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This invention relates to passive frequency multipliers 
and more particularly to coaxial broadband frequency 
multipliers utilizing nonlinear voltage variable circuit elle 
Inents. By broadband as herein used is meant a capability 
of an operating frequency range equal to at least ten 
percent of the mean operating frequency. The term 
passive as herein used is meant a capability for operation 
without source of energy other than input signal energy 
of the signal to be multiplied as distinguished from the 
need for outside power supplies such as required by elec 
tronic tubes which are herein referred to as structures 
which are active in their operation. 

In the input frequency range below 1000 megacycles it 
becomes impractical to create frequency multipliers con 
structed with conventional rectangular waveguide due to 
prohibitively large physical size required. Also because 
of inherent capacitive loading and other limitations at 
these high frequencies, it becomes impractical and un 
esirable to use active multiplier devices such as triodes 

as distinguished from passive devices such as voltage var 
iable capacitors, such as Varactors. The term varactor 
is a generic term in common usage identifying a species 
of commercially available PN junction semiconductor di 
odes having very low loss characteristics and variable 
capacitance which depends upon the voltage across the 
junction. The loss characteristics of a varactor are in the 
order of 100 times smaller than conventional junction 
diodes. 
A primary object of the present invention is the pro 

vision of a coaxial broadband frequency multiplier which 
is passive in its operation. 
Another object is the provision of a coaxial broadband 

frequency multiplier which is highly efficient in its opera 
tion, that is, it has a relatively high ratio of output signal 
energy level to input signal energy level. 
And a further object is the provision of a coaxial broad 

band frequency multiplier which is extremely long lived. 
Another object is the provision of a coaxial broadband 

frequency multiplier which incorporates the reliability of 
solid state harmonic frequency generating structures. 
And a still further object is the provision of a coaxial 

broadband frequency multiplier which has relatively high 
power output capabilities. 
And another object of the present invention is the pro 

vision of a coaxial broadband frequency multiplier which 
is relatively compact and rugged in its construction capa 
ble of withstanding impact and vibration without mal 
function. 
And a still further object is the provision of a coaxial 

broadband frequency multiplier which lends itself to con 
struction from generally available commercial com 
ponents and requires relatively little adapting fabrication. 
These objects, features and advantages are achieved gen 

erally by providing a signal input circuit, a non-linear 
voltage variable capacitor, and an output circuit for a 
harmonic of the input signal frequency, the signal input 
circuit being arranged to excite the voltage variable ca 
pacitor over a selected frequency band and the output cir 
cuit being arranged to pass a selected harmonic of all 
excitation frequencies within said band. 
By making the non-linear voltage variable capacitor in 
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the form of a varactor, a passive, highly efficient and long 
lived frequency multiplier is thereby achieved. 
By providing a coaxial connector with the varactor in 

Series with the center conductor in the connector, a de 
sirably separable component of the overall combination 
is thereby achieved. 

By using a bulkhead receptacle having a female center 
conductor contact embedded in a glass bead in one end of 
a plug body of the coaxial connector and carrying a var 
actor holder, a fixed reference location for the varactor 
is thereby achieved, 
By providing an axially slidable male contact center 

conductor member in a dielectric spaced sleeve in the other 
end of the plug body, and with provision for holding the 
other terminal of the varactor diode, a secure self align 
ing mounting arrangement for the varactor in the co 
axial connector is thereby achieved. 
By providing an internal conductor sleeve fixed in a 

resilient dielectric bushing surrounding the varactor and 
having an internal diameter whose ratio with respect to 
the outside diameter of the varactor is substantially the 
Sane as that of the corresponding coaxial transmission line 
dimension ratio, substantially constant impedance is there 
by retained. 
By providing recessed and slotted end portions in the 

male and female contacts in the coaxial connector for 
receiving the respective terminals of the varactor diode, 
suitable spring holders and electrical contacts for hold 
ing the varactor diode electrically and physically in place, 
thereby with the associated elements achieves a desirable 
varactor holder assembly. 

