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This invention relates to frequency multipliers,
and particularly to means for multiplymg high
and ultra-high frequencies.

Frequency multiplier arrangements of the prior
art have generally operated by utilizing the non-

_linear relation which exists between the grid
voltage and plate current, or the non-linear rela-
tion between the grid voltage and grid current, of

& vacuum tube to produce harmonics of the im- .

pressed signal. The output currents in such
arrangements include components of the desired
frequency or frequencies which are selected by
suitable means, such as sharply tuned filters.
Such methods of frequency multiplication are in-
herently inefficient, complicated and expensive,
and moreover are incapable of providing output
signals of substantially the same wave form as
that of the impressed signal.

It will be understood that where, in this speci-
fication and the appended claims, the word

" “signal” is used, reference is made to any useful
series of electrical variations regardless of wave
form or periodicity; and that “wave length” is
used to mean the wave length of the funda-
mental frequency if harmonics are alse present.

The present invention is directed to the solu-
tion of the problem of providing frequency multi-
plication without the disadvantages of arrange-
ments for this purpose heretofore provided.

The primary object of the present invention,
therefore,.is to provide an impreved method of

. and means for effecting frequency multiplication
characterized by simplicity and high efliciency.

A further object of the invention is to provide a
frequency multiplier, the efficiency of which be-
comes increasingly relatively greater than that
of prior-art devices as the frequency of the im-
pressed signal is raised.

In accordance with the present invention, there
is provided a frequency multiplier which com-
prises signal repeating means adapted to repeat
portions of a signal impressed on them and having
an input circuit. Means are provided for so con-
necting the input circuit ‘with the .repeating
means as to effect a plurality of applications of a
signal, which is impressed upon the input circuit,
to the repeating means, each with a predeter-
mined different relative phase. An oufput cir-
cuit for the repeating means is also provided for
combining the repeated signal portions.

In one approved embodiment of the invention,
the frequency multiplier comprises & pair of simi-
lar multielement vacuum tubes. An individual
input circuit is provided for each of these tubes,
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A phase-shifting means, preferably comprising a
transmission line, connects the individual input
circuits, and the main input circuit for the multi-
plier device is connected thereto. The output cir-
cuit preferably includes a single transmission
line. In such a multiplier, employing a sinigle -
pair of vacuum tubes, frequency doubling or fre-
quency quadrupling is readily obtained at the
option of the used without any changes in the in-
put circuits, and with only a small change in the .
output circuit arrangement and constants.
Higher orders of multiplication than four times
are also readily possible, in accordance with the
invention, by simply employing additional tubes
and making minor adjustments in the circuit con-
stants. '

- It will be understood that, at the lower fre-
quencies, ordinary resonant circuits employing
lumped reactances may be substituted for the
transmission lines between the grids of each tube, -
and that the phase-shifting means connecting

the tube input circuits may be other than a trans-

mission line, without departing from the scope of
the present invention.

For 2 better understanding of the 1nvent10n
together with other and further objects thereof,
reference is made to the following description,
taken in connection with the accompanying draw-
ings, and its scope will be pointed -out in the
appended claims.

In the accompanying drawings:

Fig. 1 is & schematic circuit diagram of a fre-
quency multiplier, in accordance with the present
invention, arranged for frequency doubling;

Fig..2 is a graph representing certain operating
characteristics of the multiplier of Fig. 1;

Fig. 3 is a schematic circuit diagram of a modi-
fied form of the multiplier of Fig. 1, arranged, for
frequency quadrupling; and '

Tig. 4 is a graph representing certain operating
characteristics of the device of Fig. 3.

Tt will be understood that the dimensions shown
in Figs. 1 and 3 of the drawings are eleetrical di-
mensions and do not necessarily indicate the
physical size of the components employed.

