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4,356,254 teaches the incorporation of basic carboni- um dyes into
photoresist compositions used in pro- BACKGROUND OF THE INVENTION
duction of printing plates in ordertofacilitatevisual in- spection of the
developed image. No criticality is re- 1. Field of the Invention
5   ported as to the particular wavelength in which the dyestuff must
absorb or as to the relationship be- This Invention relates to photoresist
processes  tween the wavelengths to which the photoresist and and
compositions and is more particularly concerned  the dyestuff are
sensitive. with an improved process and compositions for the     Namiki et
al U.S. Patent 4,268,601 describes a fabrication of microelectronic
circuitry using photore-  10  process for producing photomasks in which a
layer of sist systems.                                      photosensitive
resin is appied to a polyvinylalcohol layer on a transparent support,
optionally with a poly- 2. Description of the Prior Art
amide adhesive layer separating the resin from the polyvinylalcohol layer.
After the photolmaging is car- The production of microelectronic circuitry,
par-  15  ried out the combined layers are stripped from the ticularly
metal oxide-semiconductor integrated cir-  support. Either the
polyvinylalcohol layer or the pho- cuits, has shown extremely rapid growth
from me-   toresist layer can incorporate a pigment or dyestuff, dium scale
integration to very large scale integration  the preferred embodiment
having a dye in the polyvi- (VLSI) with rapidly increasing complexity of
circuitry  nylalcohol layer and a pigment in the photoresist lay- as well
as vast increases in number of bytes per chip.  20  er. No criticality is
attributed to the wavelength at One of the methods currently employed to
achieve   which the dyestuff or pigment absorbs except that, If the
fine-line photolithography required in VLSI is that  the wavelengths of
absorption maxima for the colo- known as the step-on-wafer process or the
step-and-  rant and the photoresist differ by not more than 5 repeat
alignment process; see, for example, E.C.   nanometers, it is recommended
that the colorant be Douglas, Solid State Technology, May, 1981 pp.65-  25
present only in the polyvinylalcohol layer and not in 72; and E.W. Loebach,
VLSI Wafer Printing with Step-  the photoresist layer. Where the difference
exceeds and-Repeat Aligners, IGC Conference, Carmel, June  this minimum the
colorant can be present in either or 30- July 2, 1980. In this procedure a
pattern of indi-  both layers. vidual images is produced on a wafer covered
with a   Peters et al U.S. Patent 3,615,538 describes im- first layer of
photoresist. The individual images are  30  proving the physical properties
of a photoresist image projected and exposed using a reticle (photomask),
on a printing plate by incorporating a silane com- optionally having an
enlarged (usually up to about 10  pound into the photoresist. Dyes or
pigments can also times) version of the image to be reproduced, and   be
incorporated but no criticality is attributed to the employing a projection
system with appropriate re-  absorption characteristics of the dye. duction
lens if necessary. In the production of multi-  35  Gilson et al U.S.
Patent 3,647,447 teaches the pie layer images it is necessary to align each
new Im-  coloring of photoresist images, particularly those de- age so that
it is precisely super-imposed on the cor-  rived from polycinnamates, using
dyestuffs which responding image produced in a previous level. In or-  have
low absorption at 350-480nm and are not solu- der to facilitate such
alignment of images a pattern of  ble in the developersolution used in the
imaging proc- alignment markers is incorporated into each image in  40
ess. the first layer of photoresist and the reticle employed  Klupfel et al
U.S. Patent 4,241,166 describes in- to reproduce the second and any
subsequent levels  corporating into photoresist systems certain dyes of
images is provided with a pattern of windows which  which exhibit temporary
decolorization on exposure corresponds to the pattern of markers in the
first level  to radiation used in the imaging process. images. By bringing
the windows into correct align-  45  Sysak U.S. Patent4,341,860 teaches
photoresist mentwith the markers in the first level image itis pos-
compositions which contain a leuco dye and a cyclo- sible to achieve
accurate superimposition of the se-  hexadienone compound which serves to
oxidize the ond and any subsequent images on the first one.   leuco dye
upon exposure to image-forming radiation. It has now been found that the
alignment process   Chen et al U.S. Patent 4,362,809 uses a dyestuff can be
greatly facilitated, and the possibility of mis-  50  to reduce problems in
photoimaging caused by reflec- match of images greatly reduced, by the
process of  tion of radiation from a substrate-photoresist inter- the
invention which, in one of its broadest aspects,  face. A two layer
photoresist is provided on a sub- provides for incorporation of certain
dyestuffs into the  strate, the bottom layer incorporating a dyestuff
photoresist layers as will be more fully described  which will absorb
radiation at the wavelength used to hereinafter.
