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[57] ABSTRACT

A filter circuit for detecting short pulses of radio fre-
quency (RF) energy centered at a given center fre-
quency and within a given narrow bandpass region.
Received pulses of RF energy are upconverted in a
frequency multiplier circuit to achieve resultant pulses
at the same repetition rate and pulse width as the re-
ceived pulses but having frequency spectrum compo-
nents centered at a new center frequency of n times
the given center frequency of the received pulses.
These frequency spectrum components have the same
absolute frequency and amplitude relationship to their
new center frequency as the frequency spectrum com-
ponents of the received pulses had to their given cen-
ter frequency. The resultant pulses are then passed
through a bandpass filter circuit having its bandpass
region centered at the new center frequency and hav-
ing a bandpass region wider than the width of the
given narrow bandpass region. A detector circuit de-
tects the passage of resultant pulses through the band-
pass filter circuit. The multiplication of the received
pulses by a factor of n allows the use of a bandpass fil-
ter circuit having a wider width than the given narrow
bandpass region. This wider width bandpass filter al-
lows the detection of relatively short pulses of RF en-

ergy.
13 Claims, 1 Drawing Figure
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CIRCUIT FOR IMPROVING RF PULSE
RECEPTION FREQUENCY RESOLUTION
WITHOUT RISE-TIME DEGRADATION

BACKGROUND OF THE INVENTION

The present circuit relates generally to filter circuits,
and more particularly pertains to a new and improved
filter circuit for improving the frequency resolution of
detected RF pulses without accompanying rise-time
degradation. In the field of filter circuits wherein it is
desired to detect a pulse of RF energy at one given fre-
quency of interest, it has been the general practice to
employ a simple bandpass filter centered at the given
frequency of interest. A detector circuit would receive
the output of the bandpass filter circuit and would trig-
ger a threshold circuit when a pulse of RF energy was
received at the given frequency of interest and the
pulse had sufficient width to pass enough energy
through the filter.

In communication systems, such as radar receivers,
the bandpass filter is normally placed in the intermedi-
ate frequency (IF) section of the receiver. If a received
signal is not fairly well tuned toward the center fre-
quency of the bandpass filter, the signal will be notica-
bly attenuated. In a typical radar receiver, a threshold
circuit is used to sense when the signal out of the filter
circuit is above a certain level. In order to provide an
absolute amplitude reference for the threshold circuit
to measure against, the received signal is usually passed
through a tuned limiting amplifier prior to passing it
through the filter circuit. The limiting amplifier assures
that all signals entering the filter are of the same ampli-
tude, so that the amplitude of signals at the output of
the filter is a function of frequency only. Also, the limit-
ing amplifier assures the pulses are rectangular pulses.
Any signals not well centered in the filter suffer relative
loss in passing through the filter and, if far enough from

" the center of the filter, a sufficient amount of the signal
is not passed by the filter to trigger the threshold cir-
cuit, .

A complicating factor arises in some radar systems
though, in that the received signals are short pulses of
RF energy. A review of reference materials in this area
shows that the shorter the width of a pulse, the greater
the bandwidth required for the filter to pass a sufficient
amount of the signal energy through the filter circuit to
trigger the threshold circuit. In general it can be stated
that if the bandwidth of the bandpass filter is not at
least as wide as the reciprocal of the width of a pulse
passing through it,then the passed amplitude informa-
tion will not be sufficient to allow detection of the
pulse. In equation form, B.W.=1/t where t is the dura-
tion of the pulse in the RF pulse train.

Looking at this technical area from a different view,
the width of a pulse may be seen to be important as fol-
lows. A typical LC filter circuit has a certain rise time
associated with it during which the incoming RF energy
is bringing the circuit to a resonant condition. It takes
a finite amount of time for the filter circuit to build up
to full resonance. If a pulse of RF energy is too short,
the entire pulse of energy will be expended in raising
the state of the circuit to a resonant condition, and very
little of the RF pulse will be passed by the filter circuit.
If a wider RF pulse is passed through the same filter cir-
cuit, the first part of that pulse brings the circuit to a
resonant condition, and the remaining part of the pulse
passes through the filter circuit. Applicant’s invention
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2
provides a novel approach to the selective detection of
very narrow RF pulses.

