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*159159* *@00002* DE S CRI PT1 ON LEVENSON
TYPE PHASE SHI FT MASK AND MANUFACTURI NG METHOD “
THEREOF 5 Technical Field The present |nvent|on ”mmmlmwmnmmm
relates to a Levenson type phase shift used or””ww
manuf acturi ng a sem conductor el enent such as an LSF—
and to a manufacturing nethod 10 thereof.
At Recent] . o hioh esol it on ual £y has-been I
demanded even in a projection exposure device in
connection w th increasing denslty and_m ni at uri zat i onGoooo2*
15 of semi conductor el®rfentsC Fhust TnltheNfiel d of
phot omasks, there is a phase shift nethod proposed by
Levenson et al. of |BM Cor oratlon |n 1982 as
Cechni que for | wﬁ ARG
transcription g‘ phase 20
shift nmethod is as follows: a phase shift portion
(shifter opening) is provided in one opening so that
the phase of transmtted 14&hviiadi chidps passed an
adj acent opening is inverted, in order to decrease
| i ght dengiHey rateseriioundasmt ipor tredre tdeertd he Levenson type
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 quality 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) 1s 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

quality has been improved by use of such a phase shift
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25 transmtted lights interfere with each ot her,
thereby inproving the resolution quality and foca
depth of the transcription pattern. A photonmask whose
resolution quality has been inproved by use of such a
phase shift 1 _ 2 method is generally called a
Levenson type phase shift nmask. Currently, the nmain
met hod of providing a phase shift portion in one
opening is a digging type nethod 5 in which a
transparent substrate is dug by, for exanple, etching

to prBARRS d SH T2 DperfihbleFIa La7 e @ skfreerhzse shift
sectional view showing the structure of a dug-type

Leve type phase shift mask. |In the drawi ng, the
numeral 1 a e 10,supstrate,. 12
denot es aﬁ%ﬂ%éﬁ’el%%{ﬁ?ﬁ rﬁ%tféocl d%ﬁoére%;%\dmg & phase

non- shiifder, AReNiNGn ant I denay & a?ftglﬁ(%ffg Jvpe method

openi ng. The nuneral 15 denotes a sha

whi chin svHite deptdurpfpdiemonnsdhifde openiddh L3 g

in the substrate. The nuneral 16 denotes an undercut,

15 wheixeimdls,t ke dreingt tofprowiidsora ofhi ftgdd sdurelrdy ng
portions provided in the shifter opening 14. The

nuner al 1FIdendt dss & didiferanice sectdigy hgramuwhovyioy the
et ching anounts) corresponding to a phase difference

of FEEFUYSE MR Tt rarEtTYde (TGS thisugh atte soft mask.

20 shifter opening 13 and transm tted |ight 3a through
t he I}ghit?’teendor@ﬁf’e“ﬁ? g £ THTE Giuneral i theh &t daisparent

Chro@h%@%rate, 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 denétes a pitch, which is a distance from an

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



critical dinmension (CD, refers to aline width, for
exanple, in the case of an isolated pattern of a |line
pattern), which is a line w dth dinension when
chromum 25 (Cr) is used for the light shielding film
12. The nuneral 19 denotes a pitch, which is a

di stance froman end face of a |light shielding
pattern to an end face of 3 a néxt |ight shielding
pattern. In the Levenson type phase shift mask shown
in FIG 8, a structure without the shallow trench 15
is a?d sfkﬁ?i:%llwl%lﬂg%%l%%c?ﬁ%ﬁmt ure, while a
structure 5 with the shallowtrench 15 is a so-call ed

dual trench %??u%?ﬂ?%son nE POt PR FEcE Lt BS, Mpekj ghown in

k d h d t 16 bed
krow L0, B o 6 06, WAL, 1%, 82 SeSeTLOO R BE s

b I f o t
| moalance ofed Loy S ALAG AR Y g do e coure
of tRhe guhgid agreal_m@ O Y Pes Lfé/%lS@&Léypfecpf@\?&l trench

shift mask described above is based on a structure In
whi chsghe-t s f t ern apedi ngsradgh #de, non-sdi fd®n to provide

openings are alternately arranged in a repetitive

~ mannerhe Koweveryt 1% ias alesctiledd digs) givofeeanieMd cepatent
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circuit, there are created not only a pattern in
whi cliacdenegtii fk eim st rgs IRV aHe ForekHide eyt light

openi ngs are alternately arranged but also a pattern
in vmﬁhclr?lt%lgshwtteé}sﬂdpé%%gso adf} i frr Auy idrerl gghta from a

2 22 th esg.[]dl,?gnla l\ﬁ cﬂfq & 2 ga onrotnl osnh ! of etr h eo pseurl) sn‘c(‘:’rS a taedJ oin
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,
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
non-shifter openings adjoin each other. For example,
as shown in FIG. 9, there may be created a pattern in
which a shifter opening 2la adjoins another shifter
opening 22a. It is often impossible in a circuit
design to avoid the creation of such a pattern in which
the openings of the same kind adjoin each other. The
pattern in which the openings of the same kind adjoin

each other has the following two problems.



as shown in FIG 9, there may be created a pattern in
whi ch a shifter opening 2la adjoins another shifter
opening 22a. It is often inpossible in a circuit
design to avoid the creation of such a pattern in

whi ch 25 the openings of the sane kind adjoin each
other. The pattern in which the openings of the sane
kind adjoin each other has the f&l1owing two
problenms. 4 The first problemis that because the

phases of transmtted |ights 3a through the adjacent
openi ngs 21d'© didF P ERRLehel SarR2 t 72eFR T t He clzeses of

of FI 9), .the rei.nforce each aother (net counteract

ohch GBI et HE ST GHT AT 135S dpetings 21a
porti %Qldz%al %tr%r pc%seed anpeet &N itnhechoepec%i negsofOfF&[dje 9), the
sane Kindi's increased, Te uﬂiing ina 5bgrade ) ! Y

resol yti;on ual idyerpfodifd s (At ef AL HiGr), suen

10 is a characteristic line diagramshow ng a

5rel at icye texxprs urigyHintiensd Ay tWheth a 1 Rosdd 1 v rﬁ&ife%posed

is used to transfer a mask having the structure o

FIG %eanteem t$emopendunioroivadies . sdde thithd SidTeincreased,
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threshold (SL), a resist CD 23b of the portion

i nt er pesed thetgnden & ke gatd dddrrepenitngs: 2t landy 22@ wiis
the same kind is smaller than resist CDs (transfer 15

di mendnér reesede poadiisn). 25 Gndl @6ks of Pwndgreristic line
i nterposed between the shifter openings and the non-

shi f t 8r-2GFeR RGSV1R & He rdsloTute P T i FFiena ity hen a

ts Rle elf %Iro%g.rtfi%%ntrle%qs tTr}.es Suesceocp dt CP rtorba! nes e! rS aF I';naaf S ka }lalxg.hnt g 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
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
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
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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20 12b present in the portion 23a interposed between
the openings of the sane kind easily conmes off (or
peels off). There is no probl em when the non-shifter
openi ngs adj oi n each other, but when the shifter

openi ngs 2la and 22a of the sane kind adjoin each
other 25 as in the pattern shown in FIG 9, the
undercuts 16 are produced fromBoth sides into the
transparent substrate 11 in the portion 23a

i nt erposed between the two 5 shifter openings 2la and

22a, SUchedhalpen oot agiaased 208l weeththgati 9htontact area
shielding film12b and the transparent substrate 11

i s retiweshn s, 1idtet | sghéldshgefdimgidbl amd2bnén the

i nterposed portion 23a easily. 5 cones off fromthe

t rangparertasamsts@t et ddte The hmskeddesid gn Tisugy eabéylight
restricted due to counterneasures against the com ng '
of f cfhihledinghfibhi Bkl by the ninberrosed phet hppuada easily
of the undercuts can not be properly selectedi and

nor eGRRES tHel plerPormhcer drShakeMaskiayrae 11. The mask
deterjorate.., Patent_docunent, 1: Jpn. Pat. Appln. KOKAl
Publ S N IO e O SEFeR RS o0 | FRERt Fpce R Les

or der. \ ' r e hg, . S

i nver?t%tagnnssloés %l‘% Ecgcfnﬁeﬁ{fg&p?g%fdg@a gc\’/he%s%%l&f?/gég Eln 120,

phaseshidie MRk, ANG A fROUfAed HEhNg OB1 hode thegegler:y
whi ch can inprove a pattern resolution quality 1n a
port s ddteaf pased et awesr opend NGSr 8 rbdecSaFE the mask may

deteriorate.

