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1
METHOD FOR PARAMETER
IDENTIFICATION AND PARAMETER
OPTIMIZATION OF MICROSPEAKERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns a method for parameter
identification and parameter optimization of a speaker, in
particular a method for parameter identification and param-
eter optimization of a microspeaker.

2. Description of the Related Art

Micro speakers have been extensively used in electronic
products recently as important components in mobile phones,
digital cameras, personal digital assistants and MPEG?3 dis-
play devices. In order to achieve the best performance and the
minimum harmonic distortion of microspeakers, it is neces-
sary to estimate relevant electroacoustic parameters thereof.

Speaker parameters refer to the physical properties which
affect the performance of a speaker mechanically and acous-
tically such as the resonance frequency, frequency response,
mechanical system quality factor and electrical system qual-
ity factor. However, conventional parameter identification
tools for the electroacoustic system of speakers, such as the
procedure proposed by R. H. Small in “Closed-Box Loud-
speaker Systems Part 1: Analysis”, Journal of the Audio Engi-
neering Society, 1972, can only apply to large-size speakers.
When the conventional parameter identification tools are
applied to a microspeaker, the results will be incorrect
because the volume of the microspeaker is too small to per-
form a precise measurement. Currently, the technology of
microspeakers focuses on the fields of the design, assem-
blage, and impedance measurement, and appropriate system
and method for the evaluation and analysis of microspeakers
have not appeared yet.

Accordingly, the present invention proposes a method for
parameter identification and parameter optimization of elec-
troacoustic systems of microspeakers.

SUMMARY OF THE INVENTION

To attain the advantages of the present method and over-
come the disadvantages of the conventional method in accor-
dance with the purpose of the invention as embodied and
broadly described herein, the present invention provides a
means for parameter identification of microspeakers. Mea-
surement procedures are required to identify the electrome-
chanical constants of the microspeaker under test.

Another objective of the present invention is to provide a
method for parameter optimization of microspeakers with the
aid of an optimization algorithm. An optimal parameter
design of a micro speaker under limiting conditions can be
obtained to achieve the best acoustic performance and mini-
mum harmonic distortion.

In the present invention, an external circuit serves as the
front-end to measure the impedance frequency response of
the microspeaker. The front-end comprising a passive circuit
and a signal analyzer is capable of measuring the impedance
frequency response of the microspeaker as a dedicated
impedance analyzer.

To achieve the abovementioned objective, the present
invention proposes a method for parameter identification of a
microspeaker, wherein firstly, the impedance frequency
response of a microspeaker is measured; next, the micros-
peaker is placed inside a test box to measure its impedance
frequency response; next, a first simulation circuit is used to
simulate the peak value of the impedance frequency response
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2

curve, and a second simulation circuit is used to simulate the
peak value of the inside-test box impedance frequency
response curve; then, the transfer functions of the first simu-
lation circuit and the second simulation circuit are calculated
to obtain the parameters of the microspeaker.

In the measurement of impedance frequency response, a
voltage is input into a passive circuit, which comprises the
microspeaker and a load with known impedance, and then,
the voltage and the obtained voltage drop over the load are
input to a signal analyzer to calculate the impedance fre-
quency response of the microspeaker.

In the microspeaker parameter optimization of the present
invention, parameter identification is performed for at least
one micro speaker firstly; next, a target parameter and at least
one limit parameter that is used as a limiting condition, are
selected from parameters; then, the target parameter is opti-
mized under the limiting condition with an optimization algo-
rithm.

These and other objectives of the present invention will
become obvious to those of ordinary skill in the art after
reading the following detailed description of preferred
embodiments.

It is understood that both the foregoing general description
and the following detailed description are exemplary, and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention. In
the drawings:

FIG. 1 is a diagram showing an impedance frequency
response measurement device according to one embodiment
of the present invention.

FIG. 2 is a diagram showing a test box according to the
present invention.

FIG. 3 is a flowchart of the method for parameter identifi-
cation and parameter optimization according to the present
invention.

FIG. 4 is a diagram showing the results of measuring the
impedance frequency response of a microspeaker respec-
tively disposed inside and outside a test box.

