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INTRODUCTION Condenser microphone technology
is making significant advances. The availability of low-
noise solid-state preamplifiers has helped give the con-
denser microphone wider applicability by making it less
bulky and more convenient o use. Recent capsule de-
signs have produced improvements in stability, frequency
response, and front-to-back ratio. One of the last stum-
bling blocks to complete versatility and ease of operation
has been the power supply. This problem is being solved
by using battery-operated designs; some of these are
self-contined units, which for the majority of uses is the
ideal packaging arrangement.

The microphone under consideration er.oodies all of
these developments.

POWER SUPPLY '

Apart from the truly minimum power requirements
for a well-designed FET amplifier, the most serious prob-
lem is to polarize a capacitor element in the capsule. Al
least 50 V dc is needed, and the voltage must be stable in
order to maintain uniform output. Four systems for
polarization of a sell-contained condenser microphone
are worth considering.

* Presented April 29, 1968 at the 34th Convention of the
Audio Engineering Society, Los Angeles under the title “A
Self-Contained Condenser Microphone Using a Solid Electro-
lyte Battery for Permanent Poluarization.”
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The first is the use of conventional mercury batteries.
Since a large number of cells is needed to obtain the
required voltage, the microphone will be excessively
bulky if self-contained. In order 1o have a compact
microphone, the batteries may be relegated to a separate
power pack. This can be cumbersome; moreover, a
typical shelf life of only two years is a further inconven-
icnce.

A second system for polarization is the dec to de con-
verter. Three problem areas are evident. First, complex
circuitry is required, with decreased overall reliability.
Second, high current drain from the supply battery is
required. This yiclds short battery life, with the inconven-
icnce of frequent battery changes. Third, leakage of
local oscillator frequency into signal circuits can occur.

The third polarization system which has come under
extensive consideration in the past few years is the elec-
tret. To date, fabrication of electret capsules is complex,
and their quality is inconsistent. High temperature and
humidity condilions, often encountered, can cause deteri-
oration of the polarizing voltage with a subsequent loss
of outpult.

The fourth system is use of a solid electrolyte battery.
It is the one chosen for the microphone described here,
since it provides the most reliable and compact method
of polarization.

The solid electrolyte battery has small cup-shaped cells
of silver, silver chloride, and chlorine. The cells are
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wired together and potted permanently in cpoxy. The
major obstacle to long life is tarnishing of the silver
clectrodes. This has been minimized so that a shelf life of
30 1o 100 years is possible. The stack of cells yielding
the required 62 V has a very high internal impedance for
a battery, so that very little current can be drawn. Since
capsule polarization draws virtually no current, this is
not a problem. On the contrary, it is the main reason for
the successful application of this unusual battery.

Assuming that high humidity or dirt in the capsule
should cause up to 0.1 pA average current to be drawn
from the battery, it should still last well over 20 years.
Forwunately, typical leakage currents are much less than
0.1 pA.

The onc problem that has been occasionally encoun-
tered with the solid electrolyte battery is noise duc to its
high internal impedance. This has been suppressed com-
pletely by shunting the battery with a .05 uF capacitor.

CIRCUIT DESIGN

The preamplificr circuit diagram of the new micro-
phone is shown in Fig. 1. A very large amount of
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Fig. 1. Schematic diagram of sclf-contained condenser mi-
crophone. '

negative feedback is used o minimize gain variations
with differcnt FETs and to guarantee stability at any
reasonable operating temperature. No source current ad-
justment is needed. The 200 ohm balanced output is
fixed and will drive any load from below 50 ohm to high
impedance without adverse elfect on frequency response
or increase in distortion.

The only problem when using this type of FET pream-
plifier is to avoid overloading the following stages of
amplification if signals are unusually high. No pad is
necded ahead of the FET for music or voice since the
overload point of FETs is 10 or 20 dB higher than that
of the tubes which were formerly used. With a properly
chosen FET. the noise of the microphone is comparahle
to that of the best tube units. This is 23 dB SPL.
Fortunately, the increused overload capacity yiclds a
much wider total dynamic range, on the order of 110 dB.

