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Abstract

Single crystal CuAlSe» layers were grown on thoroughly etched semi-insulating GaAs(100) substrate
at 410°C with hot wall epitaxy (HWE) system by evaporating CuAlSes source at 680°C. The crystalline
structure of the single crystal thin films was investigated by the photoluminescence(PL) and double
crystal X-ray diffraction (DCXD). The carrier density and mobility of single crystal CuAlSe; thin films
measured with Hall effect by van der Pauw method are 9.24%x10"® em® and 295 cm’™/V - s at 293K,
respectively. The temperature dependence of the energy band gap of the CuAlSe» obtained from the
absorption spectra was well described by the Varshni’s relation, Eg(T) = 2.8382 eV - (886 X 10
eV/K)T/(T + 155K). After the as-grown single crystal CuAlSe thin films were annealed in Cu-, Se-,
and Al-atmospheres, the origin of point defects of single crystal CuAlSes thin films has been
investigated by PL at 10 K. The native defects of Vc¢da, Vse, Cdin, and Sein: obtained by PL
measurements were classified as donors or acceptors. And we concluded that the heat-treatment in the
Cu-atmosphere converted single crystal CuAlSe: thin films to an optical n-type. Also, we confirmed
that Al in CuAlSey/GaAs did not form the native defects because Al in single crystal CuAlSe; thin

films existed in the form of stable bonds.
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Table 1. Annealing condition.

Sample Annealing Condition
CuAlSes * Cu Cu 0.0015g (.113(}6 C , 1hr)
Cu vapour : 107 Torr

Al, 0.0015g (10907, 1hr)
Al vapour : 10 Torr

Se, 0.0015g  (480°C, 30min)
Se vapour : 10° Torr

CuAlSe: Al

CuAlSe: : Se

3.1 CuAlSeze] Z2XH 7= ¥ =41
3.1.1 CuAlSe; Ct& &

H= uke} o] 3|HFHE (101), (112), (103),
(200), (004), (220), (204), (301), (312), (116) | &
A A7t el 9o olf IHAFHRE
B (hkD)& WZZEo g ggkel JCPDS(Joint
Committe on Power Diffraction Standards) card
numberst Y X dhi= FHEC)OI A tetragonalZ 4
HeS ¥ & A¥3, AAALSE Nelson Riley
AN oete kg As T AH13]ez
T8 AT ap=5604A T cp=10999A oSt o]

2 Ravhi 5el{14] B3xg Az 44 a=5610
AT} c=10900A #= F AdAFE & £ Ak



J. of KIEEME(in Korean), Vol. 16, No. 10, October 2003.

aoezy

INTENSITY

16

atz)

>v

— {312)

=

B (101)

B (200)
{004)

. o

10 20 40 50 60
DIF FRAC'( TON ANGLE (26)

a¥ 3.
Fig.

CuAlSe; 2 A 9] X-4 314 7.
X-ray diffraction patterns of CuAlSer
polycrystal.

w

312 HWEOH o8t CuMlSe, T2 mtatel Azt
HWE®] ©]% CuAlSe; ©47 ube

o2 WHAY GaAs(00) 7o) BERL A
L IR

e=E 630 T, 7%

chemical etching 3}1Z,
= 9] 2%F 390~430 C_?é
N7 E A AT 29 48 7Y 2

T, 410 C, 430 TE 3o AR CuAlSe» L+/El A

dhele] 10 KollA] &3¢ *“i'a%(photolurmnescence)

s#Edolrh 410 TolA AFe whehe] A5 456.2
nm(2.7177eV)ell A exciton emission _’:3‘1’-433 o] 7}
% 7+8tA JeEbdth Exciton ol 9% i AWE
g Agto] & Aol Ao HAE 4 Sl
Aoz A4 wAH e Ho| dmets HE
1;].. ) ;g—\] CuAlSe» }737(4 \:ﬂ-ul—g,] o]% éxg X-A
34 FADCXD)el WHEA(FWHW) & #4% 2
3, 13 59 o] v|ghe] ZEvE 410 T du ¥hE
2} gkol 127 arcsec® 7HF 401'3’— 390 C o 198
arcsec, 410 C ¥ul 216 arcsec At} oleid &4
AR}ZRE CullSe, ©AA whate| HF A4z
° 7lme] %7} 410 T, T

e Sude 2x7

4e ¢ F YAk CuAlSer ©27%4 WeE Laue
W whalgo g #asle] 1y 6% 22 Laue A}
z

S At o] AbAel Ao dSee 7 FHE
y9 88 Greninger[15] =XEZ ol&3lo ¢
Wulffg& o]&3te] dF 3

Il

de HAYEE FYo
TY}\ ,g_

4

s 2e

AZA 34 tﬁ%%

el Ue 94 F9e aEch o A )
g EE %93 d3 Mg 2 0¥ 68
L2 Laved] ARAS & ¢ AU £ F
uhele] 255 680 T, 7I#e X8 410 T2 &

0

o 6 A7ZF B¢ A3 CuAlSe: ©2A ¥dhe] F
¥ a-step profilometer® 4 ?ﬂ A3} 24 um=
AAHNES 4 & A

874

a3

4.

Fig. 4.