FIG. 5 is a diagram showing the axial sound pressure
frequency response functions before and after the parameter
optimization of the axial sound pressure sensitivity of a
microspeaker.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

The present invention utilizes a front-end device to mea-
sure the impedance frequency response ofa microspeaker and
utilizes a test-box method to obtain the impedance curve of
the microspeaker. The electromechanical parameters of the
microspeaker are calculated according to the impedance
curve. After the electromechanical parameters have been
identified, the performances of the microspeaker are evalu-
ated, including: sound-pressure sensitivity, efficiency, total
harmonic distortion, and inter-modulation distortion. Then,
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the analysis and design for optimizing the electromechanical
parameters of the microspeaker are undertaken to obtain the
best output performance of the microspeaker.

Refer to FIG. 1 a diagram showing an impedance fre-
quency response measurement device according to one
embodiment of the present invention. In this embodiment, a
signal generator 10, a microspeaker 12 and a load 14 with a
known impedance form a measurement circuit, and a resistor
is used as the load herein. The signal generator 10 outputs an
alternating voltage e., one branch of the positive pole of the
signal generator 10 is connected to a signal analyzer 16, such
as a first channel ch1 of the spectrum analyzer; via the resistor
14, the other branch of the positive pole of the signal genera-
tor 10 is connected to the microspeaker 12; and the negative
pole of the signal generator 10 is also connected to micros-
peaker 12. When a current flows through the resistor 14, there
is a voltage drop e occurring, and thus, the voltage over the
microspeaker 12 is e,—e. Therefore, once the voltage drop
over the resistor 14 is obtained and input into the signal
analyzer 16 via a second channel ch2 thereof, the signal
analyzer 16 can calculate the impedance frequency response
7. of the microspeaker 12 according to the equation

wherein H(f) is the impedance frequency response of the
resistor 14, and R is the impedance of the resistor 14.

After the impedance frequency response of the micros-
peaker has been obtained, the parameters of the microspeaker
can be measured. Limited by the size of the microspeaker, the
parameter identification is undertaken with a test-box method
in the present invention, as shown in FIG. 2. The test box must
be an airtight chamber, and no air leakage is permitted. Refer
to FIG. 3 a flowchart of the parameter identification and
parameter optimization process according to the present
invention. In Step 10, the microspeaker is respectively dis-
posed inside and outside the test box, and the measurement
device shown in FIG. 1 is used to measure the inside-test box
impedance frequency response and the outside-test box
impedance frequency response respectively. The results are
shown in FIG. 4, and the red curve represents the outside-test
box impedance frequency response curve of the micros-
peaker, and the blue curve represents the inside-test box
impedance frequency response curve of the microspeaker.

Next, the process proceeds to Step 12. A first simulation
circuit, which comprises a resistor, an inductor and a capaci-
tor, is used to simulate the peak value of the outside-test box
impedance frequency response curve of the microspeaker. A
second simulation circuit, which also comprises a resistor, an
inductor and a capacitor, is used to simulate the peak value of
the inside-test box impedance frequency response curve of
the microspeaker. The objective of the abovementioned simu-
lation is to utilize a curve-fitting method to identify the
mechanical system quality factor Q,,s and the closed-box
system electrical quality factor Q.. The simulation steps
comprise selecting appropriate resistance R, inductance M,
and capacitance C so that the peak value of the frequency
response curve of the first simulation circuit comprising said
resistor, said inductor and said capacitor is the same as the
peak value of the outside-test box impedance frequency
response curve of the microspeaker; comparing the coeffi-
cients of the second order transfer function
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JoM + R+ —
JjoC

of the inductor, resistor and capacitor with

1
24 2Wwgs + w2’

the resonance frequency wg and the mechanical system qual-
ity factor Q,,. of the microspeaker are then identified by
utilizing Equation (1) to (3), as shown in Step 14, wherein
Equations (1) to (3) are respectively expressed by:

ws =2xf; (1)
1 ()]

Ows = 3
3

i R
Ors :QMS'R_ES)

