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57 ABSTRACT

A proportional digital control system for radio fre-
quency synthesizers using binary coded decimal control
to a frequency synthesizer tunable in contiguous small
interval increasing or decreasing steps throughout the
frequency bandwidth range of operation. A fine tune
dial switch circuit generates a two signal output with
one a step count signal and the other an up-down con-
trol signal generated only upon rotation of the fine
tuning dial and with the signal pulse rates thereof a
direct function of the rate of fine tune dial turning. The
up-down control signal is an up or down signal input to

340/825.26

5] References Cited up-down pulse counting to BCD output circuits as de-
U.S. PATENT DOCUMENTS termined by phase relation thereof to the step count
2,656,106 1071953 StablET ...o.ccvcervvrvrrcsrris 318/603  Signal and with the phase determined by direction of
3,023,373 2/1962 NaYIOT ..cv.ocvvevverrreresscsernrnren 331740  fine tune dial turning clockwise for up count and coun-
3,054,060 9/1962 Thomason ... . 377/125 terclockwise for down count. The up-down counters to
3,067,341 12/1962 Kunzke .....occooirererrveenreenenenes 328/75 BCD are in a chain circuit with carry over circuitry for
KB R AL O LT ] ——— 377/110  up-down count transition from one digit location to
3314015 4/1967 Simone -« 328/14 X ganother that in some equipments is paralleled by supple-
g'm'g?g ;/ 1327 Sth;kholm : ~ 328/14 X mental band switching circuits. The BCD outputs of the
"e1q /1969 Clff oo 328/14 X up-down counter chain circuits are applied to a fre-
3,518,586 6/1970 Nilssen et al. .........ccccervveneee. 33477 hesi . d ad display d
3,548,320 12/1970 Roberts et al. .. 38/4g X~ quency synthesizer circuit and to readout display de-
3,568,069 3/1971 GabOr ..oooovecerrerrrreersisnnnseanes 328/14  Vice circuits.
3,573,734 471971 Williams et al. ........ccoueeeue. 455/157
3,651,469 3/1972 Keese .....ccrmrvvmrreereronnns 340/825.26 12 Claims, 8 Drawing Figures
26b  CONVERTER CIRCUIT . o 7|
S viinG 32 3 34 {NANDY r—24
CoNTROL [NAND)—{NaNDIo-4-{NAND :
_ " T35 :
16 I
13'—"] @ ;:m:c : o'
________________________________ v
1 b 1 hd ! e 3
[EPr D D S R T e I | 2
UP-DOWN uP-DOWN| 40 [up-DowN 39 [up-Downl'3s [ue-Down 1’37 [uP-DOwN|3e
COUNTER | (3] COUNTER | /3] COUNTER |/ | COUNTER COUNTER COUNTER
," BCO A sco _seo BCD 8CD BCD
19
18t | ~i8e | ~18d |~18¢c L ~iBb }—180
BCO
INPUT
SNTH TIT[
SELECTOR I
.[ s8co - BCD 20d [ BCD 20 8Cch 200 BCD 200 BCD
CONTROL | 20f | peconer | 20| pecoper DECODER | A DECODER DECODER ~1 DECODER
FREQ kS S !
SYNTH . 21t \ 21
22
"w /’- 221 '




Re. 31,327

Sheet 1 of 5

Jul. 26, 1983

U.S. Patent

. ¢ : —
022 m qz2-" _ 2221 _.I_ P22 m 922 _H_ 1221 _w -3z
ﬂ ﬁ ﬁﬂﬁ ﬂﬂﬂ\u_m ~ql2 L—212 L—Pl2 212 312
H300030. ¥30093a 43300930 4300030 4300930 ¥300730 .ﬁ“.__‘&m
L P a8 ao8 a%8 ao8 aog
T ETY et 02/ po2’ o0z’ oz’
I04INOD
HOL93713S
"03Y4
S 1han
| ﬂ\.l\ﬂom_ 81— 28} P8I~ o1 1814 [ o8
oLl aod R BCEED) I aom PLIG08 %1 aos il aos w_
N3LNNOD Y3ILNNOD M31INNOD H3I1INNOD Y31INNOD HIINNOD
NAOG-dN NMOGQ-dN NMOQ-dN NMOJ-dn NMOQ-dN NMOQ-dN
oce qgz a2 pee ocZ | "914

3NIT 3SNd TYNOIS TOHINOD NMOQ-dn

oi

3NIT 3STINd TYN9IS LNNOD d31S

“ANNL
3NI4
9l

30HNOS TOMINOD
IYNOIS ONIHOLIMS

/

€l




. U.S. Patent Jul. 26, 1983 Sheet 2 of 5 Re. 31,327

T—s up T—o DOWN

FIG. 2A | FIG. 2B

A ’ A A
DETENT DETENT DETENT
——

UP ROTATION ( ROTARY SWITCH 66k OR 66m)

FIG. 7



Re. 31,327

Sheet 3 of 5

Jul. 26, 1983

U.S. Patent

_||l. _ o sge~{1 - ¢ $—{— - )
ozz—1 [ 9221 22 Tl_ p22e m — ﬂ m \ ﬁ
012 a1z \ E1F: P12 \ 812 \ N oy ‘HLNAS
\\ / l\l\(\ / lel / \M\ll k \l.../l \ / / ‘D344
¥300030 | | 4¥3a00930 | 4300030 | 4300930 |~ ¥300030 5, | ¥300030 [y,
Qo8 |o02 ads |40z g0 | 202 adg | poe ao4 - ag | L_%wu.wﬂww
T .11 "HINAS
i ‘D3M4
1AdNI
aog
81— 4981 281" PBI—T 9g1] 81
6l
a%8 a%8 ao8 @8 || a’s | Q%8 v_
— — _—
H3LINNOD y3INNOD [ H3ILNNOD | HILINNOD /1 831nn02 B— | [43inn0D
9¢[NMOQ-dn | 2€ | NMOd-df | 6 | NMOG-dn 62 | NMOG-dn | O | NMOG-dn NMOQ-dn
&l AL 207 PLTTT o0/ % NVirs f
o :
r
S
ol 3ANNL £l
i N4 Q. -
I
] _ 9
¢ 914 !
! 328N0S
I JOHLINOD
[ IYUNSIS
qm\i“ ONIHOLIMS
L




