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• Founded in 2006 

• Focus: Next-generation lasers and photonic systems 

• Dependable Innovation 

• Experience: spans CW to fs, DUV to THz  

• Headquarters: Glasgow, Scotland 

• State of the art facility: 15,000sqft 

• Core Team of 50 Employees 

• Fastest Growing Company in Scotland in 2012 

!

M Squared Lasers                                    History



Expertise 

•R&D  

•Manufacturing 

•Control systems  

•Service and Support 

!

Delivering dependable innovation...
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• ‘InvarianT™’ alignment-free, drift-free opto-mechanical technology 

•Novel sealed monolithic housing 

•Active and passive temperature stabilization 

• ICE-BLOC photonic control modules
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15W Pump
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Power (W) [2]

18W Pump  > 4.0   
15W Pump   > 3.1  
10W Pump   > 1.6  
7W Pump  > 1.0  
5W Pump  > 0.5
3W Pump   > 0.1 

Tuning Range [3]

> 7W Pump  725-875 -R (725-975) +/-15 -F 
5W Pump     725-875 -R 725-940 -F   
3W Pump    745-855 

Linewidth [4]

SolsTiS SRX (Scanning Reference Cavity) < 50 kHz
SolsTiS PSX (Passive Scanning) < 10 MHz
SolsTiS LX  (Etalon Lock) < 5 MHz
SolsTiS PX  (Passive Etalon) < 5 MHz
SolsTiS BRF (BRF Only) < 20 GHz

Scan Range [5] > 25GHz, measured at ~780nm
Amplitude Noise < 0.1% RMS above pump noise, added in quadrature
Spatial Mode TEM00

Beam Radius 0.2mm, 1/e2 intensity (nominal, at output port)
%HDP�'LYHUJDQFH� ������PUDG��IDU�ˉHOG��KDOI�DQJOH
Polarisation Horizontal (pump & output beam)

Laser Head Dimensions [6] <26 x 19 x 7cm (<10.2 x 7.2 x 2.8 inches), L x W x H 
ICE-BLOCTM Controller Dimensions  34cm x Half Rack x 2U, L x W x H
AC Power  90 - 264 VAC, 2.5 A max.
Cooling  Supplied closed-loop water
Environmental Requirements Operating temperature range: 16-300C
   Max. relative humidity: 80% non-condensing, up to 300C
   Mounting surface: optical table

Specifications [1]  

���� 8QOHVV�VWDWHG�RWKHUZLVH��DOO�VSHFLˉFDWLRQV�DSSO\�WR��WKH�SHDN�RI�WKH�WXQLQJ�FXUYH��DPELHQW�WHPSHUDWXUH�FKDQJH�RI���+20&��DIWHU��
� ���PLQXWH�ZDUP�XS��SURYLGHG�WKH�SXPS�ODVHU�LV�RSHUDWHG�DW�LWV�QRPLQDO�UDWHG�RXWSXW�SRZHU�	�PHHWV�LWV�SXEOLVKHG�VSHFLˉFDWLRQV�� 
 & provided SolsTiS is not operated on or near strong atmospheric absorption lines without purge.
2.  Unique integrated pump packages are available for pump lasers up to 16W, intermediate pump powers available.
���� 2WKHU�FXVWRP�WXQLQJ�UDQJHV�DUH�DYDLODEOH���SOHDVH�LQTXLUH�IRU�VSHFLˉF�ZDYHOHQJWKV�
���� 506�YDOXHV��/LQHZLGWK�VSHFLˉFDWLRQ�DSSOLHV�UHODWLYH�WR�UHIHUHQFH�FDYLW\�DQG�DOVR�DEVROXWH�OLQHZLGWK��5HODWLYH�OLQHZLGWK�PHDVXUHG��
� LQGHˉQLWHO\�DQG�DEVROXWH�OLQHZLGWK�PHDVXUHG�RYHU�D�SHULRG�RI����wVHF�
5.  SRX and PSX models only. Typical 25GHz scan < 0.1 seconds.
6.  Laser head only. Includes reference cavity. Excludes Pump Optics Module, baseplate used with integrated pump lasers, or riser blocks in  
� FRQˉJXUDWLRQ�XVLQJ�VHSDUDWH�SXPS�

