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HIGH RESOLUTION POINT ARRAY 

CROSS REFERENCE 

This application claims priority to US. Provisional Patent 
Application Ser. No. 60/319,201, ?led on Apr. 23, 2002. 

BACKGROUND 

The present invention relates generally to optical scanning 
systems, and more particularly, to a system and method for 
increasing a scan rate While maintaining a minimum reso 
lution. 

Digital scanning systems, such as those used in maskless 
photolithographic processing, require image data to be 
scanned onto a subject. The scanning may occur at a de?ned 
scan rate, Which may be based on factors such as mechanical 
limitations and the speed With Which data is processed and 
projected onto the subject. A system may also controllably 
alter the scan rate to achieve different objectives. 

The amount of image data that must be processed in a 
digital scanning system is generally relatively large, and 
generally increases When higher resolutions are desired. 
Higher resolution may be desirable for a number of reasons. 
For example, a line may have a minimum Width When 
projected at a certain resolution. This minimum Width may 
be undesirable, for instance, because it limits the number of 
lines Which may be projected onto the subject. Using a 
higher resolution may alloW the line to be projected using a 
smaller minimum Width, and so more lines may be projected 
onto the subject. In photolithography, the subject may be a 
substrate and the projected image may be a mask. Therefore, 
a higher resolution enables a more detailed mask to be 
projected onto the substrate Without altering the siZe of the 
substrate. 

Although sometimes desirable, higher resolutions may 
decrease the scan rate of a scanning system because of the 
amount of data that must be transferred. This is especially 
true if the scanning system has a ?xed data rate Which is 
operable to transfer a limited amount of data. 

Therefore, certain improvements are needed in digital 
imaging systems. For example, it is desirable to increase the 
scan rate of a system While maintaining a desired minimum 
level of resolution. It is also desirable to maintain high light 
intensity, to provide high productivity, and to be more 
?exible and reliable. 

SUMMARY 

A technical advance is provided by a novel system and 
method for increasing a scan rate While maintaining a 
minimum resolution in an optical imaging system. In one 
embodiment, the method comprises determining a minimum 
resolution and a spacing distance for a ?rst discrete element 
and a second discrete element. AWindoW siZe is calculated 
based on the minimum resolution and the spacing distance 
and the WindoW siZe is set equal to the calculated siZe. An 
angle of rotation is calculated for the projection device 
relative to a subject based on the WindoW siZe, Where angle 
of rotation operable to offset the ?rst discrete element from 
the second discrete element by the minimum resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic vieW of an improved digital 
photolithography system for implementing various embodi 
ments of the present invention. 

FIG. 2 illustrates an exemplary point array aligned With a 
subject. 
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2 
FIG. 3 illustrates the point array of FIG. 2 after being 

rotated relative to the subject. 
FIG. 4 illustrates a point array rotated so that only one 

point falls on a single vertical line. 
FIG. 5 illustrates the point array of FIG. 4 rotated so that 

tWo points fall on a single vertical line. 

FIG. 6 illustrates the point array of FIG. 5 rotated so that 
three points fall on a single vertical line. 

FIG. 7 illustrates a point array overlaid on an exemplary 
memory grid. 

FIG. 8 is an exploded vieW of a portion of the point array 
of FIG. 7 illustrating individual points in a series of frames. 

FIG. 9 illustrates the point array of FIG. 7, With a portion 
of a second point array overlay visible. 

FIG. 10 is an example of an image portion projected at 
tWo different resolutions. 

FIG. 11 is a diagrammatic vieW of one embodiment of an 
exemplary system for converting image data for display on 
a rotated pixel panel. 

FIG. 12 is a diagrammatic vieW of another embodiment of 
an exemplary system for converting image data for display 
on a rotated pixel panel. 

FIG. 13 is a How chart illustrating a process for retrieving 
image data from memory and projecting it on a rotated pixel 
panel. 

FIG. 14 is a diagrammatic vieW of yet another embodi 
ment of an exemplary system for converting image data for 
display on a rotated pixel panel. 

FIG. 15 illustrates three pixels that have been rotated 
relative to a subject to create an offset. 

FIG. 16 is a How chart illustrating a process for creating 
WindoWs using the rotation illustrated in FIG. 15 and select 
ing one of the WindoWs for projection onto the subject. 

