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Abstract

This paper reports on the design and simulation of a novel ratiometric application specific integrated circuit (ASIC) chip for the monitoring

of volatile organic compounds (VOCs) or gases. The design integrates two polymeric chemoresistors in a ratiometric configuration, together
with smart circuitry, into a single chip fabricated through a standard silicon CMOS process. The circuit provides automatic compensation
of signal from variations in both supply voltage and ambient temperature. On-chip control of the operating temperature of the sensors is
also an option. The response of the ratiometric set of polymeric chemoresistors to different concentrations of gases at different temperatures
and humidities was simulated with the aid of a novel parametric Cadence model. Simulations confirm that the ratiometric configuration

is less sensitive to temperature variations and that it also has a better performance in terms of humidity dependence when compared to ar
individual chemoresistor. These features, together with its ability to compensate for a large range in values of polymer resistance, make
us believe that the circuit offers relevant smart capabilities at a very low-cost and so it can be used as the main component for the mass

production of a self-calibrating, programmable, palm-top instrument.
© 2003 Published by Elsevier Science B.V.

Keywords:Smart sensor; ASIC; Resistive gas sensor; Ratiometric sensor array; Behavioural models

1. Introduction smart features and incorporates a pair of polymer resistats
in a ratiometric configuratiofd]. In order to perform de- 42
Further advances, in the field of polymer resistors for tailed analyses of the behaviour of this ratiometric chip, @
the sensing of vapours, require the development of low-cost parametric model was developed to simulate the polymer
smart devices capable of addressing the problems of bothresistance on exposure to a given gas at different tempera-
process variation and changes in environmental conditions.tures and humiditie§5]. This model is particularly useful 46
The use of integrated circuits capable of self-calibration because it permits the response of polymeric chemoresistors
and compensation within a single chip unit can provide a to be predicted before CMOS processing. Cadence softwage
good solution. The adoption of a standard fabrication pro- was used for the design and simulation of the ASIC chip
cess allows the integration of smart interface circuitry and as well as for the implementation of the model. An Alcaso
arrays of polymer-based sensors, leading to the develop-tel 0.7um CMOS process was chosen for the design anrd
ment of novel intelligent sensor systems for gas or vapour fabrication of the chip through the low-cost Europracticez
monitoring. scheme. 53
Some of the problems associated with conducting poly-
mers, such as temperature dependence, have already been
addressed through the design of four- and five-element mi- 2. Description of the design 54
crobridge devicefl—3]and a significant reduction in the val-
ues of temperature and humidity coefficients was achieved. Fig. 1 shows the overall structure of the new smart gas
In this paper we describe an application specific integrated S€nsor system. The main component is the ASIC chip, whish

circuit (ASIC) chip for gas monitoring that provides several Performs two basic functions: (a) sensing the gas presence
and concentration and (b) controlling the operating tempera-

ture of the gas sensor. Within the ASIC chip, the top sectiea
* Corresponding author. Fax:44-1203-418922. corr_esponds to the gas sensor circuit, whereas the _bo'Ftam
E-mail addressmvc@eng.warwick.ac.uk (M. Cole). sections correspond to temperature control and monitorireg.
URL: http://ww.eng.warwick.ac.uk/srl. A microcontroller unit is used for processing the inputs ang

0925-4005/03/$ — see front matter © 2003 Published by Elsevier Science B.V.
doi:10.1016/S0925-4005(03)00432-5
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Fig. 1. Top representation of the ratiometric sensor system.
outputs of the ASIC chip. Additionally, three digitally con- 2.1. Gas sensor section 67

trolled potentiometers (available in the Xicor's X9258 inte-
grated circuit) are used in order to accomplish some specific The first section of the ASIC chip is the circuit that in-ss

trimming functions. cludes two polymeric sensing resistors in a ratiometric con-
Table 1

Model parameters used in the simulations

Parameter used in the Value(s} Symbols used for Cadence Description

Cadence model parameters in th&q. (1)

