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Abstract

This paper presents the fabrication processes for a SisN4/SiO»/Ti/Pt membrane based micro
hotplate (MHP) using photolithography (PL) micro-machining techniques. The properties of the
MHP filament are investigated and overall performance characteristics with regard to infrared
(IR) radiation emissivity, resistance, breakdown voltage, and temperature of the fabricated
Si3sN4/SiO2/Ti/Pt micro heater. During characterization, the results show the device breakdown
voltage of 24.24 V corresponding to the optimum operation temperature of ~ 1730.30 K. The
device also showed an emissivity value of 5.2% with ~ 7% efficiency of transforming electrical
power to IR thermal radiation power. The relationship between temperature and resistance,
behaviour of fourth power of temperature and thermal response time constant of IR radiation
obtained from direct experimental measurements, analytical calculations and extrapolations are
shown to provide practical parameters that are needed for applications of MHP in IR radiation

sources.

Keywords:

Introduction

Micro-machined devices, such as platinum
(Pt) micro-hotplates (MHPs) are of great
interest (Samaeifar et al. 2015, Shwetha and
Rudraswamy 2021) primarily due to their low
power consumption (Liu et al. 2018), quick
thermal response time (Prasad et al. 2015) and
low cost (Li etal. 2021, Yuan et al. 2022). This
makes microhotplates useful for applications
in  different types of micro-electro-
mechanical-system (MEMS) technologies
(Courbat et al. 2008, Liu et al. 2018). Due to
miniature resistive nature (Liu et al. 2018),
MHPs are also known to exhibit high-
temperature over an active heating zone while
the rest of the device remains at surrounding
temperature  (Kalinin et al. 2021).
Consequently, MHPs are widely used in flow
sensors (Bose et al. 1998), actuators and
micro-heaters (Sarro et al. 1994), gas sensors
(Simon et al. 2001, Zhou and Zhang 2021),
micro-thrusters (Rossi et al. 2006), and IR

IR Emissivity, micro-hotplate, photolithography, platinum

radiation sources (Konz et al. 2005, Liu et al.
2018) for use in security alarms and other
automated technologies. The MHPs are
produced generally by photolithography (PL)
micro-machining techniques using pre-
patterned masks such as those made of
transparent quartz with highly absorbing
chromium on top of photoresists (PRs) (Simon
et al. 2001, Baroncini et al. 2004, Courbat et
al. 2008, Kalinin et al. 2021).

The performance properties such as power
consumption, maximum operating
temperature, mechanical and other MEMS
properties of MHPs are known to depend on
the device dimensions, electrical and thermal
properties of the MHP materials (Prasad et al.
2015). The potential MHP heating element
resistive material candidates include platinum
(Pt) (Briand et al. 2002), polysilicon (poly-Si)
(Afridi et al. 2002), nickel (Ni) (Yan et al.
2008), tungsten (W) (Ali et al. 2008) and
gold/titanium (Au/Ti) (Zhang et al. 2007) thin
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films. However, gold in Au/Ti was reported to
have drawbacks of low resistivity and poor
adhesion (Puigcorbe et al. 2003), similar for
Al with low resistivity, poor adhesion and
electro-migration (Simon et al. 2001).
Furthermore, Al (Simon et al. 2001) and Ni
(Marcius$ et al. 2012) are known to oxidize
easily at temperatures between ~400 and
800°C. Similar oxidation cases have been
reported for W with disadvantage of forming
oxide at temperatures higher than 1200°C,
therefore, expensive vacuum conditions are
usually required for W at these temperatures
(Prasad et al. 2015). Poly-Si suffers from drift
of temperature coefficient of resistance (TCR)
at higher operating temperature and is easily
attacked by Si etching solutions such as
tetramethylammonium hydroxide (TMAH)
and potassium hydroxide (KOH) during bulk
micromachining process (Afridi et al. 2002,
Prasad et al. 2015).

