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[I-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 Zn, , ,Be,Mn,Se - magnetoelectronics



Blue-green laser

3.4 ZnMgSe Samples
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. Fig. 2. {a) Energy of the near band edge PL data for the

) Zn, _ Mg _Se samples as a function of x. The solid line is a
m a.C rOS CO p I C d efe CtS linelnr‘ﬁtiii} the vl.'lai:a that gives an energy gap varation of 7.8

. . . meV per percent Mg content change. (b) PL peak energy for

I n O ptl Cal I aCtlve Z O n e the ZnMgSe /ZnTe multi-guantum-well samples as a function

y of Mg content in the ZnMgSe laver. The fit gives the same

energy dependence versus Mg content as in (a). The measure-

ments were taken at 4.2 K, using an Ar laser line at 363.8 nm
for excitation.
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Type I-type Il band offset transition of the ZnMgSe---ZnTe system
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/nSe —~ZnTe—~MgSe vs. GaN

Manufacturing Industry

Blue-green semiconductor laser with 488 nm
wavelength developed.(Optoelectronics)

Mew Materials Asia, March, 2008
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(Fl FREMIUM In partnership with RESEARCH

Michia Corp, Japan, has developed a blue-green light-emitting semiconductor laser
element whose centre wavelength is 488 nm in a continuouws oscillation. It aims to start
sample shipments of the laser in March 2008,

The lurminous wavelength of the laser s the longest of all the products with a gallium
nitride (GakM) semiconductar laser element,



dopants

 Beryllium:

- Increase the lattice rigidity (covalent bonding)

- better controlling the band gap and lattice
constant to get matching with Il1-V etc.

- UV detectors with 3 orders rejection rate vs VIS

« Magnesium:

- tayloring band gap

e Manganese:

- opto-magnetic applications

Plazaola et al.. JAP 94 (2003) 1648



[I-VI ternary synthesis
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Samples

1) ZnSe doped with Be, Mg, Mn, Zn . Se: Be 15% Mn 7%

2) ZnTe doped with Cr Be 5% Mn 15%
Be 14% Mg 6%

From the melt (ZnSe + Be, Mg, Mn): Be 6% Mg 14%

1) hydrostatic pressure —

10-13 MPa Ar < 1u|§m

1850 K 1.5 h + 2.7 mm/h m i )

FIG. 1. Shape and dimensions of Zn, ., Be Mn, Se mixed crystal. Sequence

2) upper part removed, crushed, o e son s pices of e aysalis e sheamocay:
repeated §

3) cut, mechanically polished g
and chemically etched &




Samples

Features

e resistivity MQ cm,

e main defects: Zn - vacancies
e cubic (sphalerite) for Mg<16%
o wurtzite for Mg>16%

 non annealed in Zn vapour

 Slow growth — few defects
(<10%cm=3) in undoped




Photoluminescence
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2.2 eV cation vacancy?

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



Photoluminescence

1) Zn, 96B€ 045€

Intensity (Arb. Units)

J. Appl. Phys. 103, 013501 (2008)
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FIG. 1. The PL spectra of a ZngesBegoySe at several tlemperatures between
15 and 300 K.

Firszt et al.



Photoluminescence
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FIG. 4, The PL spectra of Zng.BepnMgqaq5e crystal at several tempera-
tures between 10 and 300 K. The band-edge excitonic lipe, free to band
radiative recombination and DAP emission are indicated by arrows.

FIG. 2. The PL spectra of ZngBeg Mg .52 mixed crystal at several
temperatures between 10 and 300 K. The band-edge excitonic line, free to
band radiative recombination and DAP emission with clearly seen LO-
phonon replicas are indicated by arrows.



Previous positron studies
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Photoluminescence

ZNg 96B€g 04S€

J. Appl. Phys., Vol 82 Mo, 3, 1 August 2003
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FIz. 3. Photolumunescence spechz measured at T=40K of Zn, .Be, . 5e

as grown and annealed m zine vapor at T=1230K for 48 k.
Plazaola et al. 2003



Photoluminescence
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Positron lifetime

Plazaola et al. 16459
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FIG. 1. Positron average hifetime (7} vs the temperature for Zn;_, Be, Se
crystals with x=0 (open cireles), 0.065 (closed circles), 0.17 (squares), and
0.42 (tnangles).

Plazaola et al. 2003
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J. Appl. Phys_, Vol. 94, No. 3, 1 August 2003

TABLE 1. Data for the Zn; _,Be, Se sphalerite structures used in the calcu-

lations. The structures simulated have lattice constant . 7p corresponds to
the theoretical bulk lifetimes calculated 1 bulk compound semiconductors.

a WVolume/atom TE

x (&) (A% (ps)
0 5.6675 22.76 250.3
0.0625 5.6304 2131 2468
0.156 23 5.5817 21.74 2421
0.25 5.5330 21.17 37

| I
| % P
Lh
LA

0.5 5.4031 19.72

TABLE II. Calculated lifetimes 7 in different types of neutral and unre-
laxed vacancy-type defects in Zn; _ Be Se.

Ven Ve Vse VenVse VeV se

.TE-' TE-' TE-' TE-'. .T[-'.

X (ps) ips) ipsl ps) ps)

0 264.9 2780 3438

0.0625 260.8 2605 281.0 3304 3300
0.156 25 2553 2551 2758 3336 3330
25 25321 2301 2705 330.8 32813
0.5 2403 2354 2623 3177 3158

Plazaola et al. 2003



Positron lifetime
/n,, Be, Se
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FIG. 3. 7, and /, are the lifetime and intensity, respectively. of the second
component measured at 500 K vs the Be content in the compound semicon-
ductor. The continuous and broken lines correspond to fits of the theoretical
positron lifetimes in monovacancies of Be and in divacancies, respectively.

divacancy relaxed inward
monovacancy relaxed outward Plazaola et al. 2003



Trento slow positron beam
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Fig. 1. A schematic layout of the electrostatic positron beam constructed in the Trento laboratory



Doppler broadening ZnTe
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Doppler broadening ZnSe
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Comparison ZnTe - ZnSe
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W-parameter
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LOW-MOMENTUM PARAMETER 8§

work In progress...
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-Temperature dependence
-Surface defects?
-Doppler coincidence
-Lifetime

SEMICONDUCTOR LAYERS BY POSITRON
ANNIHILATION SPECTROSCOPY

Juha Oila

Labaratary of Physics
Helsinki University of Technology
Espoo, Finland



Tabuperr fabn ey ) -v--mm.ﬁ.h
g = b mmibieds fpt crtbar ] oede bl
SNy - ey Ayl i i :

,(“o‘" « gor b ’-..;:":?“MM

e R}

- U bl

et 5"'--" i "‘" j‘.‘:& \..—,;c
\ . uad

I|l"‘“" Anm -,“_" . \ .,:

o ot by N\

R 'i'.f\"\. L R \!

;m;% \ \’




