Backdr ound of the | nvent [ on . The present invention rel at‘égpﬁ‘éﬁ‘érgﬁ y
to transm ssion- :

UNDERCUT MEMBRANE MASK FOR

HIGH ENERGY PHOTON PATTERNING

Background of the Invention

The present invention relates generally to transmission
masks of the tybe used for laser processind'of surfaces, and,
more particularly, to non-~contact shadow masks utilized in laser
ablation processes fabricated from a thick membrane utilizing
conically undercut through holes to provide the.desired ablation
pattern and laser energy reflective coatings in the non-patterned
areas.

In the fieldlof microelectronic materials processing the use
of high power lasers to provide selective etching or
micromachining of substrate materials, metal films and layers of
other materials, such as polyimide, is becoming increasingly

important. Of key importance to this technology is a shadow mask

or pro;ectLQQ mask to project the pattern of the microstructures
P R

'méﬂ o '1 to be" machlned It is well-known in the art to

'prov1de ; . 1on etchlng, ion implantation and in optical,

x-ray;ﬁi and eiectron beam lithography. Masks of these types
are use_c"l"":i_g relatlvely low power applications and typically are
not suitable f;f high power laser applications, such as excimer
laser ablation.

Prior art masks presently utilized in iaser etching

applications typically comprise a suitable substrate having clear

or transparent areas and opague areas to define the desired etch
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maskis of & he type used for |aser processing of surfaces, and, nore
particularly, to non-contact shadow masks utilized in |aser ablation
processes fabricated froma thick nenbrane utilizing conically undercut
t hrough holes to provide the desired ablation pattern and |aser energy
reflective coatings in the non-patterned areas. In the field of

m croel ectronic materials processing the use of hi@gh‘ power | asers to
provi de sel ectParde8hctf P§ BFOISAER ondtthFATTRESIPILUIBLORSE POHABE 13558, 27t al

films and | ayers 19feq UldCholBidaba! sha SHETL &S eROhHLTL fes a3 PAGATLEY, 4
increasingly 1nportant. OF key Inportance to this technology is a shadow
mask few micrometers (um) in size, for example, mask requirements such
as redﬁction of defects in both the clear and opaque areas become
critical. |

The following criteria have been identified for ideal masks
to provide optimal performance during high energy laser etching;
micromachining, material deposition or other surface treatment of
materials.

1. The mask object plane must be extremely thin to provide
a well-defined image plane together with a full depth of focus at
the image plane to provide, for example, the ability to etch deep
structures in the surface of a material.

2. The mask object plane must be stable in all directions;
that is, no bending or warpage of the mask object plane resulting
from, for example, thermal expansion or mechanical stress or
vibration éf the mask.

3. The mask clear or transparent areas must be
defect-free.

4, The mask opague areas must be defect-free.

5. The mask must have a versatile alignment capability;
for example, mask alignment K targets should be detectable at the
process laser wavelength and at a convenient alignment laser
wavelength, a helium-neon laser, for example.

6. The mask should be compatible with a viable inspection

scheme; that is, the mask pattern should be clearly detectable
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or projection mask to project the pattern of the mcrostructures onto the
material to be machined. It is well-known in the art to provide nmasks for
ion etching, ion inplantation and in optical, x-ray, ion and el ectron beam
| it hography. Masks of these types are used in relatively |ow power
applications and typically are not suitable for high power |aser
applications, such as exciner |aser ablation.. Prior art masks

presently Uty ldZsesldd %gsicﬁt%ﬁhwguappédrcm iwmtqﬂiivngcgﬁpri se a

sui t abl e sub%t¥at haV| clear or transparent areas and opaque areas to
define the desiiced micidscope, for example. .

7. The mask materials, both the substrate and overlaying
layers, must bé stable under the high pulse rate, high power
radiation typically encountered during excimer laser ablation or
other high—powef laser processes.

Prior aﬁt *chrome on glass" masks, shown in Fig. la, as
used, for example, for optical lithography in IC-chip fabrication
consist of a thin (several hundred Angstroms) layer of chrome
defining an opaqué pattern on an unstructured clear glass or
quartz substraﬁe. Typically, masks of these type will exhibit
defects resulting from particulates in the traﬁsparent areas or
microcracks in the substrate and pinholes in the opague chrome
layer.

U.S. Patent Nos. 4,490,210; 4,490,211 and 4,478,677, issued
to Chen et al, all assigned to the instant assignee, disclose
laser etching of metalized substrates and glass materials
involving an intefmediate step in which the material to be etched
forms a reaction pﬁoduct resulting from exposure to a selected
gas, which is then vaporized by a beam of radiation of a suitable
wavelength. Many materials can be etched directly by laser
.energy without the need for an intermediate step creating a
reaction product material. The Chen et al patents describe
non-contact masks as having a transparent substrate/body of UV
grade gquartz with a pattern chromium film thereon. It has been
found, however, that such chromium masks cannot withstand laser

energy densities of the order encountered when working with
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-2- ';pattérn to be projected. As increasingly higher power |asers are
utilized and nore exact and smaller elenent sizes are realized, a few
m cronmeters (um in size, for exanple, mask requirenents such as reduction
of defects in both the clear and opaque areas becone critical. The
following criteria have been identified for ideal masks to provide optimal
perfor rance dlérxicgrgleplogt'h o?:lrl]grr %.%sleggel{av.eignght!_hrzag’required intensity to etch or

ablate-maﬁy target materials directly. While satisfying several

of the above-defined mask requirements, chromium may absorb as

much as half of the incident laser energy at selected

wavelengths. Thus, a single excimer laser pulse may easily

ablate the chromium and destroy the opaque pattern.

U.s. pPatent No. 4,923,772 issued to Kirch et al, assigned to

the instant assignee and incorporated by reference as if fully

set forth herein, discloses a high-energy laser mask comprised of

a transparent substrate having a patterned laser-reflective metal

or dielectric coating deposited thereon. Typically referred to

as a "dielectric mask", a mask, shown in Fig. 1b, comprising a

transparent substrate/body having the opaque pattern formed of

several layers of a highly reflective, abrasive-resistant

dieiectric coating provides a mask able to withstand the full

range of laser intensities encountered in laser etching

processes. For example, Kirch et al discloses a dielectric mask

comprising many layers of such dielectric coatings deposited on a

substrate of UV grade synthetic fused silica which achieves

greater than 99.9% reflectivity of the incident laser energy.

Such a dielgctric patterned mask can withstand incident energy

densities up to approximately 6J/cm2. However, defects resulting

from particulates in the substrate material or microcracks and

Pinholes in the dielectric layers may be present. As discussed

by Kirch et al, relatively pure substrate material such as UV

grade synthetic fused silica is requiréd to avoid laser

absorption by impurities or inclusions in the mask clear areas.
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m cromachini ng, material deposition or other surface treatnent of

materi al s. 1. The mask object plane nust be extrenely thin to
provide a well-defined image plane together with a full depth of focus at
the i mage plane to provide, for exanple, the ability to etch deep
structures in the surface of a naterial 2. The mask object plane
must be stable in direct.i bend e of the

. H ever erm 1r aéiatl w1th hlnh— oW Or ga%
mask obj ect " Pi*ane’ reélgl Fom Tor exanprer ﬁer ARG B or
mechani cal ﬁ‘tcfueéSalﬁﬁ’orp\ti&Es’:lthﬂhé)fma'shecI&&kareas due 3:0 sEFhﬁ‘Jﬁ&ﬁkOﬁ' ear or
transparent areas nust be

effects. Additionally, since the dielectric materials typically
reflect radiation only in a small spectral region, near the
wavelength of the processing laser, it is typically transparent
in the visible range, thus presenting difficulties for a
conventional optical system alignment, or inspection, utilizing,
for example, an optical microscope.

Thin metal sheets fabricated from materials such as
molybdenum or steel, having physical through holes formed
transversely through the metal sheet representing the transparent
or clear areas, referred to as metal stencil masks, as shown in
Fig. lc, have also been widely used as excimer laser masks.
However, at high energy densities and high pulse repetition
rates, energy absorption results in excessive heating of the mask
materials, resulting in distortions in the mask object plane and
rapid deterioration of the mask. Additionally, since the metal
stencil masks are relatively thick, on the order of 50-um or
more, scattering of the laser beam from the vertical sidewalls of
the through holes degrades beam focus and image guality.

U.S. Patent No. 4,417,946, issuéd to Bohlen et al, assigned
to the instant assignee,-d;scloses a mask suitable for ion
etching, ion implantation and x-ray, ion and electron beam
lithography. Such a mask compfises one or more metal layers
deposited on a highly doped semi-conductor substrate with through
going apertures defining the mask pattern. 1In the area of the

mask pattern apertures, the substrate material is relatively

SA9-91-046 5
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def ect-free. 4. The mask opaque areas nust be defect-free. 5.
The mask nmust have a versatile alignnment capability; for exanple, nmask

al i gnnent targets should be detectable at the process |aser wavel ength and
at a convenient alignment |aser wavelength, a heliumneon |aser, for

exanpl e. 6. The mask shoul d be conpatible with a viable inspection

scheme; that isy,;hhefRskiRakiARg shatediRg &Hreatd % rdplLGhabidit pean.

The highly doped substrate material provides mechanical
stability. However, as discussed herein above, the metallic
layers cannot withstand the high energy densities commonly
encountered in excimer laser ablation processes.

In "Mask for Excimer Laser Ablation and Method of Producing
same," IBM Technical Disclosure Bulletin, Vol. 33 No. 1A,
June 1990, pp.388-390, A.C. Tam et al considers a silicon thin
membrane stencil mask having transparent areas realized by
suitably dimensioned apertures through the membrane. The thermal
stability of the mask is increased by coating the surface of the
mask facing the laser source with a multilayer reflection system
and/or coating the surface of the mask facing the material to be
ablated with a metallic gold layer. However, in'the high power,
high repetition rate environment experienced during excimer laser
ablation processes, thin membranes exhibit undesirable and
intolerable bending and warping resulting from heating induced by
the small amount of laser radiation transmitted through the |
multilayer reflection system and from mechanical stress induced
in the membrane material by residual stress in the multilayer
reflection system. Additionally, the silicon thin membrane mask
exhibits a tendency to vibrate when exposed to high pulse
repetition rates. The non—stéble object plane resulting from the
combined effects of mask bending and vibration significantly
reduces the depth of focus and may cause scattering effects,
distorting the transmitted pattern and resulting in poor image

quality.
SA9-91-046 6
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-3- ' with visible radiation to allow for I nspection utilizing an optical
m croscope, for exanple. 7. The mask materials, both the substrate
and overlaying |ayers, nust be stable under the high pulse rate, high
power radiation typically encountered during excinmer |aser ablation or

ot her hi gh-power | aser processes. Prior art "chrome on gl ass" masks,
shown in Fig. la, as wused, fosumeafpbe, tHeoinegitiiéanl |ithography in |G chip
fabrication

A primary'objéétive of the present invention is to provide a
transmission mask fof use in laser processing of material
surfaces, excimer laser ablation processes, for example, having
sufficient mechanical stability to provide high precision, high
quality imaging. The thin membrane stencil mask, described
above, effectively satisfies all requirements for an ideAI mask
with the exception of mechanical and thermal stability of the
object plane. Thermal stability of the thin membrane mask may be
greatly improved by coating the mask surface exposed to high
energy laser radiation wiﬁh a multilayer dielectric coating. A
suitable multilayer.dielectric coating can achieve greater than
99% reflectivity of'incident radiation thus providing a stencil
mask suitable fpr'many laser ablation processes. Warpage and
vibration of the mask may be substantially eliminated and thus
the mechanical stability of the object plane greatly improved by
providing a thick membrane substrate to strengthen the mask and
improve heat removal; However, transparent mask areas defined by
apertures having vertical sidewalls through the thick membrane do
not provide the thin object plané required, thus causing
scattering effects of the incident radiation and distorting the
transmitted pattern. A solution to the problem of providing a
thin object plane while utilizing a thick membrane to provide a
stable object plane, is achieved by conically undercutting the
edges of the vertical through holes. 1In this manner, a thick

. membrane mask is achieved having sufficient mechanical rigidity

to minimize warpage while providing a thin mask object plane in
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consi'st of' a thin (several hundred Angstroms) |ayer of chrome defining an
opaque pattern on an unstructured clear glass or quartz substrate.

Typically, masks of these type will exhibit defects resulting from
particulates in the transparent areas or mnmicrocracks in the substrate and
pi nhol es in the opaque chrone | ayer. U S. Patent Nos. 4,490, 210;

4,490, 211 and 4,478,677, issued to Chen et al, all assigned to the instant
assi gnee, di scltB8eviqiasby aft EhenghaorohetalieszEe) aSHBeYS a8 ad igvass
material s inv%g&l{}gj.an intermediate step in which the material to be
etched fornms a reaction product resulting fromexposure to a sel ected
Accordingly, a transmission mask constructed in accordance

with the p;inciples of the present invention comprises a thick
membrane having transmissive or transbarent'areas defined by
conically undercut through holes and non-transmissive or opéque
areas defined by a multilayer'high reflective dielectric stack..
The mask is fabricated from a suitable substrate material, such
as crystalline silicon, heavily doped with a suitable dopant,
boron, for example, to a depth of a few micrometers on selected
areas of the mask substrate surfaces. Utilizing well-known
techniques, a thick membrane, approximately 40 um thick, for
example, having through holes with vertical sidewalls
representing the mask transparent areas is formed. Utilizing the
characteristics of anisotropic wet etching, the thick membrane is
then etched from its back side to provide conically undercut
profiles for the through hole walls representing the transparent
areas of the mask, thus providing a relatively thick membrane of
increased strength and mechanical rigidity, yet having a thin
optical plane in the immediate areas surrounding the through
holes. 1In a final step, the front or top side of the mask is
coated with alternating layers of dielectric materials having
different indices of refraction. Each pair of dielectric layers
will reflect a given amount of incident radiation; by depositing
many pairs of layers, greater than 99% reflectivity of incident

radiation can be achieved.
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gas, which is

wavel ength. Many materials can be etched directly by |aser

t hen vaporized by a beam of radiation of a suitable

the need for an intermedi ate step creating a reaction product material .
pat ents descri be non-contact nmasks as having a transparent

The Chen et al

substrate/body of UV grade quartz with a'pattern chromumfilmthereon

has been found, however, that such chrom . um nasks _cannot w thstand | aser

energy densities oﬂe?ﬂﬁ?iﬁﬁﬁeﬁtqgﬁﬁoEﬂﬁQ?FefPRﬂ%§ﬁ??wﬂq@PﬁiPﬁMiPﬂuced by the

dielectric stack is effectively compensated for by high tensile
stress induced in the membrane by heavy doping. Additionally,
the high tensile stress induced by the heavy doping provides
"pseudocooling” of the mask membrane, minimizing warpage and
increasing the rigidity of the mask membrane even for significant
temperature differentials, 70°C, for example, between the mask
membrane and the mask frame. Excessive differential mask
temperatures are minimized by the high reflectivity of the
dielectric coating stack and the effective heat removal by the
thick membrane surrounding the thin object plane areas. Thus,
the disclosed conical undercut dielectric stencil mask of thé
present invention provides a thick membrane of sufficient
strength and mechanical rigidity to minimize warpage and high
vibrational amplitudes while at the same timé providing the

desired thin object plane for high gquality imaging.

