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Innovation focus on

Developing advanced optical technologies for fiber optic sensing and measurement systems, as well as
enabling components for a broad range of optical sensing, imaging, and metrology applications.

ENABLING
PHOTONICS
COMPONENTS

FIBER OPTIC PHOTONICS TEST
SENSING AND MEASURMENT

DAS Rayleigh, DTS-Raman, OFDR, Fiber Squeezing, Lithium Lasers, Polarization control, Delay
DTSS- Brillouin, FBG, OFDR Niobate, Magneto-optic Crystals Control, Detectors, Coils
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Product examples — Equipment and Components

Photonics Test & Control

Fiber Optic Sensing & NDT

Fiber Optic Sensing - Interrogators

ODISI HYPERION

OptaSense DAS LIOS - DTS

Fiber Optic Sensors

Sensors - Strain, Temperature, Acceleration, Displacement, etc.

Terahertz Gauging and Imaging
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T-Ray Control Units Sensors and Gauges

Test and Measurement Instruments
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— OVA 5100 Optical Backscatter Refiectometers
Component Analyzer 6415 (OBRs)

Polarization Measurement and Control

Photonics OEM: Lasers, Modules, and Components
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Lasers | Filters | Polarization | Delay Lines | Detectors | Fiber Coils
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Photonics Test & Control Markets

Test & Measurement

OEM Optical Modules

Test instrumentation and solutions to characterize Technology building blocks integrated into
and test photonic components photonic (laser-based) systems

- 4

Directed Energy Weapons Quantum Compufing/ Opical imaging For
(Laser Based) CommunicaBions Medical Applications

Automotive-LIDAR
Fiber Optic Gyros (FOGs) Systems

-

R&D/ Integrated Photonics A5 : hn Encray Spdce and Satelite- Fiber Optic Acoustic Sensors
9 Filed Fiber Maintenance i Communications (DAS) and Sonars
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Photonics Test & Control Markets
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Filed Fiber Maintenance
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Optical Connectivity Evolution
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= Number of physical
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Optical Connectivity Evolution

A
100 km
10 km
X = Number of physical
N connections grows
1km Lol et \ exponentially
Metro/L Optical = Components must be
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Reflectometry Technologies

100 km
Network-Level
- Long Haul
- Metro
10 km - Access

- Inter Data Center

1 km Short Haul Networks, Fiber

Assemblies
- Avionics/Shipboard
- Intra Data Center
- Inter Rack

Length

Range of OBR Products

100 m

- Harnesses

10m Components

- PICs, 5iPh, waveguides
- FSS, splitters, WSS, amps, etc.

109m 10" m 102 m 103 m 104 m 10°m

Spatial Resolution
(includes effect of dead zone)

>
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Deploying and Maintaining Short Fiber-Optic Networks

» Installation and Commissioning
= Proper installation
= Splice and connector quality

= Total loss budget

» Length/Latency Test and Control
= Fiber length control

= Accurate delay test

= Maintenance - Identify and Locate Issues
= Fiber breaks
= Faulty connectors

= Pinched/bent fiber

¢ Tight Length Tolerance @ Higher Density ¢ More Complexity

¢ Difficult Environments and Access ¢ Costly Downtime
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Example: Fiber Optic Assemblies in Aviation

= Short lengths (< 100 m)

= Multiple sections
= Sections/links can be < 1m

» Restricted access to network
» Expensive downtime

» Harsh environmental conditions

» Test and diagnostics

= Single access

* Fast and precise identification

= Minimize ground time
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Testing Fiber Optic Assemblies

Optical Loss Test Set

Cable Assembly to Test

» Measure total loss (IL) Reference ,f Reference
- Access both ends of network Cab'if - - - cable
» No fault location information = -
Light Source :
Optical
Power Meter
OTDR (Optical Time Domain Reflectometer) Cable Assembly to Test
- Single-ended access Launch cable "

» Locate reflections and loss /f/_ @ﬁ ]:3

along assembly m
« Able to map out km’s of fiber -
optic network '

« Limited spatial resolution

Reflection

Nictanra
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Optical Time Domain Reflectometry (OTDR)

—_—
Light pulse J_|— -

Connector Fiber

. Fiber
pair Splice band Connector and
OTDR Il i v Il D

Reflectance

MNoise Level
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Optical Time Domain Reflectometry (OTDR)

Event 1 Event 2

Event Dead Zone (EDZ)

+ Indicates minimum distance that two consecutive reflective events can be
distinguished (not necessarily measured)

+ Defined as width 1.5 dB down from reflective peak

OTDR:

Attenuation Dead Zone (ADZ)

+ Indicates minimum distance after a reflection where loss can be
Backscatter | oy accurately measured

» Determine by distance needed for trace to retumn to within 0.5
dB of backscatter level

OBR:

Optical Backscatter Reflectometer Typical minimum OTDR dead zones (best conditions):
- Standard OTDRs: ~ 1 — 2 m (or more)
- Specialty high-resolution OTDRs: ~20 - 40 cm

Event resolution << 1mm
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OBR Technology and Solutions
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What is Optical Backscatter Reflectometry (OBR)?

