
LASER BEAM POSITIONING SYSTEM 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[000t] 	Embodiments 	described 	herein 	relate 	to 	thermal 	processing 	of 

semiconductor substrates. 	More specifically, embodiments described herein relate 

to methods and apparatus for laser thermal annealing of semiconductor substrates. 

Description of the Related Art 

[own] 	Laser thermal 	processing 	is 	a 	commonly 	used 	technique 	in 	the 

semiconductor industry. 	Semiconductor substrates are subjected to laser thermal 

treatment for various recrystallization, activation, and annealing processes related 

to integrated circuits, large area panels such as flat-panel displays and solar 

panels, photonic media, and magnetic media. 	Laser processing is frequently 

selected for large heating 	rates achievable with 	laser means, and the rapid 

throughput available. 

[0003] 	In most instances, a substrate to be processed is positioned on a support 

in a laser apparatus, and the laser is focused to a spot on the substrate. 	The 

substrate is then moved to position the laser spot at successive locations on the 

substrate until all desired locations on the substrate are processed. 	Positioning is 

normally accomplished using a precision x-y stage for supporting the substrate. 

The substrate may also be moved in a z-direction to maintain focus of the laser 

spot on the substrate. 

[0004] 	As the size of devices on semiconductor substrates declines with 

Moore's Law, the need for accurate control of positioning and focus increases. 

Imprecision in positioning the laser may result in devices desirous of thermal 

processing being missed, while other locations not desirous of thermal processing 

are irradiated. 	In addition, uniform treatment becomes increasingly difficult as 

imprecision in focus of the radiation becomes larger relative to device size. These 

trends rapidly increase the difficulty of accurately positioning the stage in the x, y, 
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and z-directions. Thus, there is a continuing need for thermal processing apparatus 

and methods that yield improved precision of location and focus. 

SUMMARY OF THE INVENTION 

[0005] 	Embodiments 	disclosed 	herein 	provide 	an 	apparatus for thermally 

treating a semiconductor substrate, the apparatus having a process chamber, a 

rotatable substrate support disposed in the process chamber, a light source 

capable of producing a beam of light having substantially uniform intensity coupled 

to the process chamber at a beam entry point, a constant optical path length beam 

location assembly disposed in the chamber in optical communication with the beam 

entry point, the constant optical path length beam location assembly having a 

plurality of movable optical components, and a controller coupled to the substrate 

support and the constant optical path length beam location assembly, the controller 

configured to position the optical components of the beam location assembly and a 

selected portion of a substrate on the substrate support such that the beam 

illuminates the selected 	portion and the optical 	path length for the beam 	is 

substantially the same for all portions of the substrate. 

[oom] 	Other embodiments provide a beam location apparatus for a laser 

annealing chamber, the beam location apparatus having a beam targeting optical 

assembly, a beam targeting detector, and a controller configured to sequentially 

target a beam of laser radiation to a plurality of locations with a substantially 

constant optical path length. 

[0007] 	Other embodiments provide a method of targeting a beam of laser 

radiation at a location on a surface, including staging the target location by rotating 

the surface to an accessible orientation, locating a beam capture mirror over the 

target location, determining a reflection point of a beam steering mirror such that 

the optical path length of the beam reflecting from the beam steering mirror and the 

beam capture mirror to the surface is substantially equal to a target optical path 

length, moving the beam steering mirror to the reflection point, rotating the beam 

steering mirror to direct the beam to the beam capture mirror, and rotating the 

beam capture mirror to direct the beam to the target location. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[000s] 	So that the manner in which the above-recited features of the present 

invention can be understood in detail, a more particular description of the invention, 

briefly summarized above, may be had by reference to embodiments, some of 

which are illustrated in the appended drawings. 	It is to be noted, however, that the 

appended drawings illustrate only typical embodiments of this invention and are 

therefore not to be considered limiting of its scope, for the invention may admit to 

other equally effective embodiments. 

[000s] 	Figure 1A is a schematic top view of a thermal processing apparatus 

according to one embodiment. 

