
laser l ight w i t h mat ter is ca l led s t imu la ted 
R a m a n scat ter ing, i n w h i c h l ight is gener
ated at wavelengths longer than the laser 
l ight t rave l l ing t h rough the m e d i u m . T y p 
ica l l y this wave length shi f t requires huge 
laser powers (m i l l i ons o f wat ts) . These 
h igh th resho ld-power requi rements c a n 
be d ramat i ca l l y reduced i f the laser l ight 
can interact w i t h the mat ter (or ga in 
med ium) over l ong d is tances, as i n a n op 
t ica l l ightgu ide. 

O n e o f the mater ia ls c o m m o n l y used to 
p roduce s t imu la ted R a m a n scat ter ing, be
cause o f its re lat ive ly large wave length 
shi f t a n d its h igh conve rs ion e f f i c iency , is 
mo lecu la r hyd rogen . H o w e v e r , hyd rogen 
i tsel f is not a wavegu ide m e d i u m . 

Recent ly scientists at B e l l L a b o r a t o r i e s 
i n H o l m d e l , N . J . , have c o m b i n e d the de
si rable features o f the large wave leng th 
shi f t character is t ic o f hyd rogen w i t h the 
low th resho ld -power requi rements o f 
l ong s i l i ca op t i ca l f ibers . W h e n a s i l i ca 
f iber is p laced i n a hyd rogen a tmosphere 
some o f the hydrogen gas d i f fuses in to 
the f iber a n d is t rapped i n the vo ids o r i n 
terstices o f the s i l i ca ne twork — a gas i n 
glass. T h e wave leng th o f l ight p ropagat 
ing i n such a hydrogen-charged s i l i ca 
f iber now can be sh i f ted by the hyd rogen 
gas at reasonab ly l ow power levels be
cause o f the con f i nemen t a n d in te rac t ion 
over hundreds o f meters p r o v i d e d by the 
s i l i ca f iber . In this way power requi re
ments are reduced by a fac to r o f abou t 
10,000 c o m p a r e d w i t h p rev ious ly used hy
drogen gas-cel l techniques. 

A l ow- th resho ld -power la rge-wave
length-shi f t dev ice has m a n y poss ib le ap
p l ica t ions . N d : Y A G laser r ad ia t i on w i t h a 
wavelength o f 1.06 µm. V i s i b l e laser l ight 
can be ef f ic ient ly sh i f ted in to the in f ra red 
us ing in f ra red- t ransmi t t ing f ibers ; a n d 
d i f ferent wavelengths c a n be generated by 
us ing other gases, such as deu te r ium a n d 
n i t r o g e n . — J . Stone, A . R . C h r a p l y v y 
a n d C . A . Burrus, C r a w f o r d H i l l L a b o r a 
to ry , B e l l L a b o r a t o r i e s 
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Amplified surface plasma 
wave scattering 

Researchers s tudy ing the use o f intense 
laser beams to m o d i f y ma te r ia l proper t ies 
have been perp lexed by unexp la ined 
wave l ike o r r ipp le mic ros t ruc tures o n sur
faces f o l l o w i n g exposure to h igh -power 
laser r ad ia t i on . T h e spat ia l scale o f th is 
r ipp le is equa l to or shor ter than the 
wavelength o f the laser rad ia t i on a n d is 
too f ine to be due to any aber ra t ions o n 
the input laser beam or to other conven 
t iona l in ter ference ef fects. S i m i l a r effects 
have been seen i n a w ide range o f laser-
mater ia l exper iments i n c l u d i n g laser 

pho todepos i t i on o f meta ls , laser annea l 
ing o f semiconduc to rs a n d laser damage 
o f w i n d o w mater ia ls . 

M I T L i n c o l n L a b o r a t o r y phys ic is ts 
have recent ly s h o w n 1 , 2 that these r ipp les 
are the result o f s t imu la ted scat ter ing o f 
the i n c o m i n g laser r ad ia t i on i n to e lectro
magnet ic waves, k n o w n as sur face 
p l a s m a waves , w h i c h are s t rong ly l o c a l 
ized to the v ic in i t y o f the mater ia l sur face 
i n m u c h the same w a y that waves i n the 
ocean are l oca l i zed to the water 's sur face. 
I n a s t imu la ted scat ter ing process, b o t h 
the sur face p l asma wave in tensi ty a n d the 
r ipp le s t ructure o n the sur face g row ex
ponen t ia l l y d u r i n g the laser -mater ia l i n 
te rac t ion . W h i l e proper t ies o f these sur
face p l a s m a waves have p rev ious ly been 
s tud ied by conven t i ona l op t i ca l spec
t roscop ic techniques us i ng grat ings a n d 
pr i sms to coup le inc ident l ight i n to the 
p l a s m a waves a n d by e lec t ron energy loss 
spect roscopy o n meta l sur faces , th is is the 
f i rst demons t ra t i on that these waves c a n 
be used t o m o d i f y ma te r ia l s t ruc tu ra l 
character is t ics . 

