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Abstract: Pd–anodic oxide–InP metal–oxide–semiconductor (MOS) structures are fabricated to 
develop a hydrogen sensor capable of effectively operating at room temperature. Through 
palladium amount varying the signal recovery time has been improved (became shorter). Decrease 
of photovoltage and strong increase of photocurrent were observed for illuminated by LED 
structures under hydrogen pulse exposure. The gas testing was carried out in 0.1–10% hydrogen in 
nitrogen, and in 100% hydrogen. As a result, low power-consumption hydrogen sensor with a fast 
response-recovery time 1/20 s. was developed.  
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1. Introduction 

Currently a lot of attention is focused on the development of hydrogen sensors to register the 
hydrogen leaks from fuel cells, hydrogen storage as well as automobile engines. From this viewpoint, 
it is necessary to develop new selective to hydrogen, high-sensitive, fast and cheap gas sensors 
working at or near room temperature. Today in the literature there are a significant number of 
publications are concerned with solid state hydrogen sensors based on metal oxide films, coated a 
ceramic or silicon. The main disadvantages of this type of sensors are high operating temperature 
(300–800 °C) and low selectivity. The sensor working at high temperatures itself becomes a possible 
trigger of explosion, due to its enough input electrical energy of sensor operation [1]. The main 
advantages of Pd-contained sensors on the base of field-effect transistors, MOS structures, and 
structures with Schottky barrier are possibility to operate at room temperature, high selectivity to 
hydrogen and low-power consumption [2–6]. 

In this work the technology of sensitive element based on Pd-anodic oxide-InP structure was 
developed and its photoelectrical properties were studied to evaluate the influence of the thickness 
of Pd layer on photovoltage recovery time towards gaseous hydrogen. Earlier we studied electrical 
and photoelectrical properties of Pd–anodic oxide–InP structures [7,8]. 

2. Materials and Methods 

The structure under investigation is shown schematically in Figure 1. (100) InP n = 1016 cm−3 
served as the substrate. Prior to the deposition of palladium, the substrate was treated with an etchant 
to remove surface contaminants and then oxidized by means of anodic oxidation. The thickness of 
the palladium layers deposited by thermal evaporation in vacuum varied within the range of  
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15–50 nm. To exclude the surface current leakage the chip perimeter surface area was coved by Si3N4. 
On the InP semiconductor substrate with oxide and palladium layers, we deposited a cross-shaped 
Au contact layer by thermal evaporation in vacuum to provide a uniform spread of the current over 
the surface. An ohmic Cr/AuGe/Au contact was formed on the back side of the InP substrate.  
The above Pd-Oxide-InP structure and LED with a wavelength of 0.9 µm was used in the  
hydrogen sensor. 

 

Figure 1. Scheme of optopair for the photoelectrical Hydrogen Sensor: sensitive element (Pd-anodic 
oxide-InP structure cross-section) and light emitting diode (λ = 0.9 µm). 

3. Results and Discussion 

The current-voltage characteristics of the typical Pd–oxide–n-InP structure were investigated at 
the temperature range from 90 to 300 K. They demonstrated the diode character and cut-off voltage 
depended on temperature. Schottky barrier height was determined from I to V characteristics.  
The barrier height of 0.55 eV is enough for the operating temperature of the sensor about 60 °C. 

The Pd layer thickness of MOS structures was varied from 18 to 45 nm in different experiments. 
As can be seen from Figure 2a, the thinerPd layer thickness the faster the photovoltage recovery time. 

 
(a) (b)

Figure 2. (a) Kinetics of photovoltage changing under the hydrogen exposure at LED (λ = 0.9 µm) 
illumination for the diodes with different Pd layer thicknesses; (b) Kinetics of the photovoltage under 
series of hydrogen pulses. 

After the series of the short hydrogen pulses we observed the cycle decrease of photovoltage 
and its return to the initial level Figure 2b. 

In Figure 3, one can see the kinetic changes of the photovoltage and the photocurrent in the 
presence of hydrogen. 
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Figure 3. Kinetic changes in the photovoltage Voc and the photocurrent Isc under the exposure of 
hydrogen and LED illumination (λ = 0.9 µm, current of 10 mA) on the Pd/anodic oxide/InP structure. 
Sample 89#10, the oxide-layer thickness δ = 1000 Å, where τ, s is photocurrent-decay time constant. 

After switching on the LED (λ ≈ 0.9 µm), the photovoltage appears within fractions of second 
and remains almost constant before the inlet of hydrogen. After the pulsed effect of hydrogen with a 
duration of 1 s, we observed a sharp drop of the photovoltage and, then, its slow return to the initial 
level begins. 

On the contrary, the photocurrent sharply increases after the hydrogen pulsed supply. Then the 
photocurrent decreases to the initial level with a time constant of ~10 s.  

The variation mechanism of the photovoltage and photocurrent is considered. The decrease of 
the value of the photovoltage is attributed, in our opinion, to the fact that, upon illumination, the 
dissociation of hydrogen molecules into atoms sharply increases; then the atoms are ionized with the 
formation of electrons and protons. It is assumed that released electrons decrease work function of 
Pd that in turn leads to the barrier height lowering, and the photocurrent increases due to the 
thermionic emission of nonequilibrium electrons from the Pd layer into the semiconductor.  

4. Conclusions 

A new sensor element creation technology has been presented. The photodiodes based on the 
Pd/anodic oxide/InP structure have been fabricated and its physical and photoelectric properties 
under the exposure of hydrogen have been investigated. It was observed that there is a sharp decrease 
of the photovoltage with the pulse exposure of hydrogen. The photocurrent, on the contrary, is 
rapidly increased by the pulse of hydrogen. It was obtained that the thiner Pd layer thickness the 
faster the photovoltage recovery time. The response signal time from 0.1 to 0.9 of maximal value of 
the signal was about 1 s. 

Conflicts of Interest: The founding sponsors had no role in the design of the study; in the collection, analyses, 
or interpretation of data; in the writing of the manuscript, and in the decision to publish the results. 
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