PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

HO04R 25/00 Al

(11) International Publication Number:

(43) International Publication Date:

WO 98/35530

13 August 1998 (13.08.98)

(21) International Application Number: PCT/US98/02347

(22) International Filing Date: 6 February 1998 (06.02.98)

(30) Priority Data:

60/037,694 [S

7 February 1997 (07.02.97)

(71) Applicant (for all designated States except US): KNOWLES
ELECTRONICS, INC. [US/US]; 1151 Maplewood Drive,
Itasca, IL 60143 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): RING, Eugene, M. [US/US];
835 Judson Avenue, No. 302, Evanston, IL 60202 (US).

(74) Agents: MORNEAULT, Monique, A. et al; Wallenstein &
Wagner, Ltd., 311 South Wacker Drive — 5300, Chicago, IL
60606 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, F], GB, GE,
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ,
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW,
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI,
CM, GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: MICROPHONE WITH MODIFIED HIGH-FREQUENCY RESPONSE

(587) Abstract

A microphone having a reduced high frequency response
is disclosed. The microphone comprises a housing (12), a
diaphragm defining a front cavity and a back cavity, and an
inlet port (20) acoustically communicating to the front cavity.
The inlet port and front cavity cooperatively form an input
sound path. A slot (18) is disposed in the input sound path
for increasing the effective inertance and resistance to sound
presented to the inlet port. According to one embodiment, the
inlet port (20) includes an inlet tube (16), and the slot (18)
is disposed within the inlet tube (16). According to another
embodiment, the slot (18) is formed in the front cavity.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
ClI
CM
CN
Cu
Ccz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céte d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TJ
™
TR
T
UA
UG
us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




20

“WO 98/35530 PCT/US98/02347

MICROPHONE WITH MODIFIED HIGH-FREQUENCY RESPONSE

DESCRIPTION

Technical Field

The present invention relates to a microphone for a hearing aid
having a modified high frequency response, such as to eliminate possible high
frequency oscillations when coupled to a hearing aid receiver.

Background of the Invention

A hearing aid typically comprises a microphone and a receiver. The
microphone receives sound and converts the received sound to an electrical signal.
The receiver takes the electrical signal and converts it to sound. An amplifier is
typically disposed between the microphone and the receiver.

As a result of various factors, including the inertance of air within
the microphone, conventional miniature microphones have a response curve having a
peak generally around 5.5 - 7 kHz. In fact, typically the smaller the microphone, the
higher the peak frequency. Similarly, conventional receivers also have a response
having multiple peaks. When one of these microphones is coupled to one of these
receivers, the resulting closed loop gain can result in high frequency oscillations, due
to feedback consisting of sound leaking back from the receiver to the microphone.
This feedback is quite undesirable, and often results in a significant number of hearing
aids being returned.

It is known that by increasing the inertance presented to sound
entering the microphone, the frequency of the peak response of the microphone can be
reduced to a frequency which will eliminate this feedback. While this would reduce

the high frequency performance of the hearing aid, hearing aid manufacturers have

SUBSTITUTE SHEET (RULE 26)
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indicated a willingness to accept the reduction as a tradeoff for reduced high frequency
oscillations, or feedback.

Holesha, U.S. Patent No. 5,319,717, discloses a method of adding
inertance to lower the peak frequency by disposing a C-shaped shim within the input
chamber to form an elongated sound path. The elongated sound path increases the
effective inertance of the input chamber to thereby lower the frequency of the peak
response of the microphone to a frequency lower than the frequency of the peak
response of a conventional receiver coupled thereto to eliminate high frequency
oscillations. Holesha, however, was found not to be effective because it caused
environmental failures due to diaphragm collapse, as a result of the close proximity of
the shim to the diaphragm and because the peak damping produced was difficult to
control.

In the past, screens have been placed in the inlet tube of microphones to
increase the resistance and, hence, dampen the response peak of the microphones.
However, these have tended to facilitate clogging of the tubes.

An elongated inlet tube extending from an inlet port has been found
to have the effect of increasing the inertance presented to the air as it travels to the
diaphragm, thereby lowering the frequency of the peak response of the microphone.
The diameter of a generally cylindrical inlet tube may be modified to adjust the peak
frequency. Reducing the diameter of the inlet port will decrease the peak frequency.
Reducing the diameter of the inlet port will also increase the damping, however, the
increase in the damping may not be adequate because the damping and the peak
frequency are not independently adjustable. As shown by simplified equations below,
where |, represents the length of the tube, r represents the radius of the tube, 1,

represents the viscosity of air, and p, represents the density of air, both the damping
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resistance of the port, R, and the inertance of the port, L., are controlled by the

length of the tube and a power of its radius, as follows:

R1ube =8 Mo = —=====
5 nrt
4 I,
Ltubc =Pt
3 s
10 A slot to increase the inertance presented to air entering the

microphone can also be formed by lowering the diaphragm to decrease the height of
the microphone’s front cavity. The cross-sectional area and depth of the front cavity
control the inertance and the resistance the front cavity, as described by the simplified
equations below.
15 Summary of the Invention
It is an object of the invention to provide a microphone having a
reduced high frequency response without the need for a screen in the inlet tube. In
accordance with the invention, the microphone comprises a housing, a diaphragm
defining a front cavity and a back cavity, and an inlet port acoustically communicating
20 to the front cavity. The inlet port and front cavity cooperatively form an input sound
path. A slot is disposed in the input sound path for increasing the effective inertance
to sound presented to the inlet port.
According to one embodiment, it is contemplated that the inlet port

includes an inlet tube, and the slot is disposed within the inlet tube.
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According to another embodiment, the slot is formed in the front
cavity.
Other advantages and aspects of the present invention will become
apparent upon reading the following description of the drawings and detailed
5 description of the invention.

