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[51] ABSTRACT 
In this laser pattern generator, plural laser beams are 
arranged in a closely spaced, noninterfering array. The 
beams are concurrently de?ected across a region of the 
target surface by an acousto-optic de?ector driven by a 
swept frequency drive signal. The target is moved per 
pendicular to the direction of de?ection to reposition it 
for exposure during the next stroke of the beams. The 
extent of target offset in the direction of de?ection is 
measured and used to control initiation of modulation 
during each de?ection stroke, so that each portion of 
the generated pattern begins from a uniform reference 
line on the target. Pattern data is supplied to the beam 
modulators in accordance with data clock pulses the 
repetition rate of which is established by the rate of 
change of frequency of the de?ector drive signal. 
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LASER PATTERN GENERATING SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a system for generat 

ing integrated circuit patterns or the like on photomasks 
or semiconductor wafers coated with photoresist, using 
laser radiation. The invention uses plural laser beams in 
a coaligned, closely spaced noninterfering array. The 
beams are concurrently de?ected across a region of the 
target surface by an acousto-optic de?ector driven by a 
swept frequency drive signal. The target is moved per 
pendicular to such angular de?ection to position it for 
exposure of the next adjacent portion of the pattern. 
The extent of target offset in the direction of de?ection 
is measured and used to control the initiation of modula 
tion during each de?ection stroke so that each gener 
ated portion of the pattern begins from a uniform refer 
ence line on the target. Pattern data supplied to the 
beam modulators is timed by data clock pulses estab 
lished by the rate of change of frequency of the de?ec 
tor drive signal. 

2. Description of the Prior Art 
The production of an integrated circuit normally 

begins with a photomask, which is a photographic nega 
tive of a layer of the circuit. The photomask for the ?rst 
layer of the integrated circuit is projected onto a wafer 
of silicon which is coated with a photosensitive mate 
rial. The latent image of the circuit pattern for the first 
layer is then developed, and the silicon uncovered in 
this process is appropriately treated to change its elec 
trical characteristics. The steps are repeated for each 
circuit layer using an appropriate photomask. 

This microlithographic process was initially per 
formed using contact printing, wherein the photomask 
was brought into physical contact with the wafer. 
Contact printing was later supplanted by one-to-one 
projection printing of the circuit onto the photoresist 
material. More recently, [0X reticles have been used. 
These reticles are photomasks of one layer of an inte 
grated circuit pattern enlarged ten times and produced 
on a glass plate. A ten-to-one reduced image of this 10X 
reticle is projected onto the wafer to expose the photo 
resist according to the circuit pattern on the reticle. The 
use of 10X reticles reduces the effect of defects in the 
photomask and has enabled smaller patterns to be 
placed on the wafer then had previously been possible. 

Usually the photomasks are produced by photo 
graphic reduction of hand or computer generated art 
work that is many times larger than the article itself. 
More recent techniques for producing the photomasks 
and the 10X reticles include the use of a raster-scanned 
electron beam. The electron beam is selectively turned 
on and off during the raster-scan to generate the re 
quired pattern. The procedure is typically aided by a 
computer. Because of the substantial amount of infor 
mation necessary to create a detailed integrated circuit 
pattern, this e-beam scanning procedure is time consum 
ing and expensive. . 

Attempts have been made to use a single raster 
scanned laser beam to generate the integrated circuit 
pattern on the reticle. The achievable minimum circuit 
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2 
detail is comparable to that of an electron beam system. 
Scanning time is very substantial, making on-wafer 
pattern generation both time consuming and expensive. 
Moreover, it is difficult to maintain sweep linearity 
across the entire wafer or reticle, and equally or more 
difficult to maintain close parallel alignment of adjacent 
scan lines. For these reasons, a commercially practical 
single beam laser pattern generator has not been 
achieved in the past. 
An objective of the present invention is to provide a 

laser pattern generator which overcomes these disad 
vantages. A further objective is to provide a laser pat 
tern generator in which plural closely spaced, noninter 
fering beams are simultaneously de?ected and modu 
lated so as to accomplish pattern generation rapidly and 
with requisite beam positioning and modulation control 
so as to obtain very fine pattern resolution. The inven 
tion is usable both for reticle production and for direct 
on-wafer pattern generation. 

SUMMARY OF THE INVENTION 

The laser pattern generator of the present invention 
uses a laser and beam splitter optics to create a plurality 
of laser beams which are individually modulated with 
information concerning the integrated circuit pattern to 
be generated. Thereafter the beams are brought to 
gether so as to propagate in a closely spaced, noninter 
fering array. This array is optically processed, routed 
through an acousto-optic de?ector, and brought to 
focus at the format or target surface. The format or 
target surface typically is‘a glass plate coated with pho 
toresist in order to generate a photomask or reticle, or a 
silicon wafer coated with photoresist in order to allow 
an integrated circuit layer to be generated directly on 
the wafer. 
The acousto-optic de?ector used in the present inven 

tion de?ects a signi?cant portion of the energy in the 
laser beams through a range of angles, the angle of 
de?ection depending upon the frequency of the signal 
used to drive the acousti-optic de?ector. This signal is 
supplied by a voltage-controlled oscillator. In the pres 
ent invention the driving signal is repetitively slewed 
over a range of frequencies so that the laser beams are 
de?ected at a constantly changing angle. At the format 
or target surface this change is angular de?ection ap 
pears as a scan or stroke of each focused laser beam 
along a line. 
Only a portion of each scan or stroke is used to gener 

ate the integrated circuit pattern at the format; the laser 
beams are blanked out by the individual beam modula 
tors during the beginning and end of the strokes. Blank 
ing also occurs during the time that the the voltage 
controlled oscillator is being returned to its prestroke 
frequency after completion of a scan, while awaiting 
target repositioning prior to beginning another scan. 

In the nominal plane of focus of the laser beams on 
the target surface, the direction perpendicular to the 
scan direction of the laser beams is designated the a 
direction while the direction parallel to the scan is des 
ignated the y-direction. The target is mounted on a table 
movable with precision in these two directions and 
equipped with laser interferometers or other means for 
measuring, to within a fraction of a wavelength of light, 
the position of the table in the x- and y-directions. 
At the format or target surface, the focused laser 

beams are spaced in the x-direction at adjacent ad 
dresses at which it is desired to generate integrated 
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circuit information by modulating a laser beam on or 
off, so that during a single stroke of the acousto-optic 
de?ector, a complete small block of pattern information 
is written as the beams scan in the y-direction on the 
photoresist. The table is moved in the x-direction so that 
during successive strokes contiguous blocks of pattern 
information are generated. After all contiguous blocks 
having their leading edges at the same y-address are 
completed, the table is moved in the y-direction and 
reverses its movement in the redirection so that a sec 
ond group or "swath” of contiguous blocks of pattern 
information adjacent to the first is generated. The pro 
cedure continues until the entire integrated circuit pat 
tern has been written. 
To compensate for y-axis "wandering" or offset error 

