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ISOTEST = Facility for beam diagnosis and characterization of optical
components using high power laser beams and ISO standards

Key words:
- ISO = International Organization for Standardization (Geneva, Switzerland)
- High power laser beams:

- 10 Hz repetitively pulsed Nd:YAG laser, 6 ns pulses, 0.5 MW – 100 MW
peak power@1064 nm, 7 W average power  

- 2 kHz repetitively pulsed Ti:sapphire laser, 200 fs pulses, 10 MW – 2 GW
peak power@775 nm, 1.2 W average power

- Beam diagnosis = Measuring the energetic and temporal (ISO 11554/2000),
as well as the spatial (ISO 11146-1,2,3/2004,2005) beam characteristics 

- Characterization of optical components = Laser-induced damage threshold 
(LIDT), 1-on-1 and S-on-1 procedures (ISO 11254-1,2/2000,2001); assurance
(certification) of laser power/energy handling capabilities (ISO 11254-3/2006)

1. Introduction. ISOTEST Project
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Sponsors and Team

Sponsors

NASR - National Authority for Scientific Research (ANCS-POSCCE)

Current team
(+ 2 new members to join)

Laurentiu Sandel Liviu Constantin
Rusen Simion Neagu Blanaru

Aurel Stratan George (Jimmy) Nemes                    Constantin Fenic

Scientific Manager                        Project Director                          Technical Manager

(aka Maxwell’s Demon)



2. Pre ISO History
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Annual symposia on laser damage: NBS/NIST, Boulder, CO, since 1969

Round-robin tests: 1976, 1982 (published 1984)

Need for standards

After 1982 round-robin test:

Discrepancy between different labs: 
almost 3 orders of magnitudes, for 
identical samples and wavelengths



Example of variability of experimental conditions for LIDT
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3. ISOTEST objectives
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The importance of well-defined objectives and of team work

(avoiding what happened with the Swing Project, below)



Objectives

O1. Developing a method and a device for diagnosis of the main 
characteristics of high power laser beams according to the
ISO 11146-1,2,3 and ISO 11554 standards

O2. Developing an automated test station (ISOTEST) for beam diagnosis
and for the characterization of optical components / materials subjected
to high power laser beams according to ISO standards

O3. Developing procedures for laser beams diagnosis and for test,
measurements, and characterization of optical components and 
materials in high power laser beam, according to ISO standards

O4. Accreditation of the SSLL from the Laser Department of NILPRP by the
Accreditation Association of Romania (RENAR) to perform tests / 
measurements and ISO certifications by using the ISOTEST facility.
Dissemination of the results and of the opportunities offered by the 
ISOTEST facility
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Parameters of interest (excerpts)

Energetic characteristics:
- Average power (Pave) – W 
- Energy per pulse (Ep) – J 

Temporal characteristics:
- Pulse repetition frequency (frep) – Hz 
- Pulse shape
- Pulse duration (τFWHM) – fs, ns 

Spatial characteristics (ST and ASA beams):
- Beam profile (transverse – different, specific locations, and longitudinal)
- Spot sizes, waist sizes (D, Dx, Dy, D0, D0x, D0y) – mm 
- Waists locations (z0, z0x, z0y) – mm  
- Rayleigh ranges (zR, zRx, zRy) – mm 
- Divergences (θ, θx, θy) – rad 
- Beam propagation ratios (Siegman, ISO 11146-1) (M2, M2

x, M2
y)

- Effective beam propagation ratio (Nemes + Siegman, ISO 11146-2,3) (Meff
4)

- Intrinsic astigmatism (Nemes + Siegman, ISO 11146-2,3) (a)
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Parameters of interest (excerpts)

Damage characteristics:

- Effective spot area on target (Aeff) – cm2

- Effective pulse duration (teff) – fs, ns

- Pulse peak power (Pp) – W 

- Pulse energy density (fluence) on target (H) – J/cm2

- Pulse power density (irradiance, not intensity) on target (E) – W/cm2

- Number of pulses irradiating a site (target) – Np

- Minimum number of pulses damaging a site (target) – Nmin
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4. Principles and schematics

Beam diagnosis
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ISO 11554
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classical method
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Principle schematic for beam diagnosis
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Block diagram for beam diagnosis

