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(54) Remote control of phantom power supplied microphones

(57)  The invention relates to a method for the re-
mote control of a microphone, which comprises at least
one microphone capsule (9), and at least one additional
power receiver, selected from the group of audio ampli-
fiers (10), power supply circuits (11), processors, control
electronics (39), A/D and D/A converters (44, 46), LED
displays (25), etc., and whose energy supply occurs by
a phantom power unit (31) through the cable conductors
(1, 2) of the audio cable, the so-called phantom power

supply.

The invention is characterized in that a frequency-
modulated voltage is applied as a control signal to at
least one of the two cable conductors (1, 2) through
which the phantom power supply also occurs, and in that
the frequency-modulated voltage, on the microphone
side, is applied to a control electronics (39), for example
a microcontroller or a CPLD, which sends commands to
individual power receivers according to the frequency-
modulated control signals.
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Description

[0001] The invention relates to a circuit for the remote
control of microphones.

[0002] The power supply of microphones is conven-
tionally provided by a power supply source, for example,
using a mixer. During phantom power supply, the posi-
tive pole of the feed voltage is applied through two iden-
tical feeder resistances through two cable conductors of
the audio cable. The return of the current occurs through
a third conductor connected to pin 1 of an XLR plug. To
be able to efficiently use the voltage supplied by the
phantom power supply for the power supply of capacitor
microphones, the current consumption of the micro-
phone should be as small as possible to prevent an ex-
cessively large voltage drop at the feeder resistances.
The maximum current consumption with 48-V capacitor
microphones is 10 mA. The phantom power supply is
here standardized according to DIN EN 61938 (formerly
IEC 268).

[0003] To generate the polarization voltage on the mi-
crophone membrane, whose value is usually in the
range of 20-100 volts dc, one uses primarily combina-
torial circuit parts or voltage converters. The remaining
microphone electronics are usually supplied with power
by a linear regulation, which maintains either the supply
feed voltage or the supply current at a predetermined
value. For microphones with little power consumption,
this type of power supply is appropriate. The linear reg-
ulation becomes problematic when the power consump-
tion in the microphone increases, for example, by the
use of processors, A/D converters, LED displays, etc.
In this case, a large portion of the energy that is made
available by the phantom power supply is destroyed in
the linear regulation elements. However, since, accord-
ing to the standard, the phantom power supply is limited
in its current by the feeder resistances, the maximum
supply voltage for the audio amplifier immediately de-
creases due to the linear regulation in the microphone,
which results in a reduction of the maximal audio output
voltage of the microphone.

[0004] An additional problem consists of the genera-
tion of the polarization voltage. This voltage is usually
applied through a high-ohm resistance to the micro-
phone membrane. Here, the required power is very low.
Voltage regulators with high efficiency for the generation
of this practically powerless polarization voltage are also
difficult to construct.

[0005] An additional problem concerns the remote
control of microphones. With microphones, there is an
increasing need to be able to regulate or to change im-
portant microphone parameters via remote control.
These parameters include the polarization voltage on
the membrane and the associated sensitivity of the ca-
pacitor microphone, the directional characteristic of the
microphone, the type of the phantom power supply (12
V, 24 V or 48 V), a series number, calibration data from
the manufacturer, as well as a weakening of the signal
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and a connectable filter for the audio signal.

[0006] DE 3 933 870 Al discloses a method for the
remote control of microphone parameters, such as di-
rectional characteristic, step sound filter, or preliminary
damping. In the process, the supply voltage transferred
to the cable conductor is regulated via a remote control
unit, for example, in the mixing table, in such a manner
that its amount represents control information for the mi-
crophone. On the side of the microphone, the supply
voltage is uncoupled and applied to an evaluation cir-
cuit, which generates a control signal as a function of
the amount of the supply voltage. By this method of data
transfer, only a small quantity of control information can
be transmitted to the microphone, and therefore also on-
ly a few parameters can be remote-controlled in the mi-
crophone.

[0007] An additional, so far not optimally solved, prob-
lem concerns the polarization voltage generation on the
membrane of a capacitor microphone. The level of the
polarization voltage is incorporated directly in the level
of sensitivity of the microphone capsule. As a result, it
is also possible to regulate the sensitivity of capacitor
capsules with the aid of the polarization voltage. This is
of particular advantage in connection with the use of
double membrane capsules, because these capsules
not only allow the regulation of the sensitivity but also
of the directional characteristic, in the case of a separate
supply of the individual membranes with polarization
voltage.

