IVEIVBRANE MASK STRUCTURE, FABRI CATI ON AND USE

Field of the Invention This invention rel ates general ly to thﬁpﬁf
fabrication of nmenbrane nmask structures for use in s_em conduct or
manuf acturing. More particularly, the invention provides novel nenbrane

mask
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MEMBRANE MASK STRUCTURE, FABRICATION AND USE

Field of the Invéntion

This invention relates generally to the fabrication of
membrane mask structures for use in semiconductor manufacturing.
More parti.cularly, the invention provides novel membrane mask
structures for use in x-ray and ion beam lithography, processes for
fabricating the novel membrane mask structﬁ;:es,_ and a method for

using the novel membrane mask structures.

i Background of the Invention

In semiconductor manufacturing, microlithography is employed
to create the desired pattern of the integrated circuit in the
semiconductor material. A radiation-sensitive layer of resist

material is deposited on the semiconductive material and is

subsequently irradiated by passing energy from a radiation source
through a patterned mask in order to selectively expose areas of
the resist layer. Additional processing of the exposed layer of
resist material results in selective removal of the resist, leaving
the desired pattern for formation of the integrated circuit. Still
further device processing through the desired patterﬁ may include
steps of diffusion into the semiconductor material, deposition of

materials onto the semiconductor material and further resist

deposition, exposure, removal and processing.
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structures for use in x-ray and ion beam |ithography, processes for
fabricating the novel nembrane mask structures, and a nmethod for using the

novel menbrane mask structures. - Background of the
| nventi on I n sem conductor manufacturing, mcrolithography is -
enployed to create the desired pattern of the integrated circuit in the
sem conduct or material . A radi ation-sensitive layer of resist material is

deposited on the sem conductive material2 and i s subsequently irradi ated by
passing energy froma radiation source through a patterned mask in order to

sel ectively expose areas of the resist |ayer Addi ti ona ocessing of the
exposed | ayerTbftPredPSys hY eFPARY 1 ddif F%dllaﬁl%rérs@%’f?%olfe?ﬁfg‘zﬂe dfcgnae
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- deposi t | BRLEFARS WSk threrat affd obr Gbés"saidh@tmn passes. The Mask must

be fabricated of a material which is effectively inert to the type
of radiation passing through it, as well as being inert to the
processing conditions, including ambients, extreme temperatures and
chemical exposures required for the post-prqc‘:es_sing.' In addition,
the masks must be fabricated to exacting standards in order to
effect accurate transfer of the pattern to the semiconductor
material. 'While the mask materials which are appropriate for each
‘microlithographic pz_‘océss will differ depending upon the intended
radiation 'source and' attendant processing conditions, the need for
well-defined and accurately placed mask features is constant.
Moreover, as the size of individual semiconductor device features
shrinks, the dimensions desired for very large scale integration
(VLSI) on chips i'ncreases, with projected requirements for chips
having dimensions in excess of 30mm by the year 2006. Therefore,
the 1ithographic masks must provide densely configured high
resolutioh features accurately placed across a large patterned
-area, placing effectively conflicting demands on the mask
materials. In order to detail both the current deficiencies in
lithographic masks and to provide the framework for remedying such
deficiencies in accordance with a preferred embodiment of the
invention, this application will hereinafter specifically discuss
the structure, fabrication and use of masks for x-ray lithography.
It is to be understood that the invention can readily be applied to
masks for ion-beam and other lithography using membrane masks in
accordance with the teachings herein, with such modifications as
will occur to one having skill in the relevant art and having read
and understood the present invention.

X-ray masks, of the type illustrated as 10 in Figure 1,
comprise a substrate, 11, a thin membrane, 12 of dimension L and

thickness t,.. which membrane is transparent to the x-ray radiation,

ey



- 2- In the industry today, the radiation sources of choice include
hi gh energy radiation sources such as el ectron beamradi ation, ion beam:
radi ati on and synchrotron x-ray radi-ati on. Critical to

m crol i thographic:processing using such radiation sources is the patterned
mask t hrough which the radiati on passes. The mask nust be fabricated of a
material which is effectively inert to the type of radiation passing
through it, as well as being inert to thedprocessing conditions, including
anbi ents, extrene tenperatures and chem cal exposures required for the
post-proggﬁfigg. In addi%ion, t he masks pust be fabricated to exacting
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tantalmn boride, etc. for the absorber material 13.

In fabricatinc_} an x-ray mask, the placement of the pattern of
absorber material features 13 is critical. Errors. due to drift,
charging, temperature fluctuations, vibration effects, etc. during
the writing of the absorber pattern on the membrane can result in
pattern displacement which renders the mask unusable. In-plane
distortion of the mask features arises largely ‘due to the effect of
.the absorber stress on the  membrane, 'which ‘stress is proportional
to a number of processing and materials variables. The absorber
stress will arise in part due to the differences in the physical
properties of the membrane and absorber materials, and in part due
to. the conditions encountered during deposition and patterning of
the absorber (e.g., sputtering temperature during deposition,
etc.). ) _

In one currently used method for fabricating x-ray masks, the
membrane 12 is formed by selective diffusion of a dopant into
substrate 11 to thickness t,, followed by etching out of the
membrane area defined by dimension L, with the absorber pattern
Created subsequent to membrane formation. Another method involves
deposition of the layer of material for membrane 12 onto substrate
11 followed by removal of the underlying substrate along dimension
L prior to creation of the absorber pattern. Yet another mask
fabrication process flow provides for wafer processing of the mask
up to the point of creation of the absorber pattern, followed by
back etching of the substrate wafer to form the membrane under the
absorber pattern along dimension L. The absorber material may be
formed on or embedded in the membrane. All of the foregoing



the Iithographi c masks nust provide densely configured high resolution
features accurately placed across a |large patterned area, placing
effectively conflicting demands on the nmask materials. .In order to det ai
both the current deficiencies in lithographic masks and to provide the
framework for remedying such deficiencies in accordance with a preferred
enbodi nent of the invention, this application will hereinafter specifically
di scuss the structure, fabrication and 4ise of masks for x-ray |ithography.
It is to be understood that the invention can readily be applied to masks
for ion-beam and other |ithography using nenbrane masks in accordance with

the teachings herein, with such nodifications as will occur to one having
skill in the relevant art and havi ng read and understood the present
i nventi on. X-ray masks, of the type |IIustrated as 10 in Figure 1,

conprise a substrate, 11, a thin, nenbra SIOﬂ L and thlckness
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stress placed by the absorber material on the membrane which is
unsupported along dimension L. As previously noted, VLSI
requirements which will increase the dimension L will create
further challenges to pattern placement. The distortion due to
absorber stress can additionally be exacerbated by post-processing
temperat'ure and chemical exposures.

Process:Lng contributions to the absorber stress and resultant
in-plane distortion will be magnified when processing large area
membranes for the >30mm chips. For example, while the stress of
refractory metals is known to be dependent upon the temperature of
the substrate during the sputtering process, it is extremely
difficult to maintain a consistent- temperature across a large
membrane area during sputtering, whereby variations in the surface
temperature during deposition will lead to variant stresses’ imposed
by the absorber in different areas of the mask membrane. Non-
uniformity of absorber stress can, in fact, be more detrimental
than a high absolute value of stress on the membrane.

It has been found that the in-plane distortion in a mask is
not only proportional to the absorber stress, but is also
proportional to the dimension _ef the membrane, L, and the thickness
of the absorber, t,, and is inversely proportional to the Young's
modulus of the membrane material as well as inversely proportional
to the thickness of the membrane, t,. Therefore, in addition to
tailoring the choice of materials and the processing conditions in
order to minimize distortion and absorber stress, efforts have been
made to maximize the membrane thickness and minimize the absorber
thickness to effect an overall reduction in the amount of in-plane
distortion encountered in the x-ray masks, without otherwise
adversely affecting the masks and use thereof (e.g., increased
membrane thickness necessitates longer exposure times). wWhile
workable on x-ray masks of the dimensions currently encountered,
the foregoing efforts will not be as effective on the large area
masks which will be required for VLSI chip fabrication.

Yet another difficulty encountered when scaling a mask to the



and a pattern of absorber material, 13, of thickness t[err], which absorber
material is chosen to absorb the x-ray radiation, thereby prohibiting the
x-ray radiation from exposing the areas of the resist which are in
alignnment with the absorber pattern. Illustrative materials for an x-ray
mask include silicon for substrate 11, silicon, silicon carbide, silicon
nitride, dianond, etc. for nenbrane 4% -and gold or refractory netals
havi ng hi gh atom c. nunbers such as tungsten, tantalum tantalumnitride,
tantal um boride, etc. for the absorber material 13. In fabricating an
x-ray maskmehbeopd agamenbnel tdey.pakyedn cof onhzesber thahesomi) figatnees 13
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thereon during use, and due to- the absorber pattern of the mask
inadvertently coming into contact with the semiconductor surface.
What is desirable is a membrane mask structure for which the
fabrication processes and conditions of use introduce minimal error
in terms of pattern placemgnt.

Therefore, it is an objective of the invention to provide a
membrane mask structure and fabrication technique whereby one can
reduce absorber stress e'ffects and in-plane distortion while
'providing a mask for achieving large area 1lithography of VLSI
chips. _

It is additionally an objective of the invention to provide a

- membrane mask structure having a plurality of registration markings
to provide continual alignment during e-beam writing, thereby
achieving intended pattern placement.

It is yet another objective of the invention to provide a
lithographic membrane mask fabrication process and resulting
structure wherein the mask pattern on the membrane is created at
the wafer level., thereby avoiding the in-plane distortion problems
which occur under the present processes of pattern formation on a
thin membrane or back etching of the unsupported patterhed wafer to
form a membrane.

Still another objective of the invention is to provide a
membrane mask structure for which the absorber pattern will not be
subject to degradation during use due to temperature effects,



menbrane area defined by dinension L, with the absorber pattern created
subsequent to nenbrane formation. Another nethod involves deposition of the
| ayer of material for nenbrane 12 onto substrate 11 foll owed by renoval of
t he underlying substrate along dinmension L prior to creation of the

absor ber pattern. Yet another mask fabrication process flow provides for
waf er processing of the mask up to theépoint of creation of the absorber
pattern, followed by back etching of the substrate wafer to formthe
menbrane under the absorber pattern along di nension L. The absor ber
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Summary of the Invention

These and other objectives are realized by the present )
invention which provides a two-stage mask having alternate areas of
radiation-transparent membrane having opaque pattern features
interleaved with opaque, support members. The membrane mask .
structure for lithography using a radiation source comprises the
following: a support structure formed of a material which is opaque
to the lithographic radiation source and comprising support members
separated by window areas; a membrane layer overlaying said support
members and window areas, said membréne layer comprised of material
which is transparent to said radiation source; and ‘a pattern of
feature material formed on or embedded in the membrane layer; said
feature material being opaque to the radiation source and said
pattern aligning with the Window areas of said support structure.
The mask structure may :additionally include a plurality of
reference markers formed in or on said membrane layer or on said
support members of said support structure. In addition, the mask
structure may include a protective pellicle of radiation-
transparent material, which pellicle is mounted on said support
members in such a way as to prevent any debris from contacting the
membrane areas at which the feature pattern is formed.

Brief Description of the Drawings

Figure 1 provides a cross-sectional illustration of a prior
art mask structure for use in semiconductor 1ithography.

Figure 2 provides a top view of a prior art mask having a
desired pattern for transfer to a semiconductor wafer.

Figures 3A and 3B provide top and cross-sectional views of the
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processes result in distortion of the nmask pattern due to the stress placed
by the absorber material on the nmenbrane which is unsupported along

di mrension L. As previously noted, VLSI requirenents which wll
increase the dinmension L will create further challenges to pattern

pl acement. The distortion due to absorber stress can additionally be
exacer bated by post-processing tenperatare and chemnical exposures.
Processing contributions to the absorber stress and resultant in-plane
distortion will be magnified when processing |arge area nmenbranes for the
>30mm cRPPR! Mgy séxumpree athidhe phesett ég¥eRfidiefractory netals i-s known
to be dependent upon the tenperature of the substrate during the sputtering
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of absorber stress can, in fact, be nore detrinmental than a high absolute
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choice of materials a e processing conditions in order to mnimze
di stortion and absorber stress, efforts have been :
Figure 7 illustrates, from the top view, the incorporation of

regular reference markers into the inventive mask structure.