U.S. Patent Jul. 26, 1983 Sheet 4 of 5 Re. 31,327

57

VOLTAGE
SUPPLY

—— A

$~5la 55

VOLTAGE
T suppLY

-
A
w7

$-5Ib

b B



Re. 31,327

Sheet S of 5

Jul. 26, 1983

U.S. Patent

o ‘
a2z pg2— m uNNW\. ﬂ 322 m 21
1
Q12 -5 S\ pI2 a1z ‘ 3122 JII,P
/ % N / \ ' HLNAS
902~J4300930 P02-[¥300030 302 ~Ju¥300030 402 [4300030) | '03u4
ao8 al8 asg N
jo— 041NOD
H019313S
0g— a81- 2g1 _.wpuzmvm
P8I ag|—] 1NdN)
o) 1R o o8
A all TTIT | w2
ao8 ENTG08 ao8 > _dos 1
H3UNNOD —- HILNNOD H3IINNOD HILNNOD 6!
z;oo-n__:_ oe zso.wﬂ% Gog NMOG~dN |5 % NMoa-dn
TTT
ITTT ITiT 1T
00i 101 Ol _ _\[
P ——— . p—— — - nox\Mo_
_ e i waL €8
| ] = €0l
“ __ EOuuu.ﬁ wze 201
| 092 4 | 2 e 101
| = | we . wes oo_—
! og2| | wgy Wy 66 ﬁ.
! oz2] | W9, S
W il V7 Sams,
i ¥ [ I [ °
laog nmm 0¢ Lozl | 196 wWoe w201
| A | eL woa| 56 ) (wse 308N0S_TVYNOIS
q82 a6z od2 v < wZa JOHINOD ILOWIY
™ X N,m
INAL Ap6 wpE
A 3NI4 al uw._n_abm
£i . V.LI0A *
3A1L1SOd \\ w mu_h_
3D8NOS 10HLNOD J
AUNDIS ONIHOLIMS 199 €6 “99




Re. 31,327

1

PROPORTIONAL DIGITAL CONTROL FOR
RADIO FREQUENCY SYNTHESIZERS

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

This invention relates in general to tuning control for
radio receivers, and in particular, to a binary-coded-
decimal control to a frequency synthesizer tunable in
contiguous small interval increasing or decreasing steps
for radio receivers or transmitters.

Digital frequency synthesizers such as used for radios
generally are not well-suited for scanning receivers
since each digit of the operating frequency must be set
up individually each time the frequency is changed.
More conventionally employed tuning systems with
receivers generally utilize a large knob for scanning or
tuning across frequency bands. This type of tuning and
the tuning feel provided therewith by such more con-
ventionally employed tuning systems is desired but, it is
important that the use of a synthesizer with its inherent
benefits not be sacrificed. This has led to various com-
promise approaches on the part of various manufactur-
ers with, for example, many synthesized receivers being
tuned in discrete accurate bands through, for example
100 kHz, or for that matter, a band with 1 MHz, etc., but
with scan or tuning employed within these bandwidths
with a variable oscillator. Obviously, the frequency
stability of this type of oscillator tuning control within
an operational frequency band cannot match that at-
tained with a synthesized oscillator making such a vari-
able oscillator tuned receiver particularly unsuitable for
data communications. Furthermore, with such variable
oscillator tuning systems, there are problems in interpo-
lating or reading analogue tuning scales, and then some
receivers providing a digital readout of the operating
frequency utilize a system of readout that is nothing
more than a frequency counter measuring the frequency
of a variable oscillator in the tuning system. With this
latter system an unstable variable oscillator is still used
and with most frequency counters the accuracy of the
last, or least significant, digit is generally suspect. Fur-
thermore, the readout with such systems is subject to
undesired blinking, cycling, or change after a frequency
is selected and is a significant problem.

1t is, therefore, a principal object of this invention to
provide a radio tuning system with tuning phase-locked
in 100 Hz steps without sacrificing the convenience and
“feel” of traditional receiver tuning.

Another object with such small incremental step
phase-locked tuning is remote tuning control from a
remote control head or by computer programming.

A further object is to provide a frequency readout
display with such step phase-locked tuning that is not
subject to undesired blinking, cycling or change after a
frequency is selected.

Another object is to provide such a small incremental
step tuning phase-locked system for radios with band
switching when desired spanning great multiples of the
small incremental step tuning and with ail tuning and
band switching performed electronically.

Still another object is to provide in such an incremen-
tal step phase-locked tuning system a multidigit system
with, for individual digits, an up-down counter to four
wire binary-coded-decimal system to a BCD input fre-
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2

quency synthesizer connection and respective integer
display BCD decoder interconnect circuits.

Features of the invention useful in accomplishing the
above objects include, in a proportional digital control
system for radio frequency synthesizers, a switching
signal control source with a fine tune dial with, in the
system, tuning phase-locked in 100 Hz steps without
sacrificing the convenience and feel of traditional re-
ceiver tuning. This is with the fine tuning dial generat-
ing a two signal output via appropriate circuitry with
one a step count signal pulse line and the other an up-
down control signal pulse line. The signals for these two
lines are generated only upon rotation of the tuning dial
with the signal pulse rates thereof directly related to the
rate of dial turning, and with the pulse signals on the
up-down control signal pulse line being up or down
count control signals as determined by their phase rela-
tionship to signal pulses on the step count signal pulse
line in accord with the direction of rotation of the tun-
ing dial. The two signal lines activate a chain of up-
down counters to BCD four wire output counter cir-
cuits that have connections directly to BCD input fre-
quency synthesizer selector control circuitry of a fre-
quency synthesizer and also as four wire BCD input
connections to respective BCD decoder circuits that
are respectively connected to individual digit readout
display devices for the respective digits of a multide-
cade display number. In a working embodiment there
are six up-down counters, one for each digit of the
operating frequency, that add or subtract pulses to
change the operating frequency. For example, assuming
the six counters have accumulated a total of 192,465
input pulses with each pulse carrying the weight of the
least significant digit, in this case 100, the number stored
or accumulated in the six counters represents an operat-
ing frequency 19.2465 MHz. With this embodiment the
value of the least significant digit displayed is the mini-
mum frequency change of the associated frequency
synthesizer.

