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Applications of the COS/MOS CD4059A
Programmable Divide-by-N Counter:
Digital Frequency Synthesis for_

'FM Tuners and CB Transceivers

by S. Niemiec and H. Pujol

This Note describes an FM digital tuner
and a citizens band (CB) transceiver digital
tuner that were constructed and tested to
demonstrate the frequency synthesis capa-
bility of the Harris COS/MOS CDA405%2A
programmable  divide-by-N counter. The
mechanical technique nermally used in fre-
quency synthesis consists of varying a capa-
citor, thus changing the frequency of the
local oscillator and, in turn, tuning the
receiver to any desired frequency. The
digital approach described in this Note allows
the desired frequencies lo be selected by
depressing numbered buttonson a keyboard.
By using the appropriate basic circuitry aleng
with a phase-locked-loop, PLL, circuit, the
local oscitlator of the receiver is adjusted
and locked to the proper frequency, thus
assuring proper station selection. Alternate
methods of station selection that demon-
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straie the f{lexibility of the sysiem are
also described,

FEATURES OF THE CD4059A

The functional diagram of the CD4059A
is shown in Fig. 1. The CD4059A is a
divide-by-N down counter that can be pro-
grammed to divide an input frequency by
any integer N from 3 to 15,999, Fig.2. The
output signal is a pulse one-clock-pulse wide
that occurs at a rate equal to the input fre-
quency divided by N. This single output has
TTL drive capability. The down counter is
preset by means of 16 jam inputs, The mode
of the input decade and the counter length
are externally selectable by means of the
mode-sclect inputs, The three mode select
inputs Ka, Kb, and Kc delermine the modu-
lus (divide-by number) of the first and last
counting sections in accordance with the
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Fig.1 — Functional block diagram of CD4055A4,




The value N is determined as follows:

N=|MODE*{ [1000 x Docade G Preset + 100X Decade 4 ()
Preset + 10X Decade 3 Praset + 1X Decade 2 Preset | + Decade 1
Preset
*  MODE= First counting section divider {10, 8, 5. 40r2)
To calculate preset values for any N count, divide the N count by the Mode.
The resuttant is the corresponding preset values of the Gth through 2nd
decade with the remainder being equal to the 151 decade value.
N 2
Preset Value = WMode
Examples:
A} N=8479, Mode =5
159§m/\‘f=- Praset Values
’5 { 84:9
Mode N
MODE SE_LECT =56 PROGRAM JAM INPUTS {BCD)
4 t 5 9 G
S S S ¢ - ~ ———
Ka Kb Kc JJ2 J3 o3 6 J6 J7 JB Jo J1o J1t 12 Ji13 Jida 015 N6
1 0 1 0o o 1 1 i a1 0 i 0 [ 2] 1 1 1]
To verily the resubts use equation 1:
N=5(1000X 1+ 100X G+ 10X 9 1 X B4
N - 84790
B} N = 12382 Modr =8
1647 41 6
8 | 12382
MODE SELECT =8 PROGRAM JAM INPUTS
6 1 7 4 5
f— —— - & - - ~ e e,
Ka Kb Kcg J1 g2 43 4 Js 46 J7 8 Jg g N1 oz J13 14 Hs e
o 0 1 p1 1+ 11 1 0 o 0 1 © 1 0 1 0
To verify:
N=B{1000X1+100XB+10XA+1XT71+6
N = 12382
G} N =8479, Mode = 10
0847+ 0
10! 8479
MODE SELECT = 10 PROGRAM JAM INPUTS
9 7 4
Ka Kb Kc J1 J2 43 a1 J6 J6 47 JB Jg Jto S 2 J13 J14a "5 N6
1 1 Q 1 0 0 1 1 1t 1 0 [ 1) t 0 0 o 0 ]
To Verify:

N=1011000X0+100X8+!0X4+!X7)*B

N=8470

Fig.2 — How to preset the CO4059A to a desired N,

truth table shown in Table 1. Every time
the first (fastest) counting section poes
through one cycle it reduces by 1 the num-
ber that has been preset (jammed) into the
three decades of the intermediate counting
section and into the last counting section,
which consists of flip-flops that are not
needed for operating the first counting
section, For example, in the divide-by-

2 mode only one flip-flop is needed in the
first counting section. Therelore the Jast
counting section has three flip-flops that can
be preset to a maximum count of seven with
a place value of thousands. I divide-by 10 is
desired for the first section, set Ka = 1,
Kb = 1, and Ke = 0; jam inpuis 1, §2, 13,
and J4 are used to presct the first counting
section; there is no last counting section.



