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performance variation, notably in the directional char- acteristics of the
microphone assembly. Moreover, it FIELD OF THE INVENTION
has been found that the physical characteristics of the foam do not lend
themselves well to high-volume, This invention relates to a modular
microphone   5   quality manufacturing in both manual and robotic en-
assembly in which preferred directional and frequen-  vironments. This
latter consideration bears, of cy response characteristics are achieved by
the    course, directly on the cost effectiveness of manufac- structural
configuration of the assembly.          turing handsfree telephone
apparatus, the achieve- ment of which is desirable and necessary in either
of BACKGROUND OF THE INVENTION                   10  such manufacturing
environments. The present invention provides a modular micro- Microphones
used in handsfree telephone appa-  phone assemblyfor a handsfree telephone
apparatus ratus commonly utilize an omnidirectional micro-   including a
microphone capsule having predeter- phone capsule in an assembly which,
when installed  mined free-field directional and frequency response In the
apparatus, provides a relatively omnidirectional  15  characteristics
within the voice band, characterized response characteristic. Such a
microphone assem-  by comprising: bly is readily Integrated into the
apparatus since only  a receptacle having a closable cavity open on a
single small opening through a housing of the ap-  one side and defined by
a pair of upstanding side paratus will provide effective acoustic coupling
from  walls spaced apart in substantially parallel relation, a the exterior
of the housing to the capsule installed   20  first reflective surface
comprising a front ramp lead- therein. These microphones, however, are
invariably  Ing downwardly into the cavity, a second reflective afflicted
with an unnatural "barrel" or hollow sound re-  surface comprising a back
ramp leading upwardly out sulting from acoustic reflections and room
reverber-  of the cavity and a central floor bridging the ramps at ation as
well as a bothersome background noise sen-  the bottom of the cavity, and
sitivity common to most handsfree telephone appara-  25  means arranged to
hold the microphone cap- tus.
sule within the cavity in fixed predetermined relation The more common
problems of acoustic and       with the central floor and the front and
back ramps; mechanical coupling between the microphone of a         the
angular disposition of the front ramp being handsfree telephone apparatus
and its immediate   such that the first reflective surface establishes an
environment are described briefly in United States   30  acoustic
reflective path to the microphone capsule Patent 4,528,426 Fatovic et al
which issued July 9,  from a first sound source disposed ahead of the as-
1985. Asolution is disclosed therein whereby adverse  sembly, which path is
longer than a corresponding di- effects from the reflecting surfaces of the
apparatus  rect path from the sound source, and the angular dis- housing
enclosing the microphone are minimized so  position of the back ramp being
such that the second that desired directional properties of the microphone
35  reflective surface reflectively aligns with a longitudi- may be
retained. According to Fatovic et al, the micro-  nal axis of the
microphone capsule the velocity com- phone is Isolated from the housing by
being mounted  ponent of a soundfield produced by a second sound within an
acoustic foam covering. This minimizes the  source disposed behind the
assembly, effects of the microphone housing on the directional    whereby
reflected and direct sound waves characteristics of the microphone capsule,
whereas  40  from the first sound source effect destructive interfer-
mechanical vibration damping is provided by the re-  ence at the microphone
capsule at a predetermined silient nature of the foam covering.
lowest frequency occurring above the voice band to It has been determined,
however, that the use of  prevent loss of high frequency response
therewithin, foam as an isolating material may not resolve the dif-
standing waves generated within the cavity are re- ficulties of the prior
art and under certain circum-  45  duced, and the aligned velocity
component of the stances may even exacerbate existing problems and
soundfield substantially preserves the free-field di- add new ones. For
example, if the resonant frequen-  rectional characteristics of the
microphone capsule. cy of the microphone capsule/foam assembly is too     A
principal advantage of the present invention is high, meaning that it is
within the range of from 300  the provision of a modular microphone
assembly that Hz to 3 kHz, hereinafter referred to as the voice  50
includes a directional microphone capsule mounted band", then the vibration
isolation performance Is ac-  within a cavityof a receptacle having a
predetermined tually worse than it would be in the absence of any re-
configuration which Imparts specific frequency re- silient suspension.
sponse and directional characteristics to the assem- Other problems
attributable to the use offoam for  bly. mounting a directional microphone
within a handsfree   55  Another advantage is the provision of a modular
telephone apparatus relate to quality control. In this  microphone assembly
that significantly reduces both regard, it has been determined that
manufacturing tol-  the "barrel" or hollow sound commonly found in erance
variations in the foam result in a substantial  handsfree telephones and
the sensitivity to back- 2    



3                   EP 0 330 364 B1                4 ground noise that
characterizes handsfree telephone  DESCRIPTION OF THE ILLUSTRATED apparatus
of the prior art.                        EMBODIMENTS Yet another advantage
is the provision of a mod- ular microphone assembly which is consistently
man-   Having regard to the illustrated embodiments of ufacturable with
uniformly reproducible operation   5   the invention and the descriptions
thereof which fol- characteristics.                                  low,
it will be observed that certain structural features Still another
advantage is the provision of a mod-  are common therein. Therefore, in
order that continu- ular microphone assembly that is manufacturable in  ity
of structure may be readily recognized in the va- a precisely defined
configuration well suited to high-  rious embodiments, like numerals are
used to desig- volume quality manufacturing in a robotic fabrication   10
nate like structural features. environment.
