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D A T A  S Y S T E A 1 S
• I ) T V I S I O N  2

IN TR()I )UC TION

This sect io n of the report reviews progress dur ing  the period
1 February  th rough  30 A pr i l  197  or’ Data Sy s tem s .  Separate
reports descr ib ing  o ther  work of Div is ion  ~ a r e iss ued for

th e follo w i ng p rogra m s:
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l ) I G T T A L  C O A l l ’  I T I ;  R S

G R O U P  2 3

I. I N T R O D U C T I O N

The f i r s t  pract ical  c i rcu i t  fabr ica ted  with  the poly-ox i so la t ion  process , an e i g h t - h i t
se r ia l /para l le l  converter  designed with the goal of accept ing a l - G h l z  b i t  s t ream , was tested
this quar ter  up to 540 MH z . Storage and readout was accompl i shed  in a s imula ted  m i l l i o n - b i t
MNOS capacitor array memory chi p.

H. APPLICATIONS

A. Serial-Parallel  Converter

Several runs of poly-ox isola ted  e i g h t - h i t  Ser ia l  ‘P aral le l  converter wafers have been pro-
cessed through wafer  test.  I) ev i res  from two wafers  were packaged and perfo rmance tested
using both an alternate one-zero and an ei ght ones-e ight  zeros tes t  pat tern.  A s imple  evaluation
ci rcui t  consist ing of a single 1) -master ‘sl ave f l i p  flop operated c o r r e c t ly  at clock f requencies
to 980 AIII z .  A conve rter  c i r c u i t  operated ( -o r r e  t l v  to 540 AlII z .

The high-speed tes t pattern generator has been completed except f o r  del ivery of a commer-
cial gigahertz  pulse generator.  This  sy stem can app ly a r b i t r a r y  l i - h i t  t e s i  pat terns to the  con-
verter at clock frequencies as high  as 800 Al l l z .

B. MNOS Capacitor Memory Array

Successful  storage and readout has been accomp li shed in s i m u l a t e d  m i l l i o n - b i t  arrays , us-
ing an of fch ip  diod e-res is tor  par t ia l  decoding c i r cu i t  fabr ica ted  from d i s cr e t e  e nnm n on e i : t s . The

array ha s 2 5”  cap a c i t o rs f orme d by 0 .2- X 0 .2-mu inte r sec t ions  and 7 ( 8  larger  capacitors  wh ich
s imulat e  the loading of a m i l l i o n - b i t  array. Considerab le cap a ci tor  leakage as well as poor
junct ion isolat ion between the s i l icon dig i t  lines and the substrate  were observed. Ex tens ive
elec trical test are now being developed to de te rmine  the m a gn i t u d e  of the problem and , in con-
junction with  examina t ion  under  the scanning electron microscope , wi l l  he used to iden t i f y pro-
cessing steps which are responsible.

Exper iments  were per formed on selection schemes w h i c h  use two series AIOS t ransis tors
and pu llup res i s tors .  Both of the t ransistors  must  he on to select the line connected through
the two t rans is tors  to a selec t ion  bus. The number of leads , then , w hich  m us t be con t rol led is

approximatel y the fourth root of the number of capacitors. VET gate-dr ive levels necessary
for swi tching ± 30 V into the word lines were es tabl ished.  On the basis of these tests , an arra y
tes te r  was designed for dynamically accessing AINO S capac i to r s .  This tester  wil l  serve the  same
funct ion as the present manuall y switched d iode-res is tor  access c i r cu i t  cv.

III. INTEGRATE D CIRCUIT  PROCESSING

A. Pol y-Ox Isolation Processing

Invers ion  of the s t a r t ing  substrate below the spoi ler  layer has been e l i m i n a t e d  by ion im-
p l a n t a t i o n  of a th in  p-sk in  p r io r  to forming the in i t i a l  oxide or n i t r ide  spoi le r .  Two f u r t h e r
process improvements are: ( I )  use of a single diffusion for both pol y r e s ist o r s  and base hand les ,
and (2)  elimination of masking of the active-base implant.
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Problems have been encountered due to a high , 1,’fecl i l , -n ~ ‘ ‘
~ 

in h it ’ ep i tax ia l  s i l ic o n  i s l a n d s .

A contr ibution to t h e  problem is s i l i c o n  s u rr a . - , -  damage  from the  b u r i e d — c o l l , - - t n i -  -~p i n — o n — g l a s - -