Table § — Truth Table for the CDh4069A

BESIGN EXTENDED
MODE SELECT FIRST COUNTING LAST COUNTING COUNTER :COUNTER
MODE INPUT SECTION SECTION RANGE RANGE
Can be Can be
Flest prasat preset
gounting Ka|Kb | Ke[jDI- §tos Jam Di- |tos Jam Min. | Max. Max.
section vides | manimum | input vider | maximum | inpute
divides by: by: of: used: by: of: used:
2 1 1 1 2 L] N 8 7 J2,J3,J4 3 |16,909 7,331
4 o} 1 1 4 3 J1,J2 4 3 43,44 3 |15,998 18,663
5 1] 0 1 ] 4 NJ233 2 1 J4 3 {2900 13,329
8 0 0 1 8 ? J192,43 2 1 J4 a3 |15.0007] 21,327
10 1 1 0 10 k] J1,42,43,04 1 L] - 3 | 9,908 16,659
Master Preset
{(MP} Xj o 0 MP MP - — -

¥ = Bon't Care

The intermediate counting section consisis
of three cascaded BCD decade (divide-by-
10) counters presettable by means of jam
inputs J5 through J16.

The mode select inputs permit frequency
synthesizer channel separations of 10, 12.5,
20, 25, or 50 parts. In addition, these inputs
set the maximum value of N at 9999 (when
the first counting section divides by 5 or 10)
or 15,999 (when the first counting section
divides by 8,4, or 2).

The three decades of the intermediate
counting section can be preset lo a binary
15 instead of a binary 9, while their place
values are still 1, 10, 100, muitiplied by the
number of the divide-by-N mode, For ex-
ample, in the divide-by-8 mode, the number
from which counting down begins can be
preset to:

3rd decade: 1500
2nd decade: 150
1st decade: 15
Last counting section 1000

‘ 2665 x 8=121,320"
The first counting section can be preset to 7
Therefore, 21,327

is the maximum possible count in the divide-
by-8 mode, The highest count of the
various modes is shown in the column en-
titled Extended Counter Range, Max,, of
Table 1.

Control inputs Kb and Ke can be used to
initiate and lock the counter in the master
preset state. In this condition the flip-flops
in 1he counter are preset in accordance with
the jam inputs,” and the counter remains in
that state as long as Kb and K¢ both remain
jow. The counter begins o count down
from the presel state when a counting mode
other than the master preset mode is sclected.
Whenever (he master preset mode is uscd,
control signals Kb = 0 and Kc = 0 must be
applicd for at least 3 full clock pulses. Al
on the latch input will cause the counter oul-
put to remain high until the latch input re-
turns to 0, If the latch input is O the output

pulse will remain high for only 1 cycle of the
clock-input signal.

After the master preset mode inputs have
been changed to one of the divide-by-modes,
the next positive-going clock transition chan-
ges an internal flip-flop so that the count-
down begins at the second positive-going
clock transition. Thus, after an MP mode,
there is always onc cxira count before the
output goes high. See Fig. 3 for total count
of 3 {divide-by-8 mode).
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Fig.3 — CD4059A waveforms.

As Hiustrated in the sample applicalions,
this device is very useful in communication
digital frequency synthesis (VHE, UHFE.FM,
AM, etc) where programmable divide-by-
N counters are an integral part of the syn-
thesizer phase-iockedJoop subsystem. Note
that the CD4059A can also be used to per-
form the synthesizer fixed divide-by-R count-
ing function,

DIGITAL FM TUNER

The digital control for an FM/FM sterco
tuner shown in block diagram form in Fig. 4
was designed using the CD4059A and other
COS/MOS standard parts, A detailed system
logic/block diagram of the circuit is shown
in Fig, 5. The system is composed of eight
major subsystems:

Keyboard for Station Selcction
Up/Down Counter and Memory
Keyboard Load Control

Station Scan Contro]

