Final Inspection Report for BB04-002845-1574
RFLXA-2K-3-1560.482-1-S-S-1-S

Spectral Linewidth

The heterodyne linewidth of this laser has been measured using 25 km of delay.
Figure 1 shows the experimental setup. The fiber laser is connected to the input of an
acousto-optic modulator (AOM) with a carrier frequency of 100 MHz. The frequency
shifted first order and the delayed zero order that has not been diffracted are then
combined and detected by a photodiode. A polarization controller (PC) and a RF
electrical amplifier (RF Amp) are vsed to maximize the heterodyne signal.
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Figure 1 Heterodyne Measurement

We observe a full width of 25 kHz when measured 20dB down from the peak of the
signal, corresponding to a Lorentzian FWHM of 1.25 kHz. This number is an
approximation as the delay line was too short to avoid coherent effects and the line shape
was not Lorentzian.
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Figure 2 Heterodyne Spectrum






Relative Intensity Noise

The relative intensity noise (RIN) has been measured and is plotted in Figure 3. The
temporal resolution of this setup is limited by the bandwidth of the photodetector of 1
GHz. The noise spectrum is dominated by a peak (-113.5 dB/Hz) at the relaxation
oscillation frequency of the laser at .66 MHz and is shot-noise limited otherwise. No
other noise components are observed for the frequencies up to 1 GHz.
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Figure 3 Intensity Noise

Seed Output Power : 1.65 mW

Amp Output Power: 2.1 W

Seed Pump Current : 650 mA

Amp Pump Current; 6 A

Seed Pump TEC Temperature : 25 °C

Amp Pump TEC Temperature: 25 °C

Thermal Tuning Range : 1560.299 nm ~ 1560.778 nm
Set A = 1560.482 nm, Tr = 55.983 °C, V;, = 4.599 Vg

Tested by : JI/KY
Date : 4/10/2024
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NP PHOTONICS, INC Invoice
9030 S RITA ROAD
STE 120 Date Invoice #
TUCSON’ AZ 85747 4/11/2024 ME-04516
Bill To Ship To
CALTECH INSTITUTE FOR QUANTUM CALTECH INSTITUTE FOR QUANTUM
INFORMATION AND MATTER INFORMATION AND MATTER
1200 E. CALIFORNIA BLVD 1200 E. CALIFORNIA BLVD
PASADENA, CA 91125 PASADENA, CA 91125
5.0. No. P.O. No. Terms Due Date Rep Project
NP(1978 6AS5614517 Net 30 5172024
ltem Description Prev. In... | Backo... { Invoiced] U/M Rate PO # Amount
RELXA-2K-3-1560.482-1-S-... | HIGH POWER 0 0 Ilea 29.850.00 1 02/16/2024 29,850.00
FIBER LLASER
POWER (ROCK)
Shipping and Handling 63.12 63.12
Tracking:
775912221157
Dims & Weight:
26x26x9 251bs
Total $29,913.12
Payments/Credits $0.00
Balance Due $29.913.12
Phone # E-mail

520-799-7460

purchasing @npphotonics.com







NP PHOTONICS, INC
9030 S RITA ROAD

Packing Slip

STE 120 Date Invoice #
TUCSON’ AZ 85747 471172024 MF-04516
Ship To
CALTECH INSTITUTE FOR QUANTUM
INFORMATION AND MATTER
1200 E. CALIFORNIA BLVD
PASADENA, CA 91125
P.C. No. Ship Via FOB Project
6AS614517 2/16/2024
Quantity UM ltem Code Description

Shipping and Handling

1 ca | RFLXA-2K-3-1560.482...

HIGH POWER FIBER LASER POWER (ROCK)

Tracking: 775912221157
Dims & Weight: 26x26x9 251bs







NP Photonics, Inc.

NP FPhotonics

THE TERMS AND CONDITIONS OF SALE CONTAINED HEREIN ("THI$ AGREEMENT™} SHALL
APPLY 7O ALL QUOTATIONS AND OFFERS MADE BY AND PURCHASE CRDERS ACCEPTED
8Y SELLER. IF THESE TERMS AND CONDITIONS CONFLICT WITH TERMS AND CONDITIONS
OF A PURCHASE ORDER OR PROCUREMENT DOCUMENT ISSUED BY BUYER, THE TERMS
AND CONDITIONS CONTAINED MEREIN SHALL GOVERN. SELLERS ACCEPTANCE OF
BUYER'S ORDER IS CONDITIONED UPON BUYER'S AGGRITANCE OF THESE TERMS AND
CONINTIONS IRRESPECTIVE OF WHETHER THE BUYER ACGEPTS THEM IN WRITING, BY
IMPLICATION OR BY ACCERTANCE OF AND PAYMENT FOR PRODUCT SOLD HEREUNDER
AND RRESPECTIVE OF WHEN BUYER'S PURCHASE ORDER OR PROCUREMENT
DOCUMENT IS ISSUED OR OF WHETHER IT PRECEDES OR FOLLOWS ISSUANCE OF THIS
AGREEMENT, SELLER'S FAILURE TO OBJECT TO PROVISIONS CONTAINED IN ANY
COMMUNICATION FROM BUYER SHALL NOT BE DEEMED A WAIVER OF THE PROVISIONS
HEREIN.

Terms and Conditions of Sale

10. INTELLECTUAL PROPERTY INGEMNITY . Saller shaii: (1) deferd or usitle, at its oplion and
expense, any claim against Buyer alleging that any product furnished hareundaer, in the farm in which
i i furnishod by Selier. infringes any United States patenit, copyright or trademark; (i} reimburse
Buyer for any costs incurrad at Buyer's written request, and (IF) pay sl damages and costs aseassed
by final judgment against Auysr and sfiibutable to such claim. Seller shafl have the right at any time
and at #s option and expense to: (1) pracura for Buyer tha Fght to continue using such product; (i)
replace or modify any such praduct provided or to be provided 1o be frae of the infringement claim
andior discontinue further deliveties of iha product; or (i} require retum of such product and refund
the purchase price paid less a reasonable allowance for use, damege or cbsolsscance. Selier's
obligatione haraunder are conditioned upors: (i} Buyar giving Seller prompt writtan notice of any such
claim; (i} Seller having complete control of the defense and sefement thereof, and {ii) Buyer
couparating fufly with Salier to facilitate the detense or settiement of such claim.

Notwithstanding the foregoing, Sefier shak have no cbligation to defend or seitie any claim for any

1. ASSIGNMENT - Buyer shall no! assign this Agrenment or any rights or obdi b
without the prior written consent of Seller. Any atterpted sgsignment withowt Sefier's consent shall
e void and insffective.

2. GHOICE GF LAW - Yha canstruction, intarpretation and performance of this Agrasrmant shail be
govemned by the iaws of the Siata of Arizona, United States of Amarice, Tha UN, Convantion an
Contracts for the intemational Sales of Gooads shall not apply 1o the sale of proguct hereunder.

VENUE « Selier and Buyer agree {o submit to the jurisdiction and venue of the cours of the County
of Pima, State of Arizans, If a federal claim or diversily action arises, venue shal! be in the Central
District of California,

3. BELIVERY, YITLE AND RISK OF LOSS - Shipment will be made in a manner datermined by
Seller. Tille (axcept as provided in Section 8. “RIGHTS IN INTELLECTUAL PROPERTY") and risk of
loss or damage to the product shall pass to Buysr a1 the fime Seller delivers possession of the
preduct o & carsier at Seller's plant or warehouse or ather facifty without regard to natification of
shipmant of selaction of carriar. Product held by Seller at Buyer's raquest beyond the scheduled
delivery date shall be at Buyer's rigk and expense. Al Buyer's ragues! Seller may propay the froight
arxl invoice same back to the Buyer. Buyer shall be responsibls for expensss incurred by Seller
whets, at Buyet's requast, Sefler ships or packs product in ather than its normal mannar for domastic
shipmant. Standard INCOTERMS 2010 apply.

4. ENTIRE AGREEMENT - Excapt ot any written agreement between the parties rolating to
confidontiality of proprietary informafion, the tems mid conditians conlained in this Agreement
suparseds all prior oral or written undersiandings between the parties and shall constituts the entire
Agrsamend botween tha parties with respect Lo the subject matter of this Agreement. This Agreement
shall not ba madified or amended axcep! by a written agreement signed by Buyer and Sellar.

5. EXPORT CONTROL. - Bwer acknuwledgas ihat the products sold under this Agreement and
information tharewith may be subjact (o sxport veamc(lans undev

or piher violatien of any patent oc other intallectual Property sight: (i} arising from
compliance with Buysr's spacifications, designs or instructions; or (i} relating o usa of any produst
fumished hereunder in combination with any other tem{s), whather or not fumished by Sefler, aven i
such use Is the product's necessary or inherent use or the use for which the product Is purchased.

This sale of any product by Seller ehall not in any way confar upon Buyet, of tpon anyome claiming
under Buyer, any licensa (express or impliad, by estoppel or oiherwise) under any patenl daim of
Seller or others covering or relating fo any combination, mathine ar process in which such praduct is
or might ba used, or to any process or method of making such product,

THE FOREGOING STATES THE SOLE AND EXCLUSIVE REMEDY AND OBLIGATICN OF THE
PARTIES HERETO FCR INFRINGEMENT OR OTHER VIOLATION OF ANY INTELLECTUAL
PROPERTY RIGHT AND 1S IN LIEU OF ALL WARRANTIES, EXPRESS, IMPLUED OR
STATUTORY, IN REGARD THERETD.

11. PRODULCT CHANGES - Selinr may a! any tima () make changes i the Praducts that do not
materiaily affact physical or fi woe or (ily make mere substantial
changes or discenfinue defivery of the praduct when requlrad for purposes of safoty.