55  image the top layer. The incorporation of dyestuffs into photoresist
It has not been suggested previously that accu- compositions for other
purposes has been described  racy of alignment in the step-and-repeat
alignment hitherto. Illustratively, Takahashi et al U.S. Patent  process,
hereinafter referred to as the "stepper proc- 2    



3                   EP 0 245 431 B1                  4 ess, can be greatly
improved and facilitated by em-  maging process or it can be carried out
using appro- ploying photoresist systems in association with dyes  priate
automatic optical sensing devices. Generally which meet certain very
specific criteria. Nor has it  speaking, the latter devices involve
spectral analysis been suggested previously that certain other advan-  of
radiation reflected from the markers after being tages, to be described
hereinafter, flow from the use   5   transmitted thereto via the windows in
the reticle. of such photoresist systems in association with said
Previously itwasfound that the lack of sharpness and dyes.
low Intensity of the alignment peak being used in the analysis rendered it
difficult to identify and focus the SUMMARY OF THE INVENTION
peak in order to correctly adjust alignment of the im- 10  age. It has now
been found unexpectedly that the in- It is an object of the invention to
provide an im-  corporation of dyes into the photoresistlayerorlayers
proved process for production of multiple level photo-  in accordance with
the invention overcomes these resist images by the stepper process,
difficulties and renders the characteristic alignment It is a further
object of the invention to improve  peak easy to identify by reason of its
increased the ease and accuracy with which successive levels  15  sharpness
and Intensity. of photoresist images can be superimposed one upon      The
means employed to render detectable the another in the fabrication of VLSI
circuitry.       alignment markers in the photoimages in the various It is
yetafurther objectof the invention to provide  levels as described above
can take several forms. In a method of accurately aligning successive
levels of  a preferred embodiment the photoresist employed to photoresist
images, which are to be superimposed   20   prepare the various levels of
images has incorporated upon one another, irrespective of irregularities
ordis-  therein a dyestuff which meets a number of very ape- tortions in
the substrate supporting the images.    cific criteria to be discussed in
detail below. In a less Another object of the invention is to provide an
preferred embodiment the layer of photoresist has accurate method of
determining the average thick-   coated thereon, prior to imaging, a layer
of dyestuff ness of a photoresist layer on a substrate prior to im-  25
advantageously by applying a coating of solution of aging of said layer.
the dyestuff in an appropriate solvent In yet another, Still another object
of the invention is to improve  but less preferred embodiment, the dyestuff
is ap- the accuracy in determining critical dimensions of an  plied to the
images during development of the latter exposed and developed image.
by incorporating the dyestuff in the developer solu- Yet another object of
the invention is to provide   30  tion. certain novel photoresist
compositions.                 In carrying out the above described process
any These objects, and other objects which will be-  of the photoresist
systems known and available in'the come apparent from the description which
follows,   art can be employed including both negative and pos- are
achieved by the processes and compositions of   itive acting photoresists.
The processes of the inven- the invention. Thus, in one aspect, the
invention re-  35  tion are, however, particularly advantageous when lates
to means for rendering clearly detectable, using  used in conjunction with
positive photoresists. light to which the photoresist is not sensitive, the
The procedural steps and equipment employed in alignment markers
incorporated into each of the indi-  the art of producing VLSI circuitry by
the stepper vidual images produced, using a photoresist system  process are
well-known in the art (see Douglas, su- followed by etching, ion
implantation doping and like   40   pra, and Loebach, supra) and will not
be described in processes, (hereinafterreferred to as "pattern-gener-
detail herein in the interests of brevity. The novel step ation") in the
first level of a multiple level VLSI circui-  or steps, introduced into
these known processes In try on a silicon wafer or like substrate in a
stepper  order to achieve the highly desirable results herein process. By
this means it is possible then to align ac-  described, comprises the means
of rendering clearly curatelythe image which is to be projected through an
45  detectable, using light to which the photoresist com- appropriate
reticle to fabricate the second and any  position is notsensitive, the
alignment markers which subsequent level of images which are to be superim-
form part of each of the photoresist images produced posed precisely on the
first level of images. Thus, by  in the first level. Any of the other
variants ordinarily providing the reticle employed in the second and any
employed in the procedures presently used in the art, subsequent level
imaging with windows or like means   50  for example, the use of two or
more different reticles in a pattern corresponding precisely to that of the
to produce different individual images in the overall alignment markers in
the first level it is possible, prior  pattern in any single level, can be
employed in carry- to projection of each image in the second or any sub-
ing out the process of the invention. Any of the sub- sequent levels, to
bring the said markers into correct  strates previously employed in
producing VLSI circui- registry with the windows in the image to be
projected   55  try can be employed in the improved stepper process by the
reticle. The alignment process can be carried  of the invention.