Prescaler (+K)

Programmable Divide-by-N Counter
and 10,7 MHz Offsct

Phasc Comparator (FR) and Reference
Oscillator

Liquid-Crystal-Display Driver
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Keyboard and Station Selection

The keyboard consists of 16 pushbutton
SPST swiiches and 4 SPDT toggle switches.
The 0 through 9 switches are wired to form
a diode matrix that generates a fourine
BCD cquivalent of the key nu mber depressed.
At the same time a high level is generated on
a separate line called the keyboard shift line
(this line is explained below). The remaining
keyboard switches are discussed below along
with the functions they control.

Station Selection Techniques

A number of tuping options are avail-
able.- The system is placed in the first
channel location, 88,1 MHz, by depressing
the Reset button. This action enables all

four up/down counters simultaneously, and

the number 38, tirough the A inpats of the
Tain KR CHA0T9A, Teeds through the system
o set the tuncr on 88,1 MHz, The display
also shows 88.1 at this time. The following
options can then be nitiated:

Direct Station Selection — Iirect station
selection is accomplished by means of the
keyboard pushbuttons 0-9 {most significant
frequency digit first). The channel ftequency
number will appear on the display and the
tuner VCO will Tock on that channel.

Scan — When the SCAN buttonisde-
pressed, the tuner is set 10 the lowest M
channel (88.1) through the same logic as
that in effect when the Reset button is
pushed, In addition, the scan input also
feeds the auto-scan logic circuits, and the
tuner begins to step forward through ihe
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channels until a station is located. At this
time a station detect signal is veceived in
ihe clock-control logic circuits, the scanning
cepses, and the frequency of the channel is
shown on the liguid-crysial display. To
resume scanning, the station-bypass button
on the keyboard is depressed. Depressing
the Scan-Up button also causes resumplion
of the scanning operation, The stepping
action proceeds in the forward direction un-
til another station is located. When the
upper limit of the ¥M band is reached
(107.9) the direction of funing is reversed
and stepping down the band begins. The
Scan-Up or Scan-Down buttons override any
scapning in process and redirect the tuner to
step in the direction indicated.

It may be desirable to design a sysiem
without the Scan, Reset, and Station-Bypass
buttons; they are included here mainly to
demonstrate system flexibility.

Memory Storage — Any channel located
during the scan operation or selecled by
means of the keyboard can be stored in
the memory. The four SPDT switches on
the keyboard allow four channels to be
stored for future pushbution selection. (This
limit of 4 channels is imposed by the size of
the memories used in the system) To
store the address of the channel frequency in
the memory, a W button is placed in the
closed position and the Write pushbution
is then depressed. The Write button dis-
ables the memory bypass and enables the
station frequency number to be stored in
the memory, Any stored number can be
erased from the memory by simply enter-
ing a new number in the word selected in
the memory.

Circuit Operation

Up/Down Counter and Memory — Four

CD4029A presettable up/down counters are

used to accomplish two functions: First,
storage for the sclected keyboard numbers
(the sclected frequency), and second, up or
down counting whenever the system is in
the scanning mode. The tuner is initialized
by depressing the Reset button.

When the first key is depressed, follow-
ing initialization, a BCD number appears
on the jam lines of all four CD4029A
counters simultaneously. At the same time
the shift signal from the keyboard is pro-
cessed by the keyboard load control circuit
and appears as a preset-enable signal on one
of the up/down counters, thus allowing the
BCD number to be loaded into that counter,
Each time a key is depressed, a different
counier is loaded; thus, four CP4029A
counters are loaded sequentially.

The CD4039A is a COS/MOS four-word
by eight-bit random-access NDRQ memory.
The CD4039A units in the FM tuner are
tied to the CD4029A counter outputs, and
are sensitive to the data stored in the
counters. Any word-select line of the mem-
ory unit that is set high will allow the counter

data to he stored in memuory when the Write
switch is closed. (The word-select switches
W1 through W4 and the Wrile switch uie
located on the keyboard.) This sequence of
eveills permits any station freguency to be
stored in memory at any tlime, regardless of
the mode of operation. During normal oper-
ation, in the direct station sclection or scan
modes of operation, the outputs of the up/
down counters are bypassed around the
memory units,

Because of the low power dissipation of
COS/MOS parts, a stand-by battery incor-
porated in the system is sufficient to en-
sure that information in memory will not
be destroyed should a power failure occut.

