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[57l ABSTRACT 

A piezoelectric loudspeaker suitable for midrange fiequen- 
cies uses a dome shaped piezoelectric actuator to drive a 
speaker membrane directly. The dome shaped actuator is 
made fiom a reduced and intemdly biased oxygen wafer, 
and generates exansion of the apex of the dome in the odex 
of 0.024.05 inches when a rated drive voltage of 350 V rms 
is applied between the convex and the concave d a m s  of 
the dome shaped actuator. The load capacity exceeds 10 lbs. 
The edge of therim ofthe dome shaped actuates must be free 
to rock when the dome height varies to ensure low distortion 
in the loudspeaker. This is achieved by mounting the rim of 
the dome shaped actuator on a support d a c e  by prestress 
only. An exaptionally simple design uses a planar speakex 
membrane with the center part of one side p.essed against 
the rim of a dome shaped actuatar by prestress from a 
slretcfied latex surround member. 
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will twist along its center line when an electric potential 
difference is imposed between the electrode pairs. The 
element may be coiled either helically or spirally. In either 
case, the moving end of the material is coupled mechanically 
to a cone shaped membrane. Adler states that the described 
piezoelectric actuator has high compliance. This means that 
the force exerted on the speaker cone will be low, and that 
the moving end of the coil will require centering and 
guiding. The coiled piezoelectric elements are complicated 
and expensive to mufacture. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
piezoelectric loudspeaker suitable for use as a direct coupled 
midrange driver. 

It is a firrther object of the invention to provide a midrange 
driver of simple and rugged design using a dome shaped 
actuator of piezoelectric mat& 

It is a st i l l  further object of the present invention to 
provide a direct coupled loudspeaker utilizing a dome 
shaped piezoelectric actuatar that has low distortion. 

These and other objects are accomplished by a loud- 
speaker comprising a speaker membrane; a speaker frame; a 
dome shaped actuator made from a reduced and internally 
biased oxide wafer of piezoelectric d c  material, and 
which has a dome height that varies with a voltage applied 
between the outside and inside surfaces of the dome shaped 
actuator; and means fur mounting the actuatoc between the 
speaker membrane and the speaker frame so an axial dis- 
tance between the speaker membrane and the frame is 
determined by the dome height of the actuator. A preferred 
embodune * nt allows the edge of the rim of the dome shaped 
actuah to rock on a support surFace when the dome height 
changes. 

BREW DEScRIpIlON OF THE DRAWINGS 

The present invention and the objects achieved by it will 
be understood fkom the description herein, with reference to 
the acconrpanying drawings, in which: 

FIG. 1 is an axial sectional view through a piezoelectric 
actuah for a loudspeaker according to a p r & d  embodi- 
ment of the invention. 
FIG. 2 is an axial d o d  view through a pair of 

piez#.lectric actuatom as shown in PZG. 1 stacked rim 
against rim in clamshell fashion according to a prefemd 
embodmen t of the invention. 

FIG. 3 is an axial sectional view through a midrange 
driver according to a prefmed embodiment of the invention. 

FIG. 4 is an axial sectional view through a midrange 
driver of planar design along h e  4-4 as shown in FIG. 5 
amording to a prefmed embodme ’ nt of the invention. 

FIG. 5 is a view from the rear of the midrange driver 
shown in FIG. 4 taken along line 5 j  therein. 

DETAILED DESCRIPTION OF THE 
PREFERReD EMBODIMENTS 

FIG. 1 is an axial sectional view through a piezoelectric 
achiatar 10 made from a reduced and internally biased oxide 
wafer 12, as shown in U.S. Pat No. 5,471,721 and com- 
monly available from Aura Ceramics. The achlator 10 is 
dome shaped and is made from a flat wafer of a piezoelectric 
ceramic material, such as lead-lanthanide-zirconium-titanate 
(PUT), by reducing one surface 15 while the other surface 
14 is protected from the reducing medium. The reduced 

1 
HIGH DISPLACEMENT SOLID STATE 

FERROELECTRIC LOUDSPEAKER 

This is a continuation-in-part of application(s) Ser. No. 
08/326,804 filed on Oct. 11, 1994, now abandoned 

ORIGIN OF THE INVENTION 

The invention described herein was made in the perfor- 
mance of work done by employees of the U.S. Government 
and may be manufactured and used by or for the government 
for governmental purposes without the payment of any 
royalties thereon or therefore. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to loudspeakers for sound 

reproduction, and more particularly to loudspeakers utitizing 
piezoelectric actuators to drive a speaker membrane. 