Cygas 1k Cs Gas concentration (ppm)

Humid 0-3& Cq Humidity concentration (ppm)

Temper 40-100 T Sensor temperaturé @)

KsH 31.32 KsH Temperature coefficient for the humidityQ)

Ky —94n kn Sensitivity coefficient for the humidity (1/ppm)
gammay 1 YH Power low exponent for the humidity

Slope 1 - Slope of the flicker noise {89P9

Vol 30 x 10715 - Polymer volume (r#)

X 300 x 10727 - Polymer coefficient to evaluate flicker noise
SDSCt -1 - SDS control (positive> active, negative> inactive)
w1SDSoff - - Pole for off-dynamics SDS

wlSDSon - - Pole for on-dynamics SDS

w2.0on 1k - Second pole on-dynamics chemical transient
w2_off 4k - Second pole off-dynamics chemical transient
wlon 10m - First pole on-dynamics chemical transient

w1l off 4m - First pole off-dynamics chemical transient

Ro 9512 Rsg, Sensor baseline resistanc®) (

B 2 B Temperature coefficient for sensor baseline resistat€g (
Ks 88.42 Ksc Temperature coefficient for the gadd)

ky 3.2u ke Sensitivity coefficient for the gas (1/ppm)
gamma 1.07 YG Power low exponent for the gas

2The values of the parameters used for simulations are obtained from measurements on carbon-black polymer film performed at the Sensors Resear
Laboratory of the University of Warwick with exception of the noise measurements which were performed by University of Torvegata (Rome).
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Fig. 2. Ratiometric sensor circuit: (a) basic principle; (b) Cadence imple-
mentation including analogue switching.

figuration for the monitoring of gases. The basic operating
principle of ratiometric configuration is shown kfig. 2(a).

In this, two sensors are connected in a non-inverting opera-

tional amplifier configuration. One of the sens&s is ex-
posed to gas whilst the second dRg, is passivated with
an inert material, such as Nafion, which also offers common

polymer deposition and passive coating completing the fais
rication of the active and passive chemoresistors. The acteal
behaviour of these resistors cannot be precisely predictesl.
It is known from previous researdh—3,6,7]that the poly- 89
mer resistance will vary in the presence of gases, but there
are several factors which affect these variations, e.g. temper-
ature, humidity, ageing, and applied voltage. Even the ae
tual resistance value of the devices is not easily controllabie
during the deposition process and significant differences ap-
pear between resistors fabricated through apparently identi-
cal batches. %
Consequently, the structure of the gas sensor circuit wgs
designed to overcome these problems. Firstly, a ratiometgic
pair of polymer resistors is used in order to provide at leags
partial cancellation of the above-mentioned variations. Segr
ondly, the polymeric sensors are excited through the usggf
circuitry that also reduces these effects. Finally, smart Gig,
cuitry is added for the self-cancellation of offset errors fogs
the calibration of the device. As a result, the gas sensor giy-
cuit produces an amplified and filtered voltage signal prgs
portional to the change in resistance experienced by ongggf
the polymer resistors on gas exposure while the other regis-
tor is used as a passive reference. 108
The blocks in the top section of the ASIC chip diagramg
in Fig. 1 perform this sensing function. A reference pulseg,
voltage signal is sent to a pair of ratiometric circuits. The,
first of these is the sensor circuit, whose schematic view
is shown inFig. 2b). The polymer resistor®, and Ryp ;5
are connected, as described before, to an operational ampji-
fier in a non-inverting configuration, following basically the;s
same ratiometric principle reported previougly. In this, 146
Rp is the active sensor exposed to the gas, wRileremains |,
passive. Apart from the elimination of temperature, humigdsy
ity, and aging effects on the baseline resistance, the sengpr
circuit also incorporates polarity pulse switching in ordes,
to cancel long-term drift problems caused by the polarisas
tion effect. The FET-based switches S1 to S8, controllgd
through pulses applied to the inpé, invert alternately the ,,,
voltage at the terminals d®, andRyo, providing compen- ,,,
sation against any polarisation effect or drifting associatgg

