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The time-dependence of the surface current in GaAs p-n structures after placing in
concentrated wet ammonia vapors was studied. It is sown that the slope of measured currenttime
curves is non-monotonous. This effect is explained with taking into account presence of deep
surface levels, which are filled, when the quasi-Fermi level is moving to the conduction band.
An analysis of time-resolved measurements of surface current in GaAs p-n structures in wet
ammonia vapors enabled to estimate depths of some surface levels. The depths of the main
revealed surface levels are 0,206 eV, 0,185 eV, and 0,176 eV from c-band. In the interval of
depths 0,176 eV - 0,185 eV surface levels are continuously distributed with practically constant

density.

1. INTRODUCTION

P-n junctions as gas-sensitive devices [1, 2] have
some advantages in comparison with structures, based
on oxide polycrystalline films [3, 4] and Shottky diodes
[5, 6]. P-n junctions have high potential barriers for
current carriers, which results in low background
currents. Sensors on p-n junctions [1, 2] have crystal
structure, high sensitivity at room temperature. The
lowest size of these sensors in a classical variant is
limited by the space-charge layer thickness and is of the
order of 100 nm.

The mostly interesting for gas sensors on p-n junc-
tion are Si and GaAs. The gas sensitivity of GaAs p-n
junctions is remarkably higher than that of Si sensors,
due to higher electron mobility [1, 2, 7, 8].

GaAs p-n junctions as ammonia vapors sensors have
a non-monotonous dependence of the sensitivity to the
NH; partial pressure due to deep surface centers. This
dependence was used for an estimation of corresponding
levels depth [9].

The aim of this work is to study the influence of
deep surface centers on the time-dependence of the
surface current in GaAs p-n structures in ammonia
vapors.

2. EXPERIMENT

The measurements were carried out on GaAs p-n
structures, described in the previous paper [9]. The
junctions were treated by durable exposure in wet
ammonia vapors under an NH; partial pressure of 12
kPa. 1-V characteristics of the forward and reverse
currents were measured in air with various
concentrations of ammonia vapors. The time-
dependence of the surface current and the open-circuit
voltage was analyzed in ammonia vapors.

Fig.1 represents the time-dependence of the direct
current in a p-n structure at F=0,3 Volts after placing in
wet ammonia vapors with an NH; partial pressure of 12
kPa.

It is seen that the slope of I(t) curve non-mo-
notonously changes with the time. The characteristic
changes in the slope occur practically at the same
currents in different samples.

The current-dependence of I(t) derivative, obtained
from the curve in fig. 1, is presented in fig.

2. Curve dl/dt(l) has distinct minimums at current
values of 1,086 pA, 2,386 pA, and 3,353 pA. The values
for different samples differ mostly by
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5%. The presence of these minimums can be explained
by filling of deep surface centers in p-re- gion due to
electrical field of adsorbed ammonia molecules, which
are donors in GaAs.
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Fig. 1. Current-dependence of dl/dt, obtained
from the curve I(t) in fig. 1.

B

Fig 2. Schematic of a p-n structure, placed
in a donor gas: 1 — oxide layer; 2 — ions; 3 —
depletion layer; 4 — conducting channel; 5 —
surface (fast) centers; 6 — states on the oxide
surface (slow centers).

3. DISCUSSION

The experimental results can be explained with the
model, depicted in fig. 2. lonized ammonia molecules 2
are located on the natural oxide surface. Their electric
field bend the depletion layer 3 and forms a n-
conducting channel 4. After adsorption and ionization of
donor molecules the slow centers are filling and after
that electrons are captured by fast centers. And only
after filling of surface centers the surface depletion layer
is widened and the n-channel is forming. During this
process the Fermi quasi-level for electrons is moving to
the conduction band. In a quasi-sta- tionary approach the
electrons surface concentration is defined as

ng = N_exp[—(E. - F,)/(kT)], (1)

where N, is the effective states density in C- band; E;
- F, is the quasi-Fermi level depth; KT is the Boltzmann
factor. And the number of electrons, captured on the
surface centers can be calculated as

Ny = Ny {exp[(Es — F) KT +1} ', (2)

where N; is the density of surface traps; Es is the
corresponding energy level. From (1) and (2)

follows that a minimum of dn /dNs corresponds to the

equality

Eg. (3)

If , in a limited time, DN- / dt « const, equality (3)
corresponds to minimum dys /d; , that corresponds to a
minimum dl / dt. Therefore the minimums of curve
di/dt(l) in fig. 2 correspond to crossing the related deep
surface levels by the quasi-Fermi level. The minimums
of curve dI/ dt(T) at current values of 1,086 pA, 2,386
pA, and 3,353 pA vyield estimations of surface levels
depths 0,206 eV, 0,185 eV and 0,176 eV, respectively.

In the current interval 2,3 - 3,3 pA, that corresponds
to

(4)

0,206 eV > E, — F, >0,176 eV »



curve I(t) has a linear section, that corresponds to constant
surface states density in the depths interval

0206eV>E —E >0176ev.  (5)

The obtained surface levels depths are in agreement
with results of previous work [9], where the
corresponding estimations were made by an analysis of
the dependence of gas sensitivity of GaAs p-n junctions
on the ammonia partial pressure.

The surface level with a depth of 0,18 eV was
observed with the method of deep levels transient
spectroscopy in the GaAs natural oxide layer [10]. This
level is one of the main deep levels in the natural oxide
layer on GaAs crystals and its concentration increases at
a treatment in oxygen plasma [10]. The electrons
capture by this level reduces the gas sensitivity of GsAs
p-n junctions [9].

4. CONCLUSIONS

The time-dependence of the surface current in GaAs
p-n structures after placing in concentrated wet
ammonia vapors has a non-monotonous slope. This
effect is explained with taking into account presence of
deep surface levels, which are filled, when the quasi-
Fermi level is moving to the conduction band.

