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Description

[0001] The present invention relates to a lithographic
projection apparatus comprising:

- a radiation system for providing a projection beam
of radiation;

- programmable patterning means for patterning the
projection beam according to a desired pattern;

- a substrate table for holding a substrate;
- a projection system for projecting the patterned

beam onto a target portion of the substrate; and
- a control system for providing a control signal to set

the programmable patterning means according to
said desired pattern.

Lithographic projection apparatus are used in
the manufacture of integrated circuits (ICs), flat
panel displays and other devices involving fine
structures. The programmable patterning means
generates a pattern corresponding to an individual
layer of, for example, the IC, and this pattern is im-
aged onto a target portion (e.g. comprising part of,
one or several dies) on a substrate (e.g. silicon wa-
fer or glass plate) that has been coated with a layer
of radiation-sensitive material (resist).

Prior to this imaging step, the substrate may un-
dergo various procedures, such as priming, resist
coating and a soft bake. After exposure, the sub-
strate may be subjected to other procedures, such
as a post-exposure bake (PEB), development, a
hard bake and measurement/inspection of the im-
aged features. These transfer procedures result in
a patterned layer of resist on the substrate. One or
more pattern steps, such as deposition, etching,
ion-implantation (doping), metallization, oxidation,
chemo-mechanical polishing, etc., follow, each of
which is intended to finish, create or modify a layer
of the device. If several layers are required, then the
whole procedure, or a variant thereof, is repeated
for each new layer. Eventually, an array of devices
will be present on the substrate (wafer). These de-
vices are then separated from one another by a
technique such as dicing or sawing, whence the in-
dividual devices can be mounted on a carrier, con-
nected to pins, etc.. Further information regarding
such processes can be obtained, for example, from
the book "Microchip Fabrication: A Practical Guide
to Semiconductor Processing", Third Edition, by
Peter van Zant, McGraw Hill Publishing Co., 1997,
ISBN 0-07-067250-4, incorporated herein by refer-
ence.

A complete substrate may have of the order of
3 x 1013 pixels over its full area. To achieve an ex-
posure throughput of about 5 wafers per hour using
a programmable patterning means with about 30 to
40 x 106 pixels requires that the programmable pat-
terning means be refreshed with new data approx-
imately every 250 microseconds taking account of

the time required for exposure and dead time, i.e.
at a rate of 4 kHz. Given that each pixel requires a
byte of data, the data must be transferred at a rate
of about 4 x 1012 bits per second. To calculate this
data from a file representing the mask pattern at the
necessary rate is a difficult problem and requires a
high speed, and therefore an expensive, computer.

It is an object of the present invention to provide
a lithographic projection apparatus using a pro-
grammable patterning means which has improved
throughput.

This and other objects are achieved according
to the invention in a lithographic apparatus as spec-
ified in the opening paragraph, characterized by a
second programmable patterning means serving to
pattern a second projection beam of radiation ac-
cording to said desired pattern,

- a second substrate table for holding a second sub-
strate; and

- a second projection system for projecting the sec-
ond patterned beam onto a target portion of the sec-
ond substrate;

wherein said control system also provides said control
signal to set said second programmable patterning
means according to said desired pattern.
[0002] The use of a second programmable patterning
means, set to have the same pattern by using the same
data as the first programmable patterning means, to ex-
pose a second substrate, substantially doubles the
throughput of the lithographic projection apparatus.
This, in turn, improves the cost effectiveness of the ap-
paratus. Present apparatus with two substrate tables
have two stable positions which, according to this inven-
tion, can both be used for exposing substrates.
[0003] In order to provide adequate signal control for
each of the patterning means, a local calibration unit
may be used with each of the programmable patterning
means. These units apply a local correction to the signal
provided by the control means to ensure the correct re-
sponse from both programmable patterning means.
[0004] A single radiation system may be used, its pro-
jection beam of radiation being split to provide two
beams, each patterned by one of the programmable pat-
terning means. Advantageously, this reduces the cost
of the lithographic projection apparatus. Alternatively,
two radiation systems may be provided, one with each
of the programmable patterning means. The capital cost
of this apparatus would be greater but the beam inten-
sity of each patterned beam would be greater than ap-
paratus in which the beam of a single radiation system
is split, thereby reducing the required exposure time and
hence increasing the throughput of the apparatus.
[0005] The first and second substrate tables, first and
second programmable pattern means and the first and
second projection systems may be mounted on a com-
mon base frame, essentially creating a single unified ap-
paratus. Alternatively, the first substrate table, the first
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programmable patterning means and the first projection
system may be mounted on a first base frame with the
second substrate table, the second programmable pat-
tern means and the second projection system mounted
on a second, separate, base frame. The latter arrange-
ment effectively provides two separate apparatus re-
ducing the risk of one part generating disturbances with
affect the accuracy of the second part.
[0006] According to a further aspect of the invention
there is provided a device manufacturing method com-
prising the steps of:

