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Metal coated Silica and CIR- & PIR-fibres .. Bfmtomcs
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Alu- or Copper
coating for Silica
fibers enables to
use them up to
350-800°C

Metal coating

Silica Clad

Silica Core

Polycrystalline IR-fibres
for Mid IR-range: 3-18um
(PIR-fibers) are extruded
from Silver Halide solid
solution crystals

Chalcogenide IR-fibers
(CIR-fibers) from As-S
glasses are the best for
1-6pum range

broad spectra fiber solutions



High Power Silica Fiber Cables art ;ﬁotomcs

Specification

SMA P-SMA P+SMA HP-SMA HP-D80
5 30 150 300 900
SMA 905 SMA 905 free  SMA 905 free  SMA, free fiber D80 free fiber
fiber end fiber end end, epoxy free, end, epoxy free,

long coupling nut metal radiator

ARCAP ARCAP ARCAP; ARCAP; Copper-Alloy

Copper-Alloy Copper-Alloy

<6 <6 <6 <10 <10

Pure fused silica: High OH™ (A= 0.25 — 1.2 pm); Low OH™ (A=0.4 — 2.3 ym)

200, 400, 600, 800 *(opt.: other diameter and core shape)

Fluorine doped fused silica

0.22 + 0.02 (Full Acceptance Angle 25°), *(opt.: NA=0.12)
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5kW Diode Laser with Ring Fiber Bundle
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Fiber Optics Drive Innovation |68 '\

in the Operating Room
Source: SCHOTT North America, Inc. - Lighting and Imaging
By Nilesh Samant, Sales Manager, SCHOTT North America Inc.

Article | November 12, 2018

Private Placement Volume
Photonics & Vertical Markets Served
YTD July 9, 2018

Defense
Security & Sensing

14%

Biophotonics

Advanced >
Manufacturing 30%

10%

=private-placements-2018.

Information
Technology

23%

y of Linda Smith, http://cerescom.net/

index.php?page
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With their unique ability to transmit light and images while remaining flexible, optical fibers
have been an enabling technology in the operating room for decades. They are the key
technology in endoscopes, which revolutionized medicine by providing surgeons a view into
the body that allows them to operate through natural openings or tiny slits in the body, greatly
reducing recovery time. Endoscopes also provide critical visual access to internal organs and
tissues, allowing doctors to look for cancer and damaged tissue.




FDA-approved atherocatheters for PAD . Sfmtomcs

EXIMO B-Laser Hybrid Catheter™ - Smart Duo Work

Hybrid Medical Technologes

EXIMO's novel combination of a transformational laser technology and a
mechanical blade on a single catheter is poised to disrupt the PAD market

® Annual hospital costs associated with PAD
amputations $5.5B

' Mechanical ¢ Approximately 185,000 amputations occur
g et ) ‘ - yearly, 122,000 (66%) caused by PAD
Hcnosib30BaHHEe JKCMMEPHOTO Jiazepa /JIsl  yIaJeHHsl aTepoCKJepoTHYecKoil Oasimku [
B.I'Aptiomenko, B.C.Bykpeen, C.K.Bapraneros // I'pynnas Xupyprus, 1986, Ne 5, ¢.16-20
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Patient#2 (20 cm CTO)  Patient#3 (6 cm calcified CTO)
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After 335 nm laser
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Polycrystalline IR-fibers only transmit up to 16pum an Sfmtomcs

= Sweet dream to suppress optical losses in Estimation of optical loss minimum
PIR-fibers below the level reached for Silica — oo L™ o0 .
fibers has failed - as the several additional r ' ' ! 1°
mechanisms of optical losses contribute oo~ *©° 4
much and limit attenuation at 0.1-0,5 dB/m. é 4 -’

= Advantages of Silver Halide PIR-fibers vs NE di07¢
KRS-5 fibers have proved that they are the w2 i
best in IR-fiber optics to use up to 16um 7 J10-8

Transmission Regions of IR Materials 107t . 1 11:4 = ] Ape)

- Figure 1. The supposed minimum of intrinsic
- optical losses of: 1- AaCl,

Silica Glasses 2- KRS-13, 3- AaBr, 4- KRS-5.
g Sapphire The crystals with the low intrinsic optical loss level allowing
f plastic deformation, thallium and silver halides for example
. (Figure 1), are of particular interest for PC fibers fabrication.

The region of the intrinsic optical loss minimum of these
crystals is limited by the Mandelstam-Brillouin scattering

&ﬂ' Halide Crystals l y°up from the short-wave side and by the multiphonon
- absorption g,,,,, from the long-wave side. Absorption by free

flcogenide

0.1 1 10 carriers f3,, can also play an essential role.
Wavelength [pm]
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PIR- & CIR-fibers for 1-18um art photonics
100
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Polycrystalline IR-fibers (PIR-fibers) extruded
from AgCIl:AgBr crystals with sub-micron

structure are the best for 3-17um. They are
non-toxic, non-hygroscopic, and very flexible

T T I T | == 3 ’._:‘.":'.'.' -
8 12 16 1
Wavelength, pm
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PIR-Fiber Cables for CO- & CO2-Lasers .. sﬁotonics