2. Description of the Related Art 
A loudspeaker system for sound reproduction typically 

consists of a cabinet with one or more loudspeakers 
(“drivers”) covering separate paas of the desired frequency 
range. ”)pically there will be a high frequency driver 
(‘”tweeter“), a midrange driver, and a bass driver (“woof&). 
The drivers are usually direct drivers, which have a speaker 
membrane coupled directly to the air for radiation to the 
listening area. Horn dxivers, which have acoustic horns 
connected between the driven membrane and the free air to 
improve the coupling efficiency, are used mostly for high 
power public address applications. In either type of driver, 
the speaker membrane is moved b c k  and forth in response 
to an electric voltage from an amplifier by means of an 
actuator, which can be either electromagnetic, electrostatic, 

An electromagnetic loudspeaker uses a cylindrical voice 
coil of mebl wire suspended in a radial magnetic field as an 
actuator. The voice coil is co~ected  electrically to the 
annplifer output andmechanically to the speaker membrane, 
which moves in response to the axial force genemted by the 
ament flowing in the voice coil wire. The speakcr mem- 
brane is usually a cone or small dome of thin walled 
mateaiaL Electromagnetic loudspeakm are today the domi- 
nant type of drivers. 
An electrostatic loudspeaker uses a thin mehllmd - f i l m  

orpiezoelectric. 

suspended in an elecbrostatic field as both actuatcx and 
speaker membrane. The metallized film is suspended 
between two acoustically open wire mesh screens. A high 
voltage electrostatic field is set up between the two mesh 
screens, and an altemathg voltage derived from the ampli- 
fier output is impressed on the metaUized film, which malces 
the film/membrane move back and forth in the electrostatic 
field to generate sound waves. The force per unit area of the 
membrane is small, so the membrane must be large to 
provide substantial sound pressure levels. Electrostatic loud- 
speakers are expensive. 

A piezoelectric loudspeaker uses a piezoelectdc actuator 
to drive the speaker membrane. A conventional piezoelectric 
actuator has very small maximum excursions, so piezoelec- 
tric drivers have been limited to use in earphones and high 
frequency horn speakers. 
U.S. Pat. No. 3,900,748 to Adler describes a coiled 

element of fmdectric mat& for use as a piezoelectric 
actuator for driving a speaker membrane. Large axial excur- 
sions of the coil ends are possible by arranging electrode 
pairs to set up shear stresses in the mateaial so the element 
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surface shrinks, so internal strains are set up in the wafer 12, piezoelectric actuator 10 as shown in FIG. 1 is mechanically 
and the wafer 12 takes on a shallow dome shape as illus- connected to the bottom end of the speaker cone 32 by a 
trated in FIG. 1. The curvature (r) and the height (h) from screw or a rivet 28 passing through holes in the actuator 10 
rim 17 to apex 16 of the domed actuator 10 are exaggerated and the bottom end of the speaker cone 32. Insulation must 
in FIG. 1 to be readily visible in the drawing. Actuators 10 5 be provided to avoid short circuiting the outer electrode 14 
are available with a diameter (d) from 0.5" to 4" and wafer and inner electrode 15 of the dome shaped actuator 10, e.g., 
thickoess from 0.006" to 0.060". by using a plastic fastener for connecting the apex of the 

The concave inner surface 15 of the actuator 10 is reduced actuator 10 to the Speaker cone 32. 
to a conductive form of lead oxide, so it can directly serve The rim 17 of the actuator 10 is mounted to the flange 42 
as an electrode in the actuator 10. A conducting film 14 is 10 via a mounting plate 46 of insulating material and an O-ring 
applied to the convex outer surface of the actuator 10 to 48 of soft elastomeric material. The mounting plate 46 is 
serve as a second electrode. The conduaing film can be a fastened to the flange 42 by screws 49, and a spacer ring 44 
metallic film deposited by sputtmhg, a conductive paint, or is inserted between the mounting plate 46 and the flange 42 
any other conductive film known in the art. to maintain a predetermined pressure by the O-ring 48 on the 

m e n  an e l d c  voltage is amlied bemeen the elec- 15 rim Of the actuator 10. The pressure from the O-ring 48 
provides a prestress force of 4 to 8 02 between the rim 17 of 
*e actuator 10 and the mounting plate 46- m e  O-ring 
PfeSSUre On the aCtUtIbr 10 thus preSteSSeS the entire actuator 
10, &weby mechanically biasing the actuator 10 and the 
speaker cone 32. By applying a fixed amount of mechanical 
bias or prestress to the actuator 10 and mounting the a t o r  
10 such that its motion as it becomes mare flat or more 
curved with applied voltage adds or subtracts a varying 

the exarrsion of 25 is more responsive at lower voltage levels. Strips 24 and 25 

load capacity of of metal foil are applied to the outside and inside electrodes 
is the 14, 15 of the actuator 10 to serve as leads for the drive 

