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1DL,;,RIPTIONLEVENSON TYPE PHASE SHIFT MASK ANC

MANUFACTURING METHOD "HEREOF Technical Field The present

invention relates to a Levenson type phase shift mask used for

manufacturing a semiconductor element such as an LSl and to a

manufacturing method 10 thereof. Background Art Recently, a high

resolution Duality has been demanded eveh in a projection exposure

device in connection with increasing density and miniaturization 15 of

semiconductor elements. Thus, in. the-figld 0:'; photomasks, there is a

phase shift method proposed by Levenson at a. of IBM Corporation is

198 as a technique for improving the resolution quality of a transcription

pattern. The principlecofithequhase R0 shift sretbod israsfoliewsna phase

shift portion (shifteMaperiAg)Lis providéd iione BpERiAgSo that the

phase of transmitted light which has passed an adjacent openinq is

inverted, in order to decrease light density at a boundary port ion when

the 25 transmitted lights interfere withygach-oth pthergthereby improving

the resolution quality and focal depth of the transcriptio pattern. A

photomask whoserresolation goakty hasrbeenlimipeevetbby use vésachat ype

phase %hift , , .
phase shift mask used for manufacturing a semiconductor
element such as an LSI and to a manufacturing method
thereof.

Background Art
Recently, a high resolution guality has been

demanded even in a projection exposure device in
connection with increasing density and miniaturization
of semiconductor elements. Thus, in the field of
photomasks, there is a phase shift method proposed by
Levenson et al. of IBM Corporation in 1982 as a
technique for improving the resolution quality of a
transcription pattern. The principle of the phase
shift method is as follows: a phase shift portion
(shifter opening) is provided in one opening so that
the phase of transmitted light which has passed an
adjacent opening is inverted, in order to decrease
light density at a boundary portion when the
transmitted lights interfere with each other, thereby
improving the resolution quality and focal depth of the

transcription pattern. A photomask whose resolution

ity has been improved by use of such a phase shift

ot
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method --rally called a Levenson type phase shift mask. Currently, the
main method of providing a phase shift portion in one opening is a
digging type method 5 in which a transparent substrate is dug by,‘for
example, etching to provide a shifter opening. FIG. 8 is a schematic
sectional view showing the structure of a dug-type Levenson type phase
shift mask. In The drawing, the numeral 1_Z denotes a transparent 10
substrate, 12 denotes a light shielding film, "3 denotes a non-shifter
opening, and 14 denotes a shifter opening. The numeral 15 denotes a '
shallow trefch, whidtisehe tepti st thechch-shiffer Gisehing 28 durine shift
the subsirate. The numeral 16 denotes an undercut, 15 which: is the
length of a visor of light shielding portions provided in the shifter opening
14. The. numeral-khdenotes aedifferencadn diggingrameuits (o £tehing, s
amounts) corresponding to a phase difference of 180 between
transmittied ightBhtthrsugh? the AoR2C shifter spening 4.8 and ;tyge method
transmitted light, 3a through the shifter opening 14. The numeral 1

o AL eRsion 16D Terers (s THE width, 7™

Y 1 a4 L}:?
denotes a chromium critic

example;dnghe case ohan isolated pattern.of.a ling asterm which is a

line winch dimension when-- chromium 25 (Cr) is used for the light.

shielding film125Thé dumeral d9edenotes agitch onhichis awlistapea ng the

ﬂ°”1aQt?ﬂggﬂﬁzo%?I§h5§g§¥wgipigggug§§j%ggifcgégse shift mask.
In the drawing, the numeral 11 denotes a transparent
substrate, 12 denotes a light shielding film, 13
denotes a non-shifter opening, and 14 denotes a shifter
opening. The numeral 15 denotes a shallow trench,
which is the depth of the non-shifter opening 13 dug in
the substrate. The numeral 16 denotes an undercut,
which is the length of a visor of light shielding
portions provided in the shifter opening 14. The
numeral 17 denotes a difference in digging amounts (or
etching amounts) corresponding to a phase difference of
180° between transmitted light 3b through the non-
shifter opening 13 and transmitted light 3a through the
shifter opening 14. The numeral 18 denotes a chromium
critical dimension (CD, refers to a line width, for
example, in the case of an isolated pattern of a line
pattern), which is a line width dimension when chromium
(Cr) is used for the light shielding film 12. The

numeral 19 denotes a pitch, which is a distance from an

end face of a light shielding pattern to an end face of



3 a next light shielding pattern. In the -e.;ensor type phase shy':' Trask
shown -n FIG. 8, a structure witnour. the. shallow trench -i..l is a So-ca
ed single. trench structure, w:rile a. struci_ure 5 with the shallow trench
15 is a so-called dual trench structure. In both structures, it is known to
provide the undercut 16 as described in, for example,_ Patent document 1
in order to prevent imbalance of light shielding intensity due to the
transmitted _ight from a 10 sidewall of a dug portion of thesu_bstrar_e. The
dug-type Levenson type phase shift mask described above is based ona
structufe MSAtich ! shiftek Dty srandtthe mon-shifter openings are

alternately arranged in a repetitive manner. However, 15 in an actual_ . .
design of a de%ﬁi%ce%llr%uf‘t’,(e there are cfeated nOTGNIS & pattdinSin whichn 1in

_he shifter .openingssand the.nen-shifter,gpenings é‘ﬁ%%‘l%rﬂa&e%nchh 15 is a
arranged but also a pattern in which the shifter openings gd;cw, eac
other of @ pat-Lesrinsihich the 26 mon-shifter openings.adjoin eachothef ure
For example, as shown in -TG, 9, thereqmay be created a pattern in )

> which g%hikfte}; Opering 213"adj5me @nother Shifier Sepeifing 22adiisl trench

often Irgpossib.& n.a cirgul Slasiar. o avaid he cregtion ol guch e pattern
in which 25 the openings of the same kind adjoirl each other. THe

the undercut 16 as described in, for example, Patent

document 1 in order to prevent imbalance of light

shielding intensity due to the transmitted light from a
10 sidewall of a dug portion of the substrate.

The dug-type Levenson type phase shift mask
described above is based on a structure in which the
shifter openings and the non-shifter openings are
alternately arranged in a repetitive manner. However,
15 in an actual design of a device circuit, there are
Created not only a pattern in which the shifter
openings and the non-shifter openings are alternately
arranged but also a pattern in which the shifter
openings adjoin each other or a pattern in which the
20 non-shifter openings adjoin each other. For example,
as shown in FIG. 9, there may be created a pattern in
which a shifter opening 21la adjolns another shifter
opening 22a. It is often impossible in a circuit
design to avoid the creation of such a pattern in which
25 the openings of the same kind adjoln each other. The
pattern in which the openings of the same kind adjoin

each other has the following two problems.



pattern in which the openings of the same Lino aci-io-n each other has
the following two problerr-s. n The ii_rst problem is that because the
phases of ‘transmitted lights sa through t.:-,e adjacent openings 21a and
22a are the same (n-- tin the case of FIG, 9) , they reinforce each other
(not counteract each other), such 5 that the light intensity in a portion 23a
interposed between _he openings of the samé kind is increased,

resulting in a degraded reso.utiion quality of this interposed portion. FIG.
10isa charactt,?r}ilsetic gwgsgisé;ram showing a relative exposure intensity

when a 10 positive resistis &80 F8nsfer S'HRAsOR&HG the Strukitpees of
of FIG. %9@?98?6@%'@@99@9&%@’%%"' éﬁ%&ﬁ%@rgg}%@éﬁp’ gpenings 21la

resist CD 23b of the portion interposed between the shiftér openings 21a
and 22acofdthielsame kindhis ssaaller thanwesist GQ3s (ransferflS1G6. 9), they
dimension of the resist) 25b and 26b of portions interposed between the

shifter op&RiRGSanT the HonC BRiftEr dPeHings) HHertheTes6latibn &ther) , such

ifficult i er portion, The second problem that.a light_shieldin
E?illm 20 ?Eg]grgsﬁgt ?nl%%tp&rrﬁgr? aiéofﬁferlp%saed%oelf\?végﬁ t%e3 dopjtifﬁltn%rsp osed

of the sampekinsheasily capaes offor peels raff)sEhereiis ng prablemwhen .,
the non-shifter openings adjoin each other, but when the shifter openings

21a andr2Zaidfthesahie Rindewjoidedcretiierution quality of this

interposed portion. FIG. 10 is a characteristic line
diagram showing a relative exposure intensity when a
10 positive resist is used to transfer a mask having the
structure of FIG. 9 onto a semiconductor wafer. At the
same threshold (SL), a resist CD 23b of the portion
interposed between the shifter openings 2la and 22a of
the same kind is smaller than resist CDs (transfer
15 dimension of the resist) 25b and 26b of portions
interposed between the shifter openings and the non-
shifter openings, and the resolution is difficult in
the former portion.

The second problem is that a light shielding film
20 12b present in the portion 23a interposed between the
openings of the same kind easily comes off (or peels
off). There is no problem when the non-shifter
openings adjoin each other, but when the shifter
openings 2la and 22a of the same kind adjoin each other
25 as in the pattern shown in FIG. 9, the undercuts 16 are
produced from both sides into the transparent substrate

11 in the portion 23a interposed between the two
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25 as in the pattern shown in FIG, 9, the undercuts 16 are NY.ooacec
from sides i tr Lrzansparen ubstra’e 11 in the portion 23a interposed
between the two C stiffer openings 21a and 22a, such ha'- a comact area
between the light shielding film 12b and the transparent substrate 11 is
reduced. Thus, the light shielding film ilk; in the interposed portion 23a _
easily 5 comes off from the transparent subs%rate 11. The rr_lask design is
greatly restricted due to countermeasures against the coming off of the
light shielding film 12s, and the amount of the undercuts can not he

properlyhseleeted, and mereoverc_g-performance of ttﬂ%g@sé( r@_@)’itigct area
deteriorate. Patent document 1: Jpn. Pat. Appln. KOKAI Publication No.

