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CTL Mission NIST

To promote the development and deployment of advanced
communications technologies through dissemination of high-quality

measurements, data, and research supporting U.S. innovation, industrial
competitiveness, and public safety.




CTL Priority Areas: Wireless focus

Collaborative research organization with research activities spanning organizational
boundaries in support of CTL priority areas

Public Safety Communications n Trusted Spectrum Testing

To support standards research, development, test, To improve spectrum-sharing agreements, and
and evaluation for first responder communications. inform future spectrum policy and regulations
through independent validated testing.

Champion: Dereck Orr Champion: Melissa Midzor

. i Fundamental Metrology for
H Next Generation Wireless n T e e
To advance the measurement science infrastructure To advance the measurement science infrastructure
for next generation wireless communication for next generation wireless communication
systems, e.g., mmWave radio channels. systems, e.g., mmWave radio channels.

Champion: Nada Golmie Champion: Paul Hale



NIST Addresses National R&D Priorities NIST

Security { Al, Quantum &Computing 2. Connectivity & Autonomy ) Manufacturing
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Cybersecurity and Privacy -

NCCoE - Forensics - Body Cybersecurity and Privacy - Advanced Communications - Advanced Manufacturing &
Armor & Materials - Public Quantum Science - Quantum Networks & Scientific Data Material Measurements -
Safety Communications - Al - Computingu LA 1L, QulCS Svstems - 5G - Wireless NMaochina | oarnina . Maotarials
Autonomous Systems - - nCOR otics -

Microelectronics Methc '

Space Er
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Advanced Manufacturing - Smart Grid - Net-Zero Health and Bioscience -IBBR Water - GPS Technology -
Materials Development and Energy House - Energy Diagnostic Standards -JIMB - Measurements for
Measurements - Aerospace Efficiency - Fuels - Biomanufacturing Process and Aquafarming - MRI of living
Manufacturing - Sensors for Sustainability Development Standards - plant roots

Space Measurements Health IT - Medical Imaging
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Timeline: NIST Optical Communications

Late 1970’5: disagreements between Optical fiber JOURNAL OF LIGHTWAYE TECHROLOGY, VOL. 26, NO. 9, MAY 1. 2008 1119
manufacturers created impediment to ~ Optical Fiber Metrology

Gordon W. Day, Fellow, IEEE, Fellow, 0S4, and Douglas L. Franzen, Life Fellow, IEEE, Fellow, OSA

market development it

ATTENUATION MEASUREMENT COMPARISONS

1976 — 2003: NIST Optical Fiber Metrology Program it The telomert of oyt mprr e g ATTATON o o

how s—fiber ers, their stan-

. . dards-developing organizations, and (in the US.) the Federal
[ ] O t I F b P Government—worked together to develop product specification
I Ca I e r Owe r standards that laeilitated the growth of an industry, This paper
reviews some of that history, primarily from the perspective 1
of the National Instibute of Standards and Technology, which (1] [} 60 [T] 7.0 75 B0

* Optical Fiber properties, e.g., polarization ke withth ndciy 10 prorde idopendnt TEED OO0y e an -
. . . . comparisoens.,
mode dispersion, attenuation, bandwidth, o e T Tnrumentsion,mesarements, muimode s m Wl - . .
f FIBER: D614 A= 1000nm LMA = 0,00

mode profile, fiber cladding diameter i e— - .

