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Condenser microphones of all types are traditionally made with a planar electrode parallel to an
electrically conducting diaphragm, additional diaphragm stiffness at acoustic frequencies being
provided by the air enclosed in a cavity behind the diaphragm. In all designs, the motion of the
diaphragm in response to an acoustic signal is greatest near its center and reduces to zero at its
edges. Analysis shows that this construction leads to less than optimal sensitivity and to harmonic
distortion at high sound levels when the diaphragm motion is appreciable compared with its spacing
from the electrode. Microphones of this design are also subject to acoustic collapse of the diaphragm
under the influence of pressure pulses such as might be produced by wind. A new design is proposed
in which the electrode is shaped as a shallow dish, and it is shown that this construction increases
the sensitivity by about 4.5 dB, and also completely eliminates harmonic distortion originating in the
cartridge. © 2002 Acoustical Society of America.@DOI: 10.1121/1.1515971#

PACS numbers: 43.38.Bs, 43.38.Kb, 43.58.Ry@AJZ#
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I. INTRODUCTION

Condenser microphones of various designs are centr
the whole of audio engineering practice and to scientific
search in acoustics. At one end of the range we find r
tively simple high quality omnidirectional microphones wi
diameters ranging from 3 to 25 mm for use with sound le
meters and other types of precision measuring equipme1

while at the other end there are much more complicated
dio microphones with adjustable directional patterns.2 Along-
side these there are simple, rugged, and inexpensive ele
microphones for a whole variety of less demanding uses

In all cases the basic principle of operation is t
same—a thin conducting diaphragm is held under tensio
very small distance away from a planar conducting electro
and matching charges are induced on the diaphragm
electrode by a voltage applied between the two throug
very high resistance.~In the case of an electret microphon
the charge is generated by electret polarization so tha
external bias is not required.! Motion of the diaphragm then
causes a corresponding change in the potential between
diaphragm and the electrode, and this voltage signal is
plified through a device with very high input impedance
provide the output signal. Of course, many refinements
involved in order to ensure a flat response over a wide
quency range and, in the case of studio microphones, to
vide control over directional response. These refineme
will not be of concern in the present paper.

The purpose of the present discussion is to analyze
tain aspects of this basic microphone design and to prop
that a significant improvement in performance can
achieved by modifying the plane electrode to an appro

a!Electronic mail: neville.fletcher@anu.edu.au
J. Acoust. Soc. Am. 112 (6), December 2002 0001-4966/2002/112(6)/2
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ately specified dished shape. It is difficult, in retrospect,
believe that such a modification has not been suggested,
perhaps implemented, during the past 80 or more year
microphone technology, but the possibility is not mention
in classic papers on microphone design1–3 or in two compre-
hensive modern texts on the subject,4,5 and no reference to i
has been found in the course of a search of published sc
tific or patent literature.

II. ANALYSIS OF THE PLANAR-ELECTRODE DESIGN

A. Microphone types

For the purposes of the present discussion, we iden
two main classes of condenser microphone. The first cl
designated here as type I and shown schematically in
1~a!, is typical of measurement microphones. The diaphra
is of thin metal under high tension so that its natural f
quency is typically in the range 10–150 kHz, depending
diaphragm diameter. This tension then provides the main
storing force for any displacement of the diaphragm. In
second class, characteristic of inexpensive electrets as
as of many studio microphones, and here designated as
II, the diaphragm is of metal-coated polymer material und
only moderate tension so that its resonance frequency is
1–2 kHz. In this case the air volume enclosed within t
microphone capsule must be relied upon to raise the re
nance frequency to a value of around 15 kHz, and this
volume provides most of the dynamic restoring force up
the diaphragm. The cavity is necessarily vented throug
very small opening for static pressure equalization, howe
so that the diaphragm tension must provide the resto
force against static electrical stress.