Patent document 1: Jpn. Pat. Appln. KOKAI

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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ki nd and which can make it difficult for a light 20
shielding filmin the portion interposed between the
openi ngs of the same kind to come off. (1) A Levenson
type phase shift nmask of the present invention is
characterized by conprising light shielding portions
and openings forned on a transparent 25 substrate, the
transparent substrate at the opeﬁings being partially
dug in or a transparent filmbeing partially disposed
on the trans areg% substrate at the ! 1 6 openings to

f or mEHiTHEF" openi Mg W%-WYP%WS Dperierysshrheer
oL G0 0 T 1, DO AL SO

repeti 'exi’'sting 1

Openidlﬂ.shii serfé%%ﬁi &f;d ﬁ?ig%g@rgelﬁlaqﬁq%; h%l'l{]ee shifter

5 Levenson 1ype phase shift mas I'ng a g

shi elafieig g t0Rs-Patd &f hidderposed: £ £,omhot b sies 1o
betmégﬁﬁ?ﬁgpidjacent é%en?%gs of the saneq??%%, fﬂg?

| i ghtLeshirgdai ngygeorgHons Mﬂ@hﬂasﬂ@dﬁ&ﬁd&!rﬁ?&dlit&t

bi as ‘correction which expands the |ight shielding 10

por t isdrie lghitrte o ttol ot Ipatitbesn tihereegfoddd af rom both sides
predet erm ned anmount with respect to a predeterm ned

desi qetviass ildgt rdietcant @rdesings off ttie remsie Ki2)d,Thene
phase shift mask according to the above paragraph (1)

i s chHaidd Shifdding medt ons antarn Padinemsiieafed to

(he, gt el 0o porions petiera ntstaosen fgon
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 thé 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 tgansfer 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
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openi ngs or interposed fromboth sides between the
adj acent non-shifter openi ngs under predeterm ned
exposure conditions is expressed as a function of the
20 bias correction anmobunt, and the bias correction
amount is decided so that the |ight shielding
portions pattern is obtained with a desired transfer
di mensi on. (3) The phase shift sk according to the
above paragraph (2) is characterized in that the
rocessin 25 of deciding,the bias,correction anpunt
Ps adﬁ?%v%%o%? %?g?%ﬁ?%??oﬁio?ot$ n%?e?rﬁﬁ&eﬁﬁ?ﬁ Lype phase
sem C t f (4 he. se, shi S .
accorﬂ?ﬂggt%?%%ewﬁégeﬁé ghgtﬁé8£€o§%§%%§%%$2%§§tfﬁn?opattern

3) i SiddBYeNsoN:tyRe-phRsSE: ashi fL+ JBSkK %srg'g?aw@t shifter
om Dot

i ght shielding portions pattern interposed

si desoghet e idhesajoceal sbi therpi QPenbhPsct $on, the phase
subj ected to the bias correction, the phase 5 shift

mask diei g rehsk dod end zeldatactdat zéheihi ghit shé el ding
portions pattern interposed between the shifter

openi iy ki ndheo pohi ahs fpat tepeni mge hpssad bendesguthe

on the side of the shifter opening, and the |ight

shi el ng PoraRvms pat ter S ubpectiotlf tor t prebing 1@ an
correcg

COI LIRS A 0TS (HG B () Thephese,

P SOANS dd Bl 5o LEYSTBNLYEC, BIRSE NS e b

i nt erposed drombot iy sides. betweep; ¢ he, adj acent

shifter 15 openings is subjected to the bias

correctiongs hendh@Asf£se 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 1is 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 éhifter opening, and the
light shielding portions péttern 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.
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shift mask being characterized in that the |ight
shi el ding portions pattern interposed between the
shifter opening and the non-shifter opening has an
undercut on the side of the shifter opening, and the
20 light shielding portions pattern subjected to the
bias correction has no |ight sh%elding film(FIG 2).
In this chronel ess type phase shift nask, the
transmtted light fromthe shifter opening and the
transmtte light fromthe interposed_poriion offset
each other?6§ ?%5%%%%£%ﬁ5ﬁ8 ,m?ﬁgoﬁagﬁ funEY FORR akYPe
if ot ' . shi i n i S, pr n g - :
|igh39§%%gpﬂ?%§@ ﬁ%?%w%%éﬁ%glp e§£n§ﬁ$nﬁfﬁégﬁﬁtg?%%%%ﬁon s
portidikedred 6o An MREHHAET & | SN TS bOGr Of g 83 LEVEOSOPn type
type phase shift nmask according to the present
i nverdfiage ishifhi mecd ledcdmp ai eeddionli ¢ t nemid Being | Per8ions
Levenson type phase shift mask conprising |ight
shi elatichprporingnst Grresdt] @peni tigsn § s nedt osudstrate, the
transparent substrate, the transparent substrate at
t he PSR Vi pperidte 13t the dpenings thainparentially
filmbpeing partially disposed on the transparent
substtt €at°k e Rifseto Folnbeing trar oiehl ngdtsposed
and non-shifter openings, .the shifter 10 openj ngs and
the moh-%ii fttrearnsorgae%:ir%ss%bespte’fafrt? VEY YRR P it Q heerm
mask, it [ : ' inveritl of .
tr ansglﬁglﬁ%ﬁ%%;g%t %rg ell]t'*nﬁnggr o ag;lgfisr’i ztektlje bsyhlfter
CONMPIGEIG; PadL LI Neh Bedd BB pe SHA Ay fid Me1y
formed on t'’he transparent substrate, and

existing in the mask, the shifter openings inverting a

phase of transmitted light, the method being R
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 betwéen 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 pattérn as
a mask to dig in the transparent substrate by etchihg,
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



15 formng a light shielding filmpattern subjected to
bi as correction in an area where the |ight shielding
portions pattern interposed fromboth sides between
the adjacent openings of the sanme kind is to be
formed; formng a resist pattern expanded to both

si des thereof 20 in an anopunt cogfespondlng to
undercuts on the light shielding filmpattern; and
using the resist pattern as a mask to dig in the

2Thearent suRSLRar$iBKceLARLAG: ol QUL IG UNESE LS

in thére and re resi st

resi sh@@&{;eggd( Ek&% bE8Ant 91 8LY. bé§WEZ% fh K aégggnt

according to the above paragraph IS C terized

by cospehshfg: ofOLAENGaRer RShat arPaLt €RB ERUELENGrt RBe
light shielding filmpattern 9 except for the light

shi el desgspophtoasnpakt eenovedt erpasedntr eAebot bhsi daselding
bet ween the adjacent openings of the sane kind after

Sthe résistobfthheligesi shipattepgnpbstiensvedtteenoiyng
the light shielding 5 filmof the light shielding
port i ®hShpagt erRdbyemevERDNg; rafdskenbvihg sepéskspastern
the resist pattern FIGS 6A to 61). (8) A
nanuf§E¥%§rn§ nE?héa of a Levenson type phase shift

k h t t 10
i octod 10 RotRBH: BF- “RARH HEF PFng fa L LGERBSRCt §HE°

phasg]oO SRLEt %5 ﬁggprg§& thhghEO phs'ggngggef%§9gﬁt10n is

and eni ngS ormed on a transparen
10 Patt e Nr-EQEHBL £ QN3 Ohe BNLHIBE SRhEEAEPGrihl™M £BGenson 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

