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A PHASE-LOCKED LOOP
TUNING SYSTEM FOR TELEVISION

INTRODUCTION

This application note shows that a completely digital,
direct divide-down phase-locked loop tuning system for
television is possible. This frequency domain varactor
tuning system eliminates the factory and customer adjust-
ments that must be made on the tuning pots and channel
readouts associated with analog tuning systems. The con-
stant problems of obtaining the proper varactor tuning
voltages and the needed variable range automatic fine
tuning are eliminated.

The system features direct channel access with equal
ease of tuning for all VHF and UHF channels. The exact
channel number that was entered into the system and its
validity are displayed on the two seven-segment readouts.
The basic block diagram of the PLL tuning system is
shown in Figure 1.

Since the basic theory of PLL systems has been widely
available in recent times, no overall system discussion will
be undertaken. Instead, each block shown in Figure 1 will
be described in detail, and any interacting considerations
covered as required.

CUSTOMER INTERFACE
The customer i
This circuit gives the user a means to enter a channel
number, and gives the system a way to tell the user what
channel or portion of a channel number has been entered,
and if that number is valid.
A ten-button keyboard was chosen as the means to

enter the channel number. The user must sequentially press
two keys to make a complete entry for any channel. The
first key pressed will load the tens section of the data latch,
and the second key pressed will load the units section. The
keyboard buttons are decoded into binary coded decimal
by eleven diodes, and the information is loaded into each
section of the MC8308P dual data latch by bringing the
enable input of the appropriate section low when a button
is pressed. This is accomplished by the data input steering
section. Four diodes form an OR gate to generate a positive
going edge on the input of the MC8601P one-shot when-
ever there is any activity on the keyboard. The one-shot is
used to clean the leading edge noise caused by the key-
board switch contact bounce. The Q output of the one-shot
is connected to one-half of the MC7479P dual flip-flop.
Assume that the user wants to enter channel number five.
The zero key must first be pressed; this causes the input
of the one-shot to go high. The one-shot will trigger and
cause the Q output of the flip-flop to go low. This will in
turn trigger one-half of the MC8602P dual one-shot and
the QA output will go low for 1.5 ms and cause the tens
section of the data latch to load the zero present at the
now entered and displayed on the readout. The sound and
picture mute line will go high and the units section of the
channel readout will be blanked telling the user that only
half of the channel number has been entered and that the
system is waiting for units data. The user will now press
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MECL and MTTL are trademarks of Motorola Inc.

Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not necessarily given. The information in this Application Note has been care-
fully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others.
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key number five, causing the input of the first one-shot to
go high again. When this event takes place, the Q output of
the flip-flop will return to its normally high state, and the
Q output will go low, causing the second half of the
MC8602P to trigger. At this instant, the units section of
the channel readout will unblank. The Qp output of the
one-shot will go low for 1.5 ms and cause the units section
of the datalatch to load the BCD five present at the inputs.
The user has now completed the channel entry and if
the number entered was a valid TV channel number, the
sound and picture mute line will return to a low state. If
not, the mute line will remain high and the channel
readout will flash the invalid number at a two-hertz rate.
This will occur until a tens digit entry is made. The channel
number validity is determined by the logic control section
described later. The outputs of the dual data latch are fed
to the logic control section and to the inputs of the two
MC7447P BCD-to-seven segment decoder/display drivers.
If the 5.2 V supply is connected so that the dual data latch
is powered while the set is off, the last channel number
entered will be present when the set is turned on again.

LOGIC CONTROL

The logic control circuit shown in Figure 3 performs
three main functions. (1) It converts the two-digit channel
number entered into a three-digit divide-by-N number

needed by the programmable divider. (2) It determines
which band the desired channel is located within, turns on
the appropriate tuner, and applies the proper bias for the
bandswitching on the VHF tuner. (3) It determines if the
channel number entered is valid; if it is not, an error
signal is generated which is fed to the customer interface
circuit to flash the channel readouts, mute the sound, and
blank the picture.

The central element of the logic control is the 100-word
by 15-bit memory which is composed of four 64-word by
8-bit programmable read-only memories, MCM5004L. The
PROMs are wired in parallel to increase the number of
bits per word, and wired in series to increase the number
of words. The number that is programmed into the PROMs
is equal to the tuner local oscillator frequency in mega-
hertz for the desired channel. For example, if the user
desires the receiver to be tuned to channel 10, a 10 is
entered at the keyboard and appears in BCD form at the
inputs of the logic control circuit. The output of the
logic control circuit will contain the number 239 in BCD
form, which is fed to the programmable divider. The
counter will now divide by 239. A chart of channel number
versus tuner local oscillator frequency is shown in Figure 4,
along with the proper band switch, tuner B+, and error
data. After examining the chart, it becomes apparent
that the largest common denominator for all 82 tuner
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FIGURE 5 — PROM Program
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FIGURE 6 —Local Oscillator Amplifier

All capacitors in pF.

=

oscillator frequencies is 1 MHz. Therefore, the system
design must be capable of stepping in 1-MHz increments
from 101 to 931 MHz to establish a true on-station lock.

Since the PROMs are wired to expand the word bit
length and the number of words, each of the four units has
a different program. Figure 5 shows the program for each
‘word bit for the four units. Refer to reference 1 for the
programming information.