By providing a low-pass filter in the signal input circuit 
which passes only the fundamental frequency, with the 
filter an electrical distance from the varactor such that a 
Voltage minimum is reflected at the varactor by the filter 
for the desired output harmonic and for other harmonics 
below the desired output harmonic, a structure whereby 
harmonics higher than the fundamental frequency are 
prevented from reaching the signal source from the var 
actor and in which maximum input signal power reaches 
the Varactor is achieved. 

By providing an impedance matching element inter 
posed between the low-pass filter and signal source, suit 
able isolation of the signal source from the subsequent 
circuitry is thereby achieved so as to permit use of the 
present invention even where signal sources affected by 
changing load conditions are used. 
By providing a bandpass filter at the output side of the 

varactor arranged to pass only the band of desired out 
put frequencies, all undesired outputs may be prevented 
from reaching the load. 
By providing an electrical length of transmission line 

between the varactor and the band-pass output filter such 
that the impedances (reflected from this band-pass filter 
at the fundamental frequency and at the harmonic fre 
quencies below the desired output harmonic frequency) 
are proper to simultaneously resonate with the average ca 
pacitance of the varactor at each of these above mentioned 
frequencies, maximum output power over the selected out 
put frequency band of the frequency multiplier is there 
by achieved. For multipliers of order greater than two, 
this electrical length condition results in the production 
of an idler current through the Varactor at harmonic fre 
quencies of the input below the desired output harmonic. 
These configurations on the input and output circuitry 
provide a structure for achieving maximum operating 
efficiency of the frequency multiplier. 

By making the band-pass filter in the form of two series 
coupled filters, namely a high pass filter and a low pass 
filter, readily available commercial filters may thereby 
be used. 
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These features, objects and advantages will be better 
understood from the following description taken in con 
nection with the accompanying drawings of preferred em 
bodiments of the invention and wherein: 
FG. 1 is a block diagram of a frequency multiplier 

constructed in accordance with the present invention; 
FIG. 2 is a plan view of a frequency tripler embodi 

ment of the invention; 
F.G. 3 is a cross section taken on line 3-3 of FEG. 2 

to more clearly show construction of a portion of the 
embodiment shown in F.G. 2. 

Referring to FIG. 1 in more detail, a frequency multi 
plier made in accordance with the present invention is 
illustrated generally by the numeral 19. The frequency 
multiplier it is fed by a conventional oscillator 2 through 
an impedance matching network 34 coupled by a coaxial 
connector 6 to the oscillator 2 and a coaxial connector 
18 to a conventional low-pass filter 23 whose upper fre 
quency marks the upper frequency of the selected band 
of frequencies from the oscillator S2 to be fed to the fre 
quency multiplier 19. 
The low-pass filter 20 is coupled to a varactor holdier 

assembly 22, to be hereinafter further described in connec 
tion with FIG. 3, by a length 24 of a coaxial transmission 
line such that a voltage minimum is reflected from the 
low-pass filter 2 to the varactor hoider assembly 22 for 
the selected output harmonic and for other harmonic 
frequencies below the selected harmonic of the input 
signal frequency band. This proper length of line 24 
may be found with the aid of a standing wave detecting 
slotted transmission line by which voltage standing wave 
patterns of the low-pass filter 29 are determined at 
the harmonic frequencies. Having found the desired 
length of transmission line 24 from the slotted transmis 
sion line measurements, the standing wave detecting trans 
mission line is replaced with an actual length of coaxial 
transmission line 24 which is then empirically adjusted to 
compensate for discontinuity in connectors, differences 
in the slotted line and actual coaxial transmission line 24, 
and lead inductance to the varactor holder assembly 22, 
to produce thereby maximum power output at the selected 
harmonic. 

In similar manner, a coaxial transmission line having 
a length 26 is used to couple a varactor holder assembly 
22 to a high pass filter 28 so as to reflect to the varactor 
holder assembly 22 an impedance proper to resonate with 
the average varactor impedance at each of the harmonic 
frequencies below the desired harmonic and at the funda 
mental frequency. The high pass filter 28 is coupled 
by a coaxial transmission line 30 to a lowpass filter 32 
having a signal output coupling 34 to a desired use device 
or load such as a mixer (not shown) or other desired 
equipment, as a frequency source for the equipment. 
The coaxial transmission line 3 has an electrical length 

36 which is empirically adjusted for maximum power out 
put of the separate filter components 23 and 32 to there 
by permit the use of commercially available filters in 
place of a single lumped band pass output filter which 
would necessarily be custom built at substantially greater 
expense than the construction herein described. 

