W/ ELE

SN E

Super-Bright LEDs

I

By Forrest M. Mims III

= -nthis era of increasingly complex mi-

croprocessors and very-large scale
. .Mmemory arrays, it’s hard to get ex-
cited about a simple component like a
light-emitting diode. That’s why a few
days passed before I got around to evalu-
ating three ordinary-looking LEDS that
recently arrived from Lance Kempler, a
long-time reader of my columns in this
and other electronics magazines.

Lance is with A.C. Interface, Inc., the
U.S. company that represents Stanley
Electric Co., Ltd., one of Japan’s major
manufacturers of LEDs and photodetec-
tors. Before sending the sample diodes,
Lance had called to say they were on the
way and that I'd be a surprised at their
brilliance. That prediction turned out to
be an understatement. The new LEDs are
the most amazing I’ve seen since first
viewing the soft red glow of an early gal-
lium-aresnide-phosphide (GaAsP) red-
emitting diode during a visit to Texas In-
struments back in 1966.

Checking It Out

So bright are the new LEDs that when I
first tested one there appeared to be a
problem with the digital multimeter I used
to monitor the current through the diode.
When the power supply was cranked up
so that the LED was emitting a bright red
glow, the multimeter indicated a current
of only 3 milliamperes. A normal LED
would have required considerably more
current than that to achieve a similar level
of brightness, so I substituted another
meter. But the result was the same. Still
not trusting the separate but equal cur-
rent readings, I determined the current by
measuring the voltage across the 100-ohm
current limiting resistor in series with the
diode and then used Ohm’s law to calcu-
late the current (I =E/R). The result was
still 3 milliamperes.

After making that third measurement,
I suddenly remembered Lance’s remarks
about being surprised and decided to ap-
ply a full 50 milliamperes to the diode.
The LED emitted such an astonishingly
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Fig. 1. These plots compare spectrum of the H2K with other LED devices.

bright beam it was impossible to stare di-
rectly into the end of its epoxy lens.

These super-bright LEDs are desig-
nated by Stanley as part number H2K.
According to the specification sheet
Lance sent with the diodes, the H2K is a
gallium-aluminum-arsenide (GaAlAs) de-
vice that has a brightness of 2000 mcds
(millicandelas) when biased with the in-
dustry-standard forward current of 20
milliamperes. At 50 milliamperes, the
brightness increases linearily to an incred-
ible 4500 mcd.

How bright is 2000 or more mcds?
Prior to the arrival of the H2Ks, the
brightest red LEDs in my benchstock
were some Hewlett-Packard ‘‘ultra-
bright’> HLMP-3750s. According to the
HP data sheet, these diodes are made
from GaAsP on GaP and have a typical
brightness of 140 mcd at 20 milliamperes.
In other words, the brightness of the H2K
is more than 14 times greater for the same
forward current. In fact, at 2mA forward
current, the H2K achieves a brightness of
200 mcd, higher than that of the HP di-
odes at 10 times the current level.

As might be expected, the new LEDs
have an exceptionally high power conver-
sion efficiency. An incandescent lamp
transforms into visible light only about 5
percent of the electrical current flowing
through a hot filament. The new super-
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bright LEDs are three times as efficient as
incandescent lamps. If not for losses of
light caused by internal reflection and re-
absorption inside the LED chip and addi-
tional losses conributed by the LED pack-
age and chip header, the new diodes
would posess considerably higher effi-
ciency.

Applications for
Super-Bright LEDs

Stanley’s new state-of-the-art LEDs are
so much brighter than previous devices
that several important new applications
are made possible. One of the most ob-
vious uses is to form arrays of the new di-
odes into burnout-proof lights for auto-
mobile taillights and traffic signals.
When placed behind a plastic diffuser, a
single super-bright LED can function as a
bicycle taillight. Linear arrays of the new
diodes can function as high-brightness
light sources for xerographic-style copy
machines that also function as computer
printers. A warning flasher could be
made by connecting one of the new LEDs
to a simple pulse generator circuit.

A more sophisticated role for the new
LED:s is as a light source for both optical
fiber and free-space lightwave communi-
cation systems. Low-cost plastic fibers
transmit well at the 660-nanometer wave-
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Fig. 3. Details of how author measured the beam profile of the H2K LED.

integrating sphere, a hollow sphere
coated on its inside with highly reflective
white paint. The LED being measured is
inserted in one aperture and a detector is
inserted in another. Though the cali-
brated detector I used collected all the fo-
cused beam, it collected none of the off-
axis light spilling out the sides of the
epoxy package.

In other words, the power within the
central beam of the H2K is only about
half the total power emitted by the LED.
Nevertheless, the power is still sub-
stantial. Only a few years ago, the best
near-infrared emitting diodes made from
GaAs:Si and encapsulated in epoxy much
like the H2K were considered good qual-
ity devices if at 50 mA forward current
their central beam contained 3 mW, only
about half the power of the H2Ks I tested.
AlGaAs near-infrared 880 nm diodes
emit approximately the same power as the
red H2K LEDs.

Figure 3 shows the beam pattern emit-
ted by an actual H2K. Like other visible
and infrared optical diodes in which the
chip is installed within a miniature re-
flector, the far-field beam structure is a
bright central spot surrounded by a some-
what dimmer halo. The central spot is the
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imaged surface of the LED chip. The
dark spot in the center is the point of at-
tachment for the chip’s upper lead.

The halo effect is caused by the tiny re-
flector in which the LED is installed. The
reflector captures light emitted from the
sides of the chip and reflects it toward the
lens formed by the curved end of the
epoxy package. Since the reflector is

larger that the chip, it is imaged as a halo
around the chip. The halo has a broader
beam spread or divergence (about 20°)
than the chip (only about 7°).

Note that considerable light emitted by
the LED is not within the central spot and
halo. Some is contained within a very
broad, off-axis halo that surrounds the
central halo and spot. The rest emerges
from all sides of the diode’s package.

Figure 4 shows the power output of the
lowest-powered H2K I measured. For
these measurements, continuous power
was supplied to the LED. The power out-
put would have been somewhat greater if
the measurements were made within a
second or two after power was applied.

Super-Bright LED Flasher

Figure 5 shows a an ultra-simple but ef-
fective flasher circuit for a super-bright
LED like the H2K or similar devices. This
circuit flashes approximately 1.5 times
per second using the values shown. The
flash rate is directly proportional to the
value of capacitor C/.

For applications in which maximum
brillance is not required, R3 can have a
very high value. Since the H2K has a
brightness of hundreds of millicandelas
at only a few milliamperes forward cur-
rent, the current drain of the flasher cir-

Fig. 4. Graph plots output power in central beam of H2K super-bright LED.
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