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Reflectometry technologies
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What is optical backscatter reflectometry (OBR)?

Plar Lightce « Measures distributed reflectance as a function
I I e i of length
Connector
OBR * OFDR technique enables very high spatial
Instrument .
resolution

— Down to 10 um resolution over 30 m

nput OBR Trace — 1 mm resolution over 2 km

Connector Coupling

Oupu * Does not suffer from “"dead zones” typical to
o OTDRs

« Combines high-resolution and backscatter-
level sensitivity

Internal Path
Crossings

VAN

Attenuation (dB)

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

“See inside” integrated components and networks » Certify lengths with unprecedented accuracy
for latency verification



Target Markets

Photonics Integrated Optical Fiber Short Field Fiber
Circuits (PICs) Connectivity Network

OVA 5100, OBR 4600, LWA 7600 OBR 4600, LWA 7600 OBR 6200
Component Tester Cable Tester Field Cable Tester
LWA 7600 platform with dedicated LWA 7600 platform with dedicated OBR 6200 platform with dedicated
functions and measurement capabilities for functions and measurement capabilities for functions and measurement capabilities for
testing PICs in R&D and potentially in testing short fiber networks up to 2km troubleshooting short fiber networks up to
manufacturing environments (IL,RL, Distance) in R&D and manufacturing 500m (IL,RL, Distance) in the field

environments

Luna Innovations Incorporated © 2025 Used 2023 Revenue 7




OFDR-based analyzers and reflectometers

Luna’s test instrumentation focuses on delivering the highest level of sensitivity, resolution, and
polarization capability on the market

LLINA

OBR 6200 OBR 4600 LWA 7600 OVA 5100
® Ultra-high spatial ® Micron-level resolution * Component analyzer * Complete
resolution in portable to see inside with both reflection characterization of
and rugged package components and (OBR) and transmission optical components.
networks measurements
* ldeal for field ® All-parameter analysis in
maintenance and data ® Polarization and phase ® Fast and robust system a single scan
center applications measurements optimized for
production test * OFDR time domain
® Full-functionality for analysis is optional
lab and manufacturing
applications

Luna Innovations Incorporated ©



Measuring distributed loss INSIDE a silicon photonic
integrated chip

UCSB A one meter spiral delay line fabricated e
‘}‘_5, on a silicon platform
"Blwmenthal and Bowers Optoelectronics Research Groups® Z i Scattering from horizontal
One meter +65.0000- waveguide crossing rings
long spiral b
] of spiral

~80.0000- | Scattering from rings of spiral
| crossing horizontal waveguide

Horizontal

e — Wave.guide

crossing spiral

-90,0000- |

-95.0000- O oy End facet of
-100.000- ; (Ut f .

v o waveguide
-110.000-

-115.000 ~

anm-  Distributed loss across

] one meter spiral delay

-130.000 -;
SMXI)

Ac.tual size of ] | E:m-ﬂlll--- -
. spiral delay line
R on PIC - 1 cm? > :

Amplitude (dB/mm)

549154600 69.86B07E10
-2.599536-3 10.75823E+0

The Results

+ At the entry waveguide crossings reflective events spaced just 50 H
microns apart are clearly visible g

» The OBR 4600 allows you to see inside the device with a high level of é
detail <. 50 individual reflections from

« Higher visibility means less prototype iterations and faster time to 8 | horizontal waveguide crossing rings of
market - - spiral

r +d 14 —
* You can’t fix what you can’t see!
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5. Look both ways T

OTDR BiDi Messung » Ecsamatic

Marcel Guertner
matic Messtechnik AG

. Technical Sales Engineer / Product Manager




Bild aus meinen Skiferien in Italien. Bei welcher Farbe beim Stiefel sind wir?
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Schnappschuss vom Matterhorn
aus dem Dorf Zermatt CH
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Credo:
Immer beide Seiten anschauen, bzw. messen

«Look both ways»
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Grundlage

False Positive, False Negative...

«True» splice loss is the average: ( Eventissas g + Eventissgsa ) /2 @1550 nm :

False positive?

55 ! 1.05

‘ Sphce (possidle
NbEVES:9  ORL Liaison : 4165 ¢8  A: 1550nm v B C APC connector) [
Evt Distance km Affaib. dB Réflect, dB Pente dB/km Section km  Bilan dB
0.209 1.615

v .
2 0.4 4

5 km
Splice (possibie
Nb Evts : 9 ORL Liaison ; 40,86 dB A: 1550nm v * c APC connector)
Distance km Affaib. dB Réflect. d8 Pente dB/km Section km  Bilan dB
0.205 -0.157
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BiDirektional messen mit zwei Viavi OTDRs — TrueBiDir Lizenz

