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Overview

Inspection data is a valuable tool used to verify the optics
produced meet customer specifications. LaCroix Precision
Optics offers several forms of inspection data to validate
the following specifications:

* Material

* Diameter

* Center Thickness

e Optical Power and Irregularity
e Surface Roughness

* Bevel Size

 Surface Quality

e Coating Performance
e Coating Durability

* Laser Damage

* Etc.

The following reference guide will provide an overview of
the various forms of inspection data LaCroix Precision
Optics can provide.
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Spherical Tolerance Chart

Materials: Schott and Ohara Optical Glass, Fused Silica, Fused Quartz, Filter Glass,
TOLE RANCE Float Glass, and Silicon
CH ART Diameter Range: 4mm - 150mm
— > — Coatings: Coatings Ranging from 280-2400nm (High UV to SWIR), BBARs,.V-C'oats,
\ ( High Laser Damage Resistance, Hydrophobic Coatings, Dielectric Mirrors,
B - Beam Splitters, and Custom Coatings
Lead Time: 8-10 Week Standard Delivery, Expedite Service 2-6 Weeks
Core Competencies:  Spherical Lenses, Achromats, Aspheres, Windows, Wedges, Prisms, and
Axicons
Ideal Quantities: 1-100,000+
ATTRIBUTE STANDARD PRECISION HIGH PRECISION
Glass Material (Nd, Vd) +0.001, +0.8% 0.0005, £+0.5% Melt Data
Diameter (mm) >+0.00/-0.10 0/-0.025 <0/-0.015
Center Thickness (mm) 21010 +0.050 <10.025
SAG (mm) >+0.025 +0.020 <+0.010
Clear Aperture <80% 90% >95%
Radius >8Fr 25Fr <1Fr
Irregularity - Interferometer (fringes) >2 1-05 <0.2
Irregularity - Profilometer (microns) Ed 5 <01
Optical Centration >5 3 <1
Wedge Prism (TIA, arc min) 245 13 <1
Bevels (face width @ 45 degrees, mm) >Nom. £.5 >Nom. +.25 <Nom. £.15
Scratch - DIG (MIL- PRF - 13830B) 80-50t060-40 40-20 20-10t010-5
Surface Roughness (A rms) >50 20 <10

Download Tolerance Chart
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Aspherical Tolerance Chart

Metrology 2-D and 3-D Metrology

ASPHERE CH EAT Diameter (mm) 10-200mm
S H E ET Frequency Errors Specify Spatial Frequency Bands as Necessary

y- & 3 Attribute Standard Precision High Precision
Form Error (microns) +1 5 £
Slope Error (um/mm)
Imm Integration 5 pum/mm .25 ym/mm Jum/mm
Window
Surface Roughness 25 A 15 A 5-8 A
Centration 3 , ,
(Optical Deviation) 1 30

Top 10 Design Tips
Grinding Wheel

1. Increment your sag table by .5 mm or an integer.

2. Define which aspheric equation you are using; 2%',2,{‘,1"’
most manufacturing machines use the the even aspheric equation. }(— Diameter—>|
3. Avoid using odd term coefficients. . T T
; 4 . e ooy .9 mm 10.0 mm

4. Try to avoid using an A2 term. Even Aspheric Equation: i 'Blka"k Finished Part
5. Include a tolerance for the following: . exnessy y_Thickness

A. Vertex Radius o o 25.0 mm

Ao ) e Finished Pa
B. Form Error z= + AE(x,y) Diameter

C. Slope Error bl -1 +k)(‘27'2 j§1

D. Centration/Decentration

E. Geometric Tolerancing Tool Clearance Issues
F. Non-Aspheric Tolerancing Mﬁgwﬂéml
6. Consider equivalent materials, which can potentially save time and money. BeSt('B:ESS)phere

7. Get your manufacturer involved early on in your design for manufacturability.

8. Do not tolerance the deformation terms or conic constant.

9. Watch the minimum local radius on concave aspheres, minimum 15 mm.

10. Edge thickness at processing diameter, which is typically 2-4 mm outside
the final diameter should be 1 mm or more.

Aspheric Form

A

| SAG
Aspheric Departu L
from BFS

Download Tolerance Chart

L
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Options

Inspection Data

Material Certification
Certificate of Conformance
Standard Coating Chart

Coating Adhesion/Abrasion Test

Options

First Article Inspection?