Similarly, the inside-test box resonance frequency f_ofthe
microspeaker and the closed-box system electrical quality
factor Q. are obtained via comparing the coefficients of the
second order transfer function of the second simulation cir-
cuit. After the closed-box system electrical quality factor Q.
and the mechanical system quality factor Q,,. have been
identified, the equivalent volume of the microspeaker can be
calculated via the equation

wherein V; is the volume of the test box. The mechanical
mass of the vibrating diaphragm M,,,,, the mass of the
mechanical system of the vibrating diaphragm and air load
M, and the mechanical compliance of the vibrating dia-
phragm suspension C, . can be identified with Equations (4)
to (6), which are expressed by:

Vas @
Cys = ——
MS oS

1 (5)
Muys = —5———
wiCys

Mup = Mys - 2M; (6)

wherein p,, is the air density; S, is the effective area of the
vibrating diaphragm; M, is the low-frequency air load imped-
ance. The mechanical resistance of the vibrating diaphragm
R, s and the motor constant Bl can be obtained with Equa-
tions (7) and (8), which are respectively expressed by:

LQSA'VIMS

Quss

Ruys =
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-continued
ReM
Bl = \/ wy RpMys

8
h Qrs

The other important parameters, such as the acoustic com-
pliance of vibrating diaphragm suspension C 4, the acoustic
mass of the vibrating diaphragm and air load M ¢, the acous-
tic resistance of suspension loss R . the capacitance driving
the total displacement mass C, ., the inductance driving the
mechanical compliance L, the acoustic resistance of sus-
pension loss and electrical loss R, the total mechanical
resistance of suspension loss and electrical loss R, ,, and the
mechanical mass of the vibrating diaphragm M, are
respectively identified by:

Cas = 55Cus ©)
Mas = % 10
Cuygs = % 42

Legs = BPCys (13)

RAT=RAE+RAS (14)

Ryr = Rar +5% (15)

Muyp = My — 255 M 4 (16)

wherein R . 1s the acoustic resistance of electrical loss, and
M, is the acoustic mass. The equivalent coil resistance and the
equivalent coil inductance of the speaker can be identified
with the following equations:

Zg(jw) ~ (ju)'Lg an

b bl
costnr/2) 1 sin(nz/2)

:R’E:[

The values of nand I, can be worked out with the measured
value Z - and the following equation:

Zg =Zyc - Rg (18)
L rlmZg)y  InlZp] - 1n|Zy] 73
n= —tan [ ] =L =—
90 Re(Zg) Inw, — lnw, W

The calculation of the abovementioned parameters can be
implemented with software having calculation function, such
as Matlab GUI. After the outside-test box impedance
response frequency of the microspeaker, the inside-test box
impedance response frequency of the microspeaker and the
size of the test box have been input, Matlab can automatically
calculate the values of the abovementioned parameters.
Therefore, the parameter identification method of the present
invention can be presented in the form of a computer pro-
gram.

Further, the present invention proposes an optimization
method for the parameters of microspeakers. Since micros-
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6

peakers are limited in volume and thickness, and the elements
ofa microspeaker are separately fabricated before assembled,
itis hard to ensure that the elements are perfect matching, and
the acoustic volume and quality of the microspeaker is hard to
achieve the best performance. Thus, an optimization method
is needed to fully achieve the designed performance of
microspeakers. In the optimization method of the present
invention, a target parameter and a limit parameter (used as a
limiting condition) are selected from parameters; under the
limiting condition, an optimization algorithm is used to per-
form optimization and find the maximum or minimum of the
target parameter, as shown in Step 16. For example, when the
target parameter is the axial sound pressure sensitivity
Deons.» it is the value of the sound pressure sensitivity at the
axial distance of 1 meter and under an input voltage e =1
V... The limiting condition may be the displacement of the
vibrating diaphragm, the density of magnetic flux, the acous-
tic compliance, the resonance frequency, etc. The aim of the
optimization is to obtain the maximum sound pressure sen-
sitivity.