[0008] It is known how to regulate the polarization
voltage with the aid of fixed resistances or trim resist-
ances. In the process, during the assembly of the mi-
crophone, a one-time adjustment of the polarization
voltage occurs. The directional characteristic is here
predetermined once with fixed resistance ratios. Using
this method, the compensation of tolerances in the sen-
sitivity that are caused by the assembly of the micro-
phone capsules as well as by aging processes is only
possible with difficulty. For this purpose, one would need
a compensation of the polarization voltage during an
acoustic measurement of the sensitivity in the assem-
bled state of the microphone. It is also not possible to
compensate for sensitivity tolerances in the case of dif-
ferent directional characteristics.

[0009] In connection with the power supply of micro-
phones, there is a need for a solution wherein the power
made available by the phantom power supply is optimal-
ly used and converted into the operational voltages re-
quired for the individual output receives, such as audio
amplifier, microphone capsule, processors, controller,
A/D converter, LED displays, etc. Here, the goal is to be
able to use as large as possible a proportion of the pow-
er made available by the phantom power supply for sup-
plying the audio amplifier.

[0010] According to the invention, these goals are
achieved with a microphone comprising a power supply
circuit for the individual power receivers, which micro-
phone is characterized in that the power supply circuit
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comprises a control unit that converts the direct current
transmitted via the cable conductors of the audio cable
into an alternating current, a transformer connected to
the control unit, and supply loops for the individual pow-
erreceivers, where supply loops are inductively coupled
by means of separate windings on the transformer to
the alternating current generated by the control unit and
to each other.

[0011] Inthe process, all the voltages required for the
above-mentioned power receivers are generated by a
power supply circuit, for example, a DC/DC converter,
which has the following properties. The power supply
circuit is regulated or operated in such a manner that
there is a power adaptation to the phantom power unit.
Therefore, the maximum possible power that the phan-
tom power unit makes available can always be con-
sumed by the power supply circuit of the microphone.
The primary current consumption of the power supply
circuitis constant. The power supply circuit therefore be-
haves, with the respect to the phantom power unit, as a
constant-current sink. The individual supply loops for
the individual power receivers are uncoupled in the pow-
er supply circuit by means of a transformer, to satisfy
the different requirements of the individual power receiv-
ers: high voltages and small currents for polarization
voltage, moderate voltage, and moderate current con-
sumption for the audio amplifier, as well as small volt-
ages and large currents for the digital electronics, with
as little power loss as possible.

[0012] The advantageous effect of a capacitor micro-
phone according to the invention is obvious: using the
presented power supply concept, the electrical power
made available by the phantom power unit is optimally
used. As a result, microphones can be fitted with new
functions (for example, remote control, new operating
concept, automatic compensation possibilities, etc.)
while the maximal audio output voltage of the micro-
phone remains the same. The generation of the essen-
tially power-free polarization voltage occurs practically
as a secondary product by a simple additional winding
on the transformer.

[0013] An additional advantage is that as a result of
the use of as high an ohm level as possible, with a con-
stant power source at the input of the power supply cir-
cuit, the switch ripple of the power supply circuit or of
the DC/DC converter can very easily be filtered out.
[0014] With the increasing adaptation possibilities in
the microphone, such as changing the polarization volt-
age and thus the sensitivity, continual changing of the
directional characteristic of double membrane capsules
and changing the control signals for microprocessors for
storing calibration data, as well as modifications of the
frequency range, the maximal audio output voltage, the
amplification, or THD of the audio amplifier, there is a
need for a substantially higher rate of data transfer to
via a remote control to the microphone.

[0015] According to the invention, these goals are
achieved by a method for the remote control of a micro-
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phone, characterized in that a frequency-modulated
voltage is applied as a control signal to at least one of
the two cable conductors through which the phantom
power supply also occurs, and in that the frequency-
modulated voltage, on the microphone side, is applied
to a control electronics, for example a microcontroller or
a CPLD (Complex Programmable Logic Device), which
sends commands to individual power receivers accord-
ing to the frequency-modulated control signals.

[0016] Inthis method, a frequency-modulated voltage
is overlaid on the supply voltage of the phantom power
supply. A data transfer occurs from a transmitter, which
is arranged, for example, in the mixing table or in a de-
vice before the mixing table, via the audio lines to the
microphone. The carrier frequency for the FSK modula-
tion here is higher than the audio frequency range to be
transmitted by the microphone.

[0017] By using frequency-modulated signal trans-
mission, in contrast to transmission with direct current,
a substantially higher data transfer rate can be
achieved. As a result, using a certain protocol, a large
number of parameters can be transmitted. The carrier
frequencies for the modulation are preferably approxi-
mately 100 kHz, and they can be separated from the
audio signal using filters.

[0018] To satisfy the need for low tolerances in the po-
larization voltage of capacitor microphones - for exam-
ple, in view of the sensitivity, a tolerance of £0.5 dB is
sought - a solution is needed which allows a flexible ad-
justment of the polarization voltage even in the assem-
bled state of the microphone.

