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In a paper entitled "New Phase Shifting Mask with Self-Aligned Phase
Shifters for a Quarter Micron Lithography" published in International Electron |
Device Meeting (IEDM) Technical Digest, pp.57-60 (3.3.1-3.3.4) (December 1989),
A. Nitayama et al. taught the use of masks having transparent phase-shifting portions
15 in an effort to achieve improved resolution--i.e. improved sharpness of the image of
the mask features focused on the photoresist layer. More specifically, these masks
contained suitably patterned transparent opﬁcel phase-shifting layers, ie. layers
having edges located at predetermined distances from the edges of the opaque
portions of the mask. Each of these phase-shifﬁng layers had a thickness tequal to
20 A2(n-1), where A is the wavelength of the optical radiation from the source 106
(FIG. 1) and n is the refractive index of the phase-shifting layers. Thus, as known in
the art, these layers introduced phase shifts (delays) of & radians in the optical
radiation. By virtue of diffraction principles, the presence of these phase-shifting
layers should produce the desired improved resolution. Such masks are called
25 “phase-shifting" masks. | | |
' The mask structure described by A. Nitayama et al., op. cit. was
manufactured b'y- d’single-alignment-level process involving a step of wet etching an
opaque chromium layer located underneath a phase-shifting layer of PMMA which
is resistant to the wet etching, whereby the etching of the chromium layer undercut
30 the PMMA layer and formed a phase-shifting mask. However, the lateral etching of
the chromium layer is difficult to control, so that the positioning of the edges of the '
chromium 1ayer is likewise difficult t%control Ygt thxg ppglqogung of the edges of
the opaque chromlum must{%e carefglly aécontroiled in Os;dm to yield the desired
improved resoluuon for the mask
35 Therefore, it would be desirable to have a more controllable smgle—
alignment-level method of manufacturing phase-shifting masks. More generally, it
would be desirable to have a more controllable single-alignment-level lithographic
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portions of the mask. Each of these phase-shifting |ayers had a thickness t
equal to 20 [err](n-1), where [err] is the wavelength of the optical
ra¥iati on fromthe source 106 (FIG 1) S\nd nis the refractive index
of the phase-shifting |layers. Thus, as known the art, these |ayers
i ntroduced phase shifts (delays) of [err] radians in the optical
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|sI|keW|se di fficult, t rol. Yet this positioning of the edges of
t he opaque chr orfPEH dr?ﬂ arefully controlled in order to yield the
desired [ rrpanidtDmsmltnnioi‘Ithé Drawing mask. 35 Ther ef or e,
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be desirable to ﬂmmnafannmoxi@phaas+slhztbhg maskginecedridapoeewith & epegiific embodiment
l'i thographic of the invention;
~ FIGS. 6-7 are side elevational views in cross section of various stages in
the manufacture of a phase-shifting mask, in accordance with another specific
15 embodiment of the invention; and

FIG. 8 is a side elevational view in cross section of a phase-shifting
mask manufactured in accordance with yet another specific embodiment of the
invention. |

Only for the sake of clarity, none of the drawings is drawn to any scale.

20 Detailed Description

Referring now to the drawings, FIG. 1 shows an early stage in the
making of an illustrative portion of a desired phase-shifting mask 600 (FIG. 5) for
use as a reticle such as is used in optical systems having magnifications different
from unity. For the sake of definiteness it will be assumed that the feature desired in

25 this portion of the mask is a square aperture, but it should be understood that other
features can be made, such as a circular aperture or a line-space feature.

Substrate 11 is transparent, typically amorphous quartz. Layer 12 is a
transparent phase-shifting layer, e.'g.; spun-on gi‘ass, located on a major surface of the
quartz substrate 11 itself. For phase-shifting by = radian, the thickness of the layer

30 12 is everywhere equal to A/2(n-1), where A is the vacuum wavelength to be used in
the optical lithography system and n is the refractive index of the material in layer
12. Layer 13 is an opaque layer, typically chromium having a uniform
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-2- techni que for achieving self-aligned features. Summary of the

I nvention In accordance with the invention, we provide a
prbcess as set forth in claim1l1. It is advantageous that the process
have, in addition, the steps recited inn 5 claim2, 3, 4 or 5. It is
further advantageous that the process have_ghe feature recited in claim

