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(§v  Powerless  field-corrective  lens. 
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©  A  optical  lens  (10)  is  disclosed  which  is  capable 
of  correcting  for  imaging  system  characteristics  such 
as  field  curvature  and  spherical  aberration.  The  cor- 
rective  lens  comprises  a  single  optic  device  and 
imparts  no  additional  power  into  the  optical  system. 
In  particular,  the  corrective  lens  comprises  a  piano- 
based  device  (either  plano-concave  or  plano-convex) 
including  a  series  of  stepped  zones  (14)  where  the 
steps  are  formed  to  be  parallel/perpendicular  to  the 
piano  surface  (12)  of  the  device.  The  stepped  profile 
of  the  corrective  lens  is  determined  to  approximate  a 
lens  curvature  R  which  will  impart  a  curvature  to  the 
wavefront  passing  therethrough  to  essentially  cancel 
selected  inherent  imaging  system  aberrations.  In 
particular,  a  corrective  lens  of  the  present  invention 
may  be  utilized  to  correct  for  field  curvature,  spheri- 
cal  aberration,  or  both.  The  corrective  lens  of  the 
present  invention  may  be  formed  to  be  either  trans- 
parent  or  reflective,  depending  upon  system  require- 
ments. 
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Background  of  the  Invention 

Technical  Field 

The  present  invention  relates  to  a  powerless 
lens  design  capable  of  correcting  for  optical  char- 
acteristics  such  as  field  curvature  and  spherical 
aberration. 

Description  of  the  Prior  Art 

In  the  design  of  any  lens  that  will  cover  a  finite 
field  of  view  on  a  flat  image  surface,  the  most 
problematic  aberration  to  correct,  without  sacrific- 
ing  image  quality  or  lens  simplicity,  is  field  cur- 
vature.  Field  curvature  may  be  introduced  into  an 
optical  imaging  system  as  the  incoming  optical 
beam  moves  away  from  the  optical  axis  of  the 
system.  So-called  "field  flattener"  lenses  have 
been  developed  over  the  years  to  address  this 
problem.  One  such  field  flattener  design  is  dis- 
cussed  in  the  reference  Optics,  Tenth  Edition,  M. 
H.  Freeman,  Butterworth  (1990),  in  a  section  en- 
titled  "The  achromatic  doublet",  beginning  at  page 
467.  The  particular  design  includes  a  plano-con- 
cave  field-flattening  lens  positioned  near  the  image 
plane  of  the  arrangement  and  an  associated  achro- 
matic  doublet.  Other  field-flattening  arrangements 
use  a  large  power  lens  (often  negative)  inserted 
between  two  lenses  (positive)  as,  for  example,  in 
the  Cooke  triplet.  The  Cooke  triplet  has  the  dis- 
advantage  of  requiring  strong  curvatures  that  intro- 
duce  large  aberrations.  The  aberrations  can  be 
made  to  somewhat  cancel  each  other,  but  small 
amounts  may  remain. 

Spherical  aberration  is  a  result  of  imperfect 
imaging  with  a  spherical  lens.  This  aberration  may 
be  present  for  both  on-and  off-axis  illumination, 
since  it  is  a  result  of  deviation  of  peripheral 
(marginal)  rays  with  respect  to  those  rays  located 
closer  to  the  optical  axis.  A  negative  lens  will 
exhibit  negative  spherical  aberration;  a  positive  lens 
will  exhibit  positive  spherical  aberration.  The  prob- 
lem  of  spherical  aberration  is  often  addressed  in 
the  prior  art  by  utilizing  an  achromatic  doublet, 
providing  both  positive  and  negative  spherical  ab- 
errations,  such  that  the  net  effect  is  essentially 
zero. 

A  problem  with  any  conventional  lens  arrange- 
ment  for  addressing  these  and  other  optical  imag- 
ing  problems  is  the  amount  of  optical  power  the 
arrangement  introduces  into  the  imaging  system, 
regardless  of  whether  positive  or  negative  correc- 
tive  lenses  are  utilized.  Further,  the  arrangements 
all  require  a  number  of  separate  optical  compo- 
nents,  which  results  in  increasing  the  overall  size, 
complexity  and  cost  of  the  corrective  arrangement. 
Thus,  a  need  remains  in  the  prior  art  for  a  simpli- 

fied  lens  arrangement  which  corrects  for  character- 
istics  such  as  field  curvature  and  spherical  aberra- 
tion. 