Temperature

Compensator
reference

Amplifier Current drive

circuit | nMOSFET

mode rejection of humidity signals, reduces the temperature
sensitivity of the responses and produces an increase in re-
sponse with an increase in temperature. When exposed to
the presence of gases, the electrical resistance of the active
polymer element changes, giving an indication of the con-
centration of the gas, whilst any common mode effects, such
as aging, temperature dependence and humidity dependence,
will cancel each other through the simple rag/Rpo.

The gas microsensors are constructed by spray-coating a
polymer across the aluminium electrodes. The electrodes are

Controlled

P

Controlled

voltage

Heater

current

Thermodiode
signal

Constant
current
source l

temperature

Thermodiode

[:| Heater

fabricated in a CMOS process, with the subsequent steps ofFig. 3. Simplified schematic diagram of the temperature control circuit.
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with a constant dc voltage. The benefits obtained with the to the concentration of the monitored gas. The signal is then
ratiometric configuration of the sensors were confirmed via adjusted with the aid of the potentiometat 2, which sets 138
simulations as described below. the gain of the amplifier. Finally, a Bessel low-pass filtess
The second ratiometric circuit is used to offset the output was found to be the most suitable to remove high frequenay
signal of the sensor ratiometric circuit under non-exposure switching errors from the amplified signaligble 1. 141
circumstances, thus removing any variation in the polymer
resistance ratio from unity. This offset signal is digitally ad- 2.2. Temperature control section 142
justed through the external potentiome®et 1(Fig. 1). The
outputs of both ratiometric circuits are fed into an instru-  The second major task to be performed by the ASIC chip
mentation amplifier in which any difference between the in- is the control of temperature, which is known to seriousiys
put signals will cause an output approximately proportional affect the response of polymer sensfis3,6,7] The bot-

PASSIVE SENSOR PADS _

| _ TEMPERATURE
ANDHEATER

=== COMPENSATOR

Eﬂ,’ BESSEL LOW-PASS FILTER
L
—i@ BIAST CELL.

T
'T—\.x "‘_n.:)"//

¥ I 'Z
CURRENT DRIVE CIRCUT—" @ ﬁ,/VOLTAGE REFERENCE

P I ,
INSTRUMENTATION -~ ﬁ _~BIAS2 cELL.

AMPLIFIER
k WCLE - i i RATIOMETRIC CIRCUIT
DEERET C'RC“”""@" ' : . 7 e~ AMPLIFIER
TEMPERATURESENSOR—-"@‘ s : i e S :::‘I//CURRENTDRIVECIRCU!T
TEMPERATURE SET-POINT _ -~ i ! ACTIVE SENSOR PADS AND
- “ HEATER
CIRCUIT ==
TEMPERATURE SENSOR __ ;'_ ! : s j i 1 W//TEMPERATURESEMSOR
AMPLIFIER = Tk
= | *__FET SWITCHES FOR THE
TEMPERRTURE _... ACTIVE RESISTOR
COMPENSATOR
(a)
.-‘j‘..:
.""..
SENSOR PADS '

(96 um x 96 },Lm}\

HEATER

80 um ]
\ THERMODIODE
OVERLAY OPENING ;
(76 um x 76 pwm)
(b)