Consequently, earlier reports referring to
MHPs (Guidi et al. 1998, Briand et al. 2003)
have suggested use of functional thin films of
Pt (Prasad et al. 2015) sputtered on an n-type
(100) Si wafers (Mo et al. 2001) as an ideal
candidate material for MHP applications
(Schossler et al. 2020), because of highly
stable TCR and chemical stability of Pt
(Courbat et al. 2008). Furthermore, Pt has the
attractive combinations of promising practical
properties that include chemical inertness,
thermal stability, oxidation and corrosion
resistance, high ductility, and relatively high
melting temperature of up to > 2000 K at
ambient pressure (Prasad et al. 2015). Also, Pt
has the advantages of reliability and
reproducibility that enable it to sustain large
current  densities and high  operation
temperature  without structural damage
(Prasad et al. 2015).

However, despite the promising practical
properties and the widespread interest in Pt
based MHPs in recent years, most of the
literature on Pt based micro-heaters are mainly
focused on the stability and reliability of the
devices such as thermal mechanical
behaviours (Firebaugh et al. 1998, Briand et
al. 2005, Courbat et al. 2008). Noteworthy
however that, the electrical and thermal
properties such as IR emissivity of micro-

machined structures are very important
parameters since they define fundamental
practical variables that are needed for
operation of MHP devices at optimal efficient
performances (Cardinali et al. 1997, Faglia et
al. 1999, Baroncini et al. 2004). Furthermore,
two techniques, namely, closed-membrane
and suspended-membrane have been proposed
for the stacking of PL machined micro-device
structures and components (French et al. 1997,
Simon et al. 2001, Mo et al. 2001, Liu et al.
2018). Although, not reported by many
authors, membrane fabrications of the micro-
machined devices are known to be a critical
step that attracts significant research interest in
sensor development technology (Puigcorbe et
al. 2003, Zhang et al. 2008).

The IR emissivity behaviour of structured
Pt MHPs and their applications, particularly in
technologies requiring efficient
transformation of electrical power to thermal
radiation power are also critical challenges
demanding for research solutions and they are
rarely reported in literature (Mo et al. 2001).
Thus, investigation of the fabrication
processes of Pt based MHPs for IR radiation
source applications are significant steps in
micro structuration for sensor research and
development. This paper reports a step by step
structuration and characterization of a
SisN4/SiO,/Ti/Pt micro-heater using PL
process. The electrical and IR emissivity
behaviour of the obtained Pt MHP sample are
also measured and analysed for efficient
transformation of electrical power to thermal
radiation  power, relationship  between
temperature and resistance, behaviour of 4™
power of temperature and thermal response
time constant.

Materials and Methods
Photolithography technique

The contemporary PL technique was
reported earlier in literature (Briand et al.
2000). Using similar PL procedure, the device
patterns on the pre-fabricated mask were
systematically transferred onto an n-type
(100) Si wafer to produce desirable MHP
geometries. Device fabrication processes
involved selective exposure to a ultra-violet
(UV) light radiation source using a positive
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photoresist (PPR) made of
diazonaphtoquinone in Novolac (Guidi et al.
1998). Prior to the development stage, the PPR
was illuminated with UV light using a solar
spectra simulator. The illumination was
followed by development of the PPR using
aqueous KOH alkaline solution at a
temperature between 80-120 °C, similar
temperature range were used in earlier
investigations (Guidi et al. 1998, Briand et al.
2000, Mo et al. 2001).

The closed-membrane method with
Si3sN4/SiO; layers stacked on Si wafer was
used for embedding of Ti/Pt MHP wires. In
this method, MHP stacked with appropriate
SisN4/SiO, membrane  materials  were
patterned via anisotropic etching of bulk Si
from the backside (Mo et al. 2001). Wet
etching method was used because it is cost
effective. The potentially useful wet etchants
are KOH, TMAH and ethylene diamine
pyrocatechol (EDP) (French et al. 1997,
Briand et al. 2000, Simon et al. 2001, Mo et al.
2001, Courbat et al. 2008). However, TMAH
is toxic, while KOH and EDP are both safe,
the latter is avoided because is expensive,
therefore, the most favourable option etchant,
KOH was used in the current work. Silicon
nitride (SisN4) and silicon oxide (SiO2) were
used to stop etching of undesired regions

