ARG ERNESEER S Y
I AR SR B AT
by COMSOL Multiphysics

WH R HHE
25, Nov., 2011

s ok A NTU Nano-BioMEMS Group
Research Institute




7S

F & A

é i -

| V2 &5

k v ﬁ] A\ % V4
NS

1.F§ 9

]

2. Bx A B 4 A 5

>+

X SRR PLERE

g

3.BEARAR B 2 35 v MR HLERE

4. &3

m NTU Nano-BioMEMS Group




A NTU Nano-BioMEMS Group




http://www.warwickaudiotech.com/
http:// www.fils.co.kr
http://www.audiojunkies blog/268/th

http://www.itri.org.tw
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ELECTRET LOUDSPEAKER DESIGN AND
FABRICATION
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T. Mellow and L. Kiirkkiinen, "On the forces in single-ended and push-pull electret transducers," 0
Acoustical Society of America, vol. 124, pp. 14971504, September 2008, M NTU Nar
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SEM of PTFE/COC
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Frequency response and THD of various
speakers
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Amplitude
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Different shapes and sizes of
audio radiation area
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Material properties of
the electret cell actuator

Parameters Electret-based diaphragm
Square (Length) : 8mm, [0mm, 12mm
Geometry Circle (Radius) : 4mm, Smm, 6mm
Hexagon (Edge) : 6mm, 8mm, 10mm
Thickness (mm) 20x10-3
Young’s modulus
g Pa) 553)(106
Poisson’s ratio 0.33
Density (kg/m?3) 460

Initial normal
stress (Pa)

6, =47x10° , 6,;=47x10,
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Advanced vibrometer/interferometer device
measurement system

i
D PD3 | Quadrature

| Detector

1 Mirror
& T: > L b LS PBS1 R/AMirror
‘

0 et QWPl ———1—>QWP2
|k, ot s
“ Objective lens Holder Hlumination light
—

Objectivelens

A NTU Nano-BioMEMS Group

13



The schematics of the ESPI system
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First resonance frequency of electret cell actuator |

Shape Square Circle Hexagon

Size(mm) Edge | Edge | Edge |Radius|Radius |Radius| Edge | Edge | Edge
8mm | 10mm | I2Zmm | 4mm | 5Smm | 6mm [ 6mm | 8mm | 10mm

Simulation(Hz) [1216.8| 932 747 11274.88| 961 776

1010.74] 726 | 60.58

Experiment(Hz)| 1120 [ 966.67|706.67 |1283.33] 980 |733.33

996.67| 700 |553.33
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.
First resonance frequency of
the square shape by AVID
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The first mode shape by ESPI
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Beam patterns of the two shapes at 1k, 2k, and
4k Hz
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Schematic of the measurement system set-up
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The beam pattern of the array

Electret cell elements

/ ,
[P N Y

] il " » Area of electret
— 7 * loudspeaker 1
- %
The beam pattern of the array )
b(8) = v2(0) RN )
2

1 sin(N - %sin a)

SISPL
N I

sin(nl—d sin )

o * Directivit
where d is distance span of two y1 )

electret cell elements, A is wave
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Simulation of
Electret cell at 1°t resonance

Structure Acoustic
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Directivity of the electret loudspeaker
(10cm x 10cm)

at 1k Hz
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Directivity of a electret loudspeaker
(10cm x 10cm)
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Directivity influenced by size of array
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Directivity influenced by weighting function
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4. CONCLUSIONS Wl

h

Built the FEA model of the electret Cell
Actuator by COMSOL.

Validated the FEA model by using AVID and ESPI
measurement system

Built the FEA model of the electret loudspeaker
by COMSOL.

Validated the FEA model by using acoustic
measurement system
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Thank you for your attention
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