10-333336'Biselostire dfliabeéntioniimotdentorsolve ficforegoing.e

problerpséthe 15£r§sent invention is directed to provide a Levenson

type phiase shift mask and’a nahufactaring ﬁéatﬁ&}&etﬁereo?v\}h?ch carg light
improverg patterngeselution guality ing P?ﬁ@@ﬂB@é{%%sleﬁ%Qeéwge“ da easily

Il
openings of the same kind and which can make It difficu [ for a ight
shieldingfitm irthie gartion interposed hetweean the epenings of the same sk
kind to come off. (1) P. Levenson type phase shift mask of the present

inventiof Td eRarattétized by confprising ligiit due to countermeasures
against the coming off of the light shielding film 12b,

and the amount of the undercuts can not be properly
selected, and moreover, the performance of the mask may
deteriorate.

Patent document 1: Jpn. Pat. Appln. KOKAT
Publication No. 10-333316

Disclosure of Invention

In order to solve the foregoing problems, the
present invention is directed to provide a Levensoﬁ
type phase shift mask and a manufacturing method
thereof which can improve a pattern resolution quality
in a portion interposed between openings of the same
kind and which can make it difficult for a light
shielding film in the portion interposed between the
openings of the same kind to come off.

(1) A Levenson type phase shift mask of the
present invention is characterized by comprising light
shielding portions and openings formed on a transparent
substrate, the transparent substrate at the openings
being partially dug in or a transparent film being

partially disposed on the transparent substrate at the
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shielding portions and openings formed on a transparent 25 substrate, the
transparent. substrate the openings being partially du.g in or a
transparent film beino- partially d-sp.sed on the L-ansparr_substrate aj the
E. openings to form shifter oxeiino and. non-shifter openings, the shjfter
ooenings and the non-shifter openings repetitively existing in the mask,
she shifter openings ;rverting a phase o_ tr&nsmitted light; the 5 _. eve
son type phase shift mask n'ludinc a light shield=-ng portions patters

interposed from bo%h siggs betxvlej@n the adjacent openings of the same

kind, the light Shielding poftions pa%t%fn BEE?\B%%BFe_c?étPt61%§hift@f
correctigr whichsexpands dhe light shielding, 10 partigns pattern to both

s-des thereof in a predetermined amount with respect to a pre letermine
desigrdlirewitiis seteipea designlof the maskn ¢2)Thecphase:shift mask shifrer
accordin%to, the above paragraph (1) is characterized in that a transfer 15

dimenSion'o- " We fightshididingipdrfieris patterh rinteiosée fromi bbth;  the
sides between the adiacept shifter Osz{' INgs or interpose dnfé%rgte %;r%ﬁ%td

C €
sides between the adjacen-_ non-shifter openings Gnder pr

exposutei edntlitionsyis exprassedasca knction of thes20 biasGorrections : ge
amount, and the bias correction amount is decided so that the. --light
shieldingptions patter ] Bobtainedanitna desifed transferdinensipn £ he

light shielding portions pattern being subjected to
bias correction which expands the light shielding
portions pattern to both sides thereof in a
predetermined amount with respect to a predetermined
design line width set by a design of the mask.

(2) The phase shift mask according to the above
paragraph (1) is characterized in that a transfer
dimension of the light shielding portions pattern
interposed from both sides between the adjacent shifter
openings or interposed from both sides between the
adjacent non-shifter openings under predetermined
exposure conditions is expressed as a function of the
bias correction amount, and the bias correction amount
is decided so that the light shielding portions pattern
is obtained with a desired transfer dimension.

(3) The phase shift mask according to the above
paragraph (2) is characterized in that the processing
of deciding the bias correction amount is achieved by a
simulation of transferring onto a semiconductor wafer,

(4) The phase shift mask according to any one of



3) The phase shift mash according tc the above paragraph '2) is_
characterized in that the pro sing 25 of deciding the bias correction
amount is achieved by a simulation of transferring onto a semiconduc.or
wafer. (4) The phase shift mask according to any one of the ab_ove
paragraphs (1 to, _s a Lever son typo phase shift mas_k wherein, the
ligir_ shielding portions pattern. interposed ffom both S|d(_as between the
adjacent shifter openings is subjected to the bias correction, the phase 5

shift m.gsl- being ¢ a sized in that the light shielding portions Pattern
interpo?j bae%tovegfeen the SRifter oi)elgﬁtngﬁJC éjndBtheerCOn@sHiﬁéfl’SBﬁé‘rﬂng has phase

an Um%ﬁ@@to%ﬂgkgdﬁéggﬁ%Sﬁm@rQQ@N@ggﬁy%qwﬁﬁgh%%g@ggws(Eattern
portions pattern subjected to the bias 1G correction has no undercut ;FIG.
1 (5) The phase shif-_fmassactordingitesamyeaneof, the.abevg acent shifter
paragraphs (1 to 3).is a Levenson type phase shift mask wherein the light

shieldifig POriohs pattefir HAfTHESed fofm ot 2! asfdesbatveehithe ddhe phase

B e e e o e et
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shift mask being characterized in that the shleildlng por ions p
interposedehetween the-shifter gpening-and thenonsshifter, opgning has.

an undercut on the side of the shifter opening, and the 2G light shielding

portior’s Paitteth stBfRetetPtorthe biks coprection has nodight shieldiag filan

(FIG. 2 thischygmeless ype phase shift mask, the fransmited | tne
light shielding portions pattern subjected to the bias
correction has no undercut (FIG. 1.

(5) The phase shift mask according to any one of
the above paragraphs (1 to 3) is a Levenson type phase
shift mask wherein the light shielding portions pattern
interposed from both sides between the adjacent shifter
openings 1s subjected to the bias correction, the phase
shift mask being characterized in that the light
shielding portions pattern interposed between the
shifter opening and the non-shifter opening has an
undercut on the side of the shifter opening, and the
light shielding portions pattern subjected to the bias
correction has no light shielding film (FIG. 2). In
this chromeless type phase shift mask, the transmitted
light from the shifter opening and the transmitted
light from the interposed portion offset each other.

In consequence, the mask functions as if the light
shielding film was present, though any light shielding

film is not present in the interposed portion.



light. from the shifter opening and the transmitted Iight_ from the

interposed por-ion offset each other. 25 Jr, consecue;-ice, the mask

functions as if the light, shielding film was present, though any light

shielding film is not present in the interposed portion. a 6) r; manu

acturing n i.hoo of a Levenson type phase shift mask acc_:ordlng to th

present invention ;s directed to a method ofgfnanufacturlng a Levenson

type phase shift mask com isin ii pr g got shierllding portions t5 agdt o at
openings formegd, o | t substrate, the trapsparent substrate a

thpe opegnings bié?%g@bﬁézﬂip%eénﬁrép d t%\%%%gfjen? ilm b%?nﬁeﬁfrﬁgllf ypbe
disposedh sonethertranspasent substrate;atdhe openings.tedform shifter, « o, ;o
openings and non-shifter openings, the shifter '0 openings and the _

non-shiftef ¥pefthgstrepetitiielp @xistingdm tHe miask i the ﬁhlfl@f\@eﬂ(ﬂ?st ype
inverti hase.of transmitted light, the method being characterized by
comprri%s%%%g%arsﬁérlr%fgtcwnsdia el rsﬁéla%glﬁiﬁlhfbrrﬁ%a%hdtﬁng portions

5 transparent sWhstrate sand, 5ferming aa”gbfa%%gt%mmsﬁl HeMore  the
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subjected to bias correction in an area where the light shielding portiéns

pa-terrrinterppsed fronk bothtsides:betweencthe padjacent openingsefthe 211y
same Kkjnd is to be formed; forming a resist pattern expanded to born

sides thefeof 2091 ah arhBtECoTfesponhdih dofuritkereats hatheight sposed

on the transparent substrate at the openings to form
shifter openings and non-shifter openings, the shifter
openings and the non-shifter openings repetitively
existing in the mask, the shifter openings inverting a
phase of transmitted light, the method being
characterized by comprising: pattern-etching a light
shielding film formed on the transparent substrate, and
forming a light shielding film pattern subjected to
bias correction in an area where the light shielding
portions pattern interposed from both sides between the
adjacent openings of the same kind is to be formed;
forming a resist pattern expanded to both sides thereof
in an amount corresponding to undercuts on the light
shielding film pattern; and using the resist pattern as
a mask to dig in the transparent substrate by etching,
forming undercuts in the resist pattern, and removing a
/resist of the resist pattern (FIGS. 6A to 6I).

(7) The method according to the above paragraph
(6) is characterized by comprising: forming a resist

pattern covering the light shielding film pattern



shielding "_Im pattern; and using the resist pattern as a mask to dig in the
transparent substrate by etching, forming undercuts in the resist pattern,
and removing a resist cf the resist pattern (FIGS. 6F to 6' 25 (7) The
method according to the above paragraph (o) is characterized by compr
.ising: forming a reds-. pattern covering the light shin. ding "m patte_rn 9
xcept. for the tight- shit ding portion. pattern interposed from b_oth sides
between the adjacent openings of the same kind after the IreS|sft cr)]f t?eht
resist misr ved; re g -;he light shield-r.g 5 film of the i
shieldielégﬁgoérlﬁgng %]épttggvbyﬂle c r11|ng(]5 ;halned%ejr“ﬁl&/iﬁgoé LFéé)lrsltso1‘£iﬁ§Tréggt
patter- (F1GS: Ghstoch-£)(8) Aomanutactusinginethod of a,l.evenson dype
phase shift mask according to the present invent_on is 10 directed toa
meti, of &R R&Etufig 'ahcevierrser X ityben Hhase shit mask sompf-singe
light shieldinggortiq&s and | genin s formed on a transparent substrate

by pattemn formation of a li.ght ShidIdiAgHim® e franpareht sib&tFatéatelding

sthe openings being partia: 4 15.dug.inar,a transnarent fil ga%ucn@&a%ig“y
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disposed on the transparent substrate at the openings to form
etching; and removing a resist of the resist pattern

(FIGS. 6A to 61).

