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Abstract
The photothermally actuated microheaters have been studied for various applications. In
particular, microheaters using composites mixed with polymer and particles were developed for
a microrobot and thermally responsive structures. However, the structures have been fabricated
by soft lithography process, which needs multiple steps. Here, we propose a microheater
fabricated using a photosensitive composite, which is a mixture of the photosensitive resin SU-8
and Cu microparticles. The composite structures fabricated by one step photolithography
exhibited a rise of temperature due to the photothermal effect, which was induced by the
observation system of an inverted fluorescent microscope. In evaluating the patterning accuracy
of the composite, although the line-and-space pattern formed was a minimum of 30 µm, the
fabricated patterns involved a dimensional error of 5%–25%. The composite with 50 wt% Cu
particles of 1 µm showed a maximum temperature of 55.7 ◦C in our experiments. The
micropatterns of the microheater were fabricated and showed a rise of temperature of
16 ◦C–46 ◦C. In addition, the time response of the rising temperature was approximately 1 s.
Thus, the proposed microheater could be useful for applications in which a change of
temperature in the range of 10 ◦C–40 ◦C.

Supplementary material for this article is available online
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1. Introduction

The photothermally actuated microheaters have been studied
for applications such as an actuator [1, 2], thermoelectric con-
version [3], and control of activity in proteins [4]. In partic-
ular, microheaters using composites mixed with polymer and
particles have been developed for a microrobot and thermally
responsive structures [5–10]. Although these previous stud-
ies reported microdevices having the photothermally actuated
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heater, the structures have been fabricated by soft lithography
process, which needs multiple steps such as a making mold,
pouring polymer solution into the mold, and removing mold
after crosslinking the polymer. To achieve the simple fabrica-
tion process for making microdevices, the utilisation of pho-
tosensitive composites, which are a mixture of photosensitive
resin SU-8 [11, 12] and functional particles, has been stud-
ied. The photosensitive composites has both of a process-
ablity for microfabrication and a functionality of particles.
Therefore, microdevices with conductivity, magnetic prop-
erties, and improved mechanical properties can be fabric-
ated with one step photolithography [13–16]. While these
functional properties enabled the fabrication of microdevices
such as micromirrors, micropumps, and microelectric cir-
cuits [17–22], there is no report for the microheater in our
knowledge.
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Hence, we propose a microheater fabricated using a photo-
sensitive composite. The composite is a mixture of the photo-
sensitive resin SU-8 and Cu microparticles. Cu particles are
low cost and exhibit a light absorption in the visible light
owing to surface plasmon resonance. Resonance effects can
increase the temperature of the Cu particles [23]. Therefore,
the microstructures fabricated by conventional photolitho-
graphy show a rise of temperature due to light irradiation. The
increased temperature of the Cu particles could be maintained
in the composite because the low thermal conductivity of SU-8
acts as thermal insulator. To evaluate the processability of the
composite, we analysed the transmittance, exposed thickness,
and patterning accuracy. We also evaluated the photothermal
effect of the composites to analyse different properties affected
by the weight ratio and the diameter of the Cu particles. The
microheater patterns were fabricated with conventional photo-
lithography, and their properties were evaluated on the obser-
vation system of an inverted fluorescent microscope to invest-
igate possible applications.

2. Materials and methods

2.1. Concept of proposed microheater

Figure 1 shows a schematic of the proposed microheater. The
microheater was constructed with a coverslip and a composite
made of photoresist and Cu particles. The composite has the
processability of the photoresist, which enables the formation
of micropatterns using photolithography, and functionality of
the particles. The Cu particles exhibit a rise of temperature
induced by the photothermal effect, which indicates that the
Cu particles absorb light energy and convert it into thermal
energy. Therefore, a rise of temperature is induced around the
composite in a light irradiated area, as shown in figure 1 (area
B). In contrast, no rise of temperature is observed in the irradi-
ated area without the composite (area A) or the nonirradiated
area with composite (area C). These characteristics enable the
control of the temperature in a desirable microarea by altering
the light irradiated area or pattern shape of microstructures.

