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Abstract: We present a tactile information transceiver using a friction-tunable slider-pad. While previous tactile
information devices were focused on either input or output functions, the present device offers lateral position/vertical
direction detection and texture expression. In characterizing the tactile input performance, we measured the capacitance
change due to the displacement of the slider-pad. The measured difference for a z-axis click was 0.146 nF/40 um when
the x-y axis navigation showed 0.09 nF/750 pm difference. In characterizing the texture expression, we measured the
lateral force due to a normal load. We applied a voltage between parallel electrodes to induce electrostatic attraction in
DC and AC voltages. We measured the friction under identical fingertip action conditions, and obtained friction in the
range of 32—152 mN and lateral vibration in the force range of 128.1 mN at 60 V, 2 Hz. The proposed device can be
applied to integrated tactile interface devices for mobile appliances.
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Fig. 1 Mechano-receptors in human skin
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Fig. 3 Principle of direction and selection recognition:

(a) fingertip motion for selection; (b) directional
movement
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Fig. 5 Principle of artificial texture generation: (a)
frictional force generated by fingertip pressure;
(b) enlarged frictional force due to the
electrostatic attraction force between electrodes
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Fig. 6 Slider layer design: (a) overall structure including
slider-pad and electrodes; (b) enlarged view of

serpentine spring and electrode; (c) simplified
model of 3-DOF slider-pad
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Fig. 7 Electrode layer design including attraction
electrode and 4-separate pointing electrodes
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(a) Starting SOI Wafer (inverted)
(b) Thermal Oxidation (dry, 2000A)
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Fig. 8 Fabrication process of the present tactile
transceiver

(f) Masking layer (AZ9260 10pum)

(h) Release and PR removal
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Fig. 9 Fabricated device: (a) Top view of slider layer and

electrode layer including enlarged image of spring
and electrode; (b) assembled device
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Table 1 Friction tuning characterization

Input
pu A Friction
Voltage Frequency
10~60V DC 32~152mN
40V 10~100Hz 0.8~16.0mN
60V 3~10Hz 36.9~128.1mN
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Fig. 10 Capacitance change at direction and selection
input: (a) selection and x-direction motion; (b)
selection and y-direction motion

zgste] HEH o7 d4E AR
2~} Fig. 9(b)et 2t

4 MEHIL o 2

41 &8 23 2 Ms

&7l AY A4S S sz WY
mrel SEholEaj e FEd S ngSel gAdd
a7Me] A=zre] AgAlE s WstE 543190

Fig. 109] (a), (b)v= 27t x, y W&o F4 el
sk A2 AAE~ HElE Jedt T 4
T BT A ™ disl] 54 AdAE A
7M. BAEd Z A 3k olo] Hghe
0.146£0.02nFo. 2, 2 225 T3] &71ge] &7
g dEs AT F JSS st FHY
o] g2de] Ae 27IFHE 7IE2E 250um



£ 49 A4 A2 5ol e 44N 4594 549

A XS WA ZS
109] (a), (b)oll Z+Z} ZAlskdh F=H3 Hdd
£el 750um ©]5 A] W3S 0.09+0.02nF = L}E}

. O
Sofolrg =t nlgEite] wpEE Bl o]g]
Wx7s B7HE Slete] Edtolraj=d 2=As
Adstar 2AE FFE staged FAS E3
HelE skt Table 12> ZHSHe] W
3ol e mpEEe]l W HeE vERH Ao
ol¢} o] Mt QVME &3 AHrIA dF
o], ETEIAAN =AAE nEEYSE 4P

92 s seteldAme A4s 7

holl AgE wH=E A7e
7 9- vpzE o] W 5 (fluctuation)©] AYSle] 4= 4
Jd HEs FEE S Uk ol Abge] w=
nhEE o] gy Es AT E AR Ha
of Rrglgolut AL A 2 HW 54S
deHoz Fdst=d A& 7bssith Fig 112

o

40ve] WFRAG QA7 Fubie] npE vheel
¥ (fluctuation) & 2= 42 o] §3le] 543 sl
oh el mAlE uhel 2ol 10Hz Huke AT}
oA vhaee] wate] o] A et whd
FAETh GRS W] Fol A Hrdhs
A% werh A4 A7 WFe] AgHE o]
B AFY A7) AR AARE Fad 8ol
t}

Fig. 12 60V A<t 3l o ¥ Ful4= o
ol A whzEe] W F(fluctuation)S =G 3F ok
W F(fluctuation)A] &) p-p #- 3Hz, 60VolAl )
128.1mNO.= e 2 Ak A9 A F ool A
g e dx7r o gEsHA dvehes #le
T AAT = 60V At sl A Y 3
A AE ppatd BAHY SolM de VEN
T Anr oF 32% ¥ FAES BFa g

o

* 10Hz (AC 40V)

0.3N

average Af, ;= 16.0mN+2. 1mN
* 50Hz (AC 40V)

+150pum

o 0.3N

Friction(N)

average Af,,= 4.2mN+1.8mN
* 100Hz (AC 40V)

N

[~ |

average Afy,= 0.8mN=0.2mN

Fig. 11 Texture generation represented by lateral vibration
caused by cyclic electrostatic actuation in the
frequency range of 10~100Hz

