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SYSTEMS AND METHODS FOR 
PROCESSING THIN FILMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of and claims the 
bene?t of priority under 35 U.S.C §120 to US. patent appli 
cation Ser. No. 10/754,133 ?led on Jan. 9, 2004, and entitled 
“Systems and Methods for Processing Thin Films,” Which 
claims priority under 35 U.S.C. §119(e) to US. Provisional 
PatentApplication No. 60/ 503,346 ?led on Sep. 16, 2003, and 
entitled “Systems and Methods for Processing Thin Films,” 
both of Which are hereby incorporated in their entirety by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to a method and system for 
processing thin ?lms, and more particularly to forming crys 
talline thin ?lms from amorphous or polycrystalline thin ?lms 
using laser irradiation. In particular, the present disclosure 
relates to systems and methods that utilize laser beam pulses 
to irradiate at least tWo thin ?lms at the same time. 

BACKGROUND OF THE INVENTION 

[0003] In recent years, various techniques for crystallizing 
or improving the crystallinity of an amorphous or polycrys 
talline semiconductor ?lm have been investigated. This tech 
nology is used in the manufacture of a variety of devices, such 
as image sensors and active-matrix liquid-crystal display 
(AMLCD) devices. In the latter, a regular array of thin-?lm 
transistors (TFT) is fabricated on an appropriate transparent 
substrate such that the TFTs serve as integration regions and 
pixel regions. 
[0004] Semiconductor ?lms can be processed using exci 
mer laser annealing (ELA), also knoWn as line beam ELA, in 
Which a region of the ?lm is irradiated by an excimer laser to 
partially melt the ?lm and then crystallized. The process 
typically uses a long, narroW beam shape that is continuously 
advanced over the substrate surface, so that the beam can 
potentially irradiate the entire semiconductor thin ?lm in a 
single scan across the surface. ELA produces homogeneous 
small grained polycrystalline ?lms; hoWever, the method 
often suffers from microstructural non-uniformities Which 
can be caused by pulse to pulse energy density ?uctuations 
and/or non-uniform beam intensity pro?les. In addition, it 
may take approximately 200 second to 600 seconds to com 
pletely process the semiconductor ?lm sample using the ELA 
techniques, Without even taking into consideration the time it 
takes to load and unload such sample. 
[0005] Sequential lateral solidi?cation (SLS) using an exci 
mer laser is one method that has been used to form high 
quality polycrystalline ?lms having large and uniform grains. 
A large-grained polycrystalline ?lm can exhibit enhanced 
sWitching characteristics because the reduced number of 
grain boundaries in the direction of electron ?oW provides 
higher electron mobility. SLS processing also provides con 
trolled grain boundary location. US. Pat. Nos. 6,322,625 and 
6,368,945 issued to Dr. James Im, and US. patent application 
Ser. Nos. 09/390,535 and 09/390,537, the entire disclosures 
of Which are incorporated herein by reference, and Which are 
assigned to the common assignee of the present application, 
describe such SLS systems and processes. 
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[0006] In an SLS process, an initially amorphous (or small 
grain polycrystalline) silicon ?lm is irradiated by a very nar 
roW laser beamlet, e.g., laser beam pulse. The beamlet is 
formed by passing a laser beam pulse through a slotted mask, 
Which is projected onto the surface of the silicon ?lm. The 
beamlet melts the amorphous silicon and, upon cooling, the 
amorphous silicon ?lm recrystallizes to form one or more 
crystals. The crystals groW primarily inWard from edges of 
the irradiated area toWard the center. After an initial beamlet 
has crystallized a portion of the amorphous silicon, a second 
beamlet is directed at the silicon ?lm at a location less than the 
lateral groWth length from the previous beamlet. Translating 
a small amount at a time, folloWed by irradiating the silicon 
?lm, promotes crystal grains to groW laterally from the crystal 
seeds of the polycrystalline silicon material formed in the 
previous step. As a result of this lateral groWth, the crystals 
produced tend to attain high quality along the direction of the 
advancing beamlet. The elongated crystal grains are sepa 
rated by grain boundaries that run approximately parallel to 
the long grain axes, Which are generally perpendicular to the 
length of the narroW beamlet. See FIG. 6 for an example of 
crystals groWn according to this method. One of the bene?ts 
of these SLS techniques is that the semiconductor ?lm sample 
and/or sections thereof can be processed (e.g., crystallized) 
much faster that it Would take for the processing the semicon 
ductor ?lm by the conventional ELA techniques. Typically, 
the processing/ crystallization time of the semiconductor ?lm 
sample depends on the type of the substrates, as Well as other 
factors. For example, it is possible to completely process/ 
crystallize the semiconductor ?lm using the SLS techniques 
in approximately 50 to 100 seconds not considering the load 
ing and unloading times of such samples. 
[0007] When polycrystalline material is used to fabricate 
electronic devices, the total resistance to carrier transport is 
affected by the combination of barriers that a carrier has to 
cross as it travels under the in?uence of a given potential. Due 
to the additional number of grain boundaries that are crossed 
When the carrier travels in a direction perpendicular to the 
long grain axes of the polycrystalline material or When a 
carrier travels across a larger number of small grains, the 
carrier Will experience higher resistance as compared to the 
carrier traveling parallel to long grain axes. Therefore, the 
performance of devices fabricated on polycrystalline ?lms 
formed using SLS, such as TFTs, Will depend upon the crys 
talline quality and crystalline orientation of the TFT channel 
relative to the long grain axes, Which corresponds to the main 
groWth direction. 
[0008] In order to uniformly process the semiconductor 
?lms, it is important for the beam pulse to be stable. Thus, to 
achieve the optimal stability, it is preferable to pulse or ?re the 
beam constantly, i.e., Without stopping the pulsing of the 
beam. Such stability may be reduced or compromised When 
the pulsed beams are turned off or shut doWn, and then 
restarted. HoWever, When the semiconductor sample is loaded 
and/or unloaded from a stage, the pulsed beam Would be 
turned off, and then turned back on When the semiconductor 
sample to be processed Was positioned at the designated 
location on the stage. The time for loading and unloading is 
generally referred to as a “transfer time.” The transfer time for 
unloading the processed sample from the stage, and then 
loading another to-be-processed sample on the stage is gen 
erally the same for the ELA techniques and the SLS tech 
niques. Such transfer time can be betWeen 50 and 100 sec 
onds. 
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[0009] In addition, the costs associated With processing 
semiconductor samples are generally correlated With the 
number of pulses emitted by the beam source. In this manner, 
a “price per shot/pulse” is established. If the beam source is 
not shut doWn (i.e., still emit the beam pulses) When the next 
semiconductor sample is loaded unto the stage, or unloaded 
from the stage, the number of such irradiations by the beam 
source When the sample is not being irradiated by the beam 
pulse and corresponding time therefore is also taken into 
consideration for determining the price per shot. For example, 
When utilizing the SLS techniques, the time of the irradiation, 
solidi?cation and crystallization of the semiconductor 
sample is relatively short as compared to the sample process 
ing time using the ELA techniques. In such case, approxi 
mately half of the beam pulses are not directed at the sample 
since such samples are being either loaded into the stage or 
unloaded from the stage. Therefore, the beam pulses that are 
not impinging the samples are Wasted. 
[0010] Accordingly, it is preferable to reduce the price per 
shot, Without stopping the emission of the beam pulses. It is 
also preferable to be able to process tWo or more semicon 
ductor samples at the same time, Without the need to stop or 
delay the emission of the laser beam pulses generated by the 
laser source until the samples are loaded on the respective 
stages. 

