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MINIATURE FULL RANGE LOUDSPEAKER

PRIORITY
Benefit is claimed under 35 U.S.C. § 119(e) of pending provisional application
60/093,600 filed 7/21/98. ' '

FIELD OF THE INVENTION
The present invention relates to the field of loudspeakers and more
pé.rticulaﬂy it relates to novel configuration of a miniature full range loudspeaker

that is especially suited for use in space constrained multi-media applications.

. BACKGROUND OF THE INVENTION

In the design of miniature loudspeakers, smaller size gcnerally involves
a tradeoff relating to low frequency fesponse, since for a given loudness, as. -
ﬁequency decreases the loudspeaker, acting as a piston, is required to "pump”a .
larger volume of air, this displacement volume being basically the product of the
diaphragnfs_ area a_nd the amplitude of its vibrational excursion, which is always
subject to a physical' limitation of the loudspeaker construction. While the
loudspeaker's frequency responsc range can be extended to lower frequencies by -
applying bass reflex techniques in the enclosure design, the displacement volume
still acts to set limits on th'e_.overall low frequéncy performance. In the categbry
~ of electro-magnetic loudspeakers of the coaxial round voice-coil/cone type
addressed by the present invention, as distinguished for example from horn type

transducers,'thé.re are two basic types of construction:
(l) the conventional dual-suspension full range type wherein the diaphragm is
formed as a cone that is s_ub_stantially greater in diameter than the voice coil form
and where twb suspension members are deployed: a "surround" éuspension

member at the outer edge of the cone extending to an outer basket/frame region
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and a "spider" at the voice coil form extending to a nearby landing formed by the
basket/frame, and _
(2) edge-driven-diaphragm limited-frequency-range loudspeakers, wherein the
diaphragm and the voice coil form are made with substantially eoual diameter,
the outer edge of the diaphragm being attached to the end of the voice coil form
and also to a single surround suspension member which extends outwardly to an
attachment landing on the frame/basket. Srrch construction is conventionally
utilized for "tweeters", typically utilizing a rigid dome dlaphragm, and sometimes
for "midrange" loudspeakers; the lacking bass frequency response is filled in by
the use of a separate "woofer" unit in typically a two- or three-way speaker
system. _ |

The suspension system is of key importance since it must allow a required

maximum amplitude of vibration while constraining the vibrational mavement

“essentially to a straight-line path, avoiding any contact of the voice coil or its

form with surroundmg magnet pole structure. The surround suspension member
1s required to constram the draphragm agamst any txltmg, wobblmg or other
extraneous vibration while allowmg full desired vrbratlon and possibly even
cushioning agamst bottoming. -

A generally unrecogmzed problem in small loudspeakers that has been
addressed by the present mventxon mvolves spunous v1brat10n of portions of the
compliant surround suspension member at high audlo frequencles and in
directions other than the desired pnncrpal axial direction. These spunous
vrbratlons can be transmitted to the dlaphragm where rt is directly attached to the
surround suspension member as in conventional practice, thus degrading the high
frequency performance. | | |

The present inventi_on -addresses the challenge of evoliring a new
loudspeaker construction that provides the full range frequency response,
heretofore limited to type (1) above while realizing the volumetric advanteges
and benefits of the edge-driven type (2) and minimizing its drawbacks, in a
manufactured prodlrct that is 'partieularly suitable for use in conjunction with

space-constrained multi-media audio systems.
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DISGUSSION OF RELATED KNOWN ART

U.S. patent "51,'5181,253 to Jordan, assigned to Southem Audio Services,
discloses an edge
-driven dome diaphragm supported by a single surround suspeﬁsibn member
attached at the front edge of the voice coil. _

U.S. patent 5,157,731 to Mitobe, aséigned to Pioneer, discloses a dome
radiator speaker where the voice coil diameter coincides with the dome diameter;
however the dome, voice coil form, configured as a channel, and the surround
suspension are formed integrally from a sheet of material. The permanent magnet
is an exterior donut type. _

U.S. patents 4,031,337 and 3,780,232 also show edge-driven dome

. diaphragms.

‘The foregoing references typify tweeters with dome diaphragms, intended
to operate only in a high frequency audio range above 500 Hz, as distinguished
from full range, addressed by the present invention, extending down to 100 Hz.

