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ABSTRACT

The recently amended |EC 825-1 (and consequently
CENELEC EN 60825-1) laser safety classification document,
incorporates changes from the previous issue which although
improve the maximum allowed emitted LED intensity, it still
poses problems to the classification of free space optical link
products. The changes from the previous issue are mainly
concerned with LEDs, allow approximately 50 times higher
output optical power from the previous specification.. We
show that in spite of the changes, most of the existing free
space optical links cannot be classified as class 1. Calculations
are given for class 1 classification, based on Accessible
Exposure Limits (AEL), of maximum permissible source
intensity in mW/Sr, for typical products availablein the

M arket..

Under the umbrella of consumer eectronicsa
considerable number of products are now
avallable making use of Infrared (IR) opticd links.
The most widespread gpplication of this
technology within the consumer dectronics
market is the televison remote control unit. As
consumers we now expect to control our
televisons remotdly and for the new generation of
consumers-our childrenitisthe ‘normy’. Thereis
hardly a household without remotely controlled
televisons. More recently, new “living room
entertainment” products have emerged, hi-fi
systems using remote control units, and products
such aswirdess IR, hi-fi audio phones, dlowing
usto enjoy our music without disturbing others,

and a the same time giving us freedom from
trailling wires, Fig.1.

Figure 1: User models of free space IR links.

Computer manufacturers on the other hand have
firgt introduced IR technology for caculators, and
recently with the growth of the “mobile
conscious’ customers, products such as pamtop
and laptop computers have appeared making use
of IR ports. To asmaller scale, free space IR link
technology has aso appeared in computer
networking. In other gpplications IR links are
used as input devices, ranging from bar code
readers, to customer checkout tillsin
supermarkets and shops for example.

A number of |aboratories are exploring the
possible future use of high speed IR links for
ATM. Networking Persona Compuiters,
portable and pamtop computersis aso desirable



aswell asdirect wirdesslinksto printers, (Fig.
1). The success of free space IR technology is
attributed to anumber of reasons. Firgly, low
cost LEDs or IRLEDs together with low cost
transceiver eectronics are essentiad for the early
adoption of the technology. This has dlowed
manufacturersto “test the ground”, and to
“educate’ the customer on the advantages of the
technology without incurring mgor cost
premiums. Secondly, unlike radio links, freedom
from regulatory bodies contralling the IR
gpectrum, and thirdly low power consumption.
Thistechnology is part of amulti billion dollar
business and needless to say of great importance
to many manufacturers and consumers dike.
The Infrared Data Association, (IRDA), an
industria body of about one hundred companies
interested to set an industry standard for IR links,
has dready adopted a standard data rate of
115.2khit/sfor the link and has voted in April
1995 for higher speeds, 1 and 4 Mbit/s. The
IRDA standard has the momentum to become the
industry standard for future wireless links, with
tremendous market potential.

Eye safety of such productsis taken for granted
and very few of us are concerned when children
are playing with TV remote control units.
Certainly | am not aware of any accidentsin this
front. As a consumer however | would be
sceptica in purchasing products with safety
warning labelson them and | am sure
manufacturers would be unhappy to redise that
their product should be labdlled as such.

Class 1 Eye Safety Specification

The naturd focusing properties of the eye may
concentrate the optica radiation (400- 1400nm)
and create exposure conditions which could
damage the retina. Theretinalis the most sensitive
part of the eye, and most vulnerable to thermd
burns, Fig.2.

The wavelength, exposure duration, and pulse
characterigtics, distance from the eye, image Sze,

are dl factors rdating to the maximum safe
exposure.

—a
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Figure 2: Eyeretina, most sensitive to damage from
IR

The mgority of the products mentioned above
utilise IREDs of wavelength between 750 nm-970
nm.

Most countries follow the hazard classfications as
defined in the Internationa Electrotechnica
Commission (IEC) document IEC 825-1, which
defines the maximum exposure limits.

The |EC 825-1 document has tighten the safety
classification requirements of “free space
radiator” laser products in the following two
aspects:

Firgtly the specification does not distinguish
between laser diode and LED product emission
levels and places them both in the same category.
Secondly, it required measurement of the emitted
radiation over acircular aperture of 5cm
diameter, (to Smulate the collection of an optica
ingrument of a ationary laser beam) a 10 cm of
the radiating source, (near point of
accommodation for children and myopics).

The two changes together imposed severe
restrictions on safety classifications of existing and
future products.

Manufacturers of IR products, fdt that the LED
products were overspecified, and have recently
been working towards amending the IEC
specification.



The most recent |EC 825-1, and consequently
CENELEC EN 60825-1, anendments,
concerning LEDs, are listed below:

a) The measurement capture gperture is now
reduced to 7 mm a a distance 100 mm from the
souce, for atime of 100 seconds.

This done, increases the dlowed MPE by
approximately 50 times, from the older
specification.