Two subclasses of type II microphones can be dis
guished. In a type IIA microphone, the structure of which
2779779/7/$19.00 © 2002 Acoustical Society of America
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otherwise similar to that shown in Fig. 1~a! for a type I
microphone, there is a single air cavity behind the diaphra
and electrode. In microphones with cardioid directional ch
acteristics this cavity is vented through an appropriate r
acoustic resistance. In a type IIB microphone, the air ca
is subdivided into a large number of small cells located i
rather thick metallic electrode, as shown in Fig. 1~b!. In a
microphone with variable directionality, two such capsu
are placed back-to-back and acoustically coupled throug
narrow intervening space and small holes in the electrod2

The directional response can then be varied by changing
voltages applied to the two diaphragms. Simple electret
crophones are generally of type IIA, while studio micr
phones are usually of type IIB.

Suppose that, for a microphone of either type I or II, t
diaphragm tension isT and the reservoir volume isD0 . Then
the local mechanical restoring forceF(r ) per unit area on the
diaphragm when it is displaced normally inwards by
amountz(r ), is

F~r !52
T

r

]

]r S r
]z

]r D1
rc2

D0
E

0

a

2pzr dr, ~1!

where a is the radius of the electrode. The form of th
tension-dependent term assumes that only circularly s
metric displacements are considered,6 while the second term
on the right-hand side is simply the acoustic pressure de

FIG. 1. Schematic of the main types of condenser microphone in cur
use. ~a! Type I: a precision measurement microphone with a metal d
phragm under high tension. The directional pattern of such a microph
can be made cardioid by providing vents with appropriate acoustic re
tance into the back of the cartridge from the environment.~b! Type II: a
basic studio microphone with a metalized plastic diaphragm and resto
force provided by air enclosed in cavities in the thick electrode. A stu
microphone consists essentially of two type II microphone cartrid
mounted back-to-back and linked by a structure with high acoustic re
tance. By varying the potentials on the two diaphragms, the response c
made omnidirectional, cardioid, or figure-eight.
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oped in the air cavity by the diaphragm displacementz(r ).
For a type I microphoneT is very large, so that the first term
is dominant and the second term can be neglected. For a
II microphone, however, the diaphragm tension is smaller
a factor of order 1000 and the second term is dominan
many features of the behavior. The first term, however,
termines the behavior under electrostatic loading, since
reservoir is necessarily vented through a small opening
the pressure of the enclosed air quickly decays to atm
spheric.

It might appear that the volume-dependent restor
term in Eq. ~1! should have a different form in a type-IIB
microphone, since the air cavity is distributed over the s
face of the diaphragm in small cells that might be expec
to provide a local rather than a global pressure response.
RC time-constant for the individual cells, whereC is the
acoustic compliance of the enclosed air andR the flow re-
sistance of the thin air film between the electrode and
diaphragm, is however about equal to the inverse of
cavity-supported resonance frequency of the diaphragm
that, at the frequencies well below this limit with which w
are primarily concerned, the cavities are effectively interco
nected and behave as one single cavity.

In what follows, the somewhat different but related b
havior of these two microphone types under both static e
trostatic forces and oscillatory acoustic pressures is con
ered. The design complications associated with stu
microphones of variable directionality will not be of conce
here, but only the behavior or the basic microphone c
tridge.

B. Electrostatic deflection

The behavior of all microphone types under electrosta
loading is formally the same, except for the magnitude of
diaphragm tensionT. The analysis is well known7 but is
repeated here to make clear the subsequent developm
Suppose that the separation between the diaphragm an
plane electrode ish when no voltage is applied, and that th
diaphragm is deflected a distancez(r ) toward the electrode
by an applied voltageV. Then, by Eq.~1! with the enclosed
volume term omitted,

T

r

d

dr S r
dz

dr D52
e0V2

~h2z!2 , ~2!

wheree0 is the permittivity of free space. If the electrode h
a radiusb,a, wherea is the diaphragm radius, then Eq.~2!
still applies provided we takeV50 for b,r ,a.

