April-22- p65

J. Indian Chem. Soc.,
Vol. 96, April 2019, pp. 543-546

MOS sensor for detection of NH, and H, gases

Vinod Kumar

SRM Institute of Science and Technology, NCR Campus, Ghaziabad-201 004, Uttar Pradesh, India

E-mail: vinodkumar.viet@gmail.com

Manuscript received online 28 January 2019, accepted 25 March 2019

Due to the increased industrialization, emission of green house gases, environment protection becomes an important issue
for earth. Therefore, it is necessary to monitoring and controlling of such pollutants by developing an electronic device which

may be utilized as a portable detector.

The Pt/SiO,/Si MOS sensor was fabricated on p-type <100> Si wafer with thermally grown SiO, layer of thickness about
100 A. The platinum (Pt) gate with thickness 350 A was deposited by vacuum evaporation technique. This sensor is tested
towards H, and NH,. The effect of H, and NH; on C-V and sensitivity (s) of the sensor were measured at 25 KHz at room
temperature. The sensor exhibited better sensitivity (80%) for both the gases, as compared to reported earlier. This sensor
is capable to detect low concentration of H, and NH;. The minimum concentration of NH; and H, is 50 ppm and 250 ppm

respectively, at room temperature.
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Introduction

The development of convenient and efficient device for
detection of hydrocarbon-vapors (viz. ethanol, acetone,
trichloroethylene (TCE) etc.), H,S and NH, have received
urgent demand in chemical and pharmaceuticals industries.
Acetone oxidizes in air severely and thereby, depletes the
oxygen contents of atmosphere playing as noxious air pol-
lutant. TCE is a major ground water pollutant which is re-
sponsible for hazardous water borne diseases. Due to safety
reasons, the monitoring and controlling of such pollutants
has become an important issuel. Based on solid state de-
vice, the MOS sensor can be divided into three categories,
i.e. capacitor, field effect device and Schottky diode. In the
above said devices, the interface properties dominate the
whole performance?.

Itis well known that molecular H, is dissociated, adsorbed
and dissolved as atomic hydrogen by certain metals like Pd2.
It was shown that some of the dissolved hydrogen atoms are
adsorbed at Pd-SiO, interface, where they give rise to di-
pole layer. In most Si based H, detectors, fermi-level pinning
effect is caused by the palladium silicide formation. There-
fore, Si-based gas sensors are fabricated with a thin oxide
layer#-. However, greater the thickness of oxide layer, the
lower the sensitivity of H, response for the surface contami-
nation’.

The first MOS gas sensor was fabricated by Lundstrom
etal. in1975. It has been reported that sensors investigated
with Pd layers from 100 to 1000 A and oxide thickness from
(30-1000 A) exposed to hydrogen results in a change in the
flat band voltage of the device and hence a shift in the C-V
curves along X-axis (voltage)®. Kumar et al. showed the ef-
fect of R.F. plasma processing on the behavior of MOS sen-
sor towards the hydrogen detection. They reported that the
sensitivity increases if porosity in sensing layer increases?®.
Yadav et al.? have fabricated a Pd/TiO,/Si MOS capacitor
sensor. They have reported that the fixed surface state den-
sity in such a device increases linearly upon exposure to
hydrogen gas concentration. They have reported 47% sen-
sitivity to hydrogen in nitrogen ambient atmosphere. Harris?
has reported Ti/TiO,/Pt MOS sensor for hydrogen detection.
The detection of hydrogen was based on change in conduc-
tance of TiO,. Pandey et al. !> have reported the C-V char-
acteristics and sensitivity vs bias voltage characteristics for
the Pd/SiO,/Si MOS capacitor following exposure to hydro-
gen and methane. They have reported the 73% sensitivity to
hydrogen. In this paper we reported the influence of hydro-
gen and NH, on C-V characteristics and sensitivity of the Pt
gate MOS capacitor sensor, exposed to various concentra-
tions of hydrogen in air at room temperature. The fabricated
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MOS sensor showed better sensitivity (~85%) as reported
earlier®1012 The following are the relevancies of MOS sen-
sor to detect the toxic and hazardous gases (i) highly sensi-
tive to NH,, H,, H,S etc., (i) small in size (upto few pm), (iii)
cost effective, (iv) operated efficiently upto 180°C and (v)
fast response and recovery time (approximately 65 s and 32
s respectively)12.