- providing a first substrate;
- providing a first projection beam of radiation using

a radiation system;
- generating a control signal using a control system,

said control signal used to generate a desired pat-
tern in a first programmable patterning means;

- using said first programmable patterning means to
pattern the first projection beam; and

- projecting the first patterned beam of radiation onto
a target portion of the first substrate;

characterized by:

- providing a second substrate;
- using said control signal to generate said desired

pattern in a second programmable patterning
means;

- using said second programmable patterning means
to pattern a second projection beam; and

- projecting said second patterned beam onto a tar-
get portion of said second substrate.

[0007] According to a yet further aspect of the inven-
tion there is provided a computer program for controlling
a lithographic projection apparatus, comprising code
means for instructing the apparatus to perform the fol-
lowing steps:

- generate a control signal used to generate a desired
pattern in a first programmable patterning means;

- using said first programmable patterning means to
pattern a first projection beam; and

- projecting the first patterned beam onto target por-
tion of a substrate;

characterized in that said computer program further
comprises code means for instructing the apparatus to
perform the following steps:

- using said control signal to generate said desired
pattern in a second programmable patterning
means;

- using said second programmable patterning means
to pattern a second projection beam; and

- projecting said second patterned beam onto a tar-
get portion of said second substrate.

[0008] The term "programmable patterning means"
as here employed should be broadly interpreted as re-
ferring to any means that can be used to endow an in-
coming radiation beam with a patterned cross-section,
so that a desired pattern can be created in a target por-
tion of the substrate; the terms "light valve" and "Spatial
Light Modulator" (SLM) can also be used in this context.
Examples of such patterning means include:

- A programmable mirror array. This may comprise a
matrix-addressable surface having a viscoelastic
control layer and a reflective surface. The basic
principle behind such an apparatus is that (for ex-
ample) addressed areas of the reflective surface re-
flect incident light as diffracted light, whereas unad-
dressed areas reflect incident light as undiffracted
light. Using an appropriate spatial filter, the said un-
diffracted light can be filtered out of the reflected
beam, leaving only the diffracted light to reach the
substrate; in this manner, the beam becomes pat-
terned according to the addressing pattern of the
matrix-addressable surface. An array of grating
light valves (GLV) can also be used in a correspond-
ing manner. Each GLV is comprised of a plurality of
reflective ribbons that can be deformed relative to
one another to form a grating that reflects incident
light as diffracted light. A further alternative embod-
iment of a programmable mirror array employs a
matrix arrangement of tiny mirrors, each of which
can be individually tilted about an axis by applying
a suitable localized electric field, or by employing
piezoelectric actuation means. Once again, the mir-
rors are matrix-addressable, such that addressed
mirrors will reflect an incoming radiation beam in a
different direction to unaddressed mirrors; in this
manner, the reflected beam is patterned according
to the addressing pattern of the matrix-addressable
mirrors. The required matrix addressing can be per-
formed using suitable electronic means. In both of
the situations described hereabove, the program-
mable patterning means can comprise one or more
programmable mirror arrays. More information on
mirror arrays as here referred to can be gleaned,
for example, from United States Patents US
5,296,891 and US 5,523,193, and PCT patent ap-
plications WO 98/38597 and WO 98/33096, which
are incorporated herein by reference.

