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RECEI VER ST Field of the Invention The
present invention is related to radio frequency (RF) receivers and
particularly to the 10 construction of a discrimnator circuits for use in
such a receiver.

A WIDE BANDWIDTH DISCRIMINATOR
FOR USE IN A RADIO RECEIVER

Field of the Invention

The present invention is related to radio
frequency (RF) receivers and particularly to the
10 construction of a discriminator circuits for use in
such a receiver.

-

Background of the Invention

15 RF communication systems employing angle
modulation (e.g., frequency modulation (FM) or phase
modulation (PM)) for transmission of data, have
historically been extremely susceptible to the
deleterious effects of co-channel interference.

20 Co-channel interference is caused by the transmission
of a signal from a nearby source on the communications
channel of concern. As is known, cénventional FM._
receivers suffer from the basic inability to '

. distinguish a desiréd signal from an undesired signal
25 transmitted by an interfering source, especially when
the transmissions are on the same communications

channel (i.e., frequency).
In order to overcome this shortcoming-and
guarantee adequate levels of.system performance,

30 communication systems employing FM receivers often
require that all such receiééré must maintain a
predetermined desired signal (i.e., carrier) to
interference (C/I) ratio. Typical cellular
communication systems, such as the Advanced Mobile
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require that all sucC Tecel vers mfst
decibels (dB). While 18dB of separation between the

5 desired carrier and an interference source is adequate
to protect the system from co-channel interference, it
nonetheless fails to maximize spectral efficiency,
especially when one ¢of the known frequency reuse
schemes is also employed by the system in question.

10 It would be extremely advantageous therefore to
provide a.radio receiver architecture which operates at
a lower C/I separation than is taught by the prior art,
in the effort to increase overall spectral efficiency
without adversely impacting systém performance. Of

15 note, additional information on the AMPS and NAMPS
systems has in the past been available by contacting
Motorola Inc. at 1303 East Algonquin Road, Schaumburg,
Illinois 60196.

20 Summary of the Invention
Briefly described the present invention is a wide
bandwidth frequency discriminator circuit for use
within a radio receiver. The discriminator employs a
25 wide bandwidth limiting amplifier that amplifies the IF
signal portion of a received RF signal to provide an
amplified output signal. A delay circuit, -coupled to
the amplifier, provides a delayed representation of the
amplified output signal to a multiplier circuit. The
30 multiplier in turn provides a product signal which is
the product of the amplified output signal and the
delayed representation of the amplified output signal.
As will be appreciated, said product signal will be



p-ré,deter.m' ned desired signal (i.e., carrier) to I n ference (C'1)

ratio. Typical cellular communi cati on systens, such as thé Advanced _
Mobi | e . Phone Service (AVPS) or Narr 0his Bgiad Advanced
Mobi | e Phone Service (NAMPS) cel lul ar systens deplo ¥ laged
Inc. requires a C/| ratio of at |l east 18 decibels ( M of
separation between the desired carrier ad an inter S

adequate to protect the system from

proportional to the phase difference between the
amplified output signal and the delayed representation
of the amplified output signal.

5 Brief Description of the Drawings

FIG. 1 is a block diagram representation of an FM
receiver circuit as is known in the art; and
FIG. 2 is a block diagram representation of a
10 portion of the FM receiver of FIG. 1 showing the
discriminator circuit of the present invention.

Description of a Preferred Embodiment

15 FIG. 1 is a block diagram representation of an FM
receiver 100 as is known in the art. For purposes of
this discussion, receiver 100 may be divided into a
front end section and a back end section. The front
end section comprises an antenna 101, RF filtexr 102, RF

20 amplifier 104, mixer 106, local oscillator 108 and an
IF filter 110. The back end sectidn comprises an IF
amplifier 112, a discriminator 114 circuit and a output
terminal 116. '

During operation, RF signals as received by

25 antenna 101, applied to RF filter 102 and amplified by
RF amplifier 104 may contain both a desired signal and
an interfering signal. The interfering signal will
typically exhibit a different amplitude than the
desired signal, but the interfering signal and the

30 desired signal may exhibit nearly identical
frequencies. The term carrier-to-interference (C/I)
‘ratio is therefore used to characterize the received RF
energy and represents the amplitude of the desired



