
107

 UDC 621.315.592

EFFECT OF DEEP CENTERS ON THE TIME-RESOLVED SURFACE 
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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 

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 

practically constant density.

1. INTRODUCTION

P-n junctions as gas-sensitive devices [1, 2] have 
some advantages in comparison with structures, based 

-
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 
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 sen-
sors have a non-monotonous dependence of the 
sensitivity to the NH3 partial pressure due to deep 
surface centers. This dependence was used for an 
estimation of corresponding levels depth [9].

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 NH3 partial 
pressure of 12 kPa.  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 V=0,3 Volts af-
ter placing in wet ammonia vapors with an NH3
partial pressure of 12 kPa.

It is seen that the slope of (t -
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 (t -

2. Curve ( -

The values for different samples differ mostly by 
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molecules, which are donors in GaAs.

Fig. 1. Current-dependence of  dI/dt, obtained 

Fig 2. Schematic of a p-n structure, placed
in a donor gas: 1 – oxide layer ns
depletion layer conducting channel
surface (fast) centers states on the oxide 

3. DISCUSSION

The experimental results can be explained 
-

monia molecules  2 are located on the natural ox-

layer 3 and forms a n- conducting channel 4. Af-
ter adsorption and ionization of donor molecules 

-
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-

exp ( ) /( )S c c nn N E F kT

where cN is the effective states density in C-

c nE F
is the Boltzmann factor. And the number of elec-
trons, captured on the surface centers can be cal-
culated as

1
exp ( ) /( ) 1S S S nN N E F kT

where s is 

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

SF En

If , in a limited time, /SdN dt const , equality 
/sdn dt  , that cor-

responds to a minimum /dI dt . Therefore the 
minimums of curve  (
to crossing  the related deep surface levels by the 
quasi-Fermi level.  The minimums of curve  

(

depths  0,206 eV, 0,185 eV and  0,176 eV, respec-
tively.

-
responds to 

0,206 eV 0,176 eVc nE F
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curve (t
constant surface states density in the depths in-
terval

0,206 eV 0,176 eVc SE E

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 

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 (t
defect in the natural oxide, that  includes an oxy-
gen atom. 
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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 

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, 

-
ously distributed with practically constant density.
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