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My invention; relates: to frequency multipliers 

and more particularly to apparatus for obtaining 
frequency multiplication and amplification by 
utilizing relatively low, frequency crystal oscil 
lators. . . , . . 

Crystal oscillators are employed in order to 

high frequencies: the dimensions of the crystal 
are so Small that the crystal is delicate and diffi. 
cult to handle. It has, therefore, become the: practice of providing frequency multipliers for 
multiplying the low frequency of the crystal. 
When high multiplications of frequency are: re 
quired, it becomes difficult to obtain sufficienten 
ergy from the crystal oscillator:while at the same 
time maintaining frequency stability, which re 
quires...low crystal excitation and limits the avail. 
able harmonic output necessary for frequency. 
multiplication. Accordingly, it is an object of 
my invention to provide a frequency multiplier 
employing a crystal oscillator and including an 
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improved arrangement for maintaining stable . 
operation of the multiplier, with relatively low: 
crystal excitation. . . . . . . 

It is another object of my invention to provide a frequency multiplier comprising an amplifier: 
and frequency tripler, circuits, and an arrangement for 
at the desired frequency, for increasing, the out 
put intensity. While maintaining the required low. 
crystal excitation necessary to insurestable; ope, 
eration. - - - 

The features of my-invention which I believe 
to be novel are-set forth with particularity i 
the appended claims. My-invention itself, how- 8 
ever, both as to its organization and method of operation, together with further-objects-and-ads 
Vantages.thereof, may best-be-understood by refe: 
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ding a feedback of energy 

3-Claims. (CI. 250-36) 
cathode 3 there are connected a parallel circuit 
6 comprising an inductance 1 and a condenser 
18, a parallel circuit.20 comprising an inductance 
2, and a condenser: 22 and a suitable battery. 
or other.source of direct current. potential 9. 
The first circuit::ffs is tuned to a frequency above 
but near the natural frequency of the crystal 
and the second tuned. circuit 20, which consti 
tutes:the harmonic multiplier is preferably tuned 
to an odd: harmonic. of the fundamental fre 
quency... If the circuit. 6.. Were tuned to ...a...fre 
quency very.near the natural frequency. of the 
crystal; to obtain:maximum. output, over-excita 
tigandinjury or destruction of the crystal might 
result and stable operationi at the required fre 
quiengy Would be impossible. It is for this rea 
S9a that.the circuit...f6 is not tuned to provide 
maximula:Output, but is tuneditolia frequency. Suf 
figiently above the natural frequency, so that the 
excitation of the crystal is reduced and stable 
operation insured. The's proper; adjustment of 
this type of circuit and the manner...in which it 
operates are Wellikraowns in the: art. The grid 
leak, resistore and the capacities&associated.there 
with, for example, the capacity of the crystal 
and the grid to.cathode capacity of the device, iO, 
age; selected Spithat...at negative bias exists on: the 
glid 2. and only ripositives voltage peaks. cause 
algogies. Curretto...flow: the waye form of the 
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erence...to the following-description takenin-con 
nection with the accompanying-drawing in which to 
Fig. 1 diagrammatically represents-one form of 
frequency, multiplier circuit; embodying my...in 
vention; Figs.2 and 3 represent equivalent cir 
cuit diagrams of the circuit shown in Fig.1; and, 
Fig. 4 is a vector diagram illustrating the oper 
ation of the circuit. . . . . . . '.... . . 

Referring now to Fig.1, the frequency... multi 
plier circuit has been illustrated as a harmonic; multiplier of a general typewell known in the 
art. An electron discharge device. 10, having an 
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anode 11, control el ctrode, or grid 2 and cath. ode 3 is arranged, ra-ra e i3 is arranged with, a piezoelectric crystal 
14 connected between the grid and cathode across the usual grid leak, resistor 15. In the output, in 

cuit 30; co 

... with: 
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angde currentiis, therefore, rich, in harmonics 
Sgitha, the circuit:20: oscillates at the multiple 
of the fundamental frequency to which it is 

It Will be understood...that the tuning of 
the circuits; 6 and 20 depends not only on the 
capacities of the condensers 8...and .22 but also 
Qathe other capacities.Which are inherently press, 
ent in; the: circuit; for example, the capacities of 
the device 0, ... . . . . . . . . . . . . . . . . . . . . . . . 
The alternating Voltage appearing... across the 

circuit, 20 is: coupled, to the input circuit of an 
electron discharge device. 23:having: an anode. 
24, a control electrode 25, and as cathode: 26, the 
circuit:20-being; coupled to the grid 25 through a 
cgradenser: dia resistance 28. A tuned cir 

gs an inductance-3 band:a: vars, 
iablescondensee, 32:connected in parallel is con 
nected in the output circuit of the device.23 be-, 
tween the: aaode 24 and the cathode: 26.in series 

o Suitable; SQirce of direct current potential 
V . . . - attery: 33. The circuit. 30 is tuned 

preferably to an odd, harmonic of the frequency 
of the circuit. 20, for example, the: third har 
monic. The time constant of the resistance, and 
capacity combination comprising: the resistance, of the device Obetween the anode it and the 55 28 and capacitance 27 is chosen so that a nega 