FIG. 17 illustrates a plurality of WindoWs overlaid on a 
point array and memory grid. 

FIG. 18 illustrates some of the WindoWs of FIG. 17 
vieWed from a different perspective. 

FIG. 19 illustrates an illumination device directing light 
toWards a plurality of exposure areas on a subject. 

FIG. 20 is a graph illustrating levels of light intensity 
received by the exposure areas in FIG. 19 over a period of 
time. 

FIG. 21 illustrates the illumination device and exposure 
areas of FIG. 19 With the addition of a lens. 

FIG. 22 is a graph illustrating levels of light intensity 
received by the exposure areas in FIG. 21 over a period of 
time. 

DETAILED DESCRIPTION 

The present invention relates generally to optical scanning 
systems, and more particularly, to a system and method for 
increasing a scan rate While maintaining a minimum reso 
lution. It is understood, hoWever, that the folloWing disclo 
sure provides many different embodiments, or examples, for 
implementing different features of the invention. Speci?c 
examples of components and arrangements are described 
beloW to simplify the present disclosure. These are, of 
course, merely examples and are not intended to limit the 
invention from that described in the claims. In addition, the 
present disclosure may repeat reference numerals and/or 
letters in the various examples. This repetition is for the 
purpose of simplicity and clarity and does not in itself dictate 
a relationship betWeen the various embodiments and/or 
con?gurations discussed. 
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Referring noW to FIG. 1, a maskless photolithography 
system 100 is one example of a system that can bene?t from 
the present invention. In the present example, the maskless 
photolithography system 100 includes a light source 102, a 
?rst lens system 104, a computer aided pattern design 
system 106, a pixel panel 108, a panel alignment stage 110, 
a second lens system 112, a subject 114, and a subject stage 
116. A resist layer or coating 118 may be disposed on the 
subject 114. The light source 102 may be an incoherent light 
source (e.g., a Mercury lamp) that provides a collimated 
beam of light 120 Which is projected through the ?rst lens 
system 104 and onto the pixel panel 108. 

The pixel panel 108, Which may be a digital mirror device 
(DMD), is provided With digital data via suitable signal 
line(s) 128 from the computer aided pattern design system 
106 to create a desired pixel pattern (the pixel-mask pattern). 
The pixel-mask pattern may be available and resident at the 
pixel panel 108 for a desired, speci?c duration. Light 
emanating from (or through) the pixel-mask pattern of the 
pixel panel 108 then passes through the second lens system 
112 and onto the subject 114. In this manner, the pixel-mask 
pattern is projected onto the resist coating 118 of the subject 
114. 

The computer aided mask design system 106 can be used 
for the creation of the digital data for the pixel-mask pattern. 
The computer aided pattern design system 106 may include 
computer aided design (CAD) softWare similar to that Which 
is currently used for the creation of mask data for use in the 
manufacture of a conventional printed mask. Any modi? 
cations and/or changes required in the pixel-mask pattern 
can be made using the computer aided pattern design system 
106. Therefore, any given pixel-mask pattern can be 
changed, as needed, almost instantly With the use of an 
appropriate instruction from the computer aided pattern 
design system 106. The computer aided mask design system 
106 can also be used for adjusting a scale of the image or for 
correcting image distortion. 

In some embodiments, the computer aided mask design 
system 106 is connected to a ?rst motor 122 for moving the 
stage 116, and a driver 124 for providing digital data to the 
pixel panel 108. In some embodiments, an additional motor 
126 may be included for moving the pixel panel. The system 
106 can thereby control the data provided to the pixel panel 
108 in conjunction With the relative movement betWeen the 
pixel panel 108 and the subject 114. 

Efficient data transfer may be one aspect of the system 
106. Data transfer techniques, such as those described in 
US. provisional patent application Ser. No. 60/278,276, 
?led on Mar. 22, 2001, and also assigned to Ball 
Semiconductor, Inc., entitled “SYSTEM AND METHOD 
FOR LOSSLESS DATA TRANSMISSION” and hereby 
incorporated by reference as if reproduced in its entirety, 
may be utiliZed to increase the throughput of data While 
maintaining reliability. Some data, such as high resolution 
images, may present a challenge due in part to the amount 
of information needing to be transferred. 