Illustrative of substrates are silicon out manually by observation through
the lens em-    wafers whose surface has been treated to form ox- ployed in
the projection system used in the photoi-  ides, nitrides, phosphides,
metal films and the like. 3    



5                   EP 0 245 431 B1                6 DETAILED DESCRIPTION
OF THE INVENTION                   Sandoz Acetosol Fire Red 3GI
Sulforhodamine B6 The dyes which are employed in the modified
Sulforhodamine B stepper process of the invention must meet a number   The
amount of dye, i.e. the concentration in parts of criteria  in orderto
function appropriately to achieve   5   byweight, which it is necessaryto
incorporate into the the desired result. A principal and critical
requirement  photoresist image in order to render the alignment is that
there be essentially no overlap between the  markers visible to the extent
necessary to carry out absorption maxima peaks of the dyestuff and the
the improved process of the invention, will obviously photoresist system.
Thus, since most photoresist sys-  vary depending upon the particular dye
in question. tems are formulated to be activated by actinic light  10  In
general, it has been found that the minimum having a wavelength in the
range of about 250 to 450  amount of dye necessary in any given case is
that nanometers, the dyestuff employed in association   which will produce
an optical density in the photore- with these systems must not absorb
radiation in the  sist image of not less than about 0.05. Preferably the
latter range and preferably only absorbs radiation of  amount of dye
employed is such as to give an optical a wavelength of at least about 50
nanometers higher  15  density of not less than about 0.10 and, most
prefer- than that to which the photoresist is sensitive. Such  ably, not
less than about 0.11. Optical density (E) is a dyestuff can then be
rendered visible In light to  defined by the equation which the photoresist
itself is not sensitive.                      [err] Afurther requirementof
the dyestuff employed in the invention, at least when it is to be
incorporated in,  20  wherein [err]  is the intensity of the incident light
and I is or coated on a layer of, the unexposed photoresist, is  the
intensity of transmitted (or reflected) light [see for that it be
transparent to the radiation employed to ac-  example, Venkataraman, The
Chemistry of Synthetic tivate the photoresist. That is to say, the dye must
not  Dyes, Vol.I, p.310, Academic Press, New York 1952]. absorb any
significant proportion, and certainly less  When expressed in terms of
proportion by weight in than 10 percent of the radiation employed in
imaging   25  the photoresist resin system the amount of dye nec- the
photoresist otherwise it could affect the required  essary to achieve
optical densities of the above order performance of the photoresist system.
can vary from as little as 0.01 percent by weight to as Yet another
requirement, particularly where the  much as about 1 percent by weight or
higher depend- dye is incorporated directly into the photoresist sys-  ing
upon the particular dye under consideration. tem or is applied thereto as a
coating, is that the dye  30  In addition to the modified stepper process
de- must be reasonably soluble in or miscible with the sol-  scribed above,
the invention also provides photore- vent system employed In the
photoresist and must be  sist compositions, many of which are believed to
be compatible with the other components of the photo-  novel, which are
characterized by the presence there- resist, ie. must not cause any
significant separation  In of a dye which meets all of the criteria set
forth of solids or other manifestations of Incompatibility  35  above and
which is present in the composition in an which could affect the quality of
the subsequent per-  amount which Is sufficient to provide an optical den-
formance of the photoresist. This consideration is of  sity E in the image
produced from the composition of particular importance where the dye is to
be incorpo-  at least about 0.05 and preferably at least about 0.10. rated
in a photoresist system which is then to be stor-  In addition to the use
in the modified stepper ed for prolonged periods of time before ultimate
use.  40  process described above, these compositions can be It is highly
desirable that the dyestuff used in con-  employed in situations in which
it is desirable to carry junction with the photoresist does not affect In
any  out quality control and other procedures on a photo- significant
manner the rate of decomposition of the  resist layer without exposing the
latter to radiation to photosensitizer employed in the photoresist system.
