
PLASMA-BASED EUV LIGHT SOURCE CROSS REFERENCE TO
RELATED APPLICATIONS [0001] This application claims
priority to U.S. Patent Application Serial No.
11/252,021, entitled "PLASMA-BASED EUV LIGHT SOURCE,"
filed on October 17, 2005, which is incorporated
herein by reference in its entirety. STATEMENT OF
GOVERNMENT SUPPORT [0002] This invention was made by
government support by U.S. Department of Energy Grant
No. DE-FG03-98-ER54460. The Government has certain
rights in this invention. TECHNICAL FIELD [0003] The
presently disclosed subject matter relates to the
providing of a plasma-based extreme ultraviolet (EUV)
light source. More specifically, it relates to the
applicability of such a light source in, for example,
lithography. BACKGROUND [0004] Lithography is used in
the manufacture of integrated circuits. It is used to
transfer circuit patterns from a mask to silicon (or
other equivalent and alternative) surfaces. In recent
times, for optical lithography at least, the
characteristic wavelength has decreased from 365 nm
(nanometers) to 248 nm to 193 nm and is currently
migrating to 157 nm. At a 157 nm wavelength, for
example, features could be printed at a resolution of
100 nm and maybe even at a 70 nm level using
phase-shift masks and optical proximity correction.
[0005] EUV light can further extend optical
lithography by using wavelengths in the range of 11 to
14 nm, allowing for shrinkage of feature size. For
example, a 13.5 nm EUV system could theoretically
print features much less than 30 nm. Operation at such
extremely short wavelengths, presents a number of
problems. Some of these problems have to do
withoptical absorption, requiring the use of
reflective materials instead of refractive ones;
others have to do with optical contamination,
requiring a vacuum environment. Still other problems
arise in power production, where an EUV source cannot
produce but a fraction of the suggested manufacturing
power output, which may be on the order of at least
100 watts of power at the entrance of the optics
system or intermediate focus. To solve at least the
last of these problems, it would be advantageous to
provide various plasma-based EUV light source
mechanisms, where, for example, the desired EUV
wavelength could be used at a desired power output
level 



in, for example, lithography. SUMMARY [0006] In
response to the problems and needs presented above,
plasma-based EUV light source mechanisms are provided
suitable for use in integrated circuit lithography. In
one aspect of the presently disclosed subject matter,
a manner of producing EUV light is provided, where a
neutral gas can be ionized into a plasma, and the
plasma can be accelerated to produce a sheared,
non-uniform, plasma flow. Based on the sheared plasma
flow, a plasma pinch can be formed for an extended
period of time, typically several orders of magnitude
longer than anything that has been done hitherto in
the art. Such prolonged plasma sustenance, which may
be a function of the sheared plasma flow formation
into the plasma pinch, allows corresponding magnified
EUV power output. Large power output, in turn, can be
used in optical lithography for integrated circuit
manufacture. [0007] As for the types of plasma used
for the EUV generation, such elements as Xenon, Tin,
or Lithium may be used. Using sheared flow of such
plasma may allow a significantly increased time
sustenance of the pinch, ranging anywhere from 20 to
40 microseconds (ms). Such extensive temporal pinch
sustenance may emit light with wavelengths in a range
around 13.5 nm with enough power to deliver at least
100 watts to an intermediate focus of a lithography
optics system - even at a lower duty cycle than
traditional equivalent mechanisms. However, this EUV
generation process may be repeated at a duty cycle in
the kilohertz (kHz) range, if so desired-but is not
strictly required, given the amount of power generated
by the plasma pinch. [0008] Moreover, various types of
apparatuses or devices may be used to accomplish such
EUV generation. For example, one such apparatus may
have a first electrode coaxially arranged with a
second electrode, where the first electrode may be an
anode and the second electrode may be a cathode (or
vice versa). A plasma pinch may be formed in the
interstice of the electrodes, with the aid of voltages
and magnetic fields. Furthermore, various ports and
injection valves may be provided. For example, a valve
for injecting a neutral gas (or a preionized plasma)
into the interstice may used, and ports can be used to
observe, measure, and record a set of events
associated with the plasma. [0009] Lastly, this
apparatus can be arranged in an EUV system suitable
for 



lithography, where the plasma pinch may act as a light
source, thus enabling integrated circuit manufacture
in conjunction with masks, optical condensers and
projections, and silicon or other wafers. It should be
noted, that this Summary is provided to introduce a
selection of concepts in a simplified form that are
further described below in the Detailed Description.