In the operation of the FIG. 1 embodiment, input signal 
frequencies from the oscillator 2 are fed through the 
coaxial coupling 6 and impedance matching network 4, 
and coaxial coupling 18, through the lowpass filter 20 
where frequencies above the selected band of input fre 
quencies are attenuated. The desired frequencies on the 
input band are then fed from the low-pass filter 20 
through the length of coaxial transmission line 24 to the 
varactor holder assembly 22 so as to eXcite the Varactor 
in the varactor holder assembly 22 to produce harmonics 
of the input frequency signals. These harmonics are fed 
from the varactor holder assembly 22 through coaxial 
transmission line 26 to the high-pass filter 28 where 
frequencies below the desired output frequency band are 
reflected. The frequencies above the reflected frequencies 
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4 
are passed through the coaxial transmission line 3. to the 
low-pass filter 32 which prevents the passage of fre 
quencies higher than those selected for the output so as 
to pass to the connector output 34 the Selected harmonics 
in the band of frequencies selected for the frequency mul 
tiplier 9. 

Referring more particularly to FG. 2, there is illus 
trated a frequency tripler which is a specific erinbodiment 
of the general construction shown in F.G. ... in the fre 
quency tripler in F.G. 2, a low-pass filter 38 which may 
for input frequencies of 700 megacycles be of the com 
mercially available type identified as model number 
LA-1S }, available from Microlab Corp., 570 V. Mt. 
Pleasant Avenue, Livingston, N.J. 
The low pass filter 38 may be coupled through a type 

BiNC connector 46 to a type RG55/U coaxial transmis 
sion line 42 to a type N connector 44 into a varactor 
holder assembly 46, to be hereinafier further described in 
connection with F.G. 3. The coaxial line 42 has an elec 
trical ength 48 described above in connection with trans 
mission line 24. 
The varactor holder assembly 45 is coupled through 

an adapter which will be described in connection with 
FiG. 3 to a high-pass fiiter 49 which is coupied through 
a type BNC connector SG to a type RG55/U coaxial trans 
mission line 52 and a type TNC male connector 54 into 
a type TNC female and type N male adapter 55 into a 
type N right angle elbow 58 and into a low-pass fiiter 
59 through a type N connector 62 into the output type N 
connector 64. The high and low pass filters 49 and 63 
may be of the type identified as model F-40 and LTP 
respectively, available from R C Electronics Inc., 805 
Mamaroneck Ave., Mamaroneck, New York. 

It should be undertsood that the references herein 
made to specific commercially available components are 
for illustration of an important feature of this invention 
which is that of its adaptability of construction with readily 
available elements. These references to specific com 
mercially available components are not intended as a 
limitation since other suitable components may also be 
used. 

Referring to FIG. 3 in more detail, the varactor holder 
assembly 46 is a bulkhead type receptacle having a jack 
body 66 with a female contact 68 running axially thereof 
as a center conductor and rigidly fixed in place by a 
fused glass bead 79. The center conductor 68 has in 
tegrally therewith at its other end a recessed varactor 
holder 72 carrying axial slots 74 which permit sufficient 
spring action in the varactor holder 72 to electrically and 
mechanically engage and hold in place a varactor 76 by 
one of its terminals in a fixed reference position. Con 
centrically about the varactor 76 is an electrically conduc 
tive sleeve 78 which forms the outer coaxial conductor 
at the varactor 76. The sleeve 78 is held rigidly in place 
between a shoulder 80 in a plug body 82 and a tapered 
end 84 of the jack body 66. A Teflon alignment gasket 
86 holds the sleeve 78 in place during disassembled Con 
dition of the varactor holder assembly 46 and provides 
sufficient resilience to properly compensate for tolerances 
at the tapered end surface 84 to insure proper assembly. 
The plug body 32 has a dielectric alignment bushing 

38 of such material as Teflon which slidably retains a 
combined male contact 90 and a varactor holder 92 
similar to the varactor holder 72 and in proper alignment 
therewith for engaging the other terminal of the varactor 
76. A rubber seating bushing 94 is provided at the end 
of the plug body 82 for achieving a water tight seal when 
by means of the knurled nut 96 it is screwed onto the 
threaded end of a jack body 93 on the end of the high 
pass filter 49, at which time provision for contact with 
an outer conductor 809 fixed to the end of jack body 82 
provides coaxial line continuity in conventional manner 
of coaxial couplings. 

