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[57] ABSTRACT

A method and apparatus are disclosed for imparting a
linear, but sloped, frequency response signal to a nar-
rowband signal having a sinusoidal component at wp
radians per second. An illustrative embodiment com-
prises: a first signal divider, a first signal combiner and
three signal paths between them. The first signal path
advantageously comprises a first bi-phase attenuator;
the second signal path advantageously comprises a first
delay element; and the third signal path advantageously
comprises both a second bi-phase attenuator and a sec-
ond delay element. The first delay element preferably
makes the second signal path substantially close to

2N+ 1
8wewp

seconds longer than the first signal path, where N is an
integer. The second delay element preferably makes the
third signal path substantially close to

2N 4 1
4w

seconds longer than the first signal path.

8 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR IMPARTING A
LINEAR FREQUENCY RESPONSE TO A SIGNAL

FIELD OF THE INVENTION

The present invention relates to electric circuit de-
sign in general, and more particularly, to methods and
apparatus which have a sloped frequency response.

BACKGROUND OF THE INVENTION

Many electric circuits have the adverse side effect of
having a sloped frequency response such that the cir-
cuits attenuate, or amplify, signals having one fre-
quency more, or less, than signals having a different
frequency (often represented by a Bode plot with a
linear frequency response curve having a non-zero
slope).

SUMMARY OF THE INVENTION

Embodiments of the present invention are capable of
imparting a sloped linear frequency response to a signal
while avoiding many of the costs and restrictions associ-
ated with prior methods. Specifically, embodiments of
the present invention can be used in conjunction with
utile circuits to correct the sloped frequency response
characteristic of the utile circuit. Furthermore, embodi-
ments of the present invention need not change the
nominal phase, the center band amplitude or the group
delay of the signal. ,

These results are obtained in an illustrative embodi-
ment of the present invention that comprises a first
signal divider, a first signal combiner and three signal
paths between them. The first signal path advanta-
geously comprises a first bi-phase attenuator, the second
signal path advantageously comprises a first delay ele-
ment, and the third signal path advantageously com-
prises both a second bi-phase attenuator and a second
delay element. The first delay element preferably makes
the second signal path substantially close to

2N + 1

87w

seconds longer than the first signal path, where N is an
integer and wo is the frequency of a sinusoidal compo-
nent in the narrowband signal input to the embodiment.
The second delay element preferably makes the third
signal path substantially close to

AN+ 1
47wp

seconds longer than the first signal path.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a block diagram of an illustrative em-
bodiment of the present invention.

FIG. 2 shows a block diagram of another illustrative
embodiment of the present invention.

FIG. 3 shows a block diagram of yet another illustra-
tive embodiment of the present invention.

FIG. 4 shows a phase diagram of a typical signal on
lead 109 of the illustrative embodiment shown in FIG.
1.

FIG. 5 shows a phase diagram of a typical signal on
signal path 113, upon entering signal combiner 119, of
the illustrative embodiment shown in FIG. 1.
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FIG. 6 shows a phase diagram of a typical signal on
signal path 123, upon entering signal combiner 119, of
the illustrative embodiment shown in FIG. 1.

FIG. 7 shows a phase diagram of a typical signal on
signal path 129, upon entering signal combiner 119, of
the illustrative embodiment shown in FIG. 1L

FIG. 8 shows a phase diagram of a typical signal on
lead 121 of the illustrative embodiment shown in FIG.
1. )

DETAILED DESCRIPTION

FIG. 1 shows a block diagram of an illustrative em-
bodiment of the present invention that advantageously
comprises signal divider 111, signal combiner 129, delay
element 125, delay element 131, bi-phase attenuator 118
and bi-phase attenuator 135.

Signal divider 111 preferably receives, from lead 109,
a narrowband input signal comprising: (1) a sinusoidal
component at wg radians per second, (2) an RMS ampli-
tude (hereinafter “amplitude”), and (3) a phase. Signal
divider 111 preferably creates a first signal on signal
path 113, a second signal on signal path 123 and a third
signal on signal path 129 such that all three signals are
analog representations of the input signal. While it is
preferred that the first signal, the second signal and the
third signal be created with equal amplitude and phase
by signal divider 111, it will be clear to those skilled in
the art how to make and use embodiments of the present
invention in which the first, second and/or third signals
are not created with equal amplitude or phase. Further-
more, it will be clear to those skilled in the art that
signal divider 111 can be easily fabricated (using e.g., a
Wilkinson power divider, a hybrid coupler, etc.) or
purchased commercially. See E. J. Wilkinson, “An N
Way Hybrid Power Divider,” IRE Trans, MTT-8,
116-118 (January 1960); and J. Lange, “Integrated
Stripline Quadrature Hybrid,” MTT-17, No. 12,
1150-1151 Dec. 1969). Likewise, it will be clear to those
skilled in the art that signal divider 111 can be fabricated
as two, one-to-two dividers as illustrated at 311 and 315
in FIG. 3.

