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LiNbO,; Phase Modulators dedicated to CBC and SBC laser architectures

1 « LINbO, modulators based solutions for Coherent Beams Combining (CBC) fiber lasers

2 « Spectral Boroadening for Directed Energy Laser
2.1. Up to 5 GHz Electro-optical usable bandwidth and low Vit phase modulator: the NIR-MPX-LN-02
2.2. Broadband Z-cut LiNbO; NIR phase modulators
2.3. Up to 20 GHz Electro-optical usable bandwidth and low Vrt phase modulator: the NIR-MPZ-LN-10
2.4. Up to 30 GHz Electro-optical usable bandwidth phase modulator: the NIR-MPZ-LN-20

3 « New 2 um laser sources for Defense
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The LiNbO, Phase modulators principle and the application needs

Principle:

. Expression of the optical field modulated by sine voltage E(t) = E, e/®telY S8 with y = 7. an(om - the modulation index.
Applications:

e Spectroscopy and laser cooling experiments o |

* Fiber lasers for frequency broadening and Brillouin effect suppression e evesttes

* Fiber Laser based on Coherent Beams Combining E;‘i‘{fi%gt%?g;','y

* Fiber Laser based on Spectral Beams Combining

* Frequency stabilization of lasers when using the Pound Drever Hall locking technique

e Terrestrial and space modulation DPSK Travelling wave electrodes

e Sensors: lidar, gyroscope X or Z-Cut LiNbO3
Specifications: i

e Optical input power, VT, Insertion loss
- RAM, PDL, PER, DC Coupled, Resonant, Chip on base plate, High optical or RF input powers, Fibered, Free space, Radiation resistant,...
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COHERENT e
COMBNATON

EXAIL OFFERS AN OPTIMIZED
SCLUTION FOR THE ACCURATE,
ADJUSTABLE, AND RELIABLE
PHASELOCK MODULATION BETWEEN

SEVERAL LASER BEAMS, USING
THE COHERENT BEAM COMBINING
TECHNIQUE: THE MODBOX CBC.




Coherent combination of laser beams

The phase modulators array equalize the optical path for each beam
A maximum of energy / power is achieved by constructive interference
One phase modulator is required per beam

LINbO; Phase modulator A low frequency modulation is necessary

vV V V V V

Pure Phase modulation required (w/o Residual Amplitude modulation)

Second stage amplifier = Key LiNbO, Phase modulators specification:

> Low Insertion Loss & high Optical Power Handling Capability

Transform mirror
ml \/> > DC to 200 MHz
Laser output /

First stage amplifier —\

Coherent laser
seeder \

Optical Delay Line

= Optical Delay Line may be required to equalize optical path
Power combiner

= Key ODL specification:
> Very precise and stable control of an optical delay

> Motorized delay control




The NIR-MPX-LN-0.1 general specification

NIR-MPX-LN-0.1:

* DC coupled phase modulator with a very low Vit adapted for low frequencies.

* Low Insertion Loss (LIL) option (IL < 3 dB)

Key parameters:
* DCto 300 MHz

* High impedance RF input

e VT @ 50kHz=1,5V
* V@ 300 MHz=3,5V
e« 2dB<IL<4dB "

T

3

Housing #A: Stondard Modulator housing

NIR-MPX-LN-0.1

500 MHz Phase Modulator

Electrical Characteristics

Parameter Symbal Condition Min Typ Max Unit
Electro-optical (EQ) bandwidth 5, - 150 - - MHz
U=zabhle BO bandwidth t/f t, - 300 - MHz
W RF @50 kHz L S RF electrodes - 15 2 W

RF input impedancea 2 - - 10 000 - 0l
Optical Characteristics

Parameter Symbol Condition Min Typ Max Unit
Crystal - - Lithium Niobate X-Cut Y-Prop

Waveguide process -

Proton exchange

Operating wavelength A - @50 10&0 ns0 nim
Insertion loss IL Without connectors - 3 4 dB
Low insertion loss LIL Without connectors - - 3 dB
Stondard, Without connectars ™ 20 - - dB

Polarization Extinction ratio PER Ontional. w/ or w/o Connactors
P W/ or Wi ® 25 30 - dB
Optical return loss ORL - -4 -45 - dB

All spedfications gven ot 25°C, 1080 nm, unless differently specified

Consder an extro-loss up to 0.4 dB for each FC/APC opticol connection

Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings con couse permanent domage to the device. These are absolute stress ratings
only. Functional operation of the dewice is not implied at these or any other conditions in excess of those given in the operational
sections of the data sheet. Exposure to absolute maximum ratings for extended pericds can adversely affect device reliability.

