
AO—AWI4 340 NAVAL WEAPONS CENTER CHINA LAKE CALIF F/S 14/5 NELECTRON BEAM M I CRC F ABR ICAT ION SYSTEMS. (U)
APR 77 P F ORDIMO • .1 APPLEIAUM. H F StAZEK

UNC LASSIFIED NWc —TP— ~ 93O
I~~~ I 

~rns__________ I
END

DAT E
flLME D

0—77
DD~

4
a J



r~ ~ ..
~—.,. . 

~~~~~~~~~~~~~~~~ 
...

~—— ,,—— —-—- .
~-~~— —“—...-— —

~~

NWC TP 593O

I 
..

Electron Beam
Microfabrication Systems

by
P. F. Ordurig fl’ ~~Li

and r • ~~~ —- . .
J. Applebaum T~

University of California r’~~ r) I Q ’ - .
Santa Barbara ~ ~‘ ~~i~1

and 
- -

H. F. Blaiek ( ~~~~~~~~~~~~ ~~~ _ ‘ j

Engineering Department 
~~~

-
~~~~~

‘ C
APRIL 1977

Ap proved for public release ; distribution unlimited.

,~
fA~~~~~~~ s ~~~~ ~‘Naval Weapons Center ~~~CHINA LAKE . CALIFORN IA 93555 
~~~~~~~~~~ 

~~~ ‘°
‘
~ ‘~~~~~ØV

- - — - ~~~~~~~~~-



j
~

JLI.
~ 

~~~~~~ L,L~~~~~Li.Lfl~J~~ U ~~~~
.-~~~~~ —---~~~~~ -

Naval Weapons Center
AN ACTIVITY OF THE NAVAL MATE RIAL COMMAN D
A. G. Freeman, I l l , RAdm ., USN Commander
G. L. Holhngsworth Technical Director

U

C

FOREWORD
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INTRODU CT ION

Since t h e late l960s. electron l i thograp hy has gained rapid accept aiice as a techniq u e ut great
potential t~~r h i h r i c a t i ng  large-scale . high-resolution in teg r a ted  c i rcu i t s  ( Re lerences 1-4). Requ i rements  for

devices w i t h  l~is t er  swi tch ing  frequencies and higher packing densit ies have created a need for hig her

res o lut ion pa t t e r n s  (less t h a n  1.0 p m ) ,  accompanied w i t h  h i gh er yield.  P a t t e r n  del ineat ion using l’octised

electrons has been shown to  he a usc l’ul t echn ique  l i r  producing feat t ires of less than  0.1 pni.  Other

advant ages  ot l er ed by elect r on l i t hography  are direct  computer -cont ro l led  pat tern  generat ion ,  precise l ine

wid I Ii  control  of conve ll t ioi ia I site I~ a I t ires ( use fu I in  mas ter  niask product ion) ,  and lower defect s in t lie

l in i s l ie d product .  I’ lc ct ro ii s ca ll be imaged to form Cii her a pa t t e rn  or a small point and can he det lected

and m odu la ted  wit ii speed and precision by elect rostati c or magnetic fields. Their energy and dose can

be control led pt e c m sel y.  Speci a l electr on-sens itive resists have been developed which have suitab le

proce ssing c l i a i a c t e r i s t  Ics a i i d  which  can be ef l ec t ive l y exposed at the  level of radiat ion t h a t  can he

c o l lSCi l i e i i t Is gL’ I ieIat ed iii practical electron-beam mach ines. As a consequence , electrons can he used in

l i ( I I I I I3Ci  i t t  ~~~~ i i i . o t ~ IIIL~ cit her beam scanlling to generate patterns directly on the  substrate , or

t I l l  l I l i ag i ng t ro l l )  special II laS k s _

\,II i l l i l s  pat t e l  ii g ei l era t  ion techni ques h r  elect ron beam systems have been developed and

I cpi t r i ed  i i i  t i l e  h i t e r a t  I i i  e. The PU~ POSC of t h i s  report is to review those techni ques.

BEAM SCANNING SYSTEMS

E lect ron s III)ili a 51 ( 11cc can be tbrn led in to  a penci l—like  beam t h a t  can he deflected over an

elect ron resist-coated s i ihst  r a t e  and mo dula ted  to draw a desired p a t t e r n .  l’hc beam can he imaged to a

s u b m i i i c r o i i i e t e r  spot wi t  Ii su f f i c ient  cu r ren t  to local ly CX~ OSC the  resist in less t han l0~~ second. Since

im p i i  10 II sp (t ts arc t y p icall y required , th i s  high speed is i m p o r t a n t .  Positioning 10 I I  spo t s

I c c i i i a i el y req u ires a precision of about  one pa i l  in 106 along each coordinate  axis. This  places
illi o di i  l a t e  (he iu ia rid s oii I I ie elect ron de tiect ion system. TI ie pra ci ica I r a i m gc ot de liect ion is I m u  ted to  a

lew m i l t l l i n l e t e r s  l) eca ( isc I I  ( I )  t he  d i f f i c u l t y  ot di g i t a l — t o — a n a l o g  ( 1)/A) conversion w i t h  s table  accuracy .
( 2 )  i i l t n l i n e a r i t i e s  i i i  t h e  e lec t ron  det le ct i on s~ st en u and t i n c e r t a i n l i e s  in t h e  sUr t ace  posit ion of t h e
subs t r a t e  due to waL’ i hos~ wh ich l i m i t  the  allowable at u gu la r  detlecti on . and ( 3 )  e l ec t ros t a t i c  and
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ul .ur ’ l l e t os t a i tc  ~L’i i I i l I . l t I I t i l S  w Imtcl I  lI m it t h e  V Ilikilig a rut.  St l t e c th us is less than t I l t— di ai uuc t et ot a

slibsi i a i e  , .i in e e l l a l l t e a l  t a b l e  is used to niove t h e  suh si r a t c  II al low the lul l  substia t e area t o  be

cs i iose d.

h’ n snr i io t h l a t  t h e  r e l a t i v e  pos t lo m m ot t h e  h ca i i i  and t a b l e  is w i i l i t n  t I l e  required , ,ccu iac~ has led

lW d ivergent  . ippr (t a cI:es . l i i  each , t h e  e lec t ron  clIltinin IS used as a sea i i n i i i g  elect io n i iu i cr oscupe tS I ’%l )

to locat e leg i s t  Ia t i o i i  c i t  l imes  on t Ile s ub s t r a t e  b r  r ea l ignment  purpose s . li i  t i ne  ap p io ac h u , r e a l i gnmen t

o h  5~ p ar at e  r eg is t r a t  l i i i  uia iks is accomp lished t o t ’ eac h t ab le  pushttoll. Iii  the ot h er , laser i i t e r t e r ) l m l e t e r S

.~ie used t I  co ntr o l  tI l e pret ’ ist l t i l  of table  n i o t m o m u .  A b l e r  t i l e  t l ’I t t i a l  re g Istrat ion. ot iul~ occa s io lual
t e g m s l u a t i o i i  is use d on a sing le mark  to guard against  beam d r i f t . R i tmid o i i i  or ras ter  scan s trategies  amid  a

\.i r ie l )  u t  dellect ion field sites , pa t te rn  i r i l o rn u a t i on  processing sys tems . and mechanical table

ar range  men is have been u seth in a e ‘S ri in  mpro ye sy ste in :1cc t i r ae v a iid t b r~ t u g h  p i tt -

I t  h a s  been demo iu st  rated t h a  t an elect COIl beani  pat t Crii ge luc iat Ir can make c l i r o i i i t t i i i i  ma ster

masks w i t l l  h e t t e i  acc l i r ac \  . b e t t e r  b I te  w i d t l t  c t i i u t r o l  a i t d  ed.z e q u a l i t y .  IIOSCI def l ec t ion  d e l t s i t \  - , iitd
l twei 0151 at i d aster t immn ar o l lnd ilu:Ill an op i i c at  pat in ge i le ia t io l l  sy ste u l  ot ve ry I t i g hl q u a l i t y .  ‘l’ h is

, I I T p lies It) s ta te—o t — t l t e — : i i t  as well as normal  master masks . The us elnl ness o i l  bea i i i  s c ann ing  sVst e i i i s  t i

d u i c i t  device pro ce ss l i lg  Is not vet ioo c lear ,  T h e  b e a l l I  sc : I i m i l i n g  ss’ s l e u u  can pr ovmt tc ’ at  least as good

r e s o l t m i i oii _ I e a l i g l m l m t e l m i  : k c lir acv . a n d  low r h e l l e c t m o i u  den s Ity as the hc~t of a l t e r n a t e  sy s t e m s . e.g..

ele c i r l i l  pr u i t c c t l l t t l  m u d  \ — r a\  espl is l i re sys tems.  :ms t I le he:tlil sc ;Intilng sy s tem woukt he used l I t  I l l a k e

t h e  mask i l I r  m I l e  t i t h e r  sys te l l is . hhl lw eve r . because mite s c a n n in g  e lec t r t t t t  be:tn i 5\ s i e n u  t o l i l t s  the w a t e r

pat Ic I l l  in a serl:I I tas h lol l  - exposure ((riles are IVICVIS abl~’ much great Cl II Ian t hose of I he compel i ng

te L ’ ilnologies i n v o l v i n g  :1 l l i : I s k i n g  p e r :m t ion  with i t s  pa r al le l  t r ansi c ,  mode. Evidence is deveho p i iug t h a t

i lie I l e a n i  sc a l i n i u c  t’ \posl ire s~ s t e i n  is e c o n o n m i c a l  f o r  f i n e — h i l u e  devices oil hi g h v :ul t tc  wh ere l i thograp hic
i I I I t i t Y  IS ~‘r i i i e a I . 5~Icll :ts i l l i l i i c r owavC t r a n s i s t o r s .  It s e x p e c t e d .  h u t  h:ts not s et  been d e m o n s t r at e d ,

t h at  dir ec t  exprIsl ire ss Ii pro ve to be eco i iu io i ca l  f o r  p r o th u c i n g  c o t i v e n t i o n : t l large—scale i l iet Zr at cd

cn ci i i  i s beca use ot t I ~e ir II ig lt y ield an d Ia i-ge number  ot smal l e r  cii cu i t s  t h a t  cit m u he made pci ’ w:t fei -

t l i e i i  g rea t  speed . a l i d  l l t w e l  poss e c o n s u mp t i o n .  These f a c t o r s  ssi i i ld  t en d  t o  overcome the lt i gh er
ina~’ l l I I I i I l g  01515 .ind l t t l m g e u  ex p tts lhh’c l il ies as co lnpa re l i  to tI le preseil op t i c a l e xpo su re  system s.

r hie e . I r t ~ elect roi l beam exp os l i rC  sy stems woe made hi~ a •.fl
~ ing-spot ’’ scannet  ( Rele te nce s

I he sc , Iut i m er Co lIs lsts I t  a l t l g l u - i e s l l l u t i t i l l  ( RT  I nuo i ’ e th at i  3 .000 liilcs ove r t h e  p a t t e r n  a le_ I )

