REPLA%NF SHEET Date: 19 MAR 1997 AN | MPROVED CONTACT HOLE -MASK=EOR:. . -—zoies
SEM CONDUCTOR FABRI 'CATI ON' BAGKGROUND OF THE | NVENTI ON (1) {FITELDS OF:: THE BEEN
I NVENTION The invention relates to an inproved process |at tudeREHu%%Ihlly
. dept h- of - €§86500§r01ec;|0n mask for form ng contact or vi
a phot oresi st maski ng

)
T
: 3
’
‘ .-”-

AN IMPROVED CONTACT HOLE MASK

FOR SEMICONDUCTOR FABRICATION

- BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION

Thg invention relates to an improved process
latitude, especially’depth—of—focus, projection mask for
forming contact or via hole openings in a photoresist masking
layer in the formation of semiconductor integrated circuits.
The improved process latitude mask uses an opaque blocking
area in the center of the primary opening in the projection
mask. The area of the opaque blocking area is no larger thaﬂ?
the area of the primary mask opening divided by nine and wiil ,
not form an pattern in the photoresist. The opaque blocking
area élters the light intensity at the photoresist and

improves the process latitude.
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Iayer ip the formati on of sem conductor integrated circuif d
process latitude mask uses an opaque bl ocking area in the déﬁ$eﬂ‘éf Halrenry
primary opgnlng n the projection mask. The area of the dpaque ffRdEKizng -
area is no §3ngp9than the area of the primary mask openin VT aed—by=nine- -
and will not forman pattern in the photoresist. The opaque bl ocking area

al ters the ) oftbobREBRPbAYOR! rhlonBRRE gRE! 2nd 1 TPTOVes the process
~ For high resolution applications the process

latitude of conventional projection masks for forming contact
or via hole openings in photoresist is limited and often will
not be sufficient to accommodate the surface variations of
the semiconductor wafer being manufactured. There have been
attempts to improve process latitude with smail enlargements
at the corners of a square primary opening in a projection
mask. This invention uses an opaque blocking area in the

center of the primary opening of the projection mask.
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REPLACEMENT SHEET -2 - 1 9 MAR 1997
DAL € . et (2) DESCRI PTI ON OF THE

hi gh resol ution applications the process |atitude of conve 3
proj ecti orc3eBk0F or form ng contact or via hole openings in photoreS|§T"1S“”
limted and often will

SUMMARY OF THE INVENTION

It is a principle object of this invention to
provide a mask with an improved process latitude for forming
submicron contact or via holes in semiconductor integrated

circuits.

It is a further object of this invention to
' provide a method of forming submicron contact or via holes in
semiconductor integrated circuits using a mask with an

improved process latitude.

These objectives are achieved by modification
of the mask used to form the contact hole image on the
photoresist layer which will becbme the contact hole mask.
An opaque:blocking pattern is formed in the primary opening
of the masi to form a modified mask, called a dot mask. The
area of the opaque blocking pattern is no larger than the

area of the primary opening divided by nine.

The conventional mask for forming contact or
via holes is shown in Fig. 1A and Fig. 1B comprising a square
transparent opening 30 in a layer of opague material 32.
Light 50 passing through the transparent opening is focused
on a layer of photoresist 22 formed on a semiconductor

integrated circuit substrate 20, shown in Fig. 1C, having
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not be sufficient to accomopdate the surface variations of t NP

sefii conduct or waf er being manufactured. There have been att enHis $iggi-npr Ove™ -
process latitude with small enlargenents at the corners of squapreppL PRIy -
openi ng i 2PHT Y %ction mask. This invention uses an opaque : res
in the center of the primary opening of the projection nmask.

devices and other features, not shown here, formed therein.
Fig. 2 shows a computer simulation of the relative intensity
the light with a wavelength of 0.365 microns passing through
a primary opening of 0.6 microns by 0.6 microns at a defocus
distance of -1.3499 microns. The relative intensity is the
‘ratio of the light intensity at the nominal focus distance of
the photoresist layer to the light intensity available at the
. source. The relative intensity has a large variation of
0.28 or 28% from the center of the primary opening 71 to the
edges of the primary opening 72. This large relative

intensity variation results in a low depth-of-focus.

Fig. 3A and Fig. 3B show the problems
which can occur using the conventional mask in forming the
contact or via hole opening in the photoresist layer 22. The
contact or via hole may not be completely formed, as shown in
Fig. 3A, or may have too large an aspect ratio, as shown in

Fig. 3B.

In this invention a small opague blocking
pattern, having an area equal to or less than the area of the
primary opening, is placed at the center of the prima;y
opening, as shown in Fig. 4A and Fig. 4B. The opaqie
blocking pattern is small enough that it will not be formed
in the final image at the photdresist but it will shape the

intensity profile to reduce the variation in the intensity
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REPLACEMENT SHEET -3 - Date: 19 MAR 1997 &M ¥$€F%THEvﬂﬂ;ﬂ
I'NVENTION It is a principle object of this invention to proV| d&!@ShaEk-bt:h ™
an inproved process latitude for form ng subm cron contact vi a Hd'és '
seniconduc?%$3Tﬂ9%grated circuits. It is a further object of this invention -
to provide a nethod of form ng subm cron contact or via holes in

from the center to the edges of the primary opening. The
effect of the dot mask on the intensity profile can be seen
in Fig. 5B. The intensity of the light passing through the
dot mask 63 is the sum of the intensity of the light passing
on either side of the opaque blocking pattern 61 and 62.

Fig. 6 shows a computer simulation of the relative intensity
light with a wavelength of 0.365 microns passing through the
transparent area of a dot mask, having a primary opening of
0.6 microns by 0.6 microns and an opaque blocking pattern of
0.16 microns by 0.16 microns, at the nominal focus distance
of the photoresist layer. The relative intensity is the
ratio of the light intensity at the nominal focus distance of
the photoresist layer to the light iﬁtensity available at the
source. The relative intensity has a variation of 0.16 or
16% from the center of the primary opening 71 to the edges of
the primary opening 72. This reduced relative intensity

variation results in an increased depth-of-focus.
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sen{donchtor Integrated circuits using a mask with an inpro
mas Reps REeHO
-he:

I'ati tude. These objectives are achi eved by nodification of tl
formthe %%gigé&;ole i mage on the photoresist |ayer which w
contact ho > An opaque bl ocking pattern is formed in the primary

opening of the mask to forma nodified mask, called-a dot nmask. The area of

t he opaque bl ocki ng pat tﬁ{fkﬂ‘ %ﬁ@cﬁfﬁ@f&f&?%ﬁﬁ%ﬂﬁﬂq@é the primary

openi ng di vi ded by ni ne.
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" Fig. 1A shows a top view of a conventional
mask for forming contact or via holes in semiconductor

integrated circuits.

FPig. 1B shows a cross section view of a
conventional mask for forming contact or via holes in

semiconductor integrated circuits.

Fig. 1C shows a cross section view of a
semiconductor integrated circuit substrate with a layer of

photoresist formed on the substrate surface.

FPig. 2 shows the results of a computer
simulation of the intensity of light passing through a

conventional mask.

Fig. 3A shows a cross section view of a
contact or via hole opening incompletely formed in a layer of

photoresist with a conventional mask.

