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(57) ABSTRACT

An electrostatic lens comprising a first conductive plate with
a first aperture, a second conductive plate with a second
aperture, the second aperture being substantially aligned
with the first aperture, a voltage supply for supplying a first
voltage to the first conductive plate and a second voltage to
the second conductive plate, the first voltage being lower
than the second voltage, and an insulating structure for
separating the first conductive plate from the second con-
ductive plate. The insulating structure comprises a {irst
portion 1 contact with the first conductive plate and a
second portion 1n contact with the second conductive plate,
the first portion having an overhanging portion and the
second portion having an indented portion at an edge of the
insulating structure, so that a gap i1s formed between the
overhanging portion and the second conductive plate.
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1
ELECTROSTATIC LENS STRUCTURE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mnvention relates to an electrostatic lens or an elec-
trostatic lens array. Furthermore, the invention relates to a
charged particle lithography system comprising such an
clectrostatic lens or electrostatic lens array. Additionally, the
invention relates to a method of manufacturing an imsulating
structure for use 1n an electrostatic lens.

2. Description of the Related Art

Electrostatic lenses are used in charged particle beam
columns for use in applications like scanming electron
microscopes and lithography apparatus. An electrostatic lens
typically consists of conductive plates, generally silicon
plates provided with a conductive layer, stacked 1n a direc-
tion of the charged particle beam. The conductive plates may
be separated by electrically 1solating spacers, e.g. made of
glass or other suitable insulating maternials. The plates and
spacers have aligned apertures enabling a charged particle
beam to pass through the plates along a charged particle
transmission path. The plates may be charged to enable
actions such as focusing, blanking and steering of the
charged particle beam.

The electric field that can be applied between the plates
depends on the plate material properties and the positioning
of the plates with respect to each other. Furthermore, the
properties and structure of the msulating barrier between the
plates, e.g. electrically 1solating spacers made of glass or
vacuum, are of importance. If the insulating barrier 1s
stressed beyond its dielectric strength, a sudden transition
from an insulating state to a highly conductive state takes
place. Such a transition may be 1n the form of an electric
discharge or flashover.

The surface of a solid msulator will often provide a path
for such an electrical discharge. If such a discharge occurs
in a solid dielectric, typically occurring along a surface of
the 1nsulator between the plates, changes along a discharge
path caused by the discharge can result 1n a permanent
reduction in the dielectric strength of the insulator. As a
result, the insulator 1s degraded and a high electric field
cannot be maintained by the electrostatic lens, reducing the
performance of the lens.

Conventional eflorts to reduce such electrical discharges
between conductive plates rely on increasing the length of
the breakdown path along surfaces where electrical break-
down 1s likely to occur, as compared to the direct, 1.e.
shortest distance between the plates. Examples of this
approach are described in Japanese patent publications
JP2000260242 and JP2005214908, where beveled or rect-
angular recesses are included at the location of connection
with an electrode.

However, the requirement to maintain the electrode plates
close together limits the ability to elongate the discharge
path between the electrodes. Furthermore, merely increasing,
the surface breakdown path length may be insuflicient if
high electric fields need to be applied between conductive
plates positioned in close proximity to each other, e.g.
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2

resulting 1 10-50 V/micron of electric field to be covered.
Therefore, further design measures are needed to enable

clectrostatic lenses to operate under these circumstances
without a considerable risk of electrical breakdown.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to provide an electrostatic
lens or electrostatic lens array with an improved perior-
mance with respect to electrical breakdown as compared to
the state of the art.

The 1nsight behind the invention includes that the tlash-
over occurs, or at least starts, by the extraction and emission
of electrons from one of the conductive (electrode) plates,
caused by the electric field. Furthermore, the extraction of
clectrons will be higher at a negative electrode than at a
positive electrode, and thus the electric field should be kept
low particularly at the negative electrode.

It has also been recognized that electric field enhancement
plays a role 1n causing tlashover and recognition of this leads
to better methods for preventing flashover. Any enhance-
ment of the electric field should be avoided or reduced,
particularly at the negative electrode. Voids between a
portion of the 1nsulating structure and one of the conductive
plates cause an enhancement or elevation of the electric field
locally 1n the void. The smaller the width of the void 1n
comparison to the distance between the plates, the greater
will be any enhancement of the electric field 1n the void.
Such an electric field enhancement makes the location of the
vold more susceptible to flashover. When such a void occurs
at a so-called triple points, 1.e. a point at which there 1s a
boundary between air/vacuum, conductor and insulator, the
likelihood of an electrical discharge increases considerably.
This 1s particularly the case where the triple point occurs
adjacent to a more negative or lower voltage conductive
clement. Such voids at triple points may occur 1n practice
due to chipping or cracking at the edge of the insulator or as
a result of manufacturing errors or tolerances causing sur-
face 1rregularities during fabrication of the conductive plates
or msulating structures.

The mvention seeks to provide measures to limit the
clectric field enhancement, particularly at triple points, and
particularly adjacent to a more negative or lower voltage
clectrode 1n a electrostatic lens or electrostatic lens array, to
permit the lens or lens array to withstand high electric fields
while reducing the occurrence of electrical discharges.
These measures may be used to avoid the necessity of
adopting path elongation measures.

For this purpose, according to one aspect of the invention,
an electrostatic lens includes a first conductive plate with a
first aperture, a second conductive plate with a second
aperture, the second aperture being substantially aligned
with the first aperture, a voltage supply for supplying a first
voltage to the first conductive plate and a second voltage to
the second conductive plate, the first voltage being lower
than the second voltage, and an insulating structure for
separating the first conductive plate from the second con-
ductive plate. The insulating structure comprises a first
portion 1 contact with the first conductive plate and a
second portion 1n contact with the second conductive plate,
the first portion having an overhanging portion and the
second portion having an indented portion at an edge of the
insulating structure, wherein a gap 1s formed between the
overhanging portion and the second conductive plate.

By this measure, any electric field enhancement in a void
at the edge of the insulating structure between the first
portion and the first conductive plate can be reduced. This
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field enhancement will be distributed over the small void
and the larger gap below the overhanging portion of the
insulating material where the void occurs. Since the void 1s
typically very small and the gap 1s typically much larger, the
field enhancement will be considerably reduced in the void
than when the field was concentrated solely therein. The
location of the (large) gap structure at the positive or higher
voltage electrode further increases the beneficial eflect,
because in this way the harmiul eflects are reduced of any
voids at the negative or lower voltage electrode that can
most easily result in a tlashover.

The permittivity of the gap 1s preferably higher than the
permittivity of the insulating structure, preferably at least
four times higher. In operation, the electric field strength 1n
the gap between the overhanging portion of the msulating
structure and the second conductive plate 1s preferably
greater than the electric field strength across the second
portion of the msulating structure. The first portion and the
second portion of the msulating structure may be made of
equal thickness, and the first portion and the second portion
comprise separate structures which are bonded together.

