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USE OF THE SMARTT INTERFZROMETER AS AN ALIGNMENT Tu.L FOR INFRARED LASER SYSTEMS*

V. K. Viswanathan and P. 0. Bolen
Las Alamos Scientific Laboratory
Los Alamos, NM 87545

Abstract

The ability to minimize tha pointing and focusing errors at thae focal plane 1s crucial
in many applications involving infrared lazer systems. This 1s particularly the case for
systems involving multiple beams reaching the focal plane, as in the case of the LASL CO2
laser fusion systams. For example, the LASL Helios CO; Laser Fusion System has eight J4-cm
diameter beams each with an f number of approximataly 3.4 coming to focus, the last element
being an off-aperture parabola with a focal length of approximately 77.3 cm. The design
tolerance for pointing accuracy 1s + 25 aicrons and for focusing accuracy is + 50 microns
for the Helios system. Tha Smartt Interferometer shows promise of not orly avaluating the
optical quality of the beam, but ft can be used to align the beam to the tolerance lsvals
stated above. This paper describes the procedure, as well as experimental results obtained,
which show that pointing accuracies of +12.5 microns and focusing accuracies of +25 microns
are obtained at the focus of a COp lasar beam in 2 satun which duplicatas the target region
of the Helies COp Laser Fusion System. The backlash in the x-y-z stage micromeier usaed in
the experiment {3 estimated to be 10 microns, though prascautions wera taken to move in the
same direction throughout an experimental run.

Introduction

The necessity to be at the proper rocal plane is essential for both imaging (where the
contrast and hence w3odulation transfer function properties com into play) and focusing
(where the Streahl ratio, encircled energy and irradiance distributions play a key rolse) ap-
plications for optical davices creating a real focus at the image plane. This becomes avaen
more necessary when multiple beam systems are involved. [n complex systems like the CO2
Taser fusion systems, it would be vary halpful, {f in addition to locating the proper target
plane, tne Jptical proparties of the beam can also ba determined at the samas time at that
plane. [nterferometry using the Smartt interferumeter! appears to provide a scheme for
achieving bDoth of these objectives stated abave. The experimental saetup, the alignment and

the evaluation procedures, as well as the results outained using this mathod ara described
in the pager.

Th afr martt [nterferometar

The Smartt interferomatar is a common path 1nte{f|rom|tar. conceivad and developad by
R. N. Smartt and disclosed jointly with J. Strong.lv The infrared version is schematically
shown in Figure 1. Collimatad 1ight from an infrared laser s brought to fosus by the lans
under test, and the Smartt plate which is at the focus creataes a refarence wave in addition
to the beam under test. The vidicon lens reimages the pupil (which contains the resulting
interfereance pattarn) onto a pyroelactric vidicor, yielding a video sijnal that is displayed
on a video monitor. The Smartt plate is mounted un X-y-2 stage so that tilt and defocus
can be easily introduced. Basically, it 1s a two-beam intarferomater in which the rafarence
beam is geanarated by the diffraction from a small pinhole in the Smartt plate (Figure 1) at
tha focus of the beam under test. The plate, fdeally does not introduce any aberrations of
its own, and by some kind of coating or doping of the silicon, (which has been the mataerial
for the plate for the two kinds of Smartt platas produced so far), the transmission of the
test beam 13 adjusted for maximum fringe contrast. The two beams tintarfare and yield

fringas of constant optical path difference, similar to thosa obtainad with a Twyman-Grean
interferometer.

The infrared Smartt intarferometar was first described by J. C. Wyant et a1.3,%:5 These
papars give 'n excallent description cf the various thaoretical and oractical asgacts of
building and using a Smartt [nterferometer. The Smartt plata described by them usad a thin
silicon wafer with a gold, semi-transparent 200 A-thick gold coating with a transmittance of
.002, and the pinhole diametar was 65 microns.

The Smartt plats used in the Los Alamos experiments has a 40 microns diameter hole in a
13 microns thick silicon wafer, The 3rocess for get:ing %“he piate uses s curreat limiting
slactroetch based on a tachnique described by Meeks and .Jevelgped by Q. Hammond and
A. Gibbs of the Los Alamos Scientific Laboratory. We hope to describe this technique in a

*Work performed under the auspicas of the U.S5. Oepartmest of Znergy
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future papar in greater detail. Figure 2 shows a photograph of the infrared Smartt finter-
ferometer usad at Los Alamos.

Uge of the Smartt Interferometer as an Alignment Tool

Figure 3 shows the labaoratory setup schematically. The chopped beam from a Sylvania 941
laser is cleaned by a spatial filter and expanded to fil1l the aperture of the collimating
mirror, The collimated beam is brought to fFocus by a turning flat off-aperture focus1n?
parabola combination. The Smartt plate is at the facus and 1s capable of three orthogona
displacements in the x, y and z directigns as it is muuntad on an x.y-z stage. The pyro-
elactric vidicon lens images the pupil (which contains the Smactt interferogram) onto the
vidicon and the resultant video signal is displayed in real time on the monitor and the
video cassette recorder is used to record the results for latar analysig. [t should be
pointed out that the turning flat and the focusing parabola usad in this experiment are
{dentical to the corresponding elements in the Helios CO2 Laser Fusion System and the lab-
oratory setup duplicates the target chamber geometry of one of the eight beams in the Helios
CO02 Laser Fusion System. Figure 4 shows a photograph of the actual laboratory setup.

