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Summary
This document outlines hazard analysis for two WorldStar laser line modules, the 3.5mW
(ULL5-3.5P-670-45) and 1mW (ULL5-1P-670-45) versions, as used within the FastSCAN
laser scanners. Note that we are told that the labelling of the WorldStar 1mW laser module
is for marketing purposes and we note the actual output power is in fact higher than stated.
Our tests indicate that both laser modules meet the requirements for class I operation, as
outlined in the International Standard IEC 60825-1 Second edition 2007 – 03, when enclosed
in the FastSCAN wand housing. The laser modules on their own do not fully comply with the
IEC 60825 class I limits. However, within the wand housing the closest point of human
access is 96.25mm from the laser module meaning the wand unit as a whole fully complies.
Note the device has not been designed to allow for removal of the laser module even under
normal maintenance conditions. If any laser related maintenance work is required it must be
returned to the manufacturer for this work to be carried out.
Note that early indications are that both laser modules produce significantly less than the
maximum allowable output for class I operations when used in this device. All units
measured to date have been well within the calculated required maximum output power
level. That said we will continue to individually test 100% of production units until such time
as engineering considers that this will not be necessary.
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Laser Classification for FastSCAN wand
World Star Tech ULL Series Red Laser Line Module 3.5mw:

Copyright © 2010 ARANZ Scanning Limited

Page 2 of 13

Controlled Documentation

World Star Tech ULL Series Red Laser Line Module 3.5mw:
Wavelength
670nm
Output Power
3.5mW
Fan Angle
45 degrees
Beam Divergence 1.33mrads (This was calculated assuming a 2mm minimum
width at 1.5 metres and the laser originating at a point. In practice, the laser origin is
rectangular and therefore 1.33mrads only provides an estimate of the beam
divergence).
Consider the laser output geometry illustrated in Figure 1. The laser output power is
spread out over a fan angle Θ. The beam width is W. The measurement distance R
is the radial distance from the laser vertex. S is the arc length and L is the
approximation to S used in these calculations as we are dealing with very small
angles. The laser energy passing through an aperture A at a measurement distance
R can be determined using basic trigonometry as it is assumed that L ≈ S.

Figure 1 – Schematic of laser output geometry.

Figure 2 – Percentage of output beam passing through limiting aperture A. ΘA represents
the fraction of the fan angle that passes through the aperture A . This assumes that the
beam width is entirely contained within the limiting aperture.
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From Figure 2:
tan(ΘA / 2) = (A/2)/R
ΘA = 2*tan-1(A/(2R))
Pout = (ΘA (degrees)/ Θ)*3.5mW
Eye Hazard Assessment
Using Table 11 from the IEC 60825 Standard [1] the calculated laser output power
for conditions 1, 2 and 3 are presented in Table 1.
Condition 1

Condition 2

Condition 3

Wavelength
(nm)

A
(mm)

R
(mm)

A
(mm)

R
(mm)

A
(mm)

R
(mm)

400 to 1400

50

2000

7

70

7

100

Pout (mW)

0.1114

0.4453

0.3118

Table 1 – Calculated Pout for Conditions 1, 2 and 3.

Note: The laser module is contained within the wand protective housing. The closest
point of human access (marked in the FastSCAN wand engineering diagram in
Appendix 1) is at 96.25mm from the laser line reference. This means that for the
FastSCAN wand, condition 2 can be calculated for an aperture of 7mm at 96.25mm.
In practice the laser origin is further back than 96.25mm but this value constitutes a
worse case scenario. Under these conditions the Pout for condition 2 reduces
to 0.3240mW.
To determine the AELs (Accessible Emission Limits) for class I operation it is
important to consider the angular subtense (α) of the source. The angular subtense
determines the size of the image on the retina and therefore the resulting
concentration of laser energy on the retina. Therefore, the angular subtense is
directly related to the AEL requirements.
The limiting or most restrictive scenario assumes a point source. At a first glance a
laser line module would appear to be an extended source and therefore classified as
a function of its angular subtense. Consider the following:
From section 8.3c of [1] – Radiation from extended sources:
The ocular hazard from laser sources in the wavelength range
from 400nm to 1400nm is dependent upon the angular subtense of
the apparent source α.
NOTE 1 A source is considered an extended source when the angular subtense of the
source is greater than αmin, where αmin = 1,5 mrad.
Most laser sources have an
angular subtense α less than αmin, and appear as an apparent “point source” (small
source) when viewed from within the beam (intra-beam viewing). Indeed a circular
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laser beam cannot be collimated to a divergence less than 1,5 mrad if it is an
extended source, thus any laser where a beam divergence in any plane of 1,5mrad or
less is specified cannot be treated as an extended source.
NOTE 2 For retinal thermal hazard evaluation (400nm to 1 400nm), the AELs for
extended sources vary directly with the angular subtense of the source.
NOTE 3 For the default condition where C 6 = 1, a simplified Table 4 is provided for
the AEL of class I and IM.