Fig. 1 illustrates a handsfree telephone appara- Another advantage is the
provision of a mounting  tus 10 shown in an exploded view to reveal the
posi- assembly which reduces vibration sensitivity of the  tion therewithin
of a modular microphone assembly microphone capsule within the voice band
to a level  11. Thus,. upper and lower telephone housing shells below that
of a rigid mount.                  15  12 and 13, respectively, are shown
separated and the A further advantage of the the invention is im-  position
of the assembly 11 within the closed housing provement of electrostatic
discharge (ESD) immunity  is substantially illustrated. Although not shown
In Fig. of the assembly by protecting the microphone cap-  1, it will be
understood that the assembly 11 is mount- sule from ESD up to a
predetermined voltage level.  ed on an inner surface of the shell 12 in
operable re- 20  lation with a plurality of microphone slots 14 and 15
INTRODUCTION TO THE DRAWINGS                       that admit sound waves
emanating from a user of the apparatus 10. In this regard, the voice of the
user, or The Invention will now be more particularly de-  an artificial
voice for test purposes, may be consid- scribed with reference to
embodiments thereof      ered a primary sound source, referred to herein as
a shown, by way of example, In the accompanying   25  first sound source
disposed ahead of the assembly drawings wherein:
11, which is to say facing the slots 15. Fig. I is a perspective view of an
open handsfree  One of the major difficulties normally encoun- telephone
apparatus showing the location there-  tered in designing a handsfree
telephone apparatus In of one embodiment of a modular microphone   occurs
because of strong acoustical and mechanical assembly in accordance with the
invention;  30  coupling between the loudspeaker and microphone of Fig. 2
is a side elevation view of the modular mi-  the apparatus 10. The
principal problems associated crophone assembly in Fig. 1;
with handsfree telephone apparatus of the prior art Fig. 3 is a top plan
view of Fig. 2;           are related to the following forms of
loudspeaker-mi- Fig. 4 is a cross-sectional view of Fig. 3 taken  crophone
coupling: along the lines A-A;                       35      1.
Transmission of acoustic energyfromthe loud- Fig. 5 is a side elevation
view of another embodi-  speaker to the microphone via a path external to
ment of a modular microphone assembly in ac-       the apparatus 10;
cordance with the invention;                       2. Transmission of
acoustic energy from the loud- Fig. 6 is a top plan view of Fig. 5;
speaker to the microphone via a path internal of Fig. 7 is a
cross-sectional view of Fig. 6 taken  40  the apparatus 10; and along the
lines B-B;                               3. Mechanical conduction of
vibrational energy Fig. 8 is a perspective view of a microphone hold-  from
the loudspeaker to the microphone through er shown in Fig. 1;
the shells 11 and 12. Fig. 9 is a perspective view of a microphone hold-
Such difficulties are prevalent in the prior art but er shown in Fig. 5;
45  are substantially overcome by the assembly 11 which Fig. 10 is a
rearelevation view of an insulative mi-  creates an environment separate
from that of the tel- crophone holder usable in the assembly of Fig. 1;
ephone housing and through which preferred fre- Fig. 11 is a front
elevation view of Fig. 10;  quency response and directional characteristics
for Fig. 12 is a cross-sectional view of Fig. 10 taken  the apparatus 10
are obtained. along the lines C-C;                       50      Having
regard to the embodiment of the assem- Fig. 13 is a cross-sectional view of
Fig. 10 taken  bly 11 shown in Fig. 1, it will be observed thatthe as-
along the lines D-D; and                       sembly comprises a
receptacle 17 having a closable Figs. 14, 15 and 16 are separate groups of
fre-  cavity 18 which is open on one side of the receptacle quency response
curves related to the modular  and is defined by a pair of upstanding side
walls 19 microphone assembly of Fig. 5.             55  and 20, shown
spaced apart in substantially parallel relation, a front ramp 21 leading
downwardly into the cavity, a back ramp 22 leading upwardly out of the
cavity and a central floor 23 which bridges the ramps 3    



5                   EP 0 330 364 B1                  6 at the bottom of the
cavity and forms a floor thereat.  ents. Accordingly, not only will the
assembly 11 pro- Contained within the cavity 18, a directional mi-  tect a
user from the discomfort and annoyance of an crophone capsule 24 is
removably mounted by means   electrostatic discharge but will also protect
sensitive of a compliant holder 25 which is adapted to friction-  circuit
components in the apparatus 10 from damage ally engage a pair of opposed
mounting slots 26 that   5   through such discharge. are each defined by
respective pairs of slotguides 27.  Apart from user benefits, of which only
a few ex- An exploded view of the assembly 11 is illustrated in  amples
have been Identified, the assembly 11 has the order to dearly show a pair
of microphone leads 31  capability of providing consistently good electroa-
which extend from a rearwardly facing surface of the  coustic performance
that is reproducible under  man- microphone and which pass externally of
the cavity  10  ufacturing conditions. Excellent control of manufac- 18
through a pair of corresponding apertures 32 that  turing is thereby
obtained which results in higher form passageways through the back ramp 22.
This     manufacturing yields for the entire apparatus 10 that and a
further embodiment of the assembly 11 will be  reduce manufacturing costs.
Moreover, some of the described in more particular detail in the remarks to
manufacturing precision and environmental protec- follow.
15  tion requirements may be relaxed for the apparatus Although not shown
in Fig. 1, itwill be understood  10 as a whole, since many of these
considerations are that a speaker in the apparatus 10 is mounted on the
now addressed within the assembly 11. inner surface of the shell 12 in
registrywith a plurality  Aside elevation of the assembly 11 is illustrated
of speaker slots 30. In the description that follows, it  in Fig. 2 from
which it will be observed that an edge will be further understood
thattestresults were devel-  20   35 of the various walls that define the
receptacle 17 oped using a secondary sound source, not shown,
circumscribes the cavity 18 in a single plane. The pla- which is disposed
directly behind the assembly 11 at  naredge 35 Is preferred forits
convenience in mount- a reference distance equal to that of the first sound
Ing the receptacle 17 on the aforenoted inner surface, source positioned
ahead of the assembly 11.         not shown, of the shell 12. In this
regard, either a pre- In a free-field environment, the microphone cap-   25
fabricated resilient seal, or an applied liquid seal that sule 24 normally
exhibits cardiold type directional  cures into a resilient form, would be
applied between characteristics and an essentially flat frequency re-  the
edge 35 and the mounting surface to prevent sponse within the voice band.
Although the free-fleld  acoustic energy emanating from the speaker, and
directional characteristics of the microphone capsule  transmitted through
the interior of the telephone 24 approximate those desired in the final
assembly,  30   housing, from leaking Into the cavity 18. Afurther de- an
on-axis frequency response thereof does not. A   scription of such seals is
not warranted since they are design challenge therefore is to alter the
frequency   known to those skilled in the art response while maintaining or
improving the direc-      A particular form ofmounting arrangementforthe
tional characteristics of the microphone capsule 24  assembly 11 is shown
in Figs. 2-4 and will be seen to when installed in the assembly 11 within
the tele-  35  comprise a bracket 36 that is formed integrally with phone
housing. Difficulties in balancing the micro-  the receptacle 17. The
bracket 36 Includes a planar phone parameters, together with the
aforedescribed  mounting surface 37 of a corresponding wall support-
problems associated with the acoustic and mechani-  ed by side walls 38.
