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Abstract — The solid solution, CuAli-<GaxSe: single crystals of ternary compound semiconductors,
CuAlSe: and CuGaSez, and CuAl -.Ga:Se2:Co®" single crystals doped with 2.0 mol% of cobalt as
an impurity were grown by the chemical transport reaction method using iodine as the transport
agency. Then, CuAh -«GaSe: ingot synthesized from stoichiometric eleemnts, Cu, Al, Ga and Se
with excess Se of 3.0 mol% was used as a source material. To grow CuAl GaSex:Co®' single
crystal, cobalt powder of 2.0 mol% was added to the source materal. The grown single crystals
were crystalized in the chalcopyrite structure and lattice constants were obtained from X-ray
diffraction. From the analysis of optical absorption spectra, the composition dependence of the
optical energy gap was decided. Applying the crystal field theory to impurity optical absorption
peaks in CuAli-.GaSex:Co’' single crystals, it was identified that the impurity optical absorption
are originated in the electron transition between the energy levels of Co’" ion sited at Ta symmetry
point in the host crystals.
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Fig. 1. Two-zone furnace to grow CuAli «Ga:Se: and
CuAli «GaSe::Co’ single crystals by the che-
mical transport reaction method.
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Fig. 2. X-ray diffraction patterns of CuAlSe: and
CuAlSexCo’ single crystal powders.
CuMlo gG0p25€2  4.05619am
g ceL11BInm
[e] —_
~8 o
[} (2] —~
8§ 7z ©Bgs@ s
~ © o200 w g
A Ic 288" =9
Ry S
] l | l ! |
10 20 40 5O 60 70 80 90
29 (deg)
CuAIoveGoo_ZSezCoz*
. 0=0.5680nm
< o c=1.1263nm
[ole) "
IR ~ —
87 |8 Zadg o8
S EgBs §
| ] | ] I ]
10 20 40 50 60 70 80 90

29 (deg.)
Fig. 3. X-ray diffraction patterns of CuAlxsGao:Se: and

CuAlisGaozSe2:Co”” single crystal powders.
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Fig. 4. X-ray diffraction patterns of CuAlu:Gan:Se2 and
CullosGan:Sex:Co™ single crystal powders.
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Fig. 5. X-ray diffraction pdtterns of CuAlosGaozSe: and

CuAlnsGaniSexCo®" single crystal powders.
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Fig. 6. X-ray diffraction patterns of CuGaSe: and Cu-
GaSe::Co” " single crystal powders.

Table 1. Lattice parameters and the tertagonal disto-

rtion factor of CuAl «Ga.Se: and CuAl - Gax
Sea:Co” single crystals.

CuAl «Ga.Se> CuAl \GaSexCo®"
-(¢c/a) a(nm) c(nm) 2-(c/a)

0.0 0.5620 1.1210 0.0053 0.5694 1.1325 0.0112
0.2 0.5619 1.1181 0.0101 0.5680 1.1263 0.0171
0.5 0.5616 1.1116 0.0207 0.5671 1.1198 0.0254
0.7 0.5615 1.1072 0.0281 0.5665 1.1153 0.0312
1.0 0.5612 1.1013 0.0375 0.5652 1.1078 0.0403
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. 7. Optical absorption spectra of CuAh :GaSe:
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Fig. 8. Optical absorption spectra of CuAl GaSe:
single crystals at 10 K.
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Fig. 9. Optical absorption spectra of Cull GaSe::

Co®" single crystals at 293 K.
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Table 2. Optical energy gap of CuAli «Ga.Se: and CuAli «GaSex:Co’" single crystals.

Composition CuAh--Ga:Se: CuAll «GaSex:Co™"
X) 10 K* 293 K* 293** 293K *** 293 K* 293 K**
0.0 2753 eV 2.684 eV 2.60 eV 2.583 eV 1.947 eV 1.84 eV
0.2 2.059 eV 2.46 eV 2.39eV 2371 eV 1.848 eV 1.75eV
0.5 2.189 eV 2.131eV 210eV 2078 eV 1.729 eV 1.65 eV
0.7 1.998 eV 1.938 eV 192 eV 1.900 eV 1.664 eV 1.59 eV
1.0 1.754 eV 1.682 eV 1.68 eV 1.657 eV 1.590 eV 153 eV
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Fig. 14. Optical absorption spectra for CuAli Ga:Se:
:Co°" single crystals in the energy range from
18eV to 14eV at 293 K.
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Table 3. Observed impurity optical absorption bands of Co®' ion in CuAl Ga:Se::Co®" single crystals.

Composition Observed absorptopn States Parameters

X) Wavelength(nm) Wavenumber(cm ')  Energy(eV) o Mcm ) Dgem ) B(cm )
2473 4043 0.50 T('F)
1677 5961 0.74 ‘Ti('F)
811 12323 1.53 “T('P) )

0.0 825 12115 1.50 Loacpy 561 404 410
788 12684 157 I«('P)
737 13560 1.68 I's('P)
2462 4061 0.50 “To('F)
1677 5963 0.74 T('F)
812 12321 1.53 Ti('P) )

0.2 826 12113 150 Py 362 406 407
788 12683 1.57 Is(‘P)
737 13599 1.68 [s('P)
2453 4075 0.51 To('F)
1676 5969 0.74 'Ti('F)
812 12320 153 "T«('P) )

0.5 826 12112 150 Lo(py 62 408 403
788 12683 157 Is('P)
737 13558 1.68 Is('P)
2446 4088 0.51 To'F)
1675 5969 0.74 TICF)
812 12318 1.53 T'P)

07 826 12110 1.50 r.('p) 362 409 401
788 12680 1.57 I«('P)
2431 4113 0.51 T.('F)
1675 5970 0.74 'Ti('F)

10 812 12313 1.52 Tp) 98 411 396
826 12106 1.50 [ -+('P)
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