Fig. 3B shows a cross section view of a

contact or via hole opening with too large an aspect ratio

formed in a layer of photoresiét with a conventional mask.
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The, conyentional mask for form ng contact or via holes is
and Fig. 1B conprising a square transparent opening 30 in

material 32. Light 50 passing through the transparent open
a layer of€ %%T89%3|st 22 fornmed on a seniconductor integrated

Substrate 20 shown in Fig. 1C, having
Pig. 4A shows a top view of a dot mask of this

invention for forming contact or via holes in semiconductor

integrated circuits.

Pig. 4B shows a cross section view of a dot
mask of this invention for forming contact or via holes in

semiconductor integrated circuits.

Fig. 5A shows a cross section view of light
passing through a dot mask of this invention onto a layer of

photoresist.

Fig. 5B shows the intensity profile at the
photoresist layer of light passing through the dot mask of

this invention.

Fig. 6 shows the results of a computer
simulation of the intensity of light passing through a dot

. mask of this invention.

Fig. 7 shows a cross section view of a contact
or via hole opening formed in a layer of photoresist using

the dot mask of this invention.

as Been Re laced

i\\\\\\\\\\\\\\\\\\\l\\ 7



REPLACEMENT SHEET Date : 19 MAR 1997 -4 devices and other features, not

shdwn here, formed therein. Fig. 2 shows a conputer sinul T{@Qn% ;gﬁ c mepn N
relative intensity the light with a wavel ength of 0.365 o 21 Siﬁﬁg - {
t hr ough a g&93r10P opening of 0.6 microns by 0.6 mnicrons Jous = _
di stance of -1.3499 mcrons. The relative intensity is the ratio of the

light intensity at the nom nal_ focus distance, of
J Y Fig. 8 shows a top view of a dot mask of this

invention with a rectangular pattern.

Fig. 9 shows a top view of a dot mask of this

invention with a diamond or parallelogram pattern.
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the photoresist layer to the light intensity available at the.source. .The
relative intensity has a large variation of 0.28 or 28%fro lthe anLeF“dT**f—7i
the primary opening 71 to the edges of the primary opening 7 Th¢ 1, BEEN
relative i@3ens009 variation results in a | ow depth-of- focus--E&g;£3A;and"_~
Fig. 3B show the problems which can occur using the conventional mask in -
formng the contact or via hole opening in-the photoresist |ayer 22. The

contact or via hol e nayPERRRERTEQN IRt RRYFERRER EMBRDEMENES i n

" Refer now to Fig. 4A through Fig. 7, There is
shown a principle embodiment of the dot mask for forming
an improved depth~of-focus image, such as for a contact or
via hole opening. The mask will be used to form a contact
hole opening in a photoresist masking layer using light
projected through the transparent areas of the mask. The
linear dimensions of the mask will be reduced fivé times as
the image is focused on the layer of photoresist. Fig. 4A
shows a top view of the dot mask showing the primary opening
of the mask 30, formed in the layer of opague mask material
32, and the opaque blocking pattern 34. Fig. 4B shows a
cross section view of the dot mask. The substrate 30 is a
transparent material such as gquartz. The layer of opadgue
material 32 and the opaque blocking pattern 34 are formed in
an opagque material such as chrome. In this embodiment the
primary opening of the mask 30 is a square having sidés 41,
42 of between about 0.6 microns and 0.8 microns and the
opaque blocking pattern 34 is also a square having sides 43,
44 of betweén about 0.16 microns and 0.2 microns.. The center
of the opaque blocking pattern 34 is located at the cgnter of
the primary opening 30 and the sides of the opaque blocking
pattern 34 are paralle1 to the nearest sides of fhe primary
' opening 30. The spaces 46, 47 48, and 49 between the edges

of the opague blocking pattern 34 and the primary opening 30

/
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Fig. 3A, or may have too |large an aspect ratio, as shown. 3B.

| In
this invention a small opaque bl ocking pattern, having ﬁqgaHng f:f“7
| ess than the: area of the prinary opening, is placed at it he cent; HaR

primary ope®?3G00%s shown in Fig. 4A and Fig. 4B. The opmgue=h ""“;Qﬂﬁi
pattern is small enough that it will not be formed in the final image at
t he photor |st bq%¥t wi Il shape the intensity profile to reduce the

vari ation ? Hetgy-

' Fig. 5A shows a cross section of the dot mask
being used to form a contact hole opening in the payer of
photoresist 22 formed on the semiconductor substrate 20
undergoing the fabrication process. Devices and other
features formed in the semiconductor substrate are not shown.
Light 50, with a wavelength such as .365 microns, is directed
toward the dot mask passing through the transparent areas of
the primary opening 30. The light passing through the dot
mask 51, 52 is focﬁsed on the layer of photoresist 22 so that
linear dimensions in the dot mask are reduced five times at
the surface of the photoresist. Fig. 5B shows the intensity
of the light at the photoresist passing through the
transparent area of the dot mask 51, 52. Fig. 5B shows the
intensity profiles 61, 62 of the light passing througﬁ '
separate sections of the transparent area of the primary
opening, however the total light intensity 63 or the sum of
the intensity profiles 61 and 62 of the light passing through
separate sections of the transparent area of the dot mask 51
and 52 is the light intensity actually reaching the
photoresist 22. Computer simulations show that the total
“intensity within the boundaries of the primary opening is
more uniform than for the case of a primary opening with no
opaque blocking area thereby providing an improved depth-~of-

focus.

Ths Sheet Has Been Re 10

(A flll



REPLACEMVENTSHEET Date :19 MAR 1997 -5- fromthe center fe-the_edges of
the primary opening. The effect of the dot mask on the inte SFFYS$NiﬁﬂM@gBEH\;
can be seegsln Flg 5B. The intensity of the Ilght passi ng ghroughab 1€y v
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Fig. 6 shows the results of a computer
simulation of the relative intensity at the nominal focus
distance of the photoresist layer of light with a wavelength
of 0.365 microns passing through a dot mask with a primary
opening of 0.6 by 0.6 microns and an opaque blocking pattern
of 0.16 by 0.16 microns. The relative intensity is the ratio
of the simulated intensity to the intensity available at the
light source. The relative intensity variation from the
center of the primary opening 71 to the edges of the primary
opening 72 is 0.16 or 163% compared to 0.28 or 28% for the
simulation results of a primary opening of 0.6 by 0.6 microns
with no opagque blocking area, a wavelength of 0.365 microns,
and the nominal focus distance of the photoresist layer shown

- in Fig. 2. This decrease in relative intensity variation
over the region of the primary opening results in improved
procell latitude. Fig. 7. shows the resulting contact hole
opening in the photoresist mask. The angle between the
¢ontact'hole-opening edge and a line perpendicular to the

- surface of the substrate is between 80° and 90°.

Fig. é shows another embodiment of the dot
mask for forming an improved depth-of-focus image, such as a
contact or via hole opening. In this eﬁbodiment the primary
opening 30 and the opaque blocking pattern 34 are

‘rectangles. The longer sides of the opaque blocking pattern

—_—
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dot mask 63 is the sumof the intensity of the light passing ; _Si
of the opaque bl ocking pattern 61 and 62. Fig. 6 shows a co n
sinmulation of the relative intensity light with a wavel engt
m crons pds2IHPLU%hrough the transparent area of a dot mask, havi
primary opening of 0.6 mcrons by 0.6 mcrons and an opaque bl ocki ng
pattern of 0.16 mcrons by 0.16 nicron%%ﬁgt the nom pal focus di stance of

t he phot or¥§ Rayaliel & the lonqer $ideR QL Fhe (RRipagy PRFNINE- | | e

ntensi ty glothe M8l of O5s S48 Slxing pattern are parallel to

the shorter sides of the primary opening. The opaque
blocking pattern is centered in the primary opening so that
the spaces between the longer sides of the opaque blocking
pattern and the longer sides of the primary opening are
nearly equal and the spaces between the shorter sides of the
opaque blocking pattern and the shorter sides of the primary

opening are nearly equal.

