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SOLID HOSTS FOR DYE LASER RODS - PART 1
CRITERIA FOR CHOOSING A HOST MATERIAL

George F. Ericksan, Stat! Member
Los Alamos Nationai Laboratory
CLS-6, MS J564
Los Alamos. NM 87545

ABSTRACT

This paper will attempt to provide selection criteria for polymers as hosts for flashlamp-pumped
dye laser rods. The properties of transparent polymer materials are compared with typical
inorganic crystal and glass hosts

For some tine now, our group, at the Los Alamos National Laboratory has been intarasted in trying to produce high
Quality inexpensive dye-doped laser rocs. The potential low cost, in volume production of dye-doped plastic rods,
combined with the wide variety of lasing wavelengths available from dyes was the primary driving force for this effort. The
applications have beer for both single and multiple shot operation, with fast flashlamp pumping. In the single shot case, if
the dye-Coped rod was damaged or destroyed after lasing once, this was acceptable as we were trying to get rather large
power outputs from the rods. Since we needed simpie, inexpensive, storable and compact systems, tiowing Bquid dye
solvents were ruled out. This left us with the need to find suitable dye hosts that were sokds with the necessary high optical
quality. Crganic polymers, namely piastics, such as the acryiics nave been looked at for some time for these sors of
applications by other groups worid wide.

As one gets more deeply invotved with the probiem of plastic dye lasar hosts, & number of problems become apparent
soonar or later. Aside from the need for very high optical quality in the plastic rods, one encounters protiems with the
nature of plastics as a class, when compared to inorganic crystal and giass laser hosts. Atthough dye-doped plastic
materials may appear attractive at first glance from a potential low cost standpoint, particularly in volume production, a
cornparison of the physical properties of plastics versus Inorganic hosts leads to S0Me serious CONSEqUENces. If one looks
at the coefficient of thermal expansion and the thermal conductivity of plastics versus inorganic glasses anc crystal hosts
(Table 1}, one sees that the coefficient of thermal expansion for plastics is, in general, one order of magnitude greater
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for plastics than for the inorganic glasses and crystal hosts. The inverse is true for the thermal conductivity of plastics
versus inorganic glasses. The tharmal conductivic, disparity of plastics, comparsd to many of the single crystal inorganic
hosts such as sapphire and the garnets, is even more extreme because of the abnormally high thermal conductivity of
these materials due to lattice phonon conduction. The change of refractive index of plastics as a function of temperature,
dn/dt (Fig. 1), is closely related to the coefficient of thermal expansion. The combined eftects of these two properties, as it
affects plastic dye laser rods, is t0 aggravate the thermal stability problem by about the product of the dn/dt and the thermal
conducitivity ratios as compared to inorganic glasses or crystal hosts. The net result is that the optical thermal stability of
plastic dye laser rods is about two orders of magnitude noorer than inorganic glass rods, approaching three orders of

magnitude poorer than sapphire.

The overall effect of this very severe problem is that unless dye-doped plastic laser rods can be stored in an
isothermal environment for a considerable length of time prior to firing the flashlamp, the optical properties of the plastic rod
will be essentially useless i¢ anything close 0 a few times diffraction limited output is needed. In the case of repetitively
pulsed plastic dye laser rods, the thermal effects would be catastrophic.

A further problem related to the physical propsrties of plastic dye laser rods is the mechanical stability of the laser rod
and cavity. Plastics are far less rigid or stiff than inorganic glass or crystal rods. Physical support under stress, vibration, G
loads, etc. of plastic rods will be much more of a problem than conventional inorganic rods. Thermal gradients are apt to
cause rod bending, which will throw the optical cavity out of alignment. Plastics are softer and scratch more easily than
glass and most crystal hosts. About the only advantage the plastics have to offer, as far as physicai oroparties are con-
cemed, is resistance to mechanical and thermal shock and impact breakage. Being organic, plastics are also subject to
photochemical iamage. In addition, the laser dyes will undergo photochemical damage or bleaching. Photochemical
damage of dye solutions is a problem in which the chsmistry of the dye and the solvent system are synergis’ically inter-
related. Polymerization without the use of initiators is desirable to obtain the best dye stability. For one shot applications,
this is not too severs a problem if the rods do not bleach in long-term storage.

Prcbably more work has been done on actylic, PMMA systems by numerous groups around the world than most other
plastic systems for dye laser rod applications. Polymethyl methacrylate is by tar the most comnion plastic in usa for optics
as it machines and polishes well, is easily moidable, has good environmental stability, and can have good uv transparency.

Acrylic's optical transmission is better than most optical plastics and can have low light scattaring it clean and free of
particulates (see Fig. 2). The optical damage threshold it clean is also quite good. The optica! homegeneity of ghod quality
molded acrylic optics is typically nearly two orders of magnitude poorer then geod quality vptical glass (see Table 1).
Acrylic optics, even in well annealed, have considerabie stress birefringence which is hard to remove. Adding the correct
amount of a suitable plasticizer can correct the stress birefringence but can caus@ other problams such as loss of uv
transparency, and poorer mechanical properties as well as possible interactions with the laser dye.

PMMA as such is a good solvent for the Coumarin family of dyas but is not a good solve. i for Rhodamine or Kitori Red
dyes which require more polar solvents. Dye tripiet state formation is of:en aggravated in plastic host solutions. Very
recently, Dr. Rob Hermes of our Laboratory, has produced some extremaly fine quality acrylic copolymer reds with good

solvent properties, even for dyes requiring polar soilvents.