C c l l c i . t l t i t e  a h i I I t  I,IslI’l 1 1 1 , 1 1  Is p r o t ec ted lirmiug li ii hens I ntl a mask. I.ight t ransmit ted thil’ougli t h e  deal
,iR’ . I s  o i t i e  Illask :ulls Oil .1 p l i I t t o l l i l i i t p ti er . iuu d lie result ing sigll:I I is used So blanking t h e  elect rim

l l e , o n i .  I’ lu s  s’.si~~u i e 9 I I i l c S  .1 IIIg hi— ~hc t i l l I t i lmn tu,i”k l i l t  is prepare h h~’ p hotogra phic tec h niques . l’hie ‘

il H u e — s p i l l  scanne r  also s I I t t ( ’ ls  Iro mu l t i uui ieo h resl l l l i i l lul l  hec, I (5e iii t lie ( Ri’ .
t h e  miSc m i t  a el Inputel coupled  to a SI’\l I I I  c o t i t i o l l i i u g  t h e  e lec t ron  beam o t t e r s  mans

, i 1 I5 ,I l l t a ges  over t h e  l~ H u e—s p I t s c a n n e r .  I’a t t e l n s  l i e  t i l s t  gcIler:Ited as  su i l i w a r e  s t a t em e n t s . Tit ese

s i a t e l l l e i l t s . il l t u r n . geilci _ i t e  bourn d e t l e c t i l l i u  and blanking 1 1 1 1 ) 1  In at ion In d ig ita l O rni. i’he digi l_ i l
l u u i l ) r u l l a u i o u i  is then output t e d t I  1) / A  cl i l l Ve rt e rs I r u i n t  \S ’ Ilftll , inalmtg dellej i lOl ai lo h blanking signals ate
Iised i t t  w r i t e  the pal terl is d t icc t 1~ on t he su h s t ma t t ’ soi t hiont the rise i t t  a mask. ‘l’ hieref ’uire . tIle limit i t
F( ’ S I t i i t i l l l i  wit hin :1 g I s e u l  :m r c. l  01 t he substrate IS deternuined lT~ the number of h i t s  t h t : m i the 1)/A
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v omiv e i ters can hiai id le . m I me overall stabil i ty oh t h e  electroin beam system , and thue elect ron resist
meso lutmo i i capabil it y In some systems the election beam scans only the areas to he exposed (vector

scaii); t hius , t u l l e  is iiot wasted by scanning blank areas. Also , t h e  computer can he use d to flmrni oithucr

fuiict ioiiis . suc h as processing of t lie data and  align men t - I he basic requiremeiu I of a digital pat ter n
gene rator is a pair of 1)/A com ivert e rs , one eachi b r  t he  x- and y-scan direction. 1)/A converters coup led

to t  a paui o t t  count ers :t i d ted trot u a suitable iii format ion reader tl)rnl the basis of a digital cont ml
systeli i .  In e ci u er :ml , :i ~canniiug im i ic rotfahricat ion systeill coils ists of ihiree m ain parts: computer , ehec tro iu

co lum n and specimen stage . and power supp lies. The electron colu m n and specimen stage , in general ,

consists of ’ t lie l’ollowing u nits:

I - I’ cc tIoo opt iv’a l co tt umti consisting of an elect ron gumi and condensing tenses .

2. Electr im iu beam deflector Unit to ) carry out the electromagnetic deflection of the beam.
3 Detector u n i t  for regist ratio it.

4. Work stage to ) support and move the substrate.

5 . Work stage sh i f t  system to make t h e  x.y shift s by using stepping nlimtoir s and fl~cd screws.

~~. Wor k stage detector u n i t  t o measure travel of the work piece. usua lly b y means of a laser

inteu hero t u ieter , ait d f~ed t lie measured value to the coniputer.

7. F vac uat ioin unit to maunta m u I he right pressure iii t lie system.

8. Operation panel wit Ii controls for beam intensity and focus.
9. Scaniu ing cumi n roti  u mi i t s  to ) control t I me deflection and blanking of I lue beam according to

iuis t riuci loins l’ro i itu t lie cm mhn p i i ter _

10 . (‘Ri i u l O ) u u i t ( u l  III t’va luate patterns and to ) disp lay scanning elect ron microscope i m ages.

l i i  lio ugia p hiv s y st eh m i s ui utc t i ded or use in lu bricat ing comp lex mlcrosi/.e structures must he capable

i t t  ITC h tri rmiii ng mc g is t l:mtil ) i l between ex potsures of successive levels. Severa l kinds o f  alignment m arks and

beam -servin g Iml et l mo t ols Imave been discussed in the literature by various authors. One o f  the earliest

i mmc t htuids w a s  denuoti st rate ’] by Wells ci a! ( Reference 5) and was base d on sensing thue

elect iiun.hcanu- indoiced response ot a ~~ junction Sir al igning an adjacent gat e  exposure. Other methods
h ave e i iu p h m y e d  ox Khe pedestals (Re fe r ence  7). moire’ fringes (References 14- 16) . high-atomic-number
a l ig i imi ue iu t iiua rks ( References I 7 and 18), silicone steps (Reference I 9), and laser in terferometers

Reterences I 9-22 F Electio n beam l i t  luography for line widths of 0.5 pin and less often require an

ah ig i i i tm e im t atcu racy I t  0,1 pin or better. T his level of precisiotu demands very accurate scan iuung electron
hmilcro.scui py ot t iue ahmg iuiiu ent Inarks , di gital processing. atud fuisi positional cot utro i l feedback via a digita l
o ) hi i ) ’ t u t ci A c c u r a t e  IlIg Im-speed . computer—controlled , elect ron bea to ali gnm ent requires  alignment marks

luau 1~:ive h u g h sign al con t i : m s t fo lr detectability, high s igna l—t o .nois e ratio fo it rapid data acquisition, and

hig h ctt ge a t u i t s  for precise lo cat ion.

Regist iii ion c:un he co tmu s m de red on a water  basis (a o hul e . t iitie regist ra t i  lull ). flat aitd undist o) rted

~iihst ra t e s , ami d c\.t~ I s ta g e im i o i t  ion ohuring the step—and-repeat protcess h~ rely Ing on extreme s s s t e m

st ,u~’ mlmts  - Or ii ca i i he citns idercd (in a chip.h~ -ch ip hasis m ak in g  fituc co rrecl ions at cacti site . The
i trnuem Syst ‘ill t a l l  hti lS 5’ .1 spec I :i I na rk r eg ion - a rid coin side nib Ic ii tile can he tole rated to achieve
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regusliaiioml l’hie hat iei  s y s t e i r l  is imsu a hk requi ied to c ui mmup lete .i r e g m a t r a u l o m i l  cy cle nu a t u lle t h at is short
co tunt t:ure d iii the 5 1 1 1 1 1  Il l  ) )a i t e r i i  w i i t e  mu u uu e am id stage chi tp . t tm—chu i 1 m step tunic .

\ t  ~~~~~ t h e re  are h:us icatl v t hiree t~ pes oif e lcctro nu souices being tise s t iii mite scannmng systems:

tuil~~teiu thte r iiii o ii i ic e l l i i t te is . h a mit h iami o umi t  t iexab o ride cat hioides ( Lal3~ ). am i d f ield emiiissioil catho ides ,
Tungsten thmer m iiio nic c :t hio des are not well-suited Sir mu uic rof ah ricat ion due to i the lower brightness levels
ach ievable and tIme rel:uI rely short l i t l t um iìes . LaB6 cat hodes cam u he oper ate sh at higher brightness levels ,
html they still suf fer from short lifetimes . Field cmissio)n cat homdes h ave lilt r i i ismcal l ~ ver y hugh brightness
levels with veiy loii m g irf etume s , butt t lieu -c are proh henus with emission stabil i t ies with large beam currem its.

Iii t I me t ’oillo w iimg paragrap hs a review om f co m nputer-c onm roih led scannuiig sV s te I l ls  is given, wit h

e muup hasms on t heim strategy and i m p o r t a n t  features relative to ) other syste uuls .

HUGHES RESEARCH LABORATOR IES , MALIBU, CALIF. ( References 17 , 18 , and
23-26)

A coiuuplm te r-ci ii l t  rolled electron bea m ex po is lmre syste m h a s  been developed t h uat uses an electron

beam I t t  ruii: uli dia hul eter. Im i t hits system a hybrid approach is einploiyed for patter i l  generation Ut iliiing

h oit lu digital and po i i im t -h ’ -po iui t techni q ues. Low—resot utio ’)n patterns are exposed using analog ramps with

dig uta l endpoint detlnitiiiil and a large diameter e lect rom bea m . lIds comuip hem uientary approach permits

t Ime designer to tlimn ini m’ie ( lie perfornuance required of individual compomle luts for a specified level of

overa ll ss st em : performance . T he  system is designed to operate iii t h e  line width range of 0.1 to 1.0 pnu.
Ills’ cr it ical asp ectv of t l l is type otf p:utfern generato ir is time perfori iuamice ( I f  tIme co imnp arators and the

degree of reg i St r a t i o  mm m I t e m w eem l t lie two ) types oil p~t t C riis,

l’lic SFM used is ~t (‘ :mmhridge Stereoscan Mark I IA instrum mi e mii equiippe h with a tungsten hairpim i

fl la itiei ut source , beam hhankimig. elect rical scan rotation , a I — by 2-inc h (2 5 -  by SI -ti iilhimeter) travel, x-y

stage . aims! t h e  capah ihit~ of accepting externa l deflection and blam ikimig signals. The computer is a Varia n
I nimcrocoillpu mter wit Ii 16,000 words of co)re menuory The central processing unit has capabilities

m u power failure restart . real time dock, hardware multi ply-divide , extended addressing direct memory
acc ess and interrupt tu nct io ur u. The peripherals cnnsist of au electrostat ic printer-p lotter , two muagnetic
ta pe t ma ns lers . a disk nml emo u ry disp lay unit, paper ta pe equip m en t , a di gi ta l  v o l t m e t e r . two teletypes , and
a o uu i i t ioh le r m m u t e l f : I e I n e  thue co moputer Ii) the SFM t li rot mgli which u digital info rniat ion is outputted to
I S-but li/A converters.