Brief Description of the Drawings

Figs. la - lc are diagrammatic cross-sectional views
illustrating various prior art mask structures;

Fig. 2 is a diagrammatic cross-sectional view of a portion
of the thin membrane mask in accordance with the principles of
the present invention;

Fig. 3 is a diagrammatic cross-sectional view of a portion
of the thin membrane conical undercut mask in accordance with the

principles of the present invention;

SAS-91-046 _ 8
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-4- ' excimer or other lasers having the required intensity to etch or

abl ate many target materials directly. While satisfying several of the
above-defi ned mask requirenments, chrom um nmay absorb as nmuch as hal f of
the incident |aser energy at selected wavel engths. Thus, a single exciner
| aser pulse may easily ablate the chrom um and destroy the opaque pattern.

U S Patent No. 4pfa3 £22.18sued dQokLiah 8l géﬁs-géée&qsg ¥Rws' g 4 nstant

assi gnee and |ncorporated by reference as
portion of the mask structure during fabrication in accordance

with the preferred embodiment of the present invention; and
Fig. 5 is a diagrammatic cross-sectional view of the mask

shown in Fig. 2 utilized in a projection system.

Detailed Description of Preferred Embodiments

Referring now to Fig. 2, a portion of a thin membrane
stencil mask 1 constructed in accordance with the principles of
the present invention is shown. The mask 1, fabricated from a
substrate of suitable material, preferably a crystalline wafer
such as crystalline silicon, comprises a relatively thick
substrate 2 having one or more tub-shaped recesses 6 formed in
the bottom or back side thereof to provide relatively thin areas
of the wafer forming thin membranes 3 having lateral dimensions
corresponding to the relative size of the structure or circuit to
be fabricated utilizing such a mask or series of masks 1. The
remaining thicker portions 9 of substrate 2 defining the edges of
the substrate or ribs sepafating the mask areas on the substrate
form mask frame members to support the thin membrane 3. The
desired mask pattern is defined by a series of apertures or holes
5 having vertical sidewalls and extending through the thin
membrane 3. The top or front side of the mask is coated with
multiple layers 7 of pairs of dielectric materials to provide a
highly reflective gurface defining the opaque areas 4 of the mask

pattern.

SA9-91-046 10
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set florth herein, discloses a high-energy |aser mask conprised of a
transparent substrate having a patterned | aser-reflective netal or
dielectric coating deposited thereon. Typically referred to -as a
"dielectric nmask™, a mask, shown in Fig. |Ib, conprising a transparent
substrat e/ body having the opaque pattern fornmed of several |ayers of a
highly reflective, abrasive-resistant dielectric coating provides a nask
abl e to withstandst esdnibkd iraggeatodr ldeteil ibellewsiin ese aredantet ed i n | aser

O, b e el oo SAh T, 1§ bt Bl B el S

substrate of ;Ah&9 ﬁ@gﬁlz&ﬁat BEl-Gnbints §hotbl i thdgwhbicit: aEBh /e Sechniques.
In a first step, the top side of the silicon wafer 2 is doped
with a suitable dopant to a depth of 2;3 um ‘forming a
heavily-doped layer 8 which acts as an etch stop defining the
thickness of the thin membrane 3 and inducing a high tensile
stress in the thin membrane 3 to compensate for any mechanical
stress induced by the dielectric coating 7. Recesses 6 are
formed utilizing an anisotropic etching technique to wet etch the
back side of siliéon wafer 2. Wet etching of the silicon wafer
is terminated at the boundary of the doped layer 8 to form thin
membrane 3 having a thickness of approximately 2-3 um. Utilizing
a silicon dioxide mask layer (not shown) with an anisotropic dry
etch process, the silicon thin membrane 3 is etched from the
front siae to form apertures 5 extending through the thin
membrane into recess 6. In a final sequence, the front side of
thin membrane 3 is coated with multiple layers of pairs of
dielectric materials to form a reflective coating having a
thickness of 1-2 um covering the remaining surface area of the
thin membrane 3 thus defining the opaque areas 4 of the desired
mask pattern.

The described membrane stencil mask provides a high
resolution laser etch mask having a rigid object plane
approximately 3-5 um thick. The highly reflective dielectric
Coating minimizes absorption of incident laser radiation by the

thin membrane thus minimizing heating of the thin membrane.

S5A9-91-046 11
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greater tthan 99.9% reflectivity of the incident |aser energy. Such a
dielectric patterned mask can withstand incident energy densities up to
approximately 6J/cnferr] However, defects resulting fromparticulates in
the substrate material or mcrocracks and pinholes in the dielectric
| ayers nmay be present. As discussed by Kirch et al, relatively pure

substrate mat %E)dw"élzé“(&'?x g%%wg}_a%g%y{:‘éﬁ&tﬂt?oﬁ used SivirGindnt 5! ?&Erf ed to

avoi d | aser sorptlon urifies or inclusions in the nask'c
ar eas. the small proportion of radiation incident on the mask surface

transmitted by the dielectric coating is sufficient to produce
undesirable heating of the thin membrane. 1In addition, the
“silicon thin membrane exhibits a tendency to vibrate when exposed
to high pulse repetition rates. f

As noted above, while a thin membrane stencil mask ﬂaving a
patterned dielectric mask provides excellent thermal and
mechanical characteristics suitable for many applications, in
high power, high repetition rate environments both thermal and
mechanical properties deteriorate. 1In the alternative, a
preferred mask suitable for use in high power, high repetition
rate environments comprises a thick membrane wherein the desired
mask pattern is defined by a plurality of apertures extending
through the thick membrane and having conical undercut sidewalls
providing the optical characteristics of a thin membrane in the
mask areas immediately adjacent the apertures together with the
thermal and mechanical of a thick membrane.

Referring now to Fig. 3, a portion of a thick membrane
conical undercut stencil mask 10 constructed in accordance with
the principles of the present invention is shown. The mask 10,
fabricated from a subsﬁrate of suitable material, preferably a
crystalline wafer such as crystalline silicon, comprises a
relatively thick substrate 11 having one or more tub-shaped
recesses 16 formed in the bottom or baék side thereof to provide
relatively thin portions of silicon forming thick membranes 13

having lateral dimensions corresponding to the relative size of

SAS9-91-046 12
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-5-  However, long-termirradiation with high-power UV radiation may

I nduce absorptions in the mask clear areas due to solarization effects.
Additionally, since the dielectric materials typically reflect radiation
only in a small spectral region, near the wavelength of the processing

| aser, it is typically transparent 1in the visible range, thus presenting
difficulties for a conventional optical systemalignnent, or inspection,
utilizing, faheestanpkere aix opip ¢&l bei fabgdcypwl utilizing such a mask or

series of masks 10. The thicker portions 15 of substrate 11 form
mask frame members to support the thick membrane portions 13.
The'thick membrane 13 has a thickness preferably of the order
from 35-40 um, while the thickness of the thicker supporting mask
frame 15 can be of the order from 200-1,000 um. A plurality of
apertures 21 extending transversely through thick membrané 13
define the lateral geometry of the desired etch pattern to be
produced utilizing the mask 10. The apertures 21 are formed in
thick membrane 13 having vertical sidewalls 22 extending a short
‘distance through the thick membrane to intersect with conical
sidewalls 23 extending the remaining distance through the thick
membrane 13. Conical sidewalls 23 allow a thick membrane mask to
be utilized while providing a thin optical plane defined by
vertical sidewalls 22. The top or front side of the mask 10 is
coated with multiple layers of dielectric materials to provide a
highly reflective surface defining the opagque areas 19 of the
etch pattern. The dielectric coating 19 can ﬁrovide greater than
99% reflection of incident radiation. The vertical sidewall 22,
including the thickness of the dielectric coating 19, extends
into thick membrane 13 a distance, preferably 3-4 um, within the
depth of focus for the radiation wavelength in use. A highly
doped layer 17 formed in the surface of the substrate 11 induces
& high tensile stress in the thick membrane 13 to provide
Pseudo-cooling and to compensate for any mechanical stress
induced by the dielectric coating'lg and to act as an etch stop

defining vertical wall 22. While suitable for many types of

SA9-91-046 13
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Thin metal sheets fabricated frommaterials such as nolybdenum or steel,
havi ng physical through holes forned transversely through the netal sheet
representing the transparent or clear areas, referred to as netal stenci
masks, as shown in Fig. |lc, have also been wi dely used as exciner |aser
masks. However, at high energy densities and high pul se repetition rat es,

ener gy absorptlon results X e 0 mat eri al s,
resulting in di°Stortions | the ttﬁ 8;?%&_&.‘15? ?ee%% D lalnteﬂagm tnggf)lpcfeaéf“éri oration
of the nmask. Addiéntaoal hy,pﬁfacaonmese@t:ai préj&itabh sWtkRs Aod LAl Vel y
thick, on the order of 50 umor nore, scattering of the |aser beam from

the vertical sil@&R/abdapion processes.
Referring now to Figs. 4a-4g, a preferred method for

fabricating the stencil mask according to the present invention
will be described. Various steps utilized in the fabrication
method of stencil mask 10 will not be described in extensive
detail as they are well known in the photolithographié masking
art. Alternative methods readily adaptable for fabrication of
the instant stencil'mask are provided in detail frpm US Patent
No. 4,256,532, assigned to the instant assignee, and the
aforereferenced US Patent No. 4,417,946. '

As shown in Fig. 4a, an initial silicon wafer 31 cut in the
(100) crystallographic plane having a thickness of 200-1,000 um
is heavily boron doped to a depth of appr&ximately 1-3 um at both
the front and back sides 37, 39, respectively. The boron doping
is by well- known methods, such as blanket boron capsule
diffusion, to provide a doping level of, for example, 1X1620
atoms per cm3 at the interface 35. The wafer frent and back
sides 37 and 39, fespectively, typically are highly polished.

Next, shown in Fig. 4b, a layer of silicon dioxide 41,
approximately 2 um in thickness is formed over both the front and
back sides, 37, 39, fespectively, of the silicon wafer 31. The
Silicon dioxide layer 41 is preferably deposited by a non-thermal
growth technique such as conventional sputter deposition or
Chemical vapor‘deposition to minimize distortion and stress

induced in the silicon wafer 31. Next, the layer of silicon

SA9-91-046 14
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t he through hol es degrades beam focus and i nage quality. U S. Patent
No. 4,417,946, issued to Bohlen et al, assigned to the instant assignee,

di scl oses a nask suitable for ion etching, ion inplantation and x-ray, ion
and el ectron beam |ithography. Such a mask conprises one or nore netal

|l ayers deposited on a highly doped sem -conductor substrate with through
goi ng apertures defining the mask pattern. In the area of the nmask pattern
apertures, théiexiste FarelndatheiRack side (3% piehp wafer is coated with

photoresist. Utilizing conventional photolithographic etching
techniques, the photoresist layer 43 is developed and wet etch of
the silicon dioxide layer 41 utilizing a single-side etch tool is
accomplished to form a mask on the back side 39 of the

substrate 31. Apertures in the silicon dioxide mgsk.thus formed
serveito define the pattern of tub-shaped recesses 16, wﬂich are
to be formed in the back side of the substrate 31.

Recesses 16 are formed in substrate 31 utilizing an
anisotropic etching technique to wet etch the back side of the
silicon wafer. Wet etching of the silicon wafer is terminated
at, for example, approximately 40 um from the front surface 39 of
the silicon wafer to form the thick membrane 13 and mask frame
sections 15. The anisotropic etching minimizes undesirable
lateral etching of the silicon while the recesses 16.are formed.

As shown in Figs. 4c and 4d, the silicon dioxide layer 41
over the front side 37 of the silicon wafer is coated with a
photoresist layer 45. In a similar manner, as described above,
the photoresist layer 45 is developed and the silicon dioxide
layer 41 is wet etched in a single-side etch tool to form a mask
in silicon dioxide layer 41. The apertures 47 in the silicon
dioxide mask serve to define the desired mask pattern to be
formed in thick membrane 13. Utilizing anisotfopic dry etch
techniques, such as reactive ion etching (RIE), the silicon is
etched from the front side 37 to form apertures 49 extending

through thick membrane 13 into recess 16 at the pattern areas 47.

15
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- 6- thin, thus mnimzing scattering effects of the incident beam
hi ghl y doped substrate material provides nechanical stability. However,
di scussed herein above, the netallic [|ayers cannot w thstand the high

energy densities commonly encountered in exciner |aser ablation processes.
Exci mer Laser Ablation and Method of Producing Same,"” |BM

Techni cal Di SQ‘&’lQSMEe dﬁyl JJ'&:IH Bl'cpé./g.tj;s tr%??]i\& iJlAthrolenglmJi%%o49 H‘pa'viggs- 390,

In "Mask for

A.C. Tamet al considefs a si

I con
vertical sidewall profiles. -

As shown in Figs.'4e, 4f and 49, anisotropic wet etch
technigues are then utilized to form a conically undercut
sidewall profile for through-holes 489. The'énisotropic
characteristics of crystalline si;icon provide etch rates (ER)
norma; to the various indicated crystalline planes, for example,

in 10-molar KOH solution at 62°C, of
ER (110) = 2x ER(100) = 120x ER(11l1)

with ER(110) being approximately 0.6 um per minute. When
immersed in the etch solution, the vertical wall 52 (as shown in
Fig. 4d), the (110) plane, will etch fastest whereas the thick
membrane back plane 51, the (100) plane, will etch only half as-

fast, thus preventing substantial additional thinning of the

The

thick membrane 13. The etch rates of the (110) and (100) planes,

in combination with the essentially zero etch rate of the (111)
plane, ﬁrovide for the formation of the desired conical

sidewall 55 parailel to the (111) plane. Wet etching from the
silicon wafer front surface 37 is prevented by the silicon
dioxide layer 41. Since the heavily doped silicon is not etched
by the wet etdh solution, the through—hole'49 retains a vertical
lip 53 at the front surface 37 of the thick membrane, thus
Preserving the desired mask pattern as defined during the
lithographic and RIE process steps described hereinabove. The

heavily doped front surface 37 represents the mask object plane

SA9-91-046 16
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menbrane stencil mask having transparent areas realized by suitably

di nensi oned apertures through the nenbrane. The thernmal stability of the
mask i s increased by coating the surface of the mask facing the |aser
source with a nultilayer reflection system and/or coating the surface of
the mask facing the material to be ablated wwth a netallic gold |ayer.

However, in t ' r high re |41 on rate enviyronnment experienced
during exci rreapﬁ%l gé%pi Qgg%a’g%elsgna%?r@é‘égg{eés%y FHMH S Ir‘%lr?%ggléﬁ‘ﬁ fsh¢ boron
undesi rabl e amging nirokee adil1a cbendinsgratel war pi ng resulting from heating

I nduced by the small ampbunt of |aser radiation transmtted through the

mul tilayer reflectRort285%tle AR 0RT MACRART T AeSYl Hings from tbeavery

slow etching of the diagonal or (111) plane results in a
relatively small undercut distance 37 to provide a thin object
plane and the desired conical undercut etch profile for each
through-hole 49. As shown in Fig. 4g, the anisotropic wet etch
process produces an underetch pattern determined by the
-orientation of the (111) planes. In particular, for crystalline
silicon a generally rectangulaf underetch pattern results about
the mask apertures, including circular apertures. In this
example, the undercut 57 is approximately 0.4 um. For mask
pattern structures having a horizontal distance L between
adjacent through-holes 49, where L < 2 x D x TAN(@#), where D is
the thickness of thick membrane 13 and @ is the angle of conical
sidewall 55 from the vertical, the thickness of the membrane
separating adjacent through-holes will be less than D. Such
local variations in membrane thickness typically do not impose a
problem since their relativé area is extremely small. The
silicon substrate 13 will etch such that the conical wall 55 will
form an angle # of 35.26° with the vertical when the silicon has
a (100) crystallographic orientation.

