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Currently we are facing major problem regarding the environmental pollution due to industry-emitting
gases and industrial waste, which can induce environmental hazards and causes serious health problems
for human beings. So, volatile organic compounds (VOCs) sensors have generated a lot of attention from
researchers over the last decade. As acetone is among the VOCs that extensively used for all research la-
boratories, industries and human consumables, thus, acetone concentration level monitoring is beneficial
for biomedical and environmental research. The Schottky diode AlGaN/GaN heterostructure has therefore
been analytically modeled to effectively detect acetone. As a consequence of spontaneous and piezoelectric
polarization, the inbuilt high density 2DEG produced over at the interface of AlGaN/GaN is highly sensi-
tive to surface state alterations. Owing to the polarity of acetone, the electrostatic potential of the AlGaN
surface is amended when the sensing device is introduced to acetone (dipole moment = 2.9 Dy). This poten-
tial alteration leads the 2D electron gas to be modified and hence the current to change. The TCAD tool is
used to simulate the Schottky diode sensor and I-V curves generated at various temperatures for different
gas concentration levels.From the I-V curves the sensitivity is determined with a biasing voltage of 0.5 V at
an elevated temperature of 450 K, around 72 % response in the presence of 100 ppm gas is being recorded
as this model estimates the sensing properties. It is also observed that the sensitivity saturates after 450 K
hence the optimum operating temperature of 450 K is determined and the device also demonstrates good
linearity and response at different temperatures. The sensitivity changes as per the change in surface cov-
erage which is ultimately increases due to the increase in gas concentration up to certain limit. Hence the

reliance of the area surface coverage on the various gas concentrations has been taken into account.
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1. INTRODUCTION

By virtue of superb material characteristics such as
large and direct bandgap, high temperature, actinic
stability, saturation velocity, break-down voltage and
high drift velocity etc., the group III-N elements have
drawn attraction among the scientists worldwide dur-
ing last deade [1-5], facilitating them to be extensively
significant in electronics, optoelectronics and sensor
application [6-9]. The AlGaN/ GaN material platform is
widely involved in sensor implementation amongst the
other ITII-N element owing to inadequacy of Fermi-level
pinning [10]. Recent times, AlGaN/GaN heterostruc-
ture sensor devices have been analyzed for various
types of measured quantity species, including ions [11],
polar liquids [12], noxious [13] and combustible gas [14]
and fluids [15].The elegance of this structure is clearly
depends in its aboriginal hetero-interfacial characteris-
tics imputes the creation of 2DEG because of piezoelec-
tric as well as spontaneous polarization [16]. Now at
hetero-interface, the said 2DEG of high density is in-
tently spaced to the facet, thereby being extremely
sensitive with any modification with the surface states,
i.e. any alteration of the atmosphere [17]. Therefore,
AlGaN/GaN heterostructure devices will be the promis-
ing contender for the applications of gas sensing, even
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within corrosive environments.

Till date, heterostructure based on AlIGaN/GaN sen-
sors are most often used for hydrogen [18], NOX [19],
CO [20], and NH3s [21] sensing applications. However,
very less research has been done on volatile organic
compounds (VOCs), particularly acetone sensors based
upon AlGaN/ GaN heterostructure [22]. The physics of
acetone adsorption are yet to be understood in the
structured devices of AlGaN/GaN. Acetone may pro-
duce some serious consequences mentioned earlier on
human health, despite its low toxic effects [4]. In-
breathetion above the level of 500 ppm, on the other
hand, may lead to slackness and sleepiness [23]. So the
environmental level of acetone in industrial belt there-
fore required to be watched and regulated. In addition,
acetone diagnosis can become a good biomarker to
track food and vegetable standard [25].

We demonstrated the acetone sensing performance
of the acetone in this current attempt. The acetone
sensing ability of the AlGaN/GaN Schottky diode at
lower temperatures with varying concentration of ace-
tone vapor is being exhibited in this current conversa-
tion. Some research and analysis on the sensing tech-
nique of the heterostructure built upon AlGaN/GaN
and the thermodynamics of acetone adsorption and
sensing attributes of the device have recently been
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investigated [2]. Also the Schottky parameters and the
sensitivity have been reported [1]. In order to effective-
ly detect different gases such as acetone, a MSM
Schottky diode type structural system has been used
[26]. In some studies, a separate sort of metal-semi-
conductor-metal (MSM) with successive Schottky diode
system is been implemented [2, 3]. In most of the re-
cent work deal with only experimental approach rather
than analytical approach. But in this paper a analytical
model has been shown which can predict the different
sensing characteristics.