procedure.  An a l t e rna t ive  implanted  a r s e n i c  
~~~~ ‘‘~~~~

‘ -
~~ 

is l a -j u g  i n v e s t i g a t e d .  \ lo r , - o ’ . s ’r, i t  is
possible that the presence of p o lv c  r v s t a l l in e  s i l i con  increases the d e l - c t  dens i ty  near  the e p i —
poly boundaries. A mask set has been designed to le s t  t h i s  hypothes is .

fl. Self-Aligned Transistor’s

Double—imp lanted s e l f — a l i g n e d  b ipo la r  t r ans i sto r ’s  have  been fab r i ca ted  w i t h  has , ’  w i d t h s  of
3500 A , betas of ‘— -1 00 17’h - st andard  dev ia t ion) , and Peak 

~T
’
~ 

of 2. 0 (IlI x . -A m o d i f i e d  i m p l a n t —
anneal schedul e is now under  deve lopment  to produce n a  r r ’ n w — h a s c w i d t h  t r a n s i s t or s  w i t h  a ( IbIz

~T des i gn goal.
I n t e r e s t  r ig  d at a  have been recorded regard ing  long ( 1 0 —  to l 0 0 — h r )  500 C anneals  a P r

c mi t t er  and I a s t -  implan t .  The i-es ( f i t s  s ugg e s t  inc i-eased breakdown vol  t ap e s , I ow, ’c j u n c t i o n
l e ak a p , - s  . and  t i g h t e r  d i s t r i b u t i o n of e l e e t r i  al par ameters~, all p resumably  due to low i - i - I,-

d e n s i ty  of t I c -  i m p l a n t e d  s i l i con  due to th i s  anneal as ind ica ted  by ret -c i i i  l i t e r a tu re ’ .

-
. P i r o t o l  i th ograp hv and l ’lasma Etching

I ‘a - -- 5  i v i ’  mask ( l a n r a r t , ’ has been expe r i enc ed  after ’  epi in t i r e  pol ’.-— o x  p r - c i s a  in c .  I ) r j c i —

nal l v  t h o u gh t  t o  resnl  t f r o m  ina d equa te  s p ik e  removal , the glass mask fra , ’tur , - s  a ‘i -  too  n r u m e -  r—

ous to be au - . ec l  solely by epi spi la- . . ( a n - c i v a l i l  v , the  su r l a . - c  r ough n ess of polv an d some

vp -  phenomena also c o n t r i b u t e  to t i  is - ‘ ‘c .

Al u m i n u m  and A l — S i — C u  p lasma ,‘I - l n n p  exp er’ imr — n l s  have begun.  l- ’ :, r - l  ‘. i’e - ults a ci encour—
a c i n g ,  w i t h  r ap id , ‘ ‘ a n  al uminum remova l .  The A l — ~~i — ( u er - h i - s  l , - -~s t en t ’ . -  and t i , - - Hi ~~Cu

residue remains  as a dark s mu t , w h i c h  is - ead i  i r emoved  r’ l remi i l l ’ .  . ( - i r i s  i der a b l e  work  is
needed to t u l ly  charact  , - r i : ’u ’ I r , -  svs -n i  and p r o c - s i n g  p ac ar o  - 1-5 .  I I o ’ : i I ’ , n i t  c i i - , si l  a on
plasma I - i -a -  or is fu l l ’.- i i n - t i o i i a l  p r o v i d i n g  f a s t e r  a n t i  m ar ’ , -  u n i f o r m  i - i  P i g.

I) . Gate A i - r a y  I t ’ . - , ‘a-ing

The I i n i I , - l amount  of ga c- a r - r a y  p t ’a - t - s s i n g  wh i c h  took p lace  i u t - ~ng I t is p t - i - r o d  ‘.‘.-as i i i : ’ -- , t ed

t o w a r I ~ ‘ I -  l~~- -l pn ’nt of an imp lan ted  ar s e n i c  e m i t t e r  t r a n s i s t o r - . W’ i cr i  - a n r l t , i i” 1 t o  l i i -

s ’ a r r d a r ’ I  l i i ’i’n. - , l P ! s l ) i i o t ’ o r l S  e m i t t e r  pt’ - i - a - , irnpro ve I - n t  cal ‘ T and cur ’- - g a i n  a :

g:. ’t’  ar ra y I i - - , - -s is ex pi - t, ’d s i t i (  ‘‘ ion i m p l a n t a t i o n  p r o v i d e s  pr’ - i s e  c o n t r o l  of dopant  l e v e ls

wh i l e  t i , -  i - - I  - i I i l i ’~a s i . t i r  , - o e f f h - i c n t  01 a r s e n i c  wi l l  p e r m i t  i r e  i- i - - ’ -  c l i i  1 1  d i f f u s i o n  p :’ -—

f i l e s. F- - I  r i - r i ’s - ‘ t r i r i - t , - l  m u - :  w - i t } t  t t c development  0 r t i r e pal — a - -. r t ’nr r .~ -. ’ - -~ n I p - a r - I
- -  - - - 2 , - -tha t  a O~ l A imp lan t  of ~ ‘- t O  ars - I n - i ons cm a l low e d  l i v  a 1000 i’ annea l i n  r u t  i- m p h

wo il l p a i n  e - I ’ - - i , - s  w i l l  c ha r ’a, - i ’ i ’ i s t o - s  si mi la r  to  those of t h e  st a n d a r d  gate area’.’ t r a I l s  i s —

‘~~ r ’ r ’ -  a l i b i  a n t i  op l in i : Hon is r equ i red  li ~~loi’ , - h i , -  i n u p l a n i a r i a n  pr ” ’~’~~ car t  be f r i l l y

adopted for  fabr ic  i t i  in s ince low l r ’ , -ak i l awi ~ e m it  r e r ’—ha s - Ju n e  t i an ~ arc  occ as ionallv ohs c:’ s ’il .

IV. I t l-  ‘lI ON , A N A l  ‘P515, -A N I )  TESTING

- 1,. [n t , - g  r - a t , - l [ n i t - - i t  a ir  Logic
2 , • ‘ - -I )ni e run of I I - p a t e  b a r n s  as been macic us ing  e s s e n t i a l l y  our 1 ( l~ pr a c e a s .  ()i

~
, s, ’ of

‘ l r ’ v i c e — ~ used (I . 1— m i l  m i r n n r i r n i _ . l i a . - l , - s  ign r ’u I ’ ’ — . ‘l v p i ,  il  m e a s u i— e I .- l i a r a c t . - i ’ i ’ t i c s  w e t - ,

m i n i m ur n  li la ’,- per - ‘ ag. - , 10 nscc a ’ 50 -A p t - r  ga t e  b ias n c r - - n t ; sp, ’ -  I _ p o w e r - produc ’, 0. 3 p,l;
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m in i m u n r  l i t r i s  1 W - l i - r i ’  I i )  as  i i ! , - l i  A. ‘i’Ii e fan out  of t l i , -se i - i r c ui ts  was l i n r i t e d  by h igh  e x t r i n —
s i c  base — i , - , - t  n ’ , ’ s i s t a n i i ’ e ’, w h i c h  w i l l  I re  i - t ~~’n’ , - i - t i - i I  in the ’ ni . ’’r t run .

B. Transis tor  T e s t i ng

Th e lii i l i l i e s  for ’ I cans is t o t -  t e s t  big rave  Ii , - . nt up gr- aded  l iv  the des ign  of a n e w  compute r—
e -o ntr ’o l l e i i  b ias  gene ’ l a t i n ’  u s ing  a ty p e  A I ) ’  03 l r , - c  is in n  Inst  1-ument Amp l i f i e r w h i c h  p ro v ide s
v e ry  good common mode r ( ’J e r -t i o n .  T h e  h i - a t  j i g  it s  , ‘ r l  i n  ou r  f ,1, (ga in—bar  v i i l t l i )  t e St  set has
bee n r’epl ar ’ed by a modi f ied  OI l  t ‘.-pt ’ I ’  0 7 — P — -i it r - au ni i l e , I — c ’ r r i i t t e r  t rans is tor  mount. An older
T O — t i  t r an s i s t o r  moun t  is bein g n r o d i f i , ’il l i i  i l l s nnn ’a su n - cn l e n t s  of t r ans i s to r s  in th i s  t y p t ’  of
p a c k a g e .  AV e w i l l  be able to  n r a k e ’ o ’ a — i i  n ’ , -rn , ’ n ts  at our s t andard  100 All 17., or if ncc , ’ssa  r , at
1. 2 G l lz .  A ci ’ig i t a l  capa i - i t a n i - i ’  i t t , ’t e  r ’ Las al -a ’ l ’ , - , - n  ini ’or por a (ed  in to  the t e s t  f a e i l i t \ - . Some
pr e l :m u r a ry  m e a s u rem e t i t s  or i - i l l , ’ . t i i i ’  i -ap a c it an . ’ e  ‘is a func t ion  of c o l l t ’ i - t i i n -  i - u n - r e - ni t  h a y , -  been
made.

(‘ . Charge St an - a ’’ , -  and ( ‘an i l u i - t i i , n  i n N i t r i d e  F i lnu s

\ p h vs  i -a l  mi ’d .  - l for -  r i t a  r g -  s t i r - a p t ’  a nd i - a r r i l a i -t  i an  in t h i n  n i t r i d e  f i l m s  lras been developed.
Two I v r i ’ - ~ i f  ‘In n i - g i l  l w l i , ’nr i - n n l p r v )  t n a p s  are assumed t o  ex i s t  in t i re  n i t r i d e :  ( 1)  a deep donor

ra I l  - i l  p s i ’ i i ’ .- w in ci r  t i n  pt , ) ,  and (2 )  a sha l l  ow acceptor  t rap (r i t a  rge di negati  ‘.-el~’ when
i - i -  - n t  ~aI lv , r l i i -  donor t rap acts as a r e c on t h i nat i on  cen te r  for’ holes and electrons and

-np i t -  as a i ’o ol e— l - ’r’enkel t rap  for  holes. Con duc t ion  in t I re  hu lk  of t ine  n i t r i d e
- I n ’i’ ,i lr , l ‘ ‘.~ “‘ and (lire to h o l e s .  C a r r i e r  i n i ~~ -i - t i o n  a t  the c o n t a c t s , t i a i t i - i t - i ’ , can

r at ’s or ‘ - l i t i- o t is .  if t i r e  i n i j i i t c .dl ,- ar ri , ’n ’s an ’ , - , l , - i - t n ’ i r n t ~~, t h e y  recombine wi th  holes
th rough he ilonor ’ — l IL - ‘ - i - - o nr l r i r t a t i o n  cent , - r ’s  w i l m a a short  dO l a n a - c  (~ 30 -A) of t i re  i nj ec t ing

- m i t i r r i f so t h a t  d o m i n a n t  a i ’ r ’ i r ’n ’ s  in the hulk of I t t  f l j t r i r i , ’  are bolt ’s .  Cha rge storage in the
n i t r i d e  t :ik , ’s p in - i -  i n  t l i , ’  v i c i n i t y  of the i n j e ct i n g  - i ’ i i t a r - t .  ‘-i’he s ign of the ch arge s tored depends
