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TIMING AND SYNCHRONIZATION FOR MODERN
COMMUNICATIONS SYSTEMS

James Porter
Austron, Inc.

P.O. Box 14766
Austin, TX 78761

INTRODUCTION

In the early days of communications, broad band systems were commonplace and required
little specialized frequency management or timing. In those days the availability of
frequencies in the spectrum were plentiful and it no doubt seemed that the frequency
spectrum was infinitely large.

As the need for communications has grown over the years, more complex communications
systems have continuously been developed. These systems include both time domain and
frequency domain modulation techniques which require a variety of specialized frequency
management and timing. While the timing and frequency management requirements of
communication systems are usually transparent to the user, they represent a major concern
and require careful study on the part of the systems engineer in selecting the appropriate
technique for the system that he or she is designing.

SOURCES OF FREQUENCY AND TIME INFORMATION:

Quartz Oscillators

Quartz oscillators can be manufactured in a simple uncompensated fashion providing
frequency stabilities in the order of a few parts ten to the third or fourth. By incorporating
temperature compensation techniques, stabilities in the order of a few parts in ten to the
sixth can be achieved. TCXOs are commonly used in communication systems and until
very recently were the most sophisticated type of oscillators used in transmitters and
receivers. The best results can be achieved with quartz by enclosing the oscillator in an
oven. Using this technique, stabilities of parts in ten to the tenth can be accomplished
while providing good spectrally pure reference signals for the communication system.
Figure 1 shows some of the salient characteristics of the temperature compensated
oscillator and the oven controlled quartz crystal oscillator. The temperature compensated
crystal oscillator offers several major advantages to the system designer. The most



attractive characteristics are small size, low power consumption, and low cost. The
ovenized crystal oscillator on the other hand, is more expensive but can achieve several
orders of magnitude superior performance to the TCXO. The size is significantly larger
and the amount of power consumed is several watts. The advantages include superior
spectral purity, greatly improved long term stability, and a much more stable frequency
source over the designed range temperature. Most quartz crystal oscillators offer a good
MTBF typically approaching seven to ten years in ground benign environments.
Calibration intervals will normally extend from six months to one year.

 TYPICAL CRYSTAL OSCILLATOR DATA

TYPICAL DATA

TEMPERATURE
COMPENSATED
   OSCILLATOR   

OVENIZED
OSCILLATOR

OUTPUT FREQUENCY
AGING RATE

SHORT-TERM STABILITY
TEMPERATURE RANGE

TEMPERATURE STABILITY
OUTPUT SIGNAL

POWER
VOLTAGE CONTROLLED

SIZE
COST

10 kHz - 400 MHz
1 x 10-6/YEAR
1 SEC 5 x 10-10

0E-50EC
1 x 10-6

SINE OR SQUARE
<0.5 W

OPTIONAL
2" x 2" x 3/4"

$70-$400

1 MHz - 25 MHz
1 x 10-9/DA Y TO 1 x 10-10/ DAY

1 SEC 3 x 10-12

0E-50EC
5 x 10-10

SINE OR SQUARE
<3 W @ 25EC
OPTIONAL
2" x 2" x 4"
$200-$2000

FIGURE 1

Rubidium Oscillators

The Rubidium frequency standard offers the system engineer other unique characteristics
that will enhance overall system’s performance. Although larger and more expensive than
any of the quartz techniques, the Rubidium is the smallest of the available commercial
atomic standards. Figure 2 outlines its salient characteristics. The major benefits of the
Rubidium standard include its rapid warm-up, a long term stability of parts in ten to the
eleventh per month and excellent spectral purity. Calibration requirements for Rubidium
standards are equally as demanding as those of quartz. Rubidium as with all atomic
standards, will require overhaul approximately every three to five years.



TYPICAL ATOMIC STD. AND DISCIPLINED STD. DATA

TYPICAL DATA RUBIDIUM STD. CESIUM STD. DISCIPLINED STD.

OUTPUT FREQUENCY
LONG-TERM
STABILITY

SHORT-TERM
STABILITY

TEMP. STABILITY
(0E-50EC)

OUTPUT SIGNALS
POWER

SIZE

COST

1, 5, 10 MHz
± 1 x 10-11/
MONTH

1 SEC 5 x 10-12

<4 x 10-11

SINE OR SQUARE
18 TO 40 W

4" x 4" x 5"
$5K-$20K

1, 5, 10 MHz
± 5 x 1 0-12/
LIFE TUBE

1 SEC 5 x 10-11

<5 x 10-12

SINE OR SQUARE
40 W

19" RACK

$25K-$35K

1, 5, 10 MHz
LOCKED ± 1 x 10-12/

DAY
1 SEC 3 x 10-12

<5 x 10-11

SINE OR SQUARE
32 W

19" RACK

$8-$10K

FIGURE 2

Cesium Oscillators

In 1971 the General Conference of Weights and Measures elected the atomic time scale as
the International Standard. The Cesium beam is now the heart of all frequency and precise
timing systems around the world. The Cesium beam is generally too expensive and large
for all but the most sophisticated of communications systems. Cesium offers the utimate in
long term stability and autonomous frequency accuracy. The salient characteristics of this
device described in Figure 2 are representative of most commercial devices on the market.
Typically, the application of Cesiums in communication systems is restricted to satellite
ground stations and as a head-end clock for Stratum One frequency references such as
those generated by ATT Long Lines at Hillsboro for the Bell System.