Notes

Typical Tuning Curves

M Squared Lasers Ltd
Venture Building, 1 Kelvin Campus, West of Scotland Science Park, Glasgow, G20 0SP, UK.  
Tel: +44-141-945-0500  |  Fax: +44-141-945-0505  |  E-mail: mail@m2lasers.com  |  Web: www.m2lasers.com

M Squared Lasers, Inc
West Coast, USA: Tel: + 1-408-519-6016 East Coast, USA: Tel: +1-508-229-7857 

P.R. China  PulsePower Tech. Ltd  +86-10-6256-5117
France  Optoprim SAS  +33-1-419-061-80
Germany & Austria Soliton GmbH  +49-(0)8105-7792-0
Israel  Lahat Technologies  +972-(0)9-76-46-200
Japan  Ocean Photonics  +81-3-6278-9470
Switzerland Dyneos AG  +41-(0)52-355-1240
Singapore & Malaysia Acexon Tech. Pte Ltd  +65-6565-7300
Turkey  CS Analitik  +90-312-223-0-02
UK  (OOLRW�6FLHQWLˉF�/WG�� ������������������

7.12/SolsTiS

0�6TXDUHG�/DVHUȠV�ODVHU�SURGXFWV�DUH�FHUWLˉHG�WR�FRPSO\�ZLWK�WKH�)HGHUDO�5HJXODWLRQV�����&)5�6XEFKDSWHU�-��DV�DGPLQLVWHUHG�E\�WKH�&HQWUH�RI�'HYLFHV�DQG�
Radiological Health on all systems ordered for shipment after October 1st, 2003.

Copyright © 2012 M Squared Lasers. ‘SolsTiS’, ‘ICE-BLOC’ and the M Squared logo are UK-registered trademarks of M Squared Lasers Ltd.  Due to a 
SROLF\�RI�FRQWLQXRXV�SURGXFW�LPSURYHPHQW��DOO�VSHFLˉFDWLRQV�DUH�VXEMHFW�WR�FKDQJH�ZLWKRXW�QRWLFH�
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Dependable Innovation             It’s in our Design

Ultra-compact, turnkey, reliable laser designs, with industry-leading 
performance 



             “InvarianT” brings stable drift-free alignment

Firefly THz                             Foundations



Firefly THz                              Foundations

ICE brings state of the art electronics

• Instrument Control by Ethernet 

• Higher bandwidth, lower noise 

• Easy interfacing through IP 

• Remote control and monitoring 

• Easy upgrade



!

• Simple User Interface 

• Control through web-browser 

• No more drivers! 

• Software, UI and netbook included 

• Control across the lab or across the World!

Firefly THz                              Foundations

ICE brings superior simple control





Product Range                Covering the Spectrum



Atom Optics

Industrial 
Monitoring

Biomedical

Threat Detection

Exploring                                    Diverse Sectors
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Security

Pharmaceutics

NDT / Quality Control

Spectroscopy

Exploring                                  THz Applications
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THz OPO                   Motivation



Parametric Generation                Collinear



Parametric Generation           Non-collinear

Highly non-collinear phase-matching allows direct THz 
generation



Parametric Generation           Non-collinear

k idler 

k pump 

k THz 

Highly non-collinear phase-matching allows direct THz 
generation
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• Low quantum efficiency: ηsignal / ηpump x 100 ~ 1% 

• Available nonlinear media (e.g. LiNbO3) highly absorbing for THz waves 

• THz must exit medium rapidly to minimise absorption 

• Rapid exit reduces parametric gain 

• Need gain medium with high nonlinear coefficient (deff) 

• LiNbO3 suitable candidate, but has polariton resonance; deff: 125pm/V 
(18pm/V) 

Compact high peak power terahertz source

THz Parametric Oscillator             Novel Sources



THz Parametric Oscillator          Pump Geometry

Extracavity Pumping Requires High Primary Pump Power



THz Parametric Oscillator          Pump Geometry

Intracavity Pumping - Reduced pump power and form factor



Intracavity THz OPO                    System Design

System Configuration



Intracavity THz OPO                       In Operation

Energy Conversion from NIR to THz



Intracavity THz OPO                    System Design



• Repetition rate: 50 Hz  

• Peak power: 1 W 

• Average power: 500 nW 

• Pulse energy: 10 nJ 

• 50GHz / 1GHz linewidth 

• Tuning range: 0.6 - 2.5 THz

Intracavity THz OPO                       Firefly THz

High Peak Power and Broad Tunability



Firefly THz                              Foundations

Firefly THz User Interface



Intracavity THz OPO                       Performance

Beam Quality and Propagation

• Collimated with cylindrical HDPE lens 

• Collimated beam diameter of ~20 mm 

• Spot size ~2.3 times diffraction limited 

• M2 in the horizontal ~6.7 

• M2 in the vertical ~2.3



• Gaussian and symmetrical THz output 

• Advantageous in imaging systems 

• Advantageous for spectroscopic applications   
with long optical path (e.g. for stand-off detection)