Coating Environmental Testing

Witness Piece Samples

Laser Damage Testing/Certification

Mechanical Inspection Data

100% Inspection

Lens Serialization

Interferograms

Profilometer Traces

3D Aspheric Surface Scan

White Light Interferometer Scans
ROHS Certification

1. First Article Inspection quantity will default to the standard AQL level
unless specified.
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First Article
Inspection (FAI)

AS9102 REV A. FIRST ARTICLE INSPECTION LPO #
FORM 1: Part Number Accountability First Article Qty 2 PC
1. Part Number 2. Part Name 3. Serial 4. FAlI Report Number
Number
5. Part Revision Level 6. Drawing Number 7. Dr f'w_wng 8. Additional Changes
revision
9. Manufacturing Process Reference 10. Organization Name ;I:‘l).dzuppller 12. P.O. Number
LACROIX PRECISION
OPTICS
13. Detail 14. Full FAI :
FAI Partial FAI :Baseline Part Number including revision level
':‘i?emb'y Reason for Partial FAI:

a) if above part number is a detail part only, go to Field 19

b) if above part number is an assembly, go to the “INDEX” section below .

INDEX of part numbers or sub-assembly numbers required to make the assembly noted above.

15. Part Number 16. Part Name 17. Part Serial Number r1\||8| FATReport

1) Signature indicates that all characteristics are accounted for; meet drawing requirements or are properly documented for
disposition.

2) Also indicate if the FAl is complete per Section 5.4: FAl complete * FAI not Complete

20. Dat
19. Signature : €
21. Review ed By 22. Date
23. Customer Approval 24. Date

L
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AS9102 REV A. FIRST ARTICLE INSPECTION LPO #
FORM 2: Product Accountability - Raw Material, Specifications and Special Process Testing

1. Part Number 2 Part Name 3. Serial Number 4. FAIReport
Number

6 8. Special 9. Customer 10. Certificate
5. Material or | o, ification 7. Code Process Approval of
Process Name P ) Supplier Verification Conformance

Number
Code number
(Yes/No/NA)

11. Functional
Test Procedure|12. Acceptance report number, if applicable

Number

13. Comments

14. Prepared By 15. Date

L
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/AS9102 REV. A FIRST ARTICLE INSPECTION
Form 3: Characteristic Accountability, Verification and Compatibility Evaluation

Number

PIECE SAMPLE LPO#
1. Part Number: 2. Part Name: 3. Serial # |4. FAI Report
Characteristic Accountability Inspection / Test Results INSPECTOR / NOTES
5. Char | 6. Reference | 7. Characteristic 11.Non-
’ ’ . ' . 8. REQUIREMENT 9. Results 10. Designed Tooling |conformance |14. INITIALS / NOTES
# Location Designator

Page 1

The signature indicates that all characteristics are accounted for; meet drawing requirements or are properly documented for disposition.

12. Prepared By:

13. Date:
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Coating

Optical coatings can
drastically improve
optical system
performance by
enhancing the
transmission or
reflection properties of
optical surfaces.
Coatings are produced
by deposition of critically

controlled layers of
Our in-house coating facility houses seven coating various index materials

chambers.

\ 9

onto the surfaces. Each
coating is designed
specifically for substrate
index, spectral
specifications, and
environmental durability
requirements.
Quialifications of
performance include
spectral measurements
as well as environmental
durability testing.

Our optical coating technologies include resistive heat
deposition, electron-beam deposition, ion-assisted
deposition, and plasma-assisted deposition.
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Spectral Performance

Spectral performance is verified by measuring the reflectance
and/or transmittance of witness samples of similar index from the
production batch using spectrophotometers. The actual
performance is compared with the specified performance for
qualification.

