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LI THOGRAPHY AND AN APPARATUS :THEREFOR Field of the Invention
Background of the Invention 5 Technical Field The

present invention is directed to a proceSs and apparatus for device
fabrication in which an inage of a pattern is projected onto an energy

sensitive APROCHSSYOR DEVICE FABRIGA NG PRQIEGTION at i on.
The radiation transmmwﬂthngﬂppmmg ﬂﬂgmed through a
I C 0O aperture r

back focal plane filter, has an t hrough 'whi ch passes
radiation with a certain degree of scatter. The radi ati on that passes
t hrough t heraalof tRCRiveRtisge forns the image in the energy sensitive
mat eri al . T a rqound ., Met hods for projection

i t hogr aphy Baskgg A4 plane filter 15 wused in a | ens system

I nt er posexd freéhsical Fieldhsk and the energy sensitive materi al are

di sclosed in"U S Pafent No..5, 079, 11(5, &/ﬂi ch is here | ncor porated by
reference. As il usttofRIgSO, myepaiion i1s qieclegdaapracess, P%ﬁ%‘ devieays” 10,
are direct efhbricatiordin whieh ah $magdofdpatterh iCprojteedsones irténengy sepgitives 30 and
| ess scattering. 59?8-{]5 49. Racgs alge .ﬁthra ﬁ“ ttfﬁl t gr ough bot h the
scattering P’@;ﬂ?ﬁL minating, a patierned mask with radiation. The radiation transmitted

through the mask is then passed through a back focal plane filter, which has an

10 aperture through which passes radiation with a certain degree of scatter. The
radiation that passes through the back focal plane forms the image in the energy

sensitive material.
Art Background
Methods for projection lithography in which a back focal plane filter

15 used in a lens system interposed between a mask and the energy sensitive material
are disclosed in U.S. Patent No. 5,079,112, which is hereby incorporated by
reference. As illustrated in FIG. 1, delineating energy, shown as rays 10, are directed
onto a mask 20 which includes scattering regions 30 and less scattering regions 40.
Rays are transmitted through both the scattering regions 30 and the less scattering

20 regions 40. Scattering regions are regions in which the scatter angle of the radiation
of consequence is above a maximum scatter angle. Less scattering regions are
regions in which the scatter angle of the radiation is below a maximum scatter angle.
The rays 11 that are transmitted through the less scattering regions 40 are not
significantly scattered. The rays 12 that are transmitted through the scattering

25 regions 30 of the mask 20 are significantly scattered.

In the single lens system depicted in FIG. 1, the rays 11 and 12 are
transmitted through a lens 50 onto a back focal plane filter 60. The back focal plane
filter is equipped with an aperture 70. The rays 11 are transmitted through the
aperture 70 and onto certain portions of an energy-definable resist material. An

30 image 90 of the pattern defined by the mask 20 is thereby introduced into the
energy-deﬁnablé resist material. Rays 12 are scattered beyond a critical scattering
angle, and do not pass through the aperture 70, but instead are absorbed or otherwise
blocked by the non-apertured portion 80 of the back focal plane filter 60. As
described in detail in U.S. Patent No. 5,079,112, the scattered rays 12 are selectively

35 transmitted through the back focal plane filter to form a negative image in the
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20 regions 40. Scattering regions are regions in which the scatter angle

