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1995. Particle-optical imaging, notably el ectron-optical imging, can be
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area of the structure. Because nowadays in the integrated circuit technique there is a strong

25 tendency to image increasingly larger structures, the throughput during the production of
integrated circuits decreases strongly, so that this method of imaging is becoming
increasingly more objectionable.

In the case of non-sequential imaging, the lithographic object structure to

be imaged is uniformly irradiated by means of the electron beam and a focusing lens system



15 lenses ) having a rotationally symetrical lens field, which together
constitute a telescopic system In the context of the present invention a
tel escopic systemis to be understood to nean a system of |enses wil7¢34/2003
converts an incident parallel beaminto a parallel outgoing beam The
sinplest formof such a system consists2of two | enses having a 20 conmobn
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?5 as to which steps are required so as to maintain the tel escopic nature
when quadrupol es are added in projection |lithography. The invention %'33/
based on the recognition of the fact that, when quadrupol es are add%d, £693
tel escopic nature of the imagi ng panicle-optical system being of crucial

i nportance, can be preserved only if theg first quadrupole is substantially
coincident with the 30 first |lens and the second quadrupole is -
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el ements. Therein: Fig. 1 is a diagramtriatic tepres ati'on of an i magi ng

parti cl exagpate¢ alrceysst em for the i maging of a |ithographic object structure
on a lithographic i [ syurface, 20 according to.the present state of the
art; Fig. 2 is a di gggafﬁgrﬁ’t“ﬁpméw%gg l_ﬁtc{eglr?eg‘f;c%m“}grﬁggtihﬁdn‘beéﬂuppd‘cl e-opti cal
system gfar£&@yMediif thitGhe parvibleCprita HseW dReuAs titsiogladhiioM theaRPaR @eeR di ng

to the invention;, Fig. 3 is a diagrammatic representation of the
parti cl guagptpodemesgyswaieh@re 2@anged 1o progiucers Envwed rahsscand guafiskpale fighd. t he
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respectively, the strength of the quadrupole fields being such that the lithographic object
structure to be imaged is stigmatically imaged on the lithographic imaging surface.

25 As is known from particle optics, a quadrupole field has a purely
converging effect on a beam of charged particles in a first plane containing the optical axis
whereas it has a purely diverging effect in a plane which extends perpendicularly thereto and
contains the optical axis. When two successive quadrupoles are rotated 90° relative to one
another, the converging effect of the first quadrupole will be directed perpendicularly to the

30 converging effect of the next quadrupole. However, it may be that a rotation of the beam
about the optical axis takes place between the two quadrupoles (as it occurs upon passage
through a rotationally symmetrical magnetic field), so that the next quadrupole would have to
be rotated through the same angle in order to keep its converging effect perpendicular to that

of the first quadrupole. Because stigmatic imaging by two quadrupoles is possible only if the



30 surface. In this Figure an electron beamis produced by an el ectron
source 2. The electron beamtravels through the | ens system al ong at4/03/2003
optical axis 4. The system shown al so consists of two round (i.e.
rotationally symmetrical) | enses 8 and 10 whose axes coincide with the
optical axis of the system Even thoughdthis Figure shows these round
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25 in which Mis the angular magnification of the systemand C = 0. In the
present systemM= -4. In the nodified systemof Fig. 2) C can no | 0 ge
exactly equal to zero but) since C remains small) the image qualitﬁ?)}%aﬂ

i magi ng surface 16 is not noticeably influenced thereby. The angul ar

magni fications in the x-z plane and thesy-z plane 30 thus becone slightly
unequal, but this inequality can be conpensated by changing the -
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15 other Claims. W

The invention will be described in detail hereinafter with reference to the

Figures in which corresponding reference numerals denote corresponding elements. Therein:

Fig. 1 is a diagrammatic representation of an imaging particle-optical
system for the imaging of a lithographic object structure on a lithographic imaging surface

20 according to the present state of the art,

Fig. 2 is a diagrammatic representation of an imaging particle-optical
system as shown in Fig. 1 which is provided with quadrupole means according to the
invention,;

Fig. 3 is a diagrammatic representation of the particle-optical system of

25 Fig. 2 which shows the arrangement of the quadrupoles in the round lenses;

Fig. 4 is a diagrammatic representation of a round lens of the particle-
optical system of Fig. 2 which shows an alternative arrangement of the quadrupole.