- A programmable LCD array. An example of such a
construction is given in United States Patent US
5,229,872, which is incorporated herein by refer-
ence.

[0009] It should be appreciated that where pre-bias-
ing of features, optical proximity correction features,
phase variation techniques and multiple exposure tech-
niques are used, the pattern "displayed" on the pro-
grammable patterning means may differ substantially
from the pattern eventually transferred to a layer of or
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on the substrate.
[0010] For the sake of simplicity, the projection sys-
tem may be referred to as the "lens"; however, this term
should be broadly interpreted as encompassing various
types of projection system, including refractive optics,
reflective optics, catadioptric systems and micro lens ar-
rays, for example. It is to be understood that the term
"projection system" as used in this application simply re-
fers to any system for transferring the patterned beam
from the programmable patterning means to the sub-
strate. The radiation system may also include compo-
nents operating according to any of these design types
for directing, shaping or controlling the projection beam
of radiation, and such components may also be referred
to below, collectively or singularly, as a "lens". It has
been proposed to fill a space between the final element
of the projection system and the substrate with a liquid
that has a refractive index of greater than one. This en-
ables imaging of smaller features because the exposure
radiation will have a shorter wavelength in liquid. The
present invention may be used with apparatus of this
type. Further, the lithographic apparatus may be of a
type having two or more substrate tables (and/or two or
more mask tables). In such "multiple stage" devices the
additional tables may be used in parallel, or preparatory
steps may be carried out on one or more tables while
one or more other tables are being used for exposures.
Dual stage lithographic apparatus are described, for ex-
ample, in US 5,969,441 and WO 98/40791, incorporat-
ed herein by reference.
[0011] Although specific reference may be made in
this text to the use of the apparatus according to the
invention in the manufacture of ICs, it should be explic-
itly understood that such an apparatus has many other
possible applications. For example, it may be employed
in the manufacture of integrated optical systems, guid-
ance and detection patterns for magnetic domain mem-
ories, liquid-crystal display panels, thin-film magnetic
heads, thin film transistor liquid crystal displays, printed
circuit boards (PCBs), etc.
[0012] In the present document, the terms "radiation"
and "beam" are used to encompass all types of electro-
magnetic radiation, including ultraviolet radiation (e.g.
with a wavelength of 365, 248, 193, 157 or 126 nm) and
EUV (extreme ultra-violet radiation, e.g. having a wave-
length in the range 5-20 nm), as well as particle beams,
such as ion beams or electron beams.
[0013] Exemplary embodiments of the invention will
now be described, by way of example only, with refer-
ence to the accompanying schematic drawings, in
which:

Figure 1 depicts a lithographic projection apparatus
according to an embodiment of the invention;
Figure 2 depicts a section of the lithographic pro-
jection apparatus according to the present inven-
tion.

[0014] In the Figures, corresponding reference sym-
bols indicate corresponding parts.

Embodiment 1

[0015] Figure 1 schematically depicts a lithographic
projection apparatus according to a particular embodi-
ment of the invention. The apparatus comprises:

- a radiation system Ex, IL, for supplying a projection
beam PB of radiation (e.g. UV radiation), which in
this particular case also comprises a radiation
source LA;

- a programmable patterning means PPM (e.g. a pro-
grammable mirror array) for applying a pattern to
the projection beam; in general the position of the
programmable patterning means will be fixed rela-
tive to item PL; however it may instead be connect-
ed to a positioning means for accurately positioning
it with respect to item PL;

- an object table (substrate table) WT provided with
a substrate holder for holding a substrate W (e.g. a
resist-coated silicon wafer), and connected to posi-
tioning means for accurately positioning the sub-
strate with respect to item PL;

- a projection system ("lens") PL (e.g. a quartz and/
or CaF2 lens system or a catadioptric system com-
prising lens elements made from such materials, or
a mirror system) for projecting the patterned beam
onto a target portion C (e.g. comprising one or more
dies) of the substrate W; the projection system may
project an image of the programmable patterning
means onto the substrate; alternatively, the projec-
tion system may project images of secondary
sources for which the elements of the programma-
ble patterning means act as shutters; the projection
system may also comprise a micro lens array
(known as an MLA), e.g. to form the secondary
sources and to project microspots onto the sub-
strate.