of the radiation of consequence is above a maxi num scatter angle. Less
scattering regions are regions in vyra'e_ch the scatter angle of the
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focal pl e ekpdsediredion fi@éﬂ”poﬁedlmﬁbte\&cksmﬁ&ed Radi&téon than the region of the
"2 - energy-definable resist material that is not adjacent to the exposed region. This
causes an unwanted contrast in the unexposed region of the energy-definable resist
material. This unwanted contrast is known as the proximity effect and is described
in Owen, G., et al., "Proximity effect correction for electron beam lithography by
15 equalization of background dose,” J. Appl. Phys. 54(6), pp. 3573-3581 (June 1983),
~ which is hereby incorporated by reference. Owen et al. suggest using a correction
exposure to correct for the proximity effect. The correction exposure mimics the
distribution of the backscattered radiation in the reverse field of the pattern. This
technique réquires two exposures, the pattern exposure and the correction exposure.
20 Since it is desirable from a manufacturing standpoint to limit the number of
exposures, a method for proximity effect correction that does not require multiple
exposures is desired.
Summary of the Invention
The present invention contemplates an apparatus and process in which
25 the proximity effect experienced in projection lithography is compensated for and
the desired image is introduced into the energy-sensitive resist material in a single
step. In the process and apparatus of the present invention, energy in the form of
electron beams, electromagnetic (e.g. visible or non-visible light) or other radiation
is incident on a mask. The mask has at least two regions: at least one of these
30 regions does not significantly scatter the radiation transmitted therethrough; and at
least one of these regions significantly scatters the electron beam or other radiation
transmitted therethrough. In the context of the present invention, significant
scattering means a scatter angle greater than the maximum scatter angle of radiation
passed through some subsequent aperture. It follows that radiation without
35 significant scattering (i.e. unscattered) is radiation with a scaftering angle below a
maximum scattering angle that permits the radiation to pass through some




energy-sensitive resist material if the back focal plane filter blocks the
transm ssi on of the unscattered rays and has apertures positioned to
permt the transm ssion of the scajtered rays therethrough.

In the above-described nethod, as well as~in other nethods for 5
projection |ithography, the radiation that is transmtted onto the desired
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exper i enced forthe proximity @ffeci. tFrogr this)theiamonntpfscattered rddiationmneeded to
correct the proximity effect is determined. Once the amount of radiation necessary
to correct for the proximity effect is determined, the aperture is placed so that the
radiation is introduced into the appropriate regions of the energy sensitive resist
20 material. The appropriate regions are those regions in which a dose of radiation
must be introduced to reduce the contrast in the energy sensitive resist material
caused by the proxiniity effect. This dose of radiation is called a correction
exposure. The correction exposure is, in effect, the inverse of the pattern transmitted
through the back focal plane filter because it is the radiation blocked by the back
25 focal plane filter. The portion of the inverse pattern image that is transmitted
through the proximity effect correction aperture is blurred by aberrations in the lens
of the lens system. The position of the proximity effect correction aperture is
selected so that, in conjunction with the aberrations of the lens in the lens system, the
correction exposure radiation is targeted into the appropriate portion of the energy
30 sensitive material. Once the proximity effect correction aperture is positioned in a
given lens system, it can be used in that position for all correction exposures made
with that lens system, i.e. the aperture does not need to be placed for each individual

exposure.
In one embodiment of the invention, a second lens is interposed between

35 the back focal plane filter and the energy sensitive material. This second lens
focuses the unscattered radiation transmitted through the proximity effect correction



the desired i mage i s introduced into the energy-sensitive resist materi al

in a single step. In the process and apparatus of the present
i nvention, energy in the form of el gctron beans, el ectromagnetic (e.g.
visible or non-visible light) or other radiation is incident on a

mask. The mask has at |east two regions: at |east one of these 30 regions
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The apparatus of the present invention contains at least one lens that
focuses the unscattered patterned radiation incident upon it from a mask. This lens
focuses this radiation and transmits it through the image aperture in a back focal
plane filter. This lens also transmits scattered patterned radiation incident upon it,

15 but does not direct this radiation through the image aperture in the back focal plane
filter. The back focal plane filter is also equipped with at least one proximity effect
correction aperture that is interposed between the image aperture and the edge of the
back focal plane filter. At least a pertion' of the scattered radiation incident on the
back focal plane filter is transmitted through the proximity effect correction aperture.

20 The size and placement of the proximity effect correction aperture are
selected so that the contrast in the energy sensitive material that is the result of the
proximity effect is reduced. The size and placement of the aperture are selected so
that the aperture, in conjunction with the aberrations in oné of the lenses in the lens
system, directs defocused radiation onto the energy sensitive resist material to

25 correct the proximity effect.

Brief Description of the Drawing

FIG. 1 is a schematic of a process for projection lithography in which
patterned radiation passes through a back focal plane filter.