Keyboard Load Logic — The keyboard

_load logic ensures sequential joading of the

counters, Some FM channels arc represenied
by a three digit number (for example, 88.1),
othersby a four digit number (for example,
107.9); therefore, countess are foaded with
either a three or a four-digit number,

A CD4018A counter, with associated de-
coding gates, addresses the keyboard digits
to the proper CD4029A counter in the
proper sequence. For example, ifalis
detected as the first keyboard digit, the
CDA4018A operates as a divide-by-4 counter
and the output from the CD4019A that is
connected 1o the most  significant-valued
up/down counter esables the preset-cnable
input of that counter (marked 100). The 1
on the input lines of the 3 most significant
up/down counlers presels only the most
significant counter (100) and thereby stores
the first keyboard digit. 1f the first key-
board digit is any number other than 1,
the CD40IBA operaies as a divide-by-3
counter, and the first output of the CD4019A
gates to be energized is the one connected to
the CD4029A marked (10). Thus the second
keyhoard digit selected is stored in the
CD4029A marked (10). The other digits are
direcied to their respective up/down counter
in sequence; timing that controls the se-
quencing is derived from two CD4047A
monostable multivibrators. The CD4013A
is used in the set-resct mode to determine
the first digit and to preset the CD4018A
counter,

The CD4019A AND/OR sciec! gatc pre-
vents the enabling of any of the four countess
while the lines are unstable; i.c., during the
time just after a digit has been loaded. Key-
board-switch “bounce” is prevented by usc
of a CD404TA one-shot cirenit and some
gate delays. Elimination of bounce climi-
nates false triggering of the divide-by-four
counter,

The Station sclection with power on is
random; therefore the system should be re-
set each time power is turned on.

Station Scan Control —  When the scan

button is depressed, a high-level voltage
appears at {he Kg input 1o the delayed



P. E. package CD4CI9A. The Vpp on the
B inputs to this package is fed through
and enables the P.E. input on the four up/
down counters. This high-level voltage allows
88.1 to be jamimed into the up/down counters
{0.1. 1, 10). The Jam B8 CN4019A con-
trolled by the Scan-Resel 88,1 logic feeds
the 88.1 number to the up/down counters.
The Scan circuit energizes the Clock-Control
circuit and clock pulses are fed into the
up/down counters (o increase the count
toward 107.9. When the tuner focates a
station, the station detect signal into the
clock control circuit stops the clock and
the counters stop counting. The source of
the siation-detect signal will depend on
fabrication of the complete tuner, which
is not covered in this Note. 1f no stations
are received in the scan-up period, the
counters start counting down automatically
after the maximum count (107.9) is reached,
The scanning up and down continues in-
definitely until a station is received. To
start the count again, (if the station re-
ceived is not desired) the Scan-Up (or Scan-
Down) bulion is depressed. I the Reset
button is depressed, it affects the wp/down
counter in the same manner as the Scan
button did previously; the up/down counter
starts counting again from 88.1. The Reset
buiton also resets the divide-by-9 counter
CID4018A in the keyboard load control sub-
system.

Prescaler {divide-by-K) — The CD4059A
proprammable divide-by-N counter accepls
its signal directly from the VCO. Any VCO
with a control voltage of 3 to 17 volts will
function in the system. Since the upper
operating frequency of the CD4059A al a
Vpp of 5 volts is approximately 1 MHz,
a fixed divide-by-K prescaler of 160 was
chosen. An ECL divide-by-eight unit feed-
ing into an ECL-to-TTL converter, which in
turn feeds a TTL divide-by-20 unit, pro-
vides the required operating input frequency
for the counter (0.6 MHz).