12, TAXES - Any fax of rolated charge that Seller shall be required kb pay to or coliact for any
govemment upon or with respect to servicas renderad o the sale, use o delivery of products shalt
ba bifed lo Buyer as 3 separate ltem and paid by Buyer, urlass Buyer fumiahas a valild exemplion
certificate to Seilar.

43. TERMINATION OR CHANGE - Buyer shall not suspend or
cancal dalivary of issue a "hold” order under this Agresrant, in whote or in peet, wrthwt Sellar's prior
written consent and upon terms that will compensate Sefler for any loss or damage rasuliing from
such action. Buyer's liabilily shall include, Dut not be fimitad to, the price of product defversd or hald
for disposilion and Ihe price of services aiready performed, plus Sellers joss of profits therson,
incurred costs and @ reascnable allocation of general and adrinlsirative sxpensas. Any such

applicable law, including the L. S D it of G

xport
('Reguiations™), and Ruyer Agreas 1o comply fully with same. Buyer nssufes Seller thm # wifl not
transmit, sell, transfer or convey any such products, or goods
produced through the use of such, to any tountry, or citizen or resident of a counlry other than the
Unlted States withaut first securing ths written cansent, If required, of the U.S. Cepartment of
Commarce.

6. EXCLUSIVE REMEDNES AND LIMITATIONS OF LIABILITY:

A. FOR PURPOSES OF THE EXCLUSIVE REMEDIES AND LIMITATIONS OF LIABILITY SET
FORTH IN THIS SECTION 6, "SELLER™ SHALL BE DEEMED TO !NCLUDE NP PHOTOMICS,
INC., 173 SUBSIDIARIES AND AFFILIATES AND THE DIRECTORS, OFFICERS, EMPLOYEES,
AGENTS, REPRESENTATIVES, SUBCONTRACTORS AND SUPPLIERS OF EACH OF THEM:
AND “DAMAGES" SHALL BE DEEMED TO REFER COLLECTIVELY TO ALL INJURY, DAMAGE,
LOSS OR EXPENSE INCURRED,

B, SELLER'S ENTIRE LIABILITY AND BUYER'S EXCLUSIVE REMEDIES AGAINST SELLER
FOR ANY DAMAGES CAUSED 8Y ANY PRODUCT DEFECT OR FAILURE, OR ARISING FROM
THE PERFORMANCE OR NON-PERFORMANCE OF ANY WORK, REGARDLESS OF THE
FORM OF ACTION, WHETHER IN CONTRACT, TORT INCLUDING NEGLIGENCE. STRICT
LIABILITY OR OTHERW!SE. SHALL. BE:

1. FCR INFRINGEMENT: THE REMEDIES SET FORTH IN SECTION 10

2. FOR FAILURE OF PRODUCT OR WORK PERFORMED: THE REMEDIES STATEDR IN
SECTION 15.

3. FOR DELAYS i DELIVERY: NONE UNLESS THE DELIVERY IS DELAYED BY MORE
THAN THIRTY (30} DAYS BY CAUSES NOT ATTRIBUTABLE EITHER TO BUYER OR TO
FORCE MAJEURE CONDITIONS, WHICH CASE BUYER SHALL HAVE THE RIGHT, AS ITS
SCLE REMEDY, TO CANCEL THE ORDER WITHOUT INCURRING TERMINATION
CHARGES

4, FOR DAMAGES TO REAL OR TANGIBLE PERSONAL PROPERTY OR FOR BODILY
INJURY OR DEATH TO ANY PERSON PROXIMATELY CAUSED BY SELLER. CUSTOMER'S
RIGHT TO PROVEN DIRECT DAMAGES.

5. FOR CLAIMS OTHER THAN SET FORTH ABQVE: SELLER'S LIABILITY SHALL BE
LIMITED TO DIRECT DAMAGES THAT ARE PROVEN. IN AN AMOUNT NOT TO EXCEED
$75,000.

6. Standard INCOTERMS 2010 apply.

€. NOTWITHSTANDING ANY OTHER FROVISION OF THIS AGREEMENT SELLER SHALL
NOT BE LIABL.E FOR INCIDENTAL, INDIRECT, SPECIAL OR CONSECUENTIAL DAMAGES OR
FCR LOST PROFITS, SAVINGS OR REVENUES OF ANY KIND, WHETHER OR NOT SELLER
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. THIS PROVISION SHALL
SURVIVE FARURE OF AN EXCLUSIVE REMEDY.

7. FORGE MAJEURE - Except with respect 10 Buyer's ohligation to make timely paymants whan
tus, nelthet Party shall be: held responsible for any delay or feilure in performance of any part of this
Agreement to the extent such deiay or fallure is caused by fire. fiood, explesion, war, strike, chif
commotion, embargo, government requirement, civil or miltery authority, acl of God, inability to
secure materia} or 1 facilithes, ir yioki of products despite Sefler's reascnable
afforts, act ar osdesion of carders or any other causes beyond its reasonable contrel. Sefler may. in
the event of any such circumstances, aflocate al #s scls ign fis cutput
amang liself and its olhar customars, inciuding at Sefier's option thase not under contract,

8. RIGHTS IN INTELLECTUAL PR{]PSRTY Seller emlu-:ively shiall awi al rght, o and interest in
and to any ds, ideas, computer and other apparatus
programs and refatad dowmemutlon "other works ur authorship fixed in any targitde medium: of
axpression, mask works or other forms of inlelleclual properly, whether or not patentabio,
copyrightable or subject ta mask work rights or other forms of protaction, which ara made, created,
developed, written, conceived or firs! raduced 1o practice by Seller solely, jointly of on its behalf in
the course of, arising out of o a4 & result of work done under this Agreement.

9. NDN-WAIVER - Na course of dealing or failure of etther party ta strictly enforce any term, right or
condition of this Agresment shall be constnied as a waiver of such term, fight or candition.

T600-031-A
Released 9/27/2021

shall be subject to a minimum termination charge of fifteers percant {15%) of the doliar
amaunt of the sales terminated.

4. TERMS OF PAYMENT - DOMESTIC ORDERS: Buyer shall pay the involcad amaount within thisty
(30} days from the date of Seller's invoice. Delinguent paymenis are subject to an interast charge at
tha rate of one and one-half parcent {1 1/2%) par month, or portion thargof (hut nat to exceed the
maximum fawful rate). Buyer heraby grants to Seller a pyrchase monay securly inlerest in the
predurt to sacure the purchase price of tha product untl! the purchase prios |s pald in fufl. Buyar
agrees i sxacute and deliver ali documanis requested by Seller to perfect and maintain Soller's
securlly interast. Orders are subjecl toa ing credit limit { d by ing all
autstanding invoices, whother or not past due, combined with tho velue of all accepted orders) as
reasenably detarmined by Sellar. Sellar may refuse to accept purchase orders if such acceptance
would result in Buyer excesding such cradit limit. The amcunt of credit or terms of paymert may be
changed or credit withcrawn by Seller at any fime. Each: shiprent shall cmstilum an indapandent
transaction and Buyer shall pay for same In with the {ermes. if
shipments are delayed by Suyer, Seller may invoice Bwyer when Seller is prapurscl to ship.

EXPORT ORDERS - Cash in Advante or againgt Irevecable Letier of Credit n Seller's scle and
axciusive discration.

45, WARRANTY - Seller warrants to Buyer that products of its manufacture wil be, cn t’ne date of
shipmant of the praduct, free fram defects in materat anc wor p and will

conform to Sellars written spacifications provided to Buyer or 1o the specifications, lf any, identified
In an erder anc agread te In weitng by Sefler, other than specifications specifying performance jor o
poried of time. If any defect in malerial o warkmanship or fallure to mest sald published
specifications (a "defect”) appears in the product Seller wiil, at its option. either repalr or replaca the
defective product withaut charges at Seller's manufacturing or repair facibty or credit or refund the
purchase price of the defective product provided: {j} the defect appears within twalve (12) months
from the dale of shipment of the praduct, (i) Buyer notifies Seller in writing of the claimed dafect
within thirty (30) deve aftar Buyar knows o masonably should know of the tlaimed defect, and (i)
Sellar's examination of the product discloses thal the claimed defect actualy exists.

Buyer shall follow Sallet's garding returm of produet, and na product wil be
accepled for rapair, mpiacemant cmﬂl ef rar!und withowt the written awthorization of and in

with Sellar's i products shall bswrm Seller's property. In no
event shall Seller be for o ar fel af ducts or for the
expanses thereal. F Sefier datermines that the retumed products were not defactive, Buyer shall pay
Seller all costs of handling, inspection, repairs and transportation ol Seller’s then prevailing rates.
Repairs and replacements covered by the above warranty are warranted fo be free from defasts ag
sot forth above axcept that the defect must appear (i) within three (3} monihe from iba date of repair
or replacemant or {ii) priar to the expiration of the above tweiva (12} month pariod, whichavar i later.

With ragpedt 1o products not manufactved by Seller, Sellar. to the extent parmitted, sxtends the
warranties and affords the remedies to Buyer giver: to Sefler by it's vandor of sakd products.

Seftor makes no warrantios with respact to ¥pes or samplas o fo
produdts which have been subjected to misuse, nug%ect accident or sbuss or have baen impropedy
instalied, stored, handled, maintained, repalred or alierad by snyane mthet than Seller, or had thelr
sefial Aumbers or month and year of manufacture or shipment removed, dafaced or aftared.
EXCEPT AS STATED IN THIS SECTION 15, SELLER ITS SUBSIDIARIES AND AFFILIATES,
SUBCONTRACTORS ANC SUPPLIERS MAXE NO WARRANTIES EXPRESS OR IMPLIED, AND
SPECIFICALLY DISCLAIM ANY WARRANTY OF MERCHANTABITY OR FITNESS FOR A
PARTICULAR PURPOSE AS WELL AS OTHER IMPLIED WARRANTIES, IN LAW OR EQUITY,
BUYER'S SOLE AND EXCLUSIVE REMEDY SHALL BE SELLER'S CBLIGATION TO REPAIR OR
REPLACE OR CREDIT OR REFUND AS SET FORTH ABOVE.

