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ABSTRACT 
Single component and binary gas mixtures composed of nitrogen 

dioxide (NO2) and ammonia (NH
3
) were analyzed with a microsen­

sor composed of an array of Interdigitated Gate Electrode Field Ef­
fect Transistor (IGEFEf) sensor elements coated with copper-, 
nickel-, and cobalt-phthalocyanine thin films. The design and mode 
of operation of the IGEFET microsensor facilitated the- near-simulta­
neous measurement of the direct current (DC) and alternating current 
(AC) electrical response of the metal-substituted phthalocyanine 
(MPc) thin films upon exposure to the challenge gas mixtures. To 
facilitate predicting the challenge gas component concentrations for 
mixtures containing 100-4000 parts-per-billion (ppb) N02 and 20-400 
parts-per-million (ppm) NH3, �e princi�al. component ll!lalysis (PCA) 
method and multilinear regression technique were applied to the dis­
tinctive features identified in the measured response of the IGE 
structure's DC resistance and the IGEFET transfer function's gain 
and phase. 

INTRODUCTION 
The detection and· measurement of chemical species, as well as 

the control of chemical reactions, have widespread applications. Of 
particular interest with respect to the environment, is the need for 
small and autonomously operating microsensors that can accomplish 
the toxic gas monitoring function. Two important classes of environ­
mentally-sensitive compounds include the oxides of nitrogen, espe­
cially nitrogen dioxide (NO

2
), and ammonia (NH

3
). • .. One type of chemical rmcrosens�r technology 1s the Inter�1g1-

tated Gate Electrode Field Effect Transistor (IGEFEf). As depicted 
in Figure I, the IGEFET can be partitioned into two fundamental 
components: the integrated circuit (IC) �d �e _chemically-sensitive
thin film deposited on the surface of the mterd1gitated gate electrode 
(IGE) structure of each IGEFET sensing element. 
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Figure 1. (a) JGEFET microsensor IC depicting ti 3 x 3 two-dimen­
sional array of identical sensors whose independent set of responses 
can b·e electrically-muliiplexed with the in situ circuitry. (The overall 
dimensions of the JC are 4466 x 6755 µm. Each IGE S!rucrure con-

sists of 34 floating-electrode fingers and 35 driven-elec/rode fingers. 
Each finger is JO µm wide, and the inter-electrode finger spacing is JO 
µm. The chemically-active area of the !GE measures 1370 x 1370 
µm.) (b) IGEFET physical structure and electrical connections. 
Legend: (I) copper phthalocyanine (CuPc) thin film, (2) · driven­
electrode, (3) floating-electrode, (4) MOSFET drain contact, (5)
MOSFET gate and floating-electrode contact, (6) MOSFET source 
contact, (7) driven-electrode contact, (8) MOSFET source, (9)
MOSFET drain, ( I 0) MOSFET drain-to-source channel, and ( 11)
host silicon substrate. 

EXPERIMENTAL 
To facilitate predicting the challenge gas component concentra­

tions for mixtures containing 100-4000 parts-per-billion (ppb) NO, 
and 20-400 parts-per-million (ppm) NH3, the· principal component 
analysis (PCA) method and multilinear regression [l] technique were 
applied to the distinctive features identified in the measured response 
of the IGE structure's DC resistance and the IGEFET transfer func­
tion's gain and phase. As depicted in Figure 2 (a)-(c), baseline drift 
of the IGEFET microsensor was minimized by normalizing the ex­
tracted features. The individual challenge gas components (NO, and 
NH

3
) were discriminated on the basis of the opposite changes (sign 

change) they induced in the MPc-coated IGEFET microsensor's 
electrical properties, the different gas sensitivities revealed by the 
MPc-films, the time dependence of the electrical changes induced by 
a challenge gas exposure, and finally, the different gas sensitivities of 
the frequency-dependent components manifested within the MPc­
coated IGEFET transfer function. As depicted in Figure 2 (d)-(/), the 
predicted challenge gas componen! concentrations were �!ways 
within 50% of the known concentrations for all of the gas mixtures 
analyzed. As anticipated, the smallest error [26% for NO7, Figure 2 
(e) and 14% for NH3, Figure 2 (/)] was achieved with the smgle com­
ponent analysis of each challenge gas using the normalized !GE 
structure's DC resistance response. The error in the predicted single 
component analysis of each challenge gas was slightly larger when 
the analysis was accomplished with the IGEFET transfer function's 
gain and phase. For the binary gas mixture analysis, the smallest error 
in the predicted challenge gas concentrations (approximately 25% for 
each component) was achieved with the IGEFET transfer function's 
gain response. The phase response was the least effective informa­
tion for predicting the concentrations of the challenge gas compo­
nents. As a consequence of the favorable results obtained from the 
IGEFET transfer function's gain response, a complementary ap­
proach was investigated. This technique utili�d a lumped:element
equivalent circuit model that accurately predicts the vanal!ons ob­
served in the IGEFET transfer function's gain and phase Bode plots. 
When the NO, and NH3 analyses were performed with the conduc­
tl\,llce parameters extracted from the lumped-element equivalent­
circuit model [2], the predicted gas concentration errors were signifi­
cantly less than the corresponding errors obtained with the gain and 
phase response feature analyses, and it was never larger than the 
error predicted when the normalized DC resistance response was 
used 
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Figure 2. (a) CuPc-coated /GE structure normalized DC resistance 
response upon exposure to N02. (b) CuPc-coated /GE structure 
normalized DC resistance response upon exposure to NH3. (c) CuPc­
coated /GE structure normalized DC resistance response upon expo­
sure to binary gas mixtures containing 200 ppm NH3 and various NOz 
concentrations. (d) Comparison of the known (as generated) and 
predicted N02 gas concentrations for 15 different exposures using the 
normalized DC resistance data. (e) Comparison of the known (as 
generated) and predicted NH3 gas concentrations for 15 different 
exposures using /he normalized DC resistance data.· (f) Comparison 
of the known· (as generated) and predicted N02 gas concentrations 

_for 27 different binary mixture exposures _using the normalized DC 
resistance data. fCuPc film thickness = 0.43 microns; temperature =

IOO"C). 
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