[0019] According to the invention, this is achieved by
a capacitor microphone, characterized in that the capac-
itor microphone comprises at least one circuit for regu-
lating the polarization voltage, where the circuit for the
regulation of the polarization voltage comprises an an-
alog regulation loop supplied with an unregulated volt-
age, and a digital regulation loop, in that the digital reg-
ulation loop comprises a control electronics, for example
a microcontroller ora CPLD, that provides, to the analog
regulation loop, a desired value for the polarization volt-
age, which is calculated using correction factors, and in
that, for the purpose of feedback, the output of the an-
alog regulation loop is connected with a control electron-
ics.

[0020] In this process, the polarization voltage is ad-
justed by a voltage regulation loop that is integrated in
the microphone. The desired value of the polarization
voltage is preestablished in this circuit via a D/A con-
verter by a control electronics. As a result, a finely grad-
ed adjustment of the polarization voltage can be carried
out. The desired value of the polarization voltage can
also be transmitted by remote control to the control elec-
tronics. The tolerance of the obtained polarization volt-
age now depends on the tolerance and the thermal be-
havior of a reference voltage source.

[0021] The regulation of the polarization voltage via a
digitally controlled regulation loop in the microphone al-
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lows a very precise, interference-resistant, and remote-
controllable adjustment of the polarization voltage of ca-
pacitor microphones. As a result, it becomes possible,
during the manufacture and in the measurement-tech-
nological verification of capacitor microphones, to
achieve very narrow tolerance requirements with re-
spect to the sensitivity and directional characteristic.
The remote-controllable adjustment of the polarization
voltage has the advantage that readjustments by fixed
resistances or trim resistances are no longer necessary;
this fact has a positive effect with respect to cost. In com-
parison to the existing solutions with fixed set polariza-
tion voltages, the following additional possibilities arise
in connection with the capacitor microphone according
to the invention:

As a function of the individual properties of double
membrane capsules, in the case of differently reg-
ulated directional characteristics, the different mi-
crophone sensitivities can be compensated for and
the required correction factors needed to compen-
sate the polarization voltage can be stored.

[0022] In combination with a remote control, as de-
scribed above, for example, the polarization voltage can
be calibrated during an acoustical measurement with
closed microphone, and correction factors can again be
stored.

[0023] Itis of particular advantage to have the possi-
bility to vary the polarization voltage of a remote-con-
trolled microphone and thus its directional effect during
the operation. For example, the microphone can acous-
tically follow moving actors, for example, in the perform-
ance of an opera.

[0024] A capacitor microphone according to the in-
vention allows an aging-caused recalibration of the mi-
crophone sensitivity, without having to disassemble the
microphone, which again means a cost saving for the
customer. During the replacement of the microphone
capsule, the original sensitivity of the microphone can
thus be readjusted later, that is, after the incorporation,
by remote control.

[0025] Below, the invention is further explained with
reference to drawings. In the drawings:

Fig. 1 shows a block diagram of a capacitor micro-
phone according to the invention, with a power sup-
ply circuit,

Fig. 2 shows a block diagram of an embodiment of
a capacitor microphone according to the invention,
with a power supply circuit,

Fig. 3 shows a circuit diagram of a transistor-LED
constant-power source according to the state of the
art,

Fig. 4 shows a circuit diagram of a constant-power
source with counter-coupled transistors according
to the state of the art,

Fig. 5 shows a block diagram of a capacitor micro-
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phone, which is connected to a remote control unit,
Fig. 6 shows a block diagram of a capacitor micro-
phone with integrated circuit for adjusting the polar-
ization voltage, and

Fig. 7 shows the circuit for adjusting the polarization
voltage, comprising an analog and a digital regula-
tion loop.

