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Abstract: The paper presents the design and simulation of double spiral shape micro-heater using
ANSYS 10.0 and MATLAB, which requires 12.5 mW-78.3 mW powers to create the temperature
181 °C-1002 °C for gas sensing applications. The results obtained from ANSYS simulation were
verified using MATLAB Tool. A platinum-based bulk micro-machined hotplate of size
500 pm x 500 pum has been designed for fabrication as a multi-layer structure on a silicon substrate
with thermal silicon dioxide as the supporting membrane, followed by LPCVD (Low pressure
chemical vapor deposition) silicon nitride film. Gas sensing film (SnO,) will be deposited on the
interdigitated Pt electrodes formed on the PECVD oxide layer. The temperature uniformity of
microhotplate (as it is essential for better sensing mechanism) based on double spiral heater has been
reported in this paper. To estimate the resistance of the Pt heater, a 2000 A° thick platinum film has
been deposited by sputtering on silicon and its sheet resistance has been measured as 2.5 Ohm/o. We
have used this value to calculate the resistance of Pt resistor, which was found 319 Ohm. Copyright ©
2011 IFSA.

Keywords: Pt-heater, Bulk-micromachining, Microhotplate, Gas sensor, ANSY'S simulation.

1. Introduction

The semiconductor industry is moving towards sensor driven processing as more stringent
environmental concern arises. The on line process control system offers significant efficiency and cost
135
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benefits, but a suitable detection system does not yet exist; the microelectronics industry has not
embraced this approach. The gas sensors are becoming very important in our everyday lives. They
include the area of laboratory analysis, medicine, automobiles, and industrial safety. The
semiconductor based gas sensors [1-9] are widely used for both process application and life safety.
These types of sensors have the advantage of small size which helps in achieving low power
consumption. Such gas sensors include devices that detect unsafe levels of explosive and poisonous
gases in breathing—space environments, and devices that continuously monitor humidity and
contaminant levels within process gas streams. The chemical reaction between the probed environment
and the active portion of the sensor produces the signal, which can be interpreted to provide the species
concentrations. A limited level of selectivity can be introduced by altering the type of materials but it
has been recognized that the change in temperature greatly affects the functionality of the devices by
changing interaction kinetics and other properties. Therefore in the development of microhotplate
based gas sensor the temperature of active area where the sensing film are deposited, should be
uniform to avoid the change in characteristics of gas sensor. In addition, it has also been observed that
on increasing the number of sensing elements, better flexibility and selectivity are provided. The
combination of temperature and the multiple sensing elements is used to improve the selectivity and
this approach has been followed by several groups. The semiconductor gas sensors are required a
device, which can produce the elevated temperature (250 °C-500 °C) with small power consumption.
MEMS-based microhotplate (MHP) has tremendous importance in this area. In several design of
microhotplate for high temperature, resistive sensor and micro-calorimeters being the most common.
In case of resistive gas sensors a gas sensing material such as doped tin oxide, heated by a
microhotplate (a heater isolated on membrane formed by bulk [10-12] or surface micromachining of
silicon in order to reduce the power consumption). Micro-calorimeters require a microhotplate with a
catalyst such as palladium to catalyze the combustion of a flammable gas. The temperature of the
hotplate rises due to combustion, because it is directly proportional to the gas concentration.

The fabrication of microhotplate for gas sensor has been done by various research groups with heater
isolate by either a membrane or micro-bridge. The membranes are fabricated by back-side etching and
micro-bridges are fabricated by front side etching of silicon. This process is known as bulk-
micromachining. The micro-bridge is mechanically poor stable than membrane because it suspended
by four arms where as it provides the better thermal isolation than membrane. Also some micro-
hotplate is fabricated by surface micromachining technique. In this technique sacrificial layer is used
to provide suspended structure. The earlier technique has the high thermal isolation of hotplate in
comparison to surface micromachining but provides lower mechanical strength. In the present work we
have designed the Pt based microhotplate [13-14] taking the bulk micromachining into consideration.
The use of platinum is preferred for MHP fabrication because it is not attacked by the etchant during
bulk micromachining, thereby simplifying the process. Platinum based MHPs offer the advantages of
reliability and reproducibility and stable temperature coefficient resistance (TCR). Besides gas sensing
applications, they are also used in microfluidics, infrared emission and thermal flow sensing studies.