Also, for gpparent sources subtending an angle
‘a, measured at amin. distance of 100mm,
greater than *a(min)’ within acircular aperture
stop of 7mm diameter, postioned a adistancer
from the source, depending upon the angular
distance a (between aminimum of 1.5 mrad and a
maximum of almax) of the source.

The digancer, of the 7 mm measurement
gperture from the source is determined by:

a+ 0.46nmrad

—————— mm

Amax
However, for CENELEC EN 60825-1, the
specification would be amended so that the
classfication is done under worst Sngle fault
conditions. Maximum operating conditions are not
sufficient. Further, CENELEC EN 60825-1is
equivaent to the law in Europe, henceit is
important to comply with this specification.
Thislast condition may require additiond circuitry
avoiding its occurance.

r =100

In the following calculations, the optical
atenuation in the eye and air is assumed
negligible

Table 1 summarises the results of the calculations,
relating to typica IRLED products.

IRDA links | 40-500 1165
mwW/Sr mW/Sr

88 mw

Typical Max. Optical
product, Optical Power,
emission source Class1
intensity Intensity limit
IEC 825-1 IEC 825-1
TV Remote | 70-300 91.8mW/Sr | 0.7 mwW
mwW/Sr
Audio 240 mW/Sr | 577 mWIS | 88mW
Phones

Table 1: Calculated maximum optical source intensities
and optical power on retina, for class 1
classification.

The IRDA links caculations correspond to

115.2 khit/s standard data rate.
Thetableisasummary of the detailed caculations
found in the gppendix.

Future changesin |[EC 825-1 document:

Table 1 indicates that some IR products do not
comply with class 1 specification.

Thereis aso the unknown factor, that of ‘worst
gngle fault condition’ which may not be
avoidable. The calculationsin table 1, are for
maximum operating conditions, which may not be
enough. It very much depands on the product
itsdlf, if it is desgned to avoid the worst Single
fault condition, or if it isradiating low enough
energy which isclass 1 even for the worst case
result.

There may be agood case to argue for a
modification in the time factor of 100 seconds the
user may unintentionaly view the radiating source,
inview of the fact that the sources emit nearly
invissblelight. (It isdifficult to focusto an
invissible source for long periods of time.

Future product needs would require even faster
datarate or bandwidth optica links, and asa
result the optical power transmitted should be
increased in order to maintain the link distance
which is dready smdl (afew meters), Snce
recelver sengtivity improvement is not dwaysa
preferred dternative. This highlights the design
and sfety conflictsthe indudtry is currently facing.

The main concluson hereisthat the new IEC
825-1 safety pecifications are a severe headache
to product manufacturers, sSince some products
have exceeded or are near the class 1 limit.



Findly, thefact that opticd links are gpproaching
and even exceed safety classification threshold
limits dready, demongtrates the need thet safety
limits must become integra part of product design
from the onset of projects rather than being left as
alast minute test that they conform prior to
release.

APPENDIX:
SAMPLE CALCULATIONS

TV Remote Control Units;

Pulse Pogtion Modulation is commonly used as
the modulation schemein TV remote control
units. Repeated pulse burst envelopes of 0.52
msec duration, with 20 pulses of 10nsec pulse
width, and period of 25.81r sec have been
measured in atypica device.

The pogition and number of pulses varies
depending on the control function. The optica
wavelength of the LED was 950 nm, and it is
known that TV remote controllers emisson
intengty liesin the region of 70-300 mW/Sr.

collecting
aperture

Figure 3. A 7 mm diameter aperture subtends the
radiating source Sat asolidanglea ; = 0.0076 S:.

The radiation intensity captured must be less than the
maximum specified by IEC.

The AEL for Class 1 products, and for
wavelengths from 700-1050 nmis given by the
generd formula

AEL_=7*10"**t°"*C,*C, Joules ....(1)

where C, = 10°%4' -7 jsawaveength
correction factor, t , isthe exposure time, and
G =1 foraf£a,,

C =ala,, fora,,£afa,,,
C=a,la,, for a%a,,

a isthe solid angle in radians the source S
subtends the aperture,

a,—0.1rad,
a,, =1lmrad fort3 10sec

=15nrad fort £ 0.75sec

=2t¥* mrad for 0.75£t £ 10sec
where C; isacorrection factor for the finite sze
of the radiating source, and AEL_ isthe AEL for
asingle pulse width.