Time-resolved measurements of surface current in
GaAs p-n structures in wet ammonia vapors enable to
estimate depths of some surface levels. These estimates
are in a good agreement with the results of previous
works, obtained with different methods.

The surface level in p-GaAs of a depth of 0,18 eV,
which is responsible for the non-monotonous slope of
I(t) dependence, corresponds to a point defect in the
natural oxide, that includes an oxygen atom.
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Summary

The time-dependence of the surface current in GaAs p-n structures after placing in concentrated wet ammonia
vapors was studied. It is sown that the slope of measured current-time curves is non- monotonous. This effect is
explained with taking into account presence of deep surface levels, which are filled, when the quasi-Fermi level is
moving to the conduction band. An analysis of time-resolved measurements of surface current in GaAs p-n
structures in wet ammonia vapors enabled to estimate depths of some surface levels. The depths of the main
revealed surface levels are 0,206 eV, 0,185 eV, and 0,176 eV from c-band. In the interval of depths 0,176 eV -
0,185 eV surface levels are continuously distributed with practically constant density.

Key words: surface current, p-n structure, deep centers.

0. O. IImawenxo, @. O. [Imawenxo, B. P. ['inbmymoinosa

BIIVIMB I''IMBOKUX HEHTPIB HA KIHETUKY IIOBEPXHEBOI'O CTPYM* IHAYKOBAHOI'O
AJICOPBLIE€IO MOJIEKYT AMIAKY B P-N TIEPEXO/IAX HA OCHOBI GaAs Pe3iome

JloCmiIKeHO KIHETHKY IMOBEPXHEBOIO CTPyMy B P-N cTpyKTypax Ha ocHOBI GaAS micias ixX MOMIIIEHHS Y
KOHIICHTPOBaHI BOJIOTi mnapu amiaky. IlokasaHo, IO HaXWil BHUMIPSHUX YacOBHX 3aJIe)KHOCTEH CTpyMy €
HEMOHOTOHHMH. JlaHe sBHINE NOSICHEHO 3a BPaxyBaHHSAM HAsABHOCTI TIJIMOOKHMX IIOBEPXHEBHX pIBHIB, SKi
3aMoBHIOIOTHCS, KOJIM KBasi-piBeHb DepMi pyXaeTbcs B CTOPOHY 30HH IPOBIHOCTI. AHalli3 KIHETHKH TOBEPXHEBOI'O
CTpyMy B P-N cTpykTypax Ha ocHOBi GaAS y BOJIOTHX MapaxX amiaky JaB MOXKJIUBICTH OLIHHUTH TJIUOWHH JCIKHX
MOBEPXHEBUX pPiBHIB. [ TMOMHU OCHOBHUX BHUSBICHUX MOBEPXHEBHX pPiBHIB ckianatoth 0,206 eB, 0,185 eB i 0,176
eB Bixn c-3oHn. B inTepBani raubun 0,185 eB - 0,176 eB BusBieHO A0AaTKOBI MOBEPXHEBI PiBHI, PO3MOALIEHI
HeTiepepBHO 3 MPAKTHYHO MOCTIHHOIO MIITBHICTIO.

Kunrouosi citoBa: rimu0oki yHTpH, P -N Nepexoau, MOBEPXHEBHI LIEHTPH.
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A. A. lImawenxo, @. A. [Imawenko, B. P. ['unemymourosa

BJIMSIHUE I'TYBOKHUX IEHTPOB HA KHHETUKY IIOBEPXHOCTHOI'O TOKA,
HUHIYIUPOBAHHOI'O AJCOPBIMEN MOJIEKY.JI AMMHMAKA B P-N IIEPEXO/IAX HA OCHOBE
GaAs

Pe3iome

HccnenoBaHa KHHETHKA IMOBEPXHOCTHOTO TOKa B P-N CTPyKTypax Ha ocHoBe GAaAS mociae WX MOMEIICHHS B
KOHIICHTPUPOBAHHBIC BIAXHBIC Mapbl aMMHaka. [loka3aHo, 4TO HAKJIOH M3MEPCHHBIX BPEMEHHBIX 3aBUCHMOCTEH
TOKa HEMOHOTOHHBIH. J[aHHOE sBJIEHHME OOBICHEHO C YYETOM HAJIWYMs TJIYOOKHX ITOBEPXHOCTHBIX YpPOBHEM,
KOTOPBIE 3aMOTHSAIOTCS, KOTJla KBa3U-ypoBeHb PepMU IBHIKETCS B CTOPOHY 30HBI MMPOBOJAUMOCTH. AHATU3 KHHETHKH
MMOBEPXHOCTHOT'O TOKa B p-N CTPYKTypax Ha ocHOBe GaAS BO BIaXHBIX IMapax aMMHaKa MO3BOJIHII OLCHUTH TJ1yOHHBI
HEKOTOPBIX MMOBEPXHOCTHBIX YpOBHEW. ' TyOMHBI OCHOBHBIX OOHAPYKEHHBIX MOBEPXHOCTHBIX YPOBHEH COCTaBASIOT
0,206 3B, 0,185 3B u 0,176 3B oT c-30Hb1. B nunTepBane rayoun 0,185 3B - 0,176 3B oOHapyKeHBI JOTIOJHHUTEIbHBIC
MMOBEPXHOCTHBIE YPOBHH, pacIlpe/ieieHHbIC HEMPEPHIBHO C MPAKTUIECKH TOCTOSTHHOMW TUIOTHOCTBIO.

KawueBble cj10Ba riny0oKue EHTPEI, p-N -FeTePONEePEex0/1, MOBEPXHOCTHBIC IIEHTPHI.
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