Parameter Symbaol Min Max Uit
Modulation voltoge range EVY -20 +20 W
Optical input power [CW modea)  OF #25 dBm
Cperating temperatura oT 0 +70 "C
Storoge temparatune =1 -0 +35 "C

exail



Burn-in test @85°C, Pin=300mW

N
u

Coherent combination of laser beams

N
o

[y
(%]

> Incomparable optical waveguide and the key optical performances reached:

Output Optical Power (dBm)
=
o

o Annealed Proton Exchange process on a selected LiNbO, doped wafer.

(V)

o Very low insertion loss: IL < 3 dB. Gaussian distribution with a 2 dB typical mean.

o

o High optical power handling capability of up to 300 mW. -

o High resistance to refractive index effect and Pyro-electric effect. sample A —Sample 8~ Sample C

—  Exail offers the best LiINbO; phase modulators optical performances.

VpiRF vs frequency NIR-MPX-LN-0.1

—  High optical performances stable over the temperature range and over the time e e g

> Very low Vr:
o Modulator Vrt is proportional to the Electro-Optical bandwidth
o The NIR-MPX-LN-0.1 features a Vm of only 1,5V @ 50 MHz

= Low Vr at low frequencies minimizes RF to minimize the power consumption

Residual Amplitude Modulation (RAM) 1530nm P=2mW.
Phase Modulator MPX-LN-0.1-1500

)
o

> Mitigate the RAM effect:

R
&)}

o The NIR-MPX-LN-0.1 is a DC coupled device: a permanent DC signal can be applied w/o modulator damages

W
o

o Applying a constant DC voltage allows to reduce the RAM from typically 30dB to near 40dB (patented technique)

—> Residual amplitude modulation can be strongly reduced thanks to a permanent DC voltage

Residual Amplitude Modulation (dB)
A & '
o $)

A
o

10

DC Bias Applied Voltage (V)
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New Variable Optical Delay Line

4
Features
* Delays an optical signal
* Enables a very precise and stable control of an optical path length
Our patent
e Offers not only directional invariance, but also positional invariance
* Reduces Insertion Loss
* Allows to compensate for any translation misalignement
Custom products
e QOur free-space technology enables us to easily customize our products.
300 ps 600 ps 3ns,6ns,9nsor12ns
 Manual version * Manual version  Motorized version

: : e Motorized version
* Motorized version

1 um LiNbO4 Phase Modulators dedicated to CBC and SBC laser architectures
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Coherent combination of laser beams: ModBox-CBC-8CHannels

ﬂuin In #1 l‘-:h:lin In #8
:ﬂclin Ot #1 ;.-1.3“-, Ot #8
LINbO,; Phase Modulator Performances Highlight R RF
E’E:,E eI e [ o 4 [ REIn#1, DO FET:':,';T e EEM og [+ FEIn#1, DCinss
+ —
Bandwidth DC to 300 MHz 4 to B channels '
Insertion loss 2 dB i ispensleried (000 - optional
Maximum optical power 300 mW
ﬂuin Im #1 P-:I-:lin Im #8
:ﬂuin Ot #1 ;-'1i:|in Cut #3

Temperature controllers

Optical Delay Line Performances Highlight
VODL

............

Insertion losses 2dB

Insertion losses uniformity

Hhase modulators

Dptical fiber storage

Minimum Tens fs o
incremental motion |
Delay range Upto 12 ns

13

ModBox-CBC Performances Highlight

Number of channels  4or 8

Operating wavlength 1064 nm 2000 nm
Insertion loss <5dB <5dB
Adjustable delay 600 ps 600 ps
range

RAM Adjustable Adjustable
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High Power Double Clad Ytterbium 20/400 um Fiber

IXF-2CF-Yb-0O-20-400-0065

Key Specifications

e 20 pum core, 400 um octogonal clad
0,065 Numerical Aperture, high beam quality: M?=1,24 Parameters
0,4 dB/m absorption @ 915 nm; 1,5 dB/m absorption @ 976 nm

Core diameter (pm) 2015
e State of the art fiber matrix for high efficiency (~¥80%) and low
i Clad diometer (um) A00 10
photodarkenlng QO alameter (pum, Sl
. . Coating diameter (um) 520 £15
* No pedestal for seamless integration J *
Core NA 0.065 £ 0.005
° . 1 o o] o] g - s
Applications Cladiding NA 0.46
e Clad absorption @915nm (dB/m) 0.4+0.0
o 1 Lm kW CW Laser & Ampllfler ad absorption @@15snm [dB/ m O 05
. Core absorption @976nm (dB/m)* 15202
* Directed Energy Laser
. Multimode background losses (dB/ km) <20
* Industrial Laser —
Core bockground loss @1200 nm [dB/km) < 30
Core-clad offset <10
Key Advantages Qre—Ciacd OTset pm
Proof test level 100