5  Summary  of  the  Invention 

The  need  remaining  in  the  prior  art  is  ad- 
dressed  by  the  present  invention  which  relates  to  a 
lens  capable  of  correcting  for  optical  characteristics 

io  such  as  field  curvature  and  spherical  aberration 
and,  more  particularly  to  a  powerles,  non-planar 
bulk  optic  component  capable  of  providing  the  de- 
sired  field  correction. 

In  accordance  with  an  exemplary  embodiment 
75  of  the  present  invention,  a  powerless  lens  of  the 

present  invention  comprises  a  stepped  profile 
which  functions  to  introduce  a  predetermined 
phase  shift  to  a  waveform  passing  therethrough. 
The  powerless  lens  it  utilized  to  re-arrange  the 

20  incident  wavefront  train  into  a  plurality  of  annular 
wavefront  sections.  The  composite  waveform  of  the 
plurality  of  wavefront  sections,  as  controlled  by  the 
stepped  profile  and  resultant  phase  difference,  are 
thereby  positioned  to  exhibit  a  predetermined  cur- 

25  vature  which  compensates  for  the  selected  aberra- 
tions  of  the  optical  imaging  system. 

A  lens  may  be  created  which  compensates  for 
the  curvature  of  field  (p)  introduced  in  an  off-axis 
beam  propagating  through  the  imaging  system. 

30  The  stepped  profile  of  the  so-called  "field  flattener" 
lens  is  thus  designed  to  approximate  a  circular 
curvature  R  which  will  yield  a  field  curvature  (p)  of 
opposite  sign  to  the  system  curvature,  thus  provid- 
ing  cancellation  of  the  inherent  field  curvature.  It  is 

35  preferable  that  the  lens  has  a  planar  surface  and  a 
stepped  surface,  but  both  surfaces  may  have 
stepped  surfaces  if  desired.  Preferably,  each  step 
of  the  lens  comprises  a  first  face  parallel  to  a  piano 
(i.e.  flat)  lens  surface  and  a  step  height  S  per- 

40  pendicular  to  the  piano  surface  so  that  the  arrange- 
ment  imparts  no  power  into  the  optical  system.  In 
accordance  with  the  field  curvature  corrective  em- 
bodiment,  each  step  comprises  substantially  the 
same  step  height  S,  where  S  is  a  function  of  the 

45  wavelength  of  the  impinging  optical  signal  and  is 
determined  to  provide  an  integral  2-n  phase  shift  to 
the  signal  passing  therethrough.  The  total  number 
of  steps  N,  in  conjunction  with  the  step  size  S, 
determines  the  fit  of  the  lens  curvature  R.  In  par- 

50  ticular,  as  the  step  size  decreases,  the  number  of 
steps  N  increases  and  the  approximation  to  the 
lens  curvature  improves. 

Correction  for  spherical  aberration  may  be  pro- 
vided  by  modifying  the  stepped  profile  of  the  pow- 

55  erless  lens  to  introduce  a  corrective  factor  which 
would  substantially  cancel  the  imaging  defocus 
generated  by  the  spherical  aberration.  In  particular, 
a  spherical  aberration  correcting  powerless  lens  of 
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the  present  invention  will  comprise  a  stepped  pro- 
file  device  where,  unlike  the  "field  flattener"  lens 
described  above,  the  step  size  S  will  vary  across 
the  diameter  of  the  powerless  lens  to  provide  a 
lens  curvature  R  capable  of  correcting  for  spherical 
aberration  (i.e.  a  quartic  lens  curvature).  Further,  a 
powerless  corrective  lens  of  the  present  invention 
may  be  configured  to  cancel  both  field  curvature 
and  spherical  aberration  by  utilizing  a  particular 
lens  curvature  R  which  is  determined  by  consider- 
ing  both  factors. 