The surface of the insulating structure facing the first
conductive plate may be provided with a conductive layer or
coating 1n electrical contact with the first conductive plate
for limiting electric field enhancement between the first
conductive plate and the insulating structure. The conduc-
tive layer may be deposited on a surface of the msulating
structure using a deposition technique. The conductive layer
may comprise chromium or tantalum, and the insulating
structure may comprise borosilicate glass.

The 1inclusion of a conductive coating on the surface of the
insulating structure results 1n any voids or irregularities on
the surface of the sulating structure being covered by the
conductive material, which 1s 1n electrical contact with the
first conductive plate. These surface irregularities, which
would have formed field enhancing voids against the surface
of the first conductive plate, will have the same surface
potential as the first conductive plate, so that there 1s no
clectric field 1in the void. This eflectively prevents the
occurrence of an enhanced electric field 1n these voids.

The distance between the first conductive plate and the
second conductive plate preferably lies 1n a range from
about 100 to 200 micrometers, and the lens 1s preferably
capable of withstanding an electric field strength within a
range from about 10 to 25 volts per micron, and even 25 to
50 volts per micron without flashover occurring.

The invention 1n another aspect also includes an electro-
static lens array comprising a plurality of electrostatic lenses
as described herein. The isulating structure of this electro-
static lens array may take the form of an insulating plate
provided with at least one third aperture, the third aperture
being arranged such that a projection of 1its side walls
circumscribes multiple first apertures and second apertures.
The insulating structure may also take the form of a plurality
of elongated bars, such that between successive bars mul-
tiple transmission paths formed by first apertures and second
apertures are present.

The 1nvention according to another aspect comprises a
charged particle beamlet lithography system including a
source of charged particles for producing a beam of charged
particles, an aperture array for producing a plurality of
beamlets from the charged particle beam, a beamlet condi-
tiomng system for conditioning the plurality of beamlets in
accordance with a pattern, and the electrostatic lens array
asd described herein for focusing the plurality of beamlets.
The electrostatic lens array may be positioned between the
aperture array and the beamlet conditioning system. The
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4

charged particle beamlet lithography system may also
include a support unit for supporting a substrate to be
patterned and the electrostatic lens array positioned down-
stream of the beamlet conditioning system for focusing a
plurality of conditioned beamlets on a target surface of the
substrate.

Yet another aspect of invention relates to a method of
manufacturing an isulating structure for use 1n an electro-
static lens, the method comprising providing a first insulat-
ing plate, manufacturing at least one first through hole 1n the
first insulating plate, the at least one first through hole
having a first diameter, providing a second insulating plate,
manufacturing at least one second through hole 1n the
second 1nsulating plate, the at least one second through hole
having a second diameter, the second diameter being larger
than the first diameter, and combining the first mnsulating
plate and the second insulating plate to form an insulating
structure such that the isulating structure has at least one
aperture formed by the at least one first and second through
holes.

The first and second 1nsulating plates may be made of the
same 1nsulating material, and at least one of the plates may
comprise borosilicate glass. Manufacturing of the first and/
or second through holes may be performed by power blast-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will be
appreciated upon reference to the following drawings, 1n
which:

FIG. 1 1s a simplified schematic drawing of an example of
a charged particle multi beamlet lithography system;

FIG. 2 15 a simplified schematic drawing, 1n side view, of
an end module of the lithography system of FIG. 1;

FIGS. 3A-3C schematically depict three electrostatic lens
arrangements where field enhancement may occur;

FIG. 4 schematically shows a side view of a portion of an
clectrostatic lens array according to a first aspect of the
invention;

FIG. 5 schematically shows a side view of a portion of an
clectrostatic lens or lens array according to a second aspect
of the invention;

FIG. 6 A schematically shows a side view of a portion of
an electrostatic lens or electrostatic lens array according to
a third aspect of the mvention;

FIG. 6B shows a detail of the electrostatic lens or elec-
trostatic lens array of FIG. 6a;

FIG. 7 schematically shows a side view of a portion of an
clectrostatic lens array combining different aspects of the
invention;

FIG. 8A schematically shows a top view of an electro-
static lens array according to an embodiment of the mven-
tion;

FIG. 8B schematically shows a side view of a portion of
the electrostatic lens array of FIG. 8A.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The following 1s a description of a number of embodi-
ments of the invention, given by way of example only and
with reference to the drawings. FIG. 1 schematically shows
a simplified schematic drawing of an example of a charged
particle multi-beamlet lithography system based upon an
clectron beam optical system without a common cross-over
of all the electron beamlets. Such lithography systems are

described for example 1 U.S. Pat. Nos. 6,897,458, 6,938,
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804, 7,084,414, and 7,129,502, which are all hereby incor-
porated by reference in their entirety, assigned to the owner
if the present invention.

The lithography system comprises an electron source 1
for producing a homogeneous, expanding electron beam 20.
Beam energy 1s preferably maintained relatively low 1n the
range of about 1 to 10 keV. To achieve this, the acceleration
voltage 1s preferably low, the electron source preferably kept
at between about -1 to =10 KV with respect to the target at
ground potential, although other settings may also be used.

The electron beam 20 from the electron source 1 passes a
double octopole 2 and subsequently a collimator lens 3 for
collimating the electron beam 20. Subsequently, the electron
beam 20 impinges on an aperture array 4, which blocks part
of the beam and allows a plurality of beamlets 21 to pass
through the aperture array 4. The aperture array preferably
comprises a plate having through holes. Thus, a plurality of
parallel electron beamlets 21 1s produced. The system gen-

crates a large number of beamlets 21, preferably about
10,000 to 1,000,000 beamlets, although 1t 1s of course

possible to use more or less beamlets. Note that other known
methods may also be used to generate collimated beamlets.

The plurality of electron beamlets 21 pass through a
condenser lens array 5 which focuses each of the electron
beamlets 21 in the plane of a beam blanker array 6. This
beamlet blanker array 6 preferably comprises a plurality of
blankers which are each capable of deflecting one or more
of the electron beamlets 21.

Subsequently, the electron beamlets 21 enter the end
module 7. The end module 7 1s provided with a plurality of
openings to accommodate the plurality of electron beamlets
21. In one embodiment, each beamlet 21 passes through 1ts
own opening, while 1 another embodiment a group of
beamlets 21, converging near an opemng, will pass through
that opening. The end module 7 1s preferably constructed as
an 1nsertable, replaceable unit which comprises various
components. The end module 7 comprises a beam stop array
8, a beam deflector array 9, and a projection lens arrange-
ment 10, although not all of these need be included in the
end module 7 and they may be arranged differently. The end
module 7 will, amongst other functions, provide a demag-
nification of about 50 to 500 times. High values within this
range enable r less stringent manufacturing requirements in
the upper part of the electron beam lithography system.
Furthermore, such high values may enable a reduction of the
height of the system. After leaving the end module 7, the
beamlets 21 impinge on a surface of a target 11 positioned
at a target plane. For lithography applications, the target
usually comprises a waler provided with a charged-particle
sensitive layer or resist layer.