OBR

Reflection (dB)

Connector Fiber
pair Splice Bend end
g N, o
Moise Level
Distance

v

SN NN

<

Measures distributed reflectance as a function of
length

Ultra-high resolution ~ 10 um
No dead zones, and no launch cable
Backscatter sensitivity ~ -135 dB

Identify reflection and loss events, bends, breaks,
splices...

High-precision latency measurements with
absolute accuracy of ~ <0.0034%

Certify lengths with unprecedented accuracy for
latency verification

» Connector
Faces Bad Connector

Splice

Attenuation (dB)
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Core Technology Overview

Lightwave’s platform technology, Optical Frequency Domain Reflectometry (OFDR), is the foundation of
all products

Employs coherent, swept laser interferometry to provide the highest levels of accuracy, sensitivity and
resolution available

Significant core-IP developed around laser control, signal and data processing

Passes through

———

Variable-wavelength Rayleigh scattering in fiber
laser source

Measured light
Reflected light
OFDR —) Reference beam
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How Does OFDR Work?

» OBR is polarization-diverse implementation of OFDR that further improves the sensitivity and
resolution without sacrificing the usable measurement range.

Reflection 1
Fiber Under Test ,

Reflection 2
Ry : R2 = o
™

Atgy > ATpy S [sum

w
2
=
Coupler L
1]
=

Optical frequency domain

Wavelength FFT of Sum
Swept Laser Coupler ® Reflection 1
(WSL) ]
E Reflection 2
B
p:
o
Where: i
At path delay difference Time of flight delay domain
.®

w optical frequency B o
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Optical Backscatter Reflectometer

High resolution detection and analysis of events in fiber
optic networks and components

= Insertion Loss (IL) » Group delay
 Return Loss (RL) Phase derivative
= Distributed IL/RL » Evolution of polarization states
1 Length/delay Spectral analysis
See inside components and networks with micrometer resolution

m dB/mm
10,15707E+0  0,00000E+0 Y1

peraeraridll and extremely low noise floor.

-2,35934E+0  0,000006+0 dV
Ret Loss(dB) 76,37904
Rot J 1164

Diff Losa(dB) 077130 » 10 micron spatial resolution (in fiber), -130 dB noise floor and 80 dB
dynamic range offer extraordinary visibility inside ultra miniaturized
components.

» Dual graphs can display up to four traces. The lower graph can display in
time domain and frequency domain.

000 40000 60000 80000 10,0000 12000
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Lightwave Distributed Component Analyzer

Fat and high-resolution distributed component analyzer
that characterized loss in reflection or transmission

» Insertion Loss (IL) = Spectral analysis

s Return Loss (RL) » Transmission loss spectra
= Distributed IL/RL

n Length/delay

See inside components and networks with micrometer resolution
and extremely low noise floor.

Mmasure  « Contincus Redect: o BL Width {m) = 0280 5 I Width {m] s—

”Z'.'.!.,'I“jifff;?‘.il o m 20 micron spatial resolution (in fiber), -130 dB noise floor and 70 dB
“““““““ dynamic range offer a fast and simple to-use tool for testing passive
JI wm” \l “H H H HN“ optical components and fiber optic networks
d i | | ,
WEWMM - l MMW W'W'M W‘LW 'W m Dual graphs can display up to four traces. The lower graph displays the
e A B 32 0 152 frequency domain.
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Complete Solution for Characterizing Optical Components,
Including Waveguide Structures

Refection
Measurements

-+

Transmission
Measurements

Spectral Analysis

* RL spectrum — overall
» RL spectrum - at specific location

c
0
1]
2
D
o
: >
Wavelength (7.)
* Transmission spectrum
* IL measurement
c
e
w
R
£
1]
c
g
= »

Wavelength ()

Time Domain Analysis

* RL and IL versus length
» Event detection and location
« Event length measurement

Reflection

Length (m)

* Total IL measurement
» Total path length measurement

F'S

Path 1
Path 2 I : I

Length (m)

Transmission
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Portable Optical Backscatter Reflectometer

Arnplity de (dB)

Group Index 1.4808 Timestamp 2020-03-24 12:05:41.000

Cursor Type  None

Events

Location (m) Type  RL{dE] L {dB)
832 4.4

1 2141630 AL

I 430389 AL -£993

i

3 ERADEDS  RL 1690 0.0

£ 1] L -ba e

EX -]

e
Langth {m}

Sho Evemn Markers ir

n Plog

High resolution detection and analysis of events in fiber
optic networks and components