Figure 1:

Microhotplate sample

Preparation of the MHP sample involved
use of 20 nm titanium (Ti) as an adhesion layer
as proposed by Schéssler et al. (2020) to
deposit a 100 nm Pt film on Si/SiO2/Si;N4
wafer substrate by DC sputtering. Figure 2
shows schematic representation of the
different thin layers that were deposited on the
substrate along with their corresponding
thicknesses. The different films of varying
thicknesses, other than Ti and Pt films were

during wet etching with KOH (Simon et al.
2001). SiO, and SisN4 were selected because
of their low thermal conductivities that
provide good thermal isolation between the
heated active zone and the membrane rim
(Simon et al. 2001).

After achieving desirable MHP geometries
using PPR, dry etching of Pt, SisN4 and SiO;
were achieved using chlorine (Cly),
hexafluoroethane (C2Fe) and
octafluorocyclobutane (CsFs), respectively.
The  bulk  micromachining  involved
anisotropic orientation dependent wet etching
of Si from the backside of the wafer. This
required the edges of the mask patterns to be
aligned along the directions comprising the
(111) planes. As shown in Figure 1, because
of anisotropy, the etch rate of Si (111) surface
is usually slower than that of the Si (100)
surface. This resulted to selective etching
towards the Si (111) plane and determined the
shape of the sidewalls since Si (100) wafer
was used as starting substrates similar to
earlier work (French et al. 1997, Briand et al.
2000). An excellent contemporary physics of
the various mechanisms during fabrication of
an etched profile of controlled dimensions are
reported elsewhere (Purohit et al. 2022).

100 =

e

Schematic illustration of anisotropic etching of Si (100) wafer

added to improve robustness and protection of
the micro-heater (Briand et al. 2000). The
respective layers of SiO, and SisNs were
prepared by conventional techniques of
thermal oxidation and low pressure chemical
vapour deposition. Materials  growth
approaches used in this work were similar to
those used in previous investigations for SiO;
(Fogarassy et al. 1987, Deal and Grove 1965)
and Si3N4 (Cossou et al. 2019).
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SisMy (200 nm)

Ti/Pt (20/100 nm)
5107 (650 nm)

Si substrate (390 4 m)

Figure 2:

Schematic illustration of the different thin film layers and thicknesses of materials

deposited on Si (100) wafer before patterning of micro-hotplate

Then, starting with the material thin film
layers on the substrate (Figure 2), the standard
PL process was undertaken. To finish the PL
process, substrate control protocol was carried
out using an optical microscope to test the
effectiveness of the machining steps and the
geometry of the patterned materials. Lastly,
the filament wires were made by etching the
Pt with Cl,, followed by striping of the PPR
using oxygen plasma set to a potential
difference of 500 V. After etching of Pt, a SiO;
passivation membrane layer was deposited
and etched to protect the micro-structured Pt
wires to prevent them from leaking the current
during characterization. To establish the
etching characteristics for SiO, passivation
layer on top of the Pt micro-wires, firstly, a
layer of a PPR was spin coated, followed by
exposure after mask and wafer alignment
before development and stripping to remove
unprotected soluble parts of the PPR. The
etching of SiO, was achieved at a rate of 80
nm per minute for the duration of 3 minutes
using a buffered hydrogen fluoride (BHF) at
room temperature (25 °C). After etching of
SiO;, the wafer was rinsed in deionised water
for few minutes followed by after etch
resistance inspection with a resistance meter
before drying in a rotor machine. During ultra-
cleaning, the resistance meter went up to 12.40
MQ signifying that the substrate was well

cleaned. Finally, the PPR was removed by
stripping using oxygen plasma machine set at
500 V.