In the end module 7, the electron beamlets 21 first pass
beam stop array 8. This beam stop array 8 largely determines
the opening angle of the beamlets. The beam stop array, in
its basic form, comprises a substrate provided with through
holes for allowing beamlets to pass through.

The beamlet blanker array 6 and beam stop array 8
operate together to block or let pass the beamlets 21. The
passages of the beam stop array 8 may be aligned with the
clements of the beam blanker array 6. In such a case, 1f
beamlet blanker array 6 detlects a beamlet, the beamlet waill
not pass through the corresponding aperture in beam stop
array 8, but instead will be blocked. On the other hand, 1f
beamlet blanker array 6 does not detlect a beamlet, the
beamlet will pass through the corresponding aperture in
beam stop array 8 and will then be projected as a spot on the
surface of target 11.
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Next, the beamlets pass through a beam detlector array 9
which provides for detlection of each beamlet 21 in the X
and/or Y direction, substantially perpendicular to the direc-
tion of the undeflected beamlets 21. Next, the beamlets 21
pass through projection lens arrangement 10 and are pro-
jected onto a target 11, typically a waler, in a target plane.

For consistency and homogeneity of current and charge
both within a projected spot and among the projected spots
on the target, the diameter of the apertures in beam stop
array 8 are preferably smaller than the diameter of the
beamlets when they reach the beam stop array.

The diameter of the apertures 1n beam stop plate 8 in the
present example limit the cross section of a beamlet. In this
way, only a central part of a beamlet 1s allowed to pass
through beam stop plate 8 for projection onto target 11. This
central part of a beamlet has a relatively uniform charge
density. Furthermore, i the apertures 1in beam stop array 8
are round, the beamlets passing through the beam stop plate
8 will have a generally uniform opening angle.

FIG. 2 shows an embodiment of end module 7 1n more
detail, showing the beam stop array 8, the detlection array 9,
and the projection lens arrangement 10, projecting an elec-
tron beamlet onto a target 11. The beamlets 21 are projected
onto target 11, preferably resulting in a geometric spot size
of about 10 to 30 nanometers 1n diameter. The projection
lens arrangement 10 1n such a design preferably provides a
demagnification of about 100 to 500 times.

The projection lens arrangement 10, 1n the embodiment
shown 1n FIG. 2, has three plates 12, 13 and 14 arranged 1n
sequence, used to form an array of electrostatic lenses. The
plates 12, 13, and 14 preferably comprise substrates with
apertures formed 1n them. The apertures are preferably
formed as round holes though the substrate, although other
shapes can also be used. The substrates may be formed of
silicon or another semiconductor processed using process
steps well-known 1n the semiconductor chip industry. The
apertures can be conveniently formed 1n the substrates using
lithography and etching techmiques known 1n the semicon-
ductor manufacturing industry, for example. The lithography
and etching techniques used are preferably controlled sui-
ficiently precisely to ensure uniformity 1n the position, size,
and shape of the apertures.

For example, apertures in plates 12, 13, and 14, i1 they are
made of silicon, may be formed by using a so-called Bosch
etching process. The Bosch etching process 1s a method for
anisotropically etching silicon. More details with respect to
such a Bosch etching process may be found in European
patent 0 625 285 assigned to Robert Bosch GmbH.

A uniform distance (pitch) between the apertures and
uniform arrangement of the apertures over the surface of the
substrate permits the construction of a system with densely
packed beamlets which generate a uniform grid pattern on
the target. The pitch between the apertures may be in the
range 50 to 3500 microns with a deviation in the pitch of
preferably 100 nanometers or less. Furthermore, in systems
where multiple plates are used, the corresponding apertures
in each plate are aligned. Misalignment in the apertures
between plates may cause a diflerence 1n focal length along
different axes.

Uniformity in the size of the apertures enables uniformaity

in the electrostatic projection lenses formed at the locations
of the apertures. The size of the apertures may be 1n the
range ol 50 to 150 microns with a deviation in the size of
preferably 100 nanometers or less.
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Uniformity in the shape of the apertures 1s also preferred.
Where round holes are used, uniformity 1n the roundness of
the holes results in the focal length of the resulting lens
being the same all round.

The substrates may be coated 1n an electrically conductive
coating to form electrodes. The conductive coating prefer-
ably forms a single electrode on each substrate covering
both surfaces of the plate around the apertures and inside the
holes. A metal with a conductive native oxide 1s preferably
used for the electrode, such as molybdenum, deposited onto
the plate using techniques well known in the semiconductor
manufacturing industry, for example. An electrical voltage 1s
applied to each electrode to control the shape of the elec-
trostatic lenses formed at the location of each aperture. Each
clectrode 1s preferably controlled by a single control voltage
for the complete array. Thus, 1n the embodiment shown 1n
FIG. 2 with three electrodes lens there will be only three
voltages for all the thousands of lenses.

In FIG. 2, the plates 12, 13, and 14 have electric voltages
V1, V2 and V3 respectively applied to their electrodes. The
voltage differences between the electrodes of plates 12 and
13, and between plates 13 and 14, create electrostatic lenses
at the location of each aperture 1n the plates. This generates
a “vertical” set of electrostatic lenses at each position 1n the
array ol apertures, mutually aligned, creating an array of
projection lens systems. Each projection lens system com-
prises a set of electrostatic lenses formed at corresponding,
points of the arrays of apertures of each plate. Each set of
clectrostatic lenses forming a projection lens system can be
considered as a single eflective projection lens, which
focuses and demagnifies one or more beamlets, and has an
cllective focal length and an effective demagnification. In
systems where only a single plate 1s used, a single voltage
may be used 1n conjunction with a ground plane, such that
clectrostatic lenses are formed at the location of each aper-
ture 1n the plate.

Variation 1n the uniformity of the apertures will result 1n
variation 1n the electrostatic lenses forming at the locations
of the apertures. The uniformity of the apertures results 1n
uniform electrostatic lenses. Thus, the three control voltages
V1, V2, and V3 create an array of uniform electrostatic
lenses which focus and demagnity the large number of
clectron beamlets 21.

The characteristics of the electrostatic lenses are con-
trolled by the three control voltages, so that the amount of
focusing and demagnification of all of the beamlets can be
controlled by controlling these three voltages. In this way, a
single common control signal can be used to control a whole
array of electrostatic lenses for demagnifying and focusing
a very large number of electron beamlets. A common control
signal may be provided for each plate or as a voltage
difference between two or more plates.