Fig. 4. Layout view of (a) the complete smart ratiometric ASIC chip and (b) the sensor area including heater and thermodiode.
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tom sections on the ASIC chip diagramHig. 1 correspond ics 0.7um CMOS technology. The dimensions of the ASIG7
to this control and monitoring function. In order to maintain chip are 330@um x 3750uwm and it contains all the compo-es
the proper operating conditions and to minimise variations, nents that are represented in the block diagrafigpfl The 169
a controlled heater is placed underneath the electrodes ofcells are placed along several rows in the layout, thus ot
each polymer resistor. A temperature sensor closes the containing a symmetrical distribution with the two gas sensara
trol loop by feeding back a signal to the compensator circuit, located at opposite corners of the chip, to aid post-CM@&
where it is compared with a reference point that is set with polymer deposition. 173
the aid of a third external potentiometer. Here, a differen-  The sensor area of the layout is showrFig. 4b). The 174
tial amplifier produces a compensating signal proportional electrodes, in metal 2 layer, are @M x 96pm in size, 175
to the difference of temperatures between the heater andwith 80m interelectrode gap, in order to achieve approxs
the set point. This compensating signal controls the currentimately 10 kK2 resistance when using carbon-black poly#z
through the heaters thus in turn controlling the temperature mer composite filmg8]. The heaters are constructed unss
of the polymer resistors. A simplified schematic diagram of derneath the electrodes in the metal 1 layer, which hasra
the temperature control section is showrFig. 3. An ad- nominal sheet resistance of 5@#sq. Each heater has aso
ditional temperature sensor, whose output is amplified, is nominal design resistance of 80 The thermodiodes arets1
used to monitor the ambient temperature of the chip. The placed in the centre of the heater regions, just between #he

outputs of the temperature sensors are made available to thelectrodes. 183
microcontroller unit. The cellsBias1 and Bias2 provide the bias current forisa
the operational amplifiers according to the bias strategy t&-
2.3. Layout view quired by the Alcatel analogue cells and they also supply the
current for the driving of the temperature sensors. Sevesal
The layout view for the chip, shown completerig. 4(a), test points are available at the bonding pads for testing pus-
was drawn with theé/irtuosolayout editor according to the  poses, allowing the realisation of measurements at differemat
specifications and layout rules of the Alcatel Microelectron- sections of the circuit. 190
Waveforms applied to the resistors Waveforms at the terminals
26 . VRp 250 VO i _
T 125
19 .60
250 _ Vi
T ep T 125
- " .00 -I ” ” |-L
12 F o5y _ YRp_plus
o 125 H
—2.0 : .60 .I ”
2% ¢ \Rpo 2.5p _ VRp_minus
> 125
19 f .60 ” |-L
2.5 _VRpo_plus
S oo S o125 |
2.60 ” . ”_
-18 H 250 _VYRpo_minus
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Fig. 5. Simulation of sensor voltages in the circuit.
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A number of tests where performed with tbeva and the advantage of using the switching circuitry in order ta
Dracula software packages in order to check the consis- invert the sign of the voltages at the chemoresistors termi-
tence of the design with the layout rules, with the electrical nals and thus providing compensation against polarisation
rules and with the substrate requirements under the particu-effects. 213
lar CMOS process selected for the fabrication of the ASIC  Fig. 6 shows the voltage waveforms appearing at evety
chip. In order to obtain the openings down to metal 2 layer stage of the gas sensor section. The reference siggal 215
for the deposition of the polymers onto the sensor electrodes,(Fig. 6(@)) produced by feeding pulses to a standard bandgap
it was necessary to include some special modifications while cell consists of pulses that are 10 ms in width and havezan
still following the standard CMOS process. amplitude of 1.2V. This signal produces the response that

is registered at the output of the offset circuiid. 6(c)), 219

which is calibrated to the baseline signal, i.e. the sensmxs
3. Simulations unexposed to gases. After calibration, exposure to gaseziis

simulated via the change in resistada@pplied to the active 222

The Spectresimulator was used to test each part of the sensor. The sensor outpldensor(Fig. 6(b)) differs from the 223
design.Fig. 5 shows the voltages obtained at the ratiomet- offset sighaMysiset and the difference in voltage is applied tepa
ric sensor circuit when assuming initially equal resistances the input of the instrumentation amplifier. This differentiabs
for Ry and Ry and hence disregarding any variations due voltageVgist (Fig. 6(d)) was only 60.37 mV in the simulatiorezs
to exposure to reactive gases. The left plots correspond towhen the change in resistangevas set to 0.05, i.e. 5% of27
the actual voltage waveforms at the terminals of the resis- Ryo. When the gain of the amplifier set to 50, the amplitudes
tors, i.e. the differences in the corresponding positive volt- of the signal is raised to approximately 3V in amplitudes
ages, plotted on the right, appearing at fihes and minus (Vamp Fig. 6(e)). Finally, Vou: represents the filtered signaiso