This Summary is not intended to identify key features
or essential features of the claimed subject matter,
nor is it intended to be used as an aid in determining
the scope of the claimed subject matter. BRIEF
DESCRIPTION OF THE DRAWINGS [0010] The foregoing
Summary, as well as the following Detailed
Description, is better understood when read in
conjunction with the appended drawings. In order to
illustrate the present disclosure, various aspects of
the disclosure are shown. However, the disclosure is
not limited to the specific aspects discussed. The
following figures are included: [0011] Figure IA
illustrates one device which may be implemented in
producing sheared plasma flow in order to provide an
EUV light source; [0012] Figure IB illustrates the
evolution of Fourier modes of the displacement of
pinch current set at a predetermined point in a
Z-pinch, where large magnetic fluctuations occur
during pinch assembly, after which the amplitude and
frequency of the magnetic fluctuations diminish;
[0013] Figure 1C illustrates, at various temporal
intervals, plasma in its stable state, as can be seen
through a typical port of the Z-pinch; [0014] Figure
2A illustrates an initial phase of sheared plasma flow
production that will eventually lead to EUV
production; [0015] Figure 2B illustrates what happens
when a self-generated magnetic field interacts with
the injected plasma, and the direction of the
acceleration of the sheared plasma flow from an
acceleration region to an assembly region; [0016]
Figure 2C illustrates the transition from the
acceleration region to the assembly region, as the
plasma is beginning to line up along the axis of
symmetry in order to form a plasma pinch; [0017]
Figure 2D illustrates the phase before the plasma
aligns along the axis of symmetry and how the magnetic
field pushes the plasma current sheet towards the
pinch between 



two coaxially configured electrodes;[0018] Figure 2E
illustrates how the sheared accelerated plasma aligns
along the axis of symmetry to form a plasma pinch
which can produce EUV light, where the plasma pinch
that is formed is a column of plasma between an inner
and outer electrode in an coaxial geometric
relationship; [0019] Figure 3 illustrates in block
diagram flow chart form exemplary steps in generating
an EUV light output from a sheared plasma flow; and
[0020] Figure 4 illustrates an exemplary EUV
lithography system, where the device of Fig. 1 can be
implemented in such a system which may be configured
to integrated circuit manufacture. DETAILED
DESCRIPTION [0021] Various aspects of the subject
matter illustrated in Figs. IA - 4 are described in
more detail directly below. First, general aspects of
a device configured to produce sheared plasma flow are
considered, followed by a discussion of an exemplary
process or method of producing EUV light based on such
sheared plasma flow. Lastly, a system for using such
EUV light is considered, where the system is used in
lithography. Aspects of Light Source Configured For
Producing EUV Light [0022] Various mechanisms may be
used for producing EUV Light. In one aspect of the
presently disclosed subject matter, a "Z-pinch" 100 is
shown in Fig. IA. The Z-pinch 100 is a type of plasma
confinement system that relies on the Lorentz force to
"pinch" or compress the plasma to high temperatures.
For example, such a confinement system 100 may be a
vacuum vessel 101 that contains the plasma. [0023]
According to Fig. IA, the Z-pinch 100 may comprise of
two regions: an acceleration region 116 and an
assembly region 118. As will be explained below in
greater detail, plasma in the Z-pinch 100 may start
out in the acceleration region 116 and become pinched
in the assembly region 118. The line of demarcation
102 between these regions is, of course, merely a
conceptual line, and is shown as a dashed line 102. It
should be noted, moreover, that the term "Z-pinch" is
used loosely here, since, technically speaking, the
"Zpinch" may also be understood to extend from the
dashed demarcation line 102 to the end wall of the
assembly region 128. 



[0024] Furthermore, an axis of symmetry 104 may be
shown around which the Z-pinch 100 may be constructed.
