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l a s e r s . This technique i s app l icab le i n the alignment of any l a s e r , 'but i s 
e s p e c i a l l y valuable i f th& diameter of the l a s i n g medium i s smal l , and/or one 
ct the mirrors In the l a s e r cav i ty is curved. 
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Technique for Precise Alignment 
of Small Diameter Lasers 

k technique is described that slnplifies the alignment or lasers that have 

yniall ditu..e-er active areas* This technique is especially useful if one of the 

::,irrors in the laser cavity is curved, for example a small bore laser with a hemi­

spherical cavity. Standard reflection or autocollimation alignment techniques, 

'.-hi L'h employ a single CW laser or auto colli ma tor as the alignment tool, have been 

:'ound to be impractical because of the difficulty in obtaining a usable retrore-

fleetion lYon the final or far mirror of the laser cavity. This difficulty arises 

because the srall diameter of the lasing medium and divergence caused by the curv­

ature of the mirror combine to atter.'̂ te the re^roreflection to a point where ±\ 

is no longer visible. This problem is eliminated by the use of an autocollimator 

in conjunction with a CW alignment laser as shown in Figure 1. 
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Figure 1. Alignment Set Up 
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The components are arranged on a sui table table in approximately the pes: tit:,:: 

si-o'..*:.. The diameter of the aperture i s selected so thkt the bean: frort the .'.; A1; ;T,-

:sc-nt laser transmitted through i t i s approximately t r e cQme dian^ter *s tht-t c:" t: *• 

srr.iill bor-J laser being al igned. The autocollii^ator sele^te-j should have a plr^.cl" 

ior *he projected l igh t pa t te rn and e i the r a cross i / ; i r cr *- r ing pat tern : lcr i"£ 

r e t i c l e , for example a Davidson mode) 657 tool ing kuto-joLliisator, '-'it:. ^ Hi], ;.L$r: 

in tens i ty l igh t source* I f one of the mirrors of the laser fceing a l i p e d ;n ' - jr : t ' : 

t:.t_- kutoco H i ma tor i s located at. th&t end of the -avity* I t i s positioned t s ;Ics* 

'iE passible ta the curved mirror, since the ref lected spot in tens i ty decreases bs 

the .ilstunce between the auto col lima tor and curved mirror i s increased. 

The opt ica l axes of the CT alignment laser and the small bore l ase r are ali;rr.*r: 

v;:th eu ni. -~ther by X and Y t i l t adjustment of turning mirrors IL and : c 2y using 

the autocollimator to observe the l igh t from the CW alignment laser that i s t runs-

mi t i c ; through the small bore l a s e r , i t can be determined when these axes t r e 

ali,5ied. Due to re f lec t ion of the beam from the inner v a i l s of the small terc 

l a se r , misalignment of these op t ica l axes w i l l appear somewhat as shown in 7igurfc . &. 

"̂ hcn the two are coaxial ly al igned, the pa t te rn shown in Figure 2b wil l be otservec. 

At the same time M- and l-u are being adjusted, the auto collimator i s ac jus t^ i tc .'.eer 

the r ransni t ted beajc centered on i t s r e t i c l e* VJher. the pat tern shown ir. ? : e -^e .1 

i s observed in the center of the r e t i c l e , the opt ica l axes cv the O; aligrjier.i lusvr , 

the s m l l bore l a se r , and the auto collimator are coaxially ^ l t ^ e d . 

•'•"ith these axes established i t i s now r e l a t i ve ly simple to a l i ^? the opt; --1 

sixes v? the two cavity end mirrors I-L and *!• pa ra l l e l to each e the r . This is a ; ^ . > 

plished by individual ly adjusting M- and M̂  so that the i r opt ical axes are pa ra l l e l 

to any of the established axes. The opt ica l ax ' s of !-'̂  ( f l a t mirror) i s aligned 

pa ra l l e l to the axis of the CW alignment laser* This i s accomplished by X s.nd " 
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Figure -~. Pa t t e rn Observed in AutooollivAtor 

t i l t adjustment or M.,, and can be determined when the l i t

T h t fror. the T/J a l i g n - r i / 
_-• 

l a s e r r e f l ec t ed frcrr. rL i s centered around the a p e r t u r e , because o r the diver^tnc^ 

of the alignment l a s e r , the diameter of the spot r e f l ec t ed fV-om M,, W i l be s l i g h t l y 

l ^ r j e r than zhe ape r tu re and v i l l appear as shown i n Figure 3-
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CSHTERED ABOUHE APERTURE 
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Figure 3* M- Alignment 



