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(57) ABSTRACT 
A device is described for exposing both sides of a light 
sensitive sheet such as a printed circuit board panel accord 
ing to imaging data. The device comprises an optical system 
for scanning the sensitive sheet by one or more beams. The 
optical system scans both sides With the scan lines on one 
side mutually positioned With respect to the scan lines on the 
other side. According to one implementation, the optical 
system includes tWo optical scanning units driven by a 
single source, With a sWitch alternating the beam from the 
source to one then the other optical scanning unit. 
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METHOD AND DEVICE FOR EXPOSING BOTH 
SIDES OF A SHEET 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/107,842 for METHOD 
AND DEVICE FOR EXPOSING BOTH SIDES OF A 
SHEET to inventors Vernackt, et al., Assignee Barco Graph 
ics, N.V., ?led Nov. 10, 1998. 

FIELD OF INVENTION 

[0002] This invention relates to a method and a device for 
exposing a sheet. More particularly, this invention relates to 
a method and device for exposing both sides of a sensitiZed 
sheet for direct imaging of printed circuit board panels, 
printing plates, or other sensitiZed sheets. 

BACKGROUND 

[0003] One aspect of this invention is exposing a sheet that 
is provided With a sensitive layer, for example a light 
sensitive layer on one or both sides (i.e., on the surface or 
surfaces of one or both sides). A light-sensitive layer herein 
includes a layer sensitive to thermal (e.g., infra-red or IR) 
radiation, visible light, and ultra-violet (UV) radiation. 

[0004] One application of the invention is the direct imag 
ing of a single or double-sided sensitiZed sheet for producing 
a printed circuit board (PCB). Other applications Will be 
clear from the folloWing detailed description. 

[0005] It is knoWn that printed circuit boards may be 
composed of several PCB panels, each of Which is provided 
With an electrical circuit. When there are only tWo layers, the 
board is commonly called a double-sided board, and When 
there are more than tWo layers, the board is commonly called 
a multi-layer board. A common Way of manufacturing a 
multi-layer board is by ?xing several panels together, each 
panel having a single printed circuit on one side, or a circuit 
on each side. “Outer” panels are those that face the outside 
of a multi-layer PCB, and “inner panels” are the interior 
panels. Typically, the inner panels have a circuit on both 
sides, While the outer panels have a circuit only on one, the 
outer side. Each inner panel resembles a thin double-sided 
PCB in that the panel is comprised of an insulating substrate 
Which is clad on both sides With metallic foil, typically 
copper foil. Aprinted circuit is formed on any circuit side of 
an inner panel by that side’s metal cladding having a 
light-sensitive layer laid on top of the metal. The light 
sensitive layer is exposed to light (typically ultra-violet 
(UV) radiation) at selected locations, then processed by a 
photographic process that removes the layer at selected 
locations. An etching process is then applied to remove those 
parts of the layer of metal not necessary for forming the 
actual circuit. Once all the double-sided inner panels are 
produced, they are fused (pressed) together by placing an 
insulating binding material, typically a partially cured 
epoxy-resin material called prepreg, betWeen the panels. 
Unexposed outer foils are placed on the outside of the 
double-sided inner panels, again With prepreg in betWeen. 
All the layers are noW laminated by applying heat and 
pressure that causes the prepreg to How and bond to the 
surfaces of the inner panels and the outer foils. Holes are 
noW drilled on the laminated multi-layer board, including 
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holes for mounting electrical components inserted into the 
board (called “mounting holes”), and holes for making 
contacts from one layer to one or more other layers (feed 
throughs, also called vias or conductive vias). The holes 
typically are plated through. Each side of the multi-layer 
panel noW is sensitiZed, then exposed and processed to form 
the tWo outer printed circuits in exactly the same manner as 
forming circuits on the inner panels. 

[0006] Note that because a multi-layer panel is exposed in 
the same Way as an inner PCB panel, the Words “PCB panel” 
or simply panel Will mean either a complete PCB board, an 
inner PCB panel, or a post-lamination multi-layer panel. 