SUMMARY OF THE INVENTION 

[0011] Laser systems are capable of generating laser beam 
pulses that have suf?cient energy and pulse durations to pro 
cess more than one thin ?lm sample at a time. To ef?ciently 
utilize the generated laser beam pulses to process thin ?lm 
samples, such laser beam pulses can be split into component 
laser beam pulses. Thin ?lm samples can then be irradiated 
With the component laser beam pulses. By generating and 
splitting laser beam pulses that have suf?cient energy and 
pulse durations to process more than one thin ?lm sample at 
a time, the energy generated by the laser system can be more 
e?iciently utilized in processing the thin ?lm samples. By 
e?iciently utilizing the energy that is produced by the laser 
system, the manufacturing costs for producing thin ?lms can 
be reduced, e.g., the price per shot/pulse can be reduced. 
[0012] The present invention is directed to systems and 
methods for inducing the melting and sub sequent crystalliza 
tion (upon cooling) of thin ?lms. Generated laser beam pulses 
can be split into tWo or more component laser beam pulse that 
can be used to simultaneously irradiate, via different optical 
paths, a plurality of thin ?lm samples or, alternatively, can be 
used simultaneously to irradiate different regions of one thin 
?lm sample. An optical path, as that term is used herein, refers 
to the trajectory of a laser beam pulse as the laser beam pulse 
travels from a laserbeam source to a thin ?lm sample. Optical 
paths thus extend through both the illumination and proj ec 
tion portions of the exemplary systems. Each optical path has 
at least one optical element that is capable of manipulating the 
energy beam characteristics of a laser beam pulse that is 
directed along that optical path. Thus, by having optical paths 
that include different optical elements, laser beam pulses 
having different energy beam characteristics can be directed 
via the different optical paths to different regions of the thin 
?lm sample or, alternatively, to different thin ?lm samples 
[0013] In one aspect of the invention, a method of process 
ing a plurality of thin ?lms includes: loading a ?rst thin ?lm 
onto a ?rst loading ?xture; loading a second thin ?lm onto a 
second loading ?xture; generating laser beam pulses each 
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having a pulse duration; splitting the generated laser beam 
pulses into at least ?rst laser beam pulses and second laser 
beam pulses, Wherein the ?rst laser beam pulses and the 
second laser beam pulses each have pulse durations Which are 
substantially equal to the pulse duration of the generated laser 
beam pulses; directing the ?rst laser beam pulses onto a ?rst 
optical path and directing the second laser beam pulses onto 
a second optical path; irradiating the ?rst thin ?lm With the 
?rst laser beam pulses to induce the melting and subsequent 
crystallization of at least a portion of the ?rst thin ?lm; and 
irradiating the second thin ?lm With the second laser beam 
pulses to induce the melting and subsequent crystallization of 
at least a portion of the second thin ?lm. 