Thus, the Z-pinch 100 may also comprise of two
electrodes, which in turn may be an anode and a
cathode. The first electrode may be an inner electrode
106 (shaded in gray color) and the second electrode
may be an outer electrode 114 (also shaded in
graycolor). In one aspect of the presently disclosed
subject matter, the arrangement of these electrodes
may be coaxial in that one electrode surrounds the
other around the mentioned axis of symmetry 104.
[0025] Furthermore, Fig. IA shows an upper region 108A
of the acceleration region 116 and a lower region 108B
of the acceleration region 116. This distinction
between the upper 108A and lower 108B region is,
again, merely conceptual and is germane to the
discussion of Figs. 2A-2E, which focus only on the
upper region 108A when discussing the acceleration
region 116. This is done merely for brevity's sake,
and should not be interpreted as limiting in any way.
Likewise, the assembly region 118 is also divided into
an upper region HOA and a lower HOB region, and
similarly, for brevity's sake, only the upper region
11OA is discussed in Figs. 2A-2E. [0026] The
acceleration region 116 may be conceptually
intersected by an injection plane 112, along which
neutral gas may be injected into the Z-pinch 100. The
neutral gas, upon ionization, becomes the
aforementioned plasma. The injection plane 112 is
shown using a dashed line, and corresponds to the port
(not shown) via which the neutral gas is injected (the
port or injection valve is shown in Figs. 2A-2E).
Notably, the injected gas does not have to be neutral,
that is, it may already be in a plasma state, however,
in this sample implementation of the presently
disclosed subject matter, it is a neutral gas. [0027]
The Z-pinch 100 may have several different kinds of
ports which may be used for measurement, observation,
and equivalent purposes. By example only and not
limitation, the Z-pinch 100 may have a top 120 and a
bottom 121 port in the assembly region 118 which may
be used for spectroscopic measurement of the contents
of the Z-pinch 100. Similarly, the Z-pinch 100 may
also have side ports, 122 and 123, which may be used
for obtaining images from a fast framing camera and
for measuring content density by interferometry. Also,
smaller side ports 124 and 125 may be placed along the
acceleration region 116 in order to measure density
during plasma acceleration. As mentioned, these are
merely some of numerous variety of ports which may be
used. Various diagnostics related to the Z-pinch 100
may be designed to measure plasma 



flow profile and the stability of the plasma pinch, as
well as the plasma equilibrium parameters. Those
skilled in the art will readily appreciate a variety
of ports which may be useful in order to obtain
observation, measurement, and other kinds of
information. [0028] The Z-pinch 100, on one end, may
comprise a capacitor bank 126 that provides potential
difference between the inner 106 and outer 114
electrode. The capacitor bank may provide, for
example, 17.5 kJ configured as a pulse-forming
network. With this capability, a peak current of 150 -
200 kA may be provided, with a rise time of 25 ms, a
flat-top of 35 ms, and a fall time of 40 ms .[0029] In
one implementation of the Z-pinch 100, the
acceleration region 116 may be 1 m long, with a 20 cm
diameter outer electrode 114 and a 10 cm diameter
inner electrode 106. (Of course, these are merely
exemplary dimensions, and the Z-pinch as a light
source in some systems could be constructed on the
order of centimeters or less - depending on the need
of the system and the goals of the users of the
Z-pinch). [0030] Thus, neutral gas can be injected
with fast gas puff valves (see Figs. 2A-2E) into the
midplane annulus of the coaxial Z-pinch 100, along the
injection plane 112. The amount of injected neutral
gas can be controlled by varying the plenum pressure
in the puff valves. An electrical potential of about 5
to 9 kV can be applied to the acceleration region 116
to breakdown the neutral gas and thus ionize it
(however, depending on the need, more or less
potential can be applied, and thus these figures of 5
to 9 kV are merely exemplary and not limiting). The
ionized gas, or plasma, can then be accelerated to a
large axial velocity along the direction of the axis
of symmetry 104. [0031] Once the plasma exits the
acceleration region 116, it can form a Z-pinch plasma
column along the axis of symmetry 104 in the assembly
region 118. The Z-pinch plasma can be 1m long (roughly
