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Abstract

F arp

This report describes & technique for the precise allgnment ©Of small diameter
lasers, This technique ig applicthle in the alignmwent of any laser, but is
especiully valuable if the diameter of the laging wedium is small, and/or ope

of the pirrors in the lahepr cavity igs curved,
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Techinigque for Preclise Alignoent
of Small Diameter Lasers

~ tacrnicue is desceribed that simplifies the alignment or’ lasers that hLove
small diweter active areag, This technique 1s espeéially useful if one of the
mirrors in the laser cavity is curved, for example a small bore laser with o heml-
spherical cavity. GStandard refiection or autocollimation alignment tech:niques,
<hoich employ n single CW laser or autocollimator as the wlignment tool, have been
found L0 be iompractical because of the difficulty in obtaining a usable retrere-
fleeption I'rom the Tinal or far mirrar of the laser cavity. This difficulty arises
beceuse tie small Zdieceter of the lasirg rmedium and divergence ceused by the owov-
zvure of the nmirror combine to atten~te the retroreilection to a point wnere i~

is no longer visible, Trkis problem is eliminated by the use of an autocollimazor

in conjurction witi: a €W alignment laser &5 shown in figure 1.
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The components Bre arranged on a sultab.e teble in aupproximately i

=

ctawn.. The dlaxeter cof tre aperture 1s selected s¢ “nn+ *he bear fror ire

ment laser transmitted through it 13 approximvtely tre ceme Ziareter s
sm=1]l bore leser being zligned, The autocollimator seleqtes should bave

ivr *..e prejected light pasttern and either ¢ cress itz:ir cr = ring patier

-ll. T < .

reti-le, for example & Davidson model 657 tooling uutorollimator, with = 1120 [lgr

intensity light acurce, If one ol the mirrors of the laser being alipned

L I

tie autoceollimator 18 located at that end of the zaviity., It is position
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48 possible to the curved mirror, asincc the reflected spot intensity decreuses us

tre distunr-e between the autoconllimator and curved mirror is incresased,

Tlie optical axes of the ClJ elignment larer and the small bore laser are alisme:

Wit eurp. ~ther by X and Y €ilt adjustment of turning mirrnrs.ha and ..

o0 oLsing

the cutocollimator te cbserve the light from the Cv alignment laser wnat is Srung-

L= I

T i -
‘r‘:.lll-l- 'l-rl't-.li-

nrough the small bore leser, 1t can be detervined wren these axe
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ulimed., D[ue to reflectlon of the beam rom the inner walls of the smell tere

laser, misalignment of these optical axes will appear somewrnet as showmn in

anien the two are coaxially aligned, the pattero shown In Flgzure Zb will be otservecd,

~t the same time Ml and M, are being adjusted, tke avto:cllimater 1s B2 uS
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“he transnitted bear centered on 1its reticle. Yhern ti.e patiern shown Iv
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ligrnmen luser,

Ny it wr oy -

15 coserved in the center of the reticle, the cpiicel exes ¢ the Cd all

tie srall bore laser, and the autocollimator are comxielly zlimmed.

«ith fhese axes established it is now relasively simple to zlipm

L

uves 07 the two cavlty end mirrors H3 and M; parallel = each cther, Th
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plisred by individually adjusting M., end M, so that their >-pliical Axes are parillel

3

to any of the established axes. The optical ax’s of Hq (f12¢ mirror) is aligned

parallel to the axls of the OW alignment laser, This is ezcomplished by ¥ =znd ©
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Sigure .. Pattern Cbserved in Autoecsllisaator

“iit aclustment o M, and can be determined when the light from e W alignmet

-

laser reflected fromo M3 is centered around the sperture., decnuse °of *he diverszerce

of the alignment laser, the dlameter of the spot reflecved from M, will be sligitly
-t

larJer thnan tiie dperiure and will appear as shown in Figure 3,
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Figure 3, 1-13 Allgament



The (W allignment laser is pow turned off and tie cpticel aris of M (71at or

aurved mirror) is zligned parnallel o the axis of <he wutcoollimstor. This s &e-

o

“omplisiad by X tnd ¥ t1lt wdlusiment of ¥ and 2an be determined wren tre pinkcle

-

ligiit pattern projected from ihe sutocollim:tor and reflected from | Is entered
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in its retizle. If M 4e v Lol o.arror the reflecied lignt will appetr == ¢
spot the sam: slze as the pattern prolected Ly the sutcoocllimator as shown. 4n

“igare La, Ir Iy 1s survel, the reflected gpot will appear larger in diazeter <iun
tie projecied 5pot und appear as showm in Plgure -b. 7The diaxeter ¢f tie reflienverd
spot is determined by the radius of the curved mirror, but centering is a2ncnplished
in tle same manner ns for a flat mirror. At this point, the optical axes of zirrers
K, =ud M are aligned parallel to esch other, and to the optical axes previously

tstablishked,
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Figure L, }h filignment

7Cc check the preciseness ol alignzment of mirrers HE anc Hh, tre 0 alignmert

laser is fwrned on and the pattern shown 1n Figure Zb is obsarved. Any inaccuracy

wh



in the alignzent oY HE and ¥ will show up as a sSet or interferense tringdes goger-

‘xposed upon this pattern, These fringes are ckuged by rerile-tions of W truns-

mitted benm between mirrors :% undﬁi&, and will &ppear somewhut ug shown iu Fiomoee

irdicate rore

_T..

" Pringes tonut dre wider and further apart, as stown in MYlgure “o

aacurete aliggment of M3 and ML.
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Figure 5. Interference rringes Iue
to M3~M£ Misalignmens

This alignment procedare 1s completed by sligrt adjustment of elther M3 or 1, -
~5 Mj and M, become more nearly aligned, the observed {Yvinges become wider and
~réher apart until a single fringe, either light or dark, fills the field of vieu
o the eutorollimator. Any further adiustment of H3 cr 4 «1ll sikow up only &s u
rapld change ir intensity of the transmitted {4 alignxent laser beam from lignt to

dark or dark to light.

The laser being aligned can now be activated or turned on. If the other com-

ponents in ths laser system, such as pover supply, lasing material, rellectivity

A



of mirrors M, and “L’ etc. nuve been properly selected, lasity will Seceur,

&

able energy detecting device, puch ns a photodicde, proto-mle.pli~r, zil:

devec*cr, calorimeter, etc., can now be placed in tre s.gtem at e LNz

vie 1uner, Miyrrors V. and M, are finely sdjusted oy cwewsrn fOr mEximun
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