[0014] In certain embodiments, at least a portion of the step 
of irradiating the ?rst thin ?lm and at least a portion of the step 
of irradiating the second thin ?lm occur simultaneously. 
[0015] In accordance With another aspect of the invention, 
the step of generating the laser beam pulses includes: gener 
ating ?rst component laser beam pulses each having a ?rst 
pulse duration; generating second component laser beam 
pulses each having a second pulse duration; and combining 
the ?rst component laser beam pulses With the second com 
ponent laser beam pulses to form the generated laser beam 
pulses. 
[001 6] In certain embodiment, the method further includes: 
loading a third thin ?lm onto a third loading ?xture While the 
?rst thin ?lm is being irradiated; irradiating the third thin ?lm 
With the ?rst laser beam pulse to induce the melting and 
sub sequent crystallization of at least a portion of the third thin 
?lm upon completing the processing of the ?rst thin ?lm; 
unloading the ?rst thin ?lm from the ?rst loading ?xture; and 
loading another thin ?lm onto the ?rst loading ?xture, 
Wherein the steps of unloading the ?rst thin ?lm from the ?rst 
loading ?xture and loading another thin ?lm onto the ?rst 
loading ?xture substantially occur While the third thin ?lm is 
being irradiated. 
[0017] In certain other embodiments, the method further 
includes: loading a fourth thin ?lm onto a fourth loading 
?xture While the second thin ?lm is being irradiated; irradi 
ating the fourth thin ?lm With the second laser beam pulses to 
induce the melting and subsequent crystallization of at least a 
portion of the fourth thin ?lm upon completing the processing 
of the second thin ?lm; unloading the second thin ?lm from 
the second loading ?xture; and loading another thin ?lm onto 
the second loading ?xture, Wherein the steps of unloading the 
second thin ?lm from the second loading ?xture and loading 
another thin ?lm onto the second loading ?xture substantially 
occur While the fourth thin ?lm is being irradiated. 

[0018] In accordance With another aspect of the invention, 
a method of processing a thin ?lm includes: loading a thin 
?lm onto a loading ?xture; generating a laser beam pulse 
having a pulse duration; splitting the generated laser beam 
pulses into at least a ?rst laser beam pulse and a second laser 
beam pulse, Wherein the ?rst laser beam pulse and the second 
laser beam pulse have pulse durations Which are substantially 
equal to the pulse duration of the generated laser beam pulse; 
irradiating a ?rst region of the thin ?lm With the ?rst laser 
beam pulse to induce the melting and subsequent crystalliza 
tion of the ?rst region of the thin ?lm; and irradiating a second 
region of the thin ?lm With the second laser beam pulse to 
induce the melting and subsequent crystallization of the sec 
ond region of the thin ?lm, Wherein at least portions of the 
steps of irradiating the ?rst region and irradiating the second 
region occur simultaneously. 
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[0019] In one aspect of the invention, the methods of pro 
cessing thin ?lms can be utilized to perform excimer laser 
anneal (ELA) processing, sequential lateral solidi?cation 
(SLS) processing or uniform grain structure (U GS) crystalli 
zation processing. 
[0020] In one aspect of the invention, a system for process 
ing a plurality of thin ?lms includes: a laser source system for 
generating laser beam pulses each having a pulse duration; a 
?rst loading ?xture for securing a thin ?lm; a second loading 
?xture for securing a thin ?lm; a beam splitting element for 
splitting the generated laser beam pulses into at least ?rst laser 
beam pulses and second laser beam pulses, Wherein the ?rst 
laser beam pulses and second laser beam pulses each have 
pulse durations Which are substantially equal to the pulse 
duration of the generated laser beam pulses; and Wherein a 
thin ?lm loaded on the ?rst loading ?xture can be irradiated 
With the ?rst laser beam pulses and a thin ?lm loaded on the 
second loading ?xture can be irradiated With the second laser 
beam pulses. 
[0021] In accordance With another aspect of the invention, 
the laser source system includes: a ?rst laser source for gen 
erating ?rst component laser beam pulses each having a ?rst 
pulse duration; a second laser source for generating second 
component laser beam pulses each having a second pulse 
duration; and an integrator for combining the ?rst component 
laser beam pulses With the second component laser beam 
pulses to form the generated laser beam pulses. 
[0022] In certain embodiments, the system further includes 
a third loading ?xture for securing a thin ?lm Wherein a thin 
?lm loaded on the third loading ?xture can be irradiated With 
the ?rst laser beam pulses. A beam steering element can be 
utilized to direct the ?rst laser beam pulses to the ?rst loading 
?xture and the third loading ?xture. 
[0023] In certain other embodiments, the system addition 
ally includes a fourth loading ?xture for securing a thin ?lm 
Wherein a thin ?lm loaded on the fourth loading ?xture can be 
irradiated With the second laser beam pulses. 
[0024] In accordance With yet another aspect of the inven 
tion, a system for processing a thin ?lm includes: a laser 
source system for generating a laser beam pulse having a 
pulse duration; a holding ?xture for securing a thin ?lm; a 
beam splitting element for splitting the generated laser beam 
pulses into at least ?rst laser beam pulses and second laser 
beam pulses, Wherein the ?rst laser beam pulses and second 
laser beam pulses have pulse durations Which are substan 
tially equal to the pulse duration of the generated laser beam 
pulses; and Wherein a region of a thin ?lm that is loaded on the 
holding ?xture can be irradiated With the ?rst laser beam 
pulses and a different region of the thin ?lm loaded on the 
loading ?xture can be simultaneously irradiated With the sec 
ond laser beam pulses. 
[0025] According to one aspect of the invention, the laser 
source system consists of at least one continuous Wave laser, 
solid-state laser or excimer laser. 