The number of plates used 1n different projection lens
arrangements may vary, and the number of common control
signals may also vary. Where the apertures have sufliciently
uniform placement and dimensions, this enables the focus-
ing of the electron beamlets, and demagnification of the
beamlets, using one or more common control signals. In the
embodiment of FIG. 2, three common signals comprising
the three control voltages V1, V2, and V3 are thus used to
focus and demagnify all of the beamlets 21.

The projection lens arrangement preferably forms all of
the focusing means for focusing the beamlets onto the target
surface. This 1s made possible by the uniformity of the
projection lenses, which provide sufliciently uniform focus-
ing and demagnification of the beamlets so that no correc-
tion of the focus and/or path of individual electron beamlets
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1s required. This considerably reduces the cost and com-
plexity of the overall system, by simplifying construction of
the system. simplifying control and adjustment of the sys-
tem, and greatly reducing the size of the system.

Preferably, the placement and dimensions of the apertures
where the projection lenses are formed are controlled within
a tolerance suflicient to enable focusing of the electron
beamlets using one or more common control signals to
achieve a focal length uniformity better than 0.05%. The
projection lens systems are spaced apart at a nominal pitch,
and each electron beamlet 1s focused to form a spot on the
surface of the target. The placement and dimensions of the
apertures 1n the plates are preferably controlled within a
tolerance suflicient to achieve a variation in spatial distri-
bution of the spots on the surface of the target of less than
0.2% of the nominal pitch.

The projection lens arrangement 10 may be compact with
the plates 12, 13, 14 being located close to each other, so that
despite the relatively low voltages used on the electrodes (in
comparison to voltages typically used in electron beam
optics), it can produce very high electrical fields. These high
clectrical fields generate electrostatic projection lenses
which have a small focal distance, since for electrostatic
lenses the focal length can be estimated as proportional to
beam energy divided by electrostatic field strength between
the electrodes. In this respect. where previously 10 kV/mm
could be realized, potential differences of over 10 kV/mm,
or even 1n the range 25 to 50 kV/mm may be provided
between the second plate 13 and third plate 14.

These voltages V1, V2, and V3 are preferably set so that
the difference in voltage between the second and third plates
(13 and 14) 1s greater than the difference 1n voltage between
first and second plates (12 and 13). This results in stronger
lenses being formed between plates 13 and 14 so that the
cllective lens plane of each projection lens system 1s located
between plates 13 and 14, as indicated in FIG. 2 by the
curved dashed lines between plates 13 and 14 1n the lens
opening. This places the eflective lens plane closer to the
target and enables the projection lens systems to have a
shorter focal length. It 1s further noted that, for simplicity,
the beamlet 1n FIG. 2 1s shown focused as from the deflector
9.

The electrode voltages V1, V2, and V3 are preferably set
so that voltage V2 i1s closer to the voltage of the electron
source 1 than 1s voltage V1, causing a deceleration of the
charged particles 1n beamlet 21. For example, 11 the target 1s
at OV (ground potential) and the electron source 1s at about
-5 kV relative to the target, voltage V1 may be about -4 kV,
and voltage V2 may be about —4.3 kV. Voltage V3 then may
be at about OV relative to the target, which avoids a strong
clectric field between plate 14 and the target 11. Such a
strong electric field can cause disturbances 1n the beamlets
if the topology of the target 1s not tlat. The distances between
the plates (and other components of the projection system)
are preferably small.

With this arrangement, a focusing and demagnifying
projection lens 1s realized, as well as a reduction 1n the speed
of extracted charged particles 1n the beamlets. With the
clectron source at a voltage of about -5 kV, charged particles
are decelerated by the central electrode (plate 13), and
subsequently accelerated by the bottom electrode (plate 14)
having a voltage at ground potential. This deceleration
permits the use of lower electrical fields on the electrodes
while still achueving the desired demagnification and focus-
ing for the projection lens arrangement.

FIG. 2 also 1illustrates deflection of a beamlet 21 by
deflection array 9 in the Y-direction, illustrated in FIG. 2 as
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a deflection of the beamlet from left to right. In the embodi-
ment of FI1G. 2, an aperture in deflection array 9 1s shown for
one or more beamlets to pass through, and electrodes are
provided on opposite sides of the aperture, the electrodes
provided with a voltage +V and -V. Providing a potential
difference over the electrodes causes a deflection of the
beamlet or beamlets passing though the aperture. Dynami-
cally changing the voltages (or the sign of the voltages) will
allow the beamlet(s) to be swept 1n a scanming fashion, here
in the Y-direction.

The arrangement of the detflectors and lenses of the end
module 7 with respect to one another as described differs
from what has generally been expected 1n the art of particle
optics. Typically, a deflector 1s located after a projection
lens, so that the focusing 1s accomplished first and then the
focused beamlet 1s deflected. First deflecting a beamlet and
then focusing it, as 1n the system i FIG. 2, results 1 the
beamlet entering the projection lens off axis and at an angle
with respect to the optical axis of the projection lens. It 1s
evident to the person skilled in the art that the latter
arrangement may give rise to ofl-axis aberrations in the
deflected beamlet.

In the lithography applications, a beamlet should be
focused and positioned at ultra high precision, with spot
s1izes ol tens of nanometers, with an accuracy in size of
nanometers, and a position accuracy in the order of nano-
meters. The inventors realized that deflecting a focused
beamlet, for example several hundreds of nanometers away
from the optical axis of a beamlet, would easily result 1n an
out-of-focus beamlet. In order to meet the accuracy require-
ments, this would severely limit the amount of deflection or
the beamlet would rapidly become out of focus at the surface
of target 11.

As discussed above, 1n order to achieve the objectives of
the projection lens arrangement in view of its use 1 a
lithography system, the eflective focal length of the projec-
tion lens systems 1s short, and the lens plane of the projection
lens systems 1s positioned very close to the target plane.
Thus, there 1s very little space leit between the projection
lens and the target plane for a beamlet detlection system. The
inventors recognized that the focal length should be of such
limited magnitude that any deflector or deflector system
should be located before the projection lens despite the
evident occurrence of ofl-axis aberrations with such an
arrangement.

The arrangement shown 1n FIGS. 1 and 2 of the deflection
array 9 upstream and projection lens arrangement 10 down-
stream furthermore allows a strong focusing of beamlet 21,
in particular to permit a reduction 1n size (demagnification)
of the beamlets of at least about 100 times, and preferably
about 350 times, 1n systems where each projection lens
system focuses only one beamlet (or a small number of
beamlets). In systems where each projection lens system
focuses a group of beamlets, preferably from 10 to 100
beamlets, each projection lens system provides demagnifi-
cation of at least about 25 times, and preferably about 50
times.