» Insertion Loss (IL)
» Return Loss (RL)
|
a

Distributed IL/RL
Length/delay

See inside components and networks with micrometer resolution
and extremely low noise floor.

m Down to 80 micron spatial resolution (in fiber), -129 dB noise floor, and

70 dB dynamic range offer an easy tool for troubleshooting and
diagnosing fiber optic assemblies with extremely high precision

= Quickly measure distributed RL, IL, and latency with high precision

m Easy-to-use touchscreen GUI
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Comparison between OFDR-Based Reflectometer

OBR Luna OBR
6200 Series 6400 Series 4600 Series
Wavelength band C C C/LLO
Delay domain (RL vs length) v v v
Spectral analysis - v v
Scatter level sensitivity v v v
Reflection 6225: 100 m 6415: 20m, 50m, 100m
6225 with extended Length: 200 m 6415 with extended Length: 200 m
Max Measurement length Modes 6235 200 m 6435 200 m 30m/70 m/2 km
6235 with extended Length: 500 m 6435 with extended Length: 500 m
Loss analysis - v
T o 6415: 40m, 100 m, 200m
ransmission i .
Measurement length Modes - gjégm‘;rlgbenx;tended Length: 400 m
6435 with extended Length: 1000 m
High-Speed i 12',Hz
Polarization measurements - Track polarization
states
Group delay,
Phase measurements - phase Retak
Distributed sensing option - L
80um @ 20m, 0.1mm @ 50m 10um @ 30m
. . . 0.2mm @ 100m, 0.4mm @ 200m L e 20um @ 70m
Sampling Resolution (Reflection Mode) 1mm @ 500m 80um (@ 500m 1mm @ 2km
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Testing Results
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Measurement Example: Short SMF Jumper Cable

Pinch in fiber

Bad
connector

®
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Measurement Example: Short Jumper Cable

Amplitude (dB)

Measure
Status Ready

Tl

a0 -

-an -

100 -

-0

-120

-130

Port A D Port B

:
|
FC/APC Connector i
|
|
:

I—

+——— (OBR adapter cable —

Cursor Type None

FC/APC Connector

Tight bend

N

———
|
|
|
|
I

™\

)
b

Group Index 1.4308 Filter width 5.12 mm Timestamp 2020-05-27 16:03:03.735

Events

Location Type RL (dB)

IL (dB)

0.000567 RL

-91.36

-0.21

1.128716 RL

-76.81

-0.38

1.616304 RL

-67.85

-6.66

1.800778 RL

-69.71

-0.57

Al |w|m| =

1.813817 RL

-87.04

-0.80

1
Length {m)

Show Event Markers in Plot
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Measuring RL and IL

RL at a location is integration
of reflectance over that area

-\——.*_M‘——

IL (loss) measured by
decrease in backscatter
levels

6225-2

Measure PortA B PortB

Status Ready

Amplitude (dB)

5

-
=3
=

-0 -

0 |-

H\.

Rayleigh backscatter J
f

A e St

.

"1"1 |

Group Index 1.4808 Filter width 2.56 mm Timestamp 2020-05-27 17:46:11.547

Cursor Type Mone

Reflection event
-  Bend

- Break/crack
- Connector/gap
- Bad splice

Rayleigh backscatter

y L rwll-
LAY et l

~
A

1 L L
18 155 18

1.&15
Length (m)

1
135
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Measurement Example: Short Jumper Cable

Amplitude (dB)

-100 -

-120

-130 -

Measure
Status Ready

IO

B0 -

-a0 -

PortA I PortB

Cursor Type None

e
W

FC/APC Connector

Tight bend

N

FC/APC Connector

Hoamr-rssmppbipon

+——— (OBR adapter cable ——

Group Index 1.4808 Filter width 5.12 mm Timestamp 2020-05-27 16:03:03.735

Events

Location Type RL (dB)

IL (dB)

0.000567 RL

-91.36

-0.21

1.128716 RL

-76.81

-0.38

1.616304 RL

-67.85

-G.68

1.800779 RL

-69.71

-0.57

Al |w M| =

1.813817 RL

-87.04

-0.80

0s

1
Length {m)

Show Event Markers in Plot
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Distinguishing Reflections