5 co-channel interference, it nonetheless fails to maxi m ze spectral
efficiency, especially when one of the known frequency reuse schenes is

al so enpl oyed by the systemin question. It would be extrenely
advant ageous therefore to provide a radio receiver architecture which
operates at a lower C/I separation than is 10 taught by the prior art, in
the effort to increase overall spectral effig ency W t hout adversely

i npacti ng system performance. O note, additional i nformati on on the
AVPS and NAMPS systens has in the past been avai |l abl e by contacting
Motorola Inc. at 1303 East Al gonqui n Road, Schuaunbur L1 1in
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According to one aspgghalf the present invention there is provided a

wi de bandw dth frequency discrimnator circuit inclu
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representation of tg esir élgﬁgd ﬁ%@ﬁ’érfﬁéﬁgﬁgnéi IF filter 110
provides predetection filtering of all signals falling
10 within the nominal RF bandwidth of the desired ensemble
of signalé for which the receiver is intended.
Amplifier 112 represents a non linear device which
eliminates all amplitude variations in the signal
presented, but preserves all phase variations. Thé
15 amplified IF signal is then passed to discriminator 114
which operates to detect data within the output of the
filtered IF signal. ’
As is known in the art, prior art discriminators
are designed to operate at a frequency bandwidth that
20 is nearly identical to the bandwidth of the IF signals
upon which they operate. 1In the presence of .
interference, however, frequencies outside of the
nominal IF bandwidth are typically present at the
output of IF amplifier 112. When a narrow band
25 discriminator is employed the high frequency components
of these signals are amplitude limited, thereby leaving
only the in band (i.e., IF frequency) frequency
components. It will be appreciated by those skilled in
the art, that these in band frequency components of
30 ihterference cause the greatest distortion of the
‘desired signal. For further information on this
subject the interested reader is referred to
Proceedings of the IRE, "“Theory of Stronger-Signal



multiplying circuitry, coupled to the anplifier and the delay circuit

and further having a third bandwi dth greater than the first bandw dth, for
provi ding a product signal representation of the anplified output. signal
and the del ayed representation of the anplified output signal.

3 a multiplier having a third bandwi dth at |east three tines
greater than the first bandw dth, coupled to the wi de bandw dth
limting anplifier and the delay circuit, for providing a product
signal having a w de bandw dt h frequency response. 5

Capture in FM Reception™ by Elie J. Baghdady, April
1958, pgs. 728-738.

In order to properly detect and discriminate all

interference components, the discriminator circuit of

S the present invention employs a bandwidth that is
greater than the bandwidth of those signals present at
the output of the IF amplifier 112,

FIG. 2 is a block diagram representation of a

portion of the FM receiver 100 of FIG. 1 showing the

10 discriminator circuit 200 of the present invention.
The discriminator circuit 200 comprises a wide band
limiting amplifier 202, a multiplier 206 and a delay
circuit 204. _

i During operation, an IF signal from IF filter 110

15 is applied to the input of the wide band limiting
amplifier 202.  Such wide band limiting amplifiers are
known in the art and require no additional discussion.
As previously mentioned, the received IF signal
preserves the carrier to interference ratio of the

20 received RF signal, as well as the frequencies of the
desired and interfering signals. The amplified output
signal of the wide band limiting amplifier 202 has a
bandwidth that is at least 3 times the bandwidth of the
IF signal itself. This amplified output signal is

25 applied to both the delay circuit 204 and multiplier
206.

The delay circuit 204 is employed to provide a
delayed version of the amplified output signal to
multiplier 206. In accordance with the present

30 invention delay circuit 204 may comprise any of the
known delay devices such as, but not limited to active
filters, passive filters, micro strip transmission
lines and coaxial cables. Of importance the bandwidth



Brief Description of the Draw ngs FIG 1 is a block diagram

representation of an FMreceiver circuit as is known in the art; and
10 FIG 2 is a block diagramrepresentation of a portion of the
FM receiver of FIG 1 showing the discrimnator circuit of the present
I nventi on. : Description of a Preferred Enbodi nent

15 FIG 1 is a block diagramrepregentation of an FMreceiver 100
as is known in the art. For purposes of this discussion, receiver 100
may be divided into a front end section and a back end section. The
front end section conprises an antenna 101, RF filter 1911%1,n RF
anplifier 104 nixerof thejdelayeircwkli294 st e greater ghen OF, egpgl

