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Pulsed Laser Diodes

High-Power Pulsed Laser Diodes

Take on |
Comm

by Paul Rainbow,

Laser Components Canada Inc.

to provide short pulses of in-

tense power has made them an
ideal choice for military applications
such as target designating and
rangefinding. Indeed, much of the
historical motivation for developing
these diodes has military roots.
However, today’s technology im-
provements and cost reductions are
opening new applications in metrol-
ogy and medicine. Inexpensive laser
diodes that can generate 200-ns
pulses with up to 120 W of peak
power are readily available in the
marketplace.

T he ability of pulsed laser diodes

Continuous vs. pulsed operation

Standard laser diodes are designed
to emit CW radiation with power from
a few milliwatts to a few watts. Heat
removal and laser-threshold mini-
mization are important considera-
tions. As a result, these devices usu-
ally are long enough to ensure ef-
fective heat removal over their length
and are often mounted on a highly
thermal-conductive diamond sub-
strate. A pulsed laser, on the other
hand, operates at a lower duty cycle,
so heat removal is less of an issue.
And the high population inversions
obtained make minimizing inciden-
tal resonator losses — that is, low-
ering threshold — relatively unim-
portant. So a pulsed laser design
might feature a short resonator
mounted directly to the base of a TO-
type housing,.

Another design difference between
pulsed and CW lasers is that the re-
flectivity of the pulsed laser’s output
facet is generally much lower. The
lower gain generated in a CW laser
requires a lower value of output cou-
pling to achieve threshold in the first
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place and to maximize efficiency after
that. The instantaneous high gain in
a pulsed laser makes threshold con-
siderations inconsequential, and a
high value of output coupling facili-
tates quick draining of photons out
of the resonator — that is, shorter
pulses. Of course, the high peak
power in a pulsed laser can damage
the output facet if appropriate pre-
cautions are not taken.

Thresholds are kept low on typi-
cal CW lasers by limiting the emitting
width to 5 to 35 pm. Although laser
threshold current is directly propor-
tional to this width, the high gain
generated in pulsed lasers allows the

ustrial and
lications

width to be increased up to 400 pm
with a corresponding increase in
peak power. Unfortunately, without
precautions, this combination of
width and a short resonator at high
gain can result in rotating modes in
which the circulating power bounces
obliquely around inside the gain re-
gion rather than straight back and
forth between the end facets.
Another factor that affects thresh-
old is that the structure of the pulsed
laser is generally configured to pro-
vide a beam divergence of less than
25°, compared with the typical CW
device that would provide 35° to 45°.
The tighter beam is achieved by
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allowing photons to spread into a
“large optical cavity,” a weaker wave-
guide in the transverse direction that
reduces the quantity of photons in
the gain region. Because no lateral
waveguide is built into the pulsed-
laser structure, the beam divergence
in this direction is typically 10°.

Pulsed laser diodes are designed
to be driven with high-current pulses,
producing short, high-power optical
pulses. To achieve the very high peak
optical powers demanded by most
applications, the duty cycle is gen-
erally kept below 0.1 percent. This
means that a 100-ns optical pulse
is followed by a pause of 100 ps; i.e.,
very short pulses are available with
repetition rates in the kilohertz range.
The maximum pulse lengths are typ-
ically in the 200-ns range; more com-
mon are pulses between 3 and 50
ns. These pulses have sufficient peak
power for most applications but still
meet the stringent, Class 1 eye-safety
standard.

Electric currents on the order of
several tens of amperes are neces-
sary to create these optical pulses.
Such high current levels require
fast switching transistors and ap-
propriate circuitry, with all electri-
cal connections kept as short as pos-
sible to reduce inductive losses.

So while benefiting from the prog-
ress made in CW laser technology,
pulsed lasers have been optimized
to offer high performance in their
unique applications and to facilitate
economical production.

Wavelength and eye safety

When the first commercial GaAs
pulsed lasers became available, their
wavelength was 905 nm. Fortunately,
this is close to the peak responsivity
of silicon detectors, and there is a
nearby water absorption peak, which
reduces ambient light and increases
detection sensitivity. With the advent
of new technology and lasers based
on different semiconductor materi-
als, it became feasible to produce
lasers with a variety of wavelengths.
However, devices produced at 905
nm have until recently maintained
their pre-eminent position for pulsed
applications.

But lasers operating in the 1550-
nm range have been receiving more
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attention because of their superior
transmission through fog and smoke.
Another distinct advantage is that
this wavelength is less hazardous to
vision than shorter ones. Although
not “eye safe” — a designation ap-
plied to lasers whose radiation isn’t
transmitted through the cornea —
wavelengths longer than 1500 nm
are focused behind the retina, rather
than directly onto it, and therefore
are classified as less hazardous
under the prevailing eye-safety stan-
dard, ANSI Z136.1-2000.