which it is sensitive. A variety of such situations will Any substantial
change in the rate of decomposition   45  be apparent to one skilled in the
art. Illustratively, the could seriously affect the desirable performance
of  presence of the dye in the photoresist compositions the photoresist
system.                            in question permits routine checks on
the thickness The dyestuff must not interfere in any significant  of layers
of the composition afterapplication to a sub- manner with the adhesion of
the photoresist image to  strate before the photoimaging process has been
car- the substrate. Finally it is clearly desirable that the   50  tied out
or after exposure and development. Thus, by dyestuff be not leached out of
the photoresist image  exposing the film to radiation at or near the
absorp- to any appreciable extent or be affected deleteriously  tion maxima
of the dye but outside the range of wa- in anyothermannerduring the
developmentof the im-  velengths to which the photoresist is sensitive, it
is age.                                               possible to measure
accurately the precise thickness Illustrative, but not limiting, of dyes
which meet  55    and determine the average thickness of the layer in the
above criteria are:                            question using standard
procedures without damag- Rhodamine B base and solvent soluble salts   ing
or otherwise affecting the ultimate performance Basic Fuchsin 4    



7                  EP 0 245 431 B1                 8 of the photoresist.
Illustrative of the measurement  tion exhibits an optical density E of
0.992 at 559 nano- systems which can be employed to determine the
meters. thickness of the photoresist layerwith dye incorporat-  A fourth
photoresist composition (D) was pre- ed therein is that available under the
trade name  pared using exactly the same ingredients and propor-
NANOSPEC/AFT Model 010-0180 from Nanomet-   5   tions except that the
proportion of Rhodamine B base rics.TheNanoline III also
availablefromNanometrics   was increased to 1.0 parts by weight. The
resulting can be used to measure photospeed after develop-  solution
exhibits an optical density E of .431 at 559 ment of a photoresist layer by
CD (Critical dimension)  nanometers. measurements. These CD measurements
are en- hanced using the dyed photoresist of this invention.   10  Example
2 The presence of the dyestuff in a photoresist sys- tem in accordance with
the invention also provides a  Composition B, prepared as described in
Exam- ready means to check which surface of a waferor like  ple 1, is
employed as the photoresist composition in substrate has been coated with a
layer of the photo-  fabricating a complementary metal oxide semicon-
resist Momentary exposure of the coated wafer or  15  ductor (CMOS) device
on a silicon wafer using an UI- other substrate to radiation of a
wavelength at which  tratech [err] 1000 Stepper. Afirst level of
photoresist im- the dye will absorb but to which the photoresist is not
ages is produced on the wafer using a reticle having sensitive serves to
identify the coated side.     a symmetrical pattern of alignment markers
incorpo- As will be obvious to one skilled in the art, the  rated in the
photomask. This level of positive images photoimages with dye incorporated
which are pro-  20  is developed using an alkaline developer and the wa-
duced by the process of the invention have the addi-  fer is then plasma
etched and the photoresist Image tional advantage that they can be readily
inspected by  removed using an organic solvent. The resulting wa- visual
means in order to check line definition, Integrity  fer Is coated with a
layer of Composition B on a sub- of the Image and other features.
strate followed by imaging, using the stepper proc- It will be seen
therefore that the present inven-  25  ess, of a further pattern of
individual images each of tion, In its varied aspects, represents a
significantad-  which is accurately superimposed on the correspond- vance
in the photoresist imaging steps presently em-  ing Image in the etched
level by using a reticle having ployed in fabrication of VSLI circuitry and
contributes  incorporated therein  a symmetrical pattern of win- to the
elimination or substantial reduction of a trouble-  dows corresponding to
the alignment markers in the some problem due to mis-alignment of images In
mul-  so  images in the etched level. Alignment of each image tiple level
photolmaging processes employed in the  to be projected is achieved, prior
to exposure of the above art.
photoresist to actinic radiation, by projecting light of Thefollowing
examples illustratethe processand  a wavelength of about 544 nanometers
through the compositions of the invention and the best known  reticle
windows and adjusting the position of the wa- mode of carrying out the same
but are not to be con-  35  fer until the signal peak from the radiation
reflected strued as limiting.                               from the
alignment markers in etched wafer indicates that the windows of the image
projected from the re- Example 1.
ticle are in correct registry with the corresponding alignment markers. The
process of applying a further A photoresist composition (A) was prepared by
40  coating of Composition B on a substrate and repeat- dissolving 0.1
parts by weight of Rhodamine B base  ing the alignment and imaging
procedure to produce in 71.45 parts by weight of a blend of 1-methoxy-2-  a
further pattern of images is repeated a number of acetoxypropane, acetate
and xylene. To the solution  times to yield the final wafer. was added 22.5
parts by weight of a Novolak resin     Reduction of "noise" or interference
with the de- and 5.8 parts by weight of a 2-diaza-1-oxo-naphtho-  45  sired
alignment signal was observed compared to quinone-5-sulfonic acid ester of
trihydroxybenzophe-  comparative example 3. One shart alignment peak none.