With the solid electrolyte battery for polarization, this
FET preamplifier can run for 1000 hours on a single
mercury battery that is readily available for a little over
one dollar. For most uses, this would be a year's service.
On a 24 hour a day basis, this amounts lo 45 days of
continuous operation. Standard iwo-wire shiclded cable is
used, a further system advantage. In those locations
where battery operation is difficult, d¢ may be phan-
tomed on the balanced signal line from a central power

FHONT WAVES

Fig. 2. Simplificd diagram illusirating the principle under-
lying the operation of a cardioid microphone.

supply. This feature along with the use of the solid
clectrolyte battery is covered in a patent.

CAPSULE DESIGN

The capsule embodies some refinements which permit
extremely smooth frequency responsce along with a gen-
crous front-to-back ratio. On a production basis, this
means between 25 and 30 dB at 1 kHz, falling to 15 to
20 dB at high frequencies.

A simplified description of the operation of the cardi-
oid capsule is illustrated in Fig. 2. Consider sound waves
of just a single frequency with wavelength much longer
than capsule dimensions. Front waves can be considered
as splitting into two parts upon reaching the microphone.
Part A rcaches the diaphragm directly, and pushes
downward on it. Part B goes around to the back and
recaches the surface of the acoustical delay network at
some time later than the time Part A reached the dia-
phragm surface. Part B then passes through the acousti-
cal delay network, which causes the wave to arrive at the
bottom of the diaphragm pushing up on it at a later
time than when Part A pushed down on it. Since the
signal is sinusoidal, there results a considerable phase
dilference and hence a pressure dillerence on the dia-
phragm. The diaphragm moves and a signal is generated.

Consider now waves from the back, depicted in the
sccond hall of the figure. When Part A reaches the
surface of the delay path, Part B starts to go around to
the front. Part B reaches the front of the diaphragm and
pushes down on it some time later. Meanwhile Part A
has passed through the delay path. If the parameters of
that path are chosen properly, Part A reaches the back
side of the diaphragm and pushes up on it the same time
Part B is pushing down. The diaphragm does nol move
and no signal results.

Wives approaching from the side produce diaphragm
motion with hall the amplitude of the [ront waves. That
is hecause the relative phase shift between the front and
rear parts of the wave is just hall as much, being caused
by the delay path only. \

Of course, real signals contain many frequencies, so
that parameters for the delay path must be chosen very
carclully to provide the same amount of delay at each
band of freauencies. Also. the hioh.fraananas swnsas



must bhe attenuated relative o the low-frequency waves
as they pass through the delay section, This is shown in
the following equations, where # = acoustic pressure:

P = P, sin (e
where w = 2xf with f = frequency: and
AP = Ar(dP/dr) = AP, wCOswt L)

with Ar = delay time.

Equation (1) pives the amplitude of a typical acoustiz
wave; in Eq. (2), AP was obtained by using the first
term of a Taylor's expansion.

The pressure difference on the diaphragm caused by
phase delay AP is proportional to the frequency of the
wave., Therefore, the delay section must discriminate
against the higher frequencies in order to obtain a Nat
frequency response.

Trouble can result at very high frequencies when wave-
lengths hecome comparable to capsule dimensions. As a
result the thickness of the capsule is made as small as
practical, less than % in. which is about hall wave-
length at 20 kHz. The result of careful capsule dimen-
sioning has been a 5 to 10 dB improvement in front-to-
back ratio at higher frequencies.

One of the special features of the capsule is its unusu-
ally high “live-to-dead™ capacitance ratio. This is the
ratio of capacitance that can be varied to the stray
capacitance ahead of the FET pgate. A higher “live-to-
dead™ ratio yields a higher signal-to-noise ratio. This is
accomplished by designing the hack electrode so that
capsule capacitance is about 60 plF, which is abou twicz
that of other typical ¥ in. diavmeter units. Also, almost
all of the material used for the delay path is insulating.
This minimizes stray capacitance between the back elec-
trode and ground. Design of capsule is shown in Fig. 3.
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Fig. 3. Simplied cutaway view of cardioid head.