SUMMARY OF THE INVENTION

In accordance with a preferred embodiment, a filter
circuit is disclosed for detecting a short pulse of energy
at a given frequency of interest and within a given nar-
row bandwidth. The preferred embodiment provides a
system wherein received pulses of energy are processed
in an upconversion means to achieve resultant pulses at
the same repetition rate and pulsewidth as the received
pulses but having frequency components which are

‘now centered about a new, higher, center frequency.

The resultant pulses are then passed through a band-
pass filter means having a bandwidth centered at the
new, higher, center frequency and having a bandwidth
wider than the width of the given bandwidth. The wider
bandwidth of the bandpass filter allows detection of the
resultant pulse over a wider bandwidth without, sur-
prisingly, any sacrifice in frequency selectivity nor-
mally associated with a wider bandwidth filter. A detec-
tor means detects the. passage of resultant pulses
through the bandpass filter means. The circuit de-
scribed above allows the detection of a pulse of energy
when the duration of the pulse is substantially less than
one over the given bandwidth of interest.

The operation of the preferred embodiment wherein
short pulses of RF energy are detected may be accu-
rately described mathematically. According to that
mathematical model, the teachings of this invention
have applicability to the detection of short pulses of en-
ergy other than merely RF energy, such as electromag-
netic radiation at other frequencies, for instance light,
and acoustical energy.

BRIEF DESCRIPTION OF THE DRAWING

Sections (a) through (d) of the FIGURE illustrate
several waveforms, and the responses of different cir-
cuits to each waveform, and are helpful to a complete
understanding of this invention. .

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Section (a) of the FIGURE illustrates a typical detec-
tor circuit of the prior art. The received pulse of RF en-
ergy 10 has a pulse width of 0.2 microsecond. The
waveform illustrated at 10 is the modulating signal. The
input spectrum 12 of the RF carrier wave for the pulse
10 is centered at 90 megahertz, and has spectrum nulls
at an interval of 5 megahertz. A typical prior art circuit
for detecting the pulse 19 is illustrated by in section (a)
of the FIGURE. A tuned limiting circuit 16 limits the
amplitude of the received pulse to a reference ampli-
tude so that the output of the filter circuit is a function
of frequency only. The output of the limiting circuit 16
passes into a 5 megahertz bandpass filter circuit 18
which is centered at 90 megahertz. The output of the
filter circuit is passed to a detector circuit 20 and then
to a threshold circuit 22. Although the threshold circuit
22 is illustrated as a part of the overall circuit it is an
optional circuit and may be omitted in certain applica-
tions. The output of the detector circuit 20 is illustrated
at 24. It may be seen that as the pulse is passed through
the 5 megahertz bandpass filter circuit, it takes a finite
time to bring that circuit to resonance and to raise the
output of the detector circuit 20 above the threshold
value of threshold circuit 22. In the example illustrated
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in section (a) of the FIGURE, the output of the circuit
would indicate that a pulse had been detected. As can
be seen by the fact that the output of the detector cir-
cuit just barely made it above the threshold value, this
prior art system is working at its limit, in that the input
is a train of 0.2 microsecond pulses and the bandpass
filter has a width of 5 megahertz (which equals 1/0.2
microsecond).

Section (b) of the FIGURE illustrates the same prior
art circuit 14 attempting to detect a pulse 26 of RF en-
ergy having a pulse width of 0.1 microsecond.