[0026] Fig. 1 is a block diagram that shows the prin-
cipal components of a microphone according to the in-
vention. The phantom power supply of the microphone,
shown in Fig. 5, is carried out by a phantom supply unit
31 through feeder resistances 32, 33 of identical mag-
nitude, which are arranged behind the 3-pole plug 4, for
example, an XLR plug, in or before the mixing table.
Such a phantom power supply is shown in Fig. 5. Ac-
cording to the standard, three phantom power supplies
are possible: the associated values of the feeder resist-
ances for a 12-V, 24-V, or 48-V supply are 680 Q, 1.2
kQ, or 6.8 kQ, respectively. The lines 1 and 2 here rep-
resent cable conductors supplied by the phantom sup-
ply unit; line 3 represents the ground line that is usually
connected to the grounded cable shielding. Through the
audio cable, that is, through lines 1, 2 and the resistanc-
es 5 and 6, the phantom power unit 31 is connected to
the input of the power supply circuit 11 according to the
invention. A capacitance 7 smoothes the supply voltage
against the grounding. The resistances 5 and 6 are the
feeder resistances in the microphone. They are used for
decoupling the power supply of the microphone from the
output of the audio amplifier 10. The feeder resistances
of the microphones 5 and 6 are assigned as additional
internal resistances of the phantom power supply 31.
Power adaptation exists when the internal resistance of
the phantom power unit is identical to the internal resist-
ance of the power supply circuit 11 in the microphone.
Thus, in the case of power adjustment, half the voltage
of the phantom power supply is the supply voltage for
the power supply circuit 11. This power, which is the
maximum that can be produced by the phantom power
unit 31, is now distributed through the power supply cir-
cuit 11 in the form of a DC/DC converter to all energy-
consuming parts in the microphone. The excess power
is here made available to the audio amplifier 10 to
achieve as high as possible the maximum audio output
voltage of the microphone. With regard to different pow-
er supply voltages (according to standard 12V, 24 V, or
48 V), the circuit can be designed in such a manner that
the power adaptation to different phantom power sup-
plies occurs automatically. This task is then taken over
by the control unit 12 described below.

[0027] The power supply circuit 11 comprises a power
source 13, a control unit 12, and a transformer 14 con-
nected to the control unit 12. The control unit 12 with the
transformer 14 forms a circuit unit, where the DC voltage
is converted into AC voltage. In this case, the transform-
eris a part of the oscillation generating circuit. Naturally,
alternating current can also be generated by the control
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unit 12 independently of the transformer. The control
unit 12 then consists of an oscillating circle that is inde-
pendent of the transformer, and which generates alter-
nating current. The transformer only serves the function
of converting the alternating current into the individual
output voltages.

[0028] In a preferred embodiment, the AC signal has
a frequency in the range of 100-130 kHz. The AC signal
can also be freely oscillating; this represents the sim-
plest embodiment possibility for such a circuit. The only
important factor is that the frequency range of the AC
signal must lie outside of the audio frequency range in
order to not produce any interferences with the audio
signal, which interferences cannot be eliminated by sim-
ple filtering. On the other hand, the frequency should
also not be too high, because otherwise the degree of
efficiency of the circuit decreases and transmission in-
terferences can be expected.

[0029] An additional advantage of using a frequency
of 100-130 kHz is that this frequency can also be used
as cycle pulse for a control electronics 39 that is provid-
ed in the microphone. As a result, the interfering signals
generated by digital technology are minimized, because
no additional mixed products are produced between the
digital cycle time and the oscillation frequency of the DC/
DC converter.

[0030] The produced AC signal is applied to a trans-
former 14. As a result of the individually separated wind-
ings on the transformer, separate current loops 15, 16,
17 are produced for supplying the individual energy-
consuming parts. This uncoupling allows, with as small
as possible a power loss, the simultaneous supply of
consumers that require high voltages but low current,
as well as consumers with high current consumption
and low voltage. The diodes 18, 19, 20 and the capac-
itors 21, 22, 23 in the individual supply loops 15, 16, 17
represent a rectifier circuit for converting AC voltage into
DC voltage. Naturally, more complicated and more effi-
cient rectifier circuits from the state of the art can be pro-
vided in the individual supply loops. Supply loop 16
serves to supply the microphone capsule 9 with the po-
larization voltage, which is applied via a resistance 8 to
the microphone capsule 9.

[0031] The invention is of course not restricted to ca-
pacitor microphones, since any kind of microphones, in
particular dynamic microphones, can be connected to a
phantom power supply. The individual power receivers
are supplied by the phantom power unitin the same way
as shown in Figs. 1 and 2. But in the case of dynamic
microphones a polarisation voltage is not necessary,
therefore supply loop 16 is not needed.

[0032] The use of a constant-current generator 13 at
the input of the DC/DC converter ensures a constant pri-
mary current uptake. The constant-current generator
13, with respect to the phantom power unit 31, behaves
like a constant-current sink and it represents a constant-
current generator for the power supply circuit 11. A con-
stant-current generator 13 having as high an ohm level
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as possible, among other effects, simplifies the filtering
of the switching ripple produced during the DC/AC con-
version and thus it simultaneously prevents the overlay-
ing of interferences on the audio signal. An electrical
component of this type is very well known to a person
skilled in the art who is familiar with the state of the art.
Circuit examples for constant-current generators from
the state of the art are shown in Figs. 3 and 4. Fig. 3
shows a "transistor LED" constant-current generator
with a bipolar transistor. With this current generator, the
LED is operated in the flow direction. As a result, a con-
stant voltage is applied to the LED, with such a voltage
also being applied to the series connection of the base
emitter diode of the transistor with the emitter resist-
ance. The current delivered by this current generator
thereforeis | = (U, gp-Upc)/Re, where U, gp is the voltage
drop atthe LED, U, is the base emitter voltage, and Re
is the emitter resistance.