16. MEDICAL AND LIFE BUPPORT APPLICATIONS - Sefler doas nat recammend the usa of any
products for medicat or e support applications whereln a falure or malfunction of the product may
directly threatan e or tause jury and Saller will not knowingly sell #is products for such use axcept
pursuant to written exceptian to this palicy granted on a caze-by-case basis. No wamanty is made
with respact o any such medical or iHe suppoet use of any product.
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,@/ HIGH POWER SINGLE FREQUENCY FIBER LASER SOURCE (RFLPXA)}
NP Photonics

9030 S. Rita Road, Suite 120
Tucson, Arizona 85747

Phone: 520-799-7400, Fax: 520-799-7403

info@npphotonics.com

Np phOtDnlcs Visit our Website at www.npphotonics.com

Copyright ® 2022 NP PHOTONICS. All rights reserved.

No part of this publication may be reproduced, transmitted, transcribed, stored in a retrieval system, or translated
into any language, in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior written permission from NP PHOTONICS, Inc,

Al copyright, confidential information, patents, design rights and all other intellectual property rights of whatsoever
nature contained herein are and shall remain the sole and exciusive property of NP PHOTONICS, Inc.

The information furnished herein is believed to be accurate and reliable.

However, no responsibility is assumed by NP PHOTONICS, Inc. for its use, or for any infringements of patents or
other rights of third parties resulting from its use.

The NP PHOTONICS, Inc. name and NP PHOTONICS, Inc. logo are trademarks or registered trademarks of
NP PHOTONICS, Inc. Limited.

All other trademarks are the property of their respective owners.
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1

Dear Customer,

Thank you for choosing NP PHOTONICS!

You have purchased one of the mast sophisticated and reliable products on the market today.
The serial number is located on the Benchtop Fiber Laser Source:

930 §, Rits Rond.
parart Sulte 140
INFI Eretcrio Tucson, AZBSTAY
N onufochunl:
{Motiol No.:
{BerialNo:

Figure 1.1 Serial Number Label

A .
<t Caution

Mechanical housing of the laser module may become hot. Avoid handling during operation. Use proper heat
sinking.

/'\
Lo Caution

Laser modules may emit a small amount of laser radiation at 976nm and 1550/1060nm from any surface.

it Caution

Avoid eye exposure to laser radiation emitted from connectors. it is always good practice to USE LASER
GOGGLES! Avoid irradiation on eye or skin by direct or scattered light.

OD 6+@900nm-1020nm, OD 6+@1020nm-1100nm, OD 6+@1500nm-1600nm

,/"\\
LA Cagtion

Any modification of the product may result in dangerous laser radiation.

A .
Lo Lol tion

Laser Warning: Invisible Laser Radiation emitting from optical connector. Avoid direct exposure to beam.
Bangerous laser radiation leakage may occur near damaged splice joints.

A .
Lt Cagtion

Attention! 25W max. @ 1550/1060/976nm. Class IV by ANSI Z136.1.

K- Caution

Single Mode Connector
Maximum emission 976nm: 25W
Maximum emission 1064nm: 25W

Maximum emission 1550nm:; 25W

The connector between power supply and laser module is not suited for connection or disconnection while
operating the laser.

Document: RFLPXA Operating Instructions and User Manual M600-419 Released 11/15/21
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A Gaution
Use of controls, adjustments, and procedures other than those specified in this manual may result in

hazardous laser radiation exposure.

I

2 caution
Guarantee expires with intervention in device. NP Photonics refuses any liability for damage caused by non-

compliance with safety requirements.

Released 1115121

Document: RFLPXA QOperating Instructions and User Manual M600-419
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1.1 Class IV Laser Product

Declaration of Conformity

Trade Name: NP Photonics, Inc.

Model No. RFLPXA

Responsible party: NP Photonics, Inc., 9030 S. Rita Road, Suite 120, Tucson, AZ 85747
Support Contact: NP Photonics, Inc. Phone: 1-520-799-7400 email: info@npphotonics.com
NP Photonics, Inc. complies with the following standards:

The following symbols/labels that might appear on your RFLS product:

- EN 61326-1 (IEC)

- EN 610101

- EN 60825-1

The High Power Laser Source Gen IV, Model: RFLPXA, meets the Class B specification limits defined by
C.1.S.P.R. Publication 22 for Information Technology Equipment for radiated emissions, and the Class B
specification limits defined by CFR Title 47, Part 15, Subpart B for conducted smissions. Under paragraph G
of section 15.108 of the Code of Federal Regulations Title 47, Part 15 of the FCC rules, FCC accepts the
international standards set forth in C.|.S.P.R. Publication 22.

ME Photonics
RFLSA

The foliowing symbols/labels that might appear on your RFLS product:

Laser Aperture Warning Label — Laser radiation is emitted
from this port!

Laser radiation warning and classification — Avoid exposure
tabel, and class 4 laser radiation waming.

e DA rhn 1m0y e 70003 1 Lo Lriansi,
N T Sy 11 L aveet b € ks 53 WAL )

ESD waming label - Electrostatic Sensitive Connections —
observe precautions for handling electrostatic sensiive
devices - Do not connect anything to these inputs when the
system is powered on. All connections should be made
when the system power is off.

Figure 1.2 Laser Waming Labels

Document: RFLPXA Operating Instructions and User Manual M600-419 Released 1115/21
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| Care Instructions

Maintenance and Care Instructions: Other than keeping the optical connector(s) extremely clean at all times,
there is no other maintenance to be performed by the operator. The laser has no serviceable parts. In case of
a failure or malfunction please contact an NP Photonics, Inc. representative @ 520-799-7400.

-Do not shake, bump or drop the laser
-Do not instaff this unit in confined spaces and ensure that the unit is well ventilated

-To prevent risk of electric shock or fire hazard due to overheating, ensure that curtains and any other
materials do not obstruct the ventilation vents.

- The socket outlet shall be installed near the equipment and shall be easily accessible

To reduce the risk of fire, electric shock, explosion, burns or product damage:

- Do not expose this unit to rain, moisture, dripping or splashing and ensure that no objects filled with liquids
such as vases, shall be placed on the unit

- Use only the recommended accessories

- Do not remove the cover (or back), there are no user serviceable parts inside. Refer to servicing to qualified
service personnel.

- Do not disassemble

- Do not heat above 60° C or incinerate

- DO NOT CONNECT THE JEAIN AMP STAGE 2 QUTPUT FIBER WITH MORE THAN 1 WATT OF
CUTPUT POWER TO ANY OTHER FIBER, ONLY CORNECT TO FREE-SPACE COLLIMATOR, IF THE
SYSTEM COMES WITH A COLLIMATOR ALREADY ATTACHED D0 NOT REMOVE THE COLLIMATOR,

DO HOT CLEAN THESE CONNECTORSE WITH STANDARD FIBER CONNECTOR CLEANERS
CONTACT NP PHOTOMICS FOR ASSISTANCE,

- If applicable, Output Fibers with less than 1 Watt of Output Power can be connected to
matching fiber connectors while the laser is furned off.

- DO NOT NSTALL SOLLIMATOR OR CONNECT TO ANOTHER FIBER WHEN LASER 15 ACTIVE

~ REMOVE DUST CAPS FROM FIBER CONNECTORS AND POINT FIHER ENDS TO A SUITABLE
POWER METER OR EQUAIVALENT BEAM DUMP BEFORE ACTIVATING LASER QUTPUT

- MAKE SURE THAT THERE 13 AT LEAST 0.5” CLEARANCE ARCUND THE LASER IN ALL
DIRECTIONS, AND ADEGUATE AIR FLOW FOR STABLE CPERATION

Document; RFLPXA Cperating Instructions and User Manual M600-419 Released 11/1521
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3 Introduction to the High Power Erbium
Micro Fiber Laser

The High Power Fiber Laser Source is an all fiber-based single frequency [aser. It is an amplified version of NP
Photonics’ Rock Laser Module — an ultra-narrow line width laser for sensing, LIDAR, test and measurement,
R&D, and telecommunication applications. Incorporating proprietary Erblum Micro Fiber EMF technology
developed at NP Photonics, the Rock laser provides up to 150mW of optical power over the
telecommunications C-band (1530-1565nm) or in the (1030-1075nm) band. The clean optical power from the
seed module ensures good saturation in the subsequent amplification stages, and ensures large signal to
amplified spontaneous emission (ASE) noise ratio and low relative intensity nolse. High power (up to 25W) is
achieved by using a master oscillator power amplifier (MOPA) configuration consgisting of the seed fiber laser
as the oscillator, and one or two stages of high power fiber amplifiers optimized for single frequency operation.
For >2W systems, there are two stages of amplifiers, whereas for s2W systems, there is only a single ampilifier
stage. By design the output from the MOPA maintains the narrow linewidth and low noise from the seed, while
delivering many watts of optical power.

3.1 The Laser Cavity: Single Mode Operation and Wavelength
Tuning

The cavity is established by two fiber Bragg gratings (FBG) that are fusion spliced to a short piece of active
matertal {see Figure 3.2). A spectrally narrow grating (NB-FBG) selects a single longitudinal mode of the
laser cavity and acts as the output coupler for the laser signal. The laser is excited through the second,
spectrally much wider, high-reflector grating (WB-FBG), using the output of a singie mode pump diode. The
temperature of the fiber laser cavity is walt controlled to keep the laser frequency stable within its thermal
tuning range.

