Design and development of
a GPS Disciplined Oscillator

Mike Cresap, W3IP
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Wenzel 116 XO SI5394 LB Mini*  DigiLO  VHF ApolLO

phase
P) (FSWP) Datasheet detector Datasheet Datasheet

-123.4 -96.6 -105.0 -97 -85.7
49.7 -123.6 -122.0 -112 -104.7
-164.7 -157.3 -139.6 -127.0 -115 -108.7
-167.7 -163.5 -147.6 -120

10 KH
100 KH

* Results obtained using battery power
source, USB results will be worse!



GPSDO

BEACON case

Frequency 144.3 Mhz
Transmit power (watts) 10 40 dBm
Cable loss -1dB
Transmit antenna halo 1 dBi
Effective radiated power 40 dBm
Path Loss (1.0 mile) 79.8 dB
Receive antenna 10 dB
Cable loss -1dB
Carrier Power to receiver -30.8 dBm
100 Khz offset -147 dBc/Hz
100 KHz offset absolute -177.8 dBm/Hz
Receiver noise bandwidth 500 Hz
Receiver noise bandwidth 27 dB
Phase noise power at receiver -150.8 dBm

Receiving system noise floor 3

dB noise figure (500 Hz BW) -144.0 dBm
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GPSDO - not so simple block diagram

1575 MHz GPS 1.6 MHz SI-5394 —
receiver BPF PLL ‘ outputs
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USB MSP430 50 MHz
micro-b micro Xtal filter

4-5 volt 3.3v 3.3v post
supply regulator regulator

1.8v 1.8v post
regulator regulator




GPSDO - the build process

Design - block diagram
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GPSDO setup - Digital Data Flow

Clock
Builder
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— PC micro PLL

uCenter

GPS
1 receiver




GPSDO - I

USB and |
compatibl

Must have fac
bootloader

Small pin count Wishful thinking -
48LQFP

MSP430F
5XXX/B6XXX CCS code bloat

™
AN A\
e %
VAN o
4 ANN




GPSDO -

Regulator

Regulator -

IRRTR R, Ay 299 189t ee

GPS receiver - fut

U — ‘ e n te r Ref 20.000 dBm RBW 30.000000 kHz VBW 30.000000 kHz
Div10.0 ___ AftenAuto

GPS receiver -
performance

80,
Start 1.000000 Hz Center 25.000000 MHz Stop 50.000000 MHz
Span 48.999999 MHz Swp Time 55ms (6500 pts)

SignalHound




GPSDO - Testing 1,2,3

Frequency Format

Clock_ multiplier - e
function eawe O [weecssv @
eame O [wecssv B

ClockBuilder Pro

Ref 10.000 dBm RBW 100.000000 Hz VBW 10.000000 Hz
Div 10.0 AttensAuto
Mkr 1: 100.000059 MHz, 6:667 dBm

Clock output - levels
+6.5 dBm typical

-90.00!
Start 99.995000 MHz Center 100.000000 MHz Stop 100.005000 MHz
Span 10.000000 kHz Swp Time 882ms (337 pts

SignalHound
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Assumptions

Total Power: 1.030 W, On C
Note:

+On-chip power excludes po
«Tj is junction temperature. Tj
Total power includes on- and ¢

Ta:
Airflow:

Frequency Format

116 MHz LVPECL
192 MHz LVPECL
404 MHz LVPECL
100 MHz LVPECL

33V
33V
33V
33V
33V

117.4 mA
22.6 mA
231 mA
24.5 mA
225 mA

Total 397.2 mA
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GPSDO - Transverter Integration

VHF transverters

Many mixers want
+17 dBm

Remove DC power
from oscillator and
oven (PTC)

Feed GPSDO signal
into driver amp, ac
coupled
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GPSDO - Transverter Integration
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GPSDO - Prototype 2 Datasheet

Number of channels: 4
Frequency range: 10-720, 734-800, 825-1028 MHz
Power output: 6.0 dBm minimum 1-500 MHz
2.3 dBm at 1024 MHz
Channel to channel Isolation: 50-85 dB

Phase noise at 100 MHz (clean power source)

-98 dBc/Hz at 100 Hz
-121 dBc/Hz at 1 KHz
-136 dBc/Hz at 10 KHz

Size: 3.2 by 2.1 by .91 inches (excluding connectors)
Power consumption: 5 volts, .67 amps max
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