+3Hz (AC 60V)

04N

AL
[

average Af, = 128.1mN+0.8mN

« 5Hz (AC 60V)
Z 1 +isopm oaMN[F— ]
£

=]

5wl 0.3N -

2 a—

average Af, = 118.6mN+16mN
* 10Hz (AC 60V)

(SF)

0.4N

0.3N

average Af, = 36.9mN+5.4mN

Fig. 12 Fluctuating friction under 60V in the frequency
range of 3~10Hz

5.8 B

w Ee AA71EE o] 8E vpEE WxE o
ot £ B AR dEHe A T
ot 2AE Agteslh 7S] SaaAEo0l
AL /fEHem FAI Ao Hle] B AP
£8e FHaE B o 943 A3 7ES
Aol RSt HelA AEAE TG A
FEMe B3 A5 &8 54 A4 4
BapE el 4 4oum A e AAS T
& HF 0.146nF£0.029] AN A W32 5H
stlon, o] #e FHLFOR F 750um #



550 a Az

o

°l
&t

3 0.09+0.02nF¢] HALH HI=
o] Wk F2 Q1A o] 7heshs &9l

T3 A ZAA7A <l
32~152mNe] oA Ao]E
Aok WFFLES o] &3t
60V, 3Hzol A At 128.1mN9] m} & HxE
st A4 Adee st B A=
oA AR H%Eﬂ% A FEste] AR
o] Z7}elgHo] 2o A& 75 slt

o

]

Job ¥ @ g N
J8 S ok g
ﬁ

(o]
%

]

R

Noth o o to 23

% 7|

EoAFE wgidr) ey
TAA LA (= ok AN R]
287 (FAHZ 20120005663)2] A PO
H A F YT

/R=rateba e FAA
A AL AZZFEA
<
T

=

I

[e==)

ikl

P

Mo
ok

(1) Fagiani, R., Massi, F., Chatelet, E., Berthier, Y. and
Akay, A., 2011, “Tactile Perception by Friction
Induced Viabrations,” Tribology International, Vol.44,
Issue 10, Sep. pp.1100~1110.

(2) Yang, G, Yang, T.H., Kim, S., Kwon, D. and Kang, S.,
2007, “Compact Tactile Display for Fingertips with
Multiple Vibrotactile Actuator and Thermoelectric
Module,” Robotics, pp. 10~14.

(3) Wu, X., Kim, S.-H.,, Ji, C.-H. and Allen, M. G, 2011,
“A Solid Hydraulically Amplified Piezoelectric
Microvalve,” Journal of Micromechanics and
Microengineering, Vol.21, p. 095003.

(4) Koo, .M., Jung, K., Koo, J.C., Nam, J.-D., Lee, Y.K.,
and Choi, H.R., 2008, “Development of Soft-Actuator-
Based Wearable Tactile Display,” IEEE Transactions
on Robotics, Vol. 24, Jun. pp. 549~558.

(5) Klintberg, L., 2002, “A Large Stroke, High Force
Paraffin Phase Transition Actuator,” Sensors and

Actuators A: Physical, Vol. 96, Feb. pp. 189~195.

(6) Niwa, M., Yanagida, Y., Noma, H., Hosaka, K. and
Kume, Y., “Vibrotactile Apparent Movement by DC
Motors and Voice-coil Tactors,” Science And
Technology.

(7) Talbi, A., Ducloux, O., Tiercelin, N., Deblock, Y.,
Pernod, P. and Preobrazhensky, V., 2006, “Vibrotactile
Using Micromachined Electromagnetic Actuators
Array,” Journal of Physics: Conference Series, Vol. 34,
Apr. pp. 637~642.

(8) Kim, Y., Oakley, I. and Ryu, J., 2006, “Design and
Psychophysical Evaluation of Pneumatic Tactile
Display,” 2006 SICE-ICASE International Joint
Conference, Oct. pp. 1933~1938.

(9) Lee, S.S., 2008, “Braille code display device with a
PDMS Membrane and Thermopneumatic Actuator,”
2008 IEEE 2l1st International Conference on Micro
Electro Mechanical Systems, Jan. pp. 527~530.

(10) Lucyszyn, S., 2005, “A Micromachined Refreshable
Braille Cell,” Journal of Microelectromechanical Systems,
Vol. 14, Aug. pp. 673~682.

(11) Shikida, M., Imamura, T., Ukai, S., Miyaji, T. and
Sato, K., 2008, “Fabrication of a Bubble-Driven
Arrayed Actuator for a Tactile Display,” Journal of
Micromechanics and Microengineering, Vol. 18, Jun.
p- 065012.

(12) Tang, H. and Beebe, D.J., 1998, “A microfabricated
Electrostatic Haptic Display for Persons with Visual
Impairments.,” IEEE Transactions on Rehabilitation
Engineering : A Publication of the IEEE Engineering
in Medicine and Biology Society, Vol. 6, Sep. pp.
241~248.

(13) Yamamoto, A., Nagasawa, S., Yamamoto, H. and
Higuchi, T., 2006, “Electrostatic Tactile Display with
Thin Film Slider and Its Application to Tactile
telepresentation systems.,” [EEE Transactions on
Visualization and Computer Graphics, Vol. 12, pp.
168~177.