(temporal diagnosis schematic applies only to ns pulses)



Damage characteristics

Types of tests:
- Damage 1-on-1
- Damage S-on-1
- Assurance of non-damage

ISO recommendations:
- Large spot on target (0.2 mm – 0.8 mm)
- Irradiating 20 sites with the same fluence/irradiance for statistics
- Using 10 – 12 steps of different fluences/irradiances between 

100% damage probability and 0% damage probability

For S-on-1 procedure, S = 1000, frep = 10 Hz, 4 ns – 6 ns pulses
≈ 5 h to measure one  sample

For S-on-1 procedure, S = 200000, frep = 2 kHz, 200 fs pulses
≈ 5 h to measure one  sample 

Need for automated test
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Example of S-on-1 test result (ISO 11254-2)
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Typical S-on-1 experimental points, the fit curve, and the 
extrapolation to the non-damage (assurance) level of the 
component



Principle schematic for damage tests setup
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Block diagram for experimental setup – S-on-1 LIDT with ns pulses
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Block diagram for experimental setup – S-on-1 LIDT with 200 fs pulses
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5. VariSpot® and new preliminary results

VariSpot® = New family of zoom optical systems – rotating
cylindrical lenses (Nemes - US Pat. # 6,717,745/2004;

# 7,167,321/2007

ASTiGMATVariSpot® principle – example1

VariSpot® type FS-500-1-266



2 - lens system: 
+ Cylindrical lens, cylindrical axis fixed, vertical (f, 0)
+ Cylindrical lens, cylindrical axis rotatable about z (f, β)

VariSpot® principle – example 2

Round spot 
D(α)

Incoming 
beam

y

x

z

Waist
D0

Detector (target)
plane

d1 (>0) d20 (>0)

α = 900 – β
β

(f, 0) (f, β)
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Measuring spatial beam characteristics
• Basic concepts

Types of beams (geometrical classification, ISO 11146 -1,2,3)
- ST, ASA, RSA, GA

• Parameters of interest for:      ASA beam                   ST beam

- Waist size(s):                       w0x, w0y; D0x, D0y w0; D0

- Waist location(s):                 z0x, z0y z0

- Beam divergence(s):           θx, θy θ  

- Rayleigh length(s):               zRx, zRy zR

- Beam propagation ratio(s): M2
x, M2

y M2

• Methods to measure laser beam spatial parameters

- Classical (ISO 11146-1): Spherical lens and longitudinal (z axis) movement

- New method: Cylindrical optics and rotational (angular) movement VariSpot®
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VariSpot® input-output relations

Schematic of spot size variation ("propagation")

Free-space                                            VariSpot®

D(z) = D0 (1 + z2/zR
2)1/2 D(α) = Dm [1 + sin2(α)/r2]1/2

D0 Dm

D(z) D(α)
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Image-mode D(α) ≈ DMsin(α)

D(α) versus α                                     D(α) versus sin(α)

E = dmin/dmax versus α

VariSpot - image-mode: Flat-top (Fermi-Dirac) beam
Experiments support the theory

(G. Nemes, J. A. Hoffnagle, “Optical system for variable resizing of round flat-top 
distributions”, Proc. SPIE 6290 (2006))
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Theory and method of measuring spatial beam parameters

• Find and measure d20 by locating the round spot after VariSpot

• Measure D(α) at the appropriate target plane (at d20) for different α
Include Dm, the "angular near-field", and the "angular far-field" for α
Similarity to ISO 11146 standard for near-field and far-field in free-space

• Fit D(α) and determine Dm, α0, r

D(α) = Dm{1 + [sin(α) – sin(α0)]2/r2}1/2

• Recover by calculations the original beam parameters (general case):

M2 = (π/4)Dm
2f/(rd0

2λ)
D0 = Dmf/{d20[(1 – f/d20)2 + r2]1/2}

zR = rf/[(1 – f/d20)2 + r2]

d1 = f(1 – f/d20)/[(1 – f/d20)2 + r2]
ASTiGMAT



Experimental setups
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d20

He-Ne laser 15x
Beam expander

Neutral glass
attenuators

VariSpot CMOS
Beam profiler

d20

fs laser Variable 
attenuator

Neutral glass
attenuators

VariSpot CMOS
Beam profiler

Aperture
1.9 mm 

Preliminary experiments to measure M2

(from G. Nemes, M. Ulmeanu, M. Zamfirescu, Paper 7194-6, PW, San Jose, USA, Jan. 2009)