Programmable Divide-by-N Counter and
10.7 MHz Offset — Afler prescaling, any of
the 1060 FM channels selected will appear as
a clock input to the CD4059A counier. The
clock frequencies representing these channels
range between 0.6175 MHz and 0.74125
MHz. Fig. 6 shows the block diagram of the
phase-lock-loop.  Without a prescaler, the
reference frequency (fr) is nominally equal

to  PRESCALER

to the channel-spacing frequency {fc). How-
ever, where a prescaling counter is employed,
the value of fr must be reduced by a division
by K.
Referring to Fig. 6:
fo = KNF,
and [r = foR -
When the loop is phase-locked:
fn="1r

fo =_%%N Iy

In this desipn:

K =160

R =80

fy =.1 MHz

and N=5(# +107)
where # = FM channel frequency in MHz;
ie., 88.1 < #<107.9, and 10.7 is the of -
set-of the local oscillator above the channel
to be tuned,
Thus:

and thus:

I .
fr= — MHz=1.25 2
r 20 z=1 kHz

and
fo ='—8%95(#+ 10.7) (1) MHz

=(#+ 107 MHz -

In operation:
988 <y < 118.6 Mz

617.5< ), «741.25 kHz
and

494 € N < 593,
In the FM band, the channel spacings arc
fc = 200 kHz = 160{1.25) kHz = Kf,.

When N is 494 and the VCO frequency is
98.8 MHz, the CD4059A counter oulput,
fn, is 1.25 kXHz. The 98.8 MHz VCO fre-
quency is the frequency desired when the
system is tuned to the lowest FM channel.

The CD4059A counter, after prescaling,
is clocked by the VCO frequency, which is
10.7 MHz (if frequency = 10.7 MHz) higher
than the FM channel frequency (88.F +
10.7 = 98.8). Therefore, the 107 Milz
offset number must be added to the key-
board number {o raise it to the VCO pum-
ber. Thus, the keyboard number of 88,1
(which yields an N of 440y wili appear as
98.8, which corresponds to an N of 494 at
the jam input lines. The olfset of 10.7
MHz is equivalent to an offset of N of
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Table | — Tuner Data

STATION JAM N FIXED TOTAL
FREQ. INPUT {+ 5 Mode) | OFFSET +
B88.1 088+ 0 440 +54 = 494
88.3 088 + 1 441 +64 =495
88.b 088 + 2 442 +54 = 496
88.7 ogg+3 443 +b4 = 497
88.9 088 + 4 444 +54 = 498
891 089 + 0 445 +54 = 499
89.3 089 + 1 446 +64 = 500
89.6 089 + 2 447 +64 = 501
89.7 089 +3 448 +54 = 502
89.9 089 + 4 449 +64 =503
901 090 + 0 450 +654 =504
107.9 107+ 4 538 +54 = 593

54. Table Il shows the tuner keyboard
{station) frequencies, divide-by-N input jam
numbers, and total divide-by-N numbers
(including offset).

The offset is accomplished by using the
three CD4019A AND-OR-select gates, the
CD4013A flip-flop and the CD4011A NAND
gate. The function of the CD4019’s is to
transform the singte set of divide-by-N jam
inputs into two sets of inputs, each inde-
pendently connected to the counter. The
actual keyboard number is on one set of
inputs (the “A" inputs); the fixed offset
number, 54, is on the other set of inputs
(the “B” inputs). Initially, the keyboard
number is connected to the divide-by-N
counter jam line, and the counter counts
down from the input jam number. Table 11
shows that 88.1 Mliz isequivalent to N = 440,
The following example shows how the up/
down counters and the divide-by-N counier
establishes this equivalency.

An 88,1 input from the keyboard through
the top three upf/down counters results in a
jam input to the divide-by-N counter of 88
+ 0, The + O results from the fixed ground on
the 1 input of the top CD4029A. Because
the divide-by-N counter is in the divide-by-5
mode, the 88 + 0 jam input is 88 x § or
440, A signal that appears at the counter
output at the completion of the count
clocks the flip flop and causes it to change
state, This change is used to switch the jam
inputs 1o a condition that resuits inan N of
54, and once again the counter counts down,
The inputs that result in an N of 54 are fed
into the divide-by-N counter when the Kp is
energized. The VDD en the top CD4019A
puts a 1 on the J3 input of CD4059A. The
ground on the other B inputs puts zeros on
the J2 and J1 inputs. The result is a 4 for
the “plus portion™ of the N number.

