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SYSTEMS AND METHODS FOR IMPLEMENTING 
AN INTERACTION BETWEEN A LASER SHAPED 
AS A LINE BEAM AND A FILM DEPOSITED ON A 

SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention is a continuation-in-part of 
US. application Ser. No. 10/712,545, ?led on Nov. 13, 2003 
and titled, “LONG DELAY AND HIGH TIS PULSE 
STRETCHER” Which is a continuation-in-part of US. 
application Ser. No. 10/141,216, ?led on May 7, 2002, now 
US. Pat. No. 6,693,939, and titled, “LASER LITHOGRA 
PHY LIGHT SOURCE WITH BEAM DELIVERY,” the 
disclosures of each of Which are hereby incorporated by 
reference herein. 

[0002] The present invention is also a continuation-in-part 
of US. application Ser. No. 10/781,251, titled “VERY 
HIGH ENERGY, HIGH STABILITY GAS DISCHARGE 
LASER SURFACE TREATMENT SYSTEM,” ?led on Feb. 
18, 2004. 

[0003] The present invention is also a continuation-in-part 
of US. application Ser. No. 10/425,361, ?led on Apr. 29, 
2003 and titled, “LITHOGRAPHY LASER WITH BEAM 
DELIVERY AND BEAM POINTING CONTROL.” 

FIELD OF THE INVENTION 

[0004] The present invention relates to systems and meth 
ods for positioning a ?lm for interaction With a laser shaped 
as a line beam and for controlling parameters of the shaped 
line beam, for eXample, to melt an amorphous silicon ?lm, 
for eXample, to crystalliZe the ?lm for the purpose of 
manufacturing thin ?lm transistors (TFT’s). 

BACKGROUND OF THE INVENTION 

[0005] Laser crystallization of an amorphous silicon ?lm 
that has been deposited on a substrate, e.g., glass, represents 
a promising technology for the production of material ?lms 
having relatively high electron mobilities. Once crystalliZed, 
this material can then be used to manufacture thin ?lm 
transistors (TFT’s) and in one particular application, TFT’s 
suitable for use in relatively large liquid crystal displays 
(LCD’s). Other applications for crystalliZed silicon ?lms 
may include Organic LED (OLED) and System on a Panel 
(SOP). In more quantitative terms, high volume production 
systems may be commercially available in the near future 
capable of quickly crystalliZing a ?lm having a thickness of 
about 90 nm and a Width of about 700 mm or longer. This 
process may be performed using a pulsed laser that is 
optically shaped to a line beam, e.g., a laser that is focused 
in a ?rst aXis, e.g., the short aXis, and expanded in a second 
aXis, e.g., the long aXis. Typically, the ?rst and second aXes 
are mutually orthogonal and both aXes are substantially 
orthogonal to a central ray traveling toWard the ?lm. An 
eXemplary line beam for laser crystalliZation may have a 
beam Width of less than about 20 microns and a beam length 
of about 700 mm. With this arrangement, the ?lm can be 
scanned or stepped in a direction parallel to the beam Width 
to sequentially melt and crystalliZe a ?lm having a substan 
tial length, e.g., 700 mm or more. 

[0006] In some cases, it may be desirable to ensure that 
each portion of the silicon ?lm is eXposed to a laser energy 
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density that is controlled Within a preselected energy density 
range during melting. In particular, energy density control 
Within a preselected range is typically desired for locations 
along the shaped line beam, and a someWhat constant energy 
density is desirable as the line beam is scanned relative to the 
silicon ?lm. High energy density levels may cause the ?lm 
to How resulting in undesirable “thin spots”, a non-?at 
surface pro?le and poor grain quality. This uneven distri 
bution of ?lm material is often termed “agglomeration” and 
can render the crystalliZed ?lm unsuitable for certain appli 
cations. On the other hand, loW energy density levels may 
lead to incomplete melting and result in poor grain quality. 
By controlling energy density, a ?lm having substantially 
homogeneous properties may be achieved. 

[0007] One factor that can affect the energy density Within 
an eXposed ?lm is the spatial relationship of the thin ?lm 
relative to the pulsed laser’s depth of focus (DOF). This 
DOF depends on the focusing lens, but for a typical lens 
system con?gured to produce a line beam having a 20 
micron beam Width, a good approximation of DOF may be 
about 20 microns. 

[0008] With the above in mind, it is to be appreciated that 
a portion of the silicon ?lm that is completely Within the 
laser’s DOF Will eXperience a different energy density than 
a portion of the silicon ?lm that is only partially Within the 
laser’s DOF. Thus, surface variations of the silicon ?lm, the 
glass substrate and the vacuum chuck surface Which holds 
the glass substrate, even variations as small as a feW 
microns, if unaccounted for, can lead to unWanted variations 
in energy density from one ?lm location to another. More 
over, even under controlled manufacturing conditions, total 
surface variations (i.e., vacuum chuck+glass substrate+?lm) 
can be about 35 microns. It is to be appreciated that these 
surface variations can be especially problematic for focused 
thin beam having a DOF of only about 20 microns. 