PUMpP WE-FBG Reflectivity

NB-FBG Reflectivity

WB - FBG
Active fiber

Signal Figure 3.1 Wavelength Tuning
Figure 3.2 Laser Schematic

A small piezo actuator (PZT in Figure 3.2} is attached to the fiber laser to allow for fast frequency tuning as
well as to avoid occasional mode hop regions that can occur within the thermal tuning range.

The effective total cavity has a length of ~ 4 cm and a free speciral range on the order of 2.5 GHz. When the
laser temperature is changed, the mode selector and the cavity modes are tuned together and the laser
wavelength changes within about 1 GHz/K. However, due to slightly different expansion coefficients of the
fibers used in the Rock laser, the longitudinal modes will move somewhat less than the center wavelength of
the NB grating and eventually a situation occurs where 2 longitudinal modes experience the same output
coupler reflactivity. This is illustrated as situation in Figure 3.1. and typically occurs less than 3 times over the
whole thermal tuning range. Figure 3.3 shows the laser frequency as a function of the laser temperature. Two
mode hop regions are observed over a thermal tuning range of more than 30 °C or > 0.3 nm. These regions

Document. RFLPXA Operating Inatructions and User Manual M600-419 Released 111521
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are very narrow {< 0.1 °C} and can automatically be avoided by internally applying a DC voltage to the
piezoelectric actuator. This is schematially illustrated in Figure 3.3.

The laser has been calibrated at the factory and any wavelength inside the 30 GHz wide thermal tuning range
can be easily accessed through the software interface.

APET- 1

1549 4
E
£
£
g 15492
% .
5
=

1549.0 L 1 L 4 . .

45 850 5 60 65 70 75 80
Laser Cavity Temperature [C}]
Figure 3.3 Exampte of Tuning Curves
Document: RFLPXA Operating Instructions and User Manual M600-419 Released 117156121

Page 10 of 46



K ' HIGH POWER SINGLE FREQUENCY FIBER LASER SOURCE (RFLPXA)
NP Photormics

Features of the High Power Single Frequency Fiber Laser Source include:

» Very Narrow linewidth (long coherent length) down to 700Hz (corresponding to a coherence length of
many kms})

» Center wavelength selectable over 1550nm C-band or between 1030 and 1075nm

¢ Qutput isolation standard

» Up to 25W of output power

» Adjustable output power

s Dual output {(seed laser port and high power output port) and multi-fiber output options

» Linearly polarized or randomly polarized output available

» High wavelength stability

» Thermal tuning of wavelength

» Fast piezo tuning of wavelength

» Microprocessor control

» RIN suppression

+ Automatic Power Control loops (APC Constant Power Mode)

» Software supported

The High Power Single Frequency Fiber Laser Source combines a narrow linewidth Seed fiber laser and an
optimized high power fiber amplifier in a 19" rack mountable enclosure.

The Seed laser is integrated in a compact, acoustically damped package with controis for wavelength tuning,
RIN suppression, and a constant Seed power or Seed current mode.

The fiber amplifier can be operated in a constant current as well as a constant power mode by varying the
pump diode current to the final amplifier stage. This can be done either through the software or through a
potentiometer from the front panel. The output power is adjustable over a wide range.

Document: RFLPXA Operating Instructions and User Manual M600-419 Released 11/45/21
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5 RFLPXA Operation

Figure 5.1 Front Panel of the RFLPXA (multiple output options shown)

5.1 System Power Key Switch
This is a two-position switch.

Position 0 System is powered down

Position 1 System is powered up, laser can be turned on

5.2 Status LEDs

The SYSTEM POWER LED is on {(green) when the system is powered up.

The SEED OUTPUT ACTIVE LED is on (green) when the Seed laser output is active and light is emitted from
the Seed port

The AMPLIFIER OUTPUT ACTIVE LED is on (green) when the Amplifier outputs are active and light is
emitted from the Amplifier output fiber

5.3 SEED OUTPUT Enable Switch

This switch is used to tum the Seed laser ocutput on (1) or off (0). When the switch is tumed to the on (1)
position the green cutput active LED will come on to indicate that the Seed laser is emitting light. There is a
delay of approximately five seconds between the LED coming on and an optical output being present. The
Seed laser output typically takes 10 minutes to stabilize to a narrow linewidth emission after the Seed is
enabled.

Document: RFLPXA Operating Instructions and User Manual ME00-418 Reieased 1111521
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5.4 Seed Laser Optical Port

This port is used for seed laser monitoring (before the optical amplifier), and optical mixing for Lidar/sensing
applications. The connector is PM-1550 FC/APC, key aligned to siow axis.

A mechanical shutter in front of the Seed laser optical port acts as a beam stop and will automatically block
the laser. The shutter is marked with a laser waming. The SEED Output active LED above the aperture is on
when an optical signal is present. See 6.1

For safety reasons the mating connector should be fitted only when the laser is inactive.

5.5 AMP OUTPUT (Amplifiers Output) Enable Switch

This switch is used to tum the Amplifiers’ outputs on (1) or off {0). When the switch is tumed to the on (1)
position the green output active LED will come on to indicate that the Amplifier is emitting light. There is a
delay of approximately five seconds between the LED coming on and an opfical output being present.

Note that Amplifiers will be held in a disabled state, regardiess of the switch, unless the Seed laser has
stabilized, which typlcally takes 10 minutes after the Seed is enabled.

5.6 Amplifier Output Fiber

This port nominally houses a special fiber cable exiting the front panel with a FC/APC (key aligned 1o slow
axis} connector at the end. There could be a collimator attached to the fiber, or multiple fiber coming out of
the front panel depending on the configuration of the system.

For RELPXA systems with greater than 1W output power output, if the output fiber is attached to a
coliimator, do not remove the fiber from the collimator. If the collimator has a plastic cover, remove it
before turning on the laser. If the fiber has a metal cap but no collimator, then this fiber needs to be
coupled to a free-space collimator or other free-space setup, and not connected to another fiber
patchcord. Do not clean these fiber connectors with standard fiber optic connector cleaners. Contact
NP Photonics for assistance.

For RFLPXA systems with iess than 1W output power output {or multi fiber output with less than 1W

per fiber}, the fiber can either be coupled to a free-space collimator or connected o another fiber
patchcord. Make sure that the laser is turned off before making any connections.

Document. RFLPXA Operating Instructions and Uszer Manuat ME00-4 19 Released 111521
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Figure 5.2 Rear Panel of the Fiber Laser Source

5.7 RS232 Connector

For connections to a PC an RS-232 extension cable should be used. This is a DB-9 male to female cable
assembly with one-to-one pin connections. There should be no crossaver of the transmit and receive signals.
Note that a null medem cable is not suitable. The serial port uses the transmit (TXD), receive (RXD) and
signal ground {GND) lines only; the pins normally used for hardware handshaking (Pin 7 - CTS and Pin 8 -
RTS) are not connected.

3
5

Function

no connaction

TXD, transmit data {output from laser)
RXD, recelve data (input to laser)

no connection

GND, signal ground

no connection

ro connaction

no connaction

no connection

Lo o LA LA B T LAY B

Documaent: RFLPXA Operating Instructions and User Manual M600-419 Released 11/18/21
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5.8 Interlock Connector

The safety interlock BNC is required to be shorted together for normal operation. When the terminals are

open circuit the laser will automatically be in a shutdown state. A 50 Q terminator can be used to bypass this
feature.

5.9 AC Power Entry Connector

The line input power connector requires an input voltage of 90-264Vac at 50-60Hz and is internally grounded.

5.10 Piezo Connector & Fast Wavelength Modulation

The Piezo BNC connector allows the user to apply a signal to madulate the wavelength of the laser using the
piezo actuator inside the laser. To use this option the Fast Piezo Modulation option must have been chosen
at the time of ordering the laser.

The piezo allows users to have a means (faster than via temperature) to change or modulate the laser
frequency. Using the internal piezo amplifier the typical piezo response is ~ 30 MHz/V at dc and the 3dB
bandwidth (speed) is typically around 14 kHz.

5.11 Cooling Fans

The laser requires a flow of air to keep it cool. Fans are provided for this purpose. When installing the laser,
ensure that there is adequate access for airflow. Make sure that there is at least 0.5” clearance around
the laser in all directions.

Document: RFLPXA Operating Instructions and User Manual M600-419 Released 111521
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THIG IS A CLASE IV LASER PRODUCT: raguiring proper eye and skin protestion as specified by the
Center for Devices and Radiological Health (CDRH) of the United States Food and Drug
Sdministration.

Dangerous jaser radiation lsakage may ocour.
PLEABE LUSE APPROPRIATELY SPECIFIED LABER SAFETY GOGGLES.

6.1 Optical Connections

The high power output from the laser can come in several output formats depending on the customer
preference. The output power is generally accessed from (1) an FC/APC connector at the end of a fiber cable
exiting the front panel, or from (2} a collimator assembly attached to the output fiber exiting the front panel.
The seed port output is always via an FC/APC buikhead connector on front panel.

