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[57] ABSTRACT

A digital frequency display device for digitally display-
ing the operating frequency of a communication appa-
ratus comprising a reference frequency oscillator, a first
frequency mixer for mixing the output frequencies of a
first oscillator of the communication apparatus and of
the reference frequency oscillator, a second frequency
mixer for mixing the output frequency of a second oscil-
lator of the communication apparatus and the resultant
frequency provided from the first frequency mixer to
produce the display frequency shifted by the reference
frequency, and a frequency counter for counting the
output frequency from the second frequency mixer and
for correcting the shifted frequency component to dis-
play the correct frequency.

9 Claims, 5 Drawing Figures
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DIGITAL FREQUENCY DISPLAY DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion:; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a digital frequency
display device for use in communication equipment. In
modern communication equipment such as radio receiv-
ers, transmitters and transceivers, a frequency display
device is frequently used to digitally display the RF
operating frequency. A conventional digital display
device for a single conversion type receiver, for exam-
ple, is constructed so that the output signals of the local
oscillator and BFO of the receiver are mixed 1n a fre-
quency mixer to produce a signal corresponding to the
RF operating frequency, and that signal is in turn ap-
plied through a frequency counter to a digital display
circuit for visual display. A similar approach is used for
conventional display devices for double conversion
type receivers. In such cases, the outputs of the hetero-
dyne oscillator the VFO and the BFQO are mixed to
produce a signal corresponding to the RF operating
frequency. Problems exist with these types of devices,
however, because the display frequency produced
through the frequency mixing is the same as that of the
signal being received, as a result of which, signal inter-
ference can occur in the receiving circuit. Also, with
such a system, leakage signals from a transmitter can
disrupt proper display operation of the display device.
This problem requires strict shielding for the communi-
cation equipment, resulting in increased cost.

To avoid these problems, it is proposed that a local
oscillator be provided separately from the receiving or
transmitting circuit, and that its output be applied to a
mixing circuit for mixing with the output of the conven-
tional local oscillator or of the VFO of the communica-
tions apparatus. With such a system, the resulting fre-
quency is different or shifted from the RF operating
frequency. However, if display is only made for certain
of the digits provided by the counter, for example, if the
Mhz digits are not displayed, but the KHz digits are
displayed, the above-mentioned problem can be over-
come.

Also, with conventional systems, sideband switching
of the carrier/BFQO frequency or band switching gener-
ally causes the locally generated frequencies to be
changed. These changes make 1t difficult in conven-
tional systems to provide a correct display of the actual
RF operating frequency. Conventionally, a frequency
correction knob for the local oscillator or a preset trim-
mer for the heterodyne oscillator is provided for each
frequency band to make the necessary deviation correc-
tions. These approaches, however, lead to complex
circuits with poor stability.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to
provide a digital frequency display device in which the
display frequency may be accurately displayed using
simple construction techniques with no need for elabo-
rate shielding.

Another object of the present invention is to provide
a digital frequency display device not needing a preset
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counter to correct the resultant frequency to be dis-
played.

According to the present invention, a digital fre-
quency display device is provided for digitally display-
ing the operating frequency of a communication appa-
ratus. A signal having a frequency shifted by a predeter-
mined amount is produced by mixing a reference fre-
quency signal with a signal from the communication
apparatus to produce a signal having a frequency hav-
ing digits partially constituting the desired frequency to
be displayed, which signal is counted in a frequency
counter and certain of the digits from the counters are
displayed. |

In another aspect of the present invention, a digital
frequency display device is provided for digitally dis-
playing the RF operating frequency of a communica-
tion system in which a signal with a frequency shifted
by a reference frequency that is produced mixing the
reference frequency and a frequency partially constitut-
ing the display frequency, is corrected through the
reference frequency in frequency counter, wherein the
reference frequency coincides with the unit frequency
of the most significant digit of a number representative
of the display frequency. The counter includes a deci-
mal counter for counting the most significant digit of
the display number and for counting 9 in a reset condi-
tion, and further includes decimal counters for counting
the other remaining digits of the display number and
counting O in a reset condition.