the length of the assembly region 118) and can be
about 1 cm in radius. This process can then be
repeated, as the magnetic field in the acceleration
region 116 continues to accelerate plasma into the
assembly region 118 to form a Z-pinch plasma, thus
replacing old plasma as it exits the Z-pinch through
an aperture 130. Inertia can maintain the flow of the
plasma along the axis of symmetry 104, that is,
inertia generated in the acceleration process can
maintain the flow of the plasma through the entire
assembly region 118. Also, various devices 132 may be
coupled to the Z-pinch 100 in order to collect the EUV
light emitted from a given 



plasma pinch, and provide it to other devices and
apparatuses, such as optical devices and masks, which
may use the EUV light in integrated circuit
manufacture. [0032] During the quiescent period (see
below for more details), when the plasma has aligned
along the axis of symmetry 104, the plasma velocity
may be about 105 km/s (10 cm per 1 ms) , which means
that it can transit the length of the assembly region
118 every 10 ms, if the length of the assembly region
118 is 1 meter - as discussed above (although, other
commercially viable dimensions may also be used, as
will be readily recognized by those skilled in the
art). Once the plasma has gone through this
transition, it can be replaced by new plasma via a
valve (for example, see valve 206 in Fig. 2A) -
especially if impurities contaminate the plasma, or if
the plasma is lost somehow. [0033] In one aspect of
the disclosed subject matter, the voltage is applied
and drives the current which accelerates and
compresses the plasma. The current depletes the stored
energyin the aforementioned capacitors. The voltage
can remain connected to the system. After the
quiescent period, the plasma may become unstable and
end the relevant portion of the pulse (or pinch).
Additional currents may flow through the remnant
plasma, but this may not produce a useful pinch.
Finally, when the capacitor energy is too low, all
currents cease. The switch used to connect the
capacitors to the electrodes may use a current to
maintain connectivity. At this point the switch may
open. To begin the next pulse (or second pinch), the
capacitors can be recharged, neutral gas can be
injected, the voltage can be applied, and on. [0034]
An aperture to collect EUV light emitted by the plasma
could be arranged either axially or radially. In Fig.
1, the aperture 130 is arranged axially along the axis
of symmetry 104, but it could just as easily be
located radially at the location of one of the ports
122. The emitted light could be emitted from the full
volume of the plasma during the quiescent period and
it could be collected during this period, which may
extend to 40 ms or more. The collected light, in turn,
could be applied to condenser optics in order to be
used in the manufacture of integrated circuits (that
is, the light could be applied to silicon or other
wafers). [0035] As indicated already, the Z-pinch may
provide various port and measuring mechanisms. For
example, the electron density in the Z-pinch 100 can
be measured with a twochord, HeNe interferometer with
a heterodyne, quadrature detector. One chord can
traverse the plasma along a diameter, and a second
cord can be parallel to and 2 cm above the first
chord. 



The average plasma density in the Z-pinch 100 can then
be determined from the line-integrated densities from
the two chords to be approximately 2 x 1022 m 3 .
[0036] The magnetic field in the Z-pinch 100 can be
measured with an azimuthal array of eight
surface-mounted magnetic probes located in the outer
electrode 114. As mentioned, the plasma pinch radius
might be approximately 1 cm, corresponding to a
magnetic field at an edge of the Z-pinch plasma of 1
to 2 T during the lifetime of the Z-pinch plasma. Data
from these probes can be Fourier analyzed to determine
the time-dependent evolution of the low order
azimuthal modes (e.g. m = 1, 2, 3). [0037] Figure IB
shows the evolution of the m = 1, 2, and 3 Fourier
modes of the displacement of pinch current set at the
z = 0 line 132 of Fig. IA. Large magnetic fluctuations
occur during pinch assembly, after which the amplitude
and frequency of the magnetic fluctuations diminish.
This stable behavior continues for 35 ms to 45 ms, and
defines the quiescent period. At the end of the
quiescent period, fluctuation levels again change
character, increase in magnitude and frequency, and
remain until the end of the plasma pulse. [0038] Fig.