The FC/APC connectors (2mm narrow key type) nominally contain polarization maintaining (PM) single mode
fiber. The single mode APC connectors are used to avoid back reflections from returning to the laser system.
The polarization axis of the seed laser and amplified outputs are aligned parallel to the slow axis as indicated
in Fig. 4.1

For Tvpe {1) delivery option:

RFLPXA systems with greater than 1W output nower output, the output fiber needs to be
coupled to a free-space collimator or other setup, and not connected to another fiber
patchoord. Do not clean these connectors with standard fiber optic connecior cleaners,
Contact NP Photonics for assistence, It s important to always use appropriately hioh power
rated and AR-coated free-space optics with the cutput of the laser systermn. Consult with NP
Photonics f there are any guestions on the outout conneciions,

RELPYA svsterns with less then TW autout power cutput {or mulil fiber output with fess than
1% per fiber}, the fiber can either be coupled to a free-space collimator or connected to
anather fiber patchcord. Make sure that the laser is turned off before making any
connections,

For tvpe (23 dellvery option:

RELFEY A svstems contain collimating assemblies as the outout Tormat and deliver a
collimated output beam. The collimator has been aftached to the fiber cable at the factory
and it is not adivstable and should not be removed! If the collimator has a plastio cover
remeove it before turning on the laser,

Slow Ay Laser Polanzation

Figure 6.1 Laser Polarization Alignment with Fiber Axis and Connector Key

Document; RFLPXA Operating Instructions and User Manuat M600-419 Released 11/15/21
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HIGH POWER SINGLE FREQUENCY FIBER LASER SOURCE (RFLPXA)

6.1.1 Cautions

1. The ferrule of your optical fiber connector must be absolutely clean before being mated with the
Rock High Power Fiber Laser. Dust, lint, oil (from touching the fiber end face), and other foreign
particles will not only obscure the face of a fiber but — owing to the high light intensities that occur in
single mode fiber lasers — may also permanently “burn” the fiber. The fiber optic ferrule must be
cleaned and inspected every time it is mated and unmated.

For RFLPXA systems with greater than 1W output power output, if the outout fiber is attached
to a collimator, do not remove the fiber from the collimator, If the collimator has a plastic
cover, remove it before turning on the laser. If the fiber has a metal cap but ne collimator, then
this fiber needs to be coupled fo a fres-space collimator or other free-space setup, and not
cennected to another fiber patchcord. Do net clean these fiber connectors with standard fiber
aplic connector ¢leaners, GContact NP Photonics for assistance.

2. Unprotected connector ends are most often damaged by impact, such as from hiting the fioor.

Most connector manufacturers provide some sort of protection boot. The best protectors cover the
entire connector end, but most often protectors are simple closed-end plastic tubes that fit snugly
over the ferrule only. These boots will protect the connector's polished ferrule end from impact
damage that might crack or chip the polished surface. However, many of the tight fitting plastic tubes
contain jelly-like contamination (a byproduct of making the protection boot) that adheres to the sides
of the ferrule. A blast of cleaning air or a quick dunk in alcohol will not remove this residue and a
more thorough cleaning will be needed.

Never turn on the laser when the protection boot is still attached; the fiber optic connector may be
damaged by the high power output,

Never touch the fiber end face of the connector.

4. Never touch the collimator lens (if applicable). When in use, cover collimator head to avoid
accumulation of dust.

Never move or swing the output fiber cable when the laser is on.
Do not bend or curl the output fiber with radius fess than 10 cm,

Securely attach the output fiber cable so that it does not move while the laser is running. Motion of
the fiber cable can affect the stability of the laser.

8. The laser system is sensitive {o back reflections. Back reflections can cause instabilities and even
damage in some cases. It is strongly recommended that back reftections be kept to & minimum and
certainly below the values listed in the table.

Page 17 of 46

Power output rating Isolation level {output isolation,
1064nm 1550nm Maximum power back (Max ORL, dB) Maximurm power back typical)
0.5W 0.5W -3 250 mW 30dB
1w 1w -6 250 mWw 30dB
w 2w -9 250 mw 25d8
3w -11 250 mwW 25dB
= 5W = 5W -13 250 mwW 25dB
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6.1.2 Cleaning Technique

For RELPIA svatems with greater thar {W output power ouiput, If the output fiber is atteched to g
collimator, do not remove the fioer from the collimater, I the fiber has a cap but no collimator, then
this fiber needs 1o be counied to 2 fres-apace collimator or pther free-space setup, and not connected
to another fiker natchoord, Do not clean these fiber connectors with standard fiber optic connecior
clpaners, Contact NP Photonics for assistance,

For regular cleaning of the ferrule, use a high quality commercially available optical fiber connector cleaner;
follow the manufacturer's instructions to remove all contaminations.

- Air can be used to remove lint or loose dust from the fiber port to be mated with the connector.
- Always inspect the end of the fiber with a fiber scope after cleaning to ensure the connector end is cleaned.

- Never insert any liquid into the port.

<+~ Ensure no optical power is present at time of inspection

6.2 Electrical Connections

Note: Safety concerns require the following steps to be performed in the order indicated.

1. Make sure the AC power entry is set to the off position,

2. Make sure the system power key switch is in the O (Off)

3 Plug the power supply into a 100-230VAC, 50-60Hz electrical outlet.

4 If you plan to run and monitor the laser from a computer, connect the provided RS232 cable to the

computer and to the RFLPXA RS-232 connector.

5. Make sure that the remote interlock connector is short circuit or a 50 ohm terminator is fitted if an
intertock is not in use.

6. Make a connection to the fast piezo modulation BNC on the rear panel - if it is to be used.

6.3 Startup Procedures
1. Verify that the system power key switch is in the OFF (0} position.
2. Turn the AC power entry rocker switch on the back of the unit from O (OFF) to 1 (ON})

4. Tum the key switch that is located on the front panel from OFF (0) fo ON (1). A green indicator LED
will light up and verify that the electrical power is supplied to the system.

5. Wait for ~10 minutes for the seed laser temperature to stabilize. Turn the SEED OUTPUT key switch
to ON (1). This enables the seed laser to emit light. The green indicator LED located above the seed laser'
optical output ports will light up to show that the seed laser is emitting optical power.

6. Once seed laser is turned on, it will take some time (about 15-20 minutes) for its temperalture to re-
stabilize. During this time the seed laser will not yet operate to all specifications. The laser may
temporarily emit two longitudinal modes ~ indicated by the red indicator labeled 2N® MODE in the software
program. Once the Seed has stabilized, the Amplifiers can be turned on.

7. Make sure the Ampiifier output fiber (or fibers) is directed to a high power apticat power meter, or to
your free-space experiment setup.

8. To energize the high power output, set the AMP OUTPUT enable rocker switch to ON (1). The
Amplifier Enable LED will come on. Note that if the Amplifiers are turned on before the Seed is stable, the
software will hold the Amplifiers in a disabled state until the Seed Laser is ready.

9. For >2W systems, there are two stages of amplifiers, whereas for <2W systems, there is only a single
ampiifier stage.

Document: RFLPXA QOperating Instructions and User Manual MEG0-419 Released 11/15/21
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10. If your system is designated to be >2W, the Amplifier Stage1 will turn on, and the AMP Stage1
current/power will rise to the preset value that is fixed at the factory. This level is not adjustable by the
user. At this point, the GUI software can be used to make adjustments to the Amplifier Stage 2
current/power. See Section 7 for details.

11. {f your system is designated to be <2W, the Amplifier Stage1 will turn on at a predetermined current
level (nominally zero current). At this point, the GUI software can be used to make adjustments to the
Amplifier Stage 1 current/power. See Section 7 for details.

Important Notes on Operation

1.

When increasing or decreasing the Amplifier current andior nower either using the GUL or
through the R3232 command line, aveid large step increases in the current or power settings,

A rate of no move than 8.05Amps/second {ACC mode! , or §.1Wisec (APC mode) is
recemmended in both positive and negative direction,

If the Seed laser destabilizes either because the wavelength is adjusted or because the optimization
routine is avoiding a Seed 2™ mode region, the Amplifier may temporarily turn off until the seed
stabilizes.

it is Important to not change any seed laser seitings including wavelength tuning while the
ampiifier is operational. First turn off the ampiifier. change the seed laser settings. and turn
baeck on the amplifier,

6.4 Shut Down Procedures

To shut down the system follow these steps:

1.

Use the GUI, or the RS232 command line to slowly reduce the Amplifier output to the minimum
setting as described in the notes above.

2. Disable the Amplifier Output by setting the AMP OUTPUT rocker switch to OFF (0).
3. Disable the Seed Laser Qutput by setting the SEED QUTPUT rocker switch to OFF (0).
4. Turn the system power's key switch to OFF (0} position.
5. Set the AC power entry switch on the back of the unit to the OFF position.
Bocument: RELPXA Operating Instructions and User Manual M600-419 Released 11/15/21
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7 Computer interface and Fiber Laser
Control Panel Program

7.1 Software Installation

The delivered CD contains a SETUP.EXE file in a directory similar to that shown in Figure 7.1. Run
SETUP.EXE to install. Select the default settings or make changes as desired.

Fle Edit View Favorites Tools Help
T search . Folders . . x ) [+
| o
Fiber Laser  InstMsid.exe InstMsiw.exe  setup.exe setup.in
Control ...
'5 objects {Disk free space:; 620 MB) 11,118 fé My Computer

Figure 7.1 Installation Disc

7.2 Running the Software

1. Connect the RS232 to the PC before tuming on the power to the unit. Turn on the power to the faser (key
switch in | {On) position).

2. Start the Fiber Laser Control Panel (FLCP) program using the desktop icon or click Start — Programs —
Fiber Laser Control Panel — Fiber Laser Controf Panel.

A

Fiber Laser
Control Panel
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7.3 The Startup Window

The startup window allows you to specify the device type and associated COM port number or IP address
before opening communications with the laser.

Settings

COMPot  [COMT )

P Address |- oo s

H
Help

ek By

Figure 7.2 Start-Up Window
For the RFLPXA module the Device Type drop down box can be left as Auto-Detect,

For the COM Port drop down box select the correct COM port number. This is usually COM1 for computers
with a built in COM port, but where a USB to RS232 converter is used the comect port number for the COM
port must be determined by looking in the computers device manager screen.

To start communicating with the laser, click the Connect button. The startup window will then close and the
main window will appear.