2. DEVICE STRUCTURE

Fig. 1 illustrates the design of the modeled device.
One wide GaN buffer surface (1.5 um) is smeared on Si
(111) with 50 nm AIN nucleation film. The tensile
strain with least fault exhibits a 20 nm thick AlGaN
barrier layer on GaN. Because of the presence of piezo-
electric polarization at the tip of AlGaN/GaN, 2DEG
having density with 1.23x102 ¢cm ~2 is instigated.

Gas Molecules

LI

contact

Schottky
contact

Fig. 1 — Proposed device structure schematic

3. THEORETICAL FRAMEWORK

As completely strained pseudomorphic coating of
AlGaN is built upon GaN, the interface induces piezoe-
lectric polarisation [27] and can be represented by

P 2aGaN -a

_ AlGaN e —e CBI,AlGaN (1)
PZ,AlGaN — 31,AlGaN 33,AlGaN ’

A 16aN C31, A1GaN

where the lattice parameters of GaN and AlGaN ex-
pressed by ‘acaN’ and ‘aaigaN’ respectively, the piezoelec-
tric constants and elastic-stiffness constants of AlGaN
shown as e; and ci, respectively. The equation (2)
demonstrate, the spontaneous polarizations for diverse
Aluminium (Al) molar fractions and the total polariza-
tion propelled charge is computed which is provided in
equation (3) [16, 28]

Py aicax = ~0.09x —0.034 (1~ x)+0.021x(1 - x), (2)

where the mole fraction of Aluminium (Al) expressed by
‘ and the spontaneous polarization charge is repre-
sented by ‘Psp.

P,

SP,tot

P,

o, SP,GaN + PPZ,tot’ (3)

total —

where the polarization sheet charge density is shown
by Ototal.
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4. ANALYTICAL SENSOR MODEL

While reducing gases make contact with the semi-
conductor layer then adsorption happens at the top
surface and contributes negatively charged electrons
significantly to the whole surface [29, 30].Those con-
tributed negatively charged electrons provide the modi-
fication of electronic state of the plane. As a result, the
work-function is amended and thus the density of
2DEG modifications which essentially affect the cur-
rent transmission.The concentration of 2DEG is altered
as follows:

-A¢, +E,—AE
n,+An, :g—(% Pt B C), 4
q q dygay +Ad

& AiGaN

where the polarization impact sheet charge density
denoted by ‘0’ , Schottky barrier elevation among met-
al/AlGaN and their change are demonstrated as ‘¢g’
and ‘Agp’ respectively, Fermi energy level at the border
with regard to the GaN conduction band (CB) edge is
designated by Er, conduction band (CB) offset at the
AlGaN/GaN edge is indicated by ‘Ec’, width of the Al-
GaN streak is denoted by ‘daican’, 2DEG offset from the
hetero-interfaces and permittivity of the AlGaN are
signified by Ad and ‘eacaN’, respectively [31]. The elec-
tron concentration of AlGaN at the conduction band
(CB) is conveyed as:

n=n, {exp [EFk_TEZH’ B)

where the concentration of the intrinsic carrier is ‘n/,
intrinsic Fermi level in AlGaN are ‘Er and ‘E; sepa-
rately, ‘" shows the Boltzmann constant and ‘T" speci-
fies the absolute temperature in Kelvin (K). By moving
the Fermi energy (EF) level, the adsorption of reducing
gas reassembles the electrons and modulates the
Schottky barrier altitude. So, model formulation is

" :len(n+An]

n

hence as follows: , where due to gas
adsorption, the revision of electron concentration in the
conduction band (CB) is denoted by ‘An’. The impact of
this tiny alteration in the forward current of diode is
followed by