[0007] One dif?culty in producing multi-layered printed 
circuit boards is the strict requirement for accuracy in 
positioning the different PCB panels together to ensure that 
the different circuits are positioned very accurately relative 
to each other. In particular, the mounting holes and vias need 
to be very accurately placed on each layer’s circuits. For a 
particular tolerance for the placement of a circuit, it is clear 
that any deviations in the speci?ed location of the circuits on 
each of the layers may be additive, so that at any one 
location, there could be large deviations. For the case of 
double-sided panels, including the multi-layer panel after 
lamination, it is even more dif?cult to position the circuits 
accurately enough relative to each other. 

[0008] A common method for producing printed circuit 
boards is to ?rst produce artWork, Which is an accurately 
scaled con?guration used to produce a master pattern of a 
printed circuit, and is generally prepared at an enlarged scale 
using various Width tapes and special shapes to represent 
conductors. The items of artWork, once reduced, for 
example, by a camera onto ?lm to the correct ?nal siZe, are 
referred to as phototools and are used as masks for exposing 
the sensitiZed layers. Because the photographic reduction is 
never 100 percent accurate, more accurate phototools are 
produced noWadays using photoplotters rather than photo 
graphic reduction. 

[0009] HoWever produced, physical phototools are sus 
ceptible to damage. In addition, Whenever any amendments 
need to be made to any circuit, neW phototools need to be 
produced. Furthermore phototools, sometimes in the form of 
photographic negatives, are dif?cult to store. They also may 
not be stable; their characteristics might change With tem 
perature and humidity changes. 
[0010] There thus are advantages to directly imaging the 
required circuit patterns onto PCB panels, for example PCB 
panels that include a light-sensitive layer on one or both 
sides. The same advantage also is applicable to directly 
imaging printing plates that include a UV, visible light, or 
thermally-sensitive layer. Often such sensitive sheets as used 
for PCBs or thermal printing plates are rigid, so that the 
scanning apparatus for exposing such sheets for direct 
imaging (e.g., directly exposing printing plates or directly 
exposing PCB panels) is of the ?at-bed type in Which the 
sheet is disposed on a horiZontal table for exposure by the 
light energy (e.g., UV light or infrared) produced by the 
scanner. Such scanning apparatuses are typically quite bulky 
because of the horiZontal table. Also, such direct imaging 
systems expose one side at a time, and there are problems 
accurately aligning the tWo sides for double-sided exposure. 

[0011] Thus there is a need in the art for an improved 
method and apparatus for exposing a sheet, one or both sides 
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of Which are provided With a light-sensitive layer, Which 
may be a UV sensitive layer, a visible light-sensitive layer, 
or a thermally sensitive layer. 

[0012] In particular, there is a need in the art for a method 
and apparatus for reducing the probability of differences 
occurring betWeen the required locations of the desired 
scanned regions (e.g., the images) at the respective sides of 
the sheet. In the case of the sheet being a PCB panel, it is 
desired to reduce the probability of there being unWanted 
differences in locations of the printed circuits at the respec 
tive sides of the PCB panel. 

SUMMARY OF THE INVENTION 

[0013] Described herein are a method and an apparatus for 
exposing a light-sensitive sheet, in Which the exposing is 
carried out by one or more optical beams projected onto the 
respective light-sensitive layers, With the particularity that 
the scanning is carried out from tWo opposite sides of the 
sheet to be scanned. Optical herein includes in a non 
limiting Way thermal radiation such as infra-red, UV and 
visible light. 

[0014] In a preferred embodiment the exposing operations 
at both sides are carried out simultaneously. Furthermore, in 
a particular embodiment, the exposing operations are carried 
out by scanning simultaneously at the same portions of each 
side of the sheet. That is, When carrying out a scanning 
action at a particular region at one side, the scanning of the 
corresponding region at the opposite side of the sheet is done 
at substantially (and not necessarily exactly) the same time. 

[0015] In the preferred embodiment, only one energy 
source, for example, a UV light source, is used for scanning 
both sensitive layers, this arrangement having the advantage 
that the resulting device for carrying out the method can be 
relatively compact. Afurther advantage of using one energy 
source for both sides is that the cost is loWer than if more 
than one source is used. Using the same source for exposing 
both sides raises the system’s optical ef?ciency, so that the 
laser poWer requirements may be loWered. Other embodi 
ments may include more than one energy source. 