The back section cogBrth€Sbafdwidth Fofinthddé a¥ighed, predients ati makobutpat
circuit and a out put During operation, RF

signals as received°5;§%ﬁ%€ﬁ#%;%€%}i§&ﬁﬁi%ﬁ?' to RF filter 102 and
anplified by RF anplifi eMul@dphhgrc206 gprovidés ;a produidsisigmadi gidichadé an
interfering signal. Jhe Loserf eptng,si Mdd Wt2ldi¥nal an@XBhRit a
di fferent anplitude ggaﬁ ?ﬁe desired 5?@%&' {mfﬁﬁﬁt interferin
delayed representation of the amplified outpu% signal
of limiting amplifier 202. The amplitude of the
product signal is proportional to the phase difference
between the amplified and the delayed representation of
10 the amplified output signal. The wide band
discriminétor of the present invention when used in
conjunction with wide band limiting amplifier 202
operates to form a detection system capable of .
discriminating between a desired and undesired sighal
15 even when said signals are nearly identical in
amplitude because of the enhanced frequency response
provided by discriminator circuit 200.
Of note, the bandwidth of multiplier 206 is at
least 3 times greater than the bandwidth of those
20 signals at the output of limiting amplifier 202. While
the present invention suggests the use of a multiplier,
additional multiplying circuitry including but is not
limited to: mixers, analog multipliers and digital
phase detectors, may be substituted without departing
25 from the spirit of the present invention.

30 wWhat is claimed is:



25" signal and the desiredm signal may exhibit nearly identical

frequenci es. The termcarrier-to-interference (C/1) ratio is therefore
used to characterize the received RF energy and represents the
anplitude of the desired. 3

proportional to the phase difference between the m
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Claims

1. A wide bandwidth frequency discriminator circuit

5 comprising:

an input for receiving an intermediate frequency

(IF) signal;

10 a w1de bandwidth limiting amplifier, coupled to
-the input and having a first bandwidth, for prov1d1ng
an amplified output signal;

a delay circuit having a second bandwidth equal to
15 or greater than the first bandwidth, coupled to the
amplifier, for providing a delayed representation of
the amplified output signal; and

a multiplier, coﬁpled to the amplifier and the
20 delay circuit and further having a third bandwidth, for
providing a product signal representation of the |
amplified output signal and the delayed representation
of the amplified output signal.

.
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FIG 1 is a block diagramrepresentation of an FM receiver circuit as

Is known in the art; and FIG 2 is a block diagramrepresentation
bof a 10. portion of the FMreceiver of FIG 1 show n iscrim nator
circuit of the present invention. Description of a
Preferred Enbodi ment 15 FIG 1 is a block dia wﬂﬂmf yjon of
an FM receiver 100 as is known in the agt. For pu ﬂ"'”“"s

di scussion, receiver 100 nay be divided into a front end sdctfon*and a
back end section. The front end section conprises an antenna 101, RF
filter 102, RF 20 anplifier 104, m xer 106, |ocal oscillator 108 and an

IF filter 110. The back end section conprises an IF anplifier 112, a

di scrimnator 114 gircuife dkcui®UldRilclaim 1t @hekredh ¢A6.third bandwilithng
operation. R si gral o5 (SPUNET Rl st LoN End e cBRR LSt SulE 111 LT

5 3. The circuit of claim 1 wherein the delay circuit
is selected from the group consisting of:
active filters
passive filters )
micro strip transmission lines; and

10 coaxial cable.

4. The circuit of claim 1 wherein the multiplier is
selected from the group consisting of:
mixers; '
15 analog multipliers; and
digital phase detectors.

5. The circuit of claim 1 wherein the product signal
is proportional to a phase difference between the

20 amplified output signal and the delayed representation
of the amplified output signal. -

6. The circuit of claim 5 wherein the product signal

has a wide bandwidth frequency response.
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RF anpl i.fier 104 may contain both a desired signal and an interfering
signal. The interfering signal wll typically exhibit a different

anplitude than the desired signal, but the inteFLeLLng_ngQgL_$Qg_ihe
30 desired signal may exhibit nearly identical . frequenci es. erm

carrier-to-interference (C1) ratio is thereforﬂ mm,” , erize
the received RF energy and represents tge anpli "m ‘Led
gnal .