TIme s~ stel l l  o perat es in se se i: i l  modes: ( I )  g ehle rat io l i  of s o f t w a r e  for process control , ( 2)
geit er at ion o t t  pat ter i ls . (3 ) p~u t t erl1 writing, (4) diagnostic data u mu p t um . ami d ( 5 )  ca lculatiom i and data
plttr essIi ig . Thc registration t iiethuod Is based on (lie cohheclioin h\ a detect o r (a lligh-gain collector) of
Ii m g l i-eii ergs hack-scattered elect rons t hat are gemierated oi mi t lie s t m h s t r a t e  fro m hig h-ato m ic-nu mber
a h ug n m m me nm uuuarks t Reterences 17 and 18) T he  pat tern field c l ) I I s I s I s  o)f foumr slightly over lapp ing scan
fields . 1 hums m nu ht iphe-scai t - f ieho l :mpluroacbl per lllits a hui ghi-resolution pat tern to ) lie writ ten over an area

~ipprm usii na t els t h o r  tummies !arge r than deflection aherr :ut iot is would perniit . , ‘\f ’Iei t he exposure ol ~I ch u ip



r’  ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~ ~~~~~~~~~~~~~~~~ ~ ‘ - —‘ ‘ - —‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.-~~~~~~
‘
~~~~~~ ~ - ____

NWC 1 P >~‘f ( ( , i

is col imup het ed . t he s laL e  is Il lolved o ie clua i huc ah l)  It  lie lIIc :itIII lI (II f lue secoi m id ch ip where regisiratm o m u

‘.t,u is :uga lmi (ex pom s u ie omit a cfnIt .Iu~ -chiu p bas is ) Ami autom itated sluge mimoVeiliellm using a laser

i iu ier t ’eronmeter wi ll be s’ imiploiyed iii thue umear Suture .

BELL TELEPHONE LABORATOR I ES , MURRAY Fu LL . N.J .  (References 2 1 . 22 . and
27)

An elect roti  bea m expos ui re s~ ste in h u i t m  at WI I. has pr~~em~ to he pract ical  a m u u h econoimiiical for

g e m u e m a t i m i g  high -quality f lmte - t ea t ui red integuated cmrc u mt miiasks . It us also> capable of exposing patterns

d i rec t l y on resIst-coated si l icone wat e rs ( Reference s 2 1 ansI 22). The sy s te m , whic h alsoi works from

patter ns described iii c i t u i l p u t e r  sof tware,  is based oim i a ditfer e m it strategy for integrat ing a scammning beam

z u t u d a mulov il ig table imu to u a l i t h o u g r a p h l ic  exposo ire process. It is a practical system desmgmied to fleet t h e

i m l l p o u n t : m i l t  current needs tutu  mno der a te r e s o u h omtimumi ( h u e  sv idths I I I  appro xmmmm ate ly 2 gu i) rather than to

i l l u st r a t e  t h e  u i h t m i m m ~i t e  li m i t s  of che c t ro l l  beam capab i l t i s  - TIme s t ra tegy em n p lo yed b~ t he system ul to

ex po su il s’ iii:isks oi w a f e r s  us a t o ) r m m m  of ras tem sca ll w h i e r e m u m  t ime scull lines are generated b~
pci ioudica !l y deblecu itlg u lie beam im over a line of hi m iimt ed hengt f i ( I  2~ pill) : tI le frill suu bst rate area is covered

b~ m n o u v im l g  t tie s im h st  ru IC c omi l t  ml uous l y it nder ( hue bea in while the bea m is scaullli mlg. Thue elect ron hea mu is

hocused to )  a 5 — p m t i - d i z m m e m e r  spot iuu u the resist ShIll c l lver l i lg t h e  substrate T he  beam is mii odouha ted  ou n

a mu o l o tt ’f at I 00 uimega lit ’ rt / :i s u sea mis :ie r oss m lie h out mi da ry I oca t i oils of ’ p a t t e r n  fe :u I uures. The cx ii iso re

m i l l i e  0) 11 eac h spout us t O O uu ami u i s ec o mu ids . A laser imlterferoineter c o ru t i l lh l l i ush y m onitors t h e  latera l position

mtf  t h e  substrate, W hiem i t h e  ac tua l  pat h of the su bs trate deviates from the uhesired path h~ 0.03 pm or

grea icr . sl g i t: i  Is are semi! to ) I lie beam dellector to produce a compensat rug beam deflection. Th us . a~i

a hsou hi i ie pat tern uuccuracy is def ined by flue imiterferometer over t h e  entire s u bst ra te  sui ifuice imidependent

o ut  iuui i for m table muo ut ion. T h e  pattern descri ption od’ a c h i p is dissected into St ri pes of fixed width

cou res ponding to i he fixed widt h of t h e heani scam i line. The features within nile st ripe are then rea d

mmmi i i  a cotr e memory to foriii au array of bits geo)ullet rically similar to the pattern of t h e  stripe. Tn
expose t lie si r ipe. t h e  core inemiiory is read seriall y. ca us ing the beam to) he m odulated in svnchrormisni

wit h mI te raster scan. SIIice t he re  is at~ array o f many identical ch ips on the substrate , the memory is

mea nt repeatedly to )  expmuse an ide mutical St ri pe o lm i eacll similar ch ip imi the umrra y. Whet i this is done, a

secolI d st r ipe Is s m o red tm t lie core , amid t Ile muio h ul atuo mu couiiinands arc read ( l O ut to expose. at eac h clim b)

hm uczut um umu . lie sectu m nh 51 I i~~ of tIme pattern countinuous wi t h the first. The process conti mlues until the last
Sm rm po’ o u f i hue cl m up p:u It e n i  I ias been cx posed. ii t w h ich t hue suhist rate exposure is cnunipheted . TIme
reg mst r u m m t in us m at te by s-x  p01st uig t I m ree niar ks dim rtng t lie f irst—level hit hogr:ipluy : amid dii ring s im bseq utcmit
puut te l mm m ng steps . t hmese muirks a te  hocated. The chlip pat termi au th a n a y  descript iO )i15 are I Imen adjusted

I I I  I l hI ~~Il t hue sot ttw :ire and electroni c interfaces so that the new pat tern and the previousl y exposed
lam ter m ms wi ll m llu ut cll piecl scI~ a t  tIme thmree marks. The elect rout i.bcamn exp nts umre s~ ste ! Il uses a simple

tmie i h u n t  o t t  111.11k detect  t o u t .  ‘A lien t h e  beam crosses time boundary ( I f  a mmi ark , nimare electrons scatter away
tromim t lie sui l tc t rat e .  anu h a ohecre uuse in cuirre ru t collected by tIme substrate is observeul. Thue net current to

7 
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m tme sou bst i , i ls ’. m m o u du u Lu t e h mu un i t e  hi~ ih uus cu t’ 0 I . is uumuu b u lu f i t ’ u t  ~i ius h soi~lp hi s’d il l t h e  ch l m mi putem ,  Ibis
,ihig m u mu me m u t pmo mc s - s!o u rs ’ is lil,ids - at I f y  hn’~ l I l l l I l Iu o t t  mI l e 0~.IlI sIi le i t t  e l _ Il less ’I (it ulce tour  the clinic

soi hs tu a t s ’ ( a mId d I l l I m IC  uhu c n \ p om ’ o i re .  Re / I s l r amuo u n  is chlesk cd s’ s n ’ I \  S lm imm iui es b y using t h e  elect ron
cu) h oulun as uuiu SI NI to t  0 0 , _ I ,  t I I’Ci SI 1 . 1 1  mo u mm mi iau

rIte ui uo di I i en h  ehe ,- t I n I I ( l iC. i l  ,il ull imi ssas I ( l I~!lI i a hh~ a co im l pu mm Iemim I I !  a ( uumn hridge Ste rs ’ mlscan S— 4

SI.M. A Data ( s ’ mm e r :i l ~( I() c iuut urol c om ui pum ei Is used sSII l u c I Is toI l I  hiar uh’wureoh logic m d  dedicated
mm ) ms - r o t co i t m p uter s  I I  nl ter l . I ,e umumo l  c o m i m t i o t l  this ’ 5~ I I t o ’ L I 5  part ’  If this ’ s\ s te I n .  \ large disc lile. card reader ,

um m u d tape oteck t ;us - i t m l . i I c Imaml d li mig l Im o ’ )
~~~ IaiIis ami d s h u mta.  ( II lru~ o f  t h e  sv sme m mu is tar r ied tut Iti di gi ta l

f o u r m im w i t h  1 3—hut I.) A comive nm ers at t h e  o i iul puits uiml d A I) c I ( I I5s ’ r t s ’ l S  at t his ’ aui:u hog iiipuuts . The raster scan
is g e m l e i a t e d  m u dmg m t : uh t m l m m l u . ans t  t h e  pat t e rmu i tm f oh i t ua t i ouml  is s~ llc lllouuli/.e d wI t h it. The desired w m imin g
adol less ami d table u mddmes s  are co mn himm ed digitall y to gem ler -a me t ime  de t lec t ioun  c hui lpensam ilIti information

uum uh I n t rm ve  t lus ’ tab le  se rvot  svstei l l .

Receu lt is h- fl- ( ( ( Imp.,  Hayw ard. Calif. . bou gh t  a permit t noum B[I to bui ld  a coiminiercial sss ien l
sim m im lam to t  t lie e lect ron-bea m exposuire system . T h e  h i  l- .( syste m will l luus e am i I T IC electron optical
soi hiiitti i dial wm l l  operate w it  Ii aut exposure tum i l e ot t  Sf ) mianoseconds fo r  eac hl spot , a modulation
tr e o 1uemucy out 20 Imiega her tt . at m d z ui u electror l spo il diameter (address st r lm ct om re )  t o f  0.20 p m. Th is will
mii ~priive t Ile Is ’s l mhu tu o u m i  au th speed capa buhi tu es Ill t h e  system hes c ri bed a bove . ( A  system with these
llr lm pent es h a s  alrc: idv bee ml humli at BTL. ) TIme price of thw- lITI - .( - svste mii will he uuho ut SI 25 .000,000.

I BM,  YORKTOWN HE I (; HTS , N.Y ,  ( References 19 and 2S-30)

.\ ii ele c t rm lii .be:ull i expots ure syste m h a s  hleemi des-e hu lped where t h e  elect roil heamli is programmed to

i’~ ess sequent ium ll y basic geo lt itetr ic sh apes s ucli is rect a mig hes an d parah lehogra ms . This us accomphis hmed in a
vec- to m r  scall mnam iner ( rui t h ler t han  seriall y as m u tIle ahnuve syste mm is ) . amid eac hl Id the humsic elements is
s’x pltses! h~ a f i l l -m u sc uu mu .

1 his zu p prou uu c hi t m  pat tern expos u re hums several aim r ibmit es: it is t iui ie - s’iticis’nm . since th ie e lect roml
hi e umi mu ms uuds hressed oumiI ~ to ) t Ime pat tern uureas t l lat are iou lie exposed: it is cf t lcuemit  in the Si/C (if tIle data
base required to descr uhe m he pa t t en m l  : and the fidelity of t lie developed resist c uumt he comli rolled by using
a c utm n hi natmt , tu out several flexible techuui i ques . Mami s of t Ime sV slemi: ’s coumli pr lnents amid t umnctions h ave been
a ii t u um ltuut ed . 1 huese u mt - hide pattern regist ration , field—si/c cotmu t roil, tit le— tield adjust mlie nts , exposure rate .
an d wourkst u mge co uitr o i h . I tie c oi huiumt n has aim LaB~ gumi . two miiutgne m ic Ieiise~. el ectro stat ic hilamik imig plates..
a mid a dmtu h e  ( m agnet uc ) uhe flec tim ml um s.se nh ly mno tin ted i ml si di’ II ie object ive lemi s . T lie elect ron—go n supply
is m it i r iu m a lly o >pc ra te d am 25 ,000 v ut h i s . T h e  flacumse sh heuum s u e  rumngcs fro imn 0.05 gui to ) several pm. Field
sm/c cam ) niunge up tot a no tu iuumal 4 — m miull umnet er square. Th me SSS t CII1 exposes eac h lutIst h~ serially filling in
puit ter n cells , w hose si/C. gco)mef ry. ami sequet ice arc determined h~ the (It - h u e  sha ma process o m . Fihi- imi is
pe rt ormmmc ol by luie sc umm i m liui g a ronum id elect ron probe Sv lt ll it l t h e  hmiunslarv I f  eac h c e hh. Framning or shi irah
f i l l—mum s al t was also used to umc hmmeve ad j oustn ieiit l i t  expois lire insm s he t h e  cells. Tlis’ s~ stem is controlled hs
a ded mcat e d I R,\I II 30 co lm l p huis ’r wit  Ii u m 3 ,000-wo rst inenuory backed up h~ severa l Inagnemic shisc packs-

