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tute or include a naturally occurring image-producing pattern such as that
of a crystallographic lattice is Background of the Invention
contemplated. For expediency the term mask" is used to de- Technical Field
5   scribe the pattern source as used in a form of the in- vention which
entails reflection rather than transmis- The invention is concerned with
the fabrication of  sion. While much of the description is unchanged, as
devices by procedures including lithographicdelinea-  now visualized, the
inventive teaching contemplates tion. Contemplated devices may be discrete
or inte-  use of a reflection mask. Consistent with the generic grated but
have the common characteristic of being   10  teaching, resolution
excellence is dependent upon a dependent upon feature size orspacing which
may be  back focal plane filter (as defined below) which differ- as small
as a micrometer or less. Semiconductor in-  entiates image-forming energy
on the basis of scatter tegrated circuits are critically dependent on small
di-  angle. Strictly speaking, the reflection mask mode mensions, and
future generations are expected to   depends upon "non-specularu and
uspecularu reflec- benefit by the invention. Prospectively, Integrated cir-
15  tion regions (rather than on blocklng" and utranspar- cuits will
Increasingly Include optical devices, and  ent"). While the reflection mask
may, as indicated, these too will be advanced by the inventive teaching.
function In the same fashion as the transmission mask a requirement is
relaxed. Since the reflection Terminology
mask is not in-line with the optical axis, non-specular 20  reflection need
not entail a large fraction of Incident The arts involved, commercial as
well as scien-  radiation - may be replaced by absorption or, in some
tific, make use ofavarietyoftermswhich are not con-  instances, by
transmission. In the extreme case, sistently applied. It is convenient to
define terms as  therefore, a reflecting mask may functionally consist used
in this document. Following definitions are in  of reflection regions which
are specularly reflecting. terms of electron lithography - the area of
prime im-  25 portance as well as that of greatest need of definition.
Blocking Terms as applied to x-ray or other electromagnetic ra- diation are
analogous.                                 Mask regions resulting in a
degree of electron at- tenuation In the Image which Is of consequence in
de- Electron Beam Projection Lithography          3o  vice fabrication,
e.g. with regard to resist or other im- aging material. Lithographic system
entailing simultaneous Illu- mination of at least a significant portion of
a mask  Transparent with an electron beam to result In a projection image
of such portion. Contemplated systems depend upon   35  Mask regions
resulting in a degree of electron at- imaging by masks illuminated by
accelerated elec-  tenuation in the image which is small relative to block-
trons. While much of the description is in terms of  ing regions In terms
of device fabrication, e.g. with re- transmission masks, patterning may be
the conse-   gard to resist or other Imaging material. quence of reflection
masking. The term Is not intend- ed to Include Imaging by unaccelerated low
energy   40  Absorbing electrons as directly produced upon photo illumina-
tion of a photo cathode.                               The characteristics,
generally discussed in terms Described systems permit mask-to-image reduc-
of blocking regions, entailing a degree of reduction in tion to minimize
effects of imperfections such as pat-  transmitted energy relative to
illuminating energy. tern edge roughness or simply to provide for needed
45 miniaturization. For many purposes reduction may be  Scattring up to
tenfold or greater. One-to-one imaging, as well as magnification, are also
permitted.                  The angular change in direction experienced by
electrons during transmission through a material, Mask
50  generally In terms of beam electrons during passage through a mask.
Scattering may be elastic or inelastic A fabrication tool which when
illuminated by un-  and under many conditions both are manifested. In-
patterned electron radiation, patterns such radiation  elastic scattering,
most evident in material which ab- to ultimately yield an Image defined by
relatively low  sorbs at concerned electron energies, may result in and
high electron intensities on the image plane (gen-  55  "chromatic
aberrations - a change in wavelength with erally on the surface of the
device being fabricated).  implications on focal distance and, therefore,
on im- While a mask is generally deliberately fabricated for  age quality.
contemplated use, the possibility that it may consti-  For ease of
description reference is made to 2  
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"unscatteredw energy. In principle,  in the fabricated device - as modified
or unmodified transmitting energy experiences some degree of      due to
Image exposure. scattering, howeversmall, upon passage through any real
material - presence of a scattering feature, how-  Minimum Feature Size
ever far from the transmitting energy, in principle, re-   5 suits in some
change in direction. Terminology is de-   As used herein this is the
dimension of the small- fined in terms of lithographically significant
effects -  estfeature orspacing between features routinely pro- e.g.
"unscattered" may connote the range up to the  duced as measured on the
device. As discussed, this maximum scatter angle selectively passed through
is the dimension generally used in device description; some subsequent
aperture.                      io  e.g. reference to w1 megabit chip,
generally the pres- ent state-of-the-art semiconductor chip, represents a
Edge Scattering                                     minimum feature size of
-1Lm - usually the gate size of any Included field effect transistor. This
term has reference to electrons which are      Anumberof otherterms'are
used In the literature. transmitted through the interface between blocking
15  While the complex and sometimes varying definition, and non-blocking
mask regions regardless of mecha-  such terms generally scale with minimum
feature nism. For the usual situation for which the interface  size.
"Design rule to many is synonymous. Minimum is nominally vertical
(perpendicular to the mask    line width while defined in somewhat
differentterms, plane), affected electrons are traveling in directions  is
a near-synonym. All such terminology and other di- outside the beam limit.
Scattering may be elastic or  20   menslonal terminology as well, as
reported in the lit- inelastic, may be the consequence of but a single
erature, Is to be interpreted very carefully. event, or may be the result
of two or more scattering events. Edge diffraction as ordinarily regarded,
while  Transmission a contemplated contributor to edge scattering, is or-
dinarilyof small magnitude and accordingly of little or  25  Intensity of
irradiating electrons in image regions no lithographic significance (for
contemplated e-be-  corresponding with transparent mask regions as nor- am
lithography in which wavelength Is small relative  malized relative to such
intensity as incident on the to minimum feature size).
mask. Back Focal Plane Filter                        30  Image Contrast
Filter having two or more areas of differing trans-  The difference in
intensity of irradiating electrons missivity for electrons of the same
velocity. As used  as between Image regions corresponding with block-
herein, choice of area is dependent upon scattering.  ing and transparent
mask regions normalized to such In an embodiment the filter provides for
selective   35  intensity in image regions corresponding with trans-
transmission of "unscattered (including low-angle    parent mask regions.
scattered) electrons and takes the form of an absorb- Ing member provided
with an aperture of size deter-  Edge Acuity mined by desired scattering
angle limitation. Alterna- tively, the filter may be of design to
selectively trans-  40  The distance overwhich contrastfalls to one-half
mit electrons scattered to values within any desired  the image contrast as
measured at the boundary be- scattering angle range. Placementof the filter
is In the  tween image regions corresponding with blocking event at or in
the proximity of the back focal plane of  and transparent mask regions. the
objective lens or in the proximity of any conjugate plane in the imaging
system. The terminology Nback   45   Reflection Mode Terminology focal
plane filterm as used herein is intended to en- compass any such filter
placement Aperture size (at     The artisan will have no problem applying
the in- least for usual round on-axis apertures) is described  ventive
teaching to use of reflection, rather than In terms of maximum angle of
acceptance for incom-  transmission, masks. As in transmission, some sim-
ing radiation. (Mathematically, the tangent of this an-  5o   plification
In terminology is expeditious. For example, gle isequal tothe radius of
theaperture divided bythe  no real surface results in truly specular
reflection. focal length of the associated lens.)
Differentiation, as between regions corresponding in function with the
transparenr and "blocking" regions Imaging Material
of the transmission mode, again concern degree of 55 angular deviation from
perfect specular reflection. Material within which the projection image Is
pro-  The back focal plane filter again serves the function duced. In
general, a transitory material e.g. wresist is  of selectively passing
Image-defining information contemplated although the material may be
retained  within, or (for reverse tone) beyond the scatter angle 3  
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relative to true specular reflec-  advances In mask fabrication of devices.
It is clear tion.                                              that
wavelength limitations of ultraviolet radiation Rather than complicate the
description, reliance  now in use make it unsuitable for imaging. While use
is had on the readerto regard the teaching in the gen-  of mask-to-Image
reduction permits passage of such eric sense (depending on reflection as
well as trans-   5   radiation through the mask, it cannot be used to de-
mission) even though description is largely in terms of  fine minimum
features smaller than its wavelength. transmission.
Reliable production with reasonable yield is believed to require still
further reduction In wavelength, to Description of the PriorArt
some fraction of minimum feature size. For 0.2pm io   minimum features,
radiation of wavelength of 500A Art of consequence is concerned with
fabrication  (0.05pim) or smaller is desired. Prospective mask of devices
which involves one or more lithographic de-  manufacture In this last
category has generally con- lineation procedures. Most significant devices
in this  templated use of electromagnetic radiation in the x- category to
date are semiconductor devices although  ray spectrum. procedures have been
otherwise applied, and still  15  Development of a suitable x-ray
delineation ap- other forms of devices are of prospective Interest.  proach
has been difficult. Nevertheless, Intense State-of-the-art semiconductor
Integrated Circuits  worldwide activity, while recognizing the many obsta-
are nowfabricated to minimumfeature size of- Iipm.  cles, shows progress.
Major problems include limited Such devices use avarietyof lithographic
procedures  source brightness, unavailability of x-ray optics, and designed
to yield positive or negative images to bring   20  poor absorption. Most
advanced systems depend about selective processing, e.g. etching, implanta-
.  upon synchrotron sources. tion, diffusion, deposition, etc. Design and
process   The present state of development of x-ray optics evolution as
well as likely directions to be taken for  results In most efforts to date
taking the form of prox- next-generation devices are described In *Semicon-
imity printing (which in turn gives rise to the need for ductor Lithography
Principles, Practices and Mated-  25  very close spacing between mask and
exposure me- ale', W. M. Moreau, Plenum Press, New York, 1988.  dium). As
an example, use the x-ray wavelengths of A typical process yielding ICe one
centimeter   about I0Atypically requires mask-to-substrate spac- across and
containing up to a million devices built to  Ing of about 10pLm for
resolution of 0.2pim features. minimum feature size of - hIm depends upon
expos-  Dangerof mask breakage Is significant for this spac- ing and
developing a resist layer by illumination with  3o  Ing. While such a
facility has been demonstrated, it near ultraviolet radiation e.g. by means
of an absorb-  used sources, masking approaches and other condi- Ing type
mask. Both proximity printing and projection  tions not readily adapted to
commercial practice. For printing find use. Considerable thought and
experi-  example, exposure times in such demonstrations mentation worldwide
are directed to future genera-  have typically been of more than an hours
duration. tion ICs. Near-term minimum feature size reduction   35  At one
time there was a considerable effect di- (to minimum feature size of -
0.51tm) is expected to  rected toward use of accelerated electrons In lieu
of depend upon similar systems based on shorterwave-  electromagnetic
radiation. The effort continued length illumination in the near ultraviolet
spectrum.  apace with e-beam direct writing and to some extent Requisites
such as optics design and resist formula-  contributed to advances in
electron optics and in re- tion, are at an advanced stage.               40
slat chemistry. A particular line of endeavor was pur- Afollowing
generation, down to minimum feature  sued in the United States, Germany and
in Japan. size of - 0.35pm, is not so well advanced. Some be-  (See J. Vac.
So. Technol., Vol. 12, No. 6, Nov./Dec. lieve that lithographic delineation
will depend upon  1975, Electron-projection Microfabrication System:;
shorter wavelength radiation in the deep ultraviolet  J. Vac. Sd. Technol.,
16(6), Nov./Dec. 1979, Aligned spectrum.
46   Muitilayer Structure Generation by Electron Micro- Generations after
that, devices fabricated to   projection; Proceedings of the 11th
Conference minimum feature size of less than 0.351m, and those  (1979)
International) on Solid State Devices, Tokyo, of minimum feature size at
below 0.2pm are already  1979; Japanese Journal of Applied Physics, Vol. 19
under activestudy. Mask fabrication approaches are  (1980) Suppliement
19-1, pp. 47-50, Demagnifying at a very early stage of development.
Operability of  50   Electron Projection System".) This effort, which ap-
devices built to such specifications is established on  pears to have been
most actively pursued in the late the basis of fabrication entailing direct
electron beam  '706, was generally directed to miniaturization be- writing.
(This technique, direct wrte, is character-  yond that thought to be
offered by the then usual fab- ized by relatively low throughput, and Is
not expected  rication procedures. Reports are generally directed to to
satisfy desire for large quantity production e.g. for  ss   minimum feature
size at the - Ipm to 0.5iim level. memory devices.)
Apparatus used represents a considerable degree of It is recognized that
significant commercial reali-  development and certainly demonstrates
feasibility In zation of devices In this categorywill rely upon further
terms of electron optics, registration and alignment, 
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sources yielding adequate intensity and,  ein has to do with aperture size.
Conflicting design therefore, reasonable exposure times.              needs
result from image contrast as implicitly de- The effort, for the most part,
made use of absorb-  pendent upon small aperture size which in turn limits
ing masks (as then and now in use in visible and UV  feature size which may
be resolved due to diffraction lithographic fabrication). The cited work
makes use of   5   limitations. This led to enlarging of the aperture to
re- self-supporting aperture masks although it was later  suit in reduced
scattering contrast. As a conse- suggested that a membrane-supported
structure of   quence, new imaging methods, based fbrexample on the type
used in x-ray fabrication could be substitut-  phase contrast, have
emerged. ed. (See IBM Tech. Disclosure Bull. (USA), Dec.        The history
of electron microscopy Is understood 1977, Vo. 20, no.7 pp. 2868-71,
Fabricatlon of E-be-  lo  in terms of unavoidable specimen characteristics,
am Projection and x-ray Masks on a Support Frame".)  e.g. contrast and size
as discussed, together with re- History shows that the major objective of
the   quired magnification typically to values ; 10,000 electron mask
approach was satisfactory met by li-  (within a range of perhaps 1 Ox -
10Sx). thographic delineation based on electromagnetic ra- diation of
wavelength within the near UV spectrum.   15  Summary of the Invention
Literature study shows that efforts toward still small- er minimum feature
size has concentrated on the        The technical problem is to provide a
method for electromagnetic radiation route as well (first deep UV  device
fabrication comprising a lithographic delinea- and finally x-ray).
tion step, wherein the pattern image projected during There has been little
literature directed toe-beam   20  said delineation step shows high
resolution. This is projection fabrication in recent times. It may be that
obtained by the method according to claim 1. Device chromatic aberration
(and to some lesser extent eias-  fabrication and resulting devices depend
upon one or tic scattering) implicit in use of absorption masks ex-  more
lithographic projection procedures with capabil- plains emphasis on x-ray.
As discussed in conjunction  Ity of defining minimum size features of
minimum di- with FIG. 4, required thick absorption regions in con-  25
mensions 1Ipm and below. Aspects of the invention junction with the
(incomplete) nature of the absorp-  entail submbron minimum feature size at
or below tion phenomenon itself, gives rise to electrons escap-  0.5prm.
Prospective devices described in the liters- ing from the edge of the
absorbing region. Associated  ture require a variety of minimum feature
sizes, e.g. resolution limitation Is a consequence of such elec-  0.35pm,
0.25pm, 0.2irm and below. The invention is trons being Improperly
transmitted/blocked due to  so  suitably applied to fabrication of such
devices. Fabri- either of two mechanisms. Electrons as initially scat-
cation procedures entail image formation which Is to tered oras misdirected
due to reduced energy are im-  some substantial extent affected by
selective pas- properly captured or excluded.                     sage of
lithographically defining energy dependent The history of conventional
transmission eleo-  upon scattering during transmission through a mask.
tron microscopy is relevant to this discussion. Con-  35  (As above, for
expediency, description is largely stant demand toward resolution of finer
and finer fea-  in terms of use of a transmission mask. Contemplated tures
has been attended by design alterations. Acon-  use of a reflection mask
requires some slight reinter- sequence is very thin specimens as well as
high ao-  pretation of the language used. In this mode, for ex- celerating
voltages - both to expedite resolution of  ample, "selective passage Is
considered to encom- such small features. Both are attended by lowered   40
pass the equivalent "specular reflection" (within the absorption, by a
degree of absorption inadequate to  angular deviation permitted by the back
focal plane resolve features, and just as important, inadequate  filter),
etc.) for replicating a grey scale needed for resolving detail  An
important class of such lithographic proce- within blocking' regions. The
now familiar solution to  dures depends on beam illumination of a mask con-
the problem is in a mode of electron microscopy   45  taining a pattern
defined by "blocking" and "transpar- known as 0Scattering Contrast
Transmission Elec-   ent" regions which scatter transmitting Illumination
tron Microscopy". This mode relies upon Imaging as  energy to respectively
large and small extent so as to based upon the degree to which electrons
experience  permit pattern replication on an image plane. Scatter- scatter
upon transmission through the specimen.    Ing-dependent transmission Is by
a filter - generally Such imaging Is dependent upon an apertured back   50
an apertured filter- which, relative to the object plane focal plane
filter. The principle of the operation is well  of the mask is on a "back
focal plane" (defined as In- known - unscattered electrons are selectively
trans-  cluding equivalent conjugate planes) of the lens sys- mitted or
blocked depending upon placement of the  tem. While not so limited, this
back focal plane filter aperture. Replication of adequate grey scale is due
to  is usually absorbing (like other terminology used in dependence of
transmission on scattering angle.  66  this description the term "absorbing
means to a level SCTEM has been of undeniable significance but   which Is
lithographically significant - e.g. 100% ab- 