[0033] The circuitin Fig. 4 contains a constant-current
generator with two counter coupled degenerated tran-
sistors 28, 29 with an additional integrated constant-cur-
rent generator 30. This circuit is preferred because of
better properties in view of a constant-current and a
higher starting resistance. The current generator 30, at
the preliminary resistance Rc, generates a voltage drop
that is equal to the voltage drop Ug. at the emitter re-
sistance Re of the transistor 28. The current of the con-
stant-current generator here is | = Ug/Re. The transis-
tor 29 here forms, with transistor 28, a counter coupled
degenerate system that ensures identical voltage drops
at the resistances Rc and Re. As a result, the current |
of the current generator is also kept constant. The cur-
rent of the current generator 30 is therefore smaller by
a factor of 100 than the constant-current that finally
flows into the DC/DC converter 11.

[0034] Naturally, other types of constant-current gen-
erators can also be provided, for example, a current
generator with an inverted operation amplifier, Howland
current generators, etc.

[0035] The supply voltage generated by the power
supply circuit 11 for the audio amplifier 10 is not regu-
lated in a preferred embodiment. In the supply loop 16
for the microphone capsule 9, a regulation circuit 47, 48
is provided between diode 18 and resistance 8, com-
prising of a digital regulation loop 47 and an analog reg-
ulation loop 48, provided for the polarization voltage ap-
plied to the microphone capsule 9. Fig. 6 in combination
with Fig. 7 illustrates such a preferably remote control-
lable, regulation circuit 47, 48. The control signals re-
quired for the regulation of the polarization voltage can
be transmitted through at least one of the two cable con-
ductors 1, 2. The detailed structure and the method of
operation of such a regulation circuit 47, 48 are de-
scribed further below. In the remaining supply loops one
can also provide regulation circuits, provided current
and voltage limits are not already provided in digital cir-
cuit parts. In the preferred embodiment of Figs. 1 and 2,
no regulation circuit is provided in the supply loop 15 for
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the audio amplifier 10. As a result, the entire power -
which is not used for other circuit parts, such as proc-
essors, control electronics 39, polarization voltage at the
microphone capsule 9, A/D or D/A converter44, 46, LED
displays 25 - is available for the audio amplifier 10. As
a result, a high maximal audio output voltage can be
achieved in a current-saving design of the audio ampli-
fier 10, to achieve a high maximal audio output voltage.
In principle, the supply voltage for the audio amplifier 10
as a result can also exceed the voltage made available
by the phantom power supply. Because of the method
of action of the power supply circuit 11, itis also possible
to produce very simple positive and negative supply
voltages for the audio amplifier 10. As a result, the audio
amplifier 10 can also use grounding as the rest potential.
The supply feed voltage of the audio amplifier (10) can
therefore be symmetrically with respect to the ground-
ing.

[0036] Inamore advantageous embodiment, the DC/
DC converter 11 of the above described type works with
a degree of efficiency of approximately 82%. Because,
even in the most advantageous case, power is lost at
DC/DC converters, it is advantageous to series-con-
nect, if possible, the consumers to the DC/DC converter.
As a result of the use of a constant-current generator
13, it is easily possible to connect consumers with con-
stant-current consumption, for example, a logic supply
24, to make available a fixed direct current, for example,
for a control electronics 39, or LED display 25, A/D or
D/A converter 44, 46, etc., in series to the DC/DC con-
verter 11.

[0037] A corresponding embodiment of the power
supply circuit 11 is shown in Fig. 2. The difference, com-
pared to Fig. 1, is that only the polarization voltage and
the voltage for the audio amplifier 10 are generated
through the DC/DC converter. The other consumers,
like the logic supply 24 for making available a fixed pre-
determined direct current, for example, for a control
electronics 39, or LED displays 25, are series-connect-
ed to the DC/DC converter. The series-connected DC/
DC converter 11 for the digital supply acts as an active
load resistance, where the energy used at this resist-
ance is not converted into heat but, in a majority propor-
tion, is converted to a usable supply power for the audio
amplifier 10 and the polarization voltage on the micro-
phone capsule 9.

[0038] As shown in Fig. 2, in connection with a logic
supply 24 for making available a reference voltage or
additional digital electronics, a Zener diode 27 is provid-
ed, which is particularly well suited for stabilizing the
voltage. Through this diode 27, any current that is not
consumed, but delivered by the constant-current gener-
ator 13, is released to the grounding. In principle, one
can use, instead of the Zener diode 27, any other con-
stant-current generator or a shunt regulator.

