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II-VI ternary compounds

• Wide gap: 1.5 eV (CdTe) ÷ 5.5 eV (BeSe):
- ligth emmiters
- photodetectors
- UV detectors in VIS and IR environment – astronomy, 

flame detectors, medical equipment
- scintillators
- heterojunction lasers
- Mn chalcogenides Zn1-x-yBexMnySe - magnetoelectronics
- …



Blue-green laser 

GaN: blue-violet laser, but hardly > 450 nm

Green-blue laser (>450 nm)

II- VI compounds
* 1991 (M.A. Haase, APL 59, 1272)
but τ<400 h

Stress accumulation
→ macroscopic defects

in optically active zone

Type I–type II band offset transition of the ZnMgSe---ZnTe system 
S. O. Ferreira, H. Sitter, W. Faschinger, R. Krump and G. BrunthalerJ

ournal of Crystal Growth Volume 146, Issues 1-4, 1995, Pages 418-421



ZnSe ↔ZnTe↔MgSe vs. GaN



dopants

• Beryllium:
- increase the lattice rigidity (covalent bonding)
- better controlling the band gap and lattice 

constant to get matching with III-V etc.

- UV detectors with 3 orders rejection rate vs VIS
• Magnesium: 
- tayloring band gap
• Manganese:
- opto-magnetic applications

Plazaola et al.. JAP 94 (2003) 1648



II-VI ternary synthesis
• Thin films
- metalloorganic chemical
vapour deposition
(MOCVD)

• Bulk: 
- Bridgman-Stockbarger
technique 



Samples

1) ZnSe doped with Be, Mg, Mn, 
2) ZnTe doped with Cr

From the melt (ZnSe + Be, Mg, Mn):

1) hydrostatic pressure
10-13 MPa Ar
1850 K 1.5 h + 2.7 mm/h
2) upper part removed, crushed,
repeated
3) cut,  mechanically polished
and chemically etched

ZnxSe: Be 15% Mn 7%
Be 5% Mn 15%
Be 14% Mg 6%
Be 6% Mg 14%



Samples

Features

• resistivity MΩ cm, 
• main defects: Zn - vacancies 
• cubic (sphalerite) for Mg<16%
• wurtzite for Mg>16%
• non annealed in Zn vapour
• Slow growth – few defects

(<1015cm-3)   in undoped



Photoluminescence

1,6 1,8 2,0 2,2 2,4 2,6 2,8 3,0 3,2
0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

 

300 K

80 K

40 K

S
pe

ct
ra

l p
ho

to
n 

flu
x 

[a
.u

.]

Photon energy [eV]

Zn0.94Mg0.06Se

2,6 2,7 2,8 2,9

2.86 eV exciton line

2.75 „edge emission”
(shallow D-A pairs)

2.2 eV, 1.98 eV
deep level
emission bands

2.816 eV an exciton
bound to „some” deep
defect center

2.2 eV cation vacancy?

Nb. 2.2 eV emission disappears after 2 days annealing at 1230K in Zn vapour !

1) Zn0.94Mg0.06Se
He-Cd, 325 nm
55 mW



Photoluminescence
1) Zn0.96Be0.04Se

Firszt et al.



Photoluminescence
Zn0.88Be0.06Mg0.06Se Zn0.68Be0.06Mg0.26Se



Previous positron studies



Photoluminescence

• Zn0.96Be0.04Se

Plazaola et al. 2003



Photoluminescence

• Zn1-xBexSe

Plazaola et al. 2003



Positron lifetime

Plazaola et al. 2003



Positron lifetime

Plazaola et al. 2003

Be -6.5%



Positron lifetime

Plazaola et al. 2003

Zn1-x Bex Se

divacancy relaxed inward
monovacancy relaxed outward



Trento slow positron beam

E=100 eV – 25 keV
spot < 5 mm



Doppler broadening ZnTe
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Doppler broadening ZnSe
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Comparison ZnTe - ZnSe
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S-W curve
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S-W curve
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work in progress…

-Temperature dependence
-Surface defects?
-Doppler coincidence
-Lifetime



Thank you for the attention!