Countrate (arb. unit)

PHOTOLUMINESCENCE INTENSITY (Arb. units)

70 440 &80 480
WAVELENGTH (nm)

500 52

CuAlSe; @27 wate) 7|¢ 2= v
of g 10K A PL ~3Ed]
PL at 10 K for
substrate temperatures of single crystal
CuAlSe: thin films.

spectra various

1000 |-

. _ s
-1000 500 o 500

Position (arc sec)

. CuAlSer ©d+4d uttel ol3 A4 X-4
O a1 A]
ALTO T .

. Double crystal X-ray rocking curve of

single crystal CuAlSe: thin films.

H e

] \_.]
T

HhAap o2 HAE (112)H9] Laue

Back-reflection Laue patterns for the
(112) plane.



3.1.3 CuAlSe; ttzte| 3tst U4EXN ZF_MI:II

CuAlSe; tE A7 @44 ¥4 E 2HE
# Ay 9 24w g E29 E?iﬂ}. Energy
Dispersive Spectrum(EDS) ~®E#2 6 N9 &
Y zh= Cu, Al Se M HoE BA X-AHE
7Eo ao] g o, Cu 9 AlS L-4 §4

54 X-48 4
EEE

X-X8& o] &3, Sew= K-49
g3l HAstAc. ddd 92
starting element & FA3v] 2}
=2 % 22 WA dX =D
2 & ol F o }i%‘% o = A

Hiulo
i R |

E 2. CuAlSe; t+d4 = @249 EDS de]eh
Table 2. EDS data of CuAlSe: polycrystal and
single crystal thin film.

Single crystal thin

Polycrystal .
Elem ﬁlm
ent  Starting Growth Starting Growth
(%) (%) (%) (%)

Cu 25577 25.884 25884  25.887

Al 10.860 11.799 11.799  11.799

Se 63.563 62.317 62317 62.314

3.2 CuAiSe; THZ X dtate|l Hall g3t

174% CuAlSe; @284 ®rab-S van der Pauw
g o Hall E32 293K oA 30K 7HA] =%
H3E FUA 548 g5 F olTE p e S
g 790 vebiTh 1® 7ol A Hi= upe} 3ol o
27t AedAiE 295 cm’/V - sec dod

Fujita[16]e] A3t} zFo]l 100K oA 293K 74 +=

Az} AHek (lattice scattering), 30K o4l 100 K 7+
A= EHeE A& (impurity scattering) ol 711
Ao @ AyzZrdh Carrier density ()2 &% 1/T
oA dig &9 A5 Feo mak W UYL
o] woff 2% H4(1/T)el e Inn g 19 87
itk A3 iR E.= nx exp(—E,/kT) 2
HE 1Y 89 ]%‘ﬂoﬂ’\i T& A# 124 meV A

o} w3 Hall &3 &AH3}ex HE Hal AFE
o] ko] gholo]A CuAlSe: ©AA wrebe gelf
activated(SA)ol 7]913lE pdE RE=AAES <k F
o) g
AR AR

875

7] A 2}k A 2 8 3] = H-%], Vol. 16, No. 10, October 2003.
[ ve
L ® e
~ F °
: * .
L [
.\E ®
[ *
Ef
102 aaoasarul LA Ll
10 102 10
TEMPERATURE (K)
a8 7. CuAlSe, ©A8A =dtel Lo wWE o]
Tz ‘i‘iﬁr.
Fig. 7. Temperature dependence of mobility for

single crystal CuAlSe: thin films.

WEY
\E 3 PY ]
p
il
r e
AR
~ 0.
: ® o
<
~ 109 L i 4 L " 1
6 5 10 15 20 25 30 3
TEMPERATURE (101)

33 8. CuAlSe: ©A4 wldte] 2o w& &
gk 2} Fxo] wWE)

Fig. 8. Temperature dependence of carrier
density for single crystal CuAlSe: thin
films.

3.3 CuAlSe; THZX wulolo]l @54 A=HEY™

o pLAHEY

33.1 CuAiSe; HH giate] Z AHEY

CuAlSe; w+dA wtulel 2ud w2y FE5
~FHEHE 293 KolA 10 K73 25& B3 7]
WA FAste] 1Y 9o Bt FESF ~HEER
°o® HH -727‘}'*2'94 Az hy)ol dSdeE &
F A (a) B (ehy)~(hy —Ep) ¢
HAZHE A 7&‘% T3kl F 3o = %th



J. of KIEEME(in Korean), Vol. 16, No. 10, October 2003,

5 s & %

OPTICAL DENSITY (Arb. units)
8

0.0

a8 9. C

Fig. 9. O

S

-~ ®
- .
—a
—t
-
@
»

-—

T e T Y T T ST e T e
430 M35 Aa0 448 450 488 460 468 470
WAVELENGTH (nm)

uAlSe ©EY wete)  2mo] &3

o)
_ P
= 3% lE§.

=T =

ptical absorption spectra as a function

of temperature for single crystal
CuAlSes thin films.

X 3.

Table 3.

CuAlSe; @2 A uidte]l 2o o)&3}
= $ES 29ET,

Peaks of optical absorption spectra
according to temperature variation of
single crystal CuAlSe: thin film.

Temp. Wavelength

(K) (nm) Energy(eV)

293 464.0 2.6719

230 4585 27041

200 4524 2.7405

150 4469 2.7742

100 4422 2.8037

77 440.4 2.8152
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