Backside bulk micromachining

In order to protect the backside of the
wafer during Si etching, a PPR (AZ ECI 3027,
Microchemicals GmbH, Germany) was coated
on the backside of the wafer, using a coater
machine (Ritetrack 88, CAE CA, USA)
followed by baking on 115 °C hotplate for 1
minute and cooled to room temperature. The
cooled wafer was aligned with a mask and
exposed to the UV light at a rate of 10
mWcem™2 for 9.5 sec on the mask aligner
machine. Lastly, the exposed PPR was
developed to remove the soluble parts and
establish the necessary conditions for SisNa
and SiO etching process. The unprotected
regions of SisNs were first removed by dry
etching at a rate of 0.26 um per minute during
a 1-minute time using CzFs followed by two
minutes etching of SiO; at a rate of 0.34 um
per minute with C4Fs. After removal of SizN4
and SiO;, an unexposed layer of the PPR was
removed by dry stripping using plasma
oxygen in a plasma striper machine (Tepla
300, Milano, Italy).
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Figure 3:

For the anisotropic etching of Si window,
first, the wafer was prepared by fixing it in a
thorough cleaned chuck, followed by Si wet
etching by dipping the wafer on the chuck in a
40% KOH bath, a concentration that was used
earlier by Briand et al. (2000). After Si etching
process had started as indicated by bubbles

(3)  wags 1sax ;0_0’;'"

Figure 4:

Sample characterization

The resistance-temperature relationship of
metal materials such as Pt with constant TCR
independent of temperature is described by the
first-order function. This is given by equation
1 (Mo et al. 2001, Baroncini et al. 2004):

TCR = 2L 1
Ro(T-Top)

where R is the resistance at temperature T
and R, is resistance at room temperature (25
°C).

The TCR of Pt/Ti based thin films has been
shown to range between 0.002 K~ (Briand et
al. 2000) and 0.0024 K~ (Mo et al. 2001).
The standard value of Pt filament resistance is

Schematic of the MHP patterns after backside bulk micromachining of the Si wafer

coming out of the bath, the process was left to
run overnight for 26 hours. After which
neutralization and backend processes were
undertaken to make a complete Pt based MHP
device with dimensions shown in Figure 4.

(D) wags 111x ﬁi

Optical picture illustrating dimensions of (a) length and (b) width of the PL
structured Ti/Pt MHP filament coil

also reported to range between 150-190 Q at
room temperature (Briand et al. 2000).
However, in the current work, the values of
TCR and room temperature resistance of the
Ti/Pt MHP device sample measured directly
with a voltmeter were found to be 1.4 x
1073 K~ and 243.74 Q, respectively. The
discrepancies between the TCR and resistance
values from this work and those reported in
literature can be attributed to various factors.
These may include changes in materials
properties as a result of experimental
procedure along with influences of SiO; and
SisN4 layers in which the Pt/Ti wire was
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embedded. Figure 5 presents the experimental
setup for the measurement of thermal
responses of the MHP driven by the square
voltage from a function generator. The thermal

responses were measured with a micro area IR
sensor with setup parameters shown in the
Table 1.

Table 1: Parameters for emissivity characterization of a micro-machined Pt hotplate

Parameter Value

IR source — sensor distance, R 11 mm
Area of the IR source, Asource 4 mm?
Avrea of the sensor, Asensor 1 mm?
Sensitivity of the sensor, S 0.22 VIW
Voltage gain/amplification factor 5x10%

Within this thermal measurement setup
range, the radiated power was detected by the
IR sensor before being measured using an
oscilloscope (Figure 5). Theoretically, the
radiated power detected by the sensor is given
by equation 2.

IR Driver

AC Generator :)

Uoscilloscope

Beensor =

S
A
80T4A50urce ( Sensor) 2

2mR?

where Py.,s.r IS the radiation power
detected by the sensor, ¢ is the emissivity (<
1), o is Stefan constant (5.67 X
107 8Wm™2K™*) and T is the absolute

temperature of the MHP IR source.