(8) A manufacturing method of a Levenson type
phase shift mask according to the present invention is
directed to a method of manufacturing a Levenson type
phase shift mask comprising light shielding portions
and openings formed on a transparent substrate by
pattern formation of a light shielding film, the
transparent substrate at the openings being partially
dug in or a transparent film being partially disposed
on the transparent substrate at the openings to form
shifter openings and non-shifter openings, the shifter
openings and the non-shifter openings repetitively
existing in the mask, the shifter openings inverting a
phase of transmitted light, the method being
characterized by comprising: pattern-etching a light
shielding film formed on the transparent substrate, and
removing a light shielding film from an area where a
light shielding portions pattern interposed from both
sides between the adjacent openings of the same kind is
to be formed; giving bias correction onto the light

shielding film removed area to form a resist pattern



shifter openings and non-shifter openings, the shifter openings and the
non-shifter openings repetitively existing in the mask, the shifter openings
inverting a 20 phase of transmitted light, the method being characterized
by comprising: pattern-etching a light shielding film formed on the
transparent substrate, and removing a light shielding film. from an area
where a light shielding portions pattern interéosed from both 25 sides
between the adjacent openings of the same kind is to b'e formed; giving

bias correction ggtotthebllgp;g sshﬂglng film removed area to form a resist

pattern ]G expanded to b, t -: Sines theredf ii-an amotift €Brédponding

to undereits; apd tigingghe Jesistipatternas amashtadiginthe .
transparent substrate etching, forming undo c'.its in the re list. pa ..terr

and rerpavingrarresist of thestesist pattern (FIGS: 7Ar €0k Thesubstrate
me-hod according to an%/ one of the above paragraphs (6 to 8) is

charactefizet A thi a -HraREf IdinmeHeisH 6Ethe light:shisRiirig poriohs e rn

5 pattern.10Q,interposed g om 9%@1%96}?‘9%9@6” the adjacent 5 h%g;fs%ﬁesr' 78
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. - . resi A
openings or interposed from. both sides between the ao‘facen?
openings under predetermined exposure condi-_ons is expressed as a
function of the bias correction amount, and the bias correction amount 1~
is decided so that tAé figFtsHisldingsortiens patternaisyobtaimedwittha above

des"e%H?QE¥ESHEGW%O%o 8) 1s characterized in that a transfer
dimension of the light shielding portions pattern
interposed from both sides between the adjacent shifter
openings or interposed from both sides between the
adjacent non-shifter openings under predetermined
exposure conditions is expressed as a function of the
bias correction amount, and the bias correction amount
is decided so that the light shielding portions pattern
is obtained with a desired transfer dimension.

(10) The method according to the above paragraph
(9) is characterized in that the processing of deciding
the bias correction amount is achieved by a simulation
of transferring onto a semiconductor wafer.

In the present specification, the “non-shifter
opening” is defined to mean a pattern area which
transmits light without changing the phase of the
light. Moreover, in the present specification, the
“shifter opening” is defined to mean a pattern area
which transmits light so that the phase of the light is

changed (the phase is modulated
& ' P ulated

. .
or example, in the



(10) The method accoraing to the above paragraph (9) is qharac_terized in
t=it the processing of deciding the bias correction amount is achieved by

a si elation 20 of
specification, the

transferring onto a semiconductor wafer. In the present

"non-shifter opening" '-a defined to mean a pattern area

which transmi_s light wi_hou- changing the phase of the light. Moreover,
in the present sp c_f cation, the 25 "shifter opéning" is defined_ to mean a
pattern area which transmits 1Lgh'., so that the phase of the lightis ..,
For | ~., ar~ged *he phase --s ,odulated; ,.s_an'.iole, in the case of a

dug -L 66 Tevehssh Y& b uSeThi =t RASIC™ V28 honlshifterbperiingask, the

correspondsdq a-ait.err portion which

film and in which

ié}ggnacﬁea @/ithgut a Iight shieldin

-here is no digginc or there only forméd 25 Shallow ©* -+°"

trench WlanyhFurthen, the-shifter apening =cor &@@@n@&j@@@g@t@r% PORion 4 in
with a digging. In the present specification, "NA" is defined to mean a

numerit

Faperturé Givehsy thefsrodderofar sinessinOiwittvan anflerbed a

aN . e ical device
- made %@ﬁr&gl_%, gz an %_Ofag%rture t}? ulr;%lgent light in an ng)tlca evi
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and a refractive i

ndex 11 of a space between-"&lens-afd 8" processinger ing

target subsitate dndhe present specification, 13" s dgfingd fo mean g

coherence factor
In

given as a value w,-ere-'1- the
the present specification, “NA” is defined to

mean a numerical aperture given by the product of a

sine sinb with an angle 6 made by the radius of an

aperture to incident light in an optical device and a

refractive index n of a space between a lens and a

processi

In

ng target substrate.

the present specification, “6” is defined to

mean a coherence factor given as a value wherein the

numerica
divided
optical
In
defined
optical
applied

pattern

1 aperture of an illumination optical system is

by the numerical aperture of a projection

system.
the present specification, “just focus” is
to mean causing the focus of an exposure device

system to coincide with the surface of a resist
onto the processing target substrate in which a
is to be formed.

Brief Description of Drawings

FIG. 1 is a sectional view showing a Levenson type

phase sh

ift mask in a first embodiment of the present

invention;

o7
oo

o

T

2 1s a sectional view showing a Levenson type



15 numerical aperture of an illumination optical system is divided by the
numerical aperture of a projection optical system. In the present
specification, "just focus" is defined to mean causing the focus of an .
exposure device 20 optical system to coincide with the surface _of a resist
applied onto the processing target substrate in which a patters is tc h(_e
formed. Brief Description of 'Drawings F- G.l4s a sectional view showing

“a Levenson type 25 phase shift mask it a ~rst embodiment of the presenL

nvent_ion;. <. -e~ .;-Opal-,'en showing 1 :r.'ens on type J. 2 phase
mask i 2~ CCRd nfbddimént of tHE ler BTSPAL T fivention: G, Bresent
is a sectiona), view showing a Levenson type phase. shift mgsk_ in a third.
embodiment o; the present S invention; FIG. 4 is a characteristic diagram,
showing a re-Rative expesuredntensityhwhen pepositive.resistis 1sedt@on ¢ ype
transfer the Levenson type phase shift mask of the present invention onto

a semiEGTITtoT Wwafer PECEIGTS & & Bhardcesristic tisgrameshowingpresent

s with respect to.the bias correction amount, a resist CD of a
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FIG. 4 is a characteristic diagram showing a
relative exposure intensity when a positive resist is
used to transfer the Levenson type phase shift mask of
the present invention onto a semiconductor wafer;

FIG. 5 is a characteristic diagram showing, with
respect to the bias correction amount, a resist CD of a
pattern interposed from both sides between openings of
the same kind;

FIG. 6A 1s a process sectional view for explaining
a method of manufacturing a Levenson type phase shift
mask of the present invention;

FIG. 6B 1s a process sectional view for explaining
the method of manufacturing the Levenson type phase
shift mask of the present invention;

FIG. 6C 1s a process sectional view for explaining
the method of manufacturing the Levenson type phase
shift mask of the present invention;

FIG. 6D 1s a process sectional view for explaining
the method of manufacturing the Levenson type phase
shift mask of the present invention:

FIG. 6FE 1s a process sectional view for explaining

the method of manufacturing the Levenson type phase



pattern interposed from both sides between openings of the same kind;
FIG. 6A is a process sectional view for explaining 15 a method o_f .
manufacturing a Levenson type chase shift mask of the present invention;
G. 6d is a process sectional view for explaining the method of
manufacturing the Levenson type phase shift mask of the present
invention; 20 FIG. 6C is a process sectional View for explaining the
method of manufacturing the Levenson type phase Shift mask of the
present invention; FIG. 61' is a process sectional view for explaining the
method® 8t manlifatfufing tHeEL&VehEsh type phade 25 shift mask of tEe

resent invent..;on; FIB. is.a process sect_or..al view tor ex.cia-niny L
Fnet:ho of - u a%g.%.. 'wrién% ti:SLeQ v%f)%cp%’%ﬁ esﬁw%l WSk of the pfédent*plaining
inventiarh &1Ge 6F dsi aprogess.sectional: Higc+fQd explain:tg, the method . .
of manufacturing the Levenson type phase sh-ft mask of the present
inventich: v E. B&Si§ Pproeess Beetional viewsenexplaining the method

el manufactur'@gf)the é_gvgansont e phase shift mask the present
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invention; FIG is'a procéss sectional View foréxplaifiingy for explaining

the method of manufacturing the Levenson type phase
shift mask of the present invention:;

FIG. 6H 1s a process sectional view for explaining
the method of manufacturing the Levenson type phase
shift mask of the present invention;

FIG. 6I 1s a process sectional view for explaining
the method of manufacturing the Levenson type phase
shift mask of the present invention;

FIG. 7A 1s a process sectional view for explaining
a method of manufacturing an alternative Levenson type
phase shift mask of the present invention;

FIG. 7B 1s a process sectional view for explaining
the method of manufacturing the alternative Levenson
type phase shift mask of the present invention;

FIG. 7C is a process sectional view for explaining
the method of manufacturing the alternative Levenson
type phase shift mask of the present invention;

FIG. 7D is a process sectional view for explaining
the method of manufacturing the alternative Levenson
type phase shift mask of the present invention;