2.2. Preparation method of composites

The composite was prepared by mixing a negative-type
photoresist SU-8 (SU-8 3010,MicroChem) and Cu particles of
approximately 1 or 5 µm in diameter (CUE08PB, CUE12PB,
Kojundo Chemical Laboratory). First, SU-8 and a surfact-
ant (DISPERBYK-111, BYK) were mixed using a planetary
mixer (AR-100, Thinky) for 5 min. The surfactant volume was
5% of the weight of the mixing particles. The weights of the
Cu particles were set at 10, 20, 30, 50, and 70 wt% for the
entire weight of the composite in accordance with the exper-
imental conditions. The SU-8 and particles were mixed using
the mixer for 5 min, and the composite was degassed by a
vacuum desiccator for 10 min to remove the bubbles. Sonica-
tion was then applied using an ultrasonic cleaner (MCS-2, AS

ONE) to disperse the particles of the composite. Finally, the
planetary mixing process was performed again.

2.3. Evaluation method for transmittance and exposed
thickness of composites

Because the composite is a mixture of SU-8 and Cu particles,
the transmittance of the composite is lower than that of SU-8
without particles. Therefore, evaluations of transmittance and
exposed thickness of composites are important to fabricate a
designed micro pattern by photolithography.

Composites prepared with Cu (10, 20, 30, 50, 70 wt%) and
Cu (30, 50, and 70 wt%) were used to measure the transmit-
tance and the exposed thickness, respectively. The prepared
composites were spin-coated on coverslips (22 × 22 × 0.17–
0.25 mm: C022222, Matsunami Glass) with approximately
10–15 and 30–40 µm in thickness for the evaluation of trans-
mittance and the exposed thickness, respectively. Then, a
prebake process (65 ◦C for 5 min, 95 ◦C for 30 min) was per-
formed. After the prebake process, the entire spin-coated com-
posite was exposed to an ultraviolet (UV) light from the back
side of the coverslip. For the specimens of exposed thickness, a
photomaskwith a rectangular pattern (8× 15mm)was used as
shown in figure 2(a). In the fabrication of specimens for trans-
mittance, the doses of UV light were set to 0.4, 0.4, 0.6, 0.8 and
1.2 J cm−2 for the composites with Cu of 10, 20, 30, 50 and
70 wt%, respectively. UV irradiance was measured using an
UV meter (UIT-201, Ushio) with detector unit (UVD-365PD,
Ushio). For the specimens of exposed thickness, the expos-
ure doses were set to 0.4, 0.8, 1.2, 1.6, 2.0 J cm−2 and 0.4, 0.8,
1.2, and 1.6 J cm−2 for the composites with Cu particles of dia-
meters of 1 and 5 µm, respectively. Then, a postexposure bake
process (65 ◦C for 1 min, 95 ◦C for 5 min) was performed. The
unexposed parts were removed by a developer with sonication
for 5min, and the exposed parts were retained on the coverslip.
Finally, a hard bake (200 ◦C for 30 min) was performed. For
a comparison in the evaluation of transmittance, the specimen
using SU-8 was prepared using the same fabrication process.
The exposure dose was set at 0.4 J cm−2.

The thickness of the retained structures on the coverslip
was measured using a high-precision noncontact depth meas-
uring microscope (HISOMET II, Union Optical) or a stylus
profiler (Dektak XT, Bruker), as shown in figure 2(b). We
measured the exposed thickness at three points on the fabric-
ated structures and calculated the average thickness. The trans-
mittance measurements of the composites were performed
using a spectrophotometer (V-730, JASCO). The wavelength
range of measurement was set from 300 nm to 1100 nm.
The data was normalized by the results of blank coverslip.
To relate the transmittance to the thickness of the compos-
ites, the absorption coefficients of the composites were cal-
culated using T = e−αx of Lambert–Beer’s law, where T is
the transmittance of the composite, e is Napier’s constant, α is
the absorption coefficient, and x is the thickness of the retained
structure.

