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SUBSTRATE PROCESSING SYSTEM AND METHOD 

RELATED CASE 

[0001] This Application claims priority benefit from U.S. Provisional Application 

Serial Number 61/557,363, filed on November 8, 2011, the disclosure of which is 

incorporated here by reference in its entirety. 

BACKGROUND 

1. Field 

[0002] This Application relates to systems and methods for substrate processing, 

such as silicon substrates processing to form semiconductor circuits, solar cells, flat 

panel displays, etc. 

2. Related Art 

[0003] Substrate processing systems are well known in the art. Examples of 

substrate processing systems include sputtering and ion implant systems. While in 

many such systems the substrate is stationary during processing, such stationary 

systems have difficulties meeting recent demand for high throughput processing. The 

high throughput processing is especially severe for processing substrates such as, e.g., 

solar cells. Accordingly, new system architectures are needed to meet this demand. 

SUMMARY 

[0004] The following summary of the invention is included in order to provide a 

basic understanding of some aspects and features of the invention. This summary is 

not an extensive overview of the invention and as such it is not intended to particularly 

identify key or critical elements of the invention or to delineate the scope of the 

invention. Its sole purpose is to present some concepts of the invention in a simplified 

form as a prelude to the more detailed description that is presented below. 
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[0005] Disclosed herein is a processing system and method that enables high 

throughput processing of substrates. One embodiment provides a system wherein 

substrates continually move in front of the processing systems, e.g., the sputtering 

target or ion implantation beam. During travel in front of the processing system the 

substrate is moved at one speed, and during travel to/from load and unload positions 

the substrates are moved at a second speed, much higher than the first speed. This 

enables an overall high throughput of the system. 

[0006] Various disclosed embodiments provide a vacuum processing system for 

processing substrates, e.g., ion implanting, using two chuck arrays. In the described 

embodiments each chuck array has two rows of wafers positioned on electrostatic 

chuck on each array, but other embodiment may use one or more rows. The arrays are 

mounted on opposite sides of the chamber, so that they can each have water/gas and 

electrical connections without interfering with the operation of the other array. The use 

of at least two rows on each array enables continuous processing, i.e., continuous 

utilization of the processing chamber without idle time. For example, by using two rows 

for ion implantation, the ion beam can always be kept over one chuck array while the 

other array is unloaded/loaded and returned to the processing position before the 

processed array exits the beam. 

[0007] In the disclosed embodiments, all wafers on the chuck array are loaded at 

the same time. Wafers come from the load lock in rows, several wafers abreast, e.g., 

three wafers abreast. When two rows are present on the incoming conveyor, the wafers 

are lift up to a pick and place mechanism. In one embodiment, the pick and place 

mechanism uses electrostatic chucks to hold the wafers, but other mechanisms, such 

as vacuum, may be used. The system may optionally include dynamic wafer locating 

mechanisms for locating the wafer on the chucks with the correct alignment to assure 

that the processing is aligned to the wafer. For example, when performing ion 

implantation, the alignment ensures that the implanted features are perpendicular or 

parallel with the wafer edges. 

[0008] In one embodiment, the chuck arrays have manual alignment features that 

are used during setup to make sure the direction of travel is parallel to the processing 
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chamber, e.g., to implant mask features. In one example, the chuck arrays are first 

aligned to the implant masks by using a camera at the mask location and features on 

the arrays. Then each head on the pick and place mechanism is aligned to the mask by 

transferring an alignment wafer with precision alignment features from the input 

conveyor to the chuck array. The array then moves under the mask alignment camera 

and the angular displacement of the alignment wafer is determined. This angular 

displacement is then used to adjust the pick and place head. The steps are repeated 

until alignment is satisfactory. These steps create a fixed alignment. They are not 

dynamically controlled and varied by the system during wafer processing. 

[0009] The pick and place heads may also have dynamic wafer alignment. For 

example, pawls may be used to push wafers against alignment pins while the wafer 

floats on a gas cushion. This gas cushion may be established by flowing gas into the 

chuck via the wafer cooling channels so that these channels serve a dual purpose. The 

alignment pins can be mounted on piezo stages for dynamic control of elevation, if 

needed. 