In still another aspect of the present invention, a
digital frequency display device is provided for digitally
displaying the RF operating frequency of a communica-
tion apparatus in which a signal with a frequency
shifted by a reference frequency that i1s produced by
mixing the reference frequency and a frequency par-
tially constituting the display frequency is applied to a
frequency counter. A correction of the shifted fre-
quency component is made so that the only digits of the
counted frequency actually displayed are those digits
lower than the least significant digit of the reference
frequency.

Other objects and features of the present invention
will be apparent from the following description with
reference to the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a conventional
digital frequency display device for a SSB receiver;

FIG. 2 shows a block diagram of an embodiment of a
digital frequency display device according to the pres-
ent invention;

FIG. 3 shows a block diagram of another embodi-
ment of the digital frequency display device according
to the present invention;

FIG. 4 shows a block diagram of another embodi-
ment of the digital frequency display device according
to the present invention; and

FIG. 5§ shows a block diagram of still another em-
bodiment of the digital frequency display device ac-
cording to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Before proceeding with the description of the present
invention, an example of a conventional digital fre-
quency display device for a SSB receiver will briefly be
described with reference to FIG. 1, for better under-
standing of the present invention. In the drawings, like
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reference numerals designate like or similar portions in
the several views.

In the figures, the reference numeral 10 designates a
typical single sideband receiver; 20, a mixer circuit; 30,
a frequency counter circuit; and 40, a digital display
circuit. These mixer, counter and display circuits consti-
tute a digital frequency display device. The conven-
tional SSB receiver 10 comprises a radio frequency
section 11, a mixer 13, an IF amplifier 15, a detector 17,
an audio frequency section 19, a first local oscillator 12,
and a second local oscillator 14. The frequency mixing
circuit 20 mixes the output frequency of the first local
oscillator 12 and that of the second local oscillator 14 to
produce a display frequency signal corresponding to the
operating frequency signal. The display frequency 1is
counted 1n the frequency counter 30 and then is applied
to the digital display circuit 40 for frequency display.
As previously stated, the produced display frequency is
the same as the operating frequency and this can inter-
fere with the receiving operation of the receiver.

Referring now to FIG. 2, a first embodiment of a
digital frequency display device according to the pres-
ent invention is shown in which the basic receiver 10 is
the same as in FIG. 1. In FIG. 2, reference numeral 200
designates a first frequency mixing circuit; 210, a second
frequency mixing circuit; 220, a counter gate; 230, a
counter circuit; 240, a digital display circuit; and 250, a
reference frequency signal oscillating circuit. The first
frequency mixer 200 receives a fixed frequency signal f)
fed from the second local oscillator 14 and a reference
frequency signal fo from the reference signal generator
250. The second frequency mixer 210 receives the
mixed frequency signal f3 of the frequency signal f; and
the reference frequency signal fo and a variable fre-
quency signal f; fed from the first local oscillator 12.
The frequency signals f; and f; define the RF operating
frequency, and the direct mixing of those frequencies f;
and f; would cause the same problem as in a conven-
tional display device. For this reason the frequency
signal f; 1s first mixed with the reference frequency
signal foto produce the mixed frequency f3, and then the
resultant frequency f3 is further mixed with the fre-
quency signal f3 to produce another resultant frequency
signal f4. The frequency of the signal fy4 is shifted by the
reference frequency fp from the operating frequency.

The resultant signal f4i1s applied to the counter circuit
230, through the counter gate 220 which is enabled by
a signal derived from the reference signal oscillator 250.
The counter circuit 230 includes a preset counter means
(not shown) which produces an output when its input
reaches the preset number shifted by the reference fre-
quency fg. Therefore, the resultant frequency signal f; is
corrected in the counter circuit 230 to produce a fre-
quency display signal corresponding to the RF operat-
ing frequency.

