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Panel View of Type lOOO-P6 Crystal Diode Modulator

SPECIFICATIONS

Carrier Frequency Ra.e: The useful
clUTierfr~~e 1lJ 20 to 1000 mega­
cycles.

ModulatlDf FrequenC~Rallle: The modu­
UrlI frequency range 0 to Smegacycles.
The response ls appramuatel, 2 db down at
5 megacycles with a gradual roll off tn pre­
vent IIf:!rlouS (iIase d1stortion r:J. 'I'1deo Sipala.

Impedance: The impedance 100t1q into
either the inpIt or autpIl termiDals 1B a flllE­
tlon r:J. the blaB and malulatinll: YOltq:es. 1"ls
unit was des1&'ned for use with a 5O-0.ha:l
source and a 50-ohm 10Ild. The Impedance at
the modu.lation term1na.ls Is approximately
1100 ohms.

Mndn'at!(m: WIth a radlo-frequeocy sWl'Ce
and load of SO ohms aDd DO greater than 50
mWirolts Input, 30 percent ampWude modu­
laUon can be obtaIned oyer the 20 to 1000
mepqcles carr1er-fr.eraq rqe. There
I. cOAll1derabl.e nrlatlon ~ cbaraclerUUcs

U.s. Patent Nos. 2,125,816 and 2,548.457

1.m0D( 1Jl21-B crystal uDi~. For optimum
slne-wawe mocIlII.aUOIl Ul aYer.e cryatal re­
quires Lei volta at the bJu termiaal. The
iJl.serUon loss .nder these concllt1ons Is
apprOKimately 12 db, and appronmately 0.2
Y01l r-m-ll at the modulation terml.Dal.s will
prodl:lte 30 ps-em mcDIIattOll. At the h1gber
freq.Jl!llCie6 the deIth r:J. modulation I.s 1Im1ted
to abed 30 percl!lll: by the byJ:us effect r:J. the
crystal capacitance. At lawer frequencies
hlIbu percedage modalaUon can be obtaIDed
at an incrased iDsert10ll 10811 by~ the
btas. Neptl.'ft! morWlau. m.tage at the hJg.b
modulation terminal increases the radio
frequency output.

T~: ne radlo-frequeac:r aDd modu­
laU. term1naJ.s are prOTlded with Type 874,
COIWa1 Cmnec:tors. TIle mtOUatlon term1na.l
is prorlded with a gnMldlag stwi so tbat can­
necUon can also be made by IDellII8 ~ a Type
274-11 PIll(. The .... termIa1s are~
with IIindi-.: posb wI*.h will recel," a Type
174,·M Plua:.
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INTRODUCTION

The Type 1000-P6 Crystal Diode Modulator Is a simple device for
amplitude modulating the output of a radio-frequency generator. It Is parti­
cularly useful where wide-band modulation, such as required for television,
is desired, or where the usual method of modulat~ a radio-frequency gener­
ator produces an excessive amount of Incidental frequency modulation.

SECTION 1.0 PRINCIPLE OF OPERATION

As can be seen on the diagram, the crystal diode modulator consists
of a crystal diode between input and output terminals, a simple output filter
to prevent appreciable modulating voltage appearing in the output, and a
means of isolating and applying modulating and bias voltages. Since the re­
sistance of the crystal diode Is a function of the voltage across it, this re­
sistance can be modulated by applying a varying voltage. This unit therefore
is equivalent to an Impedance, capable of being modulated, which can be in­
serted in series with a radio-frequency generator and Its load thereby pro­
viding a means of producing amplitude modulation.

SECTION 2.0 OPERATION

2.1 GENERAL

The radio-frequency source should have a 50-ohm or lower resistance
from the carrier frequency down to direct current in order that the bias and
modulation will be properly applied to the crystal. A 50-ohm, 20-db pad be-
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tween the radio-frequency source and the modulator unit is a cOlIYeDient
means of satisfymg this requIrement if the proper conditions do not wst.
The load presented to the output should be 50 ohms for a good modDiation
characteristic. II a higher resistance load is used it should be shunted by
a resistance of the appropriate value. Alternatively, a 50-ohm, 20-db pad
can be used between the output and ioad if this additional atienual10n can be
toleraied. The Type 874-GF Attenuator is recommended.