Pig. 9 shows another embodiment of the dot
mask for forming an improved depth-of-focus image, such as a
contact or via hole opening. In this embodiment the primarj
opening'30 and the opague blocking pattern 34 are
parallelograms or &iamond shaped. The opaque blocking

pattern 34 is centered in the primary opening 30.

-Refer now to Fig. 4A through Fig. 7, There is
shown a principle embodiment of a method of forming an
improved depth-of~focus image, such as for a contact or via
hole opening, using a dot mask. The dot mask is shown in
Fig. 4A and Fig. 4B. Pig. 4A shows a top view of the dot
mask showing the primary openiﬁg of the mask 30, formed in
the layer of opaque mask material 32, and the opaque blocking
pattern 34. Fig. 4B shows a cross section view of the dot

mask. The substrate 30 is a transparent material such as

_—
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t he photoresist layer to the light intensity available at =
rel.ative intensity has a variation of 0.16 or 16% fromth JU#iSHngHh

primary opening 71 to the edges of the primary opening 72. ThL§RE@dH§§,%EEN;f

relative | ®823sPP9 variation results in an increased depth-o - T oS e
REPLACENMENT SHEET

quartz. The layer of opaque material 32 and the opaque
blocking pattern 34 are formed in an opaque material such as
chrome. The primary opening of the mask 36 is a square
having sides 41, 42 of between about 0.6 microns and 0.8
microns and the opaque blocking pattern 34 is also a square
having sides 43, 44 of between about 0.16 microns and 0.2
microns. The center of the opaque blocking pattern 34 is
located at the center of the primary opening 30 and the sides
of the opaque blocking pattern.34 are parallel to the nearest
sides of the primary opening 30. The spaces 46, 47 48, and
49 between the edges of the opaque blocking pattern 34 and

the primary opening 30 are nearly equal.

As shown in Fig. 5A, light, such as light with
a 0.365 micron wavelength, is projected through the primary
opening 30 of the dot mask onto the photoresist layer 22
formed on the semiconductor substrate 20. The semiconductor
substrate 20 has devices and other features formed therein
which are not shown here. The light projected onto the
photoresist layer Wiliﬁform an opening in the photoresist
layer which will then become the mask for forming the contact
hole or via opening in the semiconductor substrate. The
light passing through the dot mask 51, 52 is focused on the
layer of photoresist 22 so that linear dimensions in the dot
mask are reduced five times at the surface of the

photoresist.

e 13
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top view of a conventional mask for form ng contact or via jhGHESSHAET HAS B3EEN 1
sem conductor_ integrated circuits. Fig. | B shows a cross s%ptionﬂﬁﬂywcab a h
convent i o223 for forming contact or via holes in seni conguctol

integrated circuits.

Fig. 5B shows the intensity of the light at
the photoresiét passing through the transparent area of the
dot mask 51, 52. Fig. 5B shows the intensity profiles 61, 62
of the light passing through separate sections of the
transparent area of the primary opening, however the total
light intensity 63 or the sum of the intensity profiles 61
and 62 of the light passing through separate sections of the
transparent area of the dot mask 51 and 52 is the light
intensity actually reaching the photoresist 22. Fig. 6 shows
a computer simulation of the relative light intensity of
light with a wavelength of 0.365 microns projected through a
dot mask with a primary opening of 0.6 by 0.6 microns and an
opaque blocking pattern of 0.16 by 0.16 microns at the
nominal focus distance of the photoresist layer. The
relative light intensity is the ratio of the intensity at the
nominal focus distance of the photoresist layer to the light

intensity available at the source.

As shown in Fig. 6 the relative intensity
variation from the cenfer of the primary opening 71 to the
edges of the primary opening 72 is 0.16 or 16%'compar§d to
0.28 or 28% for the simulation results of a primary opening
of 0.6 by 0.6 microns with no opagque blocking area, a
wavelength of 0.365 microns, and a defocus distance of -

1.3499 microns shown in Fig. 2. This decrease in relative

T 14
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Flg 1C shows a cross see%ron—vréﬁfﬁT—§'§’n1conductor I Nff ed T cutt
substrate with a layer of photoresist formed on the subsjriat@ %%ﬁéj@ BEEN. ”
isity i o a1

2 shows th s of a conputer simulation of the inte
passi ng thﬁﬁégﬁgéé

conventional mask. Fig. 3A shows a cross section Vi 6W of

a contact or via hole opening inconpletely formed in a | ayer of photoresist
with a conyention nmask.
S n51€y varlatlon over the region of the primary opening

results in improved depth-of-focus. Fig. 7. shows the
resulting contact hole opening in the photoresist mask. The
angle between the contact hole opening edge and a line
perpendicular to the surface of the substrate is between 80°

and 90°.

While the invention has been particularly
shown ahd described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:

This Sheet Has Been Replaced 15
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Fig. 3B, shows a cross se w of a contact or via hgoke—epening: mnth
too | arge an aspect rati Q@ﬁﬁﬂj’ M r of photoresis} Twig BHBET- - .
conventi onal mask. REPL* mﬁte 19 MAR 1997 Fig. i4A’$sk1®WS a
top view ofS330892nask of this $oox L

1. A dot mask for forming improved process latitude images,
comprising:

a transpérent substfate;

a patterned opaque layer formed on said transparent
substrate;

a primary opening formed in said patterned opaque layer;
and

an opaque blocking pattern formed in said patterned

opaque layer on said transparent substrate and within said

primary opening.

2. The dot mask of claim 1 Whereih the area of said blocking
pattern is equal to or less than the area of said primary

opening divided by nine.

3. The dot mask of claim 1 wherein said primary opening and

said blocking pattern are squares.

4. The dot mask of claim 3 wherein said primafy opening and
said blocking pattern have a common center and the sides of
said blocking pattern are parallel to the sides of said

primary opening.

e
16
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|nvent|on for formng contact or via holes I n sem condu t rated
circuits. Fig. 4B shows jlﬂmi Lew of a dot %

i nvention for formng co Eﬂﬂuimmﬂmu in sem condu eg?*&‘t ed
circuits. -8 shows a “crdsstsettibn *view of Iight passing throtgh a dot

mask of this |nvent|on onto a layer of photoresist. Fig. 5B shows the

I.ntensit ro |Ie th
y g %he do mask of claim 3 wherein the sides of sald primary

opening are between about 0.6 microns and 0.8 microns and the
sides of said blocking pattern are between about 0.16 and

0.2 microns.

6. The dot mask of claim 3 wherein the sides of said primary
opening are between about 0.4 and 0.5 microns and the sides

of said blocking pattern are about 0.1 microns.

7. The dot mask of claim 1 wherein said primary opening and

said blocking pattern are rectangles.

8. The dot mask of claim 1 wherein said primary opening and

said blocking pattern are parallelograms.

9. The dot mask of claim 1 wherein said transparent substrate

is quartz.

10. The dot mask of claim 1 wherein said patterned opaque

layer is chrome.