In summary, a frequency partially, constituting the
display frequency corresponding to the operating fre-
quency is mixed with a reference frequency to produce
a resultant frequency shifted by the reference fre-
quency. This resultant frequency is corrected to elimi-
nate the shifted frequency component in the digital
display section by means of a preset counter means.

In this example, the correction may be made not only
by the preset counter means but also by any other suit-
able means. Further, the reference frequency fp is pref-
erably formed by appropriately multiplying or dividing
the frequency generated by the oscillator 250 taking
account of the need to avoid spurious radiations within
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the communication apparatus or in the frequency mix-
Ing circuits.

This digital frequency display device eliminating the
operating frequency component in the signal processing
for frequency display results in several advantages. The
frequency display 1s correctly made with the same pre-
cision as in the case of remixing with the operating
frequency. At the same time, strict shielding and com-
plex circuit construction are unnecessary. The use of
the reference oscillator previously set in the counter
eliminates additional expansion of space and increase of
cost. And, if the reference frequency is 1 MHz, a spe-
cially designed IC is unnecessary for the preset counter.

Turning now to FIG. 3, there is shown a modification
of the FIG. 2 embodiment of the digital frequency dis-
play device. The same type SSB receiver also is used to
which the digital frequency display device is applied.
The digital frequency display device in the figure is
comprised of a first frequency mixing circuit 300, a
second frequency mixing circuit 320, a counter gate
330, a reference frequency oscillator 340, a frequency
counter 350 and a digital display section 360. The
counter 350 includes three cascaded decimal counters: a
decimal counter 352 labeled C1, another decimal
counter 354 labeled C2, and a further decimal counter
356 labeled C3. The decimal counter 352 counts the
least significant digit of the frequency to be displayed
and is set to count “0” in the reset condition. The deci-
mal counter 354 counts the second digit of the display
frequency and is resettable to count “0”, The decimal
counter 356 counts the most significant digit of the
display frequency and is set to count “9” when it is
reset. In this example, only three digits of display fre-
quency are displayed. The digital display section 360
includes a first display element 362 labeled D1 con-
nected with the decimal counter 352 for displaying the
least significant digit of the display frequency, a second
display element coupled with the decimal counter 354
for displaying the second digit of the display frequency,
and a third display element connected to the decimal
counter 356 for displaying the most significant digit.
Any suitable display means may be used for those dis-
play elements. The second and third display elements
labeled D2 and D3 are designated by reference numer-
als 364 and 366.

The BFO 14 of the SSB receiver 10 and the reference
frequency oscillator 340 are connected to the input of
the frequency mixing circuit 300. The output of the
frequency mixing circuit 320 and the output of the VFO
12 are connected with the input of the other frequency
mixing circuit 320. The counter gate 330 is connected
with the output of the frequency mixing circuit 320 and
to a signal derived from the reference frequency oscial-
lator 340. The gating operation of the gate 330 is con-
trolled by signal from the reference frequency oscillator
340.

Assume now that f 1s used for designating the operat-
ing frequency, or the receiving frequency, of the SSB
receiver 10, f; for the oscillating frequency of the BFO
14 of the SSB receiver 10, f3 for the oscillating fre-
quency of the VFO 12, 1| MHz is the reference fre-
quency, and the 4.65 MHz is the operating frequency.
The resultant frequency fs of the frequency mixing
circuit 320 is expressed

fa=(fXxH)Ex1=0F] (1)
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The resultant frequency f3 is apphied to a filter (not
shown) where it is filtered out to be the operating fre-
quency 4.65 MHz plus the reference frequency 1 MHz,
1.e. 5.65 MHz. The frequency of 5.65 MHz 1s then fed to
the counter 350. Upon receipt of the frequency 5.65
MHz, the decimal counters C1 and C2 initiate their
counting operation from the reset condition *“0”, with
result that the least significant digit displaying element
D1 displays 5 representing 50 KHz, and the second
displaying element D2 displays 6 for 600 KHz. The
decimal counter C3 for the most significant digit starts
to count from the reset condition “9”, thereby causing
the display element D3 to display the numeral 4 which
is smaller than the counting number §, by one. In this
manner, the operating frequency 4.65 MHz is correctly
displayed in the display section.

