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Introduction

There is currently much interest in space-based,
high-power lasers. Military applications, such as
weapons and radars, and civilian applications, such
as lidars and the transmission of power to space-
based users, would benefit if the primary source of
power were plentifully available on-site. In space
the only power source for such an activity is solar
power. Employing this power, the laser would be
self-sufficient, and thus the choice of orbit for the
laser would not be bound by the necessity of refueling
flights. An additional advantage in efficiency (ref. 1)
is realized if the laser medium is directly pumped
by concentrated sunlight instead of discharges that
derive electrical power from solar cells, provided
that the laser converts sunlight with a total solar
efficiency in the range of 1 to 10 percent. We have
analyzed the Nd3t:glass laser medium and found
it to be an excellent high-power laser candidate for
direct solar-pumping schemes which involve multiple
elements and transverse pumping of slab or fiber
lasers that exploit waveguide principles for the laser
optical path. Until now, as we will show, a laser
slab would fracture before the threshold solar input
would be reached. However, recent breakthroughs in
the hardness (refs. 2 and 3) of finished total internal
reflection (TIR) laser slabs prompted us to evaluate
Nd3+:glass as a direct solar-pumped laser (DSPL).

Both slab and fiber lasers have been proposed in
brief in the scientific literature with variations in the
material proposed for the medium. Nd3+:YAG fiber
bundles were proposed in a Russian paper (ref. 4)
that reviewed on broad theoretical grounds all the
current gaseous, liquid, and solid solar-pumped (di-
rect and indirect) laser candidates. The Russians
concluded that laser fiber bundies would be the
most effective solar-pumped lasers, based on total
solar efficiency, cooling capacity, and threshold cri-
teria. A Japanese group has reported the highest
power recorded to date (18 watts, at 1.6 percent
solar efficiency) for an experimental DSPL (ref. 5).
They achieved their findings using an Nd3+:YAG
rod 4 mm in diameter and 4 cm in gain length
pumped by concentrated sunlight at a level of ap-
proximately 5000 solar constants (one solar constant
equals 0.14 W/cm?). In their discussion, they also
proposed multiple laser elements in series as a means
of collecting sunlight more efficiently. The slab ge-
ometry was mentioned as well. At Lawrence Liver-
more National Laboratories (LLNL), multiple slabs
are being proposed and fervently being investigated
on theoretical and experimental grounds (ref. 6) for
the purpose of obtaining pulsed laser beams with
very high intensity on the order of (GW /cm?) with

high average power for fusion applications. In con-
trast to LLNL, because our research is concerned
with exploiting solar power in space, we have concen-
trated on the rather limited, but continuous, solar-
pumping power available. The emitted power from
the solar surface is 6.3 kW/cm? and is the ther-
modynamic flux limit at the focal spot of an ideal
concentrator, providing approximately 46 000 solar
constants. Solar-pumped continuous wave (cw) laser
beams with relatively low continuous intensity (on
the order of kW /cm?) are possible. Because LLNL
and Langley both desire high average power, we are
both interested in heat removal and fracture strength
of materials. LLNL is well represented in both ar-
eas. Their results in strengthening glass laser slabs
through special fabrication techniques have resulted
in an experimentally tested factor of 12 increase in
the rupture strength in ground glass and a factor of
4 increase in the finished laser slabs that were exper-
imentally polished. These special fabrication tech-
niques involve chemical removal of surface cracks in-
troduced during grinding (the major cause of lowered
hardness in finished slabs) as an intermediate step
between ever-shallower polishing steps (ref. 3). As
we will show, hardened slabs can now be made to re-
sist solar-pumping levels above laser threshold, thus
permitting multiple slab designs to yield a higher av-
erage power.