11. A method of forming improved process latitude images,
comprising the steps of:

providing a dot mask coﬁprised of a patterned opaque
layer formed on a transparent substrate, a primary opening

formed in said patterned opague layer, and an opaque blocking

T 17
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photore5|st | ayer of |ight pa h the dot mask of this invention.

Fi g. 6 shows the results of aiﬂnm (IE ﬂm“m, on of the intensi ft"""'-‘-’-ﬁ-f—‘;l; i ght™ -
passi ng thé§#9~ ﬁgdot mask of Fig. 7 shows & &rdss'@ddction ™
view of a adt%or via hole openi ng formed’in a Iayer of photorésls%u_, _
usi ng the dot mask of this invention. A R

pattern formed in said patterned opaque layer on said

transparent substrate and within said primary opening;
projecting light through the transparent areas of said
dot mask onto a layer of photosensitive material;
focusing said light on said layer of photosensitive
material so that linear dimensions on said dot mask are
reduced five times on said layer of photosensitive material;

and

developing said layer photosensitive material.

12. The method of claim 11 wherein the area of said blocking
pattern is equal to or less than the area of said primary

opening divided by nine.

13. The method of claim 11 wherein said primary opening and

said blocking pattern are squares.

14. The method of claim 13 wherein said primary opening and
said blocking pattern have a common center and the sides of
saild blocking pattern are parallel toc the sides of said

primary opening.

15. The method of claim 13 wherein the sides of said primary
opening are between about 0.6 microns and 0.8 microns and the

. sides of said blocking pattern are between about 0.16 and

0.2 microns.

This Sheet Has Been Re laced 18




REPLACEMENT SHEET 19 MAR 1997 Date: 8 shows a top vi ew of a dot
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16. The method of claim 13 wherein the sides of said primary

opening are between about 0.4 and 0.5 microns and the sides

of said blocking pattern are about 0.1 microns.

17. The method of claim 11 wherein said primary opening and

said blocking pattern are rectangles.

18. The method of claim 11 wherein said primary opening and

said blocking pattern are parallelograms.

19. The method of claim 11 wherein said transparent substrate

is quartz.

20. The method of claim 11 wherein said patterned opaque

layer is chrone.

21. The method of claim 11 wherein said layer of

photosensitive material is a layer of photoresist.

22. The method of claim 11 wherein said light has a

wavelength of about 0.635 microns.

19
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i nveritipn with a di amond or paral | el ogram pattern. REPLACEMENT  SHEET
Date: 19 MAR 1997 DESCRI PTI ON OF PREFERRED EMBODI MENTS Ref er _pow.to Eig—~4A=——:~
t hr ough Flg 7, There is shown a pr|n0|ple enbodlnent of thT-ﬁgbcﬁﬁ$kyhayBEEN “

form ng -CS93-009 REPLACED

ABSTRACT OF THE DISCLOSURE

This invention provides an improved process
latitude mask for forming contact or via hole openings in a
photoresist masking layer in the fabrication of semiconductor
integrated circuits. The invention also provides a method of
forming contact or via hole openings in a photoresist masking
layer using an improved process latitude mask. The improved
process latitude mask, called a dot maék} uses an opague
blocking area formed in the center of the primary opening in
a projection mask for forming contact oi via hole openings in
a photoresist layer. The opagque blocking area is equal to or
less than the area of the primary opening divided by nine.
The opaque blocking area is small enough so that it will not
form an image in the photoresist layer. .The opaque blocking
area modifies the light intensity profile at the photoresist

layer in a manner which improves process latitude.

—_—
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an_,m)__oie.d__dep{—href——f“ocus i mage, QL/Z as for a contact or via hole

Fr—R=a= o
THENSHBFBEAAS BEEN

E_r ed REBHUACEDe

top vi ew of the dot mask showi ng the primary opening of the mask 30,  fornmed

in'the | ayer of opaque mask material 32, and the opaque bl ocking pattern
34. Fig. 4B shows a

openi n The Wida!l be used to forma contact hol e openi
phot By & P I"ayer using light projected through th
ar eas \ B trhe | i near di nensions of the mask w ||
times i s focused on the layer of photoresist.

FIG. 14 Prior Art
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FIG. 1B Prior Art
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cr.oss section view of the dot rrask.24r-17e substrate 30 is a trewmsar:&&rm.
mat eThis$hea Had B/ R dz. The layer of opaque material 32 and |t iEIORaERTHAS . -« ;
bl ocki are formed in an opaque material such asilchr onBEFLACED ‘
this Lprinary openi ng of the mask 30 is a square havirag=stdes— . -
41, 42 0o e out 0.6 mcrons and 0.8 mcrons and the opaque bl ocking
pattern 34 is also a square having sides 43, 44 of between about 0.16

m crons and 0.2 mcrons. The center of the opaque bl ocking pattern 34 is
| ocated at the center of

SIMULATION OF RELATIVE INTENSITY
‘AT PHOTORESIST USING MASK WITH

0.60 x 0.60 MICRON OPENING

NENEREENERRE R ENEREENE
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FIG. 2 Prior Art



paral |l cedi des of the primary opening 30. The spaces 46, 47
48, and 4 edges of the opaque bl ocking pattern 34 and the
EPLACEMENT SHEET Date : 19 MAR . 1997

- t.he pri W%hgﬁﬁnfﬁ’w and t he si aseé of the opaque bl ocking pattern 34 are
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FIG. 3B Prior Art




- *10 a_QJmauJ%#4xﬁﬁ&——F%g 5A shoW%/§7cross section of the dot mask belng

used to fo m, ﬂ&gmgple opening in the payer of photoresist 22 forned

on the bstrate 20 undergoing the fabrication[fFocess— =~
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the pttrary—epening—36—The |i ght Eﬁ}é?i ng through the dot magk 51, 52 is

f oCuses,;oq, of, photoresist 22 so that linear di mensjqns. 11
nmask ar.emme i 8 ﬁgkm?%nes at the surface of the photoresi§~§ﬁ vk
shows t}ﬂm Em L:the i ght at the photoresist passing; ,
transpa : e dot mask 51, 52. Fig. 5B shows the intensity

profiles 61, 62 of the |ight passing through separate sections of the
transparent area of the primary opening, howevér the total light intensity
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t he intﬁ]ri\s j, t rofiles 61 and 62 oﬁl{ze | i ght passing through separate
séctions o e li

i nt ensi t}@@ ﬁ{ﬁ

t hat the!