Brief  Description  of  the  Drawing 

Referring  now  to  the  drawings,  where  like  nu- 
merals  represent  like  components  in  several  views: 

FIG.  1  illustrates,  in  a  side  view,  an  exemplary 
powerless  plano-convex  field  curvature  correc- 
tive  lens; 
FIG.  2  contains  a  top  view  of  the  plano-convex 
field  curvature  corrective  lens  of  FIG.  1; 
FIG.  3  illustrates  the  wavefront  re-arrangement 
properties  of  the  powerless  field  curvature  cor- 
rective  lens  of  FIG.  1  on  a  substantially  flat 
wavefront; 
FIG.  4  illustrates  the  utilization  of  the  exemplary 
field  curvature  corrective  lens  of  FIG.  1  to  intro- 
duce  a  predetermined  field  curvature  p  on  an 
off-axis  wavefront; 
FIG.  5  illustrates  the  wavefront  re-arrangement 
properties  of  an  exemplary  plano-concave  field 
curvature  corrective  lens; 
FIG.  6  illustrates  the  utilization  of  the  plano- 
concave  field  curvature  corrective  lens  of  FIG.  5 
to  provide  a  predetermined  field  curvature  p  to 
an  off-axis  wavefront; 
FIG.  7  illustrates  an  exemplary  imaging  system 
in  the  form  of  a  Schmidt  camera  including  a 
powerless  plano-convex  field  curvature  correc- 
tive  lens; 
FIG.  8  illustrates  an  alternative  Schmidt  camera 
imaging  system  incorporating  the  characteristics 
of  an  spheric  plate  with  a  powerless  plano- 
convex  field  curvature  corrective  lens;  and 
FIG.  9  illustrates  an  alternative  imaging  system 
utilizing  a  reflective  plano-convex  field  curvature 
corrective  lens. 

Detailed  Description 

Curvature  of  an  optically  imaged  field,  denoted 
p,  arises  in  an  optical  imaging  system  when  off- 
axis  illumination  of  the  imaging  optics  is  utilized.  As 
the  illumination  moves  further  from  the  optical  axis, 
field  curvature  increases.  The  field  curvature  is  a 
function  which  depends  upon  the  profile  of  the  lens 
within  the  imaging  system  as  can  be  defined  as 
follows: 

P  =  K  (R  -  VFF7^  )  , 

where  y  is  defined  as  the  distance  from  the  optical 
5  axis  to  a  given  annular  zone  and  R  is  the  lens 

curvature.  The  term  K  is  a  constant  of  proportional- 
ity  required  to  form  the  equality.  In  association  with 
the  teachings  of  the  present  invention,  a  corrective 
field  curvature-p  thus  may  be  introduced  to  essen- 

io  tially  cancel  an  inherent  field  system  curvature  p. 
FIG.  1  illustrates  a  side  view  of  an  exemplary 

powerless  non-planar  field  curvature  corrective  lens 
10  which  is  capable  of  introducing  the  field  cur- 
vature  required  to  essentially  cancel  the  inherent 

is  system  field  curvature.  As  shown,  lens  10  prefer- 
ably  includes  a  flat  (i.e.,  piano)  surface  12  and  a 
series  of  stepped  zones  14,  building  upon  piano 
surface  12  so  as  to  form  a  stepped  profile  plano- 
convex  structure.  Each  zone  14  is  configured  to 

20  comprise  a  step  run  16  parallel  to  surface  12  and  a 
step  rise,  or  height,  18  perpendicular  to  surface  12, 
where  this  parallel/perpendicular  configuration  en- 
sures  that  lens  10  imparts  no  additional  power  (i.e., 
magnification)  to  the  system.  The  step  height  S  is 

25  chosen  to  provide  a  2-nm  (m  =  1  ,2,3,...)  phase  shift 
to  the  optical  wavefront  passing  therethrough, 
where  field  curvature  corrective  lens  10  is  designed 
so  that  each  step  comprises  an  essentially  identical 
height  S.  As  will  be  discussed  in  detail  below,  there 

30  exist  applications  where  the  step  height  S  varies 
across  the  profile  of  the  device,  for  example,  when 
correcting  for  spherical  aberration,  as  discussed 
above  and  described  in  more  detail  below.  How- 
ever,  for  arrangements  such  as  that  illustrated  in 

35  FIG.  1  where  the  only  required  correction  is  for 
field  curvature,  the  step  height  S  will  remain  essen- 
tially  constant. 