2. Design and Simulation

We have designed platinum-based microhotplate using ANSYS 10.0, as shown in Fig. 1. In this case
only the membrane area of microhotplate was considered. Dimensions used in design are given in the
Table 1. A platinum film of 2000 A ° thickness has been deposited by sputtering technique on a 4”
silicon wafer and its sheet resistance of 2.5 ohm/o was measured. We have used this value to calculate
the resistance of Pt resistor. The microhotplate is a 500x500 um” membrane of thickness 1.3 micron
(1 micron silicon dioxide and 0.3 micron silicon nitride) over which a Pt heater of 319 ohm will be laid
out. The electro-thermal simulation of unit cell of microhotplate array has been carried out by using
ANSYS 10.0, widely used finite-element based software for simulation of MEMS devices. In the
present simulation work, the properties used are given in Table 2 [15]. In this simulation, the SOLID69
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element has been used, which supports the basic thermoelectric analysis taking the joule heating effect
into consideration. SOLID69 has 3-D thermal and electrical conduction capability. In this analysis, a
Si substrate has been taken on which there is a 1.0 micron thick SiO; and 0.3 micron SizN4 layers for
supporting the membrane. Above Si3Njy layer there is a 0.2 micron thick Pt layer for microheater. The
temperature of Si substrate surrounding the hotplate was fixed at 25 °C as the boundary condition. The
mathematical calculation of temperature of membrane has been carried out using equation (1).

Heat
Temperature = (1)
Sum of multiplication of masses and specific heat of Pt, Air, SiO, and Si3Ny

Heat is transferred into the surface due to two phenomenon conduction and convection. We have
considered only conduction in our analysis. Heat transfer by the molecules without any motion of the
material is called conduction. So the heat transfer between two plane surfaces, such as heat loss
through the wall of a house, the rate of conduction is given by equation (2).

9 _ KA(Thot _Tcold)
t d ’ @)

where left hand side is rate of conduction of heat transfer, (k) is thermal conductivity A is the area
through which heat transfer takes place, (T) is temperature (d) is the thickness of the barrier. The
electro-migration limit of Pt material is 10 mA/um?. In our design the current density is 3.91 mA/um®
which is less than the electro-migration limit of Pt.

VoLns ANSYS

MRR 12 2011

VOLU NUM
11:49:58

Fig. 1. Structure of platinum-based microhotpltae.

Table 1. Dimensions used in the design.

Heater finger width 20 um
Gap between fingers: 20 um
Hotplate size: 500 x 500 um’
Pt heater size 340 x 340 um’
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Table 2. Properties used in simulation.

Material Properties (in MKS) Si Si0, Pt Si3Ny
Thermal Conductivity (W/m/K) 157 1.4 72 0.027
Resistivity (ohm-m) 1.0x10" | 5.05x10" | 0.5x10° -

Specific Heat (J/kg/K) 0.7x 10° 710 133 3100
Density (kg/m’) 2.33% 10° 2200 21400 1.205