[0009] In addition to surface variations, unWanted move 
ments of the ?lm relative to the shaped line beam can also 
lead to variations in energy density. For eXample, small 
movements can occur during stage vibrations. Also, an 
improper alignment of the stage relative to the shaped line 
beam and/or an improper alignment of the stage relative to 
the scan plane can result in an unWanted energy density 
variation. 

[0010] Other factors that can lead to a variation in energy 
density from one ?lm location to another can include 
changes in laser output characteristics during a scan (e.g., 
changes in pulse energy, beam pointing, beam divergence, 
Wavelength, bandWidth, pulse duration, etc). Additionally, 
the location and stability of the shaped line beam and the 
quality of the beam focus (e.g., shape) during a scan can 
affect energy density uniformity. 

[0011] With the above in mind,Applicants disclose several 
systems and methods for implementing an interaction 
betWeen a shaped line beam and a ?lm deposited on a 
substrate. 

SUMMARY OF THE INVENTION 

[0012] Systems and methods are disclosed for producing 
pulses having pulse characteristics suitable for an interaction 
With a ?lm deposited substrate as a shaped beam de?nes a 
short aXis and a long aXis. In one aspect of an embodiment 
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of the present invention, a system and method ate provided 
for stretching a laser pulse. The system may comprise a 
beam splitter for directing a ?rst portion of the pulse along 
a ?rst beam path and a second portion of the pulse along a 
second delaying beam path; and a plurality of re?ective 
elements positioned along the delaying beam path and 
arranged to invert the second beam portion and cooperate 
With the beam splitter to place at least a portion of the 
inverted second beam portion for travel on the ?rst beam 
path. 
[0013] In another aspect of an embodiment of the present 
invention, a system and method are provided for maintain 
ing a divergence of a pulsed laser beam at a location along 
a beam path Within a predetermined range. This system may 
comprise an adjustable beam expander; an instrument for 
measuring divergence and generating a signal indicative 
thereof; and a controller responsive to the signal to adjust the 
beam expander and maintain the divergence of the pulsed 
laser beam Within the predetermined range. 

[0014] In yet another aspect of an embodiment of the 
present invention, a laser crystalliZation apparatus and 
method are provided for selectively melting a ?lm disposed 
on a substrate. The apparatus may comprise a laser source 
producing a pulsed laser output beam; an optical system 
stretching pulses in the laser output beam to produce a pulse 
stretcher output; and an optical arrangement producing a line 
beam from the pulse stretcher output. 

[0015] In still another aspect of an embodiment of the 
present invention, a system and method are provided for 
maintaining the energy density at a ?lm Within a predeter 
mined range during an interaction of the ?lm With a shaped 
beam. This system may comprise an autofocus sensor for 
measuring a distance betWeen the ?lm and a focusing lens; 
and a controller using the measurement to adjust a light 
source parameter to maintain the energy density at the ?lm 
With the predetermined range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs a schematic vieW of the primary 
components of an exemplary production system for crystal 
liZing an amorphous silicon ?lm; 

[0017] FIG. 2 shoWs an apparatus for determining 
Whether a line beam is focused at a ?lm deposited on a 

substrate; 
[0018] FIG. 3A shoWs a graphical representation shoWing 
intensity variation as a function of short axis beam Width for 
three exemplary beams: a ?rst beam having a best focus in 
the sampled plane, a second beam having a best focus ten 
microns from the sample plane and a third beam having a 
best focus that is ?fteen microns from the sampled plane; 

[0019] FIG. 3B shoWs a graphical representation shoWing 
energy density as a function of lateral groWth length and 
indicates regions Where partial melting and agglomeration 
may occur; 

[0020] FIG. 4 shoWs a perspective vieW of a vacuum 
chuck assembly for holding a Workpiece during an interac 
tion With a line beam; 

[0021] FIGS. 5A-5Q are schematic plan vieWs shoWing a 
system, and illustrating its use, for positioning a silicon ?lm 
for interaction With a line beam; 
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[0022] FIG. 6 shoWs a schematic vieW of a portion of the 
system shoWn in FIG. 1 illustrating an aspect of an embodi 
ment of the present invention; 

[0023] FIG. 7 shoWs a detailed vieW of a six-mirror pulse 
stretcher; 
[0024] FIG. 8 shoWs a plot of intensity vs. time for a 
stretched and an unstretched pulse; 

[0025] FIG. 9 shoWs a plot of intensity vs. vertical Width 
illustrating the increase in vertical uniformity of a stretched 
pulse as compared to an unstretched pulse; and 