Spectral Performance

2.0 T 7

1.8 £
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17071253A, 7/12/2017, BB-510, AOI 6 Deg, R-pol, PN P17128,
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Environmental Testing

Environmental testing is performed to ensure the coatings are
durable and will be able to withstand the environment the optic
will be placed in. Adhesion and abrasion testing are standard for
every LaCroix coating run. The following tests can be performed
upon request and an environmental data report can be supplied:

-Humidity

-Temperature

-Adhesion

-Abrasion

-Salt Spray

-Salt Solubility
-Solubility and Cleanability

LaCroix Optical Environmental Durability Test Data Sheet

Environmental Durability Test Data Sheet

Sample Run Number: Component: Part Number:
Witness Sample

Substrate: Coating: Surface:
| 9 MIL-F-48616
1 1 21 1
= Test Description: Pass/Fail Comments: Date: Time: Operator:
Para. No.
4.6.8.1 Adhesion/Adherence Type L-5-90
Quick Remova 1
4.6.8.2 Humidity 24hrs. at 95-100% Humidity

(48°c = 3°C)

4.6.8.3 Moderate Abrasion Cheesecloth / CCC-C-440
(50 Strokes at 11b.)
Per Customer

Spectral
Specifications

Additional Comments:
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Coating Witness Piece Samples Chart

Witness piece samples are placed in each coating run in order to verify
performance and durability. The material of the witness piece uses the
same material or a material with a similar index. The chart below lists
all of our stock witness piece material samples. Special material
witness samples are available at an additional charge upon request.

Active - Witness
Samples

F-1

Inspection Data Reference Guide LA@R:Q!)&

www.lacroixoptics.com Batesville, AR 870.698.1881
CUSTOM MANUFACTURER OF PRECISION OPTICS:

Lenses * Achromats ¢ Aspheres * Windows ¢ Prisms * Wedges ¢ Coatings
1ISO 9001:2015 ITAR Certified and Compliant



http://www.lacroixoptics.com/

Laser Damage Testing

Laser damage testing can be performed on witness samples upon request.
Laser damage certifications will qualify coatings to specified laser
parameters. Laser damage threshold testing will determine at what power
level damage will occur for specified laser parameters. Example forms for
each can be seen below.

ENIN G N WF’"\ *f—“"*‘if’"
u Vo M N G

LASER DAMAGE RESISTANCE
CERTIFICATION

PASS

Supplier: LaCroix Optical Co. Cert. Mumber: 53283
Purchase Order #: 10183 Date: April 19, 2016
Part Number: AR-040

Run Mumber: nfa

Requirements: 500 MW /cm®, peak irradiance.

TEST PARAMETERS

Coating Type: V-Coat Substrate Material: Schott N-LAKS
Test Wawve length: 1064 nm Incidence Angle: 0°

Polarization: Random PRF: 20 Hz

Pulsewidth (FWHM): 20 ns Transverse Mode: TEM,

Spot Diameter (1/&%): 1.02 mm Axial Modes: Multiple

Test Prep: Mone MNumber of Sites: 5

Cruantiy: 1 Exposure Duration: 2040 shots/site

TEST RESULTS: No damage observed using | 30x Nomarski microscopy.
COMMENTS: MNone.

Spica Technologies certifies that this sam ple has been exposed to the parameters described
above. All test and calibration data are maintained on file. All instrument calibration is

traceable 1o NIST.
Test conducted by & SRt e il Vo

Technologies Inc.

18 Clinton Drive &3
Hadlis, MH 05049

Inspection Data Reference Guide LA@R:Q!)&

www.lacroixoptics.com Batesville, AR 870.698.1881
CUSTOM MANUFACTURER OF PRECISION OPTICS:

Lenses * Achromats ¢ Aspheres * Windows ¢ Prisms * Wedges ¢ Coatings
1ISO 9001:2015 ITAR Certified and Compliant



http://www.lacroixoptics.com/

Laser Damage Threshold Certification

Technologies Inc.

LASER DAMAGE THRESHOLD SPECIFICATION SHEET
AND CERTIFICATE OF COMPLIANCE

DATE: June 16, 2014
CUSTOMER: LaCroix Optical Company

ADDRESS: 30 LaCroix Drive
Batesville, AR 725032556

ATTN: Mike Parker

TEST TYPE: Laser Damage Threshold
TEST LOG NUMBER: 48104
SAMPLE SIZE:

COATING TYPE: V-coat

TEST WAVELENGTH: 1064 nm
POLARIZATION: Random
PULSEWIDTH (FWHM): 20 ns
SPOT DIAMETER (1/e%): 454 pm

TEST METHOD: Least Fluence Failure

P.O. NUMBER: 007913

PART ID: AR-039

QUANTITY: |

SUBSTRATE MATERIAL: Fused Silica
TEST PREP: Methanol drag
INCIDENCE ANGLE: 0°

PRF: 20Hz

TEST BEAM PROFILE: TEM,,
AXIAL MODES: Multiple

NUMBER OF SITES: 100

EXPOSURE DURATION: 200 shots'site

DAMAGE DEFINITION: Plasma, increased He-Me scatter. Visible damape as observed with 1 50x Nomarski

darkfield microscope.