Refer to FIG. 5 for the comparison between the frequency
response functions of axial sound pressure before and after
the parameter optimization, wherein the red curve is the mea-
surement result of the frequency response functions of axial
sound pressure after the parameter optimization, and the blue
curve is the simulation result of the frequency response func-
tions of axial sound pressure without the parameter optimi-
zation, and the black curve is the measurement result of the
frequency response functions of axial sound pressure without
the parameter optimization. In the parameter optimization, a
Sequential Quadratic Programming method is used to opti-
mize the sensitivity of axial sound pressure; the impedance of
the microspeaker, the velocity of the vibrating diaphragm and
the frequency response function of axial sound pressure are
respectively obtained with the following equations:

(L] Qus)(s/ ws)
(5/ ) +(1/ Qus)(s fws) + 1

19

Zyc(s) = Ry + LgSORE + Rgs

un = S8 Rar {1/ @ro)s /) 20)
D7 UBE Rar (5] @ P + (1] Qrs)is/wg) + 1

Bl 2 21

plr=1m) = Al ol (s/ @) e

2w SpREMis (5] ws)? + (1] Qrs )5 fws) + 1

wherein R ,;=R ,-+R ;.. It can be observed from FIG. 5 that
the frequency response curve after the parameter optimiza-
tion is smoother, i.e. the acoustic balance and the sensitivity
of axial sound pressure of the microspeaker are better.

In summary, the present invention provides a method of
utilizing an external electronic circuit to measure the imped-
ance frequency response of a microspeaker. The simple exter-
nal electronic circuit serves as the front-end and replaces the
conventional impedance analyzer. Further, the present inven-
tion proposes a method for parameter identification of a
microspeaker, wherein the parameters of a microspeaker are
identified via measurement procedures for identifying elec-
tromechanical constants. After the parameters of the micros-
peaker have been calculated, the optimal parameter design
can be obtained so that the microspeaker can achieve the best
acoustic performance with minimum harmonic distortion.

Those embodiments described above are to clarify the
present invention to enable the person skilled in the art to
understand, make and use the present invention. However, it
is notintended to limit the scope of the present invention. Any
equivalent modification and variation according to the spirit
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of the present invention is to be also included within the
claims of the present invention stated below.

What is claimed is:

1. Amethod for parameter identification of a microspeaker,
comprising the following steps:

measuring the impedance frequency response of said

microspeaker without a test box;

measuring the impedance frequency response of said

microspeaker placed inside said test box;

utilizing a first simulation circuit to simulate the peak value

of the impedance frequency response curve of said
microspeaker without the test box, and utilizing a second
simulation circuit to simulate the peak value of the
impedance frequency response curve of said micros-
peaker placed inside said test box; and

obtaining the parameters of said microspeaker via calcu-

lating the transfer functions of said first simulation cir-
cuit and said second simulation circuit.

2. The method for parameter identification of a micros-
peaker according to claim 1, wherein measuring the said
impedance frequency response of said microspeaker further
comprises the following steps:

inputting a voltage to a circuit comprising said micros-

peaker and a load with a known impedance;
connecting said voltage to a signal analyzer;

obtaining the voltage drop over said load, and inputting

said voltage drop to said signal analyzer; and

utilizing said signal analyzer to calculate the impedance

frequency response of said microspeaker.

3. The method for parameter identification of a micros-
peaker according to claim 2, wherein one pole of said voltage
is connected to said microspeaker, and the other pole of said
voltage is connected to said microspeaker via said load.

4. The method for parameter identification of a micros-
peaker according to claim 2, wherein said voltage is an alter-
nating signal output by a signal generator.

5. The method for parameter identification of a micros-
peaker according to claim 2, wherein said load is a resistance.

6. The method for parameter identification of a micros-
peaker according to claim 2, wherein said impedance fre-
quency response is calculated with the equation:

and 7 is said impedance frequency response, H(f) is the
impedance frequency response of said load, R is the imped-
ance of said load, e, is said voltage, and e is said voltage drop
over said load.

7. The method for parameter identification of a micros-
peaker according to claim 2, wherein said signal analyzeris a
spectrum analyzer.

8. The method for parameter identification of a micros-
peaker according to claim 7, wherein said voltage is con-
nected to a first channel of said spectrum analyzer, and said
voltage drop over said load is connected to a second channel
of said spectrum analyzer.

9. The method for parameter identification of a micros-
peaker according to claim 1, wherein said test box is an
airtight chamber.

10. The method for parameter identification of a micros-
peaker according to claim 1, wherein said simulation circuit
comprises a resistor, an inductor and a capacitor.

11. The method for parameter identification of a micros-
peaker according to claim 1, wherein simulating said peak
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8

value of the impedance frequency response curve is selecting
appropriate values for elements of said simulation circuit so
that the peak value of the frequency response curve of said
simulation circuit is the same as the peak value of said imped-
ance frequency response curve.

