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Photoluminescience Properties and Growth of CuAlSe:

Single Crystal Thin Film by Hot Wall Epitaxy
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Abstract

Single crystal CuAlSe; layers were grown on thoroughly etched semi-insulating GaAs(100) substrate at 41
0C with hot wall epitaxy (HWE) system by evaporating CuAlSe; source at 680C. 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 CuAlSes thin films measured with Hall effect by van
der Pauw method are 924X 10" cm™ and 295 cm%/V - s at 293 K, 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 107 eV/K)TYAT + 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 CuAlSe; thin films has been investigated by PL at 10 K. The native defects of Vcd, Vs,
Cdint, and Seinx 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.

Key words : hot wall epitaxy, single crystal thin film, Hall effect, optical absorption, photoluminescence,
point defect

1.M 2 CuAlSe; B2A Y EA4d @8 AT oJFoFaL,
F299 B3d& AFP rtgstd JAdHE 7w
of =3t UHY =] AAHEE e U
oz dYtty HYygde e 2ddAAN AR
S AFANINEZ FF wgE BE £ T, A
e £4& 29 & donz dFdez A4AY
& vhs FAel 94el11,12) HWE ¥y A4A
7l CuAlSe; ©37% wotel 7|8 24 9 Fu3 A9
& o] &3 CuAlSe; 23 W9 HAF(point defect)
U3 d7e =HA FUoh

E dFoMe ¢8 WVZE ARste 6N 9

CuAlSe;= 1 -TI-VI,.% SEHE HEAHZAM A2
A oz o A0 268 eVY AP Holy W
=AM =2A LED(light emitting diodes)[1-3], B1%A
A[2), iy FE2AH145] FHAE 2250 &
|40l 7= 3ol FEHI Y= EFHojrt ©
2A FF 9 CuAlSe: 2AHS 43387 A ¥
I a9 BEADRI §uEA) AgHY o3 Ut
Bridgman - Stockbarger technique[3], chemical vapor
transport method[6], THMIS1H2E A#AAZ

- 386 -



Cu, Al, Se A 2E mole H|2 A ZFdle] F£H2 A
4§ 4BMLE CullSe; BZEAE AT
H$A4€¥ 92AL X-ray diffraction(XRD) 2 #¥
ARZFE 2 FAETE #A8HeH, Energy
Dispersive X-ray Spectrometer(EDS)E o]&3}¢
AEE 2A4uE Ut §49€E CuAlSer Tt
243& FEY2o2 s HWE WHE o/ &3ty
A o A (semi-insulate:SI) GaAs (100) 718 9ol
CuAlSe; @23 wehg AZAZRoY, AR
PL(photoluminescience)®] exciton emission 2%
Ed o] AA XA 8F ZH(double crystal
X-ray rocking curve, DCRC) ¢] %¥Zx] (FWHM)
£ Z2H3o golusttt 4FE CuAlSe; TEA
Uk Cu, Al B Se 571 997144 A7 €A
¥ F AP AHEPS FAEI £45A o
H3 dxy Ayt FAH O FAA 748
exciton(Do,X)3 A4 Wilo] T4 € exciton(AgX)
o o HAb %3 853 L% LI ¥ SA emission
o 9 PL %% oid & mAestE @
Fagch T A A (as-grown)® CuAlSe; ©ZA
wetsl oy 24974 AT 2P e A
A8} A ¢l point defectEo]l FLEF = o3 o
T3t olgld AAEZRE CuAlSe; ©ZEA 7
e WAE AFES] 71499 disteq =8 3
o]t}
2. 44

2.1 CuAlSe; t}& X &4

AE 949 Cu(Aldrich, 6N), Al(Aldrich, 6N),
Se(Aldrich, 6N)E mole HlZ A %3, 71Ro] A
Hg ¥ Eh H9eE 471 ARSI E 16mm, W
7 10mm) of Wl 3x10%orr 9 WFAH B4
3ted ampoule & TES 29 19 £33 HI|Z9
Fgel 91 1 rpm 22 4T HHINEE 3}
dA A7z 2RE AFAAY &R HFoE
AT AEdae 719 712 ampoule ©] #
He A& $AF7] AdA AT 20CE &89
A B2 FAHY £X7 500TC o =9y 2 4
oA 24A7F FAAZHE. 283 ampoule & FH-$-
2 3AFEN G9 AIF 10T B 225 &9
7] Al&ste 1170C o °]2" 48X {FA A
A A4 DC IAAREHLG MYdE 1w, 2402 <t
A4 YZAA CuAlSe: 2 & FA s

