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METHODS AND APPARATUS FOR DETECTING MULTIPLE OBJECTS 
BACKGROUND OF THE INVENTION 

[0001] The production of semiconductor products, such as integrated circuits, involves 

the processing of wafers in a wafer processing system. A plasma processing system is a type of 

wafer processing machine that employs one or more processing chambers to selectively etch 

materials from and deposit materials on wafers. To facilitate wafer transport between the 

atmospheric environment and the more controlled environments within the various processing 

chambers, load locks are often employed. Wafers are transported by robot arms and positioned 

on a set of holders, or fingers, in the load lock. 

[00021 It is possible that in some cases, a wafer among a stack of wafers in the load lock 

may be incorrectly placed in a slot, or may slip off one of the fingers and falls on a wafer below, 
or may be missing from a slot, or a wafer may be present in a slot that should not have any wafer 

in it. In these cases, it is desirable to rapidly acquire wafer physical placement data and to detect 
abnormalities so that remedial actions may be taken (such as opening to load lock to retrieve the 

incorrectly positioned wafer) before damage to the wafer and/or to wafer transport sub­

assemblies may occur. 

|0003| Laser micrometers have often been employed for the purpose of determining the 

aggregate percentage of light in a CCD array that is blocked by a particular object. However, 

laser micrometers are not well suited for efficiently determining the actual physical locations of 

multiple discrete objects in their assigned locations as well as the individual physical location 

data regarding where these objects are located. 

[0004] In other production or research environments, it is sometimes desirable to rapidly 

acquire and analyze data regarding the actual physical placement of multiple discrete objects 

relative to their assigned positions. The present disclosure relates to low-cost, highly efficiency 

apparatuses and methods for acquiring the actual physical placement data for multiple discrete 
objects and to efficiently analyze the actual physical placement data with respect to their 

assigned or expected positions. 

SUMMARY OF INVENTION 

[0005] The invention relates, in an embodiment, to a method for determining physical placement 

data for a plurality of wafers, which is disposed on a plurality of parallel sets of fingers using a 
linear CCD array and a memory device and a logic module. The method includes obtaining raw 
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CCD array data; the obtaining includes serially clocking data from pixels of the linear CCD array 

into memory cells of the memory device. The method also includes ascertaining, using the logic 

module and the memory device, pixel transition data from at least one of the raw CCD array data 

and filtered CCD array data. The pixel transition data includes a number of transitions between 

adjacent pixel pairs and locations of the transitions. The method further includes ascertaining, 

using the logic module and the pixel transition data, whether at least one of an upper edge error, 

a lower edge error, a wafer thickness error, and transition-per-slot error exists. The method 

moreover includes, if the at least one of the upper edge error, the lower edge error, the wafer 

thickness error, and the transition-per-slot error exists, generating an error signal. 

[0006| The above summary relates to only one of the many embodiments of the 

invention disclosed herein and is not intended to limit the scope of the invention, which is set 
forth in the claims herein. These and other features of the present invention will be described in 

more detail below in the detailed description of the invention and in conjunction with the 

following figures. 
BRIEF DESCRIPTION OF THE DRAWINGS 

|0007| The present invention is illustrated by way of example, and not by way of 

limitation, in the figures of the accompanying drawings and in which like reference numerals 

refer to similar elements and in which: 
[0008| Fig. 1 shows one example placement on wafers on fingers in a load lock. 

|0009| Fig. 2 shows, in accordance with an embodiment of the invention, an example 

system for acquiring, storing, and analyzing actual physical placement data for multiple wafers 

with respect to their slots in a transport environment. 

[0010| Fig. 3A shows an example flow diagram for collecting data from the CCD arrays. 