_ ent area of the dot mask 51 and 52 is_th ght
' hi ng the photoresist 22. Conputer sinuﬁafhgﬂ§4 iﬁ@i?g;;?
y within the boundaries of the prinmary openiﬁgPL&CRD
.more uniformthan for the case of a prinmary opening with no o e
area thereby providing an inproved depth-of- focus.
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opg;;”“fb;‘O.G by 0.6 m crons and an opaque bl ocking pattern.of 0.16 by
0.6 microns. The relative intensity is the ratio of the sinulated

intensity to the intensity available at the |ight source Lati
intensity variation fromthe center of the prinmary open QQEIJ dgyg,hesﬁglgps
of .the primary opening 72 is 0.16 or 16% conpared to 0. #8 or % for the

sinulation results of a primary openi ng—&f-0.6 by 0.6 ”WC¢JQ§ﬂm$§EAR%931~
opaque bl ocki ng area, a wavel ength of 0.365 mcrons, an pofA-Ba—toet
di stance of the photoresist |ayer shown

-

AN IMPROVED CONTACT HOLE MASK

FOR SEMICONDUCTOR FABRICATION

BACKGROUND OF THE INVENTION

—- T

(1) FIELD OF THE INVENTION

“The invention relates to ah improved process
‘latitude, especially depth-of-focus, projection mask for
fdrming contact or via hole openings in a photoresist masking
layer in the formation of semiconductor inﬁégrated circuits.
The improved-prbcess latitude mask uses an opaque blocking
area in.the_center of the primary opening in the projection
mask. The area of the opague blocking area is no larger than
the area of the primary mask opening divided by nine and will
not form an pattern in the photﬁresist. The opaque blocking
area alters the light intqgsity at the photoresist and.

improves the process latitude.




i n_ F|g 2 This decrease in relative Intensity variation over the region of

the*prlnary opening results in inproved procell latitude. Fig. 7. shows the
resulting contact hole opening in the photoresist nmask. Th g‘ﬁ“‘f—‘e b&% I\ py—

the contact hol e opening edge and a |ine perpendicular to t, 1997
the substrate is between 80 and [err] Eig.- 8 shows anot her gnbodi nent R

the dot f ' d_dey f-f presseeeeerees s
contact or (4] hSrEIBEIIN G FRE KECATRBOHRRent the pri nary

~ For high resolution applications the process
latitude of conventional projection masks for forming contact
or via hole openings in photoresist is limited and often will
not be sufficient to accommodate the surface variations of

the semiconductor wafer being manufactured. There have been
attempts to improve process latitude with smali enlargements
at the corners of a square primary opening in a.projection
mask. This invention uses an opague blocking area in the e

center of the primary opening of the projection mask.



opening 30 and t he opaque bl ocking pattern 34 are rectangles. The |onger
sixles 6f the opaque bl ocking pattern REPLACEMENT SHEET Dat ep=9—MARA090Z -

- 12 - are parallel to the |onger sides of the primry opening P ACEMENT SHEE?

-3 - N UEaR LM

SUMMARY OF THE INVENTION

It is a principle object of this invention to
provide a mask with an improved process latitude for forming
submicron contact or via holes in semiconductor integrated

circuits.

It is a further object of this invention to
provide a method of forming submicron contact or via holes in
semiconductor integrated circuits using a mask with an

improved process latitude.

These objectives are achieved by médification
iof the mask used to form the contact hole image on the
photoresist layer which wili become the contact hole mask.
An opague blocking pattern is formed in the primarj opening
of the mask to form a modified mask, called a dot mask. The
area of the opaque blocking pattern is no larger than the

area of the primary opening divided by nine.

The conventional mask for forming contact or
Via holes.is shown in Fig. 1A and Fig. 1B comprising a square
transparent opening 30 in a layer of opaque material 32.
Light 50 passing through the_transparent opening is focused
on a layer of photoresist 22 formed on a sémiconductor

integrated circuit substrate 20, shown in Fig. 1C, having



si‘des of the prinmary opening. The opaque bl ocking pattern i8S _gGefferetri——
the primary opening so that the spaces between the |onger @jﬁﬁéEEFEMﬁ@TSHEET
opaque bl ocking pattern and the |onger sides of the primary Bfenin rﬁ 1997
nearly equal and the spaces between the. ghorter sides of tﬁgwgﬁﬁggm"f~ AR I
bl ocking pattern and the shorter sides—of—the prinmary opening are néarty
equal . Fi g‘fe“@-%?ﬁ)\ﬁé"%rﬂﬁhfé? fepforentnet shewnidiere, formed therein. _

Fig. 2 shows a computer simulation of the relative intensity

short'er sides of the opaque blocking pattern are parallel to the shorter

S ——————— |

the light with a wavelength of 0.365 microns passing through
a primary opening of 0.6 microns by 0.6 microns at a defocus
distance of -1.3499 microns. The relative intensity is the
ratio of the light intensity at the nominal focus distance of
the photoresist layer to the light intensity available at the
source. The relative intensity has a large variation of
0.28 or 28% from the center of the primary opening 71 to the
edges Qﬁuthe.primary opening 72. This large relative

intensity variation results in a low depth—of-focus.

Fig. 3A and Fig. 53 show the problems
‘which can occur using the conventional mask in forming the
contact or via hole opening in the photoresist layer 22. The
contact or via hole may not be completely formed, as shown in
Fig. 3A, or may have too large an aspect ratio, as shown in

Fig. 3B.

In this invention a small opaque blocking
pattern, having an area egual to or less than the area of the
primary opening, is placed at the.center of the primary
opening, aé shown in Fig. 4A and Fig. 4B. The opaque
blocking pattern is small enough that it will not be formed

in the final image at the photoresist but, it will shape the

intensity profile to reduce the variation in the intensity



mask for formng an inproved depth-of-focus i nage, such as a f-_F&§F=GF=¢=a====
hol e opening. In this enmbodi ment the primry opening 30 and th&EFbAGEMENT SHEET
bl ocking pattern 34 are parall el ograns or dianond shaped. Th [ aque

bl ocki ng pattern 34 is centered in the primary opening 30. Re wavtcBuMAR"E97
Fig. 4A through Fig. 7, There is shown a gcinciple enbodi ment of _a Nethot—

of formn roved dept h-of -focus image, such as for a_,contact or via
hol e opengﬁif gﬁ QLERY Faskhe TRIeSt OFpske | RTLRRTN PRening. The

effect of the dot mask on the intensity profile can be seen

in Fig. 5B. The intensity of the light passing through the
dot mask 63 is the sum of the intensity of the light passing
on either side of the opaque blocking pattern 61 and 62.

Fié. 6 shows a computer simulation of the relati&e intensity
light with a wavelength of 0.365 microns passing through the
transparent area of a dot mask, having a primafy opening of
0.6 microns by 0.6 microns and an opaque blocking pattern of
0.16 microns by 0.16 microns, at the nominal focus distance = -
of the photoresist layer. The relative intensity is the
Iratio of the light intenéity at the nominal focus distance of
the photoresist layer to the light intensity available at the
'source. The relative intensity has a wvariation of 0.16 or
16% from the center of the primary opening 71 to the edges of
the primary opening 72. This reduced relative intensity

variation results in an increased depth-of-focus.



Fig. 4A and Fig. 4B. Fig. 4A shows a top view of the dot nmask—Shsw=
prlnary opening of the mask 30, fornmed in the |ayer of opaq eRﬁﬁbkCﬂuEﬁTBﬁbET
32, and the opaque bl ocking pattern 34. Fig. 4B shows a cro s sect
of the dot mask. The substrate 30 is a transparent nater|a| ......................

REPLACEMENT SHEET -6 -
BRIEF DESCRIPTION OF THE DRAWINGS

' Fig. 1A shows a top view of a conventional
mask for forming contact or via holes in semiconductor

integrated circuits.

Fig. 1B shows a cross section view of a
conventional mask for forming contact or via holes in

semiconductor integrated circuits.

Fig. 1C shows a cross section view of a
semiconductor integrated circuit substrate with a layer of

photoresist formed on the substrate surface.

Fig. 2 shows the results of a computer
simulation of the intensity of light passing through a

conventional mask.

Fig. 3A shows a cross section view of a
9ontact or via hole opening incompletely formed in a layer of

photoresist with a conventional mask.

Fig. 3B shows a cross section view of a

contact or via hole opening with too large an aspéct ratio

formed in a layer of photoresist with a conventional mask.