Fiber

Launch Cord ﬂ] @ ﬂ] Receive Cord
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True BiDir bei allen VIAVI OTDR Plattformen ausser SmartOTDR
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BiDi- Berechnung mit gleichen Fasertypen zB. G.652d G.652d

Dampfung IL:
A B 0.3 dB

3 Dampfung IL:
2 0.2 dB
Dampfung IL: Dampfung IL: ]
0.3dB 0.2 dB [ ]
[ ]

] pampfung 0

0.25dB
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BiDi- Berechnung mit ungleichen Fasertypen zB. G.652d G.657A1

Dampfung IL:
0.3dB

Dampfung |L:
-0.2 dB
~_
Dampfung IL: Dampfung IL: ]
0.3dB -0.2 dB [ ]
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BiDi- Berechnung fertig ausgewertet pro Event

Process Cable IL/JORL SmartlLink
PARIS. ' ' ' l l ' ' " NEW YORK
1290.09 meter
3 4 5 6

Setup
o[+ 4] ™ -] n
365.52
meter
Laser (nm) Distance (m) Avg Loss (dB) Max Refl. (dB) ast
_ E Report

V4 Splice 1550 nm  365.52  0.056 -
Message

RGNS B FCOMP-PRO
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UniDi-Berechnung klassisch

LOCA-> LOCB
Fib#1

il 2711 411 S11 6/11 mi 8Nl 911

L I = S == A = NI - I < I

-24.89 -0.00 126.36 635.63 843.68 1051.72 1256.58 1361.24 1415.49 2413.60

1131

2438.49
Event Distance Wavelength Slope

meter nm dB/Km

1 -24.89 1550 a0
2 -0.00 1550 0] -0.010
3 126.36 1550 3 0.053 -71.13 0.200
4 635.63 1550 - 0.991 0.207
5 843.68 1550 - 0.259 0.217
6 1051.72 1550 - -0.272 0.232
7 1256.58 1550 - 0.329 1.272
8 1361.24 1550 L0 0.209 -52.74 0.288
9 1415.49 1550 & 0.351 -58.10 0.385
10 2413.60 1550 ian, -0.015 0.188
11 2438.49 1550 o 0.185 -74.79 0.350
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BiDi-Berechnung Avg (avarage = Durchschnitt)

LOC A -> LOCB
Fib # 2
yii 211 ni 4711 5711 /11 8711 911 1011
L R - - B -5 - B - B
-24.89 -0.00 127.00 635.63 844.32 1051.72 1257.22 1361.24 1415.49 2414.24
11231
=
2439.13
Event Distance Wavelength Slope
meter nm dB/Km
1 -24.89 1550 o0
2 -0.00 1550 0 0.000 0.182
3 127.00 1550 (50 0.144 -67.92 0.222
4 635.63 1550 - 0.987 0.187
5 844.32 1550 = 0.263 0.199
6 1051.72 1550 - 0.034 0.197
7 1257.22 1550 - 0.034 0.257
8 1361.24 1550 (G0 0.269 -52.44 0.359
G 1415.49 1550 Loo 0.242 -55.21 0.732
10 2414.24 1550 i, -0.007 0.195
11 2439.13 1550 1133 0.209 -74.73
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Grosster Vorteil: Zeitersparnis

Unidirektional im Team:
« Messung A 2> B
« Messung B 2> A
« Auswertung nachtraglich (aufwendig)

Bidirektional im Team:
« Einmal vorbereiten

« Erfahrungswerte: Modul 12x E2000
= 15min inkl. Steckerreinigung
alles erledigt
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In diesem Sinne:
always look both ways

Marcel Guertner
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Speed of
Light

High Speed Testing
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fiberoptics #1 in Test & Measurement, worldwide.




High Speed Testing

Schneller, besser, weiter...
. Aber warum?

. Wer braucht mehr Speed?

Heidi Ulrich: Speedsurferin, Weltmeisterin und Weltrekordhalterin

7N i
‘\ mesomatic 26

fiberoptics



Applikationen wie:

« Klnstliche Intelligenz
« Datacenter & Cloud

« Supercomputer
 Quantencomputer

Enorme Datenmengen verarbeiten
in kurzer Zeit mit wenig Latenz und
moglichst kleiner Dampfung
Ubertragen.

@\ mesomatic

-
Generiert mit CT Al, Timon Kach
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High Speed Testing

Wichtige Faktoren:

« Bandbreite
Durchsatz

- Latenz
Verzogerung

« Dampfung
Verlust und Energie

ﬁ mesomatic
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Bandbreite

Durchsatz SFaY

Emitec Group BB &
#1 in Test & Measurement, worldwide.




