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* LASER IN USE
DO NOT ENTER
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IEC 60825—1 - safety of laser products

INTERNATIONAL IEC
STANDARD 60825-1

Edition 1.2
2001-08

Edition 1:1983 consolidated with amendments 1:1897 and 2:2001

GROUP SAFETY PUBLICATION

Safety of laser products —

Part 1:

Equipment classification, reguirements
and user's guide

Seécurité des appareils a laser =

Fartie 1:
Classification des matérels, prescriptions
el guide de l'utilisateur

Reference numbear
|EC BO825-1:1083+A1:1089T+A2: 2001
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Table 10 — Diameters of the measurement apertures and measuremeant distances

For walues expressed in power W

Wavelength o energy J For irradiance Wim? & or
B
T Condition 1 Condition 2 b 7 e il
For Class 1 Aperture | Distance | Aperture | Distance Limiting aperturs Distance
see also §.2g) stop stop
For Class 2
m m
ses aiso B.2h) mm mm m mm mm m
= 02 5 nm - - T 14 1 o
= 302,5 nm to 400 nm 45 2 D0 T 14 1 100
z 400 nm to 1 400 nm 54 2 0DO Ta re T 100
z 1 400 nm 1o 4 000 nm 5 2 D00 T 14 1for <0358 = 100
1,513 [pr 0,35 = f= 10 =
3.5 for # > 10 s {1 in s)
= & O i to 109 nm - - T 14 1Tl f<0,35 s i}
1.5 for 035 =f=10s
5.6 for f = 108 {1 in 5
z 10° am to 10% nm - - T 14 11 0
& Far the photochemical limits and [ < 100 s, ris given by
= 14 mm for < 1,5 mrad
= 100 mm (/11 mrad) for 1,5 mrad < o < 11 mrad
¢ = 100 mm for = 11 mrad

{for the =51 lor Class 1M and 2M, refer to 9.2g} and b))
Faar the pholochemical limits and > 100 &, r s given by (for the definilion of 3, refer to 9_3c).

=14 mm fora< 1,5 mrad

d=15 mrad
= 1.5 mvad

r= | 14 + B&

mm for 1,5 mead < a < 3

r = 100 mm for = 3,

{for the tesi for Class 18 and 28, refer to 3.2g) and b}
Fosr the thenmal lmils, ris given by
+ 0,46 i
r o= ¢ ey = i ifax o dp, v = 14 mm. 1 @2 oy, r= 100 mm

a
Tam

{for the et for Class 1M and 2M, refer bo 3.2g) and hj)

In the wavelenglh range of 400 nm o 4 300 am, these values are alsa applicadle for the measuremenl of
pawer or anergy Tfor Class 1M and Class 2M {=ee 0.2g} and h)).

cl Angle of acceptanca

i} Photochemical retinal limits

For measuremenis of sources 1o be evaluated against the photechamical limits (400 nm to
600 nm}, the limiting angle of acceplance y, s

for 10 s = [ = 100 s: ;.-i,=11 mrad
for 100 s < f= 104 5: =11 0.5 mirad
for 0 s <f=<3: 104 5: % = 110 mrad

If the angular sublense of the source o is |larger than the specified limiting angle of
acceptance p,. the angle of acceptance should not be larger than the values specilied for .
If the angular subtense of the souwrce o is smaller than the specified limiting angle of
acceptance . the angle of acceptance shall fully encompass the source undear consideration
but need otherwise not ba wall dafined (i.e. the angle of acceptance need not be restricted
o )

MOTE For measurements of single small sources, where o < 3, it will nol be necessary to measwe with a
specific, well-defined angle of acceptance. To oblain a well-defined angle of acceptance, the angle of
acceplance can be defined by mither imaging the sowres onlo a field stap or by masking off the source = ses
figures 18a and 16b respectivedy.
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i) All other limits

For measuramenti of radialion to be compared to limits olher than the photochemical limits,
the angle of acceplance shall fully emcompass the source under cansidaralion {i.e. the
angle of acceptance shall be at leasl as large as the angular subtense of the source o).
However, if @ ® tga,. in the wavelength range of 302.5 nm to 4 000 nm, the limiting angle
of acceplance I5 mqyy (100 mrad). Within the wavelength range of 400 nm to 1 400 nm, for

the evaluation of an apparen! source which consists of multiple paints, the angle of
accepiance has fo ba varied in the range of g = 72 Bnay (588 B.ad]).