[0016] As here depicted, the apparatus is of a reflec-
tive type (i.e. has a reflective programmable patterning
means). However, in general, it may also be of a trans-
missive type, for example (i.e. with a transmissive pro-
grammable patterning means).
[0017] The source LA (e.g. an excimer laser) produc-
es a beam of radiation. This beam is fed into an illumi-
nation system (illuminator) IL, either directly or after hav-
ing traversed conditioning means, such as a beam ex-
pander Ex, for example. The illuminator IL may com-
prise adjusting means AM for setting the outer and/or
inner radial extent (commonly referred to as σ-outer and
σ-inner, respectively) of the intensity distribution in the
beam. In addition, it will generally comprise various oth-
er components, such as an integrator IN and a condens-
er CO. In this way, the beam PB impinging on the pro-
grammable patterning means PPM has a desired uni-
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formity and intensity distribution in its cross-section.
[0018] It should be noted with regard to Figure 1 that
the source LA may be within the housing of the litho-
graphic projection apparatus (as is often the case when
the source LA is a mercury lamp, for example), but that
it may also be remote from the lithographic projection
apparatus, the radiation beam which it produces being
led into the apparatus (e.g. with the aid of suitable di-
recting mirrors); this latter scenario is often the case
when the source LA is an excimer laser. The current in-
vention and Claims encompass both of these scenarios.
[0019] The beam PB subsequently intercepts the pro-
grammable patterning means PPM. Having been re-
flected by the programmable patterning means PPM,
the beam PB passes through the projection system PL,
which focuses the beam PB onto a target portion C of
the substrate W. With the aid of the positioning means
(and interferometric measuring means IF), the substrate
table WT can be moved accurately, e.g. so as to position
different target portions C in the path of the beam PB.
Where used, the positioning means for the programma-
ble patterning means can be used to accurately correct
the position of the programmable patterning means
PPM with respect to the path of the beam PB, e.g. during
a scan. In general, movement of the object table WT is
realized with the aid of a long-stroke module (course po-
sitioning) and a short-stroke module (fine positioning),
which are not explicitly depicted in Figure 1. A similar
system may also be used to position the programmable
patterning means. It will be appreciated that the projec-
tion beam may alternatively/additionally be moveable
while the object table and/or the programmable pattern-
ing means may have a fixed position to provide the re-
quired relative movement.
[0020] Although the lithography apparatus according
to the invention is herein described as being for expos-
ing a resist on a substrate, it will be appreciated that the
invention is not limited to this use and the apparatus may
be used to project a patterned projection beam for use
in resistless lithography.
[0021] The depicted apparatus can be used in four
preferred modes:

1. Step mode: the entire pattern on the programma-
ble patterning means is projected in one go (i.e. a
single "flash") onto a target portion C. The substrate
table WT is then moved in the x and/or y directions
to a different position for a different target portion C
to be irradiated by the beam PB.
2. Scan mode: essentially the same as step mode,
except that a given target portion C is not exposed
in a single "flash". Instead, the programmable pat-
terning means is movable in a given direction (the
so-called "scan direction", e.g. the y direction) with
a speed v, so that the projection beam PB is caused
to scan over the programmable patterning means;
concurrently, the substrate table WT is simultane-
ously moved in the same or opposite direction at a

speed V = Mv, in which M is the magnification of the
lens PL. In this manner, a relatively large target por-
tion C can be exposed, without having to compro-
mise on resolution.
3. Pulse mode: the programmable patterning
means is kept essentially stationary and the entire
pattern is projected onto a target portion C of the
substrate using a pulsed radiation source. The sub-
strate table WT is moved with an essentially con-
stant speed such that the projection beam PB is
caused to scan a line across the substrate W. The
pattern on the programmable patterning means is
updated as required between pulses of the radiation
system and the pulses are timed such that succes-
sive target portions C are exposed at the - required
locations on the substrate. Consequently, the pro-
jection beam can scan across the substrate W to
expose the complete pattern for a strip of the sub-
strate. The process is repeated until the complete
substrate has been exposed line by line.
4. Continuous scan mode: essentially the same as
pulse mode except that a substantially constant ra-
diation source is used and the pattern on the pro-
grammable patterning means is updated as the pro-
jection beam scans across the substrate and ex-
poses it.