2



J. Micromech. Microeng. 31 (2021) 095007 T Nakahara et al

Figure 1. Conceptual diagram of the proposed microheater.

Figure 2. Experimental method for measuring the exposure
thickness. (a) Schematic of the exposure from the back side.
(b) Retained structure of the composite measured using a stylus
profiler.

2.4. Evaluation method for patterning accuracy of
composites

Tomeasure the patterning accuracy of the composites, the spe-
cimens were fabricated by photolithography using a photo-
mask with a line-and-space pattern, in which the space parts
transmit UV light (line-and-space width: 10, 12, 15, 20, 25,
30, 40, and 50 µm). They were exposed to an UV light from
the back side of the coverslip through a photomask. The
doses of UV exposure were set to 0.6, 0.8, and 1.2 J cm−2

for the composites with Cu of 30, 50, and 70 wt%, respect-
ively. Then, the postexposure bake and development pro-
cesses were performed using the same procedure as mentioned
above. The width of the fabricated line-and-space patterns
was observed and measured using a high-precision noncontact

depth-measuring microscope. In this experiment, we meas-
ured five lines and five spaces, and then calculated the average
width for each specimen.

2.5. Evaluation method for photothermal effect of composites

To evaluate the photothermal effect of composites, speci-
mens with a rectangular composite structure including Cu
of 10, 20, 30, 50, and 70 wt% were prepared using the
same process as described in section 2.3. The thickness of
the structures was measured by the stylus profilers. The pre-
pared specimen was set on a stage of an inverted fluores-
cent microscope (IX70, Olympus) incorporated with a light
source (U-HGLGPS, Olympus). A 520–550 nm green light
was irradiated to the specimen from a 100× objective lens
(UPLSAPO100XO, Olympus) through a fluorescence filter
cube (U-MWIG, Olympus). The irradiated area, approxim-
ately 265 µm in diameter, was set at the centre of the rectan-
gular composite structure (8 × 15 mm) and at the boundary
between the structure and glass area. A rise of temperature
was observed and measured using a thermography camera
(OPTPI640MO44T900, Optris) for the change of irradiances
at 3.5, 7.0, 13, 28, 61, and 111 W cm−2. The minimum spa-
tial resolution of thermography camera is 28.8 µm. The tem-
peratures were measured at each interval of ∼15 s after start-
ing irradiation to evaluate them in a steady state. Irradiances
through the objective lens were measured using an excitation
irradiance adaptor (IX3-EXMAD, Olympus) equipped with
an optical power meter (3664, Hioki) and a power sensor
(9742-10, Hioki). For comparison, a specimen with a rectan-
gular structure using SU-8 was prepared, and the temperat-
ure was measured in the centre of structure with irradiance at
111 W cm−2.
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Figure 3. Measurement results of transmittance of composites and SU-8. The inserted graph is the enlarged results of transmittance in the
range between 300 and 350 nm of wavelength.

2.6. Evaluation method of characteristics of microheater

To evaluate the characteristics of the composite structure as
a microheater, circular composite structure with diameters of
100, 200, 400, 1000, and 2000 µmwere fabricated by the same
method as described in section 2.3. Briefly, the composite with
70 wt% of 1 µm diameter Cu particles was prepared and spin-
coated on a coverslip. After the prebake process, the composite
was exposed to UV light from the back side through the photo-
mask with circular patterns. The circular structures were fab-
ricated by performing the postexposure bake and development
processes. Finally, a hard bake process was performed. The
thicknesses of the fabricated structures were measured using a
high-precision noncontact depth measuring microscope. The
excitation light of 111 W cm−2 was irradiated at the centre
of the circular structure, and the temperature was measured
using a thermography camera, as described in section 2.5. To
evaluate the time response of the change in temperature on
the composite, the irradiance was switched between 0 and
111 W cm−2 with period of approximately 2 s in the 2000 µm
circular structure.

