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The hydrostatic pressure coefficients of V3+/2* acceptor level in bulk GaAs
and of the 0.48 eV trap (related to Ni2+/1t double acceptor level) in VPE
GaAs were measured by means of the DLTS technique. The obtained values
are 94 meV/GPa and 196 meV/GPa relative to the bottom of the conduc-
tion band. For Ni?t/1* level the strong pressure dependence of the capture
cross-section activation energy (60 meV/GPa) was also observed.

PACS numbers: 71.55.Eq, 62.50.4p

It is known that transition metal (TM) levels in compounid semiconductors
can act as refercnce levels, from which heterojunction band lincups can be cal-
culated [1, 2]. Adopting the concept of such reference level, it was proposed that
TM levels absolute energies (i.e. vacuum related) should be insensitive to stress
[3]. Thus, the pressure coefficients of TM levels related to conduction band or va-
lence band edge could be used to calculate the band-edge deformation potential
[3]. However, it was found from the uniaxial-stress DL'TS measurements that the
hydrostatic pressure coeflicient (relative to the bottom of the conduction band)
for Ni2+/1+ level in GaAs was 34% larger than for the Ti®+/2+ and V3+/2+ Jev-
els in the same material [4]. Therefore, the aim of this work was to measure the
hydrostatic pressure coefficients of V3+/2+ level and of the 0.476 eV trap (usually
related to Ni2*/1+ level). These coefficients were measured in the DLTS experi-
ment performed under hydrostatic pressure.

The samples investigated in this work were prepared [rom two materials:
vanadium doped HB GaAs (n = 3 x 10'® cm™3) grown at MIT (USA) and un-
doped VPE GaAs (n = 2.5 x 10'®* cm™3) grown in ITME, Warsaw. The DLTS
measurements were performed on Au-Schottky diodes placed in a high pressure
cell with a benzine as a pressure transmitting medium. Hydrostatic pressure up
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Fig. 1. a) DLTS spectra for V3*+/2+ acceptor level in GaAs (AE = 0.146 €V) under
hydrostatic pressure; the emission rate window e, = 246s™; b) the pressure dependence
of V3+/2% Jlevel activation energy; full and empty squares correspond to the values
obtained with e, = 24657 and e, = 247057}, respectively.
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Fig. 2. a) DLTS spectra for 0.476 eV trap related to Ni2+/1t double acceptor level
in GaAs under hydrostatic pressure; the emission rate window e, = 42.1 s~!; b) the
pressure dependence of emission rate activation energy for 0.48 eV trap; full and empty
squares correspond to the values obtained with e, =42.1 s~! and en = 246 571, respec-
tively.
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to 0.7 GPa was measured with a calibrated InSb manometer. The signature of
investigated levels (i.e. AE—the emission rate activation energy and o, — the
capture cross-section) were obtained from measurements under atmospheric pres-
sure. The activation energies of the investigated levels under hydrostatic pressure
were extracted from the DLTS-peak shifts with the emission rate window kept
constant. The pressure coefficients of the capture cross-section aclivation energies
were obtained by measurements of the DLTS peak-height dependence on a pulse
duration time at a specific temperature under several pressures.

The value of the activation energy (AFE = 0.146 eV) of the main trap in the
DLTS spectrum of vanadium doped sample was in good agreement with the value
reported for V3+/2+ Jevel in the same material (AE = 0.15 eV)[5]. The DLTS
spectra recorded under several values of pressure are presented in Fig. 1a. Because
the value of pressure depended on temperature, the curves in Fig. 1a are marked
with the pressure values corresponding to the DLTS peaks. The pressure derivative
of AE for V3+/2+ Jevel in GaAs was found to be equal to 94 + 5 meV/GPa (see
Fig. 1b). No pressure dependence of the capture cross-section activation energy
was observed.

In the second sample i.e. undopped VPE GaAs two main peaks in the DLTS
spectrum were observed (AE = 0.476 eV, AE = 0.82 eV). The value of the
activation energy of 0.476 eV trap was in good agreement with AE proposed for
Ni2+/1+ double acceptor in GaAs (AE = 0.48 eV [6, 7]). Morcover, the nickel
contamination is usually observed in hydride VPE materials [8, 9]. Both of these
facts strongly support attribution of the 0.476 eV trap to the Ni2t/!* double
acceplor level. The DLTS spectra obtained under several values of pressure are
presented in Fig. 2a while the pressure dependence of AE is shown in Fig. 2b. The
pressure derivative of AF was found to be equal to 196 £ 5 meV/GPa. The strong
pressure dependence of the capture cross-section activation energy was observed.
Its pressure derivative obtained from measurements performed at 7" = 302K was
60 £ 10 meV/GPa.

The value of the pressure coefficient for both Ti3+/2+ and V3+/2+ Jevels eval-
uated from the data published recently [3] is equal to 116 & 12 meV/GPa. The
difference between this value and the value obtained by us (91 & 5 meV/GPa)
is slight above the experimental error. It was found [4] that the pressure deriva-
tive of Ni2t/1+ level was equal to 1.34 x 116 meV/GPa = 155 meV/GPa and
the capture cross-section activation energy did not depend on the pressure. The
pressure derivative of Ni2t/1% level ionization energy obtained by us was equal to
136 & 15 meV/GPa and the capture cross-section activation energy exhibited the
strong pressure dependence (60 % 10 meV/GPa).

Our results point out the significant role of the pressure dependence of the
capture cross-section in the interpretation of the pressure coeflicient measurements
of TM levels. Moreover, it seems that the DLTS under hydrostatic pressure is
more effective tool for the measurements of the deep level hydrostatic pressure
coefficients than uniaxial-stress experiments.
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