[0olo] 	Figure 1B is a schematic side-view of the thermal processing apparatus 

of Figure 1A. 

[0011] 	Figure 2 is a schematic view of a laser apparatus according to another 

embodiment. 

[0012] 	Figure 3 is a schematic top view of a thermal processing apparatus 

according to another embodiment. 

[0013] 	Figure 4 is a schematic view of an apparatus for laser treatment of a 

substrate according to another embodiment. 

[mu] 	To facilitate understanding, identical reference numerals have been used, 

where possible, to designate identical elements that are common to the figures. 	It 

is contemplated that elements disclosed in one embodiment may be beneficially 

utilized on other embodiments without specific recitation. 

DETAILED DESCRIPTION 

[0015] 	Embodiments 	described 	herein 	generally provide 	an 	apparatus for 

thermally treating a semiconductor substrate. 	Figure 1A is a schematic top view of 

a thermal processing apparatus 100 according to one embodiment. 	The thermal 

processing apparatus 100, which may be a laser annealing chamber, comprises a 

process chamber 102 and a rotatable substrate support 104 disposed in the 
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process chamber 102. A radiation source 110 is coupled to the process chamber 

102 at a beam entry point 132. 	The radiation source 110 features an optical 

element 112 that is a final optical element of the radiation source 110. 	The final 

optical element 112 of the radiation source 110 releases a beam of laser radiation 

114 into the chamber 102. 

[0016] 	The beam 114 is generally shaped by the radiation source 110 to have 

an intensity profile that is uniform across a cross-section of the beam 114. 	In one 

embodiment, the beam 114 has an intensity profile with uniformity of about 2% or 

less. An example of a radiation source which may be used to generate a radiation 

beam useable in the embodiments disclosed herein is described in United States 

Patent 	Publication 	No. 	2009/0032511, 	published 	February 	5, 	2009, 	and 

incorporated herein by reference. 	The beam 114 may also be shaped into an 

image that has a certain outline when projected on a surface. In one embodiment, 

the beam 114 may have a circular cross-sectional shape. 	In other embodiments, 

the beam 114 may have a cross-sectional shape that is square, rectangular, or 

oval. 	The cross-sectional shape of the beam 114 may be generated by including 

an aperture having the desired shape in the final optical element 112 of the 

radiation source 110. 

[0017] 	The apparatus 100 further comprises a beam location assembly 134 

disposed in the chamber in optical communication with the beam entry point 132. 

The beam location assembly 134 targets the radiation beam 114 to a target 

location on a substrate disposed on the rotatable substrate support 104. The beam 

location 	assembly 	134, 	which 	may be 	a 	beam 	targeting 	optical 	assembly, 

comprises a plurality of movable optical components. 	In the embodiment of Figure 

1A, the beam location assembly 134 comprises a beam capture mirror 108 and a 

beam steering mirror 122, both of which are actuated to direct the radiation beam 

114 onto selected locations of a substrate disposed on the rotatable substrate 

support 104. 

[0018] 	The beam steering mirror 122 is movable along a first y-guide 120 in the 

y-direction by a linear actuator (not visible in the view of Figure 1A), such that a 

distance "a" between the beam steering mirror 122 and the beam entry point 132 
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varies. The beam capture mirror 108 is movable in the x- and y-direction along an 

x-guide 116 and a second y-guide 118. 	In one embodiment, the substrate support 

104 rotates to enable limiting the x/y motion of the beam capture mirror 108 to one 

side of the diameter D2. 	Also, the y-direction motion of the beam steering mirror 

122 along the first y-guide 120 may be limited to one side of the diameter D1. As 

the mirrors 108 and 122 are moved along their respective linear guides 116, 118, 

and 120, a distance "b" between the two mirrors changes. The distance "a" and "b" 

define a portion of the optical path length that the beam of radiation 114 travels 

from the beam entry point to the target location. 	Although Figures 1A and 1B 

illustrate flat, planar mirrors, curved mirrors such as parabolic, spheric, ellipsoidal, 

or cylindrical mirrors may be used. 