In the assembly of the bulkhead receptacle or varactor 
holder assembly 46, the jack body 66 is screwed into the 
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end of the plug body 32 until firm engagement is made 
with the internal sleeve 78 at the tapered surface 84. A 
nut 102 is then tightened against the plug body 82 to lock 
the assembly firmly in place. 
The internal diameter of the sleeve 78 is proportioned 

with respect to the diameter of the varactor 74 and variac 
tor holders 72 and 92 to retain impedance continuity 
with that of the adjoining coaxial transmission line. 

This invention is not limited to the particular details of 
construction and operation herein described as equivalents 
will suggest themselves to those skilled in the art. 
What is claimed is: 
1. In combination, a coaxial input circuit means for 

oscillatory electric signals, voltage variable capacitor 
means having a non-linear response characteristic to volt 
age excitation in a coaxial housing, coaxial output cir 
cuit means, the input circuit means being coupled to said 
voltage variable capacitor housing for passing for ex 
citation of said voltage variable capacitor means by said 
oscillatory signals over a selected frequency range and 
including a coaxial coupling to the voltage variable ca 
pacitor of a length to reflect a voltage minimum to the 
voltage variable capacitor means at a selected harmonic 
of excitation frequencies, and the output circuit means 
being coupled to said voltage variable capacitor housing 
for passing from said voltage variable capacitor means 
a selected harmonic of all excitation frequencies within 
said selected range. 

2. The combination as in claim wherein the voltage 
Variable capacitor means includes a varactor diode. 

3. In a coaxial broadband frequency multiplier for 
producing an output signal which is a selected harmonic of 
an oscillatory electric input signal, the combination of 
a coaxial cable connector having an external and internal 
conductor, low-pass signal input coaxial filter means cou 
pled to the connector with an electrical length of coaxial 
cable between the filter and connector such as to effect a 
voltage minimum at the varactor for the selected output 
harmonic and the harmonics below that of the selected 
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output harmonic, and signal output coaxial fiiter means 
coupled to the connector for passing a band of frequencies 
at said selected harmonic of the input frequency. 

4. The combination as in claim 3 wherein a coaxial 
cable couples the signal output filter means to said con 
nector and is of an electrical length to reflect impedances 
at the input signal frequency and harmonic frequencies 
below the desired output such that the average capacitance 
of the varactor will be tuned at these frequencies thus 
allowing maximum current fow through the varactor at 
these frequencies. 

5. in combination, a varactor diode having two ter 
minals, an outer conductor about said diode, an inner 
conductor extending from each of the varactor terminals, 
means coupled to the inner and outer conductor on the 
side of one of the varactor terminals for applying oscil 
latory electric excitation to the varactor and including a 
transmission line from said means to said varactor of an 
electrical length to reflect a voltage minimum to the varac 
tor at a selected harmonic of the applied excitation, and 
means coupled to the inner and outer conductors on the 
side of the other of the varactor terminals for isolating 
a selected harmonic of the applied oscillatory excitation 
emanating from the varactor. 

References Cited by the Examiner 
UNITED STATES PATENTS 

2,785,308 3/57 Stahl ----------------- 331-76 
2,914,740 1 1/59 i Blonder ——————————————— 333-97 
2,918,638 12/59 Cattoi et al. ------------ 333-97 

307-88.5 ------------------------? Vance 12/60 2,964,649 
2,982,922 5/61 Wilson ------------- 328 -16 X 

OTHER REFERENCES 
1959 Solid State Circuit Conference, Digest of Tech 

nical Papers, pages 82, 83, Feb. 13, 1959, Session VII. 
ARTHUR GAUSS, Primary Examiner. 
JOHN KOMINSK, Examiner. 