[00111 Fig. 3B shows a simplified circuit diagram of the data acquisition, storage, and 

analysis arrangement. 
[0012| Fig. 4 shows a simplified conceptual drawing of the laser, the wafers, the CCD 

array, and the resulting data frame. 
(0013) Fig. 5 shows, in accordance with an embodiment of the invention, a flowchart for 

acquiring and analyzing actual physical placement data for multiple wafers with respect to their 

multiple slots in a transport environment. ' 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014J The present invention will now be described in detail with reference to a few 

embodiments thereof as illustrated in the accompanying drawings. In the following description, 

numerous specific details are set forth in order to provide a thorough understanding of the 

present invention. It will be apparent, however, to one skilled in the art, that the present 

invention may be practiced without some or all of these specific details. In other instances, well 

known process steps and/or structures have not been described in detail in order to not 

unnecessarily obscure the present invention. 

(0015] Embodiments of the invention relate to low-cost, highly efficient apparatuses and 

methods for acquiring, storing, and analyzing actual physical placement data for multiple 

discrete objects with respect to their assigned positions. Although wafer physical placement data 
in a wafer transport environment is discussed herein, it should be understood that the invention is 

not limited to wafer placement data, wafer transport, the particular CCD described in the 

examples, or the wafer processing environment. 
[0016] In one or more embodiments, a line laser is projected as a sheet of light across a 

plurality of wafers stacked on fingers. The light is projected at the edge of the stack of spaced-

apart wafers, which are disposed in between the laser and a linear array of CCDs (charge coupled 

devices). The presence of wafers in between the laser and the linear array of CCD blocks the 
laser light from reaching certain pixels of the CCD array. These pixels are then noted and the set 

of data, comprising data pertaining to which pixels in the linear array receiving light (e.g., pixels 

1-57, 99-138, 190-257, etc.) and which pixels in the linear array failing to receive light (e.g., 

pixels 58-98, 139-189, etc.), is acquired. 

[0017| An appropriate threshold, which may be obtained during calibration, may be 

employed to determine the threshold level of light that delineates whether that pixel should 

deemed off (i.e., light from the laser is blocked from reaching that pixel) or on (i.e., light from 
laser is received by that pixel) based on the amount of light that pixel receives. 

|0018| Further, the linear CCD array is calibrated (e.g., by measurement during 

installation relative to the physical chamber) such that the position of the CCD array relative to 

the chamber coordinate system is known. From this array positioning data, the positions of 

individual CCD array.cells in the linear CCD array relative to the chamber coordinate system 
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may be ascertained (e.g., by extrapolating from specification supplied by the manufacturer of the 

CCD array). 

[0019| Additionally, the fingers are also calibrated (e.g., by measurement during 

installation) such that the positions of the sets of fingers relative to the chamber coordinate 

system are also known. The calibration process also defines the number of slots (which 

correlates to how many wafers can be accommodated), the locations of the slots, die acceptable 

light-blockage window within each slot for the upper edge of the wafer and the lower edge of the 

wafer, etc. 

|0020] In one or more embodiments, data calibration is accomplished by first adjusting 

the laser light to the CCD (sensitivity adjustment). In an embodiment, the fingers on which the 

wafers rest are then calibrated putting a wafer in slot one (either lowest or highest slot) and 
noting the bottom-of-wafer location from the CCD array data. This may represent, for example, 

the first on-to-off transition from pixel to pixel in the linear pixel array. The pitch between the 

parallel sets of fingers is known and thus slot two may be determined by the known pitch 

between adjacent fingers. Other parameters may then be extrapolated or configured from the 

data from the wafer in the first slot. These include for example minimum and maximum wafer 
thickness, top window around the bottom edge of the wafer for each wafer for each slot (e.g., the 

range of pixel numbers, such as pixel 239 to pixel 264, that the top edge of the wafer in slot two 
is supposed to occupy), bottom edge window for each wafer in each slot (e.g., the range of pixel 

numbers, such as pixel 619 to pixel 644, that the bottom edge of the wafer in slot four is 

supposed to occupy), the filter size (the number of pixels near a off-to-on or on-to-off transition 
to ignore as possible noise), and the first and last pixel location. 