  

  



tive bias is maintained on the grid 25 and only 
the positive peaks of the voltage across the cir 
cuit 20 render the device 23 conducting and ex 
cite the tuned circuit 30. A utilization device 
(not shown) may be coupled acroSS the output 
of the apparatus through a suitable coupling con 
denser 34. The devices O and 23 thus perform 
the functions of an OScillator, an amplifier and 
a frequency multiplier. Because of the necessity 
of maintaining relatively low excitation of the 
crystal the high frequency energy available at the 
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output of the multiplier must be relatively low: 
provided stable operation is to be obtained. The high frequency output of the tube 23 may be if 
increased by feeding back energy from its out 
put circuit to its input circuit, and I have found 
that this may be accomplished efficiently with a 
minimum number of additional circuit elements 
by employing an inductance 35 connected in set 
ries with the control grid 25. A greatly in 
creased high frequency output may be obtained 
by the circuit. When provided. With this induct 
alCe: .. ; , , ; ; ; , ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

- The manner in which the inductance 35, op 
erates, to provide the feedback of energy at the 
frequency of the circuit 30 may readily be under 
stood from the equivalent circuit diagrams of Figs. 
2 and 3 and the Vector diagram. Of Fig. 4. In Fig. 
2: the impedance of all the components of the 
circuit of Fig. Which are connected between the 
input of the impedance 35 and ground have been o 
represented by a capacitor. 37. : Fig. 2 is. drawn 
With reference to the high frequency appearing 
across the Output circuit 30 and the circuits...f6 
and 20. Which are tuned to much lower frequen 
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Cies present a capacitive reactance at the high . 
frequencies; this assumption neglects the resist 
ance losses which are relatively unimportant. 
The impedance of the device: O is also essentially. 
a capacitive reactance-in-parallei. With a high 
resistance. All these capacitive reactances have 
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a voltage Eg is developed by the current is across 
the inductance 40 and leads the current by 90'; 
the voltage Eg therefore is 180° out of phase with 
Ep. Since the parallel circuit 30, taking into ac 
count the other impedances associated therewith 
in the anode circuit, is tuned to resonance, it pre 
Sents a resistive impedance to the Voltage Ep, and 
Epis, therefore, 180° out of phase with Eg. The 
voltage Eg and the feedback voltage. Eg are there 
fore in phase, which is the condition required for 
regeneration. It will be found that as the effec 
tive inductive reactance 40 is increased as by in 
creasing the inductance 35, the feedback of energy 

"; from the output to the input of the device 23 is 
increased, until a value of the inductive reactance 

eached.at, which self-oscillation of the cir 
suit occurs. It is, of course, desirable to avoid 
self-oscillation and for this reason a value of in 
ductive reactance less than that which produces 
self-oscillation is selected. The increase in output 
produced by a value of inductive reactance below 
the value for self-oscillation is still very substan 
tial and makes it possible to operate the circuit 
with the relatively low excitation of the crystal 
which is necessary to insure frequency stability. 
Greatly increased output at the high harmonic 
frequency may thus be obtained... " . . . 

It will be evident that my invention provides 
a structurally simple and effective frequency 
multiplying circuit with a minimum number of 
circuit components. By proper selection of the 
feedback impedance 35, high efficiency and sta 
bility are attained together with amplification 
without the necessity of increasing the crystal 
excitation. By way of illustration only, and not 
by way of limitation, there are listed below values 
of circuit constants which have been found to 
be suitable for the circuit of Fig. 1 when employed 
in a particular frequency multiplier in which the 
harmonic circuits 20 and 30 were tuned to the 

... third harmonic of the fundamental frequency 
been combined and represented by the capacitor 
37. The capacity indicated in dotted lines at 38 
represents the anode to, grid capacity of the der 
Vice 23 and capacities, between the associated. 
leads. The inductance 35 is selected to have a 
value such that when it is combined in series 
with the condenser 37 the resultant reactance will 
be inductive and of the order of one-twentieth-of 
the reactance of the grid to cathode capacity of 
the device. 23.indicated at 39. Furthermore, this 
combination circuit. comprising the inductance 
and condenser. 37 in series shunted by the grid 
cathode capacity 39 has an effective inductive 
reactance which may be represented by an in 
ductance 40, as indicated in Fig. 3. Furthermore, 
since the grid to plate and the grip to cathode 
capacities of a three-element tube, such as the 
device 23, are always of the same order of magni 
tude, the inductive reactance 40 is of the order of 
one-twentieth the capacitive-reactance of the 
plate to grid capacity 38. . . . . . . . . . . . . . . 
... The vector relationships of the voltages and 
currents in. Fig. 3 are indicated in Fig. 4; these 
vectors. are shown with respect to their relative 
phase, relationship, but not necessarily with re 
spect to their magnitudes. The vector Ep repre 
sents the: anode voltage of the device 23. This 
voltage causes a current represented by the vector 
Ig to flow through the series circuit including the 
capacity 38 and the effective inductance 40. The 
current Ig leads the voltage Ep by 90° because the: 
branch of the anode-cathode. impedance. con 
sisting of the capacity 38 and inductance 40 in 
series has an effective capacitive reactance, and 75 