Clrcular Circutar

Angle of s aperture stop field stop

Active area
of the dotachor

EOUNCE

) Measunng distancs r Image distancs
ME  TEoNSo00
Flgure 16a
Circular Carcular
fiedd siop apartune s10p
Angle of Aciive area
SCoeplance  § of the detector
Source Id
) Measuring diatance r
G FSEE00g
Figure 16b

Figure 16 — Measurement set-up to obtaln a well-defined angle of acceptance —
16a: by Imaging the apparent source onto the plane of the field stop —
16b: by placing & cireular aperture or 8 mask (serving as field slop) close Lo the source

The angle of acceptance is delermined by tha ratio of the diamefer of the field stop and the
lens-field stop distance {(image distance) (figure 18a), or by the ratio of the diameter of the
field stop and tha source-detector disfance (figure 18b). Transmission and reflection losses
due to the lens have to be taken info accouni. The measuring distance r as specified in
fable 10 is taken from the aperiure stop.
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Table 1 — Accessible emission limits for Class 1 and Class 1M laser products 2. b

Sy [ Exposure

= time
FiE Hna 10-12 10-1° 169 10T (1,8 = 18-45 x 10-5 1= 182 0,15 10 10

S o o 4= to o to to to o [4a) o
Wiz 1a-1" 10-% 16-F (1,8 % 10-%) 5 10-5 [1 2 10-3 0,35 10 102 109
Idngth
S Tn nm

RS o 3025 3 x H070 Wam—2 30 Jm—2
- T.9x 107 2,

S 8025 to 315 {t=T;) (=T,

1 28 A= 7.8 % 10-7 €, J

T 7.8 x 10T Cy T8 1072
Pl Fedin;
¥ 4330 3.8 x 102 g Jd 3.9
= &00 u=ing

g nmd| g =11 mrad 5"

S5E= 1090y d | 10100, 0 2w10-T Oy d Tow 104 1078 g e
200 H\_\_\
% b
: Ta0
. nme| 2 1)

Tom M0 PP T 0
P08 1o 1050 [5.8= 109 0, G 1,0 F0S 0, Cp J] 2w 107 Sy B Tom 104 P0G, Oy d _'_H“——h-.k_k__\
7050 to 1 4DD |58 x 108 Cy Cy 4| 10,4 878 Gy 5 J 2k 1080y Gy J 3.5 x 10-3F818 0, ©y G
. ® r ;

] T 108§ 0P O O,
4200 ba 1 500 Bax 108 W 8. 104 M4 10-3 g0 102 d
“1=500 o 1 SO0 Bx 108 W 8 02 d 1,8 = 02 875
8O0 bo 2 GO0 B ox T W Bx 104 B 10-2 g0t R
ZR00 io 4 00D B I8 W & = 105 4.4 x 105 1835

# 000 to 10° 107" Whm— 100 Jeimi—2 & B {033 Jin—

bebtween 1

s and

" For correction factors and enils, see "MNoles (o lables ¥ bo 47,
b= The AELs for emission durations less than 10-12 5 are sed o be saqual 1o the aquivalent power or irradiance valoes of the AEL at 10713 5.
= The angle y, is the limiting angle of acceplance for the measaring instrement.

and a producl’s emission musi ol exceed either limil applicable

4 |n the wavelength range belwesn 40) nm and &00 nm. dual limas appl
4 nm and for appareni source sizes between 1,5 mrad and B2 mra

10 s are used, for wavelengths between 400 nm and 4
3.8 % 103 C, J iz axtended to 1 5.