A specific embodiment representing what is presently
regarded as the best mode of carrying out the invention
is illustrated in the accompanying drawings.

In the drawings:

FIG. 1 represents a general block schematic diagram
of applicant’s proportional digital control system for
radio frequency synthesizers with fine tuning phase-
locked in relatively small uniform incremental steps;

FIGS. 2a and 2b square wave waveforms generated
with rotation of the tuning dial of FIG. 1 with the two
square waves staggered in phase by 90° with the phase
relationship of 2a for an up count with clockwise rota-
tion of the fine tune knob and with the opposite phase
relationship of 2b developed for a down count with
counter clockwise rotation of the fine tune knob;

FIG. 3, another block schematic showing of a pro-
portional digital control system for radio frequency
synthesizers similar in many respects to that of FIG. 1
with converter circuit detail added and with a different
system of digit carry-over;

FI1G. 4, a partial perspective view of a magnetic drum
switch with two reed relay contacts associated there-
with that may be employed in the embodiments of
FIGS. 1 and 3 in the switching signal control source
with the magnetic drum driven by the fine tuning knob
for developing the a and b output waveforms of FIGS.
2a and 2b as determined by direction of rotation of the
tuning knob and the magnetic drum driven thereby;
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FIG. 5, an alternate switch driven by the fine tuning
knob that may be used in the embodiments of FIGS. 1
and 3 in place of the magnetic drum switch of FIG. 4
with this switch in the form of a photoelectric type
rotary switch;

FIG. 6, a general block diagram of applicant’s pro-
portional digital control system for radio frequency
synthesizers with fine tuning phase-locked in relatively
small uniform incremental steps with additional tuning
knobs including a 100 kHz control knob and a 1 MHz
control knob and with the four wire BCD signals not
only controlling the frequency synthesizers but through
BCD decoders providing direct digital frequency read-
outs; and

FIG. 7, square wave waveforms generated with up
count clockwise rotation of the 100 kHz of 1 MHz
control knob switches of FIG. 6.

Referring to the drawings:

The proportional digital control system 10, of FIG. 1,
for a radio frequency synthesizer 11, with fine tuning
phase locked in relatively small uniform incremental
steps, and equipped with a digital frequency readout
display 12, is shown to have two signal paths extended
from switching signal control source 13. The two signal
paths, step count signal pulse line 14 and up-down con-
trol signal pulse line 15, extend from the switching sig-
nal control source 13, that includes a fine tune control
knob 16 driving switch means, not shown in FIG. 1, for
developing the two outputs on lines 14 and 15. The lines
14 and 15 are input connected to up-down counter 17a,
that counts 0 to 9 and successively recycles in progres-
sive up counts and accomplishes the reverse with down
counts, and converts the count therefrom to a BCD four
wire output connection 18a for the significant digit
location. Line 15 from the switching signal control
source is connected not only as an input to the up-down
counter 17a but also to all of the other up-down count-
ers 17b, 17c, 17d, 17e, and 17f. The four wire BCD
output 18a of up-down counter 17a is applied both as a
four wire BCD input to BCD input frequency synthe-
sizer selector control circuit 19 and also as a four wire
BCD input to BCD decoder circuit 20a that is shown to
have a seven line output interconnect 21a to a seven bar
numeric readout display device 22a for providing a 0
through 9 digit readout at the least significant digit
location that may be a TUNG-sol digivac seven bar
numeric readout. Obviously, a Nixie tube type digit
readout device could be employed in place of the seven
bar numeric device 22a with an appropriate line inter-
connect from the BCD decoder 20a.

With each 0 through 9 cycle count back to 0 of up-
down counter 17a, a one count is transmitted through
ine 23a from up-down counter 17a, as an input to up-
down counter 17b that with each one count so transmit-
ted thereto, coincident with continuing up count input
from the line 15 connection as an input directly thereto
gives one count in the 0 through 9 count of that particu-
lar up-down counter 17b. The serially successive higher
up-down counters 17c, 17d, 17¢, and 17f via the inter-
connects as inputs from the next lower up-down
counter through line connections 23b, 23c, 23d, and 23e
just as with the interconnect 23a to up-down counter
17b provide the same functional operation in conver-
sions thereof to BCD four wire outputs via line connec-
tions 18b, 18¢, 18d, 18¢, and 18f. These are connected as
four wire BCD connections to the BCD input fre-
quency synthesizer selector control circuit 19 just as is
done with the four wire BCD connection 18a from
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up-down counter 17a and also to the BCD decoder
circuits 20b, 20c, 20d, 20e, and 20f just as four wire
connection 18a is input connected to BCD decoder 20z.
Furthermore, seven line output interconnects 21b, 21c.
214, 21e, and 21f interconnect the respective BCD de-
coders 20b, 20c, 20d, 20e, and 20f to the respective
seven bar numeric readout display devices 22b, 22c,
22d, 22e, and 22f just as 21a interconnects the BCD
decoder 20a and the seven bar numeric readout display
device 22a.