[0010] In one specific example, an ion implant system is provided which 

comprises a vacuum enclosure, an ion implant chamber delivering an ion beam into a 

processing zone inside the vacuum enclosure. First and second chuck arrays are 

configured to ride back and forth on first and second rail assemblies, respectively, 

wherein an elevation mechanism is configured to change the elevation of the rail 

assemblies between an upper position and a lower position. Each of the first and 

second chuck arrays have a cantilevered portion upon which plurality of processing 

chucks are positioned. Each of the first and second chuck assemblies is configured to 

travel on its respective rail assembly in the forwards direction when the respective rail 

assembly is in the upper position, and ride on its respective rail assembly in the 

backwards direction when the respective rail assembly is in the lower position to thereby 

pass under the other chuck assembly. 

[0011] In the described ion implant system, a delivery conveyor belt is positioned 

inside the vacuum enclosure on its entrance side, and a removal conveyor is position 

inside the vacuum chamber in its exit side. A first pickup mechanism is configured to 
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remove wafers from the delivery conveyor and place the wafers onto the first and 

second chuck assemblies. A second pickup mechanism is configured to remove wafers 

from the first and second chuck assemblies and deliver the wafers to the removal 

conveyor belt. A camera is provided to enable aligning the first pickup mechanism. The 

camera is configured to take images of the first and second chuck assemblies while 

positioned in the processing zone. The images are analyzed to determine the 

alignment of the first pickup mechanism. 

[0012] The chuck assemblies are configured to travel at one speed while in the 

processing zone, and at a second speed, faster than the first speed, while traveling in 

the reverse or backward direction. In this arrangement, when the rail assembly is in the 

upper position, the chuck assemblies may be traveling in either fast forward or slow 

forward speed, depending on the location, but always travel in the reverse fast speed 

when the rail assembly is in the lower position. 

[0013] Each of the first and second chuck assemblies has a plurality of 

electrostatic chucks having gas flow channels. The first and second chuck assemblies 

are configured to deliver gas to the gas flow channels so as to generate gas cushion 

when wafers are being loaded onto the electrostatic chucks. Each of the first and 

second chuck assemblies also has plurality of alignment pins. Actuators may be 

included such that the pins may be actuated to assume an upper position for wafer 

alignment and thereafter assume a lower position. 

[0014] Each of the first and second pickup mechanisms comprises a plurality of 

pickup chucks arranged to mimic the arrangement of the processing chucks on the first 

and second chuck assemblies. Each of the pickup chucks has associated wafer 

alignment actuators configured to urge against the wafers during wafer alignment 

procedure. The wafer alignment actuators may be configured to urge the wafers 

against alignment pins attached to the chuck assemblies. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The accompanying drawings, which are incorporated in and constitute a 

part of this specification, exemplify the embodiments of the present invention and, 

together with the description, serve to explain and illustrate principles of the invention. 

The drawings are intended to illustrate major features of the exemplary embodiments in 

a diagrammatic manner. The drawings are not intended to depict every feature of 

actual embodiments nor relative dimensions of the depicted elements, and are not 

drawn to scale. 

[0016] Figure 1 is a cross-sectional schematic illustrating major parts of a system 

and architecture according to one embodiment. 

[0017] Figure 2 is a top view of chuck arrays depicting a process flow to highlight 

certain features of the embodiment illustrated in Figure 1. 

[0018] Figures 3A and 3B illustrate an embodiment of the chuck array system. 

[0019] Figure 4 illustrates an example of a system used with an ion implanter. 

[0020] Figure 5 illustrates a top view of the substrate loading according to one 

embodiment, which enables accurate alignment of the wafers to the chucks. 

[0021] Figure 6 is a schematic view of a pickup chuck according to one 

embodiment. 

[0022] Figure 7A illustrates a pickup chuck with the pawls open, while Figure 7B 

illustrates a pickup chuck with the pawls in the close position. 

[0023] Figure 8A is a schematic illustrating an arrangement with a pickup chuck 

having pawls and a processing chuck having alignment pins, while Figure 8B is a side 

view of the arrangement of Figure 8A. 

[0024] Figure 9 is a flow chart illustrating a process for transferring a wafer onto 

the processing chuck. 