Referring now more particularly to Fig. 1 of
the drawings, there is shown schematically a fre-
quency multiplier embodying the present inven-
tion in a preferred form. In genersl, the fre-
quency multiplier includes two vacuum tubes |
and 2 which are substantially identical. Each
of tubes t and 2 has a cathode 3 which may be
of either the filament or indirect heater type.
Conventional means may be employed for heat-
ing cathodes 3, these means not being shown in
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the drawings to avoid unnecessary complcation
thereof. Tuhss | and 2 also respectively include
grids 4, 5 and 6, T which are substantially iden-
tical but which are designated by different ref-
erence numerals for convenlence in describing the
operation of the system. Anodes 8 and § are
provided for the tubes { and 2, respectively, and
are also substantially identical but are designated
by different reference numersals for convenience,
Cathodes 8 may be grounded and grids 4 and &
of tube ! may be connected by means of trans-
mission line £98, and grids 8 and 7 of tube 2 may
be connected by means of a similer transmission
line 11, as shown. These lines {8 and i prefer-
ably have effective lengths equal to one-quarter
the wave length of the input signal to be applied,
thereby providing & high-impedance input cir-
cult for each tube whereby & maximum input-
signal voltege may be impressed upon the grids
of the tubes. The center points of transmission
lines {8 and (! may be grounded through re-
sistors {2 and 13, as shown. Anodes 8 and 8, re-
spectively, of tubes | and 2 are connected by
means of transmission line {4 or other suitable
1oad impedance. ‘The effective length of line 14 is
preferably equal to one-quarter the wave length
of the output signal and its mid-point may be
~ connected to & source of positive operating po-
tential as indicated at B+, as shown.
Transmission lines {0 and [{, respectively,
forming the individual input circults of tubes ¢
and 2, are preferably connected together by
means of a transmission line (5, the effective
length of which is preferably equal to one-quarter
the wave length of the input signal to be ap-
plied. Transmission line 1§ is connected at its
opposite ends, preferably near the low-impedance
ends of transmission lines 18 and (!, respectively,
in order to minimize the effect of resistor 16
which terminates line 45 and the effect of the
excitation source, not shown, upon the inpuf cir-
cuits of tubes | and 2. It will be understood,
however, that line {8 may be connected at higher
impedance points on lines 10 and {{, or directly
to grids 4, § and 6, 7 if desired, without depart-
ing from the scope of the invention. It wiil also
be understood that line {5 may have a different
effective length in order to provide a phase shift
other than 90 degrees. K
The signal to be multiplied is applied to input
terminals §7 and {8, and its frequency is desig-
nated in the drawing as fi1. The output signal
appears across output terminals {8 and 28, its
frequency being designated in the drawing by fa.
The operation of the device of Fig. 1 may be
readily understood by reference to the curves of
Fig. 2. These curves are all plotted to.the same
time base, with the time Increasing to the right,
as Iindicated. Curve Vi indicates the alternating
voltage applied to grid & of tube {, corresponding
In both frequency and wave form to the input
voltage applied to the terminals {7 and 18.- Curve
Vs indicates the alternating voltage applied to
grid 6 of tube 2. It will be observed that curve
Ve lags curve Vs by 90 degrees, due to the quar-
ter-wave transmission line {5 between the input
circuits of tubes { and 2. Curves Vs and V71 in-
dicate the voltages on the grids 5 and 1, respec-
tively, which are 180 degrees out of phase with
the voltages on grids 4 and 6. Curves Is and Is
indicate the alternating load current of tube |
resulting from the voltages on grids 4 and §, re-
spectively; and curves Is and- Ir represent the
alternating load current of tube 2 resulting from
the voltages on grids 6 and 7, respectively. Curve
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Ir represents the resultant alternating load cur-
rent of both tubes | and 2 and hence corresponds
with the output signal of the multiplier,

In operation, a voltage of frequency /i is ap-
plied to terminals 1T and 18 from any suitable

‘source of excitation. Let it be assumed that, at

& given instant, grid 4 is at the peak of its posi-
tive half-cycle, as indicated by the point 21 of
curve Vi. A resulting current flows in the anode
circuit of tube 1, its peak value being indicated
by the point 22 of curve I:. Because of the 90-
degree phase shift due to quarter-wave transmis-
sion line {5, 90 degrees later the voltage on grid
8 reaches the peak of its positive half-cycle, as
{ndicated by the point 23 of curve Vs. This in
turn produces & corresponding current in the
anode circuit of tube 2 which, with respect to
the circulating current in line 14, is opposite in
direction to that flowing in the anode clrcuit of
tube |, due to the fact that the anodes of the
tubes 1 and 2 are connected in series with the
load or output circuit {4. Hence, the maximum
negative value of this current is indicated by the
point 24 of curve Is.