FIG. 2 illustrates a radiation dosage profile of an energy sensitive resist

30 material that has been patternwise exposed to radiation using projection lithography.

FIG. 3 illustrates a radiation dosage profile for an inverse exposure of
the image depicted in FIG.2 which is intended to compensate for proximity effects.
FIG. 4 is a dosage profile that is the combination of the dosage profiles

in FIGs. 2 and 3.




éystem has at least a first lens that focuses the unscattered radiation

t hrough an aperture, denom nated the inmage aperture, in a back focal
plane filter. The back focal plane filter is positioned in the back
focal plane, or sonme equival ent conjugate”pl ane, of the lens in the

| ens system 10 The back focal plane filter is also equipped
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FIG. 2, causes the areas of the energy-sensitive resist material that are adjacent to the
exposed regions to be exposed to a dose of radiation. In FIG. 2 the exposed regions
20 are indicated by the peaks 96 and the areas of the energy-sensitive resist material
adjacent to the exposed regions 95 are the regions adjacent to the peaks 96. This
results in poor feature dimension control in microelectronic circuit fabrication,
because the proximity effect causes a contrast between the unexposed energy-
sensitive resist material adjacent to the exposed region of the resist and the
25 unexposed energy-sensitive resist material that is further from the exposed region of
the energy-sensitive resist material. This contrast can cause significant errors in the
features developed from the image. The resulting device may not be within
acceptable manufacturing tolerances.
To compensate for the contrast in the unexposed regions of the energy-
30 sensitive material that is caused by the proximity effect, a defocused dose of
patterned radiation is introduced into the energy-sensitive material. The. dosage
profile of this correction exposure is illustrated in FIG. 3. Comparing FIGs. 2 and 3,
one will observe that the correction exposure in FIG. 3 is a somewhat inverse pattern
of the exposure depicted in FIG. 2. As illustrated in FIG.4, this correction exposure
35 effectively removes the contrast in the unexposed regions in the resist that is caused
by backscattering. "Effectively removed,” in this context means that any remaining
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given lens system_ it can be used in that position for all correction
exposures nade with that |lens system i.e. the aperture does not need
to be placed for each individual exposure. In one
enbodi mrent of the invention, a second |69 i s i nt erposed between 35 the
back focal plane filter and the energy sensitive material. This second |ens
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pable of being accomplished in a single step. This is because the inverse pattern
information from the mask is not lost in the lens system, it is simply not transmitted
by the back focal plane filter. If at least one additional aperture is formed in the back
focal plane filter, and the aperture has the appropriate size and location, sufficient
15 inverse pattern information is transmitted through the back focal plane filter to
effectively remove the contrast in the unexposed regions in the resist that is caused
by the proximity effect. '
One embodiment of the present invention is illustrated in FIG. 5.
Radiation such as electron beam radiation 100 is introduced incident onto a mask
20 110. The mask has a first region 120 that is transparent to the incident radiation 100
and a second region 130 that scatters the incident radiation that is transmitted
therethrough. Scattering, as used herein, refers to an angular change in the
transmission direction of the radiation that is transmitted through a material. For ease
of description, reference is made herein to "scattered" and "unscattered” radiation. In
25 principle, radiation that is transmitted through the transparent region of the mask is
scattered to some extent. However, the angle of scatter is far less for radiation
transmitted through the transparent region of the mask than for radiation that is
transmitted through the other region of the mask. Therefore, the use of the terms
scattered and unscattered is relative, i.e. "unscattered” connotes a scatter angle that
30 is sufficiently low to permit the radiation to selectively pass through a particular
aperture downstream of the mask and "scattered" means that the scatter angle is so
high that the radiation will not pass through the same downstream aperture as the
unscattered radiation. The radiation beams scattered by the mask are designated as
beams 101, and the radiation beams that are unscattered are designated as 102.




