WO 2004/040942 A1 |00 O OO0 O AR

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 May 2004 (13.05.2004)

(10) International Publication Number

WO 2004/040942 Al

HO4R 9/06

(51) International Patent Classification’:

(21) International Application Number:
PCT/IT2003/000252

(22) International Filing Date: 22 April 2003 (22.04.2003)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

PR2002A000064 31 October 2002 (31.10.2002) IT

(71) Applicant (for all designated States except US): A.E.B.
S.R.L. [IT/IT]; Via dell’Industria, 20, Zona Industriale
Corte Tegge, 1-42025 Cavriago (IT).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MANZINI, An-
drea [IT/IT]; Via Perugia, 16, I- 42100 (IT). PRATI,
Stefano [IT/IT], Via Bertolazzi, 21, 1-42048 Rubiera
(IT). STORCHI, Umberto [IT/IT]; Strada Zamiola, 57,
1-46029 Suzzara (IT).

(74) Agent: GOTRA, Stefano; Bugnion S.P.A, Via Garibaldi,

22, 1-43100 Parma (IT).

(81) Designated States (national): AE, AL, AM, AT, AU, AZ,
BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ (utility model), CZ, DE (utility model), DE, DK (utility
model), DK, DM, DZ, EC, EE (utility model), EE, ES, FI
(utility model), FI, GB, GD, GE, GH, GM, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, OM,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK (utility model),
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB,
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP,
KR, K7, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,
MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC,
SD, SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW, ARIPO patent (GH, GM, KE, LS,
MW, M7, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR,
HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following desig-
nation US

of inventorship (Rule 4.17(iv)) for US only

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

[Continued on next page]

(54) Title: EQUALISER, OR PHASE PLUG, FOR ELECTRO-ACOUSTIC TRANSDUCERS

47

A 1 7~
/ \Il/\
[~ gl
\/ !

41

(57) Abstract: Equaliser (4), or phase
plug, for electro-acoustic transducers (1).
having at least a central hole (40) and or a
first series of openings (41), or slots, in the
form of concentric rings, coaxial to an axis
(4a) of symmetry of the phase plug (4).
Said phase plug is characterised in that it
has at least a second series of radial slots
(42) positioned externally to said hole
(40) or to said first series of slots (41). In
accordance with a possible embodiment,
the phase plug (4) has a third series of
radial slots (43) interposed between said
first and second series (41;42).

é,L



WO 2004/040942 A1 {000 0T 0000 0 0 00O 0

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

WO 2004/040942 PCT/IT2003/000252

1

EQUALISER, OR PHASE PLUG, FOR ELECTRO-ACOUSTIC TRANSDUCERS

TECHNICAL FIELD AND BACKGROUND ART.

Theé present invention relates to an equaliser, or phase plug, for electro-acoustic
transducers, having at least a central hole and/or a first series of openings, or slots, in the
form of concentric rings, coaxial to an axis of symmetry of the equaliser.

As is well known, equalisers, better known as "Phase Plug" (PP), are inserted within
electro-acoustic transducers designed for sound reproduction, commonly known by the
term "Compression Drivers" (CD).

A CD comprises a static magnetic circuit with axial symmetry, obtained using a
permanent magnet, for instance with annular shape, interposed between two plates made
of ferromagnetic material, one of which, called central pole, has a holed expansion which
is inserted in through cavities of the magnet and of the other plate, which is thus annularly
positioned relative to said expansion.

Between the expansion of the central pole and the annular plate is obtained an annular air
gap where the field lines of the magnetic circuit are concentrated.

The movable part of the CD is constituted by a cylindrical coil and by a membrane
connected thereto.

Combining the movable part with the magnetic circuit, the coil is positioned exactly at the
centre of the air gap.

By applying a sinusoidal electrical signal to the coil, an alternating motion of the
membrane is obtained in the direction of the axis of the structure with the consequent
creation of sound waves, which are propagated towards the output of the CD by means
of the hole present in the expansion of the central pole.

Normally, CDs are coupled to acoustic horns which allow to amplify and focus the sound
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within a limited region of space.

The PP has a hemispherical surface and is normally positioned inside the central cavity
of the expansion of the central pole, through which sound propagates towards the output
of the CD.

The PP has a series of openings, called “slots”, obtained on the spherical surface of the
PP adjacent to the membrane. The slots end on the opposite side of the PP relative to the
membrane are face the output of the CD.