[0019] 	The beam location assembly 134 is generally configured as a constant 

path length beam location assembly. 	As such, the mirrors 108 and 122 of the 

beam location assembly 134 are controlled by a controller 106 coupled to the linear 

actuators of the mirrors 108 and 122. 	The controller 106 moves the mirrors 108 

and 122, and rotates the substrate support 104, to position the beam of radiation 

114 at a target location while maintaining a constant optical path length for the 

radiation beam 114. 	The constant path length is useful for maintaining cross- 

sectional area and intensity profile of the radiation beam 114. Variation of the path 

length from exposure to exposure may result in non-uniform treatment from die to 

die or at different locations of a single die. 

[0020] 	The radiation source 110 may be a continuous wave or pulsed laser or a 

plurality of continuous wave or pulsed lasers. The radiation source 110 may blend, 

shape, or combine output of multiple lasers in any convenient way, for example by 

generating pulses from multiple lasers with desired frequency and phase difference, 

and blending the pulses using pulse-stretching optics to produce energy pulses of 

arbitrary shape and temporal energy profile. 	The radiation source 110 may 

additionally include polarizing optics. 	In operation in a laser thermal annealing 

apparatus, the radiation beam 114 may be scanned across the surface of a 

substrate by continuous motion of the mirrors 108/122, or the mirrors may be 
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stationary while the beam 114 irradiates the substrate, and moved when the beam 

114 is shut off in a stepping process, or any combination thereof. 

[0021] 	Figure 1B is a schematic side view of the apparatus 100 of Figure 1A. In 

the view of Figure 1B, the apparatus 100 is viewed along the y-direction. 	A 

rotational actuator 130, in communication with the controller 106, is coupled to the 

substrate support 104 to provide rotation. 	The first y-guide 120 of Figure 1A is 

supported by a support 128, which may be a rail or rod, and may include an 

actuator for the first y-guide 120. 	The beam capture mirror 108 is supported from 

the linear guides 116 and 118 by a rotational support 126 that has a rotational 

actuator 124 in communication with the controller 106. 	The actuator 124 rotates 

the beam capture mirror 108 to face the beam steering mirror 122 at an angle 

appropriate to direct the beam 114 toward the target location. 	The beam steering 

mirror 122 is likewise supported from its linear guide (not visible in the view of 

Figure 1B) by a similar rotational support with a second rotational actuator 130 in 

communication with the controller 106. 

[0022] 	The rotational actuators 124 and 130 may rotate the mirrors 122 and 108 

about one, two, or three axes depending on the degrees of freedom required by the 

particular embodiment. 	For example, in an embodiment such as the embodiment 

of Figures 1A and 1B wherein the beam capture mirror moves in the x-y plane, 

each of the mirrors 122 and 108 may be confined to rotate about an axis 

perpendicular to the x-y plane, parallel to the z-direction, the axis of rotation for the 

beam capture mirror 108 running through a central portion of the beam capture 

mirror 108, such as the center or centroid of the beam capture mirror 108, and the 

axis of rotation for the beam steering mirror 122 running along a diameter of the 

beam steering mirror 122, such that the beam steering mirror 122 is oriented along 

the z-direction. 	In such an embodiment, the two mirrors 108 and 122 rotate 

together such that they are always in optical communication to direct the beam 114 

to all target locations on one side of the diameter D2 (Figure 1A), after which the 

substrate support 104 may be rotated 180 degrees to allow access to all other 

target locations on a substrate. 
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[0023] 	Such an embodiment may be useful when the substrate has dies that are 

not oriented along radii of the substrate. 	For example, a silicon wafer may have 

rectangular dies oriented in a rectilinear grid across the surface of the wafer. 	If the 

rectangular dies are to be processed using a rectangular laser spot, it is generally 

desired that the orientation of the laser spot align with the orientation of the dies. 

Rotating the substrate support 104 any angular distance that is not a multiple of 

180 degrees changes the orientation of the dies with respect to the orientation of 

the laser spot. 	Thus, an embodiment of a beam location assembly that enables 

processing of all dies on one side of the diameter D2 may be useful for such 

processes. 

