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Photoluminescence(PL) studies in single crystals of CuAlS2 doped with a series of rare-
earth(RE）elements have been studied. Heavy RE ions were successfully incorporated 
showing. PL spectra characteristic of f-f transitions of trivalent RE ions. 

1. INTRODUCTION 

Among the series of ternary chalcopyrite type materials, CuAIS2 is the only one stable 
material that has a band gap in the ultraviolet region (£g=3.49 eV at room temperature). 

This means that CuAIS2 is capable of being a host material for visible luminescence centers 
like ZnS whose band gap is 3.68 eV. Indeed CuAIS2: Mn has been known to emit a red 
emission band either by optical or by electric-field excitation (SATO et al. 1984; SATO et 
al. 1988, SATO et al. 1991) 

We have also carried out researches on the ternary material doped with RE elements 

aiming at realizing visible phosphors with higher brightness. Contrary to II-VI compounds 
the charge neutrality condition seems automatically satisfied in CuAIS2 compound, since 
the I-Ill-VI2 compound has a trivalent cation as its constituent element. We therefore 

performed crystal growth of CuAIS2 doped with a series of RE element~. PL spectra have 
been measured in crystals obtained, part of the studies having been published 

elsewhere(KUDO et al.; OHGOH et al. 1993; OHGOH et al. 1994). Here we summarize 
the results and discuss the overall view on doping of RE ions. 

2. EXPERIMENTAL 

Single crystals ofCuAlS2 doped with a series of RE elements (Ce, Pr, Nd, Sm, Eu, Tb, Dy, 
Ho, Er, Tm and Yb) have been prepared by chemical transport using iodine as transporting 

agent. Transparent single crystals with well-developed { 112} planes, typical dimension 

being 2x2x 1 mm3 were obtained. Chemical analysis revealed that the RE composition is no 

more than 0.25 mol¾ . PL spectra have been measured in these crystals between 20 Kand 
room temperature(RT). 
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3. RESULTS AND DISCUSSION 

CuA1S2 crystals doped with light RE elements (Ce, Pr, Nd, Sm and Eu) showed a yellow 
PL band as well as several blue or purple emissions. Both of these emissions have been 

observed also in undoped crystals and ascribed to so-called self-activated (SA) emission in 

undoped crystals. No sharp lines due to f-f transitions nor broad emission bands 

characteristic of d-f transitions were detected. We therefore concluded that these light RE 
ions could not be incorporated in CuA1S2 crystals. 

On the other hand, in crystals doped with heavy RE elements were observed sharp PL 
lines superposed on the broad yellow band. In Fig. I are illustrated PL spectra for 
wavelengths below 900nm observed in crystals doped with Tb, Dy, Ho, Er and Tm. In Fig 

2 is shown the infrared PL spectrum observed in Yb at 20 K. The PL lines observed in 
Figs. I and 2 have been assigned to intracenter f-ftransitions as surrunarized in Table I. 
We will give brieF discussion for each RE ion in the order of the filling of 4f-shell 
Tb3+(4P) . 

Several lines were observed superposed on the yellow SA band. All the sharp lines have 
been assigned to f-f transitions from a corrunon excited state 5D4 to several L-S coupling 

sublevels (J=6, 5, 4, 3) split from the ground multiplet 5F. The most intensive line at 548 

run is regarded as a phonon-replica of 51)4→5Fs zero-phonon-line. The excitation spectra for 
these levels showed a corrunon pealc at 380 run (3.26 eV), which can be assigned to the 

transition from the lowest ground level to higher excited state 5D1. These Tb-originated 
luminescence were hardly excited by across-the-gap transition.(KUDO et al.) 
Dyl+(4P) 

Only one sharp line was observed in the Dy-doped sample at 580 run, which can be 
assigned to the transition 4F叩→吋3/2.We failed to measure an excitation spectrum for this 
line emission due to weakness of the emission intensity. 
Hol+(4f1°) 

Several lines superposed on the SA emission were observed in Ho-doped crystals. Lines 

observed at 656 run, 63 5 run, 620 run, 590 run and 551 run c皿 beassigned to si;:.3→SI7, 5F2 
→5h,3K1→加F1→517.5S2→51sintracenter transitions. 
Er3+(4f11) 