6 or 7. It is also advantageous that the process have the feature recited

in claim8 ang 9. it. IS fu dvant eous that the process
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specific 15 embodi ment e I nventlon;
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boundaries of these regions, as viewed from above, are in accordance with the
ultimately desired feature in the mask 600 thereat. Thus, for a square aperture
feature, the edges of region 16 form a square, and the edges of the region 15 form a
square-ring. For a line-space feature, the edges of the regions 15 and 16 form

15 parallel lines. _

The doses of electrons received by regions 15 and 16 of the resist layer
are selected such that when the resist layer is developed with a suitable developing
process, region 16 of the resist layer is removed but region 15 thereof remains intact
(as does region 14). For example, a developer composed of tetramethyl-ammonium

20 hydroxide solution in water (normality 0.3 N) can be used. Thus, typically the dose
in region 16 is lower than that in region 15 but is nonetheless sufficient in region 16
to enable the developing process to remove the resist therein, as known in the art.
The dose in region 14 is zero. Thus the resist layer is patterned with an aperture 21
(FIG. 2) in the resist material where the low dose was received.

25 Using the thus patterned resist layer 14 as a protective mask in
conjunction with etching, the opaque chromium layer 13 and the spun-on glass
layer 12 are subjected to etching, whereby the aperture 21 penetrates down through
the chromium and spun-on glass layers to the top surface of the quarter layer 11. For
example, to etch selectively the chromium layer 13, a wet etchant such as cerric

30 ammonium nitrate or a dry etching with a chlorinated gaseous plasma can be used;
and to etch the spun-on glass layer 12 a mixture of 10:1 HF and 40% NH3F, ina
volume ratio of 3 to 50, or a dry etching with a fluorinated gaseous plasma, can be
used.

Next (FTG. 3), the resist layer is subjected to a process which renders

35 region 17, but not region 15, immune from removal during a subsequent (FIG. 4)
resist removal step. For example, the resist is treated with silicon-containing



use as a reticle such as is used in optical systenms having nmagnifications
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as a treatment with an oxygen plasma. As a resui/tlortlgsuch second etching step, an
aperture 22 is formed in the resist layer 17. Consequently, after such second etching
10 step, the resist in region 15, but not in region 17, is removed (FIG. 4). Then, using
the resist remaining in region 17 as a protective mask against etching, an etching
process is used of the kind which removes the portion of the chromium layer 13, but
not the spun-on glass layer 12, underlying the aperture 22. Again, a wet etchant such
as cerric ammonium nitrate can be used, for example. Thus, an aperture 23 is
15 formed having wider lateral dimension in the chromium layer 13 than in the spun-on
glass layer 12. Finally, if desired, the remaining resist layer 17 can be removed, as
known in the art, to form the desired phase-shifting mask or reticle 600 (FIG. 5).
Prior to the silylation, a flood exposure to mid or near ultraviolet
radiation can be performed, in order to enhance the diffusion and reaction of the
20 silylation agent in the (uncrosslinked) région 14.
Instead of using a silicon-containing agent to produce silylation of the
resist, a tin-containing agent can be used to diffuse into and react with the resist.
If etching the layer 12, in going from the situation shown in FIG. 1 to
that shown in FIG. 2, would spoil the regions 14 or 15 of the resist layer--as may be
25 the case especially where dry plasma etching of the layer 12 is used--then the
layer 12 is not etched until after the situation shown in FIG. 4 and before the
situation shown in FIG. § is attained; that is, the layer 12 is etched using the layer 13
alone as a mask. o .
In case the desired mask feature is clustered line-spaces, the procedures
30 indicated in FIGS. 6-7 can be used. Referring now to FIG. 6, instead of bombarding
the surface of the resist layer in accordance with the pattern shown in FIG. 1, the
bombardment is carried out in accordance with FIG. 6. Again regions 14 represent
no dose of electron bombardment, and the dose in region 16 is typically lower than
that in region 15. It should be understood that all these regions extend perpendicular
35 to the plane of the drawing as elongated regions bounded by parallel lines. Then by
using the same steps described above in connection with FIGS. 1-5, a mask 800
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5 Layer 14 is a positive tone electron beamresist, typically

a mxture of a pol ymer such as pol ycresol f or mal dehyde and a

radi ati on-sensitive conpound such as substituted 1,2 ‘napt hoqui none
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thereof, but not el sewhere. The dose of electtons received in region 15 is
10 nmade different fromthat in region 16, as discussed further below The
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Instead of the optical flood exposure, electron beam or ion beam flood
exposure can be used. The silylation procedure, resulting in mask 800, is preferred
for mostly opaque masks (i.e., most of the mask area being opaque) whereas the
20 optical flood procedure, resulting in mask 900, is preferred for mostly transparent
masks.