S
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cuts - hi c_ u pa ht he l i t  s t m m m Im Ig 5(30 .001) I ( i— h it sso rds . l ) m g ita l  da t _ i  is I m . I m i s I c I  m e d . l s ~ l l J l [ O l l l o t U sI~ tr o l m i l  ihie

co mmi ht oi te i to this ’ P~~~—’°~ 
yo - l l o - I a i o o l _  I his ’ rate o f ex p l lsu l le o f  t h ic i h l o b I s I d L I _ I l  pat ie n t cs’lls is s l in tr l l l hed b o ~

t hus ’ s ,a I l - m ate  hock. ( ‘oi u i lt i i iC c i l c l l i t t \  im i tIle pul t i t _’lil Ce ll e l a t o l u  uh i 1555 W o o  h 4 b l t  I) A ,oll v e l t e r s . title t i l l

cuic hi def iec i io im i , o \ I s _ h° uml t eru ls ’ ! l s t t u l I i O n IS p5 ’ t to l rmuesh s’i m b i em uuu i t l l i l l a t m c a l l \  o t t  m i la m lu i ah l y h~ slets ’ct l I lg

ttui cks c a t t e r s ’sl e lec t rou lu  f r o o m i t  SiO-t nu u Si fe~’ Is l I u i i l o o I l  um uir ks l o l l  t Ime s h l b i s m m : I t s ’ . R e c is t ra t uo t t i  is (In ii

chui p.hy’chuip basis . I Ito ’ u t t l l m m a i m t - m egu s i ra t io um sys le i l l  utuluis’ s o l Igh tu l I smgmluml — emihua l is - eilieult tec l lmi iq ues t o l

itl mp mo t v e t Ime s m heo sl g ml.m h—io . u l l iSt ’ r u i t mo ) , ifi ut li lu/Cs resist overc \ p l iS U le . ; i \e iae ~’s illui rk ,is ’ l e s t s . operates at

t Ime hi:us ic p u immel m f svh - - s pecob s . :l m io l les h imi res ii l l l l n ml l louulm i t t  co ln poi t er  i l i pu t —l t i m tp om t  ch annel capabil i ty,

speesl . a m lo t ,- ,i btu l c It \

~ mis ’ oi l lie p ml tb leh l ls  observed when W m i u l l l e , comi t i p lex ) . l I t s II5 Il a csIsI ,o~ i I I I lC  is t h at cx pto s ure

— m e qiumr em lu e mi ts  at o h I f l e i c I l I  :ire ums l o t  t h e  puit t er l i  tai l o lO ci , depe miding liii ia! te rm l  ecni l ie t I  ICs amid packmmig

dell s uume s ( Rs’ tememi c es 2s and 31f f .  T h e  m l ua iu u leas o hl is  for thus v , i n i u i t i o u m t  au e thm: ml e x p o o ~ oi re us dome t o t  p ri m m1ar ~
e he5 u ro mm s ill lIe imi s msh c mt t  beuii i i  amId ehe cm rsiu is that are hacksc : i t t s’ ies l fm o tm i i  t I le so ibst rat e .  h o e

H i s  ksc a Im e l  t o t  e t c .  I r o m mus ca l l  s’ m mucrge iuvs’ u a r e h a t l v e l \  hauge le gm oo l l  aum sl s- aim . I li s - l e l o l e .  uut lec t  exposoire areas

sO uO is ’ nt is t ui i ice .00 IS 1 1 0 0 1 1 1  lIle pt t i mu t o t f  h eum un m l te isheu l t .  gmv uutg rus t ’ to i  tIm e el test generall y kn tmwmi as

~)I \ l i I i I t \  c Occ I ’’ -\ Il e l t e s I o s e  ss - a\ of soilving th us prti hhemt i Is to se le , l i s c I s  s~t i \  he scau m uimn g speed if

t hm s ’ I’euuin Io ~~o l L I I i I o  I s’xpoo s o l r e  req U I iCu l le i i t s  DlIlIIl~ vec l I l i - s c ut i l  W r I t e  a co t l l se n lemi t  v ,ay t o  as hjo is i  fo l r

ille s’ \ p m m s l l m s ’ s h o o s : o ’c k tom s _ r ~ t he speed h u t  th is ’  fmIl— im i sc an oif e~m el i of t he bas is p a t t e r m l  e le i t i c mi ts ;  t I tus Is

,hm t iie uilutttimt ~ltucalIs hs :1 e l l i lp i lme n— c o tu imro ) Ih ed shIeIl ~ll cllick,

l i i- h~ 1 . 1 r ulllImIile t n ’r. 5.000 liii , t i e hs h - e t tec t  t r amm sis t o l r  55as fa br icated with lntnimum line w idt h

i t t  l.t) j_ im it :  o o s c l , I I l  leg Is l i J i l i l I l  hemter Illali 0.2s put ss :is ac l lmeved.

IBM . I-lOI’EWELL JUNCTION, ~ .Y. (References 31 and 32)

\ i i  s’lec uu i t mi  o i p u ic ui l  ~s sf e m t i  to r luicro f umb l lca t ing ss t I m miesv i lmm agu t lg umn t det l ec t mo n co mlcepts h a s

t t eo _’ mi o hs ’vclm lh ied I his’ syste m osa s  deveho peol to )  osercolmle t h e  h m m i imt at iomi s of expos u re tmm ii e amid field

0 o s - e l a gc t l iu ut  h a s  been (1( 111151 in c oml Ve mm t monu i l scuuu i uii mig s) s ts ’nis ou s es h for niic roulabrie a t io i l ,  Two new hasuc

C.lt Ii res ii rs’ lm sco l - th is ’ heut mn-s I lap immg co imi ce it ummid uu project mo on hens wit Ii cemi t ma I slet lect out yoke

Rs’ f e t s ’m ic e 3 I t .  A S~l0ii l IC heum mu is umseot im mst e a s t o i f  ii Gaoissia ui ros o imid beuumu In thus system uu ,- l ins emtt uion a l

els ’ c i m o t m l  s t i lun c e i lh l l l l i mml0 l tes a s~lt muurC u lpe l to i re  t h a t  u mcts as zi de lm luig nifi e uimto n object and is project e(3 on
I tI e suibo st t a l C . o mlm llke SI- \ l -t  -c s~ ste ml is where t lie crossover us sleinagnulis’d. TIme approach represent s

colil h) ihied sc.lI i l lmmlg uimi sl p ro uject iomi tec h im l i quies wi th o omt los ing flexi hlhiI~ ill pat termi  gencrat ioun. A comp lex
a nt ot l l l a t i ,  puo u ht e s t u ubt h i /u mf imi m l  m i t et ht oid t lha t  does no it iu i t c rf i mt-e sv mth s sl enm o pe r u it l l t m l  scu m s deve lo ped
I(s’ le re i i ce  32 ) A I - ~~ bo y I .25-pin sq uare spot w a s  uichieve s h SsiI hi a 0 25-pmn edge re s oh om tm on ,

coon i e sp om m m o hhng to t  20 .1(01) lilIes per meld 
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M U L L A R I )  R I - SE ARC h LABORATORIES . E N(; LAN D ( Relerences 33.35)

-\ sO il pu te l  - ci iii i l l )  I led s’ cci m o m t— hoe a iii pat t em mu geuieruu t o ur liii s h eem u developed , pr in ta ri I y ft ur umuas k

thh ricuui l o tmi  - for cii lieu c o ) tmve ui t  o u mm a I phiouto hit hiogra h’huy or, umiore st icci I ca l l s . bum ma king mmiasks for u s e  in

au e lect ro m uu image 1or o ufeci m ot h o~ S te lmi  hevehtupeul m u t h e  sanmie hahoruitories . flue mmi a chmi u ue h as  a focused

be u mmmm wi t h .i muo u immim iu i l  hi , iio ’t e r ot 0,25 pun and is oinuusuu u l in that a t ss oi - s t uu ge beaumi deflection system is

emml 1) lomve d to t  emm u ihi le s-ci~ hmm i c I~ det ad ec h pattern s to lie dm -.twti at h ugh speed All patterns ~i ls’ divided unto)

res-tat igui lar o’lem u ie uut s oup in 3 by ~2 pin. uumii h t h e s e  uure drawiu uut a mm i axi mn m u umi s tepp ing rate of hO

i muega I uert i bs a ii a h i m t m to ) u riot u s  me c ta mig he geiue ra to ) r w h i d  m Itas m m s own S -hit 1)/A ciii) vert ers . deflect ion

uu im mp l ihicr s . u mmu o l coils. 1 lIe rectangul uir elements are filled iii by moviutg t h e  electron heamim imi um decreasing

rec ta imgu hat spiruu h patll. l Ime me cta u ug uu lar e ien ient saie po sit iom ied accurate l y  sv mt h u n  a fumh l  2- by 2-pm field

his- tI le h a u l shef lect iomm ss stei n ( 15-hit  D/A converters). w h ich is addressed shi rect ly hs the co tm np uter.

T he recnumug he gemm crato u fills in t h e  rectam igumlai elements at h i gh speed w i th u  gtiod mesohut iomi hut lu -as

hi ut uu te u l  ruulige . s o u h o u se ami d st uibi h i ly puoblenis are ulol ser i l tu is : t h e  u mm uui mi deflecim o im i s vs iCu lu  is uuc cu m ra tc amid

sta ble bout o lties ii tt mmcccl a ve ry rapiuh iesponmse T Ime beam is uioItot ln a t leumhl ~ re posit moned and refocused

usi umg a ii a r ui ’, oh mnuurk e rs pres le posm tes l on t he ta rget soubst rate. Ant 0 nat ic regist ra t iomi us acco m plish ed

his- o usi m ie a si~ IIui l III hoa s - ksea t t er ed electro ins. Ami u mccour u ucy out 0, 125 pm us um ch ime vest. relative tu tIme amr u m y —
o ut Illau keis , I’; uti ci 15 lu tr gcm thm :uui 2 hiy 2 millimeters caim he hsui lt ump. Bout the major himitatiot i of t h e

u u i u m c h m u m ie is u h a t  t lie :mu r ui ~ ot t  mmi uur kers neeslesh for beam registratiom i atud focomsung must provide

i i i t s ’ l i l i p t i o i m i  f o u r  t ime laige r pu itterm i , as spaces mmmu i st lie heft hor nmore m arkers . A sophisticated m ac h ine

presc iut t ) omm i dem co i m isuule r : i t i t im m iii ss h nchm t Ins h i mii i m uu t io m n is rs ’mt moveo l , T h e  utcw tmiachi ne will have a laser

iumt em fs’ iom iieier In meumsm ure t h e  polsut iot i  of tIme su mh s tr u t t c  to umn accurac y ( I f  ~l). 2 put so t hat large patterns

w ilt be uibte to i  ‘c homilt up ssitl io ) Imt it le ouse of c lost ’Is s t oa t -e d mnar ls t-rs . W It h t h e  cu rrent s~ st emll. a

mm mcc lm uu tm ic a l siage four t lie s iu hstrate em mab les a 50— b~ 50.umii hhitneter ar i a s of ~~ tern s to ) he humi lt up. A

c itm iu plete muisk c o m i t au m l u m mg detai ls as smnah l as 1.0 pin takes I to 3 liouurs to draw.