* Performances at industry level

Made in France, EU origin

Free of export control

Independent supplier

Available from stock

Matching components: passive fibers, FBG Laser mirrors
15 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII



IXF-2CF-Yb-0-20-400-0065 - CW test results

Low power, 976 nm pump

PCE measurement: ~80% Beam quality (output of active fiber) :

Pump 976 nm / 100W
In 10/125pm 0,08 Out

20/400um 0,065 2CF-PAS-20-400-0.065

PAS-20-400-0,065

Seed 1080 nim ~4W —— e | [ . u
High
Index

y = 0.80x + 3.1
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60 80

INJECTED PUMP POWER @976NM (W) POSITION (MM)

® Active fiber output ® Single clad passive fiber output -0- M2x -®- M?y
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IXF-2CF-Yb-0-20-400-0065 — CW test results

kW level

Done

 >1,4 kW signal obtained

e 1080 nm seeder (78 W)

* Pump at 915 nm, forward pumping scheme.

e QOutput power limited by pump power avaibility (~2kW)

Higher Power test
* planned Q4 2024

17 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII



High Power Double Clad Ytterbium 20/400um Fiber

Complimentary producs - Made in France, EU origin

Matching Passive fibers
* Double Clad : IXF-2CF-PAS-20-400-0065
* Single Clad: IXF-PAS-20-400-0065

Reflectivity (dB)
} ; b L
e

FBG Laser Mirrors

* High power kW class
* Optimised design for low heat: Thermal slope reduced by a factor 10 —

o ) 1875 1077 1079 1081 1083 1085
— wavalength (nm)

* Dissipative package for easy integration
Optimized FBG

Yb doped fibers for first stage amplifiers or Laser Cavity Seeder
e 10/130, 008 NA : IXF-2CF-Yb-0O-11-130-008-CL
 PM version available
 Made in France, EU origin

FBG not optimized

Thermal responses with IR thermograph

18 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII
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Spectral broadening using large bandwidth phase modulator for SBC & SBS

Modulateur de phase

Phase modulator

= A phase modulator is required per Fiber Module to suppress the SBS

Réseau de diffraction

" = One phase modulator is required per beam
Diffraction grating

> High frequency modulation (several GHz, to 10 GHz, and 20 GHz)

Chassis du laser fibré e

Fiber laser chassis

Module du laser fibré

Fiber laser module -
[ 1
| —

Sortie laser

Laser output

= Key LiNbO, Phase modulators specification:

> Several GHz to 10s GHz EO-bandwidth

AR e sl ezt > High RF power handling capability
L ’, Fiber array Transform mirror
> High optical power handling capability
Laser maitre Amplification optique Tb"e de transport
L_aser seeder Elptical amplification Delivery fiber > Low VTt

Laser Optical LINbO3 Optical
Oscillator Amplifier Phase Modulator Amplifier - :
AHT> > |
DE\F/:er yose ) waai il | Lu A.(J.J\‘ h' - l\“l v ! “[JLU‘ "i\L J)‘ui\- .|L|. At hag J"-.’
20 RF

Generator



2.1
UP TO 5 GHZ EO USABLE BANDWIDTH
AND LOW VPI PHASE MODULATOR:

THE NIR-MPX-LN-02



NIR-MPX-LN-02

The NIR-MPX-LN-02 general specification > (Hz Phase Modulator

Electrical Characteristics
NIR-MPX-LN-02: Parameter Symbal  Condition Min Typ Max Unit
. . Elactro-optical [EQ] Bandsidih 5 2 =z
 New optical broadband (-3dB@2GHz) phase modulator with a very low V. - ;: — - _
Uzaable BO barndwadtl 5 5 =z
* Low Insertion Loss (LIL) option (IL < 3 dB) Rpie 5, 5, 05 i
Electicol refun ks 5 O -8 | £
Wi RF aSl kiHz W 15 2 W
BF inpaut empescoce Z 50 ]
Key parameters:
. . Optical Characteristics
* Usable Electro-Optical Bandwidth up to 5 GHz ot | |
Porarmeeter Symibol Condition IMiin T¥p Max Lirit
d VT[ @ SOkHZ = 1,5 V Crysio Lithurs Misoote X-Cul Y-Prop
Wineguide process Proton exchonoge
* VT[ @ 3 GHZ = 2’5 V Oip=erdatinn g weneakangth ) 350 1050 | = T
) 2 dB < IL < 4 dB | Pets i hoss IL Without connecions 3 i fa |
Loww imsertion otk LIL Wilhout conmnecions 3 dB
Stondand, witheaut cormescices ' 20 B
Palarization Extinction ratio FER T T — - i "
Opticod setunm hoss ORL -&00 -5 - B

Bl spmcifeotom g ot S 1040 nm, unlen cifereniy soecibed
Corasrier an artra-lom up o 04 Ol foe soch B APC opbool comnecior

Absolute Maximum Ratings

Strectes in eacess of the absolute maximum rotings can couse permanent damage o the devos These are absohute Stress ratings

only. Functional aperation of the device is not implied ot these ar any other conditions in excess of those given in the aperational
sections of the data sheet. Expasune to absalute masimum ratings for extended periods con adversely affect device reliability.

