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scanning charged beam whose intensity varies with time (i.e., a spatially selective
scanning beam having a prescribed resulting lateral pattern). The charged beam is
typically an electron beam (a "direct-writing electron beam™). The resist layér is
located on a workpiece. The workpiece typically comprises a transparent substrate

10  to be used for a phase-shifting mask or a semiconductor wafer to be used for an
integrated circuit.

The resist layer is developed after the bombardment, whereby a desired
pattern of openings is formed in the resist layer in accordance with the resulting
lateral pattern of the charged beam. Then the thus patterned resist layer is used for

15 defining features in the workpiece--i.e., for patterning the workpiece in accordance
with the lateral pattern of the beam, using the patterned resist layer as a patterned
mask. For example, using a semiconductor wafer as the workpiece, the patterned
resist layer is bombarded with ions that are thus implanted into the wafer or that
react with the wafer to form indentation ("recess") regions in the wafer.

20  Alternatively, the patterned resist layer is used as a patterned mask for the deposition -
of patterned metal iayers on the wafer, in order to metallize integrated circuits.
Using a transparent substrate (with a patterned layer of opaque portions on typically
one of its major surfaces) the patterned resist layer is used as a patterned mask for
spatially selectively removing portions of the thickness of the transparent substrate,

25 or portions of the thickness of the opaque layer, or of both--i.e., portions of the ,
workpiece. Moreover, the patterned resist layer is typically completely removed
after being used as a patterned mask in conjunction with the semiconductor wafer or
with the transparent substrate.

A known method for defining a desired pattern in a resist layer involves

30 exposing the resist layer to a direct-writing, scanning electron beam, followed by wet
developing the resist layer, whereby the desired patterned resist layer is formed. One
problem that arises is called "charging effects"--that is, electronic charges that are
introduced by the electron beam at earlier moments of times during the scanning
undesirably laterally defect the electron beam at neighboring locations at subsequent

35 moments of time, whereby the resulting pattern of exposure of the resist layer to the
electron beam is not the same as was desired.
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of the polymer in an organic solvent. The purpose of the intermediate protective

15 layer is to suppress undesirable global removal of the resist layer by the organic
solvent during the spin-coating process. This protective layer can simply be a
polyvinyl alcohol (hereinafter "PVA") layer, which can be removed--subsequent to a
removal of the conductive organic layer after the electron bombardment has been
completed--by means of simply dissolving it in water.

20 Disadvantages of the foregoing method can arise from a formation and
subsequent accumulation of unwanted polymer residues at the interface of the PVA
and resist layers. More specifically, the unwanted residues can coat the workpiece
and thus render it difficult to transfer the pattern of the patterned resist layer to the
workpiece. Disadvantages can also arise from the random localized formation of

25 unwanted pinholes in the resist layer during the removal of the conductive organic
layer, owing to the porousness of the PVA layer and to the solubility of the resist in
the organic solvent that is used to dissolve the conductive organic layer. More
specifically, pinholes in the protective layer enable the solvent, which is
subsequently used for removing the conductive orgénic layer after the electron

30 bombardment has been completed, to penetrate down to, and to dissolve localized
portions of, the resist layer. Therefore, alleviation of one or both of these
disadvantages is desirable.

Summary of the Invention
The invention is defined in claim 1. Embodiments of the invention are
35 given in the dependent claims.




‘undesirably laterally defect the el ectron beam at nei ghboring | ocations at
subsequent 35 nonents of tinme, whereby the resulting pattern of exposure of

.the resist layer to the el ectron beamis not the same as was desired.
-2 - In a paper authored by Kei ko Yano et al., entitled
"A New Pr ocess for Reduci ng the Char-@dng Effect in El ectron Beam

Li t hography," and published in JJAP Series 4, Proc. of 1990 Intern.
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overlying tshejonesthihg ("RIE"), éHérhidally Assisted ion beam etching ("CAIBE"), plasma mode
etching, ion milling, electron (cyclotron resonance) beam etching, and microwave
etching.
Brief Description of the Drawing(s)

