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Some general features of the behaviour of Cu, Zn, Bi, and Mn impurities in CdSiP, and CdP,
erystals are studied by analyzing electron beam-excited luminescence spectra measured in a tem-
perature range of 6 to 300 K, as well as by determining their electrical parameters. The impurities
are established to substitute mainly the cadmium in the erystalline lattice and to promote the
formation of complexes of defects, which are radiative recombination centers. Cadmium vacancies
~as well participate in the defect complex formation processes. A radiation ascribed to interstitial
cadmium-type defects, is discovered in CdSiP, erystals.

Heeaeopannl HexoTophie ofuine 3aKOHOMEPHOCTH HoBeAenusa npusmeceil Cu, Zn, Bi, Mn
B kpueramiax CdPy n CdSiP,. [Lin 9Toro npoaHaausgpoBaHbl UX CHEKRTPLL JIOMIHEC-
HeHmnme nmpi BO3ﬁF}KHGHHH NWIEKTPOHHLIM  [IVHREOM, H3IMEPEeHHbBIE B TeMIepaTypHOM
mrepsadae 6 o 300 K, a tawmke onpegedaensl X dJeRTpHYecKHe nmapamMerpol. O6eyii-
JaeTed BOMPOC O poan npuMeceit B (OpMUPOBAHEN HEHTPOB H3dydaTeanHoil pexomin-
HAHH. Y ETanoRJIeH0, UTO HTH IPHMECH 3aMEIA0T TPEeNMY HIeCTBeHHO KaJIMAI B KpHCTal-
dieckoil penierie n cnocobeTBYIOT 006PAsOBANNI0 KOMINICKCOB Je(erTon, ABJIaoinxces
lenTpaMu  uanydarenwnoll pexomonnannu. B npoueccax mederroofipazosanusa KoM-
IACKCOB MPUHHMAIOT YUacTHe Talike pakaHcHn kagvua. B wpucramiaax CdSiP; obmapy-
FHEHO HAIYIeHNEe, KOTOPOe CBABLBACTCH ¢ Je(erTaM THIIA MerI0oyIeanHbil Kaamuii.

1. Introduetion

Studying radiative recombination processes on specially undoped CdP, [1] and CdSiP,
[2] erystals diseloses many common features in the structure of radiation spectra,
In particular, structural bands due to excitonic transitions with the participation of
nitrogen impurities are observed in the edge region in both cases. The nature of radia-
tion bands in the long-wavelength region was studied with the use of erystals heat-
treated in vacunm or in the vaponrs of components. This made it possible to ascertain
that intrinsic lattice defects are responsible for the majority of bands.

It is very useful to compare the behaviour of dopants in these compounds and to
study their effect on the formation of radiative recombination centres, I1-IV-V,
compounds are isoelectronic analogs of 11-V, ones and have approximately the same
values of the forbidden band width [3]. Due to this, some common regularities of the
defect formation and hence also a similar nature of the long-wave radiation should

be expected,

2. Experimental

Crystals grown by the method of sublimation (p-CdP,) and of chemical gas-transport
reactions (n-CdSiP,) were used for the investigations. The crystals were doped in the
course of their growth. Dopants were selected so that they are donors, acceptors, or iso-

1) Ul Prirogova 9, SU-252030 Kiev, USSR.
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valent with respect to components of the compounds; the relations between tetra-
hedral ionie radii of the impurity and host elements being substituted [4] were take:
into account,

The experimental conditions were the same as in [1]. Cathodoluminescence spectra
were measured in the region of (1.1 to 2.3) eV in the range from (6 to 300) K. This
made it possible to extract information on the conduetivity type and carrier concen-
tration [5, 6]. The impurity concentration was determined by the mass spectroscopy of
secondary ions [7].

3. Results and Diseussion

The following intrinsic defect types are possible in specially undoped crystals:

— cadmium (Veq) and phosphorus (V) vacancies, for CdSiP,, defects Vg may
exist additionally ;

— interstitial cadmium (Cd;), silicon (Si;), and phosphorus (P;) atoms:

— complexes of defects, consisting of an interstitial atom and a vacancy for metal
and metalloid sublattices.

Formation of antistructural defects is unlikely because of a considerable difference
of tetrahedral radii and electronegativities of the constituent elements [4]. Also, forma-
tion of defect associations which can be an aggregation of several simple defects is
quite possible, It should be taken into account that defects Vg for the compounds
under investigations are acceptors and defects V., are donors [5, 6].