In turn presents certain problems not shared by con-  sorption is not
required if a lesser percentage is suf- ventional imaging based on
absorption. Amajor prob-  ficientfor the contemplated processing).
Provision of 5    9                   EP0412690B1                     10
afilter aperture which ison the optical axis of the lens  damage-induced
defects minimizes deterioration of system results in selective passage of
unscattered  device-significant characteristics. energy - in selective
passage of energy passing        Inventive species may, nevertheless,
depend on through transparent mask regions. A complementary  direct or
Indirect change in device properties based system of providing forselective
passage of scattered   c   on patterned illumination. One species involves
si- energy blocks passage through an on-axis region of  multaneous
illumination and processing to result in ii- the filter. Such a filter
which selectively passes scat-  lumination-dependent change in processing
rate e.g. tered energy may take the form of a central absorbing  selective
deposition as a consequence of decompo- region surrounded by transparent
material or by one  sition or reaction selectively induced by illumination.
or more apertures. Again, either filter In fact provides  io   Etch rate,
too, may be affected positively or negative- for passage or non-passage of
energy depending     ly by illumination. upon range of scatter.
The inventive approach enjoys marked advan- Appropriate lithographically
defining energy must  tages relative to x-ray fabrication - both in terms
of be of such nature as to be scattered or transmitted in  proximity and
projection printing. In usual x-ray sys- the above terms by "blocking" and
"transparent re-  1s  tems, imaging depends on differentiation between
gions of masks which are expediently manufactured  energy passing through
absorbing and transparent and used (e.g. in terms of structural material
and  mask regions. X-ray wavelengths, appropriate to thickness). Avariety
of energyforms are suitable from  minimum feature size generally sought,
require block- this standpoint. Inventive significance is primarily in  ing
regions in the mask of sufficient thickness to re- terms of energy of
properties Inherently suited to mi-  20  suit in edge scattering resolution
loss. Use of a back cron and submicron feature size definition. A prefer-
focal plane filter lessens resolution limitation due to red system relies
upon electrons sufficiently acceler-  edge scattering. This advantage may
be of signifi- ated for appropriate fine feature resolution. Specific
cance for absorption-transmission masking systems discussion is in terms of
acceleration within the 50-  using otherforms of electromagnetic radiation
as well 200 kV range. Maximum acceleration is likely to be   25  as for
other scattering - non-scattering masking sys- limited by
device-consequential material damage. In  tems. In this connection it is
useful to note that the in- general, still greater acceleration results in
improve-  ventive approach may be of value in the fabrication of ment e.g.
in terms of depth of focus and penetration  devices based on minimum
feature dimensions which depth and may be indicated depending upon device
are not precluded due to wavelength limitations of design demands. The
inventive fabrication system   3o  other lithographic techniques. For
example, even may result in product advantages as used with elec-  where
such dimensions exceed 1 pm, improvement in tromagnetic radiation energy
e.g. in the x-ray spec-  edge acuity inherent in the version of the
invention trum as well. While the electron beam projection ap-  selectively
passing unscattered energy may be of proach as generally contemplated by
the invention  consequence e.g. in expediting registration. Edge entails
initial illumination of the mask by already-aO-  35  acuity values of
0.2jpm and 0.1pm have been exper- celerated electrons, the invention is of
other value.  mentally observed. For example, photo illumination of a photo
cathode to  Suitable to contemplated submicron minimum resultin
maskillumination by unaccelerated electrons  features, the inventive
approach may expedite in-situ may benefit by the inventive teaching. This
version of  processing. For example, electron imaging in accor- the
invention involves acceleration of the already   40  dance with a preferred
form of the invention is desir- mask-patterned radiation. Resulting
accelerated    ably carried out in an evacuated atmosphere. This is
electrons as permitted by the back focal plane filter  consistent with
other procedures which might pre- have the described advantages with
respect to depth  cede orfollow imaging. Examples are deposition pro- of
focus and penetration depth. In addition, the back  cedures such as
Molecular Beam Epitaxy and Chem- focal plane filter may increase edge
acuity by differ-  45  ical Vapor Deposition. Such compatibility favors de-
entiation based on scatter angle.                  vice fabrication without
need for changing apparatus Mostsignif icant near-term use ofthe Invention
in-  or breaking vacuum, and so lessens contamination. volves patterning of
resist materials. In general, delin-  A significant part of the inventive
teaching Is in eating energy chosen for high resolution or low dam-  terms
of device fabrication and resulting products. In age has little effect on
device-functional properties of  6o  the main, such description
contemplates at least one usual materials being processed. This is
particularly  level of imaging using the preferred accelerated alec- true
of an Important category of processes which de-  tron approach, primarily
In terms of scattering - non- pend on electrons accelerated within the 50 -
200 kV  scattering masking. As discussed, preference is gen- range or
higher. Such energized electrons are not lo-  erally for acceleration
voltages equal to or greater 