focuses the unscattered patterned radiation incident upon it froma mask.
This | ens focuses this radiation and transmts it through the inage
aperture in a back focal plane filter. This lens also transmts
scattered patterned radiation incident updon it, 15 but does not direct
this radiation through the inmage aperture in the back focal plane
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correct the pr scri.ption the Draw ng
FIG 1 is aapeshwesalTCisdncidensopasseonddensyl&g. a‘b@s@mn ilensalivesisihe i n whi ch
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FIG 2 illustrates a radiation ﬁsa prof i
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Fl Gs. l%nd ' One skilled in the art is aware that aberrations are present in lenses.
This phenomenon is described in Born, M., Principles of Optics: Electromagnetic
Theory of Propagation, Interference and Diffraction of Light (6th ed. 1980) These
aberrations cause a portion of the radiation transmitted through the lens to be
dispersed by the lens. Where this radiation is dispersed depends upon the lens.
20 Therefore, the plmement of the proximity effect correction aperture in the back focal
plane depends upon the aberrations in the particular lens used. The scattered
radiation 101 is defocused when it reaches the energy sensitive material 185. Thus
the scattered radiation compensates for the backscattering effects of the unscattered
radiation 102 incident on the energy sensitive material by exposing those regions of
25 the energy sensitive material 185 that are not subjected to backscattering to a dose of
radiation that is equivalent to the backscatter dosage.
Based upon the previous discussion, one skilled in the art will
understand that the inverse pattern of the image introduced into the energy sensitive
resist material is blocked (actually absorbed) by the back focal plane filter. By
30 transmitting a portion of that inverse pattern information through a proximity effect
correction aperture in the back focal plane filter, the contrast in the energy sensitive
resist material that is caused by the proximity effect is effectively removed. As
stated previously, the size of and placement of the proximity effect correction
aperture is selected empirically, i.e., the size and placement of the aperture is
35 manipulated until the desired effect is observed. However, one skilled in the art
might also employ the modelling technique described in, for example, Owen et al.
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:5'- _ FIG 5 is a schematic illustration of a two-Iens

enbodi nent of the present invention. FIG 6 is a
schematic illustration of a one-lens enfgodi ment of the present
invention. 5 Detailed Description In pr ocesses for
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exposed regions to be exposed to a dose of radiation. In FIG 2 the exposed
regi ons 20 aﬂﬂmn IHﬁuM he peaks 96 and the areas of the
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exposed region of  expasing amrnergy-seasitive material ¢0 pattarpadoradiation Whesein tht r ast
can cause sigg; fibl?ﬁgﬁatt@ﬁ{eﬁr ilﬁh‘ﬁlﬁﬁﬂgamasic%ﬁ’iﬂ’faﬁ%tﬂg\fﬁlrﬂg‘f'ﬁpgﬁww& | TRge.
The resulting device may no e wthrn acceptabl'e manutacturing

t ol er anced. and wherein the mask has affistrsgion thatidocs net signifieantlyrseaiterithe t he

unexposed r gy i i hoH i Ao ¥ by
the proxim ?gﬁ@??gg r&gﬁbef ocuggtﬁgg%ﬁg?ﬁéﬂwggc?gé}?\ée%&?a Itgglngﬁﬂiﬁt

i ntroduced iSRaETs the illwmingping sadiation tansmitted therethraughyandigansmittingghef i | e of

this correctpafiérned psation thfouish lauéds syseeh andl &it&me%negymgihw résides. 2 and 3,
one will observe  that '”the correctlgn éi%gsure in F| | S a_sonewhat

i nverse pat fRAtefial wherein theJens.syster has tonsilens,and gback fogal plane filterat ed i n
FIG 4, 10 svidel isqobitiofied e back Bbal ladeosrison) equivaleny 86njiliste pRite'ctShe | N

t he unexposed r.egigns in the resi hat ig caused by backscattering.
"Effoct] ver Jesdivhedans syste. g 63t Toesl pisne et RAMRS a st apmtest Hjch
: permits the passage of the insignificantly scattered radiation therethrough and at least
one other aperture which permits the passage of a portion of the significantly
scattered radiation therethrough.

15 2. The method of claim 1 wherein the insignificantly scattered radiation
that passes through the first aperture and the significantly scattered radiation that
passes through the second aperture are transmitted simultaneously onto the energy-
sensitive material.

