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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 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 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, 8].

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 dI/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 dlI/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,) I(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

N; = N, {exp[CE, — /D] 1} )

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

follows that a minimum of g /dN corresponds to
the equality

F =F
n s

€)

If , in a limited time, gn; /dt ~ const » €quality
(3) corresponds to minimum gy /4¢ , that cor-
responds to a minimum 47 /dr. Therefore the
minimums of curve dI/dt(]) in fig. 2 correspond
to crossing the related deep surface levels by the
quasi-Fermi level. The minimums of curve dlI/
di(I) at current values of 1,086 pA, 2,386 uA,
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 eV > E. — F,>0,176 eV »



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

0,206 eV>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 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 I(f) dependence, corresponds to a point
defect in the natural oxide, that includes an oxy-
gen atom.

REFERENCES

1. Ptashchenko O. O., Artemenko O. S.,
Ptashchenko F. O. Vliyanie gazovoi
sredy na poverhnostnyi tok v p-n geter-
ostrukturakh na osnove GaAs-AlGaAs
// Fisika 1 khimiya tverdogo tila. —2001.
—V.2,Ne3.—P. 481 —485.

2. Ptashchenko O. O., Artemenko O. S.,
Ptashchenko F. O. Vplyv pariv amiaku

10.

na poverkhnevyi strum v p-n perekho-
dakh na osnovi napivprovidnykiv A*B>
// Journal of physical studies. — 2003.
— V.7, Ned. — P. 419 — 425.

Bugayova M. E., Koval V. M., Lazaren-
ko B. I. et al. Gazovi sensory na osnovi
oksydu tsynku (oglyad ) // Sensorna
electronika 1 mikrosystemni tehnologii.
—2005. - Ne3. - P. 34 —42.

Russhikh D.V.,, Rembeza S. 1., Shironkin
S. Yu. et al. Vysokochuvstvitel’'nyi po-
luprovodnikovyi datchik gazovych sred
// Sensors & Systems. 2008. — Ne 8. — P.
14 —16.

Bomk O. 1., II’chenko L. G., II’chenko
V. V. et al. Pro pryrodu chutlyvosti do
amiaku gazovykh sensoriv na osnovi
struktur nadtonka tytanova plivka —
kremniy // Ukr. fiz. journ. — 1999. —
V. 44, Ne9. — P. 759 — 763.

Baluba V. 1., Gritsyk V. Y., Davydova
T. A. et al. Sensory ammiaka na osnove
diodov Pd-n-Si // Fizika 1 tekhnika po-
luprovodnikov. — 2005. — V. 39, Ne 2. P.
285 —288.

Ptashchenko F. O. Vplyv pariv amiaku
na poverkhnevyi strum u kremniyevykh
p-n perekhodakh // Ptashchenko F. O.
Visnyk ONU, ser. Fizyka.— 2006. — V.
11, No. 7. —P. 116 — 119.

Ptashchenko O. O., Ptashchenko F. O.,
Yemets O. V. Effect of ammonia vapors
on the surface current in silicon p-n
junctions. // Photoelectronics. — 2006. —
No. 16. —P. 89 — 93.

Ptashchenko O. O., Ptashchenko F. O.,
Gilmutdinova V. R. Vplyv poverkh-
nevogo leguvannya na charakterystyky
p-n perekhodiv na osnovi GaAs yak
gazovykh sensoriv // Sensorna elek-
tronika i mikrosystemni tekhnologiyi. —
2013 -V. 10, Ne 1. - P. 114 — 123.
Fedorov Yu.Yu., Kharlamova T.S.,
Chikun V.V. Zavisimost’ koncentracii
glubokikh urovnei ot sposoba okisleni-
ya poverkhnosti arsenida galliya // Ele-
ktronnaya tekhnika. Ser. SVCH-tekhni-
ka. — 1993, No 2 (456). — P. 33-35.

This article has been received within 2014.