The resulting solution exhibited an optical den-  was observed which was
easily detected. sity E of 0.110 at 559 nanometers. A second photoresist
composition (B) was pre-  Example 3 (comparison) pared using exactly the
same ingredients and propor-  50 tions except that the proportion of
Rhodamine B base  The photoresist composition of example 1 with- was
increased to 0.2 parts by weight. The resulting  out any dye was used
according to the method of Ex- solution exhibited an optical density E of
0.236 at 559  ample 2. The sensing device of the stepper showed nanometers.
2 poorly defined peaks making it difficult to find the A third photoresist
composition (C) was prepared   55   desired alignment peak. Also,
considerable interfer- using exactly the same ingredients and proportions
ence or "noise" was observed which also made the except that the proportion
of Rhodamine B base was  alignment reading more difficult. increased to 0.5
parts by weight. The resulting solu- 5    



9                   EP 0 245 431 B1                10 Example 4
photoresist after the latter has been applied to said substrate.
Composition C, prepared as described in Exam- pie Awas used according to
the method of Example  4. A process according to any one of claims 1 to 3,
2. Reduction of "noise" was again observed. Asingle,   5  wherein the
photoresist is activated by actinic well-defined alignment peak was easily
detected.     light having a wavelength in the range of about 250 to about
450 nanometers and the dyestuff Example 5
absorbs radiation of a wavelength at least about 50 nanometers higher than
that to which the pho- Composition A of Example 1 was used to meas-  10
toresist is sensitive. ure photospeed by CD/measurements (critical di-
mensions) using the Nanoline Ill. The readings were  5. A process according
to claim 4 wherein said dye- easier to detect compared to the procedure
using the  stuff absorbs radiation of a wavelength above identical
photoresistwithoutdye incorporated therein.  about 45 nanometers and said
photoresist sys- 15     tem is activated by radiation ofa wavelength with-
in the range of about 350 to 375 nanometers. Claims 6. A process according
to any one of the preceding 1. Astepper process for producing very large
scale   claims wherein the amount of dyestuff employed integrated circuits
comprising:           20      is sufficient to impart to said first layer
an optical coating a substrate with a first layer of    density of at least
about 0.05. photoresist and subjecting it to a process cycle comprising:
7. A process according to any one of the preceding exposing saidfirstlayer
to actinic radiation  claims wherein the photoresist system employed via a
reticle;                            25      to produce each of said image
levels Is a positive developing the first layer and subjecting
photoresist system. the substrate and developed image to pattern-
generation;                                    8. A process according to
claim 6 wherein the pho- removing the resist; and
toresist system comprises a Novolak resin and a repeating the above process
cycle to ach-  30  1-oxo-2-diaza naphthoquinone-5-sulfonic acid leve a
predetermined number of levels;            ester photosensitizer. wherein
each of the images in said first level Is provided with an Identical
pattern of align-  9. A process according to any one of the preceding ment
markers and the reticle employed in photo-   claims wherein said dyestuff
is Rhodamine B imaging the second and any subsequentlayers is  35  base.
provided with a corresponding pattern of win- dows which register with said
pattern of markers  10. A process according to any one of the preceding on
each of the previously formed images when      claims wherein said dyestuff
has an absorption the latter and the new image to be formed are in  maxima
above about 455 nanometers, Is trans- correct alignment; characterised by:
40      parent to radiation employed In activating said incorporating into
at least the second layer  photoresist composition, is miscible with the
sol- of photoresist system a dyestuff which absorbs    vent employed in
said photoresistsystem, is com- radiation at a wavelength other than that
which   patible with the other components of said photo- will activate said
photoresist system and, prior to  resist composition and does not affect
the rate of the production of each Image in the second and   45
decomposition of the photosensitizer employed any subsequent layer,
exposing said image in the  in said photoresist under the action of the
radia- first level to radiation at which the said dye ab-  tion employed in
the photoimaging process. sorbs while adjusting the relative positions of
the reticle and a preselected image in said first level so that the markers
in the latter image are in ac-  50  Patentanspri0che curate registry with
the windows in said reticle. 1. Stepper- bzw. Abbildungsverfahren zur
Herstel- 2. A process according to claim 1 wherein said dye   lung von
hochintegrierten Schaltkreisen, wobel: is Incorporated into said
photoresist system prior      ein Substrat mit elner ersten Fotolack- to
applying a layer of the latter to the substrate.  55  schicht beschichtet
und einem ersten Verfah- renszyklus unterworfen wird, wobel: 3. A process
according to claim 1 wherein said dye         die erste Schicht einer
Lichtstrahlung is coated on the surface of said second layer of  durch eine
Fotomaske hindurch ausgesetztwird; 6    
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S  * Example 4                                             photoresist
after the latter has been applied to said substrate. Composition C.