The 0.1 microsecond pulse 26 has frequency spec-
trum, illustrated at 28, which is centered at 90 mega-
hertz, but now has spectrum nulls at an interval of 20
megahertz. It is a characteristic of RF pulses and the
electronics associated with them that, as the width of
a pulse of RF energy gets shorter, the frequency distri-
bution spreads to encompass a wider spectrum cen-
tered about the carrier frequency. This characteristic is
graphically illustrated in sections 1(a) and 1(b) of the
FIGURE. As illustrated at 30, an insufficient amount of
energy passes through the bandpass filter and into the
detector, and the output of the detector does not rise
above the threshold value to trigger the threshold cir-
cuit. This is basically because the 5 megahertz width of
the bandpass filter circuit passes only a small portion of
the frequency components of the pulse spectrum, and
eliminates most of the sidebands of the carrier wave.

In accordance with the teachings of the prior art, the
bandwidth of the bandpass filter must be widened to 10
megahertz to detect a 0.1 microsecond pulse as shown
in section (c¢) of the FIGURE. The 10 megahertz band-
pass filter passes a sufficient amount of the frequency
components of the pulse spectrum to trigger the thresh-
old circuit as illustrated by waveform 32, but frequency
selectivity is greatly reduced due to the widening.

Section (d) of the FIGURE illustrates a preferred
embodiment of a filter circuit constructed in accor-
dance with the teachings of this invention. An input
pulse 26 having a pulse width of 0.1 microsecond is
passed through limiter circuit 16 and into a multiplier
circuit 34 for upconverting the frequency components
of the pulse. Although circuit 34 is designated as a mul-
tiplier circuit, a frequency multiplier does not really
multiply, it squares, cubes, etc., depending on how it is
realized. The result of this process is to generate a fam-
ily of frequency spectrums which are identical in form
to the input spectrum (if the input RF pulses have rect-
angular envelopes), each of which is centered at a har-
monic of the input signal carrier frequency. In general,
frequency multipliers are realized in various forms of
non-linear circuits, as broadband limiter circuits, diode
rectifiers, tuned varacter circuits or step-recovery
diode circuits. The frequency spectrum produced by
the multiplier is illustrated at 35, and is a resultant
pulse of RF energy which has the same pulse spectrum
width and line separation as the input, but a new center
frequency which has been multiplied by a factor of
three. Specifically, the resultant pulse has spectrum
nulls at an interval of 20 megahertz, the same width
spectrum as illustrated at 28, but is now centered at
270 megahertz, three times 90 megahertz. The output
of the multiplier circuit 34 is now passed into a band-
pass filter circuit 36 having a bandwidth of 15 mega-
hertz. The bandpass filter circuit 36, having a much
wider bandwidth than the circuit 18, passes most of the
frequency components of the carrier wave to detector
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20. The wider width of the bandpass filter 36 results in
the output of detector 20, illustrated at 38, triggering
threshold circuit 22 in a rather rapid fashion. Theoreti-
cally, an Xn frequency multiplier circuit could be uti-
lized where n is any number that will multiply the RF
pulses by a sufficient factor to allow passage of a suffi-
cient number of sideband frequency components of the
carrier wave through a sufficiently wide bandwidth fil-
ter to allow detection of the pulse of RF energy.

The important point is that although the bandwidth
has been tripled, frequency selectivity is not reduced
because input signals outside of 90 2.5 megahertz wiil
be outside of the 270 =7.5 megahertz bandwidth of fil-
ter 36.

Although the bandwidth of the filter circuit was
chosen to be three times the bandwidth of interest,
commensurate with the X3 multiplication process,
there is no reason why the bandwidth of the bandpass
filter circuit has to be three times the given bandwidth
of interest. The bandwidth of the bandpass filter circuit
may be chosen to pass a sufficient amount of the carrier
frequency sideband components to enable the detector
to trigger the threshhold circuit. The 15 megahertz
bandwidth of the filter following the X3 multiplier was
chosen for convenience to yield the same (5 mega-
hertz) system frequency resolution as the original sys-
tem. In practice it might be reduced to a different band-
width such as 12 megahertz. This would probably pro-
vide an adequate bandwidth to pass the pulse informa-
tion while actually improving the frequency resolution
from 5 megahertz to 4 megahertz.