In what follows we first convoluted the solar power
spectrum with the Nd3+:glass absorption bands to
find the solar-pumped source term (at one solar
constant) for the upper laser level. With this source
term, we found the steady state solution to the
kinetic equations for this medium in the case of TIR
slab laser geometry. We then analyzed the resulting
thermal stress as a function of solar-pumping level
for any particular design (restricted to TIR slabs) in
order to find the range of parameters (in terms of
the particular laser glass, slab dimensions, and solar-
pumping level) that would produce a usable DSPL
device. The trend toward thinner geometries became
apparent, and in the Conclusions devices based on
multiple slab lasers as well as fiber laser bundles
with phase-matched outputs are suggested as means
of achieving high average output power.
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index of refraction at laser
wavelength
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reflectivity of glass-vacuum interface
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laser photon output rate, cm™ s~
back and output mirror reflectivities

the voltage reflection coefficients
for the mirrors, equal to /Ky and
Vv Ra, respectively

flux of solar photons in wavelength

interval d\, cm~2s~1

activation rate of upper vibronic

manifold, cm~ 25~}

volumetric solar-pumped upper

laser level source rate, cm ™ 3s!

slab thickness, cm
slab width, cm

yttrium-aluminum-garnet

intrinsic loss coefficient, cm™!

thermal expansion coefficient, °C~!
transmissivity of laser glass
quantum yield

kinetic efficiency

wavelength, nm

Poisson’s ratio

P laser photon density in single cavity

mode, cm 3

o stimulated emission cross section,
cm?

oa(A) Nd3+:glass absorption cross section,
cm?

T time, s

Te laser photon cavity lifetime, s

TF fluorescent lifetime, s

Tij lifetime for transition from 7 — j, s

TR total spontaneous radiative lifetime

of upper laser level, s

X total power absorbed divided by
power that populates the upper
laser level

w collisional deactivation rate, s~1

Q geometrical factor

The Nd>*:Glass Solar-Pumped Laser
Model

We have developed a first-order kinetic model
that describes the Nd37 laser performance of a solar-
energized, face-cooled glass slab. The advantages of
a slab configuration are well documented (refs. 7 to
13) and provide the main assumptions for our laser
model: the stress-induced birefringence and thermal-
and stress-induced focusing can be eliminated by op-
tical propagation along a zigzag path. In addition,
the source term is assumed to be distributed homo-
geneously within the laser volume, which is swept
out by a single laser mode summing all cavity modes
necessary to fill the gain volume.

The Source Term

Figure 1 illustrates the modeling of the energy
level diagram of the Nd3+* laser, which is shown
in figure 1(a). Due to the random nature of the
perturbing micro-environment in the glass host, the
Nd3* absorption lines broaden and overlap, resulting
in an effective absorption spectrum which is shown
(for silicate glass) in figure 2. A total of 35 percent
of the solar-power spectrum is encompassed by the
absorption bands of figure 2 and represents the limit
in collection efficiency that can be achieved—without
wavelength shifters (such as dyes) or sensitizers (such
as Cr3t)—by perfect light traps. Ninety-five percent
of the energy absorbed populates the upper manifold
which then decays within 20 ns (ref. 14) to the 4F3/2



upper laser level as a result of phonon emission. The
lifetime of the upper laser level is metastable because
of the poor matching with the phonon structure
of the host and ranges between 200 and 800 us
depending on the glass host and doping density.
The transition with the highest probability is the
4F3/2 - 4111/2 at 1.05 pm. The lower laser level

4, /2 is also phonon terminated and relaxes to the

ground state 419/2 with a lifetime of less than 10 ns
(ref. 14). Thus, the kinetics are those of a nearly
ideal four-level laser. For the relatively low solar-
pumping intensities that are possible, the four-level
scheme shown in figure 1(b) can be used. The
source term Sg3 is the number of activations into the
upper vibrationally relaxed manifold per unit area of
absorbing glass and can be found by convolution of
the solar spectrum with the absorption coeflicient for
a given glass thickness and concentration, that is,

900 nm (I—R )(1_5)
S_:/ S22 gy (1
3= [ . (A) - <R, (1)

where £ = exp[—Ngog(A)t].