Fig. 1 is a diagrammatic representation of a state of the art imaging
particle-optical system for imaging a lithographic object structure on a lithographic imaging

30 surface. In this Figure an electron beam is produced by an electron source 2. The electron
beam travels through the lens system along an optical axis 4. The system shown also consists
of two round (i.e. rotationally symmetrical) lenses 8 and 10 whose axes coincide with the
optical axis of the system. Even though this Figure shows these round lenses in the form of

gap lenses, they may also be constructed as immersion lenses or so-called VAL lenses
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gi ( di +dz + qgi ) Wwen d, =160 nm d~ = 40 mmand q, = 1600 mnacﬁ?m/zom
chosen, the values of the various paraneters wll be as stated in t
following Table I: ,'r'~ 07/ 03/ 2003 10 Table I 5 _ Quantity
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34. The mai’'n function of these two gaps is the interception of electrons
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Thé0enWhegahe raticoef thialiareelar of dsbasesq ﬂ@rga@u(bomtom@ ratigy pf ghe2menlenges is
o5 ORGSO ROL B0l O U Wk R B0 o et
r especgaus® haffily any or no image rotation.
The mask 1410 be imaged on the surface of the wafer 16 is irradiated by
means of two condensor lenses 6 and 8 which form a more or less paraliel beam of a width

15 of approximately 1 mm at the area o;‘ the beam cross-section 20, that is 10 say at the area of
the mask 14. This Figure also shows a round beam-limiting diaphragm 24 which has a
diameter of 160 um at the area of the coincident focal points of the lenses 10 and 12. From
the stated values of the focal length f, of the lens 10 and the diameter of the diaphragm 24 it
also follows that the angle of aperture 26 of the electron beam equals 1 mrad.

20 Fig. 1 shows two beam paths: the beam path of the irradiating beam 28
(shown in solid lines) and that of the imaging beam 30 (shown in dashed lines). Even though
the irradiating beam and the imaging beam are not separate beams but form part of the beam
of electrons emanating from the source 2, a distinction is made between the two imaginary

beams 28 and 30 so as to elucidate the different functions (irradiation and imaging). The rays

1~
n

of the irradiating beam 28 are incident in parallel on the mask 14 via the condensor system
6, 8. The parallel rays are focused, via the lens 10, in the common focal plane of this lens
and the lens 12, after which they emanate in parallel again from the lens 12 so as to travel in
the direction of the imaging surface 16. Via the condensor system 6, 8, the rays of the
imaging beam 30 are incident on the mask 14 in a non-parallel manner. Consequently, the
30 mask 14 is imaged in infinity by the lens 10, i.e. the rays emanating from a given point of
the mask 14 emanate from the lens 10 as a parallel beam. The lens 12 focuses this parallel
beam on the imaging surface 16 which coincides with the rear focus of the lens 12. The
mask 14 irradiated by the beamn 28 is thus imaged on the imaging surface 16.

Between the two lenses 10 and 12, together constituting the telescopic



in which d is the dianeter of approximately 1 mm of the beamin the
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that D = 100 Vim Because the angular (8) spread of the beam al ready cauSes
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The original projection system of Fig. 1 is telescopic, i.e. the transfer

matrix T of this system has the following form:

(1)

25 in which M is the angular magnification of the system and
C = 0. In the present system M = -4,
In the modified system of Fig. 2, C can no longer be exactly equal to
zero but, since C remains small, the image quality on the imaging surface 16 is not
noticeably influenced thereby. The angular magnifications in the x-z plane and the y-z plane

30 thus become slightly unequal, but this inequality can be compensated by changing the



1. A lithography device for carrying out projection |lithography by neans of
a beam of charged particles, which device includes an inmagi ng 07/03/2003
particle-optical systemfor inmaging a |ithographic object structure ( /iﬁ
on a lithographic inmaging surface ( 16) by neans of said 5 beam said
particle-optical systemincluding a subgtantially tel escopic systemwith a
fast and a second round particle lens ( 10) 12) which are arranged to -
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pr ecedéancpeciesivag for f andi @h t he f‘lrst and the second quadrupol e neans form
two nutual |y perpendicular focal*'lines (36, 38) and in which two gaps (32,
34) are provided between the twg [Qlincdhensegzatgiihe area of said focal

| i dés, which gaps have a sulfstanti X wi dth over the lerdlh
of the gap, the |ongitudinal diré&bttdRs%f 3%~ Gaps being mutual |y
perpendi cular. 5. A lithography device as clained in aim4) in which the
wi dth of each o the gaps |lies between 100 and 200 um 6. A met hod of

manuf acturing an integrated electronic circuit in which a a ri
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and

_ -d}-2dd,-d;+qf 3)
qz = ql

For these settings it holds for the quantities M,, C,, M, and C, that:

2% e Galdird; - q)
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x d,q,

o o 1di+d) (df +d, (d, ~q,) +d,q,) 5)
x d,d,q, (d;, +d, -~ q;)

M = - d, (d, +d, + q,)