t i l l  t t i i  c a r t - o r I n - r u g  j u l y - t i - f l .  l l e i - t r n n s  are’ s t at e d  in i l i i - donor t raps  and holes in t h e  acceptor

r a p s . Di~~ln -a r p e  of s t ’ , n - t ’ i I  e lec t rons take s  place by don or bole c ap t u re , i .t - ., h o le—elec t ron
r e c ’ o n r t ’ i t r a ’  i at i .  S t i t r , ’ d  m olt ’s can he d i scharged  by e lec t ron  capture.  h owever , tire acceptor

n a p is - in i f f i  - i i  - n r ’l v s ira l low tha i  f i e ld  i l e t r a p p i n g  of fire holes is most l ike l y to be the dominant
n i t , -  f : i n i s rrr for hole i l i s r - l i a r ’ c’, - ,

I ) . ( i i ’ -  in ’ Si mu l a t i o n

‘li lt ‘1 27 a p t - t i t ’r a l — p n i ’ p o s e  r i r c u i t  s i m u l a t i o n  program developed at lire t n i y e r s i t x  of
a I i  fo rn ia  or I lerke l , ’v , has lre ’ en insta l  l i - i l  on our 1PM 170 168 c-omputer.

- - I .  A t .  N : i i t i - l , “ S I  ‘ t (  1 1 -  A ( ’  on ip t i t e r  Program to S imula te  Semiconductor  (‘ir ’ i ’u i t s ,” Fl U .
AI t ’n , ’, N i , L t -[l - — ‘ul 3 ’ i ~, i- ; l . , - t  i’ i t n i c s  il , ’scr ,  r i - l i  I a lun- ator ’. ’, i’ n i v e r s i t v  of Cal i fo rn ia , Berkeley
(M ay t ’~7~’ f .
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( O Al i ’ t T l - R S Y S T E M S

O R O I  P 28

A i r n i e — v i -a r  s t u d y , in - o n i n n n - t m t l  w i t h  t i , ’  11131 \ V a t s r i n  l [ i ’ a , ’ r r  r i -h I ab o i - a to u ” .  , ‘P t I r e

, - - r i - - t i ’ . i - - r u & -- ss  of a l a w — s p e e d  o n l i n e  ,lata  c , I l , - i - t i an  u t - v u - i -  ( I t , ” .  a - i-  t i n r rp l i ’ r )  has l i t - i - t i  s i r

- i t r i p l i ’ t e ’ i l . Tire I tt ’’. ci-  (‘ oup let ’  p r n r  Iih ’~ a s t a n d a r d  i n r h t - r ’ f a c c  b e t w t - e r i  I i , -  11331 370 1 , 8 and

f a m i l i a r  d ig i t a l  at ’ a n a l i r g u t -  la i i on ’a (ot ’v  p i p r i t - r i l i r a .  I ) - s i r ’ t a - i l  i i i  i [ n - r : r t i - i t t l r u , -  r v n t i r  a i t _ i ’s

t e ’rnu in a l  and exp l o i t  s t a r a l a r ’ i l  t e r m i n a l  —r a t ’n w a r e s u p p o r t , ( i i , ’  I Ida i l -c ( ‘ ou l i l i - n - r i ’oi m u - s t l i t -  i - i ’ —

st - a r’ i -he r w i t h  a s i m p l e  to il  r i m ’  c a l h i - u - ! i t i g  and p ’ ’

~ -~~~’~~o Lmw—s l o-~- nl I t -I—baud ) m ’- [ i e i ’ I t i l t  n i a l

( la in  na il r , - m int r’i ul 1 jug I ow— s ri’ ,’ I i ai r’ m t  i -ii ’s In n— cal r n i t  - . Itt mliii t it , to t i is ‘ r u m it , at ’ ope’ra—

‘i m i r i , r I n I)i - 0- i -- U oriple’t’ has been r— r, nr in i i i  i n~ i r  — i l — l i  t i t  - i - i ,~i dj  gn l  ‘ l i t  on at ~- ; i - , ’ d ~ in ~r to 2-100 baud.

(‘ati sjjer ’abie i’rtuir ’ t has Parr’— m u ,  p - i ’, L u n g  l i l t  5’ i i r t 5 ; r 1 ’ ,- atri l n i t ,  t - ! i - t l : ’ — t r I l l  i - i r ’ r tar r lt i s - iii —

I ra ’ :i!r i t i , arrd ir t ’ .r—tig alion i t i ’ t h e  p i n s ’ i b i i i t ’  of a u p l inni’ t ln i e m i i i  u_f l i t ’  data rates (-P100 ( a

‘i~ jt~ hau~h) is unde r’ way . (‘ur’ren tlv , ‘1 i i ,  a l ’ -  rl ’ . i ’  I i , - , i - , L i t m i j i l - t - -~- i i - ’ r u l l , - d  in vari imiis alt ’,—

‘ a l u m ’ s , w i t h  s , - y , - r’aI tta,i’i - on aril,- - .

The un- it sever— al  months ta ’ . ~ - - i - - r i -_ i - ut i : i r p l v  i n ,  n i - n a t - u i  ‘ n i n n u l o -  i -  of i i  - i ~~ i i’  t n  t i . ,  us -n-

a ” i n r i i i a ’ v to i ’ iti nr , -c t a uri t- i , - r v  ai ! t i  i - i - s  i i ,  ‘ I i ’  c,-t rtra l ,-otlrrait,- n - , ‘i bi s,- r i- i t t ii- mr t a , win c h h ave

included i l l  — — p c c d h  (-i-r i inal s, at i t  i t itoit i - r s an’I m l i i’a i i t l . i t  t - — , and t I . - lIO i \ i — m i — -n i ‘ni -il

t ’ i’ ’ .- i i - t’ (‘oup l en ’ s , t rave - i t - - e n ’ ’’ iv tax ei t li oth r h ’  ail dn ’ ’-s,sun it i’apai ’ i li tv of the pr’ t - s enl li ai ’ i lwa t’ ,- and
- ‘I r ou gh  Hr -ap :ii - hr v ‘1 t O n  - ( ‘trim in n i i i ’ b u s  ( - ‘nt e m i l  h e r  t i - i inr I I t v h i  l i ii s n - I t  -a r inc i - t i  ons n i t ’

e s t a b li s h - i ! ,  A s ,- ,-an nl ( ‘ o n t t ’ u i r r u i  , l  i n - - ( ‘ u i r r t n ’ a l l e n ’  has been a r i l t ’ t ’ , - i I  a n u l  w i l l  h i ’  in s ’ t a h l e , l  e a r ly

r i t he  s u m m e r .  Th i s  w i l l  n i l  i n - f , ’  am u - t ’ l o a r i  on I t -  p r ’ s - i l  C org - m i l l i e  a r i d  a l low ’  o t i t s t r r n t i t a u p

1 , - r i l e S  ts fl it’ i -oW i,’i ’ i ri— - i n  I i t  i s  f i ’  ‘i i .  1 I ,  - i - t m  t i e s  j ag I i r a u i t a t  ian iu ~ a lla ’et f l  j a I l ’ . -  in te r ’, ’  s e - i - i  as

l ong~~t ,-  t ’r t t  r e s t  r - n - ’ i - i , , and an t rw ’ - ‘ ‘ii ’ ‘ i t  is l i t i . l i ’ i ’  w ay  ti r . I t ’ ’ ’r i t u i u t :  f i r , ’  H o s t  c i n a t — e r h - - t i ’ .  i

l lar d l ev a r e  ‘s , , f twa  ‘i s o l u t i o n ,  ( i n n l a j i lc ’t ’ahle 5, , ’ mn i’~ ’ ’ i i  ‘ l i o n - n i l  is l i ke l ’ .  r i  i i i -  n n , ’ - i ’s’-a r ’ v i f

, - i r s t l v  h a r d w a r e  u pp i - a n l i ’ s  ar’e to  ire i ’

In response’  to an r n p c o m i r i g  s t - l i - i t ’ , h a ’ , k an ’ , a n - i - ’ . a , !  l i s t  at’ l ) c p a r ’ t m u - n t  of I

gu i d e l i t i t - s  f o r  i - l r r . s i  li - i l  , l a t a  p r— a ss i t n - , if , - , , i ’ , i u  n i ’ - P a - i  I ’ - in s  i - i u n n i p l - r - l  a t h i a r ’ ou g l i  r em i t - w -

of i t s  i n  nm - i- b i t t - s  ‘on ’ h a n d l i n g  ‘ ‘ l a s s ( l i i - ’ l  in t O ,  \ l ’ 1 i i : g ~ a ‘ - u ’ - i n a ’ i - r r l i a l l n ~i n p I m i n I t ’ s  w i t , -  i m l , - r t t i —

f i e d and closed , in ‘ I n -  n i a in i , t i re  a I i  ‘ ‘ 5 I r a  ‘ ‘ ‘ - _ w~ i i  n c ’  i t f i i t ’ n i i a r n , ’t’ w i t h  ‘i i r m m r ’n r r l e i h

p r’oi ‘t nI u , - --. — ‘I I t- - ’ m i  H t n - - i ’ ’  I i  - t ’  i n  ‘i i  I F  m u - I -  i~ l n ,  i t ,  - ‘ as a ‘ - it P n u l l  - I  a r - i i , in I t h  n i - i s .  m i  r —

n i t ’ -  o n l y  to ‘ f ’ s , ’  r l , ’a  red I i l i a r u r  m m - - , ,- in c h i- i - r o t o r ’  S I l p [ u n t ’’ pi - ‘— i r e , -  1 , ‘i’ - i  ‘ h t ’ n ’  i n , l i v i c i u a l r -  r i t r d e -’i’

i - s  u t , wh at ’  t n ~~~-a’ r im -t - in t i re  - - i - n ’ ’ -r is ln ’ m - s ’ - i t ’V  I - ’  i i , i n i r , - n u i r m r n \ l l c l a s s i f i , - I  i n m n r l - , is m i i i —

, ‘e s s , ’n l i t-i 1, 1! i t - i l  i t o h - , ni s i imt ~ I i m - i ia l  e r -~- i - n r i  ‘ i t  t I , l m , i t m ’ l n  i n [~, i’ :t b ~‘ll 5’’S t i - n i  • -A li n e r  n i t  ‘ a

p t - i , ,  , - - h r r p  for h r i n y’i t i g  l ip  t h i s- i l, ’ i l i n - a ’ e d , sv s’i - n m i n m a i l ’, ’ - - h i ’  p ln’ si ’ - a l  d i s a t ’ I r n g  , ‘f a l l  t ’  l i - m u - ’ ’ —
c e ’ s s in g  e q u i p m e n t  or o t h i ’t ’  ~~~ i m - ,~~ ~~i t 1  corn r t r u n i  , i t l i i t l s i ’ a p a b i l i n  u s  ,, np ~~t mi , ’ ni t i me ’ u ’ - ’ i t l r ’ m , l l e ’ i l

a r , -a .  ‘liii’ - t i !  l i t  I i  ‘a t ! - t i  p i - c ’ u - cdu  ri i r i s  I i ,  ‘ ‘ i n  n n o i t  i ‘ n t - i l t , ‘ ‘ ‘r i  lv ‘ I - a t i l l  s u ch  ii, ’. ices i n - n - i n r i l e c d

l n r , t , h i - i l , un i t  I i n f o r m  t i n e  o per at o r  i f  i f . ’’.- a t ’ , ’  fla t .  P r u n e lu ‘ ‘‘a i r  l i a n r d l n n g  r n t t i - l a s s r ’ o ’ i l  ‘ u t —

I n n ’ of - l a s s  l b - i l  n i i t i s  h ave a l s o  been ‘t m  it ’s -ed , and u t , a rt ’  r r ’ i i i  ‘‘ - t i ’ r ’ , - - ’ r m - - ‘ , ‘ ‘ r r a  l i l a .  t i !  m i t ~ l i i ,

r -, ’ I i ’ a s , -  i u ’ s u c h  a t i ’~ u i i t  to  u s e r s , t - s 1r , ’ i  i r i l l v  in  t b -  cas t-  of m a c r i , -  I i i ’ 
~~~~~~~~~ 