COMMENTS: Laser damage threshold measured as 63.00 Jiem?®, peak fluence. Part irradiated at 63.00 Jem® with
no damage in 10 sites. See data on page 2.

Spica Technologies certifies that this sample has been ¢ xposed to the conditions described above. All testand
calibration data are maintained on file. All instrumentealibration is traceable to NIST.

Test conducted by M ——

18 Clinton Drive 43
Hollis, NH (54049

ww W A piic abech. com
GI3-§H2-H233

L
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Inspection Data

Inspection Data helps us verify the optics are made to
specification. LaCroix Precision Optics does not only invest
heavily into our production capabilities, we also invest heavily in
our inspection machines and tools. Like the old saying goes: if you
can’t measure it, then you can’t make it.

N
\
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Zygo — NewView White Light Interferometer

This machine measures the surface roughness on a lens. Scans
can be provided upon request. The following page provides a
sample scan output from this white light interferometer.

-
L
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White Light Interferometer Scans

This machine utilizes noncontact scanning white light
interferometry to acquire ultrahigh Z-resolution images. Profile
heights range from <1 nm up to 5000 ym at speeds up to 10
Mm/s with 0.1 nm height resolution in a single measurement.

B ZYg90 Microscope Application -4
2@ Mileem B Z4Y90 surface Map -4,
@  ZYygo 3D Model 4
+0.00613
AN
MEASURE Peak
Analyze
Mask Data um P
Load Data e et
Save Data I 1
Calibrate Valley M3
Home 2 ~
Home XY 0.00238
Measure Controls =
BV 85.133 A
Stage Controls rms 5.429 A
Focus Controls Fa 4,328 A
Sequence Controls Size X 0.35 mm Removed: Sphere Filter High Wavelen: Hm
Size Y 0.26 T Trimmed: i Filter Low Wavelen: 26.37363 um
Test+Ref Controlim 2ZY90 surface Map Controls -4
Remove: Sphere Min Area Size: i] ensity Map 4
Sphere Radius: 0 i
Surface Profile Remove Spikes: Off
Slope X Map Trim: ] Spike Height (xRMS): 2.50
Slope Y Map Trim Mode: All
Slope Mag Map
Data Fill: Off
Data Fill Maxu: 25
Spectrum Map : Filter: High Pass
FRESEEm PEOTile Filter Type: Gauss Spline Auto
Filter Window Size: 3
Filter Trim: On
Environment Test Filter Low Wawvelen: Mt Filter Low Wavelen: 26.37363 Hn
Filter High Wawvelen: um Filter High Wavelen: am
Analvze Attr
E— Filter Low Fregq: 1/ mm Filter Low Freq: 37.91666 1/ mm
e — Filter High Freaq: 1/ mm Filter High Fregq: 1/ mm
Unite /M Camera Res: 0.549 um

Video Monitor

L
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Profilometer Traces

Profilometer traces measure the aspheric surface of a lens. The
waviness measurement in microns corresponds with the form
error in a peak-to-valley measurement. The slope error is
measured in microns over a given integration window. A typical
integration window would be 1 millimeter. Below is a sample of a
profilometer trace.

"~ OptiTrace Prof Analsn 160 I —
File View RemoveForm Filter Mask Export Advanced

Trace Inspection | Change Bounds | Gap Fill: Off
Pii Profile Control
rimary Profile
VIACP2K
03
025
EE
02 Shift Distance: mm
015
Analysis Seftings
Form Removed Asphere
i Radius - Convex| 5068870 mm
5 he: 0800 mm
£ o ‘ | 500 pm
o
g 1 ; ‘ Slope Window 1000 mm
; I‘ } | \“‘ u‘| \ Clear Aperture |~ 43000 mm
|
| mi
i l‘ ey
0.05 \
01
018
024 | | | I | | | I | I | I | | I | | | I | I I I | } }
2% 4 2 2 8 6 -4 42 0 8 K] 4 2 0 2 4 b 8 10 [P VIR 13 B W 2 4%
Distance (mm)
Primary (pm) Waviness (pm) | Roughness (um) | Slope (um/mm) X (mm) Y (um)
pv: 0.200 0.147 0.181 0.089
RMS: 0.025 0.022 0.010 0.023
AVG: 0.019 0.017 0.007 0.017 The Machines Behind Precision Optics
w5 EEAN M