Fig. 1 shows cathodoluminescence spectra of initial and doped CdP, (curve 1) and
CdSiP, (curve 2) samples, recorded at 6 K. Some characteristic parameters of the
crystals are given in Table 1. Let us analyze the effect of impurities on the cathodo.
luminescence spectrum.

The spectrum of CdP,:Cu erystals, in contrast to that for the initial samples, ex-
hibits an edge luminescence in the form of three “nitrogen” bands and a broad band
with a radiation maximum at 2,01 eV, Spectra of CdSiP,: Cu feature two structureless
bands with maxima at 1.42 and 2.20 eV. Studies of the temperature quenching and
kinetics of the afterglow of these bands did not allow to relate them to the participa-
tion of donor-acceptor pairs in the radiative recombination. The presence of “nitro-
gen” bands in the edge region rules out the assumption of formation of Cu, defects,
The disappearance of the fine structure in this spectral region for CdSiP, indicates an
inerease in the imperfection of samples,

Table 1
_ compound dopant Np (em=3) n, p (em™) hrmax (V)

Cdp, Cu 1.5 x 10%7 2y 3 X 10 2.01
Zn 1 x 10w p. 2 % 101 1.86
Zn 2 x 10 P, B % 1012 2.08
Bi 5 ¥ 101 n, 5 % 1012 1.86; 1.29
Mn 3 3¢ 1008 n, & X 101 2.04

CdSiP, Cu 3 x 107 P, 3 % 101 1.42; 2.20
Zn i I ol L m, T X 1012 2.08: 1.15 to 1.40 !
Zn 2 x 18 n, 4 x 10 1.8 to 2.0; 1.93
Bi 1 % 10%® n, 5 % 101 1.80 to 2.01
Mn 2 xX1g® n, 2 X 102 1.9 to 2.3; 1.57; 1.25
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Fig. 1. Cathodoluminescence spectra of (1) CdP, and (2) CdSiP, erystals measured at 6 K. a) initial,
b) Cu-, ¢) Zn-, d) Bi-, and ¢) Mn-doped

Copper with respect to cadmium is an acceptor, This is confirmed by an increasing
concentration of acceptor-type centres both for CdP, (incresae in the hole conduectiv-
ity) and for CdSiP, (right up to a conductivity inversion to p-type). For CdP, [7]
at doping with copper its atoms preferentially substitute cadmium, The same phe-
nomenon occurs also in CdSiP,. However, this substitution process is accompanied
by the formation of defect complexes, which are luminescence centres responsible
for the appearance of new bands. At any rate, there are no reasons for relating
them directly to the copper impurity,

Zine is an isovalent impurity with respect to cadmium, Formation of substitutional
defects Zngq will be most probable in this case. The addition of zine in the order of
1 > 10" em™* to CdP, results in smearing out of the fine structure of the spectrum
and appearance of a radiation band with maximum at 1,86 eV, A twofold increase in
the zine concentration leads to the disappearance of the band and an increase in the

age
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edge radiation with a pronounced fine structure (Fig. 1¢, curve 1). At a low (up to
101% em™?) doping level of CdSiP, crystals the cathodoluminescence spectrum exhibits
a substantial decline in the intensity of the 2.08 eV peak, while retaining the fine
structure of the (2.0 to 2.2) eV band. At the same time the intensity of the (1,15 to
1.30) eV long-wavelength band increases. As the zine impurity concentration is twice
increased, the intensity of the (1.8 to 2.0) eV band declines and it overlaps with the
edge of the spectrum, which gives rise to a single radiation band with maximum at
2,08 eV and an inflection near 1,93 eV,