3. Results and discussion

3.1. Evaluation results for transmittance and exposed
thickness of composites

Figure 3 shows the measurement results of the transmittance
for the composites and SU-8 at wavelengths from 300 to
1100 nm. The transmittance of the composites was lower than
that of SU-8, and decreasedwith an increase of theweight ratio
of Cu particles. The transmittance of the composite prepared
with 1 µm diameter Cu particles significantly decreased with
an increase of the weight ratio compared to that of the com-
posite prepared with 5 µm diameter Cu particles. The compos-
ite with Cu particles of 1 µm in diameter may be existed more
densely comparedwith that of 5µm. It could be lead the results

of lower transmittance in the composite using 1 µm particles
at the visible light region. In the over 50 wt% of composite,
especially using Cu particles with 1 µm of diameter, there
could be almost no transmitted visible light. Figure 4 shows
the absorption coefficients of the composites and SU-8 calcu-
lated by the Lambert–Beer law using the measured transmit-
tance and thickness. There is a difference of trend between the
results of transmittance and absorption coefficients because
the absorption coefficients were affected by the thickness of
composites. The thickness of SU-8 without particles was thin-
ner than that of composites because the composite viscosity,
which affects to the spin-coated thickness, were higher than
SU-8 viscosity. The mixing particles or degas process could
affect the increase of composites viscosity. In the wavelengths
from 400 to 1100 nm, the absorption coefficients of the com-
posites were larger than those of SU-8. The absorption coef-
ficients of the composites with 1 µm diameter Cu particles
were larger than those of the composite using 5 µm diameter
Cu particles except 70 wt%. In the 70 wt% of composites,
since there was almost no transmitted visible light, the dif-
ference of trend could be resulted from the difference of the
composite thicknesses. The light absorption of Cu particles at
wavelengths near 600 nm was reported by Chen et al [23];
the excitation wavelength of 520–550 nm could be absorbed
by Cu particles in the composite. In the wavelength shorter
than 365 nm, although SU-8 absorbs light for the crosslinking
of the structure, the absorption coefficients of the composites
were larger than that of SU-8 in this wavelength range. These
results suggest that the exposed depth of composites to the UV
light for patterning is smaller than that of SU-8, and a larger
dose is required for patterning in the photolithography.

Figure 5(a) shows the fabricated specimen for evaluation of
composite thickness by using Cu 70wt% composite with 1 µm
diameter. The composite pattern was formed and the edge of
pattern was observed as shown in figure 5(b). Figure 6 shows
the exposed thickness (mean ± standard deviation) of the
composites, i.e. the structure thickness, for the exposure dose.
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Figure 4. Absorption coefficient of composites and SU-8 calculated by Lambert–Beer law. The inserted graph is enlarged results of
absorption coefficient in the range between 300 and 350 nm of wavelength.

Figure 5. The fabricated specimen for evaluation of exposed thickness. The observation images are (a) entire view and (b) enlarged view at
boundary between the composite and glass region.

Figure 6. Composite thickness for different exposure doses.

Because the retained structures using the composites with
1 µm diameter Cu on the coverslip was not observed at an
exposure dose of 0.4 J cm−2, the thicknesses were not meas-
ured. It may be attributed to an insufficient exposure dose for
fabricating the structures. For composites with 1 µm diameter

Cu particles, the maximum values of exposed thicknesses with
Cu of 30, 50, and 70wt%were 34.9, 23.5, and 5.3 µm, respect-
ively, at an exposure dose of 2.0 J cm−2. On the other hand,
for composites with 5 µmdiameter Cu particles, the maximum
values of exposed thicknesses were 29.8, 15.7, and 6.7 µm,
respectively, at an exposure dose of 1.2 J cm−2. The exposed
thickness decreased with an increase of the weight ratio of Cu
particles because of the absorption and reflection in the surface
of Cu particles, which impeded the UV light from entering
the surface to the interior of the composite. In addition, since
there is almost same in exposed thicknesses with increase of
exposure dose after reaching the maximum values of exposed
thickness in each specimen, there is a limitation of the exposed
depth in the composites according to the weight ratio except
for 30 wt%. The composite with 30 wt% Cu could be com-
pletely exposed because the exposed thickness was the same
as the spin-coated thickness of 30–40 µm. Although the eval-
uation of 10 and 20 wt% of composites were not performed,
the exposed thickness could be near the spin-coated thickness
in the same result as 30 wt% of composites. Therefore, it is
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Figure 7. Observation images of line and space patterns fabricated with the composite (30 wt%) using 1 µm diameter Cu particles.