From the foregoing description, it will be seen that
this example may correct the frequency shift without
additional special components such as a preset counter
means used in the FIG. 2 embodiment. |

A decimal counter which is set to count “9” when it
is reset is commercially available, as i1s a decimal
counter which is set to count in the reset condition.

It will be further understood that this example is
applicable for cases in which all digits or only a part of
the digits of the display frequency are to be displayed.

A further embodiment of the present invention 1s
shown in FIG. 4 which includes the same basic SSB
receiver 10. The reference numeral 410 designates a first
frequency mixing circuit; 415, a first filter; 420, a second
frequency mixing circuit; 425, a second filter; 430, a
third frequency mixing circuit; 440, a third filter; and
450, a display section. The display section 450 is com-
prised of a counter gate designated by reference nu-
meral 452, a frequency counter 454, a display circuit 456
and a reference frequency oscillator 458. The first fre-
quency mixing circuit 410 is coupled at the input with
the BFO 14 of the SSB receiver 10 and the reference
frequency oscillator 458. The second frequency mixing
circuit 420 is coupled at the input with the VFO 12 and
the reference frequency oscillator 458. The output of
the first frequency mixing circuit 410 is coupled with
the third frequency mixing circuit 430 through the first
filter 415. The output of the second frequency mixing
circuit 420 also 1s coupled with the same third fre-
quency mixing circuit 430 through the second filter 425.
The third frequency mixing circuit 430 is connected to
the display section 4350 through the filter 440. The
counter gate 452 1s enabled by the output of the refer-
ence frequency oscillator 458 to allow passing of the
output of the filter 440 to the frequency counter 454.

Assume now that the operating frequency of the SSB
receiver is expressed by fj, the oscillation frequency of
the BFO 14 by f;, that of the VFO by f3, and the refer-
ence frequency by fo. The resultant frequency f4 output-
ted from the first frequency mixing circuit 410 is given

- fy=h=xfp (D)
The resultant frequency fs5 fed from the second fre-
quency mixing circuit 420 is given

fs =13+ fg (2)

The resultant frequency f3 of the equation (1) is fil-
tered in the filter circuit 415 and either f3+fg or f7—1p
selected to be applied to the third frequency mixing
circuit 430. Similarly, the resultant frequency fs of the
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or f3—fp selected to be applied to the third frequency
mixing circuit 430. Accordingly, the resultant fre-
quency fg of the third frequency mixing circuit 430 1s
given

fg=(Fy =)+ 2fp=F1+2f) (3)
As seen from equation (3), the resultant frequency fg of
the third frequency mixing circuit 430 includes double
reference frequencies in addition to the operating fre-
quency. Either of the frequencies f; +2fp and f1—2fp1s
selected in the third filter 440 and then is applied to the
display section 450. The frequency component of 2fg fed
from the filter 440 through the counter gate 452 is elimi-
nated in the frequency counter 454. As in the FIG. 2
embodiment, the frequency counter 454 includes a pre-
set counter (not shown) for correcting the frequency
shift of 2fy. In this way, the display circuit 456 correcily
displays the operating frequency.

As previously described the RF operating frequency
is not actually used in the signal processing necessary
for frequency display so that interference is eliminated,
thus allowing a simple circuit construction without
strict shielding.