1C, in fact, illustrates the plasma in its stable
state, as can be seen through one of the ports,
discussed above, in the Z-pinch 100. In Fig. 1C,
optical emission images of theplasma are shown,
obtained with a fast framing camera equipped with a
notch pass filter which passes light with wavelengths
between 500 and 600 nm. The images, taken at intervals
of 28.5 ms, 29.5 ms, 30.5 ms, 31.4 ms, 32.4 ms, 33.4
ms, 34.4 ms, and 35.3 ms, clearly show the stability
of the plasma for an extended period of time. [0039]
Notably, data from other diagnostics are consistent
with this description of the plasma behavior. The
timing of the stable period shown in Fig. 1C
corresponds to the stable time shown in the
displacement mode data in Fig. IB. [0040] One of the
results observed from the plasma seen in Fig. 1C is
the brightness of the light from the plasma pinch.
This unexpected result, a function of the temporal
length of the plasma pinch formed by sheared flow of
the plasma, plasma density, and the plasma
temperature, leads to the plasma pinch EUV light
output being significant and efficient, and suitable
for example, for EUV lithography. [0041] Also, plasma
flow velocity profiles can be determined by measuring
the Doppler shift of plasma impurity lines using an
imaging spectrometer with an intensified CCD camera 



(ICCD) operated with a 100 ns gate. The spectrometer
images 20 spatial chords through the plasma pinch at
an oblique angle to the plasma axis, providing a
measurement of the axial velocity profile. The
chord-integrated data can be deconvolved to determine
the axial velocity profile. The velocity profile can
be measured at one time during a pulse. The evolution
of the velocity profile evolves from a large uniform
flow during pinch assembly to one that is sheared
(non-uniform) during the quiescent period. At the end
of the quiescent period, the velocity quickly decays,
resulting in a plasma profile that is low and uniform.
[0042] The theoretical growth time for a static
Z-pinch is 2 1 ns for the measured experimental values
and a mode with ka = p, where "k" is the axial wave
number of the mode, and "a" is the plasma radius. The
experimental results of this exemplary implementation
show a stable period of approximately 40 ms, which is
almost 2000 (two thousand) exponential growth times.
The experimentally measured axial velocity shear
exceeds the theoretically required shear threshold
during the quiescent period and the shear is below the
threshold outside of the quiescent period. The
correlation of the experimental stability data with
the plasma flow measurements is consistent with the
sheared flow stabilization theory. [0043] In another
aspect of the disclosed subject matter, the power
output by the Zpinch is the product of the energy per
plasma pulse and the duty cycle. The energy per pulse
is expected to be proportional to the product of the
plasma volume and the plasma lifetime. The ratio of
the energy per pulse for a flow Z-pinch EUV source to
that of a typical gas dischargeproduced plasma (GDPP)
source can be approximately 1x1 05. For example, the
Z-pinch plasmamay have a volume of 300 cc (cubic
centimeters) and its lifetime may be 30 ms
(microseconds), while the GDPP may have a volume of 1
cc and a lifetime of 0.1 ms . Thus, (300 cc 30 ms)  (
1 cc 0.1 ms) ~ 1x1 05. In fact, a flow Z-pinch EUV
source should produce much higher power even with a
lower duty cycle than traditional mechanisms, such as
the GDPP. The value may be higher than IxIO5, and with
a heavier gas like Xenon (Xe), the plasma lifetimes
may be longer. Aspects of Producing EUV Light Based On
Sheared Plasma Flow [0044] One of the goals of the
Z-pinch 100 device depicted in Fig. IA and measured in
Figs. IB and 1C, is to use sheared plasma flow in
order to stabilize an otherwise unstable plasma
configuration. Stabilization of the plasma
configuration can then be used to produce significant
EUV light, which in turn might be useful in such
technological fields as EUV lithography, as for 



example, in computer chip manufacture. One of the
reasons EUV light generated by the Z-pinch 100 is
especially useful in lithography is that it can
produce enough power-on the order of 100 watts or
more-which is useful in chip manufacture. [0045] One
aspect of "sheared" plasma flow is that such flow is
non-uniform. As mentioned, quiescent plasma can be
produced with such flow that lasts around 40 ms . This
length of time is longer by a factor of 2000 over
anything that has been produced in the art to date.