Referring noW to FIG. 2, a pixel panel 210 comprising a 
DMD, Which may be present in a system such as that 
described above With reference to FIG. 1, is illustrated. The 
pixel panel 210, Which is shoWn as a point array for purposes 
of clari?cation, projects an image (not shoWn) upon a 
substrate 212. The substrate is moving in a direction indi 
cated by an arroW 214. Alternatively, the point array 210 
could be in motion While the substrate 212 is stationary, or 
both the substrate 212 and the point array 210 could be 
moving simultaneously. The point array 210 is aligned With 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
both the substrate 212 and the direction of movement 214 as 
shoWn. A distance, denoted for purposes of illustration as 
“D”, separates individual points 216 of the point array 210. 
In the present illustration, the point distribution that is 
projected onto the subject 212 is uniform, Which means that 
each point 216 is separated from each adjacent point 216 
both vertically and horiZontally by the distance D. 
As the substrate 212 moves in the direction 214, a series 

of scan lines 218 indicate Where the points 216 may be 
projected onto the substrate 212. The scan lines are sepa 
rated by a distance “S”. Because of the alignment of the 
point array 210 With the substrate 212 and the scanning 
direction 214, the distance S betWeen the scan lines 218 
equals the distance D betWeen the points 216. In addition, 
both S and D remain relatively constant during the scanning 
process. Achieving a higher resolution using this alignment 
typically requires that the point array 210 embodying the 
DMD be constructed so that the points 216 are closer 
together. Therefore, the construction of the point array 210 
and its alignment in relation to the substrate 212 limits the 
resolution Which may be achieved. 

Referring noW to FIG. 3, a higher resolution may be 
achieved With the point array 210 of FIG. 2 by rotating the 
DMD embodying the point array 210 in relation to the 
substrate 212. As illustrated in FIG. 3, although the distance 
D betWeen the points 216 remains constant, such a rotation 
may reduce the distance S betWeen the scan lines 218, Which 
effectively increases the resolution of the point array 210. 
The image data that is to be projected by the point array 210 
may be manipulated so as to account for the rotation of the 
point array 210. The manipulation can include an angle 0 
betWeen an axis 310 of the rotated point array 210 and a 
corresponding axis 312 of the substrate. 
The magnitude of the angle 0 may be altered to vary the 

distance S betWeen the scan lines 218. If the angle 0 is 
relatively small, the resolution increase may be minimal as 
the points 216 Will remain in an alignment approximately 
equal to the alignment illustrated in FIG. 2. As the angle 0 
increases, the alignment of the points 216 relative to the 
substrate 212 Will increasingly resemble that illustrated in 
FIG. 3. If the angle 0 is increased to certain magnitudes, 
various points 216 Will be aligned in a redundant manner and 
so fall onto the same scan line 218. Therefore, manipulation 
of the angle 0 permits manipulation of the distance S 
betWeen the scan lines 218, Which affects the resolution of 
the point array 210. It is noted that the distance S may not 
be the same betWeen different pairs of scan lines as the angle 
0 is altered. 

Referring noW to FIG. 4, a pixel panel 410 (again shoWn 
as a point array) comprising M columns by N roWs is 
illustrated. In the present example, M=16 and N=12. The 
point array 410 may represent an image, such as an image 
used in a maskless photolithography system. Each column 
and roW includes a plurality of individual points 416. For 
purposes of illustration, each point 416 Will be referenced by 
its column/roW position in the point array 410 When it is 
important to identify a particular point. For example, the 
point 416 located in the second column, fourth roW, Will be 
referred to as point (2,4). Each point 416 is separated by a 
distance “D” from the corresponding point in the adjacent 
columns and roWs. For example, the point (10,11) is a 
distance D from point (9,11), point (11,11), point (10,10), 
and point (10,12). Therefore, the total distance betWeen the 
?rst and last points 416 in each roW is equal to (M—1)*D, 
While the total distance betWeen the ?rst and last points 416 
in each column is (N—1)*D. 
An angle 0 represents the angle betWeen an axis 420 of the 

point array 410 and a corresponding axis 422 of a subject 
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412 (not shown). A series of scan lines 418 indicate Where 
the points 416 may be projected onto the subject 412. 
Depending on the angle 0, the scan lines 418 may be 
separated by a constant distance or by varying distances, as 
described below. When no redundancy occurs (i.e., no tWo 
points 416 from the array 410 may fall on the same scan line 
418), a variable “K” is equal to one, signifying a one to one 
correspondence betWeen a point 416 and a scan line 418. A 
series of relationships may be developed using the values M, 
N, K, D and 0. The relationships enable various aspects of 
the rotation of the array 410 to be calculated in order to 
achieve a desired result. 