3. The method of claim 1 wherein the lens system comprises two lenses a
20 first lens interposed between the mask and the back focal plane and a second lens
- interposed between the back focal plane filter and the energy sensitive material.

4. The method of claim 1 wherein the radiation is electron beam
radiation. '

- §. The method of claim 1 wherein the radiation is electromagnetic
25 radiation. |

6. An apparatus for projection lithography comprising:

a lens system comprising at least one lens and a back focal plane filter
positioned in the back focal plane or some equivalent conjugate plane of a lens in the
lens system, the back focal plane filter having a first aperture which is adapted to

30 transmit insignificantly scattered radiation from a radiation source therethrough and
at least one other aperture that is adapted to transmit a portion of significantly
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- 6- con |nthe ‘energy sensitive resist material that is the -
result of the ””u ffect has no unacceptable |ithographic
consequences. I””mographl c consequences are those that
render the fabricated ddviée unsui tabl € 1oo'r its intended pur pose.
Unaccept abl e |ithographi c consequences occur, for exanple, when the 5
fogat ur eI devetsteeed faﬂmaoh ifgom trgadiation @aurw ﬂi&remhﬁoﬁ fe diotedn tedeysyiste t S.
rrently

it direts E Sgnihanlbenlod Pl RS Ce”@%&xs“@ el iafifon: ne

radi ation i o desirediocadtiods. t hr ough an aperture in a back focal plane
filter. The proximty effect correction exposure is also transmtted
through at | east one aperture in the back-focal plane 10 filter.

Consequent |y the pr7nithe apparatss ofclaim 6tfughescomprising ampsicthabisinterpasedr e
capabl e i e inverse
pattern 3 %{mpg?&na&?ggr?ﬁ?rs%baﬂg%gﬂé ﬁgé?\xgtp,h‘f%g&elﬁa&%gens system it
i s sinply néecattersapeitionof the radiatipy passingthequghdtand dnes met signifisantly jeager | east
one addi tional, fttﬂé?adxaiufn(ﬁaﬁﬁﬂ tRohdii back focal plane filter, and
t he aperture“has the appropriate %I ze and |l ocation, sufficient 15 inverse
pattern information is transmtted through the back focal plane filter to

ef fectively remove 8h?h@ﬁ&ﬁaﬁ‘étﬁéofﬂaﬁﬁ‘éft&ﬂ@flé@ﬁ%sfn@%ééﬂ&ndl&n& baidhesi st that
i s caused he proXim

) Me, e di rent of
the present “itﬁRP@Fﬁq Retween the| Fogﬁle@a%mﬂ*&e logations whegg the.sigpific %‘Ef@h

el ect r onjbe géattersd raliafion AR thesindiphifioshiyetatteied enliationdre directedk 20 110 The
mask has a first region 120 that is transparent to the incident radiation

100 and a second region 130 that scatters the incident radiation that

is transmtted 9.t The spparaugof claion6 whereiy thearadiationl iswledron, beart ers to an
angul ar chan gﬁ in the transm ssion direction of the radiation that is
transmtted tB'ﬂgh a material. For ease

10. The apparatus of claim 6 wherein the radiation is electromagnetic
radiation.
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of description, reference is made herein to "scattered" and "unscattered"
‘radiation. In 25 principle, radiation that is transmtted through the
transparent region of the mask is sSgattered to sonme extent. However
the angle of scatter is far less for radiation transm tted through the

through the of P ROSESS EORREVIER FABRIRAHORUSIG POECTION T =

scattered and unscatIIIG]HﬂGRAPHIYaANDBANAPPARNBUStTHERtEFQRnnot es a
scatter angl hat 30 is sufficiently lowto permt the radiation to
sel ect I vel y%&gﬁthrough a particular aperture downstream of the nmask
and "scattered" meanThe inventidmeissliracted to amgthod andsapparatus ofipgbjectien t he

radi ation he
inscat t orba iphod SRR e i dachat S PR B Brp 0P R 146 Sdtoidi T
desi gnat ed &sused by the praximiyy effeetds @ff@cﬂ‘vsm rmoyad ina mgémoatre Bateraed er ed

are designa i itted hal tem with at least one lens and a back focal
-7- ‘hiflafich &Q&nsnﬁte t?rouﬁear%n Jiron that 1s t ransr%nt fed t hr%ugh t he

mask 130 i s planeifiient The backdfical prlaneSftlter bas;atilgast twe aperiues) AR ANage ARSI | s
transmtted a&&? nﬁ fleef\orridtionlh i)ées%zﬁir@dpattemed hidoiioh i@fahsiEaed aRenEHIT e
C cal