- U.S. patent 3,983,337 to Babb illustrates a 1976 attempt at a broad band
miniature speaker with a reinforced cone extending well beyond the voice coil
diameter; however it is of interest in discussing the theoretical limitations
encountered in developing miniature full range loudspeakers.

U.S. patent 4,384,174 to Susuki et al, assigned to Victor, is of interest in

.utilizing only a single conventional suspension member along with a novel

viscous quasi-O-ring support at the periphery of the cone which extends well
beyond the voice coil diameter. |

U.S. patent 5,739,480 to Lin discloses a speaker base for alternatively
mounting different drivers. Shown is a conventional woofer construction with a
first edge suspension member attached around the perimeter of the conical
diaphragm and a second suspension member attached around the voice coil form,
the diaphragm extending inwardly only to the region .of attachment to the
perimeter of the voice coil form thus leaving a large circular central opening with
a diameter approximating that of the voice coil form, provided for installing an
optional woofer diffuser or tweeter driver onto a driver holder base surrounded

by the voice coil form.
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OBJECTS OF THE INVENTION

It is a primary object of the present invention to provide a miniature-sized

electromagnetic loudspeaker with full range audio capability.
It is a further object that the loudspeaker be suited to the audio needs and

requirements of multi-media computers, pat‘tiéul"arly laptop computers.

It is a further object to make the Ioudspeaker of simple construction that
can be mass-produced at low cost. ' ' o

It is a still further object to configure the loudspeaker with a single

suspension element.

SUMMARY OF THE INVENTION
The above-mentioned objects have been accomplished by the present
invention of a miniature loudspeaker of the voice coil electromagnetic type
wherein the diaphragm is concave, as distinguished from well-known domed
tweeter diaphragms, and extends only to a size equal to the diameter of the voice
coil form, to which it is attached. The resulting edge-driven voice coil/diaphragm

 assembly is supported by a single surround suspension member attached to the

tubular voice coil form in a location thereof spaced a predetermined distance.
along the voice coil form from its end point'of attachment to the diaphragm.
" The magnetic system has a coaxial structure: a shallow pot acts as a pole

| piece,. enclosing a cylindrical permanent magnet anda drcular inner pole piece

forming, with the edge of the pot, an annular magnetic air gap wherein the voice
coil, driven by audio current, vibrates axially and in turn d_rives the voice coil
form and the diaphragm. This vibrating voice coil/diaphragm assembly is
supported via a surround suspension member that is attached peripherally to a
plastic mounting riﬁg surrounding and attached to the pot and is attached at its
inside diameter to the outside of the voice coil form at a location that is spaced
away from the diaphragm attachment location. N

The structural features including the concave edge-driven cone, the
magnetic gap geometry and the special deployment of the single surround
suépension member, in particular, its special attachment location on the voice

coil form instead of the conventional practice of attaching it directly to the edge

4
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of the diaphragm, combine to enable unusually large amphtude of vibration thus

enabling the miniature Ioudspeakcr to perform as full audio range loudspeaker
providing acoustic output at frequencles down to 100 Hz when deployed in
conjunction with a bass reflex acoustlc enclosurc Furthermore this special
attachment location benefits high frequency performance by 1solatmg the
diaphragm from the influence of spunous high frequency vibrations of portions
of the surround suspension member at directions other than the desired axial
direction, particularly radial directions. | ..

The loudspeaker is intended for use with computer monitors of both the
CRT type and the flat display type as used in lap top computers: if is equipped
with articulated features that enable mounting in a snap-in manner to a baffle

portion of an acoustic enclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further objects, features and advantages of the present
invention will be more fully understood from the following description taken _
with the accompanying drawings in
which:
FIG. 1 is a front view of a ..loudspw.ker of the present invention.
FIG. 2 is a side view of the loudspeaker of FIG. .
FIG. 3 is a central cross-section of the loudspeaker of FIG. 2.
FIG. 4 is a rear view of the loudspeaker of FIGs. 1 and 2.

FIG. 5 is an enlarged view of the circled portion of FIG. 3.

FIG. 6 is an enlarged three-dimensional view of the loudspeaker of FIGs. 1, 2 and

4, viewed from a rear region.
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' DETAILED DESCRIPTION

FIG. 1 depicts in a front view, a miniature full range i
loudspeaker 10 of the present invention,' having a rnoun.t'ing ring 12 deﬁning a
circular penmeter from which a palr of hookup wxres l4 are shown extending
outwardly The cu'cular dlaphragm 16 i is supported by a surround suspension
member 18 attached penpherally to mountmg nng 12.