FIGS. 1-6 are cross-sectional elevational views of successive stages of
10 implementation of a lithographic process in accordance with a specific embodiment
of the invention.
Only for the sake of clarity, none of the drawings is to scale.
Detailed Description
Referring to FIG. 1, a structure 100 comprises a transparent substrate 10,
15 such as quartz, on whose top major surface a patterned chromium layer 10.5 has
been formed. The structure 100 represents an early stage in the fabrication of a
phase-shifting mask. The structures 200, 300, 400, 500, and 600 represent
successive later stages. ,
An electron-beam-sensitive resist layer 11 overlies both the chromium
20 layer 10.5 and the substrate 10. An intermediate protective layer 12, typically
polyvinylalcohol ("'PVA"), overlies the resist layer 12; and a grounded electrically
conductive organic layer 13 overlies the protective layer 12. The protective PVA
layer 12 typically has a thickness of 0.15 pum.
The conductive layer 13, for example, is a spun-on crystallized solution
25 of a complex TCNQ salt, such as N=actylisoquinolinium-tetracyanoquinodimethan,
a polymer resin, and an organic solvent. This conductive layer 13 typically has a
thickness of approximately 0.1 um.
While the conductive layer 13 is grounded, a direct writing electron
beam 15 spatially selectively scans and hence bombards certain portions of, among
30 other things, the resist layer 11, according to a pattern determined by the lateral
pattern of the scanning electron beam. In this way, the thus electron-bombarded
portions of the resist layer 11 receive a 10 keV electronic charge dose typically in the
approximate range of 1.0-to-1.2 pc/cm? (micro-coulomb per square centimeter) for a
resist layer compriéing' poly(butene sulfone) having a thickness of approximately
35 0.7 um. In this way, the thus electron-bombarded portions of the resist layer are
sensitized to a subsequent development process, as described more fully below.
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In FIG. 4 the resist layer 11.1 corresponds to an intermediate stage of
the resulting structure 400 during this etching; in FIG. 5 the resist layer 11.2
15 corresponds to the stage of the resulting structure 500 that is attained after this
etching has been completed.

Thereafter, an aperture (FIG. 6) is formed in the resist layer 11.2,
typically by wet development. Next, a suitable flood reactive-ion-etching beam,
typically containing fluoride ions, is directed at the top surface of structure being

20 fabricated in order to etch the quartz substrate 10 in a region thereof underlying the
aperture in the resist layer 11.2. In this way, the structure 600 is attained--namely,
with an indentation ("recess") region 10.1 formed in the quartz substrate 10 in a
region underlying the aperture that had been formed in the resist layer 11.2.
Alternatively, wet etching the quartz with wet hydrofluoric acid (HF) can be used to

25 form the recess region 10.1 in the substrate 10.

Next, the resist layer 11.2 is removed (not shown), as by means of an
organic solvent, as known in the art. The structure thus formed can then be used as a
phase-shifting lithographic mask.

Although the invention has been described in detail in terms of a

30 specific embodiment, various modifications can bé made without departing from the
scope of the invention. For example, instead of a transparent substrate 10, a
semiconductive substrate can be used in combination with--instead of the
bombardment with fluoride ions through the aperture in the resist--an implantation of
impurity or other ions into the semiconductive substrate, or a dry etching of the

35 substrate with chlorine ions, or a deposition of a material such as metal, in order to
create an ion implanted region in the semiconductive substrate, or to produce a
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5 ion etching ("RIE"), chemi cally assisted ion beam etching ("CAl BE"),

pl asma node etching, ion mlling, electron (cyclotron resonance) beam
etching, and m crowave et chi ng. Brief Description of the Draw ng(s)
FIGS. 1-6 are cross-sectional elevational \rgews of successive stages of 10
I npl ementation of a |ithographic process i’ accordance with a specific
enbodi nent of the invention. Only for the sake of
clarity, none €laims: dr aw ngs is to scale. Det ai | ed Description
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10 dry etching; and

(c) developing the resist layer, whereby the resist layer becomes a
patterned resist layer in accordance with the pattern of the beam.

2. The method of claim 1 in which the conductive layer comprises an
organic layer.

15 3. The method of claim 2, in which a protective layer (12) intervenes
between the conductive and resist layers, further compnsmg between steps (b)
and (c)
the step of removing a fraction of the thickness of the protective layer by
means of dry etching, followed by the step of removing the entire remaining
20 thickness of the protective layer by means of dissolving it in a liquid solvent.

4. The method of claim 3 further comprising, after removing the entire
- thickness of the protective layer and before step (c), the step of removing only a

fraction of the thickness of the resist layer by means of dry etching.