Time of flight, other functions

Many applications for pulsed laser
diodes are variants of the seminal
rangefinding application, in which
target distances are calculated by
measuring the flight time of laser
pulses reflected or backscattered
from the target. Using this principle,
some of the more sophisticated in-
struments can make accurate mea-
surements at distances up to 10 km.
Police laser “speed guns,” for exam-
ple, can measure vehicle speed up
to 155 mph (250 km/h) at up to
3300 ft (1000 m) with an accuracy of
1 to 3 percent. Unlike conventional
radio-frequency speed guns, which
measure velocity directly from the
magnitude of the Doppler shift in a
reflected signal, laser speed guns
calculate velocity by comparing dis-
tance measurements made at differ-
ent times.

Since prices came down, eye-safe
rangefinders have become available
for a variety of recreational activities.
Hunters, for example, can buy laser
rangefinding devices to measure the
distance to their targets with an ac-
curacy of a meter or two over a range
of hundreds of meters. Although the
deer in the hunter’s sights may have
other things to worry about, it need
not be concerned about eye safety
because the laser conforms to Class
1 standards.

Similarly, golfers can purchase
inexpensive laser rangefinders to
try to improve their handicaps. In
what some (but not all) might con-
sider a less frivolous application, au-
tomotive engineers are developing
rangefinders based on pulsed laser
diodes, to warn drivers of hazards.
Laser range sensors are also widely
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Pulsed laser diodes provide the optical signal in automotive collision-avoidance
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systems.

used as navigational aids for ships,
particularly in ports and harbors; in
ceilometers for cloud-base measure-
ment at airports; and in surveying
and construction.

In a laser safety scanner, pulsed
laser diodes create a curtain of light
around potentially dangerous areas
such as automated production lines.
Using coded pulse emission, two-di-
mensional curtains can be monitored
to distinguish between allowed and
not-allowed shapes. The high peak
power from pulsed laser diodes, when
used in combination with avalanche
photodiodes, provides the sensitiv-
ity necessary to discriminate between
shapes. Besides serving as a safety
interface, such equipment may also
provide remote management and di-
agnostic functions. Increasingly, sim-
ilar systems are being deployed on
intelligent highways to regulate flow
and to identify vehicles at tollbooths.

In addition, significant research
supports the dramatic wound-heal-
ing ability of pulsed laser diodes in
medical applications such as laser
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acupuncture and therapy. Wave-
lengths in the spectral range of 625
to 905 nm are favored here. The lat-
ter wavelength penetrates deeply into
tissue and bone to alleviate pain,
swelling and inflammation in joints,
as well as other afflictions. The laser
light must be pulsed to achieve the
power necessary for penetration and
absorption without damaging the
cells. Known as low-level laser ther-
apy, the light energy is thought to
stimulate the flow of oxygen to the
affected areas.

Use determines reliability

As with other light sources, and
diode lasers in particular, the life-
time of a pulsed laser is highly de-
pendent on operating conditions. The
devices can be subjected to signifi-
cant overdrive for short periods with-
out damage. Damage is also avoided
if the pulse energy is reduced by em-
ploying pulse durations as short as
2 ns. The engineer applying a laser
has to choose the appropriate de-
vice and drive conditions to suit the
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Pulsed Laser Diodes’ Mean Time to Failure

The following formula can be used to calculate the mean time to failure
of pulsed laser diodes:

MTTF =K - {P_/w} -t _~2.F!.f(T)
where

MTTF (hours) = mean time to failure
P (mW) = optical peak power

o

w (pm) = emitting width of laser

t, (ns) = pulse length

F (kHz) = repetition rate

f(T) = temperature-dependent multiplying factor (= 1 at 25 °C)
K = a constant that will vary with material type

Example: Assuming K = 7 X 10'%, then at room temperature, the typical
MTTF for a 4-W pulsed laser diode with a 75-pm-wide emitter, a 100-ns
pulse length and a 10-kHz repetition rate would be approximately
30,000 h. If the power is increased to 6 W with all other parameters un-
changed, the lifetime declines to 2500 h. Emitting width is equally im-
portant; doubling it for a constant power output or halving the power
with a fixed width would increase the lifetime by a factor of 64.

LASER

application and the operating life-
time required. Whereas lifetimes of
less than an hour are enough for cer-
tain military applications such as
thyristor ignition, industrial safety
scanners in three-shift environments
must run reliably for tens of thou-
sands of hours (see box).
Generation of short, powerful pulses
using laser diodes represents an en-
abling technology for a variety of ap-
plications that cannot be addressed
with CW laser diodes, for either tech-
nical or economic reasons. Laser
Components and other manufactur-
ers have developed commercial prod-
ucts and offer devices at 850, 905 and
1550 nm for such applications with a
wide range of output powers and emit-
ting areas, both as single emitters and
as stacked devices. [}
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