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Abstract: A micromachined infrared sensor for an infrared focal plane array has been designed and
fabricated. Amorphous silicon was used as a sensing material, and silicon nitride was used as a
membrane material. To get a good absorption in infrared range, the sensor structure was designed as a
A/4 cavity structure. A Ni-Cr film was selected as an electrode material and mixed etching scheme was
applied in the patterning process of the Ni-Cr electrode. All the processes were made in 0.5 um iIMEMS
fabricated in the Electronics and Telecommunication Research Institute (ETRI). The processed MEMS
sensor had a small membrane deflection less than 0.15 um. This small deflection can be attributed to the
rigorous balancing of the stresses of individual layers. The efficiency of infrared absorption was more
than 75% in the wavelength range of 8 ~ 14 um. The processed infrared sensor showed high responsivity
of ~230 kV/W at 1.0V bias and 2 Hz operation condition. The time constant of the sensor was 8.6 ms,
which means that the sensor is suitable to be operated in 30 Hz frame rate. Copyright © 2008 IFSA.

Keywords: Infrared Sensor, MEMS, Focal Plane Array

1. Introduction

The demands for infrared image sensors have been increased during last a few decades. Their
application fields have been widened to civil applications beyond military interests. Recently developed
civil application fields require uncooled type image sensors, which are much cheaper than cooled type
Sensors.
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Pyroelectric type and bolometer type are two representative types in the uncooled infrared image
sensors. For the case of the pyroelectric type sensors, the theoretical performances are the best among
the uncooled type sensors but they need chopping operation of incident light. The use of chopper makes
it difficult to minimize system size and power consumption. For these reasons, recent researches on the
uncooled infrared image sensors are mainly focused on the bolometer type sensors.

Vanadium oxide has been the base sensing material in the bolometer type sensors for the past two
decades [1]. It has relatively high thermal coefficient of resistance (TCR) and good noise properties. But,
recently amorphous silicon (a-Si) has been tried as a sensing material, and it makes a competition with
vanadium oxide based materials [2-4]. The amorphous silicon is weaker than vanadium oxide in the
respect of noise performances, but its process is much easier and has merits in the respect of uniformity
and reproducibility.

In the present study, a MEMS sensor structure for a bolometer type image sensor was designed and
fabricated. Amorphous silicon was selected as a sensing material. A Ni-Cr film which has low thermal
conductivity was selected as an electrode material to maximize the sensor responsivity and mixed
etching scheme was applied in the patterning process of the Ni-Cr electrode. The stress values of each
consititutional layers were analyzed and rigorously balanced to minimize the membrane deflection.
Considering monolithic integration with read-out integrated circuit (ROIC), the structure and the
processes were designed to be fully compatible with CMOS process.

The processed sensor showed good optical response properties. The responsivity of the sensor was
~50 kV/W at 0.5V bias and 30 Hz operation condition. The measured thermal time constant was
~8.6 ms.

2. Design of Sensor Structure
2.1. Vertical Structure

Fig. 1 is a schematic diagram showing the vertical structure of the unit pixel. Amorphous silicon was
adapted as a sensor material. Silicon nitride was used as membrane layers. To get a good absorption in
infrared range, the sensor was designed as a A/4 cavity structure [5]. With A/4 cavity structure, the
absorption of light is interferometrically enhanced. Considering the wavelength range of operation, the
height of the gap between the sensor membrane and the underlying reflector was designed as 2 um,
which was controlled by the thickness of the sacrificial layer. The reflector was made with sputtered
Al film. A thin TiN film was used as an absorption layer. The thickness of TiN layer was controlled to
have 377 Q of sheet resistance, which corresponds to the optimum value to get perfect absorption in
A/4 cavity structure [5].

Thermal
Insulation cut

A4 gap (~2pm) using
sacrificial polyimide

Fig. 1. Vertical structure of the designed sensor.
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Considering the monolithic process with read-out integrated circuit (ROIC) by post CMOS
micromachining processes, polyimide (P12545, HD Microsystems Co., USA) was selected as a
sacrificial layer, which can be processed in a low temperature, typically less than 400 °C. The pitch of
the unit pixel was 50 um, and filling factor was more than 77 %.