terminals of each resistor. The simulation results confirm at the output of the circuitHig. &(f)). 231
I L Sout
. - 3.818 V
0.6 t L e ~ (f)
a5 = /19/Namp
__ %A -
- 2.0 .
gy t P e — (e)
o Vdiff
7om ¢ . 60.37 mv L
So3m g
g.6 . (d)
4 o Adoffset
—_~ : : 2421V
> e | ]
0.6 t N AV ~ (0

4G v 8N sensor

Q'G%T h2.482\/ H
g £ L . . o — (b)

4p ot AdNref

(v)

2.0 L

@.@%T..---.-T_ITQQ-QV-{----’—B]'(a)

.00 2dm 208m
time ( s )

(v)

Fig. 6. Voltage simulation with a change in resistance equal to 5®R,gf(a) reference voltage, (b) voltage at the output of the sensor circuit, (c) offset
voltage, (d) differential input at the instrumentation amplifier, (e) amplified voltage, and (f) output of the low-pass filter.
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Fig. 7. Waveforms for the temperature control system: (a) results &€ 2{) response between 20 and°85

The performance of the temperature control section wasthe proposed model having three inpug( Cy, T) for gas 2s2
also simulatedFig. 7(a) shows the voltages obtained at and humidity concentration and sensor temperature, and 190
27°C, wheread-ig. 7(b) shows the voltage waveforms re- pins (R, R_) for sensor connection with the rest of the ciesa
sulting when temperature varies betweerf@tnd a nom- cuitry. The inputs are connected to voltage sources whesse
inal setpoint at 35C. voltage level emulates both the gas and humidity concess-

Further simulations also showed that the circuit is capable trations (1 V<« 1 ppm) and the sensor temperature (£V 257
of dealing with the wide range in the actual resistance ob- 1°C). The model has been implemented as a standard =2l|
tained for the different types of polymer sensors (e.g. three (SC) in Cadence softward-ig. 8b)). The polymeric sen-2s9

orders of magnitude). sor is represented as a complex impedafisg with two 260
noise sources in series (thermal and flicker n¢g&& Zsc 261
3.1. Application of the polymeric chemoresistor model is the impedance resulting from the parallel combinationzf

the sensor capacitan€&c and the sensor resistanBec. 263
In order to compare performances of ratiometric config- Parasitic resistances and capacitances are neglected beeause

uration to discrete chemoresistors, the polymeric chemore-they are insignificant when compared wiRgc andCsc [5]. 265
sistor model was used. This model, implemented in Ca- The sensor static response is a function of the gas coneen-
dence and described thoroughly elsewhigr is able to tration Cg, the sensor temperatuiieand the water vapourzez
simulate accurately the polymeric chemoresistor response toconcentratiorCy, while the dynamic response depends batte
gas and humidity under different operating conditions. The on the gas transfer method and/or on the gas reaction kipet-
model simulates the static and dynamic sensor response tacs. The static resistance of the S, is evaluated in the 270
gas or gas mixture exposure, and includes flicker and John-block ‘Sensor Static Response’ (sE&. 8a)) which im- 271
son noise. It also takes account of the sensor sample deplements the developed model, assuming that carbon-blaek
livery system.Fig. 8@) shows the conceptual structure of composite polymer films are used as gas sensitive materiats.
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Fig. 8. (a) Model framework of the SC for a polymeric gas sensor. (b)
symbol for the cell. gnd

Fig. 9. Ratiometric sensor circuit. The sensor cell;S€&nulates the
The model developed for these materials in R&fhas been behaviour of the active polymeric sensor, while the cell, ®@mics the
expanded in order to include the temperature variations of Passive sensor.
the baseline resistance and the static resistance is given by

Two passivation methods were tested in the simulations.

