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Reflectivity of Zn3As2and Zn32 in 0.24—1.2
waverange*
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Reflectivity spectra of oriented Zn3As2 and unoriented Zn3P2 crystals were measured in
0.24—1.2 p.m waverage at 300 K. A few singular points stated on spectral curves of both
compounds have been assigned as interband transitions at the characteristics point of energy-
-band structure.

Introduction

The determination of the spectral dependences of the reflection index provides
important information about the energy states of the electrons in a semiconductor.
This enables us to determine the energy of electron in both interband and intraband
transitions, depending on wavelength spectrum used. The investigation of interband
transition has important meaning (for the photon energy hco greater than the energy
gap Eg of semiconductor) for unknown materials, especially.

Zinc arsenide Zn3As2 and zinc phosphide Zn3P2 are poorly studied compounds
among those belonging to 11-V group. Reflectivity spectra of these compounds were
studied only** in [1] and [2] for Zn3As2 and Zn3P2, respectively, and their energy
gaps at 5-300 K are shortly reviewed in [3] and [4].

The aim of this paper is to present the reflectivity spectra of oriented Zn3As2 and
unoriented Zn3P2 monocrystals and to estimate the energy values of prospective
interband transitions.

Results and discussion

Specimens measured of approximate thickness of 0.5—L15mm, cut from mono-
crystals prepared by gas-transport method, were mechanically polished and then
etched in 5% bromide solution of alcohol. Orientation of crystal structure on sample
surfaces (for Zn3As2 only) has been provided at the Institute of Low Temperatures
and Structural Research of the Polish Academy of Sciences, Wroclaw.

* Work sponsored under contract 20/78 (IM-116).
** Some notes on reflectivity of thin Zn3As2 films has also been presented in [6] and Zn3P2
materials in [8].
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Reflectivity measurements were made in the special optical equipment (with
SPM-2 monochromator and Si-68 prism) which allows to measure the absolute
values of reflectivity coefficient of semiconductor with accuracy better than 1% [5].

Figures 1 and 2 show the dependences of reflectivity coefficient R on photon
energy (near and above the energy gap of semiconductors measured) for examplary
Zn3P2and Zn3As2 samples, respectively. The inserts in figures indicate the accuracy
with which the experimental points define the curves. The reflectivity curves present-
ed in figures were obtained as the result of averaging (point-by-point-method) of
some (not less than three) independent measurement cycles.

Two main peaks are observed for both compounds: 2.60 eV and 4.28 eV for
Zn3P2and 2.12 eY and 3.91 eY for Zn3As2, respectively. All the values have accu-
racy better than 20 meV. These two-peak spectral curves are characteristic of these
semiconductors (see [1, 2, 8]).

The values of energies of optical-induced electron transitions (denoted by arrow
in figures) were estimated as the energies of the peaks (or the steps) on reflectivity
curves and are presented in tables 1 and 2 for Zn3P2 and Zn3As2, respectively.

Table 1

Energies (in eV) of experimental optical transitions in Zn3P2 crystal (at 300 K)

Data from [2] Peak energires from

denotation of peaks* peak energies this work
151
i 1.85 1.84
E2\
E3 _—
' 2.60
Es 3.16 13.20)***
1325/
E6 4.32** 4.28
Ei 4.50
e8 5.36

* Denotation in [2] has been taken from paper [7].
** Reflectivity peaks at 2.63 eV and 4.32 eV have also been obtained in the last paper [8].
*** Depending on the type of singularity of critical points.

Data from [1, 2] are also taken for comparison. Other singular points on curves
(easy to show but not marked by arrows) require further investigations.

Assuming generally, a good accordance between our data and the cited ones are
observed, excluding, however:

— low-energy transitions (at 1.51 eV for Zn3P2at 1.40 eV for Zn3As2),

— small dissimilarities between our values of transmission energies (for Zn3P2)
and the one cited after [2], between 2.50 eV [2] and 2.60 eV (this work), especially.
It has been noted that the last results [8] rather confirm our statements.
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Table 2
Energies (in eV) of experimental observed optical transitions in Zn3As2 crystal (at 300 K).
Reflectivity from (101) surface

Data from [1] Peak energies from this

denotation of peaks* peak energies work
1.39
Ei 194 1.96
K 214 212
e?2 3.03 2.98
Eb 3.82 391
Ea 4.6 4.64

* Denotation in [1] has been taken from paper [7].

These optical transitions are not possible to identify in term of lach reliable
band-structure calculations.
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CnekTpbl oTpaxeHnsa 2n3A82 n 7n3P2 B guanasoHe BOSAH 0,24-1,2 MKM

BbinM M3MepeHbl CNEKTPasibHbIe 3aBUCUMOCTU  KOIPHULIMEHTOB OTPaXKEHUS OPUEHTUPOBAaHHbLIX
MOHOKPUCTaU1/10B TNM3A32 U HEOPUEHTMPOBAHHbLIX MOHOKPUCTaU1/1I0B rM3P2 B Anana3oHe BOJH
0,24-1,2 MKM. BbISiBNIeHO Ha/IM4YMe Ha KPUBbIX XapaKTePHbIX TOYEK, COOTBETCTBYHOLLUX MEX30HHbIM
nepexofiaMm B 3HEPreTUHeCKMX CTPYKTypax 3TUX COeAUHEHWIA.