prepared as described in Exam- ple A was used according to the method of
Example  4. A process according to any one of claims 1 to 3, 2. Reduction
of "noise" was again observed. Asingle,   5  wherein the photoresist is
activated by actinic well-defined alignment peak was easily detected.
light having a wavelength in the range of about 250 to about 450 nanometers
and the dyestuff Example 5
absorbs radiation of a wavelength at least about 50 nanometers higher than
that to which the pho- Composition A of Example 1 was used to meas-  10
toresist is sensitive. ure photospeed by CD/measurements (critical di-
mensions) using the Nanoline III. The readings were  5. A process according
to claim 4 wherein said dye- easier to detect compared to the procedure
using the  stuff absorbs radiation of a wavelength above identical
photoresistwithout dye incorporated therein.  about 455 nanometers and said
photoresist sys- 15     tem is activated by radiation of a wavelength with-
in the range of about 350 to 375 nanometers. Claims 6. A process according
to any one of the preceding 1. A stepper process for producing very large
scale   claims wherein the amount of dyestuff employed integrated circuits
comprising:            20     is sufficient to impart to said first layer
an optical coating a substrate with a first layer of    density of at least
about 0.05. photoresist and subjecting it to a process cycle comprising:
7. A process according to any one of the preceding exposing said firstlayer
to actinic radiation  claims wherein the photoresist system employed via a
reticle;                             25     to produce each of said image
levels is a positive developing the first layer and subjecting
photoresist system. the substrate and developed Image to pattern-
generation;                                     8. A process according to
claim 6 wherein the pho- removing the resist; and
toresist system comprises a Novolak resin and a repeating the above process
cyce to ach-  30  1-oxo-2-diaza naphthoquinone-5-sulfonic acid leve a
predetermined number of levels;             ester photosensitizer. wherein
each of the images in said first level is provided with an Identical
pattern of align-  9. A process according to any one of the preceding ment
markers and the reticle employed In photo-    claims wherein said dyestuff
is Rhodamine B imaging the second and any subsequent layers is  35  base.
provided with a corresponding pattern of win- dows which register with said
pattern of markers  10. A process according to any one of the preceding on
each of the previously formed images when       claims wherein said
dyestuff has an absorption the latter and the new Image to be formed are in
maxima above about 455 nanometers, Is trans- correct alignment;
characterised by.       40      parent to radiation employed in activating
said incorporating into at least the second layer  photoresist composition,
is miscible with the sol- of photoresist system a dyestuff which absorbs
vent employed in said photoresistsystem, iscom- radiation at a wavelength
other than that which    patible with the other components of said photo-
will activate said photoresist system and, prior to  resist composition and
does not affect the rate of the production of each image in the second and
45  decomposition of the photosensitizer employed any subsequent layer,
exposing said image in the  in said photoresist under the action of the
radia- first level to radiation at which the said dye ab-  tion employed in
the photoimaging process. sorbs while adjusting the relative positions of
the reticle and a preselected image in said first level so that the markers
in the latter image are in ac-  50   Patentanspruche curate registry with
the windows in said reticle. 1. Stepper- bzw. Abbildungsverfahren zur
Herstel- 2. A process according to claim 1 wherein said dye    lung von
hochintegrierten Schaltkreisen, wobei: is incorporated into said
photoresist system prior      emn Substrat mit elner ersten Fotolack- to