Thus, the step count signal pulse line 14 and the up-
down control signal pulse line carrying signals in re-
sponse to rotation of the fine tune knob 16 as rate deter-
mined thereby and phase related for up count or down
count, up count with clockwise rotation and down
count with counterclockwise rotation. These are the
resulting signals out of switching signal control source
13 that drive six up-down BCD (binary-coded decimal)
counters 17a through 17f that in turn drive six BCD to
seven bar decoders 20a through 20f that operate six
seven bar numeric readouts 22a through 22f, respec-
tively. The output of each up-down counter is passed
through four lines that pass the counter stored BCD
equivalent of the number of pulses counted by each
counter 17a through 17f as the BCD informational input
controlling the frequency of the digital frequency syn-
thesizer 11 that determines the particular frequency the
receiver is tuned to. While there are six up-down count-
ers shown, one for each digit of the operating frequency
that add (up count) or subtract (down count) pulses to
change the operating frequency there could be fre-
quency control systems with more or less than six up-
down counters for a particular system of interest. With
reference to the six counter tuning control system 10
shown and assuming the six counters have accumulated
a total of 192,465 input pulses, since each pulse carries
the weight of the least significant digit, in this particular
example 100 Hz, the number stored or accumulated in
the six counters represents an operating frequency of
19.2465 MHz. This is with the value of the least signifi-
cant digit displayed constituting the minimum fre-
quency change of the associated frequency synthesizer.

The number of pulses stored in the six counters is
changed by adding or subtracting input pulses by rota-
tion of the “fine tune” knob 16 one direction or the
other. This generates a series of pulses such as shown in
FIGS. 2A or 2B consisting of two square wave wave-
forms staggered in phase by 90° one way or the other as
determined by a direction of rotation of knob 16. With
clockwise rotation of knob 16 to increase the operating
frequency, waveforms A and B with a phase relation-
ship of FIG. 2a are developed with waveform A the
up-down control signal pulse waveform and waveform
B the step count signal pulse waveform. With counter-
clockwise rotation of knob 16, the same corresponding
waveforms A and B of FIG. 2b assume the reverse
phase relation for the down count mode of operation.

With reference to the proportional digital control
system 10’ of FIG. 3, a converter circuit 24 is included
with the switching signal control source 13'. In con-
verter circuit 24 the up-down control line A is con-
nected as an input to NAND gate 25a and the output of
NAND gate 25a is connected as an input to NAND
gate 26a having a output connection as an input to the
up-down counters 17a" through 17f. The output of
NAND gate 25a to input of NAND gate 26a junction is
connected through capacitor 27a to the input of NAND
gate 28a having an output connection as a second input
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to NAND gate 25a. Further, the junction of capacitor
27a and NAND gate 28a is connected through resistor
29a and diode 30a, in parallel, to ground with the diode
having a cathode connection to the junction of capaci-
tor 27a, resistor 29a, and NAND gate 28a, and anode to
ground. The step count signal pulse waveform B line
from switching signal control source 13’ is connected as
an input to NAND gate 25b having an output connec-
tion as an input to NAND gate 26b. The output of
NAND gate 25b to input of NAND gate 26b junction is
connected through capacitor 27b to the input of NAND
gate 28b having an output connection as a second input
to NAND gate 25b. Further, the junction of capacitor
27b and NAND gate 28b is connected through resistor
29b and diode 30b, in parallel, to ground with the diode
having a cathode connection to the junction of capaci-
tor 27b, resistor 29b, and NAND gate 28b, and anode to
ground. The output of NAND gate 26b is connected as
in input both to NAND gate 31 and NAND gate 32.
The output of NAND gate 32 is connected as an input
to NAND gate 33 having an output connection both
through capacitor 35 to ground and as an input to
NAND gate 34 with an output connection as a second
input to the NAND gate 31. The output of NAND gate
31 is connected as the step count signal input to the
up-down counters 17a’ through 17f.

In the embodiment of FIG. 3, both the A and B signal
lines through the converter circuit with switching sig-
nal control source 13 are connected as dual inputs to all
of the up-down counter circuits 17a’ through 17f.
Please note that where components are the same as in
the embodiment of FIG. 1, they are numbered the same
and where they are similar in function but with some
differences, they are primed, while entirely new compo-
nents are given new numbers as a matter of conve-
nience. Each of the four wire BCD lines 18a through
18¢ along with two BCD lines 18f from up-down to
BCD counter circuit 17f" are connected both to the
BCD input frequency synthesizer selector control 19
and also to the respective BCD decoder circuits 20a
through 20e and 20f" with each of these driving through
suitable interconnect the digit display units 22a through
22e and 22f with the BCD decoder 20f" and the display
digit unit 22f" being different from their counterparts at
other digit locations in that they are wired to display
only O, 1, and 2. Please note further, that two of the
inputs of the BCD decoder circuit 20f are grounded in
order to provide the proper desired decoded count out
of BCD decoder in driving the display device 22f
through its count of 1, 1, and 2, up or down as the case
may be. Please note further that up-down counter to
BCD output circuit 17a’ is provided with an additional
output line 36 that is connected as a higher level input to
all the higher level up-down counter to BCD circuits
17v° through 17f. In like manner, up-down counter to
BCD circuit 17b’ is provided with an output line 37 that
is in turn connected to all of the higher level up-down
counter to BCD circuits 17¢’ through 17f as inputs
thereto in parallel with the inputs from line 36 from
up-down counter circuit 17a’. In like manner in output
line 38 from up-down counter 17¢’ is connected as an
input to up-down counter circuits 17b’ and 17¢’ and 17f.
The output line 39 of up-down to BCD circuit 17d’ is
also connected to up-down counter circuits 17¢’ and
17f; and finally, the output line 40 of up-down counter
circuit 17¢’ is connected as an additional input to up-
down counter circuit 17f.

20

25

30

35

40

45

50

55

65

6

Referring now to FIG. 4, a magnetic drum switch
assembly 41 is shown that may be used in the switching
signal control source 13 of FIG. 1 or in the switching
signal control source 13’ of the FIG. 3 embodiment for
developing the square wave A and B waveforms of
FIG. 2a with clockwise rotation of the tuning knob and
the square wave A and B waveforms of FIG. 2b with
counterclockwise rotation of the tuning knob 16. The
tuning knob 16 is shown to be mounted on a shaft 42
extended through a bearing support 43 to drive gear 44
that in turn meshes with a smaller gear 45 extension of
magnet drum shaft 46 rotatably mounted by bearing 47
for driven rotation of the magnetic drum 48 either in a
clockwise direction or counterclockwise direction as
desired by the turning of tuning knob 16. The magnetic
drum 48 is equipped with a plurality of mutually spaced
bar magnets 49 that are substantiajly equally mutually
spaced about the drum 48. This coupled with carefully
selected positioning of reed relay contacts 50a and 50b,
both radial distance wise, and particularly circumferen-
tial location wise is such, with connection of one end
terminal of the reed relay contacts 50a and 50b to
ground and the other reed relay contacts through resis-
tors 51a and 51b, respectively, to voltage supply 52, that
in a working embodiment is a positive 5 volt supply, to
develop the A and B waveforms of FIGS. 2A and 2B
and on the A and B line connections dependent on
tuning knob 16 and drum 48 directions of rotation.