FIG. 7E is a process sectional view for explaining

the method of manufacturing the alternative Levenson



the method of manufacturing the Levenson type phase 10 shift mask of
the present invention; FIG. 6- is a process sectional view for explaining
the method of manufacturing the Levenson type phase shift mask of the
present invention, F?G. /A a process sectional view for expialn_in_g 15a
method of manufacturing an alternative Levenson type phase shift mask
of the present invention; FIG. 72 is a process 4ectional view for explai_nlng
the method of manufacturing the alternative Levenson type. phalse_ Shl?
mask of the present invention; 20 FIG. 7C is a process sectional view for
explaining” ﬁ?éo Hethod” Hﬁa%féﬁ&ﬂfngotﬁe%@rﬁd%%ﬁ%eh%ﬁnt*‘yb@_nr"
phase shift masipf the present jwentian; FIG. 71, j5.3 ofocess sectional
view for explain-._no the method of manufacturing the alfernative
Levensbh<25iyoe phasé shifttmask of thenpreseat inveation: + vel LE/Snson
a r)rocess rtc- i_ona . view for explaining the method of manufact.zrin the

alternafive’ Eevéristh S typd pRdsedhift maskrsfthe présemntion;

explaining

sinventio_n; FIG. 1 a process sectional view for explaining the method of
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manufacturing the alternative L&venson %ypseeﬁﬁ&s%qﬁwlaftv makk or th&gplaining
sent invenfion:bifdG. 46 aprecesssestional Miew far- X pla-alnd 1 . venson

type phase shift mask of the present invention;

FIG. 8 1s a schematic sectional view showing a
conventional dug-type Levenson type phase shift mask;

FIG. 9 is a sectional view showing a conventional
Levenson type phase shift mask having a pattern in
which shifter openings adjoin each other; and

FIG. 10 is a characteristic diagram showing a
relative exposure intensity when a positive resist is
used to transfer the conventional mask having a
structure of FIG. 9 onto a semiconductor wafer.

Best Mode for Carrying Out the TInvention

Various preferred embodiments of the present
invention will hereinafter be described in reference o
the accompanying drawings.

(First Embodiment; Type 1)

As shown in FIG. 1, a Levenson type phase shift
mask 1 of a first embodiment is a type in which a light
shielding portions pattern 23c interposed from both
sides between adjacent shifter openings 2lc and 22c¢
comprises a light shielding film pattern 52b, and this

light shielding film pattern 52b has no undercut, and



the method of manufacturing the alternative Levenson type phase shift
:cask of the present --_rven'_ion; FIG. 8 is a schematic sectional view
showing a conventtonal dug-type Levenson type phase shift mask; 10
F'.G. 9 is a sectional view showing a conventional Levenson type phase
shift mask having a pattern in which shifter openings adjoin each other;
and. FIG. 10 is a characteristic diagram showing a relative exposure
intensity when a positive resist is 15 used to transfer the conventional
mask having %gtructu!je o] FI% 9 onto a semiconductor wafer. Best

Mode for (Ea?rylnlé’oﬁ

the preseat, inventien wilk hereinafter .be, deser: _bedin reference t%%f*}}?
accompanying drawings. (First -fibodiment; Type IL As shown in F_-_ .
a Levehsore typefptraselshift anaskil of adirg,. embodiment is a type in
which a light shielding portions pattern 23c interposed from both 25 s-des

between adjacént shiftel opénings 21E i 22¢ €ofr riseglatlight shiding film

5 _ding fg%pggggp 525, and this_light s iq:ldin_g f,l.,:;,.rg on t-.em 52b has no
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undercut, and 15 moreover, the light shielding porions pattern 33cC has 5+4€ ©

been sabjectediiorhias correetionadhd. 1 shareinafterhe cayled;
-. t he mask of 7'vpe 1, the light shielding fi:.m
S2a (light shielding portions pattern 25c) with an
undercut 16 is provided on the other side of the dug

portion 44b, and these patterns form the shifter

opening 2lc. In the same manner, the shifter opening

22c located on the other side across the light

shielding portions pattern 23c is also formed by the

‘light shielding film pattern 52b with no undercut and

the light shielding film pattern 52a (light shielding

portions pattern 26c) with the undercut 16.

-

According to the mask 1 of Type 1, because the
bias correction o restrains lights 3a transmitted

through the shifter openings 21c and 22c from

reinforcing each other, a relative exposure intensity

in the interposed portion is improved from a

characteristic line B (broken line) to a characteristi

line A (full line) as shown in FIG. 4, and a phase

difference between the adjacent openings on both sides

is not inverted, so that the resolution guality of a

resist CD23f of the light shielding portions pattern

23c (pattern which is normally not easily resolved) 1is

significantly improved. Moreover, in the mask of Type

the Th7&ition  Various prétefred entbatitheRts of? 3¢ has

W&l ern



pa-tern ".2b with no undercut. rrovided on one side of a dug portion 44b,
and a 'ight shielding film pattern °,'2a (light shielding portions pane-" 25c)
with an undercut 16 is provided on the other side of the dug portion 44h,
and these patterns form the shifter 10 opening 21c. In the same manner,
the shifter opening 22c located on the other side across the light
shielding portions pat'-ern 23c is also formed by the light shielding film
pattern 52b with no undercut and the _ight shielding film pattern 52a ig;ht

shielding 15 portions pattern 26c) with the undercut 16. According to the
mask P of '[Sy%p%eciﬁ,3 bté%a%uéelt%tb%%lc% foction &' rdStiirsiights 34> has no

‘transmitteh through;the shifter gpenings 2¢ and 22¢ from, reinforcing. | 55

each other, a relative exposure intensity 20 in the interposed portionis
improvéd from ahtharactetistic ting 1 J(braken limetto acharacseri~steoling of ¢
A (full Iineg as shown in FIG. 4, and a phase difference between the

adjacent&Perings 6 Bt Sides Sidhdt frivettediso that the resolution
- qualty of a 25 e D23t the ot ikling pert or.s paten 2o

(pattern which is normally not easily resolved) is significantly improved.

Moreover, in the maskvaf Typerl6 ., sincesthedight s chn.g filn pattern
52b has no undercut in the light shielding portions pattern 23c, the light
shieldifgfiff SRR doeshot ebgifecomewifich a light shielding

portions pattern 23d interposed from both sides between
adjacent shifter openings 21d and 22d does not have any
10 light shielding film, and the light shielding portions
pattern 23d has been subjected to bias correction B.
This will hereinafter be called Type 2.

In the mask 1A of Type 2, the light shielding
portions pattern 23d with no light shielding film is
15 provided on one side of a dug portion 45b, and a light
shielding film pattern 53a (light shielding portions
pattern 25d) with an undercut 16 is provided on the
other side of the dug portion 45b, and these patterns
form the shifter opening 21d. In the same manner, the
20 shifter opening 22d located on the other side across
the light shielding portions pattern 23d is also formed
by the light shielding portions pattern 23d without a
light shielding film and the light shielding film

pattern 53a (light shielding portions pattern 26d) with

25 the undercut 16.

The mask (chromeless type) 1A of Type 2 is

effective when a line width of the interposed portion



from a transparent substrate 41. (Second E?rbodiment; Tyne 2) As shown
in FIG. 2, a mask 1F, of a second embodiment is a type in which a J.igh'tt
shielding portions pattern 23d interposed from both sides between
adjacent shifter openings 21d and 22i. does not have any 10 light
shielding fi-m, and the light shielding portions pattern 23d has been
subjected to bias correction i. This will hereihafter be called Type 2. In the
mask IA of Type 2, the - -t shielding portions pattern 23d with no light

shieldingfilm, is: royi n.one side .of a du rtion 45n, and a light
shieldingt?ﬂg %Zt erEPS%ggﬁgfﬁ%h|e%d|gs)n{:1%o%8ns§%%a%t%]r:ﬁ] Zé)é]fjv?/itl% &'anf’gnall !

undercai1b isiprovided onthe: gthes side ofthe augpostion:4ab, nings 21d

these patterns form -he shifter opening 21d. In the same mariner, the 20'

shifter 6p¢hing 22d st diéd bAthE biserisideacross ftherlight snieldi gy i £ ter

portions pattern 23d.is also formed by the light shieldin portlons pattern

23d Witﬁ}gﬁtné' “f‘ﬁgr%déﬁie‘fé?hlé‘qﬁf?ﬁ And the Tight Shisfding fifh Spattdta 5829 1t
5(light shieldingpertions pattern,26d)with. 25the yindercyt 16, Themask, -

(c:htoiaeless type;) IA Type 2 effective when a line width of the_

interposed portionirel Kntrshi¢lding pertiens pattern;: 23dkisisnail randabsence

transmitted igh'is 3a from, the snifter openings 2:d and 22d and ‘

transmﬁfcedtl%%_lifbgﬁ?&msﬁélﬁ&ﬁbsﬁﬁte?llm in the interposed portion.

(Third Embodiment; Type 3)

As shown in FIG. 3, a mask 1B of a third

10 embodiment is a type in which a light shielding
portions pattern 23e interposed from both sides between
adjacent non-shifter openings 2le and 22e has been
subjected to bias correction y. This will hereinafter
be called Type 3.

15 In the mask 1B of Type 3, a light shielding film
pattern 51f is provided not in a dug portion 46b
serving as a shifter opening but in a flat area of a
substrate 41 interposed from both sides between non-
shifter openings 2le and 22e, thereby forming the light
20 shielding portions pattern 23e. According to such a
mask 1B of Type 3, it is also possible to obtain
effects of improving a resolution quality and
preventing the coming off of a light shielding film, as

in the case of the mask 1A of Type 1 described above.

