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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 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 ¢V, 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 di-
odes [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
Jjunctions is remarkably higher than that of Si sensors,
due to higher electron mobility [1, 2, 7, §].

GaAs p-n junctions as ammonia vapors sen-
sors 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 expo-
sure in wet ammonia vapors under an NH, partial
pressure of 12 kPa. /-V characteristics of the for-
ward 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 ammo-
nia vapors.

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

It is seen that the slope of /(#) curve non-mo-
notonously changes with the time. The character-
istic changes in the slope occur practically at the
same currents in different samples.

The current-dependence of /() derivative, ob-
tained from the curve in fig. 1, is presented in fig.
2. Curve dl/dt(I) has distinct minimums at cur-
rent 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 ex-
plained 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 dI/dt, obtained
from the curve I(t) in fig. 1.
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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).
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3. DISCUSSION

The experimental results can be explained
with the model, depicted in fig. 2. Ionized am-
monia molecules 2 are located on the natural ox-
ide surface. Their electric field bend the depletion
layer 3 and forms a n- conducting channel 4. Af-
ter adsorption and ionization of donor molecules
the slow centers are filling and after that electrons
are captured by fast centers. And only after fill-
ing 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 concentra-
tion is defined as

ng = N exp[—~(E, — F,)/(kT)],

(1)

where N _is the effective states density in C-
band; g - F is the quasi-Fermi level depth; kT
is the Boltzmann factor. And the number of elec-
trons, captured on the surface centers can be cal-
culated as

Ny = Ny {exp[(E; — F) (kD)) +1} ", (2)

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

follows that a minimum of gn/dN; corresponds to
the equality

F =F
n S

3)

If , in a limited time, gn; /dr ~ const » €quality
(3) corresponds to minimum gy, /g¢ , that cor-
responds to a minimum o7 /dr. Therefore the
minimums of curve dI/di(]) in fig. 2 correspond
to crossing the related deep surface levels by the
quasi-Fermi level. The minimums of curve dlI/
di(l) at current values of 1,086 pA, 2,386 pA,
and 3,353 pA yield estimations of surface levels
depths 0,206 eV, 0,185 eV and 0,176 eV, respec-
tively.

In the current interval 2,3 — 3,3 pA, that cor-
responds to

4)

0,206 ¢V >E,—F,>0,176 ¢V >



curve /(7) has a linear section, that corresponds to
constant surface states density in the depths in-
terval

0206eV>E —E; >0,176ev-  (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 sensitiv-
ity 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 concentrat-
ed wet ammonia vapors has a non-monotonous
slope. This effect is explained with taking into ac-
count presence of deep surface levels, which are
filled, when the quasi-Fermi level is moving to
the conduction band.

Time-resolved measurements of surface cur-
rent in GaAs p-n structures in wet ammonia va-
pors 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 /() dependence, corresponds to a point
defect in the natural oxide, that includes an oxy-
gen 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 continu-
ously distributed with practically constant density.

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

0. O. IImawenxo, @. O. [Imawenx , B. P. ['inobmymoinosa

BIL/IMB INIMBOKUX HEHTPIB HA KIHETUKY IIOBEPXHEBOI'O CTPYMY, IHITYKOBAHOI'O
AJICOPBHIEIO MOJIEKYJI AMIAKY B P-N ITIEPEXOJIAX HA OCHOBI GaAs

Pesrome

JlocmiKeHO KIHETHKY TTOBEPXHEBOTO CTPyMY B p-N CTPYKTypax Ha ocHoBi GaAs micis iX momi-
IIEHHS y KOHLIEHTPOBaHI BoJori mapu amiaky. IlokazaHo, 110 HaXWiI BUMIPSHUX YaCOBHX 3aJIEKHOC-
Tel CTpyMy € HEMOHOTOHHHA. J[aHe sSBUIIIE MOSICHEHO 32 BPaxXyBaHHIM HAIBHOCTI INIMOOKUX MOBEPX-
HEBUX PIBHIB, SIKi 3aIIOBHIOIOTHCA, KOJIH KBa3i-piBeHb DepMi pyxaeThecsi B CTOPOHY 30HH IPOBITHOCTI.
AHaJi3 KIHETUKH TIOBEPXHEBOTO CTPYMY B P-n CTPYKTypax Ha ocHOBI GaAs y BOIOTHX Mapax amia-
Ky JIaB MOJIMBICTD OIIIHUTH TJIHOWMHU JESKUX ITOBEPXHEBUX PiBHIB. [ TMOMHM OCHOBHUX BHUSBICHUX
MOBEPXHEBHX PiBHIB ckianaiots 0,206 eB, 0,185 eB 1 0,176 eB Bix c-30uu. B inTepBai mmbuH
0,185 eB — 0,176 eB BusBIEHO 1OJATKOBI MOBEPXHEBI PiBHI, PO3MOIJICHI HEMEPEPBHO 3 MPAKTUYHO
MOCTIMHOIO MIUTBHICTIO.

KurouoBi ciioBa: mmOOoKi IyHTPH, p —N TIEPEXOIN, TOBEPXHEBHI IICHTPH.
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A. A. lImawenko, @. A. I[Imawenxo, B. P. [ unbmymounosa

BJIMAHUE INTYBOKUX HEHTPOB HA KUHETHUKY IIOBEPXHOCTHOI'O TOKA,
VHTYIIUPOBAHHOI O AJICOPBIIUEI MOJIEKY)I AMMHMAKA B P-N ITEPEXOJIAX HA OCHOBE
GaAs

Pesrome

NccnenoBana kuHeTHKA MOBEPXHOCTHOTO TOKA B P-N CTPYKTypax Ha ocHoBe GaAs mociie ux rnome-
HIEHUS] B KOHIICHTPUPOBAHHBIEC BIaKHbBIE Maphl aMMuaka. [lokazaHo, 4TO HaKJIOH U3MEPEHHBIX Bpe-
MEHHBIX 3aBUCUMOCTE TOKa HEMOHOTOHHBIN. /[aHHOE sIBJIeHNE OOBSICHEHO C YYE€TOM HaJIU4us IITy-
OOKHX MOBEPXHOCTHBIX YPOBHEH, KOTOPHIC 3aNOJTHSIOTCS, KOTJla KBa3u-ypoBeHb DepMu TBHIKETCS B
CTOPOHY 30HBI IPOBOIUMOCTH. AHAJIN3 KUHETUKU MOBEPXHOCTHOIO TOKA B P-N CTPYKTYpax Ha OCHOBE
GaAs BO BIaXHBIX Mapax aMMHaKa IMO3BOJIMJI OLEHUTH ITyOWHBI HEKOTOPHIX TOBEPXHOCTHBIX YPOB-
Hel. [myOrnHBI OCHOBHBIX OOHApY>KEHHBIX TIOBEPXHOCTHBIX YpoBHEH coctapmsrot 0,206 5B, 0,185 5B
u 0,176 5B ot c-308b1. B unTepBane myoun 0,185 3B — 0,176 5B oOHapyXeHBI JOMOJIHUTEIbHBIC
MIOBEPXHOCTHBIE YPOBHHU, PacIpe/ieJIeHHbIE HEIIPEPHIBHO C MPAKTUYECKHU MOCTOSHHOM MJIOTHOCTHIO.

KiroueBble ci10Ba T1yO0OKHE LIEHTPHI, P — N —TETEPOTIEPEXO, TOBEPXHOCTHBIC IICHTPHI.
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