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+ 1.61-6Hz, Q=11,555 Nanocrystalline + 163-MHz Differential Disk-Array Filter
"weet Diamond Disk pMechanicnl Re<onatnr = UGBerkeley

* Impedance-mismatched stem for
reduced anchor dissipation

* Operated in the 2" radial-contour mod
*Q ~11,555 (vacuum): Q ~10,100 (¢
* Below: 20 pm diameter disk
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o Linear MEMS in Wireless Comms Miniaturization of RF Front Ends
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High Q and good linearity of
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‘_ Multi-Band Wireless Handsets
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Chip-Scale Atomic Clocks (CSAC)
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Vibrating Resonator
1.5-GHz, Q~12,000

=  All High-Q Passives on a Single Chip

CDMA RF Filters
(869-894 MHz)

GSM 900 RF Filter
(935-960 MHz)

PCS 1900 RF Filter
(1930-1990 MHz)
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(1805-1880 MHz)
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Vol: ~3.7 m3
Power: ~500 W
Acc: 1x10715
Stab: 3.3x10-15/hr

After 1 sec »
Error: 1015 sec

b

Loses 1 sec every
30 million years!
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Benefits of Accurate Portable Timing

Better Timing

Secure Communications

™~
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? Networked Sensors

o 9 97
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More efficient

Larger networks with
longer autonomy

spectrum utilization

| Longer autonomy periods |

| Faster frequency hop rates |

Faster acquire of

Fewer satellites
needed

pseudorandom signals

-

Superior resilience

Higher jamming
margin

against jamming or
interception

Faster GPS acquire
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& 1st Chip-Scale Atomic Physics Package

" UCBerkeley
NIST’s Chip-
Scale Atomic
Physics
Package

Photodiode

C—%\/.

Total Volume: 9.5 mm3
Cell Interior Vol: 0.6 mm?3

Stability: 2.4 x 10-1°@ 1s
Power Cons: 75 mW

Copyright @ 2016 Regents of the University of California

NIST F1 Fountain Atomic Clock

Vol: ~3.7 m3
Power: ~500 W

Acc: 1x1015
Stab: 3.3x1015/hr

After 1 sec »
Error: 10715 sec

o

Loses 1 sec every
30 million years!

o NIST’s

T Chip-Scale
Atomic
Physics
Package

Open Loop Resonance:
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Frequency Detuning, A [kHz]
from 9,192,631,770 Hz

* Experimental Conditions:

Cs D2 Excitation

External (large) Magnetic Shielding

External Electronics & LO
Cell Temperature: ~80 °C
Cell Heater Power: 69 mW

Laser Current/Voltage: 2mA / 2V

RF Laser Mod Power: 70uW
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i Atomic Clock Fundamentals i Miniature Atomic Clock Design
UG Betkeley, UG Betkeley,
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Mod
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& Chip-Scale Atomic Clock & Challenge: Miniature Atomic Cell
" UCBerkeley " UCBerkeley
Large Vapor Cell Tiny Vapor Cell
A 1,000X
Volume
\ Mod o Scaling
z
v Photo Resonator
? 46CHz uwave osc Detector in Vacuum -
| Atomic Clock Concept |
Surface 4 . More wall collisions
MEMS and Detector Volume = stability gets worse
. Substrate Atomi
Photonic Reosrgrl'ncance
Technologies A | lowest Q|
>
* Key Challenges: 2
% thermal isolation for low power £
% cell design for maximum Q Chip- .. = |
A p-Scale P 30 mW Wall collision dephases r O >
% low power pwave oscillator Atomic Clock S?;V;r'lxlgjn atoms = lose coherent state ~| lower Q |-/9_2 GHz Mod f
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Challenge: Miniature Atomic Cell
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& Chip-Scale Atomic Clock
C)Betkeley UG Berkeley
Large Vapor Cell Tiny Vapor Cell Laser
1,000X
Volume A
Scaling
\ Mod f GHz
v, Photo Resonator
pwave osc Detector  in Vacuum

| Atomic Clock Concept |

Soln: Add a ’{ Lower the mean free

buffer gas path of the atomic vapor
: \ MEMS and
Q:eosrgrlmimce Return to Photonic
A higher @ Technologies
' : * Key Challenges

%fhermal usola'hon for low power

Intensity

% cell design for maximum Q Chip-Scale
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} . 7 - N
& Micro-Scale Oven-Control Advantages i Physncs Package Power Diss. < 10 mW
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M -0 300x300x300 pm? i
Macro-ScaIe (contaa?r:(i’ng;ee';ter Atomic Cell @ Boec  Micro-Scale * Achieved via MEMS-based thermal isolation
I‘_3_§L“._>| and T sensor) L Heater/Sensor
Atomic « Cesium cell %f/ Suspension
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VCSEL / .
Photodiode Frame 20 pin LCC
Spacer Only ~5 mW
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v P Ry, c 7" (underneath) Polysilicon gymme't;ri‘cor_nl ok cell temperature
Teth = raper Physics T : -
"'J; LSS Package Assembly g s}
R,= 38 KIW — E | [=Mode
cth — 22 JIK R ~ support length R,= 83,000 K/W § 6
& ® " X-section area C,= 6.3x10° J/IK 54t
P C,y ~ volume g z s 4
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