[0024] 	In an embodiment wherein the laser spot has no particular orientation, 

such as a laser spot having a circular cross-section, the degrees of freedom of the 

mirrors 122 and 108 may be further constrained, for example by constraining the 

beam capture mirror 108 to move with the beam steering mirror 122 in the y- 

direction. 	Constant path length of the beam 114 may be maintained in such an 

embodiment by rotating the substrate support 104 by a determined amount for 

each target location to be processed. 	In such an embodiment, portions of a 

substrate not desirous of thermal processing may be exposed to annealing 

radiation from the laser spot due to mismatch between the profile of the laser spot 

and the shape of the target location. 	Masking the substrate, for example with a 

high emissivity coating, may protect such locations on the substrate. 

[0025] 	Alternately, the radiation source may include a rotatable aperture, for 

example included in the final optical element 112 of the radiation source 110, to 

yield an oriented laser spot, for example a rectangular laser spot, that is rotatable to 

follow the rotation in orientation of the target location. 	The controller 106 may 

communicate with the rotatable aperture through a rotational actuator. An aperture 

that shapes the beam 114 emerging from the radiation source 110 generally 

comprises a thermally stable or refractory material, such as ceramic, to withstand 

prolonged and/or repeated irradiation. 	The surface of the aperture facing the 

interior of the radiation source 110 will generally be subjected to prolonged and/or 

repeated irradiation by the laser or plurality of lasers housed in the radiation source. 
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Thus, either the interior surface of the aperture, or the entire aperture, will comprise 

a thermally resistant or refractory material. 	In some embodiments, thermal effects 

of the radiation incident on the interior surface of the aperture may be mitigated by 

scattering the radiation from a roughened surface or by coating the surface with a 

reflective or high-emissivity material. 	In other embodiments, the rotatable aperture 

may be cooled by forming channels for a cooling fluid through portions of the 

aperture. 

100261 	The distance from the beam steering mirror 122 to the beam capture 

mirror 108, projected onto the x-z plane in the view of Figure 1B, is denoted "If. 

The distance "c" from the beam capture mirror 108, when added to the distance "a" 

from the beam entry point 132 to the beam steering mirror 122, and the distance "b" 

from the beam steering mirror 122 to the beam capture mirror 108, is the optical 

path length of the beam 114 inside the chamber. 	The controller 106 adjusts the 

position of each mirror 108/122 along the respective linear guides 116/118/120, the 

rotation of each mirror 108/122, and the angular orientation of the substrate support 

104, if necessary, to maintain the sum of a+b+c substantially constant. Maintaining 

a substantially constant optical path length preserves a uniform intensity profile of 

the beam 114, enhancing uniformity of treatment across a single target location and 

among all the target locations. 

[0027] 	In an embodiment in which the mirrors 108/122 move together in the y- 

direction, the beam capture mirror 108 moves in the x-direction to compensate the 

distance "a" from the beam entry point to the beam steering mirror 122. 	In this 

embodiment, rotating the mirrors is not required, and the target location moves 

along a radius of the substrate support at a 45°  angle to the x-axis of the apparatus. 

To reach all possible target locations of a substrate on the substrate support, the 

support is rotated to bring target locations along the beam access line. 	In such 

cases, rotating the substrate support may rotate orientation of target locations, so a 

non-oriented beam is used, or a rotatable aperture is used to adjust beam 

orientation. 

[0028] 	Precision 	may 	be 	enhanced 	in 	some 	embodiments 	by 	providing 

incremental positioning adjustment, rotational adjustment, and focus adjustment for 
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the radiation source. 	Figure 2 is a schematic view of a laser apparatus 200 

incorporating an 	embodiment of a focus adjustment apparatus. 	The 	laser 

apparatus 200 is shown in relationship to the beam steering mirror 122 and the 

beam capture mirror 108 in a hypothetical orientation with respect to a substrate 

214. The apparatus 200 comprises a laser source 202, which may be a plurality of 

lasers optically combined in any desired way, that emits a beam of laser radiation 

through a variable focus lens 206 in communication with an actuator 212 that 

adjusts the focus of the variable focus lens 206. 

