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Smaller Is BetterSmaller Is Better
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Surface MicromachiningSurface Micromachining

[UCLA]
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Fully-Integrated AccelerometerFully-Integrated Accelerometer
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Microfluidic ChipMicrofluidic Chip
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Probe-Based Data StorageProbe-Based Data Storage
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Diamond Micro-Disk ResonatorDiamond Micro-Disk Resonator
• Frequency = 1.5 GHz, Q = 11,555• Frequency = 1.5 GHz, Q = 11,555

Polysilicon
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Diamond 
Disk

[Univ. of Michigan]
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Chip-Scale Atomic Clock (CSAC)Chip-Scale Atomic Clock (CSAC)

NIST- F1NIST- F1
HP 5071AHP 5071A

CSACCSAC

VolVol: 1 cm: 1 cm33

Power: 30 Power: 30 mWmW
Acc: Acc: 11××1010––1111

VolVol: ~3.7 m: ~3.7 m33

Power: ~500 WPower: ~500 W
Acc: Acc: 3.83.8××1010––1515



Size Versus PowerSize Versus Power
133Cs vapor at 10–7 torr

Large Vapor CellLarge Vapor Cell

50,000X Size 50,000X Size 
ReductionReduction

VolVol: ~500 cm: ~500 cm33

Power: ~30 WPower: ~30 W

VolVol: ~0.01 cm: ~0.01 cm33

Power: ~10 Power: ~10 mWmW



CSAC-Enabled EnhancementsCSAC-Enabled Enhancements

GPS Free



Micro Power GenerationMicro Power Generation
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Formic Acid
Fuel Cell

Formic Acid
Fuel Cell



Solid Oxide Micro Fuel CellSolid Oxide Micro Fuel Cell

~ 8 cm~ 1 cm

0.7 cm



Miniature Wankel EngineMiniature Wankel Engine

4 watts of power output4 watts of power output

[UC Berkeley]
[UC Berkeley]



Micro Gas AnalyzersMicro Gas Analyzers

Separation Analyzer

Species A

B

A

B
15 min.15 min.



Micro Gas AnalyzersMicro Gas Analyzers

separation time < 4 secseparation time < 4 sec



Micromechanical CircuitMicromechanical Circuit

A few µm A few µm



Nanomechanical ResonatorNanomechanical Resonator
Frequency: 1.029 GHzFrequency: 1.029 GHz

75 nm

1.1µm

120 nm






