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1. 
This invention relates to microwave apparatus 

and more particularly to an improved method of 
and means for adjusting and testing crystal rec 
tifiers under conditions comparable to their use 
in microwave apparatus. 

Warious types of crystal rectifiers constitute 
efficient and extremely sensitive detectors of low 
magnitude microwave energy. The selection 
and adjustment of catwhisker contact of crystal 
detectors at super-high frequencies involves dif 
ferent technique than that found satisfactory for 
detectors of ordinary radio frequencies, since the 
relatively low signal levels at super-high frequen 
cies necessitate a relatively high signal-to-noise 
ratio in the microwave detector for satisfactory 
reception, 
One type of microwave crystal detector which 

provides Satisfactory operation at super-high fre 
quencies comprises a silicon crystal having a knife 
edge for contact with a tungsten "catwhisker.” 
A preferred embodiment of this type of crystal 
and the mounting thereof is described in the 
COpending application of Wendell L. Carlson, Ser. 
No. 507,755, filed October 26, 1943, and assigned 
to the same assignee as the instant application. 

Briefly, the instant invention comprises an im 
proved method of and means for employing a 
microwave crystal detector in a circuit Which will 
provide comparable operation to that encoun 
tered in a conventional microwave receiver, and 
Wherein an indication is obtained of the signal 
to-noise efficiency ratio of the crystal detector. 
One embodiment of the invention comprises 

means for applying low frequency amplitude 
modulated microwave signals and unmodulated 
microwave signals of a different frequency to a 
mixer circuit which includes the crystal to be 
tested and adjusted. The modulated beat fre 
quency signals derived from the detector crystal 
mixer, which include extraneous or noise current 
components, are applied to a conventional inter 
mediate frequency amplifier. The amplified 
modulated beat frequency signals are detected 
by, for example, a diode detector and applied to 
the input of a conventional low-pass filter net 
work. The filtered signals derived from the low 
paSS network are amplified at audio frequencies, 
Corresponding to the original modulation fre 
quency, and applied to an automatic volume con 
trol circuit to provide a control voltage for regu- 5 
lating the average gain of the intermediate fre 
quency circuits so that the amplified audio out 
put is maintained substantially constant. An 
indicator responsive to the control voltage ap 
plied to the intermediate frequency amplifier pro 
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vides an indication of the signal-to-noise ratio 
of the signals derived from the crystal mixer, 
since the constant magnitude audio output sig 
nals control the average magnitude of the inter 
mediate frequency currents which are modul 
lated by both noise and the audio signal com 
ponents. 
A second embodiment of the invention com 

prises means for applying unmodulated and SaW 
tooth frequency-modulated currents of micro 
Wave frequencies of different carrier frequencies 
to a mixer circuit including a crystal detector to 
be tested. The frequency modulated beat fre 
quency signals derived from the mixer, which in 
clude extraneous or noise current components, 
are applied to a conventional intermediate fre 
quency amplifier which has a band-pass of the 
order, for example, of one-third the frequency 
modulation band width. The signals derived 
from the intermediate frequency amplifier com 
prise pulses of intermediate frequency energy 
which are applied to a diode detector from which 
is selected the low frequency modulation com 
ponent. A conventional automatic volume COn 
trol circuit responsive to the output of the diode 
detector controls the average gain of the inter 
mediate frequency amplifier. The low frequency 
signals derived from the diode detector are ap 
plied through a conventional low-pass filter to 
the input of an audio amplifier. The amplified 
signals derived from the audio amplifier are ap 
plied to an output signal indicator and to the 
vertical deflection electrodes of a cathode ray os 
cillograph. The horizontal deflection electrodes 
of the Oscilloscope are connected to the Source 
of saw-tooth frequency modulation signals to 
provide a timing voltage for the oscilloscope. 
Among the objects of the invention are to pro 

vide an improved method of and means for test 
ing microwave detectors. Another object of the 
invention is to provide an improved method of 
and means for testing and adjusting crystal rec 
tifiers under conditions comparable to their use 
in microwave receivers. A further object of the 
invention is to provide an improved method of 
and means for testing microwave detectors by 
employing them as first detectors in a Superhet 
erodyne circuit and indicating the signal-to-noise 
efficiency ratio of the microwave first detector. 
Other objects of the invention include in 

proved methods of and means for testing micro 
wave detectors by applying unmodulated and 
amplitude modulated microwave signals of dif 
ferent frequency to said detector and indicating 