cally absorbed within thin surface regions but pene-  55  than 100 kV.
trate to significant depths, sometimes completely      Fabrication
procedures using electron imaging through the article being fabricated. It
Is a feature of  gain advantage from registrationlalignment and in- the
Invention that the very small concentration of  spection facility which may
be done electronically 6    11                  EP 0 412 690 B1
12 (which do not require mechanical stage movement    In energy which is
"edge scattered or which is scat- commonly used with electromagnetic
radiation pat-  tered as exiting from the underside of the region.
terning). A major advantage Is depth of focus partic-  FIG. 6 is a
diagrammatic view of a portion of a re- ularly as reinforced by penetration
depth. This corm-  flective mask which may replace the transmission
bination gives rise to expedient device fabrication in-   5   mask, for
example, In the systems depicted In FIGS. cluding a level at which imaging
Is carried out on a  I and 2. stopped surface (as produced by
etch-removal).         FIG. 7 is a diagrammaticviewof a section of a de-
Depth of focus permitted for 100 kV electrons easily  vice underfabricatlon
In which electron imaging is be- accommodates the 1pim or greater steps
generally   ing carried out on a stepped surface. used and contemplated for
fractional urn design   10   FIG. 8 Is a diagrammatic view similar to that
of rules.                                             FIG. 7 but depicting
Imaging as carried out on a pla- Penetration depths, also sufficient to
accommo-  narized surface. date 1lpm orgreaterdistances, expedites
processing, e.g. expedites resist coverage of bared vertical sur-  Detailed
Description faces. Such advantages are due to relative indepen-  i5 dence
of electron exposure relative to material (e.g.  1. Drawing resist)
thickness. While the Inventive approach may avoid need for  FIG. 1
planarization, it may also expedite planarization where desired. There is a
view that planarization is  20  The single lens system depicted makes use
of useful, for example, in assuring metal coverage In  beam electrons, or
other delineating energy, identi- fabrication of devices at -0.4pm design
rules.     fled as rays 1 incident on mask 2 which includes Much attention
has been given to the proximity  blocking regions 3 and transparent regions
4. Rays effect associated with accelerated electron imaging.  transmitted
through transparent regions 4, are iden- The effect due to unwanted
exposure by scattered   25  tified as rays I a while those transmitted by
blocking electrons, may cause problems in terms of resolution  regions 3
are Identified as rays lb. Such rays are re- and also in terms of exposure
differences as between  fracted by lens 5 with emerging rays made incident
on small and large pattern areas. In scanning beam writ-  back focal plane
filter 6. As schematically depicted Ing, consequences of the effect may be
reduced by  rays la pass through filter aperture 7 to result in im-
changing scan rate or beam intensity. In the projec-  30  age 9 consisting
of replicated illuminated regions 10 tion lithography of the invention
accommodation may  and unilluminated regions 11. Rays lb scattered be- take
the form of changes in pattern density in differ-  yond a critical
scattering angle, do not pass through ent regions of the mask. The effect
is lessened by  aperture 7, but instead are absorbed or otherwise proper
selection of accelerating voltage values.   blocked by the non-apertured
portion 8 of filter 8. Yield improvement, as well as fabrication econo-  35
my, is gainedfrom greatertolerance of slightwarpage  FIG. 2 or misplacement
of mask and/or substrate. The complementary system In which scattered Brief
Description of the Drawing                   energy Is selectively used to
form the image In this 4o  FIG. Here scattered rays l b pass through
apertures FIG. 1 is a diagrammatic view illustrating princi-  17 while
transmitted rays Ia are nowstopped byfilter pie of operation of a back
focal plane filter designed  region 18. Image 19 a negative of image 9,
results to selectively pass unscattered energy.            from selective
Illumination of regions 21. Regions 20 FIG. 2 is a diagrammaticview quite
similartothat  are unilluminated. In contemplated apparatus, the of FIG. I
but illustrating principle of operation for the   45  back focal plane
filter Is absorbing (although alterna- complementary system in which the
back focal plane  tive designs may make use of forms of scattering filter
selectively passes scattered energy.        such as Bragg scattering,
etc.). FIG. 3 on ordinate units of contrast and transmis-  Rays Ic are
depicted as energy scattered within sion and abscissa units of angle,
relates the two or-  a blocking region 3 so as to result in escape before
dinate quantities to acceptance angle of a back focal  so  complete
transmission. The phenomenon Is of very planefilter designed to selectively
pass energy trans-  small amplitude for the version of the Invention prin-
mitted through the "transparent" mask regions.     cipally discussed - for
the version which depends 



FIG. 4 is a diagrammatic view of a projection sys-  upon imaging based
primarily on scatter - nonscatter tam suitably used with the invention.
masking. As considered In the description of FIG. 5, FIG. 5 Is a
diagrammatic view showing some   55  it Is statistically more likely for
thicker blocking re- types of scattering experienced within a blocking
gions such as are necessarily used for absorption - mask region. The figure
Is intended to illustrate ef-  transmission masking. feacts of elastic as
well as inelastic scattering to result  As depicted, edge scattering of
sufficient angle 7    13                  EP0412690B1
14 results in blockage by the back focal plane filter 6 in  minimum
mechanical adjustment. Physical move- the same manner as for rays l b. As
later discussed,  ment of the mask or the device in process, while cer-
rays 1c may be due to simple elastic scattering or may  tainly feasible
increases apparatus cost and is likely be the consequence of oneormore
energy-absorbing   to result in a time penalty as well. There is a further
events to result In Inelastic scattering. Inelastic scat-   5   preference
formultiple lenses In the projector system. tering, with Its inherent
energy reduction, results in  For example, use of two or more lenses is
useful to chromatic aberration to add yet another influence  allow
correction for image distortion and other aber- statistically reducing
likelihood of capture within the  rations, and to control image rotation as
well. (See M. angle subtended by aperture 7, I.e. as due to lens dis-  B.
Heritage: wElectron-projection Microfabrication persion (change in focal
plane due to energy loss).   lo   System, J. Vac. Scl. Technod., Vol. 12,
No. 6, The implication Is dear. Use of a backfocal plane  Nov./Dec. 1975,
pp. 1135-1139). filter in conjunction with an imaging system depend-   Many
workers concerned with lithographic fabri- ent upon absorption nevertheless
benefits by the in-  cation at minimum feature size of I.Oim and below
ventive teaching. Edge resolution deterioration, limit-  have considered
reduction systems. Mask quality is ing In absorption Imaging projection
systems, for  15  Improved and one contribution to Image deterioration
electromagnetic radiation as well as for electron radi-  Is lessened. The
advantages must be balanced atlon, Is alleviated.
against resulting disadvantages. For example, effect of radial drop-off In
Intensity, particularly for electron FIG. 3
illumination, isaggravated byuse of largermasks. For 20  present state of
development, this may require step- Data here presented, In the form of
contrast    and-repeat curve 30 and transmission curve 31 is based on cal-
Equipment design permits image enlargement, culated values for an e-beam
system. In this system,  as well as reduction and 1:1. While generally
disad- electrons accelerated to a level of 175,000 electron  vantageous for
the reasons discussed above, other volts are made incident on a mask
consisting of a   25  circumstances may suggest the approach. Masks 0.5,um
thick membrane of silicon oxynitride, support-  based on naturally
occurring patterns - perhaps of ing a 650Athick pattern of elemental gold.
While such  atomic dimensions - may require enlargement. gold blocking
regions serve the entirety of the litho-  Mask 43 is shown with the
blocking regions 44 graphic function, an Interposed 100A thick layer of
constituting the pattern on the underside of the mem- chromium serves to
assure adherence. Information of  3o   brane relative to the electron
source. This is preferred this form for the chosen radiation may be used to
se-  due to the "top-bottom" effect. (See 'Transmission lect appropriate
operating property in terms of e.g. re-  Electron Microscopy: Physics of
Image Formation sist characteristics. (For a description of silicon oxy-
and Microanalysis", L. Reimer, published by Springer- nitride, a material
familiar to many workers in this  Verlag 1984, pp. 172-176). field, see
"Thin Film Processes", edited by J.L. Vos-  3s  Reference to M. B.
Heritage, cited above, is illus- sen and W. Kern, Academic Press NY, 1978
pp. 299-  trative of the state of development of electron optics. 300.)
In general, lens and other design parameters are quite advanced. Little
change in design is suggested FIG. 4
by substitution of scattering type masks in accor- 4o  dance with a
preferred form of the invention. Apparatus 40 depicted in this FIG.
includes elec- tron or other energy source 41, condenser lens sys-  FIG 5
tem 42, mask43 consisting of blocking regions44 and transparent regions 45,
objective lens 46, back focal  FIG. 5 is a cross sectional view of a mask
portion plane filter 47 shown as provided with on-axis aper-  4s  including
membrane 60 supporting blocking region ture 48, projector lens system 49,
exposure medium  61. The purpose of this figure is to serve as basis for 50
shown as embraced by elements 51 and 52 which   discussion relating to the
various phenomena which together constitute registration and alignment
system  may be experienced by lithographically defining ener- 53. Apparatus
40 is completed by vacuum chamber    gy within the blocking region. 54 and
air lock 55, the latter providing for specimen   5o  Reference is made to
four energy rays as made 