Parameter Symbal Min Max LLinit
Modul aticn voltoge ranogpe EW - % dBrm
Optieal input posessr IO meade) P - 35 <ABrr
Op=ercting emperdatue T o TN 3z
Sho e DT e natune ST -0 +B5 A

Housing #A: Standard Modulator housing



Accelerated aging test @ high optical input power level

Setup conditions:

* Optical Pin=300 mW @1064 nm. Burn-in test @85°C, Pin=300mW
25
e T=85"°C.
e Optical Pout recorded. e
20
E
%
Initial Test Before |Final Test After =
15
Screening (ITBS) |Screening (FTAS) E
Sample A 2,4 2,3 §
Sample B 2.8 26 210
P IL (dB) 2
Sample C 2,3 2,6 g
@]
5
Results: 0
* No degradation after a cumulated time of 16500 H. ! 10 Ti;:?m 1000 10000
* |nsertion loss variations < 0,3 dB.
Sample A —Sample B Sample C —Sample D

23 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII



2.2
BROADBAND Z-CUT LINBO, NIR
PHASE MODULATORS




25

Broadband Z-cut LiNbO; NIR PHASE MODULATORS

Exail proposes very high efficient low frequency X-cut LiNbO3 phase modulators (DC -> few GHz):
* NIR-MPX-LN-0.1
* NIR-MPX-LN-02

For higher frequencies, need to use the Z-cut configuration (better electro-optic
efficiency which means lower Vpi).

However, Z-cut is know to be more sensitive to environmental conditions than X-cut. It thus restrict them
to specific conditions of use (temperature stabilization, low input optical power levels).

Exail has developped a new range of stable Z-cut phase modulators with key characteristics:
* Broadband EO bandwidth (wide usable electro-optic bandwidth).
* Low Vpi.
* High optical power handling capability.
* Low temperature sensitivity.

1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures
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2.3
UP TO 20 GHZ EO USABLE BANDWIDTH
AND LOW VPI PHASE MODULATOR:

THE NIR-MPZ-LN-10



cpe  ne NIR-MPZ-LN-10-LVP
The NIR-MPZ-LN-10-LVP general specification 20 GH7 Phase Modulator

NIR-MPZ-LN-10-LVP: Electrical Characteristics

Farameter Symbeol Condition Min Typ Mo Unit

* New optical broadband (-3dB@10GHz) phase modulator with a low Vpi — - -

characteristic. - T .
« Complementary to the NIR-MPX-LN-02 and the NIR-MPZ-LN-20. e : S
Key parameters: : = -

* Usable Electro-Optical Bandwidth up to 20 GHz Optical Characteristics

Vpi @ 50kHz =2V Parameter Symbol  Condition Min Tw.: B Max Uri
Vpi @ 10 GHz =3 V — e
2dB<IL<4dB = = =
* Longer mechanical housing (+15mm) Standard, without connectors 20 . |

Absolute Maximum Ratings
Stressas i excest of the absolute moximum ratings con Sause permonent domage o the devicos These are absolute stress natings
only. Functional opsmation of the device is not implhed at these or any othes condithors in exess of those given in the oeperatiana

csections of the data sheat. Expofure o absolute maximurm ratings for extendesd periods con adversely affect device neliabality

Pararmeter Bymisol Min Max Unit
Madulotioe walldis e EW - ¢ 1 cABry
10 9 mng
0 L
. Optical inpul power (CW mode]  OP - + 25 cABry
i
=il il Olpefealing besripenalurne ot i 70 "C
Stonge termpenaiune a7 -] +H5 "C

27 Housing #B: Modulater housing with LVP (NIR-MPZ-LN-10-LVP) e (Clil
comhoct photomcs®esoiLooemn | wwweekol.com



Key improvement: Vrt vs frequency evaluation

Measurement setup:
e A=1060nm
* Sinusoidal electrical modulation @ different frequencies Vr versus frequency