By appropriately dimensioning the slots, it is possible to increase the sound pressure level
at the output of the CD and simultaneously to eliminate all interference problems,
obtaining at the output of the CD wave front that is coherent throughout the operating
band of the component. |

During the development and production stage it is extremely important to assemble the
CD in such a way that the PP faithfully reproduces the spherical shape of the membrane.
A first type of PP provides for a series of slots in the form of concentric annular rings,
symmetrical relative to the axis of symmetry of the CD.

There are various criteria for determining the number of slots, their position on the
hemispherical surface adjacent to the membrane and the air passage area. In particular, a
known criteria is Bob Smith’s, subsequently amplified by Francher Murray, wherein a
theoretical study has also been presented regarding the removal of the stationary waves
generated between membrane and PP.

The PP provided with slots in the form of concentric rings described above have some
drawbacks.

First of all, said PPs are extremely costly and complicated to assemble, since they must
be constructed of multiple pieces (generally, "n" if "n" is the number of slots). This makes

it particularly critical to control tolerances on the distance between membrane and
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spherical surface of the PP.

Secondly, such an arrangement of the slots generates resonance phenomena which are
difficult to eliminate, especially at high frequencies (over 10 kHz).

A second type of PP currently on the market has slots in the form of rectangles or
trapezoids, positioned in radial direction relative to the axis of symmetry of the
transducer.

This arrangement of the slots allows to eliminate the resonance typical of the first type of
PP.

All other parameters being equal, the PP with radial symmetry allows to increase the
extension of the reproduced sound range, but at the same time it also produces a loss of
sound pressure.

Therefore, although a PP with radial symmetry has an undoubted advantage in terms of
construction simplicity, it has a disadvantageous loss of efficiency, especially at high
frequencies.

There are other types of PP; they are less widely used, but they are of some interest
nonetheless.

In particular, PPs are known which are constituted by a series of variously distributed
circular slots, as well as PPs comprising slots arranged in parallel, according to vertical
or horizontal directions.

DISCLOSURE OF THE INVENTION.

An aim of the present invention is to eliminate the aforesaid drawbacks making available
an equaliser, or phase plug, for electro-acoustic transducers that is able to move beyond
the audible band any resonance generated by the slots.

Another aim of the present invention is to propose a phase plug that prevents possible

phase cancellations.
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A further aim of the present invention is to make available a phase plug that eliminates
high frequency resonance and simultaneously prevents the generation of stationary waves
between PP and membrane.

Yet another aim of the present invention is to make available a phase plug that can be
made in a single piece, within the context of a simple, rational and reliable constructive
solution.

Said aims are fully achieved by the phase plug of the present invention, which is
characterised by the contents of the claims set out below and in particular in that it has at
least a second series of radial slots positioned externally to said hole or to said first series
of slots.

BEST MODE FOR CARRYING OUT OF THE INVENTION.

This and other features shall become more readily apparent from the description that
follows of a preferred embodiment illustrated, purely by way of non limiting example, in
the accompanying drawing tables, in which:

- Figure 1 shows a top view of a first embodiment of a phase plug according to the
invention

- Figure 2 shows a top view of a second embodiment of a phase plug according to the
invention;

- Figure 3 shows a top view of a third embodiment of a phase plug according to the
invention.

- Figure 4 and 5 respectively show a top and a bottom enlarged view of a fourth
embodiment of a phase plug according to the invention;

- Figure 6 shows a section view of an electro-acoustic transducer comprising a phase plug
according to the invention.

With reference to Figure 6, the electro-acoustic transducer is globally indicated with the
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5
number 1 and comprises a permanent magnet 2 with annular shape and centrally provided
with a through hole.
In accordance with a first embodiment variation, not shown herein, the magnet 2 may be
constituted by a plurality of annular segments, each of which is a permanent magnet.
In accordance with a second embodiment variation, not shown herein, the magnet 2 may
be obtained by means of a plurality of permanent magnets, each having preferably circular
section.
The transducer 1 comprises a first plate 3, or central pole, positioned in contact with the
magnet 2 and having an expansion 3a so shaped as to be inserted in the through hole of
the magnet itself. The expansion 3a has a cavity shaped complementarily to a phase plug
4, in order to receive it and maintain it in position.
If the second embodiment variation described above is used, the permanent magnets will
be arranged peripherally to the expansion 3a, taking care that the centre of the section of
each magnet is positioned on a circumference that is substantially coaxial to the central
pole 3a.
At the side opposite the first plate 3 relative to the magnet 2 is present a second plate 5,
also positioned in contact with the permanent magnet. The second plate 5 defines an air
gap 6 in combination with the expansion 3a of the central pole 3.
The transducer 1 is provided with a coil 7 positioned coaxially to the expansion 3a of the
central pole and immersed in the air gap 6. The coil can move with alternating motion
parallel to an axis of symmetry 4a of the phase plug 4.
To the coil 7 is connected a membrane 8, typically hemispheric, which covers, preferably
without touching it, an upper surface 4b of the phase plug 4. The vibration of the
membrane, caused by the alternating motion of the coil 7, generates acoustic waves which

reproduce an electrical signal transmitted to the coil by means of an electronic circuit
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associated thereto.

