
DFEF RITIIV D RME(BIRE F)ITIE S #FHAIC Ag
JRTRNBHR LA (Ag)E S HBFAUZ In FFNE
BLIZGAEMn)BRE X OND, ZORFRT, EEYP
ICTFET A AMREMED & 5 KN S BER T N5,

3.5 Y—ET70—THH

PER U7 Eizxf L, BE% 100°C 2>5 500°C @
T 100°C ¥ > LR SHTRMLEEI T2 7
OV —FTFa—T 5 E{Tolz, y—F7u—74%
WORRIIERL-EERLT n BTHDH I LEFR
Lo Lo TEERBIZH 2 BNEEE OB
WEEZLND, Y= e —T7 B/ TnEERL
ey Z ek, ERLUZEESIE, Liglo
EPMA TZiF72 5§ DORKRMEOF T, KFr—Hok
MNRXERTHD, EWVHZEIThD, DFEDXE
72 MR E LCHEBEMDH D B DIE Vs, Ag. In
D3IDEWRB,

3.6 Z4#MLEIRYEVRAE

AR AR A S B0 NL A0 N A BLEL AN SN SN MLES A A BLEL L IR N b A0 A A e B an an e iy i

Ar* 488 nm
11K
-
=
<
A e
&
= 500 °C
[
=
o= 450 °C
|
[~®
400 °C
x5

05 16 17 18 19 20 21 22
Photon Energy (eV)

Fig. 7. Photoluminescence spectra at 11K obtained

from the evaporated AgInS, films.
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Fig. 8. Resistivities and carrier concentration of the
evaporated AgInS, films annealed at different

temperatures for 10 min. in air.
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