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Why investigate the mid ir spectral region
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MINERVA motivation: improve early cancer diagnosis

o Early cancer diagnosis reduces mortality
« Single most important factor
 Identification whilst cancer is surgically curative

« Early identification is very difficult
» Cancerous cells are very similar to healthy cells e
« Diagnosis becomes easier as the cancer develops mucosa tsaue seoh

(7 um thick) on calcium
fluoride substrates

* Mid-IR spectroscopy offers new tool
« MINERVA considers wavelengths ~1.5-12 um.

- Broadband supercontinuum (SC) sources
- Many organic molecule absorption peaks

e Could offer clinicians additional information

- Skin cancer detection (rigid skin probe)

- Hi ' - i IR spectral i
High throughput microscope-based pathology screening. (Asra?;er?p';i

Images courtesy of University of Exeter
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Aim to speed up mid-ir spectroscopy for real
time data collection

Biopsy
Don't eat for a day

s e Ragions of the large intsstine Probes inserted to take samples

Samples sent to lab

Measurement take several hours

Lets cut out the biopsy

In situ spectroscopy

external anal sphins

Data collected in a few seconds

internal anal sphincter

Results within a few minutes

improved medical dagnostics
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Project information

« MINERVA is funded under the European Commission’'s S  eventh
Framework Programme

 Programme acronym FP7-ICT
e http://cordis.europa.eu/fp7/ict/home_en.html

 Funding scheme : Large-scale integrating project - CP-IP
e Activity : ICT-8-3.5 - Core and disruptive photonic technologies
* Project Reference 317803

 Project cost 10.6 M€
* Project funding 7.3 M€

o Start date 01-Nov-2012
 End date 31-July 2017
e Duration 57 months.

? www.minerva-project.eu Project Intro MI N E R v A
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System overview
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Challenges to be over come

Water absorption everywhere

Everything radiates Materials are difficult to work with

Sources have low brightness or are huge

Cameras are expensive and low resolution

Mid ir Optical fibre is difficult to make and handle

MINERVA
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Minerva development

Low noise Increasing thermal noise Room temperature blackbody noise
20000 cm™? 5000 cmt 833 cm'?
0.5 pm 2 pm Minerva SW Minerva LW
12 pm

0.4-2um
Vis near ir 2-4 pm system
Well established
Silica optics
Telecom parts
Low noise

TeO2 AOTF
InSb camera

Zeblan fibre continuum
1.5 um pump laser

5-12pm system

Chalcogenide fibre
continuum

2.9 or 4.5 pm pump laser
Calomel AOTF
T2SL camera

New material development

The further into the ir the more challenging it gets
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Minerva Components for faster results

Super continuum source

Fibre laser
s
Fast acousto-optic Filter
Customised chalcogenide fibre

Y Y |

I I

I I

IR Camera g = !

L e S e e e e e e - J

Fibre delivery
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What can you do with a combined super-continuum,
AOTF mid ir source and camera

Mid-IR tunable source

Spectral power 0.5 mW/nm

Single mode fibre output

Spatially and spectrally coherent

Operating wavelength 1.9-4.5 um

100 images collected in 1 second

Selection of 100 wavelengths * Images of colon sample

enable cancer detection with > * Random access wavelength
90% specificlty selection

» Operating wavelength 1.9-4.5 um
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Multivariate analysis and correlation mapping

e Multivariate analysis of mid-IR spectra

 Computer-based mathematical technique
* Automated process

e Correlation mapping
» Atype of multivariate analysis

 Identifies the location of different biochemicals in a sample
* Enables visualisation of diseased regions or cells

‘ ‘ ‘ ‘ ‘ M ce,
Mid-IR spectroscopy 1o} I [l collagen |
| > 20 ] B collagen 11l
. ) o {1 [ona
Correlation mapping . Images courtesy of
40 ‘ ‘ ‘ ‘ ] E oleic acid Gloucestershire Hospitals NHS

20 40 60 80 100 ] Albumin Foundation Trust

 MINERVA combines novel mid-IR spectroscopy and
correlation mapping

* Could lead to a breakthrough diagnostic technology.

www.minerva-project.eu
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What has Minerva achieved

« Highest peak power fibre laser in mid ir

* Highest brightness light mid ir super-continuum source

* Widest bandwidth mid ir light source

 Lowest loss and highest NA chalcogenide optical fibres

 Record Pr mid-IR luminescence and lifetime in small-core optical fibre
* [Fast tuneable mid ir AOTF with single mode fibre coupling

o Mid-ir fused couplers and endcaps

« Largest optical grade mercurous chloride crystals produced

o Simulated skin samples

* High resolution spectral imaging

* High speed mid ir hyper-spectral imaging

 Many high impact papers

Future

« Commercialise Mid IR products

« Develop applications in healthcare, environment and homeland security
o Continue to develop materials and sources for long-wavelength region
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