Three distinct PL structures at 670 run, 549 run and 530 run superposed on the broad SA 

emission band were observed and were assigned to f-f transitions 4F叩→4115n,4s3/2チ Im,
2H11n→4l1sn. The color of the emission was yellow due to the presence of the strong SA 
emission. The broad band could be suppressed by doping very small amount of Fe impurity 

In this case the emission was pure green in color at room temperature. PLE spectra for 
these PL lines showed a corrunon peak at 383 run, which has been assigned to the transition 

from the ground state 4lt512 to the higher excited state 4G1112. 

Tml+(4f1り
At room temperature only one line is seen at 800 run overlapped on the broad SA emission 

band. As temperature was decreased a blue emission line appeared at 477 run. These 
emissions were excited by the broad PLE band at 400 run, which have been tentatively 

ascribed to the charge-transfer transition from the ligand p-orbitals to 4f orbitals. (OHGOH 

et al. 1994) 
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Fig. I PL spectra ofCuAlS2 single 
crystals doped with Tb只Dy3+,Ho3+, Er3+ 
and Tmh ions 
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Fig. 2 PL spectra of Yb-doped CuA1S2 

Yb3+(4f13) 

As seen in Fig. 2, Yb-doped sample 
showed a double-peaked emission, which 

was attributed to 2Fs/2→2F7/2transition, 
the only one f-f transition in Yb3+ ion. The 
fine structure may be origined from the 
spin-orbit splitting. In Fig. 2, another sharp 

infrared emission line was found at I 720 
nm, which had been assigned to the 
crystal-field transition 4T)→知 associated

with the Fe3+ ion substituting the Cu atom 
(SATO et al.1990). 
We tabulate relationship between PL 

and the ionic radii for RE ions investigated 
in the present study in Table 2. Ionic radii 

of RE ions decrease with atomic number, 
this phenomenon being well known as 

lantanide contraction. It seems that there is 

a certain critical radius of RE ios to be 

incorporated into the CuA1S2 crystal lattice. 
Since tetrahedral covalent bond radius of 

Al (1.26 A) is smaller than Cu(l.35 A), 

(PH且LIPS)we believe RE ions prefer to 

substitute Cu atom, charge neutrality being 

satisfied either by an introduction of cation 
vacancy or by a reduction in valency of 

impurity Fe ion at Al site from trivalent to 

divalent. Thus critical size may be 
determined by the covalent radius of Cu 
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Table 1 Photol . --- --- -- --- . RE-doped CuAIS -―--r -- - - - --

R江eEarth Emission hne pos.1tion Assigrunents PLE peak(eV) 
Energy(eV) Wavelen帥 (run) Assiimrnent 
1.99 621 5D4→7F3 

To3+ 2 11 587 5D4→泊
2.262 548 5D4→1Fs(Phonon replica) 3 26 7F6→5D3 
2 278 544 504→7F5 
2.532 490 5D4→泊

Dり令 2.14 580 4F9n→6Hnn 
Ho3• 1.89 656 5F3→拓

I 95 635 5F2→拓
2.00 620 3K1→% 
2.10 590 5F1→% 
2 25 551 5S2→% 

Er3令 I 85 670 4F9n→4115n 
2 26 549 4S312→4I15n 3 24勺15'2→℃11'2
2.34 530 2H1112→411sn 

Tm3・ I 55 800 (RT) 3F4→3比 3.10 Charge Transfer 
260 477 (70K) 1G4→油 State 

Yb” 1.21 1025 ヤs/2→2F1/2
1.23 1008 

Table 2 Observation/ nonobservation of PL in RE-doped CuAIS2 

Io讐 35+|l l 

Emission 
胃

4. CONCLUSIONS 

Single crystals of CuAIS2 doped with a series of RE elements were investigated. It is found 
light RE elements were difficult to be accommodated in the crystal, while heavy RE 

elements could be successfully incorporated leading to PL emissions characteristic of f-f 

transitions in the RE ions. 
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