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INTERNATIONAL STANDARD

1ISO 6161-1981 (E)

Personal eye-protectors — Filters and eye-protectors

against laser radiation

0 Introduction

The work undertaken for the finalization of ISO 6161, which
was staggered over several years, represents a basic study for
which a mgjority consensus was reached at the international
level. To take account of new developments and knowledge
relating to|lasers and of the studies undertaken within
IEC/TC 76, |a revision of 1ISO 6161 will be undertaken by the
working grdup responsible for this work from the beginning.

1 Scope¢ and field of application

This Interpational Standard specifies requirements for
spectacle f{lters and eye-protectors against laser radiation
within the spectral region 0,2 to 1 000 pum.

2 References

ISO 4849, Aersonal eye-protectors — Specifications.
ISO 4854, Rersonal eye-protectors — Optical test methods.

ISO 4855, |Personal eye-protectors — Nan-optical test
methods.

3 Basic|considerations

In a lasing pystem, light is amplified by stimulated emission
which prodyces a collimated Beam of coherent electromagnetic
radiation of jone or more wayvelengths determined by the lasing
system. Thi$ characteristi¢’radiation is of great radiant intensity
and very loy angulardivergence. When working with lasers,
personnel may therefore need to protect their eyes by filters
against this [radiation.

Laser radiation of different spectral regions-can cause different
kinds of injury to the eyes :

a) Ultra-violet exposure between 200 amd 380 nm pro-
duces photophobia accompanied by redness, lachrymation,
conjunctival discharge;~surface exfoliatign and stromal
haze.

b) In the spectral\region from 350 to 1 400 nm, laser light
can reach theretina. Since it traverses the r’v{efractive media,

it becomes focused; thus, the irradiation| increases con-
siderably./Excessive exposure to radiation of this region
causes.above all retinal damage.

c}>, Between 1,4 and 1 000 um, laser rad|ation traversing

the various media of the eye is diminished t

However, injuries to the anterior parts of th

b such an extent

eye can occur :

that the retina will be endangered O{IV secondarily.

chiefly to the cornea, the eyelid, the conj
skin. Since no focusing effect occurs,
radiant exposure and irradiance, respec

nctiva, and the
the permissible
ively, are con-

siderably higher when these lasers are beirjg used.

In these three spectral regions, the maximum permissible
exposure for the eyes has been measured qr calculated by
different investigators. In two of these specfral regions, the
maximum permissible exposure is the same. Therefore, the
spectral region has been divided into two ranges :

1) 200 to 1 400 nm, where the permissible irradiance and
the radiant exposure, respectively, must bg very low, and

2) 1,4 to 1000 um, where both can be considerably
higher.

The maximum permissible irradiance also depefds on the dura-
tion of the laser radiation. Therefore, it is useful to distinguish
whether the laser is used as a continuous-wave (CW) laser, a

Laser filters should, especially, absorb and/or reflect a great
part of the radiation of the laser wavelength to prevent any
damage to the eyes. However, the transmission should be as
large as possible at other wavelengths.

It is possible to produce laser radiation of many different
wavelengths by choosing appropriate substances. In addition,
there exist lasers which are tunable in certain wavelength
ranges. Particularly dangerous are frequency-doubled lasers :
in their beam the double frequency as well as the normal fre-
quency may exist. For these reasons, it is not possible to pro-
duce only one filter type which gives sufficient protection from
all kinds of lasers and laser wavelengths. Filters must therefore
be used only for protection from the wavelength that is marked
on them. It might even be possible that they do not give effi-
cient protection from other wavelengths of the same laser.

pulsed laser or a giant-pulse laser.

4 Spectral requirements

4.1 Spectral transmittance

The limits adopted in this International Standard correspond to
the case of long exposure to CW-lasers and to the concentra-
tion of the total permissible irradiation in one pulse of a pulsed
laser.

The transmittance shall be measured at an angle of incidence of
0°; for laser filters with interference layers, it shall be measured
between angles of 0° and 30°, the highest of the values ob-
tained giving the protective density.
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4.1.1 Laser wavelengths from 200 to 1 400 nm

Table 1 shows respectively the maximum irradiance E and

radiant exposure H (per pulse) permissible at the cornea.

Table 1 — Maximum permissible irradiance and
radiant exposure

The values given in this table are guidelines.
Each country may base safety levels on its national
codes until international agreement is obtained.

sorption by biological tissues is rather high, so that practically
no radiation can reach the retina. The values of the maximum

permissible irradiance and radiant exposure, respectively, in

this region of the spectrum are about the same as those given
for CO,-lasers in table 2.

Table 2 — Maximum permissible irradiance and
radiant exposure at 10,6 pm

The values given in this table are guidelines.
Each country may base safety levels on its national

Ecw : Maximym permissible irradiance at the cornea for a CW-

laser.

1-1p : Maximum pe
laser.

missible radiant exposure at the cornea for a pulsed

Hgp : Maximum pprmissible radiant exposure at the cornea for a giant-

pulse laser.