4 signal divided by the anplitude of the interferfndg * ssi

7. A wide bandwidth frequency discriminator circuit
comprising:
5 an input for receiving an intermedia;e frequency

(IF) signal;

a wide bandwidth limiting amplifi€r, coupled to
the input and having a first bandwidth, for providing
10 an amplified output signal;

a delay circuit having a second bandwidth equal to
or greater than the first bandwidth, coupled to the
amplifier, for providing a delayed representation of

15 the amplified output signal; and

a multiplier having a third bandwidth greater than
the second bandwidth, coupled to the amplifier and the
delay circuit, for providing a product signal

20 representation of the amplified output signal and the
delayed representation of the amplified output signal.
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As”is known in the art mixer 106 down-converts the recei ved RF signal
into an IF signal by mxing it with 5 a signal fromlocal oscillator 108.
This IF signal ° preserves the carrier to |nterference-ra%fe~mL44uL___

received RF signal, as well as the frequencies of the
interfering signals. IF filter 110 provi des predetH Qe" gﬂ,ﬂﬂ,of
all signals falling 10 w thin the nom nal R bandw dt

ensenbl e of signals for which the recelver is |ntended
Amplifier 112 represents a non |inear device which elimnates al

anplitude variations in the signal presented, but preserves al| phase
variations. The 158.anBhef cégcnttsofnalain 1 Herexals ddis ¢hdissk Hamdwidsh 114

which operates to defget 1dabe Phi8éNtihés OytLatePithdlf the fidsdiered IF

si gnal . As is known in the art, prior art discrimnators are
desi gned to oper at 8a8@Widthequency bandwidth that 20 is nearly identical
to the bandwi dth of the IF signals upon which they operate. In the
presence of i nterference, however, frequencies outside of the

nom nal |IF bandwi dth are typically present at the output of IF

anplifier 112. When a narrow band

\
This Sheet Has

.



25" discrimnator is enployed the high frequency conponents of these
signals are anplitude Iimted, thereby |eaving only the in band (i.e

I.LF frequency) frequency ~ conponents. It will be appreciated _
skilled in the art, that these in band frequency’eeﬂpcﬁéﬁt"s‘b%f/H%Ser

i nterference cause the greatest distortion of the [oT=ESy W“&% ﬁgmror
further information on this subj ect thejiynt er est egm“m g ed
to Proceedi ngs of the IRE, "Theory of Stronger-Si c v "

5 ]

9. A radio frequéncy (RF) receiver comprising:

means for receiving an RF signal comprising data
5 and converting it to an intermediate frequency (IF)

signal;

an IF filter, coupled to the receiving means, for
filtering the IF signal to remove those components
10 above and below a desired frequency range; and

an FM discriminator circuit, coupled to the
intermediate frequency filter and comprising:

15 a wide bandwidth limiting amplifier having a first
bandwidth, coupled to the IF filter, for providing an
amplified output signal of the filtered IF signal;

a delay circuit having a second bandwidth equal to
20 or greater than the first bandwidth, coupled to the
wide bandwidth limiting amplifier, for providing a.
delayed representation of the amplified output signal;
and

25 a multiplier having a third bandwidth at least
three times greater than the first bandwidth, coupled
to the wide bandwidth limiting amplifier.and the delay
circuit, for providing a product signal having a wide
bandwidth frequency response.

30
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Capture.in FM Reception" by Elie J. Baghdady, April 1958, pgs.

728-738. : In order to properly detect and discrimnate all
i.nterference conponents, the discrimnator circuit of 5 the present
i nvention enploys a bandwi dth that is greater than the bandw dth of

t hose signals present at the output of the IF

FIG 2 is a block diagramrepresentation of 1& amnﬂmmmﬁﬂu“&m

recei ver 100 of FIG 1 showing the 10 discrimnator tirfcuitt 200°of” t he
present invention. The discrimnator circuit 200 conprises a w de band
limting anplifier 202, a nultiplier 206 and a del ay circuit 204.
During operation, an IF signal fromIF filter 110 15 is applied to the

i nput of the wide hand IThe triaidd.o receaﬁralri bEecladm. 9 Suledred mlet HmnErddunitt | ng
anplifiers are |nthe | g SASGHON:
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frequencies of sher fpres@%%h&ggnaag LRECREST i Aled GG sildimianplified
out put S|gna of the wwde band limting anplifier 202 has a
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't*is at least 3 tines the bandw dth of the | F signal
=Thisfanplified output signal is 25 applied to both the del ay