Figures 8A through 8D illustrate one process flow which can be
employed for fabricating the novel mask structure.

Figures 92 through 9C illustrate an alternative process flow
for fabricating the novel mask structure.

Figures 10A through 10D provide illustrations of yet another
process flow for use in fabricating a preferred embodiment of the
novel mask structure.

Figures 112 through 11F provide illustrations of an

alternative process flow for use in fabricating a preferred
.embodiment of the novel mask structure.

Description of the Preferred Embodiment

Figures 1 and 2 illustrate cross-sectional and top views;
respectively, of a prior art 1lithographic mask for use in
semiconductor manufacture. For the sake of clarity, the invention



made to maxi m ze the nenbrane thickness and mnim ze the absorber thickness
to effect an overall reduction in the anmount of in-plane distortion
encountered in the x-ray masks, w thout otherw se adversely affecting the
masks and use thereof (e.g., increased nenbrane thickness necessitates
| onger exposure tinmes). \While workable on x-ray masks of the dinensions
currently encountered, the foregoing-egfforts will not be as effective on
the | arge area masks which will be required for VLSI chip fabrication.
Yet another difficulty encountered when scaling a mask to the .
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other approprlate mel rane mask structures and fabrication
processes as would readily occur to one having skill in the art and
having access to the present teachings. Visible, from the top view
of the prior art mask structure provided in Figure 2, are the
membrane, 12, and a 'patte;'ri of absorbers, 13. The pattern of
absorbers can be referred to as a pattern of rows of absorber
features, labelled rows 14-1 through 14-6. In accordance with the
prior art, the rows of absorber features, 14-1 through 14-6, are
written onto the membrane, 12, along dimension L. The absorber
features will, as discussed above, create stress on the membrane,
causing in-plane shifting of the absorbers and warping of the.
membrane with attendant distortion of the pattern of absorbers.
Figures 3A and 3B illustrate the top and cross-sectional
views, respectively, of the novel mask structure wherein the
membrane dimension L with rows 14-1 through 14-6 of Figures 1 and
2 has been divided. Like numerals (e.g., 13 and 33; 14-1 through
14-6 and 34-1 through 34-6) have been used to designate
corresponding features in order to illustrate that the present
inventive mask structures depicted in Figures 3a, 3B, 4, etc. can
be utilized to effect transfer of the same mask pattern as had been
transferred using the prior art mask shown in Figures 1 and 2.
Figure 3A shows the top view of membrane 32 having absorbers 33
provided thereon. The areas of the membrane 32 at which absorbers
are formed represent rows of mask features, 34-1 through 34-6,
which correspond to the rows of absorber features 14-1 through 14-
6. Therefore, the pattern of absorbers in row 14-1 of Figure 2 has
the same absorber features as the pattern of absorber features in
row 34-1; row 34-2 corresponds to row 14-2; and so forth. The even
numbered rows of absorber features on the membrane have been
sequentially provided in one area of the mask structure, while the
0odd numbered rows have been sequentially provided in a separate



can lead to significant errors in pattern placenent. Finally, errors
in pattern placenment can arise during use of the |ithographic mask due to
t enperature changes during exposure through the mask, due to vibration
encount ered when novi ng the nmenbrane mask into position over the target
chip sites on the sem conductor material to be patterned,due to debris
deposited thereon during use, and due to the absorber pattern of the mask
i nadvertently coming into contact wit B the sem conductor surface. Wat is
desirable is a nenbrane mask structure for which the fabrication processes
and condi t i areaofofuddre masdducer It rfiowgl haye oresnn seRFt &6 hyatindyegleaved
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support members 35 comprised of material which is not transparent
to x-ray radiation. The support members act as shields to the
radiation and as support structures between the rows 34-1 through
34-6 comprised of x-ray transparent membrane material and
absorbers, .and are generally of the same width as each of the rows.
For the sake of discussion of the illustrated mask, for which
dimension L has been divided into six equal horizontal segments,
let L=61, where 1 is the dimension of each row. The dimension of
each support member is also 1 to insure that feature areas do not
overlap with opaque areas during use of the mask. Between rows 34-
5 and 34-2, separating the two stages of patterned rows, is an area
of the support member which is equal to 21, for the purposes of
illustration as will be discussed in further detail with reference
to use of the novel mask structure and Figure 6, and the mask
structure has an overall dimension of 121 or 2L.

While optimal for the sake of description of the invention,
the foregoing relationship of dimensions can be varied without
departing from the invention herein. For example, the support
_members may be separated by openings which are not uniform in
dimension (e.g., one of dimension 1 and another of dimension
1+40.25mm) provided that the absorber pattern is separated by the
windows of the same dimensions. The support members are fabricated
of silicon, or other suitable material which is opaque to the



menbrane mask structure for which the absorber pattern will not be subject
to degradation during use due to tenperature effects,

SUMVARY OF THE INVENTION It is an object of the present invention to
aneliorate one or nore di sadvantages of the prior art. According to
one aspect of the present invention there is provided a nenbrane mask for
use in creating a pattern of mask featypes positioned on said nmenbrane to
an adjacent material by irradiating said material froma radiation source
conprising; a plurality of nmask nenbrane pattern sections including
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into more than two stages, with the number of required exposures
increasing in direct correlation to the number of mask stages.

While the support members clearly will enhance the structural
integrity of the mask structure during mask. processing (discussed
further below) and during use, it is primarily the reduction of the
area of unsupported membrane for each row of the absorber pattern
(i.e., decreasing dimension L for each section of membrane and
absorbers) that results in a decrease in the effects of the
absorber stress on the membrane in that area, thereby decreasing
the 1likelihood of pattern distortion. It is conceivable,
therefore, to decrease the effect of the absorber stress on pattern
placement on ‘a mask membrane by segmentation of the mask pattern as
shown in Figure 3A, without providing additional structural
support, although the preferred mode for implementing the invention
is to provide both segmentation and support. In addition to
reducing the absorber stress effects, Segmentatibn of the mask
pattern will render the membrane mask less susceptible to the
negative effects of temperature fluctuations and vibration during
use.

Preferred minimum and maximum dimensions of the segments into
which the mask pattern should be divided and the dimensions of the
membrane areas and support members are constrained on the minimum
end by the ability to provide small dimension slits in the support
material (e.g., 1mm using currently available technology), along
with the need to maintain mechanical stability (i.e., support
members are preferably providing support in addition to providing
for separation of the mask pattern), and at the maximum end by the
stated ends of reducing the effects of absorber stress and of



fabricating a menbrane nmask for use in creating a pattern of nmask features
I n an adjacent nmaterial, by providing irradiation froma source to said

mat eri al through said nask, conprising the steps of: providing a wafer of
mask substrate material opaque to said irradiation; providing a |ayer of
mask menbrane material transparent to said irradiation at one surface of
said mask substrate material; incorpor@gting reference markers in said nmask
menbrane material; providing a | ayer of feature material opaque to said

i rradi ati on on said mask nenbrane material; positioning an el ectron beam
wit h ref er'@i®erabusaiahd efibrenten remckenserqsatparsei fg- sai drbayérsf fheat ure
mat eri al wi-trlaysaighbehast MR kBeaavingeraby denovivi o paddeies faatrienesyat the

surface ofgzal.de gg@rnpfthrga%g gbsane material ; fastening a support
structure to sal gat erned surface of said | ayer of mask nenbrane

material, saidfSep %§t4%%€ﬁr§hﬂ‘é\ﬁ%véﬁ‘ﬁ)€rft e SOMReRTHEavEdhi t h

wi ndows, Wie&keewy e dmpediment Péathe doventive degkaskrueidycansasitwatiedl are

al i gned wi4d) aad uppdaeWwsafand 45enom Fdgsad daraglskswdrd:,ate, rfmn@fﬂl@lesf rom
said | ayery Oéuﬂgiﬁjétge%?lr %Q.Ldiqaties“@élposned (é.cdﬂ{&:% q'gutcﬁi §tl ldl

aspect of tﬁqﬁ gresent I nvention there I's provi for abr| cat| ng
a menbr an@STRERDE oPTfRe 497 HAYAENGOUS pfthdr AREAUIRR SR - f e R furaREqThess.
mat eri al , 4% pfoei dippert redieat iodn Fiigune alBsoai tizanowefed, ndl.ehasl beknough

sai d WHSk,macﬁQHE&'&é @qchas & SR eObperin@¥] Weng @hz%f;ﬁfwfs mBgkerdiRaheat
material q%%ﬂ‘élégssa' é:ow:sr ;g{’ Of‘t ! O”u Rﬂg‘”s‘?' Ndic xgqpor &aﬁ.@ék 4’13'3”'%6‘“‘3

mat eri al ona Sur fac strate

nenbr ane rfESEEPEf E‘élﬁbetmadﬂ‘sr!@rf@% 99) s"é}‘-’d°PPﬁ”d¥ﬂSat A6AL’ tl&:‘?‘%’&thl 146 8-
plurality afe eirbeaigrefentenciehrardvesr,s 4i-1s ahtdolgty et4 . naShe nenbasnef

material | suppByt did¥bMaks eiuhiic®Rhé Adcated Berisd 856n HgsSak6- MHeoUBADT ane

mat eri al , |d attern features_co ng ture terial aque to said
irradiati O4f]6a 1’a§' Hn% epcﬁutppor% rTgmbers, w;u were depicted aQ gg E
Figure 3B. Wh e it is possible to fabricate a pl_urallty of

individual support members to be placed between the rows of mask
wafer, 40, it clearly is of the most practical use to provide an
entire support wafer, 45, having the plurality of openings formed
therein. Usé of a support wafer will provide ease of alignment to
the mask wafer, 40, which has the absorber pattern. It is
contemplated at this time that machining of the silicon support
wafer, 45, is the most advantageous fabrication process (e.g.,
milling, sandblasting, electron discharge machining), in terms of
accuracy and economy. However, one having skill in the art will be
aware that the pattern of openings in the wafer, 45, could be
formed by chemical processes'to achieve the same support structure.
Similarly, one having skill in the art will realize that silicon is
not the only material which can be used for the support structure,
whether in piece or wafer format; but that a silicon wafer will be
preferred given silicon's physical properties, the fact that
silicon is the preferred membrane mask material, and the intended
conditions of usage.

The thickness of the support wafer must minimally be the
thickness at which sufficient structural integrity is maintained



6a structure to said surface of said nmask nenbrane material, said support
structure having support nenbers interleaved with said pattern features and
wherein said e-beamreference nmarkers are aligned to said support nenbers;
and renoving said mask substrate nmaterial. According to still another
aspect of the present invention there is provided a nethod for fabricating
a nenbrane mask for use in creating a.pattern of mask features in a
material, by providing irradiation froma source to said material through
said mask, conprising the steps of: providing a wafer of mask substrate
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mat eri al Ogﬁq\!ﬁet Qn\?gﬂltlon as discussed with reference to Figure 6. When
using silicon, fastening can be achieved, for example, by anodic
bdndi_ng, in which a layer of borosilicate glass is deposited onto
-the support wafer, and the support wafer and the mask wafer afe
brought together under conditions of high voltage and high
temperature to effect the physio-chemical bond. Other methods of
fastening include direct silicon bonding, screwing, and such other
methods as would effect the locking of the two wafers with respect
to each other to prevent shifting in the x-y plane without
compromising the absorber and support structure features.