Voltmeter 2
i

IR Sensor

Voltmeter 1 |

Low notse
Amplifier

radiation

| i

IR

Qscilloscope

Jamod paeipey

LU Reference

' = resistance

JuUuvo 10 Ohm
Figure 5

Results and Discussion

Figures 6 (a)—(d) present the values of the
generator transient voltages that were applied
and the corresponding voltages across the
MHP IR source device (Figures 6 (a) and (b))
and those across the reference resistor (Figures
6 (c) and (d)) in accordance with the
experimental setup shown in Figure 5.
Notably, from Figure 6 the voltages across the
10 Q reference resistor were negligibly small

Experimental setup for characterization of emissivity of the Ti/Pt MHP sample

compared to the voltages across the MHP IR
source. This is because the resistance of the
Ti/Pt MHP filament is significantly larger than
the 10 Q reference resistance, since the
reference resistor and the MHP device were
connected in a series circuitry (Figure 5) to
allow the same current to flow across them.
With increasing voltage, the MHP IR source
device was damaged at a value of 24.24V.
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Figure 6:

Functional generator — filament voltage relationship of a Pt MHP at voltages below

breakdown limit for (a) forward and (b) backward device voltage measurements; (c)
forward and (d) backward reference resistor voltage measurements

Thermal emission

The short-lived voltage response of a MHP
IR source device driven by 15 V on the
function generator and 14.2 V across the MHP
device is presented in Figure 7. At this
transient voltage response, the oscilloscope
with an amplification factor of 5x10*recorded

signal amplitude of 0.358 V as measure of the
radiated power. Also, with the other voltages
shown in Figure 6, the thermal response
signals (not shown in this paper) showed
similar emission response shapes with
insignificant variations in signal amplitudes.

2]

*

E

t

Intensity ( V)

-01 -0.075 -0.05 -0.025

Figure 7:

Resistance-temperature properties

The reference resistor with a value of 10 Q
and the MHP device were purposely
connected in series (Figure 5) with the voltage
functional generator. This allowed same
current, 1, to flow through the resistor and the
MHP sample device. As a result, the value of

oy

0.075 0.1

0 0.025 0.05

Time [seconds)

The transient voltage-time response illustrating the thermal emission of Pt MHP

I is readily calculated from the well-known
Ohm’s law with respective resistance and
voltage of 10 Q and V; measure with first
voltmeter 1 in Figure 5. This current is
subsequently combined with the filament
voltage V, measured with second voltmeter 2
in Figure 5 to obtain the filament resistance Ry
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at any transient voltages below the MHP
sample breakdown limit of 24.24 V.

The different values of R, obtained at
various MHP filament transient voltages were
incorporated directly with the resistance-
temperature analytical relationship (equation
1) in order to calculate the temperature of the
MHP filament at particular instantaneous
voltages. The resistance and temperature
values at various MHP filament voltages were
calculated using equations 3 and 4.

V; V;
RT = 2 = = z 3
1 Vi+Ro

Combining equations 1 and 3 led to the
expression for temperature values, T; of the Pt
MHP filament at given transient operation

voltages given by equation 4.
RT—Rg

T RoXTCR

4

i

3

where TCR and R, were directly measured
and found to be 1.4x103 °C and 243.74 Q,
respectively. The relationship  between
calculated temperature, voltage and resistance
of the Pt MHP filament are presented in
Figures 8 and 9. The temperature and
resistance of the Pt MHP filament rise almost
linearly with voltage with regression square
value of 0.9937 for the case of temperature-
voltage profile in Figure 8 and regression
square value of exactly 1 for the temperature-
resistance plot in Figure 9. This is attributed to
the fact that as voltage increases, more
electrical energy is converted to heat energy,
hence the Pt MHP filament heats up. As a
result of increasing temperature the resistance
of the Pt MHP filament also rises (Figure 9).