r i  l i e  u se d  in un l a s s , —

f l ed  i p i - r ’ t t i ! - i n - i , l i r t , I l v , limit ! i n t e r n a l  and i  r iser  i l t i i - i , m , - i i t a r i o t n  r i ’ . ,  b~ ‘-a nr l n . l : i t i - u h  t o  t ’ , ’ t ! , - m t

,‘ u r r , - n t  p r a c t a  ~ - - _ n i h 1 r eq u i r e men t s .

~~~ - --~~~-~~~~~~~~~~ - ~~~~~~~~~~ - - —~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I \ ’ I ’ l t ( ) I ) l  ( ‘ ‘I ’I ( t \

‘i ” h r i s  s m ’ c t  i i i  ml ’ t h e  n ’ , ’ p n m i ’  I sn lu auirl :rr i ,t es pr’~~’g i ’ m ’s s  d u r i n g the  p m ’r ’ i ~~d

I ’ m ’ ! m i ’ i r n i - a  t hr n ’ m m i m g h 30 -\ I u n ’ u l  1 7 7 , ‘I’ lt, ’ ‘-‘‘did H r - - to  Res e tn rc l r  I - l m -~ u m m t ’

t I re ’ s i m m’ p er iod  il , ’sc ’ r’ilmi ’ s t h r u m  w u , t ’ k m m h ’ I i i ’ .  a i im  8 i i i  a tar i ’  c l e t n m l _

l - ’uun i di mn g is p i’tm ar ilv r i ’ i i \ ’ id ht ” d l  l i i -  t h e  A i r ’  I - I t - r i ’ , u r - i t h i  : i d d h l t i , i n l ’ i I  s a I l —

u ui r t  t u n ih , ’! i v  In i - A t ,‘. , \ l I h - \ , N H  , n i l I r I m l u  A ,

A - I . , \ h c \ \  It
h ead , I t i ’ . i S i u , n t  In

I. A l t ’  nm P u  I i  s
A a a m i ’ n i t , ’  l l e t i i h
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J ) h V i S l ( l N  8 R E I ’ t t U ’ I ’ S

(IN -\ h ) V A N ( ’ I - ~h) i g i, I : (T h {uNh (’ T l- ( ’IiN ((h,(r C~~V

I ~ l f l , I n’na n -v t b r r o u g h  15 M a y  10 77

I’I ’l l  I~ iS i I ED R E P (  IL l’S

, I o u r n a l  A r t i c le s

.1 A N- u ,

4 n ’ 2 h  \ h j n i , i i ’ i t ’ .  U , u i ’ i ’ j e rs  fir \V , t’, .  ‘La y ” 
-, 

h ’ h y a .  11ev,  B I t , 4077 I 1 ° 7 7 (
( ; r m b s m i l u ’ arid t O , -  h h - l ’ a i r r t  A l ,  S. I t r ’ , ’s a e l h ’ u n ~~”
\ l i  gti , ’t im r , ’ l e d - I  i ’ r i  Sh i t ’ c t r n  C. i )t - e s ai ’I lr aus

- [i .t.t Int ’r m  n ech hh rr ’ch — hian’mani c I I .  hO j i ih :m I I E E E  .0 Qu a n t u m  E l e c t r o n .
( h - n e r ’ - i l i i m , u  in l~ I l . s , ~ \ l u t clum ’ i I QE— 13 , t o ’ ’ t l ’ 17 7 )
( ( 1  ( a s

I i m 2 h i  Or’ t l ! u i t m ’  Inter’ct m I’ , t i i i nl ( m i t h i - A l ,  S. h ) r e s s m ’ l i r r m n i s ’ h ’h i v s .  L u - ’ , .  I’, ~5 . 3 180 1 1 0 7 7 1
t im i nidu- ~ E l e c I i ’ m m i m i m ’ I ‘ r ,i 1me rti es 0. Dn’t’asi ’lh aiis
in l Ire  I ) i l n u t e  i i t t l u t  - 1 , E. h - ’u s c l r e r

[‘- - 17 \ i u I t i p l o - E n i ” r g v  i’ r’ , m t , u u m  I l u i n i t -  1 . I ’ . I ) u . m i n m u ’ I i v  S o l i d - St a t , ’  !~ , t m i  tr im , 20,
! , mi’tl t n , u m ’i it in r~~

’ ‘On As  F, .1 , l , eonh i er g ar  183 l t ’ t T T ’

-[i ’ m ’ .  l a t i n - i t ’  i ’ m ’ u i r n d i t ’ i r t  L b ’ E  H, I L  C i r i u v u ’s .1 . E l e c t r a. A L - t e n ,
On ,u ’ .i-tt i ml I ’ !  a r m  ‘ I n ’  I ’ t  1 1 . 1 7 7 1

I - ’~ x

(,m ’m 7  b ’ t ’ , ” i ’ ! ’ ’ i m c ,  I ) , ~ 1 im -’ n i j i ’ t i , ’ m ’ - u f  t u e  I ) , A ! .  I t i r s e m u  i~~bt , (‘‘ ‘ u tin bmn , t - ‘  t p  4 1 1 4  1076 1
D j n u s i m i ’n t i t i . i ,  m u  h ’ m n l v - r ’ - n t t i c
AIiiI i ’ cules 1i ~’ h3adi t i nt

[ “ I n - I \ I i m ’ r . i  sc. - l u i c  ‘I ’h m ’ m i r ” . of t he  t . U. li lt ni d !iv , , v m i
~ h ’Im v s, 8ev.  h r  1’., t s’.7 1 1 77 1

h a i r  u I e I (v n :n  t in  !c a - r Imp  -A. (1 , 1-:, -A r i  j o i n  Iu
R n  r e — F ’ ,  n ’th Al  m ’t n  I s

4r, ’ m 3  t l i ’ s m . n i n ’ u i t  I n fr a r e d  Thi ir ’ d — I I .  iSj lda l  I ’h r v s .  11ev. u - t t ,  15 ,
l l - - r m ~t u i n u i c  i ; i - u i , ’r a t i . - un i t .  s. 8., I . I i r ’ u eck 1 b 7 ( t . t 7 T m
(‘cy , , g e r i r c  L iqu ids

~70i ) I . i n w - h ) m m s u -  r t - ’I ’ ” h u u ’  I - m i ,  l i i i -  1 , 1’ . l ) m m u i i i ’ I h v  S i , i r i i - H t - u r ’ ’ E l e i r t -  - a ,  20 ,
p i t t t O r t  m a I m ( r - 1) m u p e d  C . ( l , ltim :’ler 273 tl °77t
0-i -As O m m i u s i c u t i ’ s  At - T. I indlt ’v

I 1 5 0 0 — t i  (‘ m i t , t i n u t r u i s  ci’.- (‘. ( ‘ . SI re , ,  A pp I . i ’I i ’ .’ s. l i t ,  t O , 3H
( ‘ u u m ’ r - , t i  m i n t I u , s  1 - f , ’- t I , hlsi p ht (1077 1

I l t ’ t u ’ i ’ ’ , s t r ’u i c t ’ti re T. -A, f ind
I P I n  A s h ’  I n i ’  t ,tr ’-u’rs

I l u n i m ur  - ‘I” u n~ ’ m - r  - t i r e  d’ 0’ t , , t , l l s i e h u  A l u l n I ,  l ’ l i v a .  I “ t t ~ 30 , 4 2 m m

( ( [1 i n - - l i nt of l l t i r ’ i m ’ ~I — S t r ’ i I i y  ( .  C’ , Sl im e  •

1) - u ‘I ! i - - I I e t , ’ r m m s t r u m c l  cm ’

(h i l t i m A s l ’  l i i i ’  l) j ade l a s e r s

A - b r not  i t I . i n c a l n r  I , a h ’ , m ’ m t m m r ’ . .
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4 17 7  F \\ ‘ ‘u v i ’I t ’ n i g t h i — S e l e c t j i ’ e  ~t . 1. ’ . C ’ . I-Th n P roc. SHE A o l .  88 ’  ( t l > t i C S