i.e., for small changes in the y-position of the table and 
target introduced as the table is moved in the x-direc 
tion, the position of the table in the y-direction is accu 
rately measured before each stroke with a laser interfer 
ometer or other means. This information is used to 
delay or advance the start of modulation of the laser 
beams relative to the angular de?ection of the beams. 
The information necessary to modulate the plurality 

of laser beams in accordance with the desired integrated 
circuit pattern advantageously is stored in a computer 
memory. The data is made available to the individual 
beam modulators through respective data buffers. It is 
essential that the modulation signals occur at the proper 
angular de?ections of the laser beams during the succes 
sive strokes so that the data will be accurately written 
onto the format. The angular de?ection of the laser 
beams at any particular time during different strokes 
may vary due to variations in the starting frequency or 
the slew rate of the oscillator used to drive the acousto 
optic de?ector, or to variations in the index of refrac 
tion of the acousto-optic de?ector medium which varies 
with temperature. In the present invention these effects 
are eliminated or compensated for through the design of 
the electronic components. Signals derived from the 
oscillator are used to provide the data clock for control 
ling the ?ow of data to the modulators so that notwith 
standing any such variations, the laser beams are modu 
lated to write the desired data at the proper positions in 
the y-direction during each stroke. 
The novel features of the invention both as to its 

organization and its method of operation, together with 
further objectives and advantages thereof, will be better 
understood from the following description, considered 
in connection with the accompanying drawings, in 
which a presently preferred embodiment of the inven 
tion is described by way of example. It is expressly 
understood, however, that the drawings and description 
of the preferred embodiment are not intended as a defi 
nition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of the invention will be made 
with reference to the accompanying drawings wherein 
like numerals designate corresponding parts in the sev 
eral ?gures. 

FIG. 1 is a diagrammatic view of the inventive laser 
pattern generator. 
FIG. 2 is a greatly enlarged pictoral representation 

showing the order of swath-by-swath image formation 
on the target surface, and also showing the arrangement 
of laser beams which impinge on the surface to form the 
image. 
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4 
FIG. 3 diagrammatically illustrates the manner of 

correcting for y-axis positioning error of the target 
surface. 

FIG. 4 is a block diagram of the overall laser pattern 
generator including both optical and electronic compo 
nents. 
FIGS. 5, 6 and 7 are electrical block diagrams of the 

acousto~optic de?ection drive electronics and of the 
phase clock and data clock components thereof. 
FIG. 8 is a timing diagram showing the temporal 

sequence of events which occur during one scanning 
cycle of the inventive pattern generator. 
FIGS. 9, 10 and 11 are electrical block diagrams so 

alternative acousto-optic de?ection drive and pattern 
modulation data supply circuitry for the laser pattern 
generator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows the major components and features of 
the inventive laser pattern generator. The source of 
laser radiation used in the preferred embodiment is a 
continuous helium-cadmium laser 22. A beam splitter 
arrangement 24 separates the laser beam into a plurality 
of separate beams which are then selectively modulated 
by individual modulators 26 in accordance with the 
integrated circuit pattern to be generated. The beams 
then pass through a beam de?ector 28 and strike the 
target surface 30, which is a photoresist coated sub 
strate. The substrate may be a piece of glass, if a reticle 
or photomask is to be generated, or a silicon wafer if an 
integrated circuit pattern is to be generated directly 
onto the wafer. 
The individual beams 32 strike the workpiece creat 

ing thereon an array 34 of non-overlapping beam spots 
which are precisely separated in both the x and y-direc 
tions. The de?ector 28, in response to electrical signals, 
de?ects the modulated laser beams 32 through a con 
trollable range of angles so that the array 34 of beam 
spots sweeps across the target surface 30 in the y-direc 
tion, as shown in FIG. 1, thereby generating a portion 
31 of the integrated circuit pattern on the target surface 
30. Successive portions or blocks 33 of the integrated 
circuit pattern are then generated during successive 
de?ections of the array 34 of beam spots by de?ector 28 
by the movement of the target surface 30 in the x-direc 
tion. This movement is enabled by the x-axis drive 35 
which precisely moves a table on which the target sur 
face 30 is positioned. Thus, on successive de?ections of 
the laser beams 32, contiguous portions of the inte 
grated circuit pattern on the target surface 30 are gener 
ated. 

In the preferred embodiment, the de?ector 28 is an 
acousto-optical de?ector driven by de?ector drive elec 
tronics 40 so that the laser beams 32 are repetitively 
swept through a range of angles by the acousto-optic 
de?ector 28. The de?ector drive electronics 40 operates 
in conjunction with control circuitry [41] 42 to initiate 
the supply of modulation data from a modulation data 
buffer 44 to the laser modulators 26 via modulator drive 
electronics 104. The supply of modulation data is begun 
when the target surface 30 is correctly positioned in the 
x-direction and when the laser beams 32 are correctly 
de?ected so as to compensate for any y-axis offset error 
of the target surface. 
The system of the present invention contains a means 

for compensating for the small unavoidable movements 
of the target surface 30 in the y-direction resulting from 
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the movement of the table in the x-direction necessary 
in order to generate the successive blocks of the inte 
grated circuit pattern. A y-axis sensor 36 for sensing the 
deviation of the table and target surface 30 in the y 
direction and supplying a signal to the y-axis offset 
detector 38 is provided. The y-axis offset detector 38 in 
turn provides a signal to control circuitry 41 for the 
modulators 26 so that the initiation of modulating sig 
nals used to generate the integrated circuit pattern is 
delayed or advanced during the deflection of the laser 
beams 32 depending upon the amount and the direction 
of the offset or deviation of the target surface 30 in the 
y-direction, as shown in FIG. 3. This enables the contig 
uous blocks of the integrated circuit pattern written on 
the target surface 30 to begin along the same arbitrary 
reference line 42 on the target surface 30 notwithstand 
ing the deviations of the target surface 30 in the y-direc 
tion between successive deflections of the laser beams 
32. 
The components of the preferred embodiment of the 

present invention are chosen so that an integrated cir~ 
cuit pattern having a minimum pattern detail of 2.5 
microns at the format can be generated. To this end, the 
effective beam diameters of the laser beams at the for 
mat are 0.5 microns. The x-address separation, i.e., the 
separation in the x-direction between the adjacent 
beams is Q of the effective beam diameter, or 0.25 mi 
crons. Similarly, the y-address separation is 0.25 mi 
cron, i.e., each laser beam switches from on to off or 
from off to on as often as every 0.25 microns during the 
beam de?ection. 

In the x-direction, the block width is 16 addresses 
corresponding to the l6 laser beams used in the pre 
ferred embodiment. In the y-direction, during a single 
de?ection of the i6 laser beams, integrated circuit pat 
tern information is written at 1,024 addresses. This num 
ber is a function of the particular acousto-optical de?ec 
tor 28 used in the preferred embodiment. Thus, a block 
of integrated circuit pattern information generated dur 
ing one scan or de?ection of the acousto-optic de?ector 
has a width of 4x10-4 centimeters and a length of 
2.56>< 10‘2 centimeters. 