8

y=155.099x+394.48

g

e
R?=0.9937 /

1000

/

800

3
=]

Filament Temperature (K)

=]
=]

10 15 20

Filament Voltage (V)

Figure 8:

Figures 8 and 9 also revealed the typical
characteristic advantages for most of
resistance  temperature detector (RTD)
materials such as Pt. Thus, contrary to other
group of materials such as negative
temperature coefficient (NTC) thermistors,
the RTD materials show linearly wide high
temperature operating ranges. They also have
better stability even at high temperatures. The

Temperature-voltage relationship for the Ti/Pt MHP filament sample

extrapolation line of Figure 8 at the device
breakdown voltage value of 24.24 V shows a
temperature of 1730.30 K. Within possible
acceptable experimental and environmental
measurement artefactual errors, the device
breakdown could be because in the proximity
of the breakdown voltage the temperature of
the device was close to the melting point of Pt.
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Figure 9:  Linear temperature-resistance characteristics of fabricated Ti/Pt MHP filament

Effective fraction of radiation power

The Pt MHP IR source radiates energy in a
spherical surface in space as shown in Figure
5. However, the absorbing surface area of the
detecting IR sensor, projected within the MHP
IR source direction is only a small part of the
radiation sphere. This implies that the total
power absorbed by the sensor was just a
fraction of total power radiated from the IR
source. The effective fraction, F of radiated
power that was detected by the sensor can be
estimated from the ratio of the total power
absorbed by the sensor and the total power
radiated by the radiation source. This is
obtained from the ratio of the corresponding
surface areas given by equation 5.

— ASETLS;T 5
. 2mR
Since the area of the sensor used was 1

mm? and the distance between the Pt MHP IR
source and the sensor, R was 11 mm (Table 1),
the effective fraction of radiated power, F in
percentage is about 0.13%.

Efficiency of transformation of electrical
power

The efficiency, n of power transformation
is obtained from the ratio of radiation power
detected by the sensor and the input electrical
power applied to the Pt MHP sample device.
The detected radiation power is calculated
from the effective power received by the
sensor and the voltage sensitivity of the sensor
shown in Table 1. The resulting value is
normalized by dividing it to the effective

fraction of the radiation received by the
sensor. The electrical power applied to the Pt
MHP device is obtained from the generalized
Ohm's law as product of device voltage and
current flowing through it at any transient
point below breakdown voltage limit. The
transient values, at which Figure 7 was
recorded, with functional generator voltage of
15V, Pt MHP filament voltage of 14.2 V and
oscilloscope voltage of 0.358 V have been
singled out and used in the calculation. In this
case, the sensor voltage response and
magnification values are given in Table 1. At
this transient point the Pt MHP filament
resistance was 561.26Q. The power received
by the sensor is therefore given by equation 6.

Voscilloscope
Bsensor = 6

N

With oscilloscope voltage of 0.358 V at an
amplification factor of 5 x 10* and the sensor
sensitivity factor of 0.22 VW1, the value of
power received by the sensor was 3.25 X
107°W. This is divided to the effective
fraction of radiated power, F to obtain the total
power radiated from the Pt MHP IR source
device. It is given by equation 7.

Pradiatea = Pse:wr 7

This gives the value of total radiated power
of 2.5 x 1072 W. The input electric power is
obtained from equation 8.

2
— — Vdevice
Pelectric - (IV)device - Rr

At the device voltage of 14.4 V the
resistance of the filament was 561.26 Q, hence
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resulting to total electric power of 3.6 %
107w, with efficiency of transforming
electric power to IR radiation of a Ti/Pt MHP
now readily given by equation 9.

ntransf — Pradiated X 100% 9

Pelectric

Emissivity

Thus, by inserting the values of radiated
and electric power into equation 9 the
efficiency of 6.94% of the Pt MHP
transforming electric power to IR radiation is
obtained.

The emissivity of the Pt MHP filament is calculated from the relation of the radiated power
detected by the sensor. This is given by equation 10.