HSample A EHSampleB BESample C HESampleD BESample E BESample F Sample G

* Vpi (f) deduced from optical spectrum analysis (vanish the optical 3

carrier).
4
.
HE R
- EREREE;
- ¢ r 0§ 8
tg g @
= g8
| 2
o 1 2 3 4 5 6 7 8 9 10
Modulation index y
1
Results:
e Vpi @ 1 GHz=2.3V (25% gain compared to the NIR-MPZ-LN-20) )
* Vpi @ 10 GHz = 3 V (30% gain compared to the NIR-MPZ-LN-20) ’ 1 i i ’ D hrequency (GHa) oo B E
28 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (Clil



Key improvement: Optical stability vs temperature & high optical power level

Output power monitoring with temperature variation

Setup: N
e A=1060nm 24
23
e Pin =300 mW CW (+25 dBm) 2 .
I B T e————
e Thermal cycling [-30; +75] °C, max ramp 1°C/min 20
* Pout monitored o .
17
16
1 g
Preliminary results: & :
e QOutput optical power >+ 20 dBm. 3 5
o 20 £
e Optical power stability < +/- 0.5 dBm over [-30; +75] °C. 12 =
8
7 0
6
5
4 -20
3
2
1
0 -40
0 10 20 30 40 50 60 70
Time (H)
—Sample A Sample B T°C

29 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII



2.4
UP TO 30 GHZ EO USABLE BANDWIDTH
PHASE MODULATOR:

THE NIR-MPZ-LN-20



NIR-MPZ-LN-20
The NIR-MPZ-LN-20 general specification ° Rz Phase Hodulator

Electrical Characteristics
Farameter Symbal Condition Min Typ Maox Unit
Blectro-optical |ED) bandwidth S - L= il - GHz
Lkeabde EO bandwidth 5, - - 20 - GHz
Ripgke 5, A5, - - 0.5 1 B
Electrical retun ks 3 - - -13 -1 B
Key paramEterS: W11 RF @50 kHz VM e - - a5 & W
W1 RF @20 =Hz L) I— - - & - W

¢ Vpl @ 50 kHZ = 3,5 V RF inpiut impedonoe I o - - 50 . 0
e 2dB<IL< 4 dB (Low IL available)

Optical Characteristics

* Usable electro-optic bandwidth up to 30 GHz Parameter Symbol  Condition Min Tve Max  Uni
Crystal - - Lithiurm Miabeate Z-Cut Y-Prop
Wionveguide process - - Praton excharnge
Operating worwslendgth A - @50 1040 nso rury
Irsartion loss IL Without connectons - 3 A dBE
Liovw insertion ks L WIthout eonmecions - 25 3 dB
Palarization Extinetion ratio PER Standard, without connectors ™ 20 - - dE
Optical retumn loss ORL - =441 -135 - dB

&l apmchoobone goosn ot 22T 0E0 o unisn, drfere iy aoscrbec
Cormier an sxtro-one up o D O o ssach PO ARC opboal conmsciorn

Absolute Maximum Ratings

Strectes n excess af the absolute maximum ratings con cause permanent domage o the desice. These are absolute stress matings

anly. Functional operation of the déevics is not impled at thase or any other conditions in eaxcess of thote gven in the operationa

sections of the data sheet. Exposure to absolutée maximum ratings for ectended periods can adversely affect device reliability

Farometer Symbal Min FHox Unit
RF mpul paoreear PCW mochal EP - #I3 ABrr
Optical inpul power W mode]  OF - +25 dBrmi
Operating emperatuns T -30 | A
Dperal NG Temparaiure oT ) 1 % ferint
O W I PO e
Starege terrgenaiune ST -4 +H5 i
. . Wioration Wik MIL-STD-8E3 ) method 20073 - Test condition B
HDUSIHQ #A: Standard Moduiator nousing Mecharnool shock shock MIL-STD-8E2) rmethod 2002.5 - Test condition B

1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures comioot photoricomenol.oos | winassnl con e1{d |I



Electro-optic characteristics

Phase modulators comparison with Vit versus frequency

BENIR-MPX-LN-20 ENIR-MPZ-LN-20

Strong electro-optic enhancement with the new generation. 10
9
8 B e 7
7 L s W T
[ | |
Vrt vs f measurement setup s . L
(improvement vs obsolete NIR-MPX-LN-20) b5
g- [
4 T = o] [
3 I I::I
2
1
0
0 1 2 3 4 5 6 7 8 13 14 15 16 17 18 19 20