TEXAS INSTRUMENTS , DALLAS (References 36 and 37 )

1 - m u l l y  sih l l l p l ut er ’ s - t t h m t m o m l l e d  e l ectmo imi—heum mi i  pa t te rn  gener atom s w i t h  a wiu le field electron—o ptical

o tet iec lu l i l l  s \s Ie I mi  unldl l t i I l~ .iumt ui rm ia te c h pattern reg ist ru mt io ui system li h ave beem i o t s ’vo ’hoiped. The scan area is

up m it  3 mmi i h l i l m me ters s o f l i a l e :  spout di a mmueter is v u mm iuu h le f iomii 0.1 to 2.1) pill : puittert i  disto rtiomi is 1.0 pm
t t v e r  um 0 2 5-h m l t lh imn et e r - s qomuu m -e I icld. Pattern reg istrat ion accurac y is ° 0.2 pin . au t h  x-y table movemetit is

iui c tu ~s f 7(t .2 mm i m lhm n , s ’ ters ) .  A s bo o m hol e ’ s l ef lectm i t u i  s y s t e m  was ohesi cui e s t h~ coum ll puuting elect roin
I m u m f ( ’c I lt I Ies i luroou g hi t Ime f i s ’kh of t ime ds’tlectio mi coils Recta miguht m suuo toh le-sh a ped coils were chiosemi since

Ite f id ol d ms t tu r t i tm i i  co n ihol he ~.isi l oteterr um imi ed int l tIme c o o l s  co uo ils h lie tu i hi m ic u mmed wi thm uu hug h uleglee of
,l~ , Il l , i cS  Aut nmmiuu tmc ) u i t ie rm l  reg i s t ma tm ou mm Is acco utm ip h is hmed by scu i~~m ummm g lIme e lect ro m l b ea m um c r i b s s referem ice
uum ~ir ks o uu m t Ime s uh uco i mie wu l te l  . uhetect  lug ansI um nnp h i tov i i i n  t Ime seco iml dar y amid hacksc at iered e lectro im m s wit Ii
vu deut _ u imi phu t i er , uum id ~ oc essi l l  t h u s  s i de l l  s IgIlu i l in ol c i er i mmimie  tIle courre ct pt is it iout i fo r t h e  suhseq uientl~

i i )
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ex pots s’d puuti enum . Mucmo t ~~uive ur a uus is to i i s  we ue lubricated wit h a mm iiiui um iu mtm line widt h u mf 0.5 pnt

THOMSON . C.S.F .. FRANCE (Refe re nces 20 and 38)

-‘ co um n pu t e r- ct tm it  u u llesh elect roni— hcau uu pattern gemierator has been developed to ) produce 2-inc h
S(t 5- u mi i hhumne te r ) nuuu sk s or ili s’xpoise I- oat terns w ith 0 h-pm accuracy directly itm i a silicone water .  During

i lls ’ s’ \ f t o us(uu e a t :i f t l~- so u ppoirm im u g t h e  so ib strate IS miiouved Fabis ’ mimo t iim u i is g uvertued b~ the automatic

~~ s utioui i iu ig c o m m i t  mo th  uuccoir duuig iou a m mi o o venie m u t  programi l specified by a Varia n (i20/I comp oiter. Table

Ixt sm i ilium is mmme u m so m rest iou a precusiom i ol 004 p in by two ) lase r umiterteron iet e rs : i lie table is mnouved by two

s i eppiuig uiio tt ill’, limit i I t hue oh f f e n t ’uice lid ween t hue im ueasured posit ioimm amid tIme posit iouii spec tied by m lie

cuu mil po uter is less t h mam u 5 pmii Once mIte motors stop. the heamim is t i l ted b~ po us utio un co irrec tio iu coils by ati

uuu imo o ii u i eqi iu il to t hue remm lai n ing erroir , T he  exposuire us don e by writing ele iiiemmtary sha pes : rectang les ,

ta a l Ielogrui m mms , a mis h II iamig hes , u mum iI all tIme pat tern is writ ten , 1’Iue a hi gnmneuit is dome by o)hserving the two

a lign mmmemu m immarks Illadhe doiring t h e  previouus expo so mre . boy ous liug I he s’o s t e u n  :15 a co nvemit uona h SliM. An

lu pem a tutu ofet ernulines t hue co ord imuates oif I he h arks am id enters t h is chat a lilt o tIme eomiuputer . Omil) two

immar ks are required tom align t Ime entire water.

RADIANT ENERGY SYSTEMS , NEWBURY PARK , CAL I F. ( References 39 and 40)

-\ c i tmmmp ouie n ’ c oi mmt oiled elect ron heauii sca uit uimig system tl) r generating miiask patterns h ums been
Jes igmue s h TIme Syst em l l euimi him ’ use d to generate hot Ii hu ug hu— rc sol u mt iou ch rom ium uiiasks tou commvet ltio )nah

pmo mcc s si m lg um I li l el e ctr o um i mmiasks used in eleetro in projection systems. This syste ni uses a field emiss moun
e lect n un  so uo mrc c r a t h e r  t hiati a tuulgsten mhiermiom iic emit ter or LtB~0 cat lioide, A (‘oates and Welter field

e l m l m s s u l ) I I  g n u  was m odified for use iii t h e  syste iti T he spot st ie us 0.25 pmii . ami d the scan Ilehd area is

ie humm cclv huurge , 5 by 5 uuu i lh i iu ueters. Fmu r t h i s  scami area , t h e  work imig distance required for a field emission

s~ st e mmi is tun Is uu bto ui mt bO O u iiih h imn et ers dome to ) t h e  smaller working apert tire umsed Field emission cathodes

h ave imm tnht ms i e : i I ls  very high boni ghtmie ss levels wit h very long liletumiies (better t h a n  LaB6). T h e  field

Ci it issli II 5% stcm im cami scami larger areu us wit h ioum i appreciable delcucusimig. T he primary limitation in

tim ummm iin g hum rgo ’ heumm si cur remi t s wit Ii field emissitiul cat bodes us e niss nun instabilitie s . The lleld emnission
sys m s ’ l l m reu~iiures tb ur u mmi cu lre mm iaglieii c lenses . and t h ierefoure ohetlectu o um suit ing t mimes are an order of
lu m u ig mi ut is le histc r t h m uut m w i t  lu h :uh3 (~ cai ho des. T h e  field em il issio u n s y s m e l m i  is Ii ster esus - t ree and requires no
dytia ole f o i cu usm ng l o s -er large scu im i t lehsls . Sitigle deflect 11)11 coO ls iii t lie h eld Ciiiissio)fl system reduce the
shesmgmm cot u ust raimis re q mmmreu l to t  ac h ieve aberration-free de fl ecm momi over large scu m amìgles. The exposure and
ie g istr : ut io i m us u lt u m u e oum a chu mp ’ h y’cliip basis t isimi g au x-y mabt e t h mat cami tm bowe imi S’ni ihlimne tc r segmemims

t o s s - i a 3— his 3 —un c b u (7(t .2 . m t mi lhm m n ete r )  mnask.

~
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BELL-NORTHER N RESEARCH . OTFOWA ( Refere n ce 4 1 )

‘5 s % s t d i l i  i m s u m m g aim -\ sh suimuc e s h Metals Rescai c hu °)U() SI NI uun o h a Num s I du l l  I)ata 512  c- ou m im l)uiuei Iuuis

beeul olevehoped I’at te l  mi s are g e m ueratesh u i t ilui ing a m a t  mix oif 4,O°)( h~ 4 .0°)6 ra midonih y addressa ble data

1~~m i u i t s  flue s ys temm m h uts heemm designed to patc h toget her larger cir cuit pat hermis by break umig t hem up into

severa l soihlields They . t :  e t h ue m m exposed separat ely oi s uu ug uuie chm a m u u c a l stage mt mot l o im to repousit n un tIme

subtiefds. TIme suum mue imie ch u auuu ca l si ulgc is hused him the step-and-I epca t ouper a t kui u ouf tIme comp lete pattern

arr :my ouve r .u 3- Ii) 3-u m u c h u (76 2— m m i i h hi umi e ter ) area. A lumser imite nfeni umneter is used to) determine the exact

locuu i mo tmu iii I lie stu ige Feedback f r u m n  I lie itite nlero ibiete r is uused io u eour mipe misate for posit monal stage

c’ m m i l l s , i hu ims ensuu m iumg hue courrect ui h ig u m meuut of nmuusk levels uuiid tIme s oumu t iii Liii y of ligu res broken up during

t his ’ puiic- t u m i u g ouperat ion. Ihie syste m was desigimed pr it mia rul~ toir umiask generatuo im. Pattern int’ornsat i mn is

st o med mum t lie c m uu m it o utc m itt em nis of simmip le geuuiuetn mcah t igt mres , such uus squares . rectangles, quadrilaterals .

I riatug les . c inc hes . ami d rummg s

WESTINGHOUSE RE SEARCH LABORATOR IES . PITTSBURGH ( Reference 42)

-\ t i u m im e n mi gemucrat iur t huuu t ssuls s levelopesh co i t l s i s ts  of a t i u i r l s  commmve n tm i mmi u m l SI NI adapted fo r digital

s- t iu mtrmub flie p uu tte ! mt ge iie ruutol miiu uy hoe used eit her loi n exp os imug pattermus lo in pro mo utvpc devices directl y

oui I lie device suuhst ru ite . or f o) r mnakit ig e leetro im i masks for uin e leetromi -p roujec m mot h sys met ib The system uses

a 4.0°)b by 4.0% adotiess field uiieuustmri ng 2 by 2 uiiilliuncters, Registration us obtained ihrouglm an

ah i gmi mm u emmt prouceduu re that ul ihui es SliM viewing of sumi a hh crouss ’shaped ahi gm umm ient m a r ks ho haced ahom ig the

f o umm r  edges ill t h e  ex posomrc t uehuh .

JAPAN ELECTRON OPTIC LABORATORY . JAPAN (References 14 and 15 )

Fl us lahou ai oil was title Ot f t lie t i rst t h a t  publish ed uu report a boott tIme devclopmcuuu t !  a

co s m ui po utci -cont rolled chect rous-hea nit exposure syste m fuir miucrot ’abntcati oin use . TIme umptunum scans-field

uurc .u un t h u s  sy s temmm is 2 by 2 mm u i lh inietcrs. To expose lum rger areas , a step—and-rep eat method us umsed m i

wh ich um n iechm am ui c :mh sh ift ou f  t Ime substrate is used. Pat ter n  poisulu ot iit ig us dumu ie autm ’inatuca hl y with flue
ct l l mi p lu t cr i I mu u i is incl luded in the system. hmito rut iu m i ioum l conveyed b~ huuckscatte led electrons froim the

wuu hem s ti r u uice is outih i ,ed ui~ a signal to  detect m lie wa fer houcus and u mom t on ma ticu u l l y correct amiy x and y

directional and ro utati o unua l err i l l  s .