Although the reference frequency oscillator in the
frequency counter is used in the FIG. 4 embodiment, an
independent reference frequency oscillator could also
be used. This is also true for the FIG. 2 embodiment.
Similarly, if the basic approach of the FIG. 3 embodi-
ment is applied to embodiment of FIG. 4, the preset
counter for the 2fy frequency correction could be elimi-
nated. More specifically, the first non-zero least signifi-
cant digit of the frequency 2fg is selected to be higher
than the most significant digit to be displayed for the
RF operating frequency.

A still further embodiment will now be described
with reference to FIG. § which includes the same basic
SSB receiver 10. In FIG. Sa, a first frequency mixing
circuit 500 is coupled at the input with the BFO 14 of
the SSB receiver 10 and a reference frequency oscilla-
tor 530. A second frequency mixing circuit 510 1s con-
nected at the input to the output of the first frequency
mixing circuit 500 and the VFO 12. The output of the
second frequency mixing circuit 510 is connected to a
frequency counter 540 through a counter gate 520
which is enabled by the output of the reference fre-
quency oscillator 530. The frequency counter 340 is
comprised of n decimal counters cascade-connected
540, 540; . . . 540,,.1, 540,, . . . 540,. The frequency
counter 540 is connected with a display section 350
comprising display elements 5504, 550, . . . §50,,.1. The
respective display elements 5501, 5507 . . . 530,,.; are
correspondingly connected to the decimal counters
3401, 540, . . . 540,,.; of the frequency counter 540,
permitting m-1 digits representative of the RF operating
frequency to be displayed.

With designation of f) for the RF operating frequency
of the SSB receiver 10, f2 for the BFO frequency, f3 for
the VFO frequency, and f{p for the reference frequency,
the first frequency mixing circuit 500 provides a signal
with the resultant frequency (f2x:1p). The resultant fre-
quency f3 from the second frequency mixing circuit 510

65 is

fa=([r ) fg=F1 g

(5)
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Either of f;+fo or fj —fp of the resultant frequéncy fy is
selected by a filter (not shown) connected to the output
of the second frequency mixing circuit 510. The se-
lected frequency is applied to the frequency counter 540
through the counter gate 520. Although the frequency
counter 540 1s capable of counting the n digits of the
operating frequency, the display section is set to display
only m digits of the frequency. The reason for this is
that if the first non-zero significant digit of the fre-
quency fpcorresponds to the m+ 1 digit position (which
is not displayed), then, the frequency display will be
correctly representative of the actual RF operating
frequency.

For better understanding of this example, the opera-
tion will be described by using actual numbers for the
various frequencies. Assume the operating frequency f;
1s 4.655 MHz, the reference frequency fpis 10.000 MHz,
and, the resultant frequency f4 to be applied to the fre-
quency counter 340 is 14,655 MHz. The frequency
counter 340 counts up to five digits with the result that
the decimal counters 540; to 5405 output 5, S, 6, 4, and
1, respectively. As previously mentioned, the output of
the counter counting the digit corresponding to the
least significant one except of O of the reference fre-
quency fp of 10,000 KHz, i.e. the decimal counter 540
counting 10 MHz order, is not applied to the display
section. Therefor, only the outputs of the decimal
counters 340, to 5404 counting the digits lower than 10
MHz are applied to the display elements 550; to 5504,
respectively, so that the frequency display of 4,655
MHz 1s correctly representative of the RF operating
frequency.

Another example will be given in which 15,000 MHz
is used for the reference frequency, the operating fre-
quency 1s 4,655 MHz and the resultant frequency fy is
19,655 MHz. The frequency counter 540 counts five
digits, in response to the resultant frequency, and the
decimal counters 540; to 5405 produce outputs 3, §, 6, 9,
and 1, respectively. The digits of the resultant fre-
quency fs 19,655 MHz to the frequency counter 540
which correspond to be the ones higher than the least
significant digit except of 0 of the reference frequency
fo 15,000 MHz, are 19 MHz and the outputs of the deci-
mal counters counting the 19 MHz are not applied to
the display section §50. Accordingly, the frequency to
be displayed in the display section is 655 KHz which is
correctly representative of the actual RF operating
frequency. '-

Various other modifications of the disclosed embodi-
ments will become apparent to persons skilled in the art
without departing from the spirit and scope of the in-
vention as defined by the appended claims.