109



O. O. Ptashchenko, F. O. Ptashchenko, V, R.Gilmutdinova

EFFECT OF DEEP CENTERS ON THE TIME-RESOLVED SURFACE CURRENT
INDUCED BY AMMONIA MOLECULES ADSORPTION IN GaAs P-N JUNCTIONS

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. I[lmawenx , B. P. ['inemymoinosa

BILVIMB INIMBOKUX HEHTPIB HA KIHETUKY ITIOBEPXHEBOI'O CTPYMY, IHAYKOBAHOI'O
AJICOPBIIETIO MOJIEKYJI AMIAKY B P-N IIEPEXOZIAX HA OCHOBI GaAs

Pesrome

JlocnikeHo KIHeTHKY TMOBEPXHEBOTO CTPYMY B P-n CTPYKTypax Ha ocHoBI GaAs micis iX momi-
IIEHHS Y KOHIEHTPOBaH1 BOJIOTT napu amiaky. [loka3zaHo, 1110 HaXUJI BUMIPSHUX YaCOBUX 3aJIEKHOC-
Tell cTpyMy € HEMOHOTOHHHUH. /laHe siBUIIE MOSCHEHO 3a BpaXyBaHHSAM HasiBHOCTI INTUOOKUX MOBEPX-
HEBUX PIBHIB, 5Kl 3aII0BHIOIOTHCS, KOJIH KBa3i-piBeHb DepMi pyXaeThCsi B CTOPOHY 30HU MPOBIAHOCTI.
AHani3 KiHeTHKH TIOBEPXHEBOT'O CTPYMY B P-n CTPYKTypax Ha ocHOBI GaAs y BOJOTHMX Mapax amia-
Ky J1JaB MOXKJIMBICTh OI[IHUTH TIMOMHU JAESIKUX TOBEPXHEBHUX PiBHIB. [ TMOMHN OCHOBHUX BUSIBICHHUX
noBepxHeBUX piBHIB ckianawts 0,206 eB, 0,185 eB i 0,176 eB Bix c-30uu. B inTepBani muOuH
0,185 eB — 0,176 eB BusBIE€HO NOAATKOBI MOBEPXHEBI PiBHI, PO3MOALIEHI HEIEPEPBHO 3 MPAKTHUYHO
MOCTIHHOIO HIUTBHICTIO.

KurouoBi ciioBa: minboKi yHTpH, p —n MEPEXOAU, TOBEPXHEBBI IEHTPH.
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A. A. [Imawenxo, @. A. [Imawenxo, B. P. ['unbmymounosa

BIMSIHUE DTYBOKUX LIEHTPOB HA KUHETHUKY TTOBEPXHOCTHOI'O TOKA,
WHIYLIMPOBAHHOT O AJICOPBLIMEN MOJIEKY) AMMMAKA B P-N [TEPEXOJIAX HA OCHOBE
GaAs

Pe3rome

HccnenoBana KMHETHKA MTOBEPXHOCTHOTO TOKA B P-N CTPYKTYpax Ha ocHOBe GaAs mociie ux moMe-
IICHUS B KOHLIEHTPUPOBAHHBIC BIAXKHBIC Mapbl aMMHaka. [loka3aHo, 4TO HAaKJIIOH U3MEPEHHBIX Bpe-
MEHHBIX 3aBUCHMOCTEH TOKa HEMOHOTOHHBIH. J[aHHOE siBJIeHHE OOBSICHEHO C YUeTOM HAJIUYHS TITy-
OOKHX MOBEPXHOCTHBIX YPOBHEH, KOTOPBIC 3aMOTHSIOTCS, KOT/Ia KBAa3U-ypoBeHh DepMuU IBIKETCS B
CTOPOHY 30HBI TPOBOAMMOCTH. AHAJIN3 KUHETUKU TOBEPXHOCTHOTO TOKA B P-N CTPYKTYypax Ha OCHOBE
GaAs BO BI@KHBIX ITapax aMMHaKa MO3BOJIWII OLICHUTh TIIYOMHBI HEKOTOPBIX MIOBEPXHOCTHBIX YPOB-
Hel. [ myOrHBI OCHOBHBIX 0OHAPYKEHHBIX TTOBEPXHOCTHBIX ypoBHEH cocTapasroT 0,206 3B, 0,185 »B
u 0,176 3B ot c-30nbl. B unrepBane ryoun 0,185 3B — 0,176 3B oOHapykeHbI JOMOIHUTEIHHBIE
MMOBEPXHOCTHBIEC YPOBHHU, pacpe/ieJICHHbIE HEPEPHIBHO C MPAKTUUYECKHU MOCTOSHHOMN TIOTHOCTBIO.

KuroueBble cjioBa 1iry0OOKHE IICHTPHI, P — N —TE€TEPONEPEXO0]I, TOBEPXHOCTHBIC IIEHTPHI.
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