Centrally positioned on the sur- cal coupling between the loudspeaker and
micro-   face 37 is an aperture 39 through which suitable fas- phone when
installed in the housing of the apparatus   40  tener means, such as a
sheet metal screw, notshown, 10, are substantially overcome through
attributes Im-  may be inserted to securely attach the receptacle 17 parted
by the assembly 11 and particularly by the pre-  at one end thereof to the
inner surface of the shell 12. cise configuration of the inner surfaces
which define  At the other end of the receptacle 17, a pair of up- the
cavity 18, combined with a specific microphone  standing dips 45 are
adapted to releasably lockwithin mounting arrangement to be described in
the remarks   45   a corresponding pair of apertures, not shown, in the to
follow. The present Invention offers the advantages  shell 12. of high
quality and stability of frequency response, to-  Crucial to the operation
of the invention, as em- gether with predetermined directivity and other
ben-  bodied in the assembly 11, is the angular disposition eficial
acoustic characteristics which are obtained by  of each ramp 21 and 22
together with the disposition integrating the microphone capsule 24 Into
the appa-  50  therebetween of the microphone capsule 24. As re- ratus 10
byway of the embodiments hereinbelow de-   gards the latter, itwill be seen
in Figs. 3 and 4 that the scribed.
microphone capsule 24 is positioned coaxially about The establishment of an
isolated microphone sys-  a longitudinal axis 28 that is disposed laterally
off- tem Is desirable because it provides protection from  centerof the
receptacle 17. Fig. 4 reveals thatthe axis the influences of outside
factors such as physical for-  55    28 is positioned generally centrally
of the receptacle ces of vibration and shock as well as electrostatic dis-
17 in a vertical direction. The purpose of such posi- charge. The last
named influence is perhaps particu-  tioning along the axis 28 is to assure
that sound re- larly significant because of a dual effect that It pres-
flected from the ramp surfaces arrives in an appropri- 4    



7                   EP0330364B1                    8 ate relationship with
direct or non-reflected sound at  In the various response curves
hereinbelow de- the microphone capsule 24 so as to impart predeter-
scribed, the first sound source was used to develop mined acoustic
characteristics hereinbelow descri-  "frontal incidence" frequency response
curves and bed.                                               was intended
to represent the assembly 11 response Two  attributes of the microphone
capsule 24 lo-   5   to a user seated in front of the apparatus. The term
cation relative the ramps 21 and 22 are important to  "frontal incidence"
as used herein means horizontal the operation of the invention. Firstly,
the relationship  alignment of the first sound source with the axis 28
between the front ramp 21 and the microphone cap-  wherein the source has a
vertical displacement to sule 24 is arranged such that some of the sound
orig-  represent a typical relative position with respect to the inating
from the first sound source in front of the as-  io  apparatus 10. sembly
11 will be reflected off the ramp 21. This re-  The second sound source was
used to develop flected sound will combine at the microphone capsule  [err]
frequency response curves and was intended to 24 with the non-reflected
sound in such a way thatthe  indicate the performance of the assembly 11 in
reject- lowest frequency at which destructive interference  ing off-axis
sounds. occurs, due to phase differences arising from path  is  Referring
again to Fig. 14, it will be understood length differentials, will be above
the voice band.  that a curve 44 is a frontal incidence frequency re-
Secondly, the back ramp 22 is positioned with re-  sponse obtained from the
microphone capsule 24 in- spect to the microphone capsule 24 so as to align
the  stalled In the telephone housing when the ramp 21 is velocity
component of the soundfieldfrom the second  set at an angle of [err]  A
similar curve 41 is produced sound source, originating behind the assembly
11,  20  with the ramp set at an angle which isseveral degrees with the
axis 28 of the microphone capsule 24. In ad-  less. Corresponding curves 34
and 33, respectively, dition, the ramp 22 serves to reduce standing waves
show the [err] frequency response characteristics of within the cavity 18.
Since the microphone capsule 24  the microphone capsule 24 when sound waves
are di- has a null in Its free-field response to sounds originat-  rected
to the back of the assembly 11 from the second ing from behind the capsule,
this alignment preserves  25  sound source. the directional performance of
the microphone cap-    A reduction in the front ramp.21 angle causes an
sule 24 when installed within the cavity 18 of the as-  increase in. the
1800 response of the assembly 11, in- sembly 11 interiorly of the apparatus
housing.     dicating a degradation in directional characteristics,
Destructive interference occurs when the path  as shown by the curves 34
and 33. length differential between the direct and reflected   30  With
regard to the ramp 22, the angular position sound impinging on the
microphone capsule 24 is   thereof alters the directional characteristic of
the as- equal to N/2 wavelengths, where N is an odd integer.  sembly 11 by
reflectively aligning the velocity compo- An example of the lowest
frequency above the voice  nent of the second soundfield with the axis 28
of the band atwhich destructive interference occurs may be  microphone
capsule 24. In the assembly 11, it has seen in Fig. 14 where a frequency
response curve 41   35  been determined that a ramp angle 42 has a
preferred shows a maximum signal output from the microphone  angular range
of from [err] with an optimum an- capsule 24 occurring near the top of the
voice band  gle of [err] at a frequency of about 2.5 kHz, followed by a
falling  Fig. 16 shows the significance of the angle of the response above
this frequency. Destructive interfer-  ramp 22 on the frequency response
characteristic of ence occurs in the assembly 11 near 8 kHz, as indi-  40
the assembly 11. Thus, a curve 51 corresponds to a cated by the sharp
notches in the frequency response  frontal incidence frequency response
with a ramp an- curves of Fig. 14. It will be understood however that  gle
of [err] a curve 52 to a frontal incidence frequency other microphones
would not necessarily have a     response with an angle of 60 and a curve
53 to a notch occurring at the same frequency. Thus the low-  frontal
incidence frequency response with an angle of est frequency at which
destructive interference oc-  45  400. In each instance sound waves are
directed to the curs at the microphone capsule 24 would depend on  front of
the assembly 11 from the first sound source. the particular path length
differential of the micro-  Corresponding curves 54, 55 and 56,
respectively, phone assembly. Nevertheless, it is important that  show the
[err] frequency response characteristics of the path length differential
remain less than 1/2 wa-  the assembly 11 when the sound waves are directed
velength within the voice band to prevent the occur-  50  to the back of
the assembly II along the axis 28. rence of destructive interference in
this range. Among  As in Fig. 14, the deviation of the ramp 22 from
otherfactors, the frequency response and directional  its optimum angle
causes an increase in the 180 re- characteristics of the assembly 11 vary
in accordance  sponse of the assembly 11, indicating a degradation with the
angle of the ramp 21 which, in the assembly  in directional
characteristics. 11, has been determined to provide optimum results  55
Figs. 3 and 4 showa preferred positionforthe mi- at an angle 43 occurring
in the range of from [err] to  crophone capsule 24 relative the ramps 21
and 22 as [err] with good results achieved at [err]  This angle is
determined by the location of the guides 27 within the measured relative
the central floor 23.            cavity 18. As bestseen in Fig. 3, the
slots 26 are posi-    9                  EP 0 330 364 B1
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tioned forwardly of center of the floor 23 such that the  which the
receptacle 17' Is thermally bonded by melt- face of the microphone capsule
24 is in a plane for-  ing the projecting studs. A gasket similar to that
here- wardly adjacent the interface of the ramp 21 and the  inabove
described  is also required for the assembly floor 23.