The layer 12 in the embodiments shown in FIGS. 1-5 and 6-8 need not
be present in case the etch rate of the amorphous quartz or other transparent substrate
can be sufficiently controlled--typically within £5% across the entire major surface

25 of the substrate--so that the depth of etch penetration into the substrate satisfies the
required phase-shifting within desirable diffraction limits.

Although the invention has been described in detail in terms of a
specific embodiment, various modifications can be made without departing from the
scope of the invention. For example, instead of a feature in the form of a square

30 aperture, a circular aperture can be formed. Also, an isolated line feature can be
attained by making all the boundaries between regions 14, 15, and 16 (FIG. 1) in the
form of parallel lines (when viewed from above). Clustered line-space features can
be obtained by arranging regions 14, 15, and 16 in accordance with FIG. 6.

Instead of using geometrically selective electron bombardment to

35 delineate the regions 14, 15, and 16, other kinds 6f bombardments can be used, such
as ions and/or photons, to which the resist is sensitive. The resist itself can be a
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10 step, the resist in region 15 but not in region 17, is removed (FIG
4).. Then, using the resist remaining in region 12—as a_protective mask
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regions thereof underlying the original first region of the resist layer;
(c) subjecting the second and third regions of the resist layer to a
treatment, whereby the third region, but not the second region, of the resist layer is
20 resistant to removal in step (d); |
(d) subjecting the second and third regions of the resist layer to a second
development step, whereby the second region, but not the third region, of the resist
layer is removed; and
(e) etching the material layer, in regions thereof underlying the original
25 second region, but not the original third region, of the resist layer,
whereby there is created a device (FIG. 5: 600; FIG. 8: 900) having an
edge in the material layer and an edge in an underlying or second material layer that
are respectively aligned'with respect to the second and first common boundaries.

3. The technique of claim 1 further CHARACTERISED BY the steps of:
30 (a) subjecting the resist layer to a first development step, whereby the |
first region (FIG. 1: 16; FIG. 6: 16) of the resist is removed but neither the second
region (FIG. 1: 15; FIG. 6: 14) nor the third region (FIG. 1: 14; FIG. 6: 15) thereof is
removed;

This Sheet Has Been Reﬁlaced

ARV




usi ng the sane steps descrl bed above in connection W|th FIGS. 1-5, a mask
800

(F1G 7) is formed having the desired alternating I|ne tlng
f eat ures, for use as a reticle. -8- Uiﬂmﬁm ;‘ ”

sinIation, an optical flood exposure can be used. Nﬁ L Specl |eally,
after the mask being formed has been brought into thé condition shown
in FIG 6, and after t he(b) egroving 8he ogteriablayer (13)1 inos g thersof uoderlyting the

chrom um gﬁfalﬁﬁt?&?oﬁgﬁhé%%%egl ass layer 12 underlying it have

t hereafter all e’entire top surface of the remaining
structure is exposed to G)tsublecting the speamdaand, third yegieny of the dedist layer to a

ultraviolet, \Ah%e&mn& h@hél@ﬂy e thitd@bgibhEbutafot e $eR¥AT region, of URC KBRS layer is
suscepti bl e rermval ‘@iecond evel opnent step, such as a second wet
10 devel op t?rﬁ‘%}“?) {h¥eR that was used earlier to renove

regi on 16. Thus af(rdersubjhctﬂ@fhe(xacbrﬂwﬁl thirdeegionsd opthetsisy aged tol anaurd
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silylation procednomd In particular, region 14 wll
' (e) removing an underlying or second material layer in a region thereof
10 underlylng the original first region of the resist layer; and
(f) etching the first mentioned material layer, but not the second material
1ayer, in regions thereof underlying the original second region, but not the original
third region, of the resist layer,
whereby there is created a device (FIG. 5: 600; FIG. 8: 900) having an
15 edge in the first material layer and an edge in the second material layer that are
respectively aligned with respect to the second and first common boundaries.

4. The technique of claim 1 further CHARACTERISED BY the steps of:

(a) subjecting the resist layer to a first development step, whereby the
first region (FIG. 6: 16) of the resist is removed but neither the second region (FIG.