Figure 8. Measurement results of patterning accuracy for the composites. Patterning accuracy of the composites using (a) 1 µm diameter
Cu particles; (b) 5 µm diameter Cu particles.

necessary to consider the limitation of exposed thickness when
the composite of Cu 50 and 70 wt% was used for fabricating
structures.

3.2. Evaluation of results for patterning accuracy of
composites

Figure 7 shows the observation images of the fabricated line-
and-space patterns using the composite with 30 wt% of 1 µm
diameter Cu particles. Figure 8 shows comparison of themeas-
urement results of the fabricated pattern width of the com-
posites with the pattern width in the photomask, in which the
x-axis is the pattern width in the photomask, and the y-axis is
the measured width in the specimens. The width of the line
patterns, except for the composite with 70 wt% and 1 µm
particle size, were larger than those of the space patterns. As
the exposure dose of the composites was larger than that of
the conventional SU-8 process, the effects of diffracted light
from the edge of the pattern in the photomask became dom-
inant, which caused an increase in the width of the line pat-
terns. The residual particles were observed in the space parts
of the small patterns, as shown in figure 7. It is difficult to form

Figure 9. Observation image by the thermal camera set over the
centre of the composite irradiated with green light.

small patterns using the composites because the width of the
pattern becomes equal to the size of the Cu particles. In con-
trast, for the Cu 70 wt% composite with 1 µm diameter, the
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Figure 10. Evaluation results of photothermal effect of Cu 70 wt% composite with composite with 1 µm diameter particles. (a) X-axis is set
from 0 to 8 mm, and the irradiated area is in the centre. (b) X-axis is set from 3.5 to 4.5 mm. The light green area is the light irradiated area.

line pattern was smaller than the space pattern, as shown in
figure 8(a). In this condition, the mixed particles impeded the
UV light, and the exposed parts of the line pattern decreased.
The composites using 1 µm diameter Cu particles have pat-
terning abilities of 15, 10, and 25 µm for weight ratios of 30,
50, and 70 wt%, respectively, as shown in figure 8(a). The pat-
terning abilities of the composites using 5 µm in diameter Cu
particles were 30, 10, and 20 µm for the weight ratio of 30,
50, and 70 wt%, respectively, as shown in figure 8(b). The
other smaller width of patterns were not measured because the
patterns were not formed. From these results, suitable doses
according to the weight ratio of composites are required to
produce microdevices, and the fabricated devices involve a
dimensional error of 5%–25%. Although the patterning accur-
acy of 10 and 20 wt% composites were not evaluated in this
study, the same dimensional error would be obtained by set-
ting suitable doses for each conditions.

3.3. Evaluation results of photothermal effect

Figure 9 shows an example of an observation image by the
thermography camera set above the centre of the compos-
ite irradiated with green light. In this figure, the specimen of
Cu 70 wt% was used and the irradiance was 111 W cm−2.
To explain the rise of temperature, the displayed temperature
range of thermography camera was set between 15.5 ◦C and
20.9 ◦C. There was a difference in temperature of approxim-
ately ±2 ◦C between glass and composite regions. Although
the thermography camera was calibrated for a black body
with 1.0 in emissivity, a measurement error could be included
in this experiments due to the difference of the emissivities
between the glass and composite. The obtained temperature
data was used to calculate a rise of temperature, which indic-
ates the difference between the temperature at no irradiation
and the temperature obtained at light irradiation. Figure 10(a)
shows the rise of temperature obtained using the composite
with Cu 70 wt% of 1 µm diameter particles. In this graph, the

