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The time-resolved surface current in an n-conducting channel, due to ammonia and water molecules
adsorption in GaAs p-n structures was studied. It is shown that the presence of water vapors in the
ambient atmosphere strongly affects the current decay curves after the ammonia vapors removal.
The current decay curve in this case has three exponential components with different characteristic
times: , and , as well as a component with . The results are explained in terms of a simple model
taking into account a dynamic equilibrium between the free electrons in the conducting channel and
electrons on slow surface centers. Each decay curve exponential component is due to the emptying
of corresponding centers. The characteristic time of a current decay curve exponential component is
determined by the depth and density of the corresponding surface levels, as well as the conducting

channel thickness.
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1. Introduction

Barrier structures on Si and GaAs, such as p-n
junctions [1-4], porous membranes [5, 6], and
nanowires [7], are promising materials for the
gas sensors development. The Si p-n junctions
can be combined in a transistor, which has much
higher gas sensitivity than a single junction [8].
They can be easy integrated into microelectronic
circuits. And the GaAs p-n junctions have a very
high gas sensitivity, as well as a threshold ammo-
nia vapors partial pressure of 0,1 Pa [4].

The sensitivity of the mentioned barrier struc-
tures, as well of GaP [9] and InGaN [10] p-n junc-
tions, to ammonia vapors was observed only in
presence of water vapors.

The aim of this work is a study of the influ-
ence of water vapors on the time resolved surface
current in GaAs p-n structures, due to ammonia
molecules adsorption.

2. Experiment

The measurements were carried out on GaAs
p-n structures, described in the previous paper
[10]. I-V characteristics of the forward and re-
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verse currents were measured in air with various
concentrations of ammonia vapors and saturated
water vapors at T=290 K. The chemical composi-
tion of the ambient atmosphere was changed in
2 s by placing the sample in an appropriate con-
tainer.

The curve 1 in Fig.1 represents the time depen-
dence of the forward current, measured at /=0,3
Volts in a p-n structure, which was first placed in
dry air; at £,=200 s — in air with wet ammonia va-
pors (NH, partial pressure P=200 Pa); at £,=3800
s — in dry air. After changing the ambient atmo-
sphere from wet ammonia vapors to dry air (at
>t,) the current drops from / =122 nA to 0,1
I inatime of 71 s. In the case of the curve 2,
at £,=3800 s the sample was placed in the atmo-
sphere, containing air and saturated water vapors.
And after 3 hours, at £,=14600 s the sample was
placed in dry air.

It is seen that the current decay curve 2 has
three different sections: a “fast” section; a “slow”
section; and a drop after the atmosphere changing
from wet air to dry air.



Fig. 2 shows the time dependence of the current
in the same sample for a following atmosphere
change: dry air — (t,) air + water vapors—(t,)
dry air. It is seen from Fig. 2, that maximum cur-
rent in wet air is of 8,2 nA, which is considerably
lower than in the “slow” component of the curve 2
in Fig. 1. This indicates that the slow decrease in
the current after the atmosphere change from wet
ammonia vapors to wet air can be explained only
taking into account the presence of some electri-
cally active centers on the crystal surface.

3. Discussion

The experimental results can be explained with
the model, depicted in fig. 3 [11]. Ionized ammo-
nia molecules 2 are located on the natural oxide
surface

Their electric field bends the depletion layer 3
and forms a n-conducting channel 4. The forward
current consists of two components. Arrow a cor-
responds to the through component /, of the cur-
rent in the channel

And arrow b represents the current component
I due to electron injection from the channel into
the p* layer at the contact.

The adsorbed water molecules (without am-
monia molecules) also form such an n-conducting
channel and remarkably enhance the current in the
p-n junction, which is evident in Fig. 2.

In the uniform section of the channel, the fol-
lowing equation can be written

N, =N -N, -N_+N,-N_,

7

(1)

where n _is the free electrons number in the channel
per lem? of the surface; A, is the adsorbed ions sur-
face density; v and N are the densities of filled
fast and slow acceptor surface centers, respectively;
w7, 1s the ionized donor surface centers density; y
is the number of ionized acceptor centers in the sur-
face depletion layer per 1cm? of the surface:

N, =N,w; (2)

N, is the ionized acceptor concentration in p- re-
gion; w, is the surface depletion layer thickness
[10].region; w, is the surface depletion layer
thickness [10].

The section of the curve 2 in Fig. 1 at # >,
can be decomposited in three exponential com-
ponents, presented in Fig. 4. The characteristic

times for the fast component, presented in Fig. 4a
1s 7, =30s.

For two “slow” components, showed in Fig.
4b, 7, =1900s and 7, = 9400 s, respectively, are
obtained.

