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We propose a method to fabricate sensor/actuator arrays on various materials and its application to a flexible speaker
array. The speaker system is constructed by locating communication devices called “cell bridges” between two adjacent
conductive sites forming electrostatic speakers. In this system, the conductive sites for vibrating air also work as
communication medium for transmitting driving signals by multi-hopping. The proposed system realizes a flexible array,
because it doesn’t require wirings. The prototype speaker array made of conductive fabrics is flexible and thin. We examined

the acoustic beam forming with the prototype speaker array.
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Fig. 1 Concept of cell-bridge.
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Fig. 2 The topology and the routing of the actuator array.
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Fig.3 The cross section of the cloth speaker.
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Fig.4 Experimental setup of the sound measurement.
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Fig. 5 The frequency property of the cloth speaker.

FRAE—HIZKAD X H iz, zEdhic®Ews L THWES

A, WAENSIREIL S 5720, EHOKTE2EZILEND
5. AEC—NEMRT 2K ERZORIREIL., FEEOA
V=X R (JENOREEEICKT D) ICEBETDHT
LTHEE TR 5. BROmESNEEAZEBOBAIE, F
HP,BEHEFTEAS L —F U Ay, REHELY E95 L

P=z,-v 2)

2P2-A37(2)



EET L. BHRICER Lce, EE Rl MmiRic
MMz 6D BALEE S 72 D DI TIPpiae & BRIV D BEFR
X

I:)plate = J(p ) a)) : Vpla[e ©)]

LEIZENTES. 1L 0l ZAEEK., o 13BIROmE
BHBEETHD. jpo PEREMOA L E—F A THD.
MEMAG L TR OMICE L 2HER S (FEKEBLD
BEAERDPOLORIIOET) %, FRIOMEEE LTPET S
b, HEBEMAOBIIEE L (KA D S22 5 & IE
ELQ) Pl + jpra) THABND. T pr IZEEMEA
DEBEEECHD. —KH, FEAAORERESEEIL, p 241K
MOEHEBELEE L, (EBEBMHEAANLEISNDFREZELE L
T) Plzo + jpye) THABND. BIEAE—DITHWE
BYEAT & Rk O E B L, ThZhp,=0.0Tkeg/n’, p,
=0.03kg/m* TH 5. B E, 4kiz 35 &, EHEMEAm &
RATDOA =2 7= jpro (i = f, p) OHEHEITEH
Fn, |z| = 1759 Ns/u’, \Zp| = 754 Ns/m* & 725, ZO
BRI THEEEMOAL E—F 2 20T,
7y (=420Ns/m*) X 0 &+ K& <, AR <X, 12X UHE
L. o T, ZOWHEE, HEEEMANIMAREE & 2 7p
BT, TEAOLDEFH L TNDEEX DL LENTED.

4. 2 RELSIFVT

LSI F > 71X CMOS ®0.35um, 7 v 75 2% Vig#i 7
o ATRIELZ. X6 @IILSITF v 7oL A7 v M,
6 (DTN T U vl X —hBRENA A Hifk L7 SR A
RLTWS., BUIRIELSIF v Yotk cd s, K&
SE KT IMMA, T U IVEIET T TiEl2mmfA Th
5. BEREIEEIIS0MHZ TRk Er L7z, @G E T o IEFRH
WEEITHIOIC, BEFEFFLIZe vy 7 21608 L, 20
FLBIEEDOMNL ENY, SEIFY 2T HZ 8T, 10%
ETCOI Ry OEZHET L. BIEHEICNZ T, off
REZN8bIt, V27U v VA 24.2kHz ODIAZ VN— X
BHLTWD., ZOLSIF v 7B W I 7y bV A KT
850it ¢, Z DHIZIZ16bit, D F V2l DH AT —F NE
nNTnad., ZnoofEEEXWIRAT D E, n=48L70
D, 48chE TITHITE D2 L2 b, SRORETIE,
B o@ERFERNIOXA I T EHETS e haL
IFFERELTELT, ZOEREILSBOBETHD.

Smm

1.1ﬁm () (b)

Fig. 6 (a) The prototype LSI chip. (b) The cell-bridge with the
peripheral circuits used in the cloth speaker array.

Tablel. Specification of the prototype LSI chip.

operating frequency f 50MHz
sampling frequency fsmple 24.2kHz
resolution of DAC 8bit
length per packet L 85bit
data size per packet 16bit (k=2)
time for one hop 1.7ps
consumption current 30mA
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Fig. 7 Photograph of (a) the communication section and (b)
the speaker array section.
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Fig. 7 Setup of the sound beam measurement. (a): Top view
and (b): side view.

90°  80° 90° 0"
707 70 .
60° 60
50° 507
° 40°

0 02 04 06 08 1
(b)

Fig. 8 Measured sound amplitude for the (a) 0 degree and (b)
19 degree radiations. The red lines represent the experimental
results. The green ones show the simulation results.
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