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Influence of the storage (low-temperature annealing) of sulphur-passivated
GaAs p-n structures in a neutral (helium) atmosphere at room temperature on /-V
characteristics of forward and reverse currents was studied. The storage strongly
reduces the excess forward current and the reverse current in p-n junctions. The
ideality coefficient of /-V characteristics decreases with the storage. This effect
has two stages. It is showed that all these phenomena can be explained by
lowering of the surface recombination centers density and reduction of the
electrically active centers concentration in the surface depletion layer.

1. INTRODUCTION

P-n  junctions on  wide-band II-V
semiconductors can be used as gas sensors [1, 2]. Such
sensors have low background currents, are sensitive at
room temperature, have a response time of 100 s [3].
The gas sensitivity of these sensors is due to forming
of a surface conducting channel in the electric field
induced by the ions adsorbed on the surface of the
natural oxide layer ['1, 2].

The threshold gas partial pressure of a sensor
on p-n junction depends on the surface states density in
the semiconductor [3]. The results of calculations [3]
predict rise of the sensitivity to low concentrations of a
donor gas when the surface states density in the p-n
junction is diminished.

The surface states density in GaAs can be
lowered by sulphur atoms deposition from some
solutions [4]. The sulphur-passivation reduces the
excess forward current and reverse current in GaAs p-n
junctions, enhances the photosensitivity in the spectral
region of strong absorption, substantially increases the
sensitivity to ammonia vapors [5]. However the
stability of the characteristics of sulphur-passivated p-
n junctions was not investigated.

The aim of this work is a study of the influence of
the storage in a neutral gas on the surface currents in
sulphur-passivated GaAs p-n junctions. Effect of the
storage in helium atmosphere at room temperature on
[-V characteristics of forward and reverse currents in
sulphur-passivated GaAs p-n structures was studied.

2. EXPERIMENT

1-V characteristics were measured on GaAs p-n
junctions with the structure described in previous
works [1, 2]. The sulphur atoms deposition
(passivation) was carried out by a treatment of
different durations in 30% water solutions of Na,S'
H,O [5].

1-V characteristics of the forward current in a typical
p-n structure are presented in Fig. 1.
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Fig. 1. I-V characteristics of the forward current
of a p-n structure: initial (1) and after S-treatment
and subsequent storage in helium: 2 —2.410° s;
3-7210°s; 4 -1.710°s; 5 -5210s;
6-2.610°s; 7-7.810°s;

Curve 1 was measured before the treatment. Over
the current range between 1pA and 1mA the -V curve
can be described with the expression

I1(V)=1,exp(qV /nkT), (1)

where [, is a constant; g is the electron charge; V
denotes bias voltage; & is the Boltzmann constant; 7T is
temperature; n,~ 2 is the ideality constant. Such I-V
curves can be ascribed to recombination on deep levels



in p-n junction and (or) at the surface [6]. And the
corresponding current is known as a recombination
current.
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Fig. 2. Effect of the storage duration on the
forward current at V=0.4 V (1) and at V=0.7 V (2)
and on the reverse current at V=-4 V (3, 3A). Curve
3A is shifted down by 0.7.

At lower biases curve 1 has a section of an excess
current, which has an ideality constant n>2 and
corresponds to the  phonon-assisted  tunnel
recombination at deep centers [6]. This recombination
is located at the p-n junction non-homogeneities,
which cause local increase of the electric field [6].

Curves 2 to 7 in Fig. 1 were obtained after
passivation of 40 s duration. Curve 2, measured after
subsequent 40 min storage, exhibits an increase of the
excess current. And the further storage leads to a
substantial decrease of the excess current, as illustrated
by curves 3 to 7. After the storage during one month
the excess current disappears, and the I-V
characteristic corresponds to (1) over the current range
from 10® A to 10” A with ideality constant n,~ 2.

Curve 1 in Fig. 2 represents the dependence of
the excess current (at the voltage of 0.4 V) on the
storage duration. Curve 2 illustrates such dependence
for the recombination current (at the voltage of 0.7 V).
A comparison between curves 1 and 2 shows that the
influence of passivation and the subsequent storage on
the recombination current is much weaker than on the
excess current.