A distance “B”, Which designates the distance betWeen 
the scan lines 418 of tWo adjacent points 416 in a roW When 
the array 410 is rotated to angle 0, may be calculated by 
setting B equal to D*cos(0). A distance “C” represents the 
distance betWeen the scan lines 418 of tWo adjacent points 
416 in a column When the array 410 is rotated to angle 0, and 
may be calculated by setting C equal to D*sin(0). A distance 
“A” represents the distance betWeen the scan lines 418 of the 
point 416 in the bottom roW of a column and the point 416 
in the top roW of the next column When the array 410 is 
rotated to angle 0. For example, the scan lines associated 
With the point (15,12) and the point (16,1) are separated by 
the distance A, Which may be calculated as B—(N—1)*D*sin 
(9) 

In the present example, the points 416 are uniformly 
distributed (i.e., the same distance separates each point 416 
from the adjacent points 416 When projected onto the 
subject). When this uniformity occurs, A=C=D*sin(0) and 
tan(0)=K/N. 

Using one or more of these relationships, the angle 0 can 
be calculated to achieve a desired distance betWeen the scan 
lines 418. For example, When N=600 and K=1, then 0=tan_ 
1(1/600)z0.0955 degrees. Therefore, rotating the point array 
410 by 0.0955 degrees Will enable the array 410 to be 
projected With the desired characteristics of A, B, C and D. 

It should be noted that choosing a uniform distribution of 
points 416 may simplify the calculation of 0 and its effect on 
the resolution provided by the spacing of the scan lines 418. 
This may be accomplished by selecting a desired resolution 
so that A=C=D*sin(0). 

Referring noW to FIG. 5, the point array 410 of FIG. 4 is 
illustrated With a larger angle 0. In contrast to FIG. 4, the 
present ?gure depicts an example Where K=2. This means 
that there is redundancy such that tWo points 416 from the 
array 410 fall on the same scan line 418 (i.e., there is a tWo 
to one correspondence betWeen tWo points 416 and a scan 
line 418). For example, the point (8,1) and the point (7,7) are 
associated With the same scan line 418. Such redundancy 
may be desirable if, among other reasons, the DMD includes 
a faulty mirror. If the mirror associated With one of the points 
on a scan line fails, a redundant mirror may be utiliZed to 
ensure the point is properly projected. 

The distance “D” separates each point 416 from the 
adjacent points 416. The total distance betWeen the ?rst and 
last points 416 in each roW is equal to (M—1)*D, While the 
total distance betWeen the ?rst and last points 416 in each 
column is (N—1)*D. Using M, N, K, D and 0, a series of 
relationships may be developed for K=2. As in FIG. 4, the 
relationships may enable various aspects of the rotation of 
the array 410 to be calculated in order to achieve a desired 
result. 

The distance “B” designates the distance betWeen the scan 
lines 418 of tWo points in a roW separated by another point 
416 When the array 410 is rotated to angle 0. For example, 
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6 
the point (14,12) is separated from the point (16,12) by the 
distance b, Which may be calculated as B=K*D*cos(0). The 
distance “C” may be calculated as C=D*sin(0). The distance 
“A” may be calculated as A=B—(N—1)*D*sin(0). 
When the points 416 are uniformly distributed (i.e., the 

same distance separates each point 416 from the adjacent 
points 416 When projected onto the subject), then A=C= 
D*sin(0) and tan(0)=K/N. 

Using one or more of these relationships, the angle 0 can 
be calculated to achieve a desired distance betWeen the scan 
lines 418. For example, When N (the number of roWs) is 
equal to 600 and K=2, then 0=tan_1(2/600)z0.19098 
degrees. 

Referring noW to FIG. 6, the point array 410 of FIG. 5 is 
illustrated With a larger angle 0. In contrast to FIG. 5, the 
present ?gure depicts an example Where K=3. This means 
that there is redundancy such that three points 416 from the 
array 410 fall on the same scan line 418 (i.e., there is a three 
to one correspondence betWeen three points 416 and a scan 
line 418). For example, the points (8,1), (7,5), and (6,9) are 
associated With the same scan line 418. 