An alternate approach to the magnetic drum switch
assembly 41 of FIG. 4 is shown in FIG. 5 wherein a
transparent material disc 53 is mounted on a shaft 46’
driven in counterclockwise or clockwise rotation by
rotation of tuning knob 16 just as the magnetic drum 48
is turned in rotation by the tuning knob 16 of FIG. 4. In
the embodiment of FIG. §, radially extended mutually
equally spaced opague slots 54 are provided on the
transparent material disc 53 that serve to interrupt
beams of light emanating from light sources 55a and 55b
that are otherwise received and detected by light detec-
tors 56a and 56b. Both of the light sources 55a and 55b
have one terminal connected to voltage supply 57, and
the other terminal of each light source 55a and 55b is
connected through, respectively, resistors 58a and 58b
to ground. With respect to the light detectors 56a and
56b, one terminal of each is connected, respectively,
through resistors 59a and 59b to voltage supply 57 while
the other terminals thereof are connected respectively
through resistors 60a and 60b to ground and also to the
bases of NPN transistors 61a and 61b. Both of the NPN
transistors 61a and 61b have their emitters connected to
ground and the collectors thereof through resistors 62a
and 62b to the positive voltage supply 57 and also to the
A and B output lines, respectively.

Please note that with respect to the A and B wave-
form developing switch embodiments of FIGS. 4 and 5
that there is such switch contact bounce inherent with
the magnetic drum switch embodiment of FIG. 4 that
the converter circuit 24, shown in FIG. 3, is required
for proper fine tuning operation of applicant’s propor-
tional digital control systems for radio frequency syn-
thesizers. However, it should be noted that with the
electronic switch approach of FIG. 5 that the transition
switching accomplished therewith through the switch-
ing threshold regions is sufficiently sharp and definite
that the converter circuit 24 may be dispensed with and
the FIGS. 2A and 2B type waveforms generated with
the electronic switch of FIG. § may be applied directly
to up-down counters in applicant’s proportional digital
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control systems for radio frequency synthesizers. In any
event the A and B input lines to converter circuit 24 are
two square waves staggered in phase generally by ap-
proximately 90° one way or the other as determined by
the direction of rotation of fine tune knob 16. Then two
resulting outputs from the converter circuit 24, shown
in FIGS. 3 and 6, and that may be included with the
embodiment of FIG. 1 as a part of the switching signal
control source circuit 13, are, respectively, a reference
pulse that is more properly referred to as a reference
pulse waveform than a clock pulse waveform since its
pulse repetition rate is determined directly by the rate of
turning of fine tune knob 16, and an up-down control
pulse waveform. When the fine tune knob 16 is rotated
clockwise to increase the operating frequency with
waveforms A and B, as shown in FIG. 2A for the up
count state being generated, the up-down output of the
converter circuit 24 switches to a logic 1 and then sub-
sequently a reference pulse is generated. With counter-
clockwise rotation of fine tune knob 16, A and B wave-
forms, such as illustrated in FIG. 2B, are generated with
the up-down output first switching to a logic of 0 and
then a reference pulse being generated.

When the A waveform input line to converter circuit
24 goes to a logic 1, the output of NAND gate 25a goes
to a logic 0 and the output of NAND gate 26a goes to
a logic 1. With the output of NAND gate 25a at logic 0,
capacitor 27a discharges through diode 30a and the
output of NAND gate 26a will hold at logic 1 (an up
control for the up-down counters that may be Fairchild
9306 up-down counters) as long as the input waveform
A line stays at logic 1. With the passage of time, the B
waveform input line to converter circuit 24 switches to
logic 1 with the ouptut of NAND gate 25b thereupon
going to logic 0, the output of NAND gate 26b going to
logic 1, and the output of NAND gate 31 going to logic
0. The circuit with NAND gates 31, 32, 33, and 34 and
capacitor 35 acts as a one-shot (monostable) multivibra-
tor with when the output of NAND gate 26b is logic 0
the outputs of NAND gates 34 and 31 being at logic 1.
Then as the output of NAND gate 26b goes to logic 1,
the ouptut of NAND gate 31 goes to logic O since the
output of NAND gate 34 cannot change immediately
due to the effect of capacitor 35 in the circuit. Subse-
quently, as the output of NAND gate 33 rises to logic 1,
the output of NAND gate 34 then goes to logic 0 and
the output of NAND gate 31 then returns to logic 1
independent of the output of NAND gate 26b. The
capacity of capacitor 35 is a determinate factor in estab-
lishment of the width of the reference pulse out of
NAND gate 31. When the A and B inputs to converter
circuit 24 each return to logic 0, the sequence is ready to
start again. There are several ways that the A and B
waveforms may be generated out especially if relay
contacts are used, contact bounce can be a problem.
This arises when the contacts close in a logic 1 to 0
transition in that they tend to bounce thereby creating
extraneous pulses. In order to take care of this problem,
resistor 29a, capacitor 27a, and NAND gate 28a are
provided in the waveform A circuit, and resistor 29b,
capacitor 27b, and NAND gate 28b are provided in the
waveform B circuit. When the waveform A input
switches to logic 0, the output of NAND gate 25a goes
to logic 1, charging capacitor 27a through resistor 29a.
The voltage across the resistor 29a looks like a logic 1
so the output of NAND gate 28a switches to logic 0
thereby holding the output of NAND gate 25a at logic
1 until any tendency of continued relay bounce is over
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8
on the waveform A input line. Please note that resistors
29a and 29b are small enough that the NAND gates 28a
and 28b see a logic 0 when the capacitors 27a and 27b
are not charging.