62 to assure a sealed fit with the inner surface of the It will also be
observed in Fig. 4 that the micro-   5   shell 12. phone capsule 24 is
positioned vertically by means of  Positioned coaxially with an axis 28' of
the as- its holder25 which provides a horizontal slot46 there-  sembly 62,
a microphone holder67 is shown as a slid- under. The presence of this slot
affects the front-to-  able gate having a thick wall with side surfaces
that back ratio of the microphone capsule 24 as illustrated  are removably
held in transverse frictional engage- in Fig. 15. Reference thereto shows
the frontal inci-  io   ment between the side walls 68. Orthogonal align-
dence frequency response curves 47 and 48 which    ment relative the axis
28' is assured by pairs of guides represent the response of the assembly 11
to the first  70, projecting inwardly fro;a the walls 68 to define a sound
source located in front of the apparatus 10.  pairof slots 71. It will be
observed in Figs. 6 and 7 that The curve 47 relates to a frequency response
in   the holder 67 includes a forwardly projecting rib 72 which the slot 46
is absent, whereas the curve 48 re-  15   which, in combination with the
holder 67 and an an- lates to a frequency response in which the slot is 1mm
gular projection 73 protruding from the ramp 22', in height. Corresponding
curves 49 and 50 show the  functions to support the microphone capsule 24'.
respective [err]  frequency response curves for the     Referring next to
Fig. 9, a perspective view of the assembly 11 representing the response of
the micro-  holder 67 shows an aperture 74 within which the mi- phone
assembly to the second sound source located   20  crophone capsule 24' is
held by an interference fit. behind the apparatus 10.
Additionally, extending portions 75 serve as spacers The presence of the
slot under the holder 25 sig-  to provide a slot 76 (Fig. 7). nificantly
reduces the 180 response of the assem-    It will be observed in Figs. 5
and 7 that the ramp bly, thereby improving the directional characteristics
22' projects upwardly through the plane of the flange of the assembly 11.
25  65. This corresponds to the ramp 22 in Figs. 2 and 4 A perspective view
of the holder 25 is illustrated  which projects similarly through the plane
of the edge in Fig. 8 wherein it will be understood that the holder  35. is
fabricated from a resilient material to provide appro-  A third embodiment
of a microphone holder is il- priate vibration isolation. A preferred
material having  lustrated in Figs. 10-13 as a holder 78 having an elec-
suitable compliance is a visco-elastic polymer with a   30  trically
insulative cover 79. The holder 78 includes a hardness of less than 30
Durometer Shore A.        socket 80 adapted to frictionally engage the
micro- A wall thickness of 1mm provides an adequate   phone capsule 24. An
aperture 81 provides a passa- elastic restraining force to frictionally
retain the micro-  geway through a closed wall of the socket which pro-
phone capsule 24 within an aperture 60 of the holder  vides a path for the
sound to reach the front ofthe mi- 25. The same thickness occurs in a pair
of side sup-  35  crophone capsule 24. Similar to the holder 25, a pair
ports 61 that engage the slots 26 to provide a micro-  of side supports 82
are adapted to slidably engage phone mounting in a vertical shear mode.
This ar-  the slots 26 in order to hold the microphone capsule rangement
can provide vibration isolation in excess of  24 in position within the
cavity 18. Electrostatic dis- 20dB within the voice band.
charge protection up to about 18 kV for the user and Another embodiment
similar to the assembly 11  40  circuitry of the apparatus 10 is achieved
by fabricat- appears in Fig. 5 as a modular microphone assembly  ing the
holder 78 from a non-conductive thermoplas- 62. A comparison with the
assembly 11 reveals a fun-  tic rubber of suitable thickness and by
providing an air damental similarity between both embodiments, not-  gap
clearance of at least 12mm between the micro- ably in the mutual occurrence
offrontand back ramps  phone capsule 24 and the Inner surfaces of the ap-
21 and 22, respectively. The function of these ramps  45   paratus 10. is
the same in both embodiments, although in the as-  It will be apparent that
the aforenoted embodi- sembly 62 the ramp 22' is set at an angle 63 which
is  ments may be varied to meet particular specialized [err]  Similarly,
the ramp 21' in Fig. 7 is set at an angle  requirements. For example,
whereas the holder 67 is 64 which is 13.
fabricated from a hard plastic, as is the receptacle 17, Another difference
occurs in a mounting arrange-  5o   a preferred plastic being A.B.S., the
holder may alter- ment for the assembly 62 which Is best seen in Fig.
natively be fabricated, with appropriate structural 6. Therein, it will be
observed that a flange 65 circum-  changes, from a much softer
visco-elastic material. scribes the cavity 18' in a plane from which a pair
of side walls 68 originate and from which the front ramp 21' originates at
the base of a step 77. A plurality of  55   Claims mounting holes 66
perforate the flange 65 as shown and are adapted to fit corresponding
projecting studs,  1. Amodular microphone assembly (11)fora hands- not
shown, on the inner surface of the shell 12 to    free telephone apparatus
(10) including a micro- 6    9                  EP 0 330 364 B1
1O 



tioned forwardly of center of the floor 23 such that the  which the
receptacle 17' is thermally bonded by melt- face of the microphone capsule
24 is in a plane for-  ing the projecting studs. Agasket similarto that
here- wardly adjacent the interface of the ramp 21 and the  inabove
described is also required for the assembly floor 23.