[0029] 	A variable focus lens useful for most embodiments will be fast to adjust, 

and will generally be thermally resistant. 	In one embodiment, a liquid cell variable 

focus lens having conduits for flowing the liquid through the lens may be used. 	In 

another embodiment, the variable focus lens may incorporate channels or conduits 

for flowing 	cooling 	fluid 	through 	the 	lens 	outside 	the 	liquid 	cell. 	In 	other 

embodiments, a liquid crystal lens may be used. 

[0030] 	The actuator 212 may be controlled by a controller such as the controller 

106 of Figures 1A and 1B. 	The controller may receive a signal representing focal 

length from a detector 210 configured to detect a flash or beam of radiation emitted 

from an emitter 204. The emitter 204 may be a laser or other source configured to 

emit radiation distinguishable by the detector 210. The emitter 204 emits a beam or 

flash through an aperture 208 along substantially the same optical path that the 

laser radiation follows from the variable focus lens 206 to the substrate 214. 

Reflected light from the substrate 214 is detected by the detector 210. 	The 

controller registers the optical path length and adjusts the variable focus lens 206 

through the actuator 212. The proximity of the detector 210 to the aperture 208 is 

minimized to ensure the best precision in automated focusing of the variable focus 

lens 206. 

[0031] 	The detector 210 may be a photon detector of any convenient type, 

including a camera. 	Types of photon detectors that may be used include a CCD 

matrix and a photodiode array. 	The detector 210 may additionally be a light 

intensity uniformity detector in some embodiments. 
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[0032] 	In 	alternate 	embodiments, 	the 	substrate 	support 	may 	comprise 	a 

precision rotator mounted on a precision x-y stage to enable x-y and rotational 

motion of a substrate disposed on the support. 	Adding the x-y positioning may 

improve processing throughput in some embodiments by enabling gross positioning 

by the x-y stage and fine positioning by the precision optics described herein. 	In 

another alternate embodiment, beam positioning and focus may be enhanced using 

an imaging device to view the optical path of the radiation beam through the 

aperture or final optical element of the radiation source 110. A CCD matrix may be 

incorporated 	with 	the 	radiation 	source 	110, 	for example, 	to 	collect 	radiation 

reflected from the substrate along the optical pathway. The controller 106 may use 

data from the CCD matrix to generate control signals for any of the actuated 

devices described herein to improve positioning and focus of the beam. 

[0033] 	Figure 3 is a schematic top view of a thermal processing apparatus 300 

according to another embodiment. The apparatus 300 features many of the same 

components described 	in connection with Figures 1A and 	1B above. 	The 

apparatus 300 has an enclosure 302 with a first rotatable substrate support 304A 

and a second rotatable substrate support 304B. 	Each substrate support may hold 

a substrate for processing. 	The radiation source 110 is used to process two 

substrates concurrently or sequentially by rotating the beam steering mirror 122 to 

direct the beam over the first substrate support 304A, as in beam 114A, or over the 

second substrate support 304B, as in beam 114B shown reflecting from phantom 

mirror 122. Each substrate support has an respective beam location assembly with 

respective beam capture mirrors 308A and 308B positioned using respective linear 

guides 316A/B and 318A/B. 	In such an apparatus, the beam steering mirror 122 

may be rotated to direct the beam over the first and second substrate supports 

304A/B alternately, thus processing substrates concurrently, or substrates may be 

processed sequentially, with one processing station actively processing while the 

other loads and unloads substrates. 

[0034] 	In other embodiments, a plurality of beam capture mirrors and beam 

steering mirrors may be used with a single substrate support to address target 

locations at all 	points on a substrate without rotating the substrate. 	In one 
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exemplary embodiment, a first beam steering mirror may be used with a first beam 

capture mirror to cover target locations over one-half of the substrate, moving as 

described above to maintain a first constant path length. 	The first beam steering 

mirror may then be parked in a position to steer the beam to a second beam 

steering mirror that moves with a second beam capture mirror to cover the 

remaining target locations at a second constant path length different from the first 

constant path length. 