This high demagnification has another advantage in that
requirements as to the precision of the apertures and lenses
betfore (upstream of) the projection lens arrangement 10 are
much reduced. Another advantage of this arrangement 1s that
the column length (height) of the overall system can be
greatly reduced. In this respect, 1t 1s also preferred to have
the focal length of the projection lens small and the demag-
nification factor large, so as to arrive to a projection column
of limited height, preferably less than one meter from target
to electron source, and more preferably between about 150
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and 700 mm in height. This design with a short column
makes the lithography system easier to mount and house,
and 1t also reduces the effect of driit of the separate beamlets
due to the limited column height and shorter beamlet path.
This arrangement, however, puts additional demands on the
various components of the end module.

With an arrangement as described above, the main lens
plane of the projection lens system 10 1s preferably located
between the two plates 13 and 14. The overall energy of the
charged particles in the system according to the embodi-
ments described above 1s kept relatively low, as mentioned
previously. For an electron beam, for example, the energy 1s
preferably 1n the range of up to about 10 keV. In this way,
generation of heat at the target 1s reduced. However, with
such low energy of the charged particles, chromatic aberra-
tion 1n the system increases. The already mentioned rela-
tively high electrostatic field in the projection lens arrange-
ment 10 may counteract this detrimental effect. A high
clectrostatic field results in forming electrostatic lenses
having a low focal length, so that the lenses have low
chromatic aberration.

Furthermore, the final plate 14 of the lens system 10
according to the present invention may be made very thin to
enable a small focal length without the focal plane being
inside the lens. The thickness of plate 14 1s preferably within
the range of about 50 to 200 um.

As discussed above, electrostatic lenses used as the pro-
jection lens systems discussed with reference to FIGS. 1 and
2, have to function i1n high electric fields. As mentioned
betore, this requires well defined plate processing provided
with uniformly sized, uniformly pitched and uniformly
shaped apertures as well as well defined alignment between
plates. A person skilled 1n the art will readily understand that
a risk associated with such electrostatic lenses 1s an elevated
chance of electrostatic discharges.

Such electrostatic discharges could not only be detrimen-
tal to the physical structure of electrostatic lens components,
but could also negatively eflect the control and accuracy of
the electron beamlets passing through the lenses.

Electrostatic discharges occur across exposed surfaces
located 1n the apertures and at the edges of the apertures.
Generally, such discharges occur 1n areas of local electro-
static field enhancement where the -electrostatic field
strength 1s 1ncreased, often where there 1s large vanation 1n
permittivity c¢. These areas of higher electrostatic field can
result sudden electrical discharges or “tlashovers” resulting
in local breakdown of imsulating materials and distortion and
deterioration of the electrostatic lens.

FIGS. 3A-3C schematically depict three situations where
such local electrostatic field enhancement and increased risk
of flashovers may occur. All figures schematically show a
side view of a portion of an electrostatic lens comprising a
first electrode 31 and a second electrode 32. A voltage
difference between the electrodes 31, 32 is such that field
lines 33 of a generated electric field run substantially parallel
to the surfaces of the electrodes 31, 32 that face each other.

In FIG. 3A, the second electrode 32 comprises a sharp
protrusion 35. As a result of the protrusion 35, especially 1
the protrusion 1s conducting, field lines 33 are bent resulting
in an elevated electric field around the protrusion 35, 1.e.
field lines 33 are located closer to each other, particularly at
the sharp corners of the protrusion, indicating a higher
clectric field strength. These higher electric fields increase
the chance of electrostatic discharges 11 the potential of the
second electrode 32 1s below the potential of the first
clectrode 31, 1.e. electrode 31 1s negative with respect to
clectrode 32. This occurs when the electric field 1s high
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enough to pull electrons from the second electrode 32 and
start a flow of electrons that will create a flashover.

In FIG. 3B, the first electrode 31 and the second electrode
32 are separated from each other by means of an insulating
structure 37, e.g. a spacer made of an insulating material.
Due to an mmperfection, the first electrode 31 and the
insulating structure 37 are not entirely 1n contact with each
other along the upper surface of the insulating structure 37.
This may be caused by manufacturing errors or tolerances,
irregularities 1n the surface of the insulating structure or
clectrode, or chipping or rounding of the edge of the
insulating structure. As a result, a small void 38 (shown
larger 1n the drawing for clarity) 1s present between the
insulating structure 37 and the first electrode 37, at the edge
of the insulating structure. If there 1s a significant difference
in permittivity between the insulating structure 37 and the
permittivity i the void 38 (1.e. the permittivity of air, or
vacuum 1f the equipment 1s operated 1n a vacuum chamber),
the electric field in the void 38 may be considerably higher
than 1n other areas between the two electrodes.

The average electric field 1n a gap between electrodes 1s
the potential difference divided by the minmimum electrode
separation. Where the electrodes are separated by insulating
regions or materials having two diflerent dielectric con-
stants, the electric field will be concentrated 1n the region or
material with the lower dielectric constant. The electric field
1s enhanced 1n this region or material, 1.e. greater than the
average electric field between the electrodes. The dielectric
constant (k) or relative permittivity of a material 1s the ratio
of 1ts permittivity € to the permittivity of vacuum €o, so
k=&/€0).

Since the dielectric constant/permittivity of the void 1s
lower than the insulating structure, the electric field 1is
enhanced 1n the void. The smaller the void, the greater field
enhancement. This higher electric field increases the chance
ol electrostatic discharges 1f the potential of the first elec-
trode 31 1s below the potential of the second electrode 32.
The imperfection schematically shown 1in FIG. 3B may be
caused by edge chipping of other manufacturing problems.

Also 1n FIG. 3C, the first electrode 31 and the second
clectrode 32 are separated from each other by means of an
insulating structure 37. In this case, imperfections 1n the
connection between the first electrode 31 and the insulating
structure 37, caused for example by irregularities in the
surface of the imnsulating structure or the electrode. These
result 1n the formation of internal voids 39 (enlarged for
clanity). The internal voids 39 can create the same problem
as the edge voids 38, resulting 1n locally enhanced electric
fields 1n the voids which may result 1n an elevated chance of
clectrostatic discharges 11 the potential of the first electrode
31 1s below the potential of the second electrode 32.

It has been recognized by the mnventors that it 1s of
importance to lower the electric field strength at so-called
triple points, 1.e. a point at which there 1s a boundary
between air/vacuum, conductor and insulator, particularly
where the triple point occurs adjacent to a more negative or
lower voltage conductive element. Such triple points are
present 1n the arrangements schematically shown in FIGS.
3A-C. By providing measures that limit the electric field
enhancement at triple points adjacent to a more negative or
lower voltage electrode 1n the electrostatic lens or electro-
static lens array, the performance of the electrostatic lens or
clectrostatic lens array with respect to withstanding high
clectric fields without occurrence of electrical discharge
increases considerably. In embodiments of the invention,
some of them discussed below, the electrostatic lens or
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clectrostatic lens array i1s suited to accommodate a field
strength of over 10 V/um up to 25 V/um, or 1n a higher range
25-50 V/um.