25 Next, there will be described a simulation of

transferring onto a semiconductor wafer to obtain an

optimum bias correction amount (@, B, v). The optimum

i/
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opening 23d counteract each other, thereby making it 5 pc sih:e to obt_aln

a sharp resolution quality as if a fight shielding film were present desplte

the, absence of the light shielding film in the interposed portion. (Third
Embodiment; Type 3) As shown in FIG. 3, a mask 1B of a thi.r.d 10

embodiment is a type in which a light shielding portions pattern 23e

interposed from both sides between adjacentnon-shifter openings 2 e

and 22e has been subjected to bias correction y. This will hereinafter be

called Type 3. 15 In the mask 1B of Type 3, a light shjelding fiIm,_) patter[] o
5if is provided Tt 4 die portien kb iserving asre shifter apaning but im which

a flat area tr 41 interposed.from. both sides betweer_l non-
shifter (ixe%r%qs%%?gg a%{(% S thereby forming the Tight 20 EHieldimgosure

portionspatierni23es Accordingde sueh-a mask r B of Type:3,itds alsg,,
possible to obtain effects of improving a resolution quality and preventing

the condifig ®f<ofta ight Shigldingfilmnas in the case-ohthermask theatings) is
Type 1 described gbove. 27, Next, there will be described a simulation of
ransiefT 1g onto a semicondtior Wafertd obe.ik A opfimbfthk tan amount.

correctiaraaount{(&.x4; Y. The.ytimum -, bigs- Gorection amountis .

obtained in a method in which,
phase shift mask in which the shifter openings and the
non-shifter openings repetitively exist, a threshold is
decided which makes it possible to obtain a resist CD
exactly as a chfomium CD on a photomask. When there is
particularly a pattern to be resolved other than those
of the above-mentioned structure, a threshold is
decided at which that pattern is resolved with a
desired resist CD.

Next, there is obtained a resist CD (transfer
dimension of the resist) at the above-mentioned
threshold of the pattern interposed from both sides
between the openings of the same kind when the bias
correction amount is variously changed in the structure
in which the openings with the same phase adjoin each
other as shown in FIG. 1 and FIG. 2 (or FIG. 3). The
bias correction amount (o, B, v) is decided for each
mask type so that this resist CD can be obtained at a
desired value (e.g., a threshold level line 31 in
FIG. 5).

FIG. 5 1is a characteristic line diagram showing

results of examining, by use of a simulation, the
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a transfer dimension under predetermined exposure conditions of the
pattern interposed between the adjace,~t sh t:er openings or non-shifter,
openings) is 5 expressed as a function of the bias correction amount.
First, in the structure of an ordinary Levenson type phase shift mask in
which the shifter openings and the non-shifter openings repetitively
ex-'s-,, a threshold is decided woic:h makeslit possible to obtaill a resist
Cl) 10 exactly as a chromium CD on a pho-omas.k. When there

particularly a pattern to be resolved other than -hose of the
above-mentisifed Striiitire: acthfdshold i6"deeiaéa at Which thappatedmtise

resolvegé/ggtgat>q%1r@g rggi%gD is%hgle%lh éh%rg is obtained a resist CD

e ) —
(transfer dimension of the resist) at the above-mentioned thresRdIdSFtHB

patternvnterposedHfrom bothsides betweenthe openingspfthe same, - rection
kind when the bias correction amount is variously changed in the
structur@ZHhwWHIEH the apenings withithe same phaseladjeineeachh othersist

as shov(\fginfl . 1.fancLF|G. 2 (o_FIG. 3) The bias correction amount (a,
(3, is decided for each™ masktype 86 tht HHiRT8SisPe DPCan be Bbtainkt

ata de@Hﬁ@g@@;l@et(ﬁea@ﬁéhrie('?’cg@ldo%vet—h'engaﬁﬂe—"}]g?r!:c!g' 5&9 ‘?hes %rawing,
characteristic line diagram show' _ng offs Cr exam rin use or a

a characteristic line E (thick full line) corresponds
to the phase shift mask 1 of Type 1, a characteristic
line F (thin full line) corresponds to the phase shift
mask 1A of Type 2, and a characteristic line G (a
broken line) corresponds to the phase shift mask 1B of
Type 3. The bias correction amount a, B, ¥ 1s obtained
for the phase shift mask of each type from an
intersection of the characteristic line E, F, G and the
threshold level line 31 having a pattern minimum line
width (65 nm). The model and exposure conditions of
the Levenson type phase shift mask used in the
simulation are shown below.

Chromium CD: 260 nm (size on photomask)

Pitch: 760 nm (size on photomask)

Shallow trench: 0 nm

Undercut: 100 nm (size on photomask)

Exposure wavelength: 193 nm

NA: 0.78

c: 0.4

Exposure magnification: 4

Focus: just focus



g, by _siO the 1 c; ,mange o the resist (transle imers~?on of the r(_asist;

with respect to the bias correction amount, wherein a horizontal axis

indicates the bias correction amount (rim), and a vertical axis indicates

the resist 5 Ci (hm) of the pattern neighboring on both sides thereof _the
openings of the same kind, In the drawing, a characteristic line E (thick

full 11ne) corresponds to the phase shift mask 1 of Type 1, a

characteristic line F (thin full Line) corresponds to the phase shift 10 mask

IA of Type 2, a(%ﬁﬁggra&pr'@iﬁ&igg C%&barikglrok%h?(es) corres 8gds§\(/) nd 2)
the phase shift mask 12 of Type 3. The bias corréction amount 6.1,?3, is
obtained for the:phase shiftmask of each type-from andntersectionofdhe «,pe
characteristic line E, F, G and the 15 threshold level line 31 having a
patternffimiRufTine: Wieths5 hin)T Thesmadelramdlexposireeontditions bed

of the' ,evenson type phase shift mask used jr. the simulation are
shown be o%.réﬁr%rr%ﬁmpé%:’ 260 ni’(siZe’on Jf)ﬁoton{:%fk) S0 PR IreP L the

5nm (size-er: pBetomask) Shallow trench: Qngg]kuqcéerg%'o.\g‘rqovm@k(s%e g?ngle
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photomask) Exposure wavelength: 193 nm NA: 0.78 25c: 0.4
trench.

First, a blank mask 100 is prepared (step S1). As
shown in FIG. 6A, in the blank mask 100, a transparent
substrate 41 made of synthetic quartz is covered with a
light shielding film 51 comprising two layers of a
chromium metal film and a chromium oxide film, onto
which a resist layer 61 is further applied. This
resist layer 61 is pattern-exposed by an electron beam,
and a series of patterning processing such as
development is carried out, thereby forming resist
patterns 6la and 6lb. Here, the resist pattern 61lb has
been subjected to an amount of bias correction obtained
by the simulation of transferring onto the
semiconductor wafer described above. Next, the light
shielding film 51 is etched using the resist patterns
6la and 61b as masks, thereby forming a predetermined
pattern shown in FIG. 6B (step S2). Then, the resist
layer 61 1is released with an exclusive releasing
solution, and light shielding film patterns 5la and 51b
are formed on the transparent substrate 41 shown in
FIG. 6C (step S3).

Next, a resist layer 62 having a predetermined



Exposure magnification: _ Focus: just focus 20 (Met ~~~];cd of _
Manufacturing Masks of hypes 1 and 2j Next, a method of manufacturing
the Levenson ty -,e phase shift masks of Types 1 and 2 will be described
referring to FIG. 6A to FIG. 6[. The structure of the 5 Levenson type phase
shift mas: is shown with E Fin-IC trench. First, a blank mask 100 is
prepared (step Si. As shown in FIG. 6A, in the blank mask 100, a
transparent substrate 41 made of synthetic quartz is covered with a 10

light shielding film 51.comprising two layers of a chromiym metal film qnd
a ChI‘OI’JTE?ILthC ggéi%%%ilrrl1,borEi‘%ps\jiv]r%ccf1 2 rekidt [dyRr BT Refiither pp? Ligdl:

This resistsayer &l is pallennexposed by an elpctiop beam, apd aseries. .
of patterning processing such as 15 development is carried out, thereby ~
formingptesistepatierns 6da anek6l, baHere, the resist pattepn 64k :has o

been subjected to an amount of bias correction obtained by the
simulafidi’ 6FtF&n<terigBhté thé! sEmicamacter wafsrdestribed abovehereby

s Next, U g 20 biekdng in e fs elched, usipp o esistpatiorsis o,

10

15

20

25

61a are 61:0 as maskKs, thereby Forming a pre_%%terr%lrﬁled :
in FIG.16E (step S2). Thensthestesist layer bl iseleasedswith.an o -, 6o 15

exclusive _eleas4nq
formed so that it is expanded to both sides thereof in
the amount corresponding to undercuts (ucy,
anticipating that the resist pattern 62b is later
processed to form the undercuts.

Next, the transparent substrate 41 is subjected to
dry etching using the resist patterns 62a and 62b as
masks, thereby forming diggings 42 shown in FIG. 6E
(step S5). Here, the etching treatment is controlled
to form the diggings 42 so that Equation (1) below is
satisfied:

d = A/2(n-1)-UC e (1)
wherein d is the depth of the digging 42, UC is the
amount of the undercut, XA is the exposure wavelength,
and n is the refractive index of the transparent
substrate.

Next, the transparent substrate 41 is subjected to
wet etching using the resist patterns 62a and 62b as
masks, thereby forming diggings 43 having undercuts as
shown in FIG. 6F (step S6).