OP
L] L]
J 0)0 J 53 AR O 0.09¢ 0C
U < R () PR 0 DF
> U
0 ) ole U U U
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Ultrasurf 3D Traces

LaCroix Precision Optics also offers 3D metrology for
Aspheres, allowing for correction of asymmetry as well as
providing full aperture measurements. Below are examples of
a form and slope error measurement. The form error is
measured in microns and the slope error is measured in
microns per millimeter with a 1 millimeter integration window.

Data Aalysis - Spiral 13_FIN 0003

Data View Analysis Options Masking Zernike Create PDF Home Screen Run Screen

Surface Inspection + / Color Scale Point Cloud Trace Inspection Change Bounds
Surface 1 Error (um) O Trace Profile (um)

015 +

0.1 L

e
=
m

=1

Surface 1 Error (um)

. . . , . . . .
15 20 25 20 35 40 45 50
Distance (mm})

PV- 03536 pm

RMS: 0.0455 pm

Optim. Radius: 40.9145 mm

Power: 0.0134 pm

Sphere3: 0.0207 pm

Astig Mag: 0.0015 pm

Coma Mag: 0.0030 pm
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Ultrasurf 3D Traces

Slope Error (um/mm)

Data alysis - Spiral 13_FIN 0003

Data View Analysis Options Masking Zernike Create PDF Home Screen Run Screen

Surface Inspection ——I~ / Color Scale Point Cloud Trace Inspection Change Bounds
Surface 1 Slope Error (um/mm) O Trace Profile (um/mm)

(gm/mm)

e

=1

=]
!

e

o

@
|

=1

[=3

=
|

e

o

=)
L

e

=1

=]
!

bl

=1

B
L

Surface 1 Slope Error {pmdmm}

[=]

=]

L
!

e

=1

(%)
!

e

o

=
!

\ \ | \ \ \ \ \ \

t t t t t t t t t

25 30 35 40 45 50 55 60 65
Distance (mm})

0.1510 pm/mm : 0.100 pm/rmm

0.0419 pm/mm . 0.038 pm/rmm
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Trioptics - Opticentric

This machine tests and measures optical centering errors. The
errors we test and measure includes surface tilt error of a
spherical surface, shift of a lens, tilt of a lens, cementing error, tilt
of the aspherical axis, center thickness, and if air gaps are not
correct.
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Xonox — Precision CT Gauge

This center thickness gauge measures SAG depth, surface
aperture diameter, total lens height, and stock removal in
addition to CT measurement. This gauge causes low impact on
the lens we measure.

LaCO# X0-001 -

XQNQX
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Zygo GPI| XP Interferometer with DMI

This interferometer has displacement measuring interferometer
capabilities. This is performed by using two light beams, which
form an interference pattern when these two beams overlap. Since
the wavelength of the visible light is very short, slight changes in
the differences in distance travelled between the two beams can
be detected. As a result, this DMI feature precisely measures
relative changes in distance to a target.
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Material Certification

Material certifications are provided by the material manufacturer and
verify the actual index and dispersion of the optical glass. Material
certifications are standard with orders and can be provided at no
additional charge upon request.

-

Supplier Name

Suppller Address
Phone: (5xXX) XXX =XXXX

Certificate of Conformance / Melt Data

Customer: LaCroix Precision Opitcs

Purchase Order: XXXX

Part Number: PXXXXX

Quantity 23 000

Glass Type: S—LAHGO‘ 834-372

Grade: A

Anneal: Fine

Bubble:

Requested Nd: 1.83400 Tol +/-:  0.0005 Actual Nd: /e 2340 7
Requested Vd: 37.16 Tol+/-: 1+:43¥% —,)SK  Actual vd: 27.2 _

Melt Number: SC?"I"ZIQX(IOS‘ 'LI'D

The above mentioned parts and materials are certified to have been produced in conformance
with the requirements, specifications and or drawings listed on this Purchase Order.

This form is to certify that the above mentioned item (s) have been supplied without alterations
to the manufacturers supplied measurements, values and quality unless otherwise noted.