204 jand mul tiplier 206. The d circuit 204 is
B ed to provi de a del ayed version of the argﬁ!y‘g t put_signal
to rrultlpller 206. In accordance with the present 235 Dt y
circuit 204 may conprise any of the known del ay devi ces such a Lé
not limted to active filters, pa%vefllters mcro strip

transm ssi on | i nes and coaxi aI cables. O inportance the bandw dth
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7 o : - .. Caims 1. A W Wer3s-s
bandw dt h frequency discrimnator circuit including: 5 :

an input for receiving an internedi ate frequency (IF) signal;

a wde bandwidth limting anplifier, coupled to the input and

having a first bandwidth at |east three tines the bandwidth of the IF
signal, for providing an anplified output signal; 10 a
delay circuit having a second bandwi dth equal to or greater
than the first bandwi dth, coupled to the anplifier, for .

providing a del ayed representati ¢f:g ,ﬁ}x-—,_.,g--_g_;@ﬂp ;’hb | output signal; 1

and 15 mul ti %*i’%’éﬂlﬁ”@l £8bE boupl ed to the anplifier

and
17 JUN 1995

101
RF - IF 1 DISCRIMINATOR
FILTER  awp Mzxer [T AMP e
[ [\ / ouT
106 112
109 1047 108~] 10
LOCAL 14
0SCILLATOR

FIG.7

100
—PRIOR ART—

IF
- FILTER  LIMITING MULTIPLIER

N 116
E T %

110

DELAY

204



the delay circuit and further having a third bandw dth greater t Ngebass-¢ s
the first bandwi dth, for providing a product signal representation of the
anplified output signal and the del ayed representation of the 20 anplified

out put
2.
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TG the third bandwidth is greater than
; second apdw aeH 3. The circuit of claim1l
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Phone Service (AMPS) or Narrow band Advanced Mobile Phone Service
(NAMPS) cellular systems deployed by Motorola Inc. requires a C/| ratio of
at least 18 decibels (dB). While 18dB of separation between the desired
carrier and an interference source is adequate to protect the system from
co-channel interference, it nonetheless fails to maximize spectral
efficiency, 'especially when one of the known frequency reuse schemes is
also employed by the system in question.

It would be extremely advantageous therefore to provide a radio
receiver architecture which operates at a lower C/I sebaration than is
taught by the prior art, in the effort to increase overall spectral efficiency
without adversely impacting system performance. Of note, additional
information on the AMPS and NAMPS systems has in the past been
available by contacting Motorola Inc. at 1303 East Algonquin Road,
Schuaumburg, lllincis 60196.

Summary of the Invention

According to one aspect of the present invention there is provided
a wide bandwidth frequency discriminator circuit including:

an input for receiving an intermediate frequency (IF) signal;

a wide bandwidth limiting amplifier, coupled to the input and
having a first bandwidth at least three times the bandwidth of the IF signal,
for providing an amplified output signal;

a delay circuit having a second bandwidth equal to or greater than
the first bandwidth, coupled to the amplifier, for providing a delayed
representation of the amplified output signal; and

multiplying circuitry, coupled to the amplifier and the delay circuit
and further having a third bandwidth greater than the first bandwidth, for
providing a product signal representation of the amplified output signal

- and the delayed representation of the amplified output signal.



5 group consi sting of: active filters; passi ve

filters; mcro strip transm ssion |ines; and

‘coaxi al cable. 10 4. The circuit of claim1 wherein the multiplier
is selected fromthe group consi sting of: m xers;

anal og multipliers; and 15 di gital phase detectors. 5

The circuit of claim1 wherein the product signal is proportional to a
phase difference between the anplified output signal and the del ayed

representation of the anplified output signal. 20 6. The circuit of
claim5 wherein the product signal has a w de bandw dt h frequency
response. 28

According to a further aspect of the present invention there is
provided a wide bandwith frequency discriminator circuit including:

an input for receiving an intermediate frequency (IF) signal;

a wide bandwidth limiting amplifier, coupled to the input and

5  having a first bandwidth at least three times the bandwidth of the IF signal,
for providing an amplified output signal;

a delay circuit having a second bandwidth equal to or greater than
the first bandwidth, coupled to the amplifier, for providing a delayed
representation of the amplified output signal; and