For sources subtending and angle less than or equal to αmin, the
AEL and MPE are independent of the angular subtense of the
apparent source α.
This would imply that the laser line which has a beam divergence in the plane
orthogonal to the plane of fan angle of less than 1.5mrad cannot be treated as an
extended source. If an extended source cannot be assumed then the AELs for a
point source (using αmin = 1.5mrads, C6 = 1) must be used.
Consider also from “A guide to laser safety”, A. R. Henderson, Pg 141 [2].
The angular size of extended sources having unequal dimensions
about two orthogonal axes, such as the rectangular emission
area of many laser diodes, should be determined on the basis
of the smaller dimension.
As a result of these considerations all calculations were performed assuming the
point source (or limiting) angular subtense of α = 1.5mrads. This was used because
the angular size of the source was different in different dimensions (i.e. rectangular)
and therefore everything was based on the smaller dimension. This was considered
to be the limiting or most restrictive scenario. From a practical perspective this also
seems to make sense, for example if the laser energy is within AELs assuming the
highest concentration of laser energy then it should also be within AELs when the
laser energy is in fact less intense or less concentrated . The effect of angular
subtense on AELs is illustrated in Appendix 2 and illustrates how the AEL
requirements relax as the laser becomes less and less like a point source. Any
angular subtense greater than the minimum is only going to relax the AEL
requirements.
Therefore, for classification purposes, the point source (or limiting) AEL for Class I
classification of 0.3900mW was used (see Table 4 in [1]). Note this is constant for
time bases of 10s to 30000s and is therefore appropriate for a time base of 100s as
determined from section 8.3e of [1]. Condition 1, Condition 2 (modified) and
Condition 3 output powers of 0.1114mW, 0.3240mW and 0.3118mW, are all within
this limit and therefore class I operation limitations have been met.
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Skin Hazard Assessment
Calculated at point of closest human access. This is 96.25mm as indicated in
Appendix 1. An aperture of 3.5mm is used for skin hazard assessment calculations.
Assuming a beam width orthogonal to the fan angle of 0.1283mm (calculated using
the 1.33 beam divergence) the scenario as illustrated in Figure 3 occurs.

Figure 3 – Laser line area for skin hazard assessment. The limiting aperture diameter is
3.5mm, therefore R is 1.75mm. d is half the width of the beam at the measurement
distance. L is the chord distance and C is the angle L makes with the centre of the aperture.