Because grids 4 and § are connected to the
opposite terminals of transmission line 10, they
are of opposite polarity at any given instant and
are, respectively, in phase quadrature relative to
grids 6 and 7 due to the 90-degree phase shift of
transmission line {5. Since the voltage on grid
5 is 180 degrees out of phase with the voltage on
grid 4, grid 6 reaches its maximum positive po-
tential at the end of the next 80-degree time
period, as indicated by the point 25 of curve Vs,
end a corresponding current flows in the anode
circuit of tube {, the maximum amplitude of
which is indicated by the point 26 of curve Is.
Again, quarter-wave transmission line {5 causes
grid 71 to reach its maximum positive potential

.90 degrees later than grid 5, as indicated by point

27 of cure V7, which in turn produces a current
in the anode circuit of tube 2, the maximum
negative amplitude of which is indicated by point
28 of curve In.

By taking an algebraic sum of the instantane-
ous currents represented by curves Is, Is, Is and In,
a resultant current is obtained such as is repre-
sented by curve Ir.. Curve Ir, as stated above,
represents the output current of the multiplier,
that is, the resultant load current due to tubes {
and 2. This current, as will be apparent, has
twice the frequency of, but is substantially of the
same wave form as, the voltage represented by
curve V4, which corresponds in both frequency
and wave form to the input signal. Hence, the
output signal of the multiplier of Fig. 1 has
double the frequency of the input signal and is
of substantially the identical wave form,

Referring now to Fig, 3, in which like com-
ponents are designated by the same reference
numerals as were used in Fig. 1, it will be seen
that the vacuum tubes, their individual input
circuits, and the means for connecting these in-
put circuits, are the same in Fig. 3 as in Fig. 1.
Fig. 3 differs from Fig. 1 chiefly in the arrange-
ment of. the output circuit. In Fig. 3, anodes
8 and 9 of tubes { and 2, respectively, are con-
nected together and are connected to a source of
positive operating potential designated by B--,
by means of a transmission line 29. The line has
an effective length equal to one-fourth the wave
length of the output signal. One output ferminal
19 of this arrangement is connected to anodes 8
and 9, and the other output terminal 20 is effec-
tively grounded, as shown. As indicated in the
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drawing by f4, the frequency of the output signal
of this arrangement is four times that of the
input signal.

In Fig. 4, which graphically shows the operat- -

ing characteristics of the device of Fig. 3, curves
Vs, Vs, Is and Is are identical with the correspond-
ingly designated curves of Fig. 2, and Indicate,
respectively, the alternating voltage applied to
grid 4, the alternating voltage applied to grid 8,
the alternating anode current of tube { due to
the voltage applied to grid 4, and the alternating
load current of tube § due to the voltage applied
to grid 5. The alternating load current of tube
2 due to the voltage applied to grid § is indicated
by curve Is, and the alternating load current of
tube 2.due to the voltage applied to grid 71 is in-
-dicated by curve 1. Since the anodes 8 and 9
of tubes | and 2 in Fig. 3 are connected in par-
allel, the anode currents of these tubes flow in the
same direction in the load, and the curves Is and
I7 lie on the same side of the base line as the
curves Is and Is. ,

The operation of the device of Fig. 3, so far
as the time relations of the grid voltages and of
the individual plate currents are concerned, is
identical with that of the device of Fig, 1.

The resultant load current of the device of Fig.
3 has the form indicated by curve Ir of Fig, 4.
This curve is obtained by taking the algebraic
sum of the instantaneous currents represented by

3
effects of this output capacitance are greatly -
minimized,

The efficiency of the frequency multiplier of
the present invention is higher than that previ-
ously realized, and by proper design may be made
to equal and even surpass that of an ordinary
class C amplifier. It will be understood by those

- skilled in the art that, in practice, the wave form
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curves 14, I, Is and Ir of Fig. 4. It will be seen .

that curve Ir, which represents the output cur-
rent of the multiplier, has substantially the same
wave form as curve V4, which corresponds in both
frequency and wave form to the input signal,

but that the frequency of the output current is

four times as great.

