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55 A7| 2 CulnTe, SHAA-S FAIsle] HWE (Hot Wall Epitaxy)dP8 22 CulnTe, ©4
7] wpukg- v AA GaAs(100) 71 9ol ATt CulnTe, ¥HAA dhae 3o 25
610°C, 7|7He] =2 450°CE AAstgr). ofwf AR w24 wte] $AE 2.4 um$ieh. B2
A wkake] AAJAle] FALA] 10 KA B %’(photolummescence) 2#E=e] 1085.3 nm
(1.1424 eV)oll A exciton emission 2~FEZH o] 714 s ey on], w3k °]T737§ XA 8%
X (DCRC)S) HFE2)(FWHM)S 128 arcsec®. 7F zhol 4 A3 27498 oF 4~ 9lgivt. Hall
F= van der Pauw W] 28] SXH¢)om], 25 )&= $ukAl =29 o] FEE 293K
oA Zkz} 9.57x10% electron/m’, 1.31x1072m*V - sgv}. CulnTe, §H27 #lake) Fd5F g
Beomlzz e 10 KA zﬂ% ACr(crystal field splitting)= <¢F 0.1200 eV, ASo(spin orbit
coupling)= 0.2833 eVgith. 10 KoM b B-9-2]9] 1064.5 nm (1.1647 eV)Y= free exciton
(E,), 10853 nm (1.1424 eV): donor-bound exciton’! (D% X)9} 1096.8 nm(1.1304 eV)= ac-
ceptor-bound exciton?! (A%, X)gdeh. =3t 1131 nm (1.0962 eV)y:= donor-acceptor pair(DAP) ut
Z Pe)al 1164 nm (1.0651 eV)y= DAP-replica P, 1199.1 nm (1.0340 eV)= DAP-replica P01,
1618.1 nm (0.7662 eV):= self activated(SA)] 7] sk Habsg 9alz ke gic),

Abstract

A stochiometric mix of CulnTe, polycrystal was prepared in a honizonatal furnance. To obtain the
single crystal thin films, CulnTe, mixed crystal was deposited on throughly etched GaAs(100) by the
HWE system. The source and substrate temperatures were 610°C and 450°C respectively, and the
thickness of the deposited single crystal thin film was 2.4 um. CulnTe, single crystal thin film was
proved to be the optimal growth condition when the excition emission spectrum was the strongest at
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1085.3 nm (1.1424 V) of photoluminescence spectrum at 10 K, and also FWHM of Double Crystal
X-ray Rocking Curve (DCRC) was the smallest, 128 arcsec. The Hall effect on this sample was mea-
sured by the method of Van der Pauw, and the carrier density and mobility dependent on temperature
were 9.57x10% electron/m’, 1.31x102 m%V - s at 293 K, respectively. The ACr (crystal field splitting)
and the ASo (spin orbit coupling splitting) measured at 10 K from the photocurrent peaks in the short
wavelength of the CulnTe, single crystal thin film were about 0.1200 eV, 0.2833 eV respectively.
From the PL spectra of CulnTe, single crystal thin film at 10 K, the free exciton (E,) was determined
to be 1064.5 nm (1.1647 €V) and the donor-bound exciton (D°, X) and acceptor-bound exciton (A°,
X) were determined to be 1085.3 nm (1.1424 eV) and 1096.8 nm (1.1304 eV) respectively. And also,
the donor-acciptor pair (DAP) P, DAP-replica P,, DAP-replica P, and self-activated (SA) were deter-
mined to be 1131 nm (1.0962 eV), 1164 nm (1.0651 eV), 1191.1 nm (1.0340 eV) and 1618.1 nm

(0.7662 eV), respectively.
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H A9@7 16 mm, Y7 10 mmyell o] 3x107°
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Fig. 1. A schematic diagram of horizontal furnace
for synthesizing of CulnTe, polycrystal.