15 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

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 interposed from both

25 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
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transparent substrate at the openings being partially
15 dug in or a transparent filmbeing partially

di 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 nmask, the shifter

openi ngs inverting a 20 phase oft%ransnitted light,
the met hod being characterized by conpri sing:

attern-etchin light, shielding filmforned on the
Pranéﬁﬁ?@%@e%u%%??%f ,Shies F%ﬁﬁ%gﬁgla 1 gRfC%RF el di ng
film e re Light shieldin ortions
patté%%%%ﬁ%&%ﬁ%@% ro%?@%f%ugg’s?%%su%%?aeggetﬁ%SlSt

adj a ni S ind. LS nStr
o T o T kg ek e B B Mt race

remved efeid®, fosmangeshetroatteln dfe pxpavdedatOern,
both sides thereof in an anmobunt corresponding to

underaout sremondi nugi agréNest esf sthe ppdé£s6 pstBeBSkFLes. 7a

dig in the transparent substrate by etching, formng

undertcut’&)in the resist pattern, 5 and renoving a

resist of the resist pattern (FIGS. 7A to 7G. (9)

The net hod(2kchrdi rgthed angconding theadbovee of the above
is characterized in that

: ?;ﬁ%%&hf%é%gf %%t%f&t he® | Fight 2 she et a%glrpo*?kf%n% transfer

P IR D! PO L8 bRt ey Beleen Lheece..

Si de%r&%ﬁ"ﬁ%&e& hiaron"fldé%}?nglcﬁ]@y'é&vflégﬁ @kpgné&]]ggcgggeghifter

predet erm ne
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). For example, in the



exposure conditions is expressed as a function of the
bi as correction anmount, and the bias correction anount
15 is decided so that the |ight shielding portions
pattern is obtained with a desired transfer

.di mension. (10) The nethod according to the above
paragraph (9) is gharacterized jn that the processing
of deciding the bias correctiontamount is achieved by
a simulation 20 of transferring onto a sem conduct or
wafer. In the present specification, the "non-shifter

openiﬁ@seigld%f?HgatYBe an°B°pat t¥PR BPEaewAleRt mask, the
| ohtTonerabiars bR ORkho 8RSk P0ehd, PPodt pahcoPRepastion

l'ight. reover, | presen

"shifLeLcopeni ng" s det i t AN, a ‘n.a .
i ChCTanon (S0 FEhE 6 TRAT Thb phaceaF Chac FgAT and in

is chiapgedckéhe phase LsqyPHYl atedherEOL se¥aMp! €orhBd a
the '° a 11 s case of a dug-type Levenson type” phase

5 shi f tsimabskowt heentloni shafiyer ppevhsg, COneespondsrt @paning
pattern portion which is an area without a |ight
shi elddrmgespdmiantdoi @a pabtehnt hereios wotdi gginggong.
there is only forned a 5 shallow trench if any.
Further, the ShefpeesepenppgciforaespondSNRE aspdefenmd to

portion with a digging. In the present sgecification,
"NA" TR i M T2 hedre Bt ke i tan Bperbarergiven ey a

t he psrlodéJcStioé 2 sine sinOwth an angle O made b
the raditus"of® ait 1o Hpett eevé 6“‘5|C%C|%%fth?|b‘1r$lq% an
10 opt i Cﬁge f&et@n%@ldér?{rfféﬂyelﬁ ”QSXoBtJ‘?cf:af‘ 3O8¢Ee and a
between a lens and a
refractive index n of a space between a lens and a
processing target substrate.
In the present specification, “o¢” is defined to
mean a coherence factor given as a value wherein the
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
pattern is to be formed.
Brief Description of Drawings
FIG. 1 is a sectional view showing a Levenson type
25 phase shift mask in a first embodiment of the present

invention;

FIG. 2 is a sectional view showing a Levenson type
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processing target substrate. In the present
specification, "a" is defined to nean a coherence
factor given as a value wherein the 15 nunerica

aperture of an illum nation optical systemis divided
by the nunerical aperture of a projection optical
system In the present specificai'on, "just focus" is
defined to nmean causing the focus®of an exposure

device 20 optical systemto coincide wth the surface

of a reS|st a I|ed nto the progessing. tar

subst?Ete i A wht AR & b%t?e?ﬁg?ggt%m%%gf%?ﬂngfB?T%fpresent
Descriptd 5@ Drawings FIG 1 is a sectional view

showi ng a evehson type 25 phase shift nmask in a

first enbodigent of Shgegﬁgéﬁgﬁ viQMeQBbQ?EgFéciegeh§on type

a sectional view showing a Levenson type

Shlftpﬂﬁﬁﬁi$mhftS@@QBdlﬁnﬁoﬂhﬂE@te@%o&ﬂﬁe@fe§§nihe present
invention; FIG 3 is a sectional view show ng a

Levemmmengqmn,phase shift mask in a third enbodi nent

of the present 5 invention; FIG 4 is a characteristic

di agr am shiolff ng? alsrel cté vecexpbstie dhtéensnt yhowimg aa
positive resist is used to transfer the Levenson type
phas& S T4V SreedTure he fResthy Wikem iorsbhtes aresist is

FIG 5 is a characteristic
ngb?onqgﬁtor ng%éﬁﬁ]gke 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 is 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 is a procéss sectional view for explaining
the method of manufacturing the Levenson type phase
shift mask of the present invention;

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

FIG. 6E is a process sectional view for explaining

the method of manufacturing the Levenson type phase
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respect to the bias correction anmount, a resist CD of
a pattern interposed fromboth sides between openi ngs
of the sane kind; FIG 6A is a process sectional view
for explaining 15 a method of manufacturing a
Levenson type phase shift mask of the present
invention; FIG 6B is a process sectional view for

expl ai ning the nethod of manuf uring the Levenson
type phase shift mask of the present invention; 20

FIG QC i ti | wvi f I ai ni

FS G B SEeg slon e fer, expl alning

shift nHSkFﬂﬁ.tgf P£e§e$£o&9¥§n£é89iogi%aV?ghlﬁo? explaining
process sectional Vview for explarning he et hod of

manufacd ud aibd her Levanson: & yPey Phas e, &peshhd te kpllqgse

the present invention; FIG 6E is a process sectiona

Vi ew Srarf el st i Mochd her st hodi ©Fearwld act uring the
Levenson type phase 13 shift mask of the present

i nvention;FH G 6GH $ sa gpprocessssect ool videwedorexplaining
explaining the nethod of manufacturing the Levenson

t ype tPfaset g fqf mesyko fofc el ipg esfentLe varesel ohyps phase

FIG 6G.is a process sectional view for explaining

t he 5FS krefu @ T HE thel 1 EeEhsIN t ype phase

shift mas t resent invention: FIG 6His a L

process sé;cf'?t'oné}? {;? e B PRI SR hytat h%l?ﬁ‘étﬁ%ﬂ ofplaining

nanu&ﬁ&J%Qﬂ%%étg%lﬁ%ﬁﬂ%ﬁ%&&%ﬂ%gHﬂﬁg%evenson type phase
shift mask of the present invention;

FIG. 61 is a process sectional view for explaining
the method of manufacturing the Levenson type phase
shift mask of the present invention;

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

FIG. 7B is 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
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10 shift mask of the present invention; FIG 61 is a
process sectional view for explaining the nethod of
manuf acturing the Levenson type phase shift mask of
the present invention; FIG 7A is a process sectional
view for explaining 15 a nethod of manufacturing an
alternative Levenson type phas thift mask of the
present invention;, FIG 7B is aelp ocess sectional view
for explaining the nmethod of manufacturing the

| t t L hi ft k
or esent? § sy SIRPE B %a?@eipﬁ%%g?il%‘g%?%%%

f d t -
MRS 3%%232?2%% S TEL D00 0L L TBRu] o) U POr L Bfp1aining

preseife ifweid o fd s 051 Ry pt[k@é:e§§t§§r§$1’:9\9@| L¥EMEon
for explaining the nethod of nanufacturing t

al t erhate iehday edisOft 2ha d iy per phias o shédit Wﬁr&ke@iléﬂﬂ,e

present invention; FIG 7E is a process sectional view

for explaihi®g 7@ hes nethodcofs naaut dcthal i e hEor explaining
al ternative Levenson 14 type phase shift mask of the

pr eseite ingtdmd onf RIG LIt using prlve esbt swea | bral Levewnson
for explaining the nmethod of manufacturing the

al t ernéts R etisboit f%wfe Phalses ghi ¢ temask G N e/

7Gis a rocesg secti onal
C

present in n,

Ul ew for exBai i = (HE TG SFCHERIA hot L ngoHen 2

o LSL0B 8 LESAy Sae SR AN Lo BieRl e maoi

VIGM/ShOMAﬁﬂ;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
used to transfer the conventional mask having a
structure of FIG. 9 onto a semiconductor wafer.