It will be understood that vacuum tubes { and
2, shown in Figs. 1 and 3 of the drawings, may
each be replaced by a pair of ordinary triodes
without departing from the scope of the present
invention. In this case, the cathodes and anodes
of each pair of triodes would be connected to-
gether, and the grids connected as shown in the
drawings. In practicing the invention, {he only
requirement as to the vacuum tubes to be em-~
ployed, other than the usual conditions imposed
by the frequency range in which the device is to
operate, is that two separate grids be provided
which exercise equal control over a single anode
circuit. In one successful embodiment, Eimac
type Twin-30 tubes were used, the only modifica-
tion of the standard construction being to con-
nect the plates together internally.

The frequency ranges in which the devices of
the present invention may be used are limited
principally by the interelectrode capacitances of
the vacuum tubes employed. No neutralization
means are necessary for the stable operation of
the device of the present invention. This per-
mits the use of twice.as many tubes with the
same effective input capacitance as similar
tubes when used in a conventional neutralized
circuit.
is practical and admirably suited for multiply-
ing input frequencies up to the order of 100
megacycles, and it is noted that the advantage
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Experiments prove that the new device -
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of the new device over prior-art devices becomes -

greater as the frequency is increased toward and’

into the ultra-high region, This is due to the
fact that frequency multipliers of the prior art
become.increasingly inefficient as the frequency
is raised because of the inherent output circuit
capacitance, whereas in multipliers in accord-
ance with the present invention the detrimental
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of the slgnal applied to the grids, and hence the
wave form of the output signal, may be consid-
erably modified from the forms shown in Figs. 2
and ¢ with resultant substantial improvement in
efficiency. Such modification, for example, may"
be realized by so biasing the vacuum tubes that
plate current flows only during a portion of
the positive grid swings, in accordance with the
customary Class C mode of operation.

While there has been described what is -at

"present considered the preferred embodiment of

the invention, it will be obvious to those skilled
in the art that various changes sand modifica-
tions may be made therein without departing
from the invention, and it is, therefore, aimed in
the appended claims to cover, all such changes -
and modifications as fall within the true spirit
and scope of the invention.

What I claim is: )

1. A frequency multiplier comprising a signal
Input circuif, & plurality vacuum-tube siegnal re-.
peating means, each having an anode and a plu-
rality of control electrodes and being adapted to
repeat portions of a signal impressed thereon. &
plurality of separate input circuits individually
connected to said control electrodes for applying
a signal to the control electrodes of each of said
repeating means in opposite polarity, phase-
shifting means connecting said separate input
circuits to said multiplier signal input circuit for
successively applying a signal to said repeating
means in phase quadrature, and means connect-
ed to the anodes of said repeating means for
combining signal portions repeated by sald re-
peating means.

.2. A frequency multiplier comprising a pair of
vacuum tubes each having two grids and one
anode, an input circuit, means connecting said
input circuit to the grids of said tubes for apply-
ing a signal to the grids of each of sald tubes in
opposite polarity and to the corresponding grids
of the different tubes in phase quadrature, and
means connected to said anodes for combining
signal portions repeated by said vacuum tubes.

3. A frequency multiplier for multiplying the
frequency of an input signal, comprising a pair
of 'vacuum tubes each having two grids and one
anode, an input circuif, a transmission line hav-
ing an effective length equal to one-quarter the.
wave length of said input signal connected to
said input circuit, means connecting the grids of
one of said tubes to opposite sides of said trans-
mission line at one end thereof, means connect-
ing the grids of the other of said tubes to oppo-
site sides of said transmission line at the other
end thereof, and a common output circuit con-
nected to said anodes.

4. A frequency multiplier for multiplying the
frequency of an input signal, cemprising a pair
of vacuum tubes each having two grids and one
anode, an input circuit, a first transmission line
having an effective length equal to one- -quarter
the wave length of said input signal, second and
third transmission lines respectively for each of
said tubes having an effective length equal to
one-quarter the wave length of said input sig-
nal connecting the grids of said tubes to the op-
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posite ends respectively of said first transmission
line at opposite sides thereof, and a common out-
put circuit connected to said anodes. '

5. A frequency multiplier comprising a pair of
vacuum tubes each having two grids and one
anode, an individual Input circuit for each of
sald tubes connected to the grids thereof, phase-
shifting means connected between relatively low-
impedance points of said individual input cir-
cuits, & common input circuit connected to said
phase-shifting means whereby & signal may be
applied to the grids of each tube In opposite
polarity and to corresopnding grids of the dif-
ferent tubes in phese quadrature, and. means
connected to sald anodes for combining signals
repeated by said vacuum tubes.