2.2. Thermal Design
Thermal parameters are very important in designing of IR sensors, which influence responsivity and
speed of sensor. Two important thermal parameters are thermal conductance (G) and thermal time

constant (7). Thermal conductance influences responsivity of sensor with following relation [6].

BIRae
= G(1+472'2f22'2)1/2 ) (1)

where B is the bridging factor, I is the bias current, R is the detector resistance, o is the temperature
coefficient of resistance, € is the absorptivity, G is the thermal conductance, f'is the operating frequency,
and t is the detector time constant, which is defined as follow:

r=C/G, )

where C is the thermal capacity of the sensor membrane. The thermal time constant determines the speed
of sensor response. Too small value of the time constant deteriorates signal amplitude and too large
value make it impossible to be operated in a suitable frame rate. Therefore, there exists an optimum
value in the thermal time constant. To be operated with 30 Hz frame rate, ~ 10 ms is the optimum value.

The thermal parameters were controlled by varying the width of the legs in structure design. The width
of legs was variably designed from 1 um to 2 um. For the case of the sensor structure with the legs of

2 um width, the designed thermal conductance was ~ 1.5 x 10”7 J/K. And corresponding thermal time
constant was ~10 ms.

3. Process
3.1. Process Overview

Fig. 2 is a schematic diagram showing the process of the infrared sensor. An aluminium film with
thickness of 3000A, which acts as a reflector, was deposited and patterned by lithography process on an
insulation oxide layer. Then, polyimide, which acts as a sacrificial layer, was spin-coated and cured. The
coated polyimide layer was patterned to make anchor areas by lithographic process and dry etching.
Then, the first nitride layer was deposited by plasma enhanced chemical vapor deposition process
(PECVD) with thickness of 500A. After deposition of the first nitride layer, TiN layer, which acts as an
absorption layer, was deposited by sputtering process. The thickness of TiN layer was 100A, which
corresponds to the sheet resistance value of 377 Q. The TiN absorption layer was patterned by
lithography and dry etching process. Followed by patterning of the TiN layer, the second nitride layer
was deposited by PECVD process. Then, contact holes for electrical connection were formed in the
anchor areas. After formation of the contact holes, electrode metal was deposited and patterned. A
Ni-Cr film with thickness of 500A was used as an electrode material. Followed by patterning of the
electrodes, a-Si film was deposited by PECVD process with thickness of 1500A. Then, protection
silicon nitride was deposited by PECVD process. After deposition of protection nitride, membrane was
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patterned and dry etched. Finally, Removal of the polyimide sacrificial layer was done with oxygen
plasma.

Fig. 3 shows the SEM images of the processed sensor. As can be seen from the figure, the MEMS
structure for an infrared sensor could be successfully fabricated. All the processes used in the fabrication

were fully CMOS compatible. Therefore, these processes can be directly applied to the fabrication of
monolithic type sensors.

Step 1. Step 4.
- Reflector (Al) deposition & patterning - Electrode deposition & patterning
- a- Si deposition

Step 2. Step 5.
- Polyimide coating & patterning - Nitride deposition

Step 3. Stel

o . p 6.

- Nitride deposition - Memb tterning & rel

- Absorption layer deposition & patterning embrane patieming & release
- Nitride deposition

Fig. 2. Schematic diagram showing the processes of the sensor structure.

(a) (b)

Fig. 3. SEM micrographs of the processed pixel array ; (a) 45° tilt view, (b) 80° tilt view. The pixel pitch is 50 pum,
and the width of the isolation leg is 2 um.
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3.2. Sensing Material

An amorphous silicon film was used as a sensing material. The a-Si film was deposited by PECVD
process with source gases of SiHy, H,, and PHs. PH; gas was added as a dopant to control the resistance
of the film. Deposition temperature was 400 °C, and working pressure was 1.2 Torr. The measured TCR
value of the a-Si film was around -2.3 %/K and the resistivity was 150 Q-cm.