Best Mode for Carrying Out the Invention

Various preferred embodiments of the present
invention will hereinafter be described in reference to
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 21c and 22c
comprises a light shielding film pattern 52b, and this

light shielding film pattern 52b has no undercut, and
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conventional dug-type Levenson type phase shift mask;
10 FIG 9 is a sectional view show ng a conventi ona
Levenson type phase shift nmask having a pattern in
whi ch shifter openings adjoin each other; and FIG 10
IS a characteristic diagramshowng a relative
exposure intensity when a positi e resist is 15 used
to transfer the conventional mask™ having a structure
of FIG 9 onto a sem conductor wafer. Best Mdde for

Carryi ng_ Qut th? Inye
% T

i . \Var.i, f d
ool T Re PR s The Lf ehbE i ROAACEoROREL PP ReP &L REFPep3C has

be d%&éﬁb%%;' gct:{g&eﬁsns@agocg%@e&g;ogg&?"p@ﬂxgggﬁé

dr awi ngs. nbodi nment ; pe shown

1, am@y@mgﬁtéyp@epegﬁeéh@gbe mask 1 of a first
enbodinent is a type in which a light shielding

portions pahtens R3eki Dt eFpogped firoahbotlhgRE shéesding film
bet ween adj acent shifter openings 21c and 22c
conprepasesean | ¢t wshh ehdi ngdérEtatpast provb@bd andohdi side of
light shielding filmpattern 52b has no undercut, and

15 moréeverorihen| ¢ght shietdi hghposhiohdipat fetn p3ctern
has been subjected to. bias correction a." This w |

her ei Haf t b1 Be* ch+ eud IypeP2r T Ane he2 k" 126F) Typeh 1an

Lhe Light st eldl o9 ILLT 8, PoLiERD SERMLIDOE o aug

s el 0, SONS) R LA e e R LS
opening 21lc. Ir 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 a 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 characteristic
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 quality of a
resist CD23f of the light shielding portions pattern

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

significantly improved. Moreover, in the mask of Type
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undercut 16 is provided on the other side of the dug
portion 44b, and these patterns formthe shifter 10
opening 21c. In the sanme nmanner, the shifter opening
22c | ocated on the other side across the |ight

.shielding portions pattern 23c is also fornmed by the

light shielding filmpattern 52b1éﬁth no undercut and
the light shielding filmpattern-%52a (light shielding
15 portions pattern 26¢c) with the undercut 16.

[ . k f. T 1,_b h '
correbti ghnger BEerTinat Ponetlsad; FATErPetea R AbubRs mo
h . 1 . ' L nf .
the S@ﬁ%%féugpfgiggé g%%&gnghgéf?%ﬁgﬂé?%gkgﬁg{ﬁé?g%rn 23c,

each ot , arelatrve osure
I nterposed; PRELERN1 8 ygds b o r |,SL]
line B Cbroten 1} n%)é%%ggfgﬁﬁr%%%eﬁgfi 2 ?%%ﬂt\&’(%ﬁgf oft

| i ne) f 8sm shovhah it &nt dsueedracphase difference
bet ween the adj acent openings on both sides is not

i nverted, $Betbadl Eheodesehuti Dppguablity of a 25

resist CD23f of the light shielding portions pattern

23c (pattern whpeh is ROE Pl yanoaskashl yfresskyed) is

significantly inproved. Mreover, in the mask of Type

16 ETRINREThel §iyhtyRhi € dinbCRi @ nd bkt eslnl shibihas

no undercut in the |i shieldiqg portions pattern

23¢, PUhe 97 HHta S et R PR B2B Yok hot O Hast H§es between

come q%L hl¢ rgﬁgér nsparent s i%rat Q%Iﬁg Secon

Enbodi ent - L?’ype 13érjerscpps oW n @12, 220 ndR SeroB?h%Ve any

secondight 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
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
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
the undercut 16.

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

effective when a line width of the interposed portion



enbodinent is a type in which a |ight shielding

portions pattern 23d interposed from both sides

bet ween adjacent shifter openings 21d and 22d does

not have any 10 |light shielding film and the |ight

shi el ding portions pattern 23d has been subjected to

bias correction This wll hereiygfter be call ed Type

2. In the mask 1A of Type 2, the light shielding

portions pattern 23d with no |ight shielding filg1is

15 prevjded. ope . si f ortion_45 nd_a
SR et At n P S BerBepR=EanE Phe Seth andings smalls

light shie m pat t'e ht

porti ang tPéhEﬁEBtgédliﬁﬁEQ 30 ¥hdar eyt %ﬁi%ﬁ Efgékﬂﬁqgs 21d
on the other side of the dug portion 45b, and t hese

patteand 2barantihershishteccapenyfg 2ddsrbR the §8HBshifter
manner, the 20 shifter opening 22d | ocated on the

otherogédéngcfasSconhEekhghteshhebdheg,pehékebg_making it
pattern 23d is also formed by the light shielding
portinsspateern oBHahnt hoahaap keghiushpel diagityl es if a
and the |light shielding film pattern 53a (light

shi el HH 9yt pdrt P ORSNBaf t ERNWOEE) PREEANE 28ephdt antlRe cabsence
16. The mask, (chronel ess.typ | A of Type 2 is .

of  ecT vERRnbHS L | FRbS SR HE g%lwhéniEP@rbBE@apaa?@ieﬂrtlon-
17 (the Ii hi.el di,n rtions ttern 23d) is

smal |, an&9$§5§sﬁyk?gagﬁﬁghtgygg ??on1the shifter

openi ngs 23d <adfn22d. and, trangmiLLed, bi ght 3P, Lrgm

the non-shifter openlng_23 counteract eac
t her elyyb drkh&igr i 15 53 I09§-1T§é bl & {R:ioRt QI i gnehghPe1ding
a

resolution quality as
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.

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
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.

Next, there will be described a simulation of

transferring onto a semiconductor wafer to obtain an

optimum bias correction amount (a, B, y). The optimum



l'ight shielding filmwere present despite the absence

of the light shielding filmin the interposed portion.
(Third Enmbodi nent; Type 3) As shown in FIG 3, a nask

1B of a third 10 enbodinent is a type in which a

light shielding portions pattern 23e interposed from

bot h sides between adjacent non-shifter openings 2le

and 22e has been subjected to bi%s correction y. This

will hereinafter be called Type 3. 15 In the mask 1B

of Type 3, a light shielding film pattern 51f is _ '
proﬂ?ﬁﬁfrﬁﬁr¥?F%%?HmFTRHQ¢oh54%%ta%%$@ih@ @smgthod in which

shifter Q§$n%qﬁf€ut in a flat area %f a syb trate 41
i nt erhoset 110m DOLH 31 Yo s Bt herhS ADhS T Bhi § ¢ ep xPOSUL S
[ 2.1 t f ] i gh 0]
B e R e A
mask B ey psh Bred £ éﬁeﬁirﬁ@s P@§§ir%§f§}9i9@%§i 8penings) is

effects of inproving a resolution quality an

prevenggsdde €O ntufdiof &f | tighto 54 et @l Pgct 1dM amount .