Such prolonged maintenance of a plasma pinch and the
associated EUV emission can be directly applied to
such uses as lithography. [0046] Figures 2A to 2E
explain one way in which sheared plasma flow can be
accomplished. Starting with Fig. 2A, the upper portion
108A and HOA (see Fig. IA) of the acceleration region
116 and the assembly region 118, respectively, of a
Z-pinch 200 are depicted. An inner electrode 202 is in
a coaxial configuration with an outer electrode 204.
As mentioned, one of these electrodes can be an anode
and the other can be a cathode. A valve 206 is shown,
which allows gas 208, for example, neutral gas, to be
injected into the interstice 203 between the inner
electrode 202 and the outer electrode 204. The gas 208
can the move across the line 212 demarcating the
acceleration region 108A from the assembly region HOA,
to eventually line up along the axis of symmetry 210
to form a Z-pinch plasma. [0047] Next, Fig. 2B depicts
the beginning of sheared plasma flow. Once the gas 208
has been injected in the interstice 203, a voltage is
applied to ionize the gas into a plasma 209. The
plasma 209 conducts a current between the inner
electrode 202 and the outer electrode 204 and this
produces a magnetic field (B) 224 in the interstice
203 to the left of the plasma 209 shown in Fig. 2B.
The current and the magnetic field interact to produce
a Lorentz force which accelerates the plasma in the
direction of the illustrated arrows 218, 220, and 222.
The magnetic field and the current density have a
radial dependence. The result is that the plasma 209
isaccelerated non-uniformly, that is, in a sheared
manner, as can be seen by the non-uniform width of the
plasma 209. It should be noted, however, that an
applied magnetic field could just as easily be added
to improve the stability characteristics of the
plasma. Various acceleration techniques are envisioned
by the presently disclosed subject matter, none of
which is dispositive but merely exemplary. [0048]
Specifically, with reference to Fig. 2C, the force on
the plasma 209 is non 



uniform. The force varies as 1 / r2, where "r" is the
radius of the interstice 203, beginning at the axis of
symmetry, where r = 0, and going up to the inner wall
of the outer electrode 204, where r = x (some non-zero
number). Thus, as can been seen via vector forces 218,
220, and 222, the force 218 nearest the axis of
symmetry 210 is the strongest and the force 222
nearest the outer electrode 204 is the weakest (the
length or magnitude of the vectors indicates force
strength). This disparity offeree strength causes the
non-uniform or sheared flow of the plasma 209. [0049]
The shear that is generated due to the radially
varying acceleration force, which varies as 1 / r2, as
stated above, tends to cause the plasma along the
inner electrode 106 to accelerate faster than the
plasma toward the outer electrode 114. The force is
proportional to B2, and B (the magnetic field) varies
as 1 / r . Moreover, in another aspect of the
disclosed subject matter, the plasma flow can be
monotonic, that is, it can have a single high flow
region transitioning to a single low flow region-but
this is not required. The shear also tends to satisfy
the shear threshold for stability: dVz / dr > 0.1k Va,
where k is the axial wave number, dVz/dr is the radial
shear of the axial velocity, and Va is the Alfven
speed characteristic of the plasma. [0050]
Interestingly, the geometry of the electrodes also
aids in sheared plasma 209 flow. For example, the
inner electrode 202 is smooth 224 in such a way that
it helps in the transition of the plasma 209 from its
original starting place around the valve 206 towards
the ending place around the axis of symmetry 210,
along which it will eventually assemble. [0051] Fig.
2D illustrates the scenario where the stationary
magnetic field 224 keeps pushing the plasma 209
towards the axis of symmetry 210 to form a Z-pinch
plasma. The forces 218, 220, and 222 keep changing in
magnitude and direction as the plasma 209 accelerates,
from left to right, across the Z-pinch 200. This force
variability causes sheared plasma 209 flow. [0052]
Finally, in Fig. 2E, a scenario is shown where the
plasma 209 has settled down along the axis of symmetry
210. The stationary magnetic field 224 keeps the
plasma 209 along the axis 210, as indicated by the
depicted forces 226. As mentioned above, such plasma
209 pinches can be maintained on the order of 40 ms,
which is at least 2000 times longer than anything
hitherto predicted or accomplished. Once the plasma
209 pinch is sustained, EUV light is emitted from
plasma 209. Depending of what type of plasma is used,
different wavelengths oflight will be produced. For
example, if the desired wavelength is in the EUV
range, such elements as Xenon, Tin, or Lithium can be
used. 