20 6: 14) nor the third region (FIG. 6: 15) thereof is removed; '

(b) removing the first mentioned (13) and a second (12) underlying
material layers in respective regions thereof underlying the original first region of the
resist layer; :

(c) subjecting the second and third regions of the resist layer to a

25 treatment, whereby the second region, but not the third region, of the resist layer is
resistant to removal in step (d);

(d) subjecting the second and third regions of the resist layer to a second
development step, whereby the third region, but not the second region, of the resist
layer is removed; and ' '

30 (e) etching the first material layer, but not the second material layer, in
regions thereof underlying the original third region, but not the original second
region, of the resist layer,

whereby there is created a device (FIG. 7: 800) having an edge in the
first material layer and an edge in the second material layer that are respectively

35 aligned with respect to the second and first common boundaries.
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be renoved, and region 15 will remain. Using region 15 as a protective—
| ayer against 15 -etching the underlying chromum/|l ayer 13, a subsequent

etthing of the chrom um layer 13 will tperefore:r 900
(FIG 8). : : I nstead of the optical fl Emmmllmlmmmﬁmtron
beam or ion beam fl ood exposure can be used. The sl yfath o procédur e,
resulting in mask 800, i

nost of the mask area bes?r;gléﬁ Qmeﬁleas u@?é&%%@ﬁ}@%&e&psd
procedure, resulting in @)ssklbmﬁng ithe pasist dayee do Adirshdsvelopment stepawbereby the
masks. first reglon (FiBC6! PEESE e rdsist Eﬂﬁm%gﬁaﬁr %@Moﬁ&‘réghﬁsfﬂéi 5

and 6-8 need not present” 1 n_case rate of the anorphous
quartz or ot her Qr%@ﬁhﬂ@ﬂ“@[ﬂ%‘%ﬂr@@ 6: 15) thergofijg remgvede ent | y

control l ed-tygically wit ighyrehfvaig tﬁémtmt@imlmﬁrm)om 8 WG herRf ufllerlyifg
substrate--so th t the th of (gft[g F‘E‘fn ration into the substrate
satisfies the f ﬁtﬁ’g}'e%thln desirable diffraction

Idi mi tls f (é)l ﬁdhiﬁgingt ihe Segulﬁilfahdrthhdsrebﬂﬁﬁl dfe?eriebsd layer to ?3
et al in terns o a oal nt [l 1 T1 tIO can e
oo wi thout | egitvariin. mheRbY ihe secoRd 3Rt i nok Bie if3 1FRER S8 B0G 1670 18

i nstead of a f eaesismnt 1o remevéldnistepf(dy square 30 aperture, a ci rcuI ar
by ki ng- al 10t he boundat DeRrjsEing B BLGH Vi SRR jayer i {eGbFC
form of parall el ddvielwmepmn, vhereky) ther nbwdatsgm.) but@ol; theesesand regions (Phdke Tesist

features can lFYéi'esté?ﬁé’deﬁed by arranging regions 14, 15, and 16 in

accordance with Inste d of wusi a geqnetri cal |
sel ective el ectron bombafdEmOving &secqad of 4 lﬂé "i‘%?@‘i‘ag e[ 4n alregw&rfaerfef

ot her Kkinds of hgideayihgrhé 5n§1am first reERR, of thiCResist la e;eampns and/ or photons,
to which the ge3| st I's S?ﬁ etc mg the f%}(sat rrng.tselnsaf laygrs, %ut notat?le second material layer, in
regions thereof underlying the original third region, but not the original second
region of the resist layer,
whereby there is created a device (FIG. 7: 800) having the edge in the
first material layer and an edge in the second material layer that are respectively
20 aligned with respect to the second and first common boundaries.

6. The technique of claim -2, 3, 4 or 5 in which step (c) includes a
silylation step. '

7. The technique of claim 2, 3, 4, or 5 in which step (c) includes an
optical flooding step.

25 ' 8. The technique of claim l 2, 3, 4 or 5 in which the third dose of
radiation is substantially zero.

9. The technique of claim 1, 2, 3, 4 or 5 in which the second dose of
radiation is substantially zero.

10. The techniqﬁe of claim 1 in which the radiation is electrons, ions, or
30 photons. |

——
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- 6- negative tone resist, instead of a positive tone resist, with

sui tabl e rearrangenent of ‘the layout of regions 14, 15, and 16, if need
bet I nstead of chrom um for the opaque | ayer 13, other materials having
sufficient opacity can be used such as nol ybdenum silicide. Instead of
‘spun-on glass for the phase-shifting |ayeL ,other materials can 5 be
‘used that can be differentially (selectivelié.etched wWth respect to the
under!ying (quartz) substrate, such as either silicon dioxide or silicon

nitride, which has SINGLE-AILIGNMENTLEXES, LIRHOGRARHIE TECHNVQVE)
substr at €. ' FOR ACHIEVING SELF-ALIGNED FEATURES