It will be appreciated that if the array 32 of the 16 
laser beams used in the preferred embodiment were 
arranged so that the beams all had the same y-addresses, 
there would be signi?cant overlap among the 16 beams 
since their diameters are two times the address separa 
tion. Because the 16 beams originate from the same 
single laser source 22, they are spatially coherent with 
one another. If the beams were, therefore, allowed to 
overlap such as would be the case if they were all lo 
cated at the same y-address, there would be, as a result 
of the spatial coherence, interference effects between 
the overlapping beams so that the photoresist would not 
be exposed evenly. Hence, in the preferred embodi 
ment, the i6 beams are not all located at the same y 
address but form an array 34 of beams whose centers 
span a range of 35 address locations in the y-direction, 
thus assuring that none of the beams overlap each other 
to produce light and dark fringes. FIG. 2 shows such an 
arrangement of the 16 beams. In ,order to compensate 
for the y-address separation between the 16 beams, it is 
necessary that the modulation signals for the beams at 
any y-address be appropriately slightly delayed relative 
to the other beams. . 

FIG. 2 also illustrates, not to scale, the manner in 
which successive blocks of integrated circuit pattern 
information are written upon the format or target sur 
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6 
face 30. Blocks having their leading edge located at the 
same y-address, are placed contiguously as the target 
surface 30 is moved in the x-direction in order to fonn 
a row, or swath 37 of blocks. After the swath of blocks 
has been generated, the target surface 30 is moved in the 
y-direction so that a second row or swath 37' of blocks 
contiguous with the ?rst swatch is generated. This sec 
ond swath is generated as the target surface 30 is moved 
oppositely in the x-direction. The skewing of the blocks 
in the swaths, exaggerated in FIG. 2 for purposes of 
illustration, is due to the motion of the target surface 30 
in the x-direction. The motion is continuous and thus 
occurs, in the preferred embodiment, even while the 
laser beams are being de?ected. 
As the target surface 30 is moved in the x-direction in 

order to generate the contiguous blocks of integrated 
circuit pattern information on the target surface 30, 
there may be a small amount of undesired motion of the 
workpiece 30 in the y-direction. Because adjacent ad 
dresses in the y-direction are only separated by 0.25 
microns, even very small motion of the target surface 30 
in the y-direction between the generation of adjacent 
blocks would result in misalignment of the correspond 
ing addresses in the adjacent blocks unless corrected or 
compensated for. In the present invention, this devia 
tion or wandering of the target surface 30 in the y-direc 
tion, is compensated for by controlling the time, or 
more precisely the angle of deflection relative to the 
start of the de?ection at which modulation of the laser 
beams is initiated. 

In the present invention, therefore, a means is pro 
vided for measuring the y-axis wandering of the target 
surface 30 in the y-direction. This information is used to 
delay or advance the writing of the integrated circuit 
data during the de?ection stroke so that contiguous 
blocks of integrated circuit pattern information begins 
along the same line on the target surface 30. As illus 
trated diagrammatically in FIG. 3, on successive strokes 
of the acousto-optic de?ector 28, the modulation of the 
laser beams with integrated circuit pattern information 
may vary depending upon the amount and direction of 
y-axis wandering. Thus, between the beginning of the 
?rst stroke and the the beginning of the second stroke 
shown in FIG. 3, the target surface 30 has moved 
slightly downward in the y-direction as indicated by the 
line labeled “y-axis deviation" located above the target 
surface 30 in FIG. 3. However, since this y-axis devia 
tion is sensed in the present invention, a signal is gener 
ated to delay the modulation of the laser beams relative 
to the beginning of the second stroke. As indicated in 
FIG. 3, the contiguous blocks of pattern information 
generated upon the target surface 30 thus begin along a 
single reference line 42 on the target surface 30. 
A more detailed description of the present invention 

will now be given, and can be understood with refer 
ence ?rst to FIG. 4 which is a block diagram of the 
major optical, electronic and mechanical components of 
the present invention. 

In the preferred embodiment, a helium-cadium laser 
22 emitting laser radiation having a wavelength of 4416 
A provides a continuous collimated laser beam. Sixteen 
individual, identical beams are subdivided from the 
single laser beam by an array of beam splitters 50. 
Each of the 16 individual laser beams is then modu 

lated by an individual acousto~optic modulator 26. 
The modulator 26 comprises an acousto-optic me 

dium transparent to the laser radiation and a means for 
producing acoustic waves therein. An acoustic wave 
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propagating through the modulator 26 de?ects some of 
the laser radiation propagating through the modulator 
26 into different orders in a manner similar to that of a 
diffraction grating. After passage through the modula 
tor 26, either the zero order nonde?ected laser beam or 
the ?rst order de?ected laser beam is chosen to propa 
gate through the rest of the optical system and to expose 
the photoresist at the format. If the zero order nonde 
?ected laser beam is chosen, the laser beam propagating 
through the optical system is turned “on" while no 
acoustic wave is propagating through the acousto-optic 
modulator 26 and is turned "off" while an acoustic 
wave is driving the modulator and causing the laser 
beam to be at least partially de?ected from the zero 
order. 
The choice of whether the zero or the ?rst order is 

chosen depends upon the modulation ef?ciency which 
is achievable with the acousto-optical modulator 26, the 
intensity of the laser beam 32 available at the format or 
target surface 30 and the properties of the photoresist 
used. Typically, when an acousto-optic modulator is 
driven by a signal to de?ect the incident laser beam into 
the ?rst order, some residual light remains in the zero 
order. If this residual light is of a low enough intensity 
level so as not to expose the photoresist at the format, 
the laser beam may be considered to be turned off and 
the zero order may be used. This is advantageous in that 
the total intensity of the laser beam is available in the 
zero order during periods when the laser beam is turned 
on, i.e., when an acoustic wave is not propagating 
through the modulator. Correspondingly, it is typically 
not possible to de?ect 100 percent of the laser radiation 
incident onto the modulator 26 into the ?rst order; some 
remains in the zero order and/or is de?ected to other 
orders. However, 100 percent modulation ef?ciency of 
the laser beam in the ?rst order is achievable since no 
laser radiation is de?ected into the ?rst order during the 
time that the acousto-optic modulator 26 is not being 
driven. In the preferred embodiment, the ?rst order 
de?ected laser beam from the acousto-optic modulator 
26 is chosen to propagate through the optical system to 
the format. The present invention, however, includes 
within its scope the use of the zero order non-de?ected 
laser beam, or the de?ected laser beams of other orders. 
Methods other than acousto-optic modulation may also 
be used in order to modulate the laser beams in accor 
dance with the integrated circuit pattern information to 
be generated on the target surface 30 and are within the 
scope of the present invention. 
Even though the minimum pattern detail, 2.5 microns 

in the preferred embodiment, is 10 addresses on the 
target surface 30 in extent, it is still necessary, in order 
to obtain good line edges in the pattern, to turn the 
individual laser beam modulators 26 on and off sharply 
for each address. The minimum amount of time that it 
takes an acousto-optic modulator to turn a laser beam 
on and off varies with the diameter of the incident laser 
beam, the smaller the incident laser beam diameter, the 
faster the laser beam may be turned on or off. In the 
preferred embodiment, therefore, each acousto-optic 
modulator 26 is inserted at the focus between the two 
converging lens of a unity afocal telescope of the astro 
nomical type. This maximizes the sharpness with which 
the laser beam can be switched on or off and with which 
the integrated circuit pattern can be written. 