[0026] FIG. 10 shoWs an actively controllable beam 
expander that is independently adjustable in tWo axes. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0027] Referring initially to FIG. 1, there is shoWn a 
schematic, not to scale, vieW of the primary components of 
an exemplary production system, designated generally sys 
tem 10, for crystalliZing an amorphous silicon ?lm 12. As 
shoWn, the system 10 may include a laser source 20 for 
generating a pulsed laser beam, a pulse stretcher 22 for 
increasing pulse duration and a beam delivery unit 24 Which 
may have a mechanism to actively steer the beam and/or an 
active beam expander. The system 10 may further include a 
stabiliZation metrology module 26 for measuring one or 
more beam characteristics, e.g., Wavefront and/or beam 
pointing, and generating control signals for use by the active 
steering unit and/or the active beam expander. System 10 
may also include an optics module 28 for beam homogeni 
Zation, beam shaping and/or beam focusing, and a moveable 
stage system 30 for holding and positioning a silicon ?lm 12 
that has been deposited on a substrate 32, Which can be for 
example, glass. 
[0028] In overvieW, the system 10 shoWn in FIG. 1 and 
described in greater detail beloW can be con?gured to 
generate a focused thin beam 34, eg line beam, having a 
Width at the ?lm 12 of about 20 microns or less (short axis) 
and a length of 700 mm or more (long axis) and a depth of 
focus (DOF) of about 10-20 microns. Each pulse of the 
focused thin beam can be used to melt a strip of amorphous 
silicon. Thereafter, the strip crystalliZes. In particular, the 
strip crystalliZes in a lateral groWth process Wherein grains 
groW in a direction parallel to the short axis. Grains groW 
inWard from the edges (parallel to the short axis) and meet 
creating a ridge (a so-called grain boundary protrusion) 
along the center of the strip Which extends out of the plane 
of the silicon ?lm. The stage is then moved, either incre 
mentally or continuously, to expose a second strip that is 
parallel to and overlaps a portion of the ?rst strip. During 
exposure, the second strip melts and subsequently re-crys 
talliZes. An overlap suf?cient to re-melt the ridge may be 
used. By re-melting the ridge, a ?at ?lm surface (e.g., 
peak-to-peak value of ~15 nm) may be maintained. This 
process, Which is hereinafter referred to as thin-beam, 
sequential lateral solidi?cation (tb-SLS) is typically 
repeated until the entire ?lm is crystalliZed. 

[0029] FIG. 2 shoWs an apparatus for determining 
Whether a thin beam pulsed laser 34 is properly focused at 
a silicon ?lm 12 deposited on a substrate 32. Portions of the 
optics module 28 (see FIG. 1) may include a short axis ?eld 
stop 36 and a short axis focusing optic 37. Typically, the 
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beam is initially focused at the ?eld stop 36 and then imaged 
to produce an intensity pro?le as shoWn in FIG. 3A (plot 62) 
at the ?lm 12. FIG. 3A shoWs a pro?le (plot 62) for a ?eld 
stop 36 constructed as a slit having a small dimension in the 
short aXis. This arrangement may be used to produce the 
pro?le shoWn in FIG. 3A Which has a beam Width (FWHM) 
of about 13 pm, an intensity uniformity better than 5% along 
the ?at top of the pro?le, and steep edge slopes that may be 
less than about 3 um betWeen the 10% and 90% of full 
intensity. Beams having a Width betWeen about 5 and 10 um 
may also be used. A single-edge (i.e., knife-blade) may be 
used in place of the slit at the ?eld stop to produce a beam 
pro?le having a steep trailing edge slope (i.e., the edge 
corresponding to the material that Will not be re-melted 
during the tb-SLS process) While leaving the leading edge 
unaffected. Although shoWn as a single lens, it is to be 
appreciated that the focusing optic 37 may include a number 
of optical components including, but not limited to various 
types of lenses. 

[0030] FIG. 2 shoWs that the beam 36 is non-collimated 
and diverges from the ?eld stop 36 to the ?lm 12 in the long 
aXis 38. As indicated above, the length of the beam 36 in the 
long aXis 38 may be about 700 mm or longer. On the other 
hand, as illustrated in FIG. 1, the beam 36 is focused in the 
short aXis 40 by the optics module 28 Which may include the 
focusing optic 38. With this structural arrangement, light 42 
that has re?ected from the ?lm 12 continues to diverge from 
the optical aXis 44 and can be analyZed by a detecting system 
to determine Whether the beam 36 is adequately focused in 
the short aXis 40 (shoWn in FIG. 1). 

[0031] Continuing With reference to FIG. 2, the detecting 
system may include a full re?ection mirror 46 Which directs 
re?ected light 42 to an image plane 48. A magnifying lens 
50 is positioned to provide a magni?ed image of the image 
plane 48 at the camera 52. For the detecting system, the 
image plane 48 is positioned such that the distance traveled 
by re?ected light 42 from the ?lm 12 to the image plane 48 
is approximately equal (e.g. equal Within acceptable toler 
ances for the pertinent art) to the distance the same light had 
traveled from the short aXis ?eld stop 36 to the ?lm. A 
camera output can then be used to adjust one or more system 
variables to improve the focus at ?lm 12 or, as discussed in 
more detail beloW, alter the energy density at the ?lm 12. For 
eXample, the stage 30 can be moved relative to the focusing 
optic 37 to adjust the focus. 

[0032] In some cases, as shoWn in FIG. 2, it may be 
desirable to include a second detection system, similar to the 
one described above, having a mirror 54, magnifying lens 56 
and camera 58. In combination, the tWo detecting systems 
can be used to simultaneously determine Whether light is 
focused (in the short axis) at both ends of the beam in the 
long aXis 44. One noteWorthy functional aspect for the 
detecting systems shoWn in FIG. 2, is that the detecting 
systems, and in particular the mirrors 46, 54, are positioned 
such that they do not interfere With light traveling from the 
short aXis ?eld stop 36 to the substrate 12. Moreover, this 
arrangement alloWs the focus of the thin beam to be ana 
lyZed and adjusted during an eXposure of the ?lm 12. 