In a final sequence, as shown in Fig. 4h, the back side 51
of the thick membrane 13 including the conical walls 55 are boron
doped to the same concentration as the front surface 37 to
Provide symmetric doping on both the front and back sides of the

thick membrane 13. The silicon dioxide layers 41 are then

SA9-91-046 17
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in the nenbrane material by residual stress in the nultilayer reflection
system Additionally, the silicon thin nmenbrane mask exhibits a tendency
to vibrate when exposed to high pulse repetition rates. The non-stable
obj ect plane resulting fromthe conbined effects of mask bendi ng and
vibration significantly reduces the depth of focus and nay cause

scattering ef | el fpealSlOMhbNEdNoahs AR LGS B! L8 Bn A dohESH g T
manner and the front side 37 of the thick membrane 13 is coated
with a dielectric stack 61 to form a reflective coating covering
the surface area of the thick membrane 13 thus defining the
opague areas of the mask pattern.

The dielectric stack 61 is a highly reflective,
abrasion-resistant dielectric coating formed of adjacent layers
of materials having different indices of refraction. If the
index of refraction of a quarter wavelength of film is higher
than that of the underlying layer, a substantial amount of light
incident on these layers will be reflected. Thus, each pair of
dielectric layers will reflect a given amount of incident
radiation. Thus, by depositing many layers, a desired
reflectivity may be obtained. The number of layers deposited is
dependent on the intended usage. For example, a dielectric stack
of alternating layers of silicon dioxide and hafnium oxide of
approximately 20 layers having a total thickness on the order of
2 um provides greater than 99% reflectivity of incident radiation
at a wavelength of 248 nm. High index materials may be hafnium
oxide, scandium oxide, aluminum oxide or thallium fluoride. Low
index materials may be silicon dioxide, and magnesium fluoride.
These materials are cited as examples and the lists are not
intended to be exhaustive. _

Referring now to Fig. 5, a conically undercut stencil
mask 63, as described above, is shown utilized in a projection
System for direct etching of the surface of a substrate 65.

Incident radiation 69 is able to pass through aperture 71 to lens

SA9-91-046 18
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According to one aspect of the invention there is provided a mask for use
with high energy radiation sources conprising: a substrate; at |east one
dielectric layer formed on a first surface of said substrate to produce a
| ayered structure having a thickness of a first dinension; and at | east
one aperture in said |ayered structure, said aperture extending through

said substrate, said gperture having a general coni cal |y undercut edge
profile with SUSSEANtT &P ylﬁlé"PFF%’%%? ig‘lag‘é‘i'iveﬂnl 1S'L%fsuéfg‘éf‘c(9r§d"-1¢tlﬁr nensi on

adj acent to saighpktisle 357 {nGhe asfidaspeandndadminglos), ReLng suhstansially
| ess than said first dinmension for providing a thin object 61ane or ‘said
mask. Ac Feddaripn 69 alnstident .apdbe wisk RBAqURY ened = (13t herefilectmdwyded

a nEtth for the dielectric stack coating to minimize energy absorption and

consequent heating of the thick membrane 75. The undercut etch
profile of aperture 71 effectively provides a thin object plane
in the vicinity of aperture 71 while the angled, conical:
sidewalls 77 minimize scattering of radiétion transmitted through
aperture 71. .

Dielectric coated masks are capable of withstanding incident
energy densities of the order of GJ/cm2 thus providing ideal
masks for laser projection purposes. In such a laser projection
system, the mask of the present invention may provide structures
having dimensions as small as 1 um or less. For example, in a
five-to-one reduction projection system, an'aperture 71 of 5 um
at its greatest dimension produces a structure in the surface of
substrate 65 of 1 um at its greatest dimension. Being durable
and largely iméervious to chemical daﬁage, dielectric coated
masks can be utilized for other applications such as deposition
and etching induced by laser irradiation. Furthermore, the
composition and arrangement of the dielectric layers may be
chosen to provide a desired level of reflectivity and chemical
stability for the intended purposes.'

Although the present invention has been described in its
preferred form with a certain degree of particularity, it is
understood that the present disclosure of the preferred

embodiments has been by way of example and that the teachings of

SA9-91-046 . 19

- This Sheet Has Been

TR




fabricating a mask for use with high energy radiation sources conprising
the steps of: formng at a first surface of a planar substrate a doped

| ayer, said doped | ayer having a higher concentration of dopant inpurities
to a first predeterm ned depth than the substrate beneath said doped

| ayer; formng a first masking | ayer on said first surface and a second
maski ng | ayer o sur e . 0S| sald.fjrst surface of said
substrat e, q"shgi gm?elnr%g?g%rsek?ﬁé 1(%}3?9(16# &ﬁfngé%l%{égﬁﬁé"ag?ﬁ Sp&ttern;
formng at Ipasésaing apefd deScridedupiit Shiad merRabds OhaKsl) inayRE €xposi ng
sel ected portions of said second surface and etching said selected
portions to 9e5rhtsaer] EaRItryREI A8 sthe, corpinakinat sngd arrangensabs Rf

predet er m neq oSl maly NS SUBSELEY €0 R EHud! adSiRI AL @Qo&%eéﬁ@ggn?fe d‘t [ecess
and said first surface formng a nenbrane; etching sald nmenbrane nﬁrough
said first meekeé f lthyeinveotidmram hepdinagfker clafimepertures in said desired
mask pattern, said apertures extending

SA9-91-046 20
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t hrough said nmenbrane into said recess; anisotropic etching said nenbrane
undercutting said heavily doped | ayer and form ng outwardly sl oping
aperture sidewalls extending fromsaid undercut |ayer to said recess .
defining a generally conical undercut edge profile for said apertures

t hrough said nenbrane; renoving said first and second nmasking |ayers; and
applying at least one dielectric layer to_said first surface.

According to still another aspect of the $3¢88tion there is provi ded a
met hod of | aser progesihig: a target substrate conprising the steps of:
generating a high energy 8

radi ati on beam |locating a transm ssion mask defining a desired processing

pattern in 1. A mask for use with high energy radiation sources

comprising:

a substrate;

at least one dieiectric layer formed on a first-surface
of said substrate to produce a layered structure having a
thickness of a first dimension; and

at lgast one aperture in said layered structure, said
aperture extending through said substrate, said aperture having a
generally conically undercut edge profile with substantially
vertical sidewalls of a second dimension adjacent to said first
surface, said second dimension being substantially less than said

first dimension for providing a thin object plane for said mask.

2. A mask as in claim 1 wherein said vertical sidewalls
extend through said dielectric layer and said first surface to a

first predetermined depth in said substrate.

3. A mask as in claim 2 wherein éaid substrate includes a
doped laver at said first surface, said doped'layer having a
higher concentration of dopant impurities to said first
predetermined depth in said substrate than the substrate beneath

said ddped layer.

_—
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front of. said target substrate, said high energy radiation beam incident on
said transm ssion nmask, said mask conprising: a substrate; at |east one
dielectric layer formed on a first surface of said substrate to produce a
| ayered structure having a thickness of a first dinmension, said high
energy radi ation bean1incident on said dielectric |l|ayer; and at |east one
aperture in said |layered structure saldaqgﬁ;ture extendi ng through said

substrate and sai d-di & &FFKi s iRy E1ain 3 WheRSdP 38 RECTHy dAnepsionals y

conically ungerddt rete ofr Afddosiihid1ys bbsican! Bakddy aVeIddogatesi deval I s of a
second di mension adjacent to said first surface said second- di nensi on

bei ng substantially less than said first. dinension; and |nag|ng t he

radiation transm tted t%ogggl sai QJA coii ggglgnl ng, sal gtuonn%e Ut o g{grt ure

onto said target 2ibst’t & rding £o Stil anot er aspect of the
I nventi on t hereredss pomeddel £ s@B6Kd fsdeUSE said substrate opposite said

first surface for forming a membrane of said substrate material
in the area of said'recess, a plurality of said apertures‘forming
a desired pattern extending through said membrane into said
recess, each said aperture having said generally conically
undercut edge profile, said membrane having a predetefmined
thickness, said second dimension being substantially less than

said predetermined thickness.

6. A mask as in claim 5 wherein said substrate includes a
doped layer at said first surface, said doped layer having a
higher concentration of dopant impurities than the substrate
beneath said doped layer, said dielectric layer overlying said

doped layer.

7. A mask as in claim 6 wherein each said aperture
conically undercut edge profile comprises said vertical side
walls of said second dimension extending through said dielectric
layer and said doped layer, said doped layer being undercut a
predetermined amount forming a thin lip for said aperture at said
first surface and generally outwardly sloping sidewalls extending

from said undercut doped layer to said recess.

Sheet Has Been Replaced |
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In |laser processing of target materials conprising: a substrate; a
reflective coating including at |east one |layer of dielectric nmaterial
having a high reflectivity formed on a top surface of said substrate to
produce a | ayered structure having a predeterm ned thickness; and at |east
one aperture in said |ayered structure, said aperture extending through

said | ayered strugtureg. — x as £¢G r?lﬂng Jh%réﬂl%alﬂelr%élﬁrteﬁfe%t of the

i nvention there is prOV|%%d a nas use as processing of target
material s corﬁn&cxméu; ofl sallesmembmEneats| gashe orengdi ef eprbeidaagey formed on
a top surface of said substrate to produce a Ig%gred structure having a

pr edet er ni nedPeEHFTkids8d HAYmAErIMSIETs AR £81° SP508Y FmeRsen dFnty "1*&? a

bott om surf aggy Qfoﬁﬁbﬂréﬁlﬂéftéf% HeRRBES 1§ @nddd chikPbnswitace for forming a
menbr ane of salg |l ayered structure in the area of said recess, said

menbr ane bei ng of said predeterm ned

9. A mask as in claim 7 wherein said substrate material
comprises a crystalline silicon wafer having a (100)

crystallographic orientation.

10. A mask as in claim 9 wherein the plane of said sloping
sidewalls'parallels the (111) crystallographic plane of said

silicon substrate.

11. A mask as in claim 9 wherein said dopant impurity

comprises boron.

12. A mask as in claim 1 wherein said substrate comprises a

crystalline semiconductor wafer.

13. A mask as in claim 1 wherein said dielectric layer
comprises a pair of dielectric materials, said layer comprising a
coating of a first material and a coating of a second material
overlying said first material, the index of refraction of said
second material being higher than the index of refraction of said

first material.
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thickhess,'a plurality of apertures formed in said nenbrane defining a
desired pattern therein and extendi ng through said nenbrane into gaid
recess, each aperture having generally vertical sidewalls.

9 BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. la - 1c
are dlagrannatlc cross-sectional views illustrating various prior art mask
structures; Fig. 2 is_a diagranmatic cross-sectional view of a

143 i i 3 :
portion of the thin nenﬁr?ﬂﬁ§ as in claim 13 wherein said dielectric layer
comprises a plurality of pairs of said dielectric materials

15. A mask as in claim 13 wherein said first material is.
selected from the group consisting of silicoen dioxide and
magnesium fluoride, and said se'cond material is selected from the
group consisting of hafqium oxide, scandium oxide, aluminum oxide
and thallium fluoride.
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mask in accordance with the principles of the present invention; Fig.
3 is a diagranmatic cross-sectional view of a portion of the thin nmenbrane
coni cal undercut mask in accordance with the principles of the present

i nventi on; - 10 - Figs. 4a -
4h are dlagrannatlc cross-sectional views of a portion of the mask
structure during fabrication in accordance wth the preferred enbodi nent
of the present inveméi o mapslod for fabricating a mask for use with high

energy radiation sources comprising the steps of:

forming at a first surface of a planar substrate a
doped layef, said doped layer having a higher concentration of
dopant impurities to a first predetermined depth than the
substrate beneath said doped layer;

forming a first masking layer on said first surface and
a second masking layer on a second surface opposite said first
surface of said substrate, said first masking layer defining a
desired mask pattern;

forming at least one aperture through said second
masking layer exposing selected portions of said second surface
and etching said selected portions to form at least one recess in
said substrate to a second predetermined depth, the substrate
material remaining between said recess and said first surface
forming a membrane;

etching said membrane through said first masking layer
to form a plurality of apertures in said desired mask pattern,
said apertures extending through said membrane into said recess;

anisotropic etching said membrane undercutting said
heavily doped layer and forming outwardly sloping aperture
sidewalls extending from said undercut layer to said recess
defining a generally conical undercut edge profile for said
apertures through said membrane;

removing said first and second masking layers; and

applying at least one dielectfic layer to said first

Surface.
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Fig. 5is a diagrammatic cross-sectional view of the mask shown in Fig. 2
utilized in a projection system Detail ed Description of
Preferred Enbodi nments Referring nowto Fig. 2, a portion of a thin
menbrane stencil mask 1 constructed in accordance with the principles of
the present invention is shown. The mask 1, fabricated froma substrate of
suitable material, preferably a crystalline wafer such as crystalline
silicon, conprises mr.rerkd imeehyd tdfi ckaim Ulssthatedn2tiaeitap andoomimpae .

t ub- shaped recesses 6 fornmed in _the botft om or _back %i de  t hereof to provide
rel atively thi rdopp@ Jayer at said first surface includes the step of forming a

doped layer at said second surface of said substrate.

18. The method of claim 16 wherein said substrate comprises

crystalline silicon.

19. The method of claim 18 wherein said dopant material

comprises boron.

20. The method of claim 17 including the additional step of
forming a doped layer on the surfaces defining said recess at the

completion of said anisotropic etching step.

21. The method of claim 16 wherein each said masking layer

comprises a layer of silicon dioxide.

22. The method of claim 21 wherein said step of forming
each masking layer of silicon dioxide comprises depositing a

layer of silicon dioxide by chemical vapor deposition.

23. The method of claim 18 wherein the step of etching said
membrane through said first masking layer comprises anisotropic
reactiye ion etching to form said plurality of apertures, said

apertures having vertical side walls.
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of the wafer formng thin nmenbranes 3 having |ateral dinensions
corresponding to the relative size of the structure or circuit to be
fabricated utilizing such a mask or series of masks 1. The remaining

thi cker portions 9 of substrate 2 defining the edges of the substrate or

ri bs separating the mask areas on the substrate form mask frane nenbers to

support the thin nenbrane 3. The desirgg sk pattern is defined by a
series of aperturd@éd:ortol8Eno% of AT VB TR Sthfe AR Lfappl sotirentic ng

through the thihngesbiand mensEife (QhpRtsdd QalLastelfsal IS IRSK, i3 coated
I

with nultiple Tayers 7 of pairs of dielectric matérials to pr
hi ghly refl ecalkediserfodesierf i ni ng the opaque areas 4 of the mask

25. The method of claim 24 wherein said alkaline solution

comprises a l0-molar solution of potassium hydroxide.

26. The method of claim 24 wherein the plane of said
sloping aperture sidewalls is parallel to the (111)

crystallographic plane of said silicon substrate.

27. A method as in claim 16 wherein said dielectric layer
comprises a pair of dielectric materials, séid layer comprising a
coating of a first material and a coating of a second material
overlying said first material, the index of refraction of said
second material being higher than the index of refraction of said

first material.