L = 2 sqrt (R2 – d2)
C = 2 cos-1(d/R)
Area of circle “cut off” from rest of circle by chord L =
CA = (R2 (C- sin(C)))/2
Laser line area = πR2 – 2*CA
For d = 0.1283/2 = 0.0642mm, Laser line area = 0.4491mm 2 = 4.49e-7m2
The laser power passing through the 3.5mm aperture at a measurement distance of
96.25mm is 0.1620mW. Dividing by the laser line area gives 360.8174 W/m 2.
However, for comparison with the AELs in [1] the total laser beam power passing
through the 3.5mm aperture must be averaged over the area of the limiting aperture.
Physically, this is because the heat resulting from the incident laser energy is
absorbed by surrounding tissues, moderating the rise in temperature of the irradiated
skin. The area of a 3.5mm aperture is 3.85e-5m 2. Dividing the laser power through
the 3.5mm aperture of 0.1620mW by this area gives 4.2103 W/m 2. This value is well
under the AEL of 2000 W/m 2 given in Table A.3 of [1] for time bases of 10s to
30000s.
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Measured Power Output
Compare measured values of laser modules, at eye hazard condition 2 and skin
hazard distances, to those calculated above.
Using a Newport Hand-held Optical Meter (Model: 1918-C, Serial Number: 10446)
and Photo diode Detector (Model: 918D-SL-0D1, Serial Number: 10194)
measurements were taken of five randomly selected ULL5-3.5P-45 laser modules.
See Appendix 3 for Certificates of Calibration for the Optical Meter and photo diode
detector.
The test setup is configured to represent the closest point of human access to the
laser module when housed in a FastSCAN wand, illustrated in Figure 4.

Figure 4 - The 7mm and 3.5mm apertures measure 96.25mm from the front edge of the
laser module with the face of the optical detector a further 10.05mm from the aperture.

Peak measurements were taken for the five laser modules with the results shown in
Table 2.
In each case the measured output power is well below the computed
upper limits of 0.3240mW for the 7mm aperture and 0.1620mW for the 3.5mm
aperture.
Measured Laser Output Power (mW)
Aperture size (mm)

1

2

3

4

5

7mm (condition 2)

0.2643

0.2774

0.2694

0.2787

0.2705

3.5mm (Skin hazard
Assessment)

0.1311

0.1391

0.1360

0.1398

0.1354

Table 2 – Measured results of five ULL5-3.5P-45 laser modules
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The measurements were repeated for:
World Star Tech ULL Series Red Laser Line Module 1mW:
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The peak power was measured for three ULL5-1P-45 laser modules from World Star
Tech with the results shown in Table 3.
Measured Laser Output Power (mW)
Aperture size (mm)

1

2

3

7mm (condition 2)

0.2591

0.2496

0.2556

3.5mm (Skin hazard
Assessment)

0.1308

0.1256

0.1290

Table 3 – Measured results of three ULL5-1P-45 laser modules

These results indicate that the measured output power for the 1mW module is only
slightly reduced over the output power of the 3.5mw laser module. The 1mw label is
clearly a misnomer. However, these output powers (as for the 3.5mw module) are
sufficiently low to meet the requirements for Class I classification.
References:
[1] International Standard IEC 60825-1 Second edition 2007 – 03
Safety of laser products Part 1: Equipment classification and requirements.
[2] A. R. Henderson, “A guide to laser safety”, Chapman & Hall, 1997.
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Appendix 1: FastSCAN Wand Engineering Diagram
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Appendix 2: Effect of Angular Subtense on Accessible Emission Limits
The AELs (Accessible Emission Limits) for Class 1 classification for angular
subtenses α from 0.1 to 10mrads are plotted in Figure 4.
α (mrads)

t (s)

T2 (s)

C6

AEL (mW)

1

100

10.0

1.0

0.39

20

100

15.4

13.3

4.70

50

100

31.1

33.3

9.90

100

100

100.0

66.7

14.8

Table 4 – AELs for angular subtenses of 1, 20m 50 and 100mrads.

AELs for extended sources were investigated. An extended object is defined as
having α > 1.5mrads. With α > 100mrads being set to 100mrads. AELs for α =
1mrads (i.e. Point source), 20mrads, 50mrads and 100mrads are detailed in Table 2
below. From section 8.3e a time base of t = 100s was used as appropriate for class 1
classification. Calculations were also repeated for t = 30000s assuming intentional
misuse of the system – these did not differ from the results for t = 100s. These
calculations were performed using formulae from Table 5 in [1].

Figure 5 : AELs for 670nm laser for varying α.

Figure 5 illustrates that the AELs increase as a function of α from 0.39mW to
14.8mW. The limiting case for α < 1.5mrads (i.e. a point source) is 0.39mW.
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Appendix 3: Certificates of Calibration
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