The mentioned decomposition includes also a
“constant” component with a characteristic time
r, » r, with the amplitude If: =30nA . The fast
decay component of the curve 2 in Fig. 1 can be
ascribed to the desorption of ammonia ions. An
analogous component has curve 1 in Fig. 1.

The components 2, 3 and 4 of the curve 2 in
Fig. 1 can be explained taking into account pres-
ence of some slow centers on the naturally oxi-
dized GaAs surface [4, 12, 13]. These centers are
responsible for the peculiarities of the stationary
characteristics [4] and the response time [13] of
GaAs p-n structures as gas sensors.

The gradual descent in the curve 2 in Fig. 1 at
t>1t, 1s due to gradual decrease in the density
of filled slow acceptor surface centers ¥_ in (1).
After an atmosphere ammonia — water vapors
changing, the ions surface density drops. There-
fore the electrons number » in the conducting
channel strongly falls down, which corresponds
to the «fast» exponential component of the cur-
rent decay curve, presented in Fig. 4A. And the
electrons number N on slow acceptor surface
centers gradually decreases due to their thermal
transitions to the conduction band. These transi-
tions generate free electrons in the channel, slow-
ing the decrease of the current. This effect can be
described with a differential equation

d(N,, +N) ~
dt

where G is the electrons generation rate in the
cannel due to donors (water molecules) adsorp-
tion; r1is the electrons life time in the channel.
In the case of a dynamic equilibrium between the
free and captured electrons, a relation is valid

G-N, /1,

€)

N_-N _N_/Nd)exp[(E - E)/kT)], (4)

where N is the full density of slow acceptor
surface centers; N_denotes the effective states
density in the c-band; d is the channel thickness;
E - E_ is the slow surface acceptor level depth;
kT is the Boltzmann factor.

The initial condition for equation (3) is
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N, (=N >Gr, (5)

because at =0 the ambient atmosphere is changed
from wet ammonia to water vapors.

Equation (3) under this initial condition has a
solution

N ()=Gr+(v' —Gr)exp(-t/z,,),(6)
where "
7, =1+, (7)
and
v-N_/N.d)yexpl(E, - E)/(kT)].  (8)

It is seen from (7) and (8) that the channel cur-
rent decay time after an ammonia — water vapors
atmosphere change depends from the depth and
density of slow surface levels, as well from the
channel thickness. Two exponential components
of the current decay curve, presented in Fig. 4b,
are due to the presence of two slow surface cen-
ters on the GaAs natural oxide.

4. Conclusions

A change from wet ammonia vapors to wa-
ter vapors in the ambient atmosphere results in
a decrease of the surface current in GaAs p-n
junctions. The current decay curve has a fast
exponential component with a characteristic
time t,<100 s and three slow components with
T, P, >, .

The complicated shape of the current decay
curve can be explained in terms of a simple mod-
el taking into account a dynamic equilibrium be-
tween the free electrons in the conducting chan-
nel and electrons on slow surface centers. Each
decay curve exponential component is due to the
emptying of corresponding centers.

The characteristic time of a current decay
curve exponential component is determined by
the depth and density of the corresponding sur-
face levels, as well as the conducting channel
thickness.
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Summary

The time-resolved surface current in an n-conducting channel, due to ammonia and water mol-
ecules adsorption in GaAs p-n structures was studied. It is shown that the presence of water vapors in
the ambient atmosphere strongly affects the current decay curves after the ammonia vapors removal.
The current decay curve in this case has three exponential components with different characteristic
times: 7, =30s, 7z, =1900s and z, = 9400 s, as well as a component with z, > 7. The results are ex-
plained in terms of a simple model taking into account a dynamic equilibrium between the free elec-
trons in the conducting channel and electrons on slow surface centers. Each decay curve exponential
component is due to the emptying of corresponding centers. The characteristic time of a current decay
curve exponential component is determined by the depth and density of the corresponding surface
levels, as well as the conducting channel thickness.

Key words: p-n structure, ammonia vapors, water vapors, adsorption, conducting channel, current
decay, surface centers

PACS: 73.20.Hb, 73.25.+1; UDC 621.315.592

0. O. Ilmawenko, ®@. O. [Imawenxo, , B. P. I'inbmymoinosa

BIIJIUB ITAPIB BOAU HA KIHETHUKY ITIOBEPXHEBOI'O CTPYMY, IHITYKOBAHOI'O
AACOPBIICIO MOJIEKYJI AMIAKY B P-N IIEPEXOJAX HA OCHOBI GaAs