BRIEF DESCRIPTION OF THE DRAWING 

[0026] Various objects, features, and advantages of the 
present invention can be more fully appreciated With refer 
ence to the folloWing detailed description of the invention 
When considered in connection With the folloWing draWing, 
in Which like reference numerals identify like elements. The 
folloWing draWings are for the purpose of illustration only 
and are not intended to be limiting of the invention, the scope 
of Which is set forth in the claims that folloW. 
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[0027] FIG. 1 illustrates the process of excimer laser 
annealing according to one or more embodiments of the 
present invention. 
[0028] FIG. 2 shoWs a diagram of an exemplary system for 
performing a sequential lateral solidi?cation according to one 
or more embodiments of the present invention. 
[0029] FIG. 3 shoWs a mask for using in a sequential lateral 
solidi?cation according to one or more embodiments of the 
present invention 
[0030] FIG. 4 illustrates a step in the process of sequential 
lateral solidi?cation according to one or more embodiments 
of the present invention. 
[0031] FIG. 5 illustrates a step in the process of sequential 
lateral solidi?cation according to one or more embodiments 
of the present invention. 
[0032] FIG. 6 illustrates a step in the process of sequential 
lateral solidi?cation according to one or more embodiments 
of the present invention. 
[0033] FIG. 7A through FIG. 7C illustrate a sequential 
lateral solidi?cation process according to one or more 
embodiments of the present invention. 
[0034] FIG. 8 is a prior art system for processing a thin ?lm 
sample. 
[0035] FIG. 9 is a How chart of an exemplary embodiment 
of a process according to the present invention in Which more 
than one thin ?lm sample is irradiated at a time. 
[0036] FIG. 10 depicts an exemplary system for processing 
a plurality of thin ?lm sample in accordance With the present 
invention. 
[0037] FIG. 11 depicts an exemplary laser source system 
for generating laser beam pulses in accordance With the 
present invention. 
[0038] FIG. 12A through FIG. 12C depict exemplary laser 
beam pulses generated by the laser source system of FIG. 11. 
[0039] FIG. 13 depicts another exemplary system for pro 
cessing a plurality of thin ?lm sample in accordance With the 
present invention. 
[0040] FIG. 14 depicts an exemplary system for processing 
a plurality of thin ?lm sample in accordance With the present 
invention Where thin ?lm samples are loaded and unloaded 
onto a loading ?xture While thin ?lm samples are being pro 
cessed on other loading ?xtures. 
[0041] FIG. 15 depicts an exemplary system for processing 
a plurality of thin ?lm sample in accordance With the present 
invention Where thin ?lm samples are loaded and unloaded 
onto third and fourth loading ?xtures While thin ?lm samples 
are being processed on other loading ?xtures. 

DETAILED DESCRIPTION OF THE INVENTION 

[0042] The quality of a ?lm that has been crystallized using 
a laser-induced crystallization groWth technique depends, in 
part, on the energy beam characteristics of the laser beam 
pulse that is used to irradiate the ?lm and in the manner in 
Which these laser beams are delivered, e. g., continuous scan, 
tWo-shot, n-shot, to the ?lm. This observation is used to 
crystallize different regions of the ?lms With laser beams 
having different energy beam characteristics in an energy 
and time-ef?cient manner and to provide the ?lm perfor 
mance characteristics needed in device to be fabricated. 
Laser-induced crystallization is typically accomplished by 
laser irradiation using a Wavelength of energy that can be 
absorbed by the ?lm. The laser source may be any conven 
tional laser source, including but not limited to, excimer laser, 
continuous Wave laser and solid-state laser. The irradiation 
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beam pulse can be generated by another known source or 
short energy pulses suitable for melting a semiconductor can 
be used. Such knoWn sources can be a pulsed solid state laser, 
a chopped continuous Wave laser, a pulsed electron beam and 
a pulsed ion beam, etc. 

[0043] The systems and methods of the present disclosure 
can be utilized to process a Wide variety of types of thin ?lms. 
In certain embodiments, for example, the described systems 
and methods can be used to process (e.g., induce and achieve 
desired crystallization) semiconductor thin ?lms. Such semi 
conductor thin ?lms can be comprised of silicon, germanium 
or silicon germanium. Other semiconductor materials, hoW 
ever, may also be used to make up a semiconductor thin ?lm. 
In certain other embodiments, the described systems and 
methods may be used to process thin ?lms that are comprised 
of a metallic material, such as aluminum, copper, nickel, 
titanium, gold and molybdenum, for example. In certain 
embodiments, an intermediate layer located beneath the thin 
?lm is utilized to protect the substrate from the heat and to 
prevent impurities from able to diffuse into the thin ?lm. The 
intermediate layer can be comprised of silicon oxide, silicon 
nitride and/or mixtures of oxide, nitride or a Wide variety of 
other suitable materials. 