Figures 5A and 5B illustrate that the two-stage mask structure
of Fiqures 3 and 4 can be divided into two separate patterned mask
structures which may be used to sequentially expose areas of the
semiconductor wafer, as detailed for the two-stage mask structure
with reference to Figure 6, or may be used in two distinct exposure
processes, if desired. The mask structure, 20, of Figure 5A has a
membrane, 22, with absorbers, 23, located in rows, 24-1, 24-3 and
24-5, which correspond to the odd-numbered rows of the masks of
Figure 2 and Figures 3A and 4A. Interleaved with the rows, 24-1,
24-3 and 24-5 are support members, 25. The mask structure of
Figure 5B includes support members, 55, interleaved with rows 54-2,




I rradiation; providing a |layer of mask nenbrane material at one surface of
said mask substrate material, said mask nenbrane naterial being transparent

to said irradi ati on;
mask substrate materi al
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opposite to said |layer of mask menbrane materi al,
sai d support structure having support nmenbers interleaved with w ndows;
creating a plurality of e-beamreferencg markers at said | ayer of mask
wherein said markers are aligned to said support nenbers;
providing pattern features at the surface of said mask nmenbrane materi al
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horizontal rows of membrane and absorbers with interleaved support
members, it will be evident that the absorber pattern may be
divided into vertical components or any other configuration which
will insure that éll of the features of the mask pattern have been
accounted for and that any unsupported area of the membrane will be
reduced in area to a degree sufficient to alleviate the negative
pattern displacement effects of absorber stress on the membrane.
Clearly, whatever configurations of membrane and absorbers are
chosen must be replicated in the openings of the support structure
and aligned therewith in assembly of the mask structure. 1In
addition, while the present description provides for division of
the mask features onto two stages or port:i'ons of the mask
structure, or even two distinct mask structures, it will be
apparent that more than two stages can be provided, once again
insuring that all mask features are accounted for on at least one
of the stages.

Figure 6A through 6H illustrate use of the illustrated two-
stage mask structure to expose three chip sites, 67-69 on a
semiconductor wafer, 66. In the prior art during x-ray
lithography., the mask, 10, of Figures 1 and 2 would be irradiated
by scanning an x-ray beam across the membrane, 12. Such scanning
would be accomplished either by sweeping the x-ray beam while
keeping the mask and semiconductor wafer to be exposed stationary
or by scanning the assembly of a mask and semiconductor wafer,
fixed relative to each other, past a stationary x-ray beam. Full
flood exposure, as is contemplated by several prior art sources,
can also be used when applying the present invention. After one
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~substrate material, said mask nenbrane material being transparent to said
irradiation; creating a plurality of c-beamreference nmarkers at said |ayer
of mask nenbrane material; fastening a support structure to the surface of
said mask substrate material opposite to said |layer of mask menbrane
material, said support structure having support menbers aligned to said
reference markers and interl eaved w tshidi-ndows; etching said mask substrate
mat eri al through said windows to expose said |ayer of mask nmenbrane
material in allgnnent wi th said wi ndows; and prOV|d|gg pattern features at
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Figures 6A, 6C, 6E and. 6G provide a perspective view of the
positions of the mask structure over the chip sites on the wafer at
successive steps of the x-ray lithography. Figui'es 6B, .6D, 6F and
6H illustrate the exposure patterns at each chip site on the wafer
after each successive exposure step, assuming for the sake of
discussion that one could directly view tHe chip sites after each
processing step, although such would not be a realistic possibility
in practice. For the sake of illustration, three rows of mask
features are indicated for mask 60, including rows 64-1, 64-2 and
64-3 which are alternately provided in the two mask stages.

With specific reference to Figures 6A through 6H, the mask
structure, 60, is initially positioned with the first mask stage
including rows 64-1 and 64-3 over a first chip site, 67. After
irradiation through the mask structure, 60, chip site 67 will
contain an image of the membrane and absorber patterns from rows
64-1 and 64-3, as shown in Figure 6B. Since the absorbers and the
support members of the mask structure are opagque to the x-ray

~radiation, the exposed areas of chip site 67 will be those areas
which were in alignment with the transparent membrane of rows 64-1
and 64-3. The mask structure, 60, is next stepped along one chip
site dimension into position over chip sites 67 and 68, whereby the
first mask stage including rows 64-1 and 64-3 is now positioned



-7- novel mask structure of the present invention. Fi gures 4A and
4B provide top views of the patterned wafer and the support structure wafer

whi ch conpri se one enbodi ment of the novel mask structure. Fi gures
5A and 5B illustrate top views of a dual mask enbodi ment of the novel nask
structure of the present invention. Figures 6A through 6H illustrate

use of the novel mask structure of K ggres 3A and 3B. Figure 7
illustrates, fromthe top view, the incorporation of regular reference

markers intQ the Lnventive mask. structure, | Qur. rough,
i [1ustrate ORe pre esslg:ef |6§w \V\'ﬁll]c% Wih 55808 aSkescf'Falf or lﬁé})‘?ﬁ&&r% F%anovel

mask structifr @ositioned over chip site 67,

e -0 abricatin
rg% s¥1own in Figure &C. g Upon

irradiation of the chip sites, 67 and 68, through the mask
structure, 60, the exposure patterns indicated in Figure 6D result.
All of the intended mask features have now been transferred to chip
site 67, where the image sequence 64-1, 64-2, 64-3 is uninterrupted
by blank areas, while chip site 68 bears the exposure pattern of
the first mask stage including rows 64-1 and 64-3. - Upon stepping
of the mask, 60, to the position indicated in Figure 6E, patterning
of chip site 68 will be completed to include row 64-2, while chip
site 69 will have transferred to it the patterns of rows 64-1 and
64-3, as illustrated in Figure 6F. Finally, the mask structure,
60, will be moved into the position indicated in Figure 6G whereby
the second stage' of the mask structure, containing row 64-2, is in
position over chip site 69, while the first stage of the mask
structure is beyond the edge of chip site 69. After irradiation
with the mask structure in the position indicated by Figure 6G, all
of the chip sites have been fully patterned, as shown in Figure 6H.
The mask structure can then be stepped along an adjacent area of
the wafer to pattern another series of chip sites.

As shown in Figures 3A and 3B, the width of the area of
unsupported membrane between the two' mask stages is equal to 21,
assuming that the mask will be stepped the full dimension of one
chip site (i.e., 61 or L) between exposures. The area of supported
membrane between the two mask stages of a two-stage mask can vary
in width, provided that the distance stepped between exposures is
correctly calibrated to align each of the mask stages over the
semiconductor to ensure exposure of all desired features. As
previously stated, the multiple stages of the mask structure could
be provided in separate masks, with multiple complete iterations of
the expose-and-step process flow. The latter method would clearly
have a significant impact on the throughput of the wafer processing
system, whereas use of a single two-stage mask would only require
one additional exposure cycle, since two chip sites are being
irradiated in a single cycle.



Figures 9A through 9C illustrate an alternative process flow for
fabricating the novel mask structure. Fi gures 10A through 10D provide
illustrations of yet another process flow for use in fabricating a
preferred enbodi nent of the novel mask structure. Fi gures 11A

t hrough 11F provide illustrations of an alternative process flow for use in
fabricating a preferred enbodi nent of_tjhe_novel mask structure.

Description of the Preferred Enbodi nent Figures 1 and 2 illustrate

cross-sectional gapg, Lop YL EWs; & tivel f a pri art qf raphic
mask for use in sgnfcon éc?m@r%%ﬁigggfﬁF rﬁﬁb%l?ﬂe sdﬁ q“%ﬁ?ﬁ¥ %k fRe
mask structure in order to provide for continual pattern

i nvention
alignment when the mask pattern is being written onte the mask. As
previously mentioned, drift during the e-beam writing process can
result in pattern displacement which will render the mask unusable
for its intended purpose. Given the novel mask structure, as shown
at 70 in Figure 7, comprising areas having underlying support
members, 75, interleaved with rows of unsupported membrane, 72, and
absorbers, 73, inclusion of regularly-spaced reference markers is
facilitated. ;Referehce markers 71 can be provided in the x-ray
oOpaque regions of the membrane which will be in alignment with the
support members, or can be provided in the support members, since
those regularly-spéced areas are opaque to the radiation and any
markers placed thereon will not have any impact on the subsequent
lithography. The choice of placement of the reference markers will
be determined by the order of processing for fabrication of the
mask, ensuring that the reference markers will be available to the
e-beam writer during writing of . the absorber features. It is
contemplated that the most advantageous arrangement is to
incorporate the reference markers into the mask wafer by either
printing the markers onto the silicon using optical lithography or
by creating a high precision ruler in the silicon by laser
interferometry.

With the reference markers incorporated into the x-ray opaque
regions of the mask wafer prior to the e-beam writing of the
absorber mask pattern, the e-beam can lock onto the reference
markers periodically during the writing process in order to
instantaneously correct for drift errors which arise due to
charging, vibration, etc., without having to interrupt the writing
process to realign with a reference marker located far outside of
the mask membrane area. Figure 7 shows a dense configuration of
reference markers, 71, for dynamic correction, since it will be
most advantageous to have the e-beam writing proceed uninterrupted
without the necessity of having to stop the writing process and
refer back to any reference markers. High precision x,y, grid and



- 8- will be detailed with specific reference to-x-ray mask materials and
fabrication processes. As noted above, it is to be understood that the
present invention applies to not only x-ray nmasks but also to ion beam nask
structures and fabrication processes and such other appropriate mnenbrane
mask structures and fabrication processes as would readily occur to one
having skill in the art and having access-to the present teachings.

Visible, fromthe top view of the prior art mask structure provided in
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diffusion into the substrate, 81, or by deposition of a thin layver
onto the substrate, as shown in Figure 8a, followed by etching of
the substrate, 81, along dimension 1 to expose windows of the
‘diffused or deposited membrane layer, 82, to yield the structure of
Figure 8B. Support members, -85, (or a wafer comprising a pattern
of support members and windows) are then bonded to the substrate,
81, whereby the openings between the support members, 85, are
aligned to the windows of dimension 1 in the substrate, 81. After
the support members have been bonded to the.substrate, absorbers,
83, are formed on the membrane, 82, in the areas defined by the
windows in the substrate. .

Figures 9A through 9C illustrate an alternative procéss flow
to arrive at the same mask structure as above. The membrane
material, 92, is formed on the substrate, 91, in accordance with
known proceésinq techniques, after which the absorbers, 93, are
provided on the membrane, as shown in Figure 9A. Support members
95, separated by openings of dimension 1, are bonded to the
substrate to yield the structure of Figure 9B. Finally, the
substrate, 91, is etched through the openings between the support
members to expose the membrane, 92, in those areas at which the
absorbers are located, as depicted in Figure 9C. _

A method for fabricating one of the preferred embodiments of
the inventive mask structure of the present invention is shown in
Figures 10a through 10D. Fabrication of the substrate, 101, having
2 membrane material, 102, and absorbers 103 is conducted in
accordance with the known techniques, to provide the structure of
Figure 10A. The structure of Figure 10A is then flip-mounted and



2 has been divided. Like nunerals (e.g., 13 and 33; 14-1 through 14-6 and
34-1 through 34-6) have been used to designate corresponding features in
order to illustrate that the present inventive nask structures depicted in
Figures 3A, 3B, 4, etc. can be utilized to effect transfer of the same mask
pattern as had been transferred using the prior art mask shown in Figures 1
and 2. Figure 3A shows the top view-ofg senbrane 32 havi ng absorbers 33
provi ded thereon. The areas of the nmenbrane 32 at which absorbers are

fornmed represent rows of mask features, 34- r h_,34- whi correspond
to the roméx3§e§b§8rBBPD?Eﬁtﬂ?@ﬁ?ﬁib5&%%ﬂ5§uéﬁ5Q4€M%.a%ﬁﬂgagfgfe?B%heaﬁgttern
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membrane and absorber arrangement, the absorber pattern will not be
subject to physical harm (e.g., grazing against the semiconductor
wafer) during use. Therefore, the life of the mask will be
extended. .

A disadvantage in the use of all masks during lithography is
that debris including dust particles, foreign matter and residue
from the irradiated resist material of the target sem_iconductor
wafer can land on the mask, and interfere with proper printing and
inspection of the mask. Cleaning of a mask having high resolution
features can be extremely difficult, particularly when the debris
collects in between the small gaps formed by the absorber pattern.
Collected debris can lead to transfer of distorted features from
the mask to the semiconductor. Figure 10D illustrates the mask
structure of Figure 10C additionally jincluding a protective
pellicle, 108, over the support members' 105. The pellicle is
fabricated of material which is transparent to the irradiating
source and which provides a planar surface onto which debris can
collect. The debris can either be removed from the pellicle, or
the pellicle replaced periodically. Silicon carbide is omne
material which would be suitable for use as a protective pellicle.