The phase plug 4 is provided with at least a central hole 40 (see Figure 2) and/or with a
first series of openings, or slots, 41 (see Figures 1, 2 and 3), in the form of concentric
rings, coaxial to the axis of symmetry 4a of the phase plug.

The phase plug is originally provided with a second series of radial slots 42 positioned
externally to said hole and/or to said first series of slots 41.

With particular reference to the embodiment shown in Figure 3, the phase plug 4 has a
third series of radial slots 43 interposed between said first and second series 41, 42.

In the embodiments shown in Figures 1, 2 and 3, the second series of slots 42 is obtained
in correspondence with the perimeter of the phase plug. Specifically, said perimeter is
defined by the lateral walls of the expansion 3a of the central pole. In particular, said
lateral walls serve as external closure surfaces for the slots.

With reference to Figures 4 and 5, the phase plug is provided with an annular central slot
44 comprising three annular segments 44a, 44b, 44c, necessary to provide mechanical
support to the central part of the phase plug.

The phase plug is further provided with a series of radial slots 45 external to the central
slot 44 and preferably with trapezoidal shape.

In the embodiment described above, the open surface of the phase plug 4 reserved for the
passage of air is preferably about 1/10 of the hemispherical surface of the membrane.
Moreover, the slots were positioned in such a way that to equal portions of membrane
correspond slots of equal dimensions.

The transducer 1 is provided with an acoustic horn 9 connected to the central pole 3, at
the side opposite the phase plug with respect to the magnet 2. Said acoustic horn is
necessary to amplify and focus the sound within a limited region of space.

The invention achieves important advantages.
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7
First of all, with respect to a phase plug provided with slo,ts in the form of concentric
rings, coaxial to the axis of the phase plug, a PP according to the invention allows to
eliminate resonance present at high frequency and offers a more linear and more easily
equalised response.
Secondly, with respect to phase plugs having exclusively radial slots, a PP according to
the invention, in addition to offering a more linear response, also has high acoustic
efficiency, especially in the frequency band above 7 kHz.
An additional advantage is given by the fact that such a PP not only eliminates high
frequency resonance but also prevents the generation of stationary waves between the
phase plug and the membrane.
Advantageously, since a PP in accordance with the presence invention can be constructed
in a single piece, it is economical and simple to fabricate.
Yet another advantage of the present invention is given by the fact that a PP according to

the invention prevents possible phase cancellations.
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CLAIMS
1. Equaliser (4), or phase plug, for electro-acoustic transducers (1), having at least a
central hole (40) and/or a first series of openings (41), or slots, in the form of concentric
rings, coaxial to an axis (4a) of symmetry of the phase plug (4), characterised in that it has
at least a second series of radial slots (42) positioned externally to said hole (40) or to said
first series of slots (41).
2.  Phase plug as claimed in claim 1, characterised in that it has a third series of radial
slots (43) interposed between said first and second series (41;42).
3. Phase plug as claimed in claims 1 or 2, characterised in that it is associated to an
electro-acoustic transducer (1), comprising:
at least a permanent magnet (2) of annular shape and centrally provided with a through
hole;
at least a first plate (3), or central pole, positioned in contact with the magnet (2) and
having an expansion (3a) so shaped as to be inserted in the through hole of the magnet (2)
itself, said expansion (3a) having a cavity shaped complementarily to the phase plug (4)
to receive it;
at least a second plate (5) in contact with the magnet (2) at the opposite side with respect
to the first plate (3) and defining an air gap (6) with said expansion (3a);
at least a coil (7) coaxial to the expansion (3a), immersed in the air gap (6) and movable
parallel to an axis (4A) of symmetry of the phase plug (4);
at least a movable membrane (8) positioned on an upper surface (4b) of the phase plug (4)
and connected to the coil (7).
4.  Phase plug as claimed in claims 1 or 2, characterised in that it is associated to an
electro-acoustic transducer (1) comprising:

at least a permanent magnet constituted by a plurality of annular segments delimiting a
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through hole;

at least a first plate (3), or central pole, positioned in contact with the magnet and having
an expansion (3a) so shaped as to be inserted in the through hole of the magnet itself, said
expansion (3a) having a cavity shaped complementarily to the phase plug (4) to receive
it;

at least a second plate (5) in contact with the magnet at the opposite side with respect to
the first plate (3) and defining an air gap (6) with said expansion (3a);

at least a coil (7) coaxial to the expansion (3a), immersed in the air gap (6) and movable
parallel to an axis (4) of symmetry of the phase plug (4);

at least a movable membrane (8) positioned on an upper surface (4b) of the phase plug (4)
and connected to the coil (7).