55 the signal-to-noise ratio of the circuit including 
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said detector. An additional object of the in 
vention is to provide an improved method of and 
means for employing unmodulated and frequency 
modulated signals of microwave frequencies to a 
mixer circuit including the detector to be tested, 
applying beat frequencies derived from Said de 
tector to a relatively narrow band intermediate 
frequency amplifier, and indicating the signal 
to-noise ratio of the signals derived from Said 
detector and also indicating the frequency mod 
ulation characteristics of the frequency modul 
lated Source. 
The invention will be further described by ref 

erence to the accompanying drawing of which 
Figure 1 is a schematic block circuit diagram of 
one embodiment thereof, Figure. 2 is a Schematic 
block circuit diagram of a Second and preferred 
embodiment thereof and Figure 3 is a schematic 
circuit diagram of a mixer circuit including a 
crystal detector. Similar reference characters 
are applied to similar elements throughout the 
drawing. 

Referring to Figure 1 of the drawing, a signal 
generator , such as, for example, a conventional 
magnetron oscillator, is amplitude modulated by 
a modulation source 3, such as, for example, a 
source of square wave modulation, pulses. It 
should be understood that the modulation signals 
may be any other desired. Wave shape. The ann 
plitude nodulated Signals from the Signal gen 
erator and unmodulated.microwave. Signals hav 
ing a different carrier frequency derived from a 
second local oscillator 5, such as, for example, a 
Second magnetronoscillator, are applied to a de 
tector crystal mixer circuit which includes a 
nicroWaWe Crystal detector Which is to be tested. 
Square Wave amplitude modulated beat fre 

quency Signals derived from the crystal mixer cir 
cuit 7 are applied to the input of a conventional 
tuned intermediate frequency amplifier 9 from 
which are derived signals having a wave form in 
dicated by the graph ( ). In the absence of sig 
nals from either of the local signal generators 
or 5, noise signals indicated by the high-frequency 
OScillations 3 will be derived from the intermedi 
ate frequency amplifier 9. When the modulated 
beat frequency signals are derived from the crys 
tal mixer circuit 7, these noise frequency oscil 
lations Will be modulated by the square wave mod 
ulation pulses as indicated by the portion of the graph 5. 
The modulated beat. frequency signals, includ 

ing the noise components, are applied to the in 
put of a diode detector f7 from which modulation 
signals characterized by the graph 9 are de 
rived. These signals will include some noise com 
ponents as indicated by the graph portion 2 and 
modulation pulses as indicated by the graph por 
tion. 23. The signals derived from the diode de 
tector f1 are applied to the input of a conven 
tional low-pass filter 25 from which is derived a 
Substantially noise-free modulation signal char 
acterized by the graph 27. The signals 27, de 
rived from the output of the low-pass filter 25, 
are amplified by means of a conventional audio 
amplifier 29 to derive alternating potentials, 
characterized by the graph 3 ?, which are applied 
to control a conventional automatic volume con 
trol circuit 33. Control voltages derived from 
the output of the automatic control circuit 33 are 
applied, through an indicator 35, to control the 
average gain of the intermediate frequency am 
plifier 9 thereby to maintain the audio output es 
Sentially constant. 
Since the average gain of the intermediate fre 
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4 
quency amplifier 9 is varied so the audio output is 
maintained at a uniform magnitude, the control 
voltage applied to the intermediate frequency am 
plifier, and indicated on the indicator S5, will be 
a measure of the relative magnitudes of the noise 
Signal components 3 and the regulated maxi 
nuri modulation signal components 5, and 
hence Will indicate the signal-to-noise ratio of 
the crystal mixer. By substituting different crys 
tal detectors in the crystal mixer circuit, the rel 
ative Signal-to-noise efficiency of the various de 
tectors may be determined. 
One disadvantage of the circuit thus described 

is that unless the carrier frequencies of the signal 
generators and 5 are maintained at constant 
Values, the magnitudes of the modulated beat fre 
quency signals derived from the intermediate 
beat-frequency amplifier 9 will vary as a function 
of the band-pass characteristics of the amplifier 
3, and hence will provide inaccurate indications 
of the Signal-to-noise ratio of the crystal, em 
ployed in the crystal mixer 7. : 