[0025] Figure 10 is a flow chart illustrating a process for aligning the pickup head 

to the processing chamber. 
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DETAILED DESCRIPTION 

[0026] Various embodiments disclosed herein provide a system architecture that 

enables high processing throughput, especially for processes such as sputtering and 

ion implant. The architecture enables pass-by processing, such that the substrate is 

being processed as it passes by the processing chamber. For example, the substrate 

can be passed under an ion beam such that it is being implanted as it traverses the ion 

beam. In some specific examples, the ion beam is made as a wide ribbon, such that it 

can cover sections of several substrates simultaneously. Using such an arrangement, 

several substrates can be passed under the beam, such that the substrates can be 

processed together simultaneously to increase the system's throughput. 

[0027] An embodiment of the inventive sputtering chamber will now be described 

with reference to the drawings. Figure 1 illustrates part of a system for processing 

substrates using movable chuck arrays, indicated as C1 and C2, and positioned inside 

vacuum enclosure 100. In Figure 1, a processing chamber 115 is served by the two 

movable chuck arrays; such that at all times at least one substrate is processed by the 

processing chamber. The processing chamber 115 may be, for example, a sputtering 

chamber, an ion implant chamber, etc., having a processing zone, indicated by arrow 

145. The processing zone may be, e.g., an ion beam. By having the movable chuck 

arrays as illustrated in Figure 1, the processing zone is always occupied by at least one 

substrate, so that the chamber is never in an idle mode, but rather is always processing 

at least one substrate. 

[0028] In the example of Figure 1, the substrates 102 arrive on a conveyor 130 

which, in this embodiment, is in vacuum. In this example, the substrates are arranged 

three abreast, i.e., in three rows as shown in the callout L1 of Figure 1. Also, in this 

example, each chuck array has six chucks 106, arranged as a 2x3 array, as illustrated 

in the callout L2 of Figure 1. A pick-up head arrangement 105 rids on an overhead rail 

110 and, in this example, picks up six substrates from the conveyor simultaneously, and 

transfers them to the chuck array, here C1. 

[0029] The wafer transport mechanism used to transport the wafers 102 from the 

conveyor 130 onto the processing chucks 106, employs one or more electrostatic 
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pickup chucks 105, which are movable along tracks 110 and use electrostatic force to 

pick up one or more wafers, e.g., one row of three wafers 102, and transfer the wafers 

to the processing chucks 106. The pickup chucks 105 electrostatically chuck the wafers 

from their front surface, and then position the wafers on the processing chucks 106, 

which electrostatically chucks the wafers from their backside. Such an arrangement is 

particularly suitable for processing solar cells, which are rather forgiving for handling 

from the front surface. 

[0030] Meanwhile, chuck array C2 continuously passes the processing region 

145 of processing chamber 115, such that all six substrates will be exposed for 

processing. The motion of the chuck arrays while traversing under the processing 

region 145 is at a constant speed, referred to herein as S1. Once chuck array C1 has 

been loaded with substrates 102, it moves into processing position behind chuck array 

C2. This move into the processing position is done at a speed, referred to herein as S2, 

which is faster than speed S1, so that chuck C1 can be loaded and moved to be in 

position for processing before processing of the substrates on chuck array C2 is 

completed. Chuck array C1 then moves behind chuck array C2 at speed S1, so that 

when chuck array C2 exits the processing zone 145, chuck C1 immediately enters the 

processing zone 145. This condition is depicted as situation A in Figure 2, wherein 

chuck array C2 just completed processing and chuck array C1 enters the processing 

zone 145. In the position illustrated in Figure 2, chuck array C1 has just began entering 

the processing zone 145, for example, just started passing under the implant beam 147. 

Chuck array C1 will continue to move slowly at speed S1 through the implant zone 147, 

e.g., at about 35mm/sec. On the other hand, chuck array C2 is just about to exit the 

coverage of the implant beam 147. 

[0031] Once chuck array C2 passes beyond the processing zone, i.e., exits the 

coverage of ion beam 147, it then accelerates and moves at speed S2 to the unloading 

position, depicted as situation B in Figure 2. At this time, the front edge of chuck array 

C1 starts processing below the processing zone, while continuing to move at speed S1. 

As shown in this example, chuck array C1 is arranged such that three substrates are 

processed simultaneously. Of course, more or less substrates can be processed 
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simultaneously, depending on the size of the processing zone 145, in this example, the 

width of the ion beam 147. 

