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» Symmetricom
= Architecture for atomic interrogation
= Optics
= Electronics
=  Firmware and algorithms
» Characterization of CSAC performance

» Charles Stark Draper Laboratory
= Physics package design, fabrication and testing

» Sandia National Laboratories
= Laser design, fabrication and testing
= Design of microwave interface to laser
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» Phase I: identify architecture and downselect approaches
= Cesium interrogation (vs rubidium)
= Coherent Population Trapping interrogation (vs microwave interrogation)
= D1 optical resonance; design and fabricate 894 nm lasers
= Polyimide suspension in vacuum for low power physics package
= Meet the DARPA milestones
» Phase II: design, build and test as proof of concept
= Develop components and processes
= Start long term tests (suspension, vacuum/getter)
» Build & test prototypes
» Phase Il1: refine and optimize design
= Optimize atom interrogation
= Refine components and processes
= Add high resolution frequency synthesis
= Develop autonomous start-up and add supporting servos
= Implement temperature compensation to improve thermal stability
= Exploratory environmental testing
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Physics Mi
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= Synthesizer
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E » Clock Output
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- Control Loop B AW
LO Tuning
Local
Oscillator

Atomic resonance is intrinsically more stable than quartz local oscillator
“Natural’ atomic microwave resonance frequency is synthesized from RF LO

Control Loop continuously steers LO frequency to atomic resonance
RF output (10 MHz) embodies stability of atomic resonance
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Conventional Rb Physics
. . . RF
- Requwes resonant microwave caV|ty Source

- RF Discharge lamp (1 Watt) (7T (‘Absorption)
Photo-
- 3 (2?) cells, ovens, controllers RP-8p Ro-87 I Detector
\Cel \__Cell J
RF Discharge Resonance Cell
Lamp In Microwave
Cavity

@ RF Source

Coherent Population Trapping (CPT) Physics

- High-bandwidth Vertical-Cavity Surface Emitting Laser
(VCSEL) ,

- Microwaves applied directly to VCSEL (No cavity) I )ﬂ

- Potential for very small oven assembly o

Laser A4 Cell Photodetector
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VCSEL

Upper Heater/Suspensio

Spacer

Waveplate

Resonance Cell

Lower Heater/Suspension

Photodetector

Tensioned polyimide suspension

Microfabricated Silicon vapor cell

Low-power Vertical-Cavity Surface Emitting Laser (VCSEL)
Vacuum-packaged to eliminate convection/conduction
Overall Thermal Resistance 7000°C/W
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0.5-mm VCSEL Chip Layout

Old: VCSEL/Detector New: 16 VCSEL pairs

.Q 99 o
88’60"60@%

16x reduction in VCSEL chip area
= 16X Cost Reduction
» Redundant VCSELSs (2/chip)

Sandia
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» ESD causes majority of failures
» Remaining failures due to defects

» Accelerated life test underway at Sandia
= 5 x 8 devices under test

= 10 months of data available

= Latest results predict >10 years MTTF under
CSAC operating conditions
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» Mil-STD- 202G, Method 213 Test conditions A — F
» 3 iterations per test condition, Seven devices tested total
» 1 ms half-sine shock pulse @ 50,75,100,500,1000 g’s
» Initial Testing (2 devices)
= Full function after 5009 test on all axes
» Full function after 1000g test on X, XY and +Z axis
= Partial function failure after —Z axis 1000g test
= Subsequent testing (5 additional devices)
= Full function after 500 g test on all axes

= 100% failure at 1000 g on any axis

X-Y shock  Approved for Public Réfel3@dbistribution Unlimited ~ Z shock
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10 Phase-111 physics packages
Stability measured with (optimal) laboratory electronics
Typical is o(t) = 2-4 x 1011 12

Detuning [kHz]
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» Modulation via digital control of PLL
» Tuning via digital control of PLL
Resolution: 2x10-12
» Outputis 10.0 MHz
» Power adjust O to -10 dBm
w = £(f) Phase Noise at 10.0 MHz (dBc/Hz) e
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Symmetricomr
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e Compensation Off «——— Compensation On

Frequency Offset [X10™]

J 50°C Temperature Sensor
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Analog Tuning

Jumper on 3.3 VDC
50 Ohm Outputs
Input 5 MHz

To CSAC
10 MHz

(for current measurement)

NTJE3S@4-12

5VDCin

(5 mm center positive)
Analog Monitors

(Factory-Use Only)

RS-232 on
F. PC Standard DB-9
B =
M' = ’ i' RST TxD RXD MOD DIGN WEC
Lo . \
CSAC EVALUATION BOARD
mm“_m = =
Lo/ dotid v Bl e ..uvumwmwwwmﬁﬁﬁiﬁm“ﬁwﬁnvﬂmwm&ws
Power-On Power Reset Lock
Indicator Switch  Button Indicator
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Active Hydrogen Maser £ : &

Cesium Beam Primary Clock 24
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» Low power optical sources
» Wavelength specific
= Linewidth constraints
» Micro-packaging expertise
= Compatible with long life hermeticity
» Low power, low noise, microwave synthesis
= High resolution on frequency setting (eg <le-13)

» Atomic clock expertise
= Metrology and measurement
= Robust algorithms

» Low power electronics integration and packaging
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Draper Laboratory: Mark Mescher, John LeBlanc, Gary Tepolt, and Mat VVarghese
Symmetricom: Peter Vlitas, Robert Lutwak, Mike Garvey, and Ahmed Rashed
Sandia: Gregory Peake, Kurt Geib, and Darwin Serkland
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