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 A  major  adva"tage  or  supereonducLing  synchrotron  sources  is their transportabiLil･ y as  an  integraled unit  and  
the

 
con-

scquent  speed  wi.h  whieh  they  can  bc brought to  full performancc  ar the end  siLe,  Cenventional  syslems  in eontrasL  musl

be assembLe6,  as individual corllponents  -,ith  .he jnevitabl/e ina'tility to prescrve vacuum  cleanliness  av.d need  to ful]y re-

commtssien.  This pap:/ summar:ises  the  ctcsl',gn and  prc-tcstiug oi' Hclios at  Oxi'or･d, Then  detai･is are  given of  Lhe

transportation  and  rc-installation  and  commissioning  at [Bk,T's Advanced  Lithogvaphy  fu'aci'lity in East 
Fishkill,

 
NY,

iviosts'lgn'ificantly,astoredbeam",asestablishedinundereighLwccksfromurri･valoftheri'iigonsitc.Withinonemonth

ef  commissioning  the ma:hinc  was  exceeding  the  perfermance  achieved  at  Oxford. Final!･y, 
'brief

 details of  thc  progress

on  thc :ons;ruc::･ion ot' HEI.10S  2, incorporating a Microtre,n injecLor, will  be gii,e=.

KEYVVORVS:  X-ray lithography. synchrotron  radiatian,  compact  superconducting  synchrsvon.  HeLios, commT/s-

         s[oning

Sfi. gntreductioee

 HELIOS,  a  compact  synchrotron  X-ray souree  is cur-

rently  in the final stages  of  csmmissiening  in USA,  Hav-

ang been designed as  a  commercial  githography toog,  a

k' ey  feature is the ability to transport it pre-tested to a

manufacturing  site.

 This paper summar'isgs  the  pre-testing carraed  out  at

Oxford and  then  describes the  shipping  and  instaElation
at the IBM  Advanced  

T.･.ithography

 FaciUity, East

Fishkill, USA,  Since installation in USA  rapid  progress
has been  made  in achieving  high stored  currents  at fual

energy,  as  deseribed in g5. ffELIOS  2, oxford's  second

X-ray  source  is under  manufacture  and  progress is de-
scribed  in the final section.
  HELIOS  has been described prevgouslyi) and  details or

Oxford testing were  described in an  update  paper  at  the

1990 Microprocess  Conference.2) For  convenience,  a  few

key details are  given below.

g2. Desggn  Sumffwamry

  HELiOS  consists  of  a  synchrotron  storage  rmg,  m-

cluding  two  superconducting  magnets,  connected  co an

injection systcm  which  consists  of  a  LINAC  and

transport Eine. I:igure 1 illustrates the storage  ring,  shew-

ing the racetrack  desigit of  two  dipole magnets  and  two

straighge sections,  with  focussing magnets,  RF  cavity  etc,

  As described previously HELIOS  is designed to pro-

duce at least 8,2 kW  of  X-ray power.  Typical exposuTe

times  for lithography are g to  15 s from one  bearn line

(HELIOS has 22 beamports).

  Tab!e I gives some  key operating  parameters.

Fig, 1,euhLtiosstorage76-ng  schernatic.
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Table I.Parameter

Stored beam  current  at

Full energy  (700 MeV)
Source size at 700  MeV  ar

HELIOSPerformanceduringOxfordCommissioning,1990.

      . . ."chievcd 
vpecification

Source size  at 700  MeV  at/

: 102 mA

Lifetime at  Full Energy /

Lifetime at  Full energy  :

StoTed beam curTent  at  620 MeV  :

Maximum  stored  current  at 200  MeV:

: O.36mm

 [at 25 mA]
'
 O.33 mm
 Iat 25 mA]
 2.2h

 [at 70  mA]

 >3h

 [at 50  mA]

 202 mA

 520 rnA

>200mA<

 1.5 rnm[20e
 rnA]<1,l

 mm[200
 mA]>5h[200

 mA]>5h[200

 mA]>2oomA

  Particular features of  HELIOS  of  interest to chip

manufacturers  are: installation time, retiability,  and  ease
of  operation.  These  features are  discussed below,  since
the  machine  has now  been installed in USA  and  has been
operational  (during commissioning)  for over  a  year in
UK  and  USA.

g3. Pre-Testing at Oxford

  Commissioning, with  electron  beam  into the storage

rmg,  commenced  in May  1991 at  Oxford's  test facility.
Prior to beam  commissioning  extensive  tests of  the
various  sub-systems  were  carried  out.  In particular, preci-
se  measurements  were  made  of  the magnetic  field quality
of  the superconducting  dipole magnets,  Such  measure-
ments  confirmed  that all key design parameters  had  been
achieved.