(00211 During operation, data is continuously acquired by the CCD array. In one or 

more embodiments, pixel data (e.g., whether a pixel is off or on) from individual pixels of a 

CCD array (the entire linear CCD array is referred to herein as a "frame") may be serially 

clocked out using a master clock. A start signal may indicate the beginning of a frame, and data 

is serially clocked out pixel-by-pixel for that frame until the entire frame's worth of data has 

been clocked out. CCD frame data may be continuously or periodically clocked out or clocked 

out upon request by the processor. 

|0022| In one or more embodiments, an 8-bit dual port memory is employed to store data 
from the CCD arrays. To elaborate, dual port memory represents a memory technology that 
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allows data accesses simultaneously by two devices to the memory. Dual port memory is 

selected for high-speed multiple accesses by both the processor and the CCD arrays, thereby 
permitting on-the-fly determination by the processor of whether an error condition exists with 

regard to wafer physical placement. 
[0023] With an 8-bit dual port memory, up to 8 separate CCD arrays (implementing 8 

sensors) may be accommodated simultaneously. However, larger memories may be employed if 

more CCD arrays need to be accommodated. Data from the arrays can be clocked 

simultaneously using a master clock and a common start signal (or other synchronizing 

mechanism). Logic (such as a complex programmable logic device) may then be employed to 

acquire the serial data from the CCD arrays and pack die data into words (8-bit, 16-bit etc.) in 

registers for storing the data in the dual-port memory. For example, bit 0 may be employed to 
carry data from pixel n from array 0, bit 1 may be employed to carry data from the same pixel n 

from array 1, bit 2 may be employed to carry data from the same pixel n from array 2, and so 

forth. 
|0024| The raw CCD array data may then be used to determine the percentage of pixels 

that are off or on, the number of pixels that are off or on, as well as the specific pixels in the 

linear CCD array that are off or on and transitions (off to on and on to off). This data, filtered or 

unfiltered, may be employed to ascertain wafer presence in a slot, apparent wafer thickness, 
apparent wafer placement within a slot, whether a wafer occupies more than one slot, whether 

there are error conditions pertaining to one or more wafers in the wafer transport environment, 

etc. 
[0025] Since the locations of the pixels are mapped to the chamber coordinate system 

beforehand, and acceptable windows for top and bottom wafer edges as well as error conditions 

are predefined for each slot, these mappings, window definitions, and error conditions may be 

applied against die set of pixel data of a frame to efficiently determine the physical placement 
data of wafers in slots in the wafer transport environment as well as to determine whether an 

error condition exists that warrant remedial actions such as stopping the wafer transport and 

extracting incorrectly positioned wafers. 
[0026] The features and advantages of the invention may be better understood with 

reference to the figures and discussions that follow. Fig. 1 shows one example whereby wafers 
102 and 104 are positioned on fingers 106 and 108 in the load lock. These sets of fingers 
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(typically 3 per wafer) form "slots" and the wafers are placed in these parallel and spaced-apart 

slots awaiting transport among the various chambers for processing. 
[0027| Fig. 2 shows, in accordance with an embodiment of the invention, an example 

system for acquiring, storing, and analyzing actual physical placement data for multiple wafers 

with respect to their slots in a transport environment. 

[0028] With reference to Fig. 2, a wafer 202 is shown disposed on a set of fingers 

comprising 204a, 204b, and 204c in an example load lock chamber. While two parallel sets of 

fingers are shown, the number of sets of fingers may vary. A line laser 210 projects a beam of 

light 212 toward a linear CCD array 214. In the example of Fig. 2, CCD array 214 is a 1 X 768 

array although different arrays may be employed if more or less data granularity is desired. 

During operation, wafers disposed on the parallel sets of fingers block a portion of the light 
projected by laser 210. As a result, some of the pixels in CCD array 214 would be on 

(unblocked) while others would be off (blocked). 

[0029] Fig. 3a shows an example flow diagram for collecting data from the CCD arrays. 

The data is collected frame by frame (decisions 304, and 314). Generally speaking, data is 

updated continuously in the cells of the CCD array as laser light shines on the pixels of the CCD 
array (step 306). If the data is requested by the processor (304), the data is read from the cells in 

the CCD array (310) and written to the dual port memory (312). Once the entire frame is written 
(314) to the dual port memory, a ready flag may be set with the processor (step 316). 

