1 PATTERN FORVATI ON METHOD AND METHOD AND APPARATUS FOR PRODUCTI ON
OF A SEM CONDUCTOR DEVI CE USI NG SAIFD METHOD BACKGROUND COF THE

| NVENTI ON 1. Field of the Invention The present

invention relates to a pattern formation nethod and a net hod and appar at us
for production of a sem conductor d@84ce using that nethod, nore
particularly relates to a nmethod of exposure which enables a good pattern
to be formed without the probl em of aﬁwry peak even if using a phase
shifting mask. 2. Descri ption el ated Art At
present, in ther d. devel gpnent _qf L conduct.or, integrated
circuits, effort ?éf%%fgnsg&i]nalc?e & 3’“%8%?&?8@ 18835%%3916?&] ctd&qur?g?al e of the
sub-hal f mcr MoTaTMale] j CESs, | jt raphy is
i ndi spensabl e.gﬁ}:fgége%%?éﬁ%%c%@teg'sggﬁr‘?ﬁg§¥%§e§ resolu éleér}%%g;%?‘#rmnce
of the exposupe gevineescusadd b1#1at ebbbigeaPy) 408 5 BkY 29 ve
"reduction, projection, and exposure devices", determ nes the success or
failure & reaperhraniis®\w] ePRRREatBt 8fSER: CONMER Died PtikREtandy t he
feasibility of mass production. Conventionally, the resolution
per f or mance otompeisioey prajlecnicedapdoanposof eatlayl €fih kaadremeri npr oved

2 by enlarging the nunerical aperture of the reduction projection |lens or
short eni ng t heompeoitien enc e dgchrabavedlayet herdwuldahiony aRaylréagh of
criterion: R=k1 x [err]/NA where, R resolution
[err]: Exposufle\i@iidamiped product, said olefin MNekasteedr smeewosition

kl: Process coefficient However, in _the fabrication of a sem conductor

devi ce, therEOBERPELSING 3 rRsAdHcasedaniefincoprl o fAdpArd @af er

dept b of Wocue R4 ESAENELAIARE, SRnpBP )Y, S Rnitileed e 11
the. photol | bRy ah s AT F: RECaiRPdorTaRt i th SPVAReem dhatht or
there i s al vey e br2 tREbe” Homeellaly, FELATl s MG SERREXMIAE ! G e

S. For exanpl&nd dfeichdislyg QARVexnparblefihnodf3 ped YU Walrdddn Beofkl i con
etc. As aresult, the pattern of the resist PRis not forned on the sane

focal plane. &Dfcd hirse r\ﬂﬂiﬁ'ﬂmizbhemoﬂaéé?t&&%c@fhéﬂ%g‘)% RhEa0E §hgeresi st
PR differ between the upper portion and the |ower portion of a step
differendd. Chasoettcsllddt adhecaBRSPPIBHEr EDES Hsuwaen e mbilaea the pattern
in a case where a stepper of the sane
3 wavel engt hpeediicamnd wner isaxifagpedécorat svelskdzerThirsl shewgency i s seen
in common for all types of resist. The depth of focus becones
smal | er in prefegdlensy omshendgalosthengiiposit ecambs erigisflvandednfonver se
proportion to the square of the nunerical aperture. At the _mass production
stage, a dept¥FNIHMR iPAughsial 1P8r e rand buildine spdeyiats: tAisoreason,
[ tisfy both of the resol ution

there are restrictions.in_ order to

per f or mance & ccjtc?%quéﬁ 7 (S‘Pa'FSéu@oi%ﬁ‘giﬂ%?%%éife?swmo«plasmc

g0l uti 20 pareSh MBIt ER RERPEY 5Py o TSR e RuctRBE B mer 1 ver
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0.35 [err]m Accordingly, "it is extrene lcult to reso a lrne
Wi dth of 0.3%dniridingy aneethyilbhefaf6ithth OfviriAUsdoolind F8hELM Or nore.

Some sort of technique for enlarging the depth of focus is necessary.