In addition to PMMA, we have looked at a number of other polymer systems as candidates for plastic dye laser rods.
We looked into some clear epoxies, a rigid polyurethane-polyester copolymer scld commercially by the name, Caithane
3200, and a number of organic glasses of the glycerol borate family. We also ordered some samples of some commercial,
fluorescent dye icaded, extruded, PMMA rod from Bayer AG through their L S. subsidiary, M=bay Corporation. This
commarcial, flucrascent, piastic rod and sheet is available in seven colors from deep red to violet and is very inexpensive.

The epoxies had little to cornmend them for our application as we had rouble with dye-hardner interacticr.s, fairly poor
ultra-violet transmission, poor optical quality, and poor solvent powaer for dyes requ: ing polar salvenis. The Calthane 3200
looked somewhat mare promising in that the uv transparency of this material is quite good. We never were able, however,
to get good optical quality from this material and the solvent power for dyes ~J3eding polar solvents was again poor. The
Bayer-Mobay commercial, fluorascent, PMMA extrusions had two proble ns. The ~aterial had both a fluorescent and a
nonfluorescent dye dissolved in the host PMMA and the optical quality or the extrusions v‘as very poor.

The tamily of organic glasses based on borate esters of polyhydric aicohols was rather interesting in that these
materials could be produced with a hardness ranging from a brittle glass at room temperatu:e (glycerol borate;, to a high
viscosity liquid at room temperature (propyiene glycol borate). The third member of this group is ethylene glycol borate
which 1s interinediate in hardness or viscosity between the brittie glycerol borate and the syrupy propylene glycol borate,
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These three borate asters can be mixed togethe: in any proponions (o temper the hardness of the resuttant organic
glasses. We hoped that these organic glasses wouid be containable as vary high viscosity semisoid glasses inside fused
silica cylindrical dye cells which wouki behave like rigid dye rods. The severe T.C.E. mismatch between the high
expansion organi glasses ad tha fused silica would be relieved by flow in the organic glasses. An expansion space for a
bubble is needed! lo prevent cracking of the dye cell when subjected 10 temperature changes. The viscosity of the organic
glass is so high as to prevent convection trom disturting the optical quality ct the iaser medium. The glycoi borate esters
are again poor solvents for dyes requiring polar solvents but their uv transmission is quite good. This exercise was not
successful or a numbaer of reasons. The most severs probiem is that these gtycol borate esters seem o produce a swarm
of tiny gas bubbles when subjected to the intense light of the xenon flashiamp and these bubbles can't be removed from

the optical path without remeiting the organic glass to reduce the viscosity to a low value.

One other possibikty came to mind while we were working on plastic 'aser rods. The severe problems with thermally
induced optical inhormogeneities in any high T.C.E. and low therma! conductivity, plastic dye laser rod might possibly be
sidestopped by making a rigid, bonded, fiberoptic bundie, laser rod. This rod wouid have a dye doped, higher refructive
index, plastic core material, 3urrounded by a clear, undoped, lower index, plastic cladding which constitutes a very thin
coating between the adjacent dye doped core fiers. The solid matrix of cladding would couple the pump light into the
matrix and the individual dye doped fibers wouid be mode coupied to one anather by the evanescert wave penetrating the
thin cladaing between adjacent fibers. This wouid tend to prevent ail the individuas fibars in the bundle from lasing
unsynchronized with one another which wouid make the ertire fiberoptic laser tundle act as a more or less incoherent light
source. If the evanescent wave coupling betweon adiacent fiber in the matrix works, the optical coherence shouid be
greatly improved. The partitioning of the laser rod into many smali lasing regions, each isolated from its neighbor, except
for the evanescerm wave coupling, wouid permit fairty large refractive index gradients across the cladding to exist withcut
disturbing the lasing medium, which is the individual high index dye doped fibers. Since each fiber is bounded by the
stoep index gradient at the core cladding intertace, the laser ight would be trapped and confined to the fiber it originated in.
The (aser cavity mirrors would have to be in comact with the cut and polished ends of the laser fiberoptic bundie.
Transverse pump kght thouid be well coupied throughout the bundie. There would be an effective change in the cavity
length across the width of the fiberoptic bundie when subjected to a temperature gradient, however, to what extent these
different coupled lasers can synchronize with siightly different cavity lengths is unknown at this time.

Fabrication of such a structure atthough compiicated might not be as difficuk to accompiish at a reasonable cost as it
Individual dye-doped plastic fiber with a higher refractive index than the clear cladding material
could be produced in long lengths. The thin layer of clear cladding cuuid be appied as a dip coating and cured or dried by
sofvent evaporation. This thinly clad fiber could then be bundied and pressure bonded, perhaps by warm |sostatic pressing
of warm extrusion to form the iaser fiberoptic bundie. This material could then be cut to length, polished and havae the flat-

flat cavity mirors cemented on the ends. The cavity mirrors may be abie to be simply deposited on the prolished ends of the
bundbwgy physical vapor depositicn methods and further reduce the cost of the fbomptic: laser rods. It this scheme works,
rmal problems associated with ordinary plastic dye laser rods. This system couid

it prefty much sidest most of the the
popw';,try operate as :p:ng laser since a curved optical pat) couid lase in a fiberoptic bundle. This device might have some

interesting possibilties.
1 and 2: "Optical Plastics: Properties and Tolerances,” The Photonics Design and Applications
Handbook, Book 2, 33rd Edidon, pp H225-H230 (1987).

may seem at first glance.

Table 1, Figures
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Figure 1.
Refractive (ndex us. temperature for polymethyl methacrylate.
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