In equation (1) S()A) is the flux of photons per
wavelength interval dX in the solar spectrum at one
solar constant incident on the glass slab thickness
t, No is the Nd®t doping density, and o,()) is
the Nd3* absorption cross section as a function of
wavelength A (as shown in fig. 2). The effect of
the reflectivity Ry at each glass-vacuum interface has
also been included. The integral in equation (1) was
evaluated numerically using tabulated values of the
solar spectrum and the result, Sy3(Npt), is shown as
a function of Nyt in figure 3. The upper laser level
(ULL) volumetric source term can be calculated as

So3(Not)

S2(C, NOt’t) =nC ¢

(2)
where the quantum yield 5 is 0.95, the fraction of
activations that relax down to the ULL, 4F3/2 and Sy
is the kinetic source term for N9 per unit volume as
a function of the design parameters of doping density
Ny, slab thickness ¢, and solar concentration C.

Rate Equations

Referring to figure 1(b), we write a set of differ-
ential equations:

dNy Na
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Figure 1. Modeling of Nd3* energy level diagram.
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Figure 3. For one solar constant, the number of photons
absorbed into the upper manifold Sp3 was numerically
computed as a function of the neodymium ion density
Ny times the thickness of the slab ¢.
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In equation (3), 7 is the effective radiative (fluores-
cent) lifetime of the ULL:

TEl=A21+A20+w=TE1+w (6)

where Aoy is the Einstein coefficient for the
4F3/2 — 419/2 resonance transition and is nearly the
same (ref. 14) as A9j, the Einstein coefficient for the
4173/2 — 4111/2 laser transition. The effect of con-
centration quenching and multiphonon relaxation is
included in the rate of deactivation due to nonradia-
tive processes w. The effective lifetime for the ULL
can be obtained from experimental fluorescent life-
time measurements (ref. 15).

In equation (5), () represents the fraction of spon-
taneously emitted photons that is confined between
the laser mirrors and has a weak influence on thresh-
old. It is of no interest in cw calculations above
threshold. In the same equation, the laser photon
cavity lifetime 7. is a function of the intrinsic loss «,
the slab length ¢, and the mirror reflectivities 1 and
2 with its inverse value given as

1 c 1
- = — —In(1 7
= |20t gh(1/rin) (7)

The first factor in brackets represents the loss
caused by scattering and absorption of laser radiation
by the medium. This varies from host to host but
it is nominally less than 0.002 cm™! in glass. The
second factor in brackets is the laser photon prorated
loss due to the laser output mirror. Any window
transmission loss can be lumped in the back mirror
reflectivity (r is the dielectric’s voltage reflection
coefficient: r = VR where R is the reflectivity).

The approximation that N; << Ny greatly sim-
plifies the steady state solution of rate equations (3),
(4). and (5). The approximation is justified since
710 < 10 ns and the total lifetime 79 of the upper
laser level is given by

7'2_1:7'1:1‘+‘Kp (8)

The total lifetime shortens from approximately
350 us (the fluorescent lifetime) at threshold and be-
comes comparable to 719 at a photon density of the
order of 10!7 photons/cm?. This photon density cor-
responds to a laser intensity of 710 MW /em? which
is simply unattainable by solar pumping.

The steady state solution to equations (3) and (5)
can be found by equating the time derivatives to zero.
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The algebraic solution becomes

and
Ny = — 10)

The last term inside the square root in equa-
tion (9) is useful in determining threshold and is
therefore included in the computer model for this
purpose. Above threshold, the ULL population
rapidly approaches the value

1

e (11)

N2.th =

while the photon density continues growing with lin-
ear dependence on the source term Sy approximated
by

1

KTF (12)

p = SQTC -

The output mirror reflectivity in equation (7) can
be iterated with equation (9) (or (12)) to obtain the
maximum (optimum) output power.