I n response teopulotnet a&duesbrhel tkéadpyatic rddie.halFikenert ype phase
shift method has been proposed. This exposure nethod is an extrenely
pover f ul 2fret htisdlarsed rjsr avicngtetiemo bded Wiatuendfdept klattémens of an
isolated pattern such as a contact hole. In the halftone type phase

4 shift met eapas tdleman conpEiging, a anclied manshartentf €n, ebageomgr Nerr],
Siderr] Nerr], M[err]Si[err] film or the like having a transmttance
‘with respect ¥R tdPPosniFed Foating Hbbutfarmast sn ther mehdede to about 20
percent, that is, allow,ng passage of a fjine anount of exposure |ight
therethrough,p’?‘%d""lfstedS“"H‘Q’fé1i f"ﬁ@sﬁ Y oTRIBIS I 1O GFPEISABINEt 0 t he dark
portions 1. In the bright portions 3, both of the film2 and transparent
substrate (with a concave portion 5 formed therein) or only the film2 is
etched and nade to act as a nmask. At this tinme, by setting the phase
difference between the bright portions 3 and the dark portions 1 forned
by.the semtransparent filmto 180[err], as shown in Fig. 4B, the gradient
of the distribution of the intensity of the light in an isolated pattern
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fly' s-eye |l ens was a Gaussian distribution. Figure 13B shows the
distribution of the intensity of the light in a high density pattern in a
case where the reticle conprising a usual chromummask is used and in
addition the distribution of the amount of light on the fly' s-eye lens is
the distribution shown in Figs. 10A ah85! OB. Fi gure 14A shows the
distribution of the intensity of the light in a hi gh density pattern in a
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the distribution of the amount of [ight on th s-eye lens was the

di stribution sheueidd fHiles. the agfl bk Pidely usdd) fdrd3nakdfrand 13B and
14A and 14B, the conditions were a wavelength [err] for the exposure |ight
of 248 nm 5a materials and medical appliances whiclb ndadebi Baveapsatimg NA
of 0.45, 'a[err] of 0.7, aratio of the Iline width versus the interval of
1:1, and a resbilms.on of 0.35 [err]m The focus F was changed to 0.0, 0.4,
0.6, 0.8, and 1.0 [err]m As shown in Fig. 13B and Fig. 14B, when
the nethod of the present invention is used, the secondary peak is
reduced. , The results shown in Figs. 10A and | OB show the fornmation
of a quadrupol e, though slight, but there is no problemeven if an annul ar
or other shape is adopted. In the end, it is sufficient so far as the
.intensitylOf the center portion is 0.9 or less, preferably 0.8 or |ess
when the maximumintensity of the light existing at the peripheral -
portions on the fly' s-eye lens is defined as 1. (4) An exposure
techni que for enlarging the depth of focus, w thout being influenced by

t he secondary peak, by wusing a halftone phase shifting nask and without a
placing a load on the design of the mask was established by using the
present exanpl e. Exanpl e 2 The present exanple is one wherein a
desired - distribution of the intensity of the light on the fly's- eye
lens in the present invention is formed when stably transferring a

sem conductor device pattern by using KrF exciner |ithography using the
hal ft one phase shifting 36 mask. The
procedures of the following (1) to (3) were carried out. (1) In the
illum nation optical systemof the KrF exciner |aser stepper shown in Fig.
11, the laser beamwas divided into four beans by the beam splitter.
Therefore, a desired distribution of the anount of |ight was reproduced :
on the fly's-eye |l ens by adjusting the opening angle of the beans and beam’
i nterval s when resuperposing these divided beans. - (2) Nanely, by
dividing a beam 42 as shown in Fig. 15A by the beamsplitter 35 shown in
Fig. 11 and superposing the resultant beans by using a prismunit 36

shown in Fig. 11 (refer to Fig. 15B), the desired distribution of the
anount of light of the present exanple was reproduced on the fly's-eye

| ens. In Fig. 15A, the shape of the |ight source after the
superposition determ ned how nmuch the respective beans 42 before the
superposition were shifted to the inside or how nuch the dinensions were
to be nade at the shorter side direction of the beans. In Fig. 15B, the
four corner portions 43 are |light superposition portions and parts acting
as the peak parts of the amount of light. At the center portion 44, |ight
exists due to the spread of the respective beans, but the anount of [|ight
is | ow The distribution of the anmobunt of |i-ght on the fly's-

37 eye lens surface obtained when the beans are superposed by wusing the
present nmethod is simlar to the results shown in Figs. 10A and | OB.

(3) Fromthe above, in the exanple of the present inyentian,..a.shape of a
| i ght source enphasizing the oblique |nG|dent cohﬁonent to such an ext ent
that the secondary peak was not generated was estabkt sHed. Exanpl e 3
In the above-descri bed Exanple 2, when formng a shape of the |ight source
shape enphasi zi ng the oblique incident conponent to such an extent that
the secondary peak is not generated, if the intensidy aofcthe light at the
center portion on the fly's-eye Iens is set too ‘Stal %7t he probl em

i nherent in the oblique incident exposure method nentioned above becones
nore conspi cuous, although a secondary peak is not generated. The present
exanple is one wherein the lower limt (2 percent) of the intensity of
the light of the center portion on the fly' s-eye lens is found based on
the follomnng optlnlzatlon (1) The |nfluence exerted upon the
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