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1. 

GENERATION OF MICROWAVE FREQUENCY, 
COMBS WITH NARROW LINE SPACING . 

BACKGROUND 
1. Field 
The invention pertains to improvements in micro 

wave harmonic generators of the type wherein a train 
of narrow high amplitude pulses is produced to provide 
a broad spectrum of discrete frequencies. Such spectra 
are often called "combs,' and devices for producing 
them are called comb generators. . 

2. Prior Art 
A well-known type of microwave comb generator 

comprises a step recovery diode (SRD) and associated 
circuit elements arranged to be driven by a repetitive 
input signal such as a sine wave and produce a train of 
very short pulses repetitive at the input signal fre 
quency. The resulting comb contains signal compo 
nents, called lines, at frequencies which are consecu 
tive integral multiples of the input signal frequency. 
SRD multipliers operate well when driven at frequen 

cies above about 10 MHz. At lower frequencies the ef 
ficiency becomes too low for useful comb generation, 
owing to recombination of minority carriers near the 
diode junction. Accordingly the minimum comb line 
spacing that can be obtained with reasonable efficiency 
using prior art SRD generators is about 10 MHz. 
Another limitation on the closeness of line spacing in. 

prior art comb generators results from the fact that the 
amplitude generally decreases with increasing har 
monic order, becoming too low to be useful in lines 
above the 150th to 200th, for example, Therefore the 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, two oscillators 1 and 2, operating 
at respective different radio frequencies F1 and F2, are 
connected to a combiner 3. The resultant output of the 
combiner is applied to a harmonic generator 4. The 
harmonic generator 4 may be a prior art comb genera 
tor, for example one of the SRD type described at 
pages 89-92 in the Hewlett-Packard catalog of Solid 
State Devices, published in 1969 by Hewlett-Packard, 
Inc., Palo Alto, Calif. 
The combiner 3 in this instance may be a known lin 

ear passive device, such as a bridge network or a hy 
5 brid, for merely coupling both oscillators 1 and 2 to the 
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minimum obtainable comb line spacing in any event is 
about one half to one percent of the frequency of the 
uppermost useful comb line. 

SUMMARY 
According to this invention, the foregoing obstacles 

to efficient generation of close-spaced microwave 
combs are avoided by operating the harmonic genera 
tor also as an intermodulation generator. A conven 
tional comb generator, preferably of the SRD type, is 
driven simultaneously by two or more signals of differ 
ent frequencies to produce two or more different 
combs with line spacings corresponding to the respec 
tive drive signal frequencies. The comb generator is in 
herently a non-linear device and therefore produces 
the intermodulation products of the different combs, 
resulting in a composite comb consisting of lines that 
are spaced by the difference between the frequencies 
of the driving signals. Since the line spacing of the com 
posite comb depends on the difference between the 
drive signal frequencies, these frequencies may be 
chosen within a range of efficient comb generator oper 
ation. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a block diagram of a simple embodiment, 

illustrating the basic principle, of the invention. 
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FIG. 2 is a block diagram of a modification of the em 
bodiment of FIG. 1. 
FIG. 3 is a block diagram of another modification of 

the embodiment of FIG. 1. 
FIG. 4 is a graph depicting a typical group of comb 

lines. 

65 

single input port of the harmonic generator 4. The os 
cillators 1 and 2 are designed to operate at frequencies 
of, say, 100 MHz and 102 MHz respectively, and the 
harmonic generator 4 is designed to operate with an 
input frequency of about 100 MHz, like the Hewlett 
Packard module 32002A described in the above men 
tioned catalog. 

In the operation of the embodiment of FIG. 1, the 
harmonic generator 4 operates in normal manner in re 
sponse to oscillator 1 to produce a comb consisting of 
lines at 100 MHz intervals, and in response to oscillator 
2 to produce another comb of lines at 102 MHz inter 
vals. A smallportion of the composite comb, in the re 
gion from 3.0 to 3.1 GHz, is shown in FIG. 4. The heavy 
lines 10 and 12 represent the 30th and 31st harmonics 
respectively of 100 MHz, and the heavy line 11 repre 
sents the 30th harmonic of 102 MHz, at 3.06 GHz. 
Such lines are referred to hereinafter as primary comb 
lines. . . . . . 

The three lines 10, 11 and 12 would be the only ones 
present in the illustrated position of the composite 
comb if the component 100 MHz and 102 MHz combs 
were generated separately and passively combined. Be 
cause both combs are generated in the same non-linear 
device, intermodulation occurs between pairs of ele 
mentary components of different frequencies that are 
present or generated in the device, producing addi 
tional components whose frequencies are the sums and 
differences of the frequencies of the respective pairs. 
The additional components appear at successive fre 
quencies that differ by the smallest difference between 
those of original generating components, in this case 2 
MHz. The finer lines in FIG. 4, collectively designated 
by the reference numeral 13, represent the 48 addi 
tional secondary comb lines between lines 10 and 12 
that are produced by intermodulation. 
The signal in each comb line 13 is the summation of 