FIG. 2, a side view of the loudspeaker of FIG. 1, shows the
loudspeaker 10 with surround suspenswn member 18 extending upwardly from
mountmg ring 12 A formed coaxial metal pot 20 extends downwardly, engaged
by mountmg ting 12 which is formed to have a polar array of buttress blocks 12A
extending downwardly and bearing agamst the wall of pot 20 Mountmg ring 12,
typically molded from plastic, is conﬁgured with clusters of artlculated i‘astemng
members by which the loudspeaker 10 can be snap-m mounted to an associated
baffle.

FIG. 3 a central cross-sectlon from the same v1ewpomt as
FIG. 2, shows pot 20 constltutmg a lower pole plece of a cylmdncal permanent :
magnet 22, fitted at its opposite upper pole with a dlsc-shaped pole piece 24 that
extends to face the inner side of the upper nm of pot 20, thus forming the
loudspeaker's annular magnetlc air gap. A voice coil form 26A wound with 2
voice coil deployed i in the magnetlc air gap, extends upwardly to where it joins
the perimeter of dxaphragm 16, seen to have a concave shape The voice
coil/diaphragm assembly is supported i in place by a surround suspensmn member
18. :

NOTE: in FIGs. 2, 3 and 5 loudspeaker 10 is shown facing upwardly; it
should be understood that this upward direction is actually the- forward direction
of loudspeaker 10, and s1m11arly the downward direction as shown is actually the
rearward direction of loudspeaker 10. | FIG. 4,2 rearv1ew of loudspeaker
10, shows mounting ring | | o |
12 configured with six buttress blocks 12A arrayed around pot 20. Two hookup
wires 14 extend outwardly Mountmg ring 12 is also conﬁgured w1th four
mounting clusters 12B by which the loudspeaker 10 can be mounted in a snap-in

manner to a baffle.
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FIG. 5, an enlarged view of the carcled reglon of FIG 3,
shows voice coil 26B in the magnetic a1r gap between upper pole piece 24 and
the inner rim of pot 20 that forms the opposite pole piece. The upper edge of
voice coil form 26A is adhesively at'tached to the lower side of a flat narrow
flange formed around the edge of concave dlaphragm 16.

The inner edge of resilient suxround suspension member 18 which may
include a short flange as shown, is adhesively attached to voice coil form 26A at
a locafion somewhat below its upper end, while its outer edge is attached via the
outer flange onto an annular flat forward—facing suspensiou-attachment surface
on the forward side of the mounﬁng ring 12, shown at the upper region of a
buttress block 12A. The structure provides for an usually long excursion range
for the voice coil/diaphragm assembly which includes vbics coil 26B, voice coil
form 26A, diaphragm 16 and surround suspension member 18, thus enhancing
the low frequency capabilities of the loudspeaker 10 so that it can operate as a
full range unit. The cross-sectional shape of surround suspension member 18
shows the arched portion extending upwardly to a front plane' of loudspeaicer 10
as defined by the perimeter of diaphragm 16.

FIG. 6 is an enlarged three-dimensional view of loudspca.ker 10 as seen  from
a rear location, showing mountmg ring 12, w1th buttress blocks 12A an:ayed _
around pot 20, from which the two hookup wires 14 are shown extcndmg _
outwardly. These are connected through integrated flat conductors 28 to the vou:e
coil, ehmmatmg a conventional two-terminal board and mounting rivet.

There are a total of six buttress blocks 12A (refer to FIG. 4) arranged in
a polar array around pot 10, each fitting closely against the wall of pot 20, where
optionally they may be fastened adhesively or otherwise. |

At four locations mouhting ring 12 is configured with a mounting cluster
12B, including a flag-shaped lock tab .12C and a rotation stop pdst 12D, which
serves to provide snap-in attachment to a baffle of an acoustic enclosure,
typically a bass-reflex system. The baffle is configured with a circular opening
dimensioned to clear surround suspension member 18 so that loudspeaker 10 can
be rear—mountcd onto the baffle; four cantilevered arms on the bafﬂe engage

mounting clusters 12B
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Mounting ring 12 is formed to provrde a stepped mounting strip 12E

between each pair of adjacent blocks 12A to further facilitate snap-in mounting.

When loudspeaker lO_Iis mounted against the rear of the baffle, the outer

flange of surround suspension member 18 serves as a gasket, eliminating the

need to provide a separate gésket as required in conventional mounting practice.