28. A method as in claim 27 wherein said dielectric layer
Comprises a plurality of layers of said pairs of dielectric

materials.

29. A method as in claim 27 wherein said first material is
Selected from the group consisting of silicon dioxide and
Magnesium fluoride, and said second material is selected from the
9roup Consisting of hafnium oxide, scandium oxide, aluminum oxide

_ and thallium fluoride.
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pattern. As described in greater detail below in one
preferred enbodinent, the mask 10 is fabricated froma crystalline silicon
waf er utilizing wel | - known photol it hographi c etching techniques. In a

first step, the top side of the silicon wafer 2 is doped

30. A method of laser processing a target substrate

comprising the steps of:

generating a high energy radiation beam;

locafing a transmission mask defining a desired
processing pattern in front of said targét substrate, said high
enérgy radiation beam incident on said transmission mask, said
mask comprising:

a substrate;

at least one dielectric layer formed on a first surface
of said substrate to produce a layered structure having a
thickness of a first dimension, said high energy radiation beam
incident on said dielectric layer; and

at least one aperture in said layered structure, said
aperture extending through said substrate and said dielectric
layer, said aperture having a generally conically undercut edge
profile with substantially vertical sidewalls of a second
dimension adjacent to said first surface said second dimension
being substantialiy less than said first dimension; and

imaging the radiation transmitted through said mask

exiting said undercut aperture onto said target substrate.
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with a suitable dopant to a depth of 2-3 umformng a heavily-doped |ayer
8 which acts as an etch stop defining the thickness of the thin nenbrane 3
and inducing a high tensile stress in the thin nmenbrane 3 to conpensate
for any nechanical stress induced by the dielectric coating 7. Recesses 6
are fornmed utilizing an anisotropic etching technique to wet etch the

back side of silicog,wafe t 1 Res | {nleC [,S. .-
term nated at the bglljhde{\r 5“5‘%’? tté%eug%%ed Ia%r&rgete%él]‘ngr ﬁ”?t |H§En"é4r’rt§rralﬁ%53
havi ng a thi ckngsmroéimpproximately 2-3 um Utilizing a silicon dioxide
mask | ayer (not shown) with an anisotropic dry etch process, the silicon
thin menbrane 3 is et ch&dSFPEhARé

at least one dielectric layer formed on a top surface
of said substrate to produce a layered structure having a
predetermined thickness, and

at least one aperture in said layered structure, said

aperture extending through said layered structure.

32. A mask as in claim 31 having at least one tub-shaped
recess formed in a bottom surface of said substrate opposite said
top surface for forming a membrane of said layered structure in
the area of said recess, said membrane being of said
predetermineq thickness, a plurality of said apertures defining a
desired pattern extending through said membrane into said recess,

each said aperture having generally vertical sidewalls.

33. A mask as in claim 32 wherein said substrate includes a
doped layer at said top surface, said doped layer having a higher
concentration of dopant impurities than the substrate beneath

said doped layer, said dielectric léyer overlying said doped

layer,

34, A mask as in claim 33 wherein said membrane includes

Said doped layer.

N B
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front side to formapertures 5 extending through the thin nenbrane into
recess 6. In a final sequence, the front side of thin nenbrane 3 is coated
with multiple layers of pairs of dielectric materials to forma reflective
coating having a thickness of 1-2 umcovering the remai ning surface area
of the thin nmenbrane 3 thus defining the opaque areas 4 of the desired

mask pattern. The descr.i hed _penbr.an CLl, vides_a high
resol ution | aser 33fckrlh r’r“ﬁg% %sa\}inn‘é{%mr Fg. "ghe?t()ejggc%éb a%ébpgan%pbggianat ely 3-5

um t hi ck. Thep hixaky frefkhectdnge 6f elppebkimatedgabétigeni Riandzes absorption of
i ncident | aser radiation by the
micrometers.

36. A mask as in claim 31 wherein said dielectric layer
comprises a pair of dielectric materials, said layer comprising a
coating of a first material and a coating of a second material
overlying said first material, the index of refraction of said
second material being higher than the index of refraction of said

first material.

37. A mask as in claim 36 wherein said dielectric layer

comprises a plurality of pairs of said dielectric materials.

_._\\—__
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thin nmenbrane thus mnimzing heating of the thin nenbrane.
- 12 - However, in high power, high repetition rate environnents, even
the smal|l proportion of radiation incident on the nask surface transmtted
by the dielectric coating is sufficient to produce undesirable heating of
the thin nmenbrane. In addition, the

Abstract of the Disclésure

A mask for use with high energy radiation sources in
precision projection processing by excimer lasers, for example,
is described. The mask comprises a suitable substrate, such as
silicon, upon which a multilayer dielectric ‘stack is formed which
acts as a reflective coating for the impinging excimer laser
radiation, minimizing enerqgy absorption by the mask substrate.
The mask transparent areas are defined by the through-holes in
the mask. The through-holes are formed with a conically undercut
edge profile to define a thin object plane for the mask and
minimize scattering of the radiation from the through-hole

sidewalls. A method for fabricating the mask is also described.
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si i con thin menbrane exhibits a tendency to vibrate when exposed
As noted above,

pul se repetition rates.

mask having a patterned dielectric mask provides excell ent thernal

nmechani cal characteristics suitable for

hi gh repetition rate environnents both thernal
a preferredifbsk suitable for
rate .environnments conprises a thick menbrane

deteriorate. In the alternative,

power, high repetition

to high
while a thin nenbrane stenci
and
many applications, in high power,

and nechani cal properties

use in high

wherein the desired mask pattern is defined by a plurality of apertures
extendi ng through t-he thick menbrane and havi ng conical’2ggepeﬁHR§MEemalls

(~4004)

GLASS

PRIOR ART
FIG T4

_

DIELECTRIC
STACK (<1um)

QUARTZ
y GLASS
PRIOR ART
LG 75
~50 um molybdenum
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FIG TC
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provi ding the optical characteristics of a thin nenbrane in the nmask areas
i mredi ately adj acent the apertures together with the thernmal and
mechani cal of a thick nmenbrane. Referring nowto Fig. 3, a portion of
~a thick nenbrane conical undercut stencil mask 10 constructed in
accordance with the principles of the present invention is shown. The nmask
10, fabricated froma substrate of suitable fbterial, preferably a
crystalline wafer such as crystalline silicon, conprises a relatively
thick substrate 11 having one or nore tub-shaped recesses 16 forned in the
bottom or back side thereof to provide rélaﬁi%ﬁ>y tgin portions of silicon

formng thick nenbranes 13 )
7202 0 w2077

9 '8 \3 | 9
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having | ateral dinmensions corresponding to the relative size of

- 13 - the structure or chip to be fabricated utilizing such a mask or
series of masks 10. The thicker portions 15 of substrate 11 form mask
frame nenbers to support the thick nmenbrane portions 13. The thick

menbrane 13 has a thickness preferably of the order

3/5
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from 35-40 um while the thickness of the thicker supporting mask franme 15
can be of the order from 200-1,000 um A plurality of apertures 21
extendi ng transversely through thick nmenbrane 13 define the |ateral
geonetry of the desired etch pattern to be produced utilizing the nask 10.
The apertures 21 are forned in thick nenbrane 13 having vertical sidewalls
22 extending a short distance through the tkﬂ menbrane to intersect with
conical sidewalls 23 extending the renaining distance through the thick
menbrane 13. Conical sidewalls 23 all @ thick nmenbrane nask to be
utilized while providingafthin i dal plane defined by vertical
sidewal I s 22. Thej90' =t f t heemask—108—+-s

This Sheet Has Been Replaced

R i




coated with multiple layers of dielectric materials to provide a highly
teflective surface defining the opaque areas 19 of the etch pattern. The
dielectric coating 19 can provide greater than 99% reflection of incident
radi ation. The vertical sidewall 22, including the thickness of the
dielectric coating 19, extends into thick nenbrane 13 a distance,
preferably 3-4 um within the depth of focus for the radiation wavel ength
in use. A highly doped |ayer 17 forned i nS¢Re surface of the substrate 11
induces a high tensile stress in'the thick newbréhe 13 to provide’
pseudo- cool i ng and to conpensate for dny mecini tal stress induced by the
dielectric coating 19 and to act as aT £ O
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Background of the Invention

The present invention relates generally to transmission
masks of the type used for laser.processing of surfaces, and,
more particularly, to non-contact shadow masks utilized in laser
ablation processes fabricated from a thick membrane utilizing
conically undercut through holes to provide the desired ablation
pattern and laser energy reflective coatings ;n the non-patterned
areas. |

In the field of microelectronic materials processing the use
of high power lasers to provide selective etching or
micromachining of substrate materials, metal films and layers of
other materials, such as polyimide, is becoming increasingly
important. Of key importance to this technology is a shadow mask
or projection mask to project the pattern of the microstructures
onto the material to be machined. It is well—knowh,in the art to
provide masks for ion etching, ion implantation and in optical,
x-ray, ion and electron beam lithography. Masks qf these types
are used in relatively low power applications and typically are
not suitable for high power leser applications, such as excimer
laser ablation.

Prior art masks presently utilized in laser etching

applications typically comprise a suitable substrate having clear

or transparent areas and opaque areas to define the desired etch
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wi bl be described. Various steps utilized in the fabrication nethod of
stencil mask 10 will not be described in extensive detail as they are well
known in the photolithographic masking art. Alternative nethods readily
adaptabl e for fabrication of the instant stencil mask are provided in
detail from US Patent No. 4,256,532, assigned to the instant assignee, and
the aforereferenced US Patent No. 4 217, 946. As shown in Fig. 4a, an
initial silicon wafer 31 cut in the (100) crystall ographic plane having a

appr oxi mat BFGEs tinta PERISERC PRUATCERE AT nl nd 5RE] Ploers are

respectivehgiligga anomoggpéfaht and smaller element sizes are realized, a
few micrometers (um) in size, for example, mask requirements such
as reduction of defects in both the clear and opague areas become
critical.

The following criteria have been identified for ideal masks
to provide optimal performance during high energy laser etching,
micromachining, material deposition or other surface treatment of
materials.

1. The mask object plane must be extremely thin to provide
a well-defined image plane together with a full depth of focus at
the image plane to provide, for example, the ability to etch deep

structures in the surface of a material.

2. The mask object plane must be stable in all directions;
that is, no bending or warpage of the mask object plane resulting
from, for ekample, thermal expansion or mechanical stress or
vibrafion of the mask.

3. The mask clear or transparent areas must be
defect-free.

4. The mask 6paque areas must be defeét—free.

5. The mask must have a versatile alignment capability;
for example, mask alignment targets should be detectable at the
process laser wavelength and at a convenient alignment laser

wavelength, a helium-neon laser, for example.
6. The mask should be compatible with a viable inspection

scheme; that is, the mask pattern should be clearly detectable
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I s*by well- known nethods, such as bl anket boron capsule diffusion, to
provi de a doping |level of, for exanple, 1X1020 atons per cmat the
interface 35. The wafer front and back sides 37 and 39, respectively,
typically are highly polished. Next, shown in Fig. 4b, a layer of
silicon dioxide 41, approximately 2 umin thickness is fornmed over both
the front and back sides, 37, 39, resped@d@tively, of the silicon wafer 31.
The silicon dioxide |ayer 41 is preferably deposited by a non-thernal

bR L I T REAIE S e T e
31. Next, thgcioemiekoStbp&OEor example. '

7. The mask materials, both the substrate and overlaying
layers, must be stable under the high pulse rate, high power
radiation typically encountered during excimer laser ablation or
other high-power laser processes.

Prior art "chrome on glass" masks, shown in Fig. la, as
used, for example, for optical lithography in IC-chip fabrication
consist of a thin (several hundred Angstroms) layer of chrome
defining an opague pattern on an unstructured clear glass or
quartz substrate. Typically, masks of these type will exhibit
defects resulting from particulates in the trahsparent areas or
microcracks in the substrate and pinholes in_the opaque chrome
layer.

U.S. Patent Nos. 4,490,210; 4,490,211 and 4,478,677, issued
to Chen et al, all assigned to the instant assignee, disclose
laser etching of metalized subs;rates and glass materials
involving an intermediate step in which the material to be etched
forms a reaction product resulting from exposure to a selected
gas, which is then vaporized by a beam of radiation of a suitable
wavelength. Many materials can be etched directly b§ laser
energy without the need for an intermediate step creating a
reaction product material. The Chen et al patents describe
non-contact masks as having a transparent substrate/body of UV
grade quartz with a pattern chromium film thereon. It has been
found, however, that such chromium masks cannot withstand laser

energy densities of the order encountered when working with
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flSj:I di oxi de coating the back side 39 of the wafer is coated with
photoresist. Utilizing conventional photolithographic etching techniques,
t he photoresist |ayer 43 is devel oped and wet etch of the silicon dioxide
| ayer 41 utilizing a single-side etch tool is acconplished to forma mask
on the back side 39 of the substrate 31. Apertures in the silicon dioxide
mask thus forned -4 -

excimer or other lasers having the required intensity to etch or

ablate-maﬁy target materials directly. While satisfying several

of the above-defined mask requirements, chromium may absorb as

much as half of the incident laser energy at selected

wavelengths. Thus, a single excimer laser pulse may easily

ablate the chromium and destroy the opague pattern.

U.S. Patent No. 4,923,772 issued to Kirch et al, assigned to

the instant assignee and incorporated by reference as if fully

set forth herein, discloses a high-energy laser mask comprised of

a transparent substrate having a patterned laser-reflective metal

or dielectric coating depoéited thereon. Typically referred to

as a "dielectric mask", a mask, shown in Fig. 1b, comprising a

transparent substrate/body having the opaque pattern formed of

several layers of a highly reflective, abrasive-resistant

dielectric coating provides a mask able to withstand the full

range of laser intensities encountered in laser etching

processes. For example, Kirch et al disclo;es a dielectric mask

comprising many layers of such dielectric coatings deposited on a

substrate of UV grade synthetic fused silica which achieveé

greater than 99.9% reflectivity of the incideht laser energy.

Such a dielectric patterned mask can withstand incident energy

denéities up to approximately 6J/cm2. However, defects resulting

from particulates in the substrate material or microcracks and

pinholes in the dielectric layers may be present. As discussed

by Kirch.et al, relatively pure substrate material such as UV

grade synthetic fused silica is required to avoid laser

absorption by impurities or inclusions in the mask clear areas.
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serve to define the pattern of tub-shaped recesses 16, which are to be
formed in the back side of the substrate 31. Recesses 16 are fornmed in
substrate 31 utilizing an anisotropic etching technique to wet etch the
back side of the silicon wafer. Wet etching of the silicon wafer is
termnated at, for exanple, approximately 40 umfromthe front surface 39
of the silicon wafer to formthe thick-&%esbrane 13 and nmask frame

sections 15. The ani sotropic etching mnimzes undesirable |ateral etching

and 4d; "t neh QIR SGhE TR FEER1 A0S Bt HEhomoner B S9N 1h B8 o
waf er is copififtarMabBodptions in the mask clear areas due to solarization
effects. Additionally, since the dielectric materials typically
reflect radiation only in a small spectral region, near the
wavelength of the processing laser, it is typically transparent
in the visible range, thus presenting difficulties for a
conventional optical system alignmenﬁ, or inspection, utilizing,
for example, an optical microscope. |

Thin metal sheets fabricated from materials such as
molybdenum or steel, having physical through holes formed
transversely through the metal sheet representing the transparent
or clear areas, referred to as metal stencil masks, as shown in
Fig. 1lc, have also been widely used as excimer laser masks.
However, at high energy densities and high pulse repetition
rates, energy absorpfion results in excessive heating of the mask
materials, resulting in distortions in the mask object plane and
rapid deterioration of the mask. Additionally, sincé fhe metal
stencil masks are relatively thick, on the order of 50.um or

- more, scattering of the laser beam from the vertical sidewalls of
the through holes degrades beam focus and image quality.