[0044] Improvements in crystal properties are typically 
observed regardless of the speci?c crystallization process 
employed. The ?lms can be laterally or transversely crystal 
lized, or the ?lms can crystallize using spontaneous nucle 
ation. By “lateral crystal groWth” or “lateral crystallization,” 
as those terms are used herein, it is meant a groWth technique 
in Which a region of a ?lm is melted to the ?lm/ surface 
interface and in Which recrystallization occurs in a crystalli 
zation front moving laterally across the substrate surface. By 
“transverse crystal groWth” or “transverse crystallization,” as 
those terms are sued herein, it is meant a groWth technique in 
Which a region of ?lm is partially melted, e. g., not through its 
entire thickness, and in Which recrystallization occurs in a 
crystallization front moving across the ?lm thickness, e.g., in 
a direction transverse to that of the above-described lateral 
crystallization. In spontaneous nucleation, crystal groWth is 
statistically distributed over the melted regions and each 
nucleus groWs until it meets other groWing crystals. Exem 
plary crystallization techniques include excimer laser anneal 
(ELA), sequential lateral solidi?cation (SLS), and uniform 
grain structure (UGS) crystallization. 
[0045] Referring to FIG. 1, the ELA process uses a long and 
narroW shaped beam 100 to irradiate the thin ?lm. In ELA, a 
line-shaped and homogenized excimer laser beam pulses are 
generated and scanned across the ?lm surface. For example, 
the Width 124 of the centerportion of the ELA beam canbe up 
to about 1 cm (typically about 0.4 mm) and the length 120 can 
be up to about 70 cm (typically about 400 mm) so that the 
beam can potentially irradiate the entire semiconductor thin 
?lm 126 in a single pass. The excimer laser light is very 
e?iciently absorbed in, for example, an amorphous silicon 
surface layer Without heating the underlying substrate. With 
the appropriate laser pulse duration (approx. 20-50 ns) and 
intensity (350-400 mJ/cm2), the amorphous silicon layer is 
rapidly heated and melted; hoWever, the energy dose is con 
trolled so that the ?lm is not totally melted doWn to the 
substrate. As the melt cools, recrystallization into a polycrys 
talline structure occurs. Line beam exposure is a multishot 
technique With an overlay of 90% to 99% betWeen shots. The 
properties of silicon ?lms are dependent upon the dose sta 
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bility and homogeneity of the applied laser light. Line-beam 
exposure typically produces ?lms With an electron mobility 
of 100 to 150 cm2/V-s. 

[0046] Referring to FIG. 2, an apparatus 200 is shoWn that 
may be used for sequential lateral solidi?cation and/or for 
uniform grain structure crystallization. Apparatus 200 has a 
laser source 270. Laser source 270 may include a laser (not 
shoWn) along With optics, including mirrors and lens, Which 
shape a laser beam pulse 272 (shoWn by dotted lines) and 
direct it toWard a substrate 274, Which is supported by a stage 
278. The laser beam pulse 272 passes through a mask 280 
supported by a mask holder 282. The laser beam pulses 272 
generated by the beam source 270 provide a beam intensity in 
the range of 10 mJ/cm2 to l J/cm2, a pulse duration in the 
range of 20 to 300 nsec, and a pulse repetition rate in the range 
of 10 Hz to 300 Hz. Currently available commercial lasers 
such as Lambda STEEL 1000 available from Lambda Physik, 
Ft. Lauderdale, Fla., can achieve this output. As the poWer of 
available lasers increases, the energy of the laser beam pulses 
272 Will be able to be higher, and the mask size Will be able to 
increase as Well.After passing through the mask 280, the laser 
beam pulse 272 passes through projection optics 284 (shoWn 
schematically). The projection optics 284 reduces the size of 
the laser beam, and simultaneously increases the intensity of 
the optical energy striking the substrate 274 at a desired 
location 276. The demagni?cation is typically on the order of 
betWeen 3x and 7x reduction, preferably a 5x reduction, in 
image size. For a 5x reduction the image of the mask 280 
striking the surface at the location 276 has 25 times less total 
area than the mask, correspondingly increasing the energy 
density of the laser beam pulse 272 at the location 276. 
[0047] The stage 278 is a precision x-y stage that can accu 
rately position the substrate 274 under the beam 272. The 
stage 278 can also be capable of motion along the z-axis, 
enabling it to move up and doWn to assist in focusing or 
defocusing the image of the mask 280 produced by the laser 
beam pulses 272 at the location 276. In another embodiment 
of the method of the present invention, it is preferable for the 
stage 278 to also be able to rotate. 

