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Concept

e Realize fundamental metrological units ([s], [m], [A], [K], etc.)
in chip-scale instrument

* Goals: deployable, useable, flexible, manufacturable

e Ultimately: deploy in instruments to enable in-situ lifetime Sl-traceable
calibration
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4+1 of 7 base Sl units could be realized at chip-scale with
microfabricated alkali vapor cells

Manufacturing and Parallel Fabrication

* To what extent can precision Sl-traceable calibration tools be
fabricated using low-cost processes similar to integrated circuits?
* Potential impact: an Sl-traceable reference in every instrument

HP 5065 (1970)

Core Technologies
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Toward Compact Cold Atom Systems

* All cold atom systems: most accurate clocks, sensors made so far
require active pumping (ion pumps) for long-term operation
* Large, cumbersome, HV...

Cells with low He permeability MOT in actively pumped MEMS cell

Photonically Integrated Alkali Vapor Cells

* |ntegrate microfabricated alkali vapor cells with single-mode photonics
* Ability to design atomic systems into photonic circuits: high non-linear
coefficients, high accuracy, good signal-to-noise ratios
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Two-photon spectroscopy in a MEMS cell
e 778 nm transition in Rb: high line Q (109) = better accuracy

Rb level structure: Microfabricated Rb vapor cell: Compact spectroscopy module:
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Two-photon signals: Stability of laser locked to transition
" e TR toororrrr rororrrrm
I [ [ : | : ! ! ! 4
i === before gctivation, ' = 3.0 MHz £ 4-—
_ i = after activation, ' = 1.0 MHz — 2-—
> = | : S : s
3 400 ¢ D O MhmApivimsdanr Ak aimpd |
= | £ i a | |
2 c i I e e e N
o) B : = 4
o 5 10 . 1SR S S N
Q o - = I L I
é > . 3000 6090 9000
| e 5 | © i time [s]
e T | E T |
E | <
M E 3
£ .
c : : : = .
Q 13 5 5 5 5 5
5 . .
Oi— : i I I Lol Ii D 1 1 1 L1 IIIi 1 1 1 1 L1 IIIi 5 1 1 1 L1 IIIi 3 I* 1 1 L1 IIIJI 4
—-80 —40 0 40 80 10 10 10° 10 10

frequency from F, = 2 to F. = 4 transition [MHz] averaging time [s]




