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With the emergence of high-b

are developing LED-based fiberoptic illu

Andrew Wilson, Edifor

With their often-touted advantages of low
power consumption, long lifetime, and fast
strobing capability, today's LED-based illu-
mination systems use red, green, blue, and
white LEDs independently or in combina-
tion to generate light. However, despite these
advantages, the luminous output of halogen
incandescent lamp-hased light sources still
far exceeds any LED lamps, making them the
method of choice for iberoptic illumination.

In choosing lighting for a machine-vision
systemn, several factors must be considered,
These include its luminous output and the
efficiency of the light source, correlated color
temperature (CCT)L and color rendering
index (CRI). While the luminous output is
often specified in lumens, the efficiency of a
light sourece is specified in lumensfwatt, Obwi-
ously, the higher this figure the mare efficient
the light source will be.

Simee light sources such as incandescent
halogen lamps emit light due to the tempera-
ture of the source, the light emitted is similar
to that emitted from a blackbody. Although
it conld be specified as a simple color tem-
perature, it is more commonly deseribed in
terms of a CCT, the color temperature of a
blackbody radiator that most closely matches
the light from the lamp. These color temper-
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atures range from approximately 1500 K to
16000 K, with tungsten lamps providing 2200
K to 3300 K and typical warm daylight 000
K.

While the CCT is useful in specifying the
color of the lamp, the CRI shows how the light
sltrce can he wsed o reproduce the colors of
various objects compared with natural light
sources, The CRI ranges from U to 100, where
high-pressure sodium lamps may typically pro-
vide a CRI1of 24, cool white flucrescent lamps
a CRI of 64, and metal halide bulbs a CRI
of 93, Since incandescent light sources such
as halogen lamps model Blackbody radiators,
they are often rated with a CRI of 100,

Mast manufacturers of iberoptic illumina-
tion sources offer products based around mul-
tifaceted reflector (MR) Jamps that use halo-
gen light sources. These are known as MR16
bulbs, becanse the maximum 2-in. diameter
of the lamp is specified in eighths of an inch.
The most commonly used lamps are rated at
150 W and 20-21 ¥, with ANSI codes DDL,
EKE, and EJA. These codes identify the
power rating, bulb shape, and beam angle
and allow a variety of manufacturers to pro-
duce standard replacement lamps,

Specifications for these bulbs are rated
with useful lifetimes of 500, 200, and 40
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hours and intensity values of 35, 80, and 354
lumens, respectively. With CCTs of 3150 K,
320 K, and 3350 K, these lamps are available
from a number of vendors including General
Electric, Ushio, and Eiko,

Light and life

“Ifa fber bundle itypically 14 to 12 in. in diam-
eter] is held at the focal point of a 150-W, EKE
halogen bulb, the total lnminous fusx incident
on a surface per unit area in the bundle is about
I hus—at least one order of magnitude greater
than direct sunlight at the surface of Earth,”
says fvan Maksymyk of StockerYale,

Of course, this is the highest possible illu-
minance available and will be degraded by
the type and length of the optically coupled
fiber. “We measured the light cutput from
some halogen light sources that use EKE
lamps,” says Steve Giamundo of Fiberop-
tics Technology. “Light output was locused
om a (13-in-diameter fiber bundle, traveled
1 m through the bundle, and emitted about
22,000 Tux one foot away from the bundle.”

“Although the rated lifetimes are given as
2000 hours for the EKE and 500 hours for the
L, the EKE has more than five times the
lifetime in fiberoptic applications, since the
EKE has much more efficient coupling to stan-
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dard bberoptic assemblies,” says Mike Muehle-
mann, president of Humination Technologies.

“Wany customers switch to the DDL with the
false hope of increasing lamp lifetime. For a
given standard fiberoptic assembly, the amount
of light passing through the Bber and onto the
working plane is, on average, 72% higher for the
FKE versus the DDL” {see Fig, 1),
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FIGURE 1. For a given standard fiberoptic assembly, the amount of
light passing through the fiber and anto the working plane is about
72% higher for 2 halogen EKE bulb than it is for a DOL bulb

“While this is true for 0.5-in-diameter light-
guides, both EKE and DDL lamps will per
form equally as well once the active Gber area
exceeds this value,” says Giamundo. “Most, if
notall, fiberoptic light sources output 21V, and
since DL lamps operate from 20.5V, the lamp
is overdriven and will never achieve its full rated
life if it is driven at 100% voltage. If the DDL
lamp is driven at full
power, is better to use
an KL lamp, as long
as the fiber diameter
is (L5 in. or less”

Trying to compete
Lamp lifetime s
one of the main
FEAz0NS L'(]'II'IPI!T'II‘IL"S
are now looking to
replace these bulbs
with
ness LEDs.

high-bright-
Hwe-
ever, building ills-

mination systemns fo replace halogen lamps

i5 not an easy task. First, the power supplies

recpuired are not the standard 1500, 2021V
supplies used to drive ANSI-standard halogen

bulbs, Second, without using a sophisticated

optical design consisting of multiple LED dies,
the CRI of such lamps will not be close to the

CRI of 100 ohtained with metal halide lamps

Last, the illuminance created by these lamps

iz smaller than that for h;l|r:gcn bulhs, L]cspil‘f_'

the fact that COT a5 specified by LI manu-
facturers may be equivalent

“To achieve a reasonable range of CCTs

of 3000 K to 65300 K, it is necessary to select

warm white and cool white LEDs with

COTs at the extremes of the desived range,”
says Mare Salshury of TIR Systems, recently
acquired by Royal Philips Electronies. “Faven

if the LEDs are carefully matched to have

exactly the chromaticity of the blackbody

locus at these temperatures, blending their

light to generate white light with intermedi-
ate COT will not produce a true white light.
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“On the positive side.” says Salsbury, “cool
white LEDs typically have CRIs of 70, while
warm white LEDs have CRIs in excess of 85.
White-light LED clusters with tunable colo
temperatures can be implemented with warm
white, green, and blue LEDs. In this approach,
only minimal amounts of green and blue light
are needed to shift the color temperature to
6500 K or higher and obtain a CR1 of 91.7