[0048] In uniform grain structure (UGS) crystallization, a 
?lm of uniform crystalline structure is obtained by masking a 
laser beam pulse so that non-uniform edge regions of the laser 
beam pulse do not irradiate the ?lm. The mask can be rela 
tively large, for example, it can be 1 cm><0.5 cm; hoWever, it 
should be smaller than the laser beam size, so that edge 
irregularities in the laser beam are blocked. The laser beam 
pulse provides suf?cient energy to partially or completely 
melt the irradiated regions of the thin ?lm. UGS crystalliza 
tion provides a semiconductor ?lm having an edge region and 
a central region of uniform ?ne-grained polycrystals of dif 
ferent sizes. In the case Where the laser irradiation energy is 
above the threshold for complete melting, the edge regions 
exhibit large, laterally groWn crystals. In the case Where the 
laser irradiation energy is beloW the threshold for complete 
melting, grain size Will rapidly decrease from the edges of the 
irradiated region. For further detail, see US. application Ser. 
No. 60/405,084, ?ledAug. 19,2002 and entitled “Process and 
System for Laser Crystallization Processing of Semiconduc 
tor Film Regions on a Substrate to Minimize Edge Areas, and 
Structure of Such Semiconductor Film Regions,” Which is 
hereby incorporated by reference. 
[0049] Sequential lateral solidi?cation is a particularly use 
ful lateral crystallization technique because it is capable of 
grain boundary location-controlled crystallization and pro 
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vides crystal grain of exceptionally large size. Sequential 
lateral solidi?cation produces large grained semiconductor, 
e.g., silicon, structures through small-scale translations 
betWeen sequential pulses emitted by an excimer laser. The 
invention is described With speci?c reference to sequential 
lateral solidi?cation of an amorphous silicon ?lm; hoWever, it 
is understood that the bene?ts of present invention can be 
readily obtained using other lateral crystallization techniques 
or other ?lm materials. 

[0050] FIG. 3 shoWs a mask 310 having a plurality of slits 
320 With slit spacing 340. The mask can be fabricated from a 
quartz substrate and includes a metallic or dielectric coating 
that is etched by conventional techniques to form a mask 
having features of any shape or dimension. The length of the 
mask features is chosen to be commensurate With the dimen 
sions of the device that is to be fabricated on the substrate 
surface. The Width 360 of the mask features also may vary. In 
some embodiments it is chosen to be small enough to avoid 
small grain nucleation Within the melt zone, yet large enough 
to maximize lateral crystalline groWth for each excimer pulse. 
By Way of example only, the mask feature can have a length 
of betWeen about 25 and 1000 micrometers (um) and a Width 
of betWeen about tWo and ?ve micrometers (pm). 

[0051] An amorphous silicon thin ?lm sample is processed 
into a single or polycrystalline silicon thin ?lm by generating 
a plurality of excimer laser pulses of a predetermined ?uence, 
controllably modulating the ?uence of the excimer laser 
pulses, homogenizing the modulated laser pulses, masking 
portions of the homogenized modulated laser pulses into 
patterned beamlets, irradiating an amorphous silicon thin ?lm 
sample With the patterned beamlets to effect melting of por 
tions thereof irradiated by the beamlets, and controllably 
translating the sample With respect to the patterned beamlets 
(or vice versa) to thereby process the amorphous silicon thin 
?lm sample into a single or grain boundary-controlled poly 
crystalline silicon thin ?lm. 
[0052] In one or more embodiments of the sequential lat 
eral solidi?cation process, highly elongated crystal grains 
that are separated by grain boundaries that run approximately 
parallel to the long grain axes are produced. The method is 
illustrated With reference to FIG. 4 through FIG. 6. 

[0053] FIG. 4 shoWs the region 440 prior to crystallization. 
A laser pulse is directed at the rectangular area 460 causing 
the amorphous silicon to melt. Crystallization is initiated at 
solid boundaries of region 460 and continues inWard toWards 
centerline 480. The distance the crystal groWs, Which is also 
referred to as the lateral groWth length, is a function of the 
amorphous silicon ?lm thickness, the substrate temperature, 
the energy beam characteristics, the buffer layer material, if 
any, the mask con?guration, etc. A typical lateral groWth 
length for 50 nm thick ?lms is approximately 1.2 microme 
ters. After each pulse the image of the opening is advanced by 
an amount not greater than the lateral groWth length. In order 
to improve the quality of the resultant crystals, the sample is 
advanced much less than the lateral crystal groWth length, 
e.g., not more than one-half the lateral crystal groWth length. 
A subsequent pulse is then directed at the neW area. By 
advancing the image of the slits 460 a small distance, the 
crystals produced by preceding steps act as seed crystals for 
subsequent crystallization of adj acent material. By repeating 
the process of advancing the image of the slits and ?ring short 
pulses the crystal groWs in the direction of the slits’ move 
ment. 

Feb. 19, 2009 

[0054] FIG. 5 shoWs the region 440 after several pulses. As 
is clearly shoWn, the area 500 that has already been treated has 
formed elongated crystals that have groWn in a direction 
substantially perpendicular to the length of the slit. Substan 
tially perpendicular means that a majority of lines formed by 
crystal boundaries 520 could be extended to intersect With 
dashed center line 480. 