( ; ENERAL RES EARCH LABORATORY . JAPAN (References 43 and 44)

I huc e e c  Ill tI w a iii ss St s ir i  she ve ht tiled bi~ t hums ha huira t t ury is comulput er -cc)mi t rolled. Fleet rotunagnet mc

l~’imses It i c l l s  t i c ’ l ie u iuui i i u t o t  ui s pi l t  su nmu il l er  t h a n  0. 1 pm in d i a m e t e r ,  over a scanniti g area 300 pun Sdhuuure.

1?
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I lie ehe c tno uu m beammu us de ih~s ie d iii t s s i i  s c a u m u u m u i g  uu u t md es  .u m~msi e i  i m uito he osesh uus an SliM, amid a ramidonu

1xm si t um u iui ng mode musc ’ol as ,i i, mt i e r m m rc ’ m m e m u u t i o l  m bu . t l is cotm imie ste d to a o h i g ut a l  cou mipu usn.

( ‘AMBR I I )G E S( ’I I NT IFIC INSTRUMENT COMPANY. E NGLAN I ) ( References 45 and
46)

This sv s te muu Is um c iummbp u t eu—c otu i t  rolled etes - i m o t m i  his-ui mim u mmu i c hum nue aumtom iua te d for fabr icat imig

nmme uou cir cui ts TIme pattern stoured mm i t h e  cuurm puier us shusi de d i um to uec ma ng les. TIme electroun beam scans

omi hy w here  exposure is needeth. ihie basic pattern ) is d etuuue u h hs um I 2’hit matrix. I f  the p a t te rn  requires a
h mi gluer reso luit io iuu t h a n  cuori he uuch iecect wit h a s im igte 1 2-hit niuitrix field, t ime pattern can he generated as
a eoiiiiposuie Ut su hf mehd s . euuch defimued by a I 2.biit m m ba t ni x.  liadi courn phete field is assesseol by a
mimec l ma nu ical work stage move m mien t . w h ich ah lo ws t ime pattermus ho he repeated over t h e  entire substrate. In

um uecent couui pailv cata loug (Referenice 46), Iwo systems uund t h eir miiain f~ uutur es are described, One

svsteu n is a neseaie hi-orien ted umiachine with uu work stage mibo vem imeu it of 75 by 75 millimeters amid manual

registration. The other system is for tiiaiiufuuctunmmig Iuigh- resolumt iom miiask plates amid for direct t’ahricat ion
%vm h Ii ui interfero in ietc r- comutrouhhed so ~ur kumge ra mige m uf 100 by 100 in ih him mi eter o . A sv s tenm u ouf the later type

was ho ught by Rockwell International, Calif.

ETEC COMPANY , HAYWARD . CAL IF . (Refer ences 47 and 4S)

A co umuputer - commt roilled electro imi heanmi ulh mc rof abr lcuutio in syste m was designed spec iticalh~ fou m

res earch and dcvclo puiicmmt pum r poses. The system is capable of generating tlmie resolution patterns direct I~
o u u i sihi coim me walers or genemat inig chrome masks on I OX reticles. The approac h adopted in this ss stem is

o um i c using ~u series o uf hum il di m ig blocks in the form oif the re quired modules, Time travel range o uf the work
t umble  is 50 by 50 mn il him imeters : it is col m btrohhcd by a laser in t erfcroiui ieter. T he reg is t rati o) mm accuracy is 0.1
pmim , wi th  el ectro unic uu hi gnunmei it lo uu lioluciary miiark -Spout diameter oif mIme elect ron beam is 0.25 pm, wut h
an e~ posune speed tO 20 ineguuhiert i (Referenice 30). T h e  cot nipammy o ) f t C r S  arm chectro un beani exposure
sys te nm sinmila r too t h a t  mnem i tmo u mied in t lie discussion of tIme Bell Teheplioine L .uuhoratonics,

CA MBRIDG E UNIVERSITY , ENGLAND (Refe rences 49-53)

A dig i t a l pat t e n t h  gemierato ur  (David Mann Co. pattern generator) so-um s citu p heoh i n aim e l ec t n i t I prtuhe
must ruu n emmt umno l used to ) fabr icate suhumiierom eter structures oni a silicone wa Iei - T h e  pat t e r n  g c ne ra t o m r  ti as

a working Odd ouf I .024 by I .024 pomints. Pam m er m is detined wit h i  I liese h imi im m s are olivided ut i t t i  sm all

rccta u igu lan ele uiuents . t hue ct t o rdit iaies of which are pummc hied oubto paper tahoe. Thi~se deve loup appropr iate
sc uumuiui l lu wu ise fourmums t I m u ui cont ro i l the det lectiomi of the e lectromi probe iou cx poise the resist wit It the

1 ~
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des uied pat m et m is l iii’ pem t o u u m i i a i i c e  o t t  t his’ es houipmiieui t emua hil es h u e  w ich t his o i l  (1.3 pnm i t t  lie oh eh mmu c d o i sei a

O h  Iiy (t l —I mt illl mm ieiei field , oum h u e  ~ ich this of t) (u pmim 1 1 5 c m  ui 0.2 — It) 0.2—umi ihh m imt e iem . l’bIs’ ues o u h imti t m mi
w i tf u i tu t htese fis’lohs is h m u m m m t c ’of by time h i ummterm l gc’ui er ui toun. Ilol wc ’vem , a sui bs ioI i u iu~ oh e f ls ’cl m mii s v s i e u m m wums useol

lou umucls ’.isc this ’ t o t _ il u u meuu c i o~~ ted by t h e  elc’ct r is -a h dhefld ’s- t u i ) m i  of t his ’ ehe~- m to im i  bo le h1 ,m f u i c t o t r  o t t  hO,
Ahi guu u t m emmi is p e r h o mn m u m c ’,I wi t h time aid out  speciall y olcti uued miuarks iii unumseo l u ime as out tIme working held.

Flue elect i oumu prou hie us sc o munmeol  uver uu m iiumrk , ummid i ts posit momu us de tectc h boy t ieamms oil secitndary electrons.

A hig u imi memit mi u um c cuu r . uc ie s were tot ou m m d iou be less t l la l i  0,2 pin
Nixouii amid Owe m ( Rc ter e umc es 51 -53 )  deve houpec l a low-aherruim ioti mi laguletic deflection syste m t h a t

ena bled h u e  wo urk imi g f i eld to i  be imicreased, A p ust-len s s ium g ie .def bs ’ c t io mm s y s tem u m was used imistead of a

pre’Ietus do iimhle-det lectmo ii sy stem usomally used in a co i m ive i mti o um iah probe - f o mrm im iu ig sysuemi l The desugm i
hmhimlos o t p huy uudopteoh wums t oi  chmo dlse ul co )uh geometry that gives extremely sm all v u ihues of the uuicorrcct ive

at te rna t lo o m c i t e f  I u c m e m u t s  ( a mims i ttro ip ic astugu b iati smn antI c ru mima ), It is t lueui omi ly t iecessary to correct

dy mu uu mm u mcum l h s to t r  field c u r s - a t  t ime (isotropic ashiguiiai ismn was Iouuu uic h to ) he uiegti gihOe I A cou mbined electu ucal
u mmu d uime chi am m mcuu l  mm io ’ th i ~t~t w ums umsech to ) um ligmi t h e  de h lectim in coil A better  pentt i iu im a m ice was s lmowm i ~ itIu t Ime