10 multiplying circuitry having a third bandwidth greater than the
second bandwidth, coupled to the amplifier and the delay circuit, for
providing a product signal representation of the amplified output signal
and the delayed representation of the amplified output signal. |

According to a still further aspect of the present invention there is

15 provided a radio frequency (RF) receiver including:

means for receiving an RF signal including data and converting it
to an intermediate frequency (IF) signal;

an IF filter, coupled to the receiving means, for filtering the IF signal
to remove those components above and below a desired frequency range;

20 and

an FM discriminator circuit, coupled to the intermediate frequency
filter and including:

a wide bandwidth limiting amplifier having a first bandwidth,
coupled to the IF filter, for providing an amplified output signal of the

25 filtered IF signal;

a delay circuit having a second bandwidth equal to or greater than
the first bandwidth, coupled to the wide bandwidth limiting amplifier, for
providing a delayed representation, of the amplified output signal; and



9 7.

The circuit of claim 6 wherein the third bandwidth is at | east

‘three tines greater than the first bandw dth.

10
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20

25

3
a multiplier having a third bandwidth at least three times greater
than the first bandwidth, coupled to the wide bandwidth limiting amplifier
and the delay circuit, for providing a product signal having a wide
bandwidth frequency response.

Brief Description of the Drawings

FIG. 1 is a block diagram representation of an FM receiver circuit
as is known in the art; and

FIG. 2 is a block diagram representation of a portion of the FM
receiver of FIG. 1 showing the discriminator circuit of the present invention.

Description of a Preferred Embodiment

FIG. 1 is a block diagram representation of an FM receiver 100 as
is known in the art. For purposes of this discussion, receiver 100 may be
divided into a front end section and a back end section. The front end
section comprises an antenna 101, RF filter 102, RF amplifier 104 mixer
106, local oscillator 108 and an IF filter 110. The back section comprises
an |F amplifier 112, a discriminator 114 circuit and a output terminal 116.

During operation, RF signals as received by antenna 101, applied
to RF filter 102 and amplified by RF amplifier 104 may contain both a
desired signal and an interfering signal. The interfering signal will typically
exhibit a different amplitude than the desired signal, but the interféring
signal and the desiredm signal may exhibit nearly identical frequencies.
The term carrier-to-interference (C/l) ratio is therefore used to characterize
the received RF energy and represents the amplitude of the desired



"10 8. A radio frequency (RF) receiver including:

means for receiving an RF signal including data and converting it to
an internediate frequency (IF) signal; 5 ' an IF filter, coupled
to the receiving neans, for filtering the |IF signal to rermve those

conponent s above and beI ow a desired frequency ra
an FM discrimnator circuit, coupled to the i nter m i” frequenc

filter and including: a w de bandw ”'{u""ﬂ"ﬂ"" fier
ng an

having a first bandw dth, coupled to the IF fi
anplified output signal of the filtered

.
Claims
1. A wide bandwidth frequency discriminator circuit including:
5 | an input for receiving an intermediate frequency (IF) signal;
a wide bandwidth limiting amplifier, coupled to the input and

having a first bandwidth at least three times the bandwidth of the IF
signal, for providing an amplified output signal;

10
a delay circuit having a second bandwidth equal to or
greater than the first bandwidth, coupled to the amplifier, for
providing a delayed representation of the amplified output signal; 1
and
15

multiplying circuitry, coupled to the ampilifier and
the delay circuit and further having a third bandwidth greater than
the first bandwidth, for providing a product signal representation of the
amplified output signal and the delayed representation of the
20 amplified output signal.



15 | F signal; ' a delay circuit having a second bandw dth
equal to or greater than the first bandw dth, coupled to the w de
bandwi dth linmiting anplifier, for providing a del ayed representation
of the anplified output signal; and 20 a m _ ng a
third bandwi dth at |east three tinmes greater tn"mmm bandw dt h,
coupled to the wide bandwidth limting anplifier u@ I”iuL

L *

circuit, for providing a product signal having a wide ¢

frequency response. 25 9. The radio receiver of claims8 wherein the
product signal anplitude S proportéonal to a phase difference between
the anplified output signal and the del ayed representation of the
anplified output signal.

2. The circuit of claim 1 wherein the third bandwidth is greater than the

second bandwidth.