Comparison of the Model With Available
Experimental Data

In order to ascertain the validity of our first-
order kinetic model, two detailed comparisons were
made with available experimental data. The first
comparison was made with a solar-pumped cw
18-watt Nd:YAG rod laser (ref. 5), and the second
with the reported performance of a slab-geometry
Nd:glass laser (ref. 10).

From available Nd:YAG laser data, the material
parameters, such as stimulated emission cross sec-
tion, intrinsic loss em™!, fluorescent lifetime, and
doping density, were input to the model. The gain
length, output mirror transmission, and solar concen-
tration (C = 5000 solar constants) were taken from
reference 5 and the c¢cw output power computed at
20 watts, 1.61-percent total efficiency—in very good
agreement with the 18 watt, 1.6 percent reported.
We calculated (from the results presented in the sec-
tion entitled “Thermal Stress Limit”) that the rod
was operated at a factor of 28 from its fracture limit.

Because thick slabs are not capable of withstand-
ing the cw heat load necessary to reach threshold,
presently there are no data on cw Nd:glass laser slabs.
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Figure 4. Comparison of experimental data with our own
modeling computations for cw Nd3+:glass laser.

We have therefore compared the above model with
the pulsed Nd:glass laser slab tested by Eggleston
et al. (ref. 10). The pulse length of 170 us is much
longer than the =~ 30-us total effective lifetime of the
upper laser level at the estimated peak concentra-
tion (solar equivalent) of 200000 suns; thus the cw
laser analysis is valid and need only be truncated to
accommodate the appropriate pumping time. From
data for the 2200 A/cm2 lamps used in the exper-
iment the equivalent solar concentration was calcu-
lated by assuming a 38-percent electrical-to-spectral
lamp output efficiency, with a further assumption of
85-percent reflection for the reflector structure and
a 15-percent absorption per pass by the slab. The
agreement (see fig. 4) is nearly perfect throughout
the operation range reported.

The Nd?* laser model used is therefore accurate
and helpful in determining scaling trends for a given
material.

Kinetic Efficiency Computations

Once a solar photon has been absorbed into the
upper level manifold, it will populate the upper laser
level 4F3/2 with a 95-percent quantum yield. The
upper level’s fluorescent lifetime 75 is sensitive to
concentration quenching, which is strongest in sili-
cates and constitutes an important loss mechanism.
Graphical data compiled by SCHOTT (ref. 15) on
7 for laser glasses were fitted with a second-order
equation and used in our modeling computations for
optimizing the Nd3% concentration for the several
laser materials we have investigated.

Within a fluorescent lifetime 75, the upper laser
level emits a laser or a fluorescent photon. There is
only one source of fluorescent photons:

N

(ecm™3s™1) (13)
F

Ry
For our purpose, we consider that all fluorescent pho-
tons escape the medium. Two mechanisms exist that
remove laser photons; both are found in the expres-
sion for the laser photon cavity lifetime (eq. (7)).
These two mechanisms are due to the intrinsic loss

in the host medium and to the laser photon output
rate at the output mirror:

2
Rzzﬂa
no

= 2 n(1/riry) (em™3s7Y)  (15)
not

(em™3s71) (14)

J
|

The kinetic (or internal conversion) efficiency of
solar-activated upper laser levels to output laser pho-
tons is given by Rp/So, that is,

cln(1/ryre) p
i S LT 1
Nk ol 5 (16)

If equation (7) is used in equation (16), we obtain
values above threshold, that is, in the regime of
equations (11) and (12):

w= (-G ) /[ w09

The strongest driver in the above equation is the
source term Sy. As Sy increases, the output mirror
reflectivity decreases (for maximum power optimiza-
tion) making the denominator smaller while making
the numerator larger. The kinetic efficiency there-
fore asymptotically approaches a maximum found at
high solar concentrations.