Fregquerlgv (éhz) 12

32 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII



Measurement setup

Laser diode DUT
Optical power handling PV fiber Output PM fiper.  FC/RPC
Laser Diode . AW \
1064nm = = R
Setup: Spliced  DUT ?.pbl.;id PM Optica
* Temperature: 22°C fibers Input PM fiber Patchcord
* Input optical power vairable (CW): 10 /100 / 200 / 300mW
 Wavelength: 1060 nm . e
* Qutput optical power measured i
4 20
3,5
Results: % ’ T e G o e A o e e A Ve w £
e Output optical power stable > +20dBm g 20 =
* No IL degradation (whatever the input optical power level). g 2 10 &
e Low IL stable (< 3 dB). s

o
(%2} =
un

o
o

0 10 20 30 40 50 60 70 80 90 100
Time (H)
—IL Pin=10 mW IL Pin=100 mW IL Pin=200 MW  —IL Pin=300 mW —Pout

33 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII



Optical power stability

Test n°1:

* Temperature: 22°C

* |nput optical power (CW): 300mW

* Wavelength: 1060 nm
e Qutput optical power > +22 dBm.

* Qutput optical power variation ~0,1dBm other 280 H.

Test n°2:
* Temperature: 15°C

* |Input optical power (CW): 300mW

 Wavelength: 1060 nm

* Qutput optical power variation <0,1dBm other 550 H.

34 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures
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24

23

22

Output Optical Power (dBm)

21

20

25

24

23

22

Output Optical Power (dBm)

21

20

Burn-in test Pin=300mW @room (= 22°C)

50 100 150 200 250
Time (H)

13847-14 (COTS NIR-MPZ-LN-20) Linéaire (13847-14 (COTS NIR-MPZ-LN-20))

Burn-in test Pin=300mW @15°C

100 200 300 400 500
Time (H)

Sample A —Sample B

300

600

e {dai



Optical power stability [-30 ; +75] °C

Setup:

W
o

 Temperature: [-30; +75]°C, ramp < 1°C / min

N
oo

e |nput optical power (CW): 300 mW

100

80

 Wavelength: 1064 nm 26 =
 RF input Power: +28 dBm @ 2 GHz 24 0
O
e Qutput optical power measured — 5,  21.54dBm +/-0.12 _
E — — +—' 0 2
L 20 &
> L Q
éE 18 20 E?
kS,
16 0
Results: 1 N
e Qutput optical power stable > +20 dBm 12
* No sharp variations with T°. 10 40
0 S 10 15 20 25 30 35 40 45 20
Time (H)
=—Pout (dBm) =—=Temp(°C)
35 1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures e (CIII



Mechanical qualifications

Vibrations MIL-STD-883 J, Method 2007.3, Condition B:

e 3 samples.

* Key characteristics measured before / after.

* No degradation.

Shocks MIL-STD-883 J, Method 2002.5, Condition B:

e 3 samples (same as vibrations).
* Key characteristics measured before / after.

* No degradation.

Initial Functional Test,

Post Vibration Test B

Axes X, Y, Z
Frequency Range 35 — 2000 Hz
Amplitude 50 g

Cycles 4 | direction
Time 4 min / cycle
Axes X.Y, Z

Wave form Y2 sine

G level 1500 g
Duration of pulse 0,5 ms

Shocks o [ direction

Final Functional Test,

IFT (PVTB) FFT Analysis
IL (dB) VpiRF (V) s11Max (dB)
g K g
"y S — S— h — S
S| 3|3 S| 2|8 = | =
i~
= v = = v - = i
= ) a = w o = )
= | & | & |= = | & | & |% = | & | S
g E t |8 g E” £ | = 2 E“ E
m =
= = i = = A = = 2
v = = = ] = = o u = =
S 3 B || S Y E | P 3 < S 5 S &
= E’ "= = E = H:l "= w e E:' — i - — -
S = = =| = | S = T I ® ®
£ o @ T 5 £ o LT = £ o o "= "= =
T - T v = T - o = T - I @ @ @ e @ @
2 | gl |8l 2| g | |8s| 2| ¢8| | 32|S |25 | 3| S
= & s s ol = & S |22 = & S = E = E = E
o g, E I x S g, E == 5 o g, E = = = = = =
B = 5 |5=2| § = s |2s| & = E i E s g o E
o - = = o - = wn J o - = = by = by = n
Sample A| 3,13 3,23 |-12,52 3,31 3,49 |[-12.66 3,06 3,22 |[-12,53 3,17 0,13 3.31 0,15 |[-12,57| 0,08
36 SampleB| 2,57 3,30 |(-14.,17 2,50 3,43 |-14,47 2,60 3,29 -14,54 | 2,56 0,05 3,34 0,08 |[-14,29| 0,20
SampleC| 4,70 3,22 | -10,16 4,39 3,52 |-10,06 4,36 3,23 [-10,05] 4,48 0,19 3,32 0,17 |-10,09| 0,06
3,47 3,25 -12,28 3,40 3,48 -12,40 3,34 3,25 -12,37
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A dedicated and wide range of LINbO; modulators for CBC & SBC laser architectures

> Incomparable optical waveguide and the key optical performances reached:
o Annealed Proton Exchange process on a selected LiNbO, doped wafer.
o High optical power handling capability of up to 300 mW.
o Optical power stability < + 0.5 dBm over [-30 ; +75] °C.
o Optical power stability < + 0.15 dBm over [0 ; +70] °C

—  Exail offers the best LiINbO; phase modulators optical performances.