B
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Table 2 — Accessible emission limits for Class 2 and Class 2M laser products

Wavelength i Emission duration ¢ Class 2 AEL
nm -
400 1o 700 F=<0,25 Same as Class 1 AEL
P05 Cyn 1077 W *

* For correction factor and units s&s "Nates (o lables 1 1o 4%
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Table 3 — Accessible emission limits for Class 3R laser products a. b

Es piiing
nierel
R, 10713 wn 1078 T 12w 1078 | 5w10® 1m0t 0,35
|
o LI a1 L1:) 333 LI i
Wave- L= =
11 —F - -5

Mgl 10 we 10 18wt | swrd | 1m0 .35
&I mm

180 =0 202.5 Mof appropriasa Mol apgaopriabs

4,0x 108 Cy J
32,5 o 315 ir=s Tyl {t= Tyl
1.2 = 104 Wi
4w 138Gy
315 i 400 40w 108 oy d
5,0 % 103 Cg W
[F = 0,25 5j
400 ta 700 2,8 0m 108 Oy 5,005 oy 0 1ai0-8y B 10T Oy W
(= 0,25 &)
asm &g, g
TO0 1050 | 2ewir®c,cyd | 501078 c, oy d 1= 1080, Cyd EETE ol LR e i '“"‘a_h_‘“

1 D50 1 1 400

298 10" Oy O3 d

52 1075 oy Gy J

f = 103 Gy Op J

1.8 = 102 § TS oy oy

5 Ts)
3,5 n A0
il 4n108w 4w 10-20 |22-10-21031] s<t0-2sa
i 500 i 1 =00 R [ L] 4w 10= 5 g = 102 ¢ TS 5
i 500 1 2 &00 FE T LR PR |2.2‘g'|:|]-:||‘u.-l-'—"J :
7 600 fo £ 000 4100 W PR R 2.2 102 pBaS R
4 000 o 10% 5w 4077 Womed 500 Jomd 2.8 m 10 108y m=T

B For oormection Taciors amd unlis, s&e "robes (o iables § io 47

B The AELSs for emission duraSions less ihan 10-13 5 are sef o be sgual fo the eguivad

f pomed of iradiance values of the AEL ai fo-T¥ s
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Table 4 — Accessible emission limits for Class 3B laser products

Emission
duration §
E3
Wavelength & <ig-? 107 to 0,25 0.25 o 3 x 10
nm
180 to 302,5 3.8 = 107 W 1Ex 10 d 1.5 w10 W
3025 1o 315 1,25 % 100 Gy W 1,26 = 1079 Gy J 5 1077 Oy W
316 to 400 1,25 109 W 0,%25 4 0.5 W
400 b 700 3« 107 W 0,03 J for i< 0,06 = 0,5 W
05W farf 20,08 5
70D to 1 050 w0t c, W D03 C, Jford <006 O, = 0.5 W
DEWlort 2008 Cp s

1 050 o 1 200 1.5x 100 W 0,15 d 0,5 W
1400 ta 10° 1.25x 108 W 0,125 0.5 W

Far carrection Taciors and wunits, see "Noles b tables 1 o 4"

Notes to tables 1 to 4

MOTE 1 There is only limibked evidence about effecis for exposures of less than 109 5 for wavelengihs less than
400 nm and greater than 1 400 nm. The AELs for these sxposure limes and wavelengths have baan derved by
calculating the equivalent radian! power or irradiance from the radiant power ar radiant exposure apalying a1 10-95
for wavelengths less than 400 am and greater than 1400 nm.

MOTE 2 Correclion factors C; ta & and breskpoints T, and T, w=ed in lables 1 to 4 are defined in the Tolowing

expressions and are dlustrated in figures 1 to 8.

Parameter Spectral region Figures
nm
C, = 5,6 x 10% @3 02,5 o 200 1
Ty o= 1008 28] 5 1015 s 302,58 ko 315 Z
C, = 1002 285 302.5to 315 3
T, = 10 x 10li= ~ coizimd. 2] gu 200 10 1 400 aq
Cy=1,0 400 to 450 5
g = 0002k —250) 450 o 800 B
g = 10000k ol 700 1o 1 050 &
Cy= 5 1050 %0 1 4DD B
Cg = W14 400 o 108 T
Ceg=Tfora<m,, 200 1o 1 400 -
Co =i, for O, < nSo,,, 400 o ? 400 =
Camm, o . =867 for ;> m, 2 400 o 1 400 N
Cy=1 T00 1o 1 150 B
Cy = 100.018L -1130) 115040 1 200 B
Cy=8 1.200 %0 1 400 B
& T,=W0sforo<iSmrad and Ty = 100 s for o > V00 mrad
L4 is only appicable 1o pukse durations shorter than 0,25 5
= Cyls only applicable to puksed lasers and o CW lasers whers thermal injury dominates (see fable 1}
2 The limiting angle of acceptance y shall ke egual to a,,
B = 1,6 mrad
By = 100 mrad
N s ihe number of pulses conlained within the applicable dueration {see .41} and 13.3}

MOTE 3 See table 7 for limiling apertures.