5. Phase plug as claimed in claims 1 or 2, characterised in that it is associated to an
electro-acoustic transducer (1), comprising:

a plurality of permanent magnets, each having circular section with the centre positioned
on a circumference, said permanent magnets delimiting a through cavity;

at least a first plate (3), or central pole, positioned in contact with the magnets and having
an expansion (3a) so shaped as to be inserted in the through hole delimited by the
magnets, said expansion (3a) having a housing shaped complementarily to the phase plug
(4) to receive it;

at least a second plate (5) in contact with the magnets at the opposite side with respect to
the first plate (3) and defining an air gap (6) with said expansion (3a);

at least a coil (7) coaxial to the expansion (3a), immersed in the air gap (6) and movable
parallel to an axis (4A) of symmetry of the phase plug (4);

at least a movable membrane (8) positioned on an upper surface (4b) of the phase plug (4)

and connected to the coil (7).
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6.  Phase plug as claimed in any of the claims 3 through 5, characterised in that the
second series of radial slots (42) is obtained in correspondence with the perimeter of the
phase plug (4), said perimeter being defined by lateral walls of the expansion (3a) of the

first plate (3), or central pole.



WO 2004/040942 PCT/IT2003/000252

A FIG. 2 40




WO 2004/040942 PCT/IT2003/000252
2/3




WO 2004/040942 PCT/IT2003/000252
3/3




In ional Application No

INTERNATIONAL SEARCH REPORT PCT/IT 03/00252

CLASSIFICATION OF SUBJECT MATTER

TPe 7 HOAR9/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HO4R HO4N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, PAJ, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 4 050 541 A (HENRICKSEN CLIFFORD A) 1,3-5
27 September 1977 (1977-09-27)
the whole document

A WO 02/25991 A (GRUNBERG ROBERT) 1,3-5
28 March 2002 (2002-03-28)

page 1, Tine 5 — line 28; figures 1-3
A US 5 878 148 A (ALEXANDROV SVETLOMIR) 1,3
2 March 1999 (1999-03-02)

abstract

column 4, Tine 30 - column 5, Tine 7;
figures 1-3

5

-f =

Further documenis are listed in the continuation of box C. Patent family members are listed in annex.

° Special categortes of cited documents :
P g "T" later document published after the international filing date

or priority date and not in conflict with the application but

"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance

invention
"E" earlier document but published on or after the international "X document of particular relevance; the claimed Invention
filing date cannot be considered novel or cannot be considered to
"L document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another

citation or other special reason (as specified) Y" document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the

"0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skitled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
22 March 2004 30/03/2004
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk :

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016 Fuchs, P

Form PCT/ISA/210 (second sheet) {July 1992)



INTERNATIONAL SEARCH REPORT

Int onal Application No

PCT/IT 03/00252

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

US 6 026 928 A (MAHARAJ ASHOK A)

22 February 2000 (2000-02-22)

column 1, Tine 35 — 1ine 67

column 2, Tine 69 - column 3, Tine 11;
figure 3

column 3, line 16 - 1ine 19; figure 6

1,3-5

Form PCT/ISA/210 (continuation of second shest) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Int

onal Application No

PCT/IT 03/00252

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

US 4050541 A 27-09-1977 BE 856768 Al 13-01-1978
DE 2648428 Al 03-11-1977
FR 2349252 Al 18-11-1977
GB 1514007 A 14-06-1978
JP 973835 C 19-10-1979
JP 52129517 A 31-10-1977
JP 54007574 B 07-04-1979

WO 0225991 A 28-03-2002 WO 0225991 Al 28-03-2002
AU 7633200 A 02-04-2002
EP 1330936 Al 30-07-2003

US 5878148 A 02-03-1999 DE 19626236 Al 04-09-1997
EP 0793216 A2 03-09-1997

US 6026928 A 22-02-2000 NONE

Form PCT/ISA/210 (patent family annex) (July 1992)