mew i’ 
~~~ 

out ol e f lc c i io t u i  s’,s i  s i l l .

UNIVERSITY OF ( ‘ALJFORNIA . BERKELEY ( Reference 54)

-‘5m u SFM so ums um i te l  t umcc ’ h  w i t h  au IBM 1 500 co u un po iter t l t romu c im ui ie u i i i i te-umcc s’ss mer m iuiah. T h e

is ’ rm ulu m t uu t camu be uuse s h i o u  e um h l pnog rauims store d ott ui disc - ti le in time coun ipumer . tmu c hamm ge a u expe niunemita l

~~ 
uuu iieie r uis um series olt  cx per i l miem it s pmo ugrcsses . uimic h to ver i ty - chuamt ges vium a mnessuigs’ CR’!’. TIme sy stem is

cum 1ia ht hs’ oil iim llcs ’ ssmmi f lum luige s pmodomcesh by tIme SliM ums well as direct l y recording and processiuig
qui ummm u mtu uu i vc  sou t id - si um ic cx pe rm mn eu it s . Tot expose a resist pattern. the operator mounts the samp le in the
SI-NI f o t c mm ~cs t h e  hcammi , umm id ! ulbeaso mres t h e  beamii cumrne mu t and voltage . These amid other measured or

s~o e c mf ied p ara immete rs  are eni ered intou the counpu iten . which themi shisp ha~ s thue data out i the (RT foir
Vc’ri t icu it m m m i i

CORNELL UNIVERSITY . ITHACA , N.Y. ( Refe rence 55)

A Iot w -eo ts m , hu ig l i - 1ie rfo unu iiutn ce . dmgm tu th ly driv emi SliM sy stem wums developed. The low cost of ’ t h e
5) steu t u w uus aehu ieves h hiy uhesmgti uiug t lie s hi g m tah -d ny c miiec hmam iisu mi uuno ium id uu pnogramii miiablc desk calculator
wi i ht ex pum u ided c- asset Ic tin disc it mc m not ry - Imi this systeuli um hybrid A - I) te chuim qo ue is useol to gemieru uue li imes.
l - mm uh . 1 io u un m o la tum to t r  lines us specufied dugti a ll y~ a co tm i t i ilmmoi us h u e  is gc’nerate &h between the end PoinitS at uu
ci o m ms tu u mm i  wri luig s peeul . 1cm uuddmt h u m  lou lines uuf rcc mu t mmgu l ar geolliet ~y, circles , tn iuuimg bes . and ot her shapes

c u it u u ml s i m be iue nerated . I3etweem i t h e  calcoula t our umuid i ts peri ph eral units amid mIte SliM were added several
t im g m c li . u o t w a r e  o u m u m m s  cmmmis i s tm ub g  o t f  a vect  on gemberator logic interhuce. sto urage ommi m m . and t h e  area fill—in
tue it o’ ra t o  in

‘4
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ELECTRON IMAGING SYSTEMS

‘5 scu uii m ui mu g e lect ro mu hieu uu im ex posoire sysue mim is vuiluable for fa bricating m asks arid developing
1umou ioi ~ PC curcomm m s . lout s u umce ii is s eq ue mmii a l in opera i momi . mt is too slow to be of value for the production
s’x po s umre of t Ime devuec s themnschves. In t h e  production part , it is effl c iemut to ) use ami electron-beam

eX~)ots u iie ss- ct em n t hiu mi mmiv ol ves electr o n iuii-aging ratlue r tima n scanning Most of ’ time electrom i image

proulec umoin syste t mis t h at humve been developed are imaged to form simultaneousl y a complete pattern oven
t h e  cu it ine w at cn Omie type of projectioum syste umi uses masks coated wit h photoicat huode material

(ge ime rat ed by a scanning syste mbi ), Ultraviolet liglut illuminates t u e  photocathode layer in the transport
reg ioru s 0)1 t Ime m ask , causing uu patterned emissiomi o )f electrons f ’r onu the photocathode. These electrons
uure imaged (one-to-one imnmag imig) by umuntorni coaxial e lectrostatic amid nnagnetic fields onto the facing
resist-coated s o ih ost rate. A secom id type of projection system involves t he use of a focused beam that is
caused to pass t iu roug ht a t na i msm is sio ul m ask so as to  create a demaguiifled image of ’ the mask on the
subst rate . A step-and-repeat ehe c iro u mu projcctioimm system has been developed utilizing this method of
operumt iou im , A ll types oil projection systems miientioned above are tui midamental ly capable oil submicromnemer
reso ulutiom i over t ime full wafe r areu u . llo)wever, nonuniforni hields . imper fect substrate hlatness , and field
ah i g ui tm ient erroirs cam ) cause poor resolution and nonreproduicible distortion ( References 56-58),

Iii the one-to- o ne immiag inug systemm i s photocathodes made oil palladium (Pd) or cesium ioidide (CsI I
umr e sio tw ly co m ntau sui na t ed ut mic h nmust he renewed after appro uximate hv 30 to ) 100 exposures.

Reahigumm ciut i_s difficult in these systems because the secondary electrons use d in a scanning-beam
SV St s ’ imi tune tra phled by t ime  h igh electric amid mila~ 1et ic Ilelds . and so no)ne escape to a detector;
f louoresce uiee cam u m m out lie used because of ’ time high level of ultraviolet light. Solutions to these problems
will lie dcsci ibed later

Time paragrap hs t h a t  hollow constitute a review of ihue electron imaglmbg systenis that have been
rc p o u r ted.

WESTINGHOUSE RESEARCH LABORATORIES , PITTSBURGH ( References 43 , 59.
and 60)

A ottie .t O-ot f l C electron i m aging system was f ’i rst developed at these laboratories. The system is

hiumsed oun the electron image’tube princip le, t he t ribe itself being extreunely simple. Photoelectrons
emu u i m t e d by ultraviolet excitatuo m at t h e  photocat hode are accelerated to tIme anode by a 10.000-V/em
electric field, At the autode t h ey  are brought into) focums by an uxia l miluignetic field of approximately
I .000 gauss T Ime patiermu pnoijected exists in com itaci wit h a phoittiemissiv e layer and us much like a

c mui ivem m t i o uu u a l  phim utonmask , T Ime reso ol u iu un attainable in the magnetica lty focused image is high. due to the
large rat m o m between m lie fummal amid im imt i ah  energ ie s oif mIme elect romis crossing from cathode to anode. The
c t t mm i h nu ma i umt n m ouf a hu w-press ii re mercury lamp uht rzmvio let source (2536 A) . ui Pd photocathode , and
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It) ,t )O() ‘~o m hts u m c u o l s s  th is ’ I 0 — u u lh mm mi et o ’ m u uuuom o h e—io t —c umt hu o u ohe ~u mp _ um o tvm o ts ’s . u s u m h i m m m u c m o t m m m e t e m  m o s o j i umi u ou mm

O u m h ) a h ) ih im y u mum d a ot e pt ht  o t t  f ie ld oil ’ bet m eu t h uamu I OU pmmu h u e  eho’ c t i t i des a ic ’ itt) umui t hu m mu ct eu s  mum ohua mmus ’ ts ’n . —

- 
, u mim o t ht y su itable s l iump imig oil the ed ges i t t  t ime s’les ’t n oo s he , m Ime e l ect rms t me hs l camu lie ni a m m itu u mmi ed soil f i c ic ’ iui !y

mimmi fom u mm ouu i t  t o t  St.) m uiu h h im m m em e r s iii s h i a m u m e t e m .

1 lie ui~ mu i h mm i a gu uet c h eld us pmotvmo led liv um s u i l emiotmut coummsmstm u ig of t h ree ui udepe u m te u i thv htOltt s’ i s’dI co um ls
(‘ mum rc’ m u ts  t o m t Ime coui hs mu lie co u mituoul l ed iii soi c h i a way ums tot  on mem ut ad i u i smmi me m u m o t t  time image while

mutu iu iu t u m i t i mmig toucoms : m ito t u immu ~ mm iumgm i itis - u u tu o s m u .  Si m ple defies ’t iou m u co ils, pruuviding omuliforni iram isverse

mmi.ig mue m ic f m s ’hds _ a l ho mss mIme j u i is itu oii oil t ime iui muuge to he u ms h i mm st e s l o 0 5 5 1  uu com isideru ih he ramu ge wit hi mm o loss omf

t tu cu is t in t Ime m t i imoid u c - t moi i  ot l  any appreciable d isto ) rt iouu. All elemmienis mm tIme sv sicm n, unichudung time

ti h u t miotcu i t  ium mde simm tuoce , :mnc uui n- sta hhe sou t h a t  the t ribe caui he repeatedly oupem ied for hoadimig and unloadumug
t h e  suih s m ru ui e.

the opuucluc parts of time mmmu msk umre ot ’ t ilaniuumil dio xidc ( 1  iO-o f wh ich us fo rmiie d by oxmdamion o t t  a

t i u m m u  aver o t t  t mt u uumimi mm i  umietui l evapoirated u n t o  a qumu m rt/. glumss. 1 lie pau le rmm us delined by a scan imimug
e lect mimi hieamim e x po tsu l u  e sy~t emmm ( Refe rem ice 46) : thieui a I’d layer is evum poina m esh ouver tIme nmask. Because i>l

mIme muam mire ott ’ t ime cumt imode sem u sutu s it  e f fect ,  it us umece ss ary to rep lace rite Pd layer af ter  approximately
ccc i )  40 ex pol su mme s , Bom i the tec hmum is l ue hoeing ouseol io i fabrica ic t h e  mnumsk a hhum ws tIme Pd haven to he
iem uu ouve d h~ e me hiu mu g a mush rep luiced by ev aporatmi l m u w iiimo imt a f fec t i ng  tIme pc-nmn uu iem it. ha rd . ete hm’ res is mant
1 iO~ puui ferm i . lii t mis se im se I lie mask i tse l f  hiuis deflniite life. Most oil t h e  ex pemise of the cathode-mask us
mum vo’s tes t mu t lie pu t tc’ nil gene nui t ioumi ste p co u mmseq rue m i t ly . re mie wa I of ’ t Ime pItt i t o  lcuo t humide involves on l~ m lie
ie l a tm ve l y  im icx h’ cmi s use resle po us uu momi o t t  t I me hi hi ( ut o ueu ii ussi s -e lum ~ er i tself

Au olu i i t i i i t i i i c  umfugm t mmmemm i co u m i t n iu l . iii w h ich aim e l ec imo i m —h eu uut u—ii idu icco i s- i tmmduct iv i t y  des - ice sign al mum a
55’ lV i l  Imuo i l i s’ I f e c is  uiiu m otm i i z t t i c  ei l r re cti ium i oil imm iage pos i tmo t mm . rot at io m n umnc h s cale , was devekuped for t h e
s ss l e u m m.  I hue pu umi c i plc’ of t Ime uu hi g u tu muent unet hioid us ums f oull o ws flue cu u t lm os le pattermi contu mins two )

ui hueum m ui e i u t  i i iu u rks umi t h e  t ip~iotsi me em ids ott a wu i fer  o h iamiie m e r . so t hm u u t t ime beamii e mm iu im la tim lg from these marks
us f i t c o m ’ es h oumi the wafe r  uue ur i ts perup hiemy. Out t h e  wu ufcr t h e r e  are two ) eorrespomidim g beam detectors

t liuui u s ’ sieps mit t Ime mou t hs ’ pro mdu ic -es h by the ummur ui m a l pl ummmar pr ocess . A m netu u l pad over suc h a step foirnis a
uumi ’ta h ’ o t ~ m o le s em i iuco uu udimct t in —i y po’ summ idwic l i soi t h m u it i t  uu hiuus is applied. e urrc im m sou ll  f low in t h e  circuit due
t o t  cm tu ioloic t mvii m u mdm m ce s h mu I lie o ix iole h time elect ro um i bcamii , When t lie heuumii is posit ioined omi a region of
itmum u mue r  o m x i he . t Ime cu m i r emmt  increuuses , Qu ite small c h ia mu g e s in ox ide ti uickmi es s co uul he detec ted in this way

[ h o ’ ui h u g m u mm i e m mu t u mm i e us s h u o m m t  cmumn pumred t u t  tIme ex ho oi s urc t i o m u e .  Th is us ami advuumimage . simice not shading of
i Its’ h t m l  i ermm ui euu out t ime sui t hu ouuhe In oim mi mIte omit I ums th e m light mu eech lie imicon poiruiteuh shoiring the ahi gmi miieni -

I us’ w hu othe c ,ut hmm io le a neuu us m lh tm ui mumiumieuh h u mtt ruuvm olei ti gh t  . umm ish iht c sm all tnt egrated amnouunt oil elect rmi m u
in mum o hm um t mou m i i t t  t lie m esu St ou mi t lie mmiu m iii a ca of t lie wuu f~ r t h o m mim i g m hue uu hi gmm mcmi m ii miie does not cause arm y

signif lc, u i i t  o ’ \ I o i l s t rs’ o u t  mite resist imi uuuiw aumi e d uureu us

M U L L A R I )  RESEARCH LABORATORIES , ENGLAN D ( References 61 and 62)

‘5 uu s h e .  i r iom i  mu uta g e i l l o j e c t o i r  cat iuuhle oIl re pro ohm ucm it g pui t te l l is  w i t h  O5.pni geomu emr o l s e m  a

5 ( t —umm u lh m ui ieter ~h i o ’ h u m s  ht’~ii developed. 