After passage through the individual modulators and 
optics 26, each laser beam is directed through a re-imag 
ing lens 52 before it is combined with the other beams 
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by means of a second array of beam splitters 54. This 
second array of beam splitters 54 recombines the indi 
vidual laser beams so that they propagate in the same 
general direction, but not along the same line. The laser 
beams form an array of nonoverlapping nearly-focused 
beam spots at a plane near to the foci of the re-imaging 
lenses 52, the array of beams being arranged according 
to the same pattern as shown in FIG. 2. 
A scanning ?eld plate 56, comprising a diaphram 

having an array of 16 apertures corresponding to the 16 
laser beams is placed in this plane. The apertures are 
approximately equal in size to the diffraction-limited 
beam diameter of the laser beams at that point and are 
arranged according to the same pattern formed by the 
laser beams at the format or target surface 30 as shown 
in FIG. 2. The scanning ?eld plate 56 removes un 
wanted laser radiation around the main portions of the 
beams so that it does not propagate and cause blurring 
of the focused laser beams at the format or target sur 
face 30, thereby degrading the quality of the integrated 
circuit pattern generated on the photoresist. 
The remainder of the optical system can be thought 

of as re-imaging the array of laser beams at the scanning 
?eld plate 56 on the target surface 30, demagni?ed by a 
factor of approximately 1,000. In order the achieve the 
high optical resolution necessary to produce a clear 
re-imaging of the 16 beam array at the format or target 
surface 30, the optical components used in the present 
invention between the scanning ?eld plate 56 and the 
format 30 must be of excellent overall quality, i.e., the 
total wavefront deformation from the scanning ?eld 
plate 56 to the format 30 should be one quarter of a 
wavelength or less. 
The ?rst optical component in this part of the optical 

system is a ?eld lens 58 which is placed closely adjacent 
to the scanning ?eld plate 56. Field lens 58 reduces the 
angular spread of the laser beams so that they are en 
tirely within the entrance aperture of the beam expand 
ing optics 59. 
The beam expanding optics 59 are necessary because 

the acousto~optic de?ector 28 used in the preferred 
embodiment has an optical aperture of 4.1 centimeters 
in the direction of the angle of de?ection of the laser 
beams and in order that the acousto-optic de?ector 28 
be used ef?ciently, the beam incident on this aperture 
should almost fill the aperture. The beam expanding 
optics 59 are therefore selected to provide a collimated 
beam (comprised of the 16 individual laser beams) 
whose diameter at the output of the beam expanding 
optics 59 is approximately 3.8 centimeters. A variety of 
optical components may be chosen and combined to 
produce such a beam. The preferred embodiment, for 
example, uses compound lenses in an astronomical tele 
scope-type con?guration in order to produce a suitably 
sized high quality beam. 
The acousto-optical de?ector 28 used in the preferred 

embodiment of the present invention is model ADD-I50 
manufactured by Intra-Action, Inc. While, as has been 
stated, the aperture of the acousto-optic de?ector 28 is 
4.1 centimeters in the direction of the angle of de?ec 
tion, in the direction perpendicular to this, the aperture 
is only approximately 0.l centimeters. This necessitates 
that the beam be essentially focused in the direction 
perpendicular to the direction of de?ection in order to 
pass through the acousto-optic de?ector 28. The acous 
to-optic de?ector 28 is therefore placed so that its cen 
ter is at the focus of the ?rst converging cylindrical lens 
60 which intercepts the 3.8 centimeter diameter colli 
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mated beam exiting the beam expanding optics 59. The 
axis of the ?rst converging cylindrical lens 60 is ori 
ented parallel to the angle of deflection of the laser 
beams by the acousto-optic de?ector 28. The beam at 
the center of the acousto-optic de?ector 28 has, there 
fore, a dimension of 3.8 centimeters in one direction 
while being at a focus in the other direction so that the 
entire beam passes through the acousto optic de?ector 
28. On the output side of the acousto-optic de?ector 28, 
a second converging cylindrical lens 64, also with its 
axis oriented parallel to the angle of de?ection of the 
laser beams is placed to recollimate or nearly recolli 
mate the beam in the direction perpendicular to the 
direction of de?ection. 
The acousto-optic de?ector 28 comprises a ?int glass 

acousto-optic medium, through which the laser beams 
pass, with piezo-electric transducers attached in order 
to generate acoustic waves within the ?int glass me 
dium. The transducers are placed so that the acoustic 
waves propagate in a direction parallel to the longer 
side of the aperture of the de?ector 28 causing the laser 
radiation incident on the acoustic optic medium to be 
de?ected at an angle in that direction into different 
orders. Because a high percentage of the laser radiation 
incident on the acousto-optic de?ector can be de?ected 
into the ?rst order through utilization of the phenome 
non known as the Bragg effect, the de?ected order of 
laser beams chosen to propagate to the format is the ?rst 
order in the preferred embodiment of the present inven 
tron. 

In the present invention, the utility of the acousto 
optic de?ector 28 derived from the fact that the angle of 
de?ection for any of the de?ected orders depends upon 
the wavelength of the acoustic wave propagating 
through the acousto-optic medium. Since the wave 
length of the acoustic wave propagating in the acousto 
optic medium in turn depends upon the frequency of the 
electrical signal driving the piezo-electric transducers, 
the angle of de?ection of the laser radiation within an 
order depends upon the frequency of the driving signal 
to the piezo-electric transducers. Furthermore, a given 
angular de?ection within any one order will be pro 
duced only by a driving signal of a certain frequency. 

in the preferred embodiment, the acousto-optic de 
?ector drive electronics 62 includes a voltage con 
trolled oscillator which repetitively sweeps from 210 
MHz to 110 MHz in 137 microseconds. The laser beams 
exiting the acousto-optic de?ector 28 are thus repeti 
tively swept through an angle. This angular de?ection 
is imaged at the format 30 so that the laser beams sweep 
in the y-direction on the format or target surface 30. 
Because the driving signal applied to the piezo-elec 

tric transducers is, during each sweep, of a constantly 
changing frequency, there is a slight variation over the 
length of the aperture of the frequency of the acoustic 
waves propagating in the medium at any one given 
time. In the case of the driving signal sweeping from a 
higher to a lower frequency as in the preferred embodi 
ment, this causes the acousto-optic de?ector 28 to act 
like a slightly diverging cylindrical lens having an axis 
oriented in the direction perpendicular to the direction 
of propagation of the acoustic waves through the acous~ 
to-optic de?ector medium. In order to maintain the 
high optical quality necessary for producing the re 
quired laser beam spot array at the format or target 
surface 30, this effect must be corrected for. One 
method of correcting for this effect is to place a weakly 
convergent cylindrical lens having its axis oriented 
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10 
perpendicular to the direction of propagation of the 
acoustic waves in the acousto-optic de?ector 28, (Le, 
with its axis perpendicular to the axes of the cylindrical 
lenses 60 and 64) between the second cylindrical lens 64 
and the beam reducing optics 66. 
A second and preferred method for correcting this 

effect is to slightly reposition the second cylindrical lens 
64 to form a uniformly slightly diverging beam and to 
reposition one or more lenses of the beam reducing 
optics 66 to correct for this uniform divergence. 