62 to assure a sealed fit with the inner surface of the It will also be
observed in Fig. 4 that the micro-   5   shell 12. phone capsule 24 is
positioned vertically by means of  Positioned coaxially -with an axis 28'
of the as- its holder25which providesa horizontal slot46there-  sembly62, a
microphone holder67 is shown as a slid- under. The presence of this slot
affects the front-to-  able gate having a thick wall with side surfaces
that back ratio of the microphone capsule 24 as illustrated  are removably
held in transverse frictional engage- in Fig. 15. Reference thereto shows
the frontal inci-   10   ment between the side walls 68. Orthogonal align-
dence frequency response -curves 47 and 48 which   ment relative the axis
28' is assured by pairs of guides represent the response of the assembly 11
to the first  70, projecting inwardly fro;a the walls 68 to define a sound
source located in front of the apparatus 10.  pairof slots 71. Itwill be
observed in Figs. 6and7that The curve 47 relates to a frequency response in
the holder 67 includes a forwardly projecting rib 72 which the slot 46 is
absent, whereas the curve 48 re-  15  which, in combination with the holder
67 and an an- lates to a frequency response in which the slot Is 1mm  gular
projection 73 protruding from the ramp 22', in height. Corresponding curves
49 and 50 show the  functions to support the microphone capsule 24'.
respective [err] frequency response curves for the      Referring next to
Fig. 9, a perspective view of the assembly 11 representing the response of
the micro-  holder 67 shows an aperture 74 within which the mi- phone
assembly to the second sound source located   20  crophone capsule 24' is
held by an interference fit. behind the apparatus 10.
Additionally, extending portions 75 serve as spacers The presence of the
slot under the holder 25 sig-  to provide a slot 76 (Fig. 7). nificantly
reduces the 1800 response of the assem-    It will be observed in Figs. 5
and 7 that the ramp bly, thereby improving the directional characteristics
22' projects upwardly through the plane of the flange of the assembly 11.
25  65. This corresponds to the ramp 22 in Figs. 2 and 4 A perspective view
of the holder 25 is illustrated-  which projects similarly through the
plane of the edge in Fig. 8 wherein it will be understood that the holder
35. is fabricated from a resilient material to provide appro-  A third
embodiment of a microphone holder is il- priate vibration isolation. A
preferred material having  lustrated In Figs. 10-13 as a holder 78 having
an elec- suitable compliance Is a visco-elastic polymer with a   30
trically insulative cover 79. The holder 78 includes a hardness of less
than 30 Durometer Shore A.        socket 80 adapted to frictionally engage
the micro- A wall thickness of 1mm provides an adequate    phone capsule
24. An aperture 81 provides a passa- elastic restraining force to
frictionally retain the micro-  geway through a closed wall of the socket
which pro- phone capsule 24 within an aperture 60 of the holder  vides a
path for the sound to reach the f ront of the mi- 25. The same thickness
occurs in a pair of side sup-  35  crophone capsule 24. Similar to the
holder 25, a pair ports 61 that engage the slots 26 to provide a micro-  of
side supports 82 are adapted to slidably engage phone mounting in a
vertical shear mode. This ar-  the slots 26 in order to hold the microphone
capsule rangement can provide vibration isolation in excess of  24 in
position within the cavity 18. Electrostatic dis- 20dB within the voice
band.                        charge protection up to about 18 kV for the
user and Another embodiment similar to the assembly 11  40  circuitry of
the apparatus 10 is achieved-by fabricat- appears in Fig. 5 as a modular
microphone assembly  ing the holder 78 from a non-conductive thermoplas-
82. A comparison with the assembly 11 reveals a fun-  tic rubber of
suitable thickness and by providing an air damental similarity between both
embodiments, not-  gap clearance of at least 12mm between the micro- ably
in the mutual occurrence offrontand backramps  phone capsule 24 and the
inner surfaces of the ap- 21 and 22, respectively. The function of these
ramps  45   paratus 10. is the same in both embodiments, although in the
as-  It will be apparent that the aforenoted embodi- sembly 62 the ramp 22'
is set at an angle 63 which is  ments may be varied to meet particular
specialized 410. Similarly, the ramp 21' in Fig. 7 is set at an angle
requirements. For example, whereas the holder 67 is 64 which is 130..
fabricated from a hard plastic, as is the receptacle 17, Anotherdifference
occurs in a mounting arrange-  50   a preferred plastic being A.B.S., the
holder may alter- ment for the assembly 62 which is best seen in Fig.
natively be fabricated, with appropriate structural 6. Therein, it will be
observed that a flange 65 circum-  changes, from a much softer
visco-elastic material. scribes the cavity 18' in a plane from which a pair
of side walls 68 originate and from which the front ramp 21' originates at
the base of a step 77. A plurality of  55   Claims mounting holes 66
perforate the flange 65 as shown and are adapted to fit corresponding
projecting studs,  1. Amodularmicrophone assembly(11) fora hands- not
shown, on the inner surface of the shell 12 to    free telephone apparatus
(10) including a micro- 6    11                  EP 0 330 364 B1
12 



phone capsule (24) having predetermined free-  5. A microphone assembly
(11) as claimed in claim field directional and frequency response charac-
3, wherein the means for closably attaching the teristics within the voice
band, characterized by  receptacle (17) further comprises a resilient seal
comprising:                                        disposed between the
flange (35) and the inner a receptacle (17) having a closable cavity   5
surface of the housing (12). (18) open on one side and defined by a pairof
up- standing side walls (19,20) spaced apart in sub-  6. A microphone
assembly (11) as claimed in claim stantially parallel relation, a first
reflective sur-  3, wherein the front ramp (21) originates at the face
comprising a front ramp (21) leading down-    base of a step (77)
positioned within the cavity wardly into the cavity (18), a second
reflective  10   (18) adjacent the flange (35). surface comprising a back
ramp (22) leading up- wardly out of the cavity (18) and a central floor  7.