24 and 25, will cause the height (h) from the rim 17 to the 
apex 16 of the a m  10 to alternate with the voltage. 

When the polarity of the drive voltage is such that the 
height (h) increases, the apex 16 of the actuator 10 push 
the SpeaLa cone 32 outward, away from the mounting platc 

be owd frorn a pair of 35 46, so the sound pcessure in front of the speaks cone 32 
shllped 10,1(~ rim rim in inueases. The force exerted by the apex 16 of the acruatcn 

&,,,&a as shown in m ~ .  2 A strip ofmd foil 10 will cause a reaction force between the rim 17 and the 
25 of the two actuatcas 10,10 fixed mounting plate 46, which adds to the prestress force 
contacts the inner surface electrodes 15 of both actuators IO from *e O-ring 48. 
and 10', and another strip of metal foil 26 inmonnezts the 4o When the drive voltage has the opposite polarity, the apex 
two external electrodes 14. When a voltage is applied 16 of the actuatm 1@ will puU the speaker cone inward, 
between the metal foil strips 25 and 26, both actuators 10 thaeby U g  the sound pressure in front of the s- 
and 10' change their heights @) in the same direction. cone 32. At the same time, the rim 17 of the actuator 10 will 
Several such clamshell assemblies can be cascaded if still be pulled away from the mounting plate 46. As long as the 
larger excursions are needed. Any internally prestressed 45 prestress fmce exeatel by the O-ring 48 is larger than the 
dome shaped ferroelectric achlatar can be used; for instance, lllllxirrmm pulling force on the actmar 10, the rim 17 of the 
the actuator shown in 'Thin Layer Composite U-h actuator 10 remain pressed against the mounting plate 
Fenoelectric Drivex and Sensor", Sa. No. 08/416,598, filed 48, and the actuatar 10 will behave as if it were firmly 
Apr. 4,1995, can also be used. attached to the mounting plate 46. The limited pressure from 

A M  prefened embodiment ofthe invention is illus- the O-ring 48, however, does allow the @e of the rim 17 
in FIG. 3, wfic. is an hod dew through a on the dome shaped actuator 10 to rock on the mounting 
loudspeaker 30 using a bm shaped p i e m l d c  mator plate 46 when the radius of curvature (r) of the actuator 10 
IO to directly drive a speakex membrane in the form of a changes in response to the drive voltage. 
conventional speaker cone 32. The speaker cone 32 is One way to mount the rim 17 of the actuator 10 on the 
mounted, as is common in the art, to a mounting flange 36 55 mounting plate 46 would be by soldering or gluing. This 
via a suwund me& 34 of rubber. The mounting flange 36 would allow for much larger negative forces on the apex 16 
is part of a conventional speaker basket 40 with a flange 42 of the actuator 10, but the rim 17 would then be locked in 
for support of the actuator 10 driving the speaker cone 32 place, so it could not rock on its edge when the radius of 
n e  sulzound member 34 is weak axially, but sutliciently curvalure (r) of the actuator 10 changes in response to the 
rigid in the lateral plane to keep the speaker cone 32 60 drive voltage. The actuator 10, BccoTdingly, would not be 
centered, When the loudspeaker 30 is mounted on the wall able to maintain a true spherical curvature when its height 
of aloudspeakercabinefthesunoundme~34alsoseals apex (h) varies. This introduces spurious strains in the 
the cabinet so out of phase sound pressure from the rear of actuator 10 and causes non l indes  in the apex e x d o n s  
the loudspeaker cone 32 does not interfere with the sound (h). 
waves radiated from the front of the speaker ame 32. smce of non- 

The narrow end of the speaker cone 32 is closed by a linearity in the loudspeaker 30 is eliminated by mounting the 
semi-spherical bottom end. The apex of a dome shaped rim 17 of the actuator on its contact surface by prestress 

@des  14 and 15, a pie=l&c strain is generated in the 
wafer 12.  his causes the radius of mature  (r) of the 
actuator 10 and the comespon&g height (h) from rim 17 to 
apex 16 to change. The change in height (h) is typically 
h ~ . 0 2 "  in a 1.5" -ator 10 for a voltage 
variation o f f  500 V. 