[0053] Figure 3 shows a block flow chart of one
typical implementation of the sheared flow plasma for
producing EUV. At block 300, a neutral gas or seed
plasma is provided. Then, at block 302, neutral gas is
ionized into a plasma. Next, at block 304, the plasma
is being accelerated using a magnetic field. The
acceleration is performed in a sheared manner, as
indicated at block 306. Once, the plasma is
accelerated in a sheared manner, it is eventually
formed into a plasma pinch, at block 308, between two
electrodes. Finally, at block 310, the plasma pinch is
sustained for some period of time, as discussed above,
so as to cause the plasma to emit EUV light during at
least a portion of the time the plasma pinch is
formed. Of course, this process can be repeated with
each new injection of plasma, as shown by block 312,
which feeds back to block 300. The rate at which this
process could be reproduced ranges on the order of
minutes to microseconds. For example, for mere
experimental and measurement purposes, it could be
reproduced every couple of minutes. For chip-making
purposes, it could be reproduced at the rate of
several kilohertz. Moreover, the time-averaged power
EUV light output could range from several watts to
several hundred watts. In one aspect, suitable for
chip manufacture, the power output by the Z-pinch
plasma could be 110 watts at the intermediate focus.
Moreover, the wavelength of EUV light, given, for
example, Xenon, Tin, or Lithium, could be in the range
of 10 to 17 nm, or, if such EUV light is sought for
chip manufacture, it could be about 13.5 nm. Aspects
of A System For Using EUV Light [0054] Lastly, given
the above discussion of the type of devices that might
be used for EUV emission, and the process of providing
such emission, a system is herein disclosed for using
such EUV emission in lithography. [0055] Typical
lithography, such as Deep Ultraviolet (DUV)
lithography, which uses light with wavelengths in the
193 nm to 248 nm range, may comprise the following
functional blocks: (1) light source; (2) reticle; (3)
reticle stage; (4) projection optics; (5) wafer stage;
(6) alignment system; and (7) focus system. Those
skilled in the art will readily appreciate these
blocks and any additional blocks required or desired
in lithography. However, EUV lithography differs from
DUV lithography in at least four respects: (1) EUV
light source may be in the 13.5 nm range, not the 193
nm range; (2) reflective optics may be used instead of
the predominantly refractive DUV optics; (3)
reflective reticles may be used instead of
transmitting DUV reticles; 



and (4) the EUV system may employ a vacuum environment
instead of the nitrogen-purged environment for
DUV.[0056] Figure 4 illustrates in block format one
EUV system that may be employed. At block 402, an EUV
light source is provided. The light source may be
produced by the device discussed with reference to
Fig. IA and the process discussed with reference to
Fig. 2A-2E. Once sheared plasma flow emits EUV light,
that light can then be condensed. [0057] Thus, at
block 404, condenser optics are employed, which may
consist of multilayered coated collector and grazing
incidence optics which collect and shape an EUV beam
in order to illuminate a reflective mask or reticle.
Thus, at block 408, reflective reticles are provided.