Referring to Figure 2 of the drawing, an un 
modulated microwave signal generator of the type 
described heretofore, is connected to the input of 
a Crystal type microWave mixer 7. A second local 
microwave oscillator 5, of any type known in the 
art, is frequency modulated by means of a saw 
tooth frequency modulator 3 to apply frequency 
nodulated Signals to a second input circuit of the 
Crystal microwave mixer 7. Frequency modulat 
ed beat frequency signals, derived from the crys 
tall mixer 7, are applied to, the input of a conven 
tional internediate amplifier 9 having a band 
pass, for example, of the order of one-third the 
frequency band. of the frequency modulated beat 
frequency signals. The signals derived from the 
intermediate frequency amplifier 9 comprise 
pulses of intermediate frequency energy corre 
Sponding to the portion of the frequency modul 
lated intermediate frequency spectrum transmit 
ted by the intermediate frequency band-pass cir 
cuit.S. - - - - - 

These pulses of intermediate frequency energy 
are applied to a diode detector T, from which is 
derived amplitude modulated pulses including 
noise components, and in which the frequency of 
the pulse modulation corresponds to the frequen 
cy of the modulation source 3. A portion of the 
Qutput Signals derived from the diode detector T 
is applied to control a conventional automatic vol 
Une control circuit. 33 to provide a control signal 
Which is applied to control the average gain of 
the intermediate-frequency amplifier. 

Hence, the total modulation signal components 
and noise Signal.components derived from the in 
termediate frequency annplifier 9 and the diode 
detector f7 are averaged by the automatic volume 
control circuit 33. The modulation and noise Sig 
nals derived fronn the diode detector also are 
applied, through a conventional low-pass filter 
25, to the input of a conventional audio amplifier 
29. from which is derived alternating modulation 
signals, having amplitudes characteristic of the 
relative magnitude of the modulation signal cur 
rents and the average energy transmitted by the 
intermediate frequency amplifier and diode de 
tector. The Signals derived from the audio ann 
plifier 29 are applied to an output meter 35. which 
indicates the magnitude of the signals derived 
from the audio amplifier 29, and hence the signal 
to-noise ratio of signals applied to the input of 
the intermediate frequency amplifier 9. from the 
Crystal mixer . The alternating signals. derived 
from the audio amplifier 29 also are applied to 
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the vertical deflection electrodes of a conventional 
cathode ray oscilloscope 37 to provide vertical de 
flection of the cathode ray in accordance with 
the instantaneous values of the currents derived 
from the audio amplifier 29. The saw-tooth fre 
quency modulator 3 is connected to the horizontal 
deflection electrodes of the cathode ray oscillo 
scope 37 to provide a timing voltage to indicate 
the relative portion of the frequency modulated 
spectrum of the intermediate frequency signals 
which is transmitted by the band-pass circuits of 
the intermediate frequency amplifier 9. It 
should be understood that, if desired, the auto 
matic volume control circuit may be made re 
sponsive to the amplified audio output signals in 
the same manner as described in the device of 
Figure 1. 

In this second embodiment of the invention, 
it is immaterial whether slight frequency varia 
tions occur in the microwave signal generators 
and 5, since the only effect thereof upon the out 
put indications will be to vary the horizontal 
position of the deflection pattern along the tim 
ing axis of the cathode ray oscilloscope. Hence, 
much more accurate indications of the signal-to 
noise ratio of the crystal mixer 7 may be obtained 
since the intermediate frequency amplifier does 
not affect the signal-to-noise indication as a 
function of minor variations in the microwave 
carrier frequencies. 

Figure 3 shows a typical mixer circuit compris 
ing a tuned or untuned transformer 40 having a 
first primary winding 4 connected to the signal 
generator and a second primary winding 42 
connected to the local oscillator 5. A secondary 
winding 43 is serially connected through a crys 
tal detector 44, or a thermionic tube detector to 
output terminals 45 which provide beat frequency 
signal currents. A capacitor 46 by-passes radio 
frequency currents around the output terminals 
45. 
Thus the invention described comprises in 

proved methods of and means for testing the sig 
nal-to-noise ratio of microwave detectors under 
conditions comparable to their use in conven 
tional microwave receivers, and provide means 
whereby the individual microwave detectors may 
be adjusted under comparable operating condi 
tions for maximum efficiency. 
I claim as my invention: 
. The method of testing a microwave detector 

providing signal and noise output current com 
ponents comprising employing said detector as a 
mixer in a microwave Superheterodyne circuit, 
applying unmodulated and modulated microwave 
currents of different frequencies to said detector, 
deriving therefrom modulated difference-fre 
quency currents and indicating the efficiency of 
said detector in terms of the modulation signal 
to-circuit noise current ratio of Said derived cur 
rentS. 