The excursion provided by this type of dome shaped 
10 is ut 100 limes largex than the . 

excursions by amOUnt Of mechanical bias from the hitid bias, the Speaker 
gezddc  actuatars, and about 10 
bimoaph piezoelectric actuators. The 
the dome &aped actuator 10 is aht 10 bs., 

the m e  the laad capacity of dire& extendg alternating voltage applied meen metal strips 

but than 100 times the am of b q h s .  me exan~on -4 we 
10 

suitable for driving speaker membranes in 1oudSpeaLers for 
midrange frequencies. 

capacity the && piez&e&c 

woe as large exc-onS 

between the 

65 ~ m g l y ,  as e m  m, a 
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The source of the prestress force in this case, thenfore. 
should be able to accommodate the full excursions of the 
apex 16 of the dome shaped aduator 10 without excessive 
changes in the prestress force. This is accomplished by the 
relatively wide and thin latex film used as the surround 
member in loudspeaker 60. The source of the prestress in 
loudspeaker 30 (FIG. 3) needs only accommodate the slight 
rocking motion of the edge of the rim 17 of the actuator 10, 
so a relatively rigid O-ring 48 is a suitable means for 
prestressing the rim 17 of the actuator 10 against its support 
surface in that loudspeaker 30. 
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only, so the edge of the rim 17 is free to rock when the apex 
height (h) changes. 

The apex 16 of the dome shaped actuator 10 is laterally 
stable, so it can center the narrow end of the speaker cone 
32 without need for a separate centering spider, which is 5 
required in electromagnetic loudspeakers. 

A second preferred embodiment of the invention is a 
planar midrange driver illustrated in FZGS. 4 and 5. FIG. 4 
is an axial sectional view through a loudspeaker 60, and FIG. 
5 is a rear view of the moving parts of the loudspeaker 60 lo 
taken along section line 5-5 in FIG. 4. The radiating 
dement of the loudspeaker 60 is a 3" diameter planar disc The planar loudspeaker 60 ihstrated in FIGS. 4 and 5 is 
membrane 62 made from 0.064" thick Styrofoam. The extremelysimpleindesignandcanbemanufacturedatvery 
Styrofoam disc membrane 62 is supported by the rim 17 of low cost. The rim 17 of the actuatcx 10 provides support for 
a dome shaped acluator 10. The apex 16 of the actuator 10 l5 the planar s m  membrane 62 between the center and the 
is supported by a frame member 78 in the form of a 0.092" @ p h q  of the membrane 62, so a very thin and light 
thick steel wire via a rubber disc 77. The speakex membrane membrane can be used. 
62 is pstressed against the rim 17 of the actuator 10 a d  the 
frame Illember 78 by means Of a 0 . ~ ~ . 0 0 1 "  thick h k X  single dome shaped 10 be 
film 64 serving as a surround. 

The loudspeaker 60 is assembled by first stretching the 
latex film 64 flat on a mounting plate 72, and then clamping 
the rim of the film 64 between the mounting plate 72 and a 

actuator lo with 'Ontact &PS 247 25 attached are next 
centered on the inside of the flat latex film 64, the r u b k  disc 

wire 78 is pressed against the actuator 10 until its ends fit in 
cut-outs in the mounting ring 72. The thickness of the 

ma m m e  ex-ions as those firom the 
by suppart- 

ing the planar speaker membrane 62 by a pair of actuators 
connected at their apexes by a rivet or screw and providing 
a flat support surface for the rim of the second actuator on 
the kame wire 78. 

speakas 30,a described above is about 350 V rms, while 
the rated output from comuy available audio 

an audio hwever, can easily be convd to a 
ul higher voltage by a msfm, would be 

mounting flange 68 by smews 71. The membrane 62 and the 25 n e  rated drive voltage for either of the piezoelectric 

is on the 16 of the mator 1% and the frame amplifiers is only about 20 v -. The ouqa voltage from 

mounting Plate 72 is &signed to provide sauent 
ing of the Ma fitm 64 to PW a b & d d  as part of a crossover nemo& regularly b&&d in 

a l o u d s e  syskm for deriving separate s i m s  for force of4  to 
8 oz b e e n  the rim 17 of the actuator 10 and the membrane 
62 on one side and apex 16 of the actuator 10 and the frame 
wire 78 on the other side. 