3. Results and Discussion

The typical ANSYS plots of temperature distribution at 5 V, 4 V, 3 V and 2 V Fig. 2 (a), (b) (c) and
(d) respectively. It is seen from Fig. 2 that a temperature of 1002 °C was achieved at 5V where as
181 °C was achieved at 2 V. Thus by varying the supply voltage to the heater terminals, the required
temperature of the platform is reachable. The red color showing the maximum temperature at the
centre and it is going downward towards edge of the membrane. The temperature versus distance from
the center of the membrane at a fixed applied voltage are shown in Fig. 3. The double spiral shape
heater has the better temperature uniformity in comparison to meander shape [15] type heater. It is
clear from this Fig. that when we move towards the edge of the membrane, the temperature is non-
uniform after a certain distance. Therefore by using this result we can define the active area of MHP
for gas sensing films where the microhotplate temperature is uniform. In the present case it is 200 pm
for 1.3 pm thick SiO; + Si3N, membrane. Fig. 3. also shows that at bias voltage 2 V,3V,4Vand 5V
the temperature of hotplate membrane is uniform from -100 um to 100 pum. To verify the results
obtained from ANSYS simulation, mathematical calculation of temperature of MHP has been carried
out using equation (1) by MATLAB Tool. Fig. 4. shows the variation of temperature with applied
voltage.

Finally the combined results obtained from both mathematical and simulated work are plotted in
Fig. 5. The similar results were obtained from both ANSYS and MATLAB Tool.

4. Conclusions

A double-spiral Pt heater based microhotplate has been designed and characterized by electro-thermal
simulation using ANSYS. The results obtained from ANSYS simulation were verified using
MATLAB tool. A good agreement is found between the simulated and mathematical results. The
simulation results also shows the temperature uniformity (active area) of microhotplate which is
essential for better sensing mechanism.
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(a)at2 V. (b)at3 V.

(c)at4 V. (d)at5V.

Fig. 2. Temperature distribution of micro-hotplate membrane at (a) 2V; ( b) 3V; (¢) 4V; (d) 5V.

1100 —
1004 TV
| —e—4V
9004 —*—3V
i —v—2V
800 m-E-E-E (R ]
O 700+ / \
G 700+ a
o | = \
£ 600 . 5
g 500 - / -0-0-0 g -0-0-0 \
8 ] d = ook
g o-® o) o-o
& 400 / O \ \
'_ -0 /A*A*A*AfA*A*A*A*A*A——A*A*A*A*A7A7A7A7A7A\ o-e
1 / A-A-a-a A-A-A-A \ -
300 = A& -4 .
i / /A—A/ \a A\
L] L]
200 Va N
VN-V-V-V-V-V-V-V-V-V1—V-V-V-V-V-V-V-¥V-V-¥,
4 v-v-v-¥ v-v-v-v.
| . {vff vawi
100 ~ v
T T T T T T T T
-200 -100 0 100 200

Distance from centre of MHP (micro-meter)

Fig. 3. Variation of temperature with distance from centre of micro-hotplate.
139



Sensors & Transducers Journal, Vol. 129, Issue 6, June 2011, pp. 135-141

TEMPERATURE VS VOLTAGE

100 — — = — — —— ———

[ i I I [ i I I [ i

I I I I I I I I I I

I I I I I I I I I I

I I I I I I I I I I

I I I I I I I I I I

I I I I I I I I I I

1000 - = — = e B it I—==—- =—=== Rl == === === oot

I I I I I I I I I S

I I I I I I I I I I

I I I I I I I I oAt

I I I I I I I I [ I

I I I I I I I | 1+ I

— e _____ L - __ _____+____ 1

T M | | I I | | I I & |

ES | | | | | | | | s |

= I I I I I I I . | I

e I I I I I I I I I I

° | | I I I I I 1+* I I

@ | | | | | | | +F | |

& 600 - — - - B === [ttt R Bl i A e e

a I I I I I I ot I I

+

e I I I I I I Ik I I I

E | | | | | I o I I |

S I I I I I I W I I I

= | | | | | | o | | |

s 40k - — - — T [P [ A [ Lo ___J
2

| | I | | e I | | |

| | | | | “ﬁ | | | |

I I I I I P I I I I

| | | | ot | | | | |

| | | | ot | | | | |

I I I I P I I I I I

L B mm [ Sl St B [ e ToTToA

I I I et I I I I I I

| | | PR | | | | | |

I I A I I I I I | |

| RS | | | | | | |

| pprerttt | | | | | | | |

0 gt | | | | | | | | |

0.5 1 15 2 25 3 35 4 45 5

Fig. 4. Mathematical calculation of temperature with applied voltage using MATLAB.