U.S. Patent No. 4,417,946, issuéd to Bohlen et al, assigned
to the instant assignee, discloses a mask suitable for ion
etching, ion implantation andlx-ray, ion and electron beam
lithography. Such a mask comprises one or more metal layers
deposited on a highly doped semi—conductor substrate with through
going apertures defining the mask pattern. 1In the area of the

mask pattern apertures, the substrate material is relatively
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photoresi st layer 45. In a simlar manner, as described above, the

phot oresi st | ayer 45 is devel oped and the silicon dioxide |ayer 41 is wet
etched in a single-side etch tool to forma mask in sil.icon dioxide |ayer
41. The apertures 47 in the silicon dioxide mask serve to define the
desired mask pattern to.be formed in thick menbrane 13. Uilizing

ani sotropic dry etch techniques, such as reactive ion etching (RIE), the
siliconis etched fromthe front side 37 to form apertures 49 extending

t hrough t hi ¢kiApmieneamihininting receserifigatfidecpaift eha biciaient’beam.

The higth doped substrate material provides mechanical
stability. However, as discussed herein above, the metallic
layers cannot withstand the high energy densities commonly
encountered in excimer laser ablation proceSses;

In "Mask for Excimer Laser Ablation and Method of Producing -
same," IBM Technical Disclosure Bulletin, Vol. 33 No. 1A,
June 1990, pp.388-390, A.C. Tam et al considers a silicon thin
membrane stencil mask having transpareﬁt areas realized by
suitably dimensioned apertures through the membrane. The thermal
stabiliﬁy of the mask is increased by coating the surface of the
mask facing the laser source with a multilayer reflection system
and/or coating the surface of the mask facing the material to be
ablated with a metallic gold layer. Hoﬁever, in ;he high power,
high repetition rate environment experienced during excimer laser
ablation processes, thin membranes exhibit undesirable and
intolerable bending and warping resulting from heating induced by
the small amount of laser radiation transmitted through the .
multilayer reflection system and from mechanical stress induced
in the membrane material by residual stress in the multilayer
reflection system. Additionally; the silicon thin membrane mask
exhibits a tendency to vibrate when exposed to high pulse
repetition rates. Thé non-stable object plane resulting from the
combined effects of mask bending and vibration significantly
réduces the depth of focus and may cause scattering effects,
distorting the transmitted pattern and resulting in poor image

quality.
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- 16 - The RIE dry etch process results in through-holes 49 having
vertical sidewall profiles. As shown in Figs. 4e, 4f and 4g,

ani sotropic wet etch techniques are then utilized to forma conically
undercut sidewall profile for through-holes 49. The ani sotropic
characteristics of crystalline silicon provide etch rates (ER) normal to
the various indicated crystalline planes, for exanple,

Summary of the Invention

A primary'objective of the present invention is to provide a
transmission mask for use in laser processing of material
surfaces, excimer laser ablation processes, for example, having
sufficient mechanical stability to provide high precision, high
quality imaging. The thin membrane stencil mask, described
above, effectively satisfies all requirements for an ideal mask
with the exception of mechanical and thermal stability of the
object plane. Thermal stability of the thin membrane mask may be
greatly improved by coating the mask surface exposed to high
energy laser radiation with a multilayer dielectric coating. A
suitable multilayer dielectric coating can achieve greater than
99% reflectivity of incident radiation thus providing a stencil
mask suitable for many laser ablation processes. Warpage aqd
vibration of the mask may.be substantiaily eliminated and thus
the mechanical stability of the object plane greatly improved by
providing a thick membrane substrate to strengthen the mask and
improve heat removal. However, transparent mask areas defined by
apertures having vertical sidewalls through the thick membrane do
not provide the thin object plané required, thus causing
scattering effects of the incident radiation and distorting the
transmitted pattern. A solution to the problem of providing a
thin object plane while utilizing a thick membrane to provide a
stable object plane, is achieved by conically undercutting the
edges of the vertical through holes; " In this manner, a thick
membrane mask is achieved haviﬁg sufficient mechanical rigidity

to minimize warpage while providing a thin mask object plane in
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i n-10-nol ar KOH solution at 62[err]C, of ER (110) = 2x ER(100) = 120x
ER(111) with ER(110) being approximately 0.6 um per m nute. Wen
imMmersed in the etch solution, the vertical wall 52 (as shown in Fig. 4d),
the (110) plane, will etch fastest whereas the thick nenbrane back plane
51, the (100) plane, will etch only half as fast, thus preventing
substantial additional thinning of theg 1thick nembrane 13. The etch rates
of the (110) and (100) planes, in conbination with the essentially zero

etch rate of theiéghggy of the through holes to achieve high quality

- imaging.

Accordingly, a transmission mask construdted in accordance
with the principles of the present invention comprises a thick
membrane having transmissive or transparent ‘areas defined by
conically undercut through holes and non-transmissive or opaque
areas defined by a multilayer high reflective dielectric stack.
The mask is fabricated from a suitable substrate material, such
as crystalline silicon, heavily doped with a suitable dopant,
boron, for example, to a deptﬂ'of a few micrometers on selected
areas of the mask substrate surfaces. Utilizing well-known
techniques, a thick membrane, approximately 40 um thick, for
example, having through holes with vertical sidewalls
representing thé mask transparent areas is formed. Utilizing the
characteristics of anisotropic wet etching, the thick membrane is
then etched from its back side to provide conically undercut
profiles for the through héle walls representing the transparent
areas of the mask, thus providing a relatively thick membrane of
increased strength and mechanical rigidity, yet having a thin
optical plane in the immediate areas surrounding the through
holes. In a final step, the front or top side of the mask is
coated with alternating layers of dielectric materials having
different indices of refraction. Each pair of dielectric layers
will reflect a given amount of incident radiation; by depositing

many pairs of layers, greater than 99% reflectivity of incident

radiation can be achieved.
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pl ane, provide for the formation of the desired conical sidewall 55
parallel to the (111) plane. Wt etching fromthe silicon wafer front
surface 37 is prevented by the silicon dioxide |layer 41. Since the heavily
doped silicon is not etched by the wet etch solution, the through-hole 49
retains a vertical |ip 53 at the front surface 37 of the thick nenbrane,
thus preserving the desired nmask pattery as defined during the

| it hographic and RIE process steps described herei nabove. The heavily

doped front surface 37, represents, the msk obiect pLane. . iuced by the

Mechanic
dielectric stack is effectively compensated-for by high tensile
stress induced in the membrane by heavy doping. Additionally,
the high tensile stress induced by the heavy doping provides
vpseudocooling"” of the mask membrane, minimizing warpage and
increasing the rigidity of the mask membrane even for significant
temperature differentials, 70°C, for example, between the mask
membrane and the mask frame. Excessive differential mask
temperatures are minimized by the high reflectivity of the
dielectric coating stack and the effective heat removal by the
thick membrane surrounding the thin object plane areas. Thus,
the disclosed conical undercut dielectric stencil mask of the
present invention provides a thick membrane of sufficient
strength and mechanical rigidity to minimize warpage and high

vibrational amplitudes while at the same time providing the

desired thin object plane for high quality imaging.

Brief Description of the Drawings

Figs. la - ic are diagrammatic cross-sectional views
illustrating various prior art mask structures;

Fig. 2 is a diagrammatic cross-sectional view of a portion
of the thin membrane mask in accordance with the principles of
the present invention;

Fig. 3 is a diagrammatic cross-sectional view of a portion
of the thin membrane conical undercut mask in.accordance with the

principles of the present invention;
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- 17 - and has a thickness approximately equal to the depth of the boron
doping in the silicon substrate. - The | ateral underetch or undercut
resulting fromthe very slow etching of the diagonal or (111) pl ane
"results in a relatively small undercut distance 57 to provide a thin

obj ect plane and the desired conical u gFLCUt etch profile for- each
t hrough-hol e 49. As shown in Fig. 4g, t ani sotropic wet etch

Figs. 4a - 4h are diagrammatic cross-sectional views of a
portion of the mask structure during fabricatién in accordance
with the preferred embodiment of the present invention; and

Fig. 5 is a diagrammatic cross-sectional view of the mask

shown in Fig. 2 utilized in a projection system.

Detailed Description of Preferred Embodiments

Referring now to Fig. 2, a portion of a thin membrane
stencil mask 1 constructed in accordancé with the principles of
the present invention is shown. The mask 1, fabricated from a
.substrate of suitable material, preferably a crystalline wafer
such as crystalline silicon, comprises a.relatively thick
substrate 2 having one or more tub-shaped recesses 6 formed in
the bottom or back side thereof to provide relatively thin areas
of the wafer forming thin membranes 3 having lateral dimensions
corresponding to the relative size of the structure or circuit to
be fabricated utilizing such a mask or series of masks 1. The
remaining fhicker portions 9 of substrate 2 defining the edges of
the substrate or ribs separating the mask areas on the substrate
form mask frame members to support the thin membrane 3. The
x desired mask pattern is defined by a series of apertures or holes
5 having vertical sidewalls and extending through the thin
membrane 3. The top 6r front side of the mask is coated with -
multiple layers 7 of pairs of dielectric materials to provide a

highly reflective surface defiﬁing the opaque areas 4 of the mask

pattern.
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process produces an underetch pattern determned by the orientation of the
(111) planes. In particular, for crystalline silicon a generally
rectangul ar underetch pattern results about the mask apertures, including
circular apertures. In this exanple, the undercut 57 is approximtely 0.4
um For mask pattern structures having g borizontal distance L between

adj acent through-holes 49, where L < 2 x D x-TAN([err]), where Dis the

t hi ckness of thick nenbrane 13 and 0 is the angle of conical sidewall 55
fromthe verti cak, déseribedc inegseater hiztadibbabhew, siepanat pngf aheriCent

t hrough-holes wll be | ess than D. Such |I|ocal variations in nenbrane

t hi ckness tqmngémpytdo;nﬂnmaﬁkpbgeiQifabricated from a crystalline silicon

wafer utilizing well-known photolithographic etching techniques.
In a first step, the top side of the silicon wafer 2 is doped
with a suitable dopant to a depth of 2-3 um forming a
heavily-doped layer 8 which acts as an etch stop defining the
thickness of the thin membrane 3 and inducing a high tensile
stress in the thin membrane 3 to compensate for any mechanicél
stress induced by the dielectric coatiné 7. Recesses 6 are
formed utilizing an anisotropic etching technique to wet etch the
back side of silicon wafer 2. Wet etching of the silicon wafer
is terminated at the boundary of the doped iayer 8 to form thin
membrane 3 having a thickness of approximately 2-3 um. Utilizing
a silicon dioxide mask layer (not shown) ﬁith an anisotropic dry
etch process, the silicon thin membrane 3 is etched from the
front side to form apertures 5 extending through the thin
membrane into recess 6. In a final sequence, the front side of
thin membrane 3 is coaﬁed with multiple layers of pairs of
dielectric materials to form a reflective coating having a
thickness of 1-2 um covering the remaining surface area of the
thin membrane 3 thus defining the opaque areas 4 of the desired
mask pattern.

The described membrane stencil mask provides a ‘high
resolution laser etch mask having a rigid object plane
apﬁroximately 3-5 um thick. The highly reflective dielectric
coatihg minimizes absorption of incident laser radiation by the

thin membrane thus minimizing heating of the thin membrane.
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problem since their relative area is extrenely small. The silicon

substrate 13 will etch such that the conical wall 55 will forman angle O
of 35.26[err] with the vertical when the silicon has a (100)
crystal | ographic orientation. In a final sequence, as shown in Fig.

4h, the back side 51 of the thick nenbyane 13 including the conical walls
55 are boron doped to the sanme concentTafion as the front surface 37 to
provi de symetric doping on both the front and back sides of the thick
menbr ane 13.goWeees| | imwdnigh mowee, | i sepetaitbon hmrte environments, even

the sméll'proportion of radiation incident on the mask surface
transmitted by the dielectric coating is sufficient to produce
undesirable heating of the thin membrane. In addition, the
silicon thin membrane exhibits a tendency to vibrate when exposed
té high pulse repetition rates.

As noted above, while a thin membrane stencil mask having a
patterned dielectric mask provides excellent thermal and
mechanical characterisﬁics suitable foé many applications, in
high power, high repetition rate environments both thermal and
mechanical properties deteriorate. In the alternative, a
preferred mask suitable for use in high power, high repetition
rate environments comprises a thick membrane wherein the desired
mask pattern is defined by a plurality of apertures extending
through the thick membrane and having conical undercut sidewalls
providing the optical characteristics of a thin membrane in the
mask areas immediately adjacent the apertures together with the
thermal and mechanical of a thick membrane.

Referring now to Fig. 3, a portion of a thick membrane
conical undercut stencil mask 10 constructed in accordance with
‘the principles of the present invention is shown. The mask 10,
fabricated from a substrate of suitable material, preferably a
crystalline wafer such as crystalline silicon, comprises a
relatively thick substrate 11 having one or more tub-shaped
récesses 16 formed in the bottom or back side thereof to provide
relatively thin portions of silicon forming thick membranes 13

having lateral dimensions corresponding to the relative size of
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- I8 - stripped fromthe front and back sides 37, 39 in a conventional

manner

and the front side 37 of the thick nenbrane 13 is coated wth a

dielectric stack 61 to forma reflective coating covering the surface area
of the thick nmenbrane 13 thus defining the opaque areas of the mask

pattern.

The dielectric stack 61 is a highly reflective,

abrasi on-resistant dielectric coating-fldrred of adjacent |ayers of
materials having different indices of refraction. If the :

the structure or chip to be fabricated utilizing such a mask or
series of masks 10; The thicker portions 15 of substrate 11 form
mask frame members to support the thick membrane portions 13.

The thick membrane 13 has 5 thickness preferably of the order
from 35-40 um, while the thickness of the thicker supporting mask
frame 15 can be of the order from 200-1,000 um. A plurality of
apeftures 21 extending transversely through thick membrané 13
define the lateral geometry of the desired etch pattern to be
produced utilizing the mask 10. The apertures 21 are formed in
thick membrane 13 having vertical sidewalls 22 extending a short
distance through the thick membrane to intersect with conical
sidewalls 23 extending the remaining distance through the thick
membrane 13. Conical sidewalls 23 allow a thick membrane mask to
be utilized while providing a thin optical plane defined by
vertical sidewalls 22. The top or front side of the mask 10 is
coated with multiple layers of dielectric materials to provide a
highly reflective surface defining the opaque areas 19 of the
etch pattern. The dielectric coating 19 can brovide greater than
99% reflection of incident radiation. The vertical sidewall 22,
including the thickness of the dielectric coating 19, extends
into thick membrane 13 a distance, preferably 3-4 um, within the
depth of focus for the radiation wavelength in use. A highly
doped layer 17 formed in the surface of the substrate 11 induces
a high tensile stress in the thick membrane 13 to provide
pseudo—cooling.and to compensate for any mechanical stress
induced by the dielectric coating 19 and to act as an etch stop

defining vertical wall 22. While suitable for many types of
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i ndex of refraction of a quarter wavelength of filmis higher than that of
the underlying |layer, a substantial anmount of light incident on these
| ayers will be reflected. Thus, each pair of dielectric layers wll
reflect a given amount of incident radiation. Thus, by depositing many
| ayers, a desired reflectivity may be obtai ned. The nunber of |ayers
deposited is dependent on the intendedlésage. For exanple, a dielectric
stack of alternating |ayers of silicon dioxide and hafnium oxide of
appr oxi mat elope2dthayey sthavinigkamenboand hitires Smask td¥e thedpre§ént 2 UM
provides greater than 99% reflectivity of incident radiation at a
wavel engt h dinvengiem isippefieqradlynused i i pPnedgcbiomafystems for excimer
laser ablation processes.