The mounting plate is tinally mounted on a closed 
driver box 70 by means of screws 71, so the frame wire 78 

73, such as glass fiber 

connectors far be drive voltage are in the 
bottom of the box 70. 

tweeters, and woofm. A loudspeaker 

in a loudspeaker system 
to the Fefa4 mMnts of the 

35 thus can easily be - 
by a m n v e ~ o  -mer. 

is in place in its cu t a t  The driver box 70 is Alo~dspeaker 30 a a~ bw above and illustrated 
with acoustic damping in FIGS. 3-5 with excursion in the order of 0.020" and a 

pressures d u e n t  fur a hi-fi system down to frequencies 
below 1,OOO Hz. The described loudspeakers W,60 accord- 

poss& pre~wly horn piezoelectric lou&peakers, 

insulation or m u t i c  foam, as is common in the art speaker memfnane with d i m e  3"-3*5" g a m s  s-d 

by a drive voltage belxmxl terminals 66, 67 f- the 
62 Outward against in the latex fiJm 64. 45 which had so small examions that they c d d  only generate 

the membrane 62 inward to remain in contact with the 
retreating rim 17 of the actuator 10. In either case, the has low COWbce and 
movement of the membrane 62 is so it can drive a loudspealta 3 0 9 6 0  UP 
height (h) of the actuator 10. The inward movement of the to the highest audible frequencies. A l o U & m  30, 60 

actuator 10 only as long as the axial p ~ l l  from the latex film midrange ~ - ~ v e z  The limiting factor WOUM in W m  be 
64 is larger than the outward force on the membrane 62 from '-g" at high frequendw, because the diameter of the 
the reduced sound Fessure and acceleration forces. Fa a S m  is w e  to the Sound Wave- 
midrange driver 60, the sum of such farces are lower than 55 length at frequencies in the mid to Beam- 
the initial 4 oz prestress force, so there is no risk that the ing can to some extent be controlkd by diffusers acoustic 
acmator 10 will lose its mechanical contact with the s- lenses. The cost of a loudspeaker 30,60 m a g  to the 
membrane 62 or the frame wire 78. embodiments of the invention, however, is so low that it may 

speaker 30 with rdaence to HG. 3. ~n both similar to the described mim-ange drivers 30,60, but with 
cases, the rim 17 of the dome shaped actuator 10 is free to small diameter *med membranes for better dip- 
rock and expand on its suppcut surface, so nonlinearties are 
minimized. In the planar loudspeaker 60 (FIGS. 4-5), the Numerous modifications and adaptations of the present 
prestress farce holding the rim 17 of the actuator 10 in place invention will be apparent to those skilled in the art. Thus, 
on its contact surface, however, is applied across the actuator 65 the following claims and their equivalents are intended to 
10, which is sandwiched between the speaker membrane 62 cover all such modifications and adaptations which fall 
and the speaker firm comprising box 70 and frame wire 78. within the true spirit and scope of the present invention. 

in the apex (h) makes the latex film s ~ d e n t  sound pnrre wee-. 
The dome Shaped 

by the apex m e  load 

m e  62 foflws a in apex height 01) in the could thus t h e O d d y  be Used as a combined meted 

= 

The loudspe&er 60 fundons the same way m the loud- most Cases be m a  ecollomical to 

at the mest frequencies* 
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What is claimed is: 
1. A loudspeaker, comprising: 
(a) a speaker membrane; Hz. 
(b) a speaker frame; 
(c> a state 

7. A midrange driver according to claim 5, wherein said 
actuator has a lower cutoff frequency response below 1,000 

8. A device according to claim 1, wherein said actuator is 
mOnOmOrph dome shaped inter- 5 made from a reduced and internally biased oxide wafer of 

nally prestressed ferroelectric actuator having a spheri- piezoelectric makrid. 

dome shaped mator and an apex, and a made from a reduced and internally biased oxide wafer of 
dome height measured from a plane through said rim to Piezoelectric material. 
said apex that with an voltage applied 10. A device according to claim 1, wherein said actuator 
between an inside and an outside surface of said dome is made from a thin layer composite unimorph ferroelectric 
shaped actuator; and driver and sensor. 