[0035] 	Embodiments disclosed herein also provide a method of targeting a 

beam of laser radiation at a location on a surface. The method comprises staging 

the target location by rotating the surface to an orientation in which the target 

location is accessible to a beam location optical assembly and locating a beam 

capture mirror over the target location. The beam capture mirror will reflect a beam 

of laser radiation from a source to the target location. 

[0036] 	In one embodiment, the optical path length of the radiation beam is kept 

substantially constant for all target locations on the surface. The source location for 

the beam impinging on the beam capture mirror is identified by determining a 

reflection point of a beam steering mirror such that the optical path length of the 

beam reflecting from the beam steering mirror and the beam capture mirror to the 

target location is substantially equal to a target optical path length. 	The beam is 

directed toward the beam steering mirror from a fixed point, so the optical path 

length depends only on the position of the beam steering mirror, the beam capture 

mirror, and the location of the target. 	The beam steering mirror is moved to the 

identified reflection point, and the two mirrors rotated as needed to align in optical 

communication. A controller may be used to synchronize movement of the various 

elements concurrently to improve targeting speed. 

[0037] 	To improve precision in targeting, various venire adjustments may be 

made. 	For example, the fixed point source of the beam may be adjusted after 

detecting the accuracy of the initial positioning. 	If maintaining a particular focal 

length is desired, the length of the optical path may be detected using any 

convenient detector, such as any of the methods described herein, and the focus 

may be adjusted using a variable focus lens in communication with a controller. 
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Finally, if the beam has a desired rotational orientation, that orientation may be 

adjusted 	precisely 	by providing 	a 	rotatable 	aperture 	under the 	control 	of a 

controller. 

[0038] 	In other embodiments, a lens may be used as the final adjustment of the 

beam before it reaches the target location. The lens may be a position adjustment 

lens only, such as a flat prism inclined at an angle to the direction of propagation of 

the beam, or the lens may be an optically active lens, such as a projection lens. 

The lens or prism may be moved over a target location, receive a beam of radiation 

from a source such as any of the mirrors described herein, and direct the beam 

precisely to the target location. The lens or prism may be positioned as described 

herein, and may be rotated to achieve a needed orientation. 

[0039] 	Figure 4 is a schematic view of an apparatus 400 for laser treatment of a 

substrate according to another embodiment. A laser beam 402 has a starting point 

404, which may be an entry aperture into a chamber or merely a defined starting 

point of the laser beam with respect to the apparatus. The beam 402 reflects from 

a first mirror 406 toward a second mirror 414, which directs the beam to a die 408 

on the surface of a substrate 416 disposed on a rotatable substrate support 410. 

Because the substrate 416 is rotated during processing, each die 408 has two 

relevant positions, a reference position 408, for example the position of the die 408 

before processing, and a target position 4081, the position of the die 408 during 

processing. The substrate 416 and the substrate support 410 each have a center 

412. 

[Imo] 	In the embodiment of Figure 4, a rotational position of the substrate 

support 410 is determined, along with a linear position and rotation of the first mirror 

406 and a rotation of the second mirror 414, such that the laser beam 402 travels a 

constant distance from the beam entry point 404 to the second mirror 414. 

Additionally, the die 408 is aligned with the cross-sectional shape of the laser beam 

402, engineered to match the shape of the die 408. Alignment of the die 408 with 

the beam 402 ensures the die 408 is uniformly irradiated by photonic energy over 

its entire area. The beam 402 may be shaped, in some embodiments, by passing 

through a beam cutter (not shown) designed to render a beam with a selected 
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cross-sectional shape, such as rectangular. 	In some embodiments, the beam 

cutter is located at the beam entry point 404. 	In the embodiment of Figure 4, the 

beam cutter is not moved or rotated, other than making fine alignment and/or focus 

and sizing adjustments, so the beam 402 arrives at the substrate 416 aligned along 

a certain axis, and the die 408 is rotated to align along that same axis. 