We have taken the kinetic efficiency as the figure
of merit for the materials studied because the total
solar efficiency is influenced by the design of the
light trap surrounding the slab laser. If the pumping
radiation were allowed two passes through the slab
laser, the source term and therefore the internal
efficiency as well as the total efficiency would increase
markedly. For example, a slab, 2 mm X 1 cm X
15 cm, operates at the rupture limit to produce laser
output of 330 watts. If only one pass is allowed
for the pumping radiation, this slab requires 14 780
solar constants and converts 1.07 percent of the solar
power incident. For two passes, 9320 solar constants
convert at 2.15 percent total efficiency. However, all
the calculations that follow assume a single pass.




0,
100% Silicate (LG-680). 2 mm thick

Kinetic efficiency

40 x103

Solar concentration

Figure 5. The internal kinetic efficiency vs. solar con-
centration is shown for three doping densities of the
neodymium ion. Due to concentration quenching, this
efficiency is optimized at about 3 wt percent.

A sample run for the selection of Nd9Og doping
density is shown in figure 5. At all possible solar
irradiation levels, 3-percent Nd9O3 by weight opti-
mizes the internal conversion efficiency for the 2-mm
thick silicate slab (SCHOTT LG-680). Lower doping
decreases the source term, while higher doping pro-
duces losses through concentration quenching.

The optimized Nd2O3 doping was similarly found
for the phosphate glasses LG-750 (6 percent) and
LG-760 (8 percent). In phosphate glasses, the upper
level lifetime is less sensitive to concentration quench-
ing; thus we calculated the higher doping levels. For
Nd3+:YAG, atomic 1 percent is presently the avail-
able standard.

Thermal Stress Limit

Once the design parameters for a laser slab are
chosen (o, ng, £, Not, t, w), the source term can
be calculated as a function of the incident solar con-
centration C. The heat evolved per unit volume Q,
can be calculated from the source term S3. Every
solar photon of average energy hv(3.2 x 10'9 joule)
absorbed will convert half of this energy to heat and
the rest to either fluorescent or laser photons. Addi-
tional heat energy may evolve due to the glass host
ultraviolet and infrared absorption bands. The fac-
tor x depends mainly on spectral filtering and varies
between 1 and 2. Thus,

Q(C) = (X—ﬁ—l) WS(C)  (Wjem®)  (18)

We have chosen x = 1 which would be the optimum
{minimum) heat evolved for a real device.

The surface stress generated by optical pumping
in a uniformly pumped, face-cooled slab at steady
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state is related to the thermal power per unit volume
Q@(C) and is given by the equation (ref. 12)

The factor in brackets is a constant of the material
parameters while J has a practical limit J_,, that
depends on the surface quality of the finished slab.

Because it depends strongly on the surface quality
and preparation procedures, the fracture limit Jiax
is not well determined and consequently is known
for only a few materials. It has been shown experi-
mentally (ref. 2) that for polished silicate glass the
mean fracture strength increases by a factor of 12
after a 30-minute etch in 5-percent HF. Hulme and
Jones (ref. 12) report that in tests with laser slabs,
the maximum operating heat load is approximately
30 percent of the fracture stress limit. Hulme and
Jones then give graphical information relating the
heat load Q) to the slab thickness at the fracture limit,
which can be fitted by the expression:

Qt* =36  (W/cm) (20)
which carries implicitly all the material constants and
Jmax in equation (19). We can now solve for Jyax,
which is found to be 1.1 N/cm?.