LOCAL OSCILLATOR AMPLIFIER

The local oscillator amplifier shown in Figure 6 was
constructed in a small printed circuit board box mounted
on the side of the UHF tuner. The VHF and UHF input
sections are designed to track with the tuners’ local oscil-
lators in order to keep the harmonic outputs of the
local oscillator greater than 30 dB down at the amplifier
output. The minimum signal output across the VHF and
UHF bands is 1 volt (p-p) across 50 ohms. A unique
feature of this amplifier is that the VHF and UHF local

oscillator inputs are separate and do not have to be
switched. Elements L3, C3 and L4, C4 are parallel tuned
for 380 MHz while elements L1, C1 and L2, C2 are both
series tuned for 330 MHz. The output response of the
amplifier, not including the tuned input circuits, is shown
in Figure 7.
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FIGURE 7 — Amplifier Output Response
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PRESCALER AND PROGRAMMABLE DIVIDER

The circuit diagram of the prescaler and programmable
divider is shown in Figure 8. The two MC1699F’s and the
MC10131L are MECL high-speed non-saturating logic and
are cascaded to form a divide-by-64. The MC1699F is
capable of dividing by 4 in excess of one gigahertz. An
MPS-A70 transistor and a diode are used to translate from
MECL to MTTL levels. One half of the MC7479P is used
as a divide-by-2 which gives the prescaler section a total
divisor of 128. The number 128 was chosen so that for
channel 83 plus 18 MHz overshoot, a maximum of 7.414
MHz would be present at the input of the first pro-
grammable divider. This is well within the maximum
toggle frequency capability of the MC4016P. Since the
channel spacing capability of the system is 1 MHz and the
input is prescaled by 128, then the reference frequency
must be equal to 1 MHz/128 which is 7812.50 Hz.

The prescaler portion of the circuit was hand wired on
a double-sided copper-clad board. The MECL integrated
circuit packages were mounted on 1/2-inch centers with

Dow Corning DC340 grease between the package and the
copper-clad board. The lead lengths of the MECL integrated
circuits and their associated components were kept to
less than 1/32 of an inch. If the component lead lengths
are excessive, the dividers may not toggle at some frequency
within the band required, -or they may oscillate when the
input level drops too low to toggle the device. The first
MC1699F requires 800 mV(p-p) to toggle it across the
band, which is easily within the capability of the local
oscillator amplifier.

PHASE-LOCKED LOOP SECTION

The circuit diagram of the reference oscillator, phase
frequency comparator, and varactor voliage generator is
shown in Figure 9. This section compares the prescaled and
divided tuner oscillator frequency to the scaled reference
oscillator frequency and generates a varactor tuning voltage
in a corrective direction to obtain a frequency match. This
system has a maximum tuning error at channel 83 of +30
kHz because the reference crystal oscillator circuit is
capable of less than +0.0032% error.
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FIGURE 9 — Reference Oscillator, Phase-Frequency Comparator, and Varactor Voltage Generator




Two inverters are cross-coupled with a 125-kHz crystal
to make the reference oscillator. A third inverter is used as
a buffer to drive the MC7493P divide-by-16 to yield a
reference frequency of 7812.5 Hz. This is fed into the
reference input of the MC4044P phase-frequency compara-
tor. The variable input is driven by the programmable
divider. The charge pump output of the MC4044P is
filtered and connected to the base of an MPS-A12 darling-
ton transistor. The base should be at 1.5 V when the
system has established a lock condition. If the voltage is
above or below this value, the lock-up time will not be
the same when changing a constant number of channels
in either direction within any given band. The collector
of the MPS-A12 is connected to the non-inverting input
of the MC1741CP1 operational amplifier. The inverting
input is biased at 15 V so that the op-amp output is
capable of 0.75 to 31 V swing with +33 and -1.2 V power
supplies. The 470 ohm resistor is connected from the
-1.2 V supply to the sound and picture mute line. This
prevents the varactor tuning voltage from going below
1.5 V when an incomplete or invalid channel entry is
made. If an invalid channel entry of 00 or 01 is made and
the 470 ohm resistor was disconnected, the .phase-fre-
quency detector will force the varactor tuning voltage low
enough to cause the VHF and UHF tuner local oscillators
to drop out. This will cause the tuning system to lock out

when a valid entry is made, because the oscillators will
“squeg” as they come on, when the varactor tuning voltage
is brought above the drop-out level.

With the charge pump filter and feedback network
values shown, the lock-up time is 300 ms from channels
14 to 83 and 83 to 14. This looks instantaneous to the
user. The noise modulation on the varactor tuning voltage
line is less than 1.7 mV(p-p) on channel 14, where the
UHF tuner local oscillator has the greatest sensitivity.

POWER SUPPLIES

The power supplies shown in Figure 10 were con-
structed to generate the voltages needed to operate the
tuning system and tuners for display purposes. These
supplies would normally be part of the television receiver.

CONCLUSION

The system described uses a total semiconductor count
of 20 integrated circuits, 15 transistors, and 31 diodes, not
including the devices used in the power supplies. These
devices are standard Motorola off-the-shelf building blocks.
This system approach can be made more appealing by the
use of custom integrated circuits which would be specifi-
cally designed for this application. With the use of present
day technology, the tuning system could consist of 4 to 6
integrated circuits, 2 transistors, and 4 diodes. The variable
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number of integrated circuits is dependent upon system
partitioning.

It is hoped that this application note will stimulate
more customer interest in the design of phase-locked loop
tuning systems for television. Y our suggestions and require-
ments will help us design and develop the custom inte-
grated circuits needed for this type of approach.

The tuning system was connected to a Sony KV1201
color television. Figures 11 and 12 show the completed
system.
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