) Maximum permissible codes until international agreement is obtained.
Actual working o %
i bhhkalishkdd . Maximum pefmissible
I;astzr tl(r)r:e or Actual_ working irradipar ce
g Pulse duration Maximum permissible Laser time 3
H *
radiant exposure type p or Maximum pefmissible
ulse duration N
CW-laser > 0,1s Ecw =5 x 10-2W/m? radiant exposure
- > = 2
|Pulsed 1ust00,1s H. =5 x 10-3 J/m2 CW-laser 0,1s Ecj)= 108 W/n
aser g’ Pulsed 1 ] @ J/m2
Giant- laser Hstols H, =102 J/m
pulse Tnsto1ps Hgp =5 x 10-4J/m?
laser

Values relating to pulse durations of less than 1 s are as yet

not well established.

4.1.3 Protective density

The protective density of a laser filter is a value deri
commonidogarithm of the reciprocal of the maxi

ed from the
mum trans-

. . han 1 mittafice of the filter at the laser wavelength for| which it is
Values relating tp pulse durations of Iezs t Tn n§llar:e not yst intéended, taking account of the maximum irfadiance or
known. Based of present kr_u:wledge, _;(_ he va UZS_ wi aVedto he radiant exposure, as specified in table 3, which the filter will
f:xgd lower than 5 x 10, J/m2. Ie Ilrradlafnce ar': the withstand. The maximum transmittance can be cal¢ulated for a
radiant e;(pzsutr) ’ respzctlt\:ely,h are calcu atef t:OT the 19':3 given irradiance and radiant exposure, respectively, produced
;)metrfy of t SI am ahn t ebc aracftgnst;cs of the laser. 1hg by a laser and due to the known maximum perfmissible ex-
east favourable case has to be considered. posure (tables 1and 2). This is done in table 3 for tHe two spec-
tral ranges 200 to 1 400 nm and 1,4 to 1 000 pum,|for the dif-
4.1.2 Laser wavelengths from 1,4 to 1 000 ym ferent types of laser.
In addition to thg CO,-laser (wavelength 10,6 pm)/which is the For pulsed lasers used with a pulse repetition rate df more than
most common, there are many other lasers which operate in 10 s—1, the appropriate protective density must| be chosen
the spectral regi¢n from 1,4 to 1 000 um- In_this region, the ab- from the CW-laser column.
Table 3 — Properties and use of laser filters
As the values in columns C and D are related to tables 1 and 2, they are to be considered as guidelines.
Each-country may base safety levels on its national codes until international agreement is obtained.
A B c | D
Maximum irradiance or radiant exposure which the
Maximum spectral TWi stand
Protective transmittance
A Spectral range Spectral range
density 7(A) at the laser 200 to 1 400 nm 1,4 to 1 000 um
wavelengths
Ecw W/m2 H, J/m2 Hgp J/m2 Ecyy W/m2 Hy, J/m?
L1 10-1 0,5 0,05 0,005 104 108
L 2 10-2 5 0,5 0,05 108 104
L 3 10-3 50 5 0,5 106 105
L 4 10-4 5 x 102 50 5 107 106
L5 10-5 5 x 108 5 x 102 50 108 107
L 6 10-6 5 x 104 5 x 108 5 x 102 109 108
L 7 10-7 5 x 108 5 x 104 5 x 108 1010 109
L 8 10-8 5 x 108 5 x 105 5 x 104 — 100
L9 10-9 5 x 107 5 x 106 5 x 10% - 101
L 10 10-10 5 x 108 5 x 107 5 x 106 - —
L1 10-1 5 x 109 5 x 108 5 x 107 — —
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4.2 Luminous transmittance

With reference to the CIE standard illuminant C, the transmit-
tance for a laser filter should be not less than 0,15. If, for
technical reasons, a darker filter is to be used, the illuminance
at the working place must be adequate.

4.3 Resistance to laser radiation

Filters shall not lose their protective efficiency against laser
radiation under the test conditions specified below.

1ISO 6161-1981 (E)

5.2 Quality of material and surface
5.2.1 Material defects

Except for a marginal zone of 5 mm, filters for goggles having
separate eye-pieces shall show no material defects such as
blisters, streaks, inclusions, cloudiness, pits, mould impres-
sions, draw lines or other defects inherent in production which
would impair vision through them under conditions of use. In
the case of single filters intended for use in helmets, in hand-
shields, and in goggles, these requirements apply only to each

The filters [shall be exposed to laser radiation of the maximum
irradiance gnd radiant exposure, respectively, against which the
filter is intgnded to protect. Test times are given in table 4.

Table 4 — Test times

Laser type Test time
CW-laser gnd quasi-CW-laser
as pulsed }sers with a pulse up to 10
repetition fate of more exposures of 10s
than 10 s
All pulsed Jasers with a pulse up to 10
repetition fate of less exposures of
than 10 s 100 pulses

During and after the first exposure, the filter shall give full pro-
tection acgording to its protective density. If no melting, break-
ing or other damage is clearly visible after the first test, the test
shall be repeated up to 10 times. During and after each tést,
protective density shall be measured. The test shall be halted
when melting, breaking or other damage is observed. The point
at which dither damage or loss of protective density occurs
shall be reported. Loss of protective density, by bleaching is
unacceptable.