[0032] When chuck array C2 stops at the unloading station, shown in broken-line 

in Figure 1, an unloading pick-up arrangement 125 picks up the substrates and moves 

them onto conveyor 135. Chuck array C2 is then lowered and moves at speed S2 

below chuck array C1 to the load station, shown as position C in Figure 2. When chuck 

array C2 is loaded with substrates, it moves into processing position behind chuck array 

C1, as shown in position D in Figure 2. This cycle repeats itself, such that substrates 

are always present in the processing zone 145. 

[0033] Figures 3A and 3B illustrate an embodiment of the chuck array system. In 

this embodiment, each of chuck arrays C1 and C2 has six chucks, 352, 357, each of 

which may be, e.g., an electrostatic chuck. Chuck array C1 rides on tracks 350 on one 

side, while chuck array C2 rides on tracks 355, situated in a position opposed to the 

tracks 350. Each of chuck arrays C1 and C2 can ride back and forth on its tracks, as 

indicated by the double-headed arrow. The chuck arrays C1 and C2 can be moved oh 

tracks using motors, stepping motors, linear motors, etc. Each of the tracks is coupled 

to an elevation mechanism 360, which assumes an upper position and a lower position. 

During loading, processing, and unloading the elevation mechanism 360 is activated to 

have the tracks assume the upper position. Figure 3A illustrates the condition wherein 

both tracks are in the upper position, such that all of the chucks are at the same level. 

However, during transfer from unloading position to loading position, the elevation 

mechanism 360 is activated to lower the respective track to assume the lower position, 

so that one chuck array can pass below the other. This is shown in Figure 3B, wherein 

tracks 350 assume the lower position and chuck array C1 passes below chuck array 

C2. 

[0034] As illustrated in Figures 3A and 3B, each chuck array has a cantilevered 

shelf, 372, 374, upon which the chucks are assembled. Each of the cantilevered 

shelves has a drive assembly 373, 375, which rides on the rails, and a free standing 

support assembly 374, 376, upon which the chucks are attached, and which is 

cantilevered from the respective drive assembly. When one rail assembly assumes the 
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lower position, the free standing support assembly of the respective chuck assembly 

can pass below the free standing support assembly of the other chuck assembly. Also, 

as illustrated in Figure 3, the shelves are cantilevered so that when both rails are in 

upper position, the chucks situated on both shelves are aligned in the travel direction, 

as shown by the broken lines. 

[0035] Figure 4 illustrates an example of a system used with an ion implanter. 

The system illustrated in Figure 4 is used for fabrication of solar cells. In the fabrication 

of solar cells, sometimes ion implantation is performed on only selected areas of the 

substrate. An example for such processing is selective emitter solar cell. According to 

the embodiment of Figure 4, a mask (see, e.g., mask 170 in Figure 1) is placed in the 

path of the ion beam, such that only ions that pass through holes in the mask reach the 

substrate. Figure 4 illustrates how the processing using the mask proceeds and the 

cycle time using one numerical example. 

[0036] In Figure 4, the chuck array is shown in solid line and is illustrated to have 

a length Lc in the direction of travel, while the mask is shown in broken line and is 

illustrated to have length Lm in the direction of travel. In this arrangement, an array of 

3x2 is illustrated. Such that three wafers are positioned in the width direction to be 

processed simultaneously. This particular mask can be used to provide even doping on 

the surface of the wafers, and then enhanced doping for the contact "fingers" of the 

solar cell. That is, as the wafers is being transported under the mask, the wide opening 

of the mask enables a wide uninterrupted beam of ions to pass and evenly dope the 

surface of three wafers simultaneously. As the wafers continue to travel and come 

under the "comb" section of the mask, only "beamlets" of ions are allowed to pass to the 

wafers to thereby dope the wafers in straight lines. 

[0037] The doping process continues uninterruptedly, such that the implant 

source is always operational and always provides an ion beam. Figure 4 illustrates four 

snapshots of four states during the continuous operation. In State 1, chuck array C2 is 

under the ion beam to implant the wafers positioned thereupon. The leading edge of 

chuck array C1 is just about to enter the area covered by the mask. Both arrays C1 and 

C2 travel at slow speed S1. At State 2, ion implant of the wafer positioned on chuck 
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array C2 is completed and the trailing edge of chuck array C2 is just about to exit the 

area covered by the mask. Both arrays C1 and C2 still travel at slow speed S1. 