To view context-sensitive help, click the Help button or press the F1 key.
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7.4 The Main Window

Lt L L

L) & |lel o

— 2. Seed Laser e 3. Amplifier —_ T
Sped Lasex / Lontroler Amphier
[ Znd  Ouwr  Shet SetPort  Morkor  Temp St Swmol SerPot o OF Low St .
Ensbie Aotive  Mode Curt. Down i<l 1Tl Stabke Down  Fk 1 Enable Aotive N Do
s s s nan O KENME =« s o R a e = M
ey E-ERNERE ¢ a2 o — Shage 1
Foverio) [ rie Voo EEMIIEEER m» o Sat Pk Mookor
it JER w PO I " Powe tw) K DR
PLB 2 | W Ani Comert () I [
‘Wavrhrngth Tuning o Cuireid Mgt —-n-—
T Mo e . _U o Conection @ - Mods -~ u . :
o apcl| ace " o I LR arcl ace ey
:IZI :’ :I WA0BH  MEOCHE MGAOL20 MO0 WSSO0 _ o) :_]_:l 000 26 850 26 HOO B
ALM-0177,002101,8.4.000 -0, No etror” DEVELOPMENT YERSION 32 Loded

Figure 7.3 The Main Window
The main window of the program is shown in Figure 7.3
It has 3 main sections:
1. Display Window
2. Seed Laser
3. Amplifier

A description of each section is given below.

Help Button
i

Displays context sensitive help for each of the sections
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7.4.1 Display Window Section

The Display window is the largest part of the main program window. The graph can display parameters for
the Seed laser or the Amplifier.

LS alel b | RiEaR) C e | W |

Figure 7.4 Display Window — Seed Laser Parameters

For the Seed laser the graph displays the laser output power, the pump diode current(s), the pump diode
TEC temperature(s), the heater temperature, the Piezo voltage and the internal Seed PCB temperature.

P &8 Chid @ RPSR L

Figure 7.5 Display Window - Amplifier Parameters

For the Amplifier the graph displays the power input from the Seed laser, the power output from the Amplifier
and the SBS power monitor

LJ Resume This button enables tracking on all axes.

| ‘ Pause This button tumns off tracking on all axes. When tracking is off, the axes will remain

e stationary while data is being added.

;'Ill Axes Scroll When this button is active, you can drag the axis and scroll the view. When the
Maode button is selected, the Axes Zoom Mode button is unselected.

;'{3] Axes Zoom When this button is active, you can drag the axis and zoom the view. When the
Mode button is selected, the Axes Scroll Mode button is unselectad.

@.j Zoom In When this button is clicked, all axes are zoomed in by a factor of 2. When the

button is dicked, tracking on all axes will be disabled to pause the view.

_@J Zoom Out When this button is clicked, all axes are zoomed out by a factor of 2. When the
button is clicked, tracking on all axes will be disabled to pause the view.
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This button allows you to zoom in on any region of the plot area. The zoom box

Zoom Box  can start at any point, but you must drag from the upper left to the lower right. The
zoom action will affect all axes and will cause tracking to be disabied.

ﬂf% Cursor This button shows or hides all data cursors.
i Properties  This button displays the property editor.
; Copy This bution copies an image of the graph to the clipboard.
Hg Save This button saves an image of the graph to file. You can select Bitmap, Metafile or
Bt JPEG as the file type.
@j Print This button sends an image of the graph to your printer.
@ Preview This button displays a print preview of the graph.
[~ SEED i

—— These buttons select the Seed Laser or Amplifier parameters for Graphical display

This button aflows the graph display to be cleared of all existing data and re-started from
BB RESET the current time.
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7.4.2 Seed Laser Section

js&edl.aser."cuﬂtro“af e e . S
aF oP 2nd  Over  Shux Set-Point  Monitor Temp Shut Sensor Bet-Point
Enable Active  Mode Cun, Diown ) '} Stable Down Fault L4

e W " tect R | 8 @ = rezo  JEREEH

e BN EEE &2 = =
Poweriv) T Fow Heow EEENEEEER ® w w
cwentime) N wm PCB 1 B -
PCB 2 - * Aroplifier
Wavelength Tuning
S ¥ P— e .‘.I . Cornection. £
p'pc ACC FE'N ON | LI ot ! ot 11 i1 [ ] ' [N N | | E "
....Jm ..._J‘”"’" e 1 ma9gep 1850000 1550420 1550240 1550360
Figure 7.6 Seed Laser Window
Status Indicators
oFP DFP 2nd  {Ower  Shut
Enable Active Mode Cuwr. Down
B 9 ¥ -
O/P Enable Indicates that the Seed laser output is hardware-enabied.
O/P Active Indicates that the Seed laser output is on.
2 Mode Indicates the presence of 2 longitudinal mode in the output spectrum.
Over Curr. Indicates an over-current fault condition in the pump diode(s).
Shut Down Indicates that the laser has shut down due to current or temperature error,

Numerical Readouts

Sead Laser / Contrallar -

P P 2nd Ower  Shut
Enable Active Mode Curr. Down

Power ) IR Foe:
Current [mA] u ]

Power (mW) The Seed laser cutput power monitor,
Pump 1 (mA}  The monitored current for Pump 1.

The indicator to the right of the pump diode current is a back facet monitor. When it is

Back Facet on it indicates that the pump diode is generating light.

Mode Buttons

ﬂf’E Automatic Power Control mode (constant Seed power),

ey Automatic Current Control mode (constant Seed current).
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Rin Button

AN 1‘ Turns the Seed laser Rin suppression control on or off.

Temperature Controls

Set-Point  {Monitor Temp Shit Sensor Set-Point
"2y (] Stable Down  Fault {¥1

TecT B RGE E @® @ Piezo
e BN ENE = a =

Heater JRRER ELEEE = @ =

PCBY

PCR 2~ ] * Aarnplifier

Wavelength Tuning

e oo e l e Corection 3B

[N} ] ¥ ] 3 1 ) [ 2| L] ] 13 13 L] 4 q i

on | s n T y
— H

1549280 1550000 1650120 1550240 1550360

il

The Temperature Control section comprises a series of numerical readouts and status indicators associated
with the Seed laser's temperature control and menitoring functions.

Set-Point (°C) The temperature set-point for the referenced controt loop.

Monitor {°C) The monitored temperature for the referenced control loop or PCB.
Temp Stable Indicates that the referenced control loop is settled and stable.
Shut Down Indicates that the referenced controi loop has shut down.

Sensor Fault Indicates a sensor fault on the referenced control ioop or PCB.

The temperature of the heater within the laser is automatically set by tuning the wavelength of the laser. The
“Temp Stabie” LEDs will turn green when the temperatures are stable. Stabilization of the heater temperature
takes on the order of 5-10 minutes.

If the heater temperature is stabilized and the second mode status indicator is still on, it may be that more
time is needed to come to tofal thermal equilibrium. if the 274 mode persists the laser is configured to
automatically remove the 2 mode, after a delay, by performing an optimization.

Piezo Voltage Monitor

Sel-Point
341

Piezo

This section displays the piezo drive voltage applied by the internal amplifier for 2" mode avoidance. It does
not include any additional voltage applied to the piezo modulation input for fast piezo tuning.

Wavelength Tuning
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Set-Point  Monkor  Temp Skut Sensor Ser-Pont
I ich Stable Down Fauk
5 B N Fiezo
B & n
R B2 8
|
| * Amplifier
Wavelength Tuning
N L
_".QN__I m;.m ﬁﬁtiom BE0I20 1554::240 ussci.:m -

2

When Waveiength Tuning is switched ON the slider can be used to control the Seed laser wavelength. When
the slider is moved the Seed Heater temperature and Piezo voltage are tuned according to an internal
calibration to avoid second mode regions and reach the calibrated wavelength.

Ser-Foimt Momor Temp Skt Senwor Set-Point
T {C} Stable Down  Fauk a

@ Fexo | NN

a2

|

a

[ ] * Arnplfiet

Wavstength Tunlog

o i'!ll*!lllllll'llll'
! 549080  WEU0MD  WEOI0 550240 MS60.350 - _3]5

With the wavelength tuning turned off, it is possible to type in values in the Heater set point box and the Piezo
Drive set point box and press the return key. The numerical wavelength display is invalid.
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7.4.3 Amplifier Section

Amplifier - Arnplifier

o O Low Shut Low OIF O

Enable Mctive Inpt Down o - O#F Adfust - input Enable Active oie
il B " a ON I St 1 Hiv A B ] ON

Set-Foint  Maonitor

wone Stage 2 e Stage |
SetPoint Monitor  Monitor Power [W) BiEI] P y
. . igh
Powet i) o] Cuerent [A) xR PN
Current () 585 Power (riw] EE =
----------- s Powet Sdjust -----ameeee
v Moy rrenee ‘J ------- Made «eue )
APC Acc il!ll!lillll%lllli
APC AGC IlI‘!llll{!ll'l}liE
__t __.,l 000 275 550 625 100 ———‘l ‘--J 20 080 130 130 239_?_5
2]
Two Stage Amplifier (>2W System), ACC mode One Stage Amplifier (<2W System), APC mode

Figure 7.7 Amplifier Window — multiple system configuration examples shown

Mode Buttons

APC ] Power Control mode. The Amplifier output power is controlled using the Power Adjust slider
W or by directly typing a power level into the Power (W) Set-Point box.

Vacc Current Control mode. The Ampiifier current is controlled using the Current Adjust slider or by
L1 directly typing a power level into the Current (A) Set-Point box.

O/P Adjust Buttons

B | Software Control. The Amplifier output current or power is controlled via software.

Hi Hardware Controt. The Amplifier output current or power is controlied via the front panel
=3 potentiometer.

O/P Button

o The amplifier output, when enabled by the hardware controls, can be turned on and off via
o  this software switch.