Next, the resist layer 62 is released with an

exclusive releasing solution, thereby obtaining a



solution, and light shielding film patterns 5'_a and 51b 2‘5 are formed on

the transparent substrate 41 shown in FIG. 6C (step 13 Next_, st layer 62

having a p .ce errined 21 thickness is aplied onto the processing tarr;eL

substrate, and this resist layer 62 is pattern-exposed by the electrqn

beam, and a series o patterning processing such as development is

carried out, thereby S form.-,_ng oredetermined resit catte-rs 62a and

62b shown in FIG. 6D (step S4). Here, the resist pattern 62b is fo_rced SO

that it is expanded to both sides thereof in the amount porrespondlng to

undercuts (BT Canticipating thatthe résist pattern 62b |$rl§tem i]:ﬂh4 1t_he light
rocessed.to-form the undercuts. Next, the transparent substrate 41 is

gubjecte%%g%og ld% %?c_%-ﬁlﬂgmuﬁﬁgt e resist %&téfh@ 62 and 62 Hs! frer

masks,dhereby derming diggings 42 shownn FIG GE step 5D). Here,ce- .

etching treatment controlled 15 to form the dlgglng§ 42 so that Equation

(1) below:is satisfisde denR/2(n>HEWE L 2(1) Wheseinrdistherdepth; of the (step

digging 42, UC is the amount of the undercut, n, =_s the exposure

5waveleﬁg © 20 A ni€ e réffactive Titex B dse ransparent sSubstrate. Type 1
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described above. In the mask 300 (1), the pattern 52b
interposed from both sides between thne shifter openings
44b has no undercut, and the pattern 52b has been
subjected to the bias correction o.

Furthermore, the following processing is
additionally performed to obtain the mask of Type 2.
First, a resist layer 63 is applied onto and formed on
the mask 300, and the resist skin 63 is pattern-exposed
by the electron beam and a series of patterning
processing such as development is carried out to form a
resist pattern 63a, and then the light shielding film
52b is removed by etching using the resist pattern 63a
as a mask (step S8). Then, the resist layer 63 is
released with an exclusive releasing solution, thereby
obtaining a Levenson type phase shift mask 400 in which
the light shielding film patterns 53a, non-shifter
openings 45a and shifter openings 45b are formed on the
transparent substrate 41 as shown in FIG. 61 (step S9).
This mask 400 corresponds to the Levenson type phase
shift mask 1A of Type 2.

(Another Method of Manufacturing Mask of Type 2)

Next, another method of manufacturing a Levenson



Next, the transparent substrate 41 is subjected. to wet etching using the
resist patterns 62a and 62b as masks, thereby forming diggings 4_3
having undercuts as 25 show;, in FIG. 6- (step S6) . Next, the reslst layer
62 is released w th an exclusive releasing .solution, thereby obtaln-n_:c a
2 2 Levenson type phase shit mask 300 in which the light shielding film
ra_'terns 52a 5 and ~2b, nor-shifter openings344a and the shifter _
op_enings 44h are formed on the transparent substrate 41 as shown in

FIG. 6G_(step 5,S?). This mask 3CO corresponds to the mask 1 of Type 1 .
describét&%éz) él.alhgfhgl?ﬁa{ﬂstk 300° (1) the pAtters 52BCirterposéd from? vill be

both sidesbetween the suifter gpenings44b has ng undercut, and the

pattern 52b has been subjected to the bias correction a. 10 Furthermore,

the following ptdtessinygss badditiomally jperformed teobtaiathe maskof s pove is

Type 2. First, a resist layer 63 is applied onto and formed or the mask

300, andthET&SiEt $kin B33¥ Pattérni-eXpodéd by/ithe election béam andst

o seres gpmteming s ocesang ich gedoyclopments ot owi
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form a resist pattern 63a, and then thrgallsgﬁt e
by etchingeusing therresist pattprn63a As-a mask (sten38). Jhen,the

resist layer 63 is released with an exclusive releasing solution, theréby

processing such as development is carried out, thereby
forming resist patterns 6la. Then, a light shielding
film 51 is etched using resist patterns 6la as masks,
thereby forming a predetermined pattern shown in
FIG. 7B (step S22). Then, the resist layer 61 is
released with an exclusive releasing solution, thereby
manufacturing light shielding film patterns 5la on a
transparent substrate 41 shown in FIG. 7C (step S23).
Next, a resist layer 62 having a predetermined
thickness 1is applied onto the processing target
substrate, and this resist layer 62 is pattern-exposed
by the electron beam, and a series of patterning
processing such as development is carried out, thereby
forming predetermined resist patterns 62a and 62b shown
in FIG. 7D (step S24). Here, the resist pattern 62b
has been subjected to an amount of bias correction B
obtained by a simulation of transferring onto a
semiconductor wafer. Moreover, the resist pattern 62b
is formed so that it is expanded to both sides thereof
in the amount corresponding to undercuts (UC),

anticipating that the resist pattern 62b is processed



20 obtaining a Levenson type phase shift mask 400 in which the light
shielding film patterns 53a, non-shifter openings 45a and shifter openings
45b are formed on the transparent substrate 41 as shown in FIG. 61 (step
S9- This mask 400 corresponds to the evenson type phase 25 shift mask
1A of Type 2. (Another Method of Manufacturing Mask of Type 2) Next,
anoti:er method of manufacturing a Levensof“2 3 type phase sh = mask of
type 2 h.own jr FIG. 2 will he described referring to FIG. 7A to FIG. 7G.
The same b}ank mask 100£s tha%described above is prepared as shown

R (step 522)° A'Tesist 5 Taver 61 6h thebigAk sk 1ooks

pattern--exposed:by, t'%%%'%ﬁ!%@&é%@@%é@@@?é%p_%tier{"é!“%ubjected to
processing such as development is carried --hereby forming resist

patternsié¥acThén raglight shielding nr &4 iis etghedtusingsresist patterns b as
61a as masks, 10 thereby forming a predetermined pattern shown in

FIG. 7330’ 525)  Thehy theredist tayet 61 18 Teleased Witk ar exdliSive 7E

releasing sqlutian,there facturing light shielding film, patterns 51a :
5 %V%H Qn b sz'H%EB%‘ %I'O%Ig{gf(; Céstggigi%;.ll Sf\lsexgoe{urollea
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on a transparent substrate 4.! shown in

resist gayer=62 baviag e=predetermined thickness is;applied onto the

processing target substrate, and this resist layer 62 9.s pattern-exposed

by the electroR'B&am, bh@ alseriesiof patterningstrate 41 is subjected to

wet etching using the resist patterns 62a and 62b as
masks, thereby forming diggings 43 having undercuts as
shown in FIG. 7F (step S26).

Finally, the resist layer 62 is released with an
exclusive releasing solution, thereby obtaining a
Levenson type phase shift mask 400 (1A) of Type 2 in
which light shielding film patterns 52a, non-shifter
openings 44a and shifter openings 44b are formed on the
transparent substrate 41 as shown in FIG. 7G (step
S27).

The present invention can provide a Levenson type
phase shift mask and a manufacturing method thereof for
use in the manufacture of a semiconductor element such
as an LSI. The types shown in FIGS. 1 to 3 can all be
applied to a dug-type Levenson type phase shift mask.
It is to be noted that the types shown in FIGS. 1 and 2
can also be applied to a top mounting type Levenson
type phase shift mask.

According to the present invention, the pattern

23a, 23c, 23d interposed from both sides between the
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processing such as development carried out, therepy 20 forming
predetermined resist patterns 62a and 62b shown in FIG. 7D (ste_p 524).
Here, the resist pattern 62b has been subjected to an a;roun of bias
correction [i obtained by a simulation of transferring onto a

semiconductor wafer. Moreover, the resist pattern 62h 25 is forme_d SO

that it is expanded to both sides --hereof i ; the mount co responding to a
,oercuts (UC) antic.pafir.,g that the -esi pattern 62b is pr ceased to form

the u:laercuts in ubserxuen_ sten. Next, the transparent substrate 41 ;s
subjectéét td dry eteting using the tésistpatterns 628 and:62bras> saasksy om

thereb

digging 4' Is contro

transp

patterns 62a and 62h as masks, thereby forminc

forming.diggings 42 shown in FIG. 7E stem S25). A depth of-he
oo d%%dg%té“c%%?datn%% With EqUAGIGIT 0 aboveiRest, e

ateni-substrate-41 is,subjected to, ﬂ%tcettg%lﬁg &S igg, ;[‘g,e 'FszifSte xpanding

iggin hac\)/lng

underctitscase A 0tshowntin FIG: ZF($tepS26)Jiaally, the resistdayarb2is, «
released with an exclusive releasing solution, thereby qbt_alnl_ng a
LevensORYPe phade' Shift Madie400 {AF of Fype 21k whichiighty in the

ieldina.fi -shifter 15 opepings 44a and shifter =~
Shleldlq%@|Q}ng%r§S§§ga n%?ses%rf%govecﬂ g&ﬁs ra%gﬁlcégagﬁ&ﬁﬁﬁllsdclc

openings 44b are formed an

paren

F-G. 7G (stepe32) dbepresentdnventiop.canprovidea Levensomtype , ¢11

line) as shown in FIG. 4, and the resolution quality of
a resist CD23f in the interposed portion 23c, 23d, 23e
(not easily resolved because a phase difference between
the adjacent openings on both sides is not inverted)
can be significantly improved.

Furthermore, according to the present invention,
since the pattern in the portion 23c interposed from
both sides between the non-shifter openings 21c and 22c¢
has no undercut, the light shielding film 52b in this
portion does not come off. That is, it is possible to
reduce defects in which the light shielding film
interposed between the shifter openings comes off when
the undercuts are formed in the shifter openings, and
it is also possible to properly select the amount of
the undercuts with more freedom without being limited
by the coming off of the light shielding film.

