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Abstract: An olfactory display is necessary for effective multimodal information communication.
The relatively large size of current olfactory displays does not support integration with other
information devices. Thus, in this study, a heat-driven-type microelectromechanical system
(MEMS) olfactory display that is only a few square centimeters in size and, thus, suitable for
integration, is proposed. The olfactory display was fabricated by implementing a microfabrication
process, and the fundamental driving conditions for the heater and valve were confirmed.
Furthermore, a perfume diffusion experiment was conducted to characterize the olfactory display.
The diffusion of the perfume was successfully synchronized with the open/close time of the valve.
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1. Introduction

To realize multimodal information communication, an olfactory display, which provides
olfactory information to users, has been developed by researchers and in the industry. For example,
Hasegawa et al. developed an olfactory display using an array of ultrasound transducers [1]. The
olfactory display can control the diffusion of perfume with ultrasonic radiation and selectively
provide the perfume to the target users. Dobbelstein et al. developed a wearable-type olfactory
display [2]. The olfactory display can provide eight types of olfactory information with the
vaporization of perfumes. Narumi et al. developed a system to add olfactory information to visual
information [3]. They experimentally showed that olfactory information and visual information have
an interaction. For example, the taste of cookies can be modulated with olfactory information and
visual information. The sizes of the olfactory displays mentioned above are too large. Thus, these
olfactory displays are not suitable to be integrated into other information devices to add olfactory
information to other information.

A miniature olfactory display with a microfabrication process is proposed. The size of the
proposed display is a few square centimeters. The olfactory display consists of a heating part and a
chamber with a mechanical valve to store perfumes. The stored perfume is vaporized via a heater,
and the diffusion of the perfumes is enabled/disabled via a microvalve. The diffused volume of the
perfume is determined by the power of the heater and the open/close time of the valve. The structure
and principle of the olfactory display can be easily miniaturized and arrayed densely on a substrate.
Therefore, the olfactory display has the potential to be integrated into other devices to add various
olfactory information to other information. In this study, the size of the olfactory display was
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determined, and it was fabricated. An experiment was conducted to evaluate the perfume diffusion
performance.

2. Principle

Figure 1 shows the principle of the proposed olfactory display. The olfactory display consists of
a heater, a chamber to store perfumes, and a mechanical valve. They are formed on a substrate. The
heat generated by the heater is conducted to the chamber through the substrate. The valve is based
on an electrostatic force. Without voltage to the heater and the valve, perfume is not diffused, because
the perfume is perfectly sealed into the chamber. With voltage, the perfume is vaporized by the
heater. Then, the valve is opened, and the vaporized perfume is diffused. The amount and intensity
of the vaporized perfume are controlled by the heating time and the valve’s opening time.
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Figure 1. Basic principle of the proposed olfactory display. (a) Heater and value in off and closed
states, respectively; and (b) Heater and value in on and open states, respectively.

3. Design

The valve consisted of a moving part and a fixed part. With voltage, the moving part is attracted
toward the fixed part. Then, the valve is opened. The designed displacement of the actuator was 8
pm, and the diameter of the valve was 3 mm. The entire size of the valve part was 1 cm x 1 cm. The
valve was formed on a silicon substrate with a microfabrication process. The photograph of the
fabricated valve is shown in Figure 2a.
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Figure 2. Photograph of the fabricated components. (a) The value. (b) The heater. (c) The chamber. (d)
The integrated olfactory display.
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The heater consisted of a metal wire. The requirement of the heater was heating perfumes at 100
°C. The wire was designed to satisfy the requirement. The resulting dimensions of the wire were 20-
pm width and 12-mm length. The heater was fabricated on a silicon substrate with Ti deposition and
etching. Figure 2b shows the fabricated heater.

The chamber was formed by etching a glass plate. The chamber was cylindrical. The diameter
of the chamber was 1.5 mm, and the height was 1 mm. The fabricated chamber is shown in Figure 2c.

The valve, the heater, and the chamber were integrated with anodic bonding. Figure 2d shows
a photograph of the integrated olfactory display. The total size of the completed olfactory display
was 1.5 cm x 3.5 cm x 0.16 mm.

4. Experimental Procedure

An experiment was conducted to characterize the fabricated olfactory display. Figure 3 shows
the experimental setup. The experimental setup consisted of an olfactory display, a gas sensor (Figaro
TGS822), and a sealed container. To evaluate the perfume diffusion, ethanol was used as a perfume.
Ethanol was mixed with triacetin to prevent vaporization and then injected into the chamber with a
pipette and used as a perfume. In the experiment, the characteristics of the heater were evaluated.
The relationship between the applied voltage and temperature of heater was measured by using a
noncontact temperature sensor. The voltage was varied from 0 V to 60 V. The relationship between
the applied voltage and displacement of valve was evaluated by using a microscope. The voltage was
varied from 0 V to 80 V. Then, it was evaluated how the open time of the valve affected the diffusion
by varying the time that the valve remained in an open state between 1 s and 5 s.

Olfactory Display

Figure 3. Experimental setup for diffusion experiment. (a) The olfactory display was placed in a sealed
container. (b) A gas sensor was used to measure the diffusion.

5. Experimental Results

5.1. Characterization of Heater and Valve

Figure 4a shows the results for the heater. The temperature increased with the increase in the
applied voltage. The maximum temperature was 90 °C. The results indicate that the temperature of
the heater can be controlled by the applied voltage. However, the range of the temperature was
almost 60 °C and not sufficiently wide. Therefore, the fabricated heater can be only applied to
vaporize perfumes that have a relatively low boiling point. Figure 4b shows the results for the valve.
The displacement of the valve linearly increased with the increase in the voltage. To open the valve,
almost 20 V was minimally required. The displacement of the valve reached 8 um at 80 V. The results
indicate that the perfume diffusion can be controlled by controlling the amplitude of the applied
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voltage. At 80 V, the valve was not broken by the applied voltage. Thus, the following experiment
was conducted by applying a voltage of 80 V to maximize the displacement of the valve.
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Figure 4. Experimental results. (a) Relationship between voltage and temperature. (b) Relationship
between voltage and displacement.

5.2. Characterization of Heater and Valve

Figure 5 shows the experimental results for the characterization of the olfactory display. The gas
sensor successfully detected the diffusion of the perfume when the heater and valve were in their ON
and open states, respectively. The duration of the diffusion was found to increase with the increase
of the time that the valve remained in its open state, and diffusion was confirmed to be terminated
when the valve was switched to a closed state. The perfume was diffused immediately after the heater
and valve were in their ON and open states. However, the diffusion did not immediately stop after
the heater and valve were in their OFF and closed states. To control the perfume diffusion with high
accuracy, the substantivity of the perfume should be considered.
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Figure 5. Relationship between the time and the sensor output. The open time of the value was varied
to evaluate the diffusion of the vapored perfume. The diffusion was successfully controlled by the
open time.

6. Conclusions

In this study, a miniature olfactory display was designed and fabricated that is sufficiently small
to be integrated into other devices. The fabricated olfactory display was characterized. The
experimental results indicate that the olfactory display has the potential to provide olfactory
information. For the next study, experiments with perfumes are planned. Also, methods to control
the perfume diffusion with high accuracy will be considered.
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