[0030] Fig. 3B shows a simplified circuit diagram of the data acquisition, storage, and 

analysis arrangement involving 2 CCD arrays 352 and 354, lasers 356 and 358, dual port 
memory 360, processor 362. and a programmable logic device 364 (implemented by a complex 

programmable logic device in the example of Fig. 3B although any suitable programmable logic 

device or custom IC or hardware/software combination may be employed). Dual port memory 
360 is shown accessed by both complex programmable logic device 364 (for updating pixel data 

into the memory) and by processor 362 (to obtain pixel/frame data for analysis). Depending on 

implementation, one or both of complex programmable logic device 364 and processor 362 may 

perform filtering and/or data analysis as desired. 

[00311 Fig. 4 shows a simplified conceptual drawing of the laser 402, the wafers 404 and 

406, the CCD array 408, and the resulting data frame 410. Pixels that are blocked by the wafers 
are off (logic 0 in the example of Fig. 4) while pixels that are not blocked by the wafers are on 
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(logic 1 in the example of Fig. 4). Although a 1 X 768 pixel array is employed in the example of 

Fig. 4, any suitable array size may be employed. . 
[0032| With reference to Fig. 2, generally speaking, the position of CCD array 214 

relative to the chamber coordinate system is fixed and known. Since the specification of CCD 

array 214, including the dimensional data and positional data of individual pixels therein, is 

known, the actual position of individual pixels relative to the chamber coordinate system is also 

known. Further, the positions of the sets of fingers 204a, 204b and 204c are set and known 

relative to the chamber coordinate system. The finger positional data define slots within which 

wafers may be disposed. From these data sets, it is possible to derive actual physical placement 

data for the wafers from the pixel on/off data for individual pixels of CCD array 214, relative to 

the chamber coordinate system. 
[0033| Fig. 5 shows, in accordance with an embodiment of the invention, a flowchart for 

acquiring and analyzing actual physical placement data for multiple wafers with respect to their 

multiple slots in a transport environment. In step 502, the active CCD arrays are enabled and 

lasers are turned on. As discussed, up to 8 CCD arrays and 8 lasers may be accommodated by an 

8-bit dual port memory structure, for example. In step 504, the register of the complex 
programmable logic device is reset and the first set of CCD data is requested (see Fig. 3b). If 

data collection is done for the entire frame (506), the process next calculates the number of 
active cells and the percentage of active cells (508). Filtering may also be performed (510) on 

the raw data set, as discussed earlier. In step 512, the object thickness may be determined. In 

step 514, other slot-related calculations may be performed. Some example data calculations in 

steps 512 and 514 are further elaborated below. 

[0034| To elaborate, other data, including error alerts, may be acquired, in one or more 

embodiments, by detecting transitions and determining wafer presence in slots. A pixel 

transition represents an on-to-off or off-to-on transition in the frame data. In one or more 

embodiments, a filter may be implemented on the raw frame data to minimize noise. To 

minimize false transitions, the processor may be configured, for example, to filter the unwanted 

transitions according to a filter size. For example, a filter size value (e.g., 0-255) may tell the 

processor how many pixels to ignore after capturing a transition. As an example, if the bottom 

of wafer #1 is detected at pixel #300 and the filter size is set to the default of 4, transitions that 
occur within the next 4 pixels are ignored. If there is a transition on the fifth pixel from pixel 
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#300, that transition on the fifth pixel from pixel #300 will be captured. In this manner, a highly 

efficient filtering mechanism is implemented. Other filtering schemes may also be implemented. 

Data analysis described herein may operate on the raw or filtered data set as desired. 

|0035| A state machine may be implemented on the frame data to track pixel transitions. 