3.3. Electrode Patterning

A Ni-Cr film with thickness of 500A was used as an electrode material. Dry etching of the Ni-Cr film is
a very difficult process because of its poor selectivity with underlying nitride layer. Therefore, mixed
etching scheme was applied to etch the Ni-Cr film. 70 % of the Ni-Cr film was dry etched with high
density plasma etcher and the remained part of the film was etched with wet etching method. Chlorine
based gases were used in dry etching and diluted TFN (Transene Co., USA) was used as an etchant in
wet etching. The mixed etching scheme utilize both merits of dry etching and wet chemical etching,
anisotropic character of dry etching and high selectivity of wet chemical etching. With the mixed etching
scheme, wide process margin and process stability can be achieved.

3.4. Stress Balancing

A stress balancing can affect membrane deformation. If it is unsuitably designed, the membrane can be
seriously deformed and a thermal short can be occurred. In the respect of the stress balancing, two
parameters should be considered. These parameters are overall stress value and stress gradient along
thickness direction. To minimize the overall stress value, each constituent film should be controlled to
have low stress value. Among the constituent films, the a-Si film and the silicon nitride film are the most
important. The stresses of these layers were evaluated and optimized as functions of flow rates of source
gases, temperature, working pressure in PECVD process. Finally tuned stress of the a-Si film was
42 MPa in tensile and that of the silicon nitride film was 153 MPa in tensile. To minimize the stress
gradient along the thickness direction, layer stacking should be symmetric. Fig. 4 is a schematic diagram
showing the stress status of stacked layers.

+153 MPa

+153 MPa

Fig. 4. Schematic diagram showing the stress status of stacked layers.

Fig. 5 shows the membrane deflection of processed sensor measured by surface profiler (SIS1200, SNU
precision co., Korea). As can be seen in the figure, the membrane of the processed sensor was very flat.
Maximum deflection is less than 0.15 pum. This small deflection can be attributed to the rigorous
balancing of the stresses of individual layers.
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Fig. 5. Membrane deflection of the processed sensor measured by surface profiler.

4. Characterization
4.1. Absorbance in Infrared Range

Fig. 6 shows the infrared absorption properties of the processed sensor. The absorption property was
measured with IR spectrometer (ISS66, Bruker Co., USA) with incident angle of 85°. The infrared
absorption efficiency of the processed sensor was more than 75 % in the wavelength range 8-14 um. The
absorption efficiency of 8-9 um range is relatively lower than that of 10-14 um range. This is because
there are phonon bands of nitride around the wavelength of 10 um. The nitride films, which were used as
membrane layers, have anomalously high refractive index and high attenuation coefficient in that
wavelength range [7].

100
0+
80
7O

S

Absorption (%)

888

[~

5 10 156 20 25
Wave Length {um)

Fig. 6. Infrared absorption property of the processed sensor.

4.2. Infrared Responses

Fig. 7 shows the measurement system used for infrared response. The processed sensor was vacuum
packaged and a simple linear amplifier with unit gain was used as a transducer circuit. A blackbody was
used as an infrared source. Fig. 8 shows the measured infrared response of the processed sensor. The
blue lines are chopper signals and the red lines are output signals of the sensor. The responsivity of the
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sensor can be calculated from these results. The calculated responsivity was ~230 kV/W at 1.0V bias
(Vyp) and 2 Hz operation condition. Fig. 9 shows the normalized responsivity as a function of chopper
frequency. The normalized responsivity decreases as chopper frequency increases. Thermal time
constant can be deduced from curve fitting of Fig. 9. The dotted line in the Fig. 9 is the fitting result. The
thermal time constant of the sensor was ~8.6 ms, which well coincides with the designed value of
10 ms. This result means that the processed sensor is suitable to be operated at 30 Hz frame rate. The
thermal conductance of the sensor can be calculated from the thermal time constant and thermal capacity

of the sensor membrane. The calculated thermal conductance value was ~ 2.4 x 107 J/K.