22 HWEOo]| 2|8t CuAlSe2 TN uiof ME

CuAlSe; &34 vt oY 29 #& AF2S
9 hot wall M”12 7jge g2 F4¥ HWE Wi
& A8 AFAEAg. AVIZEE A% 04mm
tungsten wire 2 217 35mm A Fe] Zo} E
Ron, Ar12 £ XM 4% dESE ¥
ol7] #is NGl F& FFHIH AL
Sl #A4E CuAlSe: HE Y £4S ALE3
A GaAs(100) & 7l#oz ALttt CuAlSe
S9ZA vt e HSO0s - HO2 : H:O & 5: 1
: 1& chemical etching & GaAs(100) 713} Z
9& HWE A &0 92 ¥ A= 10°
tor 2 Bi71AlZl F, CuAlSe; UYL 2xE
630TC, 71¥Y 2%& 390~410 C = 3t 05m
/hr AAEE2 Jstgoh

3. A8 23 & nFE

3.1 CuAlSe22] 3= A =4H|

3.1.1 CuAlSe2 c}ZH o AP T =

§/4€ CuAlSe; 928 E E2E WE FAY
X-ray 34 FHE 39 3] E3d. 29 344
By uieh o]l FHARH:= (101), (112), (103),
(200), (004), (220), (204), (301), (312), (116) & %
AN HaZ7t YdEldI gloem olg JHFHER
B (hkDE bzt o4& 6ol JCPDS(Joint
Committe on Power Diffraction Standards) card
number$} YX = gE0]olA tetragonalZ2 A
HASE ¢ 4 A3, A4S E Nelson Riley
HARA o)ste] g AAtd F gAH[13le =z
T8 A7 a=5604A F co=10999A o[yt ol
g2 Ravhi T°][14] Bxg Fzx A4 a= 5610
A F =10900A #= Z AAFE & F Ak

3.1.2 HWEOl 2|8t CuAlSe2 TH&EH ufote] A

= =4

HWEe]| 9% CuAlSe; @24 W4 4
Hoz vrddA GaAs(100) 71He EEES AA
3l7] $18te 7]¥-E chemical etching 3tx, T4
9 2=& 680 T, 7I#e 228 390~430 T =
HEAZ|HA AZAZHT. I8 4v 7|99 2%
£ 390 T, 410 T, 430 CTZ 3o A=A CuAlSe:
oAaxyg  wtate] 10 Kol &g #ug
(photoluminescence) =HE oIt} 410 TAA A
28 utube]l A9 456.2 nm(2.7177€V)l A exciton

g

- 387 -



emission 2¥Ege] G FEA  YERoh
Exciton o] ¢J3 923 2€EYLS Y] AL FH
Aol AN HFY & e ALB HFE ©
A4 ddge] Hol Y¢5FE T AP
CuAlSe; ©2A e ojF 2R X-4 34 F
A(DCXD)S HHEXN(FEWHM) & A% 44,
Y 59 o] 7lwe] L7} 410 T 4™ wEAF
o] 127 arcsec® 7F¥ Agti, 390 T 9w 198
arcsec, 410 C 9 216 arcsec Q. ol F =F
22 CuAlSe; ©Z2A wete) HA 4Y3=A
e 719 =7} 410 T, T899 257 680 €
9L & £ U9 CuAlSe; 24 S Laue
e gAbHo 2 #9sted 19y 67 22 Laue A}
A& AUk o AR HFEAHY d&3te 4 F
E 79 6 F Greninger[15] =X & o]&3d ¢u
Wulffg-& o83t 3§ H9 FAPES 59
Gk o] RdE HEo wEE o7 AIHA o
$8E ¥ ddste dYE 27 CuAlSe; @2
A whatol] i3t YA FFS aHh o A
A F9L BF 594 via A4% A3, 29 6
2 (112)89 Laued UL ¢ F AUt =
§, e 2TE 680 T, 7|¥Y 2EE 410
T2 39 6 A7k T 43T CuAlSe; ©AA B
gto] £7lE a-step profilometer2 ZA3 A,
24 mZ FFEHALEE ¢ F AR

33 CuAlSe2 ot d uioto FET AHEY

o pPL AHEY
3.3.1 CuAlSe2 T wutolo] YEF+ AHE
o

CuAlSe: @274 9ote 2xd W2 FFT
2HEHE 293 KA 10 K72l 2=&
WA 7| EA 2R 8 a9 9 B+ FET
z¥EHoR RE FAFZY YA (hy)d
f$3s FEF AT (a)
T (ehv)~hv-Ep & BAZRE A AS
T3] ® 3o 2tk 29 102 CuAlSe;
@244 wute) F4 FHe 9 # direct band
gap? €% 9J&A-& yehilx 9lth Direct band
gap®] 2% &4 & Varshnid] [17]%

2
EfT) = B0 =g oo a)

o

F BE&sa Qi
A 7]A, Eg(0)= 0 Kol X9 oA A, a9 B
B AFold, E 0 28382 eVl o+ 868X
10* eV/K, B¥ 155 Kolth.
3.3.2 As-grown CuAlSe2 THaX uioto]l pL
AdEY .

