
1  D L, :, R I P T I O N LEVENSON 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 LSI and to a
manufacturing method  10 thereof. Background Art Recently, a high
resolution Duality has been  demanded even in a projection exposure
device in  connection with increasing density and miniaturization 15 of
semiconductor elements. Thus, in. the field o:'  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 principle of the phase 20 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 openinq is
inverted, in order to decrease  light density at a boundary port ion when
the 25 transmitted lights interfere with each oth other, thereby  improving
the resolution quality and focal depth of the  transcriptio pattern. A
photomask whose resolution quality has been improved by use of such a
phase shift 



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_1 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 trench,  which is the depth of the non-shifter opening 13 dug in
the substrate. 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 17 denotes a difference in digging amounts (or  etching
amounts) corresponding to a phase difference of  180 between
transmitted light 3h through- the non 2C 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  pa-term , which is a
line winch dimension when-- chromium 25 (Cr) is used for the light.
shielding film 12. The  numeral 19 denotes a pitch, which is a distance
from an  end face oL 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:ri]e 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 thesubstrar_e. 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
_he shifter  openings and the non-shifter openings are alternately
arranged but also a pattern in which the shifter  openings adjcir, each
other or a pat--ern in which the 20 non-shifter openings adjoin each other.
For example,  as shown in -TG, 9, there may be created a pattern in
which a shifter opening 21a adjoins another shifter  opening 22a. It is
often impossib_e in a circuit  design to avoid the creation of such e pattern
in which 25 the openings of the same kind adjoin each other. The  



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 same kind is increased,
resulting in a degraded reso.utiion 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 21a
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 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
21a and 22a of the same kind adjoin each other 



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 substrate 11. The mask  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
properly  selected, and moreover,c_e performance of the mask may  i0
deteriorate. Patent document 1: Jpn. Pat. Appln. KOKAI  Publication No.
10-333316 Disclosure of Invention In order to solve the foregoing
problems, the  15 present invention is directed to provide a Levenson
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 20
shielding film in the portion interposed between the  openings of the same
kind to come off. (1) P. Levenson type phase shift mask of the  present
invention is characterized by comprising light  



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 a7 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_ transmitted light; the 5 _. eve
son type phase shift mask n'!udinc a light  shield=-ng portions patters
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 10 portions pattern to 'both
s-des 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 15
dimension o_` the light shielding portions pattern  interposed from both
sides between the adjacent shifter  openings or interposed from both
sides between the  adjacen-_ non-shifter openings under predetermined
exposure conditions is expressed as a function of the 20 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 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 above
paragraphs (1 to , _s a Lever son typo phase  shift mask wherein, the
ligir_ shielding portions pattern.  interposed from both sides between the
adjacent shifter  openings is subjected to the bias correction, the phase  5
shift m asl- being c a sized 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 1G correction has no undercut ;FIG.
1 (5) The phase shif-_ mass 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 hot.'-_ sides between the ad
acent shifter 15 openings is 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 2G 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 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 according to th
present invention ;s  directed to a method of manufacturing a Levenson
type  phase shift mask com isin ii pr g got shielding portions  5 and
openings formed on a transparent substrate, the  transparent substrate at
the openings being partially  dug jr. or a transparent film being partially
disposed  on the transparent substrate at the openings to form  shifter
openings and non-shifter openings, the shifter '0 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: par-ern-etching a 1 ght  shielding film formed on th
transparent substrate, and 5 forming a light .shie ding film pattern
subjected to  bias correction in an area where the light shielding  portions
pa-tern interposed from both sides between the  adjacent openings of the
same kind is to be formed;  forming a resist pattern expanded to born
sides thereof 20 in an amount corresponding co undercuts on the light  