FIG. 4 schematically shows a side view of a portion of an
clectrostatic lens array 40 according to a first aspect of the
invention. The electrostatic lens array 40 comprises a {irst
conductive plate 41 and a second conductive plate 42. The
distance between the first conductive plate 41 and the second
conductive plate 42 may lie 1n a range from about 100 to 200
um. The first conductive plate 41 i1s arranged to be electri-
cally charged with a potential lower than the potential of the
second conductive plate 42. The first conductive plate 41 1s
provided with a plurality of first apertures 43. The second
conductive plate 42 1s provided with a plurality of second
apertures 44. The plurality of second apertures 44 are
substantially aligned with the plurality of first apertures 43.
The edges of the first apertures 43 facing the second aper-
tures 44 are rounded. As a result, electrostatic discharges
caused by sharp edges, which may act 1n a similar way as a
sharp protrusion as schematically depicted in FIG. 3A, are
avoided.

In the embodiment depicted 1n FIG. 4, not only the edges
facing the second apertures 44, but also the edges facing
away Irom the second apertures 44 are rounded. Such an
embodiment may be easier to manufacture.

In the embodiment depicted in FIG. 4, an insulating
structure 47 has been arranged between the first conductive
plate 41 and the second conductive plate 42. The mnsulating
structure 47 1s formed such that it enables transmaission of
charged particle beamlets through the plurality of first aper-
tures 43 and the plurality of second apertures 44. The
insulating structure 47 may be used to enhance the structural
integrity ol the electrostatic lens array. Furthermore, the
insulating structure 47 may serve the purpose of positioning
the first conductive plate 41 and second conductive plate 42
with respect to each other, acting as a spacer to control the
distance between the two plates.

It must be understood, that although the embodiments
described with reference to FIG. 4 relate to an electrostatic
lens array 40, the same embodiments may be used for a
single electrostatic lens. In this case, instead of a plurality of
first apertures and a plurality of second apertures, only a
single first aperture and a single second aperture are used, 1n
which the second aperture 1s substantially aligned with the
first aperture.

FIG. 5 schematically shows a side view of a portion of an
clectrostatic lens or electrostatic lens array according to a
second aspect of the invention. The electrostatic lens com-
prises a lirst conductive plate 51 and a second conductive
plate 52. The two conductive plates 51, 52 are separated by
means ol an 1sulating structure 57. The 1nsulating structure
57 may have a thickness of about 100-200 um. The con-
ductive plates 31, 32 are each provided with one or more
apertures (not shown), the one or more apertures of the first
conductive plate 51 being substantially aligned with corre-
sponding one or more apertures i the second conductive
plate 52. The first conductive plate 51 1s arranged to be
provided with a potential that 1s lower than or more negative
with respect to the potential provided to the second conduc-
tive plate 52, as indicated 1n the diagram by the “-” sign next
to plate 51 and the “+ sign next to plate 52.

The msulating structure 57 includes a first portion 57A
and a second portion 57B. The first portion 57 A 1s 1n contact
with the first conductive plate 51, while the second portion
578 1s 1n contact with the second conductive plate 52. The
portions 57A, 578 of the imnsulating structure 37 are arranged
such that the first portion includes an overhanging portion
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57C and the second portion has an indented or recessed
portion 58 formed 1n the wall of the insulator 57, forming a
gap between the overhanging portion 57C and the second
conductive plate 52. As a result, the difference 1n permit-
tivity between the insulating structure 57 and the permittiv-
ity 1n the gap or indented portion 58 will result in a
proportionally higher electric field developing across the gap
than across first portion S7A. A permittivity of the mnsulating
structure 57 of two times or more than in the gap 58 1s
preferred, and of approximately four times or more 1s more
preferred. For example, the insulator may be constructed to
glass with a permittivity approximately 4.7 times the per-
mittivity of a vacuum which occupies the gap 38.

Thus, a field reduction occurs adjacent the more negative
plate 51 and a field enhancement occurs 1n the gap between
the first portion S7A and the more positive plate 52. This
field enhancement 1s relatively small and does not cause a
problem because the second conductive plate 52 1s more
positive with respect to the first conductive plate 51. The
slightly higher field in the gap will not be suilicient to pull
clectrons out of the isulator 57 to mitiate current flow 1n a
flashover. In addition, the lower field adjacent to the more
negative plate 51 further reduces the chance of electrons

being pulled out of the conductive plate 51 to begin a
flashover.

If the sulating structure 57 comprises an 1mperiection
creating a void adjacent to plate 51 as shown in FIG. 3B (e.g.
an edge chipping), the electric field in the void will be
increased to a much lesser degree than would be the case
with an ordinary shaped insulating structure, e.g. a structure
as shown 1 FIG. 3B. The presence of a recessed portion
creating a gap adjacent to plate 52 as shown i FIG. 5 will
result 1n only a lesser field enhancement occurring 1n both
the gap and the void. This lower electric field adjacent to the
more negative plate 51 further reduces the chance of an
clectrostatic discharge. Note that voids may also occur due
to surface impertections 1n the plate 51, and the gap will
similarly address this problem.

It should be noted that forming a recessed portion
between the second portion 57B and the first conductive
plate 51 1s a less preferred solution. Even though such a
measure helps to elongate the surface breakdown path, 1t
does not help to lower the electric field at the triple point
near the more negative electrode where an edge chipping
void may form. On the contrary, such a recessed portion
would have a similar effect as the voids 1n FIG. 3C, 1.e. an
clectric field amplification where an attenuation 1s desired.
Furthermore, forming a recessed portion on both sides of an
overhanging portion of the insulating structure so that gaps
are formed against both first and second conductive plates
51 and 352 1s also a less preferred solution, for the same
reason.

The height d_and/or width W _of the gap may be varied
in view ol the requirements of the electrostatic lens (array).
In the embodiment shown, the height d, ot the gap 58 1s half
the distance D between the first conductive plate 51 and the
second conductive plate 52. The distance D may lie 1n a
range from about 100 to 200 um, although other gap heights
d, are also possible, e.g. a height between 0.3-0.7 times the
distance D between the plates. Preterably the height d . of the
gap 1s as large as possible. The higher the proportion of the
clectric field that develops 1n the gap, the less likely 1t 1s that
clectrons from the more negative plate 51 will cause a
flashover. However, the gap height d, may be limited by the
need to maintain structural integrity of the remaining rim,
1.e. the first portion 57A.
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In an alternative embodiment, the gap may be located so
that 1t 1s not adjacent to either of plates 51 or 52, with a rim
formed on either side of the gap adjacent to the plates.
However, maintaining a rim on both sides of the gap reduces
the height of the gap, and the height 1s again further luted by
the need to maintain the structural integrity of the rims of the
insulating structure.