It was suggested in [8] that zine at relatively low concentrations promotes the for-
mation of intrinsic defects which result in a considerable decline in the edge lumines-
cence radiation intensity and in the formation of a new band with maximum at 1.86 eV
in the CdP, erystal spectra. This band is possibly due to intracentre transitions from
an excited to the ground state of a centre having the form of a complex of defects with
the participation of Vg [9]. An increase in the zine impurity concentration is accom-
panied by a decrease in the hole concentration in CdP, and a rise in the n-type conduct-
ivity of CdSiP,, which results from a decrease in the number of acceptor-type centres,
The latter can be Vg or another type of defects with their participation, From in-
vestigations of heat-treated CdSiP, erystals [2], the (1.80 to 2.00) eV band is aseribed
to Vg defects. Hence, the concentration of Vi defects or of complexes of defects
based on them increases in this case. A growth of the dopant concentration provides
for an efficient filling of cadmium vacancies by zine, with the result that the 1,86 eV
band of CdP, disappears and the intensity of the (1.80 to 2.00) eV band of CdSiP,
decreases, Thus, the general features of the zine impurity behaviour are observed:
at low concentrations it promotes the formation of intrinsic defects, and filling of
defects Vg occurs as its concentration is increased,

The bismuth impurity is isovalent with respect to phosphorus, The structure of
luminescence spectra of such samples in the edge region at bismuth conecentrations
up to 10 em~? undergoes no substantial changes compared with the initial samples;
only the radiation intensity in the (1.8 to 2.0) eV region decreases for CdSiP,:Bi
crystals. At the same time for CdP,:Bi, along with the edge luminescence, lumines-
cence bands with maxima at 1,29 eV and a less intense one at 1,86 eV are predominat-
ing, Studies of the kinetics and temperature dependences of the 1.29 eV band [3, §]
indicate that a donor-acceptor recombination occurs in this situation, Bi being
a donor at B, — 0.5 eV and a centre formed by V(D" at ¥, + 0.27 eV an acceptor.

Formation of Biy, defects is unlikely because of a considerable difference in the tetra-
hedral radii [4]. Intrusion of Bi into Cd sites, i.e., formation of Biyy defects, will e
more preferable. With such an intrusion mechanism, bismuth behaves as a donor
in both compounds, Investigating the electric properties of the erystals supports this
suggestion: an increase in the n-type conduectivity right up to inversion (p — n) is
observed in CdP,:Bi, which is not characteristic of isovalent impurities.

Mn is a donor impurity with respect to all the components. In CdSiP,:Mun, in con-
trast to CdP,:Mn, apart from the egde radiation two radiation bands with maxima at
1.25 and 1.57 eV, respectively, as well as a broad luminescence band in the (1.9 to
2.3) eV region are observed, the band being formed by the superposition of several
bands. The investigation of electron paramagnetic resonance spectra of Mn** in hoth
compounds [10] demonstrates that ions Mn®** isomorphously substitute cadmium,
This agrees with the absence of (1.8 to 2.0) eV and 1.86 eV bands resulting from Vg
defects. The luminescence of CdSiP,: Mn crystals in the energy range of (1.9 to 2.3) eV
appears to be due to intrashell transitions with the participation of the manganese
d-shell in the course of its completion. The absence of some radiation bands is probably
due to a high doping level (of the order of 3 % 10" ¢m~?), resulting in their broadening
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and overlapping. Spectra of CdP,:Mp crystals additionally include a band with a
maximum at 2,04 eV, whose origin is similar to that of the 2,01 eV band in spectra of
CdP,:Cu, i.e., it is related to recombination on complex centres including a manganese
impurity.

The following fact attracts attention to the spectra of CdSiP,: for erystals contain-
ing Zn, Bi, Mn impurities, the cathodoluminescence in the energy region of (1.14 to
14) eV increases, Proceeding from the relations between the tetrahedral ionie radii,
substitution of cadmium sites by impurities is probable. This favours the formation
of Cd; defects which are donor centres. Assuming the radiation to stem from “donor—
valence band™ transitions, we find that Cd; defects give rise to an energy level ¥, —
— (0.88 t0 0.93) eV, which is also confirmed by the photoconductivity spectra of these
erystals [11].

Luminescence with maxima at 2.01, 1.86, 1.29, and 2.04 eV arises in the spectra of
Cu-, Zn-, Bi-, and Mn-doped CdP, crystals, respectively. It is most likely associated with
the participation of V¢4 defects or of complexes based on them and including the dop-
ants in recombination transitions. Formation of Cd;-type defects occurs in the case
of a heat treatment of CdP, crystals in saturated cadminm vapour. This results in
the appearance of the 1.72 eV band in the luminescence spectra [1]. However, in
contrast to CdSiP,, this band has not been detected in all cases of doping, This can be
ascribed to different atom packing densities in the compounds under investigation
[12]. Since in eadmium diphosphide it is higher, the probability of formation of Cd,
defects is lower,
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