2. The method of testing a microwave detector 
providing both signal and noise output current 
components comprising generating unmodulated 
microwave currents, generating modulated mi 
crowave currents, applying said modulated and 
said unmodulated currents to said detector, de 
riving from said detector noise currents and mod 
ulated currents of the difference-frequency of 
said microwave currents, rectifying and select 
ing the modulation current component from said 
noise and said modulated difference-frequency 
Currents, deriving an automatic Control Woltage 
from said selected modulation current, applying 
said derived control voltage to regulate the aver 
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age magnitudes of said noise and said differ 
ence-frequency currents, and indicating the effi 
ciency of said detector in response to the magni 
tudes of said control Voltage. . . . . 

3. The method of testing a microwave detector 
providing both signal and noise output current 
components comprising generating unmodulated 
microwave currents, generating amplitude mod 
ulated microwave currents, applying said mod 
ulated and said unmodulated currents to said de 
tector, deriving from said detector noise currents 
and modulated currents of the difference-fre 
quency of said microwave currents, rectifying and 
selecting the modulation current component from 
said noise and said modulated difference-fre 
quency currents, deriving an automatic control 
voltage from said selected modulation Current, 
applying said derived control voltage to regulate 
the average magnitudes of said difference-fre 
quency currents, and indicating the signal-to 
noise efficiency ratio of said detector in response 
to the magnitudes of said control voltage. 

4. The method of testing a microWave detector 
providing both signal and noise output current 
components comprising generating unmodulated 
microwave currents, generating frequency mod 
ulated microwave currents, applying said fre 
quency modulated and said unmodulated Cur 
rents to said detector, deriving from said detector 
noise currents and amplitude modulated currents 
of predetermined difference-frequencies of said 
microwave currents, rectifying and selecting the 
amplitude modulation current component from 
said noise and said modulated difference-fre 
quency currents, deriving an automatic control 
voltage from said derived currents, applying said 
control voltage to regulate the average magni 
tudes of said noise and said difference-frequency 
currents, and indicating the signal-to-noise effl 
ciency ratio of said detector in response to the 
magnitudes of said selected modulation currents. 

5. The method described in claim 4 including 
separately indicating the frequency relation of 
said derived predetermined difference-frequencies 
with respect to the complete frequency modula 
tion difference-frequency spectrum. 

6. Apparatus for testing microwave detectors 
providing both signal and noise output current 
components including means for generating un 
modulated microwave currents, means for gen 
erating modulated microwave currents, a micro 
wave detector, means for applying said modulated 
and said unmodulated currents to said detector, 
means for deriving from said detector noise cur 
rents and modulated currents of the difference 
frequency of Said microWave currents, means for 
rectifying and selecting the modulation current 
component from said noise and said modulated 
difference-frequency currents, means for auto 
matically regulating said detected currents, and 
means responsive to said selected currents for 
indicating the signal-to-noise efficiency ratio of 
said detector. 

7. Apparatus for testing microwave detectors 
providing both signal and noise output current 
components including means for generating un 
modulated microwave currents, means for gener 
atting modulated microwave currents, a microwave 
detector, means for applying said modulated and 
Said unmodulated currents to said detector for 
deriving from said detector noise currents and 
modulated currents of the difference-frequency 
of Said microwave currents, means for rectify 
ing and selecting the modulation current com 
ponent from said rectified noise and said modu 
lated difference-frequency currents, means for 
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automatically regulating the magnitude of at least 
one of said detected current components, and 
means responsive to said selected currents, for in 
dicating the signal-to-noise-efficiency ratio of said 
detector. - . . - 

8. Apparatus for testing microwave detectors 
providing both - signal and noise output, current 
components including means for generating un 
modulated microwave currents, means for gener 

5 

ating frequency modulated microwave currents, J0 
a microwave detector, means for applying Said 
modulated and Said unmodulated currents to said 
detector for deriving from said detector noise cur 
rents and frequency modulated currents of the 
difference-frequency of said microwave currents, 
filter means for deriving a predetermined portion 
of said frequency-modulated difference-frequency 

8 
currents, means for rectifying and selecting the 
modulation current component from Said filtered 
noise and modulated difference-frequency cur 
rents, means for automatically regulating the 
magnitude of said detected currents, and means 
responsive to said selected currents for indicating 
the signal-to-noise efficiency ratio of said de 
tector. 

9. Apparatus of the type described in claim.8 
including Oscillographic means responsive to said 
frequency modulation means and to said selected 
currents for indicating the frequency relation of 
said derived predetermined portion of Said differ 
ence-frequencies with respect to the complete fre 
quency-modulation difference-frequency spec 
trun. . . . 

EUGENE O. KEIZER. 