This equation is easy to solve in the linearized limitz
!h, in which case

z5
e0V2b2

4Th2 S 12
r 2

b2 22 log
b

aD , r ,b, ~3!

52
e0V2b2

2Th2 log
r

a
, b,r ,a. ~4!

In this limit the shape is a paraboloid of revolution forr
,b and a logarithmic surface of opposite curvature forb
,r ,a.
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H. Fletcher and S. Thwaites: Condenser microphone electrode profile
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A general solution for larger deflections is necessa
numerical, since the equation is nonlinear. Such a solutio
most usefully parametrized in terms of the quantities

b5S e0b2

4Th2D 1/2

V, d5
h2z

h
, ~5!

which represent, respectively, the normalized polarizing v
age and the fractional value of the separation between
diaphragm and the electrode. The calculated result is sh
in Fig. 2. As the potential on the diaphragm~the parameter
b! is increased, the diaphragm moves steadily toward
electrode until suddenly, at aboutb50.88, it collapses onto
the electrode. Just before the collapse, the separation
tween the diaphragm and the electrode has been reduc
about 0.63 of its unpolarized value. The physical reason
the collapse is that the maintenance of diaphragm potenti
the center of the diaphragm requires an inflow of cha
from the supply to the center of the diaphragm, thus incre
ing the electrostatic force and further reducing the sep
tion, which in turn requires more charge to maintain the d
phragm potential. This electrostatic force, which increa
about as (h2z)22, ultimately overbalances the elastic r
storing force, which increases only linearly withz.

When values for the relevant physical parameters
inserted into the parameterb, it is found that for a typical
type I microphoneb,0.01, while for a type II microphone
b;0.3. This means that the electrostatic displacement of
diaphragm is almost negligibly small for a type I micr
phone, while a type II microphone has a significant sta
displacement and may be close to the condition for colla
if excess voltage is applied. Computed profiles of the d
phragm for various values of the parameterb are shown in
Fig. 3. It can be seen that the profile is approximately pa
bolic right up to the value ofb giving collapse.

C. Acoustic deflection

Suppose that there is an extra inward diaphragm defl
tion c(r ) in a uniform acoustic pressure fieldp(v), and for

FIG. 2. Calculated variation of the normalized diaphragm spacingd from
the electrode as a function of the polarization voltage parameteb
5(e0b2/4Th2)1/2V. The diaphragm collapses onto the electrode whenb
exceeds 0.88.
J. Acoust. Soc. Am., Vol. 112, No. 6, December 2002 N. H. Fletc
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simplicity let b5a so that the whole diaphragm is electr
cally active. Since the diaphragm~or the electrode, depend
ing on the microphone design! is essentially electrically iso-
lated at acoustic frequencies, the total chargeQ upon it
remains fixed at the value

Q52pe0V0E
0

a r dr

h2z~r !
, ~6!

whereV0 is the steady supply voltage,h is the initial dia-
phragm separation from the electrode, andz(r ) is the elec-
trostatic displacement of the diaphragm. The diaphragm
tential V under the influence of the additional acous
displacementc(r ) is then

V5V0E
0

a r dr

h2z~r !Y E
0

a r dr

h2z~r !2c~r !
, ~7!

and the time-varying part of this potential constitutes t
electrical signal from the microphone.

The behavior ofc(r ) is given by

r
]2c

]t2 52F~c,r !1G~c,r !1p, ~8!

wherer is the mass of the diaphragm per unit area,F(c,r ) is
the additional elastic restoring force as given by Eq.~1! with
z(r ) replaced byc(r ), and G(r ) is the additional electro-
static force, given by Eq.~7! as

G~r !5
e0V2

~h2z1c!2 2
e0V0

2

~h2z!2 . ~9!