Intracavity THz OPO                       Performance

Beam Profile



Intracavity THz OPO                       Performance

Broad tenability and frequency control



Intracavity THz OPO             Injection Seeding

Towards 100 MHz transform limited line width
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• CW allows narrower line width emission for high-resolution THz spectroscopy  

• For imaging applications, CW radiation simplifies experimental arrangements

Continuous-Wave THz OPO

System Improvements            

Translation*
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fs laser

delay*stage detector
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source Translation#stage

Parabolic#mirror

chopper
lens CW#THz#
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CW System Design           

Mg:LiNbO3*

Pump*Op/cs*
f=#75#mm###f=#25#mm#

Laser*Diode**
Pump*

THz*Emission*
Si*Prisms*
Res#>#10#kΩ#
#

Nd:GdVO4*

HR*coa/ng*
R>99.99#%##
@#1063#nm#

HR*mirror*
R>99.99%##
1063#–#1090#nm#

HR*mirror*
R>99.99%##
1063#–#1090#nm#

HR*mirror*
R>99.99%##
@1063#nm#

Stokes**
field*

Fundamental*
field*

Detector*
Golay#Cell#

Chopper*
20#Hz#

Spectrometer/#
Power#Meter#

Prism#

Stokes#
field#

• !Intracavity!mode!
diameter!~!300!µm!

• !Resonator!length!~!19!cm!



•     Threshold for fundamental field (1063 nm):  0.2 W incident diode power 

•     Threshold for SPS- Stokes (1070.8 nm) /THz field (1.8 THz): 2.4 W incident 
diode power 

2.3µW THz Output for 5.9W Pump Power

CW System Performance           



Tunability from 1.5 - 3.2 THz

Lee,	  A.J.	  and	  Pask,	  H.M.,	  "Con3nuous	  wave,	  frequency-‐tunable	  
terahertz	   laser	   radia3on	   generated	   via	   s3mulated	   polariton	  
scaFering,"	  Op3cs	  LeFers,	  39	  (3),	  pp.	  442-‐445	  (2014).	  

CW Tuning Range          
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!

• 2.5 - 4.5 µm  

• 1.1 - 1.9 µm   

• >250 mW average power 

• 150 kHz rep. rate 

!

!

Broadly tunable infrared laser source 

Firefly-IR                                               Capability



!

• Galvanometric mirror pair 

• MCT and InGaAs point detectors 

• Source, scanner, detector and electronics in a single package 

• Portable and battery powered 

Real time imaging at 10m’s, extendable to >100m

Firefly-Imager                                  Specification

33.5 cm x 25 cm x 13 cm 



Industry Accademic Partnerships and Pathways

European Project                     Hyperias

The$ HYPERIAS$ project$ has$ received$ funding$ from$
the$ European$ Community’s$ Seventh$ Framework$
Programme$$under$Grant$Agreement$$No.$324445$



!

• Novel (CMOS) detectors 

• Novel Source technology  

• For the remote and proximity imaging 

• Sensing of explosives and other relevant THz applications

Hyper-Spectral Imaging and Sensing in the THz Frequency Range

European Project                     Hyperias

The$ HYPERIAS$ project$ has$ received$ funding$ from$
the$ European$ Community’s$ Seventh$ Framework$
Programme$$under$Grant$Agreement$$No.$324445$



Goehte University     Detector Development



Implementations using cost-efficient commercial CMOS 
technology

Goehte University     Detector Development



Goehte University     Detector Development



Imaging Examples using Point Detector

Goehte University     Detector Development



[F.	  Friederich,	  W.	  von	  Spiegel,	  M.	  Bauer,	  F.	  Meng,	  M.	  D.	  Thomson,	  S.	  Boppel,	  A.	  Lisauskas,	  B.	  
Hils,	  V.	  Krozer,	  A.	  Keil,	  T.	  Löffler,	  R.	  Henneberger,	  A.	  K.	  Huhn,	  G.	  Spickermann,	  P.	  H.	  Bolívar,	  H.	  G.	  
Roskos,	  THz	  AcJve	  Imaging	  Systems	  With	  Real-‐Time	  CapabiliJes,	  Appl.	  Phys.	  LeP.,	  103,	  031106	  
(2013)]	  