Special Notes: Dia: 11.00 mm
Ct: 4.50 mm

reference dimensions

LMD Ao

Signed by: Date: j{bj// &
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Corpo ration  prCE IVED FEB 18288

M Data Oha"'a L3S B <R RIS F
. ~ 50 Columbia R
Supplier Name . 0. NJ 08876

Supplier Address
Tel: (908) 218-0100

Fax: (808) 218-1685

Ohara Order No.  J3021005 Date  2/15/2013

Ohara Stock No. J2071057F Customer P.O. No. XX

Glass Type S-LAHS0 Ng 182745 | 7 Vg4 3722/ 0

Form FSTP Ny | 183407 / 7

Melt No. SCP4812X605-140 ne T 184889/ 7 Weight 13.70 b

Anneal No. ECO1 n g 186285 / 7 Quantity 1 Pc
| _ Measured at 25 °C
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Certificate of
Conformance

A certificate of conformance verifies that we made the product
to the given print. This document is standard with every order.

50 LaCroix Drive - P.O. Box 25546
Batesville. AR 72503-2556
Ph: 870.698-1881 Fax: 870-698-1880

Certificate of Compliance

Customer: XXXX
PO Number: XXXX

LaCroix Part: XXXXX
Cust Part#: HIXXX

Quantity: XXXX

LaCroix Precision Optics hereby certifies that all materials and parts supplied on the above purchase
order are in conformance with all requirements, specifications, and drawings to the extent specified.
The required test and/or inspection reports resulting from compliance with applicable
contract/purchase order requirements are on file and available for review by customer inspectors at
any reasonable time.

The optical materials are deemed compliant with Directive 2011/65/EC (RoHS2) or exemptions

stated in 2011/65/EC Exemption 13 (a).
Country of Manufacture - USA

Quality Control

Darrell Gilley

7/27/2018
Date

QF 120001
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Restriction of
Hazardous Substances

An ROHS certification can be requested.

Certification of Compliance
EUROPEAN DIRECTIVE (EU) 2015/863 RESTRICTION OF HAZARDOUS
SUBSTANCE (RoHS Recast)

| hereby certify compliance to RoHS/RoHS 2 Directive as described in this
document.

Signature of Supplier representative
Jimmy Crafton

Name of Supplier representative
Quality Assurance
Title of Supplier representative Date:

The following item is produced by: LaCroix Precision Optics
(hereafter referred to as “Supplier”)
LaCroix Part Number:
Part Number Rev Description Exem,|

The Supplier hereby certifies one of the following (check the appropriate box):

[ ] The items listed above is FULLY COMPLIANT to the requirements of Directive
2011/65/EC (RoHS Recast). The Supplier also certifies that any and all processing
of the materials listed above does not change the RoHS compliance of the item
per Directive 2011/65/EC (RoHS Recast).

[ ] The item listed above is COMPLIANT WITH EXEMPTIONS. The exemptions are
to be indicated in Appendix A of this document.
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DISCLAIMER

This determination is based upon information obtained from sources which the
Supplier believes are reliable. However, the information is provided without any
representation of warranty, expressed or implied, regarding accuracy or
correctness. The Supplier does not specifically run any analysis on our raw
material or end product to measure these substances.

The information provided in this statement is correct to the best of the Supplier’s
knowledge, information and belief.

REFERENCE

This Maximum Concentration Values (MCV) table defines the maximum amount
of an individual restricted substance within each homogeneous material that
compose the component.

Material Maximum Allowable Limits by Weigh
Cadmium (Cd) <0.01% (100 ppm)
Lead (Pb) <0.10% (1000 ppm)
Mercury (HQ) <0.10% (1000 ppm)
Hexavalent Chromium (Cré+) <0.10% (1000 ppm)
Polybrominated Biphenyls (PBBs) <0.10% (1000 ppm)
Polybronimated Diphenylethers (PDBEs) <0.10% (1000 ppm)
Bis (2-Ethylhexyl) phthalate (DEHP) <0.10% (1000 ppm)
Benzyl butyl phthalate (BBP) <0.10% (1000 ppm)
Dibutyl phthalate (DBP) <0.10% (1000 ppm)
Diisobutyl phthalate (DIBP) <0.10% (1000 ppm)
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Providing exceptional engineering support and
customer care for more than 70 years.
Let us quote your next world-class project.
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