Experimental

The front side of the wafer is spin coated with negative
photoresist using the spinner and then the wafer is prebaked
for 10 min at 90°C. After prebaking, a standard mask of re-
quired gridded gate structure is kept on the upper surface of
silicon wafer then the surfaces (coated with photoresist) is
exposed to UV light for 2 min which hardens the photo-resist
under the transparent part of the mask. Then the photoresist
is developed in the developer and unexposed photoresist is
dissolved. Now, the wafersis post baked in the oven for about
20 min at 150°C. The complete lithographic process is car-
ried out in the yellow room. A standard mask which is used to
form gridded gate structure. The outer and inner diameters
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Fig. 1. 3D structure of grided Pt gate MOS sensor!4,

17 Fan

Fig. 2. Experimental setup for C-V measurement of MOS sensor!4,
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of gate structure were kept 1 mm and 0.2 mm, respectively.
Aqua regia (HNO5 + HCI = 1:3) is used for Pt metal etching.
Subsequently, the photo-resist from the front side is removed
by chemical etching (using the solution consisting of acetic
acid + TCE + acetone : 5:20:10).

Results and discussion

The C-V measurements of the fabricated grided gate MOS
capacitor have been carried out in air, in a closed chamber
upon exposure to different concentrations of H, (250-2000
ppm) and NH, (50-700 ppm) at 25 KHz frequency. The ex-
periment is performed at room temperature. The C-V re-
sponse of fabricated MOS capacitor sensor is depicted in
Fig. 3 and Fig. 4 for both the gases. The C-V curve shifts
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Fig. 3. Capacitance vs voltage (C-V) response of Pt gate MOS sen-
sor at various concentration of H, at room temperature at f =

25 KHz.
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Fig. 4. Capacitance vs voltage (C-V) response of Pt gate MOS sen-
sor at various concentration of NH at room temperature at f =

25 KHz.
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towards the negative side of the voltage axis as well as con-
centration of the H, and NH5 gas is increased. It is observed
that as the concentration of H, and NH, increases capaci-
tance decreases and the sensitivity of the sensor increases.
The decrease in capacitance continues till saturation comes.
The variation of sensitivity of the sensor with bias voltage for
various concentrations of H, and NH, is shown in Fig. 5 and
Fig. 6.
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Fig.5. Sensitivity vs bias voltage for various concentrations of hydro-
gen at room temperature at f = 25 KHz.

The sensitivity of a sensor is given by

" ACx100
Sensitivity () % = ——

where C is the capacitance in air, AC is the change in ca-
pacitance at a certain gas concentration.

Lundstrom® and Shivaraman et al.15 observed that the
shiftin C-V corresponds to the change in flat band voltage is
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Fig. 6. Sensitivity vs bias voltage for various concentrations at room

temperature at f = 25 KHz.

attributed to creation of dipole layer due to adsorbed hydro-
gen at Pd/SiO, interface. The change in Vg is evaluated by
the following researchers?. It has been proposed that when
catalytic gate (Pd, Pt etc.) MOS structure is exposed to hy-
drogen, the hydrogen molecules are first dissociated into
atoms due to catalytic behavior of Pd/Pt and then these at-
oms are adsorbed on the metallic gate surface. Subsequently
some of the H, atoms diffuse through the metallic film and
are adsorbed onto the metal/insulator interface. These at-
oms are polarized and give rise to the dipole layer. The pres-
ence of the dipole layer changes an effective work function
of platinum. Due to more porous structure of Pt film, results
in high polarization of SiO, layer and give rise to dipole layer
which effectively changes the work function of Pt film. Hence,
the device performance is improved (i.e. high sensitivity and
low response recovery time). Due to high sensitivity this sen-
sor can be tested for other gases like CH, and C,H, etc.