[0016] One advantage of exposing the sheet on either or 
both sides is that the scanning can be carried out in a shorter 
amount of time than if one needed to present the sheet tWice 
to the scanning apparatus. Scanning both sides simulta 
neously further reduces the scanning time. 

[0017] When exposing both sides at the same time, the 
relative positioning of the scanned regions (i.e., the images) 
created at the respective sides is less sensitive to any panel 
or sheet changes or distortions that may occur over time. 
Furthermore, exposing both sides in a device that includes a 
mutual positioning mechanism assures that the images of the 
tWo sides are positionally accurate With respect to each 
other. 

[0018] In one embodiment, optical exposing units are used 
for exposing the sides of the sheet by the energy of the one 
or more energy sources, and these optical exposing units 
may be positioned opposite each other, either in front of each 
side of the sheet or offset therefrom. In one embodiment, the 
optical exposing units are optical scanning units Which form 
one or more optical beams Which form scan lines on each 

side, While in another embodiment, applicable to exposing 
the sides of the sensitive sheet according to imaging data, the 
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optical exposing units are imaging units that project sub 
images (“tiles”) according to the imaging data. Complete 
images may be exposed for example in a step and re-image 
manner in Which neW sub-images are sequentially imaged 
after a stepping motion to the neW sub-image location, each 
placement of a neW sub-image using the imaging data 
corresponding to the neW sub-image. Alternate ?at-bed 
imaging methods similarly may be used together With a 
cross-positioning mechanism for accurately positioning the 
tWo sides relative to each other. Another aspect of the 
present invention is a method and apparatus for adjusting the 
scanning movement of the beam or beams of each optical 
scanning unit or the sub-images of each optical imaging unit 
relative to each other, so that the sets of scan lines or 
sub-images covering the desired regions generated by both 
units are automatically mutually positioned. In one embodi 
ment of the adjustment method applied in the beam forming 
case, the beam of at least one of the scanning units is sensed 
by means of a detecting module coupled to the other 
scanning unit. That is, in the preferred embodiment, the 
beams produced by both optical scanning units are sensed by 
a single detection module. In this Way perfect registration is 
substantially obtained. The particular embodiment of the 
detection module makes such mutual adjustment possible, 
irrespective of the thickness of the sheet to be scanned, 
Within some dimensional limits. Other embodiments include 
using more than one optical detection module to detect the 
beams produced by both optical scanning units. 

[0019] According to another aspect of the invention, an 
optical detection module is used Which detects the cross 
scan position of the beam (both beams in the case of the 
mutual positioning system) in a manner that is insensitive to 
the focus of the beam, using tWo photodiode elements side 
by side so that the difference in the beam path traversed 
through each diode is indicative of the cross beam position. 
Several embodiments of such a detection module are 
described With the shape of the surfaces providing different 
desirable characteristics. In some of these embodiments, the 
tWo diodes also provide an indication of When a beam 
traverses a ?xed point in the scan beam direction. In other 
of these embodiments, an additional photodiode element is 
provided and the interface of such a third photodiode With 
one of the other tWo photodiodes provides for indicating 
When a beam crosses a given location in the scan line 
direction. 

[0020] According to yet another aspect of the invention, 
the above-mentioned object of exposing both sides of a sheet 
is obtained by providing a method Wherein the exposing is 
done by means of only one exposing unit located at one side, 
Whereas each side of the sensitive sheet, Which may consist 
of a plate, board or PCB panel, is presented successively to 
the optical exposing unit, the sheet being ?xed in a carrier 
from the beginning of the exposing (e.g., by scanning by an 
optical scanning unit) of the ?rst side until the end of the 
exposing of the second side. According to this embodiment, 
the sheet remains ?xed in the carrier throughout the expos 
ing of both sides. Because such a carrier can be positioned 
With high accuracy in relation to the optical exposing unit, 
and because the sheet does not need to be removed from the 
carrier until the scanning of both sides is complete, it is clear 
that the images and consequently the printed circuits can be 
positioned in respect to each other very exactly. 
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[0021] In this single optical exposing unit embodiment, 
the carrier and the single optical exposing unit may be 
mutually movable in such a manner that the sheet carried by 
the carrier can be exposed successively at both sides by the 
optical exposing unit, for example by scanning using an 
optical scanning unit. According to an alternative, the carrier 
may consist of a holder Which can be positioned in either 
tWo positions in a support mechanism for this holder. The 
sheet is ?rst ?xed in the holder and, in order to expose both 
sides of the sheet, the holder is ?rst placed into the support 
mechanism in one orientation. The ?rst side is exposed, and 
then the holder is removed, turned, and then re-inserted into 
the support mechanism for the scanning of the second side. 