Fig. 2. Photograph of CulnTe, polycrystal.
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Fig. 3. Block diagram of the Hot Wall Epitaxy sys-
tem.
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Fig. 4. X-ray diffraction pattern of CulnTe, poly-
crystal.
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Fig. 5. Lattice parameter a, of CulnTe, polycrystal.
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Fig. 6. Lattice parameter ¢, of CulnTe, polycrystal.
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Fig. 7. PL spectra at 10K for various substrate
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Fig. 8. Double crystal X-ray rocking curve of CulnTe,
single crystal thin films grown at substrate tem-
perature 450°C.
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CulnTe,

GaAs (100)

Fig. 10. Cross section of CulnTe, single crystal thin
film grown at substrate temperature of 450°C.
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Table 1. EDS data of CulnTe, polycrystal and sin-
gle crystal thin film

Polycrystal Single crystal
thin film
Element
Starting  Growth  Starting  Growth
(%) (%) (%) (%)
Cu 27.05 27.17 27.17 27.99
In 24.23 24.58 24.58 24.17
Te 48.72 48.25 48.25 47.84
$£EE 2 Cu, In, Te oM vhee B4 XS V)
Zog glo] 2HFPom Cu= KA B4 XAL o
B33 W Te & LAY B4 XA Al 5
A3}, Fig. 11904 Cu, In, Te o] 3= 52
354 XA E9 Jehd@ gle). o5} W
H]e]) M 2436 1S Table 19 Hgoh ohEA ol

A 1] starting element ] A3 AR A
A ZAM)So] +2% S} MY el dx= 9)
o] SlFE AL L o FelHeE o 5 9
At

3-3. Hall &1}

A= vbakel hall €92 van der Pauw BFHS
2 203KelM 30K7E] MFA7IEA &3 sl
Table 2o EAc}. ofwf hall Al-Eo] ke FholoA

& WEEA| S o 5= 9dgduh A=) hall ©)F
=9 =&AL Fig 129} Fig. 130 22 Bel}.
Fig. 129 In n o 1/TeA 73k A3} ouAl=
0.27 eV$l3Z, Fig. 132 23E] hall o] 5% Fujita®
&2 ZAFe} zhe] 30 KoM 150 KA BE A

Z(impurity scattering)ell 71918}, 150 KellA 293

K71A]3= A=} AFek(lattice scattering)el] whel 7h4s}
s
3-4, CulnTe, X giote| 04X mjZHy
A Hlete] _"}g"\ B4 Fig. 14¢} 2w

CulnTes= direct gap WEER|e]7] whio] Al
energy(hv) % FFF AF(oe} CulnTe, AR 1}
2] energy gap(E,) Abolell=

(0hv)*~ (hv - E,) (D

2 FAZE Q2. Fig. 15614 & Ae] (ohv)*= 03]
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Table 2. Resultant analysis on Hall effect of CulnTe, single crystal thin film grown by HWE

Temp. Carrier density Hall coefficient Conductivity Hall mobility
(K) n (m™) Ry (m’/c) o (Q'm™) W (m%v-sec)
293 9.57x10% 2.43x107° 682.42 1.31x107
270 8.03x10% 4.85x107° 653.72 3.21x107
250 6.68x10% 7.26%x107° 546.94 3.93x107
230 4.32x10% 3.41x107° 534.76 4.88x107
200 1.59x10* 4.61x107° 478.66 5.55x107
180 1.33x10* 3.91x107 468.45 6.75x107
150 8.91x10™ 3.08x107° 423.13 7.91x107?
130 6.51x10% 4.66x107° 369.81 6.60x107
100 5.27x10* 5.54x107° 356.74 ‘ 5.80x1072

77 4.98x10% 7.10x10™ 283.85 4.01x107
50 4.53%10" ©5.64x10™ 270.39 2.78%107
30 4.51x10% 4.95%x107 267.49 1.87x107*
'|023 o '. 2.0
C % _
B 2]
= [ e E T=293K
5+ 8
5 <
8 B
2 “ £
22 m 10
ia_—a Lo = . i
& F . e
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TEMPERATURE (10°/T) Fig. 14. Optical absorption spectrum of CulnTe, sin-

Fig. 12. Temperature dependence of carrier density gle crystal thin film.
for CulnTe, single crystal thin film.
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Fig. 16. Photocurrent spectra of CulnTe, single crystal thin film.