Signal combiner 119 advantageously receives as input
the first signal from signal path 113, the second signal
from signal path 123 and the third signal from signal
path 129, and preferably creates an output signal, on
lead 121, based on the unweighted sum of the three
input signals. While it is preferred that signal combiner
119 add the first signal, the second signal and the third
signal in phase, it will be clear to those skilled in the art
how to make and use embodiments of the present inven-
tion in which the respective input signals are dispropor-
tionately added and/or are not added in phase. Further-
more, it will be clear to those skilled in the art that
signal combiner 119 can be easily fabricated (using e.g.,
a Wilkinson power divider, a hybrid coupler, etc.) or
purchased commercially. See E. J. Wilkinson, “An N
Way Hybrid Power Divider,” IRE Trans., MTT-8,
116-118 January 1960); and J. Lange, “Integrated Strip-
line Quadrature Hybrid,” MTT-17, No. 12, 1150-1151
December 1969). Likewise, it will be clear to those
skilled in the art that signal combiner 119 can be fabri-
cated as two, two-to-one signal combiners, as illustrated
at 319 and 327 in FIG. 3.

Delay element 125 is preferably a length of conduct-
ing material (e.g., coaxial cable, a section of strip line, a
microstrip, a lumped delay line, etc.) lying in signal path
123 that causes signal path 123 to be substantially close
to
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2N 4 1
87wy

seconds longer than signal path 113, where N is an
integer. The purpose of delay element 125 is to impart a
group delay to the second signal on signal path 123 such
that the phase of the sinusoidal component on signal
path 123 is shifted by either 90° or 270° (depending on
whether a positive frequency response slope or a nega-
tive frequency response slope is desired) relative to the
phase of the sinusoidal component on signal path 113.
Given the purpose of delay element 125, it will be clear
to those skilled in the art that delay element 125 can be
subsumed within signal divider 111. Likewise, it will be
clear to those skilled in the art that delay element 125
can be subsumed into signal combiner 119.

Delay element 131 is preferably a length of conduct-
ing material (e.g., coaxial cable, a section of strip line, a
microstrip, a lumped delay line, etc.) lying in signal path
129 that causes signal path 129 to be substantially close
to

2N + 1
4w

seconds longer than signal path 113, where N is an
integer. The purpose of delay element 131 is to impart a
group delay to the third signal on signal path 129 such
that the phase of the sinusoidal component on signal
path 129 is shifted by 180° relative to the phase of the
sinusoidal component on signal path 113. Given the
purpose of delay element 131, it will be clear to those
skilled in the art that delay element 131 can be sub-
sumed within signal divider 111. Likewise, it will be
clear to those skilled in the art that delay element 131
can be subsumed into signal combiner 119.

A first signal control block, such as bi-phase attenua-
tor 115, lies in signal path 113 and advantageously mul-
tiplies a signal placed on its input by a factor denoted
Gj. A second signal control block, such as bi-phase
attenuator 135, lies in signal path 129 and advanta-
geously multiplies a signal placed on its input by a factor
denoted Gj. The factor G; preferably is within the
range —1=G1=+1, and the factor G; is preferably
within the range —1=G,=+1. Bi-phase attenuator
115 and bi-phase attenuator 135 are preferably identical
(i.e., non-reflective matched impedance on both ports
on all settings) with G1=Ga. It will be clear to those
skilled in the art that G; and G; can be set so as to
impart any linear frequency response to the input signal
on lead 109.

It is preferred that the phases of bi-phase attenuator
115 and bi-phase attenuator 135 be equal although it will
be clear to those skilled in the art how to make and use
embodiments of the present invention in which they are
not. It will be clear to those skilled in the art that bi-
phase attenuator 115 and bi-phase attenuator 135 can be
easily fabricated or purchased commercially. Further-
more, it will be clear to those skilled in the art that
either or both of bi-phase attenuator 115 and bi-phase
attenuator 135 can be subsumed into signal divider 111
or signal combiner 119.

Block diagrams portraying other illustrative embodi-
ments of the present invention are shown in FIG. 2 and
FIG. 3. It will be clear to those skilled in the art how to
make and use embodiments of the present invention in
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4
accordance with FIG. 2 and FIG. 3 from the same
components described for the embodiment of FIG. 1.

FIG. 4, FIG. 5, FIG. 6, FIG. 7 and FIG. 8 are phase
diagrams which, in toto, graphically illustrate how the
illustrative embodiment of FIG. 1 operates when G1=1
and Ga=1 and delay element 125 is set for 90°. FIG. 4
shows a narrowband signal, on lead 109, which com-
prises three sinusoidal components, wz, wo, ©H, all illus-
tratively of the same amplitude and identical phase. wr
is of a lower frequency that wo and wp is of a lower
frequency than wg.

FIG. 5 illustrates the phase and magnitude relation-
ship of wy, wo, and wgon signal path 113, upon entering
signal combiner 119, with respect to the magnitude and
phase of the signals on signal path 123 and signal path
129.