In the preferred embodiment, the beam reducing 
optics 66 is a telescope of the Galilean type using a 
converging lens and a diverging lens to produce at its 
output an array of small collimated beams of laser light. 
A microscope objective 68 or other focusing lens is then 
used to focus the array of collimated beams of laser light 
onto the format or target surface 30. The beam reducing 
optics 66 and the microscope objective 68 are chosen so 
that the diameter of the laser beam spot on the format or 
target surface 30 is approximately [1.0] 0.5 microns in 
diameter. A z-axis position sensor and control 69 allows 
the position of the microscope objective to be slightly 
adjusted in the direction perpendicular to the target 
surface 30. 

Since adjacent addresses at which integrated circuit 
pattern information is to be written onto the target 
surface 30 are preferably only 0.25 microns apart, the 
target surface 30 must be provided with means for mea 
suring its position and positioning it in both the x- and 
the y-directions so that contiguous blocks and swaths of 
the integrated circuit pattern are properly located on 
the target surface 30. 

In order to assist in achieving this end, the target 
surface 30 is situated on a table 70 which is capable of 
moving with great precision in the x- and y-directions 
by means of an x-axis drive 72 and a y-axis drive 73 
respectively. In addition, the table 70 is provided with 
position sensing means 78 and 80 for accurately measur 
ing the position of the table 70 and target surface 30 in 
both the x- and y-directions. 

Both the x-axis drive 72 and the y-axis drive 73 initi 
ate the movement of the table 70 in response to signals 
from a computer memory 74. During the period when 
the contiguous blocks within a single swath are being 
generated the computer memory 74 is fully utilized in 
supplying the modulation data for the integrated circuit 
pattern to the acousto-optic modulators 26, and is not 
available to control either the x-axis drive 72 or the 
y-axis drive 13. Computer memory 74, in cooperation 
with the x- and y-axis drives 72 and 73 and the x- and 
y-axis position sensing means 78 and 80, is, however, 
used to correctly position the target surface 30 and table 
70 in both the x- and y-directions before the beginning 
of the generation of the integrated circuit pattern and 
during the periods after the generation of one contigu 
ous swath and before the'generation of the next contigu 
ous swath. Since the table 70 moves in the x-direction 
during the generation of the contiguous blocks of a 
swath and the computer memory 74 is not available to 
provide signals to control this motion during that time, 
the x-axis drive 72 is provided with control hardware 76 
to control the rate of motion of the table 70 in the x 
direction. Rate control hardware 76 uses signals from 
the x-axis position sensing means 78 to maintain the 
motion of the table 70 and target surface 30 at an ap 
proximately constant rate while the blocks within a 
swath are being generated. 
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Information concerning the position of the target 
surface 30 and table 78 provided by the x- and y-axis 
position sensing means 78 and 80 respectively is used 
not only to assist in properly locating the target surface 
30 and table 70 at the beginning of the generation of the 
integrated circuit pattern and between the generation of 
contiguous swaths, as has already been mentioned, but 
also to control the initiation of both the acousto-optic 
de?ections and the modulation of the laser beams rela 
tive to the position and motion of the target surface 30 
and table 70. A signal originating with the x-axis posi 
tion sensing means 78 is used to initiate the acoustov 
optic de?ection of the laser beams while a signal origi 
nating with the y-axis position sensing means is used to 
determine when, during the acousto-optic de?ection of 
the laser beams, the modulation of the beams with inte 
grated circuit pattern information is to begin. 

In the preferred embodiment, the x-axis position sens 
ing means 78 is an x-axis laser interferometer and detec 
tion circuit 78, while the y-axis position sensing means 
80 is a y-axis interferometer and detection circuit 80. 
Such interferometers are commercially available and 
are capable of measuring displacements with an accu 
racy of one-twentieth of a wavelength of the laser light 
used in the interferometer, which is typically helium 
neon laser light having a wavelength of 6238A. Such an 
interferometer is capable of measuring displacements, 
and hence positions, with an accuracy of approximately 
0.08 microns. 
Each of the interferometer and detection circuits 78 

and 80 produces pulses at its output resulting from alter 
nate light and dark interference fringes incident on a 
stationary photodetector associated with the interfer 
ometer as the target surface 30 and table 70 move rela 
tive to the photodetector in the associated direction. 
Pulses are either positive or negative depending upon 
whether the motion of the table is toward or away from 
the photodetector. Displacement to within one-eighth 
of a wavelength is therefore measured by keeping track 
of the number of positive and negative pulses that occur 
measured from a designated starting point. 

First and second x-axis displacement counters, 86 and 
88 respectively, are provided to count the number of 
pulses from the x-axis interferometer and detection cir 
cuit 78 in order to indicate the position of the target 
surface 30 and table 70 in the x-direction. The ?rst x-axis 
displacement counter 86 is reset by the computer mem 
ory 74 only when the target surface 30 and table 70 are 
correctly positioned prior to the intiation of the genera 
tion of the integrated circuit pattern data onto the target 
surface 30. The pulse count of counter 86 is thus at all 
time indicative of the displacement along the a-axis of 
the target surface 30 and table 70 from the x-axis start 
ing point. The second it-axis displacement counter 88 is 
reset after each of the de?ections of the laser beams. 

Like the ?rst x-axis displacement counter 86, the 
y-axis displacement counter 82 is reset by the computer 
memory 74 only prior to initiation of the generation of 
the integrated circuit pattern data onto the target sur 
face 30, and thus its count is indicative of displacement 
along the y-axis at any time during the generation of the 
integrated circuit pattern information. 

Prior to the initiation of the generation of integrated 
circuit pattern information onto the target surface 30, 
the computer memory 74 loads first register 84 with the 
x- and y-coordinates, relative to the starting point, of 
the initial block and swath to be generated and thereaf 
ter, at the end of each swath, with the new it- and y 
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coordinates of the block and swath to be generated. 
These coordinates are measured from a designated 
starting point at which the ?rst x-axis displacement 
counter 86 and the y-axis displacement counter 82 have 
been reset and are inserted into first register 84 ex 
pressed in units of one-eighth wavelengths of the helium 
neon laser interferometer light. 
The x value stored in ?rst register 84 is provided to a 

comparator 90 in which it is compared with the number 
of pulses counted by the ?rst x-aitis displacement 
counter 86. The output of ?rst comparator 90 indicates 
the difference between the desired and actual positions 
of the target surface 30 and table 70 and can be interro 
gated by the computer memory 74 between the genera 
tion of adjacent swaths of integrated circuit pattern 
information. The computer memory 74 can then pro 
vide the signal to the a-axis drive 72 in order to cor 
rectly position the table 70 before the generation of the 
next swath. During the generation of the swaths, the 
computer memory 74 is dedicated solely to providing 
the data for modulating the laser beams and cannot 
interrogate comparator 90 nor provide signals to either 
the x-axis or y-axis drives 72 and 73. 
The y value stored in ?rst register 84 is supplied to a 