[0041] 	Subject to the configuration described above, the rotation position of the 

substrate support 410 is determined as follows. 	With the beam 402 travelling 

parallel to the substrate surface from the beam entry point 404 to the second mirror 

414, define a Cartesian coordinate plane 418 parallel to the substrate surface 

through the beam center. 	Calculations are simplified if the coordinate plane 418 is 

defined such that the x and y axes are parallel to the sides of the die 408 in the 

reference position 408r. 	Let (xs,ys) be the coordinate position of the center of the 

beam at the beam entry point 404. Let (x1,y1) be the target position of the center of 

the first mirror 406. Let (xo,yc) be the center 412 of rotation of the substrate support 

410. 	Let (x2,y2) be the position of the center of the die 408 at the target position 

4081. Let (xo,yo) be the position of the center of the die 408 at the reference position 

408r. 	The substrate 416 may be oriented to a reference position in which the die 

408 is in the reference position 408r  by rotation prior to processing. Alternately, an 

offset may be detected between the orientation of the substrate and the reference 

orientation. 

[0042] 	The position (x2,y2) is calculated such that the sum of the distances from 

(xs,ys) to (xi,yi) and (x1,311) to (x2,y2) is a constant and such that the sides of the die 

408 at the target position 408t  are aligned with the rectangular cross-sectional 

shape of the laser beam 402. 	Let the constant beam length be denoted BL. 	A 

rotation angle 0 for the substrate 416 to move the die 408 from the reference 

position 408r  to the target position 4081  is calculated as follows: 

0 = arcsin((B2  —1)(B2  +1)), where 

— xo + x, + ys ) 
B =

(BL 
(xe  — a; + yo  — ye) 
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The 	position 	(x2,y2) 	may 	be 	calculated 	from 	the 	position 	(xo,yo) 	by 	simple 

transformation from polar to Cartesian coordinates. 	If the substrate was not 

physically oriented at the reference orientation, the detected offset angle may be 

added or subtracted, as appropriate, to the rotation angle 0 prior to determining the 

position (x2,y2). 

[0043] 	The second mirror 414 is moved to the position (x2,y2) by an x-y 

positioner (as in Fig. 1A). With x1, the x-position of the first mirror 406, constant, yi 

is calculated as follows: 

Yi = 3J2 + (x2 - xatan 0 

The first mirror 406 is moved to position (xi,yi) by a linear positioner. 

[0044] 	The second mirror 414 is held at a constant 45° angle with respect to the 

x-y plane, and is rotated about an axis perpendicular to the x-y plane by a rotational 

actuator to engage the beam reflected from the first mirror 406. The rotation angle 

a of the second mirror 414 with respect to the x-axis is the same as the angle 0. 

The first mirror 406 is held at a constant perpendicular orientation with respect to 

the x-y plane and rotated about an axis perpendicular to the x-y plane by a 

rotational actuator to reflect the beam 402 toward the second mirror 414. 	The 

rotation angle y of the first mirror 406 with respect to the x-axis is given by 

TI- 	0 
Y = 4 - 2 	 . 

Positioning the substrate and the mirrors according to the method described above 

ensures the optical path length of the beam remains constant for all processing 

locations on a substrate. 	A controller 420 may be coupled to the mirrors 406 and 

414, and to the substrate support 410 to accomplish the motions determined by the 

equations above. 	The controller may be configured with software designed to 

perform the above calculations and send control signals to actuators that move the 

mirrors 406 and 414 and the substrate support 410 based on the calculated 

positions. 
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[0045] 	The 	substrate 	support 	410 	is 	generally 	rotated 	by 	a 	precision 

rotational actuator with a certain defined precision. 	The imprecision in rotational 

position imparted by the actuator may be translated into a positioning error of up to 

about 40 pm in a 300 mm wafer embodiment. 	Such errors may be corrected, in 

one embodiment, by finely adjusting the position of the beam shaping aperture or 

beam cutter described above. 	If the aperture is located at the beam entry point 

404, the aperture may be rotated or moved laterally in two directions to correct for 

fine positioning errors. 	Piezoactuators may be used for such fine adjustment. 

