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A Study on the Acoustical Properties of Micro-speaker according
to Comb Teeth Shape of the Diaphragm

Tae-Keun Lee’, Byoung-Sam Kim*, Tae-Jea Cho™

]| Abstract i

There are many factors which affect the acoustical properties of a micro-speaker. Among the factors, the shape of
the diaphragm is considered in this study. As an investigating method, the finite element methods and measurement
techniques applied to study the acoustical properties according to diaphragm shape. In order to vary the stiffness of
the diaphragm, the some patterns of comb teeth, such as the angle and the number of comb teeth, are applied to
diaphragm. We can confirm that the change of the stiffness by the changing diaphragm shape affects the vibration
and sound properties of the speaker. As a result, the reduction of the angle of the comb teeth increases the diaphragm
stiffness and shifts the resonance frequency to a higher frequency range. The number of the comb teeth is related
to the stiffness of the edge part.
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(b) Type ‘B’(45°, 24 comb teeth)

(¢) Type ‘C’(45°, 30 comb teeth)

Fig. 1 The shape of diaphragm
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Table 1 Mechanical properties of PI(Polyamide)

Properties Value
Elastic Modulus(GPa) 3.0E9
Mass Density(kg/m3) 1,400

Poisson’s Ratio 0.33
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Fig. 2 Finite element model of diaphragm
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Fig. 3 Schematic diagram of measuring system for
sound pressure level
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Fig. 4 Schematic diagram of measuring system for the
speaker parameters(KLIPPEL System)
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Table 2 The components of KLIPPEL system

Items Model Manufacturer
Analysis S/'W dB-Lab KLIPPEL GmbH
i i &1 ot v
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Fig. 5 Block circuit of linear parameter measurement

Fig. 6 Electro-mechanical equivalent circuit for linear
speaker model
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Table 3 The components of linear speaker model

Symbol Parameters
R. Electrical voice coil resistance
. Voice coil inductance at low
FElectrical L. .
frequencies
Parameters
L Para-inductance
? at high frequencies
R:  |Resistance due to eddy currents
Symbol Parameters
Bl Force factor
Mechanical compliance
Cuns . .

. of driver suspension
Mechanical : :
Parameters Mechanical mass of dnv§r

Mps | diaphragm assembly including
air load and voice coil
R.. Mechanical resistance
s of total-driver
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Table 4 The components of LSI
1.5
Symbol Parameters T et
R«(Tv) | Electrical voice coil resistance
70
. L(x) Voice coil inductance
Electrical - -
Parameters | () Para—mductancg of the voice 65
coil ‘ ¢ .
Rx(x) | Resistance due to eddy currents 1%60
Ta Temperature of the voice coil gss .
Symbol Parameters 3
Bi(x) Force factor | ®
Mechanical stiffness 15
Cas() of driver suspension Tope A o St o Gone froe ¢
Mechanical Mechanical mass of driver - ]
Parameters | M, diaphragm assembly including Fig. 8 Max. displacement & stiffness for 3 different
air load and voice coil shapes of diaphragm
Mechanical resist f
Ring o amca' fesistance o Table 5 The natural frequency for 3 different shapes
total-driver losses of diaphragm
Fn(x,]) Reluctance force
Natural Frequency(Hz)
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(a) 1"mode shape

(b) 2"'mode shape

(c) 3"mode shape

Fig. 9 Mode shape of diaphragm
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Sound Pressure Level, dB

1k
Frequency, Hz

Fig. 10 Sound pressure level for 3 different shapes of

diaphragm
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Magnitude of transfer function Hx(f)= X{f)/U(f Stiffness of suspension Kms (X)
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Fig. 11 Transfer function for 3 different shapes of Fig. 14 Stiffness for 3 different shapes of diaphragm

diaphragm
- Mechanical loss factor Qms (X)
Magnitude of electric impedance Z(f) [ ] —— mem-
_-— —— - 30 Type 'A' Type 'B' Type 'C'
T T i : -
15 -1 n C R -
i Type 'B' # 25+ — — = 1\ T
Il Coo~Z_"1 | | A\l. . il
141 Type 'A' F ’\ ,,,,,,,,,,,,,, s
L A1TT 20 »
13 a1 L
H [ Tvee | w r S Type 'B' |
T 0 g 18T Y o
£ G [ |Tyee Type 'C
: 1.0
1" r
/A :
10 ) 05 1
;f‘y \ f
9 0011\\\!\\Il\\l\\\[l\!ll\\\ll\\l
1 2 10 20 80 100 200 500 1k 2 -0.75 -0.50 -0.25 0.00 025 0.50 0.75
Frequency [Hz] << Cail in X[mm) coil out >>
Fig. 12 Impedance for 3 different shapes of diaphragm Fig. 15 Mechanical loss factor for 3 different shapes
of diaphragm