It should be apparent that the filter circuit illustrated
by FIGURE 1(d) results in a distinct improvement over
prior art detector circuits, and allows the detection of
a pulse of RF energy when the pulse width is less than
one over the given bandwidth of interest. As illustrated
by wave form 35 in section (d) of the FIGURE the
characteristics of the RF pulse spectrum are essentially
unaltered by the X3 frequency circuit, although the
spectrum has been translated to a new center fre-
quency (3F). This RF spectrum is then passed through
the 15 megahertz bandpass filter with adequate ampli-
tude fidelity to satisfy the threshhold requirements.

Theoretically, a X2 frequency multiplier and a 10
megahertz filter would also satisfy the requirements for
detecting a 0.1 microsecond pulse of RF energy within
a band pass region of 5 megahertz. However, in actual
practice there are additional circuits in the system that
contribute to a degradation in effective bandwidth, re-
sulting in a marginal system bandwidth if a 10 mega-
hertz filter is used.

While several embodiments have been described, the
teachings of this invention will suggest many other em-
bodiments to those skilled in the art.

I claim:

1. A system for detecting a pulse of energy within a
given narrow bandwidth centered about a given center
frequency and having a given pulse-width and compris-
ing:

a. an input means for receiving an input pulse of en-
ergy having frequency components within an input
pulse bandwidth centered about said given center
frequency;

b. means, coupled to said input means, for upcon-
verting the frequency components of said input
pulse of energy to produce a resultant pulse of en-
ergy having frequency components centered about
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a new center frequency which is higher than said
given center frequency as a result of the upconver-
sion and having a resultant pulse bandwidth which
is substantially the same as said input pulse band-
width;

c. a bandpass filter means coupled to said upconvert-
ing means and having its bandwidth centered at
said new, higher, center frequency and being wider
than said given narrow bandwidth whereby the
wider bandwidth of the bandpass filter means en-
ables detection of the resultant pulse over a wider
bandwidth without loss of sensitivity by the system;
and

d. a detector means coupled to the output of said
bandpass filter means for detecting the passage of
the resultant pulse through said bandpass filter
means.

2. A system as set forth in claim 1 wherein the system
detects pulses of radio frequency energy, and said input
means includes means for receiving an input pulse of
radio frequency energy.

3. A system as set forth in claim 2 wherein said up-
converting means includes a frequency multiplier
means for multiplying the frequency components of the
input pulse of energy by a factor of .

4. A system as set forth in claim 3 and including a
tuned limiter means coupled between said input means
and said frequency multiplier means.

5. A system as set forth in claim 4 and including a
threshold means coupled to the output of said detector
means.

6. A system as set forth in claim 5 wherein said band-
pass filter means has a bandwidth which is greater than

the reciprocal of the shortest given pulsewidth desired -
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to be detected.

7. A system as set forth in claim 6 wherein:

a. said frequency multiplier means includes means
for multiplying the frequency components of said
input pulse of energy by a factor of n of at least
two; and

b. said bandpass filter means has a bandwidth at least
twice as wide as said given narrow bandwidth.

8. A system as set forth in claim 1 wherein said band-
pass filter means has a bandwidth which is greater than
the reciprocal of the shortest given pulsewidth desired
to be detected.

9. A system as set forth in claim 8 wherein the system
detects pulses of radio frequency energy, and said input
means includes means for receiving an input pulse of
radio frequency energy.

10. A system as set forth in claim 9 wherein said up-
converting means includes a frequency multiplier
means for multiplying the frequency components of the
input pulse of energy by a factor of n.

11. A system as set forth in claim 10 and including a
tuned limiter means coupled between said input means
and said frequency multiplier means.

12. A system as set forth in claim 11 and including a
threshold means coupled to the output of said detector
means.

13. A system as set forth in claim 12 wherein:

a. said frequency multiplier means includes means
for multiplying the frequency components of said
input pulse of energy by a factor of n of at least
two; and

b. said bandpass filter means has a bandwidth at least

twice as wide as said given narrow bandwidth.
% * * * *