The second term on the right-hand side of Eq.~1! simply
contributes a constant times the average magnitude oc
across the diaphragm and so is proportional top. Since
at high sound levels the acoustic vibration amplitudec(r )
of the diaphragm may be not much less than the diaphra
spacingh2z, the nonlinear terms in Eq.~9! are significant,
so that the electrical signalV will suffer an appreciable
amount of harmonic distortion, as will be discussed
Sec. III.

FIG. 3. Calculated normalized profiles of the diaphragm, as a function of
parameterb, for electrostatic loadings up to the point of collapse. All pr
files are approximately parabolic.
2781her and S. Thwaites: Condenser microphone electrode profile
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At low acoustic levelsc(r ) is everywhere much les
than the diaphragm spacingh2z(r ) so that, from Eq.~9!,
G(r ) is approximately zero andF(r ) is simply proportional
to c. It is then simple to solve the linearized version of E
~8!. For very low frequencies, the left-hand side of Eq.~8!
can be neglected, leading toF(c,r )5p and hence, if we
takeb5a for simplicity, to the result

c~r !5ApS 12
r 2

a2D , ~10!

whereA is a constant. For frequencies approaching tha
the cavity-supported diaphragm resonance, the left-hand
of Eq. ~8! cannot be neglected, and the solution has the w
known form6

c~r !5BpJ0~2.4r /a!, ~11!

whereJ0 is a Bessel function of order zero andB is another
constant. The profile shapes given by Eqs.~10! and ~11! are
very similar.

When the diaphragm displacement is no longer negl
bly small compared with the diaphragm separationh, then
the redistribution of charge on the deflected diaphragm m
be taken into account by including the force termG(r ) from
Eq. ~9! with V given by Eq.~7!. This clearly introduces more
nonlinear terms and so more harmonic distortion of the e
trical output signaldV. This will not be pursued further here

III. DISTORTION AND SENSITIVITY

To examine the effect of electrode shape on sensiti
and distortion, it is simplest to consider first an idealized ty
I microphone with no electrostatic distortion of the di
phragm. Suppose that the diaphragm radius isa and that its
equilibrium spacing from the electrode ish. As derived pre-
viously in Eq.~10!, the acoustic displacement has the for

z~r !5c0S 12
r 2

a2D cosvt, ~12!

wherec0 is the acoustic displacement at the center of
diaphragm. If it is assumed for simplicity that the electro
extends to the edge of the diaphragm, then the microph
capacitance is

C52pe0E
0

a r dr

h2c0~12r 2/a2!cosvt
, ~13!

5
pa2e0

c0 cosvt
logS h

h2c0 cosvt D . ~14!

If Q5C0V0 is the charge on the electrode when t
polarizing voltage isV0 andC05pa2e0 /h is the capacitance
when the acoustic displacement amplitudec050, then the
potentialV of the electrode in the presence of acoustic d
placement is

V5
Q

C
52

V0~c0 cosvt/h!

log@12~c0 /h!cosvt#
. ~15!

Expansion of this expression as a power series in cosvt and
conversion to a series in cosnvt involves tedious algebra
but the first few terms are given approximately by
2782 J. Acoust. Soc. Am., Vol. 112, No. 6, December 2002 N.
.
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V'V0F120.56
c0

h
cosvt20.06S c0

h D 2

cos 2vt

20.03S c0

h D 3

cos 3vt1¯G . ~16!

This means that the relative amplitude of second-harmo
distortion is about 0.11c0 /h and of third-harmonic distortion
about 0.05(c0 /h)2. Converting to distortion levels show
that, whenc050.1h so that the amplitude of the electrica
signal is 0.06V0 , second-harmonic distortion is abou
240 dB relative to the fundamental, and third-harmonic d
tortion is about266 dB. The electrostatic modification o
the acoustic deflection function, referred to briefly earli
will add further distortion terms. These figures require so
modification when the fact that the electrically active part
the diaphragm does not extend to its full diameter is tak
into account. Formally, this is done by changing the up
limit of the integral in Eq.~13! from a to b, which signifi-
cantly complicates the algebra. The result is a reduction
both the electrical output and also the distortion.