Brief Description of the Drawings

FIG. 1 is a perspective view of a microphone in accordance with a
first embodiment of the present invention.
FIG. 2 is a side view of the microphone of FIG. 1;
10 FIG. 3 is a cross-sectional side view of the microphone of FIG. 1,
and,
FIG. 4 is a cross-sectional side view of a microphone in accordance
with a second embodiment of the invention.

Detailed Description

15 While this invention is susceptible of embodiment in many different forms,
there is shown in the drawings and will herein be described in detail preferred
embodiments of the invention with the understanding that the present disclosure 1s to
be considered as an exemplification of the principles of the invention and is not
intended to limit the broad aspect of the invention to the embodiments illustrated.

20 Referring to Figures 1-3, the structure of the microphone assembly

10 of the first embodiment of the present invention comprises a case or housing 12
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which, in the embodiment shown, is generally square in shape and has depending wallis
14. A diaphragm 15 is disposed within the housing 12, defining a front cavity ‘f* and a
back cavity ‘b’ (FIG. 3).

An inlet tube 16 extends outwardly from one of the depending walls
14 for receiving sound. Sound entering the microphone through the inlet tube 16
passes through a slot 18 in a structure 22, before entering the front cavity. The slot 18
is used to modify the inlet tube 16, and is disposed within the inlet tube 16.

Optionally, an aluminum shim stock, which is encapsulated in epoxy to form the
structure 22, can be placed within the inlet port 20 and the slot 18 formed when the
aluminum is etched out. Preferably, the structure could be formed by injection
molding.

The microphone assembly 10 has a modified high frequency
response wherein the frequency of the peak response of the microphone assembly 10 is
reduced to a frequency lower than the frequency of the peak response of a receiver to
which the microphone assembly 10 is ultimately connected. With the slot 18, the peak
frequency and the damping may be adjusted independently as shown by the equations
below where w represents the width of the slot, t represents the thickness of the slot,

R, represents the damping resistance of the slot, and L, represents the inertance of

slot

the port.

SUBSTITUTE SHEET (RULE 26)



20

‘WO 98/35530 PCT/US98/02347

As shown above, both the inertance and resistance are proportional
to |, and inversely proportional to w, but the inertance is inversely proportional to t
while the resistance is inversely proportional to t*. Thus, by changing the thickness
while holding the area constant, the damping may be adjusted without changing the
peak frequency, or vice versa.

In the first embodiment, the preferred dimensions are as follows.

t = .004 inches;

w =.059 inches; and

[, = .060 inches.

A second embodiment of the present invention is illustrated in
Figure 4. According to the second embodiment, the structure of the microphone
assembly 10' comprises a case or housing 12' which, in the embodiment shown, is also
generally square in shape and has depending vyalls 14'. A diaphragm 15'is disposed
within the housing 12', defining a front cavity ‘f” and a back cavity ‘b’.

An inlet tube 16' extends outwardly from one of the depending
walls 14' for receiving sound. Sound enters the microphone 10' via the inlet tube 16'
and proceeds into the front cavity. The front cavity has a thickness ‘t’, a width ‘w’

(not shown) and a depth ‘d’. According to this embodiment, the diaphragm has been
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lowered to reduce the thickness ‘t’, to thereby cause the front cavity to perform
acoustically as a slot 18"

The microphone assembly 10" accordingly also has a modified high
frequency response wherein the frequency of the peak response of the microphone
assembly 10" is reduced to a frequency lower than the frequency of the peak response
of a receiver to which the microphone assembly 10 is ultimately connected. With the
slot 18, the peak frequency and the damping may be adjusted independently.

The inertance and resistance are described by the equations for L,
and R, described above. In the preferred embodiment, the thickness t of an
otherwise conventional Knowles EM-4046 microphone, available from Knowles
Electronics, Inc., of Itasca, Illinois, US, the assignee of this patent application, has
been reduced from 0.007" to 0.004". Utilizing these dimensions, the following results

were obtained.

Comparison of Modeled Parameters for
EM-4046 Modified Equivalent
Screen Damped Modified Equivalent
EM-4046
Description of Parameter Parameter % re Total Parameter % re Total

Total Inertance (gm/cm™4) 0.132 0.189
Slot Inertance (gm/cm”4) 0.065 49% 0.122 65%
Port Inertance (gm/cm’4) 0.045 34% 0.045 24%
Motor Inertance (gm/cm™4) 0.022 17% 0.022 12%
Total Resistance (ohms) 2080 2630
Slot Resistance (ohms) 875 42% 2200 84%

SUBSTITUTE SHEET (RULE 26)
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8
Port Resistance (ohms) 783 38% 0 0%
Motor Resistance (ohms) 430 21% 430 16%
peak frequency (Hz) 5500 4570
delta peak (dB) 7.1 6.5

While the specific embodiments have been illustrated and described,
numerous modifications come to mind without significantly departing from the spirit of
the invention and the scope of protection is only limited by the scope of the

accompanying Claims.
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CLAIMS
[ CLAIM:
1. A microphone having a reduced high frequency response
comprising:
a housing;

a diaphragm defining a front cavity and a back cavity;
an inlet port acoustically communicating to said front cavity, said
inlet port and front cavity cooperatively forming in input sound path; and,
a slot disposed in said input sound path for increasing the effective
inertance and resistance to sound presented to said inlet port.
2. The microphone of claim 1 wherein said inlet port includes an inlet
tube, and said slot is disposed within said inlet tube.
3. The microphone of claim 1 wherein said slot is formed in said front

cavity.
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