3. - The circuit of claim 1 wherein the delay circuit is selected from the
5  group consisting of:
active filters;
passive filters;
micro strip transmission lines; and

coaxial cable.
10
4. The circuit of claim 1 wherein the multiplier is selected from the
group consisting of:
mixers;
analog multipliers; and
15 digital phase detectors.
5. The circuit of claim 1 wherein the product signal is proportional to a
phase difference between the amplified output signal and the delayed
representation of the amplified output signal. '
20

6. The circuit of claim 5 wherein the product signal has a wide
bandwidth frequency response.



11 10. A wi de bandw dth frequency discrimnator circuit
substantially as herein described with reference to Fig. 2 of the
‘acconpanyi ng draw ngs. 11. A radi o frequency receiver
substantially as herein described with 5 reference to Fig. 2 of the

aecompanying drawings: O O A

7. The circuit of claim 6 wherein the third bandwidth is at least three
times greater than the first bandwidth.



11 9. A radio frequency (RF) receiver conprising: means
for receiving an RF signal conprising data 5 and converting it to an
“internmedi ate frequency (IF) si gnal ; an |F filter, coupled to

t he receiving neans, for filtering the IF signal to renove

conmponents 10 above and bel ow a desired frequency rHe/ an
FM di scrimnator circuit, coupled to the I nt er medi “‘“ml‘m‘“m\ ter
and conpri sing: ““\“H p o

10

8. A radio frequency (RF) receiver including:

means for receiving an RF signal including data and converting it
to an intermediate frequency (IF) signal;

an [F filter, coupled to the receiving means, for filtering the IF signal
to remove those components above and below a desired frequency range;
and |

10 an FM discriminator circuit, coupled to the intermediate frequency
filter and including:

a wide bandwidth limiting amplifier having a first bandwidth,
coupled to the IF filter, for providing an amplified output signal of the filtered
15 IF signal;

a delay circuit having a second bandwidth equal to or greater than
the first bandwidth, coupled to the wide bandwidth limiting amplifier, for
. providing a delayed representation of the amplified output signal; and
20 _
a multiplier having a third bandwidth at least three times greater
“than the first bandwidth, coupled to the wide bandwidth limiting amplifier
and the delay circuit, for providing a product signal having a wide
bandwidth frequency response.
25
9. The radio receiver of claim 8 wherein the produci signal amplitude
is proportional to a phase difference between the amplified output signal
and the delayed representation of the amplified output signal.



"15 a wde bandwdth limting anplifier having a first bandw dt h,

~coupled to the IF filter, for providing an anplified out put si gnal of
“the filtered I'F signal; ' a delay circuit having a second
bandwi dth equal to 20 or greater than the first ban up ed to the

wi de bandwidth limting anplifier, for providing a - “
representation of the anplified output signal; M\ i@ \“\\‘
multiplier having a third bandw dth at | east ngreat’er than
the first bandw dth, coupled to the wde bandvm dth“limti ng anplifier
and the del ay ci rcuit, for providi ngsa pr oduct signal having a w de
bandwi dt h frequency response. 30

10. A wide bandwidth frequency discriminator circuit substantially as

herein described with reference to Fig. 2 of the accompanying drawings.

11. A radio frequency receiver substantially as herein described with
5 reference to Fig. 2 of the accompanying drawings.



12 10. The radio receiver of claim9 wherein the product signal
anplitude is proportional - to a phase difference between the anplified
out put signal and the del ayed representation of the anplified output

si gnal .
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A WIDE BANDWIDTH DISCRIMINATOR
FOR USE IN A RADIO RECEIVER

Abstract of the Invention

A wide bandwidth frequency discriminator circuit
(200) employs a wide bandwidth limiting amplifier (202)
to amplify the IF signal portion a received RF signal.
A delay ciﬁcuit (204), such as a micro strip
transmission line, provides a delayed representation of
the amplified signal to a multiplier circuit (206).
The multiplier (206).in turn provides a product sigﬁal
which is the product of the amplified output signal and
the delayed representaﬁion of the amplified output
signal. As will be appreciated, said product signal
will be proportional to the phase difference between
the amplified output signal and the delayed
representation of the amplified output signal. This
discriminator (200) operates to form a detection system
capable of discriminating between desired and undesired
coﬁponents of the received RF .signal even when said
desired and undesired components are nearly identical
in amplitude. This is due in part to the enhanced
frequency response provided by the discriminator (200).