I n r r r t ’ m m ’ e s  ‘ m r  Solar  i i i  S l i m ’  ! ; n ’ - r n ’v  I t r h j c n u t j u i r m  H
l - :, r ~ ’t ’ gy  I tj hiz’ m tiui rt Si s— j u l y  ‘ .1  ‘ l i m O — I  l ç , t r i ’ , l I n —

s t r u n t r e r m  t n t  ii ‘a Fnug ini ’’u ’ m’ s ,
lIe!  l , r ’g h r a  n i t , \\ a t’- b u i n m r i t m  I i ,
f ” 76 b  PI~ - 3 ’ i — - [ m , ,

4 2 1~ I ’ n’e’pniratiinn of h’i,lvcrvstnlhne 1 . ( ‘ . (‘ . Fan [‘roe. N~m t i t u i u n u l  \\ m r b sh o p  ( i i i
Si Tu rn  h - ’i l i t u s  l i v  I su n’ I I .  .1 . Zeige r i , , rw ( ‘ m i s t  l ’ m , l ’ . i - n ’ ’ .,.,t’ i h l j n e ’
(‘r’v u-. t n,hi j z t tl, mun I’. Al .  Z a v r ’ a ck v  S i u l n i r ’  (‘ e l l s , h ) ’ i l l n u s , ‘ h t a a u s ,

1 8 — h ’ ’  Al , ’.’ 1 7,. , pp . s ’’H 0 4 .

1, 1 - 2 ‘t he I ’ I r i s , i ’ a I  I ’ u ’ i ’ t n ’ r b i ’,, A. .1, St r ’ m n i r s s  lIe ’.’. h ’ i r v s ,  -\ I m I ’ I .  12 , 10 7
of (‘ a d m i r i m Tel l i r r i n l , ’  1 ( t 7 7 (

- 1281) ( rl ’I ’e ‘ ‘ t u r k - a l  \ Y i v m ’ g i l j , h u ’ D. I , .  Sp m ’ n u r s  R e ’ , Ph rys . A pp I. t Z , 401
A I ’ . i t . : I , t . m n ’ s  .‘\. 1 , S f r ’ n l m s s  H n 7 7 1

0 ‘, ‘I ‘I’

I N P f ’ h I I , I S I I 1 :11  I I E I ’ O I i l’ S

u i m : r n m m 1  ,- A r t i c l i s

\ N i ’.

, l i m m 4  N — I t - m y  I-’ho t oeni in t ~ j cr nr •~~ , ( ‘ . U .  l Oi n  A i i  i - t m - m l  by .i , A u m i ’ I .  I ’ i m ’, .’- ,
Sltei - t rosc m m h rA Stti dim ’~ of . 1 , II.  C ; i , , c b e n r , , u r i ’ j u
Sn — 1) 1,011 l in t  u m m r u m  — (  l~~jm ! ’ ’
Fi l ms

47i)~i Selective Bla ck - A h m s i , , ’ I m u ’ t ’ t, 1 , ( . U . I- ’n i n  A ,- i ’ m ’ n t , . ! l v  A p i .  l ’ l r ’ ,’~ _ I
I s i n g [ iF — S p u t t e r e d  (‘ rg ( r 3 

u 5. A. i-~~n i r ’ -
(‘ r ( ‘ e r ’nt e t  lm ’i l rn s

4 7 18  A g ~~S, ’ - I , - m , t ”t ’ 3 I’ ae m u I - m l n , n m ’ m r y  . 1 , ( ‘ . \ l i k k , ’ I s m ’ i , , t r ,  A - n - -  l ’v  ‘1 , t ’  I i i ’ s ,  H u l l .
h ’ h a s e  l ) r a g r t i i t t

4 7 2 1  ( At ( I p e r at i or r  ml l t i — t n ’ u ! .  m t - m i  .1 , A , \ t n l p u m l ~’ Ai ’ i ’ , ’ ( ‘ m t  h u v  A pp I . b i n .5 .  I
I ’ ’ e , ’d l l ,n ( ’ k I~1) 1-u i .  ‘lb l , as i ’r s  A . I I .  ( m l iii’ ,I -x X 5, 8. ( ‘ b r i a r ,

S. I I .  (
‘I .  ( . I I r , r m a n

47 2 -4  Sec ‘mid  V i b r a t i o n a l  ( l v ’ ’ r ’  t u n a ’  I I .  K i l d , l  A u i - I ’ m !  by  t , ( ‘h e a r .  I ’h , v s ,
Ahsorption Spec tr i ,n -n of the

Mode of SI” 6

- l 7 2 t m  Thj n ~ Fi I m ~~ ‘~ 
S u } , r n i l l u i t i , ’ t t ’ r —  .1. (‘ . C ’ . Fan A - i - , ’ i t , ’,l try -\ [m [i l . h’b ,v s. 1 ‘ n t .

At tn ’ .-, Alu m i h i m  Inu t mmt - ’ ii and Po 1an’ i-, r t ’n ’ ~ I f .  II. I - i t t  ‘ ‘ m ’ n t m -  ml
Lb .1.
I’. A l .  /‘mr ’ i - ni c h< ’.’
U .  I) . t ’ar k er
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5 ( 1 1 , 1 1) ST,-A ’l’ l-

1) 1  A tm I 5 1 ( 1  N 8

I .  —t ‘l ID 51 ’  A l E F , i h s \ ’ I C ’ I - :  l ih ’ l S t ’b \ l i ’. ’ b l

A U - As .1 ‘:2 t ’i m ’cin’ iu( u 1 rti c vave guic l e  s w i t c b r  in w h n i c l r  the I~’’~~ ’r i s m u l : . l i ’ i i :  i i .  I i ’  i l l ,  s i ’  u t i ’ h i

‘m ’ s e m m ,  hi , ’ .‘ h ’c t n ’ i , ’ n n l l v  u i p t i o u ’ z p d  l i n u s  l u t ’ m ’t l  u l m ’ m u u u i n r s t r n ’ u t o d l ,  The dev ice  t ’ x h u i h i i r , ” up I ’ m  .1~~ d I l
i ’ m  i - c r  i i - . ’ !  . n  iu,fl i t t  h u a t l i  , I - - t m ’ s w i t h ,  i i  ‘ ( n i l  p i iwe r at -i t l r r i t  i ’ u u u i s t  n ’ n u t  I ’  u w i t h i n  p 0 . 3  d I b .

‘ I i , ’ p — t x  -- I l i u m l ’ ~ l i o n  in ( I a u h l , ’ — I , o t c ’n ’ ’ ’s tn ’uc tur o  D I I I  ( m I n i  - A s h ’  !n F ’  l a s e r  n h i u i i l , ’s li- n ’ s

m l , ’ t ‘ ‘ i _ m i n i  nei l  l i v  m m  s i m m  a au ’ m m i i i  n i p  e I ‘c t  n’ , ,nr  at ic ‘ ‘u s c ’  ‘ i ’ ’  - I -b - i ‘ii t in ,  ‘ugh  m m u ,  h u m  I um i l  u n ’  S-n i — 1 ,  m , ’uI m l i i , —

t i ’ r — n t m n ’ v  I n , ’ .- , ’ i ’ s a m ’ ,’ n i — t v i m i ’ i i ’ p r i - am - m n  itrsii!nm t inie ’ s m u h u s l u ’ m ti ’s, t ine q u m  - t u r n s - n v  I n u ’ , u ’ r  t n  t in ” pr ’ i m - .i’ nl

1 ) 11 ~S ‘ — I ‘ - 1 m u ’ , i mi- i ’s, m nun mlu lv d i n ’ t m  -‘in (Ii f l u  i s  i m m i i I’ n ’ m mn t i  t I r e  Zn  ‘p h  In I’ en , ilO tu g l v,’,’.

A n in - ‘. ‘ ‘ s t u n  ‘ I n - - n t of tire pn ’u ut i u r t  I m u  ‘ m m m l  m u  n d  m n t ’ ’ n u t  if  Inr I ’ m m l i , ’ - m l u ’ s  t h r n ’ u t (lie u- t s r  u - , t i ’,’ i I  a ‘ ‘I
. n i — t y p o

In l i - ti lip ii ,’ i ’ m ’  m s , ’nt ‘u n i v  ( m u  evi l m n f  t , h , t - , u t  l 0~ It  —(‘ tnt , u -i n I , ’  the ,- u ’s u s t , \  l u  ml  I ’ —  t v p u ’  I n i ’  ca mi
I i , ’  i n c  n ’ ’’ u soil ( m u  1 1 1 S- 

— c u t  f i  i n ’  nt i r p t i  r u n t  at m iii ,  I t t  I I I  e en t e  r ’gy ml ‘am’ ‘ m n - ui  m m  t u t u  it  m m  m u m  coml , i  t i  ‘ t i  (‘tt i i i