B . .
Rsc= Rsg, exp<_> In the first case, representedhig. 10@), one of the poly- 55
r meric sensors is coated with an inert material to avoid the
K K i i i iti -
x |1+ kaCLe exp G\ | knClH exp sH gas effect. In th|s way,_the passive sensor is sensitive to tggp
T T perature variation but it does not respond to the gas or amky-
(1) ent humidity. The water vapour concentration is fixed to thg

concentration present at the moment of the coat depositign
where Rsg, is the baseline sensor resistance (measured in(e.g. RH= 40% at 20°C corresponding to 9214 ppm). Thg;;
presence of a reference gas, generally synthetic air or nitro-gas flow is split in two paths to expose both sensors. The
gen),kg andky are sensitivity coefficientsCg andCy are passivation was simulated by connecting the input ‘C’ of thg
the gas/vapour concentrations expressed in ppirandyy SG cell to gnd (gas concentratioa 0 ppm) and the input, ,
are the power law exponeni, Ksg andKsy are the temper-
ature coefficients, an@ithe temperature in Kelvin. The sub-

scripts G and H refer to the gas and the water vapour, respec- i Cua#Chp
tively. The sensitivity coefficients can be positive or negative a ':‘ - Ta=Tp
depending on the nature of the gas and the polymer, pro- Inlet] // (':HBL ' —
ducing an increase or decrease of the sensor resistance after GAS| A\ a4

the gas injection. The transient behaviour of the polymeric o

gas sensor is simulated by a second-order multi-exponential (a) [SC

model implemented through a second-order low-pass fil- CHa=Chp
ter (‘Sensor Dynamic Response’ Ifig. 8@a)). Since the Inlet1] SCa | Ta=Tp
on-dynamics are generally faster than the off-dynamics, two GAS =1 S
filters with different poles have been used. The sample de- e ?IEHP uhe
livery system is also modelled (‘Sample Delivery System’ GAS [§egl = |

in Fig. 8a)) in order to include the real gas transf}. (b)
The general parametric model described above was used _
to simulate the response of the polymeric chemoresistors™9- 10 The use of the reference sensop, $Cthe ASIC chip: (a) the

. . . . . . polymer sensor SCis coated with an inert material to avoid the reaction
in the ratiometric configuratiorig. 9 shows how the cells ... gas which flow over sensors S@nd SG; (b) two separate flow

SCG and SG were used to represent the active and passiVe paths are used to expose the two sensors to different gases but to the
Sensors. same water vapour concentration; this enables for humidity rejection.
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Fig. 11. Transient analysis of the ratiometric circuit for active and passive baseline resistance0atl@®C, gas concentratioa 1000 ppm, water
vapour mixed to the gas 5000 ppm: (a) voltage pulses applied to the sensor cell S@ulating the humidity and gas concentration (V1 ppm); (b)
resistance of the active sensor; (c) resistance of the passive sensor; (d) output voltage of the ratiometric circuit; (e) output voltage otitteainffset
(f) differential input of the instrumentation amplifier; (g) output of the gas sensor section.

‘H’ to a voltage source (e.g. V= 9214V — 9214 ppm). differential input to the amplifier is depicted irig. 11(f) 331

The second method requires two separate inlets to carryand the output signal of the gas sensor section is shownsin
the gas under test and a reference gas to the sensgen8C  Fig. 11(g). 333
SG (Fig. 1QDb)). In this case the sensor & not coated The benefits of the ratiometric circuit structure are cons4
but it acts as a reference device because the reference gagared to the potential divider configuratidrig. 12 already 335
is injected in the second inlet (‘Inlet 2 GAS’). This solution discussed elsewhef8]. In particular, the temperature andse
allows cancelling the humidity effect, when the reference humidity dependencies of the circuits are explored. 337
gas has the same water vapour concentration as the gas under Figs. 13 and 14how the percentage variation of the cisss
test injected in the ‘Inlet 1 GAS'. cuit output voltage with varying sensor temperature and kg