Abstract .
A phase-shifting lithographic mask is made by a procedure involving
5 only a single patterned electron, ion, or photon beam bombardment of a resist layer.
The bombardment is arranged to produce three kinds of regions (FIG. 1: 14, 16, 15)
in the resist: typically, no dosage, low dosage, and high dosage. These three regions
in the resist are then utilized--in conjunction with an ordinary wet development step
followed by either a silylation or an optical flooding technique, and thereafter by
10 another ordinary wet development step--to pattern the resist layer and thereby to
enable forming, by dry or wet etching, an underlying double layer consisting of a
patterned opaque layer (FIG. 5: 13)-and a patterned transparent phase-shifting layer
(FIG. 5: 12), the phase-shifting layer being located on, or being part of, a transparent
substrate (11).

15 Drawing for publication in 0.G.: FIG. 1 and FIG. 5
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SG ' d ai ns 1. Asingle alignnent |evel

| it hographi c techni que for neking a phase- shifting mask consisting
essentially for the steps of: : (a) formng a resist |ayer
on the surface of a first material |layer |locpged 5 on the surface of a

second material layer |ocated on the surface of a substrate, the first
mat eri al | ayer bei ng opaque and the second material |ayer being transparent
W th respect to a prescribed optical radiation; ' (b)

subjecting first, second, and third regions of the resist layer with
mutual ly different first, second, and third doses of a resist-nodifying
radi ation per 10 wunit area, respectively, the first and second regions

having a first conmmon boundary, and the second and third regions
having a second commgfJ@oupdary; , (c) subjecting the resist
layer to a first devel opieht procedure, wWherehy _ the first region of

the resist is renoved but neilRQS ' E-AC 0 nor the third
region thereof is renoved; 1 (d).r. ) g
| ayer, but not the second nat




<

in a region thereof underlying the original first region of the resist

| ayer; - (e) subjecting the second and third regions of the
resist layer to a treat nent, whereby the second region, but not the
third region. of the resist |ayer is p@sistant to a renoval in step
(f): 20 (f) subjecting the second and third regions of the
resist layer to a second devel opnment procedure, whereby the second
region, but not the third region of the resist layer is renoved;

(g) renoving the second material layer in a region thereof underlying

the original first region of the resist layer; and 25 - (h)

etching the first material |ayer, but not the second material |ayer, in
regi ons thereof underlying the original second region, but not the original

third regi on gg g?e resi st |ayer, - wher eby the order of sequence
of performance of B eps is (a),(b),(c),(d),(e), (). (9),(h)
: : 22 '
°o°o°°= S ::0 09% 60, ~17
7/ 2"
\\\ \\‘ A) AN Vg
11

FIG. 5§




)
wher el *#®re is created an edge in the first material |ayer and an edge in

t he second materi al layer that are respectively aligned with respect
to the second and first . comon boundari es. 2. A

singl e-alignnment |evel |ithographic technjgue for making a phase- 5
shifting mask consisting essentially of the steps of: (a)

formng a resist |ayer on the surface of a first material |ayer |ocated
on the surface of a second nmaterial |ayer |ocated on the surface of a

substrate, the first material being opaque and the second nateri al

| ayer being transparent with respect to prescribed optical radiation;
10 (b) subjecting first, second, and third regions of the
resist layer with mutually different first, second, and third doses of
resist- nndifyingfﬂigiasion per unit area, respectively, the first and
second regions having a first comon boundary, and t he second and
third regions having a setnd cadmoiébounddr w3 14 16 14 ()
devel opi ng the resi st , oyt & ALY ' ifS 15
renoved but neither th 050 - S000) S
renoved; ' Y 74 7 a1 3not
the second material |a X0) : ' Lorl2gi na

first .region of the regrs ' p
~second and third regi ong Z feny,,” whet eby
 the second region, but ' ¢ avey A g

' resistant to renoval i

‘resist |layer, whereby t , of
the resist layer is renoveu:
FIG. 7 800
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-(g) renoving the second material layer in a region thereof underlying

the ofigihal first region of the resist layer: and 25 (h)
-eteching the first material |ayer, but not the second material layer, in
regions thereof underlying the original third region, but not the original
second region of their resist |ayer, wherein the order of:

sequence of performance of the steps i? (a),(b), (c), (d)_,‘_(_e) (f).f”

(g),(h). 30 whereby there is created an edge |n"’th’ chak rh

and an edge in the second material | ayer that wel ¥ @M@"med
W th respect to the second and first conmon Jpoung 4 .1..to paged ..l.i,.
3. The technique of claim1 or 2 in which the second [ BYEko iBiged ...