What is claimed is:

1. A digital frequency display device for displaying
digits representative of the operating frequency of a
communication apparatus comprising;

a reference frequency oscillator:

a first frequency mixer for mixing the output frequen-
ctes of a first oscillator of the communication appa-
ratus and of said reference frequency oscillator;

a second frequency mixer for mixing the output fre-
quency of a second oscillator of the communica-
tion apparatus and the output frequency from said
first frequency mixer to produce a frequency corre-
sponding to the frequency to be displayed but
shifted by the reference frequency;

a frequency counter including correcting means for
eliminating said shifted frequency component for
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8

counting the output frequency from said second
frequency mixer; and

display means connected to said frequency counter
for displaying digits representative of the operatin g
frequency. |

2. A digital frequency display device according to
claim 1 wherein the reference frequency is selected to
have a “1” digit in the digit position of a decimal num-
ber representing the reference frequency corresponding
to the position of the most significant digit of the dis-
played digits representing the operating frequency, and
wherein said counter includes a plurality of cascaded
decimal counters wherein the decimal counter corre-
sponding to the most significant digit of the displayed
digits 1s set to count “9” when reset and wherein the
other decimal counters are set to count “0” when reset.

3. A digital frequency display device according to
claim 1 wherein said correcting means includes means
for causing said display means to only display digits
from said counter corresponding to digit positions
lower in significance than the digit position of the first
non-zero digit of the decimal number representing the
reference frequency.

4. A digital frequency display device according to
claim 1 wherein said correcting means includes a preset
counter,

5. A digital frequency display device according to
claim 1 wherein the first oscillator of the communica-
tions apparatus is a BFO oscillator and wherein the
second oscillator of the communications apparatus is a
VFO oscillator.

6. A digital frequency display device for displaying
digits representative of the operating frequency of a
communication apparatus comprising:

a reference frequency oscillator:

a first frequency mixer for mixing the output fre-
quency of a first oscillator of the communication
apparatus and the reference frequency of said refer-
ence frequency oscillator;

a second frequency mixer for mixing the output fre-
quency of a second oscillator of the communica-
tion apparatus and the reference frequency of said
reference frequency oscillator:

a first filter for filtering the resultant frequency from
said first frequency mixer:

a second filter for filtering the resultant frequency
from said second frequency mixer:

a third frequency mixer for mixing said resultant
frequencies from said first and second filters to
produce a resultant frequency shifted by two times
the reference frequency;

a third filter for filtering said resultant frequency
from said third frequency mixer;

a frequency counter including correcting means for
eliminating said shifted frequency component for
counting said resultant frequency from said third
filter: and

display means connected to said frequency counter
for displaying digits representative of the operating
frequency.

7. A digital frequency display device according to
claim 6 wherein said correcting means includes a preset
counter.

8. A digital frequency display device for displaying
digits representative of the operating frequency of a
communication apparatus comprising:

a reference frequency oscillator:
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a first frequency mixer for mixing the output fre- quency shifted by two times the reference fire-

_ L quency;
quency of a first oscillator of the communication a frequency counter including correcting means for
apparatus and the reference frequency of said refer- eliminating said shifted frequency component for
ence frequency OSCil]&t{}T; 5 cqunting said resultant frequency from said third
a second frequency mixer for mixing the output fre-  TIIXer; ana :
display means connected to said frequency counter
quency of a second oscillator of the communica- for displaying digits representative of the operating
tion apparatus and the reference frequency of said frequency.

10 9. A digital frequency display device according to

. _ .. ‘ . claim 8 wherein said correcting means includes a preset
a third frequency mixer for mixing signals from said counter.

first and second mixers to produce a resultant fre- I

reference frequency oscillator;
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