-. 13 - Date: 19 MAR 1997 quartz. The |ayer of opague naterial

32 andit he opaque bl ocking pattern 34 are formed in an opaqUE' E§¥%€+SQ%€P
as chronme. The primary opening of the nmask 30 is a square RER “ues )

42 of between about 0.6 microns and 0.8 microns and the opaaue bi3f$ﬁﬁgﬁﬂl"

pattern 34 is also a square having SIdES743 44 of between ZHBut

mcrons and 0.2 m crons ;F".E% cc—;ﬁt &he ngggu:ng’lfo%kl __fs erorl= ?{_iiiss

| ocated at the center I mary open
invention for forming contact or via holes in semiconductor

integrated circuits.

Fig. 4B.shows a cross section view of a dot
mask of this invention for forming contact or via holes in

semiconductor integrated circuits.

Fig. 5A shows a cross section view of light
passingﬁgproqgh a dot mask of this invention onto a layer of

photoresist.

_ Fig. 5B shows the intensity profile at the
‘Photoresist layer of light passing through the dot mask of

this invention.

Fig. 6 éhows the results of a computer
simulation of the intensity of light passing through a dot

mask of this invention.

Fig. 7 shows a cross section view of a contact
or via hole opening formed in a layer of photoresist using

the dot mask of this invention.



of the opaque bl ocking pattern 34 are parallel to the near _ :
primary opening 30. The spaces 46, 47 48, and 49 between [t REPEACERENT SHEET
opaque bl ocking pattern 34 and the prinmary opening 30 areljnearly ﬁm m7
shown in Fig. 5A Ilight, such as light with a 0.365 mcro Meléﬁgqlgﬂs ,,,,,
projected through the primary opening 30 of the dot mask

phot oresi st layer 22 formed on the senic®mduct or substrate 20. The
seni conduct or substrate Zidass dshwwwssa atop othey dfad uies Maskeof ttizisi n

invention with a rectangular pattern.

Fig. 9 shows a top view of a dot mask of this

invention with a diamond or parallelogram pattern.



whi ch are not shown here. The |ight projected onto the photag
wi'll forman opening in the photoresist [ayer which will th
mask for formng the contact hole or via opening in the sem

substrate. The light passing through the dot nask 51, 52 is
| ayer of photoresist 22 so that |inear_dynensions in the dot -u~w

reduced five times at tRg sl bAtEN or PREFERRED BhBbbIMENTS

Refer now to Fig. 4A through Fig. 7, There is
shown a principle embodiment of the dot mask for forming

an improved depth-of-focus image, such as for a contact or.
via hole opening. The mask will be used to form a contact
hole opening in a photoresist masking layer using light
projected through the transparent areas of the mask. The
linear dimensions of the mask will be reduced five times as
thg~im§gelis focused on the layer of photoresist. Fig. 4a
shows a top view of the dot mask showing the primary opening
of the mask 30, formed in the layer of opaque mask material
32, and the opaque blocking pattern 34. Fig. 4B shows a
'cross section view of the dot mask. The substrate 30 is a
transparent material such as quarﬁz. The layer of opague
material 32 and the opaque blocking pattern 34 are formed in
an opaque material such as chrdme. In this embodiment the
primary opening of the mask 30 is a square having sides 41,
42 of between about 0.6 microns and 0.8 microns and the
opaque blocking pattern 34 is also a square having sides 43,
44 of between about 0.16 microns and 0.2 microns. The center
of the opaque blocking pattern 34 is located at the center of
the, primary opening 30 and the sides of the opaque Blocking.
pattern 34 are parallel to the neareét sides of ﬁhe primary
6pening 30. The spaces 46, 47 48, and 49 between the edges

of the opaque blocking pattern 34 and the primary opening 30



REPLACEMENT SHEET Dat e :19 MAR 1997 - 14 - Fig. 5B shows the intensity of
tHe light at the photoresist passing through the transpar Ll
dot mask 51, 52. Fig. 5B shows the intensity profiles 61, |pPREPLACEMENTEHEET

passi ng through separate sections of the
Date :.....1... MAR.. 1997

- 10 -

are nearly equal.

' Fig. 5A shows a cross section of the dot mask
being used to form a contact hole opening in the payer of
photoresist 22 formed on the semiconductor-substrate 20
undergoing the fabrication process. Devices and other
features formed in the semiconductor substrate are not shown.
Light 50, with a wavelength such as .365 ﬁicroné, is directed
toward the dot mask passing through the transparent areas of
the_primary opening 30. The light passing through the dot
mask 51, 52 is focused on the layer of photoresist 22 so that
linear dimensions in the dot mask are reduced five times at
the surface of the photoresist. Fig. 5B shows the inténsity
1of the light at the photoresist passing through the
transparent area of the dot mask 51, 52. Fig. SB-shows the
intensity profiles 61, 62 of the light passing through
separate sections of the transparent area of the primary
opening, however the total light intensity 63 or the sum of
the intensity profiles 61 and 62 of.the light passing through
separate sections of the transparent area of the dot mask 51
and 52 is the light intensity actually reaching the
photoresist 22. Computer simulations show that the total
intensity within the boundaries of the primary opening is
more uniform than for the case of a primary opening with no
opaque blocking area thereby providing an improved depﬁh—of-

focus.



transparent area of the primary openi ng, however the tota =g
63 or the sumof the intensity profiles 61 and 62 of the
t hrough separate sections of the transparent area of the
is the light intensity actually reaching the photoresist
a conputer sinulation of the relative light intensity of
wavel ength of 0.365 mcrons projected through a dot mask mnth a prlnary
opening of 0.6 by 0.6 microns and an opague- bl ocking pattern of 0.16 by

0.16 microns at the
Fig. 6 shows the results of a computer

simulation of the relative intensity at the nominal focus
distance of the photoresist layer of light with a wavelength
of 0.365 microns passing through a dot mask with a primary
opening of 0.6 by 0.6 microns and an opague blocking pattern
of 0.16 by 0.16 microns. ‘The relative intensity is the ratio
6f the simulated intensity to the intensity available at the
light source. The relative intensity variation from the
center of the primary opening 71 to the edges of the primary --
opening 72 is 0.16 or 16% compared to 0.28 or 28% for the
simulation results of a primary opening of 0.6 by 0.6 microns
with no opaqué blocking area, a wavelength of 0.365 microns,
“and the nominal focus distance of the photoresist layer shown
in Fig. 2. . This decrease in relative intensity variation
over the region of the primary opening results in improved
procell latitude. Fig. 7. shows the resulting contact hole |
opening in the photoresist mask. The angle between the
contact hole opening edge and a line perpendicular to the

surface of the substrate is between 80° and 90°.