?rst input of a subtractor 92. The output of the y-axis 
displacement counter 82 is supplied to the second input 
of the subtractor 92. The output of the subtractor 92 
indicates the position of the workpiece 30 and the table 
70in the y-direction, and as in the case of the ?rst com 
parator 90 used in determining the difference between 
the desired and actual positions in the x-directions, the 
subtractor 92 may be interrogated by the computer 
memory 74 during the intervals between the generation 
of adjacent swaths of integrated circuit pattern informa 
tion on the target surface 30. 
The computer memory 74 supplies the second regis 

ter 91 with the value of the width of the blocks of inte 
grated circuit pattern information that are to be gener 
ated expressed in units of one-eighth wavelengths. This 
block width value is supplied by register 91 to the input 
of second comparator 94 for comparison with the out 
put of the second x-axis displacement counter 88. The 
second x-axis displacement counter 88 is initially reset 
by the computer memory 74 when the target surface 30 
and table 70 are correctly positioned in the x-direction 
at the edge of the ?rst block in each swath to be gener 
ated. It is thereafter reset automatically at the edge of 
each successive block within the swath when the output 
of the counter 88 applied to one input of the second 
comparator 94 equals the block width in register 91 
applied to the second input of the second comparator 
94. 
The signal produced by the second comparator 94 

when the two input signals are equal not only resets the 
counter 88 described above, but initiates block start 
trigger circuit 96. This causes the acousto-optic de?ec 
tion drive electronics 62 to begin its frequency sweep 
and hence the de?ection of the laser beams. Thus, the 
successive de?ections of the laser beams by the acousto 
optical de?ector 28 are automatically initiated by move 
ment of the target surface 30 and table 70 successive 
distances equal to the block width. 

Signals from a modulation gate 100 are correlated 
with the frequency sweep of the acousto-optic de?ec 
tion drive electronics 62. These signals cause prepro 
cessed information stored in computer memory 74 and 
supplied to modulation data buffer 98 to be provided at 
the appropriate ‘times during the de?ection of the laser 
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beams to the modulator drive electronics 104. The laser 
beams are thereby modulated on and off by the acousto 
optic modulators 26 in accordance with the integrated 
circuit pattern information. The individual beam modu 
lation delays 102 compensate for the fact that the laser 
beams are not all located at the same y-address, as has 
been discussed with reference to FIG. 2, and that there 
fore, the modulating signals for corresponding y 
addresses for some laser beams must precede those for 
others. 
While the target surface 30 and table 70 are moving in 

the x-direction during the generation of the contiguous 
blocks within a single swath, the table 70 deviates or 
wanders slightly from its desired position in the y-direc 
tion. This undesired movement is very small. However, 
since adjacent addresses in the y-direction are separated 
by only 0.25 microns in the preferred embodiment, even 
a very small movement between successive de?ections 
of the laser beams may result in a misalignment of corre 
sponding data points in the adjacent blocks. Correction 
for this effect to an accuracy of one-third of an address, 
or less, by mechanically repositioning table 70 and tar 
get surface 30 is highly impractical, if not impossible. 
Compensation for such y-axis positioning error or 

"wandering” is accomplished by the present invention, 
as described below. Furthermore x-axis positioning 
error is substantially eliminated by initiating the laser 
beam de?ection for each block when the target surface 
is exactly correctly positioned in the x-direction. This is 
accomplished by using, inter alia, the comparator 90 to 
ascertain such correct positioning. Such operation also 
is described below in connection with FIG. 8. 

If y-axis wandering did not exist, the timing of the 
application of modulating data to the acousto-optic 
modulators 26 could take place at a predetermined time 
or frequency during the deflection of the laser beams by 
the acousto-optic de?ector 28. In such a case, the modu 
lation gate 100 could be controlled merely by a signal 
directly from the acousto-optic de?ection drive elec 
tronics 62. 

In order to synchronize the initiation of the modula 
tion of the laser beams with the de?ection of the laser 
beams, taking into account the y-axis wandering, a sig 
nal is applied from the acousto-optic de?ection drive 
electronics 62 to a counter 106. This signal is correlated 
to the de?ection of the laser beams so that the count in 
counter 106 is indicative of the angular position of the 
laser beams during the de?ection. The counter 106 will 
have a certain count value at that point during the de 
?ection of the laser beams when modulation of the laser 
beams should begin by the acousto-optic modulators 26 
if the target surface 30 is in fact located at the correct 
position in the y-direction. On either side of this nomi 
nal zero-error count value; the counter 106 records a 
count which re?ects the number of one~eighth wave‘ 
lengths of the laser light used in the x-axis interferome 
ter 78, measured at the target surface 30, that the laser 
beams are distant from the zero-error position during 
the de?ection. 
The output of counter 106 is supplied to a ?rst input 

of third comparator 108. The output of subtractor 92, 
which indicates the number of one-eighth wavelengths 
that the target surface 30 and table 70 have deviated 
from the desired y-position. comprises the second input 
of the comparator 108. The comparator 108 provides an 
output to the modulation gate 100 to initiate modulation 
of the laser beams only when the inputs from the sub 
tractor 92 and the counter 106 are equal. 
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14 
If the target surface 30 has not wandered from the 

desired y-position, the third comparator 108 will pro 
duce an output to the modulation gate 100 when the 
count in the counter 106 corresponds to the zero-error 
value. This will occur at the time during de?ection of 
the laser beams when modulation of the laser beams 
would be initiated in the event of no y-axis wandering. 

If in fact the target surface 30 has deviated from the 
desired y-position, the subtractor 92 will have a corre 
spondingly altered output. Since the output signal from 
the third compartor 108 occurs when the signal from 
the subtractor 92 is equal to the count from the counter 
106, the output signal from the third comparator 108 is 
effectively advanced or delayed so that the initiation of 
the modulation is correspondingly advanced or delayed 
relative to the de?ection of the laser beams. The result 
is that, notwithstanding the deviation in the y-direction 
by the target surface 30 and table 70, the contiguous 
blocks in the swath all begin at the same y-position, as 
illustrated in FIG. 3. 

In addition to the y-axis wandering which has just 
been described, other errors in the precise locations that 
integrated circuit pattern information is generated on 
the target surface 30 can result from variations in the 
starting frequency of the voltage controlled oscillator 
used in the acousto-optic de?ector drive electronics 62; 
from nonlinearities in the slew rate of the voltage con 
trolled oscillator; and from temperature variations 
which cause the index of refraction of the acousto-optic 
deflector medium to change. 