Figures 11A through 11F illustrate yet another process flow
for fabricating a preferred embodiment of the present invention. In
Figure 11A, substrate 111 has a membrane material 112 provided
thereon, by diffusion or deposition in accordance with known
techniques. The membrane is etched, as shown in Figure 11B, to
provide interstices into which absorber metal will be deposited.
Absorber material 113 is introduced into the membrane layer (e.g..,
by damascene processing of refractory metal fill followed by
chemical -mechanical polishing or equivalent technique as will occur
to one having skill in the art)} as shown in Figure 11C, followed by



area of the nmask. Al'l rows have been separated by interl eaved areas of

t he nmenbrane havi ng associ ated support nenbers underlying the nenbrane in
those areas, as further detailed with reference to Figure 3B. It is to be
noted that the materials out of which the nenbrane 32 and absorbers 33 are
fabricated are the sanme materials as have been used for x-ray masks in the
past. The support nenbers are iIIustrafed as solid nenbers, t hough
any non-solid configuration (e.g., | -%éam honeyconb, etc.) would
suffice provided that the support structure be opaque to the radiation and
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support members can be = incorporated into the structure to
facilitate alignment of the patterned mask wafer and the'support
wafer. o

In all of the foregoing process flows, reference markers can
first be formed in or on the support members prior to bonding of
the support members to the substrate or to the membrane. The
resulting mask structure and fabrication process provides for the
following: significant reduction of in-plane distértion formerly
caused by absorber stress; wafer processing with minimal post-
processing distortion since the patterned mask will have smaller
membrane window areas and will be reinforced by the support
structure during many of the processing and post-processing steps;
reduced distortion from radiation damage due to small windows
areas; reduced distortion during use from thermal effects due to
small window areas; protection of the absorber pattern to prevent
accidental grazing of the pattern against the semiconductor wafer
and accumulation of debris; protection of the absorber pattern by
the transparent pellicle component of the mask structure; and,
accurate mask absofber patterning due to incorporation of an array
of reference markers in the support structure. While the present
invention has been described with reference to specific materials
and processes, one can modify the present invention in such manner
as will occur to one having an ordinary level of skill in the art



structure has an overall dinension of 121 or 2L. Wil e optimal for the
sake of description of the invention, the foregoing relationship of

di mensi ons can be varied without departing fromthe invention herein. For
exanpl e, the support nenbers may be separated by openi ngs which are not
uniformin dinmension (e.g., one of dinension 1 and another of dinension
1+0. 25mm) provi ded that the absorber gpttern is separated by the wi ndows of
t he sane di mensions. The support nmenbers are fabricated of silicon, or
other suitablie qaferial which is opaqge to.the . )

- 10 - radiation of SPEREIRR. ITONHENS SRIELh RhFsPPenBibERe KAt iBBeRS
machi ned or éFHﬁé@aﬁéth@lébmmbpriate configuration to accommbdate the
pattern of rows, 34-1 through 34-6, of the nenbrane, 32, with absorbers 33.
The novel mask structure is, therefore, a nmultiple stage mask having
alternate rows of nenbrane and absorbers



interl eaved with opaque support nenbers. Wiile the illustrated enbodi nent
provi des two stages, the nmask pattern could be divided into nore than two
stages, with the nunber of required exposures increasing in direct
correlation to the nunber of mask stages. V%I|6T£ S ort nenbers
clearly will enhance the structural integrity of the “ faeacflur i ng
mask, processing (discussed further bel gw)_ and during narlly
the reduction of the area of- unsupported nmenbrane for

absorber pattern (i.e., decreasing dinension L for each sectl on of rrerrbrane
and absorbers) that results in a decr édd¥n the effects of the absorber
stress on the nenbrane in that area, thereby decreasing the |ikelihood of

pattern distorfih®ihg cnl b8scEAULLURPIMenther ehBbe wd @1demreasrwt Bea
ef fect of th absgrber Str o, Ps attern placerrent on a mask nenbrane by
e

S
segment ati oK af sk G §¥t e RS SREFA" i Figure 3A, without providing
addi tional structural \_support al t hough the pref erred node for inplenenting
the invention is to provide both segnentati on and support. In addition to

reducing the absor bq& ﬁéﬂﬁ%%eewaeazt For SESTEN abbopiRf 4 Rudrask Bat gk Wil
r ender theefnsnbra | ess susce tible to tthe neg tlve effe:e

f
t enper at ur Fﬁg?fja??%htsl% \ﬂ“msgtl H‘e‘(‘]ﬁ’ﬁnﬁa us%n ace?—”‘re rrtja:(ltla“B BY mum
and maxi muirdrfiasinhsadid mpsesbyhdion Pnﬁﬂ’ﬂﬁ?-@‘h SRECHRSRYEH®ER shoul d
be di vided and the di npasiranstyf of hanawknhmeabeans eascahvhss uppoptigiebeas are

Constralne%raga&bey"b@'&HEEQ?H QEGEEG%Qbin&QﬁeEOEQrQYtﬁeasﬁﬁhkaﬂiﬂ?n§fon

slits in the sug ort materia nmm using currently avail abl e
t echnol ogy F*PRPHh ¢S $F 1P Mhe need to mai ntain nmechanical stability (i.e.
support nenbers are $aiel ephbial igyo\didi PREtSIPpELELIQRSadHGlUGRSt GEPPERPEI ng

areas of material transparent to said irradiating and each having
less than all of said pattern of mask features of feature material
opagque to said irradiating; and '

each of :said plurality of support sections comprises
membrane sections hav1ng underlaylng support members of material
opaque to said 1rrad1at1nq

2. The mask of Claim 1 comprising:

a first array of mask membrane sections including first
support sections and first pattern sections having first mask
features; and

at least one additional array of mask membrane sections
including additional support sections and additional pattern
sections having additional mask features,

whereby said first mask features and said additional mask
features comprise all of said pattern of mask features.

3. The mask of Claim 1 wherein said plurality of mask
membrane sections further comprises a plurality of reference
markers provided at said mask membrane sections.

O



"for separation of the mask pattern), and at the maxi numend by the stated
ends of reducing the effects of absorber stress and of

t enper at ur e aflds ShelsHas BemRenea@unt ered in use (e.g., around 5mm for x-ray
menbr ane nmasks sity of features currently encountered in the
t echnol ogy) . and 4B show top views of the two conponents
whi ch make up one enbodi nent of the i-ngentive mask structure, mask wafer
40, and support wafer, 45. In Figure 4A, nask wafer, 40, conprises a
substrate on which is deposited (or into which is diffused) nenbrane area,
42, having rows, 44-1 through 44-6, of absorbers, 43. The support wafer of
Fi gureh4B, silieon V?’i(ermaéﬁ, oESS:leﬁn Imeadraed eaiet mhgidhtféahﬁ)z‘és oragaiw]ngs,
46-1 througlt-4%a8a 9 ' | (KO -1 st hr - en
Sopnor wararerste 5 HIE AL ORI Mot Y o

t hrough 46-76, :

5. The mask of Claim 1 wherein said mask features are
provided at the lower surface of said membrane in said pattern
sections, between said support sections.

6. The mask of Claim 5 further comprising a layer of
material transparent to said radiation source provided at the
surface of said support members not associated with said membrane
sections.

7. The mask of Claim 2 wherein said plurality of mask
membrane sections further comprises a plurality of reference
markers provided at said mask membrane sections.

8. The mask of Claim 2 wherein said mask features are
provided at the upper surface of said membrane in said pattern
sections. '

9. The mask of Claim 2 wherein said mask features are

prov_ided at the lower surface of said membrane in said pattern
sections, between said support sections.

10. The mask of Claim 9 further comprising a layer of
material transparent to said radiation source provided at the
.surface of said support members not associated with said membrane

A



are in alignnent with rows, 44-1 through 44-6. The areas of support

waf er, 45, which are | ocated between openings, 46-1 through. 46-6, conprise
t he support nenbers, which were depicted at 35 of Figure 3B. VWile it is
possible to fabricate a plurality of individual support nenbers to be

pl aced between the rows of mask wafer, 40, it cIearI9m$
practical use to provide an entire suppéﬁt waf er, rallty
of openings fornmed therein. Use of a support waf er mnll of

al i gnment ta.d¢hg qmask wafer, 40, which has the absorber pattern [
s contenplated at this tinme that machining of- the silicon support mafer,
45, is the nobst advantageous fabrication process (e.g., mlling,

sandbl asti ng, electron discharge machining), in ternms of accuracy and

econony. Howeverl,. oneméehod@oskehpidyinghe mantimid kthge avatberahbatadiheo
pattern of .apan n&lsphE‘téﬂ? vaf gr k4§eaEQHJsd fe J@r%%tcmeﬁhlp%@cesses
to achleve t he, .sa su ctur one havi ng sk i n the
ot 1| YRR Y Bt {RieStarnasehi PRE SRR CATRRSh 1585 eq
for the supPpoimg stessct than akét leér daidpinask deatiarfesr #ud nat; lgastt leme a
silicon weddiitfidnalbRagk eft@igee Ragin@ Nty rbfitider Py SdoGial mpsRPEEddRSs,t he

fact that gdhd S S eig# fecr.ed menbrane mask material, and the intended
condi tions ofﬂu%qnb th8% ek %%hlckness of the support mafer must mnimlly

be the thickness at %l%‘f?’&tt}f’f‘f‘{f?e?ﬁldsﬂ{r"trt BRsk sltﬁgég‘?‘ﬁﬁ/s?%dn%‘ﬂﬂcﬁ“r'fed

material;

(b) irradiating said adjacent material through said first
mask stage:;

(c) positioning one of said at least one additional mask
stages over said irradiated adjacent material;

(d) irradiating said adjacent material through one of
said at least one additional mask stages; and

(e) reﬁeating steps (c) and (d) until all additional mask
stages have been irradiated. f

12. 2 method for fabricating a membrane mask for use in
creating a pattern of mask features in a material, by providing
irradiation from a source to said material through said mask,
comprising the steps of:

providing a wafer of mask substrate material opagque to
said irradiation;

providing a 1ayér of mask membrane material at one
surface of said mask substrate material, said mask membrane
material being transparent to said irradiation;

providing pattern features at the surface of said mask
membrane material, said pattern features comprising feature
material opaque to said irradiation;

fastening a support structure to the surface of said mask
substrate material opposite to said layer of mask membrane

A A



- 12 - gi ven the di nensions of the rows and openings. A maxi mumthi ckness
woul d be dictated purely by practical considerations such as cost, machine
tol erances, etc. It is also to be noted that the B4 tr&te, 41 cou uld

be made relatively thick so that it could act as the su - legd ont o
whi ch the nmenbrane, 42, could be deposited (or into vvmﬁ u ffused
the appropriate dopant to formthe |ayess of nmenbrane ma d by
etching back of the substrate material to formthe openings. The
support wafer, 45, is fastened to the mask wafer, 40, rather than sinply
placed inr tio h the mask wafer, Fas | ng of thetwo waf ers _

i nsures con?‘%i&%l |%1\M ESPP%?rt n% ucg\are L?v”}gr %@é]l?rrg TP Fe  hE %‘I&eﬁé(tefiern

when the mask St rUCYRHE (i #PBERPRY ﬁéé‘?j T’bﬁ‘dqwst FE8r aptgRedhara i tuldarnar teirnce
movenent of fdssuvesk shducture is contenplated in accordance with the best

mode for use of the |8t’@l’i‘iﬂ@@a@é n@sﬁcma%mtéﬁiaef QHESuérQsEha%%d%ws
When usi ng deén agteni can a h| ey fora1 rg;)]] e% liwano
bondi ng, in 9 ayer o oro% 5?3 i LbRbrsi Y tcPatti’fgrn

support waf ea%ﬁsthe support waf er and the mask wafer are brought
t oget her under conditions of high voltage and hi gh

13. The method of Claim 12 wherein said providing of said
layer of mask membrane material comprises depositing a layer of

membrane material on said one surface 'of said mask substrate
material.

14. The method of Claim 12 wherein said providing of said
layer of mask membrane material comprises diffusing a dopant into
said one surface of said mask substrate material to form a layer of
mask membrane material which:is transparent to said irradiation.

15. The method of Claim 12 wherein said providing of said
layer of mask membrane material additionally includes the step of
incorporating reference markers in said mask membrane material and
wherein said providing of pattern features comprises the steps of:

providing a layer of feature material;
positioning an electron beam with reference to said
reference markers; and

patterning said feature material with said electron beam.