[0055] FIG. 6 shoWs the region 440 after several additional 
pulses folloWing FIG. 5. The crystals have continued to groW 
in the direction of the slits’ movement to form a polycrystal 
line region. The slits preferably continue to advance at sub 
stantially equal distances. Each slit advances until it reaches 
the edge of a polycrystalline region formed by the slit imme 
diately preceding it. 
[0056] The sequential lateral solidi?cation process can pro 
duce a ?lm having highly elongated, loW defect grains. In one 
or more embodiments, this process is used to process those 
regions of the semiconductor thin ?lm that are used for high 
performance devices. The polycrystalline grains obtained 
using this process are typically of high mobility, e.g., 300-400 
cm2/V-s. These highly elongated grains are Well suited for the 
integrated circuitry regions on an AMLCD device. 

[0057] According to the above-described method of 
sequential lateral solidi?cation, the entire mask area is crys 
tallized using multiple pulses. This method is hereinafter 
referred to as an “n-shot” process, alluding to the fact that a 
variable, or “n”, number of laser pulses (“shots”) are required 
for complete crystallization. Further detail of the n-shot pro 
cess is found in US. Pat. No. 6,322,625, entitled “Crystalli 
zation Processing of Semiconductor Film Regions on a Sub 
strate and Devices Made ThereWith,” and in US. Pat. No. 
6,368,945, entitled “System for Providing a Continuous 
Motion Sequential Lateral Solidi?cation,” both of Which are 
incorporated in their entireties by reference. 
[0058] In one or more embodiments, regions of the semi 
conductor ?lm are processed using a sequential lateral solidi 
?cation process that produces shorter crystal grains than 
those of the preceding “n-shot” method. The ?lm regions are 
therefore of loWer electron mobility; hoWever the ?lm is 
processed rapidly and With a minimum number of pas ses over 
the ?lm substrate, thereby making it a cost-e?icient process 
ing technique. These crystallized regions are Well suited for 
the regions of the semiconductor thin ?lm that are used for 
making pixel control devices of anAMLCD device. 
[0059] The process uses a mask such as that shoWn in FIG. 
3, Where closely packed mask slits 320 having a Width 360, of 
about by Way of example 4 um, are each spaced apart by 
spacing 340 of about, by Way of example, 2 pm. The sample 
is irradiated With a ?rst laser pulse. As shoWn in FIG. 7A, the 
laser pulse melts regions 710, 711, 712 on the sample, Where 
each melt region is approximately 4 pm Wide 720 and is 
spaced approximately 2 pm apart 721. This ?rst laser pulse 
induces crystal groWth in the irradiated regions 710, 711, 712 
starting from melt boundaries 730 and proceeding into the 
melt region, so that polycrystalline silicon 740 forms in the 
irradiated regions, as shoWn in FIG. 7B. 

[0060] The sample is then translated approximately half the 
distance (or greater) of the sum of the Width 360 and spacing 
340, and the ?lm is irradiated With a second excimer laser 
pulse. The second irradiation melts the remaining amorphous 
regions 742 spanning the recently crystallized region 740 and 
initial crystal seed region 745 to melt. As shoWn in FIG. 7C, 
the crystal structure that forms the central section 745 out 
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Wardly grows upon solidi?cation of melted regions 742, so 
that a uniform long grain polycrystalline silicon region is 
formed. 

[0061] According to the above-described method of 
sequential lateral solidi?cation, the entire mask area is crys 
tallized using only tWo laser pulses. This method is hereinaf 
ter referred to as a “tWo-shot” process, alluding to the fact that 
only tWo laser pulses (“shots”) are required for complete 
crystallization. Further detail of the tWo-shot process is found 
in Published International Application No. W0 01/ 18854, 
entitled “Methods for Producing Uniform Large-Grained and 
Grain Boundary Location Manipulated Polycrystalline Thin 
Film Semiconductors Using Sequential Lateral Solidi?ca 
tion,” Which is incorporated in its entirety by reference. 
[0062] FIG. 8 illustrates a typical system 10 that can be 
used to induce the melting and subsequent crystallization of a 
thin ?lm sample. Referring to FIG. 8, the system 10 includes 
a laser source 12, an attenuator 14 Which is utilized in con 
junction With a pulse duration extender 16, a telescope 18, a 
homogenizer 20, a condenser lens 22, a mirror 24, a variable 
focus ?eld lens 26, a mask 28, mirrors 30 and 32, a projection 
lens 34 and a handling stage 38 (i.e., a loading ?xture). The 
laser source 12 is capable of generating laser beam pulses 42 
that have set pulse durations. The attenuator 14 can be a 
variable attenuator, e.g., having a dynamic range of 10 to 1, 
capable of adjusting the energy density of the generated laser 
beam pulses 42. Since crystal groWth can be a function of the 
duration of the pulse, a pulse duration extender 16 is often 
used to lengthen the duration of each generated laser beam 
pulse 42 to achieve a desired pulse duration. The telescope 18 
can be used to e?iciently adapt the beam pro?le of the laser 
beam pulse 42 to the aperture of the homogenizer 20. The 
homogenizer 20 can consist of tWo pairs of lens arrays (tWo 
lens arrays for each beam axis) that are capable of generating 
a laser beam pulses 42 that have uniform energy density 
pro?les. The condenser lens 22 can condense the laser beam 
pulse 42 onto the variable-focus ?eld lens 26. The mask 28 is 
typically mounted to a mask stage (not shoWn) that is capable 
of accurately positioning the mask 28 (e.g., in three dimen 
sions) in relationship to the incoming laser beam pulse 42. 
[0063] The energy beam characteristics of the laser beam 
pulses 42 generated by the laser source 12 are modi?ed by the 
optical elements of system 10 to produce laser beam pulses 
42a that have desired energy beam characteristics, e. g., beam 
energy pro?le (density), beam shape, beam orientation, beam 
pulse duration, etc. As previously discussed, the amorphous 
silicon ?lm 36 can be deposited in a controlled manner upon 
a surface of a substrate (not shoWn). The handling stage 38 is 
capable of accurately positioning the thin ?lm 36 (e.g., in 
three dimensions) in relation to the incoming laser beam 
pulses 42a. The handling stage 38 can operate in a continuous 
scanning mode or, alternatively, a stepper mode. Laser beam 
pulses 4211 thus are directed to portions of the thin ?lm sample 
to induce the melting and subsequent crystallization of the 
thin ?lm sample, e.g., via tWo-shot or n-shot SLS processing. 
[0064] As discussed above, to achieve a laser beam pulse 
42a that has acceptable energy beam characteristics, many 
systems today utilize a pulse duration extender 16 to extend 
the pulse duration of the laser beam pulses 42 that are gener 
ated by the laser source 12. When using a pulse duration 
extender, hoWever, some of the energy of the generated laser 
beam pulse 42 Will become lost during the “extension” pro 
cess since pulse duration extenders tend to be inef?cient (e.g., 
the ef?ciencies of a pulse duration extender may range from 
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betWeen 50-80%). This inability to utilize all of the energy 
Which is generated by the laser source can lead to increased 
processing times and, thus, loWer manufacturing throughput. 
System 10 also suffers from the disadvantage that only a 
single thin ?lm sample can be processed (i.e., irradiated) at a 
time. 