The O? al ignment l a s e r i s now turned O ; T and t h e cp t i c&l a x i s of M̂  ( f l u - c r 

curved m i r r o r ) i s a l igned p a r a l l e l to the a x i s of the ^ u t c c o l l i f ^ t o r . This ;.s a r:-

"onpliGi-ad by X t-nd Y t i l t adjustment of V.̂  and c&n be determined when the p inhc le 

l i g h t p a t t e r n p r o j e c t e d froc; the au toco l l im^ to r and r e f l e c t e d frc= K^ i s .-entered 

i n i t s r e t i c l e - I f '•'-• "*•" •- — - . . i r r o r t h e r e f l e c t e d l i g h t w i l l appe&r r^s a 51.&II 

spot the sas^ s i z e =is the p a t t e r n p ro jec ted by the a u t c c c l l i r a t o r a s shov.-. in 

Figure !*a. I f J-̂  i s -.narvei, t he r e f l e c t e d spot v i l l appear l a r g e r in ' j i t r -e t^r t : / s r . 

the pro^'e^c^d spot and appear a s shown in Figure - b . The diameter of tLe r e f l e c t e d 

spot i s determined by the r a d i u s of tfc-5 carved m i r r o r , but c e n t e r i n g i s accomplished 

in the same manner as for a f l a t m i r r o r . At t h i s p o i n t , t h e o p t i c a l axes of mi r ro r s 

-' '-Hi M, a r e a l igned p a r a l l e l t o each o t h e r , and to t h e o p t i c a l axes p rev ious ly 

e s t a b l i s h e d . 
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Figure U. M Alignment 

To check the preciseness of alignment of mirrors ?-L and ll* the cv: alignment 

laser is turned on and the pattern shown in Figure 2b is observed* Any inaccuracy 



in the a l ignxcni of !-L and Vti - ' i l l chow up as a s e t of in ter feron <-' t ' r i rves s \per -

i:::eosed upon t h i s p a t t e r n . These fr inges are caused by rt>flc- -tionc of tU- t r ans ­

mit ted bean between mirrors :-L and M1#> and w i l l appear aorcewkut -.ts shown u* : : ^ . " ' -

t i Fringes tha t a re wider and fur ther a p a r t , as shown in Figure '-b ind ica te xow * f * 

a c c u r a t e alignaier.t of *L and .'-V-
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Figure 5. Interference Fringes Due 
to M_-M. Misalignment 

This alignment procedure is completed by slight adjustment of either M^ or M,_ 

As M_ and M, become more nearly aligned, the observed fringes become voider and 

further apart -until a single fringe, either light or dark, fills the field of view 

of the autooollinator. Any further adjustment of Mg cr l\ will show up only as a 

rapid change ir: intensity of the transmitted CV.' alignment laser bean from light to 

dark or dark to light. 

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

ponents in tl-,'- laser system, such as cower supply, lasing material, reflectivity 
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of mirrors K̂  ana 11 9 e t c . have been properly s e l e c * e i , L a s i v '*-H occur, 
fAbl«- ent-r^' de tec t ing device , Guch as a photodiotie, photorTultipli '-r , zili 

' Je 'ec"cT t ' . 'alorimeter, e'.c*, can rcov be placed in the sysiez. *•. v e . - .p . ' 

*,he Iv!;i'!'» Mirrors t*' and M, tire f inely odjuste^ i r " \-*:*<<i/s-~i" t'rv r^y.Lz:^:. 