a large number of different intermodulation products, 
all of the same frequency. For example, the line at 
3.062 GHz includes the sum frequency product at that 
frequency formed by line 11 at 3.06 GHz and a signal 
component at 2 MHz which in turn is the difference 
frequency product of 100 MHz and 102 MHz. The 
3.062 GHz line also includes the difference frequency 
product of line 12 at 3.1 GHz and a component at 38 
MHz, which in turn is the 19th harmonic of the afore 
mentioned 2 MHz component. Another intermodu 
lation product at 3.062 GHz results from the difference 
between 31st harmonic of 102 MHz, at 3162 MHz, and 
the 100 MHz fundamental. These and many other such 
intermodulation products, all at 3.062 GHz, combine 
to produce the resultant comb line signal at that fre 
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quency. Secondary comb line signals are formed in sim 
ilar manner at 2 MHz intervals throughout the entire 
comb line spectrum. 
The amplitude of any particular intermodulation 

product depends upon, and is lower than the ampli 
tudes of the signal components from which it is pro 
duced. Successively higher order harmonic intermodu 
lation products are of successively lower amplitude. 
Each composite comb line signal has a respective am 
plitude that depends upon the amplitudes of its constit 
uents, and upon how they are combined to produce it. 
In general, the nearer a secondary comb line is to one 
of the primary lines, the greater its amplitude. Typi 
cally, the weakest secondary comb line signal may be 
of the order of 15 db below the nearest primary comb 
line signal. 
Unless the oscillators 1 and 2 are phase locked, or 

controlled by a common frequency determining means, 
the phase relationship between the intermodulation 
products of a given frequency will vary more or less at 
random, producing corresponding time variations in 
amplitude of the individual secondary comb lines. Such 
variations may be desirable in some applications, but 
generally it is preferable to maintain constant ampli 
tudes. To this end, the oscillators may be phase locked 
in any of several well known manners, or the desired 
drive signals may be obtained from a single original 
SOULC. 

Referring to FIG. 2, an oscillator 5 is designed to op 
erate at a frequency Fs equivalent to the desired line 
spacing, say 2 MHz. The output of oscillator 5 is sup 
plied to a frequency multiplier 6 and also to an ampli 
tude modulator 7. The frequency multiplier 6 is de 
signed in known manner to provide an output of fre 
quency NFs, where N is, for example, 50. . . . 
The 100 MHz output of multiplier 6 is amplitude 

modulated in the modulator 7 by the 2 MHz input from 
oscillator 5, to produce an output consisting of a 100 
MHz carrier and the lower and upper sidebands at 98 
MHz and 102 MHz. This output is applied to the har 
monic generator 4, which operates essentially as in the 
system of FIG. 1 to produce a composite comb with 2 
MHz line spacing. The phase relationships between the 
intermodulation components remain substantially con 
stant because the drive signals are obtained from the 
same ultimate source, the oscillator 5. 

Referring to FIG. 3, the above described frequency 
multiplier and amplitude modulator are replaced by an 
impulse generator 8 which is driven by the oscillator 5 
to produce a train of brief pulses recurrent at the fre 
quency Fs, resulting in a frequency comb containing 
lines of appreciable amplitude in the region of NFs, say 
from 96 to 104 MHz. 
The impulse generator 8 may be similar to the har 
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4. 
monic generator 4, but designed to operate at lower 
input and output frequencies. Its efficiency may be 
quite low compared to that of the generator 4, but may 
be improved to some extent by means of a resonator 
incorporated in the device and operating in known 
manner to concentrate the output energy in the desired 
spectral region around 100 MHz. The relatively low 
level output in this region is amplified by a band pass 
amplifier 9 to provide the plural frequency drive signal 
for the harmonic generator 4, which operates as previ 
ously described to produce the final high frequency 
close spaced comb. 

I claims: 
1. The method of generating a microwave frequency 

comb with narrow line spacing, comprising the steps of: 
a. producing signals that differ in frequency by the 
desired line spacing, 

b. generating harmonics of said signals, and 
c. generating intermodulation products of said har 
monics. 

2. The method of generating a microwave frequency 
comb with narrow line spacing, comprising the steps of: 

a. producing a signal of a frequency equal to the de 
sired line spacing, 

b. utilizing said signal to produce at least two further 
signals that differ in frequency by the desired line 
spacing, 

c. generating harmonics of said further signals, and 
d. generating intermodulation products of said har 

monics. 
3. The method of operating a step recovery diode 

comb generator which comprises driving said generator 
at two frequencies that differ from each other by the 
desired comb line spacing. 

4. The method set forth in claim 3, wherein said two 
frequencies are integral multiples of said comb line 
spacing. 

5. Apparatus for generating a microwave frequency 
comb with narrow line spacing Fs, comprising: 

a. a harmonic generator adapted to be driven by sig 
nals of frequencies in the vicinity of NFs, where N 
is a number substantially greater than unity, 

b. means for producing at least two drive signals of 
frequencies in the vicinity of NFs that differ in fre 
quency by the desired line spacing Fs, and 

c. means for applying said drive signals simulta 
neously to said harmonic generator. 

6. The invention set forth in claim 5, wherein said 
harmonic generator is a step recovery diode device, 
and said means for producing said drive signals com 
prises an oscillator of frequency Fs, an impulse genera 
tor driven by said oscillator, and band pass filter means 
designed to pass frequencies in the vicinity of NFs. 
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