1000 —@— ANSYS
—k— MATHEMATICAL

800
o
(O]
S 600
©
(O]
o
£
(] 400
|_

200

0 T T

T T T T T T T T
2.0 2.5 3.0 35 4.0 45 5.0
Applied voltage (volts)

Fig. 5. Variation temperature with applied voltage.

References

[1]. M. Y. Afridi, J. S. Suehle, M. E Zaghloul., D. W. Berning, A. R. Hefner, R. E. Cavicchi, S. Semancik,
C. B., Montgomery, and, C. J. Taylor, A Monolithic CMOS Microhotplate-Based Gas Sensor System,
IEEE Sensors Journal, Vol. 2, Issue 6, 2002, pp. 644-655.

[2]. V. Demarne, A. Grisel, An integrated low power thin film CO gas sensor on silicon, Sensors and
Actuators, Vol. 13 Issue 4, 1988, pp. 301-313.

[3]. R. E. Cavicchi, Growth of SnO, films on micromachined hotplates, Appl. Phys. Lett,. 66, 1995,
pp. 812-814.

[4]. J. S. Suehle, R. E. Cavicchi, M. Gaitan, S. Semancik, Tin oxide gas sensor fabricated using CMOS

140



Sensors & Transducers Journal, Vol. 129, Issue 6, June 2011, pp. 135-141

microhotplate and in-situ processing, IEEE Electr. Dev. Lett., 14, 1993, pp. 118-120.

[5]. L. Sheng, Z. Tang, J. Wu, P. C. H. Chan, J. K. O. Sin, A low- power CMOS compatible integrated gas
sensor using maskless SnO, sputtering, Sensors and Actuators, B, Vol. 49, 1998, pp. 81-87.

[6]. M. Parameswaran, Alexander M. Robison, David L. Blackbun, Michael Gaitan and Jon Geist, Thermal
Radiation Emitter from a Commercial CMOS Process, IEEE Electron Device Letters, Vol. 12, No. 2, 1991,
pp- 57-59.

[7]. H. Mahfoz-Kotb, A. C. Salaun, T. Mohammed-Brahim, R. Le Bihan, M. El-Massi, Polycrystalline Silicon
thin films for MEMS applications, Thin Solid Films, 427, 2003, pp. 422-426.

[8]. V. Guidi, Thin-films gas sensor implemented on a low power consumption micro-machined silicon
structure, Sensors and Actuators B, Vol. 49, 1998, pp. 88-92.

[9]. S. Semancik, R. E Cavicchi, M. C. Wheeler, J. E. Tiffany, G. E. Poirier, R. M. Walton, J. S. Sulehle,
B. Panchapakesan, D. L. Devoe, Microhotplate platforms for chemical sensor research, Sensors and
Actuators B, Vol. 77,2001, pp. 579-591.

[10].V. K. Khanna, Mahanth Prasad, V. K. Dwivedi, Chandra Shekhar, Pankaj, A. C., and Basu, J., Design and
Electro-thermal Simulation of a Polysilicon Microheater on a Suspended Membrane for Use in Gas
Sensing, Indian Journal of Pure & Applied Physics, Vol. 45, April 2007, pp. 332-335.

[11].V. K. Khanna, Mahanth Prasad, Ashok Suhag, M. K. Sharma, V. K. Dwivedi, and Chandra Shekhar, Study
of Crucial Processes in the Fabrication of MEMS Hotplate Sensor Structure, in Proceedings of the 1SSS-
MEMS’ 2006, National Conference on Smart Structures and MEMS Systems for Aerospace Applications,
RCI, DRDO, Hyderabad, India, 1-2 December, 2006, pp. 1-6.