* Wavelen gt h ca! B cuiad b s pieamtarin NIST Optoelectronic Measurements for Fiber Optic

optical fiber could be a viable communicatio
[1], through the key experimental achievemnents [2]' Applications
liestsystems carrying commercial telephone calls in
attention seems to have been given to how an optical K.B. Rochford, P.D. Hale, and N.R. Newbury

2003: NIST scales back optical communications B o s 55 S ik o o B o

for fiber es a large volume commaodity seem to have ) L )
erally unanticipated or underestimated. Abstract: We describe current measurement capabilities as well as research focused on two areas:

.
ro ra I I l ® reta I n S n etWO rkS effo rts .- improving temporal and frequency response characterization of detectors and instrumentation
) using electro-optic sampling, and improving wavelength metrology using frequency combs.
Contribution of the LS. government and not subject to copyright
OCIS codes: (120,3940) Metrology; (1 20,4800) Opeical standards and testing; (040,0040) Detectons

1. Introduction

2 0 14 : N I ST C re a te S CT L W i t h fo C u S O n W i re I e S S The National Institute of Standards and Technology (NIST) has the responsibility "to develop, maintain and retain

custody of the national standards of measurement, and to provide the means and methods for making measurements
istent with those standards; and to assure the compatibility of United St national measurement standards
of the 81 units, and to

Communications to address spectrum T o S et s .

5 of those standards 1o the US. me ement system through
of the result of a measurement or the value of a standard whereby it can be related to stated references, usually

. . . =5, This invokes the concept of tr ity, which is the property
S h a rl n g a n d n eXt ge n e rat I O n WI re I e S S n e e d S national or international standards, through an unbroken chain of comparisons, all having stated uncertainties.

NIST researchers have contributed to the improvement of measurements for optical fiber applications since
1976, when the organization was known as the National Bureau of Standards. Early work concentrated on optical
fiber propertics such as attenuation and fiber diameter, basic properties that affect the loss budget of optical fiber
links. With the advent of optical amplificrs, optical losses can be overcome, and paramcters that limit transmission
apacity and fidelity in optical fiber communications become limiting factors, In this paper we discuss our current
measurements that provide traceable optical fiber measurements, and describe two research efforts intended to meet
emerging and future needs




Why NIST? Why Now?

e Application Drivers
e high-bandwidth network GLOBAL OPTICAL NETWORKING AND COMMUNICATIN MARKET, Y HARDARE TYPE

e internet of things (loT)
e machine-to-machine (M2M)
communication technologies.
 End Users want interchangeable

I Optical Fiber Cable
I (ptical Transceivers
I Optical Splitters

M Optical Amplifiers
I Optical Switches

hardware I Optical Circulators
e Manufacturers want well-defined ; B Others
metrics 4
* 5G expected to have massive

impaCt on Optical fiber backhaul P&S Intelligence (February 2019)



Growing CTL optical communications program NIST

Funding

Two pronged approach:
o External Internal
Internal: Leverage NIST competitive

programs to partner with

Internal
other NIST Labs on NIST P o
.. ) ) — Initiatives NIST

Priorities with optical Z "

. i competitive
communications focus

External: Seek out external partners

with optical comms 2
expertlse = programming
* |nvited speakers 8] Base (STRS)

e Attend conferences
e Hold NIST workshop




Internal: CTL Innovations in Measurement Science

Programmable Waveform DC to 1 THz Large-Amplitude Establishing the S&T of networks
Synthesizers with Quantum- Optoelectronic Multitone for superconducting quantum
based Accuracy Electrical-Signal Synthesizer computing
Quantum-synthesized waveforms Enabling precise tests on modern World’s first small-scale quantum
from DC to 300 GHz electronics operating > 40 GHz network for standards development

All of these programs rely on core competencies in optoelectronics and optical metrology

! HESIGIT JOT TG TmOUTIUWWIRLHL, TOWAIULETILY superconducting qubits ana
47 dB applications from tgle@mmun/cat/ons to communications
robotics
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Start: FY16 Start: FY18 Start: FY19

S$6.7M over 5 years S6.5M over 5 years S6 M over 5 years
Collaborators: NIST PML Collaborators: NIST PML Collaborators: NIST PML and ITL