16. The method of Claim 12 wherein said providing of pattern

features comprising embedding said feature material in said mask
membrane material.

* [ L M S *



tenperature to effect the physio-chem cal bond. O her nethods of fastening
I ncl ude direct silicon bonding, screwi ng, and such other nethods as woul d
effect the locking of the two wafers with respect tﬁme Re edprevent
shifting in the x-y plane w thout conprom sing the a i port
structure features. Fi gures 5A and 5B |Ilustrate st age
mask structure of Figures 3 and 4 can begdivided into two separate
patterned mask structures which may be used to sequentially expose areas of
the senmiconduct on7vwaf ehe mstriat ald athdiar ibheviwerstcager t@isky sheUskupeow th

ref erence toa@ﬁ,%g S VerBY Bt H3ed iblopo: st ok eXARIGE; BA 96eRRES,

I f desired ture ure mennpr a

absor bers, 2§”7P8€afEﬂ ﬁ%?q(ﬁ%9995f.femﬁﬁr s ?§§?$l%ﬁﬁpcﬁlﬁﬁrFééﬁoﬁﬁsfo
t he odd- nuntreamedanewsaboéridie nmasks of Figure 2 and Figures 3A and 4A
Interl eaved with the rows, 24-1, 24-3 and 24-5 are support nenbers, 25.
The mask structure of Figure 5B includes support nenbers, 55, interleaved
with rows 54-2,

18. A method for fabricating a membrane-mg'gk-for use in
creating a pattern of mask features in a material, by providing
irradiation from a source to said material through said mask,
comprising the steps of:

providing a wafer of mask substrate material opaque to‘
said irradiation; : .

providing a layer of mask membrane mate'rial at one
surface of said mask substrate material, said mask membrane
material being transparent to said irradiation;

fastening a support_stfucture to the surface of saic_i mask
substrate material opposite to said layer of mask membrane
material, said support structure having support members interleaved
with windows;

providing pattern features at the surface of said mask
membrane material in areas of said mask membrane material which are
in alignment with said windows, said pattern features comprising
feature material opaque to said irradiation; and

etching said mask substrate material through said windows
to expose said layer of mask membrane material having pattern
features.

19. The method of Claim 18 wherein said providing of said
layer of mask membrane material comprises depositing a layer of
membrane material on said one surface of said mask substrate
material. |

20. The method of Claim 18 wherein said providing of said

I



54-4 and 54-6, which rows include sections of nenbrane, 52, wi th absorbers,
53. The two nmask structures contain all of the RS features whi ch are
included in the previously-discussed masks and whj 5 piaoexd for
sem conductor processing. In use, as with the |nv I ? ructure
di scussed above, the sem conductor material to b 1 t be exposed
through both masks in order to effecttransfer of all of the desired mask
feat ures. While the illustrated enbodi nents provides for alternating

horizontal ngysrofe MR ARELA qtgscerl@stscamptbségﬂta@tt@@l asue Qht fRNpers,
it will be ewgent t hat the abs orbeﬁpatternrra gvertlcal

conponents 6f ~ary" OrtREF2EOME §AFEtTHH RRPTHNF | ateﬁ%?ﬁr a¥Pr (He

f eat ures of MERE ek et F‘eﬁﬁrh@l/eﬂﬁ@é\nlec%t}@wnﬁoﬁoa?ﬂj@ H&Faéh?‘llon
unsupported area of the menbrane will be reduced in area to a degree .
sufficient to alleviate the negati ve pattern di spl acerrent effects of

absor ber stress th arly,. whatever nf i tlons of

nenbr ane and absgfber E‘ﬁgsgﬁ ﬁﬁgtm @ﬁf?’c’hts g PR hg@ist the
suppor t str&évareorémskameghewe eatexiah ad«ﬂlas%}@#ﬁl&'yiml‘tdﬁ@ #ﬁsksmmﬂ:fture
I n addi ti oninwbiperddiggdeseréndcte saketd Qﬁ FHIQVindkS mefibréhe/ initenial ddwe

mask feat urnﬁéremtéjdlkdt Peovl fafS Qr Q@t{ tuQEs c;otﬂ\%rqgﬁg &d BEE?%}%E-O"

even two distinct nmask Struyctures, W aren at nore

stages can be provi d(ﬁfm’c}ﬁééga@a}raﬁ’q QG "?‘?g}ufﬁ t&FF‘ sk features are
accounted for on at Inesdtionéngf aphelechyes. beam withgurefegAancar dggreasid
illustrate weeepéndd Quarketstr ah®d two- stage mask structure to expose three
chip sites,

67-69 on ghtterning said feature material with said electron beam.

22. The method of Claim 18 wherein said providing of pattern
features comprising embedding said feature material in said mask
membrane material.

23. The method of Claim 18 further comprising the step of
applying a layer of material transparent to said irradiation at the
surface of said support members not associated with said mask
membrane material.

24. A method for fabricating a membrane mask for use in
creating a pattern of mask features in an adjacent material, by
prdviding irradiation from a source to said material through said
maskf comprising the steps of:

providing a wafer of mask substrate material opague to
said irradiation;

providing a layer of mask membrane material at one
surface of said mask substrate material, said mask membrane
material being transparent to said irradiation;

R A



sem conductor wafer, 66. In the prior art during x-ray

l'i thography, the mask, 10, of Figures 1 and 2 would be irradiated by
scanni ng an x-ray beam acr oss t he menbrane, 12. Sus Bh peradt d be
acconpl i shed either by sweeping the x-ray beam whi mask and
sem conductor wafer to be exposed stationary or by assenbly of
a mask and sem conductor wafer, fixed relative to eac other past a
stationary x-ray beam Full f1 ood exposure, as is contenplated by several
prior art sources, can also be used when applying the present invention.
After one fastening a support structure to theldurfaceCoOnMagldemsean i n
the prior s%ttratte sararf@t%f | szatsa \eput étrayaaeeafe%@dmbmbééte

feature areg evvaer Wou rel atrveg&) i

achi eve exp %ur% oﬁaéﬁdtﬁﬁfmﬁeﬁ%ﬁu9£P§5rmylngSﬁgPﬁﬁtﬁﬁ EF%§€ﬁFr Averti ve
mask stru¥tbhevindamsier, exposure of one conplete chip requires scanning
the entire two-st agﬁ;cnm&t; said mask substrate material through said windows

to expose said layer of mask membrane material in alignment with
said windows; and

providing pattern features at the surface of said mask
membrane material in areas of said mask membrane material which are
in alignment with said windows, said pattern features comprls:mg
feature material opaque to said irradiation.

25. The method of Claim 24 wherein said providing of said
layer of mask membrane material comprises depositing a layer of
membrane material on said one surface of said mask substrate
material.

26. The method of Claim 24 wherein said providing of said
layer of mask membrane material comprises diffusing a dopant into
said one surface of said mask substrate material to form a layer of
mask membrane material which is transparent to said irradiation.

27. The method of Claim 24 wherein said providing of said
layer of mask membrane material additionally includes the step of
incorporating reference markers in said mask membrane material and
wherein said providing of pattern features comprises the steps of:

providing a layer of feature material;
positioning an electron beam with reference to said
reference markers; and

patterning said feature material with said electron beam.

RO O



structure twi ce, with an internedi ate di splacenent of the mask relative to
the chip site on the wafer (or internediate stepping of the vvafer relative

to the mask) by a distance equal to one original chi p 8¢pldg¢d As
such, the conplete nmask is scanned a first tine, steppl , and

then the conplete mask is scanned a second tine. |If th
divided into nore than two stages, the eqyival ent nunber of scans vvou
required in order to expose all of the féatures. Fi gures 6A, 6C, 6E

and 6G provide a,per ectlve vi ew of sitions, of the mask structure
over the chip si es ?)Iﬁ‘et RELHRT & gr?aérﬂ?ceg'gﬁeemsﬁﬁb% RJPVEAdnNg-Qfapattern

| i t hogr aphy fepfgaeesCOBrigdno6FrbaddBlY isalidsfeatuget metexiyds Uime spatit emns at
each chi p simesboané heassafi@n .aft er each successive exposure step, assunm ng
for the sake of discussion that one could directly view the chip sites
after each processing step, although such would not be a realistic
possibility in practice. For the sake of illustration, three rows of nask
features are ind?¢Zat €thd aretimdk o60C1ake| 24| fuythensc@uprlisigg- 2handté- 8f

whi ch are albpilpah@lay 1p5eYidteflat8ridie tiubspiskt $Rg88d irradVht oS RRCEREC
T Toce o SuFESLs 0B D3l Br UIRAPE! nbRFefiPSford (dMEELEeq Ouch S5k lh  habkY

positioned Wt rst, mask stage 1nc I ows OVET
first chip &g ra%% ma‘ﬁrtléll irradiation through the mask structure, 60,
chip site 67 will contain an i mage of the menbrane and absorber patterns
fromrows 64-1 and 64-3, as shown in Figure 6B. Since the absorbers and the

he exposed ar san b AL 0! B AR 0P 28 e ddi® e A AL T 2
al i gnment wCER2HHRI 17 aﬂ%’b%%hpfrréﬁﬁ?‘aﬁéa@fmrso&& 8- 30}pRPIE4 IR teTRal kX

structure, €geVidimexirraKddéppion ofmmyaoseundtd po said material through said
mask, comprising the steps of: '
' providing a wafer of mask substrate material opaque to
said irradiation;
providing a layer of mask membrane material at one
surface of said mask substrate material, said ‘mask membrane
material being transparent to said irradiation;
providing pattern, features at the surface of said layér
of mask membrane material, said pattern features comprising feature
material opaque to said irradiation;
fastening a support structure to said patterned surface
of said layer of mask membrane material, said support structure
having support members interleaved with windows, whereby said
pattern features on said mask membrane material Are aligned with
said windows; and
removing said mask substrate material from said layer of
mask membrane material. |

31. The method of Claim 30 wherein said providing of said
layer of mask membrane material comprises depositing a layer of
membrane material on said one surface of said mask substrate

RED 0 AR TR



~site dinmension into position over chip sites 67 and 68, whereby the first
mask stage including rows 64-1 and 64-3 i s now positioned

- 15 - over chip site 68, while the second mask stage ilmegbhgetiHa B&mamﬁﬁuﬁ
i s positioned over chip site 67, as shown in Figure 6C ijHt i on
of the chip sites, 67 and 68, through the mask structure, ure
patterns indicated in Figure 6D resul £.20ALl of the intended nas eat ur es
have nom/been (Lran ferred to chip site 67, where the i mage sequence 64-1,
64-2, 64-3 i'S unl%ferrupted by bl ank areas, while chip site 68 bears the
exposure pattern of the first mask stage including-rows 64-1 and 64- 3.
Upon stepping of the nask, 60, to the position indicated in Figure 6E,

patterning of chip Sigie 68k ofﬁecqgmlﬁé%etr@mngawepﬂo@wd% ZOfWQai@
chip site 6%_mn|| ave transferred t ﬁ the p
I

6.5, *asi | RAYEF cbatast FRDRFEP B Yetial SEREC T euR U isPoEs. S0R 1 be
moved into thRédpernd sughacadifcsedd nasksybsterade Niterépy to form a layer of

mask membrane material which is transparent to said irradiation.

33. The method of Claim 30 wherein said providing of said
layer of mask membrane material additionally includes the step of
incorporating reference markers in said mask membrane material and

-.wherein said providing of pattern features comprises the steps of:

providing a 1layer of feature material on said mask
membrane material;

positioning an electron beam with reference to said -
reference markers; and |

patterning said layer of feature material with said
electron beam.

34. The method of Claim 30 wherein said providing of pattern
features comprising embedding said feature material in said mask
membrane material.