9 v r2d .. to paged .7

* c L L] s - *

Claims
L. A single alignment level Ixthographlc techaique for makmg a phase-
shifting mask consisting esseatially for the steps of

(a) forming a resist layer on the surface of a first material layer located

5 on the surface of a second material layer located on the surface of a substrate, the
first material layer being opaque and the second material layer being transparent with
respect to a prescribed optical radiation;

(b) subjecting first, second, and third regigns of the resist layer with
mutually different first, second, and third doses of a resist-modifying radiation per

10 unit area, respectively, the first and second regions having a first commeon boundary,
and the second and third regions having a second common boundary;

(c) subjecting the cesist layer to a first development proceduce, whereby
the first region of the resist is removed but neither the second region nor the third
region thereof is removed;

I5 (d) removing the first material layer. but not the second material layer,
in a region thereof underlying the original first region of the resist layer;

(e) subjecting the second and third regi'cms of the resist layerto a
treatment. whereby the second region, but not the third cegion, of the resist layer is
resistant<o a removal in 5u=p 3 '

20 (f) subjecting the second and third regions of the resist layer to a second
development procedure, whereby the second region, but not the third region, of the
resist layer is removed;

(g) removing the second material layer in a reg:on thereof underlying
the original first region of the resist layer; and

25 (h) etching the first material layer, but not the second material Iayer in
regions thereof underlying the original second region, but not the original third
region, of the resist layer,
whereby the order of sequence of performance of the steps is (a). (b), (c), (d). (e). (D).
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part of, and-has the same cheni cal conposition as that of the substrate.
4. ThHe technique of claiml1l or 2 in which the radiation recited in step (b)
is el ectrons. 5. The technique of claim1 or 2 in which the

first'material is a netal. 5 6. The techni que of clai or 2
Ih which step (e) includes a silylation: st ep. S ' S}EE the
technique of claim1 or 2 in whi ChTﬁt ep (e) includes ALl .

f1 oodi ng step. : e-technique of c ifch
during step (b) the dose of 10 radiation received by Df
the resist layer is essentiatty zero. of

claim'10r2|nvxlmchd he dose or | Lee ei bed.
by the second region of: m%imu g;ﬂ%ﬂ is essentialfly zero.

10. A photolithographic the steps of~ (a)
form ng a phase mask in a o] e W e st recited

claim9: whbleby bltde amc? 'E&Fﬁé“ gﬂ‘?’i Paggroa eﬂ%ﬁ mr‘ﬁ"oﬁ"ﬁ?’?"on
onto the mask, @aterigblayed mgtmmsmduefehyaagmd wh respgsa tpeche mg:ohdhami@lstthe mesk

onto a photor esg:&hmbﬁ%{,’nmgt ed on a maj or surface of a vvaf er or on
a layer of material |ocated on a, major, surface of a wafer,,

(c) devel opi ng the photordsingle-aligrment Wr’%"e‘&ﬂ@'%&f?ﬁﬂé‘“%anﬁﬁed

therein; and$5 shifting maskconswnﬂgﬂssdmﬁllylbﬂ&eatebeaiure at the maj or surface
of the wafer or in the |

nmat er i al S 0 nce
with the edge feature |r{a¥ﬁm&'5?‘§t§7‘%ef °Fél§fesr"ﬁea‘§°ef“l““ mX‘“‘aﬂ“e’i%c
met hod of maki ngn thepurface efd fecomtymamsikl ldyerilamiedfonthesrface ofa Abstrate, lhe

f’ﬂ‘)&ﬁ! icL hogr aphigs: Riafirfaf beiflg op iR 'ahd tHASeL M kbRl 1dyef bifglchRpaed Wi | OF 2
respect to prescribed optical radiation;

10 (b) subjecting first, second, and third regions of the resist layer with
mutually different first, second, and third doses of resist-modifying radiation per unit
area, respectively, the first and second regions having a first common boundary, and
the second and third regions having a second comn’lxon boundary;

(c) developing the resist layer, whereby the first region of the resist if

15 removed but neither the second region nor the third region thereof is removed;