“The Vpp on the B input of the bottom
CD4019A puts a 1 on the J9 input to the

“CD4059A and the ground on the other B in-

puts puts zeros on the J10,J11, and 112 in-
puts. The result is a | from the divide-by-10
decade and, because the divide-by-N counter
is in the divide-by-5 mode, the total number
from the divide-by-10decade is 1 x 10x 5 or
50. The total offset number is 50 plus 4 (from
J1, 12, 13 decade) or offset N = 54, The
second output of the counter is allowed to
appear at the “true” input. The result is
two countdowns totalling the 494 required.
Note that this system provides total com-
patibility between keyboard and jam num-
bers.

Because the Jeast significant digit of valid
FM channels is always odd, the BCD 1 in-
put of the top CD4022A is hardwired to
ground, and the 8, 4, 2 outputs from this
counter are logically connected to the BCD
4.2, 1 inputs, respectively, of the first
section of the divide-by-N counter (13, )2,
J1}. This modilication makes the least signi-
ficant digits of the keyboard numbers appear
in the “plus portion” of the divide-by-N
counter as follows: a BCD 1 {the 1 in 88.]
for example) results in a 0, a BCD 3 in a
1,2 BCD 5 in a 2 etc. {see Table 11). There-
fore, as each successive station number
appears, one count is added to the N number
of the divide-by-N counter,

Phase Comparator and Reference
Oscillator —- A CD4046A phase-comparator
circuit is used in the phase-lock-ioop system.
A phase difference between the divide-by-N
counter output and the reference lrequency
produces a correction voltage at the outpul
of the phase comparator. The polarity of
this cotrection voltage is such that it pulls
the VCO frequency in a direction that
causes the divide-by-N output frequency
to phase-track the reference frequency.

The CD4046A phase comparator is used
in this application because it does not lock
in harmonics of the signal-input refeicnce



frequency.  In addition, the duty cycle of
the ovuiput of the divide-by-N counter is
not 50 percent (a pulse output), hence phase
comparator 11, which is an edge-controlled
digital memory netwaork, is feasible for this
system, Inputs (o the comparator consist
of the divide-by-N output and a reference
signal derived from a 100-kHz crystal-con-
troller oscillator that employs a CD4007A
inverter unit. A reference frequency of
1.25 kHz is obtained by using a CDA4017A
decade counter and a CD4024A divide-by-
eight counter. The reference signat pulse
is also shaped by means of an RC coupled
circuit.

Liquid-Crystal-Display Driver — A four-
digit, seven-segment, numeric tiquid-crystal
display cell is used to display the selected FM
channel. Four CD4055A liquid-crystal BCD-
to-7-segment decoder drivers are used to
drive the cell. BCD data is taken {rom the
memory input lines and uscd as the input for
the liquid-crystal drivers. Hence, the number
displayed always represents the station
selected, regardless of mode of operation.

The low-frequency (60-Hz) signal required
to drive the lquid-crystal cell is generated
from & CD4007A RC oscillator, which drives
a CD4020A counter. A counter output is
used as a clock signal for the CD4029A
up/down counier when the system is oper-
ating in the scan mode. The scan tate can
be varied by selecting the desired output
counter stage.

CcB TRANSCEIVER WITH PHASE—LOCK—
LOOP DIGITAL TUNING

The basic requirement of a CB trans-
ceiver is to reccive any one of 23 channcls
i the 27.420 1o 27.710 MHz frequency
range with a very high degree of accuracy,
because of the very narrow handwidth in-
volved (10 kllz), and {o trapsmil on any
one of these same channels with crystal
accuracy, These requirements normally call
for designs incorporating a large number of
crystals, {as many as 25, onc for cach
channel plus 2 for local oscillators) and
cumbersome switching techniques. The sys-
tem described below employs frequency-
synthesis techniques 10 fulfill all of the
above requirements with one crystal and
digital tuning.

Circuit Operation

Big. 7 containg a block diagrim of 1he
27.MHz CB synthesizer. The RF oscil-
jator, Fig. 8, operating as fhe Vo, s
designed to cover all transmit frequencies
in the citizens band along with all frequen-
cies required of the local oscillator in the
receive mode. The exact frequency of vscil-
lation is determined by the dc voltage at
the Veg. The generation of this dc voltage
is described below.