6
., ia. (6)




projection |ithographic imge of a {ithographic object structure (14) is
formed on a l|ithographic imaging surface ( 16) form ng part of thegy7/03/2003
integrated el ectronic circuit by neans of a beam of charged particles)
which image is realized by neans of a substantially tel escope.
particle-optical systemwhich includes% first and a second rotationally
symmetrical lens field characterized in that the imagi ng beamis subjected
to the effects of a first and a second quadrupole field, respectively, the
converging effects of said qualirighel(€ii1&iqis* €nl %t gbhdam i nt er sect i ng gne
anot her at substantially’right angdgd)y, ¢dj € di+rggd and second quadr upol
fields being substantially coincident with the first and the second
rotationally symmetrical lens field, respectively) the strength of the
quadrupol e fields being adjusted so that the Iithographic object structure
t be imaged is stigmatically imaged on the |ithographic inmaging surface. 7.
A met hwHerng, e ab0enm| d, ¢4 40 M, anchqlwhl b400smmhara chosean ghenvilgesi ofpthe vatibuso t he

rotatlonally symmetrical |.en Ids Eﬂ$ ge quadrupol e fields that g, =
.| a) ngametgrs| Vi) bg 25 glated)intl eé Vipgdable - o5a7) | (64- 120az)}f,) where g~ =
the focal length of the first quadrupole field, f, = the focal |ength of

the first rotationally symmetrical lens field, a = a paraneter whose

absol ute value lies between 0.01 and 0.5, g, = the focal length of the
second quadrupole field) and 07/ 03/ 2003 15 f2 = the focal length of the
second rotationally symmetrical lens field. 8. A nmethod as clained in daim
7, in which the distances between the elenents to be imaged and the inmagi ng
el enents are such that s = 1.25f,) d, =f,) d2 =f,/4, g, = 10f1 and a =
0.1, where s = the distance between the center of the first rotationally
symmetrical lens field and the center of the second rotationally
symmetrical lens field, dl1 =_the distance between the |ithographic object
structure and the center of “the first rotationally symmetrical |ens field)
d2 = the distance between the |ithographic imaging surface and the center
of the second rotationally symgtrical lens field. 9. A nethod as cl ai ned
in any one of Clains 6-8, in whith the first and the .. second quadr upol e
means formtwo nutual |y perpendicular focal lines (36, 38) and in which two
gaps (32, 34) are provided between the two rotationally symetrical |ens
fields at the area of said focal |lines, which gaps have a substantially
constant gap width over the length of the gap, the | ongitudinal directions
of the gaps being mutually perpendicular. 10. A nmethod as clainmed in Caim
9) in which the wwdth of each of the gaps |ies between 100 and 200 um . A
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It follows from the above Table I that the focal length f, of the iens 12 must be

10

approximately 0.3% larger. It also appears that the magnifications in the x-z plane and in the

y-z plane deviate 12.5% from the nominal value M = 4.

Even though Fig. 2 shows the beam 28 behind the condensor lens 8 (so in

the region of the mask 14 and the lenses 10 and 12) as a paraliel beam, due to the desired

angle of aperture this beam in reality exhibits the angular spread associated with the relevant

15

angle of aperture, said spread amounting to 1 mrad in a practical situation. For the cross-

over 18 this results in a dimension of 160 um, which is also the transverse dimension of each

of the gaps 32 and 34. The main function of these two gaps is the interception of electrons

which have been scattered in the optical path over these gaps, so that they would actually

miss the actual crossover and reduce the resolution because of their imaging defects.

20

It will be evident that, due to the occurrence of the focal lines 36 and 38,

the smallest cross-section of the electron beam will be situated approximately halfway

between the two focal lines. The enlargement of the beam cross-section due to the
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5 14. Using the values stated in the Table, it follows that D = 100 pm. Because the angular
spread of the beam already causes a dimension of the focal lines of approximately 160 pm,
the total diameter of the beam between the two focal lines 36 and 38 becomes equal to 260
pm. Because the original crossover 18 in Fig. 1 amounted to 160 um, the surface area of the
cross-section of the beam has thus increased by a factor of (260/160y = 2.65. The

10 permissible current in the beam, therefore, can increase by the same factor, so that the
throughput during the production of integrated circuits can also increase by a similar factor.

Fig. 3 shows the particle-optical system of Fig. 2 so as to illustrate the

arrangement of the quadrupoles in tfic\: round lenses. The first round lens 10 consists of an
iron circuit 10-2 for concentrating the magnetic field generated by the coil 10-4 in the

15 vinicity of the optical axis. Within this round lens there are also arranged the quadrupole
means, in this Figure being diagrammatically represented by a coil 10-6. The second round
lens 12 has the same structure as the first round lens 10 and consists of an iron circuit 12-2.
The quadrupole means, again diagrammatically represented by a coil 12-6, are also arranged
within this round lens. The quadrupole means 10-6 and 12-6 may each have a known shape.