x-axis is the distance from the edge of the composite pattern,
and the y-axis is the rise of temperature. Figure 10(b) shows
the measurement results enlarged at the range of the x-axis
from 3.5–4.5 mm, as shown in figure 10(a). Measurement res-
ults of other composites were shown in supporting informa-
tion (figures S1–S9 (available online at stacks.iop.org/JMM/
31/095007/mmedia)). The maximum rise of temperature was
observed at the centre of the irradiated area and increased
with the increase in irradiance. Figure 11 shows the measured
temperatures (mean ± standard deviation, N = 5) of com-
posite with Cu 70 wt% for the change in irradiance at the
centre of irradiated area. The rise of temperature almost lin-
early increased with the increase in irradiance. This property
is caused by the Cu particles in composites, which could be
excited linearly for the irradiance [24]. Therefore, the con-
trol of temperature on the composites was performed by con-
trolling the irradiance. Figure 12 shows the rise of temperat-
ure (mean ± standard deviation, N = 5) at 111 W cm−2 in
irradiance for the change in the weight ratio of Cu particles.
The temperature of the composite increased with increasing
weight ratio up to 50 wt% and decreased at a weight ratio of
70 wt%. The rise of the temperature of the 70 wt% compos-
ite using 1 µm diameter Cu particles was smaller than that of
the 50 wt% composite because the thickness of the 70 wt%
composite was smaller than that of the other composites. The
measurement results of thickness were available in the sup-
porting information (table S1). Because the thickness affects
the thermal capacity of the composite, composites with thin
thicknesses were unable to retain the induced heat by light
irradiation. In addition, the temperature of composites might
be decreased by the increase of thermal conductivity of the
composites with increase of the weight ratio of Cu particles.
In our experiments, the maximum temperature (55.7 ◦C) was
obtained at the 50 wt% composite using 1 µm diameter Cu
particles. In contrast, there is no change in rise of temperature
(0.6 ◦C) on the SU-8 pattern without Cu particles at irradiance
of 111 W cm−2.
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Figure 11. Measurement results of rise of temperature for the
change in irradiance.

Figure 12. Rise of temperature for the change in weight ratio of Cu
particles.

Figure 13 shows an example of an observation image by
the thermography camera set over the boundary between the
composite structure and the glass area. The excitation light was
irradiated at the boundary. Figures 14(a) and (b) show the res-
ults of the rise of temperature for the composites using 1 and
5 µm diameter Cu particles, respectively. In these graphs, the
boundary is set as the origin, and the x-axis is set as the dis-
tance from the boundary. The rises of temperature of the com-
posites including Cu of 30, 50, and 70 wt% were almost the
same at the boundary. Since thermal conductivity is in propor-
tion to the difference of temperature, the temperature of Cu 70,
50 wt% composite, which showed a higher rise of temperature,
might be decreased significantly its temperature in the bound-
ary between composite and glass area. The heat generated in
the composite was applied to the glass area. In the glass area
at a distance of 28.8 µm, which is the closest distance from the

Figure 13. Observation image of the thermal camera set over the
boundary between the composite pattern and glass area.

boundary in this experiments, rises of temperature of 15.1 ◦C
and 15.2 ◦C were obtained for the composite with 70 wt% Cu
particles of which sizes are 1 and 5 µm, respectively. The com-
posites with Cu of 30 and 50wt% also showed a rise of temper-
ature over 10 ◦C in the same area. Therefore, structures made
of this composite could be used in applications that require a
rise of temperature to ∼10 ◦C for such as the control activ-
ity of proteins or the control of thermoresponsive polymers
[25–27].