A wh= Ae] (2ol 23] energy gapell s
o 7] %7} 450°CY W CulnTe, W24 1p
2] energy gap> A2<llA 1.06 eVHTH.
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e SPREMAIN SRR SHE o)
= EAlo]™ allochromatic 242 imperfectionsl] 7]
olsl= A oA BT} SHE o)F
+ EA&e|v}. Allochromatic Ee|A] imperfection
] 3= 92 VRAE el A E 5 old
A= 7N eF Wilel] o3k =S Wsfeltt p
o] A Wle Ax® Fl] Z|oslis i, F
M Fhasel| 7]egle, SR A 25t 3
xS Fhielot, AAE trapping $HEE ZHE-
3ldot. =S £714]7]3E= imperfections -S54
= A7) =S 43A)7]E imperfections> $-
H455E /A2 Al imperfectionel] 7]Q13}
t PHEE] = A 2 W} Table 3

[«3

2o}, BAF 2~HER d)sled Gudden 52

3} Fig. 150014 Ea= Be} 3ke] ARgo| A CulnTe, T
A wake] AR Bl oA wziEd 719l
3= 2982 A5G} ufebA] Varshni 32] %%
23} CulnTe, D24 uPge] 2=o)EAel 2|3t o
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ofl”

E(T) = Eg(O)—m 2
ok, old E 0y= 0KelA o=, o, P A
ojm, fittingo] 2J3M T3 B (O 1.1801 eVolal
o=3.29x107eV/K, B=198.2Ke|o}. Fig. 169 %
AF 95 Fig 189 ouA] wjHl7ze] 23
A ogs el EAMEC 293KelM 10 K7HA]
CulnTe, 2% el #&5H A 9] F-fele
A, = Ty), BTy Ty, CI;—> Ty Aelel 25
AR SrelE A5E Alw Aoy,

Table 39| 10 KellX] Ei= v} Zbo| A F B-¢-
2le] A olA] 7R 7 el o) A7l
ACE] ZA7ZEE 0.1200 eVl Thwaites =Vo] K.
375 0.0010 eVEE} 0.1190 eVeleakgks X
AT, ASo2] =47k 02833 eV HA| Thwaites7}
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Table 3. Temperature dependence of photocurrent peaks for CulnTe, single crystal thin film

Wavelength . .
Temp. (K) Energy difference ASo or ACr Fine structure
(nm) (eV)
293 1047.9 1.1831 0.2833 ACr BTs— Ty
845.5 1.4664 ' CT;— Ty
1156.5 1.0720 AT, — Ty)
12 A
270 1039.9 1.1922 8;82421 Agg BIs— T
840.2 1.4756 ' CI,— Ty
1143.4 1.0843 AT — T
250 1029.4 1.2044 8;@2}1 ﬁgé B(Ii— Ty
833.3 1.4878 ’ CIy— T)
1115.1 1.1118 A= Ty
200 1006.3 12321 8'%22 igé B(I;— Ty
818.1 1.5155 ' CIT,— Ty
1090.2 1.1372 AT,— Ty)
150 986.1 1.2573 8'%% igg BI;— Ty
804.6 1.5409 | Ca,— Ty
1071.0 1.1576 AT;— T)
12 A
100 9704 12776 P ~ B(L,— To)
794.5 1.5605 ) CI,— Ty
1064.5 1.1647 AT, — Ty
77 964.8 1.2851 géégg' 2?; B(T,— T
790.4 1.5686 ' CI;— T
1058.1 1.1717 A= Ty)
50 959.8 12917 8‘5%22 ﬁgg BTy~ Ty
787.1 1.5752 : cT,— Ty
1053.6 1.1767 A= Ty
: A 7 6
30 956.0 1.2969 8;;2% Agf, B(Ts— Ty
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Fig. 17. Temperature dependence of the energy gap
in CulnTe, single crystal thin film. (The solid line Fig. 18. Fine structure of energy levels of CulnTe,.
represents the fit to the Varshni equation.)
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Fig. 19. Photoluminescence spectrum of CulnTe,
single crystal thin film at 10 K.
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