[0065] Exemplary systems and processes according to the 
present invention can employ principles and components 
thereof to process more than one thin ?lm sample at a time. An 
exemplary process is set forth in the How diagram 900 of FIG. 
9. FloW diagram 900 illustrates a method for simultaneously 
irradiating tWo thin ?lm samples that are located on separate 
handling stages (i.e., loading ?xtures) While other thin ?lm 
samples are being unloaded from and loaded onto other han 
dling stages. 
[0066] In steps 910a and 910b, thin ?lm samples (Which 
may be mounted on substrates) are loaded onto a ?rst loading 
?xture and a second loading ?xture, respectively. The depo 
sition and/or fabrication of a thin ?lm on a substrate is Well 
knoWn in the art. In step 912 laser beam pulses are generated. 
In step 914 the generated laser beam pulses are split into ?rst 
laser beam pulses and second laser beam pulses. In certain 
preferred embodiments, the ?rst and second laser beam 
pulses have pulse durations that are substantially the same. In 
step 91611 the ?rst laser beam pulses are directed to the ?rst 
loading ?xture and the thin ?lm sample loaded on the ?rst 
loading ?xture is irradiated With the ?rst laser beam pulses to 
induce the melting and subsequent crystallization of the thin 
?lm sample, step 91811. In step 916!) the second laser beam 
pulses are directed to the second loading ?xture and the thin 
?lm sample loaded on the second loading ?xture is irradiated 
With the second laser beam pulses to induce the melting and 
subsequent crystallization of the thin ?lm sample, step 91819. 
In an exemplary embodiment, at least a portion of the thin ?lm 
loaded on the ?rst loading ?xture is also being irradiated 
(steps 916a and 918a) While at least a portion of the thin ?lm 
loaded on the second loading ?xture is also being irradiated 
(steps 91619 and 9181)). Thus, in this manner, more than one 
thin ?lm sample can be processed simultaneously. The pro 
cessing of the thin ?lm sample loaded on the ?rst loading 
?xture is continued until the processing is complete, step 
920a. Similarly, the processing of the thin ?lm sample loaded 
on the second loading ?xture is also continued until the pro 
cessing is complete, step 92019. In certain embodiments, the 
(total) processing of the thin ?lm sample loaded on the ?rst 
loading ?xture coincides With the processing of the thin ?lm 
sample loaded on the second loading ?xture. In other embodi 
ments, hoWever, the processing of the thin ?lm sample loaded 
on the ?rst loading ?xture does not coincide With the process 
ing of the thin ?lm sample loaded on the second loading 
?xture. 

[0067] While the processing of the thin ?lm samples loaded 
on the ?rst and second loading ?xtures is underWay, other thin 
?lm samples are loaded onto a third loading ?xture, step 
922a, and onto a fourth loading ?xture, step 9221). Thus, 
While a thin ?lm sample is being processed (i.e., irradiated), 
the unloading/loading of another thin ?lm sample onto an 
inactive (i.e., receiving no irradiation) loading ?xture can be 
accomplished. Upon completing the processing of the thin 
?lm sample Which is loaded on the ?rst loading ?xture, the 
?rst laser beam pulses are then directed to the third loading 
?xture, step 92411, (Where a thin ?lm sample has already been 
loaded (step 92211)) and the unloading of the processed thin 
?lm sample and the loading of a neW thin ?lm sample onto the 