The effect of the passivation and the subsequent
storage on the I-V characteristic of reverse current in
the same p-n junction is illustrated by Fig. 3. Curve 1
was obtained before passivation. Curve 2, measured
after subsequent storage during 40 min, exhibits an
increase of the reverse current. And further storage
decreases the reverse current, as is seen from curves 3
to 6. Curve 3 in Fig. 2 presents the dependence of the
reverse current, measured at a voltage of —4 V, on the
storage duration. Curve 3A is obtained from curve 3

by a shift down by 0.7. This curve practically
coincides with curve 1. It means that the time-
dependences of the excess forward current and the
reverse current are identical.
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Fig. 3. -V characteristics of the reverse current of
a p-n structure: initial (1) and after S-treatment and
subsequent storage in helium: 2 — 2.410° s; 3 —
1.710°s;4 - 1.210°s; 5 - 2.610° 5; 6 — 7.810° s.

3. DISCUSSION

The presented experimental results show that
storage in helium atmosphere at room temperature
substantial reduces recombination and excess forward
currents, as well as reverse current in sulphur-
passivated GaAs p-n junctions. The storage time
dependence of the excess forward current and the
reverse current are identical. It suggests that decrease
of these currents has the same nature. It is known [6]
that the excess current in GaAs p-n structures is
localized in non-homogeneities of the p-n unction. A
strong influence of the passivation and the subsequent
storage on the excess current suggests that these non-
homogeneities are placed on the surface of our
structures. And the same can be concluded about the
localization of the reverse current in our samples.

Curve 2 in Fig. 2 illustrates the time dependence
of the recombination current during the storage. The
surface component of this current can be expressed [6]

as
1 1 1

I, =4l n(0)(C,N,/2)*(D2 +D2). (2)

Here [, is the perimeter of the p-n junction; n(0) is the
surface electron concentration at the point, where the
surface recombination centers are half-occupied; Ng
and C; are the density of surface recombination centers
and their electron capture coefficient, correspondingly;
D,s and D, are the diffusion coefficients for electrons
and holes at the surface, respectively.



Sulphur-passivation of GaAs reduces the density
of surface recombination centers [4]. Therefore the
decrease in the recombination current, illustrated by
curve 2 in Fig. 2, can be ascribed to the lowering of the
density N; of surface recombination centers in (2).
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Fig. 4. Effect of the storage duration on the
concentrations: 1 — Ny/Ny(0); 2 — N/N, in surface
non-homogeneities; 3, 3A — average of N/N; in
surface. Ordinates of curve 3A are normalized at
=7.210%s.

An analysis of curve 2 in Fig. 2 with the help of
relation (2) gives the time-dependence N,/N,(0), where
N,(0) is the concentration of surface recombination
centers before storage. This dependence is represented
by curve 1 in Fig. 4.

Some information about the concentration N of
electrically active centers at the surface of a p-n
structure gives an analysis of ideality coefficient n, of
I-V characteristics [6]. This coefficient is related to N
by expression [6]

N=N,1-2/n,) ®)
where
N, =12em,(kT)* /(gh)* “4)

¢ is the permittivity; m; denotes the tunnel effective
mass of charge carriers.

Curves 1 and 2 in Fig. 5 present the time-
dependences of the ideality coefficients at low and
high injection levels, respectively. An analysis of
curve 1 by using formula (3) gives the change of
electrically active centers concentration N in the
surface depletion layer of non-homogeneities, which
are responsible for the excess -current. N@)
dependence during the storage for these centers is
depicted as curve 2 in Fig. 4. The dependence N?) for
the homogeneous region of the surface, obtained from
analogous analysis of curve 2 in Fig. 5, is represented
by curve 3 in Fig. 4.

A comparison between curves 2 and 3 in Fig. 4
shows that the storage much stronger reduces the

concentration of electrically active centers (non-
compensated acceptors) in surface non-homogeneities,
than in average at the surface of p-n structure. After
a storage for one month curve 2 in Fig. 4 trends to
curve 2. It means that the non-homogeneities at the
surface, which are responsible for the excess current,
disappear. The main defects that increase the excess
current in p-n junctions on III-V semiconductors are
dislocations [6]. And sulphur atoms are donors in
GaAs. It permits to conclude that during the storage S
atoms at the surface diffuse to dislocations and
compensate their charge.
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Fig. 5. Effect of the storage duration on the ideality
coefficient n, at low (1) and high (2) injection
levels.

As mentioned, curves 1 and 3 in Fig. 4 represent
the time-dependences of the surface recombination
centers concentration N (normalized to initial its value
N,(0)) and the electrically active centers at the surface
N (normalized to the quantity N, , defined by Eq. (4)).
Curve 3A was obtained from curve 3 by normalization
to its value at r=2h. The courses of curves 1 and 3A at
t>10"s are similar. It means that the density of surface
recombination centers and the concentration of
electrically active centers vary identically during the
storage. However, at the beginning, at /<10* s, the
density of recombination centers N, is practically
constant, while the concentration of electrically active
centers N substantially (by 20%) drops. It suggests that
these both kinds of centers are of different nature. We
can only assume that both these centers are acceptors
and are compensated by penetration of sulphur atoms
into the crystal during the storage.