shielding "_lm 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 pattern 9
xcept. for the tight- shit ding portion. pattern  interposed from both sides
between the adjacent  openings of the same kind after the resist of the
resist pattern is removed; remov ng '-.he light shield-r.g 5 film of the light
shielding portions pattern by  etching; and removing a resist of the resist
patter- (FIGS. 6A to 6--) (8) A manufacturing method of a Levenson type
phase shift mask according to the present invent_on is  10 directed  to a
meti, of maru`~acturing a ~evensor __ type  phase shift mask compr-sing
light shielding portions  and openings formed on a transparent substrate
by  pattern formation of a li.ght shielding film, the  transparent substrate at
the openings being partia .'.y 15 dug in or a transparent film bung 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 interoosed from both 25 sides
between the adjacent openings of the same kind is  to b'e formed; giving
bias correction onto the light  shielding film removed area to form a resist
pattern ]G  expanded to b. t -: sines thereof in an amount  corresponding
to undercuts; and using the resist  pattern as a mash to dig in the
transparent substrate etching, forming undo c'.its in the re list. pa ..terr 5
and removing a resist of the resist pattern (FIGS. 7A  to 70) (9) The
me-hod according to any one of the above  paragraphs (6 to 8) is
characterized in that a -transfer  dimension of the light shielding portions
pattern 10 interposed from both sides between the adjacent shifter
openings or interposed from. both sides between the  adjacent non-shifter
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 the light shielding portions pattern  is obtained with a
desired transfer dimension. 



(10) The method accoraing to the above paragraph  (9) is characterized in
t=it the processing of deciding  the bias correction amount is achieved by
a si elation  20 of transferring onto a semiconductor wafer. In the present
specification, the "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 opening" is defined to mean a
pattern area  which transmits 1Lgh'., so that the phase of the light is  ..,
For l ~., ar~ged *he phase --s ,odulated; , . s_ a n' .io1e, in the case of a
dug -L ee Levenson ype b use hi ~'t mask, '_Y?e  non-shifter opening
corresponds to a natt.err: portion  which is an area without a light shielding
film and in  which -here is no digginc or there only formed a 5 shallow
trench if any. Further, the shifter opening  corresponds to a pattern portion
with a digging. In the present specification, "NA" is defined to  mean a
numerical aperture given by the product of a  sine sinO with an angle 0
made by the radi'-),, e~ an 10 aperture to incident light in an optical device
and a  refractive index n of a space between-- a lens and a  processing
target substrate. In the present specification, "a" is defined to  mean a
coherence factor given as a value w,-ere-'1- 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  patters is tc he
formed. Brief Description of 'Drawings F- G. I is a sectional view showing
a Levenson type  25 phase shift mask it a ~rst embodiment of the presenL
nvent_i on ; . _ <. -e~_. ;-Opal - ,'en  showing 1 :r.' ens on type J. 2 phase
mask in a ';G CCRd embodiment of t.h E. -,%r P.SPn'_  invention; FIG. 3
is a sectional view showing a Levenson type  phase. shift mask in a third.
embodiment o; the present S invention; FIG. 4 is a characteristic diagram,
showing a  re-native exposure intensity when a positive resist is  used to
transfer the Levenson type phase shift mask of  the present invention onto
a semiconductor wafer; 10 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  15 a method of
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, of manufacturing the Levenson -ype phase 25 shift mask of the
present invent_.ion; FIB. is a process sect_or..al view tor ex.cia-niny  h
met:ho of - u ac-... wring t': Le ve pe ph .se l  shift mask of the present.
invention; FIG. 6F is a process sectional- .iec, fo'f explain-rg  the method
of manufacturing the Levenson type phase  sh-ft mask of the present
invention; v. E. 6G is a process sectional view-or explaining  the method
of manufacturing the Levenson type phase  shift mask the present
invention; FIG. 6I-_ is a process sectional view for explaining  



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_ing  15 a
method of manufacturing an alternative Levenson type  phase shift mask
of the present invention; FIG. 72 is a process sectional view for explaining
the method of manufacturing the alternative Levenson  type phase shift
mask of the present invention; 20 FIG. 7C is a process sectional view for
explaining  the method manufacturing the alternative Levenson  type
phase shift mask of the present invention; FIG. 71, is a orocess sectional
view for explain-._no  the method of manufacturing the alternative
Levenson 25 tyoe phase shift mask of the present invention;  ". -_L. ;E rs
a r)rocess rtc- i_ona . view for explaining  the method of manufact.zrin the
alternative Levenson _..4  type phase shift mask of the present
invent.io_n; FIG. I a process sectional view for explaining  the method of
manufacturing the alternative Levenson  ype phase shaft mask or the or
sent invention; 5 FIG. 7G a process sectional view for ..x_pla-nlnq  