If there are fewer or greater numbers of transitions than expected in the array or in one or more 

slots, an error flag denoting that condition may be set. For example, if there are more than two 

transitions (e.g., on-to-off and off-to-on) in a single slot, an error condition may exist since the 

data indicates that multiple wafers may be in a single slot (e.g., when an upper wafer slides off 

one of the fingers and rests on a lower wafer). As another example, if there are no transitions in 

a slot where there is supposed to be a wafer, an error flag may be set. If the sequence or number 

of transitions is illogical either in the data frame or in one of the slots, an error flag denoting that 

condition may be set as well. 

|0036| Further, adjacent pairs of on-to-off (representing a transition from unblocked to 

blocked pixels) and off-to-on (representing a transition from blocked to unblocked pixels) may 

be examined to detennine wafer thickness. If the wafer is unexpectedly thick, for example, this 

may signal the presence of more than one wafer. In this case, an error flag signifying that 

condition may be set. The wafer thickness data may also be employed to ascertain wafer 

temperature, for example, since apparent wafer thickness (bowing) may vary due to temperature. 
[0037] In one or more embodiments, bounds or limits on the allowable position for the 

lower edge of the wafer associated with a slot may be set. After calibration a bottom edge 

window may be defined. The bottom edge window may have a bottom edge minimum and 

bottom edge maximum, where bottom edge minimum represents the lowest allowable position 

for the wafer lower surface for that slot and the bottom edge maximum represents the highest 

allowable position for the wafer lower surface for that slot. If the wafer lower edge (detected by 

the state machine from a valid transition that signifies the wafer lower surface in that slot) is 

outside of the bottom edge window, an error flag signifying that condition may be set. 

|0038| In one or more embodiments, bounds or limits on the allowable position for the 

upper edge of the wafer associated with a slot may be set. After calibration a top edge window 

may be defined. The top edge window may have a top edge minimum and top edge maximum, 

where top edge minimum represents the lowest allowable position for the wafer upper surface for 
that slot and the top edge maximum represents the highest allowable position for the wafer upper 
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surface for that slot. If the wafer upper edge (detected by the state machine from a valid 

transition that signifies the wafer upper surface in that slot) is outside of the top edge window, an 

error flag signifying that condition may be set. 

|0039| The wafer position data may be employed to ascertain wafer bow, for example, if 

the beam of light is appropriately positioned. Wafer sag may be due to temperature or other 

chamber conditions, and the wafer bow data may be employed to ascertain temperature or the 

existence of certain chamber conditions. 
[0040] In one or more embodiments, if a transition representing the wafer upper surface 

is in one slot and the next transition representing the wafer lower surface is in another slot, an 

error flag signifying that condition may be set. Conversely, if a transition representing the wafer 

lower surface is in one slot and the next transition representing the wafer upper surface is in 
another slot, an error flag signifying that condition may be set. 

[0041] Having disclosed exemplary embodiments and the best mode, modifications and 

variations may be made to the disclosed embodiments while remaining within the subject and 

spirit of the invention as defined by the following claims. 
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CLAIMS 

1. A method for determining physical placement data for a plurality of wafers, said plurality 

of wafers being disposed on a plurality of parallel sets of fingers using a linear CCD array and a 

memory device and a logic module, comprising: 
obtaining raw CCD array data, said obtaining including serially clocking data from pixels 

of said linear CCD array into memory cells of said memory device; 
ascertaining, using said logic module and said memory device, pixel transition data from 

at least one of said raw CCD array data and filtered CCD array data, said pixel transition data 

including a number of transitions between adjacent pixel pairs and locations of said transitions; 

ascertaining, using said logic module and said pixel transition data, whether at least one 

of an upper edge error, a lower edge error, a wafer thickness error, and transition-per-slot error 

exists; and 

if said at least one of said upper edge error, said lower edge error, said wafer thickness 

error, and said transition-per-slot error exists, generating an error signal. 
2. The method of claim 1 further comprising filtering said raw CCD data to obtain said 

filtered CCD array data, wherein said ascertaining said pixel transition data employs said filtered 

CCD array data. 

3. The method of claim 1 further comprising ascertaining, using said logic module, wafer 
edge data from said pixel transition data, said wafer edge data including pixel positions 

representing at least upper edges of individual ones of said plurality of wafers, wherein said 

upper edge error is deemed to exist if any of said upper edges violate predefined upper allowable 

windows for said upper edges, said predefined upper allowable windows defining pixel zones 

within which a presence of one of said upper edges is permissible. 