A microphone assembly (11) as claimed in claim (23) bridging the ramps
(21,22) at the bottom of   1, further comprising a step (73) having a
micro- the cavity (18), and                               phone capsule
supportive uppermost surface means (25,26,27) arranged to hold the mi-  15
projecting into the cavity (18) from the back ramp crophone capsule (24)
within the cavity (18) in   (22) in planar alignment with a corresponding
fixed predetermined relation with the central floor  supporting surface in
the microphone capsule (23) and the front and back ramps (21;22);
holding means (25,26,27). the angular disposition of the front ramp (21)
being such that the first reflective surface   20  8. A microphone assembly
(11) as claimed in claim establishes an acoustic reflective path to the mi-
1, further comprising at least one aperture (32) crophone capsule from a
first sound source dis-    disposed within the back ramp (22) through which
posed ahead of the assembly (11), which path is    a pairof output leads
(31) extend out of the cavity longer than a corresponding direct path from
the   (18). sound source, and the angular disposition of the   25 back ramp
(22) being such that the second reflec-  9. A microphone assembly (11) as
claimed in claim tive surface reflectively aligns with a longitudinal  1,
wherein the microphone capsule (24) support- axis (28) of the microphone
capsule (14) the ve-  ing surface in the microphone capsule holding locity
component of a soundfield produced by a     means (25,26,27) includes the
side wall of a cyl- second sound source disposed behind the as-  30
indrical passageway (60) formed therethrough. sembly (11), whereby
reflected and direct sound waves  10. A microphone assembly (11) as claimed
in claim from the first sound source effect destructive in-  1, wherein the
microphone capsule holding terference at the microphone capsule (24) at a
means comprises a slideable gate (67) with a predetermined lowestfrequency
occurring above   35  thick wall having side surfaces removably held in the
voice band to prevent loss of high frequency  transverse frictional
engagement between the response therewithin, standing waves generated
side walls (19,20) above the central floor (23) within the cavity (18) are
reduced, and the        within the cavity (18). aligned velocity component
of the soundfield substantially preserves the free-field directional  40
11. A microphone assembly (11) as claimed in claim characteristics of the
microphone capsule (24).    10, wherein the gate (67) includes a bottom
sur- face having end spacers (75) adapted to retain 2. A microphone
assembly (11) as claimed in claim     the bottom surface in predetermined
spaced re- 1, further comprising means for closably attach-   lation with
the central floor (23). ing the receptacle (17) to an inner surface of the
45 housing (12) for a handsfree telephone appara-  12. A microphone
assembly (11) as claimed in claim tus (10).
11, wherein the gate position within the cavity (18) provides an air gap
clearance of at least 3. A microphone assembly (11) as claimed in claim
12mm between the microphone capsule (24) and 2, wherein the means for
closably attaching the   so  the inner surface of the handsfree telephone
ap- receptacle (17) comprises a flange (35) circum-    paratus (10).
scribing the cavity (18) in a plane from which the side walls (19,20)
originate and from which the  13. A microphone assembly (11) as claimed in
claim front ramp (21) substantially originates.          12, wherein the
gate (67) further comprises an 55      electrically insulative cover (79)
adapted to elec- 4. A microphone assembly (11) as claimed in claim
trically isolate the microphone capsule (24). 3, wherein the back ramp (22)
projects through the plane of the flange (35).                  14. A
microphone assembly (11) as claimed in claim 7    13                 EP 0
330 364 B1                 14 



10, wherein the gate (67) is fabricated from a vis-  komponente eines
Schallfeldes, das von einer co-elastic polymer with a hardness of less than
hinter der Anordnung (11) angeordneten zweiten 30 DurometerShoreAto
effectvibratlon isolation     Schaliquelle erzeugt wird, mit elner
longitudina- for the microphone capsule (24) in excess of 20   len Achse
(28) der Mikrfonkapsel (14) ausrich- dB within the voice band.
5       tet, wodurch reflektierte und direkte Schall- 15 A microphone
assembly (11) as claimed in claim    wellen von derersten Schaliquelle
destruktive In- 1, wherein the angle of the front ramp (21) is in
terferenz an der Mikrofonkapsel (24) bei einer the range of from [err]
relative tothe central  vorbestimmten niedrigsten Frequenz bewirken, floor
(23).                               10       die Ober dam Sprachband
auftritt, um einen Ver- lust von Hochfrequenzansprechen. darin zu ver- 16.
A microphone assembly (11) as claimed in claim    hindern, stehende Wellen,
die innerhalb des 1, wherein the angle of the back ramp (22) is in
Hohlraums (18) erzeugt werden, reduziert sind, the range of from 40 to 50
relative the central  und die ausgerichtete Geschwindigkeitskompo- floor
(23).                               15       nente des Schalifeldes im
wesentlichen die Frei- feldrichtungscharakterlstiken der Mikrofonkap- 17. A
microphone assembly (11) as claimed in claim    sel (24) bewahrt. 1,
wherein the angles of the front and back ramps (21,22) relative the central
floor (23) are substan-  2. E.ne Mikrofonanordnung (11) wie in Anspruch I
tially 11.80 and 480, respectively.       20       beansprucht, ferner mit
Mitteln, um verschliellbar die Aufnah- me (17) an eaner inneren Oberfliche
des Gehau- PatentansprUcho                                       sea (12)
fOr ein Freihandtelefongerat (10) zu be- festigen. 1. Elne modulare
Mikrofonanordnung (11) fOr ein  25 Freihandtelefongerat (10) mit einer
Mikrofonkap-  3. Eine Mikrofonanordnung (11) wie in Anspruch 2 sel (24),
die vorbestimmte Freifeldrichtungs- und  beannsprucht,
Frequenzansprechcharakteristiken innerhalb des     worin das Mittel zum
verschlieSbaren Befestigen Sprachbandes aufweist,
der Aufnahme (17) elnen Flansch (35) umfal~t, dadurch gekennzeichnet, daft
sie umfaBt   30       der den Hohlraum (18) in elner Ebene begrenzt, aine