Status Indicators

low DiIP 0O#F
input  Enable Active

N B B
Low Input indicates that the Seed power into the Amplifier is too low. Amplifier will shut down.
O/P Enable Indicates that the Amplifier outputs are hardware-enabled,
O/P Active Indicates that the Amplifier outputs are on.
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Numerical Readouts

________ Stage 2 e Btage | Set-Foint  Monitor

Set-Point Manitor  Monitor Power (W] R N _
Power [w) ﬂ m m f Cumrent (4] - ggg
Current [4) m ) m SBS Power [mw] " i

Power (W) The Amplifier power set-point and corresponding power monitor read back, For >2W
systems, this controls the AMP Stage 2 (left figure). For S2W systems this controls the
AMP Stage1 (right figure)

Current (A) The Ampilifier current set-point. For >2W systems, this controls the AMP Stage 2 (left
figure). For <2W systems this controls the AMP Stage (right figure)

(S:VSV)Power The monitored SBS power (only applicable for s2W systems)
The indicator to the right of the SBS power monitor. When it is on it indicates that the
High SBS SBS power level reached a high enough level for the Ampilifier to perform an automatic
Indicator shutdown. To clear this, turn the Amplifier off and on again using the front panel
Ampiifier enable toggle switch. (only applicable for <2W systems)
Stage1 This section shows the current and power levels of AMP Stage 1. It is a read-only
Monitor section, not adjustable by the user (only applicable for >2W systems)
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7.4.4 Toolbar Buttons

The toolbar is located just below the window's menu bar.

Toolbar Buttons

f;:gj Connect

&% Disconnect

Mn'm'§ Reset

ChS§ Clear Status

i Query
it ldentification

i Query
—4 Option

i
&y, Save

B DATA I

o LoG l T DATA 1

This button is used to open communications with the controller. For most applications,
communications start automatically when the main window is first displayed, but you can
choose to stop communications using the Disconnect button (see below) and to re-start
using this button.

This button is used to close communications with the controller. Aithough
communications stop automatically when the main window is closed, you can choose to
stop communications using this bution and to re-start using the Connect button (see
above).

This button resets the controller using the *RST command. This causes the laser's
firmware 1o reset to its boot-up state.

This button clears the laser's status using the *CLS command. This essentially clears its
internal error gqueue.

This button requests the laser’s identification string using the *IDN? command. The
identification string comprises the manufacturer, model number, serial number and
firmware version number. It is displayed in the Status Bar.

This button requests the laser’s option information using the *OPT? command. This
option information is used to report any hardware or firmware options fitted. If there are
no options fitted, “0" is reported. The option information is displayed in the Status Bar.

This button saves the laser's settings into non-volatile memory using the *SAV
command.

This button is used to open or close a data log file. It will log all of the data which is used
in the graphical display to file; for analysis with a program such as Excel. Only data from
the time the LOG button is pressed is saved.

This button indicates when status information is being read from the laser. It can also be
used to request status updates manually. See Preferences under the File menu for
further details.

Note that the Seed laser RIN and Wavelength controls plus the Amplifier O/F Adjust, Mode and Current (or
Power) controls and set points are all affected by the SAV button.

if any settings are changed they will be lost when the laser is power cycled or reset, unless the SAV button
has been pressed to save them in non-volatile memory.

Document: RFLPXA Operating Instructions and User Manual M600-419 Released 11/15/21

Page 30 of 46



NP Photonics

HIGH POWER SINGLE FREQUENCY FIBER LASER SOURCE {RFLPXA)

e

000 278 %0 825 nOoo

2

==

oF oF nd  Ovet Shat Temp Skt Sensor Set-Point
Enabi Active  Mode Cur. Down Stabke Down  Fauk (k3
a - i an a2 B B Pezo -
H 8 n
Power {mw} - A aan
Cuatant [vd] & . -]
| * Ampifier
Wavelength Tuning )
N ‘U . Comection 5l
E‘ EJ _'g.l _'”9_;! ms:.euo m:.om 56120 mulm ml;.:aso _ g
s S ] P SR ‘
Low OF OF o

Powerw) IR VI
cureni) N

SBS Poweer {miw']

High
SBS
HlE =

—«ma-ntm-----

et |l

Illl!lllll L}
LZO 440 %60 580 800

-1.

Figurs 7.8 Controls affected by the SAV button

7.4.5 Menu Bar

The menu bar is located just below the window’s fitle bar. It provides the following menus:

» The File menu includes commands for setting the program preferences and exiting the program:

Figure 7.9 File Menu
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¢ The Optimization menu includes commands for optimizing the laser, viewing the results and setting
the optimization options:

Figure 7.10 Optimization Window

e The Help menu includes commands for accessing the program’s help file, requesting technical
support and checking the program version:

@I@I ff_%ﬁ ;ents... F1

Technical Support. ..

Filgure 7.11 Help Menu
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Often the laser is used in an environment where there are temperature changes or where customers use the
laser in a way that moves it outside the "factory-calibration” conditions. These lasers are conservatively
specified and can be exercised to operate in these more challenging environments. Under such conditions it
is possible for the iaser to enter a regime where it has two longitudinal modes at the same time. This is a
second mode region. To enable this extension of capabilities we have developed an optimization routine to
be initiated by the user to recover from this condition.

The aim of the optimization process is to adjust the laser’'s operational point within a single mode region, so
as to minimize the likelihood of drifting into any bordering second mode regions. The technique involves
monitoring the laser's output power and second mode level whilst scanning the piezo voltage through its
operating range.

The data is analyzed to find the optimum point of operation for the piezo voltage. Constraints are imposed
during the process to ensure a reliable result, and a confidence level is employed to determine whether or not
to set the laser to the predicted operating point. A confidence level of 2 or higher indicates a good prediction.

An optimization {akes approximately 35 seconds to complete.

An optimization is only valid once the laser has been allowed to operate and stabilize at a particular
wavelength. If the laser wavelength is altered, then a new optimization should be performed, if required as a
result of the presence of a second mode.

As a default, the resuits of the optimization process are not automatically saved. To save the results manually
the SAV button on the toolbar should be used. This will return the laser to the known good operating point
when the laser is power cycled.

The optimization facilities have been designed to be as easy to operate as possible. Use of the optimization
facility is simply a matter of initiating the process, as and when needed, and watting for it to complete.

Note that lasers should be operating in ACC (constant current) mode and temperature-stable before initiating
an optimization. It is also recommended that RIN suppression be enabled.

it is Important to make sure that the Amplifiers are turned off before initiating the optimization
Brocess.
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8.1 Using Fiber Laser Control Panel to control the Optimization
process

8.1.1 Optimization Menu

The Optimization menu is located on the menu bar of FLCP's main window, as shown below. The individual
commands are summarized below.

Figure 8.1 Optimization menu
Optimize
This command and its sub-commands allow an optimization to be started and, if necessary, aborted.
Show Results...

This command displays the results of the most recent aptimization. If the command is checked, then the
. results will be displayed automatically at the end of each optimization. This feature can be disabled through
the Optimization Results window (see Section 8.1.2 ).

Save Data...

This command saves the results of the most recent optimization to file. The facility to save the data is alsc
available through the Optimization Results window (see Section 8.1.2).
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View Log
Optimizationlog .
Total Bun Time fhours) 65194
Total Optimizations 7
Last Optimization # 7
Opt. # RunTime | Temperature| VYolage | Corfidence | =
' [hours] '€} g Flag
P 1794 54.325 4717 3
3 2660 54.328 3.248 3 _J
4 3515 54.321 3421 3 -
5 4398 54.321 3210 3
5 5285 54.327 4.298 3
» 7« B177 54,321 3594 3 M
Save... 3

Optimization Options

-

M Optimize automatical

b to conect second mode

¥ Save oplimized settings to non-volatile memoy

™ Enable hardware control via APCZACE input

_ Carcel |

Flgure 8.3 Optimlzation Options

The Optimization Log window will appear,
showing the laser's total run time and
optimization history

Flgure 8.2 Optimization
Log

Options

When Optimize automatically to correct sacond mode is checked, the laser will optimize automatically if it
detects a second mode condition. if this option is not selected, then Use step correction method Instead
can be set as an alternative means to move the laser out of a second mode region.

The laser will automatically call the optimization process if certain conditions are met. These are

» The laser has been warmed up and active for at Jeast 15 minutes.

s The temperature must have been stable for at least 32 seconds

+ A second mode condition is consistently present

When Save optimized settings to non-volatile memory is checked, the laser will save its optimized
settings to non-volatile memory, so they will be remembered after the laser is reset or power cycled.

When Enable hardware control via APC/ACC input is checked, optimizations can be initiated using the
APC/ACC (pump mode) input. In this mode, the laser remains permanently in ACC (constant current) mode.
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8.1.2 Optimization Results

To view the results of the latest optimization, click on the Optimization menu and seiect the Show Results...
command:

+ Fower (Ramp 0} * Power [Ramp 1)
< Znd Mode < 2nd Mode
, g .
7200 -
o
) ] £
z : e
Pl N =
@ e (=}
Z 7100 - =
Wil bW - 2
: &
[ Y 4 5. T N - 4000
e i SR o Juk Do Ll TS L EPETE
- I " " Y T .
-140.0 0.6 100
Piezo Yoltage (V)

s Ramp 0 Ramp 1
Polynomial Fitting STRRGE Fio | Fid
MNumber of Points 12 1 17 &
Coelficient 0 70321 6962.5 70832 7246.9
Coefficient 1 1381 2B.44 17.84 3759
Cosificient 2 1037 1840 072 2304
Quality of Fit 092 199 196 (183
Peak Position n/a 1692 12582V n/a

Rarmp Ramp 1
2nd Made Ranges Lower Fdge | Upper Fdge | Lower Edge | Upper Edge
Range 0 -3.00 200V .00V 200V
Range 1 néa néa i nia
Dptimum Yoltags .00
Confidence Flag 2
W Blways show results Save.. : Close

Figure 8.4 Optimization Results
The various features of the window are summarized below.