exchange.                                          incident on membrane 60
to be transmitted into block- The apparatus depicted serves as the basis
for  ing region 61. Ray 62 experiences a single scattering description of
suitable optics. In these terms, it Is to  event 68 to result In edge
scattered ray 67 shown as be contrasted with FIG. I which is Intended
solely as  escaping blocking region 61. Event 66 may be elastic a schematic
serving as basis for discussion of the   55   or Inelastic. Ray 63 also
experiences but a single fundamental principles involved. The apparatus of
scattering event 68 to result in ray 69 exiting after FIG. 4 has separate
condenser and projector lens   transmission through the entire thickness of
blocking systems. This Is preferred to facilitate focusing with  region 61.
Event 68, like 61, and like other events de- 8    15                  EP 0
412 690 B1                 16 picted in this figure may be elastic or
inelastic. Ray 64  mask in an accelerated electron illumination system
experiences three scattering events, 70 71, 72, to re-  are known. See, for
example, "Trnsmission Electron sult in ray 73, like 69 exiting at the
underside of block-  Microscopy. Physics of Image Formation and Micro- Ing
region 61. Ray 85 also experiences multiple scat-  analysis' L. Reimer,
published by Springer-Verlag tering events, 74, 75, 78, to result in edge
scattered   c   1984, e.g. at p. 402. Specular reflection compatible ray
77.                                            with desirably minimized
penetration, depends upon Rays 89 and 73 are illustrative of scattered
ener-  Bragg operation. Generally, use is made of very small gy rays likely
to play a role in various forms of the In-  glancing angles 100 In
combination with crystalline vention. The experience of ray 83 is
illustrative of the  surface layer made up of a few lattice planes (of a
phenomenon upon which scatter-nonscatter imaging   so  thickness of e.g.
-1oA) not shown, within the surface of the invention is dependent In this
form of the Inven-  of substrate 4'. Deviation of rays I b' from specular
is tion, material and thickness of blocking region 81 are  the consequence
of scattering within regions 3'. Ap- chosen to favor a small number of
elastic collisions.  paratus arrangement for use with a reflection mode
Statistical assurance of image-significant degree of  mask may depend upon
a substrate position which is scattermaytaketheformofdesign
providingforthree   15  angularly complementary to that of mask 2' (so as
to collisions as depicted forray 84. This statistical assur-  attempt to
equalize total transmission paths of all pat- ance is consistent with a
blocking region which Is thin  tern-significant rays). Alternative
arrangements, e.g. relative to that needed for absorption masking. Thin
using back-to-back mask and substrate may use ad- blocking regions,
desirable from the standpoint of fab-  ditional elements. rication,
temperature stability, etc. inherently lessen   20 likelihood of edge
scattering as depicted for rays 62  FIG. 7 and 65. As discussed in
conjunction with rays lc of FIG.   FIG. 7 depicts a portion of a device
under fabri- 1, edge scattering, as occurring in blocking regions  cation
in accordance with a preferred embodiment dependent upon absorption, Is
likely to be due to in-  25  The. device at this stage, includes stopped
regins elastic collisions. Energy loss, the consequence of  within body 80,
with steps consisting of horizontal sur- partial absorption, reduces the
energy level of the ra-  faces 83 and 84 interconnected by step surface 81.
diation (in the instance of electron irradiation results  At the stage
depicted, such surfaces are covered with In decreased velocity) to result
in chromatic aberra-  protecting material, e.g. resist, 82. Processing at
this tion. As discussed, frequency dispersion characteris-  30  stage
entails illumination by rays 85a, 85b and 85c, tics of the lenses
constituting the optic system dictate  for this purpose representing rays
of collimated elec- direction change to result in such radiation being
trons accelerated, likely to a level of 100 kV or higher. shifted on the
image plane. In general, chromatic  As discussed, such energized electrons
may be fo- aberration increases the likelihood that affected en-  cused so
as to exhibit a depth of focus sufficient to re- ergy will not be captured
within the angle subtended   35  suIt in satisfaction of contemplated
design rule re- by an on-axis filter aperture.
quirements simultaneously on surfaces 83 and 84 (for a typical step height
81 of lor2pim for contemplat- FIG. 6
ed devices fabricated at design rules offractional pm, e.g. 0.4pm down to
0.1 pm). This figure depicts a mask working In the ref le   4o  The shape
of the resist layer82 conveniently pro- tion mode. For ease of comparison
with transmission  duced by spinning, uses amounts of material and con-
mode it uses primed numbers corresponding with the  ditions as to assuredly
protect all of surfaces 81, 83, unprimed numbers of FIGS. 1 and 2 for the
transmis-  84 at the sacrifice of thickness uniformity. A signifi- sion
mask of that arrangement. In the figure, mask 2'  cant advantage of the
inventive approach is the es- is made up of substrate 4' supporting
patterned re-  45  sential independence of exposure depth of rays 85a,
gions 3'. Illumination Is by e.g. collimated electrons  85b, 85c with
regard to thickness of material 82 trav- shown as rays 1'. For the
particular arrangement   ersed. shown the free surface ofsubstrate 4'
results In spec-  In FIG. 8 a device at the same fabrication stage 



ular reflection of rays 1' to produce reflected rays Ia',  as that depicted
In FIG. 7, Is shown as undergoing an while regions 3' result in
non-specular reflection (rays   60  alternative approach Involving
planarization. Even 1b' manifesting some statistical angular deviation
though many workers at this time consider planariza- sufficient for
differentiation relative to specularly re-  tIon to be an undesirable
procedure, likely to be util- flected rays 1a'). The remainderof the
apparatus, not  ized at design rules of - 0.6pm and below, others be-
shown, depends upon a back focal plane filter to se-  lieve that it may be
desirable. At the stage shown, the lectively pass specular, or
alternatively non-specular,  55   device consists of a body 90 Including a
stepped sur- radiation in the manner of the filter shown In FIGS. I  face
93-91-94. Planartzation is accomplished by use and 2.
of material 92. Patterning is by rays 95a, 95b, 95c Design considerations
for a reflection mode     which, again, Immune to  contemplated  step 9
17                  EP0412 B901                     18 height/material
thickness both in terms of depth of to-  Chapter 6, "Semiconductor
Lithography Principles, cus and penetration depth, may satisfy e.g. 0.2pm
Practices and Materials", W. M. Moreau, Plenum design rules simultaneously
on planes 93 and 94 by  Press, New York, 1988.) -100 kV electrons.
The inventive approach permits fabrication with- 5   out planarizatlon. An
Important aspect takes the form 2. General
of a processing sequence Involving delineation over a deliberately stepped
surface as produced in prior A prime aspect of the invention, that
dependent  processing. Permitted conditions provide a degree of upon use of
accelerated electrons for image defini-  flexibility to accommodate such a
surface. The range tion, has attributes of particularvalue In terms both of
10  of electron velocity values as dependent on choice of processing and
product Registration and alignment  accelerating voltage, permits selection
of conditions are considered by many to be a prime deterrent as de-  to
provide desired penetration depth (in terms of stat- sign rules become
smaller. Use of charged particles  istical likelihood of desired
electron-induced interac- - of electrons - permits the electronic, rather
than  tion e.g. exposure at a given depth). For example, mechanical,
positioning of Image elements. Such   1S  choice of accelerating voltage
values of 100 kV or positioning, which may use magnetic, as well as elec-
greater, provides for resist exposure through a resist tric fields per se,
is a known attribute. A useful posi-  depth equal to that of usually
contemplated step tioning mechanism is described by M. B. Heritage in
heights. This effect complements, and, together with wElectron-projection
Microfabrication System",J. Vac.  depth of focus may simplify device
fabrication. A rec- Sci. Technol., Vol. 12, No. 8, NovJDec. 1975, pp.  20
ognized problem in processing a stepped surface Is 1135-1139). The term
"positioning" is intended to en-  In maintaining thickness uniformly of
resiston vertical compass simple movement (displacement and/or ro-   edges.
The problem may be avoided for properly se- tation) of the Image with
respect, for example, to ref-  lected electron acceleration voltages. Use
of excess erence markings, perhaps on the substrate, as well  resist
material, usually resulting In Increasing thick- as degree of
reduction/enlargement perhaps by use  25   ness with depth but assuring
reliable coating of vert- of the same markings. Interaction as between the
Ical edges - presents little problem. charged particles and the positioning
field may take   While this aspect of the invention may avoid the a variety
of forms, e.g. may be based on a difference  need for planarization, it
should be noted that planar- signal to result in a current feedback
minimization ap-  ization may Itself be expedited. Accordingly, it is un-
proach.                                       30   necesary to resort to
multifunctional coatings (e.g. to An important advantage of the invention
depends  bilevel or trilevel resist) with their processing oompol- upon the
relatively large depth of focus resulting from  cations. the equivalent
short wavelength of the accelerated     Acceptability of a stepped surface
accommo- electrons.                                         dates yet
another processing objective - simultane- This depth of focus can be of
particular value   35  ous delineation of patterns on different planes.
when taken togetherwith attainable electron penetra-   The relationship of
depth of focus to wavelength tion depths. Electrons, accelerated through
the pre-  is well-known and the reader Is referred to standard ferred
voltage ranges described, particularly at vol-  texts on the subject for
further detail as well as for tages of 100 kV and greater, evidence
sufficient pen-  special considerations. One such text Is "Geometrical
etration depth to result in delineation-modification of  4o  and Physical
Optics", R S. Longhurst, published by material over a far greater depth
than attainable In  Lorgman (Norwich 1967) with particular attention to
previous projection systems.                       Chapter 14. The two
characteristics, depth of focus and pen-   Auseful equation fordepth of
focus fore relevant etration, depth result in yield advantage with regard
optical system operating in a medium of constant re- to unintended
nonconformity of image plane and sub-  45  fractive index with diffraction
limited resolution is giv- strate surface (as due to Improper, e.g.
nonparallel,  en by 