As a cross-check, Eggleston et al. (ref. 10) report
that their 0.83-cm-thick slab ruptures at a heat load-
ing of 4 W/cm3. Thus the product Qt% = 2.8 is close
to that given by equation (20). In our calculations,
we have been cautious believers of the chemical etch
procedure developed at LLNL (ref. 2), and as a con-
sequence, we increased the hardness by a factor of
approximately 4 (rather than 12). That is, the slab
will not fracture as long as

Q2 <12 (W/em) (21)
with the equality representing the limit in fracture
strength of the material. By using equation (18)
and the design parameter ¢ in equation (21), we can
determine the limits of solar concentration C on any
slab laser material and design that we choose. We
note, however, that even a factor of 4 increase in
fracture strength falls short by a factor of 20 of the
limit reported in reference 16.

Results

We have compared the internal kinetic efficiency
for the silicate glass LG-680, the phosphate glasses
LG-750 and LG-760, and Nd3*t:YAG as a function
of input solar concentration. The results are given
in graphic form in figure 6 for 5-mm-, 2-mm-, and



I-mm-thick slabs. The rupture limit is represented
by the vertical line that meets the internal efficiency
curve for the material. The same value for the
constant in equation (21) was used for the phosphate
and the silicate glasses, the same rupture parameter
being assumed for both types of glasses. The rupture
parameter used for YAG was 4 times higher than
that used for glass (ref. 17). As seen in figure 6,
all 5-mm-thick slabs investigated except YAG will
rupture before threshold is reached; however, the
situation improves markedly for glass as the slabs
become thinner. A 1-mm X l-em X 15-cm LG-760
phosphate slab is predicted to operate at 23 800 solar
constants (the rupture limit) for a single pass, with
a total solar efficiency of 3.13 percent producing
1560 watts of useful laser output. Light trapping or
dyes would boost the total efficiency while decreasing
the solar concentration required.

The YAG offers the best internal efficiency and
can withstand the highest solar inputs; however,
the production cost for YAG is very high and
only limited sizes are possible. This is not the
case for glass, which is inexpensive and can be
produced in much larger sizes. A more feasi-
ble solar-pumped laser may be a mosaic of small
slabs made of LG-760 phosphate glass, 2 mm in
thickness and 200 cm on each side. When irradi-
ated at 6300 solar constants (rupture limit 7700),
the slabs would produce 1 MW of laser power at
2.9-percent total solar efficiency. While presently this
size is not an industry standard, there are not, at
least at first glance, any insurmountable engineering
problems; the most precarious might be the align-
ment of the segments to optical flatness specifications
and the index matching at the interfaces of the multi-
ple slabs. Should this be the case, a possible solution
might be to phase-match several beams to produce
the desired output.

Novel Approaches to Nd3*:Glass
Solar-Pumped Lasers

The Multi-Slab Laser

The above analysis shows that for the slab geom-
etry and zigzag laser beam propagation in particular,
a solar-pumped laser becomes possible and more ef-
ficient (internally) as the slab becomes thinner. A
practical 1-MW solar-pumped laser was suggested
utilizing a 4-m2 mosaic slab, 2 mm in thickness. In
fact, as can be seen from equation (21), a factor of 2
reduction in thickness allows for a factor of 4 increase
in specific power loading capability.

The disadvantage of thinner slabs is that they
absorb less sunlight per pass. This means that the

100%

5 mm thick

100%

Kinetic efficiency

100%
1 mm thick

Solar concentration

Figure 6. Calculated internal conversion (kinetic) efficiency
for Nd®*:YAG, phosphate glasses (LG-750 and LG-760),
and silicate glass (LG-680) as a function of solar con-
centration factor for the thicknesses indicated. Thinner
slabs can withstand higher pumping levels and are there-
fore more efficient.

total solar efficiency remains at a few percent even
when the internal kinetic efficiency allows tens of per-
cent of the absorbed power to be converted to laser
power. Absorption efficiency by thin slabs can be im-
proved by a geometrical arrangement that permits
each beam of sunlight multiple passes through the
gain medium. While the mosaic large slab design
provides an effective solution for the thermal and op-
tical problems, there are other solutions that come to
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mind that exploit thinness (for high heat load capa-
bility) and optical paths of folded symmetry.