For beams with very 1ittle aberrations, “he Smartt intarferometer produczes circular dark
and white fringes in and out of focus., and straight line fringes when tha interferometer is
in the focal plane but with t1lt introduced in the x or y directions. Consaquently, 1t 1is
tempting to try to locats the position of the null fringes to locate focus. The problem of
locating the proper focus is ecquivalent to determining the location of & point in spacs and
hance the error in locating it along z axis can be considered a focus error and along the x
and y axes as the pointing error. Howaver, {n practica, it fs very difficult to pinpoint
the location of the aull fringe along the z axis (as the appearance in the monitor does not
change very much aver 2 range of + 150 microns along the 2z axis) and this difficulty com-
plicates the problem of the pointing also.

Thers 1s an interesting soluties to this dilemma, which appears to result in a situation
where the accuracy is limited only by the inaccuracies in the x-y-z stage (1ike backlash,
st:.). The locdtion of the focal plane {s accomplishied in the following way: as shown in
Figure 5, If we introduce a tiit ia the y direction nearly vertical fringas are obtained and
if ve& now move the Samartt plates in the + 2z direction, circular fringes of opposite curva-
tures are obtained. Thus the location of the focal piana can be obtainad iteratively. I[n
practica, in real time, (as the Smertt plate 1s movad along the z axis), it was easy to de-
tect the changs in curvature to within * 15§ microns. Having located tha focal plane thus,
a deliberata tilt is introduced in the * y dirention. (Tha same argument applies to a tilt
in the - y direction.) As shown in Figure 6, the shape of tha straight 'ine fringss is in
opposite directions across the focal.plane.** [n real time, 1t was easy to get to the
proper pofinting to within + 12.5 microns. Figure 7 shows the appearance of the fringe
pattern when a daliberata tilt is introduced in the x direction. Figuras 3-10 show the
actual fringes oabtained in the laboratory. [t should be pointad out that whan the
expariment 1is actually done in the laboratory, when all the motions are taking place in a
dynamic fashion, the changes in curvature and the changes 1in shape of the fringes are
observad with greatar sensitiwity than when the static photograph is taken.

Thus, with good beams, this tachnique appears to easily meaot the focusing alignmants for
large lasar systams. We deliberatsly introduced aberrations in the beam (roughly 2 wave-
‘angths peak-to-valley, consisting of astigmatism, coma and spherical aberrations) and ver-
ified that the above tachnigue for alignment workad wall. The additional complexity intro-
duced with aparratad beams (aspacially with large aberrations), has to do with the fact that
the choics of the propar plane depends on both the types of abaerrations in the beam and what
the optimum ¢riteria for the focal plane is (this depends on the applicatiaon). [t is in this
ragard that this tachnique appears to have definita advantages over 1nd1r09t tachniques 1likas
the autocollimating technique commonly rafarred to as the Hartmann method,’ where 1t {s not
possible ti. quantify the types of aberrations or predict quantities like the Strehl ratio,
ancirclaed enargy, atc. The automatic feature of this technique is that an interfarogram is
obtainad and this can be reduced to prgvide the parametars of 1ntereat. using technigues da-
scritad in other articlaes by J. Loomis® apd_V. K. Viswanathan et al. [n this connectian,
it ts wortn pointing out that Koliopolous +3 has shown that when the diametar of the Smartt
dtnholes is lass than half of the Airy disc diametar produced by an unaberrated beam, the
refarence bdeam in the Smartt interfarometer cantributes negligibia abarrations of its awn.

** dere a3 daliberate ti1t ~as introduced in the y direction and the Smartt plate was moved
in the + x Jdirection.

in Figures 5 through 7, reading f-om top to bottom, the motion starts in the positive
cireccion, qgoes *"hrough facus and on to the negative direction along the 2, x, 4and y axes
respactively,

in Figure 3, the successive differences in displaceament are 2.5 microns 4and in Figures 3
and 10, the succassiva diffraction {n displacement are 12.5 microns. Tha tila values for 2all
thase figures is 100 microns.

“qaq



We tried both mathods with a good beam in an identical laboratory setup described previ-
ously. We found that we could locate the focus to + 15 microns and the pointing to + 12.5
microns for the Smartt tachnique. The corresponding numbers we obtained for tha Hartmann
technique were: + 150 microns for focus and ﬁ; microns for pointing. [n the Hellos coi

Lasar Systas, I[. Liberman and R. F. Benjamin

obtained an avarage pointing error of 13
microns.

Gonclusigng

1. The alignment tachnique described abcve using the intvrared Smartt interferometer
shows promise of meeting the focusing and pointing accuracies needed in largs laser systems
1ike the CO2 laser fusion sysvems.

2. The technique shows promiss of easy application to situations where there i3 a nead
:o po'nt and focus different beaas (in multiple beam laser systoms), at diffarent locations
n space.

J. The method has definite advantages over indirect techniques i{n that tha optical
properties of the beam can be obtained at the focal plane in quastion.
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