Ramp Data Graph

The graph shows the accumulated power {solid lines) and second mode level (dotted lines) readings plotted
against piezo voltage. The quadratic fits to the powar data are also shown. The upward and downward ramps

are indicated using blue and magenta traces, respectively. The yellow curscr denotes the predicted optimum
voltage.
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Ramp Results Table

The results of the ramp data analysis are tabulated immediately below the graph. Generally, there are two
guadratic fits for each ramp, giving two peaks per ramp. Each set of fit results comprises the number of
points, the three quadratic coefficients, the quality of fit (coefficient of determination) and the peak voitage
calculated from the fit. Where appropriate, the values are displayed in green or red to indicate whether or not
they met their respective assessment criteria,

Second Mode Ranges Table

This table shows the positions of the lower and upper edge of each second mode range identified. Up to two
ranges can be identiffied on both the upward and downward ramps.

Final Results Table

The last table summarizes the final results of the optimization. it shows the predicted optimum voltage and
the confidence flag value. The latter is displayed in green or red to indicate whether or not it met the required
confidence level.

Miscelianeous Controls

There are three controls at the bottom of the window:

? When Always show results is checked, the results will be displayed automatically each time an
optimization completes, To disable this feature, uncheck the box. This setting also controls the check
mark on the Show Results... command on the Optimization menu.

?  The Save... button is used to save the optimization data to file. i performs the same function as the
Save Data... command on the Optimization menu.

?  The Close button is used to close the resuits window and return to the main window.
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Please be aware that the grating temperatures are controlled via a resistive heater loop. The grating
temperature can be changed between about 40 and 70°C leading to a (thermal) frequency tuning range of
>30GHz. When mounting the laser, keep in mind that the temperature of the laser module needs to be lower
than the grating temperatures, i.e., lower than ~35°C.

The grating temperatures and, therefore, the laser frequency cannot be controlled for grating set
temperatures that are lower than the enclosure temperature.

This laser is designed to operate in a normal laboratory environment with ambient temperatures between
about 15 and 30°C. Please contact us if you wish to run the laser in a warmer or colder environment.

Note: The laser will be most stable when the whole enclosure has reached thermai equilibrium. This can
take several hours.
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In fiber optics, a polarization-maintaining optical fiber (PMF or PM fiber) is an optical fiber in which the
polarization of linearly-polarized light waves launched into the fiber is maintained duting propagation, with
little or no cross-coupling of optical power between the polarization modes. Such fiber is used in special
applications where preserving polarization is essential.

Several different designs of PM fiber are used. Most work by inducing stress in the core via a non-circular
cladding cross-section, or via rods of another material included within the cladding. Several different shapes
of rod are used, and the resulting fiber is sold under brand names such as "Panda” and "Bow-tie". NP
Photonics is mainly using PANDA PM Fibers for its products.

Polarization-maintaining fiber will not polarize light like a polarizer does. Rather, PM fiber maintains the
existing polarization of linearly-polarized light that is launched into the fiber with the correct orientation. If the
polarization of the input light is not aligned with the stress direction in the fiber (PM Fiber axis), the output will
vary between linear and circular polarization (and generally will be elliptically polarized). The exact
polarization will then be sensitive to variations in temperature and stress in the fiber.

The output of a PM fiber is typically characterized by its polarization extinction ratio (PER)—the ratio of
correctly to incomrectly polarized light, expressed in decibels (dB) measured with a PER meter. Common
values for PER out of a polarized laser source is >20dB.

NP Photonics do not recommend fibers bending diameter lower than 4” (100mm). Our standards products
are equipped with FC/APC connectors. "FC” stands for Fiber Connector and "APC” stands for Angled
Physical Contact. There is a contact between fibers being connected, therefore it is really important to check
the fiber tip cleaniiness before any connection with a fiber scope {make sure the laser is off if the inspection is
being done on the laser source side) and to clean if needed. A connection using standard FC/PC connector
on one side and FC/APC on the other side will be loser and can potentially provide undesirable optical
feedback.

Furthermore, the standard FC/APC connectors used on our products line are narrow key connectors
(2.00mm)/ narrow key ways adaptors (2.05mm) to provide the best alignment possible between the PM fiber
axis when connecting PM fibers together. A connector with a wide key (2.12mm} will not fit into a narrow key
way adaptor (2.05mm) and forcing the parts in will likely damage the connector and the adaptor. A connector
with a narrow key (2.00mm) will fit into a wide key way adaptor {2.17mm); nevertheless, the PM fiber axis will
be misaligned due to the loose tolerance through the connection resulting into a poor PER.
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11 Shipping Contents and Accessories

Included:

- NP High Power Single Frequency Fiber Laser Source (RFLPXA}
- Softwars on CD/USB Drive

- R5-232 Extension Cable

- Power Cord

You will need:

A 100-240 VAC, 47-63 Hz, (25 W max.) voltage outlet
FC/APC optical connectors or adapters

= A personal computer with Windows2000, XP or Windows 7 operating system and
RS-232 port IF the laser is to be monitored and controlled through the software (Note
suitable USB to RS232 adaptors can be used if no RS232 port is available)

Keep the shipping contalner. |f you file a damage ciaim, you may need it fo demonstrate that the damage
occurred as a result of shipping. If you need to retumn the unit for service at a later date, the specially
designed container assures adequate protection.
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her Laser Optical Interface

The RFLPXA High Power Single Frequency Fiber Laser Source has different optical interface and
terminations depending of the product configuration. A detailed summary of the most common configurations
is given in section 6.1. If you have any question about the optical interface of your faser system, please
contact NP Photonics for assistance.
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NP Photonics Rock Laser Modules are protected by a 12-month warranty. All components and assemblies
are unconditionally warranted to be free of defects in workmanship and materials for the warranty period,
beginning from the date of shipment. This warranty is in lieu of all other warranties, expressed or implied, and
does not cover incidental or consequential loss. This warranty does not apply to devices damaged due to
operating conditions outside of the specified parameters. Modified warranties for OEM customers are
available.

Warranty Limitations

This warranty excludes products, parts (including fiber connectors) or equipment which have been tampered
with, disassembled, opened, or modified by persons other than NP Photonics personnel, misused, neglected,
or damaged by accident, used in applications which exceeds their specifications or ratings, used outside of
environmental specifications for the product, used with buyer software or interfacing, improperly installed,
maintained or otherwise abused or used other than in accordance with the information and precautions
contained in this User's Manual. It is the customer’s responsibility to understand and follow operating
instructions in this Manual and specifications prior to operation—failure to do so may result in voiding this
warranty. Accessories and fiber connectors are not covered by this warranty.
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LALTION: No operator serviceable parts inside. Refer all servicing to qualified personnel at NP Photonics.
All requests for repair or replacement under this warranty must be made as soon as possible after the defect
has been noticed and must be directed to NP Photonics or its representative in your area. Hems authorized
for return by us must be returned in a suitable container,

Any damage noted upon receipt of the unit must be documenied for appropriate claim against the carrier.

IMPORTANT: Never send any product back to NP photonics without a Return Merchandise Authorization
{RMA). The customer will be charged for the cost of repairing the product if the product is not under warranty
ot if the repair is not covered under the warranty.

1. NP Photonics will only accept returns for which an approved Return Material Authorization (RMA)
has been issued by NP Photonics. You must return defective products freight prepaid and insured to NP
Photonics. All products which have been returned to NP Photonics but which are found to meet all previously
applicable specifications for such products or which indicate damage to the fiber connectors not resulting
from defect manufacturing, shall be subject to NP Photonics' standard examination charge in effect at the
fime and these costs shall be charged to the Buyer. NP Photonics warrants to Buyer that its services, labor
and replacement parts, assemblies and modules will be free of defects in material and workmanship for
ninety {90} days from the date of shipment or performance of services.

2. Warranty Returns - Domestic & *International Buyers should pay for one-way freight costs to NP
Photonics. NP Photonics will reimburse Buyers for applicable reasonable third-party freight costs and NP
Photonics will pay for freight return cost back to the Buyer.

3. Non-Warranty Returns - Domestic & *International Buyers are responsible for two-way freight costs. If
shipment consists of returns that are both warranty and non-warranty, the shipment will be considered as
non-warranty. Any UNAUTHORIZED shipments billed to NP photonics without authorization wilt be
reinvoiced to the Buyer. Confirming purchase orders are required for non-warranty returns.

4. *International Returns must include applicable DUTIES AND TAXES, and you must mark air bills with
*RETURNED FOR REPAIR”. In any event, where NP Photonics accepts a shipment, NP Photonics will
invoice to the Buyer for any charges as stated above.

Please be sure the shipping documents clearly state that this unit is for evaluation and repair only to avoid
unnecessary customs duties or taxes, please use HTS code 9801.00.1012.PLEASE USE FEDEX as shipper,
DO NOT USE DHL. Any charges as a result of incorrect paperwork or your "preferred” shipper’s extra
charges will be billed back to the sender.

5. Returns for credit will not be accepted unless authorized in advance, in writing by NP Photonics, in
accordance with NP Photonics' Terms and Condition, including the warranty provisions. In most cases,
restocking fees will apply.

6. All returns must be packaged adequately to avoid damage during shipment.

SHIPPING ADDRESS:

NP PHOTONICS, Inc.

9030 S Rita Reoad, Suite 120
Tucson, Arizona 85747

USA
Phone: 1-520-799-7423

Fax: 1-520-799-7403
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NP
Product PIN Description

RFLPXA | 620384 | CD/USB (Software & Manual)
500411 | RS232 Cable

500215 | Power Cord, North America
500230 | Power Cord, UK/Hong Kong/Jordan
500293 | Power Cord, Europe

500423 | Power Cord, Japan

500442 | Power Cord, Australia

500504 | Power Cord, israel

600419 | Manual (Hard copy)

501138 | Key

210016 | Fiber Cleaner replacement spool
210137 | Fiber Cleaner

500793 | Plug, 50 ohm terminator
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