The course of curve 2 in Fig. 4 suggests that the
quantity N, in surface non-homogeneities has two
stages. In the first stage, at 1<10* s, N, drops by 40%,
and then its decrease is slower. Probably, the two-stage
relaxation of N, at the surface and in its non-



homogeneities is due to two different processes,
leading to compensation of acceptors.

4. CONCLUSIONS

The storage of GaAs p-n structures in a neutral
(helium) atmosphere at room temperature after sulphur
atoms deposition (sulphur passivation) substantially
reduces forward and reverse currents.

The excess current, caused by phonon-assisted
tunnel recombination in non-homogeneities, where the
depletion layer is thinned, especially strong decreases
with the storage. This effect is due to reduction of the
concentration of electrically active centers in the
surface depletion layer.

The enhanced reverse current in GaAs p-n
structures passes through the same non-homogeneities,
as the excess forward current, and similarly decreases
with the storage after sulphur-passivation.

The forward current at high injection level (at
I>1pA) also decreases with the storage, due to
lowering of both the density of surface recombination
centers and the concentration of electrically active
centers in the surface depletion layer.

All these effects can be ascribed to compensation
of acceptors (perhaps, related to dislocations) by
sulphur atoms in the surface depletion layer and to
destroying of surface states, acting as recombination
centers.
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MOBEPXHEBHUI CTPYM Y P-N IEPEXOJAX HA OCHOBI GaAs, TACUBOBAHUX ATOMAMHA
CIPKHN

JlociimkeHo BILIMB 30epiranHs (HU3bKOTEMIIEPAaTypHOTrO BiNaly) MAaCHBOBAHUX aTOMaMU CIPKH P-N MEPEXO/IiB
Ha ocHOBI GaAs y HeilTpaibHiii aTMocdepi (B remii) npu KiMHaTHIH TemrepaTypi Ha BAX mpsiMoro i 3BopoTHOTO
ctpymiB. [Ipu 30epiraHHi 3Ha4HO 3MEHIIYIOTHCS HAJIMIITKOBUH MPSIMUIL CTPYM Ta 3BOPOTHUI CTPYM y pP-N Iepexojax.
KoegimienT ineanpHocti BAX 3MeHmyetscst B mpoueci 30epiranss. Jlanuit npouec € apocramiinuid. [TokazaHo, mo
BCl Il SIBUIA MOXKHA MOSICHUTH 3MEHIICHHSM IIIBHOCTI MOBEPXHEBHX IEHTPIB PEKOMOIHAIl Ta 3MEHIIEHHIM
KOHILIEHTpALI] eJIeKTPUYHO-aKTUBHHX LIEHTPIB y TOBEPXHEBOMY 301 THEHOMY IHapi.
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MOBEPXHOCTHBIA TOK B P-N IIEPEXOJAX HA OCHOBE GaAs, IACCUBUPOBAHHbIX
ATOMAMMU CEPBI

HccnenoBano BiusiHME XpaHeHHs (HU3KOTEMIIEPATypHOTO OT)KWTa) IAaCCUBUPOBAHHBIX aTOMaMH Cepbl p-n
nepexofioB Ha ocHOBe GaAs B HelTpanbHOW aTMocdepe (B reaun) Npu KOMHATHOH TeMmieparype Ha BAX npsimoro u
obpaTHOro TOKOB. IIpM XpaHEHHM CYIIECTBEHHO YMEHBIIAIOTCS MPSIMOW M30BITOYHBIA TOK M OOpaTHBIA TOK B p-n
nepexonax. Koapduruenr uneanprnoctn BAX ymeHblnaercst B mpolecce XpaHeHust. DTOT MPOLECC IBYXCTaANHBIN.
[lokazaHo, 4YTO BCE OTH SBIEHHS MOXHO OOBSICHUTH YMEHBIICHWEM IUIOTHOCTH  ITOBEPXHOCTHBIX [EHTPOB
pEeKOMOMHAILIMM M YMEHBIIEHUEM KOHIIEHTPAIMU AJIEKTPUUECKH aKTUBHBIX LIEHTPOB B IOBEPXHOCTHOM OOEIHEHHOM
cIioe.