[0033] FIG. 3A shoWs a graphical representation shoWing 
intensity variation as a function of short aXis beam Width for 
a focused beam (plot 62), a beam that is ten microns 
out-of-focus (plot 64) and a beam that is ?fteen microns 
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out-of-focus (plot 66). Note; the plots shoWn are for a 
focusing lens having a numerical aperture (NA) of approXi 
mately 0.15. An interesting feature of these plots is that all 
of the plots 62, 64, 66 have relatively steep sideWalls. These 
steep sideWalls are a result of the optical arrangement shoWn 
in FIG. 2 in Which a short-axis ?eld stop 36 is used. As such, 
FIG. 3A shoWs that the variation in beam intensity as a 
beam goes out of focus is more pronounced than the 
corresponding change in beam Width. As indicated earlier in 
the Background Section of this document, it may be desir 
able to maintain energy density Within a pre-selected range 
at the ?lm 12. More speci?cally, energy density control at 
the ?lm 12 may be achieved over a range of focus conditions 
by varying characteristics of the laser pulse, e.g., pulse 
energy, With only a small change in beam Width. 

[0034] With the above in mind, Applicants disclose a 
system and method for maintaining energy density Within a 
preselected range at the ?lm 12, e.g., by altering a pulse 
characteristic to compensate for a change in focal condition. 
This change in focal condition can occur, for eXample, 
during a scan movement of the stage 30 relative to the laser 
beam. In greater detail, an energy density obtained With a 
slightly out-of focus beam (e.g., plot 66) may be chosen as 
the target energy density. With this target, a focal condition 
is measured, for eXample, using the detecting system shoWn 
in FIG. 2. It is to be appreciated that alternate methods to 
determine the focal condition can be used to include auto 
focus sensors (active or passive) or other suitable techniques 
capable of measuring a distance betWeen the ?lm 12 and the 
focusing optic 37 (see FIG. 2). Once the focal condition has 
been measured, a pulse characteristic such as pulse energy 
may be altered to reach the targeted energy density. Thus, if 
the measurement indicates that an out-of-focus condition 
eXists, a ?rst pulse energy, E1, corresponding to the target 
energy density for the out-of-focus condition is used. On the 
other hand, When the measurement indicates that the ?lm 12 
is Within the DOF, a second pulse energy, E2, corresponding 
to the target energy density for the focus condition is used, 
With E1<E2. 

[0035] FIG. 3B shoWs a graphical representation shoWing 
energy density as a function of lateral groWth length for a 50 
nm thick Si ?lm and indicates regions Where partial melting 
and agglomeration may occur. FIG. 3 also shoWs that the 
energy range for the lateral groWth may be quite Wide 
(approx. 450 mJ/cm2 and 820 mJ/cm2) With the lateral 
groWth length increasing proportionally With energy density. 
Larger lateral groWth length, in turn, may be bene?cial by 
alloWing a larger scan pitch (and higher throughput) While 
still re-melting the center ridge. 

[0036] Several methods can be used to adjust the pulse 
energy, as desired, and in some cases on a pulse-to-pulse 
basis. For eXample, for an EXcimer laser source, the dis 
charge voltage can be varied to achieve a pre-selected pulse 
energy. Alternatively, an adjustable attenuator can be posi 
tioned along the laser beam’s beam path to selectively alter 
pulse energy. For this purpose, any device knoWn in the art 
for reducing pulse energy including, but not limited to, ?lters 
and pulse trimmers may be used. Other pulse characteristics 
that can be altered to compensate for focus condition to 
maintain energy density Within a preselected range at dif 
ferent locations at the ?lm 12 may include, but are not 
necessarily limited to, pulse spectrum (i.e., Wavelength) 
using for eXample an adjustable line narroWing module or a 



US 2005/0259709 A1 

line selection module. Alternatively, an adaptive optic 
capable of fast focus control can be used as the focusing 
optic 37 responsive to a measured focal condition in a 
controlled feedback loop. 

[0037] FIGS. 4 and 5A-Q illustrate a system and corre 
sponding method of use to position a ?lm 12 for interaction 
With a line beam focused from a laser source. As shoWn in 
FIG. 4, an exemplary positioning arrangement can include 
a vacuum chuck 100 having a substantially planar surface 
101 (also shoWn in FIG. 5A), e.g. planar Within manufac 
turing tolerances for the pertinent art, that is positioned on, 
or is formed as an integral part of, a so-called ZPR table 102 
(see FIG. 5A), Which may comprise a moveable Wedge 
assembly. As best seen With cross-reference to FIGS. 4 and 
5A, the ZPR table 102 can be functionally capable of 
independently moving the vacuum chuck 100, back and 
forth in a Z direction, a Pitch direction Wherein the chuck 
100 is rotated about an X-axis, and a Roll direction in Which 
the chuck 100 is rotated about a Y-axis. FIG. 5A also shoWs, 
albeit schematically, that the system may include an X-stage 
104 for moving the vacuum chuck 100 back and forth in an 
X direction and a Y-stage 106 for moving the vacuum chuck 
100 back and forth in a Y direction. In a typical exemplary 
setup, X, Y and Z are three mutually orthogonal axes. As 
shoWn, both stages 104, 106 can be moveable relative to a 
stable reference block 108, eg granite block, Which de?nes 
a substantially planar reference surface 110 (eg planar 
Within manufacturing tolerances for the pertinent art). Typi 
cally, air bearings may be employed betWeen the stages 104, 
106 and granite block 108. 