35. The method of Claim 30 further comprising the step of
applying a layer of material transparent to said irradiation at the
surface of said support members not associated with said mask
membrane material.
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t he second stage of the mask structure, containing row 64-2, is in position
over chip site 69, while the first stage of the mask structure is beyond
the edge of chip site 69. After irradiation with the mask structure in the
position indicated by Figure 6G all of the chip sites have been fully
patterned, as shown in Figure 6H The mask structure can then be stepped

al ong an adj acent area of the wafer to3Battern another series of chip
sites. As s j LQUr i f ea of
unsupported nenb E&?&E%ﬁ@&%@@é&g@@&f@ﬁﬁﬁt 1, assum ng

t hat the Hpl be stepped the full dinension of one chip site (i.e., 61
or L) between exposures. The area of supported nenbrane between the two

mask stages of il @ Kur6 36k 1¥RbYrapiy WdisE B radd4H Dectet At
di st ance step&gle%ieﬁt?a\‘/\%eng%x%%%urres IS c%rﬁir)ﬁeyct |‘§é cglii btr at egg:teoﬁglsit%ﬁqggch of

t he mask ffifrRa6ss ANEisihf ShesRERBRAHGHBRAnE Masih StiicGureX PRUhEmBfandkdasgesi r ed
features. As previously stated, the nultiple stages of the mask structure
coul d be spuautedatnprizes epafolib & inp Sk syppottt soruowkd forined o6 aphatékalivitdeiaid ons of

t he expose-and-step process flow The latter nethod would clearly have a

si gni fi capaquertpal lithogtadphict fadiatigh sotrcofind bempvadieg sypporasebays €35t em
whereas use of a single two-stage mask woul d only require one additional
exposur e sepagated by iwindow weeaghi presibrens laye (B2 ongrlaying ghidtsepporh membieny | e

cycl e.

(35) and window areas, said membrane layer (32) comprised of material which is
transparent to said radiation source; and a pattern of feature material formed on or
embedded in the membrane layer, said feature material being opaque to the radiation
source and said feature pattern aligning with the window areas of said support structure.
The mask structure may additionally include a plurality of reference markers formed in
or on said membrane layer or on said support members of said support structure.

Fig. 3A

e=t Has Been Replaced
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- 46 - Figure 7 illustrates the incorporation of reference markers in
the mask structure in order to provide for continual pattern alignment when
the mask pattern is being witten onto the nask. As previously nentioned,
drift during the e-beamwiting process can result in pattern displacenent
which will render the mask unusable for its intended purpose. G ven the
novel mask structure, as shown at 70 iyqkigure 7, conprising areas having
under |l yi ng support nenbers, 75, interleaved with rows of unsupported
menbrane, 72, and absorbers, 73, inclusion of regularly-spaced reference
markers is facilitated. Reference markers 71 can be provided in the x-ray
opaque regions of the nenbrane mhquJ I1be in alignment with the support
menbers, or can be provided in the's rt' menbers, since those

regul arl y- spaced areaf).are opaque tBRIB éARTadi ati on and any narkers pl aced
thereon will not have a i npact on the subdéquent |ithography. The choice
of placenent of the regference markers will/be dsterm ned by the order of

processing for fabpicati m:m:-izﬁ U NdNhat _the reef erence markers
wi Il be avail abl e t8rEhE S pearm-whien-Judc gy w-nthag=o8Theé absor ber

S _affrangenment is to
either printing

features. It is cont-gs‘ﬁed that the nost advant g
i ncorporate the referentfcmarkers into the nmask waf 6

the markers onto the siIicop_usLng_QpLLC@L_LLLthLaqhy or
FIG.2
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by creating a high precision ruler in the silicon by |aser interferonetry.
Wth the reference markers incorporated into the x-ray opaque regi ons of
the mask wafer prior to the e-beamwiting of the absorber mask pattern,

t he e-beam can | ock onto the reference markers periodically during the
witing process in order to instantaneously correct for drift errors which
ari se due to charging, vibration, etc12without having to interrupt the
writing process to realign with a reference marker |ocated far outside of

t he mask nenbrane .area. Figure 7_shaows dense configuration of reference
mar kers, 71, for dynam c correct LF?\LC? n t wll be nost advantageous to
have the e-beam witing proceed uni h{errtpted w t hout the necessity of
having to stop the witing process and refer back to any reference markers.
H gh precision x,y, grd—and - 17 -
focus correction patterns, 77. can also be incorporated|into the x-
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ray opaque areas for use in calibrating the infield matching between major
and m nor deflection fields during witing, as well as to allow for dynam c
corrections. The renmai nder of the Figures refer to the processing of
the mask structures thensel ves. Figures 8A through 8D indicate a nask
processing fl ow wherein the nenbrane IS forned in accordance with prior art
mask processing. Menbrane, i's cregy £d, either by diffusion into the
substrate, 81, or by dep05|t|on of at |n | ayer onto the substrate, as
shown in Figure 8A, followed by etchimg of the pstrat e, 49

81 al
di nension 1 rl osﬁ ﬁ ndows o he diffused or depqQsit -t éae | ayer,
82, to yield & re of i gure—8B SEHIPO FR{TDSL’S (or a wafer

conprising a pattern of suppOrt nhenbers and w ndows){ar e\t hen bonded to the
substrate, 81, whereby theg openihgs [@tweqq thegpupppdii-~texbers, 85, are
aligned to the windows of dinensjon 1 in the substraje, 81.\After the
support nenbers have begn bondedi to the-substrate, alpsorbers) 83, are
formed on the menbrane/ 82, in the aRas d8fi nel by {Ké—di ndols in the
substrate. Figures 9A through 9C illustrate an alternative process
flow to arrive at thefsane pask ptru ureés abgl The menbnane
material, 92, is.fornpd on t'HE ShbstBate accnﬂdaﬁce wi tth known
processi ng techni ques, after ich the absorbers 93 are provided on the
menbrane, as shown in| Figure 9. Support menbers 95, |separated py openi ngs
of dinmension 1, are bpnded to thg structjure of

Fi gure 9B. Finally,\ the substy} QS& 1%ES§§2¥¥§§ % gh t hg openi ngs
bet ween the support mgnbers to expose t he menbr ane, S in thoge areas at

whi ch the absorbers ar§ | ocated, | asgdni &y | ggi@gurq49¢
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A nmethod for fabricating one of the preferred enbodi nents of the inventive
mask structure of the present invention is shown in Figures 10A through
10D. Fabrication of the substrate, 101, having a nenbrane material, 102,
and absorbers 103 is conducted in accordance with the known techni ques, to
provi de the structure of Figure 10A. The structure of Figure 10A is then
flip-nounted and - 18 - bonded to
support menbers 105, so that the absor$€¥s, 103, are located in the

openi ngs of dinension 1 between the su rt nenbers 105 as shown in Figure
10B. Substrate |ayer 101 can be renn&pﬁg% it is no |onger needed_to
provide any structural integrity to rane, as shown in Figure
10C. By flip nounting the nmenbrane and ab arrangement, the absorber
pattern will not b@Qsubject to physica grazi ng agai nst the
sem conduct or waf er) i g ife of the mask wll
be

FIG.5B
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ext ended. A di sadvantage in the use of all masks during |Iithography is
that debris including dust particles, foreign matter and residue fromthe
irradiated resist material of the target sem conductor wafer can | and on
the mask, and interfere with proper printing and inspection of the nask.
Cl eani ng of a mask having high resolution features can be extrenely
difficult, particularly when the debris,;f£ollects in between the small gaps
formed by the absorber pattern. Collected debris can lead to transfer of
di storted features fromthe mask to the sem conductor. Figure 10D
illustrates the mask structure of Figure 10C additionally including a
protective pellicle, 108, over the support nenbers 105. The pellicle is
fabricated of material which is transparent to the irradiating source and
whi ch provides a planar surface onto which debris can collect. The debris
can either be renoved fromthe pellicle, or the pellicle replaced
periodically. Sili arhjde 1is one material whj woul d_be suitable
for use agga prot ectF/)g(gel é%e. Fi gures 11A FﬁF@g@:@: illustrate
| OW flor abricatinggp preferred eMhd nt of the

yet anot he rocess

pr esent incgﬁxl - substr 111 erial 112
provi ded theredn, by diffusion or depositigh\in accordance with known

t echni ques.68 menbrane i s etched, as shown“ijn Figure | 1B, to pgovitde

interstices intjo which absorber netal will be deposited. Absorber [material
113 is introduced_into the nmenbrane | ayer (e.g.l.__by damascene prodessing of

refractory netal fill followed by ghem cal - mechiani cal poli shing or
equi val ent 68echpi que as will occur}to one having skill in the artkﬁgsgshomm
in Figure 11 C followed by 7
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- 19 - patterning of the absorber material (e.g., by deposition of a
_photoresi st, selective patterning of the resist, reactive ion etching to
transfer the pattern to the absorber, and renoval of the resist) to yield
the structure of Figure | 1D. The structure of Figure 11D is then
flip-munted and bonded to support structure 115, as shown in Figure 11E,
as above, so that the pattern of absorbers is protected from physical harm
by the surrounding support structure.®f nally, the substrate, 111, is
removed and pellicle 118 is bonded to the support structure to conplete
processing of the mask structure shown-in Figure 11F. As is apparent from
the foregoing Figures, thicker absorber sections which are not part of the
mask pattern and cut-away sections of the support nenbers can be
incorporated into the structure to facilitate alignnment of the
patterned mask wafer and the support wafer. In all of the foregoing
process flows, reference markers can
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first be formed in or on the support nenbers prior to bonding of the
support nmenbers to the substrate or to the nenbrane. The resul ti ng mask
structure and fabrication process provides for the follow ng: significant
reduction of in-plane distortion fornerly caused by absorber stress; wafer
processing with m nimal post- processing distortion since the patterned
mask wi |l have smaller nenbrane w ndow/szeas and will be reinforced by the
support structure during nany of the processi ng and post-processi ng steps;
reduced distortion fromradi ati on damage due to snmall w ndows areas;
reduced distortion during use fromthermal effects due to small w ndow
areas; protection of the absorber pattern to prevent accidental grazing of
the pattern agai nst the sem conductor wafer and accunul ati on of debris;
protection of the absorber pattern by the transparent pellicle conponent of
the mask structure; and, accurate nask absorber patterning due to

i ncorporation of an array of referemEéLCBrk S in the support structure.
Wil e the present invention has beent d rei bed with reference to specific
material s and processes, one can nodify the present invention in such

manner_as will occur to one having an ordinary level of skill in the art
77
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- 20 - without departing fromthe spirit and scope of the invention as
_hereinafter clained.

21 Havi ng thus described our invention, what we claimas new and desire
to secure by Letters Patent is: 1. A menbrane mask for use in creating
a pattern of mask features positioned on said nenbrane to an adjacent
material by irradiating said materiaB/Izom a radiati on source

FIG.8A
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conpri si ng: a plurality of mask nmenbrane pattern sections including
.menbrane areas of material transparent to said irradiating and each havi ng
| ess than all of said pattern of nask features of feature nmaterial opaque
to said irradiating; a plurality of mask menbrane support sections
interleaved with said pattern sections each of said plurality of support
sections conprising nenbrane sectionsgAaving underlaying support nembers

of material opaque to said irradiating; and a plurality of e-beam
reference markers provided at said mask nenbrane aligned to 'said support
sections. 2. The mask of claim 1 wherein said mask features are provided

at the upper surface of said nenbrane&fggggigap ttern sections. 3. The
mask of claim 1l wherein said mask featdr ¥ vided at the | ower
surface of said nmenbrane in saé attern sections, between said support
sections. 4. The mask of claim 3™urther conprising a |ayer of materi al
transparent to said 92

91




radi ati on source provided at the surface of said support nenbers not

associated with said nenbrane sections. 5. The nmask of claim1 wherein
said mask features are enbedded in the | ower surface of said menbrane in
said pattern sections, between said support sections. 6. A et hod for

fabricating a menbrane mask for use in creating a pattern of nmask features
I n an adjacent material, by providing ilbrgzdi ation froma source to said
material through said mask, conprising ‘{ e steps of: provi ding a

waf er of mask substrate nmateri al opaqungGaignQ di ation;
providing a layer of mask nenbrane matefi tr atent to said irradiation

at one
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surface of said mask substrate material; I ncorporating reference

- markers in said mask nenbrane material; providing a | ayer of feature
“material opaque to said irradiation on said nask nmenbrane material;

