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Previous investigations on P-T-N structures formed on iron doped
InP substrates [1] showed that iron impurities form deep traps resul-
ting in the appearence of S-shaped regions in the current-voltage cha-
racteristics of forward biased diodes. This is explained by double in-
jection of current carriers through deep levels but their accurate iden-
tification 1s impossible, especially in the case when several levels of
close energies are involved. In the present paper we simplify and apply
the photocapacitance method proposed by Okumura and Tkoma [2]
for the investigation of several deep levels simultanecusly present in
the energy bandgap of a P-I-N structure.

P-1-N structures are formed on InP: Fe substrates cut from cylin-
drical ingots synthesized [rom stoichiometric melt homogeneously doped
with iron. The P-gide of the structure is obtained by fast Zn-diffusion
and after that one side of the substrate is lapped. Samples 1 x 1mm?
are scribed and on the lapped surface In -- 3% Sn pearls are alloyed
to form the N side. This way on the two sides of the compensated T-
region assymetric junctions are made and we can use the inverse square
relation of the junction capacitance and reverse bias.

When the reverse-biased P-1-N structure is irradiated with mono-
chromatic light, the photolonisation of the deep irnpurities in the com-
pensated region lead to an increase of the static space charge in the
depletion region and respectively to an alteration of the barrier capa-
citance.

When there are several discrete deep levels in the band gap, each
of them will contribute to the whole change of the barrier capacitance,
when we illuminate with light within a definite energy interval. If the
wavelength decrease slowly at a definite speed, successive ionisation
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of deep levels occurs; shallower impurities are first lonised. Conseguently
the initial capacitance of the structure -C(0) has two components:
the first due to the photoionisation of shallower impurities and the
second to the partial ionisation of the deep level reached at the moment:

1_20 Jus 4 C(0)y (1)

C{0}; = capacitance due to the photoionisation of shallower levels

C(0)y = capacitance due to the partial photoionisation of the
reached deep level

The photocapacitance reach different values for the same wave-
length of the incident light in account to different speeds of scanning,
and we shall use this futher. This is shown on Fig. 1.

We express the change of capacitance over time from the con-
centration of ionised impurities and from the speed of scanning —

d(hv)
P="0
esting, the results after that may be shown. The change of capacitance
is given hy:

. In this note we don’t go into details but if this is inter-

dACJ Doy ( Czjmax_Cjz ) @)

a2 Cy

where @ =13 photon flow density; oj = photoionisation cross-section
of deep centers with energy level Eij, aCjmex = the maximal change
of capacitance at the total ionisation of all impurities giving the same
deep level K.

Than we can determine the cross-section of the photolonisation
through the derivative of the capacitance with respect to the photon

energy (B:ﬂ&};—v)—) and the maximal and momento values of the

capacitance:

286 d(aCy)

D B =) () @

The total concentration of the ionised impurities with an energy
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level Etj, th 1s:

. Clar — CF
Ny = e (4)

A —a constant including the parameters of the material and the
structure (E, S, U).
As it was done by Okumura and Tkoma, we use the Lucovsky mo-

del, in which the ion potential is approximated by §-function and the
photoionisation cross-section is expressed by:

n

o L (L ) 8het Bl (hv—Ey P2 o (v — By )2 (5)
Eo / 3mec (hy)? e

Equating (5} and (3) we obtain:

. (hv 3¢ CJIAC e (6)

2 2
AC C]mx — CJ,’AC

4G

h\:—Et-,j = const [B a(hv)

from which one can determine the ionisation threshold energy for each
deep level E;,. For this purpose it is necessary to investigate the depen-
dence of the photocapacitance on the speed of the light scanning. On
Fig. 1 we can see that the same change of the photocapacitance can
be reached for different wavelengths. The expression in the square
brackets is a linear function of (hv)ac (the energy at which equal AC
are reached) and Ey is determined by the cross point on the abeiss.
We have plotted these relations for three characteristic points about
1,08eV, 1,11eV, 1,17eV (Fig. 2). The so obtained accurate values are
1,09V, 1,12eV, 1,18eV. For the first two we suppose they are related
to the Fel+ and Fe?* states of the iron impurity in InP. For the third
level we assume that it is due to electrically active structural defects
in the erystal induced in the process of recrystallization.

For the above discussed levels, the calculated photoionisation cross-
sections for a fixed energy of the photons of the incident light was
about 10-3%cm?,
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TIEPIAHYH

MEAETH OQTOXQPHTIKOTHTAZ LE P-I-N
InP: Fe AOMEX

Trd
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(" Epypaotihpw Duovdic “Fuwayaydy xai Teyvoloyidr *Lpevew
Havermoripioc Xépag).

Moonyodpevn Eéracy tév Sopdv P-I-N wobd oynuartilovrar dmd Inl
SmdPubipo pe mpoopeifzie owipov Exar Beifst 8 ol dxubapoizg qudfpon oyy-
patilouv Pabeigg moayidec pE dmotéiAsopa THY dpodvioy meplaydy S ot Tdo
pedplartos. Sty dpyacie adm) dpappolovpe w7 uilodo puroywpnTwdrrnrac
wob wpotdlnre &md Todg Okumura xal Tkoma vy ) pehéry Sobpwy Bo-
Oziév orelupdv mob Epoavilovtan otd dvspyeiend ydopo tév P-T-N Soudv.
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