A plurality of apertures are provided around the v'va]ll of pot 20 betvreen
buttresses 12A to allov?r acoustic venting so that the sound pressure from the rear
of diaphragm 16 can communicate to the rnteﬁor cf the enclosure system,
typically bass reﬂex. | |

The mventlon could also be practrccd with vanatlons from the preferred
embodiment described above w1thout departing from the splnt of the invention.
The permanent magnet could be made in the form of a donut with a cylindrical
central core associated wrth disc pole piece 24, while the other pole plece would
be formed simply as a cylmdncal collar; this would suffer from magneuc field
leakage which in the above embodrment is conmmed by the pot 18 and whrch_
could be detrimental to utlhzmg the loudspeaker in computer service and/or
could require the expense of additional magnetrc shleldmg

Permanent magnet 22 may be of any known magnet matenal commonly
utilized in loudspeakers the pole pieces (pot 18 and disc 16) are typrcally of
magnetically soft iron or steel but may be made from other material suited to
their magnetic function as pole pieces. ' |

Diaphragm 16 may be made from any suitable material that provides

rigidity and light weight: metal such as trtamum or alummum, or non-metal such

as plastic or rmpregnated/remforced paper

The concave shape of dlaphragm 16 serves to reduce the height of the
lIoudspeaker so as to provide a low profile package overall. Functlonally the
invention could be practiced in less preferred form with draphragm 16 made in
a convex shape; alternatively it could be made flat but that may make it more

difficult to obtain the desired rigidity with a thin lightweight sheet of material.
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As an alternative to the "butt" j Jommg of the dxaphragm 16 to the top end
of the voice coil forrr; 26A shown in FIG. 5, there i i§ an option of forming
dlaphragm 16 so as to provide a annular downward-facing channel that would
flank the upper edge of voice coil form 26A, to facilitate locatmg and fastening
operations. _ _

A preferred embodiment of the loudspeaker 10 has overall dimensions 31
mm diameter by 14 mm depth. The diaphran 16 is made concave to a
maximum depth of 2.6 mm. The outside of the voice coil form 16A and the
concave portion of the diaphragm are 19 mm in diameter. _

Referring again to FIG. 5, the voice coil form 26A is made to extend
upwardly 4.3 mm beyond the voice coil 26B. The .location designated for
attachment of surround suspension member 18 along voice coil form 26A is
choseﬁ to be 1.6 mm from the end so as to make the foM extent of the
surround suspension member 18 flush with the front plane of the loudspeaker 10,.
i.c. the perimeter of the diaphragm. 16. Proper selection of material of surround
suspension mémber 18 and its fastening location along the free region of voice
coil form 26A act to cushion and isolate the diaphragm 16 and to ensure that the
voiée .coil 26B is constrained coaxially in the magnetic gép while it vibrates
fongitudinally, so that its travel is kept in a straight line free of wobble ar other
extraneous movement. |

A key dlmensnon relating to low ﬁ'equency loudness capablhty is the
clearance allowed for excursion of the vou:e coﬂ/dlaphragm assembly: this is
made to be 2.55 mm at fwo potential bottommg locations: between the lower
extremity of the voice coil form 26A and the floor of pot 20, and between the
lower extremity of diaphragm 16 and upper pole piece 24. Thué a fnaxjmum
symmetrical excursion range of 5.1 mm peak-to-peak is provided.

As a size efficiency factor, the excursion can be éompar_cd to the total
t_hic_:kneés of the loudspeaker. For a hypot_heﬁcal cylindrical loudspeaker of given
diameter with a cone of equal diameter and a peak-to-peak excursion equal to the
loud;peakcr thickness, this factor would bé _100%; that is, the volume of
displaced. air would equal the volume of the loudspeaker itself. In the

embodiment of the present invention described above this factor is 5.1mm/12mm

9
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i.e 42.5'%, compared to typically less than 10% for conventional loudspeakers.