. positioning an electron beamw th reference to said reference markers;
patterning said | ayer of feature material with said el ectron beam thereby
providing pattern features at the sddfdte of said |ayer of mask nenbrane
mat eri al ; fasteni ng a support FtLG; u1 t sald patterned surface of
sai d Iayer of mask nmenbrane materi al 3 structure having
support nenbers interleaved with mnndoms mhereby said pattern features on
sai d mask nenbrane materi al—ate~atg ™ i reh ey

renovi ng sai d mask subkt
material . 7. The met hod
of mask nenbrane mater|al ZoOW
material on said one 3
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mask substrate material. 8. The method of claim#6 wherein said providing
of said |layer of nmask nenbrane nmaterial conprises diffusing a dopant into
said one surface of said nask substrate material to forma |ayer of nask
menbrane material which is transparent to said irradiation. 9. The

met hod of claim6 wherein said providing of pattern features conprising
enbeddi ng said feature material in s%?ﬂ gask menbrane material. 10. The
met hod of claim6 further conprising & step of applying a | ayer of
material transparent to said irradiation at the surface of said support
menbers not associated with said nmask nenbrane material. 11. A nethod for
fabricating a nenbrane nask for use in creating a pattern of mask features
in a mterial, by providing irradiation froma source to said nateri al

t hrough said mask, conprising the steps of: provi ding a wafer of

mask substrate material opaque to said FI@I abli CTE
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23 eoutipliond pagdB¥Eko YhedtPEle enbrane material at one surface ot “sai &
mask spu U]ﬂtn@s‘) MaLREd PR 1S3k Jrgguk menbrane material being transdd{’gzg to

said i aﬂ})r@xﬁzing&) : page c%e pl ural ity of e-beamreference markérs at
said | AbRfradf® g%%m i al; providing pattern features at
the surface of sal %W rle mat rial, said pattern features

conpri M&;ﬁr !ﬁa %ﬁgque 0 said irradiation; fastening a
suppor ce of said mask nenbrane material, said
support stipradengfiecyophy§ia wish defrisy | eaved with said pattern
features and wherein sai dsMyr@qmmms are aligned to sai d

support nftexs an o%ject &d the present fnivention 1o gmeshor:ﬂe ORe or moresdtxsagl taf?xtargreast & dxc prior
art. *

According to one aspect of the present invention there is provided a membrane mask ~
for use in creating a pattern of mask features positioned on said membrane to an adjacent
material by irradiating said material from a radiation source comprising; a plurality of
mask membrane pattern sections including membrane areas of material transparent to said
irradiating and each having less than all of said pattern of mask features of feature material”
opaque to said irradiating; a plurality of mask membrane support sections interleaved with
said pattern sections, each of said plurality of support sections comprising membrane
sections having underlaying support members of material opaque to said irradiating; and a
plurality of e-beam reference markers provided at said mask membrane aligned to said
support sections.

According to another aspect of the present invention there is provided a method for
fabricating a membrane mask for use in creating a pattern of mask features in an adjacent
material, by providing irradiation from a source to said material through said mask,
comprising the steps of: providing a wafer of mask substrate material opague to said
irradiation; providing a layer of mask membrane material transparent to said irradiation at
one surface of said mask substrate material; incorporating reference markers in said mask
membrane material; providing a layer of feature material opaque to said irradiation on said
mask membrane material; positioning an electron beam with reference to said reference
markers; patterning said layer of feature material with said electron beam, thereby
providing pattern features at the surface of said layer of mask membrane material;
fastening a support structure to said patterned surface of said layer of mask membrane
material, said support structure having support members interleaved with windows,
whereby said pattern features on said mask membrane material are aligned with said
windows; and removing said mask substrate material from said layer of mask membrane
material.

According to still another aspect of the present invention there is provided a method
for fabricating a membrane mask for use in creating a patrern of mask features in a
material, by providing irradiation from a source to said material through said mask,
comprising the steps of: providing a wafer of mask substrate material opaque to-said
irradiation; providing a layer of mask membrane material at one surface of said mask
substrate material, said mask membrane material being transparent to said irradiation;
creating a plurality of e-beam reference markers at said layer of mask membrane material;
providing pattern features at the surface of said mask membrane material, said pattern

features compnsmg feature material opaque to said irradiation; fastemng(g ZUP otF ! + sheet
is Is the replacemeant s
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12. A nmethod for fabricating a nmenbrane mask for use in creating a pattern
of mask features in a material, by providing irradiation froma source to
said material through said mask, conprising the steps of: provi di ng
a wafer of mask substrate material opaque to said irradiation

providing a layer of mask nenbrane material at one surface of said nmask
substrate material, said mask nenbrase material being transparent to said

i rradi ation; ' ereating a plurality of e- beam r ef erence markers at

sai d Iay@ﬁuaﬁzer@%deiﬁmamm Hﬁh@&:&:ﬁém@ mpterial, PRGOS gb:@m&&&%ﬂngeeatures at
the surface of said nmr ane ter) al él ttern featur

conpri si ﬁﬂ%"é’a‘?ﬁ?‘?f% ‘éﬂd "()‘B‘a’&@d’aﬁffnsf%t'ﬂe§ i“-‘?‘da‘{ﬁlil in §3jd c-beam refeyeges; on ng a

support Sharkers WEthﬁedt{b Baid un;i;men@ibeﬁsauﬂd rersoiving 4Bid niak eubserhte imatdriabpposi t e
Sopport nenp e raB R ol TRURE Sl Ui Rrese A Rt BRis POV A .
al i gned tfor fabrichtipg & embrangaeask or vatih creating @ pattidre afrmask featwrnsdn amr kers are
al i gned U153l hySHBRAIE ifEdRnSron?d Source to said material through said mask,
comprising the steps of: providing a wafer of mask substrate material opaque to said
irradiation; providing a layer of mask membrane material at one surface of said mask
substrate material, said mask membrane material being transparent to said irradiation;
creating a plurality of e-beam reference markers at said layer of mask membrape material;
providing pattern features at the surface of said mask membrane material, said pattern
features comprising feature material opaque to said irradiation; fastening a support
structure to the surface of said mask substrate material opposite to said layer of mask
membrane material, said support structure having support members interleaved with
windows, whereby said windows are aligned to said pattern featurgs and said e-beam
reference markers are aligned to said support members; and etching said mask substrate
material through said windows to expose said layer of mask membrane material having
pattern features.
~ According to still another aspect of the present invention there is provided a method
for fabricating a membrane mask for use in creating a pattern of mask features in a
material, by providing irradiation from a source to said material through said mask,
comprising the steps of: providing a wafer of mask substrate material opaque to said
irradiation; providing a layer of mask membrane material at one surface of said mask
substrate material, said mask membrane material being transparent to said irradiation,
fastening a support structure to the surface of said mask substrate material opposite to said
layer of mask membrane material, said support structure having support members
interleaved with windows; creating a plurality of e-beam reference markers at said layer of
mask membrane material wherein said markers are aligned to said support members;
providing pattern features at the surface of said mask membrane materia] in areas of said
mask membrane material which are in alignment with said windows, said pattern features
comprising feature material opaque to said irradiation; and etching said mask substrate
material through said windows to expose said layer of mask membrane material having
pattern features.

According to still another aspect of the present invention there is provided a method
for fabricating a membrane mask for use in creating a pattern of mask features in an
adjacent material, by providing irradiation from a source to said material through said
mask, comprising the steps of: providing a wafer of mask substrate material opaque to said

irradiation; providing a layer of mask membrane material at one surface of said mask o
p o This ia the replacemant sheet
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etching said mask substrate material through said wi ndows to expose said

| ayer of mask nmenbrane material having pattern features.

24 13. The nethod of claim 12 wherein said providing of said | ayer of nask
menbrane material conprises depositing a | ayer of nenbrane material on
said one surface of said nmask substrate material. 14. The nethod of claim
12 wherein said providing of said |ayer of mask nenbrane materi al

conprises diffusing a dopant into sai dbone surface of said mask substrate
material to forma |ayer of mask nenbrane material which is transparent to

::: g T r{ﬁ% st?&t% Hrerial %aldeBEsHFB&Heﬁnﬁfnafelrﬁl 9&&% wiPERhNSAldirRiiadog] ng of
pat res conprises e steps

creating a plurahty of e-beam reference markers at said layer of mask membrane material;
fastening a support structure to the surface of said mask substrate material opposite to said
layer of mask membrane material, said support structure having support members aligned
(o said reference markers and interleaved with windows; etching said mask substrate
material through said windows to expose said layer of mask membrane material in
alignment with said windows; and providing pattern features at the surface of said mask
membrane material in areas of said mask membrane material which are in alignment with
said windows, said pattern fearures comprising feature material opaque to said irradiation.

According to still another aspect of the present invention there is provided a

membrane mask for use in creating a pattern of mask features positioned on said
membrane to an adjacent matesial by irradiating said material from a radiation source
comprising: a plurality of mask membrane pattern sections including membrane areas of

material transparent to said irradiating and each having less than all of said pattern of mask

features of feature material opaque to said irradiating; a plurality of mask membrane
support sections interleaved with said pattern sections, each of said plurality of support
sections comprising membrane sections having underlaying support members of material
opaque to said irradiating; a plurality of e-beam reference markers provided at said mask
membrane support sections; and wherein said mask features are provided at the lower
surface of said mask membrane between said support members.

This is the replacement sheet
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providing a |ayer of feature material; positioning an el ectron beam
wth reference to said e-beamreference markers; and patterni ng said
feature material with said electron beam 16. The nmethod of claim 12
wherein said providing of pattern features conprising enbedding said
feature material in said mask nenbrane material. 17. The method of claim
12 further conprising the step of applying a | ayer of material transparent
to said irradiation at the surface of 4hid support nenb

with said nmask nmenbrane nmaterial. 18. A nethod for faq nﬂﬂ& !ﬁﬂﬂﬂ%ﬂgne
mask for use in creating a pattern C&h@g features in *
providing irradiation froma source d materi aI t hrough said mask

conpri si t he, st ovi di ng,a_waf er sk, substrate materi al
opaque t g-ﬁg 1Befhils $§Eﬁ1§:§fil%‘ﬁ mvcnngn %Pr’@ 4 “I"‘gyaé‘Fl dgﬁ“err?sﬁ?c%r%’rla"r‘n

mat eri al Pa gne surface of said mask substrate material, said mask

menbr ane AXEERt al  bei ng transparent to said irradiation;

1. A membrane mask for use in creating a pattern of mask features positioned on said
membrane to an adjacent material by irradiating said material from a radiation source
comprising:

a plurality of mask membrane pattern sections including membrane areas of material
transparent to said irradiating and each having less than all of said pattern of mask features
of feature material opaque to said irradiating;

a plurality of mask membrane support sections interleaved with said pattern sections,
each of said plurality of support sections comprising membrane ;;ctions having
underlaying support members of material opaque to said irradiating; and

a plurality of e-beam reference markers provided ar said mask membrane aligned to
"said support sections.

2. The mask of claim 1 wherein said mask features are provided at the upper surface of
said membrane in said pattern sections.

3. The mask of claim 1 wherein said mask features are provided at the lower surface of
said membrane in said pattern sections, between said support sections.

4.  The mask of claim 3 further comprising a layer of material transparent to said
radiation source provided at the surface of said support members not associated with said
membrane sections.

5. The mask of claim 1 wherein said mask features are embedded in the lower surface
of said membrane in said pattern sections, between said support sections.