5. The method of claim 1, 2, 3, or 4 in which the conductive layer is
25 grounded.

\.a'ge: \

I L \\\\\\\\\\\\



25 of a conplex TCNQ salt, such as

N=act yl i soqui nol i ni umt et racyanoqui nodi net han, a polyner resin, and an
organi ¢ solvent. This conductive layer 13 typically has a t hi ckness of
approximately 0.1 [err]m Wil e the conductive layer 13 is
grounded, a direct witing electron bdam 15 spatially selectively
scans and hence bonbards certain portions of, anong 30 other things, the

resist |ayer 1ELEGTRON BEAM IITHOGRAPHY WITH REDYCEDCHARGING EFFECTS

pattern of the jng electron beam In this way, the thus
el ectron- bonbaéw portions of the resist |ayer 11 receive a 10 keV

el ectroni c charge dose A gistatadriting ¢lectton beam isapgt fox idefiniag feapes ¢ a resist
resi st layer. carey () B RercEhflrRaeh'th A anBitly L UBHEIERT LR ds g pife-
appr oxi nat ePy shiftimgmaskisubsiratg or a pgnaicopgdnctartintegiated citcyittwafer. SBirebmsidekdyer
SOF tions of thg16&%ddn & BPAajf Surface of &W?Fkb%@? fPa SpetiiRS&tSdinent, the
evel opment prx%(s:i%ts l%’yeraa 19lesslcc>éalté)de1(ljn£ornre%thf # Lro%ectixe/e (I)ayvyer (12) of polyvinyl alcohol
("PVA"); and a grounded conductive layer (13), such as a conductive organic layer,
is located on the protective layer (12). After exposing the top major surface of the
10 resulting structure to the direct-writing patterned electron beam, the following steps
are performed:
(1) plasma etching completely removes the entire thickness of the
conductive layer as well as a small fraction of the thickness of the PVA layer;
(2) the PVA layer is then completely removed by dissolving it in water;
15 (3) another plasma etching removes a small fraction of the thickness of
the resist layer, including any unwanted residues; and
(4) the resist layer is developed.

FIG. 1
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}typically containing fluoride ions, is directed at the top surface of
structure being 20 fabricated in order to etch the quartz substrate 10 in

‘a region thereof underlying the aperture in the resist layer 11.2. In
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- 5- recess in the substrate, or to.produce a patterned netallization,
respectively, for sem conductor integrated circuits.
“Instead of dry etching the conductive |ayer or the protective layer (or

bot.h) wi th oxygen, other gases can be used such as nitrcm;rﬁgpﬂA@HMENT SHEET
. dioxrde, or a 5 mnxture of such gases. Insjead of using &

el ectron beam as the actinic radi ati on beam a scanning} ijon beam can. be
used. FIG. 1 - o 2 gptiav-1996 | !
‘ _
7 13

N

N NN AN N
N \\\\\\ NN \\\\\\ NN \\\\\\ NN \\\\ 12

AR

10

10.5 10.5

'/// //////////// ///

10.5 10.5
FIG. 3 .. 300
:..“i‘::?-‘i-?-’ii"“_f’: ”.“:“:“1“'; 30
\\\\\\\\\\\\\\\\\ 12.1

10.5 105



- 6- W claim 1. In a nethod of patterning a workpiece in accordance

with the lateral pattern of a spatially selective, electrically

charged, scanni ng beam of actinic radiation, the steps_of (a)

directing the beamat a major surface of a conductive |ayer jigd@ a ey
overlying a resist layer that is sensitive io the beam the M\Ci ﬂﬁagﬁ?’
| ayer bei ng transparent to the beam 4he resist |ayer beinf Iogatf% ;
overlying the morkpiﬁii' (b) renoving the entire thicknesq df 6e%ﬂ¥;ﬁ;5 : i
conductive | ayer by Gs of dry etching; and (c) deMel oping the i '

resist |ayer, whereby the resist |ayer becones a patterned r
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| ayer . 3. The nmethod of claim 2, in which a protective |ayer

I nt ervenes between the conductive and resist |ayers, further

conpri sing between steps (b) and (c) the step a fraction
of the thickness of the protective |ayer by me EPbAC N t
followed by the step of renoving the-@éwire renaining
the protective |layer by neans of dissolving it in a lji F @ vent .
The nethod of claim3 further conprising, after stepf(q), #h tﬁB’oﬂ
defini ngyy, a feature in or on the workpi ece usifig tterned FESISt
| ayer as a pat?%rned protective mask. 5. The met hod of " c%q|n14
I n which the dry etching of step (b) is etching with oxygen. i