placement of mask and substrate or, alternatively, as
X2 due to warped mask or substrate). Yield advantage,                D = cr
A. or alternatively, timehnaterial saving, is dear.   where: The same
characteristics give rise to a process-   0  D is depth of focus in terms
of distance from ing approach generally considered unavailable in the  the
focal plane which reduces resolution by some val- fabrication of devices
based on design rules of 0.5m  uthe (here generally discussed as 50%) or
smaller. It is expected that fabrication of such de-  r = resolution In
terms of edge acuity - distance vices by use of deep UV will make use of
planariza-  over which electron dose is reduced to some value tion".
Planarization takes many forms but is uniformly  o6 (her gerally discussed
as 50%) designed to account for depth of focus and penetra-     i. Is the
equivalent wavelength of the acceler- tion depth limitation of delineating
photonic energy. A  ated electrons variety of planarization techniques are
In use. (See 10    19                  EP0412690B1.                     20
c =a constant of avalue determined bythe pre-  thus far have required no
adjustment to compensate cise definition of D and r all in compatible
units.  for proximity effect In the event that processing con- While this
criterion is set forth in optical terms,  dition or material
characteristics result in greater de- available electron penetration depths
are sufficientto  mands, processes herein may be modified to com- assure
sufficient uniformity of intended reaction over   5   pensate for the
effect. contemplated distances.                                 Further
discussion on this matter is not justified. The inventive teaching is in
terms of design rules  Knowledgeable workers will address the effect in a
Including a range larger than that dictated solely on  variety of ways. It
may be, for example, that econom- the basis of wavelength limitation. It is
expected that  ics will dictate a variation in processing as between the
advantages described above may result in utiliza-  10  successive levels.
For example, while separation on tion in preference to photonic delineation
at largerde-  the basis of area is discussed in terms of amenability sign
rules within the stated ranged. As an example,  to different electron
exposure density, it may be that the facilityfor step coverage, or for
expedient planar-  electromagnetic radiation will be Indicated for mask
ization processing may dictate preference to ultravio-  levels restricted
to larger feature size (UV or even let radiation, e.g. at OA pim design
rules.    15  visible radiation might suffice). Proximity Effect
Contemplated Product The terminology "proximity effect Is descriptive
Discussion has largely been in terms of large of a class of phenomena of
significance In processes   20  scale Integration generally electronic
although pho- involving accelerated electron pattern delineation.  tonic as
well as hybrid circuitry has ben mentioned. It The phenomena are due to
exposure by scattered       is expected the inventive processes will be
applied as electrons, particularly back-scattered  electrons.  well to mask
fabrication. At this time, masks meeting Scattering may be within resistor
other material to be  demanding resolution requirements are made by
patterned, or within substrate material.       25  electron beam writing.
The inventive approach offers "Proximity effect, due to back scattering of
ac-  an Inexpensive route to reproduction of such masks celerated electrons
is known to have two harmful    for use in actual device fabrication. A
special value consequences In terms of delineation. The first, ab-  derives
from facility for reduction. Master masks at sorption of back scattered
electrons in masked re-  scale chosen with a view to edge acuity demands
gions (e.g. of resist), results In resolution loss. This  3o   may be
replicated in smallersize, e.g. tooffer 1:1 fab- may be measured in terms
of loss of edge acuity and  rication. It may be that such masks will be
used with may place a limitation on permitted line spacing.   alternative
forms of patterning energy - UV or x-ray - The other consequence, under
most circum-         as well as In electron projection. stances due to back
scattering from within underlying   The inventive advance is properly
discussed in substrate, gives rise to variation in electron density  35
terms of fabrication of devices - devices of interest for within regions.
This exposure variation Is area de-  their operating characteristics based
e.g. on small pendent - of greater consequence for larger areas.  minimum
feature dimensions and high packing den- Area-dependent exposure can be
controlled in     sity, as well as for their cost based on throughput,
scanning electron beam exposure systems simply by   yield, etc. Many of the
fabrication procedures are at programming in a variation in electron
density, forex-   4o  an advanced state of development. Electron beam di-
ample, by varying scan rate. In a mask projection sys-  rectwrite
fabrication procedures use resists, registra- tem, compensation may be by
varying the scattering  tion techniques and other procedures which may be
incidence by changing thickness or density in the   transferred directly
for use in e-beam projection sys- mask. An alternative approach breaks a
mask level   tems of the invention. The same is true of procedures into two
or more separate levels on the basis of fea-  45   using other forms of
lithographically defining energy. ture size. By either approach,
compensation for area-  X-ray, while most advanced in terms of proximity 



dependence is by decreasing exposure for larger      printing, is under
extensive study for use in projection areas. As an example, a crossover
might be for fea-  systems. Again, x-ray resists, registration techni- ture
sizes below and above I Opm. Useful crossover   ques, etc. are known.
Ultraviolet projection systems, values may be determined experimentally.
Knowl-  50   both in the near UV and the vacuum UV spectra, are edgeabie
works in the field invoke this effect as a sig-  in use or under
development. nificant deterrent to accelerated electron masklithog-  The
single feature common to all aspects of the raphy. In fact, experimental
results to date, largely in  invention is selective passage of transmitted
litho- terms of PMMA (polymethyl methacrylate positive     graphic energy
as dependent on angle of scatter In- tone resist) and silicon substrate -
considered reason-  55  troduced by the mask. The back focal plane filter
ably representative of conditions likely to be encoun-  serves this
function regardless of the fonm of trans- tered - show the effect to be of
small consequence.  mitted energy and, as indicated, may selectively pass
Acceptable results under experimental conditions     either (1) unscattered
energy or (2) scattered energy    21                  EP 0 412 690 B1
22 - perhaps as based on degree of scatter as well. For  versal may nowtake
advantage of preference for e.g. most purposes, selective passage of
unscattered en-  positive over negative resist so that positive may be orgy
is the preferred approach, since it inherently  used for successive
fabrication steps entailing rever- blocks transmission of energy which is
edge-        sal. Process simplification - use of but a single tone
scattered.                                      5   resist - Is of Itself
desirable. From a functional standpoint, the back focal        Contemplated
tone reversal may accordingly plane filter, if designed to selectively pass
unscat-  take the form either of filter modification (replace- tered
energy, is provided with an aperture located on  ment or adjustment of an
appropriately designed fit- the optical axis of the lens system. In
general, the fil-  ter), or of alteration of illumination angle. Filter
modi- ter element is constructed of absorbing material and   1o  fication,
with a view to process requirements, most depends upon this characteristic
for blocking (in this  desirably does not take the simple form of
displacing instance for blocking scattered energy). Heating, par-  the
center aperture for negative imaging. Image ticularly uneven heating, may
be of serious conse-   brightness, as well as edge acuity, may be improved
quence in causing shifting or distortion of the aper-  by replacing the
central circular aperture of the posi- ture, and to this end, cooling
and/or heat sinking may   15  tive filter with a properly designed annular
aperture be provided. The problem is alleviated by horizontal  surrounding
a now blocking on-axis region. The radial disposition of the filter and by
other precautions  width of the annulus determines resolution since itde-
which maintain uniform temperature about the aper-  termines the range of
scatter angle of illumination ture.
passed. The Inner radius of the annulus is a signifi- Design principles for
the filter are known (and are  20  cant factor In the determination of
Image contrast. In regularly used in scattering contrast transmission
general, this gives rise to an inner annulus radius electron microscopy).
Design, largely In terms of   which is greater than the radius of the
central aper- aperture diameter, is simply with the objective of se-  ture
of the positive filter. The area of the annulus de- lective passage of
energy based on scattering angle,  termines brightness of the negative
image. Other de- however, with a view to the inventive objectives.  25
sign considerations have to do with inherent aberra- Afeature of the
scattering - nonscattering version  tions of the lens system. of the
invention; that of reduced need for heat dissi-  As indicated, the usual
mode In accordance with pation In the mask, places a further responsibility
on  the Inventive teaching, makes use of a back focal the filter. Heat
dissipation perhaps 25watts is readily  plane filter consisting of a small
on-axis circular aper- dissipated at least in the filter provided with an
on-  3o  turn in an otherwise blocking (usually absorbing) fil- axis
aperture. Unlike the mask it is practical to con-  ter. The size of the
aperture determines the maximum struct the filter of relatively thick
material of high ther-  scatter angle (e.g. of accelerated electrons) which
is mal conductivity (e.g., of copper or other metal).  passed, with
decreasing size increasing resolution until diffraction becomes limiting.
Tone Reversal                                  35       For simplification,
discussion has been In terms of napertures and, in fact, filters may depend
on true It has been indicated that tone reversal of the  openings.
Considerations such as need for support- same mask may be realized by
appropriate design of   Ing webs in the negative filter might give rise to
an al- backfocal plane filters. This facility is realizable in ac-
ternative structure depending on transparent win- cordance with preferred
aspects of the invention de-  40   dows". Design considerations discussed
apply to pendent upon patterning as introduced by masks      such
alternative structures. consisting of two basic types of mask regions which
Optimal design of both positive and negative fil- differfrom each other In
the degree of scatter impart-  ters depends upon a number of
considerations. A ed to the unpatterned (parallel) illuminating radiation.
number of factors may play a significant role. Desired The effect is most
pronounced for electron radiation,  45  image brightness, perhaps with a
view to equality as 



and accordingly, tone reversal is most desirably util-  between the two
Images, perhaps with a view to ized in conjunction with such inventive
species.    some prescribed ratio, perhaps with a view to specific Use of
scatter-nonscatter masking, in accor-     exposure needs for the particular
fabrication process, dance with a preferred aspect of the invention is
may be controlling. Lens imperfections might play a known to facilitate
tone reversal. "Dark field Imaging"   so  role - depending upon their
distribution, might lead to - producing a negative image - in transmission
elec-  preference for smaller or larger apertures. tron microscopy is
accomplished either by moving the    Tone reversal by alteration of
illumination angle Is back focal plane filter aperture off-axis or by
tilting  discussed in terms specific to use of an on-axis back the
illuminating electron radiation. See, Reimer,   focal planefilteralthough,
in principle, a Inegative fil- "Transmission Electron Microscopy:Physics of
Image   55  ter may be used. Simple tilting, as often used in mi- Formation
and Microanalysis", cited above. As trans-  croscopy may yield to hollow
cone illumination. The ferred to lithographic processing, this facility has
sev-  principle of operation of negative Imaging depends eral processing
implications. For example, tone re-  upon: (a) illumination angle such that
unscattered ra- 12    23                  EP 0 412 690 B1
24 diation does not pass through the filter and (b) stat-  for membrane
thickness of the order of 10 X (of a Istical scattering in blocking regions
to result in pas-  thickness permitting 10 scattering events) and to a
sage. Hollow cone illumination is accomplishable by  maximum permissible
thickness of - 30A (See placing an annular filter in the illumination
system.  'Transmission Electron Microscopy..." cited above at See, J. M.
Gibson and A Howie, Chemica Scripta,   5   pp. 8-11, 138.) Description is
here In terms of relative- Vol. 14, pp. 109-115 (1978/9). Design of the
filter, In  ly low scattering angle membrane material as sup- particular,
the radial width of the annulus, is desirably  porting relatively high
scattering angle blocking ma- such as to approximate the statistical
results of scat-  terial. In general terms, such criteria assure contrast
tering introduced In blocking regions (the angle of Il-  of a degree
necessary for available resist materials. lumination is usefully such that
the deviation relative   10  SIlicon oxynitride as used experimentally Is
illustra- to the path of unscattered illumination as viewed on  tive of
materials meeting such criteria. the back focal plane filter, approximates
that pro-    Other types of masks are described in the tech- duced by
scattering within blocking regions). Since  nical literature. Work reported
in J. Vac. Sci. Technol., the scattering probability is essentially
unchanged  vol. 12, No. 6, (1975) p. 1135 et sec. describes an between
tones, the described hollow cone Illumina-  15  electron beam projection
system which relies on a tion Is appropriate.
self-supporting foil mask. The angular spread as referenced to the normal
Reduced need for heat dissipation as compared direction, including the
azimuthal spread implicit in  with that required for absorption masks is
realized by hollow cone illumination, may have otheradvantages  use of the
scattering - nonscattering approach. For for either mode of reversal. For
polycrystalline mask   20  example, at a current density of lxI04ArArplCm2,
ab- material, it may average out changes in scattering an-  sorbed power In
the mask is of the order 0.001 gle associated with different crystallites,
and so result  watt/cm2 (or by contrast, assuming the same resist in more
nearly homogeneous image brightness.       exposure needs, an absorbing
mask would require Avoidance of need for filter change results in proce-
dissipation of -1watt/cm2). dure simplification with its usual advantages.
25     Electrical charging is unlikely to be a serious problem at least for
a scattering - non-scattering Mask
mask. If necessary, the mask may be coated with a low atomic number
electrical conductor such as Masks suitable for use in the Invention
invariably  amorphous carbon with little effect on lithographic depend upon
regions which impart a sufficiently  30  properties. small degree
ofscatterto permit selective passage or   Taking advantage of the
masicimage reduction blockage by the back focal plane filter. An Important
mode, it is possible to avoid direct write in mask fab- design
consideration for the mask depends upon the  rication. 10:1 reduction
permits use of conventional observation that aperture size adequate for
needed  electromagnetic (UV) mask fabrication forattainment resolution may
be large as compared with that need-  35  of 0.2pm minimum features In the
image plane. ed for the far greater demand of usual transmission electron
microscopy. In terms of transmission masks,  Lithographic Defining Energy
this observation gives rise under many circumstanc- es to transparent
regions of thickness sufficient for  FIG. 3 Is based on 175 kV electrons.
Other ex- masks which are both self-supporting and of suffi-  40
periments suggest an electron energy range of up to ciently stable
dimensions for most demanding cir-  atleast200 kVassultableforuse In
-0.2-0.35pmfab- *    cumstances - all compatible with expediently short
rication (minimum feature size). Substantially lower exposure times for
available and expected resists.  energies (below - 50 kV) while sometimes
suitable 