I n the in i t i a l stages o f the in te rac t ion , a 
very s m a l l p o r t i o n o f the i n c o m i n g laser 
l ight is scattered i n to a weak sur face 
p l a s m a wave due to the presence o f some 
s m a l l impe r fec t i on , " n o i s e " , o n the sur
face. T h e intensi ty o f the l ight at the sur
face is m o d u l a t e d by the inter ference be
tween the inc ident laser r ad ia t i on a n d the 
sur face wave . T h i s m o d u l a t i o n causes 
m o r e r ipp le s t ructure to b u i l d u p due to 
the l i gh t -mate r ia l i n te rac t ion w h i c h , i n 
t u rn , increases the scat ter ing in to the sur
face p l a s m a wave . T h e resul t is pos i t i ve 
feedback a n d exponen t ia l g r o w t h o f b o t h 
the sur face wave a n d the r ipp le w h i c h 
cont inues un t i l l i m i t i n g processes occu r . 

F o r mater ia ls such as semiconduc to rs , 
there is a n a d d i t i o n a l p re l im ina ry step. 
U n d e r the intense laser r ad ia t i on the 
mate r ia l character is t ics are m o d i f i e d to 
p roduce the cond i t i ons w h i c h lead to the 
existence o f the sur face p l a s m a wave . I n 
par t i cu la r , a very th in layer o f semicon 
duc tors such as S i a n d G e mel t under 
pu lsed- laser i r r a d i a t i o n 3 a n d the resul t ing 
l i q u i d state exh ib i ts meta l l i c op t i ca l p rop 
ert ies w h i c h are necessary to suppor t 
sur face p l a s m a waves. T ime - reso l ved 
measurements o f the dynam ics o f the 
mic ros t ruc tu re g r o w t h have been used to 
c o n f i r m this re la t ionsh ip between the r ip 
ple f o r m a t i o n a n d the me l t i ng o f the 
semiconduc to r . 

These r ipp le structures m a y be o f use i n 
the f ab r i ca t i on o f semiconduc to r dev ices. 
A s m o r e devices o f smal le r d imens ions 
have been p laced o n single ch ips as par t 
o f the o n g o i n g sem iconduc to r r e v o l u t i o n , 
the demands o n pat tern genera t ion p ro 
cesses to fabr ica te these structures have 
become m o r e severe. P resen t l y , one o f 
the mos t c o m m o n l y used techniques f o r 
fab r i ca t ing s u b m i c r o n structures is to ex
pose a photosens i t i ve f i l m o n the semi 
conduc to r ma te r ia l us ing two in ter fe r ing 

op t i ca l beams. T h i s technique is l im i ted 
to a p p r o x i m a t e l y h a l f the wave length o f 
the laser source a n d , i n prac t ice , 1000 is 
a l ower l im i t to the present ly ach ievab le ' 
spa t ia l scale. A s a result o f the d ispers ion 
o f the p l a s m a waves , it is poss ib le to gen
erate structures cons iderab ly smal le r than 
the wave length o f the laser source. U s i n g 
a n u l t rav io le t laser , the M I T researchers 
were ab le to p roduce 650 A structures o n 
a G e samp le . — Steve B r u e c k , Dan E h r l i c h 
a n d J e f f Tsao, L i n c o l n L a b o r a t o r y , 
Massachuse t ts Inst i tute o f T e c h n o l o g y 
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Scanning laser 
ophthamoscope 

T h e scann ing laser oph tha lmoscope 
( S L O ) has made it poss ib le to present a 
v iew o f the ins ide o f the eye as a te lev is ion 
image—access ib le to compu te r m a n i p u l a 
t i o n — w h i l e ac tua l l y decreasing the l ight 
fa l l i ng o n the sensi t ive ret ina d u r i n g ex
a m i n a t i o n . A t the E y e Resea rch Inst i tute 
o f the R e t i n a F o u n d a t i o n i n B o s t o n , 
R o b e r t W e b b a n d G e o r g e H u g h e s have 
used lasers a n d electronics to tu rn the 
conven t i ona l ins t rument ins ide out . 

A very weak (40 µW) laser beam is 
scanned over the re t ina at T V rates —so 
fast the raster (the T V l ine pattern) seems 
to be s ta t ionary . Because the laser beam is 
so s m a l l , on ly abou t one m m o f the eye's 
p u p i l is used f o r its entrance. A l l the rest 
o f the p u p i l (about 50 t imes this area) is 
used f o r exit o f l ight ref lected o r back -
scattered f r o m the re t ina . C o n v e n t i o n a l 
oph tha lmoscopes use the large area to get 
l ight i n to the eye, a n d must m a k e d o w i t h 
the smal le r a rea f o r v i ew ing it . T h e inver
s ion o f this p u p i l use i n the S L O a l lows it 
to f unc t i on w i t h m u c h less to ta l l ight . 

T h e emerg ing l ight is detected by p h o ¬
tomu l t i p l i e r tubes (one o f each laser c o l o r 
used) a n d processed as a T V s igna l so that 
n o true op t i ca l image need ever be 
f o r m e d . S u c h e lect ron ic imag ing makes 
poss ib le remote or g r o u p v iew ing ( fo r 
consu l t a t i on a n d teach ing) , as we l l as 
compu te r storage a n d m a n i p u l a t i o n o f 
the image . 

T h e raster pat tern f a l l i ng o n the p a 
tient's re t ina is jus t l i ke the v iew o f a T V 
screen. S o , b y pass ing the laser beam 
th rough a n A c o u s t o - O p t i c M o d u l a t o r , 
the beam can be tu rned o n a n d o f f fast 
enough to put scenes o n this v iew. T y p 
i ca l l y , s imp le text o r mere ly dots (poss ib ly 
f lash ing) are impressed o n the raster. T h e 
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