SItkFig. 11, 12). Fig. 13& 37h) A530] o Mol
29 WS eha,

4.4 LSI EH

Fig. 14~155 W52 FJH3te] 02 LSI 545 2o
F39lch 2FH gaste] Zatold) Qs fA=(HA
9] &) ZJo|& & 4= it} Type ‘C 9] 7ol 7H¢ & AL

o 00 00 w0 400 S0 sl 700 800 900 om0 Moo 120 1300
i

(b) Type B’ 2 B IFg. 14), ol /1A% 4 3715 on)stn
— olof wet 7]4% £AANHABAS 97} Type C7
. : il T AT N 7 AL & Bo| AT MY F5 298 4 i
i .ulummuw,mmmm (Fig. 15).
(©) Type ‘C’ 5, 482
Fig. 13 Voice coil displacement for 3 different shapes
of diaphragm AN A5E oA SU9& ANse 7HE A

130



I'-i[]

Z Vol.17 No.6 2008. 12.

(1) A5 sz—% 4 ZEE 45T, SR WA
A%, 4522 QBB 7o) 27, o] uhet g%
s 1@@ oFEE AT 4 9ol

(2) E2v] ABBAY mo|AR LA o] BTG
Al Ak ol 9ol o0 o 2 g

Ao]

_4.] 7H-,—7} EL_,_i 7%40) z715re ﬁdg 2 o},
231719} Yo et FAE LS dai A%
& 58 4L ML FAFIGT} B Ro] §1
7] ol Euim Aguhae] uto]az Aujz o)
geloz o EA717] Yajas A

-‘:H«l e 2 A7) I A
2 AARHE o) AL A

&)

>r>401ﬂ—°r‘ir£

ST
m>~
S N
n[m

d

o

(1) Klippel, W., 2000, Diagnosis and Remedy of
Nonlinearities in Electrodynamical Transducers,
Presented at the 109" Convention of the Audio
Engineering Society, Los Angeles, September 2225,
preprint 5261.

(2) Oh, S. J., 2006, “Studying Acoustical Properties
of Micro-Speaker as a Function of Diaphragm
material,” Transactions of the Acoustical Society
of Korea, Vol. 25, No. 15, pp. 222~228.

(3) Oh, S. J. and Esther, E., 2007, “Analysis of the

131

4

©)

(©)

™)

(®)

©)

Relation Between Micro-Speaker with the Back
Holes and the Ducted Speaker-System,” Transactions
of the Acoustical Society of Korea, Vol. 26, No.
3, pp. 115~122.

Oh, S. J, 2006, “Studying the Acoustic Tmpedance
as a Function of Hole Area of Grille for Micro-
Speaker,” Transactions of the Acoustical Society
of Korea, Vol. 23, No. 3, pp. 101~106.

Hong, D. K, Woo, B. C, Kim, D. Y. and
Ahn, C. W. 2005, “A Study on the Shape
Design of Micro Speaker Diaphragm,” Transactions
of the Korean Society for Noise and Vibration
Engineering, Vol. 15, No. 7, pp. 775~780.

Park, S. T., 2004, “Hybrid Computational Analysis
of Microspeaker for Mobile Phone,” Acoustical
Society of Korea, Conference, Vol. 23, No. 2(s),
pp. 495~498.

Park, S. T., 2007,

Estimation for Pseudo Loudspeaker within 10mm

“Thiele Small Parameters

Transactions
of the Korean Society for Noise and Vibration
Engineering, Vol. 17, No. 11, pp. 1112~1118.

Kim, J. H.,, Kim, J. T., Kim, J. O. and Kim, J.
K., 1997, “Acoustic Characteristics of a Loudspeaker
obtained by Vibration and Acoustic Analysis,”

Grade Circular-type Microspeaker,”

Transactions of the Korean Society of Mechanical
Engineers, Vol. 21, No. 10, pp. 1742~1756.
Tadao, S., 2008, Speaker, Diaphragm for Speaker
and Suspension, Patent Application Number KR-10-
2008-7006547.