( l ’s, ’ m a u l  I i i  ‘ s t — l ‘ m i t t . - . n ’ , l n n , ’ m i t  - - u t . , ’ - - I .  ‘I i i , ’  u ’ u ’i-m m i l t s  , ‘‘ . m u  I ,u ’ .  t ’xp l n m i a . ’d I i ’ .’ a mi r ,udeI ivlu n cli assun’rnes

lb t the m i i i , ii 1,~ ‘un l u  n ’ chn t e n i t  c u ’ , ’ ,  tea I i ,  u t  I i  i l , ’ ‘p u I ‘nu n - n. t n t  d !m’eI) - mu’,- ‘ t u t u ’  n ’ I t ’v, ’ I s ,

‘I ’ bre im ’ n i i r n 1 n l  m u t l u t u , , i r  at ’ 5,’ , 5, , I I , ’ A l , ,’ , ( i l , n u t - i c !  I ’ m’ in  I n i ’  li n u s  in n. ’, sti L ted]. Implantation

of b - c  a ’ s  f um und b  t m  !m,~ , u m i i t m ’ , ‘ f f m ’ t - l t v m ’  i n  c u ’ , ’ - m t i t m p ’  I r i g h n — n i n b s l i v i t v  l a s e r s  in ’, r u — t a -pc In!’ -A mu l t i —

enrer ’p v  I - i ’ , n u t u l - - t m t  inn  n i - l v ; i i ’ I n n i ’ i n ,  4 1,Y ’ e m it 3~ t’i u l l m t w o d  l ’s n n m i e a l i n p  m t  728  (‘  for  15 m m ,

v ie l r h o d l i ’ m v , ’ t -  m v i l ! i  a r’ u ’ s i s t i v i t v  tm’ t t) ’ t ’ — i ’ n n ,

- A h ip l i  c h i s l m ’ u i m m m l i m n m t  cm ’ u’ !’ l’i i ’iont i mrtp u i r it v , id l eatified us sil icu int , ‘.‘.n i s s l i m u w n  ‘ . ‘  he it key Iuroh—

l en i  in - c l r u i ’’.’ i t i  t i r o  goa l i i i  n n ’ mm ’.v r u n t  l n i i z l n — l u i i n ’ i t v  I n n ! ’  ln ’ . , ’ r ’s  l v  l i q u i d — p l r n i s e  o l r i l m u X \ ’  h l . b ’ l - b  AV i ’

fcr und i  t h a t  n m - i l  m m m l v  i s  the Si c m i n i c , ’ n i t r - a t i , i n  ‘f .‘rs — m ’ u ’i ’ m’ ri ‘ il In too I r i g t r , t n u n t  t , I s i ’  hI re 1 . 1 1-I g n’ m~ rv t l r

.s m m h r i t i onr u - u n  1, , ‘ m , ’ n - , t r , u i u m -  t m ’,1 ‘, i ’ i t h u  Si t l u n ’ i i i r p ’ h r  d i re c t  i m r  m d i  n ’ ,’ct ci urtt - i ct ii’i t ln ‘pm ‘ i t ,  if it s l t ’ u u r m n~ I ’s

m’ t ’n l m m i - i m m m t  g a s  s,uu’ ir as P m’ ’ ,  I l ~ i s  I l n ’ i’ sm ’ i t in  the  gm - r u - t I m  t u l ip .

I I .  QI A N I I  ‘ml I ’ l l  h- b ‘ l I l t  (N f t’S

s i t i t p le n t i n t i - . t u m n ’ u ’ n - m m ’ ’ ui i -’l u ’r uu l ul ’m’’ ilim re p u l s e d  Nc1 1’5( t
14 n i— er excited Ins ’ a sm all Xe f I - i s l t —

l a m p  has I u , ’ , ’ n  m m d , ’ , w i t h i  t t i m ’ e s t r i u l u l  r ’no t ’ r,’ i n ’ m— of a fern -  hundt ’ed  m i l l i l o u l e s .  Ou tpu t  en e r g i e s  of

1 , 5 m l  hr ’ ’ - ,’ I me , ’ nt  uu bta inec l w i th  l e s s  than I .1 i n p r u t , a nd fin r t h n e r  i f liproi ’en ient  is expected!.
i - i t t  a m ’ c i u n u d - , ’ a r m , , n r h c  g e n e r a t i o n  u r n s b ic en  n , i ’ I u n m ’ v u ’ u b  in A p U n n S e 2 . l ’ si np ’  tr 0( 1

2 Ia s, ’r

mu’ u ’l t  a 0. 8 - n t u - a ’ - , -  pu bs ”  l e ngt h , a s ec a n r d - har m o t -r i c  eno rgy  convers ion  e f f i c i e n c y  of 33 percen t

li- - u s  ml ai m’ m e d .

‘l ’- h —’. a , ’ c , m n i d I r m i r ’ m i n i u n b c  g u ’ t i o t ’ n u t e d  l i v  ni ‘‘ c!U ,’ .-A s , ,‘ n ’v s t a l  l iu nn iped i  by  a Iu a s s i ’ . ’ o l ’m ’  Q — s w i t c h e d

(‘(I , I ’ m  u-a’ r has  h i , ’on au - ((u~ n ’m ’u l from a ret -n ote tm m l uu ~~~ p h r ic I ni rp ’e l  and liii’ . n ’et ui  rn s i g n a l s  detec te d .

Tin s .sv s t e ’t t  r a n  l ie  uu ~~ed f u r  d i f f e r e n t i a l  mI s, m t ’p t io a  n u i e t i s u i r o m o n t s  of the  cu ’n c en t r a t i on s  of

‘ . ( t r i i m s 1 u l i , ’ n i c u’ iuuus ’it u i , ’muts .

r ’ t i l i m u g  t n , r r i a ~ of t i . ’ o p t i m a l l y  p r u n i r p e i l  0
1 ( 5  nu n , I  ( ‘ , l l , l n u s i ’ m’s I n n s  h u n  i l em o a s tr a l e ,h .

I - m a l t ,  l 1 - i -  n m t ’ ’m ’ . - i r e d S I  I n , s m - r  l O u i s of l u , ’  (I
I (~ S l a s e r , t l u m ’  l m a n r d  u i - i u t e r  for  II ~e l a s e r  t r a n s i t i o n

h i t i s  I m , ’ , ’ n  m l i i u - m ’ i u  n i t .

TIm’  s,’r’uu ni d i i i ,  r’ n u t i u u m i : u  I u ’ r m ’ m ’  t m i t i e  a l m s c i r ; r t i u ’ n  spec t rum ‘‘ C the r macid e ‘if SI- ’,, has  been met -u s—

m n red ‘ u s i n g  u I — or Ora t i n g  s p e c t r o r m t o t o r .  ( i m P ’ . ’  a s i t i , ,’ l i -  Q — l r r a n c h  t ra t i s i t ion i  was  obs , ’ru ’ c ’ i l ,

m u  ‘ml  c i n u u u t r l  ‘ ‘ n ’ ’’ —a ‘ m i n i m , , - , ’  - m i m I  - n i l  u i  m u  t i m  ii Ie ,  l i t ’  i u l n i e s  have both l eon,  u i -m ed i, ar ea st - nr c t h e
\ ‘ — T r ’ u ’ l a x n i t i , u n i  u u f tIre ‘

3 
nnuudo rrf ( ‘ 1 1 3 1’ i n d i l u r t o  s i r l i i t i u , n  in  the r’ m’vu ’c ,’nuuc l,,’sts l i q u i d  ( I , and
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l i qu id  A n ’ . \l i n n  mb ’. ’ . 1 - -n m !  — 5 , - n u t . . -. ‘ i - i  n r a - c m , ’ , a i ’ u ’ i n . x ; , t n i i n ,  t n n n i m ’  of 3 7 5  ± 35 n i s  i ’ m ’,’.’ n , s  i - . m i r - u u n