The distance “D” separates each point 416 from the 
adjacent points 416. As in FIG. 5, the total distance betWeen 
the ?rst and last points 416 in each roW is equal to (M—1)*D, 
While the total distance betWeen the ?rst and last points 416 
in each column is (N—1)*D. Using M, N, K, D and 0, a series 
of relationships may be developed for K=3. As in FIG. 5, the 
relationships enable various aspects of the rotation of the 
array 410 to be calculated in order to achieve a desired 
result. 

The distance “B” designates the distance between the scan 
lines 418 of tWo points in a roW separated by tWo other 
points 416 When the array 410 is rotated to angle 0. For 
example, the point (13,12) is separated from the point 
(16,12) by the distance B, Which may be calculated as 
B=K*D*cos(0). The distance “C” may be calculated as 
C=D*sin(0). The distance “A” may be calculated as A=B 
(N—1)*D*sin(0). A distance “R” represents the distance 
betWeen redundant points 416 on a scan line 418. For 
example, the point (15,5) is separated from the point (14,9) 
by the distance R. A distance “E” designates the distance 
betWeen the scan lines 418 of tWo adjacent points in a roW 
When the array 410 is rotated to angle 0, and may be 
calculated as E=C*N/K. 

When the points 416 are uniformly distributed (i.e., the 
same distance separates each point 416 from the adjacent 
points 416 When projected onto the subject), then A=C= 
D*sin(0), N/K is an integer, and tan(0)=K/N. 

Additional relationships may be developed using the 
above described equations. 

Using one or more of these relationships, the angle 0 can 
be calculated to achieve a desired distance betWeen the scan 
lines 418. For example, When N (the number of roWs) is 
equal to 600 and K=3, then 0=tan_1(3/600)z0.286 degrees. 

Angles for different relationships may be calculated by 
applying the above described equations. For example, if 
N=600 and K=20, then N/K=30, Which is an integer. 
Therefore, there is a uniform distribution of points on the 



US 6,870,604 B2 
7 

substrate surface and the angle 0 may be calculated from 
tan(0)=K/N. In this instance, 0z1.91 degrees. 

Referring noW to FIG. 7, in one embodiment, a point array 
710 (such as is embodied by a rotated DMD) is illustrated as 
an overlay on a memory 712 (shoWn as an exemplary 
memory grid). The point array 710 comprises M columns 
and N roWs, Where M=24 and N=15. For purposes of 
illustration, the memory 712 comprises an S column by T 
roW grid 718 of memory locations 714. The memory 712 
may be contiguous (as illustrated) or non-contiguous. 

The memory 712 includes an image (not shoWn) such as 
may be used for a photolithographic mask. Therefore, por 
tions of the image are located at appropriate S,T locations 
714 in the memory 712. Individual points 716 of the array 
710 are illustrated overlaying memory locations 714 so as to 
re?ect the rotation of the array 710 (i.e., located in such a 
Way that each point 716 can be identi?ed by a set of S,T 
coordinates). The rotation of the array 710 is such that K=3, 
Which means that three points 714 from the array 710 are in 
the same memory column S. 

The siZe of the memory grid 712 is 130x94, Which may 
be calculated as folloWs: 

Image data for the point array 710 may be retrieved 
memory roW T by memory roW T from the memory 712 and 
projected onto a subject (not shoWn). It is noted that a 
memory roW T may not be equivalent to a point array roW 
N, as the point array 710 has been rotated. As each memory 
roW T is retrieved, a pointer 718 representing a starting 
address for the retrieved memory roW T is updated to the 
address for the next memory roW T to be retrieved. It is 
apparent that alternate retrieval strategies may be imple 
mented to achieve the same result. For example, it may be 
preferable to retrieve multiple roWs simultaneously, or it 
may be advantageous to retrieve the point array from 
memory on a column by column basis. 

The point array 710 With its respective points 716, as 
illustrated in FIG. 7, may be vieWed as a single “frame” in 
a scanning process. Each point 716 Would then represent a 
corresponding pixel in the image stored in the underlying 
memory location 714. Therefore, each memory location 714 
Would appear in its respective position When the frame is 
projected onto a subject. This process is described in further 
detail With respect to FIG. 8. 

