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A GPS controlled frequency
standard

1.
Introduction
Most of radio amateurs have frequency
counters with reference oscillators that
are not temperature compensated and
they are made with bad quality crystals.
A special problem is the ageing of crystals that can take up to 10 years. Because
of this frequency counters can deviate by
more than a hundred kHz at a frequency
of 10GHz and are really only suitable for
100MHz or less.
A simple and inexpensive solution is a
GPS controlled frequency standard, often
referred to as a GPSDO (GPS Disciplined Oscillator). It is a frequency stand-

ard that calibrates itself using GPS.

2.
Block diagram
The block diagram of a GPS controlled
frequency standard is shown in Fig 1.

3.
Circuit diagram
The circuit diagram of a GPS controlled
frequency standard is shown in Fig 2.
The circuit diagram is simple as it can be.
Fig 1: Block
diagram of the
GPS controlled
frequency
standard.

109

Fig 2: Circuit diagram of the GPS controlled frequency standard.
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Fig 3: Top side PCB layout for the
GPS controlled frequency standard.

Fig 4: Bottom side PCB layout for the
GPS controlled frequency standard.

The Navman TU60-D120-041 Jupiter-T
GPS receiver [1] has a high accuracy
10kHz output synchronised to UTC. A
10MHz C-MAC TCVCXO CFPT-9001
[2] is divided down to 10kHz and phase
locked to this GPS signal. Both outputs
(10MHz and 1PPS) are buffered with
inverters.

The PLL filter components are designed
for ωn=0.239 rad/s, ς=0.707 and
Ko=67Hz/volt. R2 and C2 are not used.
The GPS receiver can be controlled via
the RS232 port and a 1PPS signal is
available on DCD that can be used by a
computer to keep precise UTC time to a
few tens of ns.

4.
Construction

Fig 5: Component layout for the GPS
controlled frequency standard.

The frequency standard is constructed on
a double sided PCB made from a
50.8mm x 55mm piece of 1.6mm thick
FR4 laminate. It has plated through
holes, solder resist and lead free tinning.
The PCB layouts are shown in Figs 3 and
4, the component layout is shown in Fig
5 and the parts list in Table 1.
The GPS receiver used is a Navman
TU60-D120-041 Jupiter-T which has
both 1PPS and 10kHz outputs. It was
designed especially for precision timing
applications. In 2005 Navman discontinued manufacturing the Jupiter-T. Instead
of the Jupiter-T you can use the standard
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Fig 6: Picture of the GPS controlled
frequency standard PCB.
Jupiter receivers TU30-D140-xxx and
TU30-D410-xxx, which also have a
10kHz output. They are similar in size
but the connector and pin out are different. These receivers are often available

on eBay. Before purchase it is important
to ensure that the firmware is v1.18
onwards. The firmware version is printed
on a label and is also emitted at start up
in an ASCII plain text NMEA message.
The default protocol of the GPS receiver
is Motorola UT+ “@@”. Navman binary
protocol and NMEA protocol are also
available.
The GPS antenna is an external active
antenna with 5V supplied through the
coaxial cable. It is important that the GPS
antenna has the fullest possible view of
the sky. Getting the maximum number of
satellites in view will get the best timing
performance.
A better quality oscillator such as an
OCXO can be used instead of the CMAC TCVCXO but the PLL filter components must be recomputed. The ovencontrolled oscillator has considerably
better performance than a miniature
SMD TCVCXO, but at the cost of greater
power consumption and increased size.
Good but big OCXOs can be found in old
NMT base stations and also on eBay.
The 10MHz output is square wave at
HCMOS level, an output level of
Fig 7: Top view of
the completed GPS
controlled
frequency
standard.
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Fig 8: Front view
of the completed
GPS controlled
frequency
standard.

+15dBm. The PLL IC is a 74HC7046A
[3] [4], it is an improved version of the
familiar 74HC4046A. The PC3 function
is replaced with an improved lock detector. The serial port driver IC is an
SP233A [5], a low cost version of the
familiar MAX233A.
The frequency standard status is shown
by two LEDs. The green LED “Heartbeat” flashes at 1PPS and the red LED
“Unlock” lights up when the PLL is
unlocked. The value of the lock detector

capacitor C1 is dependant on the PLL
filter components. If the PLL filter components are changed, the value of C1
must also be changed.
The operating voltage of the frequency
standard is 9 to 35V and the current
consumption should be around 250mA
including GPS receiver and GPS active
antenna.
The frequency standard is built into a
custom made housing 130mm wide,
110mm deep and 30mm high made from
Fig 9: Rear view of
the completed GPS
controlled
frequency
standard.
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Table 1: parts list

5.

R1
R2
R3, R4

30kΩ 0805
0805, not used
560Ω 0805

Results

C1
C2

4n7
-

0805 C0G (NP0)
C, SMD
tantalum 35V,
not used
C3
100μF C, SMD
tantalum 35V
C4, C5, C7, C8, 100n 0805
C10, C11, C12, C13
C6
4.7μF C, SMD
tantalum 35V
C9
10μF C, SMD
tantalum 35V
D1
D2
D3
U1
U2

LED
LED
SM4001
74HC7046AD
CFPT-9001

U3
U4, U5
U6
U7

74HC04
74HC390
SP233ACT
L7805CV

J1
J2
J3, J4, J5
PCB

SIL socket
SIL socket
SIL socket
-

Housing -

Red 3mm
Green 3mm
MELF
SO-16
SMD
7x5x2mm, 10pin
SO-14
SO-16
SO-20 wide
TO-220
6-pin
4-pin
3-pin
50.8 x 55mm,
FR4 1.6mm
Aluminium
plate 1mm

1mm thick aluminium plate. Figs 6, 7, 8
and 9 show the prototype GPS controlled
frequency standard.
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First measurements of the frequency
standard show that it has accuracy of 1 x
10-10 after 1 hour and about 1 x 10-11 after
24 hours. The test equipment was an
Agilent PSA E4445A (1Hz resolution)
spectrum analyser locked on a 10MHz
frequency standard OSA 5230 from Oscilloquartz. Measurements with the spectrum analyser were on the 100th (1GHz),
200th (2GHz) and 500th (5GHz) harmonic. More accurate measurements
were with an oscilloscope (Lissajous figure).
GPS satellites can be monitored using
one of the NMEA 0183 data programs
such as Tac32 [6] or VisualGPS [7].
These programs give a graphically display of specific NMEA 0183 sentences.
I wish to thank James Miller (G3RUH)
[8] for help and support, Robert Vilhar
(S53WW) for measurements and Stojan
Kuret (S51WI) for help in all phases of
project.
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