Fig. 8 shows another embodiment of the dot
mask for forming an improved depth-of-focus image, sSuch és a
contact or via hole opening. In this embodiment the primary
opening 30 and the opague blocking pattern 34 are

rectangles. The longer sides of the opaque blocking pattern



nom nal focus distance of the photoresist layer. The rel ative kight——
imtensity is the ratio of the intensity at- the nonminal fo UﬁEdLﬁCEHQHT@MEET
the photoresist layer to the light intensity available at |fhe source.
shown in Fig. 6 the relative intensity variation fromthe |cepter.. of%fhé ..........

primary opening 71 to the edges of the_pfjmary opening 72
conpared tg 0.28 or 28%for the sinulatiton results of a primary openlng of

6 by 0.6%htcPBRalkeLntAotBgadargBrosifiag afesheaprinary opening. The

shorter sides of the opaque blocking pattern are parallel to

the shorter sides of the primary opening. The opagque
blocking pattern is centered in the primary opening so that
the spaces between the longer sides of the opaque blocking
pattern and the longer sidés of the primary opening are
nearly equal and the spaces between the shorter sides of the
opaque blocking pattern and the shorter sides of the primary
opening are nearly equal. |

— gl

Fig. 9 shows another embodlment of the dot
mask for forming an improved depth-of-focus image, such as a
contact or via hole opening. In this embodiment the primary
iopening 30 and the opaque blocking pattern 34 are
parallelograms or diamond shaped. The opague blockiﬁg

pattern 34 is centered in the primary opening 30.

Refer now to Fig. 4A through Fig. 7, There is
shown a principle embodiment of a method of forming an
improved depth-of-focus image, such as.for a contact or via
hole opening, using a dot mask. The dot mask is shown in
Fig. 4A and Fig. 4B. Fig. 4A shows a top view of the dot
mask showing the primary opening of the mask 30, formed in
thg layer of opaqﬁe mask material 32, and the opague blocking
pattern 34. Fig. 4B shows a cross section view of the dot

mask. The substrate 30 is a transparent material such as



wavel ength of 0.365 microns, and a defocus distance of - [FESESFTTCIONS -
shown-in Fig. 2. This decrease in relative REPLACEMVEN] RERIACEMENT SHERT §

MAR 1997 - 15 - intensity variation over the region of Wﬁﬂgﬂlﬁ?QXMﬁﬁ?ﬁgf

- 13 -
quartz. The layer of opaéue material 32 and the opaque
blocking pattern 34 are formed in an opaque material such as
chromie. The primary opening of the mask 30 is a square
having sides 41, 42 of between about 0.6 microns and 0.8
microns and the opaque blocking pattern 34 is also a square
having sides 43, 44 of between about 0.16 microns and 0.2
microns. The center of the opague blocking pattern 34 is
located at the center of the primary opening 30 and the sides
of the opaque blocking pattern 34 are parallel to the nearest
siqgs_gghthe primary opening 30. The spaces 46, 47 48, and -
49 between the edges of the opague blocking pattern 34 and

the primary opening 30 are nearly egual.

B As shown in Fig. SA, light, such as light with
a 0.365 micron wavelength, is projected through the primary
opening 30 of the dot mask onto the photoresist layer 22
formed on the semiconductor substrate 20. The semiconductor
substrate 20 has devices and other features formed therein
which are not shown here. The light projected onto the

photoresist layer will form an opening in the photoresist
layer which will then become the mask for forﬁing the contact
hole or via opening in the semiconductor substrate. The
light passing through the dot mask 51, 52 is focused on the
layer of photoresist 22 so that linear dimensions in the dot

mask are reduced five times at the surface of the

photoresist.



results in inproved depth-of-focus. Fig. 7.

hol e opening in the photoresist mask. The angl e between thg ¢
openi ng edge and a |line perpendicular to the surface of thg %5%%%%&*§“5€L.

between [err] and [err] Wiile the invention has been parti:g#@rly shomn'and
described with reference to the preferred enbodi nents ther§ e

shows the resulting contact

4

[ i

understood by those skilled in the art that various changes in fornland
details may be - 14 -

Fig. 5B shows the intensity of the light at
the photoresist passing through the transparent area of the
dot mask 51, 52. Fig. 5B shows the intensity profiles 61, 62
of the light passing through separate sections of the
transparent area of the primary opening, however the total
light intensity 63 or the sum of the intensity profiles 61
| and 62 of the light passing through separate sections of the

transparent area of the dot mask 51 and 52 is the light
intgnsigy\actﬁally reaching the photoresist 22. Fig. 6 shows -
a computer simulation of the relative light intensity of
light with a wavelength of 0.365 microns projected through a
dot mask with a primary §pening of 0.6 by 0.6 microns and an
ﬁopaque blocking pattern of 0.16 by 0.16 micron# at the
nominal focus distance of the photoresist layer. 'fhe
relative light intensity is the ratio of the intensity at the
nominal focus distance of the photoresist layér to the light

intensity available at the source.

As shown in Fig. 6 the relative intensity
variation from the center of the primary opening 71 to the
edges of the primary opening 72 is 0.16 or 16% compared to
0.28 or 28% for the simulation results of a primary opening
of 0.6 by 0.6 microns with no opaque blocking area, a
w;velength of 0.365 microns, and a defocus distance of -

1.3499 microns shown in Fig. 2. This decrease in relative



made mnthout departing fromthe spirit and scope of the |nv;rﬁ§eh¢cﬁwﬁﬂr$§EET
crainmed is: REPLACEMENT SHEET 16 - Date 1ﬁ%gg3hemolnu

19 MAR 1997 1. A dot mask for forming inproved process |ati|
-15_

intensity variation over the region of the primary opening
results in improved depth-of-focus. Fig. 7. shows the
resulting contact hole opening in the photoresist mask. The
angle between the contact hole opening édge and a line
pPerpendicular to the surface of the substrate is between 80°

and 90°.

While the invention has been particularly
shown and described with referencé.to the preferred
embodlgspts thereof, it will be understood by those skilled . .
in the art that various changes in form and details may be

made without departing from the spirit and scope of the

invention.

What is claimed is:



conprising:. a transparent substrate; a patterned opaque |ayer fornmed an

i‘SL&bﬂlﬂlﬂlﬂlfﬂﬂmlEHILLZEEQ b1 bcking. pattor nofor e, i sai § HRLTGPRAN SHEET

opaque- | ayer on sui ¢-transparent substrate and within said q&hggﬂyﬁg _______ 108G

- 16 -

1; A dot mask for forming improved process latitude iméges,
comprising:

a transparent substrate;

a'patterned opague layer formed on said transparent .
substrate;.

a primary opening forméd in said éatterned opaque layer:;
and

an opaque blocking pattern formed in saidﬂpatterned
opaque layer on said transparent substrate and within said

‘primary_.cpening.

2. The dot mask of claim 1 wherein the area of said blocking
pattern is equal to or less than the area of said primary

1opening divided by nine.

3. The dot mask of claim 1 wherein said primary opening and

 said blocking pattern are squares.

4. The dot mask of claim 3 wherein said primary opening and
said blocking pattern have a common center and the sides of
said blocking pattern are parallel to the sides of said

primary opening.



he*dor’ﬁﬁgi’a?’gr’/gll wherein the area of said block;n@rgaf%éFﬁ=F§=
et:|ual mu “he area of said primry opening dl, 8 :"%§MENPE§HE:E' _
The doam m ai d bljogkMAR 1997 {
a

wherein said prinmary opening and |
patter squaFes 4. The dot mask of claim 3 wherein sia Pa”prrwary ---------------
openi ng and sai d bl ocking pattern have=&’ammon center and the S des of :

sai d bl ockbOrAE h§ENmakk B2 Bhhth 5OwhDFethUEfe ki 88k 0R" LURRY p2RRAYY

opening are between about 0.6 microns and 0.8 microns and the

sides of said blocking pattern are between about 0.16 and

0.2 microns.

6. The dot mask of claim 3 wherein the sides of said primary
opening are between about 0.4 and 0.5 microns and the sides

of said blocking pattern are about 0.1 microns.