Referring noW to FIG. 8, an exploded vieW of a portion of 
the point array 710 overlay of FIG. 7 is noW illustrated. The 
vieW illustrates an exemplary frame sequence for the point 
array 710. The points 716 of point array 710 are illustrated 
as a series of frames 810—822. Although the exploded vieW 
does not shoW each point 716, the frames 810—822 each 
include a set of 24x15 points 716 having a similar shading. 
Therefore, FIG. 8 illustrates seven frames 810—822. Each 
frame 810—822 includes the points 716, but the location of 
the points relative to the underlying image is altered as the 
point array 710 is scanned. For example, the frame 810 
includes the topmost set of points in each group of seven, 
While the frame 812 includes the second set of points, and 
so on. 

Referring noW to FIG. 9, a ?nal roW of memory overlaid 
by the array 710 of FIG. 7 is illustrated as the current address 
of the pointer 718. Aportion of memory for a second array 
910 is visible and Will be retrieved next starting With the 
bottom roW. It is noted that a single point array may utiliZe 
a large amount of memory, and multiple arrays utiliZe 
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8 
increasingly large amounts of memory. In addition, a high 
rate of retrieval may be maintained for optimal projection 
results. 

Referring noW to FIGS. 10a—b, an example of a bene?t 
afforded by the higher resolution provided by the present 
invention is illustrated. Referring noW speci?cally to FIG. 
10a, a pixel panel (not shoWn) is operable to project a point 
array 1010 at a resolution of 3.4 micrometers The 
point array includes “full” pixels 1012 Which may represent 
pixels for circuit components and “empty” pixels 1014 
Which represent empty space in Which no circuit component 
is present. This may be accomplished With a frame rate of 
approximately 5000 frames per second (5 Kfps) at a data rate 
of approximately 450 KB per pixel panel. As previously 
described, the resolution of the projected image is typically 
limited by the resolution of the pixel panel. 

Referring noW speci?cally to FIG. 10b, rotating the pixel 
panel such that K=30 enables the same portion of the point 
array 1010 to be projected at a higher resolution of 0.85 pm. 
Therefore, in the present example, rotating the point array 
1010 provides a level of resolution that is four times greater 
than the native resolution of the pixel panel. This means that 
each pixel 1012, 1014 of FIG. 10a is noW represented by 
sixteen pixels in FIG. 10b. This may alloW edges to be 
smoothed and similar desirable re?nements to be made to 
the circuit. 

Referring noW to FIG. 11, one embodiment of a system 
1110 for real time data extraction and manipulation is 
illustrated. The system 1110 may be incorporated in another 
system, such as the system 100 of FIG. 1, or it may be a 
stand alone system. In the present embodiment, the system 
1110 includes a personal computer (PC) 1112, an interface 
1114, an image memory 1116, a plurality of digital signal 
processing (DSP) devices 1118, a frame buffer 1120, and a 
DMD 1122. The PC, utiliZing the interface 1114, may 
interact With and/or control aspects of the system 1110. 

For purposes of illustration, the system 1110 utiliZes point 
arrays 1124 (not shoWn) of M=848 columns and N=600 
roWs, such as are described in relation to FIGS. 4—9. The 
point arrays 1124 may be combined to form an image 1126 
(not shoWn), and so each point array 1124 may be vieWed as 
a single frame of the image 1126. Each point array 1124 
includes a plurality of points 1128. Each DSP device 1118 
operates in a similar manner, and so a single exemplary DSP 
device 1118 is described beloW. In the present embodiment, 
the DMD 1122 is rotated so that K=30, as has been previ 
ously described and has a native resolution of 848 pixels by 
600 pixels. 
The memory siZe needed to store an 848x600 point array 

(a frame) may be calculated by inserting the values for M, 
N, and K into the previously described equations. Doing so 
results in a memory siZe of: 

or 17540><12828. This can be vieWed in terms of storage as 
approximately tWenty-eight megabytes (MB). 

In operation, the DSP device 1118 extracts a discrete unit, 
such as a frame embodied in one of the point arrays 1124, 
from the image 1126. The DSP device 1118 then calculates 
a position on the DMD 1122 for each point 1128 of the point 
array 1124. Because the DMD 1122 is rotated in relation to 
a subject 1130 (not shoWn), the position of each point 1128 
enables proper projection of the associated point array 1126. 

After the DSP device 1118 has calculated the DMD 
positions of the points 1128, the frame is transferred to the 