Referring now-to Figs. 4a-4g, a preferred method for
fabricating the stencil mask according to the present invention
will be described. Various steps utilized in the fabrication
method of stencil mask 10 will not be described in extensive
detail as they are well known in the photolithographic masking
art. Alternative methods readily adaptable for fabrication of
the instant stencil mask are provided in detail from US Patent
No. 4,256,532, assigned to the instant assignee, and the
aforereferenced US Patent No. 4,417,946.

As shown in Fig. 4a, an initial silicon wafer 31 cut in the
(100) crystallographic plane having a thickness of 200-1,000 um
is heavily boron doped to a depth of approximately 1-3 um at both
the front and back sideé 37, 39, respectively. The boron doping
is by well- known methods, such as blanket boron capsule
diffusion, to provide a doping level of, for example, 1X1020

3 at the interface 35. The wafer front and back

atoms éer cm
sides 37 and 39, respectively, typically are highly polished.
Next, shown in Fig. 4Db, é layer bf silicon dioxide 41,
approximately 2 um in thickness is formed over both the front and
back sides, 37, 39, respectively, of the silicon wafer 31. The
silicon dioxide layer 41 is preferably deposited by a non-thermal
growth technique such as conventional sputter deposition or

chemical vapor deposition to minimize distortion and stress

induced in the silicon wafer 31. Next, the layer of silicon
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oxi de, scandi um oxi de, al um num oxide or thalliumfluoride. Low index
materials may be silicon dioxide, and magnesiumfluoride. These materials
are cited as exanples and the lists are not intended to be exhaustive.
Referring nowto Fig. 5 a conically undgrcut stencil nask 63, as

descri bed above, is shown utilized in aprojection systemfor direct
etching of the surface of a substrate 65. Incident radiation 69 is able to
pass t hr oughouide tgrating the| back side 39 of the wafer is coated with

photoresist. Utilizing conventional photolithographic etching
techniques, the photoresist layer 43 is developed and wet etch of
the silicon dioxide layer 41 utilizing a single-side etch tool is
accomplished to form a mask on the back side 39 of the

substrate 31. Apertures in the silicon dioxide mask. thus formed
serve to define the pattern of tub-shaped recesses 16, which are
to be formed in the back side of the substrate 31.

Recesses 16 are formed in substrate 31 utilizing an
anisotropic etching technique to wet etch the back side of the
silicon wafer. Wet etching of the silicon wafer is terminated
at, for example, approximately 40 um from the front surface 39 of
the silicon wafer to form the thick membrane 13 and mask frame
sections 15. The anisotropic "etching minimizes gndesirahle
lateral etching of the silicon while the recesses 15‘are formed.

As shown in Figs. 4c and 4d, the silicon dioxide layer 41
over the front side 37 of the silicon wafef is coated with a
photoresist layer 45. In a similar mannér, as described above,
the phqtoresist layer 45 is developed and the silicon dioxide
layer 41 is wet etched in a single-side etch tool to form a mask
in silicon dioxide layer 41. The apertures 47 in the silicon
dioxide mask serve to define the desired mask pattern to be
formed in thick membrane 13. Utilizing anisotropic dry etch
techniques, such as reactive ion etching (RIE), the silicon is
etched from the front side 37 to form apertures 49 extending

through thick membrane 13 into recess 16 at the pattern areas 47.
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- 19 - system 67 and is thereby imaged on the surface of the substrate
65 in the desired pattern defined by the apertures 71. Radiation 69

i ncident on the mask opaque areas 73 is reflected by the dielectric stack
coating to mnimze energy absorption and consequent heating of the thick
menbrane 75. The undercut etch profilegf aperture 71 effectively provides
a thin object plane in the vicinity of aperture 71 while the angl ed,

coni cal The RIE dry etch process results in through-holes 49 having'

vertical sidewall profiles.

As shown in Figs. 4e; 4f and 4g, anisotropic wet etch
techniques are then utilized to form a Eonically undercut
sidewall profile for through-holes 49. The -anisotropic
characteristics of crystalline silicon provide etch rates (ER)
normal to the various indicated crystalline planes, for example,

in 10-molar KOH solution at 62°C, of
ER (110) = 2x ER(100) = 120x ER(111)

with ﬁR(llO) being approximately 0.6 um per minute. When

~ immersed in the etch solution, the vertical wall 52 (as shown in
Fig. 4d), the (110) plane, will etch fastest whereas the thick
membrane back plane 51, the (100) plane, will etch only half as.
fast, thus preventing substantial additional thinning of the
thick membrane 13. The etch rates of the (110) and (100) planes,
in combination with the essentially zero etch rate of the (111)
plane, provide for the formation of the desired conical
sidewall 55 parallel to the (111) plane. Wet etching from the
silicon wafer front surface 37 is prevenfed by the silicon
dioxide layer 41. Since the heavily doped silicon is not etched
by the wet etch solution, the through-hole 49 retains a vertical
lip 53 at the front surface 37 of the thick membrane, thus
pfeserviﬁg the desired mask pattern as defined during the
lithographic and RIE process steps described hereinabove. The

heavily doped front surface 37 represents the mask object plane
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§i dewal | s /7 mninmze scattering of radiation transmtted through aperture
71. Di el ectric coated nasks are capable of w thstandi ng incident
energy densities of the order of 6J/cmthus providing ideal masks for
| aser projection purposes. In such a | aser projection system the mask of
the present invention may provide strucjuces having dinensions as small as
1 umor less. For exanple, in a five-to-one reduction projection system
an aperture 71 of 5 um at its greatest dinension produces a structure in
t he surfaceanf haulsstthickness oipproxdmately qpadatesthelidrntdi 6f. theilpreron
durable angd largely hIPgiyios df.¢agpioal damge, dielectric coated
The lateral underetch or undercut resulting from the very
slow etching of the diagonal or (111) Qlane results in a
relatively small undercut distance 57 to provide a thin object
plane and the desired conical undercut etch profile for each
through-hole 49. As shown in Fig. 4g, the anisotropic wet etch
process produces an underetch pattern determined by the
orientation of the (111) planes. 1In pérticular, for crystalline
silicon a generally rectangulaf underetch pattern results about
the mask apertures,'including circular apertures. In this
example, the undercut 57 is approximately 0.4 um. For mask
pattern structures having a hbrizontal distance L between
adjacent through-holes 49, where L < 2 x D x TAN(8), where D is
the thickness of thick membrane 13 and § is the angle of conical
sidewall 55 from the vertical, the thickness of the membrane
separating adjacent through-holes will be less than D. Such
local variations in membrane thickness typically do not impose a
problem since their relative area is extremely small. The:
silicon subétrate 13 will etch such that the conical wall 55 will
form an angle @ of 35.26° with the vertical when the silicon has
a (100) crystallographic orientation.
In a final sequence, as shown in Fig. 4h, the back side 51
of the thick membrane 13 including the conical walls 55 are boron
ddped to the same concentration as the front.surface 37 to

provide symmetric doping on both the front and back sides of the

thick membrane 13. The silicon dioxide layers 41 are then
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,nﬁ§k§ can be utilized for other applications such as deposition and
etching induced by laser irradiation. Furthernore, the conposition and
arrangenent of the dielectric layers may be chosen to provide a desired
| evel of reflectivity and chem cal stability for the intended purposes.
Al'though the present invention has been,described inits preferred form
wth a certain degree of particularity, Tt is wunderstood that the present
disclosure of the preferred _enbodi ments has been bg way of exanple and
t hat the teﬁEﬁ+ &Fom the front and back sides 37, 39 in a conventional
manner and the front side 37 of_the thick membrane 13 is coated
with a dielectric stack 61 to form a reflective coating covering
the surface area of the thick membrane 13 thus defining the
opaque areas of the mask pattern.

The dielectric stack 61 is a highly reflective,
abrasion-resistant dielectric coating formed of adjacent layers
éf materials having different indices of refraction. 1If the
index of refraction of a quartef wavelength of film is higher
than that of the underlying layer, a suﬁstantial amount of light
incident on these layers will belreflected. Thgs, each pair of
dielectric layers will reflect a given amount of incident
radiation. Thus, by depositing many layers, a desired
reflectivity may be obtained. The number of layers deposited is
dependent on the intended usage. For example, a dielectric stack
of alternating layers of silicon dioxide and hafnium oxide of
approximately 20 layers having a total thickness on the order of
2 uﬁ provides greater than 99% reflectivity of incident radiation
at a wavelength of 248 nm. High index materials may be hafnium
oxide, scandium oxide, aluminum oxide or thallium fluoride. Low
index materials may be silicon dioxide, and magnesium fluoride.
These materials are cited as examples and the lists are not
intended to be exhaustive.

Referring now to Fig. 5, a conically undercut gtencil
mask 63, as described above, is shown utilized in a projection

System for direct etching of the surface of a substrate 65.

Incident radiation 69 is able to pass through aperture 71 to lens
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- 20- the invention are not limted to the particular materials or
processi ng steps described, but that nunmerous changes in the details of
construction and the conbinati on and arrangenents of elenments may be
resorted to without departing fromthe spirit and scope of the invention
as hereinafter clained.

-19 -

system 67 and is thereby imaged on the surface of the
substrate 65 in the desired pattern defined by the apertures 71.
Radiation 69 incident on the mask opaque areas 73 is reflected by
the dielectric stack coating to minimize energy absorption and
consequent heating of the thick membrane 75. The undercut etch
profile of aperture 71 effectively provides a thin object plane
in the vicinity of aperture 71 while the angled, conical:
sidewalls 77 miﬁimize scattering of radiation transmitted through

aperture 71.

Dielectric coated masks are capable of withstanding incident
energy densities of the order of GJ/cm2 thus providing ideal
masks for laser projection purposes. In such a laser projeétion
system, the mask of the present invention may provide structures
having dimensions as small as 1 um or less. For example, in a
five-to-one reduction projection system, an aperture 71 of 5 um
at its greatest dimension produces a structure in thg surface of
substrate 65 of 1 um at its greétest dimension. Being durable
and 1a:ge1y imﬁervious to chemical damage, dielectric coated
masks can be utilized for other applications such as deposition
and etching induced by laser irradiation. Furthermore, the
composition and arrangement of the dielectric layers may be
chosen to provide a desired level of reflectivity and chemical
stability for the intended purposes..

Although the present invention has been described in its
preferred form with a certain degree of particularity, it is
understood that the present disclosure of the preferred

embodiments has been by way of example and that the teachings of
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21° CLAINB 1. A mask for use with

hi gh energy radi ation sources conpri sing: a substrate; at | east
one dielectric layer formed on a first surface of said substrate to produce
a layered structure having a thickness of a first dinension; and at

| east one aperture in said |layered strygture, said aperture extending
through said substrate, said aperture having a generally conically
undercut edge profile with substantially vertical sidewalls of a-second
di mensi on thdj aneaitidn $Aied nbtr 5imsued aoethe apalrt iswdapdngismrgisosrbei ng
substantially | ess than said first dinmension for providing a thin object
pl ane for prargsairk.steps described, but that numerous changes in the

details of construction and the combination and arrangements of

elements may be resorted to without departing from the spirit and

scope of the invention as hereinafter claimed.
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2.° A msk as in claim1l wherein said vertical sidewalls extend through
said dielectric layer and said first surface to a first predeterm ned
depth in said substrate. 3. A mask as in claim2 wherein said substrate
i ncludes a doped layer at said first surface, said doped I%r haV| ng a .

hi gher concentration of dopant inpurities to said fir is S
depth in said substrate than the suhspyate beneath said ﬁi

A nmask as in claim 3 wherein said second dinension is

approxi mately between 3 and 4 n1cronet$ié&msfi A mask as in cIa|n11 -
havi ng at | east one tub-shaped recess in a second side of said
substrate opposiweecsaid: first surface for formng a nenbrane of said
substrate material in the area of said recess, a plurality of said
apertures formng a desired pattern extending through said nmenbrane into

sai d recess, each said aperture having said
1. A mask for use with high energy radiation sources

comprising:

a substrate;

at least one dielectric layer'formed on a first;surface
of said substrate to produce a layered structure having a
thickness of a first dimension; and

at least one aperture in said layered structure, said
aperture extending through said substrate, said aperture having a
generally conically undercut edge profile with substantially
vertical sidewalls of a second dimension adjacent to said first
surface, said second dimension being substantially less than said

first dimension for providing a thin object plane for said mask.

2. A mask as in claim 1 wherein said vertical sidewalls
extend through said dielectric layer and said first surface to a

first predetermined depth in said substrate.

3. A mask as in claim 2 wherein said substrate includes a
doped layer at said first surface, said doped layer having a
higher concentration of dopant impurities to said first

predetermined depth in said substrate than the substrate beneath

said doped layer.
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generally conically undercut edge profile, said nenbrane having-a——
predeter m ned thickness, said second di nension being subsi |q:ay3&§ lac
than said predeterm ned thickness. 6. A mask as in clai

substrate includes a doped |ayer at said first surface, sai
havi ng a hi gher concentration of dopart2a rpurities than the
beneath sai d doped layer, said dielectric layer overlying said doped Iayer

22 7. A mask as in claim®6 wherein each said aperture conically undercut
edge profile 4. A mask as in claim 3 wherein said second dimension is

in the range of approximately between 3 and 4 micrometers.

5. A mask as in claim 1 having at least one tub-shaped
recess formed in a second side of said substrate opposite said
first surface for forming a membrane of said substrate material
in the area of said recess, a plurality of said apertures forming
a desired pattern extending through said dembrane into said
recess, each said apertdre having said.generally conically
undercut edge profile, said membrane having a predetermined
thickness, said second dimension being substantially less than

said predetermined thickness.

6. A mask as in claim 5 wherein said substrate includes a
doped layer at said first surface, said doped layer having a
higher concentration of dopant impurities than the substrate
beneath said doped layer, said dielectric 1éyer overlying said

doped layer.

7. A mask as in claim 6 wherein. each said aperture
conically undercut edge profile comprises said vertical side
walls of said second dimension extending through said dielectric
layer and said doped layer, said doped layer being undercut a
predetermined amount forming a thin lip for said aperture at said
first surface and generally outwardly sloping sidewalls extending

from said undercut doped layer to said recess.
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comprises said vertical side walls of said second dinension extending
through said dielectric |layer and said doped | ayer, said doped | ayer being
undercut a predetermned anount formng a thin lip for said aperture at
said first surface and generally outwardly sloping sidewalls extending
fromsaid undercut doped | ayer to said-rgcess. 8. A mask as in claim?7
wherein said predeterm ned thickness of said nenbrane is in the range of

approxi mately between 35 and 40 microneters and said second di mensi.on is
in the range of8approliaflt 8fyihhdddn73vwherrin wadforEedeternined A mask as

ot oy SRR S do3HDRUAB G BECEh A YUCL8E EoSLoRiren 0%, o | 501

waf er havi ng ) cryst ographi € orientati In claim

9 wherein bHEgwEdRNES @hdS200nstitdtersi dpadd i RacBhhChtnddEdnlld) in the
crystal |l ographic plane of said silicon substrate.

range of approximately between 3 and 4 micrometers.