From a practical point of view it must be pointed ou
however, that the acoustic level required to achieve a d
phragm displacement of 0.1h is much larger than would nor
mally be contemplated for a microphone. Indeed the out
signal amplitude would then be about one-tenth of the po
izing voltage, so that the preamplifier would be forced in
severe clipping. The consequent distortion would complet
obscure the microphone distortion.

There is one other feature of the planar-electrode des
that is worthy of comment, and that is the possibility of wh
might be termed acoustic collapse. If the acoustic signal
a large positive pressure, then this will bring the center of
diaphragm close to the electrode and the migration of cha
will cause it to collapse into contact, thus short-circuiting t
microphone and rendering it inoperative for perhaps sev
seconds until the charge has been restored through the
high supply resistance. This phenomenon can be investig
in the quasi-static limit by adding an acoustic pressure te
p, independent ofr , to the right-hand side of Eq.~2!.

IV. IMPROVED ELECTRODE DESIGN

Referring back to Eq.~7!, it is immediately apparen
that, if the electrode is curved so that the static diaphra
separationh2z(r ) is made everywhere proportional to th
acoustic displacement c(r ) so that @h2z(r )#
5gc(r ,t)/p(t), wherep(t) is the acoustic pressure sign
andg is a constant, then Eq.~7! simplifies to the form

V5V0@11g21p~ t !#, ~17!

and the electrical output mirrors the acoustic input witho
distortion. In physical terms, this means that the diaphra
motion does not cause any redistribution of charge, so
the electrostatic force on all parts of the diaphragm rema
constant, thus ensuring that the displacementc, and thus the
reciprocal of the microphone capacitance, faithfully follow
the acoustic pressure signalp.

These observations are the basis of the proposed
proved microphone design. The electrode profile that w
H. Fletcher and S. Thwaites: Condenser microphone electrode profile
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give optimal performance does not differ greatly betwe
type I and type II microphones, though there are signific
quantitative variations associated with the extent to wh
the diaphragm is deflected by electrostatic forces.

A. Type I microphones

As discussed previously, the tension in the diaphragm
a type I microphone is so high that the static deflection
only of order 1023 of the electrode spacing. This means th
the diaphragm can be treated as essentially planar, and
assumption forms the basis for an initial evaluation of op
mal electrode profile. It has already been shown that
vibration amplitude of the diaphragm has a parabolic pro
at low frequencies and a rather similar Bessel-function p
file near the major resonance, in each case vanishing a
circumference. An optimum electrode shape should there
follow a similar profile, vanishing at the edge of the di
phragm, and with a central displacement chosen to optim
other features of the design, as shown in Fig. 4~a!.

Suppose that the radius of the diaphragm isa and that of
the electrodeb and that the central diaphragm spacing ish0 .
Then the electrode shape ish(r )5h0@12(r /a)2# and the
low-frequency acoustic displacement has the similar fo
c(r )5c0@12(r /a)2#. The electrical capacitance has th
value

C5e0E
0

b 2pr dr

h~r !
5

e0pb2

h0
logS a2

a22b2D . ~18!

To avoid a short circuit at the edge of the diaphragm,b must
be significantly less thana, and a choice ofb50.9a will
later be shown to be optimal, giving a capacitance
1.7e0pb2/h0 . The diaphragm spacing at the edge of t
electrode will be 0.2 times that at the center.

The electrical output under a polarizing voltageV0 when
the central acoustic displacement isc0 is given by Eq.~7!
with the upper limit of both integrals taken asb rather than
a. The result is

FIG. 4. Optimal electrode profile.~a! In practice the electrode will terminat
a small distance from the edge of the diaphragm in a type I microphone~b!
in a type II microphone the diaphragm metallization should terminate at
times the diaphragm radius.
J. Acoust. Soc. Am., Vol. 112, No. 6, December 2002 N. H. Fletc
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dV5
V0c0

h0
, ~19!

and there are no higher terms, so that harmonic distortio
identically zero.