Experimentally, membrane thickness of 0.3 pim and  may be resolution
limiting for such minimum feature 0.7 gm have been shown to be sufficiently
transpar-  45  size. Substantially higher energies are generally un- entto
100 Wand 175 kV electrons respectively, tore-  necessary, at least over
this contemplated feature sultin contrast of 70%-95% fora scatter-
non-scatter  size range, so that increased expense entailed may system
dependent upon gold blocking regions of 650  not be justified. A thickness.
Available electron sources already meet many In general, Inventive
processes depend upon   so  contemplated process needs. In terms of present
day "thin masks" by which is intended masks having     chip fabrication,
and assuming simultaneous illumin- transparent regions which are I pm in
thickness (or-  ation of the entire chip, the electron source should
dinarily this translates into a supporting membrane of  have capability
both in terms of intensity and uniform- that thickness). Precise thickness
depends upon a  ity to Illuminate a 2 cm x 2 cm chip. These conditions
number of factors, primarily the nature of the main-  5s  are attainable.
For example, a hairpin tungsten fila- brane material and of the radiation
energy. The mean-  ment emitter in a typical 100 kV transmission electron
free path for 100 kV electrons in Si8N4 Is about 600  microscope gun can
deliver a total emission current A. Desire for structural stability leads
to a preference  of about 100CIA, implying acurrentdensityof 2.5x10-6 13
25                  EP 0 412 690 B1                 26 Acm-2 on a 2x2cm
image area. With PMMA resist at   each device, although the realities of
day-by-day 100 kV accelerating voltage, exposure should be ach-  processing
may make this Impractical. It may even be ieved at this current density in
c 100 seconds. In a fol-  useful to print all members of a mask set in a
single lowing section reference is made to e-beam resists  apparatus
(particularly for fabrication of 1:1 mask noting sensitivities as well as
resolution characteris-   5   sets). In this way, It Is possible to locally
register chip tics.                                              features
to sufficient accuracy even though the pat- Higher intensity sources are
available. Large  tern is distorted overall. area thermionic emitters used
in electron beam weld-   The text, ACS Symposium Series, "introduction ing
delivers emission current of 0.5 Amp and above.  to Microlithography", ISSN
0097-6156;219 (1983) As combined with more sensitive resists it Is unlikely
10  contains an excellent survey of resist compositions, that contemplated
systems will be limited by expos-  and lithographic processing. The text,
'VLSI Technol- ure time. Throughputs of 40 wafers per hour are per-  ogy",
edited by Sze, McGraw-Hill, Auckland, 1985 is mitted. Larger throughput is
limited by other consid-  illustrative of technical material pertaining to
device erations - e.g. specimen exchange and registration.  fabrication.
Presently available resists offer values of lati-  15 tude and contrast to
accommodate characteristics of-  Imaging Material fered by electron
sources. Brightness variations, both time-dependent and position-dependent,
of - 10%        As discussed, Important forms of the invention are expected
to meet typical system/resist require-  depend on resist imaging sensitive
to accelerated ments. Effective position nonuniformity may be re-  20
electrons or electromagnetic energy. The following duced by vibrating the
beam during exposure. Elec-  discussion Is largely in terms of accelerated
electron tromagnetic or electrostatic deflection systems are  radiation but
generally applies to other resists and to suitable for this purpose.
direct processing. Electron illumination should be sufficiently paral-
Manufacturers describe resists as requiring a lel and perpendicular (of
sufficient telecentricity) so   25  specified dose. For electron resists,
dose is in units as not to limit resolution. This translates into tolerable
of microcoulombs/cm2. The value assigned is gener- angular deviation of - 1
mrad and Is achievable.   ally that required for 'largem area exposure,
e.g., IOplm x 1 Opm. The explanation is the form of meas- Imaging Apparatus
urement required to determine thickness of affected 30  areas. In general,
measurement equipment requires Characteristics have been generally
discussed in  such an area. Experience dictates that fabrication
conjunction with FIGs. I and 4. With the exception of  based on the micron
or submicron features of the in- criteria relating to selective
transmission based on  vention requires about twice the specified dose (due
scatter angle, requirements are well-known. Techni-  to lessened proximity
effect). cal papers on projection e-beam systems included J.  35  For
positive resists, the minimum dose, as ordi- Vac. Sci. Technol., Vol. 12,
No. 6 p. 1135 et sec.,  narily specified, is that required to result In
clearing in Nov./Dec.1975,J.Vac.Sd.Technol.16(6), Nov.iDec.    exposed
regions generally with little or no loss of 1979 cited above, and
Proceedings of the 11th Con-  thickness in unexposed regions. For most
purposes, ference (1979) International on Solid State Devices,  retention
of 70%-80% of unexposed thickness is suf- Tokyo, 1979 cited above. While
these systems de-  40  ficient and is within the manufacturer
specifications. pend upon absorbing masks they go into consider-       For
negative resists, the minimum dose speci- 



able detail with regard to design of the elements de-  fled ordinarily
provides for retention of -50% film picted in FIG. 4. Systems for use with
UV (both near  thickness in exposed regions. UV and vacuum UV) are In
commercial use or at an       Contrast characteristics of commercial
resists advanced stage of development (See "Semiconduc-  45  are specified,
sometimes graphically on coordinates tor Lithography Principles Common
Practices and    of contrast percent and dose. The form of the curve
Materials", by W. M. Moreau, Plenum Press, N.Y.,   is ordinarily of
near-horizontal small slope for low 1988.
dose, then of sharply increased slope over the region A recognized
deficiency in electron optics results  of usual exposure conditions and
finally near- In significant image distortion and aberrations. Lens  so
horizontal at the saturation level. aberrations may be of lithographic
significance but    Two technical papers are suitably referenced as may be
avoided by proper design. Distortion and    describing state of the art
resist compositions - par- aberrations in multi lens systems may be
lessened by  ticularly for e-beam use. (See Solid State Technolo- use of
compensating lenses, but may remain a prob-    " "Forefront of Research on
Resists", M. J. Bowden, lern for submicron lithography. To the extent that
sig-  as  June 1981 pp. 73-87 and Ann. Rev. Mater.Sci., "Poly-
nificantaberrations vary from lens to lens, the recom-  mer Materials for
Microlithography", 1987 pp. 237- mended approach Is to use a single
projection appa-  269.) From this and other information, It Is found that
ratus for all delineation-dependent processing of  a variety of negative
and positive tone resists suitable 14    27                  EP 0 412 690
B1                 28    I        IL      "'1    ! for use in the Inventive
processes are available or un-  positive tone a-beam resist commonly used
In most der development. Illustrative commercially available  demanding
direct write fabrication. It was found that resists with resolution of at
least 0.25pm include the  increasing accelerating voltage from 25 kV to 200
kV negative tone Chlor Methyl Styrene and the positive  resulted In a
needed dose Increase of about 1Ox. Ref- tone Novalac Positive Reslet
5   erence to a textbook and technical papers above es- tablishes
availability of an array of available as well Experimental Results
as emerging resists, many of substantially greater sensitivity than that of
PMMA. While characteristics implicit In the description  Mask feasibility
has been established. Mem- thus far are calculable either on the basis of
reported   io  brane thicknesses, e.g., in the range 0.25 - 0.7ptm de-
specifications or on the basis of physical principles,  pending on
supported elemental gold blocking re- experiments were conducted for
confirmation. As In  gions well below 0.1Ipm in thickness as exposed to in-
much of the discussion thus far, reported work is suf-  cident electron
radiation accelerated by 100 kV and ficient to establish suitability of
needed characteris-  175 kV produced images of adequate resolution and tics
for he purposes of the invention. The preferred In-  15  contrast. The form
of data presented in FIG. 3 was ventive approach, entailing accelerated
electrons, is  calculated on the basis of theory. Experimental data not so
well founded. Experiments were largely con-  is consistent. Experimentally
determined transmis- ducted with a view to confirming such characteristics
sion/contrast values of 80%-10%160%-90% in the as applied to electron
lithography.                terms reported corresponded to aperture angles
in Values of accelerating voltage required to pro-  20  the range up to -80
mrad. duce inception of damage in usual semiconductorma-     Experiments
conducted at 175 kV, using a back terials is set forth In the literature.
Two mechanisms  focal filter aperture subtending an angle of 15 mrads, are
of prime importance; ionization damage, and mo-  have been used to resolve
images with edge acuity mentum transfer damage ("knock-on damage). It is
of -100A. Such Images have included 0.1 pm lines inherent in the use of the
relatively high accelerating   25  through 4000 A thick resist. Tone
reversal in the im- voltages that the first mechanism is likely of reduced
age was achieved by shifting the back focal plane device-consequence.
Ionization damage Is distribut-  aperture from on4axs to -20 mrads off the
axis. The ed through a greater penetration depth so that dam-  contrast for
the image was approximately 90% on- age density is reduced, likely below
levels of device  axis. While not measured, the complementary image
consequence. To some extent, such damage may be   30  appeared to have
about the same contrast. expected to occur at depths below
device-functioning material. The second damage mechanism is characterized
Claims by a threshold in energy (by a threshold in accelerat- ing voltage).
Threshold values are known. The value   35  1. Method for device
fabrication comprising at least reported for silicon is -190 kV - for the
compound     one fabrication step including alithographicdelin-
semiconductors, Ill-V, Il-VI, and higher order materi-  eation step, said
delineation step using a lens als, threshold values are generally somewhat
higher   system (48,49) and comprising projection of pat- due to higher
mass. Accordingly, experiments con-     terned radiation to produce a
pattern image (9) 