9. A mask as in claim 7 wherein said substrate material
comprises a crystalline silicon wafer having a (100)

crystallographic orientation.

10. A mask as in claim 9 wherein the plane of said sloping
sidewalls parallels the (11i) crystallographic plane of said

silicon substrate.

11. A mask as in claim 9 wherein said dopant impurity

comprises boron.

12. A mask as in claim 1 wherein said substrate comprises a

crystalline semiconductor wafer.

13. A mask as in claim 1 wherein said dielectric layer
comprises a pair of dielectric materials, said layer comprising a
coating of a first material and a coating of a second material
overlying said first material, the index of refraction of said
second material being higher than the index of refraction of said

first material.
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11. A mask as in claim9 wherein said dopant inpurity conprises boron. 12.
A mask as in claim1l wherein said substrate conprises a crystalline

sem conductor wafer. 13. A mask as in claim1l wherein said dielectric

| ayer conprises a pair of dielectric materials, said |ayer conprising a
coating of a first material and a coatipg of a second material overlying
said first material, the index of refratCtion of said second material being
hi gher than the index of refraction of said first material. 14. A mask as
in claim 13 whendi.n nahskklizd det claihayEwheesphi sed Aipllecatid¢ yigferpairs

of said dielectric materials. 15. A nask as in claim13 wherein said first
mat eri al | sopPrdsesdafpbmalidygréubaixh it saidgdiglentriconatenidlde and
magnesi um fl uori de, and said second material is

15. A mask.as in claim 13 wherein said first material is
selected from the group consisting of silicon dioxide and
magnesium fluoride, and said second material .is selected from the
group consisting of hafnium oxide, scandium oxide, aluminum oxide

and thallium fluoride.
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selected fromthe group consisting of hafnium oxide, scandi um oxi de,

al um num oxide and thalliumfluoride. 16. A nmethod for fabricating a nmask
for use with high energy radiati on sources conprising the steps of:

*C L M S 23

formng at a first surface of a planafzfubstrate a doped | ayer, said doped
| ayer

16. A method for fabricating a mask for use with high

energy radiation sources comprising the steps of:

forming at a first surface of a planar substrate a
doped layer, said doped layer having a higher concentration of
dopant impurities to a first predetermined depth than the
substrate beneath said doped layer;

forming a first masking layer en said first surface and
a second masking layer on a second surface opposite said first
surface of said substrate, said first masking layer defining a
desired mask pattern;

forming at least one aperture through said second
masking layer exposing selected portions of said second surface
and etching said selected portions to form at least one recess in
said substrate to a second predetermined depth, the substrate
material remaining between said recess and said first surface
forming a membrane; .

etching said membrane thrdugh said first masking layer
to form a plurality of apertures in said desired mask pattern,
said apertures extending through said membrane into said recess;

anisotropic etching said membrane undercutting said
heavily doped layer and forming outwardly sloping aperture
sidewa}ls extending from said undercut layer to said recess
défining a generally conical undercut edge profile for said
apertures through said membrane;

removing said first and second masking layers; and

applying at least one dielectric layer to said first

Surface.
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havi ng a hi gher concentration of dopant inpurities to a first predeterm ned
depth than the substrate beneath said doped |ayer; formng a first
maski ng |l ayer on said first surface and a second masking | ayer on a second
surface opposite said first surface of said substrate, said first masking

| ayer defining a desired nask pattern: 26 - formng at | east one aperture
t hrough sai d second nasking | ayer exposing selected portions of said
second surface and etching said selected portions to format |east one
recess in said sulpsirathe methodesdHrdaimedet widiaiod tlepstep tdTe rouhshg ad €
material remaining between said recess and said first surface formng a
menbr ane; dopedt b ary afapaidetrah surfpes ginalaidgsf the tstrskifnformimg a o

formea bl urality ol @PSLiNes il dudPsld sk B3N BALIGHR, 50 d apertures

18. The method of claim 16 wherein said substrate comprises

crystalline silicon.

19. The method of claim 18 wherein said dopant material

. comprises boron.

20. The method of claim 17 including the additional step of
forming a doped layer on the surfaces defining said recess at the

completion of said anisotropic etching step.

21. The_method of claim 16 wherein each said masking layer

comprises a layer of silicon dioxide.

22. The method of claim 21 wherein said step of forming
each masking layer of silicon dioxide comprises depositing'a

- layer of silicon dioxide by chemical vapor deposition.

23. The method of claim 18 wherein the step of etching said
membrane through said first masking layer comprises anisotropic
reéactive jon etching to form said plurality of apertures, said

apertures having vertical side walls.

This is the replacement sheet

) L

This Sheet Has Been Relilaced :

AR




into said recess; ani sotropi c etching said menbrane undercutting said.
heavily doped | ayer and form ng outwardly sl opi ng apert ur &hisleenbtiab Been Replaced
extending fromsaid undercut |ayer to said recess defining

coni cal undercut edge profile for said apertures through sai ;
removing said first and second maski ng- 2ayers; and - applyirng at le

one dielectric layer to said first surface. 17. The nethod of claim 16
wherein the step of formng a doped |layer at said first surface includes
the step of formdng Fheopriehahpdr chprinaly whexshn the feksP of 3aisiotropic

substrate. 18 = The methed of clalm 16 wheceln gald, substrate, conprises
crystal |l i ne esepitHp - 584 3 P ng in an

alkaline solution.

ast

25. The method of claim 24 wherein said alkaline solution

comprises a l10-molar solution of potassium hydroxide.

26. The method of claim 24 wherein the plane of said
sloping aperture sidewalls is parallel to the (111)

crystallographic plane of said silicon substrate.

27. A method as in claim 16 wherein said dielectric layer
comprises a pair of dielectric materials, said layer comprising a
coating of a first material and a coating of a second material
overlying said first material, the index of refraction of said
second material being higher'than the index of refraction of said

first material.

28. A method as in claim 27 wherein said dielectric layer
comprises a plurality of layers of said pairs of dielectric

materials.

29. A method as in claim 27 wherein said first material is
Selected from the group consisting of silicon dioxide and
magnesium fluoride, and said second material is selected from the
group consisting of hafnium oxide, scandium oxide, aluminum oxide

. and thallium fluoride.
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19.: The method of claim 18 wherein said dopant material conprises boron.

20. The nmethod of claim 17 including the additional step of form ng a doped
| ayer on the surfaces defining said recess at the conpletion of said

ani sotropic etching step. 21. The nmethod of claim 16 wherein each said
maski ng | ayer conprises a layer of silicon dioxide.

24 22. The method of claim2l wherein sajgl_step of form ng each masking

| ayer of silicon dioxide conprises dep05|t|ng a layer of silicon d|0X|de

by chem cal va o de osi ti o
y P p A method of laser processing a target substrate

comprising the steps of:

generating a high energy radiation beam;

locating a transmission mask defining a desired
processing pattern in front of said target substrate, said high
enérgy radiation beam incident on said transmission mask, said
mask comprising:

a substrate;

at least one dielectric 1ayef formed on a first surface
of said substrate to produce a layered structure having a
thickness of a first dimension, said high energy radiation beam
incident on said dielectricllayer; and

at least one aperture in said layered structure, said
aperture extending through said substrate and said dielectric
layer, said aperture having a generally conically undercut edge
pfofile with substantially vertical sidewalls of a second
dimension adjacent to said first surface said second dimension
béing substantialiy less than said first dimension; and

" imaging the radiation transmitted through said mask

exiting said undercut aperture onto said target substrate.
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23.» The nethod of claim 18 wherein the step of etching said nenbrane
through said first masking |ayer conprises ani sotropic readhisSkeefHas Been Replaced
etching to formsaid plurality of apertures, said apertures Iml
vertical side walls. 24. The nethod of claim 18 wherein the
ani sotropi c etching of said nmenbrane conprises anisotropic wet etching in
an al kaline solution. 25. The method of «1ai m24 wherein said al kaline
solution conprises a 10-nolar solution of potassium hydroxide. 26. The
met hod of cl ai m 2¢4 whar ghsktfvr Rlsanenoi asay Gy RRIsh r S| ' S
paral lel to the (111) crystall ographic pl anfab of slgilggg?lgi%%gr?%éugg%?%\gjféefs
27. A net hodcamprisicigai m 16 wherein said dielectric |ayer conprises a pair
of dielectric materials, said |ayer conprising a coating of a first
material and a coating &¥PEEEAEGNd

at least one dielectric layer formed on a top surface

of said substrate to produce & layered structure having a
predetermined thickness, and
at least one aperture in said layered structure, said

aperture extending through said layered structure.

32. A mask as in claim 31 having at least one tub-shaped
recess formed in a bottom surface of said substrate opposite said
top surface for forming a membrane of said layered structure in
the area of said recess, said membrane being of said
predetermineq thickness, a plurality of said apertures defining a
desired pattern extending through said membrane into said recess,

each said aperture having generally vertical sidewalls.

33. A mask as in claim.32 wherein said substrate includes a
doped layer at said top surface, said doped layer having a higher
concentration of dopant impurities than the substrate beneath .
said doped layer, said dielectric layer overlying said doped

layer.
34. A mask as in claim 33 wherein said membrane includes

Said doped layer.
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material overlying said first material, the index of refraction of said
second material being higher than the index of refraction of said first
material. 28. A nmethod as in claim27 wherein said dielectric |ayer
conprises a plurality of layers of said pairs of dielectric materi als.
29. A nethod as in claim27 wherein said first material is selected from
the group consisting of silicon dioxide- 38d magnesi um fluoride, and said
second material is selected fromthe group consisting of hafnium oxide,

scandi um oxi de, g UM wHsRXhgein auchildhals! wértéixuogaﬂememé.@aneh{a‘gt od of
| aser processing a target substrate conprising the steps of

gener ati ng gphtghesneingtheadange ok pprpximately dedierg 3 an:damsm ssi on mask

defining a desired processing pattern in front of said
micrometers.

36. A mask as in claim 31 wherein said dielectric layer
.comprises a pair of dielectric materials, said layer comprising a
coating of a first material and a coating of a second material
overlying said first material, the index of refraction of said
second material being higher than the iﬁdex of refraction of said

first material.

37. A mask as in claim 36 wherein said dielectric layer

comprises a plurality of pairs of said dielectric materials.
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t¥dansm ssi on mask, said mask conpri sing: . a substrate;

25 at | east one dielectric layer formed on a first surface of said
substrate to produce a | ayered structure having a thickness of a first

di mensi on, said high energy radiation beamyg ncident on said dielectric

| ayer; and at | east one aperture in said |layered structure, said
aperture extending through said substrate and said dielectric |ayer, said
aperture having a generally conically undercut CHROME
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edgé profile with substantially vertical sidewalls of a second di nension
dadjacent to said first surface said second dinension being substantially
tess than said first dinmension; and i mgi ng the radiation
transmtted through said mask exiting said undercut aperture onto said
target substrate. 31. A mask for use in7paser processing of target

mat eri als conpri sing:. : a substrate; a reflective coating
including at | east one layer of dielectric material having a high
reflectivity forned on a top surface of said _substrate to produce a | ayered

structure having a predeterm ned t hi ¢kngss;Sand 5 at | east one
af@r?ﬁre(éxtending t hr ough é%Sd

aperture in said |ayered structure, gai

| ayered structure.
$; I
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'32) "A mask for use in |aser processing of target materials conprising:

- @ substrate; at least one dielectric layer fornmed on a top surface of
Said substrate to produce a |ayered structure having a pr edet’er m ned
t hi ckness; and at | east one tub-shaped recess forned in a bottom

surface of said substrate opposite said tgf surface for formng a nmenbrane
of saig |ayered structure in the area of s é recess, said nenbrane being
of said predetermined thickness, a plurality of apertures forned in said
menbrane defining a desyfed gattern therein and extending through said

menbr ane into sai aving general ly vertical
si dewal | s. A pask as 1.n clarm3Z whérein said substrate includes a
_,aﬂgatop surface, said doped | ayer having a higher

doped tayer
oot

concentrati ?J/dopant inmpurities than the
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substrate beneath said doped | ayer, said dielectric |layer overlying said
doped | ayer. 26 34. A
mask as in claim33 wherein said nenbrane includes said doped layer. 35. A
mask as in claim34 wherein said nenbrane has a thi‘ckness in the range of
approxi mately between 3 and 4 m croneters. 6. A mask as in claim 32
wherein said dielectric |ayer conprises a dPr of dielectric materi al s,
said layer conprising a coating of agirst material formed on said top
surface and a COatigg of a_second material overlying said first materi al
the index of refraeti’dn of Sdai d fsecond materi al bei ng hi gher than the

i ndex of r?if ) rst mat e[

33 [ |

s |

| l

l l

51— L IL
S
100 110

PG 45
X

This_is the replacement sheet

pas: 14 JUN 199



&

- 87. A mask as in claim36 wherein said dielectric |ayer conprises a

'glurality of pairs of said dielectric materials. 38. A nmask as in claim
1 wherein said |layer of dielectric naterial conprises a pair of |ayers of

dielectric material, said pair of |ayers conprising a |ayer of a first

dielectric material and a | ayer of a SEC$?§ dielectric material, .said

| ayer of second dielectric material overTying sqi Iayer of flrst

dielectric material, the index of r&LL s& d second dielectric

mat eri al being higher than the.inde

material. 39. A mask as in claim3B x

conprises a plurality of pairs of b2

dielectric materials.

ifd reflective coating
f first and second

"~
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- 27 - ~ 24. The nethod of claim 18 wherein the step of anisotropic
et ching of said nenbrane conprises anisotropic wet etching in an alkaline
sol uti on. 25. The nethod of claim 24 wherein said al kaline solution
conprises a 10-nol ar solution of potassi um hydroxi de.

-31-

UNDERCUT MEMBRANE MASK FOR HIGH ENERGY PHOTON
' PATTERNING

ABSTRACT

A mask for use with high energy radiation sources in precision projection
processing by excimer lasers, for example, is described. The mask (1) comprises a
suitable substrate (2), such as silicon, upon which a multilayer dielectric stack (7) is
formed which acts as a.reﬂective coating for the impinging excimer laser radiation,
minimizing energy absoi'ption by the mask substrate (2). The mask transparent areas
are defined by the through-holes (5) in the mask (1). The through-holes (5) are
formed with a conically undercut edge profile to define a thin object plane for the
mask (1) and minimize scattering of the radiation from the through-hole sidewalls. A
method for fabricating the mask is also described.

FIG. 2.
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*’T"rfé‘i‘ﬁ‘e*me 28f 4.ck aPchAﬁ amherein the plane of said sloping aperture

Clramiss s958f ol ol pagsdtdte [(111) crystall ographic plane of said silicon
Reavaeas) © pagad .0, pazedet.h as in claim 16 wherein said dielectric |ayer
j "pesizes a: paged ..ahodp@edc.fri c materials, said |ayer conprising a coating
iof a first mterial and a coating of a second material overlying said
Y0¥ FHE

‘fmgm@im d material being

f d, f t t
Accor ing to one aspect ofot{l'e ﬁwex?t?oln therells 1%1'ovrr(f‘edear llnask for use with high

energy radiation sources comprising: a substrate; at least one dielectric layer formed on
a first surface of said substrate to produse a layered structure having a thickness of a first
dimension; and at least one aperture in said layered structure, said aperture extending
through said substrate, said aperture having a generally conically undercut edge profile
with substantially vertical sidewalls of a second dimension adjacent to said first surface,
said second dimension being substantially less than said first dimension for providing a
thin object plane for said mask.