~~~~ ~~~~~~~~~~ . ~~~~~~~~~~~~~~~~ 
_
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Iliene u m re t h r e e  d cve ho u p mmiemi i s  ii i thus pu mn t i com l u m n s y s t e m u m .  I I ) t h e  otesmgn of a hu mg iu .huu m iu it gem meit
• uuu u - c o u u e u mia gm iet t h uu ui umiakc -s access to m the wo urk i um g um nea eas y , ( 2 )  t h e  (s I  I ihmo to )cat houde , w im icti suuim h ) h mfi es

o u pe mat moum i auud resh rmces cycle m i m e to less t h iam m 3 utm i m u o u te s:  amid I 1 t h e  \ ray ah ugmunnent imiethiod ( Fa~
• Relercu uce (u3), w h ich h a s  hecum imnproved by time muse of soi h id-stumme de tectours and um umew nmmethod of signal

extraction
(‘sI photoeathodes with a unereury (Hg) h u e  oul I ~4°) A h ave heemi fomu nd iou be superior in most

res h~~c ts  to  Pd p hioto oea t h i o dcs wit h aim Hg tune of 2536 A. Fhu ev are s’asier to  lubricate and rem miove titan
(sI cat hioudes : tIme euuergy oil the euiiihted elect ro m is is lower, smu h uu g lmer meso -u lut ioumu can lie ach ieved; current

stability - is h ig he r :  vac o t um ni eoin h ittomt m s required are mu uild : amid this’ uto m nuher muf  expomsures per CsI layer is

large r tha mu wut l m PI cathode s , The main disadvantage of (s l  is t h at it is ver y hiygrouscopic. and the

structure oil a phiot toca th iode layer is spoiled by exposure to )  air with a Imummmidi iy great er th an about ôO’4 -

i lotwever , t h u s  disadvantage is ubiore thiami outweighed by t u e  stabi lity iuf emission and time simplicity of
preparation and remo)Vai ,

Time princip le oil s ouft  X-ray ahugninie umt us as ftuhlows , A mnuurker is defined oun a tm Sm slice by some

hieavs muicial . usually tam ut um l ummmi (Ta) - On each miiask l ucre is ani ah ignummemit umrea wit hi the same pattern.
Dorm uig t h e  ah ug nm m iemil se quemice . t ime ele ctromms f’roumi t ime marker uurea ott t h e  umiask str ike the marker areum

on t ime slice. If time two )  pammermis are uiiisahiguiesl, soumbe oil time electrouns will str ike mite h eavy metal, and

t his’ X- rui v sigmuzul t h a t  us e u mim t ted will be at a mnaxium i um mi , Tou im improve time sm g m ia l .to — no ise rat io ) , a

pimase-s s ’ mis mt ice deteetionu m m ict h uomd is used. Autoiniatie a l ig mm m nent is carried out by electronics , This method
oi l X ’ m .u y ahi gui mmietmi perui) ifs ilume umnd coarse m arkers to be used So t h a t  optical preahignment us
Iii) muec es sa ry -

THOMSO N . C, S. F., FRANCE ( Reference 63)

Atu e lect n oumu pro ) iect ioum u systeu ui has been deve loiped where a focusing magnetic field has a
ht iu i mmog en iei iv oi l b e t t e r  I luanm 1(Y 4 over a 2- m uch (S0.8-uiiilhimeter) diameter. Ahignunent is acimieved h
mmiec hat u ica lhy dusp lae iuig time umiast e r mimask relative to time wu uter . t hi roi oug hi time use ot piezoeleetrie
i n a m m s d o m c e u s . ihmese act mu t h ree directions to ) provide x, y. ami d 0 corrections. The alignment signal is an

X -r um y signal proolticeo l f m imi m a permnanemi i ahi gnmctii m ark made oil Ta02 depousited oin the wafer. The

X’ruuy signal is detected I imro uoi g h thue 200. to 25 0-p mm t- t hum ck wafe r wit h a gas.f low proportional counter. A
st u i mi dum rd nu clea r m n s trom i um e m m t c h m aim m proivides a digita l amid analog disp lay oif tIme detector signal. An

I gum mmien t u m ss ii rum cy ii 1 0,2 pmui c a m  be ohm aim icd,

RA D IANT ENERGY SYSTEMS , NEWBURY PARK . CALIF. (References 40 and 64)

I it i s sv si em u m m use s ,m Pd ph iotto cu ut hm uude. The sysie mmi . in pniticip le . is s im nu iha r tou t ime system im s mncuit ioned
, u h miv s ’ , h u t  i hu e , m h u guu u mms ’ mu l procedu re is d i t fere m it .  Two holes in time wafer . each 250 pm in diamiieter . are

1 /
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u s ed uus u mmu u m k ems . I h ess’ huou les u hetect t h e  pr u mmi a m y h eum umu cumn u e mut  t h i. m i meuuc h me s tIme reuur side tu t this ’ w ats ’n

tro ummu ui lig m u umme uii u t ium r ks mum i lie pht & utoucu u t h mo ide . l Im e uuhi gmu mmu en t is sii o hs ’sm gn ueo t t I mum i it pr omohuc s’s m I me m iia xun m muumm

ammip lu i ruols ’ stgm i uul wits — mu it is ss ’mii ered about t h e  wumf e m hio u les o t u i m p r mmem co u im rutl hs ’d scamu pat ierm i first

fouc u mues t ime hioilcs :uuisl t lieu scatis successively s imua ller pat ter u bs , rec uu l ct ul ummiu mg tIme cemmier eac h t munc um im m l ami

op t i mmumu mu u uh ug uu u u m o’mit us , u ttu iu mied , total ahi gnniemit tiniie us appro )xm itua ie l) I seco u mid : thus ’ sy ste m detects amud

corre ct s ti hignimeimt ci u o o  s uus suiiall as 0.2 pimi, In t h is tec himmique . hmo ihe sm/ c is nuit crit ical . nor is it

mmm i uio m rt urn i wim et ime i ml gr ouws u n  sti rimu ks dim ni mu g t Ime p roicess i mm g ste p. as lomig um s ii chuamige s um nitormly - A
shisumdvamm iage out tIme m im ei h io ud is t h a t  ii is difhicult to ) keep tIme holes free out resist and dirt ( Reference 62).

rIme h mo hes are produced by an air abrasive drill.

STANFORD RESEARCH IN STITUTE , MENLO PARK . CALI F. (Reference 65)

I imiage pioj ect io uu i syste ms were shesi gmued us umug two .s h m n i emms i o m uta l (axial ly sv uuiun c t n c )  apert ums ’ leimses
of hot lu tIme siuig le ;uui t tumult iapert nrc ( fly ’s eye) km m u d - a nid o mie — dmuimemmsho m ma l ( phana m sy miiniet n c  ) a pert um re

leumses . T he s ystemmms ws ’ne deve louped for use iii fabricu ut ini g um rrays of t hu i um ’ fl lmim fiekh e mm lut ier s .
eheet ro un - heau mm- aoldme ssed uii e nm mt ) ry phamies. oiptica i wavegu ides . u u u m d im iterdigutal tramisducers to n surface
u m c o o is t ic devices . All om l thes e shevices di) nc-ut require regustratioirm oil suiccessive masks . so t b ou a t temf lpm was

mmuuude tour  mui.i k i m ig a reg is t m u i t m o m m u  I iro uce u h r ure , Basicall y, the i ui ma ge pro ijeet ion systemii  is based oini projecting a

h ig h ii ~ de immuign i fled elect mm ii i  m mnage o ur pat t emit omi a unmask um t t lie suhst rate pia mi e.

\u u ou per u um iou uiiotcI~ w-ui s ~t o ~ ts’o1 ‘oh iu lt coti kunc’s t he ‘~ensuiiihity 0)1 Scafl ubimig exposumre system with

i lie speech a imd nw It u pie imag ing s’utpum ti I lit ies oil ’ a project mon syst cmii . Time tori ticiphe is to rise a s imi g le

umlx ’ m m ui r c ’ u ms um m r uuuls i l im s su t i mm uo hj e s - m unumsk uu mioh t o  et imp hiiv ehec m ro iuiie detlectiot um to shift the virtual position

u t t  t ime object umpe n i oune iii i t’. plummue . l’fue desi resh object patterm i is traced sequentiall y amid t hereb y

s mi m m uu luumn eom ois h v fotrmmu s nir ilti pis’ he i mmag m iu h led images , m hm rotuug hi uu screen lens.. on mime substrate Th us is a
siep -atmd .nep c umt ehectroum i projecti ouui sy stein t h a t  d ies not rise a stepping table h ut  use s a screen le mms.

IBM. YORKTOWN HEIGHTS . N .Y. ( Reference 66)

\ ‘.te l~ uuiis h ‘ mc po~~ e lect nt mu Iii oijes ’i iou-u s\ s f cu t ) , a n u uh o i go u o ms t o )  m i me opt i cuu I step-and—re peat project ion

s\ stein . h ums heet u olevehitpeo t -

Iii t h i s  sys io ’ m m m a it m u is k is mhiumumm t u iu um ed hiy a 20 ,Ot)0-vo iht l~mB 6 e lect  mu tt gumi. lIme unmask s’ou mm s ists oh’ a
~tt-  1i ~O—pii i , S- p mm m . i hmick. ss— I t - s tm p h i ou r tmmi f  umm e hui l fm t i l  m hm um t c i t i t , i u mu s  ~ipemui mug uos small uts 2,5 by 2 .5 pm in

m m m i i  i x .mpp nu ipn iuu te I t t  mime c irc u it pat termi .  I I cc i r i o mm s jiu ussuimg ih unot ui g i m t ime umiuusk opemituigs are t h uem i immm ags’d
IS iwo u mmumgmue m u c ) mi t j e c t io i i  hemms cs . wit hi ,m lOX re o houcti o ni mmu si/s’. o t mm io a wa ter plane to t give a 3— by

u mu u lhu m us ’ m s ’n chump. Time ~ .uf e n Is Imuc - u ut e d ti n .ini x ’y table ihmu it is stepped hetwo ’em i ex pousui res. Time sy -s t enm is
cumpuihie if i niu ut m ng I .44 X I o (t st lumare elemiienis m f  0 2 5  by 0,2’S p mmi ml 0.1 sccoumi d . Lachm oil t hese
e leuuuen iis us resu ulved u u t ms esh ge Iii aim uu cctmruu c v o t t  005 pni. Nimvs ’ l ehecmromm- o ipt icu il feat u res required 

toH



r~wc ~ P

neumhu ,e this 1us ’m t mi mm mu u ummce uu m c m Iue desugmu o t t  uum i e le c tnotmt ’ om pt mc al  sy steui i capable i t t  bight resomlutm oun l o s e r  a
Ia rge I iehd wit ii ho uw dust on Ii omu - I lie des m gm m oh a cou midemuse r sy St cmii loin u rradia t un g a large mm uask u nuu ft in nml y
wut hu elect i oti s . ansI a mm l et hod ft m m se h l— f ’uuc us m mug umuid unmask regusm rat iotn -

WEST GERMANY ( R , ~I’ereitces 67 and 6H )

Fiuu s e l ec i r m mmu puom i ect u o m m i s~ sts’m mu imuvoulves this ’ use out uu louc ouse d beu u mm i t h at is cause d to u pass tliroiughi
I ram m s mm uiss u uun se If-smm pponimtmg umuu usk oun t h e  suhstra ie . I lie sysienu is cuipahile of generating as many as

I t ) ,t)O() hm ns ’ s per Iram mm c at a nesoulu tm ou m as small as 0.1 pun. It conis ists oil a weak. loung m agnetic lemis amid a
Si ruing, s hou t mm i um gn ms ’ u mc henis. TIme unmask position e’s cu i u m t i omms oil ’ t ime lenses are chosemi so thiat the isotrop ic

aumd mi te a umu % o u uro u h i mc  e h ir o m u mat mc tleld aherrati oums vam iish u to get l mer w it h third- u nder is out roip ic and ambiso l ropic

ui st i g mmm a tu s u n , Pra ctmcu mll v . t his step.uund-repeat kiumd of electron projec tion s y s tem is designed so the

deun-agnified image is sh ist uirtio umi-free.
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I I, ( , ouuu h ot mu . m um d I) R lI~’ u u u i i u i .  “lta u h u w a y s  mm I)evice Lm ih uo ugn aji h i y, ” IEI:!: Trans. urn 1:/ectron
Do ili es . ~ u th I 5 t -22 ( J u l y  10 1 7 51,  ImP. ~7 l’7~

2. (.. K. Biewem . ‘‘ \ u~ .’vis’ v. oil I~he c ir o imu um ui sh lo u t Beu i muus f u r  Microu cl ec inonimcs App lms ’umt uuum u ,’’ huuiith
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