AN AMMONIA SENSOR BASED ON A POROUS SIC MEMBRANE
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Summary: We have found porous SiC to be extremely sensitive to the presence of ammonia (NH;) gas.
We report the fabrication and preliminary characterisation of NH; sensors based on porous SiC and Al
electrodes. The idea of the SiC is that it is a very durable material and that it should be good for sensors in
harsh environments. Until now the only NH; sensors using SiC have been FET based, and the SiC was not
porous. The SiC was deposited by PECVD on standard p-type single-crystal Si and was made porous by
electrochemical etching in 73% HF and anodisation current-densities of 1-50mA/cm’. Because the etch-
rate of Al in 73% HF is very low, we can use Al electrodes instead of Au. This also facilitates our sensor
fabrication, as Al is more cleanroom friendly than Au. Preliminary data is given for our devices response

to NHj; in the range 0-10ppm NHj; in dry N, carrier gas.
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INTRODUCTION

There is a need for ammonia sensors in many
situations including leak-detection in air-
conditioning systems [1], environmental sensing
of trace amounts ambient NHj in air [2], breath
analysis for medical diagnoses [3], animal
housing [2], and more. Generally, because it is
toxic, it is required to be able to sense low levels
(~ppm) of NH3, but it should also be sensitive to
much higher levels. NH; gas can be quiet
corrosive, often causing NH; sensors to have
short lifetimes. SiC with its well known ability to
withstand harsh chemical environments, should
in principle be a better material for sensors in
such environments. Membrane or thin film
structures have also been demonstrated, which is
a big advantage as regards ease of integration
with standard processing, due to greater
flexibility in choice of doping type and
concentration.

We found porous SiC, when used as the
dielectric in a capacitive sensing arrangement to
be extremely sensitive to the presence of NHj;
gas. Compared to existing FET NHj sensors [5],
our devices are much more simple to fabricate
and achieve similar sensitivities.

We have made sensors using porous SiC, made
porous by electrochemical anodisation in HF [6].
Earlier work on humidity sensors showed how
the sensitivity to RH can be controlled by
porosity, the pore size distribution, and the
porous morphology. For humidity sensing the
requirements are to have a pore size distribution
with pore sizes 1-100nm and a random porous
structure. In other words, pores larger than
~100nm, or smaller than ~1nm, are not useful for
RH sensing. We have tried to utilize this fact to
realise gas sensors which could be insensitive to
RH. In this work we have made sensors with
pores larger than 100nm and tested their
response to dry NH; gas in a nitrogen carrier gas.
We also tested the response to RH of our
sensors.
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Fig. 1. A schematic of the devices used in this work.
The sensing mechanism is capacitive with porous SiC
as the sensing dielectric.

EXPERIMENTAL

Thin films of (p-type) SiC were deposited on
standard Si wafers, using PECVD, and doped
with Boron in-situ. The thickness’ of the films
were ~5S000A.

After the thin films were deposited, a SiN mask
was deposited on the backside of the wafer as a
KOH mask to make membranes. Al electrodes
were deposited on the front side. Then Al was
evaporated on the backside of the wafer, and the
wafers were diced into 10mm x 10mm samples.
The samples were then mounted on specially
prepared holders for porous formation.

We made porous SiC by electrochemical
etching/anodisation using 73% HF (including
Triton X100 surfactant), anodisation current
densities, J,, in the range 1 — 50 mA/cm?, and
anodisation times, ts, between 30 seconds and 10
mins.

Figure 1 shows a schematic of the devices used
in this work.

The phase angles of the sensing capacitors were
typically ~ - 85°, in dry air, indicating reasonable
quality capacitors.

Electrical contacts were made to the sensors by
wire bonding, and their response in the range 0.5
— 10 ppm NHj gas was recorded. To do this a
miniature ‘chamber’ was fabricated, with a
volume of just 180ul — see figure 2. This was
necessary as in a bigger chamber the very low

concentrations of ammonia caused the sensors to
appear to have a very slow response.

Fig 2. Picture of the ‘mini-chamber’ used to test out
sensors response to ammonia.

Interfacing to the sensors was via a Universal
Transducer Interface (UTI) — from Smartec. The
UTI can be used instead of an impedance
analyser to monitor the response of our porous
SiC sensors. Using the UTI and purpose written
software, we can monitor sensors response
outside of the lab. In fact the whole system can
be battery operated and is completely mobile.

RESULTS

Figure 3 shows a cross-sectional SEM image of a
SiC membrane. The total thicknes of the
membrane is about 40um.