_U illo _ 4 (Asensor
Psensor - OS;l 2 - SO—ASOU.TCET ( 27TR2 )
or equivalently by,

2TTRZPsensor
E=—-""—XxX100% 10b

dAsourceT*Asensor ( )

(10a)

where Ppsor = 3.25 X 107°W, T = 1203.51 K, 0 = 5.67 X 108 Wm 2K ™* Apyrce =
4mm?, Agensor = 1 mm?, R = 11 mm (Table 1). Inserting these values into equation (10b),
gives the Pt MHP IR emissivity value of ~ 5.2%.

Behavior of T*

When a Ti/Pt MHP filament is heated by
increasing the voltage, heat is created by the
current flowing through it. This is according to
Joule effect given by equation 11.

P = RI? 11

It is also true that IR emission intensity is
proportional to the heat of the MHP filament.
Since heat value increases with increasing
resistance (Equation 11), the relationship
between the filament resistance and the 4t
power of temperature can provide realistic
insights on the variation of radiated power
with 4" power of the Pt MHP filament
temperature. As shown in Figure 10, the 4™

increased significantly at low temperature
values until a certain point where it started to
show a slight increase as compared to low
resistance region. This temperature-profile
suggests that the corresponding rate of
radiation increases with temperature until a
certain saturation point in accordance with the
radiation law. Accordingly, high temperature
values result to high radiant energy intensity,
I, in agreement with Stefan’s statement given
by equation 12.

I, = ecAT* 12

where all the symbols takes their usual
meaning.

power of the MHP filament temperature
650 : | .

600
550 4
500 4

450

.
\'.

1 =
4004 ®
17
350 {@

Filament resistance {Chms)

300 J’ .

0 1

2 3 4

Fourth Power of filament T (10" Kl]

Figure 10: Relationship between MHP filament resistance and fourth power of temperature
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Thermal response time constant

The thermal response time constant
represents the amount of time required for the
Pt MHP filament to reach 63.2% of its
temperature difference when subjected to a
step function change in temperature under
negligible power dissipation conditions. The
thermal response time constant can be
estimated from analytical solution of
Newton’s law of cooling statement given by

equation 13.
L =-2(T-Ty) 13
Generally equation 13 has a solution given

by equation 14.

T=Ty+ (T, —Texp{-} 14

where T; is the initial body temperature, t
is time, C is heat capacity, § is dissipation
constant (the change in power dissipation per
resulting filament temperature) and t is the
thermal time constant given by equation 15.

Intensity (V)

-0.1 -0.05

N

T=2 15

From the thermal emission data (Figure
7), direct analytical calculation of the thermal
time constant is somewhat tedious. However,
estimation of thermal properties including the
thermal response time constant can be done
via extrapolation based on the intensity
response time and intensity amplitude
dissipation shown by the device in Figures 7
and 11. As shown in the Figure 11, the time
taken for the intensity to fall from ~ 0.64 to ~
0.40 (63.2% of 0.64) is about 0.01 seconds.
Ideally, this time gives the appropriate
estimate value of the IR MHP thermal
response time constant. Note however that, for
fast response technologies, the value of 0.01
seconds is arguably a large time constant. The
reason for this high response time constant
could be attributed to the low sensitivity of the
RTD materials that include Pt.

0 0.05 0.1

Time (Sec)

Figure 11: Illustration of thermal intensity time transient response and amplitude dissipation
properties of the Ti/Pt MHP IR device

Conclusion

In this paper, a PL micro-machined
Si3sN4/SiO, membrane has been used to host a
Ti/Pt MHP for IR emission purposes. The
main characteristics features of the Pt MHP IR
source have been established. Analytical
calculation model of the thermal response
behaviour of the MHP has been presented with
accent to the IR emissivity properties. The
results have highlighted interesting realistic IR
emissivity properties for voltages below the
breakdown limit of 24.24 V at a temperature

of ~1730.30 K. The experimental TCR of the
micro-structured Ti/Pt film was 1.4 X
1073 K1 and thermal response time constant
of about 0.01 s was found. The device also
gave an emissivity value of 5.2% with ~ 7%
efficiency of transforming electrical power to
IR thermal radiation power.
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