150 in a ba ane filte ack foc Ian . filter is

al so hasl®r the masp aBF‘F‘é"Gtanéé?tF Seured jmage i‘)‘@ CERY FEDitiye regist
scattered Mt&maw POttion of tHedhvdrse patens radidtion is h'hﬁsuﬂb:ed deoligh te | ens 140

asses through the
P ?oxlmny effect correction aperture and onto the energy sensitive resist material to
effectively remove the contrast therein caused by the proximity effect.
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. proximty effect correction apertures. The untransmtted portion of the

scattered radi ation (not illustrated) is absorbed by the back focal
plane filter. The radiation t hat passes through the i mage aperture 150
and the proximty effect correction a ures 170 is incident on a
second | ens 180. The second lens directs the 10 wunscattered radiation 102
onto an energy sensitive material 185 forned on a wafer 190. The
unscattered radiation forns an i mage oj;ﬁtx;}ggsk 30 in the energy
sensitive material 185. The second |en errations therein which

f ocuses the scattered radiation 101 incident thereon in a plane 200

di fferent fron1the_gprface 42 the éggy senS|t|v%owater|aI 185. 15 90
One skilled i M0the art Re tRat errations are prgsent in |lenses. <=
Thi s phenonenap is C crlbed in BoNn M, Principles of 86: é
El ectromagneti¢____ 1 Theory7of Bro aterferengd and Diffraction §
Light (6th ed. 198Q) These— a \0Ns cause-a_poridi on of the

radi ation transmt tigs through t i Spidsed by the I£ﬂ§/'§

20 Therefdre, the
the ¢k foca

rticul ar.l d. The
xme.ru.t.J.e\a(: 4 _tbe..e_n_e_r.gy_-_..__ .
Seattered radiafi
atteresl “radif#
posi ng r egigyd of t he

ectlon p ure i
nj the

scattered ——-ragdid JML;UILJ.s-de
sensitive material g85. Thus _ AR
t he backscattering{gffects otthe uns
on the ener gy -sensi {ive paferlal by
energy sensitive mferical 185 that ar not,sﬁbjecteo : b?pkscatféklng t qa
dose of radi atf C iha~.ls eqU|v lemt“to the ppt t er dosage. '\\\.Z
Based upon tirer pree ; e skilled in thefart wll
under st and tWZt thg vers patter Re i mage introg

t erilal is bldqcked (actually absgbrbed) by the bac

sensitive r esjal

focal plane itef. By 30 dtansnittilng a portion of that inverse pattern
information thryjgdgh a proximty effect

% 96

]

|l

FIG. 2

FIG. 3




3 ‘.

correction aperture in the back.focal plane filter, the contrast in the
energy sensitive resist material that is caused by the proximty
effect is effectively renoved. As st at @#3previously, the size of and
pl acement of the proximty effect correction aperture is selected
enpirically, i.e., the size and placenent of the aperture is 35
mani pul ated until the desired effect E?]Pgierve However, one skilled in
the art m ght al so enpl oy the noQel g techni que described in, for
exanple, Ownen et al. - 8-
In order to enploy Onen et al s techniques _one nust first determ ne the

ener gy distribution .in thg back foga ‘ . Inlelectron beam
proj ection |ithography, this distrff i on fal cul at efl using the

t echni ques described in Hrsc Hl ectron croscopy of
Thin Crystals, (Butterworth, ‘lhereby i ncor porated by

ref er ence. I : vention, the
apparatus has one | ens in hE | ious!y descri bed. This

enbodinent is illustrated in ; , the placenent
of the proximty effect corre _f : ¢ ‘ seljected so that, in
conjunction with the aberratijers-— i gd 10 between the

mask 210 and t he back focal the correctijon exposure is
i ntroduced in the appropriatg portion of the ener gy sensitlive resi st
material 285 in L . L ,