[12].V. K. Khanna, Mahanth Prasad, Ashok Suhag, Y. K. Jain, V. K. Dwivedi, and Chandra Shekhar, MEMS
and Semiconductor Technology-Based Generic Structures for the Fabrication of High-Performance
Chemical Sensors, National Conference on Sensors and Actuators: Emerging Technological Challenges,
CGCRI, Kolkata, Dec. 21-22, 2006, Abstracts, Invited Lecture 1-06, p. 11.

[13].Dae-Sik Lee, Sang-Woo Ban, Minho Lee, and Dunk-Dong Lee, Micro Gas Sensor Array With Neural
Network for Recognizing Combustible Leakage Gases, IEEE Sensors Journal, Vol. 5 Issue 3, 2007,
pp. 530-536.

[14].D. Briand, Design and fabrication of high-temperature micro-hotplates for drop-coated gas sensors,
Sensors and Actuators B: Chemical, Vol. 68, Issues 1-3, 25 August 2000, pp. 223-233.

[15].Mahanth Prasad, V. K. Khanna and Ram Gopal, Design and Development of Polysilicon -based
Microhotplate for Gas sensing Application, Sensors & Transducers, Vol. 103, Issue 4, 2009, pp. 44-51.

2011 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

CMOS Image Sensors

Technologies & Markets - 2010 Report

Disruptive technologies are paving the way WA offers
to the future of digital imaging industry !

Image sensors have come a long way since the first introduction of CCD sensor technology in the 1990°'s. They made

a big jump in the 2000's with the introduction of CMOS sensor technology which gave birth to the low-cost, high volume
camera phone marketl. Image sensors are now part of our everyday life: from cell-phone cameras, to notebook webcams,
digital cameras, video camcorders to security & surveillance systems. In the future, new markets are also emerging
such as sensors for medical applications, automotive security features, but also gaming and home TV webcams ...

The reason why we are now releasing our first report on the CMOS image sensor industry is that we feel that we are

at an historic turning point for this young, but still maturing industry.

http://www.sensorsportal.com/HTML/CMOS_Image_Sensors.htm

141


http://www.sensorsportal.com/HTML/CMOS_Image_Sensors.htm

Sensors & Transducers Journal /

V'

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 of it is a peer reviewed
international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per year by International Frequency Sensor
Association (IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc. Since 2011 the journal is covered and indexed (including a
Scopus, Embase, Engineering Village and Reaxys) in Elsevier products.

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:

e Physical, chemical and biosensors;

e 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 8-14
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 kit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit 2011.pdf


http://www.sensorsportal.com/

P
| -

International Frequency Sensor Association Publishing

The Handbook of Laboratory Measurements and Instrumentation presents
experimental and laboratory activities with an approach as close as possible to reality,
even offering remote access to experiments, providing to the reader an excellent tool for
learning laboratory technigues and methodologies. Book includes dozens videos,
animations and simulations following each of chapters. It makes the title very valued
and different from existing books on measurements and instrumentation.

This unique methodological book comprises
13 chapters. Each one presents a clearly

IO

w

13

i Handbook defined leamning objective, the essential
i of Laboratory Measurements concepts and a step-by-step guide for
and Instrumentation performing the experimental activity, various
complementary multimedia contents and a
e final synthesis. The set of open questions
T that closes each module is intended to

Atttk Mendes. Lopes provide formative assessment.

The Handbook of Laboratory
Measurements and Instrumentation
significantly contributes to the
dissemination of experimental activity in
engineering education and to facilitate the
conception, tuning and exploration of
experimental systems for laboratory
training. The full technical description of the
equipment is provided to make the setups
easily reproducible. Engineers, technicians
and students who are working in measuring
laboratories will find plenty of practical
information here for solving daily problems.

ORI RRARLAAR S LN P SN LeaAr ey Ao g O WOy P Ry

Order online:
http://lwww.sensorsportal.com/HTML/BOOKSTORE/Handbook_of Measurements.htm

www.sensorsportal.com



http://www.sensorsportal.com/HTML/BOOKSTORE/Handbook_of_Measurements.htm

