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Abstract

Since August 2008, two production PerkinElmer Rubidium Frequency Standards (RFS)
built for the GPS Block IIF satellites have been under test at the Naval Research Laboratory
(NRL) Precision Clock Evaluation Faility (PCEF). NRL, in conjunction with the GPS Wing,
GPS Block IIF prime contractor Boeing, and the RFS manufacturer PerkinElmer, is
conducting aminimum 3-year life test onthe GPS IIF RFS units, serial humbers 5 and 25.
The primary objectives of the program wil/ be the
A secondary objective will be the loftgrm characterization and evaluation of th&PS IIF
RFS performance parameters The two units are being operated in independent thermal
vacuum chambers with highh e s ol uti on monitoring of the clockods f
NRL hydrogenma s er ref erences. The unitsé internal monit
telemetry and ewvironmental test conditions are monitored and recorded with high resolution.
A status will be presented of th@PS IIF RFS units under test.

INTRODUCTION

The U.S. Naval Research Laboratory (NRL) is conducting the third in a series of GPS atomic frequency
standard life tests. The current life tastolvestwo production PerkikElImer GPS Block IIF Rubidium
Frequency Standards (RF¥)cated at the NRL Precision Clock Evaluation Facility (PCEF)n
conjunction with the GPS Wing, GPS Block IIF Prime Contractor, Boeing, andiigium frequency
standard manufacturer, Perkin ElmefThe current IIF RFS tedbeganon 22 August 2008and is
scheduled to rufor a minimum of three yeafs].

The firstlife testconducted wasn the GPS IIR Rubidium Atomic Frequency Standard (RAR®)ich
beganin 1997 andasted more thaii years[2,3]. Each Block IIR satellite contains three RAFS units.
Launching of the Bick IIR satellites began in 1997 and the last launch occurred in August 2009. Each
Block IIF satellitewill containtwo RFS units and one Cesium Atomic Frequency Standard (C4hS)

Life testing of theGPSIIF CAFS began in August 2004 and has been on hold since October 2006.
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TEST OBJECTIVES

The primary objectives of thide testprogram will be the verification of thedes@gs | i f e and r el
and the identification of any potential risks whialight be associated with the updated rubidium
frequency standards for satellite applications. A secondary objective with lperformlongterm
characterization and evaluation of e RFS performance parametengroviding the ability to enhance

the confidence in the IIF RFS design for future GPS development. Plans to combine |IF-&B8 lifie

data with the ground test data in support of reliability and life analysis will occur once the Block IIF
satellites kgin to launch.

TEST CONFIGURATION

The two RFS units chosen for the life test, serial numbers 5 anevé?®, provided by the prime
contractor, Boeingandareflight candidateproduction units. The units were not modified for the test and
evaluation pogram. The life tesb grincipal objectiveis that the test RFS units be evaluated under
continuous operation in a simulated sphke environmentreplicating their operation in the GPS
spacecraft as closely as possiblavo thermal vacuum chambensth independent baseplate temperature
controllers are being ude¢o house each of the units. Boeing personnel iestalhchRFS test unit into

its thermal chamber at NRL using the same procedures and materials used for satellite installation.
Installaton of the units occurred dtvv July 2008

Prior to the start of thelife test,a series ofpretess and analyss were performedat the NRL PCEF
Beforethe delivery of the RFS unitsNRL performed equipment checkout and data collection testing
validate the calibration and operation of the test equipmesth vacuum chamb&rbaseplateéhat is the
test unit ds whasewluaredl a nominal 23 degreesCelsid€)( For the actual life test,
the baseplate for each uhids beerset tothe maximum and minimum temperature thatdleek panel
mounting panel is expected to see in orbifRFS SNOSis set to 17C, the minimumexpected irorbit
clock paneltemperatureand RFS SN25is set to 29C, the maximumtemperature Additional tess
included RFS warmup characteristics, initial stabilities for-air and irvacuum. Various telemetry
parameters weralsoevaluated.