Still further, according to the present invention,
since the pattern in the portion 23d in the portion
interposed from both sides between the shifter openings

21d and 22d has no undercut, the coming off of the



phase shift mask and a manufacturing method thereof for 20 use in the
manufacture of a semiconductor element such as an LSI. The types

shown in FIGS. 1 to 3 can all be applied to a dug-type Levenson type

phase shift mask. It is to be noted that the types shown. in FIGS, 1 and 2

can also be apa7.i.ed to a top mounting type Levenson 25 type phase

shift mask. f>~ -'Or ing to -..he present. inVe*foon, the pa._tern 23a, 23c,

23d interposed from Lc-,-,,h sides between the 25 e openings cr the pa

tern '3e;ir osed from.both sides between the non shifter openingsis
subjectjétgzi]%ecg(?heSé %ﬁ%?c%#%%tig.%fnp,l)% for ?egpaﬁéﬁﬁq "fhe Htfer to botkP t 15,
sides thereekina predetermined sameunic Faus, a relatiye;exposyre | ;¢
'intensity Jr the interposed area is -mproved from the characteristic line B
(brokerflirie}t6 the characteristiefine /X (fulleline)ras shown inklS. #@andormed,
the resolution quality of a resist CD23f in the interposed portion 230, 236,

23e 0 (%85g easily rés6Ivad Hetadse aphale i FefencC-Hetfeen tie amount

5 adjacent-openings,on both sides s ngt inverted) _can be significantly, |
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improved. Furthermore, according to the presentinvention, since the

patternlinrthe portion 23ceinterposed fiom 45 botk sidesihetwaen the g £i1m.

non-shifter openings 21c and 22c¢ has no undercut, the _iaht shielding ;

*-1m 52HPiHISS portiorPddeienéticohte 61 Fhatfis) it i€ pessiblertemi t ted
through this portion 23d is 0°, and a phase difference
between lights transmitted through the openings 21d and
22d on both sides is 180° resulting in an inverted
phase, thus providing a good resolution quality.

Hereinafter, various examples of the present
invention will be described.

(Example 1}

Example 1 is described wherein a resist pattern is
formed on a wafer using a Levenson type phase shift
mask of the present invention. A mask 1 of Type 1
shown in FIG. 1 was produced by the manufacturing
method described above. At this moment, no defect was
caused due to the coming off of a light shielding film
pattern of the produced mask.

The mask 1 of Type 1 having the following sizes
was obtained.

Thickness of a transparent substrate: 6350 Lm

Pitch: 760 nm

Digging width L1: 531 nm

Width L2 of a light shielding portion: 398 nm



reduce defects in which the light shielding film __ terposed between ::h,
shifter openings comes off when 20 the undercuts are formed in the shifter
openings, and it is a-so possible to properly select the amount of the
undercuts with more freedom without being limited by the coming off of

- the light shielding film. S------ L further, according to the present invention,

25 since the pattern in the portion 23d in theportion interposed from both
sides 'between the shifter openings lid and 22d ha: no a .dercut, the
coming c f- 0._. me 26 ght shielding film itsell doe: not occur. a is, is
possible to reduice defetts irewhich thé light'shielding film comes off when
the undercuts are formed, and _tis also possible to properly select one

amount 5 of the GAderRuts Wit moté freédoRiwill' out teing -limited by
the coming off f the,,light ghielding film., -Moreover, a phase difference of
lights transmitted tf?rough this portion 23% isé)}oi,e and S%phagzg%if?er?ence

between lightsitransmitted through the openings 214 ang 1Q,22d onhoth ., o
sides is 180 resulting in an inverted phase, thus providing a good.
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will be %(;{spc(giggg. gESXflr\%plenl) 15 Exampleré is described wherein a resist

pattern is formed on a Wafer using a Leverison' e phag@ et e conditions

were as follows.

Exposure wavelength: 193 nm (ArF excimer laser)

NA: 0.78

c: 0.4

Exposure magnification: 4

Bias correction amount o: 69 nm

After this, development was carried out, and the
resist pattern was formed.

In this resist pattern, the resolution guality of
the pattern interposed between openings of the same
kind (m-n phase shift) was improved as shown by a
characteristic line A in FIG. 4, and accuracy was
satisfactory.

(Example 2)

An example 1is shown wherein a resist pattern is
formed on a wafer using a Levenson type phase shift
mask of the present invention. 2A mask 1A of Type 2
shown in FIG. 2 was produced by the manufacturing
method described above. At this moment, no defect was
caused due to the coming off of a light shielding film

pattern of the produced mask.



10

(-
(@3]

20

25

mask: of the present invention. A mask 1 of Type 1 shown in FTG. 1 was
produced by the manufacturing method described above. At this moment,

no defect was 20 caused due to the coming off of a light shielding film

pattern of the produced mask. The mask 1 of Type 1 having ..he following

sizes was obtained. Thickness of a transparent substrate: 6350 um 25

Fitch: 760 rum Digginc width L1: 53 nm WidthsL2 of a light shielding

portion: 398 nm. 7 Undercut. ie ngt~i L3: 100 air. Digging depth L4: 172

nm Design line width of the mas:kc: 260 nm Phen, an antireflection film

and a resist wéree 5pplied ontd a’ilicon suhstvasey antdehe rasistvivas sizes

exposed usin(%@n exposure device. Exposure conditions were as follows.
was al

Exposure wavel”eng?he:dl% nm (ArF excimer laser) NA: 0.78 10 a: 0.4_
Exposure magnification.4 Bias %0f£‘%%1&9£‘paa[‘2%%'11 & 6,9, i Afteg %@?’ e
n ta

development was carried out, and the resist pattern was formed. is
resist pattern, the-resolution quality of

Digging width Ll: 569 nm

Width L2 of a light shielding portion: 322 nm

Undercut length L3: 100 nm

Digging depth L4: 172 nm

Design line width of the mask: 260 nm

Then, an antireflection film and a resist were
applied onto a silicon substrate, and the resist was
exposed using an exposure device. Exposure conditions
were as follows.

Exposure wavelength: 193 nm (ArF excimer laser)

NA: 0.78

c: 0.4

Exposure magnification: 4

Bias correction amount B: 31 nm

After this, development was carried out, and the
resist pattern was formed.

In this resist pattern, the resolution guality of
the pattern interposed between openings of the same
kind (n-m phase shift) was improved as shown by a
characteristic line A in FIG. 4, and accuracy was
satisfactory.

(Example 3)

An example 1s shown wherein a resist pattern is



the pattern interposed between openings of the same king (m-7c phase
shift) was improved as shown by a characteristic line A In FIG. 4, and .
accuracy was satisfactory. 20 (Example 2) An example is shown Whereln

a resist pattern is formed on a wafer using a Levenson type phase shift
mask of the presen_ invention. A mask IA of Type 2 shown in FIG. 2 was
produced by the ma_nufac'ur_.ng 2t: methoddescribed anove. At this
moment, no defect was caused due to the c;m-n"- oil of a ligh shielding

film pattern of the produces mask. 28 T'ra mask IA of fy-pe. 2 having the.
foj_owohg Si¥es WasTobtaingd. TRicRess df%vwaﬁsparédwﬁ?z@ﬁk:aeﬁ: h?hlft
6350 pip,, Pitch:7 igging width L1: 569 am Widt of a ligt
shield?n%apo}gtic?rﬁ gzq:iz%%?te%%grtcuﬁle‘ﬁ%{#ﬁ&nmo rgrrfnﬁlsg}@ir%f d&pth L4© 3
172 nmsDesign line width of the: ;asko-260-8m 1Q Then.an antireflegti.ons
film and a resist were applied onto a silicon substrate, and the resist was
exposed UsirRyart 8gpastre HevieeoExposute conditionsewaresasifelowsbed in

: imer laser
sExposuge wayelengih; 193.nm (A gxeimer lasen
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cument his moment, no defect was

caused due to the coming off of a light shielding film

pattern of the produced mask.

The mask 1B of Type 3 having the following sizes

was obtained.

Thickness of a transparent substrate: 6350 Hum

Pitch: 760 nm

Width L2 of a light shielding portion: 286 nm

Undercut length L3: 100 nm

Digging depth L4: 172 nm

Design line width of the mask: 260 nm

Then, an antireflection film and a resist were
applied onto a silicon substrate, and the resist was
exposed using an exposure device. Exposure conditions
were as follows.

Exposure wavelength: 193 nm (ArF excimer laser)

NA: 0.78

c: 0.4

Exposure magnification: 4

Bias correction amount y: 13 nm

After this, development was carried out, and the
resist pattern was formed.

In this resist pattern, the resolution guality of



NA: 0.78 6: 0.4 Exposure magnification: 4 Bias correction amount (3: 31
nrr. After this, development was carried out, and the 20 resist pattern was
formed. In this resist pattern, the resolution quality of the pattern
interposed between openings of the same kind (m-m phase shift) was
improved as shown by a haracteristic line A in FIG. 4, and accuracy was
25 satisfactory, (Example 3) An oxamplo is shown where-n a resist
pattern is 29 ~O-rmed on aw -P.r u’3_nc a Levenson t leas shift yp;- |
rr:ask of the %resent invention. A mask 13 of Type 3 shown in FIG. 3 was

produced by R lUisual hethdd aPprigtolithegraphic proeass tego & rethogrme
described in5 Ratentdocument 1) At this moment, no defect was caused
due to the coming off of a Tight sfhiler.a glnﬂnppra?t%?r?do?ﬁﬂe%r%%?gg a
mask. Themask 4 Bieftvpel3 having the falcowing sizes W@g@pgagg}eq,.as
10 Thickness of a transparen-_ substrate: 6350 m Pitch: ?6C nm width L2
of a lightshielding isoftion: 286 nm
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Undercut length L3: 100 )-11-, Digging depth L4: 112 no 15 Design line

widi_h of the mask: 260 no Then., an antireflection film and a resist were

applied onto a silicon substrate, and the resist was exposed usinglamy [ WiSE

exposure device. Exposure conditions were as follows. 20 Exposure

wavelength: 193 nm (ArE excimer laseP! NA: 0.78 cS: C.4 Exposure
agnification: 4 Bias correction amount y: 13 no 25 After this,

glé\/%ent was carried out, and the resist pattern was formed. In..

taai,s resist pattern, the esc uL.ion Duality of.. 30 roe paltern it *erpo ed

berwecri p‘é,li'rﬁ?’(fw§%?ﬁ@hﬂﬁ?§@@?ﬂm}§f€§%§mﬁ@éﬁé@%§ns and

shown E\Xﬂ characteristic line A in PIG. 4, and- accuracy was satisfactory,

PREPVISVASE LR PSRNt Hs AR uhiiditadidhe opehings
RO A SR AEEDES B n s deepen
T e .
81%%%&?1%? openings and the non-shifter openings repetitively existing in the mask, the
shifter openings inverting a phase of transmitted light, the Levenson type phase shift
mask having:

a first light shielding portions pattern disposed between the adjacent shifter
openings of the same kind, and a second light shielding portions pattern disposed
between the shifter opening and the non-shifter opening;

the first light shielding portions pattern being subjected to bias correction which
expands the first light shielding portions pattern to both sides thereof in a predetermined
amount with respect to a predetermined design line width set by a design of the mask,
and the first light shielding portions pattern having no undercut on the side of the shifter
opening; and

the second light shielding portions pattern having an undercut on the side of the

shifter opening.