The voice coil 26B is made 2.9 mm in length; the'worki:ng magnetic air.
gap spacing is 1.47 mm. The pot 20 is made 1.75 mm thlck, perrnanent magnet
is made 3.77 mm thick, and upper pole piece 24 is made' 1.4 mm thick

The surround - suspensron member 18 is conﬂgured and arranged to
provrde a degree of constraint to the maximum excursrons of the voice
coil/diaphragm assembly in both the upward limit whlch is not constrained
otherwise, and in the lower limit, where it acts to cushlon agamst bottommg
Regardmg the arched shape of surround suspensron member 18 itis beheved that
the arched shape shown with the arc subtendmg an angle of 180 degrees or
slightly less is optimal, however the invention could be practlced with at least
partial equlva]ence, utlhzmg known alternate conf guratrons of surround
suspension member 18,e.8.a series of concentric corrugatlons '

- The detailed conﬁguratron of the mounting rmg 12 and partxcular method
of attachment to a baffle and associated housing are not of cnttcal importance to
the acoustic function of the mventlon, there variations that could enable the basic
practice of the mventlon at some tradeoff of convemence e.g. conventional
mounting with screw hardware instead of snap-in mountmg Also snap-in
mounting could be accomplished with alternative conﬁguratlons and/or with a
different number of attachment clusters other than four. The snap-m fastenmg
system can be unplemented with metal sprmg or resxhent plastlc lockmg
members.

The invention could be practiced utilizing a tv)ist—lock mounting
arrangement involving rotation of the speaker basket, mcorporated in
conJunctron with or as an alternative to snap-m mountmg

This invention may be embodied and practlced in pther specific forms
without departing from the spirit and essential character-istics thereof, The
present embodlments therefore are considered in all respects as 1llustrat1ve and
not restrictive, The scope of the invention is mdlcated by the appended claims

rather than by the foregoing description. All variations, substitutions, and

.10
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changes that come w:thm the meaning and range of equlvalency of the claims

therefore are intentéd to be embraced therein.
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What is claimed is:

L. A miniature full-range loudspeaker, comprising:

a circular diaphragm having predetermined diameter at a perimeter
thereof;, |

a tubular voice coil form, having an outside diameter closely approaching
that of the said diaphragm, a forward end and a rearward end, the forward end ’
being attached co-axially to said diaphragm in a peripheral region thereof:

a voice coil, wound on a rear region of said voice coil form, extending
forward toward a mid region thereof thus leaving a free space on said voice coil
form between said voice coil and said diaphragm;

a magnet assembly made and arranged to define an annular gap with
magnetic flux traversing said voice coil in a known enabling manner for
loudspeakers; _

a cylindrical sidewall of said loudspeaker surrounding said magnet
assembly and said voice coil; '

~ an annular mounting ring, surrounding the sidewall and attached thereto
at a forward region thereof, configured to provide an annular flat forward-facing
suspension-attachment surface disposed in a pléne that is perpendicular to a
central axis of said loudspeaker and that is located between the forward end of
said voice coi! and the forward end of said voice coil form; and '

an annular surround suspension member of resilient material, surrounding
said voice coil form, having an outer flange attached at a rear side thereof onto
the suspension-attachment surface of said mounting ring and an inner edge that
is edge-attached to the free space on said voice coil form between said voice coil

and said diaphragm.

2, The miniature full-range loudspeaker as defined in claim 1 characterized
by said surround suspension member having a radial cross- sectional shape
configured generally as an arc extending forwardly between the outer flange and
an inner flange narrower than the outer flange, extending to the inner edge of said

surround suspension member.

12
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3. The miniature full-range loudspeéker as defined in claim 2 wherein the
arc subtends an angle not exceeding 180 degrees. '
4, The miniature full-range loudspeaker as defined in claim 3 wherein said

diaphragm is configured to have a concave shape such that the perimeter of said

diaphragm defines a most forward region thereof.

‘5. The miniature full-range loudspeaker as defined in claim 4 wherein:

the outer flange of said suspension member is configured with a rear
attachment surface made and arranged to interface the suspension-attachment
surface of said mounting ring; and

the inner edge of said surround suspension member is located

substantially in a common plane with the outer flange thereof.

6. The miniature full-range loudspeaker as defined in claim 5 wherein:

the inner edge of said surround suspension member is edge-attached to
the free space on said voice coil form at a location that is offset rearwardly from-
the perimeter of said diaphragm such that a most forward front surface point of
said surround éuspension member and the perimeter of said diaphragm are both
caused to be located substantially in a front plane of said loudspeaker.

7. The miniature full-range loudspeaker as defined in claim 5 wherein:
said surround suspén_sion member is made to have a predetermined
thickness in a region thereof between a forwardmost surface point thereof and the

rear attachment surface of the outer flange.
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