(d) removing the first material layer, but not the second material layer.
in a region thereof underlying the original first region of the resist layer;

() subjecting the second and third regions of the resist layer to a
treatment, whereby the second region, but not the third region of the resist layer is

20 resistant to removal in step (£);

(f) developing the resist layer, whereby the third region, but not the
second region, of the resist layer is remaoved:
.~ (g removing the second material layer in a region thereof underlying
the original first region of the resist layer: and

25 (h) etching the first material layer, but not the second material layer, in
regions thereof underlying the original third region, but not the original second
region of their resist layer, |
wherein the order of sequence of performance of :hé. steps is (a), (b), (c), (d), (e). (D),
(8. (b)),

30 whereby there is created an edge in the first rnateriz\lI layer and an edge in the second
material layer that are respectively aligned with respect to the second and first
common boundaries.

3. The technique of claim 1 or 2 in which the second material layer is




the first matérial |ayer is opaque while the substrate and the second

mat eri al [ ayers are transparent with respect to optical radiation to
be used in the photolithographic "~ procedure. 12. The
method claimlIl in which the second material layer is part of the 30

t hi ckness of the substrate. 13. A photolithographic nethod
I ncl udi ng the steps of: : 10

(a) form ng a phase-shifting nask ign accordance xmed in
claim12; ‘(b) dlrectlngthe pres ”i ﬂ” tﬂlcal radi ation
onto the mask, and focusing ,ii Iii ””"1

part of, and has the same chemical composition as that of, the substrate.
4. ‘The technique of claim [ or 2 in which the radiation recited in step )
is electrons.
5. The technigue of claim 1 or 2 in which the first material is a metal.
5 6. The technique of claim ! or 2 in whiich step (¢) includes a silylation
step. .
7. The technique of claim 1 or 2 in which step (e) includes an optical
flooding step. '
8. The technique of claim 1 or 2 in which during step (b) the dose of
10 radiation recsived by the third region of the resist layer is essentially zero.
9. The technique of claim 1 or 2 in which during step () the dose or '
radiation received by the second region of the resist_layei is cssentially zero.
' 10. A photolithographic method including the steps of:
{a) forming a phase-shifting mask in accordance with the steps recited
15 inclaim9:
(b) directing the prescribed optical radiation onto the mask, and focusing
the radiation propagating through the mask onto a photoresist layer located on a
major surface of a wafer, or on a layer of material located on a major surface of a
wafer;
20 (c) developing the photoresist layer, whereby an edge feature is formed
therein; and
(d) defining a feature at the major surface of the wafer or in the layer of
malerial, respectively, in accordance with the edge feature in the photoresist layer.
11. A method of making a phase-shifting mask device, foruze ina
25 photolithographic procedure, comprising the steps recited in claims 1 or 2 in which
the first material layer is opaque while the substrate and the second material layers
are transparent with respect to optical radiation to be used in the photolithographic
procedure.
(2. The method claim 11 in which the second material layer is part of the
30 thickness of the substrate.
13. A photolithographic method including the steps of:
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the radi ation propagating through the mask onto a photoresrst | ayer | ocated
ona 5 rmajor surface of a wafer, or on a layer of material |ocated on a
maj or surface of a waf er, _ (c) devel oping the

phot oresi st | ayer, whereby an edge feature is forned therein: and

(d) defining a feature at the major surface of the wafer or in the |ayer of
10 material, respectively, I n accordance with the edge feature in the

phot or esi st | ayer. 184. The nmethod of claimll in which step
(e) includes an optical f1 0odi ng step. . 15._The net hod
of claim14 in which during step (b) the radiation is el eetrons and in’
whi ch the dose of radiation received by the second st 15 -
| ayer essentially zero. 16. The et ”mmmmmmmﬁ“ln whi ch
step (e) includes a silylation step. . *17° The "ethod of
claim16 in which during step (b) the radiation is el eetrons and t he

dose of electrons received by the third region of the resist |ayer _
essentially zero. 20 .(2) forming a phasg-shiffiag méskigdcenrdanca withithe F‘HPWMIGH i he

first and secorullairregz',on have . square or circul ar cont ours wher eby
after the etching step erture bou t he & | t opaque
layer is formed in the @‘B&lfg%m}ga B prescnt opugal radiation ofp t ang?““g“g

phot ol i t hogr aptthe radiation propaghting theough ehesiesksonnd a photoresist laycr locamdqna)
formng a phgs ﬂa_q.ﬁ {-fErf'edo'” 25
claim %7 Phs %ﬁﬁriﬁﬂgoﬁﬁ?}ﬁfdrgu%gﬂﬁ ﬁneampr&ags%ﬁsﬁg Ica racsl ation

onto the mask, WHeETf ocusi ng t he opt i cal radiation propagatr ng t hrough

the mask onto a photor e@d)a&véraprsg tHeQmotopskist layer, Whefebyah edgeSfatuAsS fétined
waf er on a Iaye[fwof rra&erl al on a major surface of a wafer,

respectively;
(d) defining a featre at the major surface of the wafer or in the layer of