Since the angle at which the laser beams are de?ected 
by the acousto-optic de?ector depends upon the fre 
quency of the driving signal supplied by the voltage 
controlled oscillator, an error in this frequency at any 
time will translate directly into an error in the angular 
de?ection of the laser beams. With the preferred em 
bodiment, for example, a one percent error in frequency 
will give rise to an unacceptable error of approximately 
30 or more addresses at the target surface 30. 
One approach to eliminating the error arising from 

possible variations in the starting frequency and slew 
rate of the voltage controlled oscillator is to stabilize, by 
electronic methods, both the starting frequency and the 
slew rate of the oscillator. However, in order to reduce 
the possible error to acceptable limits, i.e., to approxi 
mately 0.3 addresses at the target surface. the starting 
frequency and the slew rate of the voltage controlled 
oscillator must be stabilized to 0.01 percent accuracy or 
better. If this accuracy is achieved, the modulation of 
the laser beams can be initiated at a measured time after 
the initiation of the acousto-optic de?ection of the laser 
beams and the modulation data thereafter clocked out 
from the modulation data buffer 98 at a constant prede~ 
termined rate. 
While the present invention embraces the above 

described concept of electronically stabilizing the volt 
age controlled oscillator, a different less costly ap 
proach is used in the ?rst described preferred embodi 
ment. 
The components of the acousto~optic de?ector drive 

electronics 62 used in this approach are shown in block 
diagram form in FIG. 5. A ramp generator 109 provides 
the control voltage for the voltage controlled oscillator 
110. The ramp is initiated by a signal from the block 
start trigger 96 as has been described with reference to 
FIG. 4. This circuit does not stabilize and linearize the 
voltage controlled oscillator 110 to an accuracy of 0.01 
percent or better andthereafter precisely time the mod 
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ulation signals to the modulator drive electronics 104 
and the acousto-optic modulators 26. Rather, in the 
preferred embodiment of FIG. 5 the frequency of the 
voltage controlled oscillator 110 is, in a sense, tracked 
so that the modulation data is supplied to the modulator 
drive electronics 104 and the acousto-optic modulators 
26 when the voltage controlled oscillator 110 is at speci 
?ed frequencies in its sweep, rather than at predeter 
mined times. The present invention therefore uses a 
so-called phase clock 112 to ascertain a modulation data 
start point that is correlated with a certain de?ection 
angle imparted by the acousto-optic de?ector 28. 

After this initial synchronization by the phase clock 
112 has been done, a data clock 114, controlled by the 
voltage controlled oscillator 110, is used to establish the 
times corresponding to each of the writing addresses 
during the de?ection stroke. The data clock timing 
pulses occur at a repetition rate established by the rate 
of change of frequency of the VCO 110 output signal 
which drives the acousto-optic de?ector 28. The phase 
clock 112 opens a gate 116 at the modulation data start 
point, after which the opened gate supplies the data 
clock signal to the modulation gate 100. 

FIG. 6 is a block diagram showing the major compo 
nents of the phase clock 112. Phase clock 112 uses a 
crystal-controlled reference oscillator 118 having a 
precisely controlled output frequency and dual outputs, 
one of which is shifted in phase by 1r/2 radians in phase 
shifter 124. The two outputs are mixed with the output 
of the voltage controlled oscillator 110 in two balanced 
mixers A and B, 120 and 122 respectively, so that the 
balanced mixers 120 and 122 operate in quadrature. The 
outputs of these mixers are ?ltered by low-pass ?lters 
126 and 128, respectively, before being provided to 
comparators and a logic network in order to determine 
the starting point for synchronizing the modulation 
with the de?ection of the laser beams. The output sig 
nals of the balanced mixers 120 and 122, VA and VB, 
respectively, are 90 degrees out of phase since the out 
put of the reference oscillator 118 is shifted by 90 de 
grees before being provided to balanced mixer 122. 
Thus, assuming that the outputs of the balanced mixers 
120 and 122 have equal maximum outputs, the output of 
mixer A may be represented by the equation: 

while the output of mixer B would therefore be repre 
sented by the equation: 

The ?ltered outputs of the balanced mixers 120 and 122 
can be represented on a coordinate system one axis of 
which represents the output _V,4 of balanced mixer A, 
and the other axis of which represents the output Vg of 
balanced mixer B. The resultant vector, it will be appre 
ciated, rotates about the origin of this coordinate system 
as a function of time, thus de?ning a clock hand in a 
mathematical sense. 
The rotating clock hand is of constant length and has 

an angular position ¢(t) measurable by electronics. The 
location of the rotating clock hand can be determined 
by an arrangement of comparators and logic 130. The 
?ltered outputs of the balanced mixers 120 and 122 are 
compared in four comparators which determine 
whether (1) V4 is less than zero, (2) V 5 is less than zero, 
(3) V4 is less than V3, and (4) VA plus V3 is less than 
zero. The outputs of the four comparators are supplied 

0 

20 

25 

45 

60 

65 

16 
to a logic network which determines the octant in 
which the clock hand lies. 

In a typical embodiment, the frequency of the voltage 
controlled oscillator 110 sweeps from a nominal fre 
quency of 2l0 MHz down to H0 MHz for each de?ec 
tion of the laser beams. The reference oscillator 118 has 
a frequency f R slighly below the starting frequency f,, of 
the voltage controlled oscillator 110. For example, the 
frequency of the reference oscillator 118 may be 208.6 
MHz. Because the voltage controlled oscillator 110 
sweeps continuously from 210 to 110 MHz past this 
reference frequency, the clock hand continuously ro 
tates about the origin of the coordinate system formed 
by the VA and V5 axes, changing its direction of rota 
tion at the instant that the VCO 110 sweeps past the 
frequency of the reference oscillator 118. This instant at 
which the clock hand changes direction can be deter 
mined by the comparator and logic 130 by noting when 
the clock hand reappears in any octant, as a result of the 
change in direction of rotation, after appearing in only 
one other intervening octant. This instant t: can serve as 
a starting point for synchronizing the acousto-optic 
modulators 26 with the acousto-optic de?ector 28 since 
the frequency of the voltage controlled oscillator 110 is 
precisely known to be equal to the frequency f}; of the 
reference oscillator. 
At this point a logic signal from comparators and 

logic 130 to the phase counter 134 resets the phase 
counter 134 so that it begins counting the number of 
octants through which the clock hand rotates. Since the 
frequency is known at the beginning of the octant 
count, it can be later determined by noting the number 
of octants through which the clock hand has rotated. 
The octant count is supplied to a comparator 138 for 
comparison with a number indicative of the certain 
frequency (fit-fr) that produces a corresponding cer 
tain de?ection at which modulation data start cycle is to 
begin. This number is expressed in terms of the number 
of octants through which the clock hand rotates during 
the time that the voltage controlled oscillator 110 
sweeps from the reference frequency fR to the certain 
frequency (TR-1}). When the count of phase counter 
134 equals the value of register 136, the comparator 138 
provides a signal to open the gate 116. The gate 116 
then is enabled to provide data clock pulses to the 
counter 106, to begin y-axis error correction, and there 
after to provide the data clock pulses for timing the 
supply of pattern data to the modulators 26. 
Data clock pulses are derived from the voltage con 