6. A frequency multiplier Yor multiplying the
frequency of an inpuf signsl, comprising a pair
of vacuum tubes each having two grids and one
anode, an Individual input circuit for each of
said tubes connected to the grids thereof, phase-
shifting means connected between relatively low-
impedance points of said individual input cir-
cuits, said phase-shifting means comprising a
transmission line having an effective length
equal to one-guarter the wave length of said
input signal, a common input circuit connected
to said phase-shifting means whereby a signal
may be applied to the grids of each tube in op-
posite polarity and to corresponding grids of
the different tubes in phase gquadrature, and a
common output circuit connected to sald anodes.

7. A frequency doubler for providing an out-
put signal, having twice the frequency of an in-
put signal comprising a palr of vacuum tubes
each having two grids and one anode. an indi-
vidual input circuit for each of sald tubes con-
nected. to the grids thereof, phase-shifting
means linking said individual input circuits, said
phase-shiffing means comprising a transmission
line having an effective length equal to one-quar-
ter the wave length of said input signal, 2 com-
mon inpub circuit connected to said phase-
shifting means whereby an input signal may be
applied to the grids of each tube in opposite
polarity and to corresponding grids of the dif-
ferent tubes in phase quadrature, and & common
output circuit connected to sald anodes, said
output circuit comprising o trarismission line
having an effective length equal to one-quarter
the wave length of sald output signal. -

8. A frequency quadrupler for providing an
output signal having a frequency four times the
frequency of an input signal, comprising a pair
of vacuum tubes each having two grids and one
anode, an individual input circuit for each of
said tubes connected to the grids thereof, phase-
shifting means linking said individual input cir-
cults, said phase-shifting means comprising 2
transmission line having an effective length equal
to one-quarter the wave length of said input sig-
nal, a common input circuit connected to said
phase-shifting means whereby an input signal
may be gpplied to the grids of each tube in op-
posite polarity and to corresponding grids of the
different tubes in phase quadrature, and a com-

10

15

20

25

30

35

40

45

50

66

60

65

2,322,672

mon output circuit connected to said anodes,
said output clreujt including a transmission line
having an effective length equal to one-quarter
the wave length of sald output signal.

9, A frequency multiplier comprising a sig-
nal repeater including a plurality of repeating
means each having & plurality of control ele-
ments and unipotential anode means and being
adapted to repeat portions of a signal impressed
on said control elements, an input circguit for
said multiplier, means so connecting said input

‘circuit with said control elements as to effect

applications of a signal impressed on said in-
put circult to the control elements of one of .
sald repeating means with different phases and
to the corresponding control elements of a dif-
ferent repeating means with different phases,
the phases of the signals applied to correspond-
ing control elements of sald first-named and said
second-named repeating means being different
by the same predetermined amount, and means
connected to the anode circults of sald repeat-
ing means for combining repeated signal por-
tions.

10. A frequency multiplier comprising a sig-
nal repeater including a plurality of repeating
means each having a plurality of contrcl ele-
ments and unipotential anode means and being
adapted to repeat portions of a signal impressed
on said control elements, an input circuit. for
sald multiplier, means including phase-shifting
means so connecting said input circuit with said
control elements as to effect applications of a
signal impressed on said input circuit to the
control elements of one of said repeating m=ans
with different phases and to the corresponding
control elements of a different repeating means
with different phases, the phases of the signals
applied to corresponding control elements of
said first-named and said second-named repeat-
ing means being different by the same prede-
termined amount, and means connected to the
anode means in said repeating means for com-
bining repeated signal portions.

11. A frequency maultiplier comprising a sig-
nal repeater including a plurality of repeating
means each having a plurality of control ele-
ments and unipotential anode means and being
adapted to repeat portions of a signal impressed
on saild control elements, an input eircuit for
said multiplier, means including a transmission
line so connecting said input circuit with said
control elements as to effect applications of a
signal impressed con said input circuit to the
control elements of one of said repeating means
with different phases and to the corresponding
control elements of a different repeating means
with different phases, the phases of the signals
applied to corresponding control elements of
said first-named and said second-named repeat-
ing means being different by the same predeter-
mined amount, and a common output circuit
for said repeating means for combining repeated
signal portions. ° ,

: ARTHUR L. NELSON.