3.4. Evaluation results of microheater

Figures 15(a) and (b) show the observation images before and
after irradiation for the fabricated composite structure of circu-
lar pattern with a diameter of 100 µm. The designed composite
structures were formed, and a rise of temperature was observed
(available in the supporting informationmovie). Since the fluc-
tuation of the temperature was small during the excitation, the
microheater has a stability of temperature. The thickness of
the structures was approximately 7 µm. Figure 16 shows the
measurement results of the rise of temperature (mean± stand-
ard deviation, N = 3) for each diameter of the circular struc-
tures. The structures with diameters of 100 µm and 200 µm
showed a rise of temperature of 16.1 ◦C and 38.6 ◦C, respect-
ively. The rise of temperature was constant at approximately
46 ◦C in structures with a diameter over 400 µm. The dif-
ference in the temperature between the structure sizes may
be attributed to the area of light absorption. As the struc-
tures with a diameter lower than 200 µm were smaller than
the irradiated area of approximately 265 µm in diameter, the
rise of temperature became lower than those of the other sizes
of structures. Figure 17 shows the measured temperature at
switching irradiance between 0 and 111 W cm−2. The tem-
perature on the composite changed according to the switch of
irradiance, and reached an almost constant temperature after
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Figure 14. Evaluation results of photothermal effect at the boundary between the composite and the glass area. Measurement results of
composites using (a) 1 µm diameter Cu particles; (b) 5 µm diameter Cu particles.

Figure 15. Observation images (a) before and (b) after irradiation
for the fabricated circular structure.

1 s from the start of irradiation. The time response of pro-
posed microheater is equivalent to the photothermally actu-
ated heater reported in previous study [2, 9]. The efficiency
of microheater from light energy to thermal energy was cal-
culated to be 32% (see the supporting information) [23, 24,
28, 29]. From these results, the fabricated composite structure
demonstrated the characteristics of a microheater, which has
stability for the excitation light. In case of irradiating excita-
tion light, which is larger than a size ofmicropattern, the rise of
temperature can be selectively obtained near the micropattern.
However, an improvement method for such as an increasing
in the thickness of the composite is required to increase the

Figure 16. Measurement result of rise of temperature for the
change in the diameter of circular structure.

rise of temperature. The experiments for a life-time and dur-
ability of microheater are required to demonstrate its reliabil-
ity. Although the maximum temperature and the response time
of proposed microheater is smaller than a previously repor-
ted electrical resistance heater [30, 31], its heating area can be
controlled flexibly by setting the irradiated area of excitation
light. Moreover, proposed microheater is fabricated by one
step photolithography, which means simpler fabrication pro-
cess. The proposedmicroheater could be applicable for such as
control activity of proteins, control of thermoresponsive poly-
mer, and driving thermo-pneumatic micropump [25–27, 32].
In addition, patterned microstructure could be useful for phys-
ically control of the moving direction in the motility assay of
proteins [33].
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Figure 17. Measured temperature at switching irradiance between 0
and 111 W cm−2.

4. Conclusions

In this study, we proposed a microheater using the photo-
thermal effect of the SU-8/Cu composite. To evaluate the
patterning characteristics of the composites by photolitho-
graphy, we measured the transmittance and the exposed thick-
ness. The measured transmittances and the exposed thick-
nesses decreased with an increase in the weight ratio of the
Cu particles of the composites. In the evaluation of pattern-
ing accuracy of the composites, although the minimum size of
line-and-space pattern formed was 30 µm, the fabricated pat-
terns involved a dimensional error of 5%–25%. In the evalu-
ation of the photothermal effect of composites, the temperature
rise was controlled by the green-light irradiance. The compos-
ite with 50 wt% of 1 µm Cu particles showed the maximum
rise of temperature of 55.7 ◦C in our experiments. Then, the
rise of temperature over 10 ◦C was measured at the glass area
at a distance of 28.8 µm from the edge of the composite struc-
ture (30, 50, 70 wt%Cu). The fabricated microheaters with the
diameters from 100 to 2000 µm showed a rise of temperature.
The temperatures increased by 16.1 ◦C and 38.6 ◦C for the
microheater with diameters of 100 and 200 µm, respectively.
The other microheaters showed a constant value of approxim-
ately 46 ◦C. In addition, the response time of rising temper-
ature was approximately 1 s. From these results, the proposed
microheater could be useful for applications that require a rise
of temperature within 10 ◦C–40 ◦C for such as the control
activity of proteins, the control of thermoresponsive polymers,
or the lab-on-a-chip applications.
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