Utilizing  the  relationship  defined  above,  the 
curvature,  R,  of  corrective  lens  10  is  determined  to 

40  provide  the  desired  field  curvature  p  which  will 
essentially  cancel  the  field  curvature  present  in  the 
optical  imaging  system.  In  particular,  the  match  of 
the  stepped  profile  to  the  lens  curvature  R  is  deter- 
mined  by  the  number  of  zones,  N,  and  the  phase 

45  shift  factor  2-nm  utilized  to  determined  the  step 
height  S.  That  is,  where  m  =  1  ,  the  greatest  number 
of  steps  N  will  be  utilized  and  the  fit  to  lens 
curvature  R  will  be  most  accurate.  In  particular,  the 
number  of  zones  N  will  be  an  integer  with  a  value 

50  of  at  least  two,  the  arrangement  of  FIG.  1  including 
a  series  of  four  zones.  FIG.  2  illustrates  a  top  view 
of  corrective  lens  10,  indicating  in  particular  the 
circular  design  of  the  various  zones  14  forming 
lens  10,  where  the  diameter  of  each  zone  will  be  a 

55  function  of  the  curvature  R  of  lens  10. 
FIG.  3  illustrates  the  wavefront  re-arrangement 

property  of  plano-convex  lens  10  when  on-axis 
illumination  is  utilized.  In  particular,  corrective  lens 

3 
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10  functions  to  delay  the  propagation  of  central 
annular  region  38  of  wavefront  30  relative  to  the 
outer  annular  regions.  In  particular,  the  outermost 
annular  section  32  of  wavefront  30  passes  through 
a  single  zone  20  of  lens  10,  where  it  experiences  a 
phase  shift  of  2-n  (assuming  m  =  1  for  the  sake  of 
simplicity).  The  next  annular  section  34  of 
wavefront  30  passes  through  a  pair  of  zones  20 
and  22  and  thus  experiences  twice  the  phase  de- 
lay,  or  4tt.  Section  36,  as  shown  in  FIG.  3,  will 
propagate  through  a  series  of  zones  20,  22  and  24 
determined  to  provide  a  phase  delay  of  6-w  and, 
finally,  section  38  will  experience  a  total  phase 
delay  of  8-w  as  it  travels  through  the  maximum 
thickness  of  lens  10.  The  resultant  composite 
waveform,  comprising  a  series  of  phase  delayed 
annular  rings,  is  illustrated  in  FIG.  3.  As  mentioned 
above,  the  utilization  of  an  arrangement  with  essen- 
tially  parallel  and  perpendicular  step  faces  results 
in  imparting  essentially  no  power(either  positive  or 
negative)  into  the  optical  system,  where  this  aspect 
is  critical  in  the  control  of  various  other  aberrations. 

As  mentioned  above,  field  curvature  is  a  result 
of  off-axis  illumination  of  the  optical  imaging  sys- 
tem.  FIG.  4  illustrates  an  exemplary  arrangement 
where  corrective  lens  10  of  FIG.  1  is  utilized  with 
an  off-axis  wavefront  30'.  The  off-axis  movement, 
defined  by  the  angular  distance  0,  is  exaggerated 
in  FIG.  4  for  the  purposes  of  illustration.  In  this 
example,  the  off-axis  illumination  of  lens  10  pro- 
vides  a  field  curvature  p  as  shown,  for  wavefront 
30'.  Without  field  correcting  lens  10,  wavefront  30', 
when  imaged,  results  in  field  curvature  of-p  at  the 
exit  pupil  (not  shown).  Therefore,  the  combination 
of  the  inherent  field  curvature-p  with  the  induced 
curvature  p  results  in  the  projection  of  a  relatively 
flat  image  at  the  focal  point  of  the  imaging  system 
(not  shown). 

A  powerless  field  curvature  corrective  lens  of 
the  present  invention  may  also  comprise  a  plano- 
concave  shape,  as  shown  in  arrangement  of  FIG.  5. 
Here,  lens  50  contains  a  plurality  of  zones  52,  54, 
56  which  are  formed  to  provide  an  outward  lens 
curvature  of  radius  approximately  R  which  imparts 
an  outward  field  curvature  p  to  the  optical 
wavefront  passing  therethrough  (as  opposed  to  the 
inward  field  curvature  formed  by  plano-convex  lens 
10  of  FIG.  1).  As  with  the  above  plano-convex 
arrangement,  zones  52,54  and  56  forming  lens  50 
comprise  an  identical  step  height  S  chosen  to 
provide  a  2-nm  phase  shift  to  the  optical  wavefront. 
The  number  of  zones  and  step  size  are  again 
directly  proportional  to  the  match  to  the  desired 
lens  radius  of  curvature  R.  As  shown,  a  plano- 
concave  lens  50  results  in  transforming  a  flat  on- 
axis  wavefront  51  into  a  series  of  annular  regions 
53,  55  and  57.  Plano-concave  lens  50  may  be 
utilized  in  systems  which  exhibit  an  inherent  inward 

curvature  to  provide  curvature  cancellation  and  the 
final  projection  of  an  essentially  flat  image. 