[0039] The released power is the product of the cur-
rent of the constant-current generator 13 and the volt-
age applied to the power supply circuit 11. In the block
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diagram of Fig. 1, the entire voltage is applied to the DC/
DC converter 11 and all the voltages are generated
through the DC/DC converter. In the block diagram of
Fig. 2, the voltage is divided into a portion that is applied
to the DC/DC converter 11 and a second portion that is
applied to the LEDs 25 and the digital supply. The DC/
DC converter represents an active preliminary resist-
ance for the LEDs 25 or the digital supply. Since the cur-
rent consumption of the digital supply is not constant,
but the current | is kept constant by the current generator
13, the excess current that exists, depending on the
state of operation of the digital electronics, has to be
bled off through the Zener diode 27. For the supply of
the audio amplifier 10, the power P = | x voltage availa-
ble at the DC/DC converter x degree of efficiency of the
DC/DC converter is available. For the LEDs and the dig-
ital electronics, the power P = | x voltage at the digital
electronics and LEDs is available.

[0040] For illustration, an example is given: The cur-
rent consumption of the audio amplifier 10, in the un-
controlled state, is approximately 0.8 mA, the current
consumption of the digital electronics is approximately
4.2 mA. The current generator 13 delivers a constant-
current of approximately 4.7 mA. Thus, in this special
case, it is more advantageous to lead the voltage for the
digital electronics, not through the DC/DC converter, but
to use a series connection to the DC/DC converter.
Moreover, in additional developments, it may turn out
that, with regard to energy, it is more advantageous to
lead all the required voltages, as in the solution shown
in the block diagram of Fig. 1, through the DC/DC con-
verter.

[0041] The conversion of the supply voltage for the
audio amplifier 10 in this case leads to a maximum avail-
able power for the amplifier of: P=4.7 mA x 18 V x 0.82
= 69 mW. The voltage at the audio amplifier 10 thus is
U = P/l = 69 mW/0.8 mA = 55 V. This voltage is much
higher than the voltage of 24 V delivered by the phantom
power supply unit 31 during power adaptation. However,
since the polarization voltage is also generated on the
membrane of the capsule 9, the value of the supply volt-
age of the audio amplifier 10, which is actually reached,
is slightly lower than this value, but still much higher than
the 24 V available without the DC/DC converter.
[0042] Fig. 5 shows a microphone 54, which is con-
nected with a transmitter or a remote control unit 55. The
remote control of important microphone parameters
here occurs directly through the audio cable, that is,
through the lines 1, 2. The control unit 55 is preferably
on the mixer, or arranged in front of it. A microcontroller
35 with a parameter control input 34 controls a frequen-
cy modulator 36, which feeds a frequency-modulated
signal with the same level into the two cable conductors
1, 2 of the audio cable. The frequency-modulated signal
can then be suppressed as a common mode signal in
the input-difference amplifier 42. At the same time, a
supply voltage of a phantom power unit 31 is applied
through the feeder resistances 32, 33 to the two cable
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conductors 1, 2. In a preferred embodiment, the fre-
quency-modulated signal is applied to only one of the
conductors of the audio cable, namely, to the conductor
2, which is not intended for the audio signal.

[0043] In a preferred embodiment, the frequency-
modulated signal is generated by FSK (frequency shift
keying) or CPFSK (continuous phase FSK). Both mod-
ulations are procedures that are known from digital data
transfer technology. In principle, it also possible to use
ASK (amplitude shifting keying) or PSK (phase shift key-
ing) modulation. However, ASK is much more likely to
be subject to interferences, and PSK modulation is more
difficult to carry out from the point of view of circuit tech-
nology. In contrast to the known applications of the
above-mentioned methods, in the case of use in micro-
phones, the crucial factor is that the modulated signal
has to be separated from an analog signal, the audio
signal. Even if the frequency-modulated signal is only
fed into the conductor 2, which is not intended for the
audio signal, the capacitive coupling between the two
conductors 1, 2 of the audio cable causes an interfer-
ence in the audio signal. The capacitive coupling de-
pends on the constitution and the length of the audio
cable. Therefore, filtering the interference is difficult in
spite of the fact that the control signal is known.