HOTE £ In the formulae in the lables 1 o 4 and in these notes, the wavelength has o be expressed in
nanomedres, lhe emission duration [ bas 1o be expressed in seconds and n has to be expressed in milliradians.

_29_



[

EN

U5]
207

EN20T/EN208 Classification of Eve Protection

Laser goggles work by dissipating laser energy in a similar fashion to neutral density filters, however, unlike ND filters, laser goggle
wavelengths thus allowing the user some degree of visibility. Whilst a laser goggle may bave a sutficient density to protect the user i
protection without immediately burning out.

The EN207 directive requires that a laser goggle must be able to protect the user for a minimum of 10 seconds (D rating) or 100 puls
exposed to laser radiation.

The D rating applies to continuous wave lasers or lasers with a pulse duration of longer than 0.2 seconds, the power is measured in W
maximum average power of the laser. The I standard applies to pulsed lasers of duration between 0.25 seconds to 107 seconds and th
between 107 and 10 seconds, both are measured in Jfm®. Additionally there is also an M rating for lasers with pulse lengths shorter
current line of goggles protect against such high frequencies.

The L scale is a measure of how well a goggle is able to cope with laser radiation and consists of 10 levels comresponding to the optic
maximum power or energy density that the gpoggle can absorb in the minimum timeframe. without performance degradation, and alsc
wavelength. If these two measures denote different L levels then the lower L number is used.

The L scale is further subdivided into 3 bands which account for the eves natural ability to block shorter wavelengths. Band 1 covers
315nm, band 2 covers 316nm to 1400nm, band 3 covers 1401 nm to 1000 microns.

EMNZ s s A e i N, ers anod eve i eain T
Max spectral Maximum power (E) and/or energy (H) density in the wavelength
Scale iransmitiance 1 80nm to 31 5nm =3 15nm to 1400nm == 14Dk
number At Laser [§] LR M D LR Lt | D
Wavelength Wim® Jim® W Wom® Jrm?* Jim® Wem®
L1 10T 107 Il 3x 10T 1o S 107 1.5x107 10°
L2 T 10! ETalis 3x 107 107 Sx 107! 1.5x10°7" 107
L3 1o 1 ETlin 3x 107 107 5 015 107
L4 1ot 10 Ixlor 3x 10" 107 50 1.5 107
Ls 10 107 Ixlo” 3x 107 1o® Sx 107 15 107
L& 1™ 107 3x 10 3x 10T 1o’ Sx 107 1.5x 107 107
L7 1o 107 ETalia 3x 10" 1o* Sx 107 1.5x107 10™
L8 1" 1 ETali 3x 107 1o’ Sx 10 1.5x10° 1077
La T 10" 3x10™ 3x 107 10™ Sx10” 1.5%10° 10"
L10 107 107 3xl0T Ix L0 107 Sx 107 1.5x107 10
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The above classification offers complete protection for the user by not allowing any of the laser beam to reach the eye, however there
user to be exposed to some of the beams power for the purposes of alignment. In these situations the European standard EN208 is use

The EN208 standard only applies to lasers that emit wavelengths in the visible section of the wavelength (400 to 700nm), this also ha
requirement but only has 5 levels, compared to the 10 for EN207. The scale used for EN208 is the R scale. The power and Energy v:
beam diameter of Tmm. If the laser is considerably larger, then the selection can be based on the fraction of the power that would pas

EN208 = Classification of Eve protection filters for Laser alionment
<400nm to <700nm

Scale number Spectral Transmittance Power " Ener
W J

Rl 10" 0.1 2
R2 10” 0.l X
R3 10° | X
R4 10° 10 ol

RS 10° 100 I

: : ik : o
(1) Maximum Instantaneous laser power for continuous wave lasers for emission durations >2x10” §

(2) Maximum Laser energy for Pulsed Lasers for Pulse Durations from 1x10” o <2x10™'§
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