12. The method for parameter identification of a micros-
peaker according to claim 1, wherein said transfer function is
a second-order transfer function.

13. The method for parameter identification of a micros-
peaker according to claim 1, wherein said parameters include
resonance frequency, mechanical system quality factor, elec-
trical system quality factor, resonance frequency of said
microspeaker placed inside said test box, mechanical system
quality factor of said microspeaker placed inside said test
box, electrical system quality factor of said microspeaker
placed inside said test box, mechanical-system mass, compli-
ance, mechanical resistance, motor constant, acoustic resis-
tance, acoustic mass, equivalent coil resistance, and equiva-
lent coil inductance.

14. The method for parameter identification of a micros-
peaker according to claim 13, wherein said resonance fre-
quency and said mechanical system quality factor are
obtained from the coefficients of said transfer function.

15. The method for parameter identification of a micros-
peaker according to claim 13, wherein said electrical system
quality factor is calculated from said mechanical system qual-
ity factor.

16. The method for parameter identification of a micros-
peaker according to claim 13, wherein said mechanical-sys-
tem mass, said compliance, said mechanical resistance, said
motor constant, said acoustic resistance, said acoustic mass,
said equivalent coil resistance, and said equivalent coil induc-
tance are calculated from said electrical system quality factor
and said electrical system quality factor of said microspeaker
placed inside said test box.

17. The method for parameter identification of a micros-
peaker according to claim 1, further comprising a parameter
optimization process, which utilizes an optimization algo-
rithm to optimize a target parameter.

18. The method for parameter identification of a micros-
peaker according to claim 17, wherein said optimization algo-
rithm utilizes a Sequential Quadratic Programming method.

19. The method for parameter identification of a micros-
peaker according to claim 17, wherein said target parameter
may be an axial sound pressure sensitivity, which is the value
of the sound pressure sensitivity at the axial distance of 1
meter and under the voltage of 1V .

20. A method for parameter optimization of a micros-
peaker, comprising the following step:

performing parameter identification of at least one micros-

peaker; and
selecting a target parameter and at least a limit parameter,
which is used as a limiting condition, from said param-
eters; said target parameter being optimized with an
optimization algorithm under said limiting condition;

wherein said parameter identification further comprising
the following steps:

measuring the impedance frequency response of said

microspeaker without a test box;

measuring the impedance frequency response of said

microspeaker placed inside said test box;

utilizing a first simulation circuit to simulate the peak value

of the impedance frequency response curve of said
microspeaker without the test box, and utilizing a second
simulation circuit to simulate the peak value of the
impedance frequency response curve of said micros-
peaker placed inside said test box; and
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obtaining the parameters of said microspeaker via calcu-
lating the transfer functions of said first simulation cir-
cuit and said second simulation circuit.

21. The method for parameter optimization of a micros-
peaker according to claim 20, wherein said optimization algo-
rithm utilizes a Sequential Quadratic Programming method.

22. The method for parameter optimization of a micros-
peaker according to claim 20, wherein said target parameter
may be an axial sound pressure sensitivity, which is the value
of the sound pressure sensitivity at the axial distance of 1
meter and under the voltage of 1V .

23. The method for parameter optimization of a micros-
peaker according to claim 20, wherein said limit parameter
may be vibrating diaphragm displacement, magnetic flux
density, acoustic compliance or resonance frequency.

24. The method for parameter optimization of a micros-
peaker according to claim 20, wherein measuring said imped-
ance frequency response of said microspeaker further com-
prises the following steps:

inputting a voltage to a circuit comprising said micros-

peaker and a load with a known impedance;
connecting said voltage to a signal analyzer;

obtaining the voltage drop over said load, and inputting

said voltage drop to said signal analyzer; and

utilizing said signal analyzer to calculate the impedance

frequency response of said microspeaker.

25. The method for parameter optimization of a micros-
peaker according to claim 24, wherein one pole of said volt-
age is connected to said microspeaker, and the other pole of
said voltage is connected to said microspeaker via said load.

26. The method for parameter optimization of a micros-
peaker according to claim 24, wherein said voltage is an
alternating signal output by a signal generator.