10 material, respectively, in accordance with the edge feature in the photoresist layer.
14. The method of claim 11 in which step (c) includes an optica flooding
step.
15. The method of claim 14 in which during step (b) the radiarion is
electrons and in which the dose of radiation received by the second regin of the resist
1S layer essentially zero.
' 16. The method of claim |1 in which step (e) includes a silylation step.
17. The method of claim 16 in which during step (b) the radiation is
electrons and the dose of electrons received by the third region of the resist layer is
essentially zero.
20 18. The method of claim 17 in which the first and second region have
* square or circular contours, whereby after the erching step an aperture bounded by
the edge in the opaque layer is formed in the opague layer.
19. A photolithographic method including the steps of:
(3) forming a phase-shifting mask in accordance with the steps recited in
25 claim17; ' .

(b) directing the prescribed optical radiation onto the miisk, and focusing
the optical radiation propagating through the maskonto a photoresist layer located
on a major surface of a wafer on a fayer of material on a major surface of a wafer,
respectively; '

30 (c) developing the photoresist layer, whereby an edge feature is formed
therein; and




f/‘f

30 ‘ : (c) devel oping the photoresist |ayer, mhereby an edge
feature I's formed t herein; and (d)
deflnlng a feature at the major surface of the wafer or in the | ayer of
material respectively, in accordance with the edge feature in the
phot or esi st | ayer, 20. A photolithographic nethod of maki ng
sem conduct or integrated circuits including the—steps—of. 5

(a) formng a phase-shifting mask in aggordance wi the steps recited in.

claim11: (b) directing the pr es[cfm "ﬁm, iation
- onto the mask, and focusing the radi ation pro QW he mask

- onto a photoresist |ayer |ocated on a

(d) defining a feature at the major surface of the wafer or in the layer of
material. respectively, in accordance with the edge feature in the photoresist layer.
G A photolithographic method of making semiconductor integrated
circuits including the steps of: | -
5 (a) forming a phase-shifting mask in méodmce with the steps recited in
claim 11; :
(b) directing the prescribed optical radiation onto the mask, and focusing
the radiation propagating through the mask onto a photoresist layer located on a
major surface of a semiconductor wafer or located on a layer of material located on a
10 major surface of a semiconductor wafer;
(c) developing the photoresist layer, whereby an edge feature is created
therein; and . '
(d) defining a feature at the major surface of the semiconductor wafer or
in the layer of material, respectively, in accordance with the edge feature in the
15 photoresist layer.




maj or, surface of a seniconductor wafer or |ocated on a | ayer of materi al
| ocated on a 10 maj or surface of a sem conductor wafer:
(c) devel oping the photoresist |ayer, whereby an edge feature is created

t herein; and

(d) defining a feature at the major surface

of the sem conductor wafer or in the | ayer of material, respectively,
~in accordance with the edge feature in _izhe 15 photoresi st |ayer.

10

15

SINGLE-ALIGNMENT-LEVEL LITHOGRAPHIC TECHNIQUE
FOR ACHIEVING SELF-ALIGNED FEATURES

Abstract

A phase-shifting lithographic mask is made by a procedure involving
only a single patterned electron, ion, or photon beam bombardment of a resist layer.
The bombardment is arranged to produce three kinds of regions (FIG. 1: 14, 16, 15)
in the resist: typically, no dosage, low dosage, and high dosage. These three regions
in the resist are then utilized--in conjunction with an ordinary wet development step
followed by either a silylation or an optical flooding technique, and thereafter by
another ordinary wet development step--to pattern the resist layer and thereby to
enable forming, by dry or wet etching, an undérlying double layer consisting of a
patterned opaque layer (FIG. 5: 13) and a patterned transparent phase-shifting layer
(FIG. 5: 12), the phase-shifting layer being located on, or being part of, a transparent
substrate (11). |

Drawing for publication in O.G.: FIG. 1 and FIG. 5§
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