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 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 descr'_bedin reference to 20 the
accompanying drawings.  (First -fibodiment; Type IL As shown in F_-G. "'
a Levenson type phase shift  mask 1 of a firs,. embodiment is a type in
which a light  shielding portions pattern 23c interposed from both 25 s-des
between adjacent shifter openings 21c and 22c  coir rises a light sh:i
_ding file pattern 525, and this  light shielding f...',.m on t-.ern 52b has no
undercut, and 15  moreover, the light shielding por-ions pattern 23c. has
been subjected to bias correction a. .h i. _  hereinafter he ca--led '''ype 1. I
-. t he mask of 7'vpe 1, the light shielding fi:.m  



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 1 of Type i, because the  bias correction a. restrains lights 3a
'transmitted  through the shifter openings 2-c and 22c from  reinforcing
each other, a relative exposure intensity 20 in the interposed portion is
improved from a  characteristic line _ (broken line! to a charac:eri~str.  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 25 resist :D23f of the light shielding port-_or.s pattern  23c
(pattern which is normally not easily resolved) is  significantly improved.
Moreover, in the mask of Type 16  , since the light s e chn.q film pattern
52b has no undercut in the light shielding portions pattern 23c,  the light
shielding film 52h does not easily come off  



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 hereinafter be called Type 2. In the
mask lA of Type 2, the -__ -t shielding  portions pattern 23d with no light
shielding film, is  15 provided on one side of a dug portion 45n, and a light
shielding film pattern 53a (light shielding portions  pattern 25d) with an
undercut 16 is provided on the  other side of the aug portion 45b, and
these patterns  form -he shifter opening 21d. In the same mariner, the 20
shifter opening 22d located on the other side across  the light snieldi_ng
portions pattern 23d is also formed  by the light shielding portions pattern
23d without a  fight shielding film and the Light shielding film  pattern 53a
(light shielding portions pattern 26d) with  25 the undercut 16. The mask
(c:htoiaeIess type;) IA Type 2  effective when a line width of the
interposed portion ne I,nt shielding portions pattern, 23d) ;s snail,  and
transmitted igh'is 3a from, the snifter openings 2:d  and 22d and
transmitted ligh_ 3b from he non-shifter 



opening 23d counteract each other, thereby making it  5 pc sih:e to obtain
a sharp resolution quality as if a  fight shielding film were present despite
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  adjacent non-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 shielding film,  pattern
5lf is provided not in a duo portion 46b  serving as a shifter opening but in
a flat area of a  substrate 41 interposed from. both sides between non-
shifter openings 27e and 22e, thereby forming the light 20 shielding
portions pattern 23e. According to such a  mask "_B 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 IA of
Type 1 described above. 27, Next, there will be described a simulation of
.ransierr ng onto a semiconductor wafer to ob1 -.in an  optimum h La:
correctl or amount ((e., (i; y). The art imum -a  bias- correction amount is
obtained in a method in which,  



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 makes it 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-mentioned structure, a threshold is  decided at which that pattern is
resolved with a  desired resist CD. i5 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 20 in which the openings with the same phase adjoin each  other
as shown in FIG. 1. and FIG. 2 (o_ FIG. 3) The  bias correction amount (a,
(3, is decided for each  mask type so that this resist CD can be obtained
at a  desired ,aloe (e. a., a threshold eve_ ._ne 5_ _n 5 FIG. 5) G. 5 _s a
characteristic line diagram show' _ng  offs Cr exam rin use or a 



g, by _ siO the 1 c; ,mange o the resist (transIe imers~?on of the  resist;
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 (nm) 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
lA of Type 2, and a characteristic line G (a  broken line) corresponds to
the phase shift mask 12 of  Type 3. The bias correction amount a, f3, y is
obtained  for the phase shift mask of each type from an intersection of the
characteristic line E, F, G and the  15 threshold level line 31 having a
pattern minimum line  width (65 nm). The model and exposure conditions
of  the '_,evenson type phase shift mask used jr. the  simulation are
shown below. Chromium CD: 260 nm (size on photomask)  20 Pitch: 760
nm (size on photomask)  Shallow trench: 0 nm Undercu-: 100 nm (size on
photomask)  Exposure wavelength: 193 nm NA: 0.78  25 c : 0.4 