applying a layer of the latter to the substrate.  s5  schicht beschichtet
und einem ersten Verfah- renszyklus unterworfen wird, wobei: 3. A process
according to claim 1 wherein said dye          die erste Schicht einer
Lichtstrahlung is coated on the surface of said second layer of   durch
eine Fotomaske hindurch ausgesetzt wird; 6    
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11111 11111 1! die erste Schichtentwickeltund das Substratund  6. Verfahren
nach einem dervorstehenden AnsprGl- die entwickelte Abbildung bzw. Struktur
elner      che, wobel die verwendete Farbstoffmenge aus- Strukturerzeugung
unterworfen wird;                relcht, um der ersten Schichteineoptische
Dichte der Lack entfernt wird; und                  von mindestens etwa
0,05 zu verleihen. der vorstehende Verfahrenszykdus wie-   5 derholt wird,
um elne bestimmte Anzahl von Ebe-  7. Verfahren nach elnem der vorstehenden
Anspri- nen zu errzielen;                                  che, wobei das
zur Herstellung von jeder wobei jede Abbildung in der ersten Ebene
Abblidungebene verwendete Fotolacksystern ein ein identisches Muster von
Ausrichtungsmarkie-     positives Fotolacksystem Ist. rungen enthfit und
die bei der Belichtung der  1o zweiten und jeder nachfolgenden Ebene
verwen-  8. Verfahren nach Anspruch 6, wobel das Fotolack- dete Fotomaske
ein entsprechendes Muster von       system einen Novolak-Lack und elnen
1-Diaza- Fenstern enthAlt, welches sich mit dem Muster      2-Oxo
Naphthochinon-5-Sulfon Siureester Foto- der Markierungen jeder der zuvor
ausgebildeten     sensibilisator anthill Abbildungen Oberdeckt, wenn diese
und die neu   f5 auszublldende Abbildung in korrelter Ausrich-  9.
Verfahren nach elnem dervorstehenden Ansprfi- tung zuelnander sind; dadurch
gekennzeichnet,      che, wobet der Farbstoff Rodhamin B Base ist. daiS
wenigstens in der zweiten Ebene des Fo-   10. Verfahren nach elnem
dervorstehenden AnsprG- tolacksystems sin Farbstoff eingebaut wird, der  20
che, wobel der Farbstoff ein Absorptionsmaxi- Strahlung bei elner anderen
Wellenlfinge absor-    mum bei etwa 455 Nanometer aufweist, durch- biert
als derenigen, welche das Fotolackaystem    sichtig gegenOber der zur
Aktivierung des Foto- aktiviert und die Abbildung in der ersten Ebene -
lacksystems verwendeten Strahlung ist, mit dem vor der Herstellung jeder
Abbildung in der zwei-  in dem Fotolacksystem verwendeten Losungs- ten und
jedernachfolgenden Ebene- einerStrah-  25  mittel vermischbar ist, mit den
anderen Kompo- lung ausgesetzt wird, bel welcher der Farbstoff    nenten
der Fotolackverbindungen vertrigllch ist, absorbiert, wahrend die
Relativpositionen der      und die Zersetzungsrate des in dem Fotolack
Fotomaske und einer ausgewahiten Abbildung in      verwendeten
Fotosensibilisators unter der Ein- der ersten Ebene derart eingestellt
warden, dali  wirkung der bel dem Belichtungsvorgang ver- sich die
Markierungen in dieser Abbildung mit  so  wendeten Strahlung nicht
beeintrAchtigt wird. den Fenstern In der Fotomaske genau Ober- decken.
Revendicatlons 2. Verfahren nach Anspruch 1, wobel der Farbstoff in das
Fotolacksystem eingsbautwird, bevor sine   35  1. Procede pas a pas pour la
production de circuits Schicht desselben auf das Substrat aufgetragen
int6gres a tres grande 6chelle, comprenant les wird.
6tapes consistent: A revetir un substrat avec une premibre 3. Verfahren
nach Anspruch 1, wobel der Farbstoff     couche d'agent de reserve
photochimique et a auf die Oberfiiche der zweiten Ebene des Foto-  4o
soumettre ce substrat A un cycle op6ratoire lacks aufgetragen wird, nachdem
der Fotolack       comprenant les etapes consistant: auf das Substrat
aufgetragen wurde.                     A exposer ladite premiore couche A
un rayonnement actinique par l interm6diaire d'un 4. Verfahren nach elnem
dervorstehenden Anspr0-       reticule; che 1-3, wobei der Fotolack durch
aitinisches  45       A developper la premiere couche et A sou- Ucht bzw.