Equipment and systems used for preliminary experiments

Femtosecond laser data (Clark-MXA, Inc., USA) 
Type: CPA - 2101
Femtosecond laser with regenerative amplifier
Pulse duration: 180 - 200 fs
Pulse repetition frequency: 2 kHz
Wavelength: 775 nm
Max. pulse energy: 0.6 mJ
Attenuated beam: pulse energy - few nJ

VariSpot® data (ASTiGMATTM, USA) 
Type: FS-300-1-UV-VIS-NIR (for He-Ne laser); f633 = 302 mm 
Type: FS-380-1-VIS (for fs laser); f775 = 370 mm - 382 mm
α = 00 - ± 900

Manually rotatable mount, ± 0.250 resolution

Beam profiler data (Photon, Inc., USA)
Type: USBeamPro, PS-2323 USB2.0 
Detector type: CMOS
Pixel size: 6.7 μm square
Detector size: 1280 x 1024 pixels; 8.6 mm x 6.9 mm
ADC dynamic range: 10 bit  
Additional attenuator: gray glass, ND = 4
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Results of preliminary experiments
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He-Ne laser experiments ("well collimated" incoming beam)
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VariSpot FS300 as spherical lens
Camera translated along z axis

λ = 0.633 x 10-3 mm
Dm = 0.039 mm 
z0 = 361 mm
zR = 1.55 mm
M2 = 1.20
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VariSpot FS300 by changing α
Camera fixed at d20 = f = 302 mm 

λ = 0.633 x 10-3 mm
Dm = 0.038 mm 
sin(α0) = 0.0026 
r = 0.00516
M2 = 1.15



Femtosecond laser experiments (moving camera along z)
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Conventional method: spherical lens f = 257 mm

λ = 0.775 x 10-3 mm
Dm = 0.187 mm 
z0 = 216 mm 
zR = 23.6 mm  
M2 = 1.54

Conventional method: VS380 as spherical lens

λ = 0.775 x 10-3 mm
Dm = 0.293 mm
z0 = 367 mm 
zR = 58.8 mm 
M2 = 1.52
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Femtosecond laser experiments (fixed camera at d20) 
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VS380 by changing α, and d20 = f, or
d20 = feq

Dm = 0.288 mm 
sin(α0) = 0.0132 
r = 0.162 
M2 = 1.51 (with f = 373 mm; d20 = 365 mm)
M2 = 1.40 (with feq = d20 = 370 mm)
(uncertainty in d20 due to elliptical spot)

Range of M2 in all three experiments: 1.40 - 1.54

Note: Compare to catalog data for fs laser: M2 < 1.5
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Example of fs laser beam spot in free-space

50 mm after 1.9 mm dia. aperture         720 mm after 1.9 mm dia. aperture      

(CCD-type beam profiler)



Discussion

• Sources of errors for He-Ne laser measurements

- Gray glass attenuators

- Limited angular resolution of VariSpot® rotating mount

- Minimum spot size too small for CMOS camera spatial resolution

However, M2 = 1.15 - 1.20 (< 5% relative error) 

• Sources of errors for fs laser measurements

- The laser beam is ASA or RSA and not ST (even after a round aperture)

(No theoretical equivalence between an ASA beam and a ST beam)

- Gray glass attenuators

- Thin lens approximation for VariSpot® corrections (partially done)

However, M2 = 1.40 - 1.54 (≤ 10% relative error)
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6. Conclusion
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• ISOTEST is a complex, challenging, and realistic project

• We have the necessary expertise to develop the facility and to search and
advance the new measuring methods for laser beams 

• A new method to measure spatial beam parameters was introduced, using
rotating cylindrical optics and fixed camera position (no translation)

• Comparison to classical methods shows reasonable (≤ 10% relative error) 
agreement

• Considerable future work is necessary to fulfill the four major objectives of 
the ISOTEST project
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