Nd3* Glass Fiber Bundle Array Laser

There is no doubt that fiber optic technology has
matured. The production of Nd3* doped glass fibers
would seem straightforward in itself since all that is
required is that Nd9O3 be added to the melt. In
fact, there has been a continuous glass laser in ex-
istence since 1963, based on this concept (ref. 18).
The modes are propagated within the fiber core and
folded symmetrically about the central axis; thus the
stress- and thermal-induced focusing becomes negli-
gible. If thin fibers were used (10 um), only a single
mode of diffraction-limited waist would propagate.
At the output, the expanding beam could be fed
into a telescopic mirror for long-range transmission.
Even at the highest solar concentrations the thermal
stress would be minimal for these fibers. Fiber bun-
dles and light traps can be envisioned. There have
been two recent Russian publications which report
lasing in Nd37 :silicate glass fibers, 40 um in diameter
and 40 to 150 cm long (ref. 19), and in Nd3* :silicate
glass needle rods, 1 mm in diameter and 40 cm long
(ref. 20). Both devices lased quasi-cw by internal
reflection. The needle rods also lased longitudinally.
The needle rods reportedly produced 102 to 103 times
as much power as the fibers. Color centers induced by
the ultraviolet component of their flash lamps caused
self Q-switching above a certain threshold input pro-
ducing, in both the fibers and the needle rods, giant
laser pulses tens of nanoseconds long that repeated
every few tens of microsecond.

It seems feasible to immerse a bundle of these
fibers (or needles) in a flowing liquid coolant and
to provide feedback to the internally propagating
modes in order to obtain phase-matched output as
is now done with diode arrays. Another approach is
to immerse the fibers (or needle lasers) in an index-
matched coolant and arrange them in an array that
would tailor the gain profile so that a longitudinal
Gaussian laser mode might be exploited.

Conclusions

The principal motivation for this study was the
need to evaluate the Nd3* laser as a possible choice
for a high-power, space-based laser. Other space-
based lasers are being proposed and certainly some
of them are at a more mature stage of development
than our model (such as the U.S. Air Force’s chemical
lasers). However, the main advantage of the solid-
state media proposed here is that the solar-pumped
laser need not be refueled because sunlight, its pri-
mary source of power, is available on-site.
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We must point out that if the Nd3t host medium
were YAG (an even more promising crystal is
Cr3+:Nd3+:GdScGa-garnet (ref. 21)),the high-power,
solar-pumped laser is presently possible. Nd3t:YAG
laser slabs have already produced average powers as
high as 400 watts and several industrial groups are
now experimenting with kilowatt slabs. For the mo-
ment, the maximum possible size for each YAG slab
is approximately 20x2.5x 0.5 cm at a cost of $20 000.
One can easily envision a mosaic of 1000 of these
slabs, producing 1 MW of power. Using YAG, our
calculations show that an 80- x 80-cm mosaic (con-
taining 128 of the above slabs) would produce 1 MW
of laser power at a solar concentration of 40000 with
a 3.5-percent conversion efficiency.

The Nd3+:glass fiber is also a very plausible can-
didate for a high-power, solar-pumped laser. We
do not anticipate problems in cooling. Single mode
fibers propagate a single mode which is already at
its minimum waist diameter and the diffraction is
kept balanced by the refraction of the index gradient
(or step in index). Therefore, the beam obtained is a
single mode, Gaussian profile, ideally suited for long-
range transmission. How the multiple output beams
would be summed or whether they would need to be
phase-matched needs to be addressed; however, the
outlook is promising.

High-power, solar-pumped lasers based on
Nd3*:solid-state host are possible today if YAG is
used as the host medium. A very promising outlook
was also found for hardened glass hosts, when the
laser is fashioned into the slab zigzag geometry, and
for Nd doped optical fibers.

NASA Langley Research Center
Hampton, VA 23665-5225
April 15, 1986
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