Lichtquanten mit einer Wellenlinge im    mettre la substrat et l'image
developp6e a la pro- Bereich von etwa 250 bis etwa 450 Nanometer
duction d'un motif; aitiviert vird und der Farbstoff Strahlung siner
a 6eiminer l'agent de r6serve photochimi- Wellenlinge absorbiert, die etwa
wenlgstens 50     que ; et Nanometer hoher liegt als diejenige, gegen0ber
5o      A rep6ter Is cycle operatoire pr6clt6 pour welcher der Fotolack
empfindlich ist               obtenir un nombre predetermin6 de niveaux;
dane lequel chacune des images dane le- 5. Verfahren nach Anspruch 4, wobei
der Farbstoff     dit premier niveau est munle d'un motif Identique
Strahlung von einer Wellenlange von etwa 455       de marques d'alignement
et Is r6ticule utilis6 Nanometer absorbiert, und das Fotolacksystem   5s
dane la photo-imagerie de la deuxibme couche et durch Strahlung von
einerWellenlange innerhalb     de n'importe quelles couches suivantes est
muni des Bereiches von etwa 350 bis 375 Nanometer       dun motif
correspondant de fenAtres qui corinci- aktiviert wird.
de avec ledit motif de marques sur chacune des 7    
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111111 Images pr6cedemment formees lorsque ces der-  8. Proc6d6 suivant la
revendication 6, dans lequel nieres etl'image nouvelle Aformersonten
aligne-  I'agent de r6serve photochimique comprend une ment correct;
caract6ris6 par:                   r6sine novolaque et un
photosensibilisatour lincorporation a au moins la deuxibme       consistant
en un ester d'acde 1-oxo-2-dlaza- couche de l'agentde r6eserve
photochimique d'un   s  naphtoquinone-5-sulfonique. colorant qul absorbe le
rayonnement A une lon- gueurd'onde autre que cello qui active ledit agent
9. Procede suivant l'une quelconque des revendica- de reserve photochimique
et, avant la production  tions precedentes, dans loquel Is colorantconsis-
de chaque Image dans la deuxieme couche et       to en rhodamine B base.
n'importb quells couche suivanto, I'exposition de  fO ladite image dans le
premier niveau a un rayon-  10. Proc6de sulvant l'une quelconque des
revendica- nement auquol ledit colorant presente une absor-  tions
pr6cedentes, dans loquol le colorant a un ption tout on ajustant les
positions relatives du re-  maximum d'absorption superieur a environ 450
ticule et d'une image choisio pr6alablement dans  nanometres, est
transparent au rayonnementuti- ledit premier niveau de telle sorte quo les
mar-  15  lise dons l'activation de la composition d'agent de ques dans la
dernibre Image coincident precdse-  reserve photochimique, eat miscible au
solvant ment avec les fenetres dans ledit r~ticule.      utilise dans
l'agent de reserve photochimique, est compatible avec les autres
constituants de la 2. Procede suivantla revendication 1, dans lequel le
composition d'agent de reserve photochimique colorant est incorpore a
l'agent de reserve pho-  20  et n'a pas d'effet sur la vitesse de
d6o0mposition tochimique avant l'application d'une couche de   du
photosensibilisateurutilise dans l'agentde rA- ce dernier au substrat.
serve photochimique sous l'action du rayonne- ment utilise dans le proocde
de photo-Imagerle. 3. Procede sulvant la revendication 1, dans lequel le
colorant est appliqu6 sous forme d'un revetement  25 sur la surface de la
seconds couche d'agent do reserve photochimique apres application de cot-
to derniere au substrat. 4. ProcdW suivant lune quelconque des revendica-
30 tions I A 3, dans lequei l'agent de reserve photo- chimique eat active
par une lumlere actinique ayant une longuour d'onde dans la plage d'envi-
ron 250 A environ 450 nanometres, et le colorant absorbe un rayonnement
ayant une longueur  35 d'onde superieure d'au moins environ 50 nano- metres
A cello auquel I'agent de riserve photo- chimique est sensible. 5. Procedb
suivant la revendlcation 4, dens lequel Is  40 colorant absorbs un
rayonnement ayant une lon- gueur donde superieure A environ 455 nanome-
tres at l'agent de reserve photochimique oet so- tive par un rayonnement
ayant une longueur d'onde dans la plage d'environ 350 A 375 nano-  45
metres. 6. Procede suivant l'une quelconque des revendica- tions
precedentes, dans loquel la quantite de co- lorant utilisee ost suffisante
pour confrere la  5o premibre couche une densite optique d'au moins onviron
0,05. 7. Procede suivant l'une quelconque des revendica- tions precedentes,
dans lequel l'agent de r~serve  55 photochimique utilise pour produire
chacun des niveaux d'image est un agent de reserve photo- chimique positif.
8    