FIG.  6  illustrates  the  utilization  of  a  plano- 
concave  field  curvature  corrective  lens  60  with  an 

5  off-axis  wavefront,  denoted  62.  As  with  the  arrange- 
ment  illustrated  in  FIG.  4,  the  off-axis  angle  6 
relative  to  the  optical  axis  OA  is  exaggerated  in 
FIG.  6  for  the  sake  of  illustration.  Lens  60,  in  this 
example,  comprises  a  plurality  of  seven  zones  ar- 

io  rangement  to  provide  an  inward  field  curvature  p 
which  is  determined  to  essentially  cancel  an  inher- 
ent  field  curvature-p. 

As  mentioned  above,  a  field  curvature  correc- 
tive  lens  of  the  present  invention  may  be  incor- 

15  porated  into  many  existing  optical  systems  to  cor- 
rect  for  inherent  field  curvature.  One  exemplary  use 
is  in  association  with  a  Schmidt  camera,  as  shown 
in  FIG.  7.  A  conventional  Schmidt  camera  utilizes 
an  aspheric  plate  70  to  correct  for  the  spherical 

20  aberration  of  a  spherical  mirror  72.  A  wide  cor- 
rected  field  of  view  can  be  obtained,  since  plate  70 
is  located  at  the  center  of  curvature  of  mirror  72. 
However,  the  image  I  will  exhibit  inward  field  cur- 
vature,  as  shown  by  the  dotted  line  I  in  FIG.  7,  due 

25  to  the  nature  of  mirror  72.  Field  curvature  may  be 
corrected,  therefore,  by  utilizing  a  powerless  field 
curvature  corrective  lens  76  formed  in  accordance 
with  the  teachings  of  the  present  invention.  For  the 
particular  embodiment  of  FIG.  7,  a  plano-convex 

30  field  curvature  corrective  lens  76  is  utilized,  since 
the  reflected  signal  will  comprise  an  opposite  cur- 
vature  to  that  imparted  by  mirror  72.  The  relative 
placement  of  plate  70  and  lens  76  in  the  optical 
system  is  unimportant.  However,  the  ability  to  form 

35  field  curvature  corrective  lens  76  on  the  piano 
surface  78  of  aspheric  plate  70  allows  for  sim- 
plification  of  the  resulting  arrangement,  as  well  as 
providing  inherent  alignment  between  the  two  de- 
vices.  The  arrangement  of  FIG.  7  illustrates  plate 

40  70  and  lens  76  formed  as  an  integral  unit.  In  an 
alternative  embodiment,  the  aspheric  properties  of 
plate  70  may  be  incorporated  into  the  stepped 
profile  of  lens  76  such  that  a  single  device  may  be 
utilized  in  place  of  plate  70  and  lens  76.  FIG.  8 

45  illustrates  an  exemplary  device  80  which  is  formed 
to  provide  such  a  modified  stepped  profile.  As  with 
the  arrangement  of  FIG.  7,  the  utilization  of  correc- 
tive  device  80  results  in  the  projection  of  a  sub- 
stantially  flat  image  field  along  surface  82. 

50  The  field  flattening  property  of  the  present  in- 
vention  may  also  be  used  in  a  reflective  arrange- 
ment,  as  illustrated  in  FIG.  9.  A  reflective  plano- 
convex  field  curvature  corrective  device  90  is  posi- 
tioned  to  intercept  an  off-axis  wavefront  92.  As 

55  shown,  device  90  comprises  a  plano-convex  ar- 
rangement,  similar  to  plano-convex  lens  70  of  FIG. 
7.  In  particular,  device  90  comprises  a  plurality  of 
zones  94,96,  each  of  a  predetermined  step  size  S. 