[0038] As best seen in FIG. 5B, the system may include 
a plurality of optical sensors, Which for the embodiment 
shoWn are three autofocus sensors 112a-c, e.g., active or 
passive autofocus sensors that are ?xedly mounted relative 
to the granite block 108 via overhead housing 114. As 
shoWn, the three autofocus sensors 112A-C are spaced apart 
along the X-axis. Typically, they can be positioned along a 
line parallel to or on the X-axis. Moreover, as shoWn, each 
autofocus sensor 112a-c is oriented to measure a distance, 
such as distance 116, parallel to the Y-axis, betWeen the 
respective autofocus sensors 112a-c and the surface 101. 
This, in turn, provides a distance, parallel to the Y-axis, 
betWeen the surface 101 and the reference plane 110. 
Although three optical sensors are shoWn, it is to be appre 
ciated that a system having more than three and as feW as 
one optical sensor may be employed to perform some or all 
of the functional aspects detailed beloW. 

[0039] FIGS. 5B-5E illustrate hoW the system can deter 
mine a roll angle, 0t, betWeen the surface 101 and the 
reference plane 110. Speci?cally, beginning With FIG. 5B, 
it can be seen that a ?rst measurement (distance 116) can be 
made betWeen the autofocus sensor 112A and the surface 
101 With the table 102 at a ?rst position along the X-axis. 
Next, as shoWn in FIG. 5C, the table 102 can be translated 
along the X-axis by activation of the X-stage to position the 
table at a second position along the X-axis. At this second 
position, a second distance measurement can be made 
betWeen the autofocus sensor 112A and the surface 101. 
Although tWo measurements are suf?cient, FIG. 5D shoWs 
that the system may perform a third measurement, With the 
table at a third position along the X-axis. These measure 
ments can then be processed in an algorithm to determine a 
roll angle, 0t, betWeen the surface 101 and the reference 
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plane 110, as shoWn in FIG. 5E. Note a similar procedure 
(not illustrated) can be performed by moving the table 102 
along the Y-axis to determine an incline angle of the surface 
101 relative to the reference plane. 

[0040] Once the roll angle, 0t, (and, if desired, an incline 
angle) have been determined, the ZPR table 102 can be 
selectively activated to move the surface 101 until it is 
substantially parallel to the reference plane 110, as shoWn in 
FIG. 5F. At this point, a stage coordinate system may be 
established. In addition, as shoWn in FIG. 5G, the three 
autofocus sensors 112a-c may be calibrated for distance to 
the surface 101 and linearity over the measuring range. With 
this calibration, the surface 101 can be used as a reference 
(e.g., an autofocus reference plane) for future measurement. 

[0041] In one implementation of the system, the spatial 
position and orientation of a focused line beam of a laser can 
be determined. An exemplary focused beam Which can be 
characteriZed by a substantially linear beam axis 118, is 
depicted as a dashed line in FIG. 5H. For the system shoWn, 
pulsed laser light arrives at the beam axis 118 from above 
and in front of the overhang housing 114. Moreover, a 
portion of the ZPR table 102 extends outWardly along the 
Y-axis from the overhang housing 114, such that at least a 
portion of the surface 101 of the table 102 may be exposed 
to the pulsed laser. 

[0042] As further shoWn in FIG. 5H, the system may 
comprise a detector, Which for the embodiment shoWn can 
be a line beam camera 120, for measuring positions for a 
plurality of the thin beam focal locations (e.g., locations of 
best focus). More particularly, as shoWn, the line beam 
camera 120 can be mounted on the ZPR table 102, and 
accordingly, may be moveable thereWith. It is to be appre 
ciated that an arrangement having a plurality of line beam 
cameras (not shoWn) may be used to measure a plurality of 
line beam focal locations Without movement of the X-stage. 

[0043] FIGS. 5I-5L illustrate hoW the system With one 
camera 120 can determine the spatial position of the beam 
axis 118 and a relative angle, 4), betWeen the surface 101 and 
the beam axis 118. Speci?cally, beginning With FIG. 5I, it 
can be seen that a ?rst measurement can be made by the 

camera 120 representing (distance 122a), parallel to the 
Y-axis, betWeen the beam axis 118 and the reference plane 
110, With the table 102 at a ?rst position along the X-axis. 
Next, as shoWn in FIG. SJ, the table 102 can be translated 
along the X-axis by activation of the X-stage 104 to position 
the table at a second position along the X-axis. At this 
second position, a second distance measurement 122a, par 
allel to the Y-axis, may be made by the camera 120. 
Although tWo measurements may be suf?cient in some 
cases, FIG. 5K shoWs that the system may, e.g., perform a 
third measurement (distance 122c), With the table 102 at a 
third position along the X-axis. These measurements can 
then be processed in an algorithm to determine a relative 
angle, 4), betWeen the surface 101 and the beam axis 118, as 
shoWn in FIG. SL. 