Fig. 11 shows the results of simulations performed using midity. The two setups depicted iRig. 10 are taken into 340
polymer resistors of 10& at 40°C under the second pas- account. The ratiometric configuration shows less sensitiu-
sivation method. Gas and humidity concentrations of 1000 ity to temperature variation compared to the discrete circuit
and 5000 ppm, respectively were applied to the sensors ter-In particular, the baseline output value is not sensitive 3
minals. The changes in resistances of active and passivehe temperature variation when the configuration with refes4
sensors are shown ig. 11(b) and (c). The output signals ence gas shown iRig. 1Qb) is adopted. These results casas
from ratiometric and offset sections are also shown. The be observed in the curves for the ratiometric circuit withe
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CHa = CHp, depicted irFig. 13a) and (b). This is expectedsz47
since the sensors are fabricated under the same conditians
Vref and they should respond to temperature changes with dhe
Hyvde=24 e same exponential law. The plots fiig. 13c) and (d) show 3so
that the ratiometric circuit has superior performance when
compared to a single chemosensor circuit exposed to gasat
Vout varying temperature. 353
The ratiometric circuit shows better performance alsoaisa
SC R+ terms of linear humidity dependenc€&ig. 14. The wa- 3ss
N ¥ ter vapour effect is cancelled by the reference sensgy S&
N C C when this one is not coated and the configuration depicted
in Fig. 1Qb) is adopted CHa = CHp). If the reference sen-zss
e sor SG, is coated with an inert material, askig. 10(a), the 3so
R vi=0 humidity effect cannot be annulled (ratiometric curves feso
v2=Cgas CHa # CHp in Fig. 14 but the ratiometric circuit is still lessze1
sensitive with respect to the potential divider configuratiasn2
Noise simulation was also performed based on the moggl
developed in Ref[5]. Fig. 15 shows the simulated noiseg,
and gnd analysis of the ratiometric circuit. The operational amplifiggs
CFOA23 fFig. 9) gives the main contribution to the totalgg
output noise. The polymeric sensor noise is also shown ggd
it is assumed to be dominated by flicker noise measuredf@r
polymer carbon film$8]. The RMS value of the noise volt-4q

gnd

,+)vdc=Hude T, vdc=Temper

Fig. 12. Schematic view of the single chemosensor circuit.

(a) Cg=0,CHa=0
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Fig. 13. Percentage variation of the output voltage for the ratiometric and potential divider circuits when the temperature of the sensors gfans from
to 100°C: (a) response to gas and water vapour concentrations equal to zero; (b) response with wet air and without gas exposure; (c) response to gc
exposure with dry air; (d) response with gas exposure and wet air.
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Fig. 14. Percentage variation of the output voltage for the ratiometric and potential divider circuits when the water vapour concentratiomsfans fro
to 30ppt: (a) response without gas exposure; (b) response to gas exposure.

age at the ASIC chip output is evaluated from the simulation 4. Conclusions 374
results to bey, = 33uV. Considering a RMS signal output
of 3.3V the signal-to-noise ratio is A novel smart ratiometric ASIC chip has been designed

for gas sensing applications and fabricated using a standasd
CMOS process. Simulations have shown that the ratiomest-
ric configuration shows superior performance when cogns
pared to conventional resistive polymer devices. Its cham
acteristics of pulsed-mode operation to prevent polarisatisn
—13¢ a: Total output naise effects/voltage induced drifting, and on-chip compensatign
v Op Amp noise of temperature and humidity variations, are considered toske

33
SNR=20log| — ) =100dB
33u

—140 . ; !

w0 semorinit crucial features for the development of an accurate low-cast,

—150 palm-top gas monitor. 384
~160
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