20 They may be constructed so as to include four physical poles for generating the desired
quadrupole field, but may also be constructed in the form of multipoles, for example eight-
poles, ten-poles or twelve-poles which, using a suitably chosen excitation, can generate the
desired quadrupole fields as well as higher-order fields for the correction of imperfections in
the quadrupole fields. When the quadrupole fields are generated by physical ten-poles or

25 twelve-poles, it is possible to shift the optical axis of said element paralle] to itself. In that
case the quadrupole can be advantageously used in combination with the VAL lens mentioned
with reference to Fig. 1. It is thus possible to shift the optical axis of the quadrupole simply
with that of the VAL lens.

Fig. 4 shows an alternative in respect of the arrangement of the

30 quadrupole in the round lens. The quadrupole in this embodiment is split into two equal parts

10-8 and 10-10 in the direction of the optical axis. These two parts can be identically excited '

in such a manner that the overall quadrupole strength of the two parts together equals that of
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1. A lithography device for carrying out projection lithography by means of
a beam of charged particles,

which device includes an imaging particle-optical system for imaging a
lithographic object stfucture (14) on a lithographic imaging surface (16) by means of said

5 beam,

said particle-optical system including a substantially telescopic system with
a first and a second round particle lens (10, 12) which are arranged to produce a first and a
second rotationally symmetrical 4ens field, respectively,
characterized in that '

10 the panicle-optical'h A‘systern includes first quadrupole means (10-6) and
second quadrupole means (12-6) which are arranged to produce a first and a second
quadrupole field, respectively,

the converging effects.of said quadrupole fields on the beam intersecting
one another at substantially right angles,

15 said first and second quadrupole fields being substantially coincident with
the first and the second rotationally symmetrical lens field, respectively,

the strength of the quadrupole fields being such that the lithographic

object structure to be imaged is stigmatically imaged on the lithographic imaging surface.

20 2. A lithography device as claimed in Claim 1, in which q, = f//a, @, =
{(1/a)-(252/16)}{, and f, = {(16-25a%)/(64-120a%}f,, where
q, = the focal length of the first quadrupole means,
f, = the focal length of the first round particle lens,
a = a parameter whose absolute value lies between 0.01 and 0.5,
25 q, = the focal length of the second quadrupole means, and

f, = the focal length of the second round particle lens.

3. A lithography device as claimed in Claim 2, in which s = 1.25f{,, d, =
f,,d, = f,/4,q, = 10 f, and a = 0.1, where
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5. A lithography device as claimed in Claim 4, in which the width of each o
the gaps lies between 100 and 200 gm. ‘

6. A method of manufacturmg an integrated electronic circuit in which a
projection lithographic image of a llt.hograpmc object structure (14) is formed on a
lithographic imaging surface (16) forming part of the integrated electronic circuit by means
of a beam of charged particles, which image is realized by means of a substantially telescopi.
particle-optical system which includes a first and a second rotationally symmetrical lens field
characterized in that

the imaging beam is subjected to the effects of a first and a second quadrupole field,
respectively, the converging effects of said quadrupole fields on the beam intersecting one
another at substantially right angles,

said first and second quadrupole fields being substantially coincident with the first and the
second fotationally symmetrical lens field, respectively,

the strength of the quadrupole fields being adjusted so that the lithographic object structure t-

be imaged is stigmatically imaged on the lithographic imaging surface.

7. A method as claimed in claim 6, in which such a strength is imparted to the
rotationally symmetrical lens fields and the quadrupole fields that q, = f\/a, q, =
{(1/a)-(25a/16)}f, and f, = {(16-25a%)/(64-120a%)}f,, where

q, = the focal length of the first quadrupole field,

f, = the focal length of the first rotationally symmetrical lens field,

a = a parameter whose absolute value lies between 0.01 and 0.5,

q, = the focal length of the second quadrupole field, and
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to‘be'imaged and the imaging elements are such that

s = 1.25f,, d, = f|, d; = f,/4, q, = 10f, and a = 0.1, where

s = the distance between the center of the first rotationally symmetrical lens field and the
center of the second rotationally symmetrical lens field,

d, = the distance between the lithographic object structure and the center of the first
rotationally symmetrical lens field,

d, = the distance between the lithographic imaging surface and the center of the second

rotationally symmetrical lens field.

9. A method as claim\ed in any one of Claims 6-8, in which the first and the
second quadrupole means form ?wo mutually perpendicular focal lines (36, 38) and in which
two gaps (32, 34) are provided betwe\e‘:'\n the two rotationally symmetrical lens fields at the
area of said focal lines, which gaps have a substantially constant gap width over the length of

the gap, the longitudinal directions of the gaps being mutually perpendicular.

10. A method as claimed in Claim 9, in which the width of each of the gaps lies

between 100 and 200 pm.