as in the case of the mask | A of Type i descri bed

aboveir2s Next  thdhesterwgturdecflescrobdthar gi hevartsom type

of transferring onto a sem conductor wafer to obtain

an optdsrimibifbs ootk et iwhldmoue gXkfteRr ggenimgs and the

optimum 18  bias correction anount is obtained in a .

met hGWPT 1o hi C9F P HHET eFerf ehsT DR uigest, a threshold is
conditions, of th

PSSR Daltbasdh THES oth dEH L SHt 15 eroRor or 1atst C0

non'%.§g§¥yQR§@;%%¥o%fhm CD on a photomask. When there is
particularly a pattern to be resolved other than those
of the above-mentioned structure, a threshold 1is
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 abdve—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 (a, B, y) 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 is a characteristic line diagram showing

results of examining, by use of a simulation, the
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5 expressed as a function of the bias correction
anpunt. First, in the structure of an ordinary
Levenson type phase shift mask in which the shifter
openi ngs and the non-shifter openings repetitively
exist, a threshold is decided which nmakes it possible
to obtain a resist CD 10 exactly as a chromum CD on a
phot omask. When there is partidU?arIy a pattern to be
resol ved other than those of the above-nenti oned

structure, a threshold is decided at which that

pat t 6P 4C reSothedr §F t it aSCDdesFrREt FEsHsPeplonsof the
Next, th i S. obt ai d ist CD (t fer.
LRI hER BLPeS e FeTL AL R rareL e amoune,

Lhre%HQi Pﬁ 5hﬁopfﬁéﬁﬁgl'Q£f£p9§§gc££§£1Pﬁ%hb§%geéorrection
et ween the openings of the sane Kkind en the bras

COrr eGid Mk apRNt 4:5q VAT ¥ OBS8] ¥a £hapged; 1 Ai th€es the resist
structure 20 in which the openings with the sane phase

adj oiap ea@h) ©f heie asashoyn hdiFhsdr In@nén Fb&h 2s{ @& s

FIG 3). The bias correction amount ((x, R vy) is

deci dete fesf eded opmskndypef sohé haimé hksndesi 54 €k c@pawing,
be obtained at a desired value (e.g., a threshold

| evela Ider Iteni P65 F| Gnd)E HIGcE felh line) corresponds
characteristic line diagramshowing results of o
exaniii fgie WPrase L SMavlkat i oh, TYPe 10 achHampecheristic
the resist CD (trapnsfer_dinension of the resist) with

respect’® o t W' Bt a5 thrt Bt} orP Bhpttds wher bie ghase shift
hori zontal, @xis dpidicates, the b as, coLreetiOMine ¢ (a
‘broken line) corresponds to the phase shift mask 1B of
Type 3. The bias correction amount o, B, vy is 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



10

15

20

25

anmount (nm), and a vertical axis indicates the resist
5 CD (nn) of the pattern nei ghboring on both sides
t hereof the openings of the sane kind. In the draw ng,

a characteristic line E (thick full line) corresponds
to the phase shift mask 1 of Type 1, a characteristic
line F (thin full line) correspoygls to the phase shift

10 mask | A of Type 2, and a characteristic line G (a
broken |ine) corresponds to the phase shift nask 1B of

Type 3. ThewbBiasqCekr AShLERCRIRYAL RAaskd: o¥ THpes 1 and 2)
obtai ned for the phase shift mask of each type from

an intersegéken ef mbbhBoaharaghatifstiaringetbe EevbnaBd type
the 15 threshold level |line 31 having a pattern

m ni npina e nehi bk dhlsk 650 AinYypdhel nadel 2andl expesdeecribed
conditions of the Levenson type phase shift mask used

in theeferpihat tonFaEe Shown BéFoweIChr Bheust Ort266 of the
nm (size on photomask) 20 Pitch: 760 nm (size on ,

phot orRSK}SCShaYPRW EF&Rch? 1 Bt nfif Eldef capown0dinm @ single
(size_on phot omask) Exposure wavel ength: 193 nm NA:

0.78 tﬁ%ngﬁ'0.4 Exposure nagnification: 4 Focus: just

[ocus, 20, K4ELfod, o Whpul et ut bR, Rk BLeliERed s11.

LYP€ 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 61lb as masks, thereby forming a predetermined
pattern shown in FIG. 6B (step S2). Then, the resist
layer 61 is 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
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phase shift masks of Types 1 and 2 will be described
referring to FIG 6Ato FIG 61. The structure of the
5 Levenson type phase shift mask is shown with a
single trench. First, a blank mask 100 is prepared

(step S1). As shown in FIG 6A, in the blank mask

100, a transparent substrate 4é%fade of synthetic
quartz is covered with a 10 lig shielding filmb51
conprising two layers of a chromumnetal filmand a

h i ide fil nt ich a resist lLayer 61 is
Fur e nel ST £ot - Tape PR @sptbo Byl PEgtFget A “Eazhet

pat t er s exposed by ap, el e]géwgibfgger apd;a series ol roseq
patterning processing such as 15 vel opnent " I's

carrigd ok, cthereby HOLAI ngnfesi st patLer pscfdanan
61b. re, the resist pattern 61lb has been subjecte

to arpeodesding Hids £OrdeetiOPmORt ai Bedarbyetihgut, thereby

simul ation of transferring onto the sem conductor

waf erf aiestng bede ddovenidNedtres het | pghter2 haehdiing2b shown
filmb51 is etched using the resist patterns 6la and

61b ash nakks, 6B hestedry $or ni nge e predet eeni nedpapaeter A2b is

shown_in FIG 6B (step S2). Then, the resist [|ayer 61

i s rel VAR F tHh3ah Bxcl st ¥Rarde@atP ngoshl i fen, thpgeof in

light shielding filmpatterns 51a and 51b 25 are

f or rretﬂleoria”f‘h%m?rca%b% RS Bst? atrdgicehdwilthy FI G

6C (st.ep S3).. Next resist layer 62 havi a. _
ﬁgacégﬁfiﬂg %?ék the re51a%p?a§%e6%t§§?hés later

predéierm I ckness 15 [
Procesd k4 M 98) form the undercuts.

Next, the trénsparent 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)-0C oo (1)
wherein d is the depth of the digging 42, UC is the
amount of the undercut, A 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
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substrate, and this resist layer 62 is pattern-exposed
by the electron beam and a series of patterning
processi ng such as devel opnent is carried out, thereby
5 formng predeterm ned resist patterns 62a and 62b
shown in FIG 6D (step S4). Here, the resist pattern
62b is forned so that it is expanded to both sides
thereof in the ampunt corresporf ng to undercuts
(UC), anticipating that the resist pattern 62b is
later. 10 processed to formthe undercuts. Next, the
t r anspFaf TRt O ubLR? a2 FRiStbfeeked0f olndylyieh chiaglight
nd 62b_as masks

e L e T e
. . ' t t i tr t

o T DA T T R 7 Pomes o
i shied: , d = R . t

dopt i 1 T Bporng S5 U thet amehE [y S 1€ (scep

undergut, X Ss thes EXPOs W Er Ve et iy 120 Rk M iSe Type 1
the refractive index of the transparent substrate.

Next dddrer tbeahsyiaswent subsiiateadd 360 subj ectresl gt tern 52b
wet etching using the resist patterns 62a and 62b as

mas ks teraraetnd fioran fgp oh goi des S hean nghainder TS &senings
25 shown in FIG 6F (step S6). Next, the resist |ayer

62 i ¢4elnessat ittde st exa@ldisive pal emst iR s dlas ikwen

t hereby obtaiping a 22
sJ@jected té’the bias correction a.