4 
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The  step  size  and  number  of  zones  thus  determin- 
ing  the  lens  curvature  R  required  to  impart  desired 
field  corrective  curvature  p.  In  contrast  to  previous 
arrangements,  however,  device  90  further  com- 
prises  a  reflective  coating  91  disposed  over  the 
surface  of  each  zone  94,96  in  the  manner  depicted 
in  FIG.  9.  Therefore,  incoming  wavefront  92 
(presumably  comprising  little,  if  any,  curvature)  will 
be  reflected  in  a  staggered  fashion  as  shown.  That 
is,  the  portion  93  of  wavefront  92  intercepting  top 
plate  94  will  be  reflected  first,  portion  95  intercept- 
ing  plate  96  will  follow,  and  so  on.  The  emerging 
wavefront  92'  from  device  90  will  thus  exhibit  a 
field  curvature  p  as  shown.  Since  device  90  is 
configured  to  provide  a  field  curvature  opposite  to 
that  inherent  in  the  imaging  system,  the  resulting 
focused  image  (not  shown)  will  be  essentially  flat. 
Alternative  to  this  plano-convex  reflective  arrange- 
ment,  a  reflective  plano-concave  powerless  field 
curvature  corrective  lens  may  be  utilized  in  ar- 
rangements  where  it  is  required  to  introduce  phase 
advance  to  overcome  inherent  field  curvature. 

It  is  to  be  understood  that  the  powerless  field 
curvature  correcting  arrangement  of  the  present 
invention  is  capable  of  being  used  in  a  myriad  of 
applications,  ranging  from  microscope  objectives  to 
telecentric  communication  systems  -  essentially  in 
any  optical  imaging  system  which  experiences  field 
curvature. 

As  mentioned  above,  the  powerless  lens  ar- 
rangement  of  the  present  invention  may  also  be 
used  to  correct  for  spherical  aberration.  Spherical 
aberration,  as  described  above,  arises  from  the 
lack  of  perfect  imaging  with  spherical  lenses  and 
results  in  a  quartic-type  aberration.  A  lens  stepped 
profile  suitable  for  providing  spherical  aberration 
correction  can  be  defined  by: 

lensprofile  =  R  -  VFP  -  Vz  +  Ay+  . 

The  introduction  of  the  quartic  term  Ay+  results  in 
modifying  the  step  height  to  form  a  lens  capable  of 
spherical  aberration  correction. 

A  powerless  corrective  lens  of  the  present  in- 
vention  may  be  formed  with  a  lens  curvature  R 
designed  to  correct  for  both  field  curvature  and 
spherical  aberration.  In  this  case,  the  curvature  of 
the  lens  would  be  derived  from  an  equation  con- 
taining  both  circular  and  quartic  terms,  where  the 
squared  terms  are  related  to  field  curvature  and  the 
quadratic  term  is  related  to  spherical  aberration.  In 
general,  since  the  lens  curvature  R  is  physically 
determined  by  adjusting  the  step  height  S  of  the 
lens,  virtually  any  desired  curvature  may  be  ap- 
proximated  with  the  powerless  lens  of  the  present 
invention. 

Whilst  the  devices  are  shown  as  being  plano- 
convex  or  plano-concave  for  convenience  of  manu- 

facture,  it  is  to  be  understood  that  the  stepped 
zones  need  not  project  from  one  side  only,  but  can 
project  from  both  sides.  For  example  the  step  26 
shown  in  Fig.  3  can  project  outwardly  from  the 

5  surface  12,  and  the  step  24  will  then  be  continuous. 
The  step  26  projecting  from  surface  12  will  have 
the  same  depth  as  the  step  26  shown  in  FIG.  3, 
and  the  phase  delay  will  again  be  8-w.  Similar 
considerations  apply  to  the  other  figures. 

10 
Claims 

1.  An  optical  imaging  system  including  means  for 
correcting  inherent  optical  aberrations,  the  cor- 

15  rection  means  CHARACTERISED  BY  an  op- 
tical  device  (10)  including  a  plurality  of  N 
stepped  zones  (14)  determined  to  approximate 
a  desired  device  curvature  R  for  re-arranging 
an  optical  signal  to  be  passed  therethrough  or 

20  reflected  thereby  into  a  plurality  of  annular 
wavefront  sections  so  as  to  introduce  a  pre- 
determined,  different  phase  delay  to  each 
wavefront  section,  the  re-arrangement  of 
wavefront  sections  serving  to  substantially  can- 

25  eel  selected  inherent  optical  aberrations. 