TRANSIENT RESPONSE

The transient response of the capsule is aided in two
ways: by making the diaphragm as thin as practical. i.e..
Va mil or less, il possible, and by structuring the back
electrode to provide maximum air damping.

The microphone was designed primarily for music and
voice. These sounds are composed mainly of transients,
and contain very few continuous waveforms. Thus transi-
ent response is a vidully important measureable charac-
teristic of microphones relating to their ability 1o repro-
duce musical sounds most Githliully.

The technique of transient response measurement.
though repeatable, is difficult. The equipment needed
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includes, in addition to a suituble anechoic chamber, a
dual-beam oscilloscope with o camera, and o reference
microphone having i transicnt response that is an order
of magnitude better than that of the microphone under
test. Also, u suitable source of acoustic transients is
required.

The setup used Tor transient response measurements is
illustrited in Fig. 4. The reference microphone is o
capacitive pressure transducer of the type described by
Wright [1]. These small-diameter air-stilfness-controlled
devices have resonant frequencies on the order of 500
kHz, with very good damping. This means that one can
obtain Nat response heyond 200 kHz, or tem times the
desired bandwidth of the microphone under test.

REFERENCE MICROPHONE

B CMEa—
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TRIGGER LOOP
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O - (

DUAL BEAM OSCILLOSCOPE

Fig. 4. Arrangement of equipment for the measurcment of
transicnt response.

The source of transients is o spark gap through which
a large capacitor is discharged. With a suitable choice of
capacitor and spark gap parameters, a single shockwave
can bhe obtained. A 150 xF, 200 V dc capacitor can be
used for this purpose.

Meaningful comparisons have been made between mi-
crophones using the setup shown. The microphone under
test is placed the same distance away from the spark-
gap transient source as the reference microphone. The
trigger wire loop creates a pulse of induced current that
trigeers the oscilloscope. Oscilloscope photographs are
made showing the responses of the reference and test
microphones. Parameters to be measured are pulse rise
time and overshoot, as well as ringing after the pulse.

Figure 5 shows some of the oscilloscope patterns. The
photograph on the left is of the reference microphone
and it shows the rise time of the pulse 1o he about §
psec. A negative pressure pulse follows at about one-half
the positive pulse amplitude, and there is negligible
ringing. The rise time of the new microphone, shown lop
right in Fig. 5. is about 15 usec. again showing a
ncgative pressure pulse at about one-hall amplitude. and
very little ringing. The lower right photograph shows the
response of a high-guality cardioid dynamic microphone.
The rise time is 40 psee. Considerable negative over-
shoot and ringing occur, giving a transient response he
havior that is far from faiihful.
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Fig. 5. Oscilloscope pliotographs of microphone transient response tests. Left, reference microphone; lower right, conventional

dynamic microphone; wpper right, 5-10 condenser microphone.

-llh{.' il1l|‘f['l.1\'L‘G[ Lraisienl response T L"*il‘l.,'.l.'.l.l”\' I1u||af||l
in stringent music recording applications, where it results
in a warmer, more natural quality which is easily appre-
ciated by today’s critical listener. It further helps account
for the significant dilference between condenser  and
dynamic microphones having nearly identical [requency

FCSPONSC CUTVES.

CONCLUSION

The microphone described appears o yield the best
transient response sund directional characterisistics so lar
attained. The vse ol FET cucwtry and solid electrolyte
battery has resulted in wider dynamic range and elimina-
tion of bulky power supplics, making the condenser micro-
phone suitable for a much wider variety ol applications.

Fig. 6. Complele cardiond condenser microphone. Battery
in case permils 1000-hour continuous operation.
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