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 resisf 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. 6I (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
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Levenson type phase shift nmask 300 in which the |ight
shielding filmpatterns 52a and 52b, non-shifter

openi ngs 44a and the shifter openings 44b are forned
on the transparent substrate 41 as shown in FIG 6G
(step 5 S7). This mask 300 corresponds to the mask 1
of Type 1 described above. Int mask 300 (1), the
pattern 52b interposed from both” sides between the
shifter openings 44b has no undercut, and the pattern

52b h b bj d h ' ' 10 .
252080 0Ly 05 0 PLBR, EOLAGEABR, 6100 v e

Fur t hefhor oW ng proc n

per f oroed, 1,0, 9bt ak o, | he maskyof Ty e};@-n irst, a

resist layer 63 1s appllfed onto an ormed on the

mask 300, BaRd thRereshak sKkR 6801 aspahher z8%pP9sed above is
by the el ectron beam and a series of patterning 15

pr oc esisé prgr sdicdis ashoenel Opredt 78 cateped2out tn tesmst

a resist pattern 63a, and then the |ight shielding
filmleghrisl removied byarkchasly UBPNnYsthatresnséxposed by
pattern 63a as a mask (step S8). Then, the resist

| ayertB3 §ke¢ereasheeami t indna exer uss vel redehsrngny

sol ution, thereb 20 obtaining a Levenson type phase

shi f tPTRESIE O | T Whi @R AR PPERR T shf eFdF R§CHi PHE, thereby

tt 53a, -shift | S d shift . .
bpeni 0L 45 5% 1 or RBUCGF-E e 17 ahQphr oht - EBGC PaTE1ding

41 anﬁﬂPSQIifEFéféhg& &§I§§ §§gis ;£%§E£P§§i§?9 as masks,

corresponds to the Levenson’type p% mask

1A oft RS 2. £ & ARDEDes %écﬁ‘@@e%iﬁ@@“é@m@%élfﬁnghéﬁﬁkiﬁf

Type 2) Next, another nethod of manufacturing a

Leversmn. 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 8$23).

Next, a resist layer 62 having a predetermined

thickness is applied onto thé 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
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23 type phase shift mask of type 2 shown in FIG 2
wll be described referring to FIG 7Ato FIG 7G
The sane bl ank mask 100 as that described above is
prepared as shown in FIG 7A (step S21). Aresist 5

| ayer 61 on the blank nmask 100 is pattern-exposed by
the el ectron beam and a series patterning
processi ng such as devel opnent i's carried out, thereby
form ng resist patterns 6la. Then, a light shielding

filmpb1l et hed |n esi st pat rns a_as _masks,
10 thgre § o‘?mnml{5 ?%é%t%?n1ne bEs SS% sﬁoﬁn in

FIG 7B (ShsgtSZ?:%e E?sﬂsggys Eeéhggtkﬁx@u@llgs ubjected to

rel eased an exclusive releasing solution, t y

manuf @e us+ 89: hé oht i 8§ ehdi pgstst 9@&&@5986§Aaa98 82b as
transparent substrate 41 shown in FIG 7C (step S23).

15 Nexdsks@, reseséblayermbidq havygongs paedehewi hRdrFIG. 7E

thi ckness is applied onto the processing target

subst tatep and) this desiktdlaferth€2diggpayt é2niexposedolled
by the el ectron beam and a series of patterning

proces®i AgCeudhNas devlel bpaehions (Earabedeout, thereby

20 form ng predeterm ned resist patterns 62a and 62b

shown in FrE- 7EF?SF§@“§Eﬁfe“FbFEbSFﬁét?eéﬂsﬂspﬁPPé?ﬁted to
62b has e n, subjected_to an anpunt o

corr et T oRC R 1 10bt AF had bY© r%?hﬁ?a??BEeB?stgaﬁs?%? Prg as
82%?@?%5’%%‘:&2%9%9? SRR PRERTE 1 b ggrouts o0
both sigdes {hereef 7kn the,agpynt corresponding to

under cuts (UQ), _

Finally, the resist layer 62 is released with an
exclusive releasing solution, thereby obtaining a
Levenson type phase shift mask 400 (1lA) 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



10

15

20

25

anticipating that the resist pattern 62b is processed

24 to formthe undercuts in a subsequent step. Next,

the transparent substrate 41 is subjected to dry
etching using the resist patterns 62a and 62b as

masks, thereby form ng diggings 42 shown in FIG 7E 5
(step S25). A depth d of the digging 42 is controlled

in accordance with Equation (1) éabove. Next, the

transparent substrate 41 is subjected to wet etching
using the resist patterns 62a and 62b as masks,

t her ebyl fofAi ARUIggFngs nBehéﬁlthgrUnaéﬁc@m§ea§O§©d from

shown in FIG 7F (step S26) Flnallé the resist |ayer
62 .sb?%heﬁé%%smP?HW§ﬁn é?@IBQPvéhF FB&sPRENSBLSL iL6n,

e i T
patt?éﬁé tepgn 8hb£ ﬁrs} Qpe Egg8f4§% H E% mlned
3 Re o 3Prs

openi ngs are orne ransparen

41 asyphemn. i npEh G Zc%é§5€9ve3%2 OSIQ@ Eﬁgéﬁgﬁty in the

i nvention can prOVI de a Levenson ype p ase sh

mask simte fpoBadf ackar i BYi ABLHoddt hebROtnEOEhaZ2BcHE@ikRiC
the manufacture of a sem conductor el enment such as an

LS. TheetypesrskemnlineFl €5. thet oh3raanealikthe line A (full
applied to a dug-type Levenson type phase shift mask.

It islimebeaspotledwnhar Fhe.typesndhove rasFLGSiomn gndlity of
2 can also be applied to-a top nounting type Levenson

25 tYﬁer%%b§% g%fgﬁ Haskhe interposed portlon 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

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



According to the present invention, the pattern 23a,
23c, 23d interposed fromboth sides between the 25
shifter openings or the pattern 23e interposed from
bot h sides between the non-shifter openings is
subjected to the bias correction a, R y for expanding
the pattern to both sides thereo% in a predetermned 5
anmount. Thus, a relative exposure intensity in the
interposed area is inproved fromthe characteristic

I th I A .
(it Fhe) Fae R TA e e U GRS bt asbhari opnat ie.

qual ity of %éséﬁéléttgigéérkg BQ?F%E% %Ho§ﬁgcgthﬁoﬂlght

23c, 23d, e 10 (not easily reso ecause a pha
dlffeéﬁﬂéﬁdbﬁémﬁﬁﬂm tbreddbacenheAPEALNASd8RCROENare Formed,
sides is not inverted) can be significantly inproved.

Furt hendoie, iacebsdi pgstoblbetprpseperinvesleen, the amount
since the pattern in the portion 23c interposed from

515 both shelesnderwern vhehnonrshifeedonpentngst2ibeiand

22c has no undercut, the light shielding filmb52b in
this %ﬂﬁz%nbﬁdo’é}éen%@mé@%eoéffofThJa@ lsghttshseldlng film.
possible to reduce def in which the |ight

i i

shi el E%OY?¥n1 i AERFPo E?Q%%no§hél§hFFtEFansmltted
openi off when 20 he. undercuts ar for d
tﬁe éﬁgf ope%? 3EEhR ? 13 63 $5i gﬁf%erence

prOpQ5éﬁhé@Aeffgﬂ@§ @P?HgﬁlgéedtPﬁ{ﬁngﬁrgHéso%?ébnggrSId and

freedom w t hout™ bei n mted b e’comn

10 the |22H1tor$h$&&r§“£19déé|£@ 5 bd Irefstultﬂe{g la}p%?{dlr%zt&d
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t he pr esent i nventi on,
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 um