According to another aspect of the invention there is provided a method for
fabricating a mask for use with high energy radiation sources comprising the steps of:
forming at a first surface of a planar substrate a doped layer, said doped layer having a
higher concentration of dopant impurities to a first predetermined depth than the
substrate beneath said doped layer; forming a first masking layer on said first surface and
a second masking layer on a second surface opposite said first surface of said substrate,
said first masking layer defining a desired mask pattern; forming at least one aperture
through said second masking layer exposing selected portions of said second surface and
etching said selected portions to form at least one recess in said substrate to a second
predetermined depth, the substrate material remaining between said recess and said first
surface forming a membrane; etching said membrane through said first masking layer to
form a plurality of apertures in said desired mask pattern, said apertures extending
through said membrane into said recess; anisotropic etching said membrane undercutting |
said heavily doped layer and forming outwardly sloping aperture sidewalls extending
from said undercut layer to said recess defining a generally conical undercut edge profile
for said apertures through said membrane; removing said first and second masking
layers; and applying at least one dielectric layer to said first surface.

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

laser processing a target substrate comprising the steps of: generating a high energy
This is the replacement sheet
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28. A nethod as in claim27 wherein said dielectric layer conprises a
plurality of layers of said pairs of dielectric nmaterials. 29. A
nethod as in claim?27 wherein said first gmterial is selected fromthe
group consisting of silicon dioxide and nagnesiumfluoride, and said
second material is selected fromthe group consisting of hafnium oxide,
scandi um oxadiatiomabeamn lovating detransmissiona naski definimgrd desired processing pattern in
front of said target substrate, said high energy radiation beam incident on said
transmission mask, said mask comprising: a substrate; at least one dielectric layer
formed on a first surface of said substrate to produce a layered structure having a
thickness of a first dimension, said high energy radiation beam incident on said dielectric
layer; and at least one aperture in said layered structure, said aperture extending through
said substrate and said dielectric layer, said aperture having a generally conically
undercut edge profile with substantially vertical sidewalls of a second dimension adjacent
to said first sﬁrface said second dimension being substantially less than said first
dimension; and imaging the radiation transmitted through said mask exiting said undercut
aperture onto said target substrate.

According to still another aspect of the invention there is provided a mask for use
in laser processing of target materials comprising: a substrate; a reflective coating
including at least one layer of dielectric méterial having a high reflectivity formed on a
top surface of said substrate to produce a layered structure having a predetermined
thickness; and at least one aperture in said layered structure, said aperture extending
through said layered structure.

According to still another aspect of the invention there is provided a mask for use
in laser processing of target materials comprising: a substrate; at least one dielectric layer
formed on a top surface of said substrate to produce a layered structure having a
predetermined thickness; and at least one tub-shaped recess formed in a bottom surface
of said substrate opposite said top surface for forming a membrane of said layered
structure in the area of said recess, said membrane being of said predetérmined
thickness, a plurality of apertures formed in said membrane defining a desired pattern

therein and extending through said membrane into said recess, each aperture having

generally vertical sidewalls.
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- 28 - 30. A nethod of |aser processing a target substrate

conprising the steps of: generating a high energy radiation beam

|l ocating a transm ssion mask defining a dgsired processing pattern in

front of said target substrate, said high energy radiation beam i nci dent

on said transm ssion mask, said mask conpri sing: a substrate;
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1a - 1c are diagraminatic cross-sectional views illustrating various prior art
mask structures; ]

Fig. 2 is a diagrammatic cross-sectional view of a portion of the thin membrane
mask in accordance with the principles of the present invention;

Fig. 3 is a diagrammatic cross-sectional view of a portion of the thin membrane

conical undercut mask in accordance with the principles of the present invention;
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at’ |l east one dielectric layer formed on a first surface of said substrate
to produce a |layered structure having a thickness of a first dinension,
said high energy radiati on beam incidention said dielectric |ayer; and

at | east one aperture in said |layered structure, said aperture extending
t hrough said substrate and said dielectric |ayer, said aperture having a
general |y conically undercut edge prd@Lﬁ@Wﬂtrlsubstantially vertica

sidewal | s f a.sec di nensj.on adj acept..to said first, surface said second
di mensi on be| ﬁgmégﬁglréﬁ?l“é lygﬂgggng %fﬁa%sd’uf‘ing?melﬁﬂﬁm on; and

I magi ng the rad| alt)sltrortletransmtted t hrough sai d mask

at least one dielectric layer formed on a first surface of said substrate to produce a
layered structure having a thickness of a first dimension; and

at least one aperture in said layered structure, said aperture extending through said
substrate, said aperture having a generally conically undercut edge profile with
substantially vertical sidewalls of a second dimension adjacent to said first surface, said
second dimension beiﬁg substantially less than said first dimension for providing a thin
object plane for said mask.
2. A mask as in claim 1 wherein said vertical sidewalls extend through said dielectric
layer and said first surface to a first predetermined depth in said substrate.
3. A mask as in claim 2 wherein said substrate includes a doped layer at said first
surface, said doped layer having a higher concentration of dopant impurities to said first
predetermined depth in said substrate than the substrate beneath said doped layer.
4, A mask as in claim 3 wherein said second dimension is in the range of
approximately between 3 and 4 micrometers.
5. A mask as in claim 1 having at least one tub-shaped recess formed in a second side
of said substrate opposite said first surface for forming a membrane of said substrate
material in the area of said recess, a plurality of said apertures forming a desired pattern
extending through said membrane into said recess, each said aperture having said .
generally conically undercut edge profile, said membrane having a predetermined
thickness, said second dimension being substantially less than said predetermined
thickness. |
6. A mask as in claim 5 wherein said substrate includes a doped layer at said first
surface, said doped layer having a higher concentration of dopant impurities than the

substrate beneath said doped layer, said dielectric layer overlying said doped layer.
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exiting said undercut aperture onto said target substrate.

- 29 - 31. A mask for use in |aser processing of target materials
conpri si ng: a substrate; 22 at least one dielectric

| ayer fornmed on a top surface

7. A mask as in claim 6 wherein each said aperture conically undercut edge profile
comprises said vertical side walls of said second dimension extending through said
dielectric layer and said doped layer, said doped layer being undercut a predetermined
amount forming a thin lip for said aperture at said first surface and generally outwardly
sloping sidewalls extending from said undercut doped layer to said recess.

8. A mask as in claim 7 wherein said predetermined thickness of said membrane is in
the range of approximately between 35 and 40 micrometers and said second dimension is
in the range of approximately between 3 and 4 micrometers.

9. A mask as in claim 7 wherein said substrate material comprises a crystalline silicon
wafer having a (100) crystallographic orientation.

10. A mask as in claim 9 wherein the plane of said sloping sidewalls parallels the (111)
crystallographic plane of said silicon substrate.

11. A mask as in claim 9 wherein said dopant impurity comprises boron.

12. A mask as in claim 1 wherein said substrate comprises a crystalline semiconductor
wafer.

13. A mask as in claim 1 wherein said dielectric layer comprises a pair of dielectric
materials, said layer comprising a coating of a first material and a coating of a second
material overlying said first material, the index of refraction of said second material
being higher than the index of refraction of said first material.

14. A mask as in claim 13 wherein said dielectric layer comprises a plurality of pairs
of said dielectric materials.

15. A mask as in claim 13 wherein said first material is selected from the group
consisting of silicon dioxide and magnesium fluoride, and said second material is
selected from the group consisting of hafnium oxide, scandium oxide, aluminum oxide
and thallium fluoride.

16. A method for fabricatiﬁg a mask for use with high energy radiation sources

comprising the steps of:
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of " said substrate to produce a |l ayered structure having a predeterm ned

t hi ckness, and at | east one aperture in said |layered structure,
said aperture extending through said |aygred structure. 32. A mask
as in claim31l having at |east one tub-shaped recess fornmed in a bottom
surface of said substrate opposite said top surface for formng a nenbrane
of sai d | ayer edosingcatua dirstnsurface ofr = planfir sebstratecs aloped dayed, sadbdopeé lapsrng
of said predeterm ned thickness, a plurality of said apertures defining a
desired patheging ahigherasongentration g dopant imputitiesrfe 4 finsbpredetarmined depth than the

substrate beneath said doped layer;

forming a first masking layer on said first surface and a second masking layer on a
second surface opposite said first surface of said substrate, said first masking layer
defining a desired mask pattern;

forming at least one aperture through said second masking layer exposing selected
portions of said second surface and etching said selected portions to form at least one
recess in said substrate to a second predetermined depth, the substrate material remaining
between said recess and said first surface forming a membrane;

etching said membrane through said first masking layer to form a plurality of
apértures in said desired mask pattern, said apertures extending through said membrane
into said recess;

anisotropic etching said membrane undercutting said heavily doped layer and
forming outwardly sloping aperture sidewalls extending from said undercut layer to said
recess defining a generally conical undercut edge profile for said apertures through said
membrane;

removing said first and second masking layers; and

applying at least one dielectric layer to said first surface.
17. The method of claim 16 wherein the step of forming a doped layer at said first
surface includes the step of forming a doped layer at said second surface of said
substrate.
18. The method of claim 16 wherein said substrate comprises crysta.lline silicon.
19. The method of claim 18 wherein said dopant material comprises .b'oron.
20. The method of claim 17 including the additional step of forming a doped layer on
the surfaces defining said recess at the completion of said anisotropic etching step.
21. The method of claim 16 wherein each said masking layer comprises a layer of
silicon dioxide. |
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each said aperture having generally vertical sidewalls. 33. A nmask
as in claim32 wherein said substrate includes a doped |ayer at said top
surface, said doped | ayer having a hi ghera4 concentration of dopant

i mpurities than the substrate beneath said doped |ayer, said dielectric

| ayer overl ai d doped |ayer. 34. A mask as in claim33 wherein
sai d nenbr gl?hg methed gﬁplglm@[jémqrqyémd step of forming each masking layer of silicon

dioxide comprises depositing a layer of silicon dioxide by chemical vapor deposition.
23. The method of claim 18 wherein the step of etching said membrane through said
first masking layer comprises anisotropic reactive ion etching to form said plurality of
apertures, said apertures having vertical side walls.
24. The method of claim 18 wherein the step of anisotropic etching of said membrane
comprises anisotropic wet etching in an alkaline solution.
25. The method of claim 24 wherein said alkaline solution comprises a 10-molar
solution of potassium hydroxide.
26. The method of claim 24 wherein the plane of said sloping aperture sidewalls is
parallel to the (111) crysta.llographlc plane of said silicon substrate.
27. A method as in claim 16 wherein said dielectric layer comprises a pair of dielectric
materials, said layer comprising a coating of a first material and a coating of a second
material overlying said first material, the index of refraction of said second material
being higher than the index of refraction of said first material.
28. A method as in claim 27 wherein said dielectric layer comprises a plurality of
layers of said pairs of dielectric materials.
29. A method as in claim 27 wherein said first material is selected from the group
consisting of silicon dioxide and magnesium fluoride, and said second material is
selected from the group consisting of hafnium oxide, scandium oxide, aluminum oxide
and thallium fluoride.
30. A method of laser processing a target substrate comprising the steps of:
" generating a high energy radiation beam; |

locating a transmission mask defining a desired processing pattern in front of said
target substrate, said high energy radiation beam incident on said transmission mask, said
mask comprising:

a substrate;
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- 30 - 35. A mask as in claim 34 wherein said nmenbrane has a
t hi ckness in the range of approximtely between 3 and 4 mcroneters.
36. A mask as in claim31 wherein said dpglectric |ayer conprises a pair of
dielectric materials, said |ayer conprising a coating of a first material
and a coating of a second material overlying said first material, the index
of refraction of leasti ahestielectric rtayee fomheden adiriti syhface dhsaid stisstiardxprotiuce a
refraction of said first material. _
layered structure having a thickness of a first dimension, said high energy radiation beam
incident on said dielectric layer; and
at least one aperture in said layered structure, said aperture extending through said
substrate and said dielectric layer, said aperture having a generally conically undercut
edge profile with subsfantially vertical sidewalls of a second dimension adjacent to said
first surface said second dimension being substantially less than said first dimension; and
imaging the radiation transmitted through said mask exiting said undercut aperture
onto said target substrate.
31. A mask for use in laser processing of target materials comprising:
a substrate;
a reflective coating including at least one layer of dielectric material having a high
reflectivity formed on a top surface of said substrate to produce a layered structure
having a predetermined thickness; and .
at least one aperture in said layered structure, said aperture extending through said
layered structure.
32. A mask for use in laser processing of target materials comprising:
a substrate;
at least one dielectric layer formed on a top surface of said substrate to produce a
layered structure having a predetermined thickness; and
at least one tub-shaped recess formed in a bottom surface of said substrate opposite
said top surface for forming a membrane of said layered structure in the area of said
recess, said membrane being of said predetermined mickness, a plwﬂity of apertures
formed in said membrane defining a desired pattern therein and extending through said
membrane into said recess, each aperture having generally vertical sidewalls.
33. A mask as in claim 32 wherein said substrate includes a doped layer at said top

surface, said doped layer having a higher concentration of dopant impurities than the

substrate beneath said doped layer, said dielectric layer overlying said doped layer.
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37. A mask as in claim36 wherein said dielectric |ayer conprises a
plurality of pairs of said dielectric materi al s.
11111111 [rr "1lec 1112 d 26

34. A mask as in claim 33 wherein said membrane includes said doped layer.

35. A mask as in claim 34 wherein said membrane has a thickness in the range of

approxin;ately between 3 and 4 micrometers.

36. A mask as in claim 32 wherein said dielectric layer comprises a pair of dielectric

materials, said layer comprising a coating of a first material formed on said top surface

and a coating of a second material overlying said first material, the index of refraction of
said second material being higher than the index of refraction of said first material.

37. A mask as in claim 36 wherein said dielectric layer comprises a plurality of pairs

of said dielectric materials.

38. A mask as in claim 31 wherein said layer of dielectric material comprises a. pair of

layers of dielectric material, said pair of layers comprising a layer of a first dielectric

material and a layer of a second dielectric material, said layer of second dielectric

material overlying said layer of first dielectric material, the index of refraction of said

second dielectric material being higher than the index of refraction of said first dielectric

material.

39. A mask as in claim 38 wherein said reflective coating comprises a plurality of pairs

of said layers of first and second dielectric materials.

* C L L} s *
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UNDERCUT MEMBRANE MASK FOR HIGH ENERGY PHOTON
PATTERNING

ABSTRACT

A mask for use with high energy radiation sources in precision projection
processing by excimer lasers, for example, is described. The mask (1) comprises a
suitable substrate (2), such as silicon, upon which a multilayer dielectric stack (7) is
formed which acts as a reflective coating for the impinging excimer laser radiation,
minimizing energy absorption by the mask substrate (2). The mask transparent areas
are defined by the through-holes (5) in the mask (1). The through-holes (5) are
formed with a conically undercut edge profile to define a thin object plane for the
mask (1) and minimize scattering of the radiation from the through-hole sidewalls. A

method for fabricating the mask is also described.

FIG. 2.
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