The output of the VCQ is fed to a pre-
scalor that reduces the 27 MHz by a factor
of 50 by means of an MC1013 ECL divide-
by-two counter, an MC5490 divide-by-five
counter, and a CD4018A presettable counter

o DFFSET
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TRANSIT . |55 KHE IF
- M Ao MIXER
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g 1 M RER |

| o— N1 I thil
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Flg,7 — 27-MHz CB synthesizer.
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Fig.8 — 27-MHz VCO.
in a divide-by-five mode. The output of the
prescaler supplics the clock input to the
CDA4059A divide-by-N counter, The CB
channels now appear as a frequency range
of 05393 to 0.5542 MHz; the prescaler
fas brought the V(o frequency range 1o
within the operating-frequency range of
the CD4059A.

The reference frequency, fr, is normally
equal to the channel spacing, fe. However,
when prescaling is employed, the value of
fy must be reduced by a division by the

prescaling Tactor.  Hence, singe the channel
spacing is 10 kHz and the prescaling factor
is 50, the reference frequency, fy, should be:

_10kHz

fr= 50

llowever, since the CB frequencies involved
are noi divisible by 10, double spacing is
employed, which, in effect, reduces channel
spacing to 5 kHz. The reference frequency
then becomes:

_5kHz
£ =22 0Z e 100 Hz
" "50

=200 Hz

This requires only that the N of the divide-
by-N counter change 1wo digits rather than
one for system compatibility.

To accommodate a channcl spacing of
5 kiiz, the counier operales in a divide-by-
five mode, Table 111, A divide-by-two mode
can also be used, Table 1V, At phase lock,
the divide-by-N output (i) tracks the refer-
ence frequency, fr, so that fy, = fr. Further-
more, the modulus of the divide-by-N coun-
ter, N, uniquely determinies the output {re-
quency, fo, that will satisly the cquation:

ro = rn KN

where f ranges between 26,9635 MHz and
27710 MHz.  Therefore, the range of N is

. Table 111 — CB Band Transmit and Receive Frequencies with Required
Divide-by-N Mode = 6

JAM ff in
JAM # in CD4058A in

Transmit N Req'd for CD4059A in  Receiver +N Req'd 5 Mode

Chan Freq.[MHz) Transmit Freq. =5 Mode L.0. Freq{MHz) For Receive With Offset
1 26.965 5393 1078+ 3 27.420 5484 1006+ 4
2 26.975 53956 1079 27.430 5486 1097 + 1
3 26.985 5397 1079+ 2 27.440 5488 1097 + 3
4 27,005 5401 1080 + 1 27.460 5492 1098 + 2
5 27.016 5403 1080+ 3 27.470 5494 1008+ 4
6  27.02% 5405 1081 27.480 5496 1099 + 1
7 27.035 5407 1081+ 2 27.420 5498 1009+ 3
8 27.065 6411 1082 + 1 27.610 65502 11001 2
2 27.068 5413 1082+ 3 27.520 5504 1100 + 4
10 27075 54156 1083 27.530 5506 110 + 1
11 27.085 5417 1083 + 2 27.540 5508 1101+ 3
12 27105 5421 1084 + 1 27.560 5512 1102+ 2
13 27.116 6423 1084 + 3 27.570 5514 1102+ 4
14 27.126 6425 1085 27.580 5516 1103+ 1
15 27135 5427 1085 + 2 27.590 65618 1103+ 3
16 27.155 5431 1086 + 1 27.610 5527 1104 + 2
17 27.165 5433 1086 + 3 27.620 5524 1104+ 4
18 27.175 54356 1087 27.630 65626 1105 +1
19 27.186 5437 1087 + 2 27.640 5528 1105+ 3
20 27.20% H441 1088 + 1 27.660 5532 11061 2
21 27.21% 5443 1088+ 3 27.670 65534 1106 + 4
22 27.225 5445 1089 27.680 5536 1107+ 1
23 27.255 bh45s1 109G + 1 27.710 5542 1108 + 2
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Table IV — CB Band Transmit and Receive Frequencies with Required
Divide-by-N Mode = 2