University of Siegen          Applications

Real-time THz Imaging for Security Applications



University of Siegen          Applications

THz Imaging at 140GHz, 600GHz, 2.5THz



System Development

•  Source Performance (power, frequency stability, linewidth narrowing) 

•  Optimised Detectors (proximity and stand-off detection) 

•  System concepts and data processing algorithms for active terahertz 
hyper-spectral sensing and imaging system 

•  Development of active hyper-spectral terahertz imaging system 

Hyperias                                     Project Aims
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Ultrafast Laser                 For TDS System



Hands free, compact fs Ti:S for biological imaging

• Multiphoton Excitation Microscopy (MPE, MPI) 

• CARS 

• STED

Sprite XT                                    Ultrafast Laser



Ideal for THz generation

•  720 - 940 nm tuning range 

•  <180 fs pulse duration 

•  80 MHz repetition rate 

•  > 1.3 W average output power

Sprite XT                                    Ultrafast Laser



Hyperias                  Pharmaceutical Application                             

Measuring Drug Concentration



Hyperias                  Pharmaceutical Application                             

Ibuprofen Tablets



Hyperias                  Pharmaceutical Application                             

Lactose Filler



Hyperias                  Pharmaceutical Application                             

Ibuprofen without Lactose



Hyperias                  Pharmaceutical Application                             

Maiz Starch as Filler



Hyperias                  Pharmaceutical Application                             

Higher Concentration of Ibuprofen



• Fillers in tablets add absorption lines and change overall absorption 

• Absorption in Ibuprofen w/o Lactose rises with decreasing Ibu 
concentration (absorption in starch) 

• In Ibuprofen-Lysin the Ibuprofen-absorption at 1.05THz is quenched

Hyperias                  Pharmaceutical Application                             

Measuring Drug Concentration
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Standoff Spectroscopy              Threat Detection

0 

THz: RF or EO? 

0.1 to 10 THz / 3 mm to 30 µm  

RF EO 

Image: http://www.lbl.gov/ 

Detecting Energetic Materials at Range



Development of hyper spectral standoff detection system 

0 

THz: RF or EO? 

0.1 to 10 THz / 3 mm to 30 µm  

RF EO 

Image: http://www.lbl.gov/ 

Standoff Spectroscopy              Threat Detection
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• Telescope to control the focussing of the THz beam 

• A folding mirror for beam starring 

• Visible laser boresighted with THz beam via a removable mirror to ease the 
pointing 

0 

THz: RF or EO? 

0.1 to 10 THz / 3 mm to 30 µm  

RF EO 

Image: http://www.lbl.gov/ 

Standoff Spectroscopy      System Configuration
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0.1 to 10 THz / 3 mm to 30 µm  

RF EO 

Image: http://www.lbl.gov/ 

Standoff Spectroscopy                    Experiments



0 

THz: RF or EO? 

0.1 to 10 THz / 3 mm to 30 µm  

RF EO 

Image: http://www.lbl.gov/ 

Standoff Spectroscopy                    Experiments



Standoff Spectroscopy                    Experiments

Detection of tartaric acid 

0 

THz: RF or EO? 

0.1 to 10 THz / 3 mm to 30 µm  

RF EO 

Image: http://www.lbl.gov/ 



Spectral Signature of a Number of Explosives

Standoff Spectroscopy              Threat Detection
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• Increased pulse energy (compared to ultrafast antenna approach) by a factor 
of ~100 

• Spectral brightness is x100 larger in the 1 GHz OPO compared to ~1 THz in 
ultrashort antenna devices

Superior Standoff Capabilities

Standoff Spectroscopy                    Experiments

~104 improvement 
in detection! 
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• Open, flexible approach to collaborations  

• From blue sky research to products 
development 

• Entrepreneurial team to accelerate 
commercialisation 

!

Partnering with world-leading research organisations to 
translate novel science & technology into market-leading 

products 

Collaboration                             Open Innovation



Acknowledgements                         Our Partners

0 

THz: RF or EO? 

0.1 to 10 THz / 3 mm to 30 µm  

RF EO 
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explore 

TOOLS TO DISCOVER