High Power PIR-fiber Cables can deliver power of
CO-lasers at 5.2-6.2um & CO,-lasers at 9-11um.
Special design of HP-connectors includes the
special SMART-treatment of fiber ends - to
suppress Fresnel reflection for >2 times

“New CO Laser Technology

offers processing benefits”
by Andrew Held, Coherent Inc.
Photonics Spectra, p.34, September 2015

« The most flexible cables for CO- & » SMART-technology to suppress
CO,-laser power delivery Fresnel reflection losses

« Stable transmission under small
bending radius

_ T i ®
‘\__. FlexiRay

SMART - Special Micro Anti-Reflection Treatment

CO2-laser
from

MedArt U



Attenuation Spectra of PIR-fibers vs )
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Hollow Waveguides (from Uni. Rutgers & Polymicro)
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Transmission of HWG vs PIR-fibers under Bending  ar photonics

New HWG from Rutgers Uni are the best for CO-lasers at 5,2-6,2um range
(Tests made with FTIR spectrometer Bruker Matrix-MF, MCT detector) 0is
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Mid IR‘Fiber Pyrometl’y iﬁ 3-16|.lm Range art photonics
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PIR-fiber Endoscopic IR-imaging art photonics

‘SBostonﬁ Thermographic Imaging System to use

cientinnc  during RF-ablation for arrythmia patients
Monitor: Continuous, high-resolution thermal image

Probe: Esophageal infrared thermal mapping catheter

Esophagus




PIR-fiber Endoscopic Pyrometry SBOStq[n ﬁ
CIENTUIIIC

PIR-Fiber IR-imaging Endoscope
FDA clearance from February 2018

Left Atrium
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ATR-fiber probes for FTIR-spectrometers .. photonics

Transmission spectra of ATR probes. Probe length1.5m

wavelength, um 2‘,5 3 4 5 6 10 12
| | | | | |
L —D-ATR
ZnSe
—Si
—Zr0
10 1 ||

Transmission, %
[5,]

4600 3600

2600 1600 600

wavenumbers, cm ~

ATR-Probes of
different design

exiSpec®
coupling of fiber probe to any
mermsarpled\arber

i
% SMA-terminated fiber probe

\
A&ushblenimrommusefber




Absorbance

e M normal

‘malignant

sto:ﬁach _

tissue

MIR-fiber

1350

FTIR

spectrometer

1300 12950 3

Frequency, cm

flat
mirror

1200

endoscope
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detector

focusing

mirrors
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Cancer Diagnostics with ATR-fiber Coupled FTIR .. Bfmtomcs

Our spectroscopy detection of the stomach cancer by
FTIR-fiber spectroscopy ex-vivo were have been started
in 1992-1993 (see spectra at the right) - with the 15t data
published in 1994-1995 (Proc. SPIE v.2328, 76-81,
v.2631, etc.). Our tests in Berlin on 2015-2016 made for
kidney RC-carcinoma have confirmed glucose role as
this tumor biomarker together with the lipid/ water ratio

00aH il Lt

T
2t — e T
-~ BN
e — — ©5% Confidence Level

PC2(11.86%)

PC 1 (72.57%) . 10

Spectra of normal & tumor kidney

i i i | | tissue with PCA spectra analysis

3500 3000 2500 2000 1300 1000
Wavenumbers (cm-1)
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Label Free 4 Fiber Spectroscopy Methods ar photonics

aman (FT)IR Fluoreszenz

FTIR (MIR)

DRS NIR Fluoreszenz @ 473nm

Comparison of all 4 key spectroscopy methods

done for the same tissue spots enables to |

select the best one (or the best combination) for ‘

Y the most sensitive, specific and accurate '

detection of tumor margins. It'll define design of

'~ organ specific spectral fiber sensor — to make it |
| portable, fast, cheap and easy to use. |
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Multi-Spectral Fiber System for Research . photonics

Fiber [ Modular Diagnostic Device |
Optic ,
Molecular Raman (FT)IR -
| A USB / LAN
Sensor 8 N
+ - - X Diagnostic fibers with
Fluorescence NIR coated end faces

Data analysis

Differentiation
O benign tissue
O malignant tissue

f
e~
\ 3

Q JLe

IR signal

Raman signal 1 ‘ !

' Feedback '

Y

Laser for
therapy

eg.A=15um C

@) by art photonics

fluorescence signal l NIR signal

special fiber aplication fiber
bundle designed

—

Tissue

Raman Probes, OD=3mm & 1,5mm




HW-Raman Guided Oral Cancer Surgery _, ;fﬁotomcs

y

>

Eurostars-project: Ra-Sure (ESTAR18101)

300.000 new oral cancer patients/year ’ X ’ A

Surgery to remove tumour successful in only 15% of cases

Technology needed to support surgeon R \ &
8\ i N

\
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Erasmus MC >,
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1

art photonics

Raman shift. em

Product: Margin' ..« = - device & disposables

SurGuide | |
Worldwide market (oral cancer): 1500 hospitals * 100 procedures/yr

Introduction: 2021 (Europe)
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Do you need unigue fiber solution? art photonics
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