6. A method for fabricating 2 membrane mask for use in creating a pattern of mask
features in an adjacent material, by providing irradiation from a source to said material

through said mask, comprising the steps of:

providing a wafer of mask substrate material opaque to said xrradxatxon

Thia s he reolace srmer shweel
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fastening a support structure to the surface of said mask substrate
mat eri al opposite to said |ayer of nask nenbrane material, said support

structure having support nenbers interleaved with w ndows; creating
a plurality of e-beamreference markers at said |ayer of mask

material wherein said markers are aligned to said suppor mm\\“\
25 providing pattern features atgajhe surface of sa rsane

material in areas of said mask nenbrane material which are I n allgnment
with said w ndows, said pattern features conprising feature materi al
opaque to sai @rovidingla &lyeoof; mask thembrane material transparent to said irradiation at one

surface of saic} mask,substrate material;

incorporating reference markers in said mask membrane material;

providing a layer of fearure material opaque to said irradiation on said mask
membrane material;

positioning an electron beam with reference to said reference markers;

patterning said layer of feature material with said electron beam, thereby providing
pattern features at the surface of said layer of mask membrane material;

fastening a support structure to said patterned surface of said layer of mask
membrane material, said support structure having support members interleaved with
windows, whereby said partern features on said mask membrane material are aligned with
said windows; and

removing said mask substrate material from said Iay-er of mask membrane material.
7.  The method of claim 6 wherein said providing of said layer of mask membrane
material comprises depositing a layer of membrane material on said one surface of said
mask substrate material.
8. The method of claim 6 wherein said providing of said layer of mask membrane
material comprises diffusing a dopant into said one surface of said mask substrate material
to form a layer of mask membrane material which is transparent to said irradiation.
9.  The method of claim 6 wherein said providing of pattern features comprising
embedding said feature material in said mask membrane material.
10. The method of claim 6 further comprising the step of applying a layer of material
transparent to said irradiation at the surface of said support members not associated with
said mask membrane material.
11. A method for fabricating' a membrane mask for use in creating a pattern of mask
features in a material, by providing irradiation from a source to said material through said
mask, comprising the steps of:

prowdmg a wafer of mask substrate material opaque to said irradiation;
This is the replacemnent sheet
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etching said mask substrate material through said wi ndows to expose said

| ayer of mask nenbrane nmaterial having pattern features. 19. The net hod
of claim 18 wherein said providing of said |ayer of mask nenbrane material
conprises depositing a layer of nenbrane material on said one surface of
said mask substrate material. 20. TH& method of claim 18 wherein said

provi ding of said of mask nmenbrane material conprises diffusing a dopant
into said one s rface 0

e ooy onSrondi § Byh gt %ﬁﬁ.r%emsbf%fait%éﬁta‘?tog? SR iof B AR guPheal) 0,
oot olmaterfl, SaindR eivtaie ke Bhikdd ehsfieedh Safl A Blafiof: S T 2,

| N
D ey o' 19 g hiER b&ﬁﬁgﬂié"fﬁ‘%{l&r'w@“?ﬁ?@? 1fhef GPEAR LRRSIRECT

beam 22 . The net hod of claim 18 wherein said providing of pattern

f eat ures"@ﬁ"ﬁ% I Si ng )

providing pattern features at the surface of said mask membrane matenal said

pattern features comprising feature material opaque to said irradiation;

fastening a support structure to said surface of said mask membrane material, said
support structure having support members interleaved with said pattern features and
wherein said e-beam reference markers are aligned to said support members; and

-removing said mask substrate material.
12. A method for fabricating 2 membrane mask for use in creatm,, a pattern of mask
features in a material, by providing irradiation from a source to sa1d material through said
mask, comprising the steps of:

providing a wafer of mask substrate material opaque [o said irradiation;

| providing a layer of mask membrane material at one surface of said mask substrate

material, said mask membrane material being transparent to said irradiation;

creating a plurality of e-beam reference markers at said layer of mask membrane
material;

providing pattern features at the surface of said mask membrane material, said
pattern features comprising feature material opaque to said irradiation;

fastening a support structure to the surface of said mask substrate material opposite
to said layer of mask membrane material, said support structure having support members
interleaved with windows, whereby said windows are aligned 1o said pattern features and
said e-beam reference markers are aligned to said support members; and

etching said mask substrate material through said windows to expose said layer of

mask membrane material having pattern features.
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enbeddi ng said feature material in said mask nenbrane material. 23. The
nmet hod of claim 18 further conprising the step of applying a | ayer of
material transparent to said irradiation at the surface of said support
menbers not associated with said nmask nmenbrane nmaterial. 24. A nethod
for fabricating a nmenbrane nmask for uge in creating a pattern of nmask
features in an adjacent material, by providing irradiation froma source to

said materi t hyough sai d mask, conprising the steps of: provi di ng
a waf er of ﬁé@@m&%w whesin gisbproxiding of il layeradimask axgmbrane

SUbst  atEAterkEomPHres RPN VAL ADRARBrRA BTl ob exidgne seripaten (o sai d
I rradi atrixgsﬂ;subsn'ate rﬁaterig .-

14. The method of claim 12 wherein said providing of said layer of mask membrane
material comprises diffusing a dopant into said one surface of said mask substrate material
to form a layer of mask membrane material which is transparent to said irradiation.
15.  The method of claim 12 wherein said providing of said pattern features comprises
the steps of:

providing a layer of feature material;

‘positioning an electron beam with reference to said e-beam reference markers: and

patterning said feature material with said electron beam. _
16. The method of claim 12 wherein said providing of pattern fe.arures comprising
embedding said feature material in said mask membrane material.
17.  The method of claim 12 further comprising the step of applying a layer of material
transparent to said irradiation at the surface of said support members not associated with
said mask membrane material. |
18. A method for fabricating a membrane mask for use in creating a pattern of mask -
features in a material, by providing irradiation from a source to said material through said
mask, comprising the steps of:

providing a wafer of mask substrate material opaque to said iﬁadiation;

providing a layer of mask membrane material at one surface of said mask substrate
material, said mask membrane material being transparent to said irradiation;

fastening a support structure to the surface of said mask substrate material opposite
to said layer of mask membrane material, said support structure having support members
interleaved with windows;

creating a plurality of e-beam reference markers at said layer of mask membrane
material wherein said markers are aligned to said support members;
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26 creating a plurality of e-beamreference markers at said | ayer of
mask nmenbrane material; fastening a support structure to the surface
of said mask substrate nmaterial opposite to said |layer of mask nmenbrane
material, said support structure having support nenbers aligned to said

reference markers and interleaved wth w ndows; et ching said mask
substrate material through said w ndowssto expose said | ayer of nask
menbrane material in alignnment with said w ndows; and provi di ng

pattern features at the surface of said nask nenbrane material in areas of
sai d mask menipravidingpatesrn fdatundsi at theatfaderof 3hid gunsie membiank omeerid! i mebows, sai d
pattern features conprising feature material opaque to said irradiation.
25. The netaibaask membrans. Raenid evhichrare i aligomenti withhgidowindews shidypatteraf nmask
menbrane paterial ‘conprises depositing a |ayer of nenbrane material on
sai d one staRERscomprisipg feanphmRlexl paquatte st ireadiation; and

etching said mask substrate material through said windows to expose said layer of

mask membrane material having pattern features.
19. The method of claim 18 wherein said providing of said layer of mask membrane
material comprises depositing a layer of membrane material on said one surface of said
mask substrate material.
20. The method of claim 18 wherein said providing of said of mask membrane material
comprises diffusing a dopant into said one surface of said mask substrate material to form
a layer of mask membrane material which is transparent to said irradiation,
21. The method of claim 18 wherein said providing of said pattern features comprises
the steps of: -

providing a layer of feature material;

positioning an electron beam with reference to said e-beam reference markers; and

patterning said feature material with said electron beam.
22. The method of claim 18 wherein said providing of pattern features comprising
embedding said feature material in said mask membrane material.
23.  The method of claim 18 further comprising the step of applying a layer of material
transparent to said irradiation at the surface of said support members not associated with
said mask membrane material.
24. A method for fabricating 2 membrane mask for use in creating a pattern of mask
features in an adjacent material, by providing irradiation from a soucce to said material
through said mask, comprising the steps of:

providing a wafer of mask substrate material opaque to said irradiation.;

providing a layer of mask membrane material at one surface of said mask subswrate

material, said mask membrane material being transparent to said irradiation;

YO
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26 The nmethod of claim 24 wherein said providing of said |ayer of mask
menbrane material conprises diffusing a dopant into said one surface of
said mask substrate material to forma layer of mask nenbrane nateri al
which is transparent to said irradiation. 27. The nethod of claim 24
wherein said providing of said pattern features conprises the steps of:
providing a | ayer of feature material; p05|t|on| ng an el ectron beam
with reference to said e-beam referend® markers: and patterning said
feature material with said el ectron beam 28. The method of clai m 24
wherein sald el : Uh&s kb S : al aid
feature naterrlgéti\éia l{s}lg'lhgI {2&“% érrgi?gg mat g‘é%’?{ﬂ%?o%ﬁ%ﬁﬁ%%&n& claim
24 furthgp bteft rising the step of applying a layer of material transparent
to said Irradration at the surface of said support nenbers not associ ated

with said ”ﬁ%niﬂ? FR0ApkE SRIcRire 3 the surface of said mask substrate material opposite -

to said layer of mask membrane material, said support structure having suppoft members

aligned to said reference markers and interleaved with windows;

etching said mask substrate material through said windows to expose said layer of
mask membrane material in alignment with said windows; and

providing pattern features at the surface of said mask membrane material in areas of
said mask membrane material which are in alignment with said windows, said pattern
features comprising fearure material opaque to said irradiation.
25. The method of claim 24 wherein said providing of said liyef'of mask membrane
material comprises depositing a layer of membrane material on said one surface of said
mask substrate material.
26, The method of claim 24 wherein said providing of said layer of mask membrane
material comprises diffusing a dopant into said one surface of said mask substrate material
to form a layer of mask membrane material which is transparent to said irradiation.
27. The method of claim 24 wherein said providing of said pattern features comprises
the steps of:

providing a layer of feature material;

positioning an electron beam with reference to said e-beam reference markers; and

patterning said feature material with said electron beam.
28. The method of claim 24 wherein said providing of pattern features comprising
embedding said feature material in said mask membrane material.
29. The method of claim 24 further comprising the step of applying a layer of material
transparent to said irradiation at the surface of said support members not associated with

said mask membrane material.
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27 30. A nenbrane mask for use in creating a pattern of mask features
positioned on said nenbrane to an adjacent material by irradiating said
material froma radiation source conprising: a plurality of mask
menbrane pattern sections including nmenbrane areas of material transparent
to said irradiating and each having less than all of said pattern of mask
features of feature material opaque tg,said irradiating; a plurality
of mask nenbrane support sections interleaved with said pattern sections,
each of said plurality of support sections conprising nenbrane sections

having G0den Apmbeans daplo fdr USe P Eeatind a pRiet bAmadPRIMEes fosRRhH b Ead1 ati ng;

a plurality of e-beamreference markers provided at said nmask nenbrane

support membrane to an.adjacéht material by irradiating said material from a radiation source
comprising:

a plurality of mask membrane pattern sections including membrane areas of material
wransparent to said irradiating and each having less than all of said pattern of mask features
of feature material opaque to said irradiating;

a plurality of mask membrane support sections interleaved with said pattern sections,
each of said plurality of support sections comprising membrane sections having
underlaying support members of material opaque to said irradiating;

a plurality of e-beam reference markers provided ar said mask membrane support
sections; and ”

wherein said mask features are provided at the lower surface of said mask membrane
between said support members.
31. The mask of claim 30 wherein said mask features are embedded in said lower
surface of said mask membrane.
32. The mask of claim 30 further comprising a layer of material transparent to said
radiation source provided at the surface of said support members not associated with said
membrane sections.

33. The mask of claim 30 wherein said underlying support members are recessed to

provide alignment and avoid overexposure of areas bordering said mask pattern sections.
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sections; and wherein said nmask features are provided at the | ower
surface of said nmask nenbrane between said support nenbers. 31. The nask
of claim 30 wherein said nask features are enbedded in said | ower surface
of said mask nenbrane. 32. The nask 281; claim30 further conprising a |ayer
of material transparent to said radidtion source provided at the surface

of said support nembers not associated with said _penbr ctions. 33.
The mask of clai M%ﬁ%*@i%§5i@%@gp@i EéBgﬂ‘gﬁgﬁNrﬁﬁﬁgqg-are recessed
to provi | i gnment and avoi d overexposure of areas bordering said mask
pattern &TMT

A membrane mask structure for lithography using a radiation source and steps for
fabricating and using the inventive membrane mask structure. The membrane mask
structure comprises the following: a support steucture formed of a material which is
opaque to the lithographic radiation source and comprising support members (35)
separated by window areas; a membrane layer (32) overlaying said support members
(35) and window areas, said membrane layer (32) comprised of material which is
transparent to said radiation source; and a pattern of feature material formed on or
embedded in the membrane layer, said feature material being opaque to the radiation
source and said feature pattern aligning with the window areas of said support structure.
The mask structure may additionally include a plurality of reference markers formed in
or on sajd membrane layer or on said support members of said support structure.

Fig. 3A
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