(d) means for mounting said a t o r  between said 11. A device according to claim 5, Wherein said actuator 
speaker frame and said speaker m e m e  SO that said 15 is made from a thin layer composite unimorph fmdectric 
dome height determines an axial distance between said 
speaker frame and said speaker membrane, wherein 
said actuator is sandwiched between said speaker mem- 
brane and said speaker frame and a predetermined 
prestress force is applied between said speaker mem- 2o 
bane and said speaker frame for -wdY biasing 
said actuator and said speaker membrane so that the 
responsiveness of the loudspeaker to lower levels of 
voltage is increased. 

2. A loudqeakex amding  to claim 1, wherein said 25 

said integral monomo~h 9. A device according t0 C h h l l 5 ,  wherein said actuator is 
a 

driver and sensor. 
12. A loudspeaker, comprising: 
(a) a speaker membrane; 
@) a speaker frame; 
(c) a solid state integral monomorph dome shaped inter- 

nally prestressed faoelectric actuator having a spheri- 
cal curvature, said solid state integral monomqh 
dome shaped actuator having a rim and an apex, and a 
domeheightrneasuredfromaplanethroughsaidrimto 
said apex that varies with an electric voltage applied 
between an inside and an outside surface of said dome 

(d) meam for mounting said actuator belween said 
speaker frame and said speaker membrane so that said 
dome height determines an axial distance between said 
speaker frame and said speaker membrane, whaein 
said actuator is sandwiched between said speaker mem- 
brane and said speaker frame and a predetermined 
prestress force is applied between said speaker mem- 
brane and said speakex frame for mechanically biasing 
said actuator and said speaker membrane so mat the 
responsiveness of the loudspeaker to all levels of 
voltage is inmascd 

13. A midrange driver for a loudspeaker system, compris- 

(a) a speaker membrane; 

(c) a solid state integral monomorph dome shaped inter- 
nally prestressed f;erroelectdc actuator having a spheri- 
cal crnvatrne for driving the speaker memtrane, said 
actuator having arim and an apex and an apex height 
that varies with an electric voltage appiied between an 
inside and an outside surface of said dome shaped 
actuator; 

(d) means for mounting said actuator between said 
speaker frame and said speaker memtrane so that said 
apex height determines an axial distance between said 
speaker frclmc and said speaker membrane, whaein 
said actuator is sandwiched between said speaker mem- 
brane and said speaka frame and a predetermined 
prestress force is applied between said speaker mem- 
brane and said speaker frame for mechanically biasing 
said actuator and said speaker membrane so that the 
responsiveness of the loudspeaker to all levels of 
voltage is increased and the spherical curvature of the 
actuator is maintained as the apex height varies. 

means for mounting said actuator permits the edge of said 
rim pivot freely when said dome height varies so that the 

permitting maximum dome height excursions. 

mounting means comprises presbress which permits the edge 
of the rim to pivot freely when said dome height varies. 

4. A loudspeaker accarding to claim 2, wherein said 
speaka membrane is a planar membrane and said actuatar 
is arranged with its rim in contact with one side of said 35 
planar membrane. 

5. A midrange driver for a loudspeaker system, compis 
ing: 

(a) a speaker memhane; 
@) a spcaLn frame; 
(c) a solid state integral monomqh dome shaped inter- 

nally p.estressed faroeleccric actuator having a spheri- 
cal curvature for driving the speaker membrane, said 
actuatar having arim and an apex and an apex height 
that varies with an electric voltage applied between an 45 
inside and an outside surface of said d m  shaped 
-; 

(d) means for mounting said actuator between said 
speaLer frame and said speaker membrane so that said x) 

speaker frame and said speaker membrane, wh& 
said  actuator is sandwiched M e e n  said SpeaLer mem- 
h e  and said speaker kame and a predetumined 
prestress force is applied between said speaker mem- 55 
brane and said speaker frame for mechanically biasing 
said actuator and said speaker membrane so that the 
responsiveness of the loudspealrer to lower levels of 
voltage is increased and the spherical cmvature of the 
actuator is maintained as the apex height varies. 

6. A midrange driver for a loudspeakex system according 
to claim 5, wherein said speaker membrane is a planar disc 
of light weight material and said rim of said dome shaped 
actuator is pressed against the center of said planar disc by 
said pedehmm * ed prestress force. 

sphericat curvature of the dome shape is maintained, thereby S h a p e d  actuatoI; and 

3. A loudspeaker accarding to claim 2, wherein said 30 

40 
ing: 

(b) a speaker frame; 

apex height detumines an axial distance between said 

* * * * *  