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  chromium metal film and
a chromium oxide film, onto  whic: a resist layer 61 is further app_-.ied.
This  resist 'ayer 61 is pattern-exposed by an electron beam,  and a series
of patterning processing such as 15 development is carried out, thereby
forming resist  patterns 61a and 6"_b. Here, the resist pattern 61L has
been subjected to an amount of bias correction obtained  by the
simulation of transferring onto the semiconductor wafer described above.
Next, the light  20 shielding film 51 is etched. using the resist patter--is
61a are 61:o as masKs, thereby Forming a predetermined  pattern shown
in FIG. 6E (step S2). Then, the resist  layer 61 is released. with an
exclusive _e1eas4nq 



solution, and light shielding film patterns 5'_a and 51b  25 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 electron
beam, and a series o patterning  processing such as development is
carried out, thereby S form.-,_ng oredetermined resit catte-rns 62a and
62b shown  in FIG. 6D (step S4). Here, the resist pattern 62b is  forced so
that it is expanded to both sides thereof in  the amount corresponding to
undercuts (DC), anticipating that the resist pattern 62b is later  10
processed to form the undercuts. Next, the transparent substrate 41 is
subjected to  dry etc_-ing using the resist patterns 62a and 62b as
masks, thereby forming diggings 42 shown in FIG. 6E  ;step 55). Here, -e-
etching treatment controlled 15 to form the diggings 42 so that Equation
(1) below is  satisfied: d = R/2(n -r)-UC ...(1) wherein d is the depth of the
digging 42, UC is the  amount of the undercut, n, =_s the exposure
wavelength,  20 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  25 show;, in FIG. 6- (step S6) . Next, the resist layer
62 is released w th an  exclusive releasing .solution, thereby obtain-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  openings 44a and the shifter
openings 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
described above. In the mask 300 (1), the pattern 52b  interposed from
both sides between the snifter openings  44b has no undercut, and the
pattern 52b has been subjected to the bias correction a. 10 Furthermore,
the following processing is  additionally performed to obtain the mask of
Type 2.  First, a resist layer 63 is applied onto and formed or  the mask
300, and the resist skin 63 is pattern.-exposed  by the electron beam and
a series of patterning 15 processing such as developments 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 



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 Levenson 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 blank mask 100 as that described above is  prepared as shown
in FIG. 7A (step 522). A resist 5 laver 61 on the blank mask 100 is
pattern--exposed by  the electron beam, and. a series of patterning
processing such as development is carried --hereby  forming resist
patterns 61a. Then, a light shielding m 51 is etched using resist patterns
61a as masks,  10 thereby forming a predetermined pattern shown in
FIG. 73 (step S22). Then, the resist layer 61 is  released with an exclusive
releasing solution, thereby manufacturing light shielding film patterns 51a
on a  transparent substrate 4.! shown in FIG. /G (step 523;.  15 Next, a
resist gayer 62 having a predetermined thickness is applied onto the
processing target  substrate, and this resist layer 62 9.s pattern-exposed
by the electron beam, and a series of patterning  



processing such as development carried out, thereby 20 forming
predetermined resist patterns 62a and 62b shown  in FIG. 7D (step 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 formed 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
subjected to  dry etching using the resist patterns 62a and 62b as  masks,
thereby forming diggings 42 shown in FIG. 7E stem S25). A depth of-he
digging 4' is controlled  in accordance with Equation (l above. Next, the
transparent substrate 41 is subjected to  wet etching using the resist
patterns 62a and 62h as  masks, thereby forminc diggings 43 having
undercuts as  10 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 (lA) of Type 2 in  which light
shielding film patterns 52a, non-shifter 15 openings 44a and shifter
openings 44b are formed an the  transparent substrate 41 as shown in
F-G. 7G (step 327) The present invention can provide a Levenson type  



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"noon, the pa._tern  23a, 23c,
23d interposed from Lc-,-,,h sides between the 25  e openings cr the pa
tern '3e interposed from both sides between the non shifter openings is
subjected to the bias coriectiol. a, p, y for expandinq  the pattern to both
sides thereof in a predetermined 5 amount. Thus, a relative exposure
'intensity Jr the  interposed area is -mproved from the characteristic  line B
(broken line} to the characteristic fine A (full'  line) as shown in FIG. 4, and
the resolution quality of  a resist CD23f in the interposed portion 23o, 236,
23e 0 (not easily resolved because a phase d_-rerencC- 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  15 both sides between the
non-shifter openings 21c and 22c has no undercut, the _iaht shielding
`-'lm 52h in this  portion does not come off. That. is, it is possible to  