[0044] In the microphone, the frequency-modulated
voltage is separated by means of afilter 37, for example,
a band pass filter, from the audio signals, and the control
information contained therein is evaluated by means of
a control electronics 39, for example a microcontroller
or a CPLD (Complex Programmable Logic Device). Ca-
ble conductor 2 is uncoupled through a capacitance 43
from the grounding. The control electronics 39 is con-
nected in front of a comparator 38 which functions as a
voltage comparator. Commands through the outputs of
the control electronics 39, for example, reach a power
supply circuit 11, as can be seen in Figs. 1 and 2, the
audio amplifier 10, processors, control electronics 39,
A/D or D/A converters 44, 46, etc.

[0045] The frequency modulation on the two audio
lines 1, 2 is carried out in the remote control unit 55,
which is preferably located close to the mixing table. In
the remote control unit 55, on the one hand, the carrier
frequency has to be applied in the direction toward the
microphone 54, and, on the other hand, in the direction
of the mixing table, all modulation frequencies have to
be suppressed. Only the audio signals that come from
the microphone 54 must be transmitted. To make the
suppression of the modulation frequencies simpler, the
modulation is carried out on both audio lines 1, 2 with
the same level. In the remote control unit 55, as a result,
the frequency-modulated signal appears as a common
mode signal for the input-difference amplifier 42 and
thus it can, as a common mode signal, be appropriately
suppressed. In a second variant of the remote control,
the frequency modulation occurs only in the line that
does not transit an audio signal, that is, line 2. In the
direction toward the mixing table, in this variant, the fre-
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guency-modulated signals can be eliminated by filtering
through a low-pass filter 41. The phantom power unit
31, including the feeder resistances 32, 33 as well as
difference amplifiers 42 and low pass filters, do not have
to be integrated, as shown in Fig. 5, in the remote control
unit. For example, they can also be provided in the mix-
ing table.

[0046] To ensure, during the transmission of a control
signal from the remote control unit 55 to the microphone
54, that the control signal has in fact reached the control
electronics 39, the latter sends in response to the control
signal a data-acknowledge message to the remote con-
trol unit 55. The data-acknowledge message can also
be a frequency-modulated signal. The data-acknowl-
edge message for the function of the remote control is
not absolutely necessary; however, it increases the re-
liability of the system at the cost of additional electron-
ics.

[0047] The above described method for remote con-
trol is of course not restricted to capacitor microphones,
since the individual power receivers of any kind of mi-
crophones, in particular dynamic microphones, can be
operated by means of a phantom power supply.
[0048] Fig. 6 shows a capacitor microphone accord-
ing to the invention, in which the regulation of the polar-
ization voltage occurs by means of a two-step control
regulation loop. Here, a second digital regulation loop
47 is overlain above an internal analog regulation loop
48. As a result, it becomes possible to generate a well-
regulated, interference-free polarization voltage on the
microphone capsule 9.

[0049] A preferably frequency-modulated signal with
control information, which is transmitted through the ca-
ble conductors, which are also connected to the phan-
tom power unit 31, reaches the control electronics 39
through a filter 37 and a comparator 38. Detailed pres-
entations concerning the remote control of microphones
according to the invention have already been provided
above. See also, in particular, Fig. 5. The control of the
control electronics 39 can also occur via regulating de-
vices or operating elements on the microphone itself. It
is also possible, that the control electronics is connected
to a radio or an infrared interface for the purpose wire-
less transmission or to a cable interface. The desired
value obtained in the control signal for the polarization
voltage is delivered to the analog regulation 48 via a D/
A converter 46 by the control electronics 39. Instead of
a D/A converter, one can also use a pulse-width modu-
lation circuit (PWM). Although PWM circuits have lower
conversion rates, they are inexpensive and therefore
are very appropriate for adjusting constant levels in
these converters. Fig. 7 is an embodiment example,
showing how the control electronics 39, which is for ex-
ample a microcontroller or a CPLD, plus D/A converter
or PWM 46 acts on an analog regulation loop 48. Many
analog regulation loops are known in the state of the art,
and, for a person skilled in the art who knows the inven-
tion, it is easy to choose dimensions for such a regula-
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tion loop. As schematically represented in Fig. 6, the an-
alog regulation loop 48 comprises a regulation circuit 56
and a voltage divider 49, 50. The details of the regulation
circuit 56 or of the overall analog regulation loop 48 are
shown in Fig. 7.

[0050] The analog regulation loop 48 is preferably
supplied by a power supply circuit 11 with an unregulat-
ed voltage of approximately 100-120 V. The DC/DC con-
verter can be of the same type as described above, or
represented in Figs 1 and 2. The resistances 5 and 6
are the feeder resistances in the microphone. They are
used for uncoupling the power supply of the microphone
from the output of the audio amplifier 10. The resistanc-
es 5 and 6 are identical in size to preserve the symmetry
of the lines 1 and 2.

[0051] The invention is of course not restricted to
phantom power supplied capacitor microphones. The
energy supply for the individual power receivers of the
capacitor microphone can, for example, also be carried
out by a battery located in the microphone.