=  High optical performances stable over the temperature range and over the time

: ) Phase modulators comparison with Vr versus frequency
> Very low V&t and very large bandwidth modulators choices:

o The NIR-MPX-LN-0.1 features ENIR-MPZ-LN-20 ENIR-MPZ-LN-10-LVP EINIR-MPX-LN-02

10
> Vrofonly L5V @ S0MHz/ 25V @ 300 M ....... ...'.... EREN
o EO-Bandwidth @-3 dB 300 MHz / Usable EO-Bandwidth 300 MHz i . .-.E... I e e o e

o The NIR-MPX-LN-02 features
o Vmofonly1,5V@50MHz/2,5V @ 3 GHz
[] L] (]
5

o Bandwidth @-3 dB 2 GHz/ Usable EO-Bandwidth up to 5 GHz

VpiRF (V)

o The NIR-MPZ-LN-10-LVP features
o Vmof 23V@ 1GHz/3V @ 10 GHz
o Bandwidth @-3 dB 12 GHz/ Usable EO-Bandwidth up to 20 GHz

o Vnof 35V@1GHz/4,5V@ 10GHz/6V @ 20 GHz . 8 9 10 11 12 13 14

o The NIR-MPZ-LN-20 features

Frequency (GHz)

o Bandwidth @-3 dB 20 GHz/ Usable EO-Bandwidth up to 30 GHz

37
= Low Vm with very large bandwidth frequencies modulators minimizes RF to minimize the power consumption
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The MPX2000-LN-0.1 general specification

MPX2000-LN-0.1:

* DC coupled phase modulator with a very low Vit adapted for low frequencies.
* Low Insertion Loss (LIL) option (IL < 5 dB)

Key parameters:

39

DC to 300 MHz
High impedance RF input
Vi @ 50kHz=4,5V
Vn @ 150 MHz =6V
2dB<IL<5dB g

5
]
J
3
Jd L

Housing #A: Stondard Modulator housing

MPX2000-LN-0.1
300 MHz Phase Modulator

Electrical Characteristics

Pammeter Symbol Condition Min Tvp Max Unit
Electro-optical bandwidth 5, RF electiodes 100 150 - MHz
Usable electro-optical bandwidth 5, RF electrodes - 300 - MHz
W RF @50 kHz VM o e PP electrodes - 4.5 & W
RF input impadanca Z. - - 10 - k(D

Optical Characteristics

Pammeter Symbol Condition Min Typ Max Unit
Crystal - - Lithiurn Miobate X-Cut Y-Prop

Wioveguide process - - Ti diffusion

Orpanating wavalangth X - 00 2000 2200 FifTh
Insertion loss IL Without optical conmectors ™ - 3 5 dB
Optical retum koss ORL - -4 -45 - dB

&l specihications gien ot 25°C, 2050 min, et o Messsrily speafied
'r':'_'lil-"'d-i"-:l"“ e i -Soss up 1o 0.5 JdB for eadch FCAPC optionl eommessbor

Absolute Maximum Ratings

Stresses in excess of the absolute maximum ratings can cauvse parmanent damage to the device. These are absolute stress ratings
onhly. Functioral oparation of the device is not implied at these or any other conditions in excass of those given in the opanational
sections of the data sheet. Exposure to absolute maximum ratings for extended periods can adversely affect device reliability.

Pammeter Symbol Min Max Unit
Modulation wvaltage range EV -0 20 W
Optical input power opP - 20 dBm
Orpenating temparatuns o7 0 +70 T
Storage temparatue T -4 +85 T

exail



Coherent combination of laser beams: ModBox-CBC-2000nm-8CHannels

LINbO,; Phase Modulator Performances Highlight

. RF

Main In #1
’

Main Out #1

Fhose modulator #1

DC

RFIn#1, DCIn#

F 3

Crptical Delay Line #1
{ODL) - optional

Bandwidth DC to 300 MHz
Insertion loss 2 dB
Maximum optical power 300 mW

Optical Delay Line Performances Highlight

4 to B channels

Insertion losses 2dB
Insertion losses uniformity

Minimum Tens fs
incremental motion

Delay range Upto 12 ns

40

Main In #1
’

Main Out #1

............