Pe3rome

JlocimkeHo KIHETUKY TTOBEPXHEBOTO CTPYMY B 7-TIPOBIAHOMY KaHaI, 0OYMOBJIEHOMY aJ1copOIIi-
€10 MOJIEKYJI aMiaKy 1 BOJu, B p-n nepexofax H ocHoBl GaAs. [loka3aHo, 10 HasiBHICTH MapiB BOIU Y
HaBKOJIMIITHBOMY CEpEIOBHILI CHJIBHO BIUIMBAE HA KPWBI CIIAJaHHS CTPYMY IICJIsl BUIAJIICHHS IMapiB
amiaky. KpuBa cnajanHsi cTpyMy B IIbOMY BHITQJIKy Ma€ TPH €KCIIOHEHITIaJIbHI KOMITOHEHTH 3 Pi3HH-
MM 3HAQYEHHSAMH XapaKTEPUCTHYHOIO 4acy: 7, =30c¢, 7, =1900 ¢ 1 7, = 9400 ¢, @ TAKOK KOMIIOHEHTY
3 7, > r,. Pe3ynbTaTu NOACHIOIOTECA B paMKax IIPOCTOI MOJIENI, fKa BPaxoBye IMHAMIYHY PiBHOBA-
I'y MK BUIBHUMH €JICKTPOHAMH Y TPOBITHOMY KaHaJli Ta eIEKTPOHAMH Ha MOBUIBHUX ITOBEPXHEBHX
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neHTpax. KoxxHa eKCroHeHIianbHa KOMIIOHEHTa 00yMOBJICHA CITYyCTOIIEHHSM BiJIMOBIIHUX IIEHTPIB.
XapaKkTepUCTUIHHI Yac KOXKHOI €KCTIOHEHITIaTbHOI KOMIIOHEHTH KPUBOT CIIa/IaHHs CTPYMY BHU3HAYa-
€THCS TIMOWMHOIO 1 NIUIBHICTIO BIAMOBIIHUX MOBEPXHEBUX PIBHIB, @ TAKOXX TOBIIMHOK IPOBIIHOTO
KaHaly.

KurouoBi ciioBa: p-n cTpykTypa, napu aMmiaky, BOJAsSHI IapH, aacopOLis, IpoBIIHUI KaHal, cra-
JIaHHS CTPYMY, IIOBEPXHEBI IIEHTPH.

PACS: 73.20.Hb, 73.25.+I; UDC 621.315.592

A. A. IImawenxo, ®. A. [Imawenxo, B. P. ['unemymournosa

BJIMAHUE ITAPOB BOIbI HA KHHETUKY ITIOBEPXHOCTHOI'O TOKA,
UHIYIIUPOBAHHOI'O AJICOPBIIUEN MOJIEKYJI AMMMAKA B P-N IIEPEXOJIAX HA
OCHOBE GaAs

Pesrome

HccnenoBana KMHETHKA TIOBEPXHOCTHOIO TOKA B 7-TIPOBOJISIIEM KaHase, 00yCIIOBIEHHOM a1cop0-
Mel MOJIEKYJl aMMHaKa M BOJbl, B p-n nepexojax H ocHoBe (GaAs. [lokazaHo, yTO Hanu4ue napos
BOZIbl B OKPY>KAIOIIEH Cpelie CUIIbHO BIMSAET HA KPUBBIE CHaJaHUs TOKA MOCJE yAaJIeHUs [apoB aM-
muaka. KpuBas cnagaHusi TOka B 3TOM CIIy4ae MMEET TPU SKCIOHEHUMAJIbHbIE KOMIIOHEHTHI C pa3-
JINYHBIMU 3HAYCHUSAMH XapaKTEPUCTHUUECKOTO BpEMEHU: 7, =30¢c, 7, =1900 ¢ 1 7, =9400 ¢, a TaKXKe
KOMIIOHEHTY C 7, > 7,. Pe3ynsTarsl 0ObsACHAIOTCA B paMKax IPOCTOM MOJIENH, KOTOPasi yYUThIBAET JIU-
HAMHUYECKOE PAaBHOBECHE MEXKIY CBOOOAHBIMU JIEKTPOHAMH B IIPOBOISAIIEM KaHAJIC W AJIEKTPOHAMU
Ha MEIJIEHHBIX TTOBEPXHOCTHBIX LIEHTpaX. XapaKTEPUCTUUECKOE BPEMS KaK/10M 3KCIIOHEHIIMAJIBHOU
KOMITOHEHTHI KPHUBOU CTIa/IaHUsI TOKA OTPEACIIAETCS TIIyOMHOHN U MIIOTHOCTHIO COOTBETCTBYIOIIMX T10-
BEPXHOCTHBIX YPOBHEMN, & TAKKE TOJIIMHOW MPOBOASIIETO KaHaja.

KutoueBble ci1oBa: p-n cTpyKkTypa, mapbl aMMHUaKa, BOAHbIE Mapbl, acOPOIIHsI, TPOBOIAIINMI Ka-
HalJl, ClIaJJaHe TOKAa, IIOBEPXHOCTHBIE LIEHTPEIL.
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