Pitch: 760 nm

Digging width L1l: 531 nm

Width L2 of a light shielding portion: 398 nm
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25 since the pattern in the portion 23d in the portion
i nterposed from both sides between the shifter

openi ngs 21d and 22d has no undercut, the com ng off
of the 26 light shielding filmitself does not occur.
That is, it is possible to reduce defects in which
the light shielding filmconmes off when the undercuts
are formed, and it is also possible to properly

sel ect the amount 5 of the undercuts with nore freedom
wi t hout bein limted by the com ng off of the Iight
shi el di ng @Dgﬁicukbi@GVE La:phB8endi f f erence of
lights transmtted through this portion 23.d is O,

and a phase@?tFergreeh Bgtmé%% PMghts transnitted

hrough th 21d 0.22d on both sid
160 T ooul { RG-SR AN FrUePEBa° ! phage™ St his2BPobfial ng

good reso'fﬂ%ﬁn gHaghE¥reft§E?58§fE§F? %ﬁ&'gu§esbea were

exanpl es o e present rnvention W e descri

(Examﬁhﬁlﬂéd1@h@33§p§§l§c6§ gesst thed, vogh et Re ar L8858t yas

pattern is formed on a wafer using a Levenson type

phases:gdbddd wBSKg Odn t 8L PEEEENHet IWENT | ORpoSuPBSKodditions
of Type 1 shown in FIG 1 was produced by the

manufwactaeira mgfonedod descri bed above. At this nonent,

no defect was 20 caused due to the comng off of a

l'i ght shi efxbogufe| wavpaenerh: ol 98 hempkddticedcmsk. laser)
The mask 1 of Tyge 1 having the follow ng sizes was
obt ai ned. NA:

c: 0.4

Exposure magnification: 4

Bias correction amount a: 69 nm

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

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

(Example 2)

An example 1s shown wherein a resist pattern is
formed on a wafer using a Levenson type phase shift
mask of the present invention. A 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.
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Thi ckness of a transparent substrate: 6350 m 25
Pitch: 760 nmDi gging width L1: 531 nmWdth L2 of a
Il'ight shielding portion: 398 nm 27 Undercut |ength
L3: 100 nm Digging depth L4: 172 nm Design line width
of the mask: 260 nm Then, an antireflection filmand a
resist were 5 applied onto a silicon substrate, and
the resist was exposed using ark®xposure device.
Exposure conditions were as follows. Exposure

wavel ength: 193 nm (ArF exciner laser) NA 0.78 10 a:
0. 4 ExposuFeenmgakfigapfoliyrd Bi hsvéoer ébei dnlanpwiny sizes
a: 69 nmAfter this, devel opnment was carried out, and
the #a%iRtHHRE@rn was formed. 15 In this resist

tt | ut it t he ttern
Pﬁtesggsed %é%gggﬁgoég ?ﬂgga%Fg?ﬁgpgaﬁﬁbggFﬁae(n6HSO pm

phase shi f s roved as shown by a
characterlé% ¥\@rllr71ga§?A8]|¥n FIG 4, and accuracy was

sati sfact opyyq 204 (ﬁ§@gpI§12)5@@ gxanple is shown
wherein a reS|st pattern 1s fornmed on a wafer using a
Levenson typgtpheseoshifiight 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 P: 31 nm

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

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

(Example 3)

An example is shown wherein a resist pattern is
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mask of the present invention. A mask 1A of Type 2
shown in FIG 2 was produced by the manufacturing 25
nmet hod descri bed above. At this nonment, no defect was
caused due to the comng off of a light shielding film
pattern of the produced mask. 28 The mask 1A of Type
2 having the follow ng sizes was_obtained. Thickness
of a transparent substrate: 6350°Tn Pitch: 760 nm 5
Digging wwdth L1: 569 nmWdth L2 of a light shielding
portion: 322 nm Undercut |ength L3: 100 nnwEnging ,
dept hf ¢4 79" nfn PREFHNUFI A8 Hi HEKSBFOPhEYRBSRIE2B0SAM E
10 Then,, an_antireflectjon filmand a,resist r
appl 156 BnT5 & 81 PFEoR"subSY Fat 60 and®t ReoFebt st wadPe 3
expos [ expo e S 0 n

P &‘i’o‘?%gl Jr‘rg A EXROZLL pPSMb{ESd F’ngé&ﬁgﬂ r?%%'@bg 8f a

were as OWs. Exposure wavel engt n:

eXCiﬂﬁﬁoiéﬁﬁf%ogﬂ%Pﬁ%% Prd8e8s Pe4gEXPOSHELhod described in
magni fication: 4 Bias correction amunt R 31 nm After

t hi s, pgeyet oppeitemas1 car raede Ut , manént heno28e £ €8t Shias
pattern was forned. In this resist pattern, the
resoledissd qdad i ty ofie 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 um
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: C.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 quality of



the pattern interposed between openings of the sane

kind (n-n phase shift) was inproved as shown by a
characteristic line Ain FIG 4, and accuracy was 25
satisfactory. (Exanple 3) An exanple is shown wherein

a resist patternis 29 forned on a wafer using a
Levenson type phase shift nmask of the present

i nvention. A mask 1B of Type 3 3hown in FIG 3 was
produced by a usual nethod of a photolithographic
process (e.g., a nethod described in 5 Patent docunent
1). AtPf PRtheRRNintRABPAePEcPeAgScansBdndgecfotPReSaMe

com ng, off of a |i ht Shle ding film ttern of t e
produ Eﬁjnﬁﬁko 3%% fraSki 1B oVagyb%pEOHES'ﬁa FH@wn
follo Sy ne Thi ckness of
tran§%%$%n?éé§ 2 ¥§te lQ‘%SS‘%O e ?tc%’ accV@%?H ['3s
of a éég@§f§gtg£glng portion: 286 nm Undercut | engt h
L3: nm DI gging depth L4: 172 nm 15 Design |ine
mndth 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 devi ce.
Exposure conditions were as follows. 20 Exposure
wavel engt h: 193 nm (ArF excinmer |aser)
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NA: 0.78 a: 0.4 Exposure magnification: 4 Bias

correction anount y: 13 nm 25 After this, devel opnent

was carried out, and the resist pattern was forned.

In this resist pattern, the resolution quality of 30

the pattern interposed between openings of the sane

kind (0-0 phase shift) was inproved as shown by a

characteristic line Ain FIG 4,3land accuracy was

satisfactory. 31 CL Al MS 1. A Levenson type phase

shift mask conprising Ilight shielding portions and

openi ngs fornmed on a transpaieAt Isibstrate, the

transparent substrate at the 5 openings being o
partially 8ug %nL%Ye%SPﬁaﬁgpar@hﬁSﬁiEhﬁfEemﬁgk comprising
artially disposed on the transparent substrate at

|tohe o%e?#%g%h %ﬁm% RPTF1PS opefi AR Ands n%ﬁrm?‘ﬁi PRef
openi.ngs,_ the shifter openings and the non-shjifter
openi G FRBETT 11 ¥ kr%,t%%%uﬁ@eiﬁr%rﬁ%p%%% Sthpeace ot the
shift ég%ﬁ% .1 v I p €. ranspmitte .
Iighfﬁgﬁhe eO%%%% é%%fgkg%egg i%? %%s% éranSparent film

char acd {d z&d-+ oy1 havd o e d | Ght 138 €1 di 09, ﬁr‘i{ | OBSstrate

pattern i nterposed from both sides between the

adj acenttopespargingd tdhefSafeshifter 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 Levenson type phase shift mask characterized
by having:

a light shielding portions pattern interposed from
both sides between the adjacent openings of the same
kind, the 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 claim 1,
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 thé 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



15 kind, the light shielding portions pattern being
subjected to bias correction which expands the |ight
shiel ding portions pattern to both sides thereof in a
predet erm ned anount with respect to a predeterm ned
design line width set by a design of the mask. 20 2.
The phase shift mask according to claim1,
characterized in that a transfer34imension of the
light shielding portions pattern interposed from both
sides_ between the adjacent shifter openings or _
i nt er poSBH SPrEAPBBENPSFHdS BePREERTRhé Sa@PAeéRed with a
non-shifter .25 _openi ngs.under predeterm ned exposure

d S

condi tTohsS s MEES4%function of the bias

ti , > b orrection amount i.s
Goci dod S0 thatierprd3e PRcY ARSRPREREHUIRLAIRIAI LR 2,

pat t etRat8c0BLaLpgdi Wi thad tg§5b589e55§ﬂéf8E deciding the
di mension. .3. The phase shift mask according to clarm

52, chasacterraedibn &ﬁ@bnth@spé@ﬁ@é%éﬂQb?Lad§§hgh99ion of

char atter

the 5 bias correction anount is achieved by a

si mul atamafetrihgaosterai sgmdoabndacseni eanduct or

wafer. 4. The phase shift nmask according to any one of
clains 1 t6-3 Whichhhseashafensenkt ypeopHasg shi &ty one of
mask wherein the_light shielding portions pattern

i nt erPoREYS 10 £P ot BotBhsidled bevaraant hepadphgeatshift mask

hi ft in i S, subjected to the bias correction
oh r q?ﬁ@htgﬁ Lipht f%éei yhe BRFelanAgPpbEeFBnsnterposed

10‘xﬂtE%fbﬁr%?%ﬁogfgesbgéygggntyﬁeSQ&%ggéngpggiggegngpenings
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the non-shifier openin
is subjected to the bias correction, 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 pattérn subjected to the
bias correction has no undercut.