2.2 BIAS

For sine-wave modulation, bias is most conveniently applied by con­
necting a i.5-volt battery across the bias term1na1swith polarity as 1ndIcated
on the nameplate. This reduces the crystal resistance from the high un­
biased condition to a valuewhlcb is approximately in the center of the charac­
teristic of an average crystal. Increasing the h1as increases the output. II
means are available for observing the modulation characteristic some im­
provemeni may be had by adjusting the hias for optimum resulis. A 3-volt
battery is series with a 10,OOO-ohm rheostat is a convenieni vartable bias
supply. With an asymmetrical modulating signal an adjustable btas suppiy
is recommended if the maximum capabilities of the modulator are to be
obtalned. The applied bias should not exceed 4 volts. Since d.c. can also be
applied through the modulation terminals the bias may be included as part
of the modulating voltage in which case no bias need be applied at the bias
terminals. Negatlve bias is required at the high modulation terminal, If it is
applied in this manner. II no bias at allis applied the modulator w1lI function
on the negative cycles of the modulating voltage. This mode of operation is
useful where all that is desired is to produce a chopped output. Of course,
no bias is necessary if the applied modulal1on consists only of negative
pulses.

2.3 MODULATION

Modulation over the range from zero to 5 megacycles can be applied
at the modulation terminals. Connection can be made by means of a Type
874 Cable or a Type 274-M Plug. Negative modulation increases the radlo­
frequency output. The voltage required for a given percentage of modulation
is dependent on the parl1cular IN21-B crystal diode used and the applied
bias. For sine-wave modulation uoder the specified terminal conditions and
1.5 volts bias, the average crystal requires 0.2 volt r-m-s for 30 percent
modulation.

This value is only very approximate since there are wide variations
between crystals. The crystal supplied with the Type 1000-P6 has been
selected so that the required modulaiing voltage is within +20% of the
stated value and the envelope distortion is low at 30% modulation.

Each Type 1000-P6, with a particular crystal diode, a fixed value of
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TYPE lOOO-P6 CRYSTAL DIODE MODULATOR

d-c bias, and fixed values of generator and load Impedance can be calibrated
at various carrier frequencies in terms of applied modulating voltage.

There are two suggested methods for determining the percentage of
modulation in terms of applted modulating voltage and for determining the
optimum bias. The first is the conventional a -c method in which an oscillo­
scope ts connected to the i-f output of a receiver supplied with a modulated
signal from the Type lOOO-P6. The radio-frequency input voltage to the re­
ceiver should be kept at a minimum to prevent receiver nonlinearity. The
modulating frequency should be sufficiently low 30 that there ts no possi­
bility of sideband cutting in the receiver. The use of the oscilloscope at the
output of a receiver i-f is suggested because it is improbable that an osclllo­
scope would be available that has either the sensitivity or the frequency
range to work directly at the nutput ri. the Type lOOO-P6. A trapezoidal dis­
play of the modulation envelope, obtained by using the modulating voltage for
the horizontal deflection of the oscllloscope, is best for observing the modu­
lation linearity, for determinlng optimum bias and for measuring the per­
centage modulation.

The second method is merely that of deiermining the static modulation
characteristic of the Type lOOO-P6 by applying various values of positive
and negative d-c voltage to the modulation terminals and plotting the vari­
ation of radio frequency against values of d-c voltage. The peak value of the
a.c. required for a given percentage modulation is easily determined from
this plot. A receiver with a carrier meter, a d-c vacuum -tube voltmeter
across the detector diode load resistor, or a microammeter in series with
the detector -diode ioad resistor is recommended as the device for measur­
ing the radio-frequency output from the Type lOOO-P6. To eliminate errors
due to nonlinearity in the receiver it is recommended that the receiver out­
put indicator be kept at a fixed reference level, at each value of d-c modu­
lating voltage, by adjusting the signal generator output. The change in signal­
generator output with a fixed modulator output is inverseiy proportional to
the change in modulator output with a fixed radio-frequency input. Therefore
the percentage modulation, Itnearity, and effect of changes in btas can be de­
termined from the plots of signal generator output against the applied d-c
modulating voltage.

The peak modulation voitage with respect to ground should not exceed
4 volts.

For television picture modulation the composite video signal applied
must have the synchronizing pulses negative for standard modulation. A
suitable source of television video signals for test purposes is a standard
television receiver tuned to a local television station. The output can be
taken from the plate circuit of the last video amplifier by means of a large
coupling capacitor and a suitably compensated voltage divider. The polarity
of the video signal obtained at this point is correct for applying to the modu­
lator, and a large voltage division is possible permitting a minimum dis­
turbance of the receiver circuit conditions. The exact modulating and bias
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