JAM #in
Transmit +N Reg'd for
Chan Freq.(MHz) Transmit Freq. +2 Mode

CD4059A in Receiver

JAM #in

CD4069A in
+M Req'd +2 Mode
L.O. Freq.(IMHz) For Recaive With Gffset

1 28.96% 53093 2696 + 1 27.420 5484 2742
2 26.975 5386 2697 +1 27.430 5486 2743
3 28.985 b307 2698 + 1 27.440 5488 2744
4 27.005 5401 2700 + 1 27.460 5492 2746
& 27.015 6403 2701 +1 27.470 5494 2747
6 27.02% 5405 2702 + 1 27.480 5496 2748
7 27.035 5407 2703+ 1 27.490 5498 2749
8 27,035 5411 2705 + 1 27.510 5502 2751
9 27,065 5413 2706 + 1 27.520 5504 2762
10 27.075 5415 2707 + 1 27.630 55006 2753
11 27085 5417 2708 + 1 27.540 5508 2754
12 271056 5421 2710+ 1 27.560 5512 2756
13 27.116 5423 271041 27.570 5514 2757
14 27,120 0426 2712+ 14 27.580 55106 2758
15 27.135 5427 2713+ 1 27.590 5518 2759
16 27,156 5431 2715 +1 27610 65522 2761
17 27.165 5433 2716 + 1 27.620 5524 2762
18 27.17% 5435 2717+ 1% 27.630 6626 2762
19 27.185 5437 2718 +1 27.640 5528 2764
20 27.206 5441 2720+ 1 27.660 5532 2766
21 27,216 5443 2721 +1 27.670 5534 2767
22 27.225 5445 2722+ 1 27.680 6536 2768
23 27,2556 5451 2725+ 1 27.7110 65542 271

given by: 91, is added to the N (5393) of the counter

_fo in the receive mode for channel 1.

c The offset number is added to the N of

the counter by using CD4019A-AND-OR-

N max = fo max . 27,710 MHz = 5542 sg:lccl gates, a CDAUI3A flip flop, and a

fe 5 kHz CD40I1A NAND gate.  TFhe (unction ol

the CD4019A is to transform the single set

. fomin _26965MHz of divide-by-N jam inputs to twe scts of in-

N min = T ST 5393 puts, both connected independently to the

When N is 5393 and the counter output fre-
quency is 100 Hz, the VCO frequency is
26.965 MHz. This is the frequency that
corresponds to channel 1.

Tables 111 and 1V indicate that the proper
local-oscillator frequency for channel 1 is
27.420 MHz, This frequency beats with the
incoming VCQ frequency, 26.965 MHz, (o
generate a 455-kHz frequency. The if fre-
auency is represented by an N equal to

5484 (N =’r° ), a number exactly 91 units
¢

hiigher than the N required for the transmit
frequency (N = 5393). The offset number,

counter, One set of inputs carrics the ac-
tual N number required for the transmission
frequency of the channcl desired, the other
set of inputs carries the fixed offset number,
91. Initially, the set of inputs carrying the
transmission-frequency N is connected to
the divide-by-N counter jam lines, and the
counter counts down from that number. A
signal that appears at the counler output is
used, in turn, to switch the jam inpuis to the
fixed count of 91, and once again the counter
counts down, The second output of the
counter is the true output. Thus, there have
been (wo countdowns totaling 5484 (5393 +
91), and either the transmit or ihe reccive
local oscillator frequency is available. The



12

offset can be employed or not depending
on whether the flip flop (CD4013A) is held
in reset or not. The l;’Iip-ﬂop resct switch
switches from the transmit to the receive
frequency.

The output of the phase comparator Ii
of the CD4046A is used in the phase-lock-
loop circuit. A phase difference between
he divide-by-N counter and {he difference
frequency produces a correciion voltage at
the output of the phase comparator. The
polarity of this correction voltage pulls the

VOO frequency in a direction that causes
the divide-by-N output frequency 1o phase-
wrack the reference frequency. Inputs to
the comparator consist of the divide-by-N
output and a reference derived from the
100-kHz crystal-controlled oscillator. The
oscillator is built from a CD4007A dual
complementary pair plus invertersa reference
of 100 11z is obtained by using a CD4059A
with an N of 1000. The cutput of the com-
parator is fed through an RC filter to
the VCO.