This should be compared with a microphone with a p
nar electrode with the same values ofa andb, and a constant
electrode spacingh(r )5h0 . The electrical capacitance i
e0pb2/h0 , which, for the caseb50.9a, is about half that of
the curved electrode design. Evaluation of the modified in
grals in Eq.~7! for this case shows that, to first order,

dV5
V0c0

h0
S 12

b2

2a2D . ~20!

If b50.9a, then the voltage signal is smaller than that for t
curved-electrode design by a factor of about 0.6, which
about 4.5 dB. As discussed previously, there are also hig
terms of all orders that contribute harmonic distortion.

It can be concluded that the curved-electrode design
fers significant advantages in terms of increased sensiti
~about 4.5 dB!, increased capacitance~factor about 1.7!, and
freedom from distortion, compared with the correspond
planar electrode design. Some practical issues will be
cussed in a later section.

B. Type II microphones

The major difference between a type I and a type
microphone in the present context is the fact that the d
phragm of the type II microphone suffers appreciable cur
ture under the influence of electrostatic forces, the separa
at the diaphragm center being reduced by perhaps a fa
0.7 in a normal plane-electrode design. These micropho
also usually employ a greater electrode separation from
diaphragm, typically about 40mm, partly for this reason. An
optimal electrode design will therefore be dished to about
mm at its center and come close to the level of the diaphra
mount at the circumference as in Fig. 4~b!.

Because of the appreciable electrostatic deflection of
diaphragm, however, it must be questioned whether the
raboloidal or near-spherical electrode shape is still appro
ate. The form of the electrostatic deflection is once ag
given by Eq.~2!, but now with the electrode separation var
ing with radiusr . If we define the shape of the electrode b
the curveh(r ) as in Fig. 5 and the shape of the diaphrag
under electrostatic deflection byf (r ), then minimum distor-
tion and maximum sensitivity is achieved ifh(r )2 f (r ) is
proportional to the acoustic deflection of the diaphrag
which, as has been shown previously, is approximately p
bolic at low frequencies. The equation for the electrosta
deflectionf (r ) is then

T

r

d

dr S r
d f

dr D52
e0V2

@h~r !2 f ~r !#2 . ~21!

The problem then is to choose an electrode profileh(r ) so
that h(r )2 f (r ) is parabolic.

If the paraboloidal-electrode design is appropriate, th
we can assume thath(r )5h0@12(r /a)2#, where a is the
radius of the diaphragm. Substituting this into Eq.~21! gives

.9
2783her and S. Thwaites: Condenser microphone electrode profile
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a nonlinear equation that must be solved numerically, tho
the solution has a quite general form when the bound
condition thatz50 at r 5a is inserted. The electrostati
force per unit area, however, is greater at the edge of
diaphragm than at its center, because of the smaller sep
tion there, and this leads to a displaced diaphragm shape
is approximately that of one half of a very oblate sphero
the slope of the diaphragm being very steep at its edge
the metalization is assumed to cover the entire diaphrag

The escape from this difficulty is, however, quite simp
If the diaphragm metallization radiusb is assumed to be
approximately 0.9a, then numerical evaluation shows th
the steep diaphragm slope at its edge is eliminated, and
shape of the diaphragm is quite closely parabolic for 0<r
<b, thus following the shape of the electrode as desir
This is a quite adequate solution. The improvements to
expected in sensitivity are similar to those for a type I m
crophone, and harmonic distortion in the microphone c
tridge itself should be eliminated.

C. Electrode venting

As shown in Figs. 1 and 4, the electrodes in all co
denser microphone designs have vent holes to relieve
compressive pressure in the thin air layer between the
phragm and the electrode. Flow to the vent holes in this
layer is impeded by air viscosity, and the flow resistan
increases inversely as the cube of the separation betwee
diaphragm and the electrode. In current manufacturing,
design of each microphone is optimized so that the damp
provided by this resistance reduces appropriately the pea
the response at the resonance frequency.