27. The method for parameter optimization of a micros-
peaker according to claim 24, wherein said load is a resis-
tance.

28. The method for parameter optimization of a micros-
peaker according to claim 24, wherein said impedance fre-
quency response is calculated with the equation:

es—e 1

Z:RT:R(W_IJ’

and 7 is said impedance frequency response, H(f) is the
impedance frequency response of said load, R is the imped-
ance of said load, e, is said voltage, and e is said voltage drop
over said load.

29. The method for parameter optimization of a micros-
peaker according to claim 24, wherein said signal analyzer is
a spectrum analyzer.

30. The method for parameter optimization of a micros-
peaker according to claim 29, wherein said voltage is con-
nected to a first channel of said spectrum analyzer, and said
voltage drop over said load is connected to a second channel
of said spectrum analyzer.

31. The method for parameter optimization of a micros-
peaker according to claim 20, wherein said test box is an
airtight chamber.

32. The method for parameter optimization of a micros-
peaker according to claim 20, wherein said simulation circuit
comprises a resistor, an inductor and a capacitor.

33. The method for parameter optimization of a micros-
peaker according to claim 20, wherein simulating said peak
value of said impedance frequency response curve is select-
ing appropriate values for elements of said simulation circuit
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so that the peak value of the frequency response curve of said
simulation circuit is the same as the peak value of said imped-
ance frequency response curve.

34. The method for parameter optimization of a micros-
peaker according to claim 20, wherein said transfer function
is a second-order transfer function.

35. The method for parameter optimization of a micros-
peaker according to claim 20, wherein said parameters
include resonance frequency, mechanical system quality fac-
tor, electrical system quality factor, resonance frequency of
said microspeaker placed inside said test box, mechanical
system quality factor of said microspeaker placed inside said
test box, electrical system quality factor of said microspeaker
placed inside said test box, mechanical-system mass, compli-
ance, mechanical resistance, motor constant, acoustic resis-
tance, acoustic mass, equivalent coil resistance, and equiva-
lent coil inductance.

36. The method for parameter optimization of a micros-
peaker according to claim 35, wherein said resonance fre-
quency and said mechanical system quality factor are
obtained from the coefficients of said transfer function.

37. The method for parameter optimization of a micros-
peaker according to claim 35, wherein said electrical system
quality factor is calculated from said mechanical system qual-
ity factor.

38. The method for parameter optimization of a micros-
peaker according to claim 35, wherein said mechanical-sys-
tem mass, said compliance, said mechanical resistance, said
motor constant, said acoustic resistance, said acoustic mass,
said equivalent coil resistance, and said equivalent coil induc-
tance are calculated from said electrical system quality factor
and said electrical system quality factor of said microspeaker
placed inside said test box.

39. A method for measuring impedance frequency
response of a microspeaker, comprising the following steps:

inputting a voltage to a circuit comprising said micros-

peaker and a load with a known impedance;
connecting said voltage to a signal analyzer;

obtaining the voltage drop over said load, and inputting

said voltage drop to said signal analyzer; and

utilizing said voltage drop data inputted to the signal ana-

lyzer to calculate the impedance frequency response of
said microspeaker, wherein one pole of said voltage is
connected directly to said microspeaker, and the other
pole of said voltage is connected to said microspeaker
via said load.

40. The method for measuring impedance frequency
response of a microspeaker according to claim 39, wherein
said voltage is an alternating signal output by a signal gen-
erator.

41. The method for measuring impedance frequency
response of a microspeaker according to claim 39, wherein
said load is a resistance.

42. The method for measuring impedance frequency
response of a microspeaker according to claim 39, wherein
said impedance frequency response is calculated with the
equation:

)

and 7 is said impedance frequency response, H(f) is the
impedance frequency response of said load, R is the imped-
ance of said load, e, is said voltage, and e is said voltage drop
over said load.
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43. The method for measuring impedance frequency said voltage is connected to a first channel of said spectrum
response of a microspeaker according to claim 39, wherein analyzer, and said voltage drop over said load is connected to
said signal analyzer is a spectrum analyzer. a second channel of said spectrum analyzer.

44. The method for measuring impedance frequency
response of a microspeaker according to claim 43, wherein Bk k% %