A disciplined frequency standard technique used in communication systems can allow the
systems’ operator to capture the long term stability characteristics of a Cesium beam. The
technique of disciplining a good quality ovenized crystal oscillator to the reference signals
has been used for a number of years. The reference is provided by either a direct link to
the Cesium over the communication net itself, or through the utilization of a time and
frequency service such as Loran-C. The military was the first to use this technique. The
quartz crystal oscillator can be corrected for phase, frequency and aging rate over a
reasonable time interval. After the device has run for several days with the Loran reference
present, the disciplined standard servos can continue to apply the current correction rate
and normally maintain its accuracy to Stratum One clock levels for periods of several days
after loss of the reference input. This technique has proven valuable in secure voice
communication systems and digital synchronous communication links. The phase



relationship and frequency can be controlled at each end of the communication link,
although separated by thousands of miles, using the Loran-C approach.

MAJOR TIME AND FREQUENCY SYSTEMS

Figure 3 describes the major time and frequency dissemination systems’ operational
characteristics. The GPS system is not described here as it is not yet fully operational. This
system, when operational, will provide an excellent source of both accurate time and
frequency as all of the eighteen satellites will have atomic standards on board. A further
note is that the TV line-ten and color subcarrier are largely unused in the United States at
this time, due to technical changes in the operation of the television networks. However, it
is and will continue to be a very viable system in many other countries such as Japan. As
can be seen from the data presented in Figure 3, the accuracies and operational coverage
areas of the various systems vary greatly. Care must be taken in the selection of the system
that will best suit the user’s needs. With regard to synchronizing communication systems
and frequency management, the Loran-C system offers one of the most reasonable and
cost effective solutions. The Loran-C system is characterized by multiple transmitter sites
located over most of the Northern hemisphere of the world. In addition to the U.S.
Coastguard operated stations, the Saudis have a chain of five transmitters, the French
government is installing two transmitters, the Russians operate an independent system, and
the Chinese will soon be installing their first Loran-C chain. For the purposes of frequency
and timing, one transmitter is all that is required to successfully monitor the frequency and
thereby synchronize a communication system. Through the use of a Disciplined Frequency
Standard and the Loran-C signal, with typical accuracy of a few parts in ten to the twelfth
in any twenty-four hour period, one can achieve an accuracy that surpasses either the
quartz crystal oscillator or the Rubidium stand alone capabilities.

SUMMARY OF AVAILABLE SERVICES

TECHNIQUES
TRANSMITTER
FREQUENCY   

FREQUENCY
ACCURACY  

TIME
ACCURACY COVERAGE

EQUIP.
COST  

VLF OMEGA 10 TO 14 kHz
(MULTI

TRANSMITTERS)

1 x 10-11 1-10 ms NEARLY GLOBAL $10K

LF WWVB 60 kHz 1 x 10-11 1-10 ms USA $2-10K

LF LORAN-C 100 kHz
(MULTI

TRANSMITTERS)

1 x 10-12 1 µs N. HEMISPHERE $5-$10K

HF/MF WWV 2.5, 5,10,
15.20 MHz

1 x 10-7 1000 µs HEMISPHERE $40 UP

TELEVISION ALL BANDS
LINE-10

1 x 10-11 1 µs NETWORK AREA $2-$5K



TELEVISION ALL BANDS
COLOR

SUBCARRIER

1 x 10-11 N.A NETWORK AREA $2-$5K

UMF GOES
(2 SATELLITES)

468 MHz 3 x 10-10 30 µs W. HEMISPHERE $2-$6K

UHF TRANSIT
(5 SATELLITES)

400 MHz 3 x 10-10 30 µs GLOBAL $16K

PORTABLE
CLOCK

Cs STANDARD 3 x 10-10 100 ns UNLIMITED $30K

FIGURE 3

TYPICAL FREQUENCY MANAGEMENT SYSTEM

In Figure 4 we show an example of how a Loran-C based frequency control system is
organized. The primary objective of this system is to provide a phase stable reference at
remotely located transmitter sites for controlling the frequency and timing of the
communication system. It is of course important that the system provide as much
redundancy as is possible. In this case, there are three sources of accurate time and
frequency. The first is the Loran receiver. It provides both accurate time and stable
frequency references. The frequency output of the Loran receiver is used to steer the
disciplined frequency standards, of which there are two in the system. Over time the Loran
signal teaches the crystal oscillators in the standards their aging rate and corrects their
frequency to agree with the Loran signal. The signals from all three devices, the Loran
receiver and the two disciplined standards, are then fed to a frequency multiplier and
synthesizer device. This unit will be used to synthesize special output frequencies, such as
a T1 carrier rate. The unit also sums and distributes the 1 and 5 MHz signals generated by
the system. It will vote on the correct operating signals and switch out defective signals
should any of the equipment fail. In this example, two linear phase recorders are provided
to keep a constant hard copy record of the performance of each individual standard as
compared to the Loran signal. If the system is to be used to clock a number of radio sets
and has a complicated frequency management scheme, a distribution amplifier and
clocking system can be incorporated. In this device we can synthesize additional
frequencies, accommodate other frequency conditioning requirements and provide
additional redundancy to the system.

There are over a thousand communication sites around the world equipped with basically
the same configuration system described here. In addition to the extensive use within the
military community, users of this equipment include such companies as MCI, RCA Global
Communications, CN/CP Telecommunication, Teleglobe, Alascom, Gulf Oil
Communications and ATT Long Lines.



FIGURE 4



CONCLUSIONS:

As can be seen from this material, there are many excellent solutions to the time and
frequency management problem. Due to the complexity and diversity of these requirements
there is no single solution that is best for every application. Individual system requirements
must be carefully considered in order to determine the best system for the individual task
at hand.