The test configuratiorsetup shownin Figure 1 is identical for each RFS.There are hree phase
measuremergystems iruse toperform highprecision phase comparisons between the RFS test units and
the NRL reference hydrogen maserBhe Primary Digital duatmixer systenphase measuremerdse
collected at 4second intervals and sampled ats2@onds for analis Thebackup measurement systems
require the 10.23 MHz signals from each unit to be converted to 5 MHz by a Numerically Controlled
Oscillator (NCO) so that they can be input into the Ldregm and ShorfTerm dualmixer phase
measurement systems. Thesga arecolleced at20-secondintervals and serve as backugisould the
primary systenexperience a temporary outage

Any of the NRL reference masers, shown in Figure 2, can be employed as the reference for the phase
measurement datalhe reference cloclksed for the data to behn in this papeiis the Symmetricom
hydrogen maseadesignatedN3. It has a frequency stability at a sample tiohd day of approximately 1

x 10",

The highprecision isecond and 268econd phase measurerngefrom the NRL hydrogen masers and
RFS unitsare collected using dedicated collection systetdgyh-resolution aalog sensors monitor 21

clock parameters and nine PCEF environmental parameters, which are collected every 20 Ezeoynds.

15 minutes the phase measurements and telemetry data are transferred to a LINUX database server
where the data are made available for analysis usifgpuse and commercial software packages.
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Software test logs ar@somaintained to record information regarding thates of the test, normadnd
anomalous eventas necessaryOn a monthly basjgperformance reports are generated for each RFS
reviewing the current month and the overall test period. The reports are made available on\&efecure
site for tesparticipants to review.

Reference Signals
from
Hydrogen Masers

Thermal Vacuum Current +28 V Main
Chamber sk Power Short Term
Probe Supply 5 -
P Ep— Dual Mixer
| | e . - System
irectiona z ;5; 10.23 to 5 MHz
I lE-RES —J— | Coupler NCO
NESLAB I I Thermal Isolator I | L Long T?rm
| — Dual Mixer
Il | Baseplate I | RF Power - System —
e Sensor
TRFS —1 Primary Digital | |
Vv ester » Dual Mixer
acuum (Analogs) System
Gauge y
RFS & PCEF Telemetry Monitors I Facility LAN
1. Clock Current 16. +5v Power Supply
2. BTC Current 17. Automatic Level Control Facility Data
3. Thermistor A 18. C Field Collection
4. 10.23 MHz RF Power 19. -15 Volt Power Supply
5. Thermistor B 20. Rb Lock Status 'y
6. (DC) Light 21. Internal +28 Volt Power Supply TCPIP
7. 2™ Harmonic 22. Chamber Baseplate Temperature
8. Primary VCXO Control 23. Barometric Pressure Y
9. Secondary VCXO Control 24, External +28 Volt Power Supply
10. Lamp Oven Heater 25. +28 Volt BTC Power Supply Branch Software Test
11. Filter Oven Heater 26. Chamber Vacuum Pressure Computer i Log
12. Cavity Oven Heater 27. NESLAB External Temperature
13. Baseplate Temperature Controller 28. NESLAB Setpoint Temperature
14. +15 Volt Power Supply 29. Room Temperature
15. PLL Lock Status 30. Room Humidity

Figure 1. IIF RFSife testconfigurationandlist of telemetrymonitors

The NRL Precise Clock Evaluation Facility (PCESfjown in Figure 4ncludes thellF RFS thermal
vacuum chambers and associatadnitor anddata collection systems. Additional thermal vacuum
chambers and data collection systemsumed for other tests with some additional capabditgilable.
The environmental chamherontairing the NRL reference hydrogen maseitse primary digital dual
mixer systemandan International GNSS Servicé3S) GPS receiveris used to maintaithis equipment

in a controlled environment to minimize possibéffects being reflected in their operation ,and
correspondinglyin test data Other components of theCEFinclude the Long Term andShort Term
dual mixer systems, d@st GPS receivers, theh@nhnel 5 TV carriephase systemdata collection
computersanddatabase servef4].
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Figure2. NRL Precise Clock Evaluation Facility (PCEF)

PERFORMANCE ANALYSIS

The datapresented in thipapercoversjust overl year of datecollectedfrom 22 August 2008(MJD
54700) to 30 September 2009MJID 55104) The phase data consist of continuouss26ond
measurements against the referenthe performance dhe frequency offset, drift offseand frequency
stability will be presented for each RFS unit.