Response (V)

Fig. 8. Measured optical responses of the processed sensor; (a) the result from 2 Hz operation condition

chopper
Black body F
source

Sensor
in vacuum package

W

R~ R,
Vout = (1+Rf/Rb)Vb
Vb

Fig. 7. Schematic diagram showing the measurement system for infrared response.
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Fig. 9. The measured responsivity as a function of chopper frequency. The thermal time constant of the sensor can
be obtained by fitting the curve.
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S. Conclusions

A micromachined sensor part for an uncooled type infrared image sensor based on a-Si sensing material
has been designed and fabricated. The MEMS sensor part was successfully fabricated with polyimide
sacrificial layer. A Ni-Cr film with low thermal conductivity was adapted as an electrode material and
mixed etching scheme was applied in the patterning process of the Ni-Cr electrode. All the processes
used in the fabrication were fully CMOS compatible. Therefore, these processes can be directly applied
to the fabrication of monolithic type sensors.

The processed MEMS sensor had a small membrane deflection less than 0.15 pm. This small deflection
can be attributed to the rigorous balancing of the stresses of individual layers. The efficiency of infrared
absorption was more than 75 % in the wavelength range 8 ~ 14 um. The responsivity of the sensor was
~230 kV/W at 1.0 V bias and 2 Hz operation condition. The time constant of the sensor was ~8.6 ms,
which means that the sensor is suitable to be operated in 30 Hz frame rate.

Acknowledgements

This work was supported by the IT R&D program of MIC/IITA [2006-S054-01, Development of CMOS
based MEMS processed multi-functional sensor for ubiquitous environment].

References

[1]. S. M. Cho et al, Design and fabrication of a MEMS sensor for an Infrared Focal Plane Array, in Proceedings
of 2" International Conference on Sensing Technology, 2007.

[2]. D. Murphy et. al., Expanded applications for high performance VOx microbolometer FPAs, in Proceedings
of SPIE, Vol. 5783, 2005, pp. 448-459.

[2]. J. J. Yon et al, First demonstration of 25um pitch uncooled amorphous silicon microbolometer IRFPA at
LETI-LIR, in Proceedings of SPIE, Vol. 5783, 2005, pp. 432-440.

[3]. M. Almasri, B. Xu, and J. Castracane, Amorphous Silicon Two-Color Microbolometer for Uncooled IR
Detection, IEEE Sensors Journal, Vol. 6, No. 2, 2006, pp. 293-300.

[4]. J. L. Tissot et al, High performance and low thermal time constant amorphous silicon based 320 x 240
uncooled microbolometer IRFPA, Proceedings of SPIE, Vol. 5640, 2005, pp. 94-99.

[5]. K. C. Liddard, Application of interferometric enhancement to self-absorbing thin film thermal IR detectors,
Infrared Phys., Vol. 34, No. 4, 1993, pp. 379-387.

[6]. K. C. Liddiard, Thin-film resistance bolometer IR detectors, Infrared Phys., Vol. 24, No. 1, 1984, pp. 57-64.

[7]. M. Klanjsek Gunde and M. Macek, Infrared optical constants and dielectric response functions of silicon
nitride and oxynitride films, Phys. Stat. Sol. (a), Vol. 183, No. 2, 2001, pp. 439-449.

2008 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

309



Sensors & Transducers Journal /“

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 6-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal’'s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media Kkit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2008.pdf



-
|

wwosLsensorsportal.com

e-Impact Factor 2007:
156.504

Subscription 2008

Sensors & Transducers Journal (ISSN 1726-5479)
for scientists and engineers who need to be

at cutting-edge of sensor and measuring
technologies and their applications.

Keep up-to-date with the latest, most significant
advances in all areas of sensors and transducers.

Take an advantage of IFSA membership
and save 40 % of subscription cost.

Subscribe online:
http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription_2008.htm

www.sensorsportal.com





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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
  /SyntheticBoldness 1.00
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