5. The phase shift mask according to'any one of
claims 1 to 3 which is a Levenson type phase shift mask
wherein the light shielding portions pattern interposed
from both sides between the adjacent shifter openings
is subjected to the bias correction, characterized in
that the iight 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.

6. A method of manufacturing a Levenson type



has an undercut on the side of the shifter opening,

and 15 the light shielding portions pattern subjected

to the bias correction has no undercut. 5. The phase
shift mask according to any one of <clains 1 to 3

which is a Levenson type phase shift mask wherein the
i ght shielding portions pattern interposed 20 from

bot h si des between the adjacent hifter openings is
subjected to the bias correction, characterized in

that the light shielding portions pattern interposed

bet weeh2 theSBhft teaspearnglandot heghbnsbheldéng portions
openi ng.  has an undercut on the side of the shifter

openi # %m%neegthEOtme%toeheetaeﬁ@pﬁéﬁﬂtoﬁebﬁatﬁéen the
subjected to th as_correct as no i

shi el %‘f?\% PR 6su]%5%?5%da6fL%nﬁ?%ﬁtﬁ??ngeéw partially
Levensgo %pg 3§ tPQﬁg a?@ﬁétff?ﬁkb89ggr ék@%athg &1sposed

shi el di por i ons openi ngs fo

5transmr@,rpé §H£’§§;§§£§mttQ@bsHé@épQEeE‘BeSb‘ éMﬁ € 8 rorm

the openings being partially dug in or a transparent

filmdei ngepaspdrl hys dhisP0sed-5nontERechEANSHA! €hhe shifter
substrate at the openings to form shifter openings

and nopersindd exndpeme ngsn -shef sér f dbpenivpentagst andvely
the non-shifter openings repetitively existing in the
mask, ettt 5hd fiertopemi figs theeshi igen oy@aSegefinverting a
transnitted light, the nethod characterized b%
conprRfsi§Ry: O Hat faR U kE e nbi @t i ghie sheehed ng araﬁterlzed by

formed on . the transparent substrate, and formng a
10 ||ghtcomprlsln

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
15 ~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
20 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.
7. The method according to claim 6, characterized
25 by comprising: forming a resist pattern covering the

light shielding film pattern except for the light

shielding portions pattern interposed from both sides
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shielding filmpattern subjected to bias correction in
an area where the light shielding portions pattern 15
i nterposed from both sides between the adjacent

openi ngs of the sane kind is to be forned; formng a
resi st pattern expanded to both sides thereof in an
anount corresponding to undercuts on the 1ight
shielding filmpattern; and .20 ¥%ing the resi st
pattern as a mask to dig in the transparent substrate
by etching, form ng undercuts in the resist pattern,
and refbYFRY Bheedflsfcentt ARepéBEst ofphheepAme7kinfeatter
ng to claim®6, characterized 25 Db

CQ”Dng?nﬁgsfﬁFn?%gtﬁerE§F§FtpB?FE?ﬁ“cb§eF?ﬁ@YFHé removing
1 oht. gli el dhpocf i LRkt et exgeph ot ghbe Lighh, oo

shielding p ons pa rn~interposed

34 h Lagce L ngs t e KL n .
S L e

removing rébestighttshhel ding filmof the |ight
shielding portions pattern by etching; and renoving a

resist of 85 themeenbatopahbftifac8urAngebhodvehson type
manuf acturing a Levenson type phase shift mask
conprpizasg $hyght s&skl domgrpeitgohsghanshbpedingsportions
formed on a transparent substrate by pattern

f or TRTFJrOREN BN S gherBed ePUi Agt FanpPat et 19ubstrate by
transparent substrate at the_ openi ngs being ?artially

dug iFPOreE t+aRpat @Mt Of i # Mt behhgSphetfand yI 8 B8pokkd

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 characterized by
comprising:

pattern-etching a light shielding film formed on
the transparent substrate, and removing a light
shielding film from an area where the light shielding
portions pattern interposed from both sides betwéen 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 expanded to
both sides thereof in an amount corresponding to
undercuts; and

using the resist pattern as a mask to dig in the



- bet weén

on the transparent substrate at the openings to form
shifter openings and non-shifter openings, the shifter
openi ngs and the non-shifter openings repetitively 15

-existing in the mask, the shifter openings inverting a

phase of transmitted |ight, the nethod characterized

by conprising: pattern-etching §5Iight shielding film
formed on the transparent substfate, and renoving a

light 20 shielding filmfroman area where the |ight

shiel din rtions ttern. interposed from.both sides .
Eh o RRBe b o PR AR B aE R e CEFPTRE s SRR hrdlegEes in
be 1 Of B0y o0k ¥tNaPLBRRCOLRECLLARyONL0 A BeSLINGE the resist
shi el di ng I'm enoveg area to forma resist pattern
expangdgdtten.25 both sides thereof in an anmount
corresponding to wundercuts; and using the resist

pattern as%a nagk metdiod karcbheidly tir anspanenicf claims 6 to
substrate by etching, form ng undercuts in the resist

Spattedn, chadaceapiend anr ésest aotrhhe feesdstenpabhertd. the

9. The nethod according to any one of clains 6 to 5

8, chhtakterlzeddingt Rartaorpansteerai sesirpasetl them both
l'ight shielding portions pattern interposed from both

si desS hetheBRCYR_ abf'acaft 2SRPFt Ri6heni RE§NePIS OF

i nt d f th si bet t he ad] t non-
ot £t DR CEERAF RS CHBeP b edetbnPREH R b Ar 8038t non-
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condi L} PPSe L SoSXRE £§5°HnaE r2ptUASEEOR: BE 4! BEBLAS
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 claim 9,
characterized in that the processing of deciding the
bias correction amount is achieved by a simulation of
transferring onto a semiconductor wafer.

11. The method according to claim 10,
characterized by 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



correction anount, and the bias correction anount is

deci ded so that the light shielding portions pattern

is obtained with a desired transfer dinmension. 10.

The nethod according to claim9, 15 characterized in

that the processing of deciding the bias correction

anount is achieved by a sinulation of transferring

onto a semiconductor wafer. 11. Ihe nethod according

to claim 10, characterized by conprising: 20 deciding

a threshold such that a transfer dinension of the

resi stCF5€obt af nedceRbct fychangedchhofi BAFERFR] 8Akucture in
di mensi on_on a phot pnask or deciding a threshold such

that HhartFul aPepateerii P8 FRSoPFEA PRURER addesrreach
resis ritical dinmension; 25 obtaining a transfer
dineﬁé?%%rbfa$%e resist at the threshold of the

pattern in?@%ﬁg§§§ﬁ%ﬁg?§g§éhcékgggtégﬁt anEh%or each mask

openi ngs o when t I as correctron
5 anmuniyps Shapged tRe arPafs€rNrshEHEEUSEMERs1 ¥R €8 EBCained
openi ngs wth the sane phase adjoin each other; and
deci dithga tdes bras €orésiedi@n @muniaf@e. each mask 5
type so that the resist transfer dinension is obtained
at a desired threshold | evel val ue.