4
_ 2 A% Vr
I, =qAT"A’e , 6)
where the saturation current is ‘lo’, the Richardson’s
constant is ‘A¥, ‘T" represents the temperature and ‘A’
is the contact area and at room temperature the ther-
mal voltage is ‘V7. The overall current flowing through
the Schottky diode is mentioned as below

I

total —

I

0

L)y ), o

where the ideality factor is denoted by ‘77.
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5. RESULTS AND DISCUSSION

The sensor attributes are simulated at different op-
erating bias conditions and varying temperatures, with
a fixed gas concentration. The alteration of the current
in the sensor at 100 ppm gas with bias voltage at differ-
ent temperatures 300 K and 450 K is shown in Fig. 2
and Fig. 3, respectively. It is obvious that the current
shift is more due to the rise in bias voltage. For the
prospective modeling, the gas concentration is main-
tained at 100 ppm and the biasing voltage up to 1V is
also used, as a surge current is developed at a higher
voltage level. It is assessed that the device demonstrates
good linearity and response at different temperatures.
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Fig. 2 — Imitated I-V response of AlGaN/GaN schottky diode
in presence of air and 100 ppm of concentration of gas at room
temperature
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Fig. 3 — Imitated I-V response of AlGaN/GaN Schottky diode
in presence of air and 100 ppm of concentration of gas at ele-
vated temperature

Sensitivity profile of AlGaN/GaN Schottky diode as
a function of temperature for 0.5V with 100 ppm gas
concentration is shown in Fig. 4. The sensor sensitivity
is estimated according to the given relationship

I,-1
S ={(g]a)}<100, where current with the gas and

without the gas is denoted by I, and I, respectively [32].
It can also be noted that with the rise in temperature,
the amount of sensitivity in the response increases
progressively. Beyond a certain temperature, the re-
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sponse is saturated, i.e., the sensor response does not
really increase substantially beyond that temperature.
The adsorption capacity of the AlGaN plane largely
limits the response quantity. It can also be observed
that the sensitivity basically saturates after 450 K.
Hence, the optimal operating temperature for sensing
is 450 K.
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Fig. 4 — Sensitivity versus temperature profile of AlIGaN/GaN
Schottky diode for 0.5 V with 100 ppm gas concentration
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Fig. 5 — Surface coverage of the heterostructure at various gas
concentrations
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Fig. 6 — Sensitivity of the heterostructure at various gas
concentrations
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Fig. 5 shows the surface coverage of the hetero-
structure at various gas concentrations. The expression
of the surface coverage at the AlGaN surface (6;) shown

as [32] 0=K7\/Z,
1+K \/Z
coverage denoted by 6 (0 < /< 1), effective equilibrium
rate constant denoted as K and the partial pressure of
gas 1s P;. Now, A¢p is proportional to 6 and is given by
[32] Ady=Ad, 6,, where Ag, can be expressed as

the maximum Schottky barrier height change due to
the saturation of gas coverage sites. With the incre-
ment in the gas concentration the surface coverage also
increases and ultimately it increases the adsorption but
after certain time surface coverage saturates in spite of
further increase in gas concentration. As the surface
coverage will change in the above manner, one can
predict that the sensitivity will also be changing in the
same fashion which is shown in Fig. 6 for clear under-

where the fractional surface
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KomMmniiekcHe analiTu4He MOJE/IIOBAHHSA ra30BOr0 JaTINKA 3 T€TEPOCTPYKTYPOIO
Ha ocHoOBi Al1GaN/GaN

Bhaskar Roy!3, Ritam Dutta2, Md. Aref Billaha4, Soumya Basak?

1 Dept. of Electronics & Communication Engineering, Brainware University, Kolkata 700125, India
2 Dept. of ECE, Surendra Institute of Engineering & Management, West Bengal 734009, India
3 Department of AEIE, Asansol Engineering College, Asansol 713305, India
4 Department of ECE, Asansol Engineering College, Asansol713305, India
5 Wipro Autonomous System & Robotics Lab, Bangalore, Karnataka 560100, India