For their MR16 lamps, most lamp manu-
facturers specify beam angle and center beam
candle power—the luminous intensity at the
center of the beam. For example, the LED-
based MR-16 GUI0 from Alliance Optotek
produces 600 Tux (at 164 ft with a 60° beam
angle), more than an order of magnitude
less than the equivalent halogen-based lamp.
However, it is not just the luminous inten-
sity that needs to be increased in LED lamps.
Even if multiple LEDs could produce similar
light output to equivalent halogen bulbs, they
are point light sources, and effective coupling
to fberoplic bundles is more difhicult.

LED illumination

These factors have not stopped manufactur-
ers keen to be the first to intrmoduce LED based
lighting systems. Last vear, Edmund Optics

FIGURE 2. Many companies have created
LED-based illumination fiberoptic products,
inchuding MNewport (see p, 53], Schott North
America (@bove), and Violpi (below).

became the first to offer such a product—the Recently, a number of other companies
Chameleos—that used a patented array of  have entered the market with a range of LED-
LEDs that allowexd the color spectral outputto  based illumination hberoptics products (see
be antomatically adjusted (see Vision Systems  Fig. 2). These include Advanced Microscopy
Design, November 2007, p. DI0). Since then,  Group, Card Zeiss Micro Imaging, Newport,
due to customer feedback and specihe market  Prizmatix, Schott North America, and Volpi.
demands, the company has withdrawn the unit ' While companies such as Volpi appear to be

from the market and is looking to license the  pursning the machine~vision market, New-

core optical technology. port, Zeiss, Schott, and Prizmatics are offering
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products tailored to the microscopy market.

In the design of the IntralLED} 2020, for
example, Wolpi has produced an LED light
source that features a CCT of 5600 K and
uses just 15 W ko achieve a light intensily of
3000 Tux. This is more than one magnitude
less that the Tominous output provided by hal-
ogen-hased units,

Other companies have used the spectral

D Positions for
LED modules

#) Plug contacts for

characteristics of LED lamps to address niche Iocuies

markets in microscopy, White-light sources € Positions for beam

combiners
such as those produced from halogen-based

) Deflaction mirror
8 coupling to

microscope

illumination systems emit light across the entire
spectrum. However, to excite a fluorescent dye,
only a small part of the spectrum is required,

0 connection for
electronics

which, in halogen-based svstems is determined
by choosing the correel excitation Alter. Unless

the rest of the undesired light is suppressed @) Motorized switching

N = I 4 S prism for changing
efhoiently, it will Te added to the Auorescence i LED rode
signal and reduce the contrast of the image. and white-light
FIGURE 3. Zeiss Colibri System allows the g

Lser to choose from ten LEDs and combine & coupling for liquid
the spectral output of four modules. lightguide
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Since LEDs only emit a narrow spectral band,  COLDWision lightguides. According to Dom-  than an order of magnitude less than the lumi-
there will be less undesirable light, and the con- — inic Bucci, business manager of the Industrial — nous intensity required for industrial machine-

trast of captured images will increase. Froducts Division of Schott, this is still more  vision applications. @

Ohne impressive LED design that targets this
market is offered by Zeiss. Knownas the Colibri Company Info
Systemn, it allows the user to choose from ten © : R
LEDs ranging from UV through to dark red Advanced Microscopy Group Newport, [rvine, Ca, UsA

L P A Fhourind Mill Creek, Wa, LISA Wnw.nEwWport.com
aml to combine the specteal output of four indi- www advancedmicrescope.com ; 3 3
vidual medules at omee see Fig, 31, Using the ‘ : Prizmatix, Southfield, MI, USA

: s i Alliance Optotek, Hsinchu, Taiwan prizmatix.com
company’s Axiohision software, the desired wwew.aoptk.cam
i m srepritame stans S sk indi Royal Philips Electronics
mtensity i percentage steps tor each individ- Carl Zeiss Micro Imaging Eindhoven, The Netherlands
ual LEDY can be set using a control panel, and Gittingen, Germany wivw, zeiss.de wranw, philips. com
the illumination intensity can be adjusted indi- Edmund Optics Schott North America
vidually, Becavse each individual LED module Barrington, M1, US& Auburn, NY, USA ;
' 2 e s edmundoptics. com wwwv s schott.com/fiberoptics
uses automatic component recognition, any
additions or changes to an illumination setup Eiko, Shawnee, KS, USA StackerYale, Salem, NH, UsA
) wwwwy.eiko-id.com www.stockeryale.com
are automatically detected by Colibi, B T =y T
¢ ] 5 Techmo! stems, Burnaby, BC, Cana
Schott has also recognized the uscfulness P‘Omfretf,'ft:!r‘. Lisa www.:i::lgel?roptix.mm www.tiirrﬁ';'s om s :
iD-based light sources - L :

o LJ..l hased ligh murf_t_\ md offers many General Electric, Fairfield, CT. USA \ahbo, Tokyo, Japan
that incorporate red, white, green, blue, and wiwnw.gelighting.cam www.ushio.cojp
U LEDs. With a HPE:C['.ITI] light cutput of 130 Iumination Technologies Volpi, Auburm, NY, USA
lumens, the whitelight unit hasa CCT of G000 East Syracuse, MY, LS4 www valpiusa.cam

: whana illuminationtech, com
K and can be vsed with all of the company's
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