[0044] Once the relative angle, 4), betWeen the surface 101 
and the beam axis 118 has been determined, the ZPR table 
102 can be selectively activated to move and orient the table 
102 into an alignment Wherein the surface 101 is substan 
tially parallel (e.g. parallel Within acceptable tolerances for 
the pertinent art) to the beam axis 118, as shoWn in FIG. 5M. 
Once aligned, FIG. 5N shoWs that the autofocus sensors 
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112a-c may be used to measure the position of surface 101 
(i.e., the autofocus reference plane) and calibrate the auto 
focus sensors 112a-c on the autofocus reference plane. This 
then establishes a Laser/Stage coordinate system. 

[0045] FIG. 50 shoWs that the glass substrate 32 and 
deposited ?lm 12 may noW be positioned on the vacuum 
chuck (i.e., surface 101). As shoWn there, the X-stage 104 
can be activated to move the table 102 to a favorable 
position to facilitate positioning of the ?lm 12 on the surface 
101. With the ?lm positioned on the table 102, the table 102 
can be moved for interaction With the autofocus sensors 
112a-c as shoWn in FIG. 5P. There, the autofocus sensors 
112a-c may be used to determine the height of the ?lm 12. 
With the height of the ?lm 12 knoWn, the ZPR table 102 can 
be activated to move the ?lm 12 to Within the depth of focus 
(DOF) of the focused, line beam as shoWn in FIG. 5Q. With 
the ?lm 12 Within the DOF of the laser, the laser can be 
activated to expose and melt a strip of the ?lm 12, for 
example, as part of a thin beam, sequential lateral solidi? 
cation (tb-SLS) process described above. 

[0046] In another aspect of an embodiment of the present 
invention, the system shoWn in FIGS. 5A-5Q may be used 
to compensate for a ?lm 12 having an imperfect, non-planar 
surface. This variation in surface pro?le may result from 
dimensional imperfections in the ?lm 12, the glass substrate 
32 and/or the vacuum chuck surface 101. By compensating 
for the variations in surface pro?le, a substantially constant 
energy density can be maintained at different locations of the 
?lm 12. For this purpose, as shoWn in FIG. 5P, the method 
can include the ?rst step of using the three autofocus sensors 
112a-c to determine three respective distances, parallel to 
the Y axis, betWeen the sensors and the ?lm 12. Using the 
line beam camera 120, the ZPR table 102 may be manually 
adjusted (by varying Z, pitch and roll) to position the surface 
101 along a line of best focus (i.e., beam axis 118). Next, the 
respective distances betWeen each sensor 112a-c and the 
?lm 12 can be stored as reference distances, resulting in 
three coordinate points on the ?lm 12. A linear ?t through 
these three coordinate points can be used to determine a 
calculated line of best focus (axis 118). During exposure, as 
the ?lm 12 is scanned along the Y-axis, distances to the ?lm 
12 can be measured by e.g., the three autofocus sensors 
112a-c, resulting in three neW coordinate points. A best-?t 
line can then be calculated that passes through these neW 
coordinate points and the ZPR table 102 can be adjusted via 
computer control to align the table 102 such that the best-?t 
line is substantially coincident (e.g., coincident Within 
acceptable tolerances for the pertinent art) to the calculated 
line of best focus (axis 118). 

[0047] FIG. 6 shoWs in further detail a portion of the 
system 10 shoWn in FIG. 1. Speci?cally, FIG. 6 shoWs an 
exemplary embodiment having a tWo chamber, excimer 
laser 20. It is to be appreciated that other types of laser 
sources could be used in the system 10, to include solid state 
lasers, excimer lasers having one chamber, excimer lasers 
having more than tWo chambers, e.g., an oscillator chamber 
and tWo amplifying chambers (With the amplifying cham 
bers in parallel or in series), or a solid state laser that seeds 
one or more excimer amplifying chambers. Other designs 
are possible. Further details for a tWo chamber laser source 
20 shoWn in FIG. 6, can be found in US. application Ser. 
No. 10/631,349, entitled CONTROL SYSTEM FOR A 
TWO CHAMBER GAS DISCHARGE LASER, ?led on Jul. 
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30, 2003, US. Ser. No. 10/356,168, entitled AUTOMATIC 
GAS CONTROL SYSTEM FOR A GAS DISCHARGE 
LASER, ?led on Jan. 31, 2003, US. Ser. No. 10/740,659, 
entitled METHOD AND APPARATUS FOR CONTROL 
LING THE OUTPUT OF A GAS DISCHARGE MOPA 
LASER SYSTEM, ?led on Dec. 18, 2003, US. Ser. No. 
10/676,907, entitled GAS DISCHARGE MOPA LASER 
SPECTRAL ANALYSIS MODULE ?led on Sep. 30, 2003, 
US. Ser. No. 10/676,224, entitled OPTICAL MOUNTINGS 
FOR GAS DISCHARGE MOPA LASER SPECTRAL 
ANALYSIS MODULE, ?led Sep. 30, 2003, US. Ser. No. 
10/676,175, entitled GAS DISCHARGE MOPA LASER 
SPECTRAL ANALYSIS MODULE, ?led Sep. 30, 2003, 
US. Ser. No. 10/631,349, entitled CONTROL SYSTEM 
FOR A TWO CHAMBER GAS DISCHARGE LASER, 
?led Jul. 30, 2003, US. Ser. No. 10/627,215, entitled VERY 
NARROW BAND, TWO CHAMBER, HIGH REP-RATE 
GAS DISCHARGE LASER, ?led on Jul. 24, 2003, US. Ser. 
No. 10/607,407, entitled METHOD AND APPARATUS 
FOR COOLING MAGNETIC CIRCUIT ELEMENTS, ?led 
on Jun. 25, 2003, US. Ser. No. 10/922,692, entitled TIM 
ING CONTROL FOR TWO-CHAMBER GAS DIS 
CHARGE LASER SYSTEM, ?led on Aug. 20, 2004, US. 
Pat. No. 6,625,191, entitled HIGH REP RATE MOPA 
LASER SYSTEM, and US. Pat. No. 6,567,450, entitled 
BASIC MODULAR MOPA LASER SYSTEM, the disclo 
sures of all of Which are hereby incorporated by reference 
herein. 