[0038] Once array C2 completely exits the coverage area of the mask, during 

time t23, it accelerates to speed S2 and travels to the unload station, wherein the wafers 

are unloaded from the array. The tracks of array C2 are then lowered and array C2 

travels at speed S2 under array C1 to be loaded with fresh wafers at the loading station. 

Once loaded, array C2 again accelerates to speed S2 to a position just behind array C1, 

and then slows down to travel at speed S1 behind array C1. State 3 is a snapshot of 

array C2 as its leading edge is just about to enter the coverage area of the mask. 

Process then continues at speed S1, and, as shown in state 4, the trailing edge of 

chuck array C1 is about to exit the coverage area of the mask, which defines one cycle. 

The process then repeats itself ad infinitum, so long as wafers are loaded onto the 

system. 

[0039] As can be understood from the example of Figure 4, the cycle time for one 

chuck array is ti2+ t23+ t34+ t41. In one example, this cycle time is about 18 seconds. 

The processing time is the time from when the leading edge of the chuck array enters 

the mask coverage, to the time the trailing edge of the array exits the mask coverage. 

However, the time a chuck array travels at processing speed, i.e., S1, is longer and is 

shown in Figure 4 to be t12+ t23+ t34 = 18 -141. On the other hand, Figure 4 illustrates 

that the time the chuck array travels at speed S2 and is unloaded and loaded with new 

wafers is t23, which in one example is about 6 seconds. 

[0040] As can be understood from the above, for proper ion implant at high 

throughput speeds, the wafers need to be loaded onto the chucks at high alignment 

accuracy. However, since the wafers arrive on conveyor, it is difficult to maintain 

accurate alignment. Figure 5 illustrates a top view of the substrate loading according to 

one embodiment, which enables accurate alignment of the wafers to the chucks. In this 

example six substrates are aligned loaded simultaneously onto six chucks. 

[0041] Figure 5 is a top view of the pick-up head 105 of Figure 1, having a 3x2 

array of electrostatic chucks 505 for simultaneously loading 6 wafers 502. Each of the 

chucks 505 is capable of rotational alignment about an axis, as indicated by double-
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arrow 590. The alignment is performed so that the wafers are aligned to the mask, and 

is done prior to start of processing. For example, as shown in Figure 1, a camera 119 

can be positioned near the mask 170, so as to image the mask and the chuck array. In 

Figure 1, the pickup head can be rotationally aligned about axis 190. For performing 

the alignment, a special alignment wafer with alignment mask can be used, so its 

alignment to the mask can be imaged using camera 119. Once the alignment is set for 

a particular mask, the alignment stays static and need not be changed for each cycle. 

In practice, this rotational alignment is required only for the loading pick-up head 105, 

and is not required for the unloading pick-up head 125. 

[0042] Each individual wafer is aligned to its individual processing chuck by 

movable pawls 585, which push the wafer against pins 580. The pawls 585 are in the 

open position when a wafer is picked up by the chuck 505, and then are closed, e.g., by 

gravity, to press the wafers against the pins 580 for alignment. The pins 580 may be 

fixed or may be movable by, e.g., piezo, as will be explained below. As will be 

described with respect to the example of Figure 8, gas flow may be used to float the 

wafer as it is being aligned to the chuck. 

[0043] Figure 6 is a schematic view of a single pickup chuck of the pickup head, 

e.g., pickup chucks 505 of pickup head 105, according to one embodiment. As 

illustrated in Figure 5, six such pickup chucks 505 can be arranged on one pickup head 

105, so as to transport six wafers simultaneously. In the embodiment of Figure 6, each 

pickup chuck has individual radial alignment about axis 690. For example, each time a 

new mask is installed on the ion implant system, each of the pickup chucks can be 

individually radially aligned so that when they deliver the wafers to the processing 

chucks, the wafers are aligned to the mask. Once alignment is completed, processing 

can commence and no further alignment may be required until such time as a new 

mask is installed. 