The design of the particular up-down counters, such
as up-down counters 17a’ through 17f" employed in the
FIG. 3 embodiment, will vary with the integrated cir-
cuits selected. Further, the seven bar decoder circuits
20a through 20e and 20f are discrete integrated circuits
and their selection depends upon the type of numeric
readout employed. Working embodiments in accord
with the FIG. 3 showing have been built using Fairchild
9306 up-down counters, Fairchild 9327 decoders and
Tung-Sol Digivac seven bar numeric readouts. There is
one drawback, however, with the embodiment of FIG.
3. Assuming that the fine tune know 16 generates 100
clock pulses per revolution and that to increase the
operating frequency from 0 to 15 MHz, 150,000 clock
pulses are required, or 1,500 revolutions of the fine tune
knob 16. With this being somewhat impractical, the
circuit of FIG. 3 has been modified to the embodiment
of FIG. 6 with two more tuning knobs added, one a 100
KHz knob 63, and the other a 1 MHz control knob 64.
While, in the embodiments of FIGS. 1 and 3, each up-
down counter is labeled for the particular digit of the
operating frequency that it controls, the 100 KHz con-
trol knob 63 of the FIG. 6 embodiment generates a
clock pulse and an up-down pulse that is applied only to
the 100 KHz and serially higher decades. In a similar
manner, the 1 MHz control knob 64 generates a control
pulse and an up-down pulse applied to only the 1 and 10
MHz decades. This is with both the control knob 63 and
control knob 64 associated circuits identical other than
their being connected at their respective serial locations
with respect to decade locations.

The control knob 63 is connected for rotating a
grounded contact switch arm 65k that makes contact
successively with A, B, and C contactsin A, B, C, A, B,
C, A, B, C order with clockwise rotation and in reverse
contact successively C, B, A, C, B, A with counter-
clockwise rotation of the rotatable switch contact arm
65k through the entire range of A, B, C contacts in the
rotary switch 66k. A detent structure 67k is provided at
each C contact of the rotary switch 66k in order that the
switch contact arm 65k may rest on the switch C
contacts in the detent positions. With the rotary contact
arm 65k grounded, contact C, that is all the C contacts
since they are interconnected are always at ground or
logic 0 unless the switch arm 65k is rotated by the knob
63 away from a detent C terminal contact. As has been
pointed out hereinbefore, it is important to maintain the
continuous tuning effect anywhere within the fre-
quency tuning range of the receiver. For example, if all
six of the readouts indicate 0, that is 00.0000 MHz, the
reading will change to 00.0001 MHz or 29.9999 MHz by
moving the fine tune knob 16 a fraction of a turn coun-
terclockwise *“up” or counterclockwise ‘“down™.
Therefore, the switch 66k associated circuitry 68k has a
composite up-down output and a reference pulse wave-
form output that consists of signals generated from the
switching signal control source 13’ with rotation of fine
tune knob 16 as passed through converter circuit 24 and
those generated by the rotary switch 66k.

In the switch 66k associated circuit 68k, the circuit
interconnected A contacts of rotary switch 66k are
connected as an input to NAND gate 69k, the intercon-
nected B switch contacts are connected as an input to
NAND gate 70k, and the circuit interconnected detent
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67k equipped C contacts of rotary switch 66k are con-
nected as inputs to NAND gates 71k, 72k, and 73k. The
output of NAND gate 71k is connected as an input to
NAND gate 74k that receives as another input the up-
down output of converter circuit 24. It should be noted
that the output of NAND gate 71k is also connected as
an input to NAND gate 75k that has an output connec-
tion as an input to up-down counter 17d"” in the up-
down counter circuit section of the control system. The
output of NAND gate 74k is connected as an input to
NAND gate 76k that also has an input connection from
the output of NAND gate 72k. The output of NAND
gate 69k is connected back as an additional input to
NAND gate 72k and the output of NAND gate 72k, in
addition to its connection to NAND gate 76k, is also
connected back as an additional input to NAND gate
69k. The output of NAND gate 76k that is a composite
of the up-down signal from converter circuit 24 and that
derived from switching of rotary switch 66k is con-
. nected both as an input to up-down counter 17d” and
also as an additional input to NAND gate 74m of the
circuit 68m associated with the 1 MHz rotary switch
66m. The output of NAND gate 73k is connected back
as an input to NAND gate 70k and the output of
NAND gate 70k is connected back as an input to
NAND gate 73k. The output of NAND gate 70k is also
connected both to NAND gate 77k and NAND gate
78k. The output of NAND gate 77k is connected as an
input to NAND gate 79k having an output connection
both through capacitor 80k to ground and also as an
input to NAND gate 81k. The output of NAND gate
81k is connected also as an additional input to NAND
gate 78k. The output in turn of NAND gate 78k is con-
nected as an input to NAND gate 82k that also receives
a reference pulse waveform input connection from the
converter circuit 24. The output of NAND gate 82k is
connected as an input to NAND gate 83k and the result-
ing composite reference output therefrom is connected
both as an input to up-down counter 17d” and also as an
input to NAND gate 82m in circuit 68m associated with
rotary swtich 66m.