[0048] In overvieW, FIG. 6 shoWs that the tWo chamber 
laser source 20 may include a master oscillator 208 and a 
poWer ampli?er 210, and accordingly, is often referred to as 
a so-called MOPAlaser source. In one implementation of the 
tb-SLS process described above, a 6 KhZ (6000 pulses per 
second) MOPA laser may be used With pulse energies of 
approximately 150 ml With this arrangement, a 730 
mm><920 mm ?lm may be processed (With 60 percent 
overlap) in about 75 seconds. 

[0049] The master oscillator 208 and the poWer ampli?er 
210 each comprise a discharge chamber Which may contain 
tWo elongated electrodes, a laser gas, e.g., XeCl, XeF, ArF 
or KF, a tangential fan for circulating the gas betWeen the 
electrodes and one or more Water-cooled ?nned heat 

exchangers (not shoWn). The master oscillator 208 produces 
a ?rst laser beam 214A Which can be ampli?ed by, e.g., tWo 
passes through the poWer ampli?er 210 to produce laser 
beam 214B. The master oscillator 208 can comprise a 
resonant cavity formed by output coupler 208A and line 
narroWing module 208B both of Which are described in 
detail in the applications and patents referenced earlier. The 
gain medium for master oscillator 208 may be produced 
betWeen tWo electrodes, each about thirty to ?fty centime 
ters in length and contained Within the master oscillator 
discharge chamber. 

[0050] PoWer ampli?er 210 may comprise a discharge 
chamber similar to the discharge chamber of the master 
oscillator 208 providing a gain medium betWeen tWo elon 
gated electrodes. HoWever, unlike the master oscillator 208, 
the poWer ampli?er 210 typically has no resonant cavity and 
the gas pressure can, in general, be maintained higher than 
that of the master oscillator 208. The MOPA con?guration 
shoWn in FIG. 6 permits the master oscillator 208 to be 
designed and operated to maximiZe beam quality parameters 
such as Wavelength stability, and to provide a very narroW 



US 2005/0259709 A1 

bandwidth; Whereas the power ampli?er 210 may be 
designed and operated to maximize poWer output. 

[0051] The output beam 214A of the master oscillator 8 
can be ampli?ed by, e.g., tWo passes through poWer ampli 
?er 210 to produce output beam 214B. The optical compo 
nents to accomplish this can be contained in three modules 
Which Applicants have named: master oscillator Wave front 
engineering box, MO WEB, 224, poWer ampli?er Wavefront 
engineering box, PAWEB, 226 and beam reverser, BR, 228. 
These three modules along With line narroWing module 
208B and output coupler 208A may all be mounted on a 
single vertical optical table independent of discharge cham 
ber 208C and the discharge chamber of poWer ampli?er 210. 
With this arrangement, chamber vibrations caused by acous 
tic shock and fan rotation may be substantially isolated from 
the optical components. 

[0052] The optical components in the line narroWing mod 
ule 208B and output coupler 208A are described in greater 
detail in the applications and patents referenced above. In 
overvieW, the line narroWing module (LNM) 208B may 
comprise a three or four prism beam expander, a very fast 
response tuning mirror and a grating disposed in LitroW 
con?guration. The output coupler 208A may be a partially 
re?ecting mirror Which typically re?ects about 20 percent of 
the output beam for KrF systems and about 30 percent for 
ArF systems. The remaining non-re?ected light passes 
through output coupler 208 and into a line center analysis 
module (LAM) 207. From the LAM 207, light may pass into 
the MO WEB 24. The MO WEB may comprise a total 
internal re?ection (TIR) prism (or ?rst surface mirror With a 
high re?ection coating) and alignment components for pre 
cisely directing the output beam 214A into the PA WEB 226. 

