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The effect of a treatment in concentrated wet ammonia vapors on I-V characteristics of 

strongly enhances the sensitivity of the surface current to the water- and ammonia vapors. 

In ammonia vapors of high enough partial pressure, a maximum in the forward branch 

of I-V characteristic appeared. The treated p-n junctions have higher gas sensitivity at 

reverse bias than at forward bias. This suggests that ammonia molecules adsorption, under 

channel with degenerated electrons. And the observed maximum in the I-V characteristic is 

explained by tunnel injection of electrons from the conducting channel to the degenerated 

p+ region.

1. INTRODUCTION

P-n junctions as gas-sensitive devices [1, 2] 

have some advantages in comparison with struc-

and Shottky diodes [5, 6]. P-n junctions have high 

potential barriers for current carriers, which re-

sults in low background currents. Sensors on p-n 

junctions [1, 2] have crystal structure, high sensi-

tivity at room temperature 

In previous papers the gas sensitivity of p-n 

structures on GaAs and GaAs–AlGaAs [1, 2], 

GaP [7], InGaN [8], and Si [9, 10] was investi-

gated. It was shown that the gas sensitivity of all 

these p-n junctions is due to forming of a surface 

by the ammonia ions adsorbed on the surface of 

the natural oxide layer. 

The mostly interest for gas sensors on p-n 

junction are Si and GaAs. The Si p-n junctions 

can be combined in a transistor, which has much 

higher gas sensitivity than a single junction [11]. 

They can be  easy integrated into microelectronic 

circuits. And GaAs p-n junctions can have very 

high gas sensitivity [12]. 

Some tunnel effects on I-V characteristics of 

the surface current, due to ammonia molecules 

adsorption, were observed on AlGaAs-GaAs p-n 

junctions under high, of 4 kPa ammonia partial 

pressure [13]. The threshold ammonia vapors par-

tial pressure of 5 Pa for GaAs–AlGaAs p-n junc-

the middle of band gap. And the treated GaAs p-n 

junctions have a threshold ammonia vapors par-

tial pressure of 0,1 Pa [12].  Therefore the tunnel 

effects must be observed on these junctions under 

lower NH
3 
pressures. 

of ammonia vapors on the forward and reverse 

currents in a GaAs p-n structures after a treatment 

in wet ammonia vapors of high partial pressure. 
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2. EXPERIMENT

The measurements were carried out on GaAs 

p-n structures, described in the previous paper 

[12]. The junctions were treated by durable expo-

sure in wet ammonia vapors under an NH
3
 partial 

pressure of 12 kPa.  I-V characteristics of the for-

ward and reverse currents were measured in air 

with various concentrations of ammonia vapors. 

Fig.1 represents I–V characteristics a p-n struc-

ture, measured in air and in air with wet ammonia 

vapors of various partial pressures. The forward 

and reverse currents increased with enhanced 

NH
3
 concentration. At an ammonia pressure of 

P=100Pa a pronounced  peak in the I-V curve  

was observed, witch can be ascribed to electron 

tunneling between the c–band in the surface con-

ducting channel and the v– band in the degener-

ated p+ region at the contact. It is seen that the 

reverse current is greater than forward one at the 

same ammonia pressure. It is characteristic for 

tunnel currents in tunnel- and inverted diodes. 

3. DISCUSSION  

The experimental results can be explained with 

molecules  2 are located on the natural oxide sur-

3 and forms a n- conducting channel 4. The for-

ward current consists of two components. Arrow 

a corresponds to the through component I
t
  of the 

current in the channel. And arrow b represents the 

current component I
i
 due to electron  injection 

from the channel into the p+ layer at the contact. 

The I-V curves, measured under ammonia pres-

sures P<100 Pa, are monotonous and correspond 

to the case of

   
t iI I .                                  (1)

At 100 PaP  a clear maximum in the I-V curve 

apiers. And, at low enough voltages,  the forward 

and reverse currents are equal. This is character-

istic for tunnel current in p-n junction.

It is remarkable, that  the current in the mini-

mum of the I-V curve, measured at P=100 Pa, is 

lower than currents, meaeured at the same voltage 

under P= 50 Pa and P=20 Pa.  It can be explained 

as a result of the quantization of electron energy 

in the channel [14]. 

There is a triangular potential well for the elec-

trons in the channel. For the electron energy lev-

els in this well one can write [14] 
1/ 32 / 3 2 2 23 1

,
2 4 2 *

n

e F
E n

m
   (2)

where F is the slope of the wall; m* is the electron 

effective mass; n=1, 2, ...  Electrons in the cannel 

are located on the lowest level of the triangular 

well and, at corresponding voltages, resonantly 

tunnel to the empty states in the p+ layer. And the 

lateral mobility of the electrons on this  level is 

lower than without quantization. Therefore the 

current in the minimum in the I-V  curve  at P=100 

Pa is lower than current, measured at P=20 Pa.

 

4. CONCLUSIONS

Ammonia molecules adsorption, under suf-

3
 partial pressure, forms in p-n 

GaAs a surface conducting channel with degener-

ated electrons. I–V curve of the p-n junction with 

such channel, having a pronounced peak, is char-
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Fig. 1. I–V characteristics of a p-n structure 

in ammonia vapors of various pressures P. 
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acteristic of a tunnel diode. The electron energy in 

the channel is quantized. 

P-n junctions with degenerated p+ region 

have higher gas sensitivity at reverse bias than at 

forward bias. This effect is due to tunnel injection 

of electrons into the channel from the degener-

ated p+ region at a reverse bias.

The threshold ammonia vapors partial pres-

sure of 0,1 Pa for GaAs junctions is caused by 

gap during the treatment.
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Fig 2. Schematic of a p-n structure, placed in a 

donor gas: 1 – oxide layer; 2 – ns; 3 – 

depletion layer; 4 – conducting channel; 5 – 

surface (fast) centers; 6 – states on the oxide 

surface (slow centers). Arrows:  – direction of 

the electron movement along the channel; b – 

tunneling from the channel into the 
+
 region. 
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Abstract

The effect of a treatment in concentrated wet ammonia vapors on I-V characteristics of GaAs p-n 

junctions, measured in air and in ammonia vapors, was studied. Such a treatment strongly enhances 

the sensitivity of the surface current to the water- and ammonia vapors. In ammonia vapors of high 

enough partial pressure, a maximum in the forward branch of I-V characteristic appeared. The treated 

p-n junctions have higher gas sensitivity at reverse bias than at forward bias. This suggests that am-

3
 partial pressure, forms in the p-n junction a 

surface conducting channel with degenerated electrons. And the observed maximum in the I-V char-

acteristic is explained by tunnel injection of electrons from the conducting channel to the degenerated 

p+ region.
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