Aufnahme (17) mit einem verschlieg-     von der die Seitenwande (19, 20)
ausgehen und baren Hohlraum (18), der auf einer Seite offen ist  von der
die vordere Rampe (21) im wesentlichen und definiert ist durch ein Paar
aufrechtstehen-   ausgeht. der Seltenwande (19, 20), die voneinander in im
wesentlichen paralleler Beziehung beabstandet  35  4r Eine
Mikrofonanordnung (11) wie in Anspruch 3 sind, eine erste reflektierende
Oberfliche mit e-.  beansprucht, ner vorderen Rampe (21), die nach unten in
den     worin die hintere Rampe (22) durch die Ebene Hohiraum (18) hinein
fihrt, eine zweite reflektie-  des Flansches (35) hindurch vorsteht. rende
Oberf1iche mit elner hinteren Rampe (22), die nach oben aus dam Hohlraum
(18) heraus  40  5. Eine Mikrofonanordnung (11) wie in Anspruch 3 fuhrt,
und einen zentralen Boden (23), der die     beansprucht, Rampen (21, 22) am
Grund des Hohlraums (18)        worin das Mittel zum verschlielbaren
Befestigen Oberbruckt, und                                    der Aufnahme
(17) ferner elne elastische Dich- Mittel (25,26,27), die angeordnetsind, um
tung umfalt, die zwischen dem Flansch (35) und die Mikrofonkapsel (24)
innerhalb des Hoh1-  45    der inneren Oberfiache des Gehauses (12) ange-
raums (18) in fester vorbestimmter Beziehung zu    ordnet ist. dam
zentralen Boden (23) sowie den vorderen und hinteren Rampen (21, 22) zu
halten,        6. Eine Mikrofonanordnung (11) wie in Anspruch 3 wobel die
Winkelanordnung der vorderen       beansprucht, Rampe (21) derart !st, daB
die erste reflektieren-  5o  worin die vordere Rampe (21) von der Basis
elner de Oberflache oenen akustischen reflektierenden    Stufe (77)
ausgeht, die innerhalb des Hohiraums Weg zur Mikrofonkapsel von siner
ersten Schall-   (18) benachbart dem Flansch (35) positioniert ist. quelle
ausschafft, dievorderAnordnung (11) an- geordnet let, wobel derWeg linger
istals ein ent-  7. Eine Milkrofonanordnung (11) wie in Anspruch I
sprechender direkter Weg von der Schaliquelle,  ss  beansprucht, und die
Winkelanordnung der hinteren Ramps         ferner mit eaner Stufe (73), die
eine die Mikrofon- (22) derart ist, daM die zweite reflektierende
kapsel tragende oberste FlAche aufweist, welche Oberflache reflektierend
die Geschwindigkeits-    in den Hohlraum (18) hinein von der hinteren 8
15                  EP 0 330 364 B1                16 



Rampe (22) aus in ebener Ausrichtung mit einer  15. Eine Mikrofonanordnung
(11) wie in Anspruch I entsprechenden Tragefliche in den Mikrofon-
beansprucht, kapselhaltemitteln (25, 26, 27) vorsteht:^         worin
derWinkel dervorderen Ramps (21) im Be- reich von 110 bis 14 bezuglich des
zentralen Bo- 8. Eine Mikrofonanordnung (11) wie in Anspruch 1   5  dens
(23) liegt. beansprucht, ferner mit wenigstens einer in der hinteren Ram-
16. Ene Mikrofonanordnung (11) wie in Anspruch I pe (22) angeordneten
tffnung (32), durch die       beansprucht, sich sin Paar von
Ausgangaleitungen (31) aus       worin derWinkel der hintbren Ramps (22) im
Be- dem-Hohlraum (18) heraus erstreckt.       10      reich von 400 bis 50
bez~glich des zentralen Bo- dens (23) liegt. 9. Esne Mikrofonanordnung (11)
wie In Anspruch I beansprucht,                                   17. Eine
Mikrofonanordnung (11) wie in Anspruch I worn die die Mikrofonkapsel (24)
tragende FIa-     beansprucht, che in den Mikrofonkapselhaltemitteln (25,
26,  1s.  worindieWinkeldervorderenundhinterenRam- 27) die Seitenwand mines
zylindrischen Durch-      pen (21,22) bez~glich des zentralen Bodens (23)
gangsweges (60) umfalt, der dorthindurch aus-     im wesentlichen 11,80
bzw. 480 betragen. gebildet ist. K....,    10. Eine Mikrofonanordnung (11)
wle in Anspruch 1   20   Roevndicatlons beansprucht, worin das
Mikrofonkapselhaltemittel sin gleitba-  1. Ensemble modulaire pour
microphone (11) desti- res Tor (67) mit einer dicken Wand mit Seitenfli-
ne A un appareil telephonique pour mains libres chen umfat, die entfernbar
in transversalem      (10) comportant une capsule de microphone (24)
Reibungseingriff zwischen den SeitenwAnden   25    ayant une
caract6ristique de r6ponse en frequen- (19, 20) oberhalb des zentralen
Bodens (23) in-    ce et directinnelle A champ Ilbre pred6terminhe nerhalb
des Hohiraums (18) gehalten sind.          A lFinterieurde Ia bands vocals,
caracterlse en ce qu'il comprend: 11. Esne Mikrofonanordnung (11) wie In
Anspruch 10          urflogement(17) ayantune cavit6pouvant beansprucht,
30      etrefermbe (18) ouverte surun cote etd6finb par worn des Tor (67)
esne Grundflache mit Endab-      une pairs de parois lat6rales vertlcales
(19, 20) standWstOcken (75) umfalt, die ausgebildet sind,   espec6es 1 une
de I'autre en relation sensible- um die Grundfliche in vorbestimmter
beabstan-      ment parallble, une premiere surface r6fl6chis- deter
Beziehung zu dem zentralen Boden (23) zu     sante conprenant une ramps
avant (21) en pents halten.                                    35      vers
le bas dans la cavit6 (18), une seconde sur- face r6fl6chissante comprenant
une ramp. arrie- 12. tine Mikrofonanordnung (11) wie in Anspruch 11    re
(22) dirig6e vers le haut pour sortir de la cavift beansprucht,
.                          (18) et un plancher central (23) reliant les
rampes worin die Torposition Innerhalb des Hohlraums      (21, 22) au fond
de la cavit6 118), et (18) einen Luftspaltzwischenraum von wenig-  40
des moyens (25, 26, 27) dispos6s de ma- stens 12 mm zwischen der
Mikrofonkapsel (24)       niere A maintenir la capsule (24) du microphone
und der inneren Oberfliche des Frelhandtelefon-    a 1'interieur de la
cavite (18) dens une relation fixe gerates (10) schafft.
donnee avec le plancher central (23) et les ram- pes avant et arriere (21,
22); 13. Elne Mikrofonanordnung (11) wie in Anspruch 12   45     la
disposition angulaire de la ramps avant beansprucht,
(21) etant tile que la premibre surface reflechis- worin des Tor (67)
ferner sine elektisch isolieren-  sante etablit un trajet rdfl6chissant
acoustique de Abdeckung (79) umfaot, die ausgebildet ist,     vers la
capsule du microphone A partir d'une pre- um die Mikrofonkapsel (24)
elektrisch zu Isolie-   miere source sonore dispos6e en thte de l'en- ren.