7. The dot mask of claim 1 wherein sa1d primary openlng and

— L i )

said blocking pattern are rectangles.

8. The dot mask of claim 1 wherein said priméry opening and

* said blocking pattern are parallelograms.

9. The dot mask of claim 1 wherein said transparent substrate

is quartz.

10. The dot mask of claim 1 wherein said patterned opague

layer is chrome.

11. A method of forming improved process latitude images,
comprising the steps of:

providing a dot mask comprised of a patterned opaque
layer formed on a tfansparent substraté, a primary opening

formed in said patterned opague layer, and an opaque blocking



r-..m.v

REPLACEMENT SHEET - 17 - Dat e: 19 MAR 1997 5. Thej|dgtp

cl ai mSIMﬂmmﬂummEm s of said prinmary opening are betweefj about 0. :
m crons ﬂand the sides of said bl ocking patténm;@rg Mgpmﬁﬁmu

about 0.16 and 0.2 i ctons.

_18_
pattern formed in said patterned opaque layer on said

transparent substrate and within said primary opening;
projecting light through the transparent areas of said
dot mask onto a layer of photosensitive material;
focusing said light on said layer of photosensitive
material so that linear dimensions on said.dot mask are
reduced five times on said layer of photosensitive material;
and

" developing said layer photosensitive material.

- .
—_— T

12. The method of claim 11 wherein the area of said blocking
pattern is equal to or less than the area of said primary

opening divided by nine.

. 13. The method of claim 11 wherein said primary opening and

said blocking pattern are squares.

14. The method of claim 13 wherein said primary opening and
said@ blocking pattern have a common center and the sides of
said blocking pattern are parallel to the sides of said

primary opening.

15. The method of claim 13 wherein the sides of said primary
.opening are between about 0.6 microns and 0.8 microns and the
sides of said blocking pattern are between about 0.16 and

0.2 micrens.



6. The-de%-nask_gL_QLgLH%§5mherein the sides of said pri -
bet ween about 0.4 an 5 mcrons and the sides of 51 LA FNQ&’ EET - £

claim1 wherei ¥ sal dx | mary openi ng and sai d bl ocking pattern are
parallelograns 9. The dot mask of claim 1 wherein said transparent

substrate is quart z. -19 -

ooy AR A 0 L |
r

16. The method of claim 13 wherein the sides of said primary
°Pen1ng are between about 0.4 and 0.5 microns and the sides

of said blocking pattern are about 0.1 microns.

17. The method of claim 11 wherein said primary opening and

said blocking pattern are rectangles.

18. The method of claim 11 wherein said primary opening and

said blocking pattern are parallelograms.

19. The method of claim 11 wherein said transparent substrate

. is guartz.

20. The method of claim 11 wherein said patterned opaque

layer is chrome.

21. The method of claim 11 wherein said layer of

photosensitive material is a layer of photoresist.

22. The method of claim 11 wherein said light has a

wavelength of about 0.635 microns.



10. The dot mask of claim 1 wherein gaid atterned ODaq“&FTT “"}Qi]@ﬁgy@gfa
14. A-method of form ng inproved progcessgs hatktude angesi R0 h ;
steps of: providing a dot nask corrprﬂsed of ;apatterned E gue Iéy&ﬂﬂ%ﬁ%%‘
on a transparent substrate, a primary:epening._f-ormed.in sa-d parfern :
opaque |ayer, and an opaque bl ocki ng T T

ABSTRACT OF THE DISCLOSURE

AN IMPROVED CONTACT HOLE MASK FOR SEMICONDUCTOR FABRICATION

) This invention provides an improved process
létitude mask for forming contact or via hole openings in a
pPhotoresist masking layer in the fabrication of semiconductor
integrated circuits. The invention alsc provides a method of
forming:-contact or via hole openings in a photoresist masking
layer using an improved process latitude mask. The improved
process ;atitude mask, called a dot mask, uses an opaque
Q}ocking areé formed in the center of the primary opening in
a projection mask for forming contact or via hole openings in
a photoresist layer. 'The opagque blocking area is equal to or
less than the area of the primary opening divided by nine.
The opaque blocking area is small enough so that it will not
form an image in thé photoresist layer. The opaque.blocking
area modifies the light intensity profile at the photoresist

layer in a manner which improves process latitude.

(Figure 4B is suggested for publication]

. This Sheet Has Been Replaced '
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patterned opaque |ayer on said transparent substrate arjf mﬁthlq SaMﬂR'ﬁ
primary opening; projecting |light through the transpar

mask onto a | ayer of photosensitive material; focusing Sard gt
| ayer of photosensitive

FIG. 1A Prior Art
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FIG. 1C Prior Art
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material so that |inear dinensions %f{7sai d dot nmask are reduced five tines
on satd | ayer of photosensitive material; and developing said.layer —ee- -
photosensitive material. 12. The net hod of claim 1l V\here){rh*tﬁl@‘@re@a\x.o{m:rr '
sai d blocking pattern is equal to or less than the area ofi. said primary

openi ng divided by nine. 13. The method of claim 11 where \I‘Dé‘{@.l d bs MRyJQCH
openi ng and sai d bIocklng pattern are squares.
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SIMULATION OF RELATIVE INTENSITY
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14. The nethod of claim 13 wherei n3s/617d pri mary opening and said bl ocki ng
pattern have a comon center and the sides of said bl ocking pattern are
parallel to the sides of said prinmary opening. 15. The rpet-hed—of-~ckai-m=13
wherein the sides of said primary opening are between dbaﬁ}‘t O BRMITRG ISHEET and
0.8 mcrons and the sides of said blocking pattern are lbetweeq Q)MIAR ﬁw16
and 0.2 mcrons. H DBIE Lo :
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REPLACEMENT SHEET Date :19 MAR 19877 19 - 16. The nethod of claim 13
wherein the sides of said primary opening are between about_0.4 and 0.5
m crons and the sides of said blocking pattern are about 0 J,qm Crons.. ,.L —
The method of claim 11 wherein said primry opening and l EFLALRIGENT SHEET |
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sai d blocking pattern are rectanglgs.718. The nethod of :elai.m 11 _wherein
sai d primary opening and said blocking pattern are paraffl RERHNETP; LS., . e
met hod of claim 11 wherein said transparent substrate i quargz Y. SR
met hod of claim 11 wherein said patterned opaque |ayer || Dagd o n@.-Mm

met hod of claim 11 wherein said |ayer of photosensitiv

of photoresi st. :
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22. The nethod of claim 11 wherei nﬁs,éi7d light has a wavel.ength of about
Q635 m crons. _
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. ' REPLACEMENT SHEET

AN IMPROVED CONTACT HOLE MASK FOR SEMICONDUCTOR FABRICATION

This invention provides'an improved process latitude mask for forming contact or via hole
openings in a photoresist masking layer in the fabrication of semiconductor integrated circuits.
The invention also provides a method of forming contact or via hole operings in a photoresist
masking layer using an improved process latitude mask. The improved process latitude mask,
called a dot niask, uses an opaque blocking area (34) formed in the center of the primary
opening in a projection mask (30) for forming contact or via hole openings in a photoresist
layer. The opaque blocking area is equal to or less than the area of the primary opening
divided by nine. The opaque blocking area is small enough so that it will not form an image in
the photoresist layer. The opaque blocking area modifies the light intensity profile at the
photoresist layer in a manner which improves process latitude. - '

Fig. 4B