Quantum Networking

: — hoton entanglement
Alice P ’
Carl(elator
“ : / o N oy :
B vibrating optical couste . N\ 8
V2 membrane homodyne N2
Primary Activities Goals
e Transduction e First link in a guantum network of superconducting qubits
e Quantum correlation « EXxpandable test-bed and technology pathfinder network

e Quantum Networks * “Plug and play” networking for disparate qubit technology



Proposed NIST Internal Quantum Activities

e Low-Loss Microwave Materials for QIS (CTL)

Electronic

trol
CONtro Line-by-line high-speed

e Using Rydberg-Atoms for Quantum Sl Traceable RF-Power signals amplitude and phase control
Measurements and Calibrations (CTL)

4 data out

Optical

e Rydberg Atom Coherent Receiver from 1 GHz to 1THz (CTL) frequency

comb

* Broadband and phase coherent photonic systems for large-scale
superconducting circuit control and readout (CTL, PML) Optical

fiber link
e Rydberg Laser (RASER) (CTL, PML)

e High-Bandwidth Cryogenic Optical Data Link for Quantum Metrology

and Qubit Control (CTL, PML) O/E conversion
Photodiode array e: O/E

qubit readout

 Measurement Science for microwave components in cryogenics
systems in support of QIS (CTL, PML)

e Quantum Network Testbed Infrastructure (CTL, ITL, PML)

To room temp

0

qubit readout

sng 1nopeal

qubit readout

e Rydberg Atoms and Molecules for Enabling Technologies and
Applications (CTL, PML)

e FY20 IMS proposal: Calibrations for the First Million-Qubit Computer Cryogenic Microwave Metrology for Qubits
(CTL, MML, PML)

These programs rely on core competencies in optoelectronics and optical metrology

' qubit control pulses



Workshop: Machine Learning For Optical Communication Systems W E=1p

Objective: ldentify and develop applications of Al and ML in WORKSHOP
the context of accelerating the use of software-
based networking in optical systems for improved
performance and scalability.

¥ August 02, 2019

¢ NIST, 325 Broadway, Boulder, CO

Paths to realizing reference training data sets for 80305
ML in optical communications systems including
needs for new or different metrology will be Register Now =
examined.
Outcomes: White paper for a plan and path to develop and RE‘“E"“’E“;“E 513? ““‘:'_I‘""‘;"”“ES
. . . conunen reakrast, IUNCN and pm
dlss_eml_nate reference data sets for ML training and preak. Al visitors to the NIST campus must be
applications

pre-registered. There is no onsite registration

Working group to further develop these ideas. for meetings held at NIST-

Program Committee: NIST, University of Arizona, Nokia
NIST Chair: Josh Gordon

https://www.nist.gov/news-events/events/2019/08/machine-learning-optical-communication-systems



DISCUSSION




Working with NIST

NIST Communication Technology Laboratory

Informal collaborations: visiting scientists, sabbaticals, joint peer-
reviewed papers,

Cooperative Research and Development Agreements (CRADAS):
formal partnership to facilitate work with U.S. companies,
academia, and other organizations on joint projects.

Use of Designated Facilities: NIST has several unique and valuable
laboratory facilities available for use by U.S. organizations for both
proprietary and non-proprietary research. Access to these
designated facilities is generally provided on a first-come, first-
served cost-reimbursable basis.

marla.dowell@nist.gov
(303) 497-7455

Manufacturing Extension Partnership: nationwide
network of resources for manufacturing and business

expertise for U.S. companies
Colorado Association for Manufacturing and
Technology: http://newcamt.camt.com/

TECHNOLOGY
301-975-2573
PARTNERSHIPS .
tpo@nist.gov
OFFICE

General inquiries about patents, licensing, and NIST
Small Business Innovation Research Program

National Institute of
Standards and Technology
U.S. Department of Commerce
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. Cryogenlc Network naIy5|s

CTL Goals

= L\ Develop traceable microwave measurement strategies to
s SUPPOTrt the RF JAWS design
1) Development of cryogenic calibration kits

2) Modelling and characterization of passive and active
superconducting circuits

S T \ 3) De-embedding of quantum RF waveform standards to
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