1. In a method of patterning a workpiece in accordance with the lateral patiern
of a spatially selective, electrically charged, scanning beam of actinic radiation,
the steps of

(a) directing the beam at a major surface of a conductive layer that is located
overlying a resist layer that is sensitive to the beam, the conductive layer being
transparent to the beam, the resist layer being located overlying the workpiece;

(b)  removing the entire thickness of the conductive layer by means of dry etching;
md

) - deQeloping the resist layer, whereby the resist layer becomes a patterned resist

layer in accordance with the pattern of the beam.

2. - The method of claim 1 in which the conductive layer comprises an organic
| layer.
3. The method of claim 2, in which a protective layer intervenes between the

conductive and resist layers, further comprising between steps (b) and (c)
the step of removing a fraction of the thickness of the protective layer by
means of dry etching, followed by the step of removing the entire remaining

thickness of the protective layer by means of dissolving it in a liquid solvent.
4. The method of claim 3 further comprising, after step (c), the step of defining
a feature in or on the workpiece using the patterned resist layer as a patterned

protective mask.

S. The method of claim 4 in which the dry etching of step (b) is etching with

oxygen.

I



6. The met hod of claim3 further conprising, after renoving the entire

t hi ckness

removing only a fraction of the thickness of the
means of dry etching. 7. The nethod of claim®6 fur

wor kpi ece using the patterned resist |layer as a patter

of the protective |ayer and before ste

(c), the step of
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after step (c), the step of defining-7- a feature in#or on the

mask. 8.

etching @ th pe methdd¥O8Rim 3 further comprising, after removing

10.

11.

12.

The nethod of claim7 in which the dry etjchHing of step (

14 UCTp1997e‘ tifve

D) {1 S

e entire thickness

of the protective layer and before step (c), the step of removing only a fraction

of the thickness of the resist layer by means of dry etching.

The method of claim 6 further comprising, after step (c), the step of defining

a feature in or on the workpiece using the patterned resist layer as a patterned

protective mask.

The method of claim 7 in which the dry etching of step (b) is etching with
oxygen.

The method of claim 8 in which the step of removing only a portion of the

thickness of the resist layer is performed by etching with oxygen.
The method of claim 9 further comprising, after step (c), the step of defining
a feature in or on the workpiece using the patterned resist layer as a patterned

protective mask.

The method of claim 7 in which the step of removing only a portion of the

thickness of the resist layer if performed by etching with oxygen.

The method of claim 1 in which step (b) comprises etching with oxygen.



9. The pethod of claim8 in which the step of renoving
t he t hi ckness of the resist layer is perfornmed by ) ’
oxygen. 10. The net hod of -claim9 further conprising,| gfTer"sSTEP™(T)
the step of defining a feature in or on the workpi eéezﬁi?ql‘t@ga(
patterned resist |layer as a patterned protective fagk.* ! : he
nmethod of claim7 in which the step-af -renoving only a pqrt-i—en——e#—-t—he—-—-j
t hi ckness of the resist layer if perforned by etching w tth oxygen. 12.
The method of claim 1l in which step (b) conprises etchi ng-W T OXyJemn:
ELECTRON BEAM LITHOGRAPHY WITH REDUCED CHARGING EFFECTS
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Abstract

A direct-writing electron beam is used for defining features in a resist
layer (11) and hence ultimately in an underlying workpiece (10), such as in a phase-
shifting mask substrate or a semiconductor integrated circuit water. The resist layer
is located on a top major surface of the workpiece. In a specific embodiment, the
resist layer (11) is located underneath a protective layer (12) of polyvinyl alcohol
("PVA"); and a grounded conductive layer (13), such as a conductive organic layer,
is located on the protective layer (12). After exposing the top major surface of the
resulting structure to the direct-writing patterned electron beam, the following steps
are performed:

(1) plasma etching completely removes the entire thickness of the
conductive layer as well as a small fraction of the thickness of the PV A layer;

(2) the PVA layer is then completely removed by dissolving it in water;

(3) another plasma etching removes a small fraction of the thickness of
the resist layer, including any unwanted residues; and
(4) the resist layer is developed.