FIG. 6 A schematically 1llustrates a side view of a portion
of an electrostatic lens or electrostatic lens array according
to a third aspect of the invention. The electrostatic lens
comprises a first conductive plate 61 and a second conduc-
tive plate 62. The two conductive plates 61, 62 are separated
by means of an insulating structure 67. The conductive
plates 61, 62 are each provided with one or more apertures
(not shown), the one or more apertures of the first conduc-
tive plate 61 being substantially aligned with corresponding
one or more apertures 1n the second conductive plate 62. The
first conductive plate 61 1s arranged to be provided with a
potential that 1s lower than the potential provided to the
second conductive plate 62.

A surface of the insulating structure 67, 1.e. the surface
facing the first conductive plate 61, 1s provided with a
conductive layer 66. Because the conductive layer 66 1s 1n
contact with the first conductive plate 61, 1t will be have
essentially the same electrical potential. If voids 69 are
present between the insulating structure 67 and the first
conductive plate 61 as described i FIG. 3C, the conductive
layer 66 will be formed on the top surface of the insulating
structure 67 over the voids as shown 1n the magnified view
of the electrostatic lens schematically depicted 1n FIG. 6B.
The conductive layer 66 may also fill the voids, depending
on the size of the voids, the thickness of the conductive layer
66, and process used to form the conductive layer. The
conductive layer 66 now forms the interface between the
conductive plate 61 and the insulating structure 67, and any
volds 69 between the conductive layer 66 and conductive
plate 61 and there will be essentially no electric field present
in these voids. Hence, flashover due to void-related effects
will be minimized Note that the voids may also occur due to
surface impertections in the first conductive plate 61, and the
conductive layer 66 will similarly address this problem.

The conductive layer may be deposited onto the surface of
the mnsulating structure 67 by a suitable depositing technique
such as sputtering. The conductive layer may comprise
chromium or tantalum or other suitable materials. Further-
more, the msulating structure may comprise a borosilicate
glass, €.g. Pyrex, or suitable insulating materials. A boro-
silicate glass 1s able to withstand high electric fields, and
chromium and tantalum adhere easily to a borosilicate glass,
which makes such a combination of materials advantageous.
Borosilicate glass 1s also a suitable insulating material
because 1t can be shaped into a desired format, e.g. by means
of a method of manufacturing that will be discussed later,
and through holes can be manufactured relatively easy 1n a
plate comprising such a material, e.g. by means of power
blasting.

FIG. 7 schematically shows a side view of a portion of an
clectrostatic lens array combining different aspects of the
invention. In the embodiment shown, the insulating struc-
ture comprises portions forming a gap 78 as discussed with
reference to FIG. 5, and a surface of the mnsulating structure
facing the first conductive plate 71 1s provided with a
conductive layer 76.

It should be understood that the different aspects of the
invention may each be used alone, 1n combination with one
or more other aspects of the invention to reduce the chance
of electrostatic discharges.
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An 1nsulating structure as discussed with reference to
FIG. 4 may be manufactured as follows. First, a first
insulating plate 1s provided. In the first insulating plate, at
least one first through hole 1s manufactured. The first
through hole has a first diameter. Then, a second insulating,
plate 1s provided. In the second insulating plate at least one
second through hole 1s manufactured, with a second diam-
cter larger than the first diameter. Finally, the first insulating
plate and the second isulating plate are combined to form
an 1sulating structure with the apertures aligned such that
the 1mnsulating structure has at least one aperture formed by
the first and second through holes.

The second insulating plate may be of a diflerent material
than the first insulating plate. Alternatively, the second
insulating plate may be of the same material as the first
insulating plate. The insulating plates being of the same
material has the advantage that discontinuities 1n electrical
and other properties at the boundary surface between the
first and second insulating plates will be minimized.

FIG. 8A schematically shows a top view of an electro-
static lens array according to an embodiment of the imnven-
tion. FIG. 8B schematically shows a side view of a portion
of the electrostatic lens array of FIG. 8A. In this embodi-
ment, an insulating structure 97 arranged between a first
conductive plate 91 provided with a plurality of first aper-
tures 93 and a second conductive plate 92 provided with a
plurality of second apertures 94 takes the form of a plurality
of elongate bars or struts. The bars are arranged such that
multiple openings formed by the plurality of first apertures

93 and the plurality of second apertures 94 are present
between successive bars.

In FIG. 8 A, the bars are represented by the black areas 83.
Areas 81, 82 correspond with areas provided with openings.
In this embodiment, area 82, in FIG. 8a represented by the
widely spaced dashed areas, 1s provided with openings that
are not used for providing a path for a charged particle beam.
On the other hand, area 81, 1in FIG. 8B represented by the
densely dashed areas, provides openings that serve the
purpose of providing a path for a charged particle beam. The
openings 1n area 82 are present to prevent side and/or edge
cllects. Due to the presence of the openings 1n area 82, the
openings 1n area 81 experience a substantially identical
clectrical environment.

FIG. 8B shows an embodiment in which edges of first
apertures 93 1n the first conductive plate 91 are rounded, a
gap 98 1s provided between a portion of the insulating
structure 97 and the second conductive plate 92, and the
insulating structure 97 1s provided with a conductive layer
96 at a surface facing the first conductive plate 91. It must
be noted that 1t 1s also possible to any of the aspects of the
invention discussed with reference to FIGS. 4-7, either
singly or in various combinations, with an 1nsulating struc-
ture 1n a bar-like format as shown 1n FIG. 8B.

The invention has been described by reference to certain
embodiments discussed above. It will be recognized that

these embodiments are susceptible to various modifications
and alternative forms well known to those of skill in the art.

The invention claimed 1s:

1. An electrostatic lens comprising:

a first conductive plate provided with a first aperture;

a second conductive plate provided with a second aper-
ture, the second aperture being substantially aligned
with the first aperture;

a voltage supply for supplying a first voltage to the first
conductive plate and a second voltage to the second
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conductive plate, the [second] first voltage being lower
than the [first] secornd voltage with respect to intended
function of the lens; and

an 1nsulating structure for separating the first conductive

plate from the second conductive plate;

wherein the mnsulating structure comprises a first portion

in contact with the first conductive plate and a second
portion 1n contact with the second conductive plate, the
first portion having an overhanging portion contacting
said {first conductive plate and the second portion
having an indented portion at an edge of the insulating
structure, and wherein a gap 1s formed between the
overhanging portion and the second conductive plate,
and

wherein a surface of the insulating structure facing the

first conductive plate is provided with a conductive
laver in electrical contact with the first conductive plate
Jor limiting electric field enhancement between the first
conductive plate and the insulating structure.