CBOrosiHi JIFOJCTBO CTUKAETHCS 3 CEPHO3HOI IPOOJIEMOI0, OB'SI3aHOI0 13 3a0pyIHEHHAM HABKOJIMIIIHBOTO
CepeJIoBHUIIA Yepe3 BUKUIAN IIPOMIUCIIOBUX I'a3iB 1 IPOMUCJIOBUX BIJXO[IIB, SIKI MOMKYTH CTAHOBATU HeOE3IEKy
JUJIsI HABKOJIMIIIHBOTO CEPEJIOBUINA 1 BUKJIMKATU CePHO3HI IpobsieMu 31 370poB'sm Jrogert. Tak qaryuku Jjiet-
kux oprauivumx croiyk (JIOC) mpueepHy M BeUKY yBary JOCJIIHUKIB IIPOTATOM OCTAHHBOTO JIECATUJITTS.
Ockiyibkn areTod Hateskuth 10 JIOC, skl MIMPOKO BUKOPUCTOBYIOTHCS Y BCIX JOCJIHUAITBKUX JIA00PATOPISX, B
TIPOMICJIOBOCTI Ta CIIOKUBUYMX MaTepiasiaX, TO MOHITOPUHT PIBHSA KOHITEHTPAITI] aIleTOHy € KOPHUCHUM JJIst O1-
OMEIMYHUX Ta eKOJIOTYHuX Jociiaskenb. Tomy rerepocrpyrrypa AlGaN/GaN miona Ilorrki Gysia aHamiTHaHO
3MOoJIe/IbOBaHA JJIs e(DEKTUBHOTO BUSBJIEHHS AlleTOHY. SIK HACIIIOK CIOHTAHHOI TA IT'€30€JIEKTPUYHOI IT0JIS-
pu3ariii, JBOBUMIPHUAN eJIeKTPOHHUN Ia3 BUCOKOI IIIIIBHOCTI, IO YTBOPIOEThCS Ha Meski posaiay AlGaN/GaN, e
IIysKe JUyTJIMBUM J0 3MiH CTAHY ITOBEPXHi. 3aBISAKH IOJIIPHOCTI AIleTOHY eJIEKTPOCTATUYHHUN ITOTEHITIa IT0Be-
pxui AlGaN 3MiHIOETBCS IPHU BBEAEHHI YyTJIMBOIO JATUYMKA B alleToH (qumosbHuii MoMeHT = 2,9 Dy). Lla ami-
Ha HOTEHINAIy NPU3BOSUTH 10 MoAu(ikaiii JBOBUMIPHOIO eJIEKTPOHHOTO rady 1, oTike, 3MiHH cTpyMmy. lH-
crpyment TCAD BuxopucroByeThest [ MOJIe TIOBaHHsA qiogHoro qarunka [lorTki ta kpusux I-V, orpuManux
IpH PI3HUX TeMIIepaTypax [IJIS PI3HUX PIBHIB KOHIIEHTPALIl rady. 3a KpuBuMu I-V BU3HAUAETHCSA UyTIUBICTD
3a "Hampyru amimennas 0,5 B mpu migsummeniit Temmeparypi 450 K, peectpyerbes 0mabko 72 % BIATYKY B
mpucyTHOCTi rady 3 100 ppm, OCKIJIBKH IIsT MOJEJIb OIIIHIOE YyTJINBI BiacTuBOCTI. TaKo: cIocTepiraeTbes, 1o
JyTJMBICTh HacuuyeThesa micd 450 K, orske, BusHauaeThesa onTuMasbHa poboua Temieparypa 450 K; mpwuer-
Ppiif TAKOMK IEMOHCTPY€E TapHy JIHIAHICTD Ta BIATYK IIPH PI3HUX TeMIeparypax. dyTJIuBiCTh 3MIHIOETHCSA Bijl-
TOBIHO 10 3MIHU IIOKPUTTS IIOBEPXHI, KA B KIHIIEBOMY PaxXyHKy 3pOCTae depesd 30LIIbIIeHHS KOHIIEHTPALIIl
raay g0 meBHOI Meski. OTixe, BpaxoBaHO 3aJIeKHICTD IIOKPUTTS ITIOBEPXHI BiJ PI3HUX KOHIIEHTPALIIN Iasy.

Knrouori ciosa: Jletki opraniuni cnonyku, [etepoctpyrrypa, JlBoBuMipHMitl enexrponHuii ras, Ilossspu-
3aris, Jlatuuk rasy.
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