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dPL PARCS Development Overview 

PARCS Description 
- PARCS Configuration 
- System Block Diagram 
- PARCS/SUMO Link 

PARCS Development Approach 
- “Rapid Prototyping” 
- Technology Readiness Levels 

- Laser Optical Subsystem 
- Cesium Physics Package 

PARCS Major Subsystem Developments 
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PARCS Flight System 
- Mass: 450 kg (CBE) 
- Power: 400W (CBE) 
- Size: 1 m x 0.8 m x 1.8 m 
- Ram (or Zenith) facing JEM- 

EF module 
Major Subsystems: 
- Laser Optical Bench (LOB) 
- Cs Physics Package (CPP) 
- Microwave Synthesizer 
- GPS Receiver 
- Avionics 
- Instrument Electronics 
- Structureflhermal Control 
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dPL PARCWSUMO Connection 

PARCWSUMO Link 
- Ultra-high quality RF signal 
- Allan deviation < 3 x 10-14/~ 
- Reject motion-induced path 

changes, multi-path effects 
(two-way link required) 

Link Options 
- Direct optical fiber 
- Direct coaxial cable 
- Free-space optical beam 
- Unshielded wire link (within 

- Omni-directional RF link 
- Affected by PARCS location 

J EM-E F) 

(EFU #I , #5, or #I 1) 

I 

View of JEM-EF from top side 
(RAM direction is toward the left) 
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dPL Technology Readiness Level 
(TRL) Assessment 

TRL 
1 
2 
3 

4 

5 

PARCS Component TRL’s 
- TRL 7 or higher: GPS, US0 
- TRL6 

12OVDC converters 
MPC750 266 MHz PowerPC SBC 

- TRL 5: Magnetic shields 
- TRL4 

NASA Technology Readiness Level Definition 

Basic Principles observed and reported 

Technology concept and/or application formulated 

Analytical and experimental critical function and/or 
characteristic proof-of-concept 
Component and/or breadboard validation in 
laboratory environment 
Component and/or breadboard validation in 

cavities, mag net ics control 

control electron ics , fl uo rescen ce 
collection optics, Cs MW feed 

MW Synthesizer, Laser/AOM 
environment 
Actual system completed and “flight qualified” 
through test and demonstration (ground or space) 
Actual system “flight proven” through successful 
mission oDerations 
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Atom shutters 
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JPL PARCS LOB Opto-mechanical Design: 

SM fiber-coupling 4=DOF adjustable mounts 
w 

I 

IY, optics flexure pad 4= +Y 

Single fringe change: - 32 micro-radians (<7 arc secon 
Approx. I % fiber coupling loss 
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dPL Laser Shutters 

0 Shutters with rapid response (< 3 msec), 
high attenuation (> I O 7 )  with very low 
mechanical disturbance and long-life are 
needed in PARCS 
Novel concept developed using PZT 
“benders” with optical “flags” positioned 
at a fast waist in the laser beam 
Initial prototype has been operated for 
over 60 million cycles (3x operational life) 
High-speed video imaging performed to 
analyze shutter motion - low jitter 
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dPL Acousto-Optical Modulators 
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PARCS utilizes various AOMs for laser 
frequency and amplitude control 
A phased-array AOM is in development 
for nearly constant diffraction efficiency 
over wide frequency range 
Flight AOMs are repackaged for 
attachment to 4=DOF mount with 
balanced thermal conductance from the 
crystal to an external heatsink 
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I ---eL Master Laser 

New Focus, Inc. External Cavity Diode 
Laser (ECD L) 
- Modifications to existing New Focus platform 
- Tunable to Cs transitions in air and vacuum 
- Linewidth performance comparable to 

commercial Vortex laser used extensively on 
the ground. 

- Development reports exceeded goals for 
optical power, thermal performance. 

- Prototype delivered in late March 2003. 
- Vibration (launch survival and milli-g 

disturbance) and thermal cycle tests in work 

TLM7000 - 852 nm - ST0005.vl: P I Curves at -20°C 
(Piezo @ 100 Volts) 
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PARCS Cesium Physics Package 

AS1 AS2 Magnetic Thermal 
Shields Control 

AS3 Microwave 
cavities 

\ 
Atom 
collection 
region \ 

Major Components: 
10 optical collimators 
3 atom shutters (AS) 
3 microwave cavities (2 hi-fi) 
1 Ramsey microwave coupling structure 
1 SS microwave coupling structure 
10-1 2 ceramic microwave coupling windows 
17 optical windows 

3 sets of atom fluorescence collection optics 
6 DC coils (SS ,follow, C, R l ,  R2, P) 
3 AC or variable coils (Z, Shield, Degauss) 
1 field-control fluxgate magnetometer 
4 magnetic shields 
3 hi-fi fluorescence detectors 
10 1 0 4  laser power level detectors 
3 heaters (3 zones) 
3 control temperature sensors 
>5 monitor temperature sensors 
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dPL PARCS Atom Shutter 

PARCS uses atom shutters to exclude 
light from the Ramsey region and 
ballistic Cs from the detection zone 
- 1.5 cm clear aperture 
- > I O 6  light attenuation 
- Fast response ( 4 5  msec) 
- Long operating life 
- UHV compatible 
- Low disturbance mechanism 
- Non-magnetic materials, actuator 

Flexure-based, high motion 
amplification (>700x), PZT-driven 
shutter prototype developed 
Initial mechanical characterization 
performed (high-speed imaging) 
Optimized drivers in development 
Environmental test plans in work 



Summary 

New technology developments have been quite 
successful in meeting PARCS performance needs 
PARCS functional requirements and subsystem 
designs are rapidly maturing 
Subsystem “peer design reviews” this summer, 
system preliminary design review in the fall 
Parallel development plan in place through 
integration and test of the PARCS flight system to 
meet funding and schedule constraints 
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dPL PARCS Team 

Project Manager: David Seidel 
Project Scientist: William Klipstein 

Subsystem Leads: 
- Cs Physics Package: Eric Burt 
- Laser Optical Bench: Eric Hochberg 
- GPS: Ian Harris 
- Avionics: Phil Yates 
- Instrument Electronics: Tom Radey 
- Mechanical Systems: Wes Schmitigal 
- Thermal Control: Robert Krylo 

- Steve Jefferts, Tom Heavner, Leo Hollberg, Elizabeth Donley, Neil Ashby 

- Da hna Enzer, Bob Glaser, Don Moore, Ted Ozawa, Robb Thompson, Michelle 

Principal Investigator: Donald Sullivan, NlST 

Flight System Manager: David Brinza 
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