ducted and showing feasibility of accelerating voltag-  40  on a body
comprising a device under fabrication es at or below such threshold value
are of signifi-   in order to selectively process such pattern im- cance.
In reporting this work, it Is not intended to limit  age during the said
fabrication step, in which a the invention In these terms - such inception
of dam-  mask Is illuminated by radiation from a radiation age is normally
of little or no device consequence. As  source (41) to result in said
patterned radiation, noted, use of accelerating voltages substantially  45
CHARACTERIZED IN THAT above the threshold values may be designed to take
the path of said patterned radiation in- advantage of effects associated
with damage.           cludes a back focal plane filter (47) defined as
Experiments have been conducted to establish       positioned on the back
focal plane or on some feasibility interms of radiation dose
requiredforavail-  equivalent conjugate plane of such lens system, able
resistmaterials. Again, In the instanceofelectron   so  said filter
including two types of filter regions the radiation such values are well
known in terms of direct  first of which (48) Is more transparent to said
pat- electron beam writing (generally utilizing accelerating  terned
radiation than the second so that the first voltages of -20-30 kV). The
projection lithographic   filter regionlregions define the pass portion of
approach of the invention benefits by the improve-    said filter, said
filterserving to block transmission ment in resolution resulting from use
of higher accel-  us  of a part of said patterned radiation dependent
eration. Experiments were therefore directed to the    upon degree
ofscatteras imposed by said mask, dose dependence on accelerating voltage.
One set of    wherein said mask is either a transmission mask experiments
dealt with Poly Methyl Methacrylate, the   (43) or a reflection mask (2').
15    29                  EP 0 412 690 B1                  3       I lil
IIIl 1111 tl   11 2. Method of claim I in which the pattern image Is
of the delineations steps Is a negative reproduo- produced on a surface of
the device under fabri-    tion of the mask image, and in which tone rever-
cation.                                             sal ls accomplished by
alteration in back focal plane filter. 3. Method of claim I in which the
pattern Image is   5 produced on an imaging material which is in int-  12.
Method of claim 10 including two lithographic de- mate contact with a
surface of the device under     lineation steps Involving tone reversal in
accor- fabrication.                                        dance with which
the pattern Image of one of the delineation steps is a positive
reproduction of a 4. Method ofclaim I in which the mask is illuminated   so
mask Image, and the pattern image of the other by radiation which consists
essentially of sub-     of the delineation steps is a negative reproduc-
stantially parallel rays (1).                       tion of the mask Image,
and In which tone rever- sal is accomplished by alteration In angle of
inci- 5. Method of claim I in which the said radiation        dence of the
radiation by which the mask is illu- source Includes a radiation filter
including two   is  minated, thereby resulting in first and second ra-
types of filter regions, the first of which Is more  diation states
corresponding with positive and transparent to said radiation than the
second so     negative image. that the first filter region/regions define
the pass portion of said radiation filter and so that illumin-  1. Method
of claim 12 in which the second radiation ation of the mask is by radiation
defined by the   2o  state corresponds with mask illumination by radi- pass
portion of the radiation filter.               ation which is substantially
in the form of a hollow cone. 6. Method of claim 5 in which the pass
portion of the radiation filter is an aperture.                 14. Method
of claim 12 In which the second radiation 25      sep corresponds with mask
illumination by radi- 7. Method of claim 6 In which the aperture is sub-
ation which Is substantially In the form of parallel stantially round in
configuration and on the opti-  rays having non-perpendicular angle of
incidence cal axis.                                           with the
mask. S. Method of claim 6 in which the aperture is sub-  30   15. Method
of claim I In which the said radiation con- stantially annular in
configuration and surrounds   sists essentially of electrons accelerated to
a vol- the optical axis.                                   tage sufficient
to meet depth of focus and pene- tration depth requirements of said
delineation 9. Method of claim I in which the said mask is a        step.
transmission mode mask so that patterned radl-  35 ation exits the mask
through a surface distinct  16. Method of claim 15 In which the said
fabrication from the surface illuminated.                        step
includes two lithographic delineation steps for defining a single pattern
to be processed dur- 



10. Method of claim 9 In which scatter as imposed by    ing the said
fabrication step, the two delineation the said mask is primarily
responsiblefor pattern-   40  steps respectively defining features below
and ing to produce the said patterned radiation, the    above a crossover
feature size, said size being said mask consisting essentially of two types
of    selected with a view to lessening variation in ra- regions (3,4)
which differ from each other in the   diation absorption due to proximity
effect. degree of scatter Imposed, the difference in de- gree being
sufficient for differentiation by the   45   17. Method of claim 16 In
which both of the two litho- said filter so that radiation passed by the
said fil-  graphic delineation steps use electron radiation tar primarily
corresponds with radiation (Ia) exit-  as defined in claim 15 and In which
the electron Ing one type of mask region (4), the two types of   dose Is
varied to lessen variation. mask regions being designated "first mask re-
gions" which impose a lesser degree of scatter  6o   1t Method of claim 16
in which the delineation step and "second mask regions" which impose a
defining features above the crossover feature greater degree of scatter.
size uses electromagnetic radiation. 11. Method of claim 10 including two
lithographic de-  19. Method of claim 15 in which the said pattern im-
lineatlon steps involving tone reversal in accor-  as  age is adjusted In
accordance with a sensing sig- dance with which the pattern Image of one of
the    nal involving use of an adjustable field. delineation steps is a
positive reproduction of the mask image and the pattern image of the other
20. Method of claim 19 in which adjustment is with a    31
EP 0 412 690 B1                32    I        1111   Il iIe II !l! view to
conformity with at least one marking on    Strahlungaquelle cin Strahlungsf
iltermitzweiAr- the said surface and In which adjustment corn-    ten von
Filtergebieten enthilt, deren erstes fflr prises movement of the said
pattern to effect reg-  die besagte Strahlung transparentbr ist als deren
Istration.                                        zweltes, so daB das ersba
Filtergebiet/die ersten 5      Filtergebiete den Durchla~teil des besagten
Strahlungsfilters definieren und so daB Beleuch- Patentanspriche
tung der Maske durch vom Durchlallteil des Strahlungsfiiters definierte
Strahlung stattfin- 1. Verfahren zur Herstellung einer Vorrichtung mit
det. mindestens  cinem  Herstellungsschritt ein-  fo schlie~lich aines
lithografischen Abgrenzungs-  6. Verfahren nach Anspruch 5, wobei der
DurchlaI&- schrittbs, wobel in dam besagten Abgrenzungs-     tail des
Strahlungsfiltbrs aine Cffnung lst. schritt ein Linsensystem (46, 49)
benutzt wird und wobel der Abgrenzungsschritt die Projizie-  7. Verfahren
nach Anspruch 6, woboi die 6ffnung rung gemustertbrStrahlung zurErzeugung
aines  15  Im wesentlichen rund im Aufbau ist und auf der Musterabbildes
(9) auf einem sine in der Herstel-  optiachen Achse liegt. lung befindliche
Vorrichtung umfassenden Kor- per zur gezielten Verarbeitung ines solchen
Mu-  8. Verfahren nach Anspruch 6, wobei die Offnung sterabbildes wahrend
des besagtbn Herstel-        Im wesentlichen ringformig im Aufbau lst und
die lungsschrittes urnfait, bei dam aine Maske durch   20  optische Achse
umgibt. Strahlung von elner Strahlungsquelle (41) be- leuchtet wird, um die
besagte gemustbrtb Strah-  9. Verfahren nach Anapruch 1, wobai die besagtb
lung zu bewirken, dadurch gekennzeichnet dal3      Maske cine
Durchlichtmaske ist so daB gemu- derWeg der besagtbn gemusterten Strahlung
cin     stbrte Strahlung durch eine zu der beleuchteten Filter (47) in der
hinteren Brennebene enthilt,  25  Oberflache unterschiedliche Oberflache
aus der das ale in der hinteren Brennebene oder in ir-     Maske austritt.
gendelner gleichwertigen konjugierten Ebene ci- nes solchen Unsensystems
positionlert definlert  10. Verfahren nach Anspruch 9, wobai die von der
ist, wobei des besagtb Filter zwei Arten von Fil-  besagtbn Maske
auferlegtb Streuung haupt- tergabieten enthalt, deren erstes (48) far die
be-  30  sachlich fOrdie Musterung zur Erzeugung der be- sagte gemusterte
Strahlung transparentar ist al  sagtbn gemusterten Strahlung verantwortlich
ist, deren zweites, so daB das erste Filtargebiet bzw.  wobei die besagte
Maska im wesentlichen aus die ersatn Fl~tergebieta den DurchlaSteil des be-
zwel Aren von Gebleten (3, 4) besteht, die sich sagtbn Filters definiert
bzw. definieren, wobei    voneinander durch den auferlegten Streuungs- das
besagte Filter zur Blockierung der Obertra-  35  grad unterscheiden, wobel
der Unterschied des gung cines Teils der besagten gemusterten
Grades far die Unterscheidung durch das besag- Strahlung In Abhfingigkeit
von dam von der be-    to Filter ausreicht, so daB vorn besagtbn Filter
sagtbn Maske auferlegten Streuungsgrad dient       durchgelassene Strahlung
hauptsachlich der sue 



