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@ Precision timing for emerging needs

Market wants more precision for less money in smaller size

Networked Timing Unit

“ 1 " I

Clock Processor Disseminator

A lotf can happen in a microsecond:
« /ero frust authentication basis

e Avoid ransomware attacks, secure data/transfer

 Enhanced PNT capabillities (beyond-GPS)

» Avoid GPS single-point-of-failure
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Functional Blocks

1. “Clock™ — timing oscillator

2. Processor — counts clock
osclllations, converts to use
data forms

3. Disseminator — transfer and
sync of distributed clocks



@ References for Guidance

Resources regarding precision timing needs rollout,
Measurements Integrated Receiver 0

2019 - High Accuracy Default m); fa: ) A
Precision Time Protocol Profile - |[EEE R — | e S
1588-2019 (White Rabbit

Non-resilient components

+ 2020 - DHS Resient Positioning, - B 6,

Navigation, and Timing (PNT)
Conformance Framework Version 2.0

» 2020 - Executive Order (E.O.) 13905
on Strengthening National Resilience | |
fhrough Responsible Use of | noows ook P | s
Positioning, Navigation, and Timing S =

Measurement
Unit

Figure 1. Examples of PNT UE boundaries across (1) Fundamental PNT measurements, (2)

( P N T) S ervices integrated receivers, and (3) system of systems.

DHS Resilient Positioning, Navigation, and Timing (PNT) Conformance Framework
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“Buy”-able Atomic Clocks of Today

Microwave Clock Paradigm: Mature, well-optimized commercial clocks (blue area).

Legend
CSAC = Microchip SA.45s CSAC

TCSAC = Teledyne CSAC (preliminary)
CPT = Chengdu Spaceon CPT

NAC = Accubeat Rb NAC1

IQRB1 = 1QD IQRB-1

Ch Rb = Chengdu Spaceon XHTF1031
MAC = Microchip SA.35m

SA22 = Microchip SA.22¢

PRS = SRS PRS10

LP = Spectratime low profile Rb
AR133A = Accubeat AR133ARD
miniRAFS = Spectratime miniRAFS
IQRB2 = 1QD IQRB-2

5669 = FEI FE-5669 Rb

FS725 = SRS FS725

RAFS = Excelitas space RAFS

iRAFS = Spectratime iSpace RAFS
Cslll = Microchip CBT 43108 Cslll

FEI RAFS = FEI RAFS

S071A = Microchip 5071A CBT

OPC = Chengdu Spaceon TA1000 OPC
¢-Rb = Spectradynamics cold Rb ¢-Rb
PHM = T4Science pHMaser 1008

mu = Muquans cold-atom MuClock
(preliminary)

MHM = Microchip MHM 2010 H Maser
Vremya = Vremya VCH-1003M H Maser
T4 = T4Science iMaser-3000 H Maser
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-1.11 spectral hole buming

Averaging Time (s)
10 100 1000 10000

T ~—GPS M12 Receiver

Cs Beams 5071A

Near-term
commercial
optical

— —__ Active H Maser clocks

\

Passive H Maser

lon ensembles
Thermal beam clocks

Optical Lattice Clocks
lon clocks

Current lab-
grade
opfical
clocks +
cavities

Precision cavities

(Down here is good!)
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Optical clocks are fundamentally
better timekeepers

(We'd go ‘nuclear’ if we could)

Timing performance

Resonance Linewidth ’ |
v
Resonance Frequency N SNR

t Same ‘clock’ but at

opftical frequencies
performs ~10,000 times
better than RF!
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(Plot from NASA Cold Atoms in Space Workshop 2022 publication)



@ Why optical clocks weren’t ready

1. Technology was oo 2. They couldn't leave the
mmature (TRL + MRL) | by 3. Poor market
_ Lasers S | - Low value proposition
- Optical freq. combs Rals2scn rooms - Unreliable supply chains

- Vacuum technology - Environmental Ruggedization

- Engineering gap

. : - Invisible need
- Extremely power-intensive

- Complex, took teams to run
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®) Initial optical clock products

Products available in 3 years or less

TDEV after one day (s) vs. Size (cm?)
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Early ‘stepping stone’ products

Improvements:

CSWaP-reduced ps timing and low
phase noise

Extended pus, ns holdover

Potential ruggedization over existing
COIS

Uses:

Dafa cenfters

Network security (ZTA)

GPS resiliency — holdover, disturbance
Critical infrastructure monitoring

Test equipment, grandmaster
Grandmasters



@ Future optical clock products

Products available in 3+ years

TDEV after one day (s) vs. Size (cm?)
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@ An example clock roadmap

Inflegtion’s Clock Targets Genl Gen? Gen3
Q1 ‘25 3+ years out 5+ years out
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@ Using ns and better fiming

How to distribute and use timing near 1 ns or better

Networked Timing Unit Inter-clock use
. White Rabbit (WR)

\ developed at CERN
\ , » For 10 Gigabit Ethernet

* Enfanglement
Haldar et al, Phys Rev A (2023)

Processor Disseminator

: : « Optical frequency comb
Light travels ~ 1 footin 1 ns . NIST Newbury group

Nntra-clock use

« Sub-nstime tagging EEEE Y

« "Last cenfimeters” problem  NICT Shiga group ij?
« PCle PTM 0 - getting time off the NIC |

WSTS @Inflegtion 2023

SENEN

Solutions

» Sub-ns timing over ethernet Orolia__i

S SAFRAN

2Yairos

NIST

National Institute of
Standards and Technology

« Wireless 2Way Interferomeitry (WIiWi)

National [nstitute of
Information and Communications

I achnology
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@ New Application Example

Decimeter positioning W/ fiber-optic ethernet and mobile hetworks

« Koelemelj, J. C., Dun, H., Diouf, C. E., Dierikx, E. F., Janssen, G. J., & Tiberius, C. C. (2022). A hybrid optical-wireless
network for decimetre-level terrestrial positioning. Nature, 611(7936), 473-478.
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» Optical clocks productization is happening NOW
* Timekeeping and dissemination is rapidly changing

Contacts:

« Afomic clocks:
Judith Olson, Clocks Group Leader, Snr Physicist

judith.olson@inflegtion.com

» Clocks productization

Max Perez, VP Quantum Data Productization

max.perez@inflegtion.com
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Shane Fazio, Sr Director, Product Development
shane.fazzio@inflegtion.com

SUPERTECH \® ColdQuanta
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