- : . . . . . . . . . ‘. . . . . . .: 
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‘. . . What I claim as new' 

and the frequency of the circuit 20, respec 
tively. The devices 0 and 23 were the two sec 
tions of a Type 6N7 tube. Condensers 18 and 
22 were 5 to 25 pufd, air trimmer capacitors v 
set at approximately 10 pp.fd; each. A satisfac 
tory value of the inductance 35 was found to be approximately 0.4 microhenry. The crystal 
oscillator frequency was 7,372 megacycles: The 
direct current potential of the sources 9 and 33 
was 250 volts. The values of the remaining con 
stants were as follows: ". . . 

----------- 50,000 ohms. Resistor 5-------- 
Resistor. 28. ... 100,000 ohms 
Condenser 27- --------------0001 pufd. 
Condenser, 32- 5 to 25 pipfd, air trimmer 
Condenser. 34. ------------ 0001 afd. 
Inductance fl- -- 11 phy. 
Inductance 2 . . . . . 
Inductance. 3.-------------. 

1 long.80 mill wire. 
Although I have illustrated or 

of my invention, other modifications will read 
ily occur to those skilled in the art. I do not, 
therefore desire my invention to be limited to 
the particular circuit illustrated and described 
and I intend in the appended claims to coverall, 

the spirit and 

1.2 phy. 
rns:4' dia, . 

embodiment 

modifications which fall wit. 
scope of my invention. - 

- - - - - - - n as new and desire to secure 
by Letters Patent of the United States is: , , 1. A frequency multiplying apparatus com 
prising an electron discharge device having a 
cathode and an anode and a control electrode, 
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an input circuit tuned to a fundamental frequen 
cy and connected between said Cathode and said 
control electrode, an Output circuit tuned to a 
harmonic of the fundamental frequency and 
connected between Said anode and Said cathode, 
Said input circuit being capacitive at Said har 
monic frequency, means providing a negative 
bias for said control electrode whereby only pos 
itive wake peaks at said fundamental frequency 
render Said device conducting, and an inductance 
connected in series between said control electrode 
and said tuned input circuit for providing regen 
erative feedback of energy at said harmonic fre 
quency. 

2. A frequency multiplying apparatus com 
prising a Crystal OScillator, a circuit in the Out 
put of said oscillator tuned to a predetermined 
frequency, an amplifier comprising an electron 
discharge device having an anode and a cathode 
and a control electrode, the control electrode to 
cathode circuit of said amplifier being connected 
to include said tuned circuit, an output circuit 
for said amplifier connected between said anode 
and Said cathode and tuned to a harmonic of 
the frequency of Said first mentioned tuned cir 
cuit, the input circuit of said amplifier being 
capacitive at the frequency to which the output 
circuit thereof is tuned, means providing a nega 
tive bias for said control electrode whereby only 
positive wave peaks at the frequency of said 
first mentioned tuned circuit render said device 
conducting, and an inductance connected in 
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30 circuit. 

3 
series between said control electrode and said 
first tuned circuit for providing a regenerative 
feedback of energy at said harmonic frequency. 

3. A frequency multiplying apparatus com 
prising a crystal oscillator including an electron 
discharge device having a piezoelectric crystal 
connected in the input circuit thereof, and a first 
circuit tuned to the fundamental frequency of 
the crystal connected in the output circuit there 
of, a second tuned circuit connected in the Out 
put of said device and tuned to a harmonic of 
said fundamental frequency, an amplifier com 
prising an electron discharge device having an 
anode and a cathode and a control electrode, 
the control electrode to cathode circuit of Said 
amplifier being connected to include said Second 
tuned circuit, an output circuit for said amplifier 
connected between said anode and Said cathode 
and tuned to a harmonic of the frequency of 
said second tuned circuit, said second tuned cir 
cuit being capacitive at the frequency to which 
said output circuit is tuned, means providing a 
negative bias for said control electrode whereby 
only positive wave peaks at the frequency of Said 
second tuned circuit render Said device conduct 
ing, and an inductance connected in series be 
tween said control electrode and said second 
tuned circuit for providing a regenerative feed 
back of energy at the frequency of Said output 
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