In such a set-up, a low-expansion reflective reticle
clamped to a scanning reticle stage moves a mask
across an illumination beam, and a reflective optical
system with aspheric components produces an x times
reduction of the mask image, as indicated at block
408. Finally, at block 410, the scanning wafer stage
containing a semiconductor substrate coated with
EUVsensitive photoresist can scan the wafer across the
EUV beam in synchronism with the scanning reticle
stage. [0058] Many different systems could be
implemented with the sheared plasma flow emitting EUV
source. The system discussed herein is merely
exemplary and therefore not limiting in any manner. As
mentioned already, an EUV system will differ from a
DUV system which may be employed currently in the art,
based on the shorter wavelengths employed by the EUV
system, the importance of reflective optics and
reticles (in contrast to refractive ones used in DUV),
and the importance of a vacuum environment to address
impurities and absorption issues. [0059] As mentioned
above, the EUV light source can be used in a
lithography system. However, this is merely one
exemplary use of the light source. It can also be used
in a sterilization system, a nanoprobe fabrication
system, in high resolution microscopy and holography,
and so on. Those skilled in the art will readily
appreciate the numerous applications of such an EUV
light source. [0060] While the present disclosure has
been described in connection with the preferred
aspects, as illustrated in the various figures, it is
understood that other similar aspects may be used or
modifications and additions may be made to the
described aspects for performing the 



same function of the present disclosure without
deviating therefrom. For example, in various aspects
of the disclosure, a sheared flow plasma pinch was
discussed, where such a plasma pinch was configured to
emit EUV light, which may be useful, for example, in
lithography. However, other equivalent mechanisms to
these described aspects are also contemplated by the
teachings herein. Therefore, the present disclosure
should not be limited to any single aspect, but rather
construed in breadth and scope in accordance with the
appended claims.What is Claimed: 1. A method for
producing extreme ultraviolet (EUV) light, comprising:
providing a plasma; accelerating the plasma to produce
a sheared plasma flow; forming a plasma pinch from the
accelerated plasma; and sustaining the plasma pinch
for a period of time so as to allow the plasma to emit
EUV light during at least a portion of said period of
time. 2. The method according to claim 1, further
comprising replacing the plasma after the plasma pinch
has been sustained and providing a new plasma used in
EUV light emission. 3. The method according to claim
1, wherein the plasma is accelerated at a rate to
satisfy a stability threshold. 4. The method according
to claim 1, wherein the plasma comprises Xenon. 5. The
method according to claim 1, wherein the plasma
comprises Tin. 6. The method according to claim 1,
wherein the plasma comprises Lithium. 7. The method
according to claim 1, wherein the plasma comprises
ionizable gas configured to emit EUV light. 8. The
method according to claim 1, further comprising
applying a voltage in the range of about 5kV to 9kV to
the plasma before it is accelerated. 9. The method
according to claim 1, wherein the period of time is at
least one of (a) about 20 microseconds to 40
microseconds and (b) at least 40 microseconds. 10. The
method according to claim 1, wherein the plasma pinch
is formed at a rate of about 1 kilohertz. 11. The
method according to claim 1, wherein the plasma pinch
is formed at a rate of about 10 to 100 hertz.12. The
method according to claim 1, wherein the plasma pinch
produces at least 100 watts 



of EUV power at an intermediate focus. 13. The method
according to claim 1, wherein the EUV light has a
wavelength in the range of about 10 to 17 nanometers.
14. An apparatus for producing extreme ultraviolet
(EUV) light, comprising: a first electrode; a second
electrode, wherein the second electrode is configured
coaxially with respect to the first electrode, such
that a pinch is formed between one end of the first
electrode and an adjacent region of second electrode,
wherein the pinch is configured to receive a sheared
flow of a plasma; an injection port configured for
injection of at least one of (a) gas and (b) plasma
into a region formed between the first electrode and
the second electrode; and an access port configured
for providing access to EUV light emanating from the
plasma formed in the pinch. 15. The apparatus
according to claim 14, wherein one of the first
electrode comprises one of (a) a cathode and (b) an
anode. 16. The apparatus according to claim 14,
wherein the first electrode is substantially curved
along one end, thereby permitting a smooth transition
of the plasma from the region to the pinch. 17. The
apparatus according to claim 14, wherein the second
electrode comprises one of (a) a cathode and (b) an
anode. 18. An lithography system for producing extreme
ultraviolet (EUV) light, comprising: a plasma source
for emitting EUV light, wherein the plasma source
generates the EUV light using sheared flow stabilized
plasma; a mask, wherein the plasma source is directed
at the mask; and a focusing apparatus for controlling
the EUV light emanating from the plasma source and
passing through at least one aperture of the mask. 19.
The system according to claim 18, wherein the focusing
apparatus comprises a reflective optic configured to
point the EUV light at a substrate.20. The system
according to claim 18, wherein at least part of the
system is encapsulated in a vacuum. 