[0052] The desired value provided by the D/A convert-
er or the PWM 46, or, more precisely, the correction val-
ue for the polarization voltage, is compared with the ac-
tual value via the operation amplifier 52. The desired val-
ue is calculated from calibration data measured during
the manufacture of the microphone and programmed in-
to the control electronics. As a reference value for this
calculation, one uses either an exact reference voltage
45 on the conductor or a reference voltage programmed
during the print measurement into the control electron-
ics. The reference voltage 45 can be made available,
for example, by a logic supply 24. Such a logic supply
24, which is preferably fed by a DC/DC converter 11, not
shown in Fig. 7, is shown in Figs. 1 and 2.

[0053] To suppress the undesired influence of high-
frequency interferences on the analog regulation loop
48, a preferred embodiment provides a low pass filter
51 between D/A converter or PWM 46 and the input of
the analog regulation loop 48, as represented in Fig. 7.
The actual value generated by the analog regulation
loop 48 is taken up through a voltage divider 49, 50 and
applied via an impedance converter 53 to the inverted
input of the operation amplifier 52. The feedback line
plus impedance converter is not included in the sche-
matic drawing of Fig. 6. At the same time, this voltage
is also applied to the input of an A/C converter 44 of the
digital regulation loop 47. The resulting digital signal is
made available to the control electronics 39 as feed-
back. As a result, the outer digital regulation loop 47 is
closed. In Fig. 7, the voltage divider, through which the
actual value is taken up, is represented by the resist-
ances 49, 50. As indicated in Fig. 7, A/D converter 44,
control electronics 39, as well as D/A converter 46 can
also be integrated in a single component.

[0054] As output of the analog regulation 48, one ob-
tains the regulated polarization voltage applied to the
microphone capsule 9 via a high-ohm resistance 8. The
correction voltages or the corresponding correction fac-
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tors that are required to calculate a regulated and inter-
ference-free polarization voltage can correspond to dif-
ferent settings, which reflect certain sensitivities, guide
characteristics, and aging parameters; they can be
stored in @ memory provided in the control electronics
39, and called up at any time.

[0055] These correction factors can later be changed
by remote control with a closed microphone (for exam-
ple, in the Service Department or by the distributor, and
also possibly by the customer). Besides the possible
correction of microphone properties resulting from aging
or from the replacement of the microphone capsule, an
on-site custom-specific tuning of the microphone is thus
also possible.

[0056] The invention is not limited to the individual
embodiment examples. Naturally, it is also conceivable
to use microphones in which all or at least some of the
above-described circuits are combined. For example, a
remote control for all remote-controllable components
can be provided in the microphone; also, the power sup-
ply circuit 11 can supply all conceivable power receivers
in the microphone.

Claims

1. Method for the remote control of a microphone,
which comprises at least one microphone capsule
(9), and at least one additional power receiver, se-
lected from the group of audio amplifiers (10), pow-
er supply circuits (11), processors, control electron-
ics (39), A/D and D/A converters (44, 46), LED dis-
plays (25), etc., and whose energy supply occurs
by a phantom power unit (31) through the cable con-
ductors (1, 2) of the audio cable, the so-called phan-
tom power supply, characterized in that a frequen-
cy-modulated voltage is applied as a control signal
to at least one of the two cable conductors (1, 2)
through which the phantom power supply also oc-
curs, and in that the frequency-modulated voltage,
on the microphone side, is applied to a control elec-
tronics (39), for example a microcontroller or a
CPLD, which sends commands to individual power
receivers according to the frequency-modulated
control signals.

2. Method according to Claim 1, characterized in that
the carrier frequencies for the control signal are ap-
proximately 100 kHz.

3. Method according to one of Claims 1-2, character-
ized in that the audio signal is transmitted through
the cable conductor (1) and the frequency-modulat-
ed voltage is fed into the cable conductor (2).

4. Method according to one of Claims 1-2, character-
ized in that the frequency-modulated voltage is ap-
plied at the same level to both cable conductors (1,
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2) as a common mode signal.

Method according to Claim 4, characterized in that
the frequency-modulated voltage is separated from
the audio signal by an input-difference amplifier
(35).

Method according to one of Claims 1-5 character-
ized in that the frequency-modulated voltage is
separated from the audio signal by a low-pass filter
(36).

Method according to one of Claims 1-6, character-
ized in that, in response to a control signal from the
remote control unit (31) to the microphone (30), a
data-acknowledge message is sent to the remote
control unit.

Method for the remote control according to Claim 7,
characterized in that the data-acknowledge mes-
sage is also a frequency-modulated signal.
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