wobai die besagte Maska entweder elne Durch-       einer Art von
Maskengebiet (4) austretenden lichtmaske (43) oder sine Reflexionemaske
(2')  4o  Strahlung (la) entspricht, wobei die zwei Arten ist.
von Maskengebieten als einen geringeren Streu- ungsgrad auferlegende erste
Maskengebietb' 2. Verfahren nach Anspruch 1, wobei das Mustbrab-     und
als ainen gr8Beren Strauungsgrad auferle- bild auf ener Oberflache der In
der Herstellung  gende Ozweibt Maskengebleb bezeichnet war- beflndlichen
Vorrichtung erzeugt wird.    45      den. 3. Verfahren nachAnspruch 1,
wobei das Musterab-   11. Verfahren nach Anspruch 10 mit zwei lithografi-
bild auf einem Abbildungsmaterial erzeugt wird,    schen
Abgrenzungsschritten mitTonurnkehr, wo- das sich in engem Kontakt mit elner
Oberflache     nach das Musterabbild sines der Abgrenzungs- der in der
Herstellung befindlichen Vorrichtung   5o  schritte ine positive Wiedergabe
des Masken- befindet.                                         abbildes lst
und das Mustbrabbild des anderen der Abgrenzungsschritte ene negative
Wieder- 4. Verfahren nach Anspruch 1, wobei die Maske         gabe des
Maskenabbildes ist, und wobei die Ton- durch Strahlung beleuchtet wird, die
Im wesent-    umkehr durch Anderung des Filters in der hinte- lichen aus
vorwiegend parallelen Strahlen (1) be-  55  ran Brennebene erreicht wird.
steht. 12. Verfahren nach Anspruch 10 mit zwel lithografi- 5. Verfahren
nach Anspruch 1, wobei die besagtb       schen Abgrenzungsachritten mit
Tonurnkehr, wo- 17    33                 EP0412690B1 S34   I I!J    III1
1 l 1   !I nach das Musterabbild sines der Abgrenzungs-  20. Verfahren nach
Anspruch 19, wobei die Einstel- schritte esine positive Wiedergabe eines
Masken-  lung rnit dem Ziel der Entsprechung mindestens abbildes let und
das Musterabbild des anderen     olner Mariderung auf der besagten
Oberfilche der Abgrenzungsschritte she negative Wieder-      stattfindet,
und wobei die Einstellung die Bewe- gabe des Maskenabbildes lst, und wobei
die Ton-   5  gung des besagten Musters zur Bewirkung elner umkehr durch
Anderung des Auftreffwinkeis der     Registrierung umfailt. Strahlung, mit
der die Maske beleuchtet wird, or- reicht wird, woraus sich erste und
zweibt Strah- lungszustande enteprechend dam positiven und  Revendicatlons
negativen Abbild ergeben.                 10 1. M6thode de fabrication de
composant compro- 13. Verfahren nach Anspruch 12, wobel der zweite     nant
au moins une 6tape de fabrication Incluant Strahlungazustand elner
Maskenbeleuchtung         une etape de delln6atlon lithographique, ladite
durch Strahlung entspricht, die im wesentlichen   6tape de delin6ation
utilisant un systeme de len- die Form elnes Hohikegels aufweist.       15
tilles (46, 49) et comprenant la projection d'un rayonnement de forms
pr6d~terminee pour pro- 14. Verfahren nach Anspruch 12, wobel der zweibt
duire une Image de forme pr6d6terminee (9) sur Strahlungsschritt eoner
Maskenbeleuchtung        un corps comprenant un composant en cours de durch
Strahlung entspricht, die im wesentlichen  fabrication de maniere A traitor
selectivement die Form paralieler Strahlen mit nicht senkrech-  20  une
tells image deforms pr6d6terminoe pendant tem Auftreffwinkel zur Masko
aufweist            ladite etape de fabrication, dane laquelle un mas- que
oet illumine par rayonnement a partir d'une 15. Verfahren nach Anspruch 1,
wobei die besagto     source de rayonnement (41) pour produire ledit
Strahlung im wesentlichen aus Elektronen be-      rayonnement de forme
pr6deternin6e, steht, die auf sine ausreichende Spannung be-  25
CARACTERISEE EN CE QUE schleunigt wurden, um die Erfordernisse der Tie-
la vole dudit rayonnement de forms pred6- fenscharfe und Eindringtiefe des
besagtbn Ab-     termin6e Inclut un filtre de plan focal arribre (47)
grenzungsschrittes zu erfillen.                   d6flni comme 6tant
positionn6 sur le plan focal arriere ou sur quelque plan conjugu6
equivalent 16. Verfahren nach Anspruch 15, wobei der besagte  to  d'un tel
systeme de lentilles, ledit filtre incluant Herstellungeschritt zwei
lithografische Abgren-   deux types de zones de filtre dont la premiere
zungsechritte zum Definberen eines einzelnen      (48) set plus
transparent. audit rayonnement de wahrend des besagten
Herstellungsschrittes zu     forms pr6d6terminee quo la deuxieme de sorte
verarbeitenden Musters enthAlt, wobei die beiden  quo lalies premiere(s)
zone(s) de filtre definis- Abgrenzungsschritte Jeweils Merkmale unter-  35
sent la partie passante duditfiltre, leditfiltre ser- halb  und  oberhalb
einer Oberkreuzungs-         vant a bloquer la transmission d'une partie
dudit MerkmalgrOge definieren, wobei die besagte        rayonnementde forms
pred~termineedependant 



GrM odahingehend ausgewihit wird, die Veran-      du degr6 de dispersion
tbl qu'impos6 par ledit derung der Strahlungsabsorption aufgrund der
masque, dans laquelle ledit masque est soK un Abstandswirkung zu
verringern.            40      masque de transmission (43) ou un masque de
r6flexion (2'). 17. Verfahren nachAnspruch 16, wobel in beiden der zwei
lithografischen Abgrenzungsschritte Elek-  2. M6thode de Is revendication
1, dans laquelle tronenstrahlung nach Anspruch 15 verwendet        I'Image
de forme predtebrmin6e est produit sur wird und wobel die Elektronendosis
zurVerringe-  45  une surface du composant en cours de fabrica- rung der
Veranderung varliert wird.               tion. I. Verfahren nach Anspruch
16, wobei bei dem     S. Methode de la revendication 1, dans laquelle
Merkmale  oberhalb  der  Oberkreuzungs-           I'image de forms
predeterminee est produite sur MsrkmalgrOie  definierenden  Abgrenzungs-
so     un materiau photosensible qui est en contact schritt
ielrtnomagnetische Strahlung benutzt      etroit avec une surface du
dispositif en cours de wird.
fabrication. 19. Verfahren nach Anspruch 15, wobei das besagto  4. Methode
de la revendication 1, dans laquelle le Musterabbild entsprechend einem
Me~signal  ss    masque est illumin6 par un rayonnement qui eingestellt
wird, be! dem ein elnsetllbares Feld  consists essentiellement en des
rayons substan- bonutzt wird.                                    tiellement
paralleles (1). 18    35                 EP 0 412 600 B1                 36
11111 5. Methode de la revendication 1, dans laquelle la-  12. Mithode de
la revondication 10, incluant deux dite source de rayonnement inclut un
filtre de    otapeo do diliniation lithographique mettant en rayonnement
Incluantdouxtypes dezones defil-      oeuvre une inversion de ton solon
laquelle l'ima- tre, dont la premiere est plus transparentb audit  go de
forms pr6detorminee d'une des otapes de rayonnement que ladeuxiome de sorto
quo lalles   6  dilineation est une reproduction positive d'une promiro(s)
zone(s) de filtre difinissent la partle  Image du masque, et l'image de
forma predeter- passante dudit filtre de rayonnement et de sorts  mIn6e de
I'autre des etapes de delineation est quo lIllumination du masque sat
offectude par Is  une reproduction negative de l'image du masque,
rayonnement defini par la partle passanto du fil-  et dans laquelle
i'inversion de ton est accompilie tre de rayonnement.
10      par modification de l'angle d'incidence du rayon- nement par lequel
le masque est IlIumini, entrat- 6. Methode de la revendication 5, dans
laquelle la   nant ainsi un premier et un deuxieme etats de partle passante
du filtre de rayonnement oet une  rayonnement correspondant A une image
positi- ouverture.                                        ve et negative.
15 7. Methode de la revendication 6, dans laquelle lou-  13. Methode de la
revendication 12, dana laquelle le verture oet substantleliement ronde dans
aa       deuxieme etat de rayonnement correspond A i'll- configuration et
sur I'axe optique.               lumination du masque par un rayonnement
qui a substantiellement la forms d'un cone creux. 8. Methode de la
revendication 8, dans baquelle l'ou-  20 verture eat substantiellement
annulaie dane sa  14. Methode de la revendication 12, dans laqualle la
configuration et entoure l'axe optique.           deuxieme etape de
rayonnement correspond a I'llluminatlon du masque par un rayonnement qul 9.
Methode de la revendicatlon 1, dans laquelle ledit  est substantlellement
en forme de rayons paral- masque eat un masque de mode de transmission   25
lales ayant un angle d'incidence non perpendicu- de sorts quo le
rayonnement de forms predeter-    laire avec le masque. mines sorts du
masque a travers une surface dis- tincte de la surface illuminie.
15. Methode de la revendication 1, dans laquelle ledit rayonnement eat
constitue essentiellement 10. Methode de la revendication 9, dans laquelle
la  3o  d'diectrons acceleres par une tension suffisante dispersion tells
qu'imposee par ledit masque est  pour satisfalre aux exigences de
profondeur de principalement responsable de la creation de for-  foyer et
de profondeur de penetratlon de ladite me ped6tesrmln6e pour produire ledit
rayonne-     etape de delineatlon. ment de forme priditerminie, ledit
masque etant constitu6 essentiellement de deux types de zo-  35  16.
Methode de Ia revendication 15, dans laquelle la- nes (3,4) qui different
l'une de I'autre par le de-  dMte tapedefabrication Inclutdeuxetapesdede-
gre de dispersion Impose, la differencoe de degre  lineation lithographique
pour dMfinir une seule etant suffisante pour Otre diffirencieo par ledit
forms pridteorminie A 6tretraitie pendant ladite 



filtre de sorts quo Is rayonnement quo lWdit filtre  etape de fabrication,
les deux etapes de delinea- a laisse passer correspond principalement au
4o  tion definissant respectivement des caractiristi- K;     rayonnement
(la) sortant d'un type de zone de      ques en-dessous etau-dessus d'une
taille de ca- masque (4), les deux types de zones de masque
ractiristique de fonction, ladite taille etant cholsbe itant appeles
"premieres zones de masque qui      dans le butd'amoindrir ia variation de
I'absorption imposent un degr6 de dispersion plus faible et    de
rayonnement due A leffet de proximit6. "deuxiemes zones de masque qui
imposent un   45 degr6 de dispersion plus 6iev6.                17.
M6thodede la revendication 16, dans laquelle les deux 6tapes de d6lindation
lithographique utili- 11. M6thode de la revendication 10, incluant deux
sent un rayonnement d'iiectrons tel quo dWfini 6tapes de d6lindation
lithographique mettant en   dans la revendication 15 et dans lequel la dose
oeuvre une Inversion de ton solon laquelle I'ima-  5o  d61ectrons est
variee pour amoindrir la variation. ge de forms prid6torminie d'une des
6tapes de d6lin6ation est uno reproduction positive de   I& M6thode de la
revendication 16, dans laquelle 'l'mage du masque et l'image de forme
pr6d6ter-   I'etape de d6lineation defissant des caract6risti- min6e de
I'autre des 6tapes de delin6atlons est   ques au-dessus de la taille de
caractiristique de une reproduction n6gative de l'image du masque,  55
jonction utillse un rayonnement 61ectromagn6ti- et dane laquelle inversion
de ton oat accomplie   que. par modification du filtre de plan focal
aniere. 19. M6thode de la revendication 15, dans laquelle la- 19    37
EP 0 412 690 B1                38                I IIIIIIJ AlA 111i1 All
11111 * C   L  M4  S * dite image de fbrme pred6terminee est r6gl6e sulvant
un signal de detection mettant en oeuvre l'utilisation d'un champ r6glable.
20. Methode de la revendication 19, dans laquelle le   5 reglage est
effectue dans un but de conformite avec au moins un marquage sur ladite
surface et dans laquelle le reglage comprend le d6place- ment de ladite
forms predeterminee pour effec- tuer l'inscription.
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