To achieve uniform response over the whole area of
diaphragm in accord with the design objectives set out e
lier, it is necessary that the size and spacing of the vent h
through the electrode also be optimized. The decreased
phragm spacing toward its edges leads to a great increa
flow resistance in the enclosed air layer, which varies ash23.
While the local acoustic impedance of the diaphragm is a
higher, it is necessary to change the size and spacing o

FIG. 5. Definition of the curvesh(r ) specifying the shape of the electrod
relative to the undisplaced diaphragm plane, andf (r ) specifying the shape
of the diaphragm under electrostatic deflection.
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vent holes toward the edge of the diaphragm in order
achieve uniform damping behavior. The exact solution
outside the scope of the present paper.

D. Acoustic collapse

Another incidental advantage of the curved-electro
design is that such a microphone does not suffer from aco
tically induced collapse of the diaphragm at very high sou
pressure levels. In a planar-electrode design, particularly
type II microphone, redistribution of charge on the di
phragm under very large acoustic deflection can cause
lapse onto the electrode. No such charge redistribution
curs in the curved-electrode design, so the problem is
encountered.

E. Practical issues

The microphone designs discussed previously were
alized to a small extent. In the case of a type I micropho
for example, the electrostatic diaphragm deflection is
zero, though it is much smaller than for a type II micr
phone. As has been shown, however, the distorting effec
the diaphragm of this electrostatic displacement can be m
mized if the electrode diameter is about 0.9 times the d
phragm diameter, and this is desirable for simple electr
reasons in any case. Electrical discharge between diaphr
and electrode should not be a problem, though a sligh
curved edge to the electrode is probably desirable.

In practice it is also probably not reasonable to shape
electrode to a parabolic profile because of manufacturing
ficulties. Because of the small curvature required, howeve
spherical-dish shape is completely adequate. Indeed, alm
any shallow dish shape should yield an improvement in
crophone performance. To place the dimensions in cont
the diaphragm spacing of a conventional 1 in.~25 mm! mea-
suring microphone is typically about 20mm, so the dished
electrode, which is about 20 mm in diameter, will have
curvature radius of about 2.5 m. In the case of a conventio
type II studio microphone cartridge, the unpolarized d
phragm separation is 40–50mm, so that the curvature radiu
is about 1 m. Lapping tables to produce such curvature
the electrodes are straightforward to produce since, in c
trast with optical components, a surface accuracy of61 mm
is completely adequate. A lapping table with diameter 20
would typically require a central elevation of 2–5 mm
which is easily made and measured.

V. CONCLUSIONS

This analysis suggests that the behavior of all types
condenser microphones could be improved, both in rela
to sensitivity and distortion, by using a shallowly dishe
electrode instead of the normal planar electrode des
While this adds minor manufacturing complications, it tur
out that simple spherical dishing with a radius of curvatu
between about 1 and 2.5 m is adequate for most comm
microphone types, and this should not be difficult to imp
ment. The appropriate electrode curvature depends on
type of microphone, the unpolarized diaphragm spacing
H. Fletcher and S. Thwaites: Condenser microphone electrode profile
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tension, and the operating voltage. The analysis prese
here allows the optimal electrode design to be calculate
each case.

It is a matter for discussion whether or not these adv
tages are of sufficient practical benefit to justify the requi
modifications to current microphone designs. An improv
ment in sensitivity of 4.5 dB is certainly helpful, but th
same result could have been achieved with a planar de
by reducing the diaphragm spacing by a factor 0.6 or
increasing the polarizing voltage by a factor 1.7. Similar
the actual distortion level in a conventional microphone
sign depends upon the preamplifier as well as the cartrid
and this must be taken into account. Nevertheless, these
all advantages of the proposed new design, and there ma
special applications in which they become important.
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