[0053] The PA WEB 226 may comprise a TIR prism (or 
?rst surface mirror With a high re?ection coating) and 
alignment components for directing a laser beam 214A into 
a ?rst pass through poWer ampli?er gain medium. The beam 
reverser module 228 may comprise a tWo-re?ection beam 
reversing prism Which relies on total internal re?ection and 
therefore requires no optical coatings. Alternatively, the 
beam reverser 228 may be a full re?ection mirror. In either 
case, the beam reverser 228 may be adjustable in response 
to a control signal from a metrology device, e.g., SMM 26, 
to direct the partially ampli?ed beam on a pre-selected beam 
path back through the poWer ampli?er gain medium. In 
particular, the beam reverser may be adjusted to correct 
beam pointing error and, as discussed beloW, to reduce the 
beam divergence of the beam exiting the pulse stretcher 22. 

[0054] After reversal in the beam reversing module 228, 
the partially ampli?ed beam 214A can make another pass 
through the gain medium in poWer ampli?er 210 and exit 
through spectral analysis module 209 and PA WEB 226 as 
poWer ampli?er output beam 214B. From the PA WEB 226, 
the beam enters, e.g., a six-mirror pulse stretcher 22 Which, 
as detailed beloW, may increase pulse duration, reduce beam 
intensity variations across the beam section (i.e., average or 
smooth out the intensity pro?le), and reduce beam coher 
ence. By increasing pulse duration, the peak intensity of 
each laser pulse is reduced While maintaining pulse energy. 
For the system 10 shoWn in FIG. 1, the optical components 
in the optics module 28 may comprise relatively large 
lenses, Which are dif?cult and expensive to fabricate. These 
expensive optical components are often subject to degrada 
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tion resulting from billions of high intensity ultraviolet 
pulses. Moreover, optical damage is knoWn to increase With 
increasing intensity (i.e., light poWer (energy/time) per 
cm.sup.2 or mJ/ns-cm.sup.2) of the laser pulses. Thus, 
reducing pulse intensity by increasing pulse duration may 
increase the life of these optical components. Moreover, an 
increase in pulse duration may be bene?cial in the crystal 
liZation process. Instead of, or in addition to the six mirror 
pulse stretcher 22, one or more of the pulse stretchers 
disclosed in co-pending US. application Ser. No. 10/712, 
545, ?led on Nov. 13, 2003 and titled, “LONG DELAY 
AND HIGH TIS PULSE STRETCHER” may be used to 
create stretched pulses for use in the thin beam sequential 
lateral solidi?cation (tb-SLS) process described herein, and 
in particular, pulse stretchers having an output pulse of 200 
ns time integrated square (TIS) may be used. U.S. applica 
tion Ser. No. 10/712,545 is hereby incorporated by reference 
herein. 

[0055] FIG. 7 shoWs a more detailed vieW of the six 
mirror pulse stretcher 22 shoWing the beam paths through 
pulse stretcher 22. A beam splitter 216 can be selected to 
re?ect a predetermined percent of the poWer ampli?er output 
beam 214B into a delay path created by six focusing mirrors 
320A, 320B, 320C, 320D, 320E and 320F. The remaining 
light is transmitted through the beam splitter 216. It is to be 
appreciated that the beamsplitter’s re?ect/pass characteristic 
may affect the output pulse duration and/or output pulse 
shape. For the stretcher 22, each mirror 320A-F may be a 
focusing mirror, e.g., a concave spherical mirror. Typically, 
to facilitate alignment of the pulse stretcher 22, one or more 
of the six mirrors may be adjustable, e.g., a tip/tilt adjust 
ment. 

[0056] As shoWn in FIG. 7, re?ected light from the beam 
splitter 216 may travel unfocused (i.e., substantially colli 
mated) along path 301A to mirror 320A Which then focuses 
a re?ected portion along path 301B to point 302 Which is 
located midWay betWeen mirror 320A and mirror 320B. The 
beam then expands and may be re?ected from mirror 320B, 
Which converts the expanding beam into a parallel (i.e., 
substantially collimated) beam and directs it along path 
301C to mirror 320C. Mirror 320C, can then focus a 
re?ected portion along path 301D to point 304 Which may be 
located midWay betWeen mirror 320C and mirror 320D. The 
beam then expands and can be re?ected from mirror 320D 
Which converts the expanding beam into a parallel (i.e., 
substantially collimated) beam and directs it along path 
301E to mirror 320E. Mirror 320E, can then focus a re?ected 
portion along path 301F to point 306 Which is located 
midWay betWeen mirror 320E and mirror 320F. The beam 
may then expand and be re?ected from mirror 320F Which 
converts the expanding beam into a parallel (i.e., substan 
tially collimated) beam and directs it along path 301G to 
beam splitter 216. At the beam splitter 216, the beam from 
mirror 320F may be re?ected onto path 301H Where it joins 
the portion of the pulse that is transmitted through the beam 
splitter 216. Together, the transmitted and delayed pulse 
portions establish a pulse stretcher beam output 214C, as 
shoWn. The stretched pulse 400 is plotted as intensity vs. 
time in FIG. 8 and can be compared With the shape of the 
poWer ampli?er output pulse 402 (unstretched pulse) Which 
is also plotted in FIG. 8. For the stretched pulse shoWn, the 
pulse may be shaped having tWo large, approximately equal 
peaks With smaller diminishing peaks folloWing in time after 
the ?rst tWo peaks. It is to be appreciated that the shape of 