RF

Fhase modulator #8 RF
DT | driver #8 |

Crptical Delay Line#E
(2DL) - optional

Iiain In #4

Main Out #8

RFin#1, DCIn#8

ModBox-CBC Performances Highlight

I+ain In #8

Main Out #8

Temperature controllers

Number of channels 4or 8

VODL

Hhase modulators

Dptical fiber storage

RF dniver

Operating wavlength 1064 nm 2000 nm
Insertion loss <5dB <5dB
Adjustable delay 600 ps 600 ps
range

RAM Adjustable Adjustable




MPZ2000-LN-10-LVP

. pe . 20 GHz Phase Modulator
The MPZ2000-LN-10-LVP general specification Eloctrical Characteristis

MPZZOOO_LN_lO_LVP: Parameter Symbol Condition Min Typ Max Unit

Electro-optical bandwidth S - 10 2 - GHz
 New optical broadband (usuable bandwith up to 20 GHz) phase modulator  usobiesedio-cotealandwdtn s, - - 20 - GHz
* Very low Vrt phase modulator _ ﬂg : : J1 1_13 E
* Low Insertion Loss (LIL) option (IL < 4 dB) EJ:F:F HEP option E x -

InRF e G v : :
Impedance matching Zinn - - 50 - 0

Key parameters:
* Usable Electro-Optical Bandwidth up to 20 GHz Optical Characteristics

* Vit @ 50kHz=4,5V Parameter Bmbol  Conefilon Min Typ Max Unit

Crysta - - Lithirn Niokate 2-Cut X-Prop
¢ VT[ @ 10 GHZ - 5,5 V Woveguide process - - Ti diffusicon
Operating wavelength A - w00 2050 2200 Firm
* 2 dB < IL < 4 dB Irsertion loss IL Without optical connactors ¥ - 25 & dB
Optical retum loss ORL - -40 -45 - AR

Al spescifications given at 25 °C, 2050 mm, weiess diffessntly Soeailied
i Comtaderan exisa—oss un 1o 0225 dB for each FCAAPC aptionl commessihor

Absolute Maximum Ratings

Stresses in exoess of the absolute maximum ratings con couse permanent damage to the device, These are abeolute stress ratings

onby. Func tional operation of the device is not implied at these or any other conditions in excess of those given in the operational

sections of the data sheet. Exposure to absolute maximum ratings for extended periods can adwersaly affect device reliakbility.

Parmmeter Symbaol Condition Min Max Unit
RF input power EF_ - 28 ABm
High electical input power option . HEP, HEP apstion - i3 cABrm
Optical input power OP_ - 20 dBm
Operating temperature oT 0 70 L'
Storage temparatune =T -40 +85 "

®
41 Housing #A: Standard Modulator housing e (qll
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Variable Optical Delay Line also available at 2000 nm !!

4
Features
* Delays an optical signal
* Enables a very precise and stable control of an optical path length
Our patent
e Offers not only directional invariance, but also positional invariance
 Reduces Insertion Loss
* Allows to compensate for any translation misalignement
Custom products
e QOur free-space technology enables us to easily customize our products.
300 ps 600 ps 3ns,6ns,9nsor12ns
e Manual version * Manual version * Motorized version

: : e Motorized version
* Motorized version

1 um LiINbO, Phase Modulators dedicated to CBC and SBC laser architectures

exail



Fiber lasers in the 2 um range: doped fiber for seeder and amplifier

Ytterbium .
o
Neodynium Q Phosphorus . Erbium, Erbium/ Ytterbium . . Thulium, Holmium, Thulium/Holmium
<€ <€ > <> <€
L | | 1 | | |
I I [ 1 I I I
820 nm 1000 nm 1100 nm 1240 nm 1480 nm 1625 nm 1900 nm 2200 nm
1130 nm 1530 nm
2 um doped fibers Highlights
Doping Materials
200
Diode Diode 0 ®
Single Clad 4 and 5 um core, PM and 793 nm 793 nm _ o
160 . Slope efficiency: 42.0 % | ® 1
. non-PM Threshold power: 199 W ®
Thulium o
Double Clad 6 to 25 pm core, PM and e ! gg0 3 *
FBG HR N
non-PM @ 2.09 pm P g 120 T e
PC1 oc =
1.94 ym = 100 .'. i
Double Clad 6 to 25 pm core, PM and B 80 o
Thulium-Holmium non-PM % 60 —o L
Triple Clad 18um co Diode Diode &  ®
793 nm 793 nm ®
20 o
Single Clad 8um core, PM and non- ®
PM 0 50 100 150 200 250 300 350 400 450 500
Holmium

Single Clad 20 pm core, PM
Triple Clad 20 pym core

43

Injected pump power at 793 nm (W)
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