Errors in positioning the substrate may be detected and measured using photonic 

detectors such as cameras, CCD matrices, or photodiode arrays. 

[0046] 	While the foregoing is directed to embodiments of the invention, other 

and further embodiments of the invention may be devised without departing from 

the basic scope thereof. 

15 



Claims 

1. An apparatus for thermally treating a semiconductor substrate, comprising: 

a rotatable substrate support; 

a radiation source capable of producing a beam of radiation having substantially 

uniform intensity proximate the rotatable substrate support, the beam of radiation 

emerging from the radiation source at a beam entry point; 

a constant optical path length beam location assembly disposed in optical 

communication with the beam entry point, the constant optical path length beam 

location assembly having a plurality of movable optical components, wherein the 

movable optical components comprise a first mirror and a second mirror, the first mirror 

coupled to a first linear actuator and a first rotational actuator and the second mirror 

coupled to a second linear actuator and a second rotational actuator, wherein the first 

linear actuator moves the first mirror along a first direction and the second linear 

actuator moves the second mirror along the first direction; and 

a controller coupled to the substrate support and the constant optical path length 

beam location assembly, the controller adapted to position the optical components of 

the beam location assembly and a selected portion of a substrate on the substrate 

support such that the beam illuminates the selected portion and the optical path length 

for the beam is substantially the same for all portions of the substrate. 

2. The apparatus of claim 1, wherein each rotational actuator rotates about an axis 

perpendicular to the first direction. 

3. The apparatus of claim 2, wherein the second mirror also_moves along a second 

direction perpendicular to the first direction, wherein each rotational actuator rotates 

about an axis perpendicular to the first direction and the second direction. 

4. The apparatus of claim 3, wherein the radiation source comprises an actuated 

aperture coupled to the controller, and the controller is further adapted to position the 

aperture based on the position of the beam on the substrate. 
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5. The apparatus of claim 4, further comprising a beam position detector that sends 

a beam position signal to the controller. 

6. The apparatus of claim 5, wherein the beam position detector comprises a 

camera. 

7. The apparatus of claim 4, wherein the beam has a non-uniform cross-sectional 

shape, and the actuator of the final optical element of the light source rotates the 

aperture to orient the beam. 

8. The apparatus of claim 6, wherein the camera detects an intensity profile of the 

beam, the final optical element comprises a variable focus lens, and the controller is 

further adapted to adjust the variable focus lens based on the intensity profile of the 

beam. 

9. A method of targeting a beam of laser radiation at a target location on a surface, 

the method comprising: 

staging the target location by rotating the surface to an accessible orientation; 

locating a beam capture mirror over the target location; 

determining a reflection point of a beam steering mirror such that an optical path 

length of the beam reflecting from the beam steering mirror and the beam capture mirror 

to the target location is substantially equal to a target optical path length; 

moving the beam steering mirror in a first direction to the reflection point; 

rotating the beam steering mirror to direct the beam to the beam capture mirror; 

rotating the beam capture mirror to direct the beam to the target location; and 

moving the beam capture mirror as necessary in a second direction that is 

perpendicular to the first direction and a third direction that is parallel to the first 

direction. 

10. The method of claim 9, further comprising detecting the accuracy of the beam 

targeting and improving the beam targeting by adjusting a beam origin point. 
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11. The method of claim 9, wherein staging the target location, locating the beam 

capture mirror over the target location, moving the beam steering mirror, and rotating 

the beam steering and beam capture mirrors is performed concurrently. 

12. The method of claim 9, further comprising detecting the focus of 

improving the beam focus by adjusting a variable focus lens. 

the beam and 

13. The method of claim 9, further comprising adjusting a beam 

rotating an aperture at a beam origin point. 

orientation by 
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