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THE TEMoo MODE IN A MODE-LOCKED NEODYMIUM-GLASS LASER
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. ABSTRACT

A technique,is‘described for operating'a‘mode7locked

neodymium-glass  laser in the TEMOO mode.
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A successful technique is described .for spatial control1 of the
transverse modes in a que—locked‘Neodymium—giaés la‘serf2 The téchnique
utilizes spatial aperturing (withinithe cavit?) ip,conjuhction wifh
split-image near-field.photographj3 through t?e 99% reflecting mirior.

The apparatus.is"showh in Fig; 1. Both ?erkinfElmer dielectric
coated mirrors transmit.in the visible. Tﬁeli.2 métér cavity has a
round trip‘time ofwabéut 8'ﬁanoseconds. The radius of curvature of o
the 99% mirror is 6 meters, and the_85% refleéting output mirror is flat.
The cavify aperture is.an adjustable iris, ana is intentiopally mounped
at.a slight angle to the beam on aﬁ adjustable.xfy translation mount,

The glass clad 3/8" diameter x 6" length American Optical laser rod is

pumped laterally by two linear Xenon flashlamps in series with a 75 uh

choke and 115 pf capacitor. The flashlampfdufation is zQOO U sec, or
about 1/3 of the Neodymium fluorescence lifetime.- Operating voltages
are thOb volts (open;aperture),ﬁ:2700 volts ?EMdO, and :=4000-volts
TEMOO mode-locked. The dye cell is well—prot;cted from flashlamp light.
and roomlight, and dry nitrogen is bubbled through the cell eﬁery hour
or so to reduce the oxygen concentration. These precautions seem to -
prolong the usefulness of the Kodak 97L0 dye. The laser rod, aperture,
and .dye cell are placed . as close -as ﬁossible,to the éurved mirror (where
the beam diameter will be thg largest) in order to avoid optical:damage.
Since the curved laser mirror passes most visible light, initial
alignment of the photography can be - done . by illuminating the far .end of
the laser rod. - The phgsphorh is activated by brief illumination with

a Mercury vapor discharge, and the lens is chosen so that the resultént

photograph will show views of two different cross-sections of the
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Fig. 1. Experimental setup
a) The gas laser lineup configuration.
b) The photographic configuration.
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flashlamp-illuminated laser rod superimposed on .the two views of the laser

' beam profile.5 The apparatus is basically operated in. two configurations:

the gas -laser lineup configuration (Fig. 1la) with the lens and the

" beamsplitter removed and the gas laser directing mirror in place, and.

the opposite (Fig. 1b) called the photographic configuration. One
advantage of this setuﬁ is that one can direct the lineup laser through
the mode-locked laser and. into the exberiment without interféring with
the cavify ofuoutput optics.

The alignment procedure is as follows. With the system in.thé gas
laser lineup configuration, the cavity iris wide open, and the dye cell
filled ohly witﬁ-solvent, one adjusts the cavity mirrors.and the gas
laser directing mirror until the appropriate‘reflectiéns are . centered
on the shiny surface of the gas laéer aperture. The laser is then
fired with small adjustments of the cavity mirrors until lasing is
detected. The laser is then converted to the photographic configuration.

If the lens is_ﬁot too heavy, it can rest on the rear crosspiece of the

‘99% mirror angular orientation mount. One briefly illuminates the

phosphor and then fires the laser_with the camera open., and, in the
photograph, the lasing should appear in the same region of -both cross-
sections (otherwise the line of lasing is not parallel to the long axis
of the laser rod). (Adjustment of the flat output mirror orientation

contiols_this parallelness as well as the location of the beam, while

adjustment of the 99% curved mirror controls only the location.) The
parallelness (output mirror) adjustment should be done in small -steps
(with appropriate 99% mirror adjustments to keep the lasing near the

center of the rod) until the lasing is parallel to the,long,axis of_fhe
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laser rod. If the laser is operated teoo far above threshold, the mode
struéture will saturate the rather restricted dynamic response of the

phosphor, and little information can be extracted. After the lasing is

3

centered and parallel to the long axis of the laser rod, one should

R
o~

check to see that the power supply voltage.is near threshold, and one
should produce a.burn spot.on an unexposed portion of developed
Polaroid film mounted outside the output mirror. The apparatus is then
returned to the gas laser lineup configuration. The orienfation and
location of the gas laser directing mirror should be adjusted until the
beam is centered oﬁ the burn spot and, simultaneously, that the .
reflections from the laser mirrors are centered on thé shiny gas laser
aperture, so thét the gas laser beam is nearly duplicating the path of
the 1.06u light. The cavity aperture should.then be centered on. the
gas laser beam, and the laser should be returned to the photographic
configuration.

The next step is to accurately center the laser cavity aperture on
the center of the lasing. This is done by carefuily adjusting the
position of the iris until the location of the center of the lasing
pattern (in the .photograph) is independent of the iris opening. The
photographs éhen can readily indicate the mode structure of the beam,
and one should simply close down the‘aéerture_until only the TEMOo mode
remainsﬂ6 In.this_experiment, TEMOO operation (not mode~locked) was. B,

achieved with an aperture of &3 mm. Examination of the photographs can,

-

be facilitated if the beamsplitter reflectivity is much different than
50%. The two images will then be of two different laser intensity

profiles (which effectively increases the dynamic.range of the phosphor).
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The mode-locking dye should then be added to the solvent (and the

input power should be correspondingly increased) until mode-locking is

observed. Then the transverse mode control of the adjustable aperture

should be rechecked because the dye‘cén influence the mode patterns. It
also is convenient every few shots tobclosely examine thé cavity iris
for burn spots, and to toucﬁ any spots with a drbﬁ of India ink. This
helps to prevent the builduf of ﬁultiplé pulses7 within the”ca§ity. It
is also benefiéiai every few shofs to dust.off all optical sﬁrfaces in
the cavity. Either a clean dry camel's hair paint brush or a dust-free
air brush is éuitable,

In operation in this laboratory, a rather thick dye cell (3/8" op-
tiéal path) Was chosen so that the problems of multiple pulsing could
be reduced.8 Although the optimum dye cell thickness has not yet been
defermined, there may be disadvantages tovhaving too thick a cell be-
cause the solvent'(an optical Kerr liquid) may in part be responsible9
for the inherent frequency modulation detected by E. B. Treacy.lo The
orientational Kerr effect in.the solvent could be reducedll by a factor
of four (by changing the cavity configuration so that the light is
linearly polarized in the laser rod, and is circularly polarized in the
dye cell), and such experiments to determine the possible. improvement of
the mode=-locked laser are now being underfaken. It has also been sug-
gestedlg that the TEMOO operation could simplify the phaée modulation .
function of an individual mode-locked pulse.

If one must operate the laser near the threshold of glass damage,

this technique will permit a nondestructive alignment procedure. - This

technique could also increase the effective life of a laser rod by
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allowing one to keep track of the laser rod regions which have been
damaged in previous shots.

The results of this mode—control.technique have been encouraging.
Wé report no visible damage to the laser rod (and no increase in
threshold) and only two tiny burn spots on one of the mirrors after
thousands of firings. The absence of optical damage could well be due
to the uniform spatial distribution of the beam and the resultant

reduction of focusing instabilities.
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