During ths period there have been no failurassociated witleither unit However,RFSSNO5was shut

downby theNRL protection circuit or20 October 200§MJID 54759). The protection circuit is designed

to shutoff the clock in the event that the chamber baseptate | oc k6s i nternal t e mp e
(Thermistor B, exceedspreset limits. After investigation it was determined that neither limit was
exceeded and the clock was running at its nominal temperature. This behavior had also been seen once in
the pretest setup period. At that time, no underlying cause was faltitbugh the Omega sensor
module that measures Thermistor B was suspectecewAmodule was installed and further investigation
revealed that the sensor module was not at fault in this instance. Because the shutdown circuit operated
very close to the logic threshold, occasional noise bursts were sometimes sufficient to trigogicthe

To prevent similar problems in the future, modifications were made to the logic input to provide
additional threshold margin and to better filter the incoming signal lines. In this case, the clock was
turned off to prevent possible damage to thie. uAll other test components continued to operate without
interruption and the integrity of the test was not compromisBdS SNO5 was restarted a23 October

2008 (MJD 5478).
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No such probleninasbeen seen on RFS SN2fven though the protectiofrauit is of the same design.
Since the unit would need to be shutdown in order to change the cirdwis decided not tohange
the circuit for RFS SN25.

Since the RFS SNOS5 restart, the unit experienced two small frequency jumps. Tioé #i8tx 10™,
occurred orl.3 December 2008 (MJD 54813) and the second frequency, jofrdp4 x 10™*, occurred on

8 August 2009 (MJD 55051). The jumps could not be correlated with any of the RFS telemetry monitors
or external factors such as temperatuRFS SN25did not experience any frequency jumps or resets
during thetestperiod. Clocks of this type have a tendency to experience frequency jamgspecific
causes have yet to be determined.

These units, just as others of this type have dexigipit an initial phase change characteristic that has
been known as a starp transient.In order to mitigate the effects tifis startup transientwhich appears
like a changing drift coefficient, a logarithenfit to the data was done. The datashobelow are
residuals tahis fit. To perform the lodit, the 20-secondphase datavasconverted to frequencgnd a
logarithmicfit to frequencyof the form y (t) =a In(bt + 1) + c, was applied The integral of this fitted
modelwasremoved from th phase dat@ provide the fit residualsThe OverlappedHadamardieviation
was calculatediom theseresidualto determine th&requency stability

Figure 3 shows the frequency offset residuals for RFS SNOEhe frequencghangesvere not removed
from this plotandcan beclearly seen.Examination of the telemetry and PCEF environment monitors at
these times show no correlation. Consequerlig cause of these abrupt changes is unknowhe
frequency offset residuals for RFS SN25 ahewnin Figure4. As can be seen, there are no abrupt
frequency changes in these data.
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Figure3. RFSSNO5averagedaily frequencyoffsetresiduals
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Figure4d. RFS SN2%veragedaily frequencyoffset residuals

The 1-day drift is calculatedor each unifrom the phase datarior to forming residuals with the log fit.
Figure5 shows thatafterthe RFS SNO5 restarthe 1-day drift offset levedd off to -7 x 10™ per day.

The RFS SNO5 restaand unknown frequenaghanges caagainbe seen. After 404 day<f continuous
operation, Figur& shows thel-day drift offset for RFS SN2B approaching4 x 10* per day.

Figure5. RFS SNOSaily drift offset
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