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 the portion  interposed from both
sides 'between the shifter openings  lid and 22d ha: no a .dercut, the
coming c f- o._. me 26  ght shielding film itseII doe: not occur. a is,  is
possible to reduce defects in which the light shielding film comes off when
the undercuts are formed,  and _t is also possible to properly select one
amount  5 of the undercuts with more freedom will' out t;eing -limited by
the coming off of the .light shielding film.  Moreover, a phase difference of
lights transmitted  through this portion 23j is 0, and a phase difference
between lights transmitted through the openings 21d and 10 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) 15 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 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 Width L2 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 were  5 applied onto a silicon suhstra-e, and .he resist. was
exposed using an exposure device. Exposure conditions  were as follows.
Exposure wavelength: 193 nm (ArF excimer laser)  NA: 0.78 10 a: 0.4
Exposure magnification: 4 Bias correction amount a: 6_0 , nm After this,
development was carried out, and the  resist pattern was formed. is In tale
resist pattern, the resolution quality of  



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 wherein
a resist pattern is  formed on a wafer using a Levenson type phase shift
mask of the presen_ invention. A mask lA of Type 2  shown in FIG. 2 was
produced by the ma_nufac'ur_.ng 2t: method described 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_owong sizes  was obtained. Thickness of a transparent substrate:
6350 pin,  Pitch: 76C nm 5 Digging width L1: 569 am Width L2 of a light
shielding portion: 322 nm  Undercut length L3: 100 nrr, Digging depth L4:
172 nm Design line width of the mask: 260 nm 10 Then, an antirefleoti.on
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 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 a w -P.r u`3_nc a Levenson t leas shift yp;- I
rr:ask of the present invention. A mask 13 of Type 3  shown in FIG. 3 was
produced by a usual method a  photolithographic process (e.g., a method
described in 5 Patent document 1) At this moment, no defect was  caused
due to the coming off of a Tight shieldlr.a fi-1m  pattern of the produced
mask. The mask 1B of Tvpe 3 having the fol-owing sizes  was obtained.
10 Thickness of a transparen-_ substrate: 6350 m  Pitch: ?6C nm width L2
of a light shielding portion: 286 nm  



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 using an
exposure device. Exposure conditions  were as follows. 20 Exposure
wavelength: 193 nm (ArE excimer laser;  NA: 0.?8 cS: C.4 Exposure
magnification: 4 Bias correction amount y: 13 no 25 After this,
development 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 pe,-iinq of h same  kind (C-C phase sYi_1C? was imcroved as
shown by  characteristic line A in PIG. 4, and- accuracy was  satisfactory,
L1-(YD WISE  31 CLAIMS:  1. 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 5 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
Levenson type phase shift  mask having: a first light shielding portions
pattern disposed between the adjacent shifter  10 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, 15 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. 20
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 LLOYD
WISE  32 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 sane kind,
and a second light shielding portions pattern disposed 5 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 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 comprising  light shielding portions and
openings formed on a transparent substrate, the transparent  15 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: 20
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; LLOY) WISrw  33 forming, on the light shielding film pattern, a resist
pattern expanded to both  sides thereof from the light shielding film pattern
in an amount corresponding to  undercuts; and using the resist pattern as
a mask to dig in the transparent substrate by etching,  5 forming undercuts
in the resist pattern, 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, comprising: further forming a resist 10 pattern covering the light
shielding film pattern except for the light shielding portions  pattern
between 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. 15
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 20 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; LL OYC) VViSE  34 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 transparent
substrate by etching, forming undercuts in the resist pattern, removing a
resist of the resist pattern, and 5 forming 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
transfer dimension of the light  shielding portions pattern interposed from
both sides between the adjacent shifter 10 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. 15 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: 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
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 t_I,.OY'C VUI;Ek  35 correction amount is changed in a
pattern structure in which the openings with the same  phase adjoin each
other; and deciding the bias correction amount for each mask type so that
the resist transfer  dimension is obtained at a desired threshold level
value. 