Measure
Status Ready

PortA I PortB

Group Index 1.4808 Filter width 1.28 mm Timestamp 2020-05-27 16:03:03.735

Cursor Type None < Events
Location Type RL (dB) IL (dB)
S I- 1 0000567 RL -91.36 -0.21
1S~ f 2 1128716 RL -76.81 -0.38
S t
- ___-lr-.J T ~ |\ 3 1616304 RL -67.85 -6.68
H; T - Hx“a.xh 4 1800779 RL -69.71 -0.57
T~ \ ™~ J_x 5 1813817 RL -87.04 -0.80
- " .Hx"""-\._
M"a. \L ""“H_x Cap Show Event Markers in Plot
—_ T - T I
@ st "~
“'E" 00k ‘HH.H , | . |\
= e, |
~ \
< Crackatend ™ , |
gl \ Open |\
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- \\.'\_\ fac Il\'I
fi 4 i
an L S Ay Vo,
120 ,,f’l I|I o Wk | '|II / U’ \_ N
m ™\ o oo o .
as U
LII'E 1.‘79 J.tﬂ :I..Iﬂ.'l. '_.Iﬂf.'
Length {m})
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Measure PortA 1 Porl B Group Index 1.4808 Timestamp 2020-05-28 16:31:14.443
Status Ready
Cursor Type Vertical &
Solid 1.809850 m RL }98.86 dB
o Dashes 1.813655 m RL +83.69 dB
Diff 0.003805mIL | 7.59 dB
I
ol }
Ferrule ("1 |
failure | \ i
ol J | |
F I
) [ I
@ [
E =0 |- / '|,|
= /’ .
g y \
wl /7 AN
wee . Open |
o e face \ ﬂ
I H\,—-\ |/I
1o W, v"\'w
Lo
v, T "1'-\/\, A IIII| \
Pty o
\A‘f i le'lﬁ,\s‘sh,.w/ﬁ'\__ﬂ’ ""k 7 /Jr"“"'
Led - Y PI "| |'h‘ﬂ"'. a"\.rﬂ““'
L I L L i | lllllllluil Lll’b\l ||I| g L H L
18 18025 1805 1=07s 1LEL 1.8135 1.E1S
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Demonstration of Portable OBR

MMF CABLE 1 MMF CABLE 2

- @ - — -

Multi-mode conditioner

®
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Using OBR to Measure Latency and Skew

1 A A

Measure fiber skew/latency with ultra-high accuracy and precision

Latency Measurement Accuracy

» Financial trading latency certification OBR 6225

. : Measurement Accuracy
» Manufacturing quality control
. Length Latency
u Delay lines 20 m <1 mm < 0.005 ns
» Phased array radar 50 m <2 mm <0.010 ns
100 m <4dmm < 0.020 ns Pl
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Measurement Example: Cable Skew/Latency Measurement

1x4 10 m Multi-Fiber Cable
Splitter /

W

4 leads staggered by
~0.2 m each

®
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screenshots

Amplitude (dB)

Measure
Status

-100

110 |-

-120

Ready

1x4
splitter

N

Port A @l

Port B

Group Index 1.4808 Filter width 10.24 mm Timestamp 2020-05-27 15:54:00.751

!

Cursor Type None

~
v

Events
Location Type RL (dB) IL (dB)

1 1.129202 RL -82.36 0.33
2 2.180095 RL -47.68 -0.70
3 3.219408 RL -91.03 -0.10
4 3422428 RL -77.41 -0.13
5 3.609171 RL -78.17 0.91
6 3816726 RL -91.35 0.16
7 13.463208 RL -78.24 -0.38

8

13.671815 RL -77.15 -D.32

9

13.844953 RL -81.21 -0.26

10

14.062388 RL -78.26 -0.22

!
25

75

Length (m)

125

15

Show Event Markers in Plot
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Screenshots

Amplitude (dB)

Measure
Status Ready

-100

-120

Port A @l

Port B Group Index 1.4808 Filter width 10.24 mm Timestamp 2020-05-27 15:54:00.751
Cursor Type Vertical <o Events
Solid 13.463208 m RL -78.24 dB

Dashes 3.21940

Diff

-10.24380

B8 mRL -91.03 dB
OmIL -6.40dB

L
25

5 75

Length (m)

125

15

Location Type RL (dB) IL (dB)

1 1.129202 RL -82.36 0.33
2 2180095 RL -47.68 -0.70
3 3.219408 RL -91.03 -0.10
4 3422428 RL -77.41 -0.13
5 3.609171 RL -78.17 0.1
6 3816726 RL -91.35 0.16
7 13.463208 RL -78.24 -0.38
8 13671815 RL -77.15 -0.32
9 13.844953 RL -81.21 -0.26
10 14.062388 RL -78.26 -0.22

Show Event Markers in Plot

Fiber Lengths (m):
Fiber 1 10.2438
Fiber 2 10.2494
Fiber 3 10.2358
Fiber 4 10.2457
TN
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Summary / Q&A

» OBR: OTDR-like measurements
= Ultra-high spatial resolution (<< 1 mm)
= Ultra-high sensitivity

Website: www.lunainc.com

Email: solutions@I/unainc.com

Sales Support: 1.866.586.2682

Wajih’s email: daabw(@I/unainc.com
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