For repetitively pulse or modulated laser the
AEL isthe most redrictive of:
a) The AEL from any sngle pulse within the
pulse train should be lessthan AEL
b) The average power of a pulsetrain of duration
equa to T should belessthanthe AEL for a
sngle pulse of duration T.
C) The exposure from any single pulse within the
pulse train should be lessthan AEL, multiplied by
the correction factor C,

AELtrain = AELS * CS
where C, = N"**, N being the number of pulses
in the pulse train within the gppropriate time base.
a) A remote control unit LED with 5 mm dye,
would subtend the 5 cm agperture with an angle
a =50mrads. Hence
C, =50mrads/ L5mrads=33.3,
C, = 10°°04%5¢79 = 316 and t = 10msec,

then AEL, = 7*10* * (10ns)®"°* 316* 33.3 Joul e
AEL_ =131nJ.
The peak power of thissngle pulseis .31 W.

b) For T=100 sec



G, =50mrad/11mrad = 4.55 hence
AEL ogspuisy = 71074 * (100)°7°* 316 * 1= 70m)J
The max. power of this pulseis 0.7 mW.

This corresponds to 0.7/0.007625=91.8 mW/Sr
source intengty.

Where 0.007625 isin S, the solid angle, the
7mm diameter gperture subtends the source, a a
distance r from the source of 71.04 mm.

The digancer is cdculated from the formulafor r,
given above, when a=50mrad. (5mm/200mm).

¢) N=20 pul ses/sec* 100s=2000 pul ses.
C, = (2000) **=0.15
AEL, .= AEL . *C, =131InJ *0.15=1.965nJ

The power of thispulsetrainis
1965nJ/ 25.8ns = 76.1mW

From the above, case b) isthe mogt redtrictive,
and becomesthe limit.

Audio Phones

A typicd audio phone trangmitter may have up to
10 LEDs transmitting Smultaneoudy &t an optica
waveength of 870 nm. Left and right channdls
may be on sub carrier frequencies such as 2.25
MHz and 2.75 MHz. Assuming an effective sub
carrier modulation frequency of 2.5 MHz, we can
determine the ALE of asingle period 'pulse first
as.
a) For f=2.5 MHz, T=400 ns and
AEL,=2.*10"*C,*C, Joules
=2*10"*33.3*316
=210mJ
b) For T=100 secs, a single pulse would have:

AEL o, = 7.¥10"** (100)*"°* C,* C, Joules
=7.410"%* (100)%"°*2.19* 9.1
=0.44]

C, =2.188 for | =870nm and
C=a.,/a,;, =100/11=9.1

dnce

This energy, corresponds to 0.44/100=4.4 mW
optica power.

Assuming 50% duty cycle, corresponds to 8.8
mW peak power, or 577 mW/Sr source
intengty.

©) Findly for this case,

AELtrain = AELS * CS
= AEL_* N°%®
=210*10"%*(250*10°) °%
=0.167mJ

This energy must not be exceeded from asingle
pulse (oscillation haf period in this case) within
thetrain.

In terms of received optical power, the limit is
0.167nJ /0.2 sec=0.835 W.

From the above, case b) is more restrictive, and
becomes the limiting AEL.

IRDA Links

Infrared optical links based on the Infrared Data
Association (IRDA) standard, may operate
currently up to 115 kbit/s. Proposals for higher
gpeed links are planned for the near future, a 4 or
10 Mbit/s data rate.

Such links have LEDs emitting between 850-900
nm. For the caculations we assume 850 nm. We
aso assume a5 mm source (LED dye)
transmitting at 115.2 kbit/s

For the firgt requirement in IEC 825-1, we have:
a) AEL,=2.*10"*C,*C, Joules

In this case,



C,=2

a =50mrad,

a ., =15 mrad, (Sncethe pulse duraionisless
than 0.7s), a,,, =100 mrad, and

G =ala,;,;=33.33.

Hence AEL_ =2*10"*2* 33.33=13.33m)
Dividing this number by the pulse duration,
(1.63nrsec), we obtain the maximum alowed
peak power, under this condition.

Maximum peak pulse power=8.18 Waitts.

For the second requirement we have:

b) T=100 secs,

a =50mrad,a,, =11mrad and
C.=ala__. =455,andC, =2
6 mr

Hence fromthe tablesin IEC 825-1 we have:

AEL o, = 7.¥10"** (100)*"°* C,* C, Joules
=0.2J

Which trandatesinto 2 mW optica power for this

sngle pulse. Inthe IRDA specification, 9 out of

10 bits may be pulses, 4/16 of abit period.

Hence the maximum power of IRDA sgnd is
(16 / 4)* (10/9)* 2.0 mW = 8.88 mwW

In terms of source intendity, this correspondsto a
maximum of 1165 mW/S.

¢) Findly, in the sameway asin the previous
examples, the exposure from any single pulse
within the pulse train shdl not exceed the AEL for
asdngle pulse multiplied by the correction factor
C..

In this case C,.=(115200* 100) °**=0.017, and
snce AEL, =13.3nJ, then AEL,,,,=0.23nJ.
Which corresponds to a maximum pulse power of
0.23/1.63=141 mW.

Out of cases a), b), and ), case b) ismore
restrictive and supersedes the other two.
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