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w  1.51-6Hz, Q=11,555 Nanocrystalline 163-MHz Differential Disk-Array Filter
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Linear MEMS in Wireless Comms ' Miniaturization of RF Front Ends
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Chip-Scale Atomic Clocks (CSAC)
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iT) Benefits of Accurate Portable Timing o NIST F1 Fountain Atomic Clock
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spectrum utilization
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‘.' Higher jamming
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UGBerkeley

* Experimental Conditions:
Cs D2 Excitation
External (large) Magnetic Shielding
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Cell Temperature: ~80 °C
Cell Heater Power: 69 mW
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i Atomic Clock Fundamentals & Miniature Atomic Clock Design
| UGBerkeley " UGBerkeley
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by an atomic transition Energy Band Diagram (852 nm) Atoms become
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energy light at 852 nm
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o e e
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; Chip-Scale Atomic Clock & Challenge: Miniature Atomic Cell
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1,000X
A Volume
Scaling
\ Mod f GHz
Vo 4.6 GHz Photo Resonator

>

Surface 4 . More wall collisions
Volume = stability gets worse
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VCSEL
CsorRb
Glass
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I Atomic Clock Concept |

MEMS and
Photonic
Technologies

Atomic
Resonance

M

Key Challenges:
% thermal isolation for low power

Intensity

i i . Vol: 1 cm® !
% cell design for maximum Q Chip-Scale POWC;r_ 38r?nw Wall collision dephases | 424 5 Mod f
% low power pwave oscillator Atomic Clock | ISSruIras atoms = lose coherent state ~| lower Q i/g_z GHz
. T i
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- Challenge: Miniature Atomic Cell fﬁcs . Chip-Scale Atomic Clock
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Mod f GH
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pwave 0sc Detector in Vacuum

Atomic Clock Concept
Soln: Add a H Lower the mean free '

buffer gas path of the atomic vapor
— = T T MEMS and
Atomic Photonic
Resonance Return to
~ higher Q Technologies
' i * Key Challenges:

%fhermal isolation for low power

% cell design for maximum o Vol: 1 cm?
J Q Chip-Scale Power: 30 mW

Detector
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Intensity

9.2 GHz > Modf % low power pwave oscillator Atomic Clock

Stab: 1x1011

PO — - oY i iss.
& Micro-Scale Oven-Control Advantages Physics Package Power Diss. < 10 mW
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Macro-Scale Macro-Oven 300x300x300 um3 Micro-Scale .

Achieved via MEMS-based thermal isolation
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V'd
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20 pin LCC

Thermally
Isolating Feet

~ Polysilicon Symmetricom / I cell temperature |
v co (underneath) "9 CC ey 10 B : |
Package Assembly % s}
R, = 38 K/W == |E [ l=Moce
Cy= 22 JIK _ support length Rix= 83,000 K/W ;o
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. C,, ~ volume .1
0 (4

| P (@80°C)=15W L 550x lower power P (@ 80°C) = 2.6 mW
War Up, =16 min. 7,300x faster warm up > Warm Up,t=0.1s
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