[0044] Each wafer is held by an electrostatic chuck 605, and is aligned to the 

processing chuck. In one embodiment, the wafer is aligned by having static pins on two 

sides and movable alignment levers on the two counter-sides. In Figure 6 static pins 

680 are fixed and are arranged such that one pin is centered on one side of the wafer 
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and two pins are provided on the adjacent side of the wafer at 90° angle. As shown in 

Figure 5, the two pins are provided on the side that is the leading edge of the wafer, i.e., 

the side of the wafer that is the leading edge during transport of the wafer. Two 

movable levers, in Figure 6 two pawls 685, push the wafer against the static pins so as 

to align the wafer. The levers may have defined point of contacts, e.g., pins or bumps, 

such that only the defined point of contact touches and urges the wafer against the 

static pins. As shown in Figure 5, some pawls have only a single point of contact, while 

others may have two or more points of contact. In Figure 5, the pawls that urge against 

the leading edge of the wafer have two points of contact 512. 

[0045] Figures 7A and 7B illustrate an example wherein levers 780 from both 

sides of the wafer urge the wafer to assume an aligned position. In Figure 7A levers 

780 are in the open position, i.e., not urging the wafer 702. The wafer 702 is held by 

electrostatic chuck 705, which is aligned about axis 790. In Figure 7B the levers 780 

assume the close position and urge the wafer to assume an aligned position. 

[0046] Figures 8A and 8B illustrate another embodiment, wherein the alignment 

is performed partly by the pickup chuck and partly by the processing chuck. In the 

embodiment of Figures 8A and 8B, the electrostatic chuck 805 is radially aligned about 

axis 890 and electrostatically holds wafer 802. During the time that the electrostatic 

chuck 805 holds wafer 802 the pawls 885 are in the open position, such that they do not 

urge against the wafer 802. When the pickup chuck delivers the wafer to the 

processing chuck 806, gas is pumped under the wafer via channels 833 in the chuck. 

This creates an gas cushion upon which the wafer floats. At that time, the levers 855 

assume the close position, e.g., by gravity or actuators, to urge the wafer against the 

fixed pins 880. As, illustrated, in this embodiment the fixed pins 880 are attached to the 

base 874 of the chuck array, upon which processing chuck 806 is mounted. Once the 

levers 885 have urged the wafer against the pins 880, airflow can be terminated and 

the processing chuck energized so as to chuck the wafer in an aligned position. Also, in 

this embodiment the pins 880 are movable in the z-direction, i.e., elevated for alignment 

and lowered during transport and processing, as illustrated by the double-headed arrow. 
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[0047] Figure 9 is a flow chart illustrating a process for transferring a wafer onto 

the processing chuck using the embodiment shown in Figures 8A and 8B. Similar 

processes can be performed using other disclosed embodiments. In the embodiments 

described above the transfer is performed from a conveyor belt onto a processing 

chuck, or vice versa, but a similar process can be performed when transferring from, 

e.g., a wafer cassette, a wafer tray, robot arm, etc. The process starts at step 900 by 

placing the pickup head at the pick up position, over the wafer to be picked up. In step 

905 the pickup head is activated to pick up the wafer by, e.g., vacuum, electrostatic 

force, mechanical attachment, etc. In step 910 the pickup head is moved to the drop off 

position, e.g., over the processing chuck. 

[0048] Since this process relates to the embodiment of Figures 8A and 8B, in 

step 915 gas flow is activated, so as to flow gas through the processing chuck. This 

step is optional and is performed only when gas flow channels are included in the 

processing chuck. Such gas channels are usually included in the chuck for the purpose 

of flowing cooling gas, such as helium, but the same arrangement can be used for the 

purpose of creating a gas cushion to float the wafer above the processing chuck. The 

gas cushion can be maintained by flowing helium, argon, nitrogen, air, etc. Also, if 

used, at this time the alignment pins can be elevated to their upward alignment position. 

[0049] The wafer is then released onto the gas cushion at step 920 and, as the 

pickup head is elevated a bit over the dropped wafer, the alignment mechanism aligns 

the wafer over the chuck in step 925. The alignment mechanism may be static pins and 

movable levers or pawls as illustrated in the above embodiments. In step 930 gas flow 

is reduced until it stops so that the wafer can be gently lowered onto the chuck without 

going out of alignment, and in step 935 the wafer is chucked onto the processing chuck. 