Please note that other than for differences hereinbe-
fore pointed out and a few more, the circuitry 68m
associated with rotary switch 66m of the 1 MHz switch-
ing control knob 64 is very much the same component
wise and in operational functioning as with the circuit
68k associated with rotary switch 66k of control knob
63 used for tuning by 100 kHz steps. With this being the
case, components in the 68m circuit that are duplicates
of those in the 68k circuit carry the same numbers with
an m designation as opposed to a k designation with the
68k circuit as a matter of convenience. In the circuit
68m associated with rotary switch 66m, the output of
NAND gate 76m is connected as an up-down input to
both up-down counters 17e” and 17f", the output of
NAND gate 83m is connected as a reference pulse input
to both the up-down counter circuits 17¢” and 17, and
the output of NAND gate 71m in addition to being
connected as an input to NAND gate 74m is connected
as an input to NAND gate 75m in the up-down counter
circuit chain. In the up-down counter circuit chain of
the FIG. 6 embodiment, an output line 84 of up-down
counter circuit 17a” is connected as an input to up-
down counter circuit 17b", up-down counter 17¢”, and
also as an input to NAND gate 85. Output line 86 of
up-down counter 17b" is connected both as an input to
up-down counter 17c” and also as an input to the
NAND gate 85. Output line 87 of up-down counter
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17c” is also connected as an additional input to NAND
gate 85. The output of NAND gate 85 is connected as
an input to NAND gate 75k that also receives an addi-
tional input from the output of NAND gate 71k in the
circuit 68k associated with rotary switch 66k. The out-
put of NAND gate 75k is connected both as an input to
up-down counter circuit 17d” and also as an input to
NAND gate 88 that also receives an additional input via
output line 89 of up-down counter 17d". The output of
NAND gate 88 is connected as an additional input to
NAND gate 75m that receives its other input from the
output of NAND gate 7lm in circuit 68m associated
with rotary switch 66m. The output of NAND gate
75m is connected both as an input to up-down counter
17e” and also as an input to NAND gate 90 that receives
an additional input through output line 91 of up-down
counter 17¢”. The output of NAND gate 90 in turn is
applied as a sole input to NAND gate 92, the output of
which is applied as an input to up-down counter 17f".
Thus, cooperative means is provided toward carry-over
stepping up and down count from up-down counters to
serially higher up-down counters in the up-down
counter circuit section of the control system. Further-
more, the rotary switches 66k and 66m with their asso-
ciated circuits 68k and 68m provide for step changing
the count of frequency setting by 100 KHz and 1 MHz
steps respectively.

Referring also to the square wave C, A, and B wave-
forms showing of FIG. 7 with up rotation of either
rotary switch 66k or 66m of FIG. 6, it should be noted
that in the detent positions of the interconnected C
contacts that all the C contacts are at ground via con-
nection of one C conntact through the switch arm 65 to
ground. When either of the rotary switches 66k or 66m
are rotated up in frequency setting with clockwise rota-
tion thereof before a contact A is engaged by the switch
arm 65 connection with a C contact is broken and the A
waveform of FIG. 7 is generated. Then, subsequently,
contact of the switch arm 65 with one A contact is
broken before engagement with one B contact to ulti-
mately develop the B waveform of FIG. 7. Obviously,
a reverse sequence of waveforms would be developed,
with down counterclockwise rotation of the rotary
switches 66k or 66m, from the waveforms shown in
FIG. 7. As long as a contact C of rotary switch 66k is
grounded, the outputs of NAND gates 71k and 78k are
at logic 1 with circuit 68k associated with rotary switch
66k then in condition to respond to up-down and refer-
ence pulses of the fine tune via converter circuit 24. As
the rotary switch 66k is turned in clockwise rotation up
in frequency with a C contact being broken from
ground before a contact A is closed, the output of
NAND gate 71k goes to a logic 0, forcing NAND gate
74k to a logic 1 state. This makes the output of NAND
gate 76k independent of the input up-down signal from
converter circuit 24 applied to NAND gate 74k. When
a contact A is grounded by engagement of arm 65k with
one of the A contacts, the output of NAND gate 72k
switches to logic 0 forcing NAND gate 76k back to
logic 1, the desired output for the up direction. This
logic level remains at the output of NAND gate 76k
until a contact C is again grounded. However, before
this condition occurs with continued clockwise rotation
of the switch arm 65k contact B is engaged by the arm
65 and taken to ground. This results in the ouptut of
NAND gate 70k going to logic 1, and generation of
negative pulses out of NAND gate 78k and NAND gate
83k. Since the reference pulse signal from converter
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circuit 24 and the output of NAND pgate 78k are at logic
1 most of the time when either one switches to logic 0,
the resulting reference output out of NAND gate 83k
will follow. Obviously, the circuit 68m associated with
rotary switch 66m functions much the same as circuit
68k with up-down signal inputs and reference signal
inputs thereto being derived via the circuit 68k rather
than with inputs directly from converter circuit 24 as is
the case with circuit 68k. In order that the square wave
waveforms C, A and B, such as shown in FIG. 7, may
be developed from, with respect to each, a ground po-
tential at their lower levels to a positive voltage level, a
positive voltage supply 93 is connected through resistor
94k to the C contacts, resistor 95k to the A contacts, and
96k to the B contacts of the rotary switch 66k, and in
like manner with the positive voltage supply 93 con-
nected through resistors 94m, 95m, and 96m to the C, A
and B contacts, respectively, of rotary switch 66m.

While up-down counter to BCD output circuit 17f”
has a two wire BCD output for providing 0, 1, 2 count
just as with the up-down counter 17f" and the two wire
18f output thereof in the FIG. 3 embodiment, the up-
down counter 17’ could be instead, if desired, a four
wire BCD output counter circuit providing a 0 to 9
count and back to O counting action just as with the
other up-down counter circuits in the case. Each of the
other up-down counter circuits 17a"” through 17¢” are
four wire BCD output counters interconnected to re-
spective BCD decoder circuits that are in turn con-
nected to respective display devices 22a through 22e
and also 22f. The BCD outputs of the up-down count-
ers are also BCD inputs to BCD input frequency syn-
thesizer selector control 19 of frequency synthesizer 11
much the same as with the FIG. 3 embodiment.