[0022] Combinations and/or variations on the above
described modes of use or entirely different modes of
use may also be employed.
[0023] Figure 2 shows a section of the lithographic
projection apparatus of the invention. A computer 10
generates the data to generate a pattern on a spatial
light modulator 11 or other programmable patterning
means. The same data is also used to generate a pat-
tern on a second spatial light modulator 12 or other pro-
grammable patterning means. The patterns on the spa-
tial light modulators 11 and 12 are used to pattern pro-
jection beams 13, 14 to produce patterned projection
beams 15, 16. The patterned projection beams are pro-
jected using projection optics 17, 18 onto substrates 19,
20, respectively. In this way data from a single computer
10 is used to drive the spatial light modulators to selec-
tively expose two substrates.
[0024] In order to ensure that both spatial light mod-
ulators 11, 12 respond correctly to the control signals
from the computer 10, the control signal is sent to first
and second local calibration units 21, 22 before being
provided to the first and second spatial light modulators
11, 12, respectively. The calibration units 21, 22 are
used to adjust the signal such that the signal maxima
and minima are at the required level and to provide the
correct gray levels in between.
[0025] The local calibration units 21,22 may include a
look-up table that contain any necessary correction for
each pixel in the spatial light modulator. The corrections
are applied to the pixel data generated by the computer
10 to produce the necessary input for setting the mirrors
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in the spatial light modulator to produce the correct gray
level.
[0026] In an alternative embodiment the master file
that the computer 10 uses to generate the pixel data for
the spatial light modulators is amended such that no lo-
cal calibration is required for one of the spatial light mod-
ulators and the local calibration unit for the other of the
spatial light modulators compensates for this.
[0027] A single radiation source may be used to pro-
duce both projection beams 13, 14. For instance, the
projection beam from the radiation system may be trans-
mitted through a beam splitter to produce the two radi-
ation beams 13, 14. However, each radiation beam 13,
14 will have approximately half the intensity of the orig-
inal radiation beam. In consequence the exposure time
will be increased for a given radiation source. In an al-
ternative arrangement of the present invention, the ap-
paratus comprises two radiation systems, the first pro-
ducing a beam of radiation 13 to be patterned by the first
spatial light modulator 11 and the second producing a
second beam of radiation 14 to be patterned by the sec-
ond spatial light modulator 12.
[0028] The present invention may also comprise fur-
ther spatial light modulators for patterning projection
beams which are also provided with the same control
signal from the computer 10. For example, the signal
from the computer 10 may be provided to the spatial light
modulator(s) in another lithographic projection appara-
tus.
[0029] The first and second substrate tables, the first
and second projection systems and the first and second
programmable pattern means may be mounted on a
common base frame that is isolated from vibrations from
the ground. Thus, the apparatus effectively forms a sin-
gle unit. The radiation system and, where applicable, the
second radiation system, may also be mounted on the
common base frame. Alternatively, the apparatus may
be split into two separate units, the first substrate table,
the first programmable patterning means and the first
projection system mounted on a first base frame and the
second substrate table, the second programmable pat-
tern means and the second projection system mounted
on a second, separate, base frame. Thus, the apparatus
is effectively split into two separate sub-units, minimiz-
ing any disturbance, such as vibrations, of one on the
other. As before, the radiation system, or radiation sys-
tems, if applicable, may be mounted on one or both of
the first and second base frames. As a further alterna-
tive, the first and second sub-units may have essentially
separate base frames but share a common frame for
one or more of the elements of the apparatus, such as
the projection systems.
[0030] It is to be appreciated that the extent to which
the control system is shared between the first and sec-
ond sub-units of the apparatus (containing the first and
second programmable patterning means, respectively)
will vary. For example, the control system may receive
pattern data corresponding to the desired pattern and