in I i q r n i d  0 ,,  u - t u b in l i q u i d  -Ar m m , ’ r’ u - I , , x n , I n u u t ,  t i m e  li nu s 1.30 0 . 1 5  (isec. A n n n i d n n c e d  3 2 ,
3

a. .r u u r r ,  -a w t u s  . u t m ,5, ’- t ’ \  m m d  mu t t ; . ~ ch o i r l u l e —  r’ i ’u - . . u t u - i m , ’ , ’  i ’ i u ’ n u a  m ; n ’ n ’ r t m u ’ n m l  n t h m ’  m , l i s u ’ . r v , ’ c l  a n h a r r , ’ n -  u n . i c j t y  is
r r:  good] - - ‘ .r n’ u ’~’’, n n i ’ t m l  u vit l i I u m  ‘ ‘ p u s  — l i l m n i s e  l u n  m m ’ ’ - I - m r - i - m ’a !u ,e .

l’ht ’ u m ’ e v u . i m n u - ~l ’ .  i t , ’’, , ’ l u m u , u u ’ u I  ,‘mu ~ n i n i u m n r — ’ . ’ , h i r ’ n u t u , u m i  ,nir, ’r ’ - u c t i u i u m  niodel hoc t Ir e ‘.‘,‘i i l l l m m ’  u .u f I’ ,’,’ u i — ’ , u ! u u , l m u r ’

n ’ i ’uui m ni n r n .cos nm liquid n u nu’ m t u - has t m , ’, ’ u m  m m u _ u ’ u l  i n n  i n n  r m n t a l ’ , ’ s i s  of r ’ u’i ’ u ’ n i t b v  n ’m ’t i u i r’ t edl c es n ,lIa ‘‘n ’ the
t , ’ ’ n . n u u ’ n -  m m m i ’ , ’ de ; im’ ir ut m ’nu u - i ’ u i  t I m , ’  I 1 : m n m t - m m i  Iine w idtb n itt I i q r n i d  N ,.  ‘l’he r- u ’ s ’m lt s indu rate t !m n i t thi s

-c” 5,’. c m m n m l n i l ’ u i t m ’ s  an ,,m m , ui ’ n m ’ m r m l h v  t m  t i m , ’  ~~~~~~ ‘ ‘ i t  I i n m a ’ ,’.’ id l l i . - , ,

iI m ’ r m ’r, m m l i i i .  r a d i u m r r i t ’ t r v ‘,‘, r t l m  b l a c k l u i , m t a  s m i n i r e e ’ , ‘r n , .— i , s e i l  m m ’  u l u ’ t m ’ r n n m i r u , ’ the  a, ’r m s i l i v j ( l e  of
(~~ -As Scum. u t t k m  -diode s n u l n t i t i l l i m e t c ’ r receiver’ s. A l 500 m i t i m , ‘ m u m N E l ’  if .1 X 10 1 

~ ~~ 
i l l ?  wri s

n n m i ’ ’,suired for It u , ’ sy s t e m .

I I I .  A I .-A T E R I . -\ l , S R E S E A R C h

‘A v e r ’ t , ’ .-a l  p r a d r m ’ n i t — t ’n ’u ’ c ’ ,r m ’  l m ’ c ! m m u n . l m m i .  bras boon Pu’’ .-,’ l m i j n e ’ I  f r ’  n,’n ’’ ’ ,r in n , ,  s ingle  c ’ i ’ v st n , I s  of
N i — d o p e d  A l gF , whic lr  w i l l  be used 1 m m  i l u ’t o r n u i n e  iu ’hre thre r th is  m a t e  n ’ i - u I c ’ ,r t  l i p  insed as a tunal i l e
s ’ ’ ’m r c e  m i f miear—j nfr’rm r’ocl laser t ’ ’ u d i ’ m h i . u n u .  ( ‘ n’\ s i - m l s  of m ’x m - e l l on t  . u t u h i c u u l q u n r l i t v , as d e t e r n m m i n o -i I

1,’.’ infer t’,’rm ’ni r ’tpr’ ev : ulum m t t i u m i ~ , lra ’,o l mm ’ m ’ m m m ’ r ” ’ w u m  m m  s i ’ l f — s u ’ ’ u l i t n m  . i r : , 1 u l i u l i ’  e r u c i h i l i ’ s  i n ;  a t m m n i m . ’ s t u ’ t n —
, - l u ’ r t m , ’ n u t  r e s is t n m r m c m -  f n :  r ’ l u n m , ’ i’ .

‘1mm a s , , i a I  in t i n ” - d m - ’ u ’ I m m t n u m i u ’ r m l ‘f u u m ’ ’ r  — m u I r - - n - m d  l t r a , ’ rs  m u n d  u h , ’ l u ’ c ’ I u m n - a  un u i l i 7 . i n m m :  0 - m  In A s I ’- x l — x  a’ 1 — ’ ,’
I n i vt-’ra I’u l tic e — rni -u l c lie m i t i  i i I’ s u m l - a l r z r t ’ - - , I I , , ’  a l h i u v  c u m n n i h i i i i - m i l i . m t i a  of s u c h  bison’ ,-. l ,. m ’,m ’ I — ’ ’ , ’ nm de—
t u ’ r - r n m m n m ’ ’cI l i v  o l e c t r i .mt u i r e  i’ mi 1 nr ’ , u l,t’ : u r i n i l v s i s , ‘n iP I i , ’ ’  e n n i s s i - ’ r u  .v ‘ ‘.‘ m ’ l i ’ i ; r~t ! m s  ‘i f  I .tt i i’ e — r nin’tc’hed

( - u In u  ‘m a I ’  l u m b ’  m l ,  ‘ ‘ m t ’ l m e — t m m ’ teru iatm’t ic lu, re i l juu ul t ’ It, s e m i ’  b u y , ’  Im , ’e n  n m u ’: m s ’ i n d  at 300 n i n a ’ 77 I’- ..x ! — x  y 1 — ’ c
( P e r  t ! n ’ - e r t t j r e  ‘ m l i i  .t m . ti ’ ln inr p n’ - ’ m . : .t u’ , t ire c- n- u - s i t u - n m  m l ’ u l m ’ ,m’ u ’ ’ .’,’n - I i  r’ i ’Imu’ ’’a eun t edh I’’. x (n [ Q’ ,’

0 .0 ( u T ’ . , ami d l i i i ’  I n i s e r ’ t u l u m u l . ’ m u m ’ m u i ’ u ’ p a ’ m-u -m t  300 I a i’ m ’ g U i - t n  l i v  I i ,  m u A u  ‘ 1.107 — O , ( m u i ’ , ‘

IV.  “.lIC l3OEl ,E U T I B  ( N I (  ‘S

Tire u r p t i m r t u n r  c lmn i nunm , -I —al l’ i n n l n l : m i m l m ’ . a m m i l  f i u ’ I m I  u u x i m h i ’ .  g n - - u - . u - I l r  c u u m r c ! i t i u u m t s  have Ii ,’ m ’r, d o t e r rr mir ue d

‘ u n ~ the A l l i s  t t ’ ’ , u m s i s t m i ’ m— m i - l , i c b r  - ‘P11 I , ’  b r a c t  ‘‘ I ’ t i m ’ ’  .— l m t i u - s P l i t  I’ ’ ’ : ’  i s l e r ’  I i m ’ i n u g  ‘ u b m I e d  I ’ ’  t h e  p r i m —
t’ - ’ r n m n r t u b i l i -  t r t u m i s ’,- , ’n’ .-mn , l f j i l i ’ i ’  t m  u - m u r al h u m -  l u l t m n u n ’ ’ ,’ mn t u ilti p l m u n u t u i i n i .  Ai m .m l u lm m itui rn v al nm m’ f ur c!u’ ur m ra’l

I ’ -  — 1  - -doping was t i m i d  i i i  I i , ’  3. 8 X 10 , ‘ u n m  , ‘‘- - l u n c h  ‘‘ i m u l i l  h u e  - u c l m n m ’’ . - eu l Iu y  u t t u ~ u l ’ u i m t i m u ~’ I u , m n ’ u ii. at 211 0 keA