Table 1. Comparison between gridded gate MOS sensor vs others

Sl. Type of Sensing H, NH, Ref.
No. sensor layer % Max. % Temp. % Max. % Temp.
concentration Sensitivity (°C) concentration Sensitivity (°C) This
1. Pt/SiO,/Si gridded gate SiO, 0.2 (2000 ppm) 80 Room  0.07% (700 ppm) 85 Room  sensor
2. Pd/TiO,/Si Tio, 4 51 Room No data - - 17
3. Pd/SiO,/Si SiO, 8 30 Room No data - - 12
4. Pd/TiO,/Si Tio, 8 47 Room No data - - 9
5. Pd/SiO,/Si SiO, 0.35 (3500 ppm) 73 Room No data - - 11
6. MasS, film based MoS, No data No data 400 40 80 18
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Conclusion

It is concluded that Pt gate MOS capacitor sensor with
porous gate structure shows high sensitivity to hydrogen and
NH, (>80%) both. It is believed that due to more porosity in
the metallic gate (Pt) high polarization of SiO, occurs which
gives rise to the formation of strong dipole layer at metal/
insulator interface, the porous gate structure results in the
change of surface state density. When we expose the MOS
sensor to hydrogen gas in an ambient atmosphere of air, it
reacts with oxygen atoms on the interface and a decrease in
the concentration of negatively charged ions takes place.
This results in decrease in surface state density and hence a
shiftin C-V characteristics, which ultimately leads to increase
in sensitivity2.

Acknowledgements

Author is thankful to Professor V. N. Mishra, Head, De-
partment of Electronics Engineering and Professor S. Jit and
Professor R. Dwivedi, Department of Electronics Engineer-
ing, IIT (BHU), Varanasi (UP) to provide me the lab faci-lity.

References
1. L. Yadav, R. Verma and R. S. Singh, Thin Solid Films, 2012,
520, 3039.
2. T.L.Poteatand B. Lalevic, IEEE Electron Device Lett.,1981, 2,
32.

3. F ALewis, "The Palladium hydrogen system", Academic Press,

546

10.

11.

12.

13.

14,

15.

16.

17.

18.

New York, 1967.

Y.K. Fang, S. B. Hwang, C. Y. Linand C. Lee, Appl. Phys. Lett.,
1990, 57, 2686.

H. Y. Nie and Y. Nannichi, Japan J. Appl. Phys., 1991, 30, 906.

B. B. Kuliev, B. Lalevic, M. Yousuf and D. M. Safarov, Sov. Phys.
Semicond., 1983, 17, 875.

W. P. Kang and Y. Giirbiz, J. Appl. Phys., 1994, 75, 8175.
I. Lundstrom, Sensor and Actuators, 1981, 403.

L. Yadava, R. Dwivedi and S. K. Srivastava, Solid State Elec-
tronics, 1990, 33, 1229.

L. A. Haris, J. Electrochem. Soc. Solid St. Sci. Techn.,
1980, 127, 2657.

Preeti Pandey, J. K. Srivastava, V. N. Mishra and R.
Dwivedi, Sensors and Transducers, 2009, 103, 171.

Preeti Pandey, J. K. Srivastava, V. N. Mishra and R.
Dwivedi, Solid State Science, 2009, 11, 1370.

Vinod Kumar, Sunny, V. N. Mishra, R. Dwivedi and R. R.
Das, IEEE Sensors Journal, 2016, 216, 6205.

Vinod Kumar, Sunny, Ishpal Rawal, V. N. Mishra, R. Dwivedi
and R. R. Das, Materials Chemistry and Physics, 2014,
146, 418.

M. S. Shivaraman, I. Lundstrom, C. Svensson and H.
Hammarsten, Electronics Letters, 1976, 484.

Andrey Ryzhikov, F. Robaut, M. Labeau and A. Gaskov,
Sensors and Actuators B, 2008, 133, 613.

S. Ratan, Chandan Kumar, Amit Kumar, Deepak Kumar
Jarwal, A. K. Mishra and S. Jit, IEEE Sensors Journal,
2018, 18, 3952.

Debashree Burman, Abhinav Sharma and P. K. Guha,
|IEEE Sensors Lett., 2018, 2, 1500804.