trolled oscillator 110 by the data clock 114. A block 
diagram of the major components of the data clock 114, 
along with associated components, is shown in FIG. 7. 
In the data clock 114, the frequency of the signal from 
the voltage controlled oscillator 110 is compared in a 
balanced mixer 140, with the frequency of the VCO 110 
output that is delayed a predetermined interval of time 
in delay line 142. Since the VCO 110 output signal, 
which is used as the drive signal for the acousto-optic 
de?ector 28, is swept through a range of frequencies, 
the VCO output itself will have a different frequency 
from the delayed signal (which corresponds to the 
VCO output frequency at an earlier time). If the VCO 
is being swept at a linear rate, i.e., with linear change in 
frequency as a function of time, the different frequency 
obtained by the balanced mixer 140 will be constant. As 
aresult, data clock pulses at a uniform rate will be pro 
vided to the gate 116 by the mixer 140, low pass ?lter 
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144 and zero crossing detector 146. However, if the 
sweep frequency (and hence the beam de?ection) does 
not change linearly with time, the produced data clock 
pulses will re?ect such differences. If the frequency 
changes faster, the data clock pulses will occur at a 
more rapid repetition rate; if the frequency changes 
more slowly, the repetition rate of the data clock pulses 
will likewise be slower. 
Delay line 142 is preferably an acoustic delay line 

whose acoustic medium is the same material, e.g., ?int 
glass, as the acoustic medium of the acousto-optic de 
?ector 28. The use of the same acoustic medium in the 
delay line 142 as in the acousto-optic de?ector 28 per 
mits the temperature dependence of the acoustic veloc 
ity, and thus the delay in the delay line, to track that in 
the acousto-optic de?ector, resulting in temperature 
compensation for the system. The adjustable delay 148 
allows small adjustments to be made due to different 
values of the magni?cation of the optical system, ad 
dress size, and other factors. 
The output of balanced mixer 140 is a signal whose 

frequency is equal to the difference in frequency be 
tween its two inputs. This signal is filtered by low-pass 
?lter 144. Each time that the output of the balanced 
mixer 140 goes from positive to negative or negative to 
positive a zero crossing detector 146 produces a data 
clock pulse which is applied via gate 116 and serves to 
clock the furnishing of the modulation data in the mod 
ulation data buffer 98 to the modulator drive electronics 
104. Thus, if the voltage controlled oscillator is sweep 
ing at a slightly faster than normal rate, the frequency of 
the signal from the balanced mixer 140 will increase. 
This will result in the zero crossing detector 146 pro 
ducing data clock pulses at a faster rate. Thus the repeti— 
tion rate of the data clock pulses is established directly 
by the rate of change of frequency of the de?ector drive 
signal. Thus the data clock pulse spacing accurately 
represents unit increments of angular de?ection im 
parted by the de?ector 28 regardless of nonlinearity in 
the sweep frequency ramp. 
Output pulses from the data clock 114 are supplied to 

the counter 106 via the gate 116. The contents of the 
counter 106 are compared, in the comparator 108, with 
the effective offset or error position of the target along 
the y-axis. Since the data clock 114 is accurately track 
ing the frequency of the drive signal to the acousto 
optic deflector 28, the contents of the counter 106 accu~ 
rately indicate the current position or de?ection angle 
of the beams, as measured from the certain angular 
de?ection corresponding to the frequency (fig-1}) at 
which the phase clock 112 opens the gate 116 to initiate 
data clock pulse supply to the counter 106. 
When the beams have been de?ected appropriately to 

compensate for the target offset error, the third compar 
ator 108 (FIG. 4) produces an output which opens the 
modulation gate 100. This enables data clock pulses to 
be supplied via the individual beam data delays 102 to 
the modulation data buffers 98. Each of the delays 102 
corresponds to the offset of the corresponding beam in 
the y-axis (as illustrated in FIG. 3), as measured e.g., 
with reference to a certain one of the beams such as that 
shown in the lower left corner of the array of FIG. 3. 
The delay circuits 102 cause the data clock pulses to 
reach the modulation data buffers 90 at different times 
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corresponding to the relative offset positions of each of 65 
the corresponding beams in the y-direction in the array. 
As a result, the pattern data for each beam is supplied to 
the corresponding modulator 26 at the appropriate time 
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so as to obtain the desired pattern on the target surface, 
notwithstanding the fact that the individual beams are 
offset in the array. 
The delayed data clock pulses are used to clock out 

or successively access the pattern data from the modu 
lation data buffers 98. Since the data clock pulse repeti 
tion rate is directly tied to the rate of change of fre 
quency of the acousto-optic de?ector drive signal, the 
modulation data will be obtained from the buffers 98 in 
exact accordance with the actual angular de?ection of 
the corresponding beam. in this way, the supply of data 
will track the beam de?ection even in the event that the 
rate of change of frequency of the de?ector drive sig 
nal, and hence the de?ection imparted by the de?ector 
28 is nonuniform. The result is extremely accurate expo 
sure of pattern information onto the target surface. 
Accurate pattern resolution to the same order of magni 
tude as the beam diameter can be achieved. 
The timing of operation of the acousto-optic de?ec 

tion drive electronics is illustrated by the chart of FIG. 
8. Prior to t=0, the x-axis interferometer and detection 
circuit 78, the displacement counter 88 and the compar 
ator 94 cooperate to determine when the target has been 
moved sufficiently in the x-direction so as to initiate a 
new sweep. When this occurs, the block start trigger 96 
is actuated and a signal is supplied to the ramp generator 
109. The occurrence of that trigger de?nes the t=0 
start condition for the events depicted in FIG. 8. 
The output frequency of the voltage controlled oscil 

lator 110 is shown as the line designated fm?). Al 
though illustrated as a straight line, corresponding to a 
uniform change in frequency with time, the VCO 110 
may in fact vary slightly from this uniform rate of 
change of frequency. 
The reference oscillator 118 produces a signal at a 

reference frequency fR. As described above, the phase 
clock 112 determines when the frequency of the VCO 
110 exactly corresponds to the reference frequency M. 
This occurs at the time trin FIG. 8. Since the frequency 
of the drive signal to the de?ector 28 is then exactly 
known, the corresponding angular de?ection is likewise 
precisely known. 

Thereafter, the frequency of the voltage controlled 
oscillator continues to be measured by the phase 
counter 134, the register 136 and the comparator 138 in 
the phase clock 112. When a certain frequency (fie-f‘) 
has been reached by the VCO output, the gate 116 is 
opened. This occurs at the time designated t4, in FIG. 8. 
Again, since the drive frequency is known at this time, 
the de?ection imparted by the de?ector 28 is likewise 
known. 
When the signal t4; occurs, the gate 116 is opened and 

data clock pulses, generally designated 150 in FIG. 8, 
begin to be supplied from the data clock 114. The 
counter 106 begins to count these data clock pulses, 
each of which corresponds to a certain change in fre 
quency of the acousto-optic de?ector, corresponding to 
a known change in position of the de?ected beams on 
the target surface. This distance is designated 
y=n(N/2)d where n is the number of pulses counted, N 
is the number of pattern data addresses per data clock 
pulse and d is the distance between two adjacent pattern 
data positions on the target surface. 
When the beam has been deflected to an extent appro~ 

priate to compensate for the offset or y-axis error in 
positioning of the target surface, the third comparator 
108 (FIG. 4) produces an output signal at a time desig 
nated t’ in FIG. 8. Advantageously, the system is ar 




