at a i l ’s, ’ ,, f i i o 13 cm n u 2 . The 0 . 8 — ~~n t — I I i i , ’ k  t ’ i m ’ l d  a x i m h i ’  lI n u s  p r u m u v i l  l i v  a s r - u r n  i u x i u l ’ - t i , u n m  f , ,r
-[ h r  a t  1000 C ’ , f m i l b u m m i ’ u ’ . , I  l u ~ ’ ‘or 1 10 0  (‘  p n m t e  ‘ i x iul b i n  in  d c v  I t 2 1 . 5  3 ’ ’ I I C ’ l  ‘‘ m r  I S  m i n u . , t ’. ’ l I u ’ ’.’;ed

liv . I 5 — n i i n .  a n n i e - i l .  TIn s h i u ’ m n u ’ i’ss y i e l d e d  ( n t  - u u — c e h i t m u l u l a  s n r n u l l  f l a t b a n d  v u i l t n i p ’ ’ of — 4 A .

Sev e r a l  mi’ n , f e n ’ a  of tb’’  10 0 —  ‘ - [ ( 3 0 — c e l l  ( ‘ ( ‘ l b  i m a p’immg d ev ic e s  ( i ’m - I t , , ’  C l - ,  I l l s - S  , ( ; n ’ i m u - , n m d  l ’ b m ’ u - I r ’ m u ’

((lil n u ’ i I  Deep Sl t t m e u ’  S u ru ’ u ’ i l l - u n i u - u ’ l  I ’ m ’ m m g r a a r  b r ave  I m u ’, ’ i m  f ’ m l m i ’ i c ’ a t e d  u u m u - m i n ’ 1 u m u m ’ n m t i t r g  an i m ; I u ’ g n ’ - , l  l i p ’ I
s l in eld m m ’.’en’ t Ire i n p n m t  and ‘ i u m t 1i u i t  s h r n f t  r ’e i , t i s l i ’ i ’ s. ‘A l m u t t m l ‘f ‘2 ‘f 84 i!e’.’k’u’s have li n uas e il a Itt -

probe I n - h  and i - i l l  he d yui t n i u i c a l l y ‘ i i  I u m n u  t , ’d .  Devices  ivhiclr i- as tIn , ’ dy n a n m i c  l u ’s I  will be irs e d
t u ’  a s semble  a 2 — c h i p  I,rm ’tm ,ty luu’ h ybr id  i m ag i n g  mm n - r a y .

-A tui ’ i i — I e v u ” I  i r r t e r c m m t r n r , ’ i - I  a ’ , a t u ’n m  ha s  h ’’ ’e i i  develop ed f un ’ f a b r i c a t i n r g  hivl r r id  i n u l u ’ p ’ r ’- u l e i l  c i r —
i t s  mu n i  alumina aunlu at n ’ ttte s , Spnnt ten ’ecl n tl n n n n i nu ,mr r is inse d f i r ’  I n o t l r  m e t t , I I i z  h u m  l ev e l s , ‘rm rd

n,i airl - u t ion I m , ’ t ’ ’ .’ e u ’ m m  I n  ‘.‘e l a  i s  l i t ’ ’ ’’.’ bled by e thier sp u t t m ’ - n ’ u’.d un’ Iow—teniper ’nu lnut ’e (‘VI ) S i l t , ,  Sal’—

s lt ’’ u t e ’. “‘ m m ’  liv’,’ u’ u uni 1 i lm ’ x , mnlul ti— clni lu I n y lmn ’icl c b r c , n i t s  have  Imeeni !‘‘m l. n’u u m t , ’ m I  l i v  t h i s  pr ocess  - m u m i t ~

an S — b i t  m n u m : l l i l r l i e r  m n t i l i z i r i g  S n r i c r ’ i u 1 i r u u ’ i ’ s s , i m -  u ’ t u p a  and tIre  m , t h u n ’ m -  n u I t — c h i p  ( ‘ ( ‘ I i  5ei n m ~m i u r ’ n m r r a v ,

l u st r e a m m l t 5  “ri m” m , lut n ,in eci un a , n u g  a ( ‘VI )  o x i d e  and mu m i m i 5” a l i n r u i t u t i  ~ i i l m s t r u t ’ -  m m i l , s b e u t  I , ’  I — l i i

surface f i n i s i r .
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SI R E A l. 1 : — A ’ , AA ’  l- ~ F l - A ’ I I N  l b (  l (, ’t-

A p n ’ u u i - i ’ n-i s l i n u s  lu e o nn u I m ’ i ’ , ’ I m u l n u ’ m l  l’cu r  I u m  I m n ’ r u -  ‘ m l  r u ,’ p I a-n rand m ’ — m - m - ’ ’  m l  - u ’ ml mi - x — n ’ ’,’, — l i l l - ’ ’ ;  u-- p u ! m ~. mm ’, si - s

~t- ~t i nrn e n rrb , n ’n ,n uu ’ l l u u c l m m m u ’ m-.s,’s n ’ n u t m m r m u , n n  t’r cm n’n , u . S tim sm ’’ . ‘ ‘n’ - I n in e , - ’ ‘ m u u , ’ h , ’ n ’ — , ‘l ’ h m u m  n , ’ ’ m n n l , n ’ u r , m ’ ’ — a n ’ ’’

,
u~ 

r’,’m I m ’ .iredl su ’ th at lii , ’’. m n , ,~ i’ m ’ I ’ i t , v u ’  I ’ m i n’ ’un ma l i ’ , n’ i ’u , l to s i l t  x’—u ’ :uvs . ‘ l ’ bn u ’ I i  ci i ’s S p i ’ u m i l u i c , . .— u l ’ u u ’ ~ ’ , ’ —

u ’ u im , , ’gec l x — n ’  ,‘.‘ n , n u s k s  s u i t a l u b o  m u ’  m a , ’  - I  t he  1 1 , 1 — A  (‘ m m
1 ‘.‘, u ’ , , ’ l , ’ t m ,’ t !i m is t - u ’  I I  n ’s tnt I!, m’

. 4 4 , 7 — A  ( ‘  . and  8 . 3 4 — A  Al - r ’. ’nu ’. ’u ’ I e n u g l l m s .1”. I’~ 
-

I t m ’ ’ m u r al  u - u - .— m ; lt s  have  tr eon t  u , h m t - u n n e d  u i ’u tb ,  nn t r i ll - m c i ’  m m u - - l u ’ m ’ l m ’ , ’ ( r ’ i , ’ s u m n ’ I . i a — ui - m u - t i

v n m .’ u’ , t I m , ’ m n m l m ’ g r n r t u a n ,’ c u m r ’ r ’ e l n u l , n’ , Tire i u t , a n c ’ i i 1 i e i ’ n i l  i m . i ,  ‘ I ’ I b m ’  m l i i i , - , ’  i s  .— j o m i l n m t ’  I , ’  mm u’ u ’ t ’ n ’ m — I n , I i u i ~i

r’ m ’, ’ i’ c u t ’ A im i n ’  n - u ’ ,  of —‘c l r u , t t k v  d iodes h e l d  m i  c l  u s ’ ’  p n - u u x i n n i t ’ . ’  t im a I i N l u ( t , d l  - ‘m h u m , ’  p n v

n n m n x n t n p  mi I i ’ . m’ i m -.t nmten’ — [ut’ i u ~m n m p n m t u n i g  s u r f ’ , u ’,’ ’,u’ ; u v m ’ s , : u u m , l  ‘‘ m c l i  d n , d e  m t  i ’ m - u ’ m , l i ’ ,— t l m t —  m m m i x e c  u . n ’ ’ , l u ; i ’ i

u i - i ’ m ’  t i n u u e .  h r m l u ’ p r ’ . u l i u u u m  t i m n o ’ s  af 50 au sec ci n  i m u ’ , ’ t i n , ’ , ’, ’ I - i - i - m m - , , - t m i i ” ’, , ’ i l ,  b i t t ,  m l i i ’ , , - ”  . ‘ : m t !  a
l i - u n i t ‘. r u l l l m  of 20 \ I ! l z , t h i s  pi ’u m v u u l m ’ a  a p ’ ’ t o m t t t a l  ‘ m u ’ , ’ ’’ l , t u , m t m  ga in ’ ,  m u m  u ’xu ’ ,.’as i f  50 d l b .
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