2. The electrostatic lens of claim 1, wherein the permit-
tivity of the gap i1s lower than the permittivity of the
insulating structure.

3. The electrostatic lens of claim 2, wherein the permit-
tivity of the gap 1s at least four times lower than the
permittivity of the insulating structure.

4. The electrostatic lens of claim 1, wherein, 1n operation,
the electric field strength 1n the gap between the overhanging
portion of the insulating structure and the second conductive
plate 1s greater than the electric field strength across the
second portion of the mnsulating structure.

5. The electrostatic lens of claim 1, wherein the first
portion and the second portion of the msulating structure are
ol equal thickness.

6. The electrostatic lens of claim 1, wherein the first
portion and the second portion of the insulating structure
comprise separate structures which are bonded together.

[7. The electrostatic lens of claim 1, wherein a surface of
the msulating structure facing the first conductive plate 1s
provided with a conductive layer in electrical contact with
the first conductive plate for limiting electric field enhance-
ment between the first conductive plate and the insulating
structure.]

8. The electrostatic lens of claim [7] /, wherein the
conductive layer 1s deposited on a surface of the msulating
structure using a deposition technique.

9. The electrostatic lens of claim [7] /, wherein said
conductive layer comprises chromium or tantalum.

10. The electrostatic lens of claim 1, wherein a distance
between the first conductive plate and the second conductive
plate lies 1 a range from about 100 to 200 um.

11. The electrostatic lens of claim 1, wherein the lens 1s
capable of withstanding a field strength of over 10 V/um
without flashover|, and more preferably within a range from
25-50 V/um without flashover].

12. The electrostatic lens of claim 1, wherein the 1nsulat-
ing structure comprises borosilicate glass.

13. An electrostatic lens array comprising a plurality of
clectrostatic lenses according to claim 1.

14. The electrostatic lens array of claim 13, wherein the
insulating structure takes the form of an insulating plate
provided with at least one third aperture, the at least one
third aperture being arranged such that a projection of its
side walls circumscribes multiple first apertures and second
apertures.

15. The electrostatic lens array of claim 13, wherein the
insulating structure takes the form of a plurality of elongated
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bars, such that between successive bars multiple transmis-
s1on paths formed by first apertures and second apertures are
present.

16. A charged particle beamlet lithography system com-
prising:

a source of charged particles for producing a beam of

charged particles;

an aperture array for producing a plurality of beamlets

from the charged particle beam:;

a beamlet conditioning system for conditioning the plu-

rality of beamlets 1n accordance with a pattern; and
the electrostatic lens array according to claim 13 for
focusing the plurality of beamlets.

17. The charged particle beamlet lithography system of
claim 16, wherein said electrostatic lens array 1s positioned
between said aperture array and said beamlet conditioning
system.

18. The charged particle beamlet lithography system of
claim 16, wherein said charged particle beamlet lithography
system further comprises a support unit for supporting a
substrate to be patterned and said electrostatic lens array 1s
positioned downstream of said beamlet conditioning system
tor focusing a plurality of conditioned beamlets on a target
surface of the substrate.

19. A method of manufacturing an insulating structure for
use 1n an electrostatic lens, the method comprising:

providing a {irst insulating plate;

manufacturing at least one first through hole 1n said first

insulating plate, said at least one first through hole
having a first diameter;

depositing a conductive layver on a surface of the first

insulating plate;
providing a second insulating plate;
manufacturing at least one second through hole 1n said
second 1nsulating plate, said at least one second
through hole having a second diameter, said second
diameter being larger than said first diameter; and

combining the first insulating plate and the second 1nsu-
lating plate to form an 1nsulating structure with the at
least one first through hole and the at least one second
through hole aligned such that said insulating structure
has at least one aperture formed by said at least one first
and second through holes, arnd such that the conductive
laver is provided on a surface of the insulating struc-
lure.

20. The method of claim 19, wherein the first insulating
plate and the second insulating plate are made of the same
insulating materal.

21. The method of claim 19, wherein at least one of the
first 1nsulating plate and the second insulating plate com-
prises borosilicate glass.

22. The method according to claim 19, wherein at least
one of the manufacturing the at least one first through hole
and the manufacturing the at least one second through hole
1s performed by power blasting.

23. An msulating structure for use 1n an electrostatic lens
manufactured according to the method of claim 19.

24. An electrostatic lens array comprising:

a first conductive plate provided with a plurality of first

apertures,
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a second conductive plate provided with a plurality of
second apertures, the second aperturves being substan-
tially aligned with the first apertures;

a voltage supply for supplyving a first voltage to the first
conductive plate and a second voltage to the second
conductive plate, the first voltage being lower than the
second voltage with respect to intended function of the
lens: and

an insulating structure for separating the first conductive
plate from the second conductive plate,

wherein the insulating structure is provided with a third
aperture, the third aperture comprising side walls,
wherein the thivd aperture is arranged such that a
projection of the side walls civcumscribes multiple of
said first apertures and said second apertures,

and wherein the insulating structure comprises a first
portion in contact with the first conductive plate and a
second portion in contact with the second conductive
plate, the first portion having an overhanging portion
contacting said first conductive plate and the second
portion having an indented portion at an edge of the
insulating structure, and wherein a gap is formed
between the overhanging portion and the second con-
ductive plate.

25. LElectrostatic lens array according to claim 24,
wherein the surface of the insulating structure facing the first
conductive plate is provided with a conductive laver in
electrical contact with the first conductive plate for limiting
electric field enhancement between the first conductive plate
and the insulating structure.

26. The electrostatic lens arrvay of claim 25, wherein the
conductive layer is deposited on a surface of the insulating
structure using a deposition technique.

27. The electrostatic lens array of claim 25, wherein said
conductive layer comprises chromium or tantalum.

28. The electrostatic lens array according to claim 24,
wherein the edges of the first apertures facing the second
apertures arve rvounded.

29. The electrostatic lens arvay of claim 24, wherein the

permittivity of the gap is lower than the permittivity of the

insulating structure.

30. The electrostatic lens array of claim 24, wherein, in
operation, the electric field strength in the gap between the
overhanging portion of the insulating structure and the
second conductive plate is greater than the electric field
strength across the second portion of the insulating struc-
lure.

31. The electrostatic lens arrvay of claim 24, wherein the

s Jirst portion and the second portion of the insulating struc-

55

ture are of equal thickness.

32. The electrostatic lens arrvay of claim 24, wherein a
distance between the first conductive plate and the second
conductive plate lies in a range from about 100 to 200 um.

33. The electrostatic lens arrvay of claim 24, wherein the
lens is capable of withstanding a field strength of over 10
V/ium without flashover.

34. The electrostatic lens arrvay of claim 24, whevrein the
insulating structure comprises borosilicate glass.
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