AccV  Spot Magn Det WD Exp —— 2o0m
500kv 30 2363x SE 47 1 Al electrodes + SiC memb W9.TIF

Figure 2: Cross-section SEM of SiC membrane &
electrodes
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Figures 4(a)&(b) show SEM images of the SiC
surface after porous formation. Many pores with
dimensions >100nm are visible. There are also
pores with dimensions <100nm, which probably
cause some RH sensitivity. This is the subject of
future work.

' Spot Magn  Det WD Exp ] 50ym
500kv30 97 SE 67 1 .

Fig. 4(a). SEM image showing the electrodes and the
porous SiC surface. Tthe darker ‘patches’ of the SiC
surface contain larger pores — see figure 3(b)
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Fig. 4(b). Higher magnification SEM image showing
larger (>100nm) pores within the darker regions of
the SiC surface

Known concentrations of ammonia gas, in a
nitrogen carrier gas, were passed into a small
chamber. We cycled the NH; gas concentration
from 0.5 ppm NH; upto Sppm NH3, then 9.5
ppm NH;. The output from the UTI shows
almost zero hysterisis and it seems that our
sensor may be also sensitive to much lower
concentrations of NHj.
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Fig. 5. The responses of a bulk porous SiC sensor and
a porous SiC membrane sensor to dry NH3 gas.
Measurements were taken by interfacing to a laptop
pc via the Universal Transducer Interface (UTI) from
Smartek. The points were repeated several times and
almost no hysterisis was evident. Measurements were
taken approximately 10 mins after changing the NH3
concentration.

Figure 5 shows the response of our sensor to dry
NH; gas in a nitrogen carrier gas. For
comparison, the response from a bulk porous SiC
sensor is also shown. It can be seen thathe
membrane sensor has a much bigger response.
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Figure 6. The response of our porous SiCammonia
sensor to relative humidity (10%-90%RH). For
comparison a similar sensor optimised for RH sensing is
also shown.

We also tested this particular sensors response to
RH between 10% and 90% RH. The normalised
capacitance response is shown in figure 5. As
can be seen, there is a response to RH but it only
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~3% between 10% and 90%RH. With more
optimum pore morphology we hope to decrease
this response, and also increase the response to
NH;.

DISCUSSION

We have tested porous SiC for its response to
NHj; gas. It seems that the sensors can detect a
change in ammonia gas conentration of ~I-
2ppm.

Also, it is possible that the sensors are sensitive
to NH; over a much wider concentration range —
the shape of the curve of figure 4 for the lower
concentrations indicates that it may be sensitive
to much lower concentrations than 0.5ppm NH;.

The response from a membrane type sensor eems
to be large than for bulk type. It is not clear what
the reason for this enhanced sensitivity is, but it
is possibly related to the porous morphology —
with less amount of material during porous
formation, the (annodisation) current paths will
be changed.

With more optimised pore morphology we
anticipate an improvement in its sensitivity to
NH; and also a decrease in sensitivity to RH.

REFERENCES

1. The International Institute of Ammonia
refrigeration, http://www.iiar.org

2. T.T. Groot, Sense of Contact 6, keynote:
Sensor Research at Energy research Center
Netherlands (ECN), March 2004

3. B.H. Timmer, Amina-chip, Ph.D. Thesis, U.
Twente, The Netherlands, 2004

4. A. Lloyd Spetz et al., “Si AND SiC BASED
FIELD EFFECT DEVICES”, Proc. TAFT 2000,
Nancy, France, 27-30 March 2000

5. E.J. Connolly et al., Comparison of porous Si,
porous polySi and porous SiC as materials for
humidity sensing applications, Sensors &
Actuators A99 (2002), pp 25-30.

ACKNOWLEDGEMENTS

EC acknowledges the Dutch Technology
Foundation STW for funding [project
DEL4694], and the staff of DIMES Technology
Centre for assistance with processing.

150


http://www.iiar.org/

	E.J. Connolly1, B. Timmer2, H.T.M. Pham3, J. Groeneweg3 P.M.
	INTRODUCTION
	EXPERIMENTAL
	REFERENCES
	1. The International Institute of Ammonia refrigeration, htt
	2. T.T. Groot, Sense of Contact 6, keynote: Sensor Research 
	3. B.H. Timmer, Amina-chip, Ph.D. Thesis, U. Twente, The Net
	4. A. Lloyd Spetz et al., “Si AND SiC BASED FIELD EFFECT DEV
	ACKNOWLEDGEMENTS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