  By the end  of  the commissioning  period  at Oxford all

                         V, C. KEivrpsoN et ai,  77

 of  the component  parts of  HELIOS  had been tested

 operationally.3)  Also, the  machine  started  approaching

 its full design performance, as specified  in Table  I. Figure
2 shows  a measurement  of  the electron  beam  sjze, as
recorded  by  a  Synchrotron Iight monitor,

  Such results  were  more  than  adequate  to ensure  that
full design specificatjons  would  be achieved  during final
commissioning,  planned  for completion  in USA.  In addi-
tion, the automatic  control  of  HELIOS,  via  the com-
puter control  system,  was  well  established.  Intricate      'operations

 such  as synchronised  magnet  ramping  and

automated  start-up  sequences  were  a  routine  part of
operation  during  commissioning.

g4. Shipping and  USA  Installation

  Installation work,  especially  installing services  such  as
cabling  and  piping, began in USA  in the autumn  of  1990,
during the final stages  of  pre-testing at Oxford.
  The  Oxford commissioning  showed  that im-
provements  to the  vacuum  system  would  be beneficial,
since  vacuum  is crucial  in determining beam  lifetime-a
key operational  parameter, Therefore, whilst  some  sub-
systems  were  being shipped  and  installed to  USA  the
storage  ring  itself was  upgraded  at Oxford, Improved
vacuum  pumping  was  incorporated; new  Iarger ion
pumps  and  new  titanium sublimation  pumps,  AIso, for
better diagnostics and  servicing  more  ion gauges and

isolation valves  for ali  ion pumps  were  added.  Extensive
testing of  vacuum  sections  verified  the value  of  these
modifications  by achieving  base pressures of  the order
10Li" mbar.

  Most of  the HELIOS  sub  systems  were  shipped  to

USA  by air freight, in relatiyely  standard  packing  crates.

an
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However,  the storage  ring  itself required  more  specialised

transport,  being the largest and  most  sensitive  ungt,  The

storage  ring  was  transported fmom Oxford within  a steel

support  structure.  This had built air  damping  units  to

provide vibration  and  sheck  isolation during its transit

by road  and  sea  to New  York. The  support  cradle,  with

storage  ring, was  lifted onto  an  air-ride  trailer which  was

used  for the  whele  journey from Oxford, The  top

member  of  the support  cradfte acted  as  a  lifting beam  for

the movement  of  the ring  tg the  trailer.

  StQrage ring  compollents  are  meunted  onto  a  rigid

stainiess  steel  base, To  :,mprove riggdity  during  shipping

additional  braces were  installed between  the two

superconducting  dipoles and  the  ring  electromagnets.

  Figure 3 shows  the  storage  ring,  in its support  cradle,

being unloaded  in USA..
  The  timescales  of  the  shipping  and  re-installation  con-

firm that HELIOS  meets  its diesign objectives  of  being

readily  installed at  a  lithcgraphy site. Packing  of  the

storage  ring  commenced  eamly  on  12 March 199a, by mid-

day the whele  ring  had  been moved  from  its concretc

vault  and  was  supported  by the transit cradle.  T･ he rirag

}eft Oxford on  1,3 March, fu!ly packed  in a  protective
 case  and  secured  tc the  trailer. The  ring  arrived  sn  site aE

 East Fishkill on  29 March.

  USA  instalEation work  ccnsisted  of  moving  the  rin.g  ts

 its yault,  connecting  services  and  transport  line, vacuum

 pumping  and  bakeout, sub-system  testing, This was

 followed  by beam  eornmissioning.  A  stored  bearn was

 achieved  on  25 May,  within  8 weeks  of  ring  arrival  in

USA.
   Figure 4 illustrates the storage  ring  instagged gn at

 Fishkill, The  lithography ports with  front end  valves  and

 so[ne  photon  masks  are visible  in the foreground.