2.  A  system  as  defined  in  claim  1,  CHARAC- 
TERISED  IN  THAT  the  correction  means  is 
capable  of  substantially  cancelling  the  selected 

30  aberration  of  inherent  field  curvature  or  inher- 
ent  spherical  aberration,  and  in  that  the  device 
comprises  a  plurality  of  zones,  and  in  that 
each  zone  either  has  a  substantially  identical 
step  height  S  chosen  to  be  a  2-n  multiple  of  the 

35  wavelength  of  an  applied  optical  signal  so  as 
to  introduce  a  field  curvature  approximately 
opposite  in  magnitude  to  the  inherent  field 
curvature,  or  is  configured  to  provide  a  step 
height  adjusted  to  form  a  substantially  qua- 

40  dratic  stepped  profile  so  as  to  introduce  a 
spherical  aberration  approximately  opposite  in 
magnitude  to  the  inherent  spherical  aberration. 

3.  A  system  as  defined  in  claim  1  or  2  CHARAC- 
45  TERISED  IN  THAT  each  stepped  zone  extends 

from  a  planar  surface  (12)  and  is  configured  to 
include  a  first  face  (e.g  26)  parallel  to  the  piano 
surface  (12)  and  a  second  face  (18)  perpen- 
dicular  to  the  piano  surface  such  that  substan- 

50  tially  no  optical  power  is  imparted  to  the  op- 
tical  signal  to  be  passed  therethrough  or  re- 
flected  thereby. 

4.  A  system  as  defined  in  claim  3,  CHARAC- 
55  TERISED  IN  THAT  the  piano-based  device 

comprises  a  plano-convex  device  (10),  a  plano- 
concave  device  (50),  an  optically  transparent 
device  (10),  or  an  optically  reflective  device 

5 
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(90). 

5.  An  optical  corrective  lens  for  providing  com- 
pensation  to  an  optical  image  exhibiting  an 
inherent  aberration,  CHARACTERISED  IN  5 
THAT  the  corrective  lens  comprises  an  optical 
device  including  a  plurality  of  N  stepped  zones 
(20,22,24,26)  for  introducing  a  predetermined 
plurality  of  N  phase  delays  to  an  optical  signal 
to  be  passed  therethrough  or  to  be  reflected  10 
thereby,  the  plurality  of  N  phase  delays  cho- 
sen  to  provide  at  the  output  of  said  piano- 
based  device  a  curvature  substantially  oppo- 
site  to  that  created  by  the  inherent  aberration. 

75 
6.  A  lens  as  defined  in  claim  5,  CHARACTERIS- 

ED  IN  THAT  each  stepped  zone  extends  from 
a  planar  surface  (12),  and  comprises  a  first 
face  (16)  parallel  to  the  piano  surface  (12),  and 
a  second  face  (18)  perpendicular  to  said  piano  20 
surface. 

7.  A  lens  as  defined  in  claim  6,  CHARACTERIS- 
ED  IN  THAT  each  zone  forming  the  piano- 
based  device  comprises  a  substantially  iden-  25 
tical  step  height  S  chosen  to  be  a  2-n  multiple 
of  the  wavelength  of  the  optical  signal  passing 
therethrough  or  reflected  thereby  so  as  to  form 
a  corrective  lens  or  mirror  with  a  squared  cur- 
vature  R  capable  of  substantially  cancelling  the  30 
inherent  system  field  curvature. 

8.  A  lens  as  defined  in  claim  6  or  7,  CHARAC- 
TERISED  IN  THAT  spherical  aberration  correc- 
tion,  field  curvature  correction  or  both  is  pro-  35 
vided. 

9.  A  lens  as  defined  in  claim  8,  CHARACTERIS- 
ED  IN  THAT  each  zone  forming  the  piano- 
based  device  comprises  a  step  height  S  cho-  40 
sen  to  form  a  lens  profile  either  with  a  qua- 
dratic  curvature  capable  of  substantially  can- 
celling  the  inherent  spherical  aberration,  or 
with  a  curvature  R  including  both  circular  and 
quartic  terms.  45 

10.  A  lens  as  defined  in  claim  6  or  7  CHARAC- 
TERISED  IN  THAT  the  piano-based  device 
comprises  plano-convex  device  (10),  a  plano- 
concave  device  (50),  and  in  that  the  piano-  50 
based  device  is  optionally  optically  transpar- 
ent,  or  optically  reflective. 

6 
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