Bandbreitenbedarf ist da

NVIDA Al Factory Plattform
72 GPU mit je 800Gbps

Top 5 Cloud Provider
Wachstum um 20% im 2024 und es geht so weiter

Cloud Provider mw

AWS (Amazone) > 100 Mrd. USD a.33%
Microsoft Azure  ca. 90 Mrd. USD ca.22 %
Google Cloud ca. 40-50 Mrd. USD ca. 9%
Alibaba Cloud ca. 10-12 Mrd. USD ca.4 %
Huawei Cloud ca. 5-6 Mrd. USD ca.2%

@\ mesomatic
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High Speed Testing

High Speed Datenkommunikation

- 400G, 800G, 1.6T...

« Aktuell gilt der Speed Rekord:
Japan (NICT) 2025:
1.02 Petabit/s
1’808 km

« 19 Multi-Core Fiber
« EDFA

- WDM

« Modulation

« FEC

ﬁ mesomatic
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Modulation

. NRZ
. PAM 4

doppelte Datenrate

« Koharente
Transceiver

e Braucht FEC

[/

@\ mesomatic

1 Bit = 1 isolatad Pulse = 1ns|

NRZ
3 SN L |
100 Gbps 10ps
NRZ ul
™

R
56 Gbps 3bi7p
PAM4
(28 Gbaud

20 e1 11 10 o1 11 ee 10

Coming soon:

119 -

SRS

lotelel1i1lel1ts

‘o ele1i1'ei11

NRZ (OOK) Eye Diagram

PAM4 Eye Diagram
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FEC

Results

Alarms/Errors Skew

o Forward Error COrrection : ST:2025-3-27 15:20:49 ET:00:00:09

Alarms Seconds Alarms

. . HISER 0 Degraded SER
« Bei PAM 4 gibt es e —
=== | K} Port1
H . & 400GE
immer Fehler. - :
TR | FEC Correctable Symbol Breakdown Count Stop
e D e F ra ge Ist: FEC Corr. Sym 1 Count 3430144 . —
> Signal FEC Corr. Sym 2 Count 887 :
11 FEC Corr. Sym 3 Count
Korrlglerbar’ Erame FEC Corr. Sym 4 Count = =
. > /—\ —
? FEC Corr. Sym 5§ Count #/Alm 7 Err
Oder nICht . FEC Corr. Sym 6 Count e

Pattern mr——————

FEC Corr. Sym 7 Count LASER On/Off
FEC Corr. Sym 8 Count
FEC Corr. Sym 9 Count
FEC Corr. Sym 10 Count
FEC Corr. Sym 11 Count
FEC Corr. Sym 12 Count

FEC Corr. Sym 13 Count

FEC Corr. Sym 14 Count
QSFP-DD FEC Corr. Sym 15 Count
RS-FEC : ON

(UP) 192.168.100.162 ¢ te/CLI 2025-03-27 15:27:01

ALM/ERR
History

M‘_
12C Access

§ etup Injection

OO0 000 0o |0 oo oo o

ﬁ mesomatic
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Latenz

Verzogerung

fibero ptics

ﬁ mesom(]tic Emitec Group M@ &

#1 in Test & Measurement, worldwide.




Latenz

« Naher ran (Edge DC)

e Schnelleres Medium
Hollow Core Fiber

ﬁ mesomatic
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(ARF) (NANF)

(HC-PBGF) Anti-Resonant Fibers
H Brage Fibers Photonic Bandgap Fibers Nested Anti-resonant
HOI IOW Co re Flber 88 “Photonic Crystal” Nodeless Fiber

 Luft/Gas statt Glas im Kern
Kleinere Latenz (Lichtgeschwindigkeit)

« Weniger Dampfung
Langere Strecken moglich
(0.11dB/km 0.02dB/km moglich)

 Breites Spektrum bis 2100nm
« Vernachlassigbare Nichtlinearitat .
- Kbnnen hohe Leistungen tbertragen

« Braucht spezielle Spleissgerate
zum Gluck )

@\ mesomatic
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Dampfung |

Verlust und Energieverbrauch

Emitec Group B8 =
#1 in Test & Measurement, worldwide.




Ultra Low Loss Connector
« Quantum Optik fordern weniger
Dampfung bei Glasfaserstecker.

e Prazisere und robustere Stecker sind
gefragt.

ﬁ m{gg.omatic
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Random mating insertion loss (dB)

Figure 2: Random mating insertion loss measurements at 1550 nm on a batch of 40 E-2000°

Ultra-Low Loss connectors.

38



PIC

« Photonic Integrated Circuit
e Leiterbahnen fir das Licht auf einem
Chip

* Bis zu 90% weniger Energieverbrauch

ﬁ mesomatic
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« Quantenphysik einfach erklart, damit es jeder versteht.

ETUP: P
SETU hamme\( P : b

rodioadive
aomn

defectol

caf

@\ mesomatic
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Vielen Dank

Emitec Group B W
#1 in Test & Measurement, worldwide.
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