The control circuit of FIG. 6 has an additional impor-
tant capability in that it is readily controlled by a remote
control signal source 97 equipped with a remote-local
selection switch 98 that is connected through a remote-
local control line 99 that is connected as an additional
enable input to all of the up-down counter circuits 17a”
through 17f”. The remote control signal source 97 is
also equipped with four wire BCD output group lines
100, 101, 102, 103, 104, and 105 that feed remotely de-
termined BCD information into the up-down counter
circuits 17a” through 17", respectively, that automati-
cally track to the BCD informational inputs duplicating
them at their BCD outputs when a remote enable signal
is applied to the up-down counter circuits 17a” through
17f” via remote local control line 99 from the remote
control signal source 97 as controlled by remote-local
switch 98. Please note further that, although not shown,
the BCD output lines from the up-down counter cir-
cuits 17a” through 17f" could have connections extend-
ing to the remote control signal source 97 for monitor-
ing during local control of the control system or alter-
nately a double gate system with each individual BCD
line that could be employed to provide such remote
monitoring of the up-down counter BCD outputs via
the lines 100 through 105 to the remote control signal
source 97. Further, it is interesting to note that these
various control system embodiments could be used to
tune most any frequency transmitter or receiver by
increasing or decreasing frequency in contiguous uni-
form small incremental frequency steps, such as contig-
uous 100 Hz steps, that are paralleled by larger fre-
quency step tuning at higher digit locations. Still fur-
ther, it could be used as an accumulator to display posi-
tive or negative events, or for that matter, it is ideally
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suited as a control head for remote operation in generat-
ing remote control information to be transmitted via
three, or more, twisted control lines interconnected as
command control to a slave device. In addition, the
BCD output of this circuit makes possible direct record-
ing of the operating frequency on paper tape, etc., or
display on a cathode ray tube printer.

Whereas this invention is herein illustrated and de-
scribed with respect to several embodiments hereof, it
should be realized that various changes may be made
without departing from the essential contributions to
the art made by the teachings hereof.

I claim:

1. In a proportional digital control system using bi-
nary coded decimal control for tuning radio frequency
synthesizers: a switching signal control source with
reference signal pulse output means [,] for producing a
reference signal pulse waveform and an up-down count
signal pulse means for producing an up-down count pulse
waveform, with a change in count determined by said
reference signal pulse waveform and the count direction,
whether up or down [count], determined by phase
relation of said up-down count signal pulse waveform to
[ the signal pulses of] said reference signal pulse [out-
put means] waveform, and means for shifting [signal
pulse] the phase of said up-down count signal
[means] pulse waveform relative to [the] said refer-
ence signal [pulses} pulse waveform; a circuit chain of
a plurality of up-down counter to binary coded decimal
output circuit units connected to receive directly from
said switching signal control source only the two said refer-
ence signal [pulses] and the phase shiftable up-down
count signal [pulses] pufse waveforms, and with carry
over interconnect between adjacent digit locations of
said up-down counter circuit units; a frequency synthe-
sizer with a BCD input frequency selector control cir-
cuit connected to the BCD output of said up-down
counter circuit units; and a plurality of digit display
devices with BCD signal input circuit means connected
individually to receive the BCD output signals of the
individual up-down counter circuit units of the respec-
tive digit locations.

2. The proportional digital control system of claim 1,
wherein said switching signal control source is fine tune
means initiating up or down count tuning of said fre-
quency synthesizer in contiguous small interval fre-
quency steps throughout the frequency bandwidth
range of operation.

3. The proportional digital control system of claim 2,
wherein said fine tune means includes a rotary member
with a plurality of sensing circuit interrupting means;
drive means for turning said rotary member in clock-
wise or counterclockwise rotation; first and second
sense circuit path interrupting means, with said first
sense circuit interrupting means generating [a pulse
signal] said reference signal pulse waveform; and with
said second sense circuit interrupting means generating
[an up or 2 down J said up-down count signal pulse
waveform [as determined by phase relation with said
pulse signal reference waveform].

4. The proportional digital control system of claim 3,
wherein said first and second sense circuit path inter-
rupting means are magnetic relay switches activated by
a plurality of substantially equally spaced bar magnets
mounted on said rotary member.

S5. The proportional digital control system of claim 3,
wherein said first and second sense circuit path inter-
rupting means include two light source means and two
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light detector means in aligned relation, respectively,
and for light to shine through said rotary member; and
with sdid rotary member in the form of a rotatably
mounted disc with uniformly spaced opaque slots and
transparent areas.

6. The proportional digital control system of claim 3,
wherein converter circuit means with switching signal
pulse waveform shaping of both the reference signal
and the up-down count signal pulse waveforms with
said switching signal control source includes R-C time
constant delay means with both signal paths through
said converter circuit means for resolving any switch-
ing threshold transition irregularities.

7. The proportional digital control system of claim 3,
wherein band switching circuit means is connected to
said circuit chain of up-down counter units paralleling
said carry over circuitry in at least one location in said
circuit chain.

8. The proportional digital control system of claim 7,
wherein said contiguous small interval frequency steps
are 100 Hz steps; and a plurality of said up-down
counter units are 0 to'9 and back to 0 count units with
four wire BCD outputs.

9. The proportional digital control system of claim 8
wherein a first section of said band switching circuit
means is connected at a 100 kHz band switching loca-
tion in said circuit chain of up-down counter units; and
a second section of said band switching circuit means is
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connected at a 1 MHz band switching location in said
circuit chain of up-down counter units.

10. The proportional digital control system of claim
9, wherein the highest digit up-down counter to BCD
output unit is a 0, 1 and 2 back to 0 count unit with two
BCD output lines connected both to said BCD input
frequency selector control circuit of the frequency syn-
thesizer and to the BCD input circuit means of the digit
display device at the highest digit location.

11. The proportional digital control system of claim
7, wherein a plurality of said up-down counter units are
provided with independent four wire inputs as informa-
tion input tracking response inputs to the respective
up-down counter units; and an enable signal input to
each of the plurality of said up-down counter units
responsive, with signal voltage applied thereto from a
control Jocation, to enable the up-down counter units to
a tracking mode responsively setting to the signals input
via said independent four wire inputs respective to each
up-down counter unit fromi a control location.

12. The proportional digital control system of claim
3, wherein each of said plurality of up-down counter
units is connected to receive reference signal pulses and
up-down count signal pulses; and carry over signal
gating connected circuitry in said circuit chain of up-

down counter units.
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