This can be done by vacuum, mechanical clamping, electrostatic force, etc. At step 940 

the pickup head is moved away and, if used, the alignment pins are lowered. 

[0050] Figure 10 is a flow chart illustrating a process for aligning the pickup head 

to the processing chamber. This is done to align the radial position of the pickup head 

to the processing chamber, so it is done only if the process generates features on the 

wafer and wherein the alignment of the features to the wafer's topology is critical. 
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Otherwise, this process need not be performed. Thus, for example, if the processing 

generates a uniform layer over the entire surface of the wafer, no alignment is needed. 

However, if the processing generates features, such as, e.g., contact fingers on a solar 

cell, then the alignment process may be carried out before processing commences. 

After the alignment is done, processing may commence without the need for further 

alignment. 

[0051] In Step 1000 the pickup head is moved into position and loads a wafer. If 

multiple pickup chucks are used, then multiple wafers can be loaded. Also, in one 

example, a specially designed alignment wafer(s) can be used. For example, the wafer 

can have special marks to assist in determining proper alignment. At step 1005 the 

pickup head is moved to drop the wafer(s) onto the processing chuck(s). Then at step 

1010 the chuck array is moved onto wafer processing position and at step 1015 an 

image of the chucks and/or wafers is taken. For example, if the system is used for ion 

implantation through a mask, the image may be of the mask, as aligned to the marks on 

the alignment wafers. At step 1020 the image is inspected and it is determined whether 

the alignment is proper. If it is not, the process proceeds to step 1025 where the proper 

alignment is performed to the pickup head. Then the process repeats to confirm the 

alignment. If at step 1020 it is determined that the alignment is proper, then at step 

1030 regular processing can commence. 

[0052] It should be understood that processes and techniques described herein 

are not inherently related to any particular apparatus and may be implemented by any 

suitable combination of components. Further, various types of general purpose devices 

may be used in accordance with the teachings described herein. The present invention 

has been described in relation to particular examples, which are intended in all respects 

to be illustrative rather than restrictive. Those skilled in the art will appreciate that many 

different combinations will be suitable for practicing the present invention. 

[0053] Moreover, other implementations of the invention will be apparent to those 

skilled in the art from consideration of the specification and practice of the invention 

disclosed herein. Various aspects and/or components of the described embodiments 

may be used singly or in any combination. It is intended that the specification and 

examples be considered as exemplary only, with a true scope and spirit of the invention 
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CLAIMS 

1. A substrate processing system, comprising: 

a processing chamber defining a processing zone; 

a first chuck array coupled to a first transport mechanism positioned on a first side, 

wherein the first chuck array is configured to be linearly movable back and forth on the first 

transport mechanism: 

a second chuck array coupled to a second transport mechanism positioned on a second 

side, opposite the first side, wherein the second chuck array is configured to be linearly movable 

back and forth oil the second transport mechanism; 

and wherein each of the first and second transport mechanism is configured lo be 

movable in elevation direction to enable one of the first and second chuck arrays to pass below 

the other one of the first and second chuck arrays . 

2. The system of claim 1. further comprising a loading mechanism con figured for loading 

substrates onto the first and second chuck arrays. 

3. The system of claim 2, further comprising unloading mechanism configured for 

unloading substrates onto the first and second chuck arrays. 

4. The system of claim 2, wherein the loading mechanism further comprises alignment 

mechanism. 

5. The system of claim 4, wherein each of the first and second chuck arrays comprises a 

plurality of electrostatic chucks; 

6. The system of claim 5, wherein each of the first and second chuck arrays comprises a 

plurality of rows of electrostatic chucks. 
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7. The system of claim 4, wherein each of the first and second chuck arrays is configured to 

be moved at a first speed while traversing the processing zone and at a second speed, faster than 

the first speed, when moved outside the processing zone. 

8. The system of claim 5, wherein the loading mechanism comprises a plurality of 

electrostatic chucks configured to chuck wafers from front side of the wafers. 

9. The system of claim 8, wherein the loading mechanism comprises alignment pawl 

configured for urging wafers against static alignment pins. 

10. The system of claim 9, further comprising an alignment camera. 