V. C. KEN{vsoN  et at.

g5. Performaence During USA  Commissioning

  After establishing  a  stored  beam  subsequent  commis-

sioning  has aimed  at  increasing the stored  current,  aim-

ing for at least 200mA  at full energy.  In addatien,

routine  operational  procedures continue  to be developed,

together with  operator  training,

  Within 1 month  of  achieving  a  stored  beam  in USA,

HELIOS  had  already  exceeded  its performance in Ox-

ford. A  beam  current  of  120 mA  was  ramped  to fulg

energy  on  24 June. Shortly afterwards  beam  !ifetimes of

about  3 hours  were  measured  at  150 mA  current.  Con-

sgderably  higher gifetimes (-10 hours) have  been

measured  at loweT curTents  and  lifetime is continuagly  am-

proving, as expected,  due to  X-ray beam  cleaning.

  Figure S illustrates a  ramp  from  Injection Energy,

resulting  in ISSmA  beam  current  at  full energy.  Note

that the ramp  duration is much  longer than  a final opera-

tional ramp,  since  this was  a  developmental  rarnp  with

many  pauses. In nermal  operation  it is expected  to ramp

to full energy  in a few  minutes.  The ramp  also  show

significant  beam  eurrent  loss, since  it was  not  optimised.

More  recent  results  have  achieved  virtually  lossless ramps

with  more  than  120 rmA  beam  current,

  Automated control  software  is routinely  used  to start

up  and  shut  down  HELIOS,  via  pre-defined sequences  of

commands.  Ramping  the stored  beam  from injection

 energy  to fuEl energy  is similarly  automated,  Aiarm

 systems  report  any  warnings  or  failures to operators  or  to

 engineers  (e.g. via a telephone  alarm  linked to the control

 computer).  A  cornputer  link to Oxford  from USA

 facilitates support  and  software  upgrades.  Table IE lists

 the machine  performance to date (July 91). The  lifetime,

 in particular, is sggnificantly  better than  in Oxford and  is

 improving (as expected)  as X-rays  
`elean-up'

 thevacuum

Fig. 3. HELIOS  arriving  in USA,
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Fig. 4.Helios
 installed at  IBM's  advanced  Iithography facility.
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   Table II.

Parameter

Max  Electron Energy, Ei
Stored elecLron  current  at Er
Typical source  size  ar

Typical source  size  ov

Beam  lifetime

HELLIOS  Performance  in USA,  l991.

             "chieved (July ?1)

x...-.x

Injection Energy, Eo
Stored electron  current  at Eb
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>4.5  h aL  240  mA

18S MeV520

 rnA  (max to date)
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Fig, 5.

STORED  BEAM

-- -･
    30 35

Ramp  to full energy,  15S mA.
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surfaces.  Vacuum  base  pressures (without beam)  are less
than  2 × IOMi" mbar.

  Recent  results, in injecting over  500 mA  to explore  the

maximums  at  injection, readily  injecting and  ramping

303 mA  and  reaching  240 mA  at full energy  (i.e in excess

of  8,5 kW  output  X-ray  power)  suggest  that all the opera-
tional specifications  will  be met  or  exceeded  in the  next

few months  of  final USA  commissioning.

g6. HELIOS2

  A  second  HELIOS  is currently  being manufactured  by
Oxford  Instruments, following the successful  perfor-
mance  of  HELIOS  1. The  design is generally similar,
although  various  improvements  (especially to facilitate
maintenance  and  installation) have  been made,  based on
operational  experience  of  over  the  Iast 18 months,  Injec-
tion at  100MeV  will  be performed by a  100MeV
Microtron, Extra vacuum  valves  are  included to isolate
ring  sections.  Also, the idea of  having pre-assembled
sub-sections  is being extended  by  designing completely

pre-wired and  pre-assembled  ring  sections  to facilitate
rapid  ring  assembly.

  The 100 MeV  Microtron  injector is in an  advanced

stage  of  manufacture,  for delivery to Oxford in late 1991.
The  advanced  design of  the Microtron  enables  a  smaller

sized  installation than  was  possible for HELIOS  1. The
superconducting  dipole magnets  are  also  under  construc-
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tion  and  are due to start testing  in late 1991. 0ther  com-

ponents are being manufactured  in parailel and  system

assembly  will  commence  in 1992.
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