02—t /1
102 10t
QH L

A

102 1 |
=S
17 / ’___Jjo
\\..'//

200

185

190
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order to effectively renove the contrast caused by the proximty effect.
d ai ns: 1. A nmethod for device fabrication conprising

exposi ng an energy-sensitive material to pa8f&rned radiation wherein the
radiation is patterned by illumnating a nask with radiation froma

radi ati on source and wherein the nmask has a first region that does not
significantly scatter the illumnating radiation transmtted therethrough.
and a




second regi

transmtted therethrough and transmtting the

a |l ens syst

posi ti oned

radi ati on

passage of g

t heret hrou

5

10

on that significantly scatters the illum nating radiation

patterned radi ati on through

em and onto the energy sensitive resist material wherein the
| ens system has at. | east one | ens and-ajback focal plane filter which is
I n the back focal plane or sone equival ent conjugate plane of

aper ture whi on HERPCESS DR IR R FARRICRTON DB CRAOIRITRNG, (or oo

t her et hr DEPTHOGRAPHY AND AN A FRARA TUSSTHEREFORCh permits
Q&I'a&! on of the significantly scattered radiation

\bstract

The invention is directed to a method and apparatus of projection
lithography in which the contrast introduced into a radiation sensitive material
caused by the proximity effect is effectively removed in a single exposure. Patterned
radiation is transmitted through a lens system with at least one lens and a back focal
plane filter. The back focal plane filter has at least two apertures, an image aperture
and a proximity effect correction aperture. Patterned radiation is transmitted through
the image aperture and introdué,_es the desired image into the energy sensitive resist
material. A portion of the inverse pattern radiation is transmitted 'through the
proximity effect correction aperture and onto the energy sensitive resist material to
effectively remove the contrast therein caused by the proximity effect.
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2. .The nmethod of claim-1-wherein the |n5|gn|f|cantly scattered
hat passes through the fir aperture and the sign ol
radiation th “\mﬁmm BH;“ the second aperture a @m@mmf
S|nultaneous gy-sensitive material.

-10- - *3.°The method of claim1 wherein the | én$ s NOV 1998p] | Bes
two lenses a first |lens interposed between the mask 27 !

Claims:

1. A method for device fabrication comprising :

exposing an energy-sensitive material to patterned
radiation wherein the radiation is patterned by illuminating
a mask with radiation from a radiation source and wherein the
mask has a first region that does not significantly scatter
the illuminating radiation transmitted therethrough and a

.second region that significantly scatters the illuminating

radiation transmitted therethrough and transmitting the
patterned radiation through a lens system and onto the energy
gsensitive resist material wherein the lens system has at
least one lens and a back focal plane filter which is
positioned in the back focal plane or some equivalent
conjugate plane of the lens in the lens system, the back
focal plane filter having a first aperture which permits the
passage of the insignificantly scattered radiation
therethrough and at least one other aperture which permits
the passage of a portion of tﬁe significantly scattered
radiation therethrough.

2. The method of claim i wherein the insignificantly
gscattered radiation that passes through the first aperture
and the significantly scattered radiation that passeé through
the second aperture are transmitted simultaneously onto the

energy-sensitive material.



and the back focal plane |second | ens interposed WHEWENT SHEET
focal plane fi ‘“ﬂu Q“E“ gy sensitive nmateriall 4. Th

met hod of cl ai m“ e+« adiation is electron bdamrANOYL186.
5. The met hod cl*ai 1 wherein the radiation is el ectfomgnetic radidtijon.

- 10 -

3. The method of claim 1 wherein the lens system
comprises two lenses a first lens interposed between the mask
and the back focal plane and a second lens interposed between
the back focal plane filter and the energy sensitive

material.

4. The method of claim 1 wherein the radiation is

electron beam radiation.

5. The method c¢laim 1 wherein the radiation is

electromagnetic radiation.