5 Additional requirements

5.1 Refractive properties

Except for [a marginal-zone of 5 mm, filters for goggles having
separate eye-pieces.shall not exceed the refractive values given
in table 5.| In the>case of single filters intended for use in
helmets, i hand-shields, and in goggles, these requirements
apply only| to—each of two circular areas in the filter, both

Of two circular areas on the filter, both 52 m
two centres of the circles shall be spaced sy
the centre of the filter, and the distance)betw|
66 mm.

Reflective laser filters must be protected in or
mechanical and chemical resistance.

5.2.2 Scattered light

Light scattered by'the filters shall not exceg
when measured. by the method describg
clause 4.

5.2.3%Induced emission

When a filter is irradiated by a laser with i
missible irradiance or radiant exposure at

specified, induced emission which may be h
shall not occur.

5.3 Filter stability

5.3.1
After being tested according to clause 5 of

other approved methods giving the same r
shall still meet the requirements of 4.1, 4.2,

5.3.2 Thermal stability

After test specimens have been stored for 5 H
cabinet at 40 + 1 °C and a relative humidity

Stability under ultraviolet radiation

in diameter. The
metrically about
een them shall be

Her to have a high

d 1,0 cd/(m2.1x),
td in  1SO 4854,

S maximum per-
the wavelength
armful to the eye

ISO 4855, or by
bsults, the filters
b.1 and 5.2.

in a climatic test
of at least 95 %,

they shall meet the requirements of 4.1, 4.2,

5.1 and 5.2. The

+ 15 %. The spectral transmittance at the laser wavelengths

52 mm in diameter. The two centres of the circles shall be
spaced symmetrically about the centre of the filter, and the
distance between them shall be 66 mm.

Table 5 — Permissible maximum refractive
properties of filters

Spherical Prismatic
Class effect Astigmatism effect
m-1 m-1 cm/m
1 + 0,06 0,06 0,12
2 + 0,12 0,12 0,25

Measurements shall be made according to the method des-
cribed in 1ISO 4854, sub-clause 3.1.

relative change in luminous transmittance ghall be less than
eth the protective

density shall not be less than the value marked on the laser

filter.

5.4 Flammability

When tested according to the method described in 1ISO 4855,
sub-clause 6.1, the filters shall not ignite or continue to glow.

5.5 Construction of filters

Filter assemblies shall resist the robustness
1SO 4855, sub-clause 3.1.

If the filters consist of several partial filters
sealed unit.

test described in

, they shall be a


https://standardsiso.com/api/?name=c4372666396134beceac07cbc3fb4f92

1SO 6161-1981

(E)

6 Eye-protectors

6.1 Construction

The design and

assembly techniques employed by the

manufacturer shall make subsequent separation and re-
assembly of filters and frame difficult.

6.2 Frame

Eye-protectors shg

penetration of las|
sufficient protecti
of 4.1.1 and 4.1.2
control of the resis
pose them respec
exposure, against

there shall be no

er light is prevented. The material shall give
bn against laser radiation. The requirements
also apply to the frame. For inspection and
tance of eye-protectors to laser radiation, ex-
ively to the maximum irradiance and radiant
which the filter is intended to protect. The

holes in the eye-protectors. Complete eye-

testing procedure [hall be the same as in 4.3. After these tests,

protectors shall a
sub-clause 7.2.2

0 meet the particular requirements given in
f ISO 4849.

6.3 Robustness

Eye-protectors sh
ISO 4855, sub-cla

7 Marking

all resist the robustness test described in
use 3.2.

7.1 Eye-prot

tors

Eye-protectors shall be marked with the following information®:

a) waveleng
in which the

or wavelength range (in nanometres’: nm)
protect; other metric units ((for example

micrometres : um) are permissible if the unit is marked on

the filter;
b) protective density;
c) symbol of the manufacturer;

d) class of refractive power.

If an eye-protector protects against radiation in one or several
spectral regions, it is necessary to indicate the lowest protec-

ive de in the corresponding spectral region.
Examples : 633 L5 Q1
10,6 um L9 T2

If an eye-protector is usable only for one-type of lasgr, such as

continuous-wave (CW), pulsed (P),\or giant-pulse (

bP) it shall

be marked with the suffix CW, P or GP, or with twp of these

suffixes.

517 k7 R2 CW
1060.L11 S1 CW/P

Examples :

Where required\to 'do so, the manufacturer shall
ditional information together with his filters, by
transmission, curves or transmission tables and
transmittance.

7:2° Filters

upply ad-
means of
luminous

If a filter gives protection against several wavelengths or spec-

tral regions, only one marking, according to the e
7.1, is necessary for the purpose of identification.

The marking shall not impede the vision. The inscri
be marked on the inside.

amples in

ption shall
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