I8 11e % A PB(as-grown) CuAlSe; &2
7 dteke] 10Kl A% PL 29ERE Ry
ootk 39 1A dagd e L4
4441nm(2.7918 eV)9] %%+ free exciton
emission spectrum®}t}. Free exciton® &F% 2
A7 AoMgt #2HY stdztde Azt o
WA o 743 ol AuxE e FAZ 97
HY A= 2 9751 bR o2 o
A8 AF(hole)o] FA ok old HF HFo
22g F&3 Hodux R A Aqrld AR
(electron)E AF T exciton® AT ol&o] A
%8 9 spectrum® RE WEFh ol e
AfARg 2AFAF]  Apanoz TAR
exciton2 coulomb 10| ZREAEHD Z+zte]
#AE F2Y9AAE ARt ATFHE A=EFE
o AqURGEE FAs =Hogloh o|AE free
excitono]2} o}, Free excitone oA sln Az}
o} AT AAZd oM AEEY. EF
exciton& B¢ g0y A XY wx FAA
Aol & ARFA %37 A& FNA &
A E e

@¥ez®yH 10KY 9, duvx o 7 E&
28377 eVE 3l9 T binding energys= 4%
EF = 00459 ev 24 Jaffe[18]7} reflectivity
2328 A4 exciton binding energyd] 0.04eV s}
A AX el 4441nm(27918eV)e] FLF BS-
2= free exciton(E) o2 #ZFH AT} CuAlSe: A
FE free exciton®] #ZFHE AOZ Hol gAY
923 dotoz AAHNSE & F Udh
453.8 nm(27321 eV)2t 4562 nm(2.7177 eV)Y} %
28]+ bound exciton emission 2HEHOoZ o
ARt Bound exciton® FA4 & diAg FA
(donor)¢} W7l (acceptor)ol] free exciton®] £utE

- 388 -



o 1 FHAEE EFIE AE ¥ Bound
exciton complex’} AE¥ W AVl LF2"HE
HE  free excitonBt FHFde] g
Bound exciton®} WAL AAHEE o HEHE
photon¥] oA &

ojty, 4714 EB = bound exciton®] Z#eluA]
ojr},

ul kg Aj7]el 453.8 nm(2.7321 V)9 BfEle
%4  donor-bound excitongl Vs Z)¢d e
exciton I(Dy, X)§) Aoz Azgc) (3) gezy
Bl T% donor-bound exciton? ZAFAUAE
0.0597 eVY& & 4 U1, Haynes ruledl] &3}

o Ex.gpmue F49 o3 JfUAERel

02985 eVgE& ¢ 4 UMY PL &9 4562
nm(2.7177 eV)E neutral copper vacancy Va9l
W) T4 8 exciton L{(Ay, X)o2 Rtk 119
AHUx] hye 27177 eVolBR (3 <J3iA,
Ve'9l acceptorel T&®  exciton [(A,, X)9
binding energye 00741 eV ¥L & F 3tk

Haynes ruled] ¢]3td %‘Ls 01 2HE 3 ¢

A8 ole3 duUAE 0741 VYL & F UA
o 23 LASX)Y ZIskeE B9-Ert B A
A vl 2e Hall 23 23404 p3d2 et
d A7 X @

LIOTONUMINESCRNCE INTRNSITY {Are. wahab

WAVELENGTH Gl

aa 11, 9 AAHA(as-grown) CuAlSe; ©42% 1t
2o 10 KellM PL ¥ &4,

Fig. 11. Photoluminescence spectrum of

as-grown single crystal CuAlSe; thin

film at 10 K.
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Fig. 12. Photoluminescence spectrum at 10 K of
undoped single crystal CuAlSe; thin
film annealed in Cu vapour.
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Fig. 13. Photoluminescence spectrum at 10 K of
undoped  single crystal CuAlSe; thin
film annealed in Se vapour.
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Fig. 14. Photoluminescence spectrum at 10 K of
undoped single crystal CuAlSe; thin
film annealed in Al vapour
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