FIG. 6 illustrates the phase and magnitude relation-
ship of @z, wo, and wgon signal path 123, upon entering
signal combiner 119, with respect to the magnitude and
phase of the signals on signal path 113 and signal path
129. While the magnitude of w7z, wo, and wxupon enter-
ing signal combiner 119 are the same, the phases are
different due to the group delay in the signal path 123
(including delay element 125).

FIG. 7 illustrates the phase and magnitude relation-
ship of wi, wo, and wgon signal path 129, upon entering
signal combiner 119, with respect to the magnitude and
phase of the signals on signal path 113 and signal path
123. While the magnitude of wz, wo, and wgyupon enter-
ing signal combiner 119 are the same, the phases are
different due to the group delay in signal path 123 (in-
cluding delay element 131).

FIG. 8 illustrates the phase and magnitude relation-
ship of wz, wo, and wgon lead 121 after signal combiner
119 has added the three signals.

I claim:

1. An apparatus for processing an input signal com-
prising a sinusoidal component at woradians per second,
said apparatus comprising:

a signal divider (111) for creating a first signal based

on said input signal, for putting said first signal onto
a first signal path (113), for creating a second signal
based on said input signal, for putting said second
signal onto a second signal path (123), for creating
a third signal based on said input signal, and for
putting said third signal onto a third signal path
(129);

a signal combiner (119) for receiving said first signal
from said first signal path (113), said second signal
from said second signal path (123), and said third
signal from said third signal path (129), and for
creating an output signal based on the sum of said
first signal, said second signal, and said third signal;

a first delay element (125) in said second signal path
(123) for making said second signal path (123) sub-
stantially close to

2N+ 1
87wy

seconds longer than said first signal path (113),
where N is an integer; and

a second delay element (131) in said third signal path
(129) for making said third signal path (129) sub-
stantially close to
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2N 4+ 1

Ao

seconds longer than said first signal path (113).

2. The apparatus of claim 1 further comprising:

a first signal control block (115) in said first signal
path (113) for modifying said first signal; and

5

a second signal control block (135) in said third signal 10

path (129) for modifying said third signal.

3. The apparatus of claim 2 wherein said first signal
control block (115) comprises a first bi-phase attenua-
tor, and said second signal control block (135) com-
prises a second bi-phase attenuator.

4. A method for processing an input signal compris-
ing a sinusoidal component at o radians per second,
said method comprising the steps of:

dividing said input signal into a first signal based on

said input signal, a second signal based on said
input signal, and a third signal based on said input
signal;

putting said first signal onto a first signal path;

putting said second signal onto a second signal path;

putting said third signal onto a third signal path;

delaying said second signal with a first delay element
in said second signal path such that said signal path
is substantially close to

2N+ 1

8mwg

seconds longer than said first signal path, where N
is an integer;

delaying said third signal with a second delay element
in said third signal path such that said third signal
for substantially close to

2N+ 1
47wy

seconds longer than said first signal path;

receiving, with a signal combiner, said first signal
from said first signal path, said second signal from
said second signal path and said third signal from
said third signal path; and

combining, with said signal combiner, said first sig-
nal, said second signal and said third signal to cre-
ate an output signal.

5. The method of claim 4 further comprising the step

of attenuating said first signal with a gain control block.

20
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6. An apparatus for processing an input signal com-
prising a sinusoidal component at woradians per second,
said apparatus comprising:

a first signal divider (311) for creating a first signal
based on said input signal, for putting said first
signal onto a first signal path (313), for creating a
second signal based on said input signal, and for
putting said second signal onto a second signal path
337);

a second signal divider (315) for creating a third sig-
nal based on said first signal, for putting said third
signal onto a third signal path (317), for creating a
fourth signal based on said first signal, and for
putting said fourth signal onto a fourth signal path
(331);

a first signal combiner for receiving said third signal
from said third signal path (317) and said fourth
signal from said-fourth signal path (331), for creat-
ing a fifth signal based on said third signal and said
fourth signal, and for putting said fifth signal onto
a fifth signal path (321);

a first delay element (333) in said fourth signal path
(331) for making said fourth signal path (331) sub-
stantially close to

2N + 1

47w

seconds longer than said third signal path (317),
where N is an integer;

a second delay element (339) in said second signal
path (337) for making said second signal path (337)
substantially close to

2N+ 1

87wp

seconds longer than the sum of said first signal path
(313), said third signal path (317) and said fifth
signal path (321); and

a signal combiner (327) for receiving said fifth signal

from said fifth signal path (321) and said second
signal from said second signal path (337) for creat-
ing an output signal based on the sum of said fifth
signal and said second signal.

7. The apparatus of claim 6 further comprising a
signal control block (323) in said fifth signal path (321)
for modifying said fifth signal.

8. The apparatus of claim 7 wherein said signal con-

trol block comprises a bi-phase attenuator.
* %x % % %