4. The method of claim 1 further comprising ascertaining, using said logic module, wafer 

edge data from said pixel transition data, said wafer edge data including pixel positions 

representing at least lower edges of individual ones of said plurality of wafers, wherein said 

lower edge error is deemed to exist if any of said lower edges violate predefined upper allowable 

windows for said lower edges, said predefined lower allowable windows defining pixel zones 

within which a presence of one of said lower edges is permissible. 

5. The method of claim 1 further comprising ascertaining, using said logic module, wafer 
edge data from said pixel transition data, said wafer edge data including pixel positions 

10 



WO 2012/096811 PCT/US2012/020185 

representing at least upper edges and lower edges of individual ones of said plurality of wafers, 

wherein said wafer thickness error is deemed to exist if a difference between an upper edge and a 
lower edge of at least one of said plurality of wafers exceeds a predefined threshold. 

6. The method of claim 1 wherein said logic module is a processor. 

7. The method of claim 1 wherein said memory device is a dual-port memory device. 

8. The method of claim 1 wherein a transition of said transitions is determined using a 

predefined threshold to ascertain whether is pixel is blocked or unblocked. 

9. The method of claim 1 wherein said transition-per-slot error includes a more-than-

expected number of transitions for a given slot. 

10. The method of claim 1 wherein said transition-per-slot error includes a fewer-than-

expected number of transitions for a given slot. 
11. In a plasma processing system, a method for determining physical placement data for a 

plurality of wafers, comprising: 

placing a plurality of wafers on a plurality of parallel sets of fingers; 

illuminating a linear CCD array using a light source, the plurality of wafers being 

disposed between the linear CCD array and the light source; 

obtaining raw CCD array data, said obtaining including serially clocking data from pixels 

of said linear CCD array into memory cells of a memory device; 
ascertaining, using a logic module and said memory device, pixel transition data from at 

least one of said raw CCD array data and filtered CCD array data, said pixel transition data 

including at least a number of transitions between adjacent pixel pairs and locations of said 

transitions; and 

ascertaining, using said logic module and said pixel transition data, whether at least one 

of an upper edge error, a lower edge error, a wafer thickness error, and transition-per-slot error 
exists; 

if said at least one of said upper edge error, said lower edge error, said wafer thickness 

error, and said transition-per-slot error exists, generating an error signal. 

- 12. - The method of claim 11 further comprising filtering said raw CCD data to obtain said 

filtered CCD array data, wherein said ascertaining said pixel transition data employs said filtered 

CCD array data. 
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13. The method of claim 11 further comprising ascertaining, using said logic modxile, wafer 

edge data from said pixel transition data, said wafer edge data including pixel positions 
representing at least upper edges of individual ones of said plurality of wafers, wherein said 

upper edge error is deemed to exist if any of said upper edges violate predefined upper allowable 

windows for said upper edges, said predefined upper allowable windows defining pixel zones 

within which a presence of one of said upper edges is permissible. 

14. The method of claim 11 further comprising ascertaining, using said logic module, wafer 

edge data from said pixel transition data, said wafer edge data including pixel positions 

representing at least lower edges of individual ones of said plurality of wafers, wherein said 

lower edge error is deemed to exist if any of said lower edges violate predefined upper allowable 

windows for said lower edges, said predefined lower allowable windows defining pixel zones 

within which a presence of one of said lower edges is permissible. 

15. The method of claim 11 further comprising ascertaining, using said logic module, wafer 

edge data from said pixel transition data, said wafer edge data including pixel positions 

representing at least upper edges and lower edges of individual ones of said plurality of wafers, 

wherein said wafer thickness error is deemed to exist if a difference between an upper edge and a 

lower edge of at least one of said plurality of wafers exceeds a predefined threshold. 

16. The method of claim 11 wherein said logic module is a processor. 
17. The method of claim 11 wherein said memory device is a dual-port memory device. 

18. The method of claim 11 wherein a transition of said transitions is determined using a 

predefined threshold to ascertain whether is pixel is blocked or unblocked. 

19. The method of claim 11 wherein said transition-per-slot error includes a more-than-

expected number of transitions for a given slot. 

20. The method of claim 11 wherein said transition-per-slot error includes a fewer-than-

expected number of transitions for a given slot. 
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