convert this into drive signals that are used directly to
set the first and second programmable pattern means.
Alternatively, the control system may provide the pattern
data to each of the programmable patterning means
which will individually convert the pattern data into drive
signals for setting the programmable patterning means.
In the latter situation, the control system may provide
the pattern data for the complete pattern to be produced
on the substrate, in which case the programmable pat-
terning means will also break the pattern data down in
the individual sections to be produced at each instant
on each programmable patterning means, or the control
system may break the pattern data down and only pro-
vide the relevant portion of the pattern data at each in-
stant to each of the programmable pattern means.
[0031] It is also to be appreciated that, while the in-
vention has been described above in terms of a first and
second programmable patterning means for exposing
first and second substrates the invention is not intended
to be limited to this and a plurality of programmable pat-
terning means may be used to expose a plurality of sub-
strates in a corresponding manner.
[0032] Whilst specific embodiments of the invention
have been described above, it will be appreciated that
the invention may be practiced otherwise than as de-
scribed. The description is not intended to limit the in-
vention.

Claims

1. A lithographic projection apparatus comprising:

- a radiation system for providing a first projec-
tion beam of radiation;

- programmable patterning means for patterning
the first projection beam according to a desired
pattern;

- a first substrate table for holding a first sub-
strate;

- a first projection system for projecting the first
patterned beam onto a target portion of the first
substrate; and

- a control system for providing a control signal
to set the first programmable patterning means
according to said desired pattern;

characterized by:

- a second programmable patterning means
serving to pattern a second projection beam of
radiation according to said desired pattern;

- a second substrate table for holding a second
substrate; and

- a second projection system for projecting the
second patterned beam onto a target portion of
the second substrate;

9 10



EP 1 372 036 A1

7

5

10

15

20

25

30

35

40

45

50

55

wherein said control system also provides said con-
trol signal to set said second programmable pat-
terning means according to said desired pattern.

2. A lithographic projection apparatus according to
claim 1, wherein said apparatus further comprises
a first calibration means for adjusting the control sig-
nal input to the first programmable patterning
means; and a second calibration means for adjust-
ing the control signal input to the second program-
mable patterning means.

3. A lithographic projection apparatus according to
claim 1 or 2, wherein said radiation system further
provides said second projection beam.

4. A lithographic projection apparatus according to
claim 1 or 2, wherein said apparatus further com-
prises a second radiation system for providing said
second projection beam.

5. A lithographic projection apparatus according to
any preceding claim, wherein said first substrate ta-
ble, said first programmable patterning means, said
first projection system, said second substrate table,
said second programmable patterning means and
said second projection system are mounted on a
common base frame.

6. A lithographic projection apparatus according to
any one of claims 1 to 4, wherein said first substrate
table, said first programmable patterning means
and said first projection system are mounted on a
first base frame and said second substrate table,
said second programmable patterning means and
said second projection system are mounted on a
second, separate, base frame.

7. A device manufacturing method comprising the
steps of:

- providing a first substrate;
- providing a first projection beam of radiation us-

ing a radiation system;
- generating a control signal using a control sys-

tem, said control signal used to generate a de-
sired pattern in a first programmable patterning
means;

- using said first programmable patterning
means to pattern the first projection beam; and

- projecting the first patterned beam of radiation
onto a target portion of the first substrate;

characterized by:

- providing a second substrate;
- using said control signal to generate said de-

sired pattern in a second programmable pat-

terning means;
- using said second programmable patterning

means to pattern a second projection beam;
and

- projecting said second patterned beam onto a
target portion of said second substrate.

8. A computer program for controlling a lithographic
projection apparatus, comprising code means for
instructing the apparatus to perform the following
steps:

- generate a control signal used to generate a de-
sired pattern in a first programmable patterning
means;

- using said first programmable patterning
means to pattern a first projection beam; and

- projecting the first patterned beam onto target
portion of a substrate;

characterized in that said computer program fur-
ther comprises code means for instructing the ap-
paratus to perform the following steps:

- using said control signal to generate said de-
sired pattern in a second programmable pat-
terning means;

- using said second programmable patterning
means to pattern a second projection beam;
and

- projecting said second patterned beam onto a
target portion of said second substrate.
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