2. A Levenson type phase shift mask comprising light shielding portions and
openings formed on a transparent substrate, the transparent substrate at the openings
being partially dug in or a light shielding film being partially disposed on the
transparent substrate at the openings to form shifter openings and non-shifter openings,

the shifter openings and the non-shifter openings repetitively existing in the mask, the
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the shifter openings and the non-shifter openings repetitively existing in

the mask, the shifter openings inverting a phase of transmitted light, the
Levenson type phase shift mask having: a first light shielding portionsLLOYD WISE
pattern disposed between the adjacent shifter 10 openings of the same

kind, and a second light shielding portléﬁs pattern disposed between the

shifter opening.and the non-shifter opening; the first light shielding

o REPURET INSETHE bR ol ARt LehbiRsHiercusasae phasahift

light shielding portions pattern to both sides thereof in a predetermined
il V\Wﬁh respect to a predetermlned design line width set by a design
portlons attern having no

of the m 1 e first light shieldin
undercau {’r% s%}ibet@ﬁﬁ!é’%ﬁ ? péﬁ@?hr%s%ﬁaqm SEEB AR HESHHE R
t h d t f the shifter opening. 20
%535‘%%%5‘?@?5‘%%&25@%&%5& SR g SPRBIG ph e
}g:ll’%d og(ajmn sformed .on at arent substrate, the transparent
Substrate at ﬂh%e r’w‘é‘%a’% %a?}t%‘ﬁée&&é’?ﬁ“&%a light shielding film
bei tiall the t t subst eat penings to
L %.ﬁgrzlgﬁ‘n?ﬁﬁgﬁ R e L S v
th h titivel ti k,the LLOYD
L PR B B B
L t h k h first | hi Id n orto
S A P S A

rgd?%he%er%%’ﬂdh{%tﬂ %{{E'd'% #}[{g@f&f’aﬁ%{“ dispa oA ggﬁltbfﬁt the

ero enl opening, e

portio attern t% cted t blas ure tlon which nds hef
light sﬁ?é%mg%%? r%?foa erri 1006 Sgl r%hﬁearvemol if'a’ %rSEF Phhifed! A0t the

shifter opening.

3. A method of manufacturing a Levenson type phase shift mask comprising
light shielding portions and openings formed on a transparent substrate, the transparent
substrate at the openings being partially dug in or a light shielding film being partially
disposed on the transparent substrate at the openings to form shifter openings and non-
shifter openings, the shifter openings and the non-shifter openings repetitively existing
in the mask, the shifter openings inverting a phase of transmitted light, the method
comprising:

pattern-etching the light shielding film formed on the transparent substrate, and
forming a light shielding film pattern subjected to bias correction in an area between the

adjacent shifter openings of the same kind;
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amount with respect to a predetermined design line width set by a design
of the mask, and the first light shielding portions pattern having no light
shielding film; and 10 the second light shielding portions pattern having an
undercut on the side of the shifter opening. 3. A method of manufacturing
a Levenson type phase shift mask com%smg light shielding portions and

openin sformed on at nsparent substrate, the transparent 15 substrate
at the JBERIAgsBelty! tgﬁhﬁ&wgﬁlg Rt RIS i BRI SsHiadyth

ed 0 the tr nsparent sybstr eat the openings to form shifter
8§§%ﬁt gl S&bf‘éﬁmgf i @i e bfef trponding to

\; shlfter 0 enlngs repetitively existing in the mask, the shifter openings
gﬁ;ﬁ ’a ase of transmitted light, the method comprising: 20

ttern-etching the light shielding film formed on the t t
Ei’.‘b&r%fe TR GHNAG TP SRS b pEECHATSRBTEE Lt T Blagy echine

gorrectlo in an are etween e adj cent shifter ﬁg }?fﬁ s of the same
f

R OISO 15 ?&W@s%f&f&? ShbRTedad
tt th_sides th f from th hielding fil
RAHen ﬁléoﬁ"t% 419 00,5 (gr%s e e D ek R AP

oun correspo ercu
s‘?h'thhaSk to dl% ,[thﬁz transq{ar%nt substrate by etching, 5 forming undercuts

e resis at?ern removing a resist of the resist pattern, and forming

the light shielding portions pattern having no undercut between the
adjacent shifter openings of the same kind. 4. The method according to
claim 3 C er rﬁ;o({urther for egmst 10 atter s the I| es1st

shleldlngf m pa tern excep ?grﬁt aIlg |nsdn |cr)tnser

Siween th 0, f the sam r the resist of
$ he regllas,\% pﬁa gir%gg%in%@%r%e TheTghRe st %‘l nalngg?tt Y @g% gRtions
ﬁ‘ﬂlt%l%' Btween the adjacent shifter openings of the same kind after the resist of the
resist pattern is removed; removing the light shielding film of the light shielding

portions pattern by etching; and removing a resist of the resist pattern.

5. A method of manufacturing a Levenson type phase shift mask comprising
light shielding portions and openings formed on a transparent substrate by pattern
formation of a light shielding film, the transparent substrate at the openings being
partially dug in or a light shielding film being partially disposed on the transparent
substrate at the openings to form shifter openings and non-shifter openings, the shifter
openings and the non-shifter openings repetitively existing in the mask, the shifter
openings inverting a phase of transmitted light, the method comprising:

pattern-etching the light shielding film formed on the transparent substrate, and
removing the light shielding film from an area between the adjacent shifter openings of

the same kind;

LLOYD WISE
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portions pattern by etching; and removing a resist of the resist pattern. 15
5. A method of manufacturing a Levenson type phase shift mask LLOYD Wi
o . o ) ) LOYD WiSE
comprising light shielding portions and openings formed on a transparent
substrate by pattern formation of a light shielding film, the transparent
substrate at the openings being partial?)?‘dug in or a light shielding film
being partially disposed.on the transparent substrate at the openings to _
form sEREIOPERFYLesHIH NS irdiebbdirdaatilne pmevsd afsardmiem a resist
and the non-shiftef openings repetitively existing in the mask, the shifter
BT AP HVBF o DREALES TR RLETHGHI. R BEREh A ERRFR: and
pattern-etching the light shielding film formed on the transparent ,
st & ORI HP RIS MiAr AR S BB RS hine.
djacent shifter openings.of the same kind; LL OYC) VVISE .34 giving
B RS TR e vt el vl feand

1as c%rrec 10N onto

attern expanded.to both sides thereof in an amount cqrrespondjng, to
R R it SR D B e ot v e
sétjggtr%t?}| etchin% fo(gﬂipegsundﬁ(rﬁl%t's in the resist pattern, removing a

It or %Yerregpftnﬁ)ag?ern, anc?]geformlng the light shielding portions

pattern having no light shielding film between the adjacent shifter
openings of the same kind. 6. The method according to claim 3, wherein a

ransfeg digensionafhs gt shieliing partions pallerp merposed o,
both sides between the adjacent shifter 10 openings of Mterposed romi

ﬁ]%%if’ﬂgﬁa:oﬁﬁg%egeﬁté?& f%gé?é:ge's%hq(r)o%sgcl)ﬁiegﬁgsedgle? %q%nt g acrlTj %(fetlﬁtes%i'ﬁer

predet Ined exposure conditions IS expressed as a functio 1as

ﬁgﬁﬁéﬁ% Ii%g@g%&[zcﬁﬂgr}ﬁ&oﬁl%?d%%ﬁ@&%’éﬁ B %%\%atciésn? %8?%9@85@5‘5&%% under

rtions pattern Is obtaine a‘desirea transter

'éas{aﬂmea%zgo@n& @tﬁ&gg%@&fs%%@&58&@%&%%%@%@&@0%@& gorrection

rocessing of deciding las correction amount is achieve

ﬁmmﬂfigﬂdqgrﬁﬁ%f%Mt%%ﬁmg QQQH&EOJO that the light shielding portions

pattern is obtained with a desired transfer dimension.

7. The method according to claim 6, wherein the processing of deciding the bias
correction amount is achieved by a simulation of transferring onto a semiconductor

wafer.

8. The method according to claim 7, comprising:

deciding a threshold such that a transfer dimension of the resist is obtained
exactly as a chromium critical dimension on a photomask or deciding a threshold such
that a particular pattern is resolved with a desired resist critical dimension;

obtaining a transfer dimension of the resist at the threshold of the pattern

interposed from both sides between the openings of the same kind when the bias



wafer. 8. The method according to claim 7, comprising: 20 deciding a

threshold such that a transfer dimension of the resist is obtained exactly

as a chromium critical dimension on a photomask or deciding a threshold

such that a particular pattern is resolved with a desired resist critical ~ LLOYD WISE

dimension; obtaining a transfer dimensidh of the resist at the threshold of

the pattern interposed from both sides between the openings of the same

RAEF SR8 B BlS $hR0ERA DR B SE RIS oW RIRROIRIRC B RETgR T thg same
ttern structure in which the openings with the same phase adjoin each

g &5 AP fRERIRG ks correction amount for each mask type so that

the reslft tg:msf r dimension.is obtained at a desired threshold level
value, deciding the bias correction amount for each mask type so that the resist transfer

dimension is obtained at a desired threshold level value.