50      semble (11), trajet qui est plus long qu'un trajetdi- rect
correspondant provenant de la source sono- 14. Ene Mikrofonanordnung (11)
wie in Anspruch 10     re, et la disposition angulaire de la ramps arriere
beansprucht,                                      (22) etant tells que la
seconds surface reflechis- worin das Tor (67) aus elnem viskoelastischen
sante aligns de maniere refichissante avec l'axe Polymer mit einer Harte
von weniger als 30  5s    longitudinal (28) de la capsule (14) du micropho-
Durometer Shore A hergestellt ist, um sine Ylbra-  ne, la composante de
vitesse d'un champ sonore tionssolatlon fr die Mikrofonkapsel (24) Ober2O
produit par une seconds source sonore disposee dB Innerhalb des
Sprachbandes zu bewirken.         A l'arriere de l'ensemble (11), 9    17
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chies et directes provenant dela premiere source   capsule (24) du
microphone dans les moyens sonore effectuent une interference destructive a
(25, 28, 27) de maintien de la capsule du micro- la capsule (24) du
microphone A une frequonce      phone comporte la parol laterale d'un
passage -- -    la plus basse donn6ese produisantau-dessuade   5
cylindrique (60) menage int6eeurement. Ja bands vocale pour eviter
intbrieurement la per- to de la reponse en haute fr6quence, les ondes  10.
Ensemble pour microphone (I1) selon la revendi- stationnaires produites A
l'int6rieur de la cavit6  cation 1, dans loquel les moyons de maintien de
(18) sont reduites, et la composante alignee de la  la capsule du
microphone comprennent une por- vitesse du champ sonore preserve
sensiblement  1o  to pouvant coulisser (87) avec une paroi epaisse les
caractbristiques directionnelles A champ libro.  ayant des surfaces
latbrales maintenues de ma- de la capsule (24),du microphone.
nibre amovible on engagement transversal par friction entre les parols
laterales (19, 20) au-des- 2. Ensemble pour microphone (11) selon la
revendi-    sus du plancher central (23) A l'interiur de la ca- cation 1,
comportant en outre un mojen pour  15    vite (18). fixer etroitement le
logement (17) A une surface int6rieure du carter (12) pourunapparell
tel6pho-  11. Ensemble pourmicrophone (11) selon la revendi- nique pour
mains libres (10).                      cation 10, dane lequel la porte
(67) comprend une surface inferieure ayant des entretoises (75) i)    3.
Ensemble pour microphone (11)selon la revendi-  20  d'extr6mite destinees A
maintenirl ssurface inf6- cation 2, dans lequel le moyen pour fixer
etroite-  rieure on relation d'espacement predetermine ment le logement
(17) comprend un rebord (35)      avec le plancher central (23). entourant
la cavite (18) dans un plan A partir du- quel les parois laterales (19, 20)
proviennent et a  12. Ensemble pour microphone (11) selon la revendi-
partir duquel la ramps avant (21) provient sensi-  25   :cation 11, dans
loquel la position de la porte A l'in- blement.
terieur de la cavit6 (18) fournit un Jeu d'air d'au moins 12 mm entre la
capsule (24) du micropho- 4. Ensemble pour microphone (11) selon la
revendi-    ne et la surface int6rieure ode rappareil t6lephoni- cation 3,
dans lequel la rampe arribre (22) eat en  quo (10) pour mains libres.
saillie A travers le plan du rebord (35).  30 13. Ensemble pour microphone
(11) selon la revendi- 5. Ensemble pour microphone (11) selon la revendi- .
cation 12, dans loquel la porte (67) comprend en cation 3, dans lequel le
moyen pour fixer etroite-  outre un couvercle electriquement isolant (7,9)
ment le logement (17) comporte en outre un joint   destine aisoler
electriquement la capsule (24) du 6lastique dispos6 entre le rebord (35) et
la surfa-  35  microphone. ce inteReure du carter (12). 14. Ensemble
pourmicrophone (1i) selon la revendica- 6. Ensemble pour microphone (11)
selon la revendi-    tion 10, danselequel la porte (67) est en polymere K.'
cation 3, dans lequel la rampe avant (21) a son    visco-elastique avec une
durete inferleure A 30 oRgine A la base d'un gradin (77) dispose A rin-  40
ShoreAau Durombtre poureffectuerl'isolationdes tdrieur de la cavit6 (18)
contigug au rebord (35).  vibrations pour la capsule (24) du microphone de-
passant 20 dB A l'int6eieur de la bande vocale. 7. Ensemble pour microphone
(11) selon la revendi- cation 1, comportant en outre un gradin (73) pre-
15. Ensemble pour microphone (11) selon la revendi- sentant une surface la
plus haute de support de   45  cation 1, dans lequel l'angle de la rampe
avant la capsule du microphone, en sallue dens la ca-   (21) est dans la
gamme de 11 a 14 par rapport vite (18) A partir de la ramps arriere (22) en
all-  au plancher central (23). gnement en plan avec une surface de support
correspondent. dans lee moyens (25, 26, 27) de  1& Ensemble pour microphone
(11) selon la revendi- maintien de la capsule du microphone.      so
cation 1, dans lequel l'angle de la ramps arriere (22) est dans la gamme de
400 A 500 par rapport 8. Ensemble pour microphone (11) selon la revendi-
au plancher central (23). cation 1, comportant en outre au moins une ou-
verture (32) disposee A l'lnt6rieur de la rampe  17. Ensemble pour
microphone (11) selon la revendi- errire (22) A travers laquelle une pair
de fis de  55  cation 1, dans lequel les angles des rampes sortie (31)
s'6tendent en dehors de la cavite (18).  avant et arribre (21, 22) par
rapport au plancher central (23) sont sensiblement 11,80 et 480, res- 9.
Ensemble pour microphone (11) selon (a revendi-    pectivement. 10    