[0022] The present invention also relates to a method for 
scanning a sensitive sheet to be used for a PCB panel, the 
method being characteriZed in that during scanning, the 
sheet is positioned in an upright position. Scanning can be 
performed from both sides simultaneously, or can be done 
only from one side. One advantage of this method is that the 
method can be realiZed With relatively compact devices, as 
a horiZontal table is no longer required. 

[0023] The upright construction also provides better 
accessibility to the optical exposing units. More particularly, 
in the case of optical scanning units, the arrangement 
provides good access to the optical heads that are included 
in each optical scanning unit. Furthermore a completely 
symmetrical lay-out is possible. 

[0024] The present invention also relates to a method for 
exposing a light-sensitive sheet such as a light-sensitive 
PCB panel, the method being characteriZed in that the image 
of the printed circuit on one or both sides is formed by direct 
imaging. In this Way disadvantages in using phototools such 
as negatives are excluded. 

[0025] The present invention also relates to an exposing 
apparatus having a supporting mechanism for supporting a 
sensitive sheet and scanning units, more particularly optical 
scanning units, to perform one or more of the above 
mentioned scanning methods. The particular construction of 
such a device Will be clear from the preferred embodiments 
that Will be described herein after With reference to the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In order to better shoW the features of the inven 
tion, Without any limitation implied therein, several pre 
ferred embodiments of the invention are described in greater 
detail, With reference to the enclosed draWings in Which: 

[0027] FIG. 1 shoWs a portion of a printed circuit board 
(PCB); 
[0028] FIG. 2 shoWs hoW such a printed circuit board may 
be composed of a plurality of PCB layers; 

[0029] FIG. 3 shoWs one of the inner PCB panels (or a 
double-sided PCB) in a cross-sectional vieW before being 
exposed or etched; 

[0030] FIG. 4 schematically shoWs one embodiment of an 
exposing apparatus according to the invention; 

[0031] FIG. 5 shoWs the exposing apparatus of FIG. 4 as 
the cross-section shoWn as V-V in FIG. 4; 
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[0032] FIG. 6 shoWs in more detail some of the compo 
nents of the device of FIG. 4; 

[0033] FIG. 7 shoWs, in a cross-sectional vieW, an adjust 
ing mechanism Which can be applied in the exposing appa 
ratus such as the device of FIG. 4; 

[0034] FIGS. 8 to 11 shoWs changes in the scanning 
patterns produced by some of the adjustments; 

[0035] FIG. 12 shoWs another embodiment of the inven 
tion; 
[0036] FIG. 13 shoWs the timing of a scan on one side of 
a PCB panel; 

[0037] FIG. 14 shoWs the timing of signals from a four 
quadrant diode as used in the preferred embodiment in each 
of the detection modules; 

[0038] FIG. 15 shoWs a block diagram of an embodiment 
of a control circuit used for these beam steering corrections; 
and 

[0039] FIG. 16 shoWs a block diagram of an embodiment 
of a control circuit used for generating M phase synchro 
niZed pixel clock pulses; and 

[0040] FIG. 17 shoWs a set of timing pulses used in 
controlling the motors in a synchronous manner; 

[0041] FIG. 18 shoWs a circuit for controlling the tWo 
motors driving the tWo polygon heads and the linear motor; 

[0042] FIG. 19 shoWs a further embodiment of the inven 
tion; 
[0043] FIG. 20 shoWs a further embodiment of the inven 
tion Wherein the optical exposing units image part of the 
complete image onto each side; 

[0044] FIGS. 21A-21F shoW several alternative con?gu 
rations of detection modules capable of cross-scan deviation 
measurements and timing according to another aspect of the 
invention.; 
[0045] FIGS. 22A and 22B shoW tWo variations of a 
circuit useful for determining cross-scan variation and a 
beam timing pulse Which may be adapted to be used With 
any of the modules of FIGS. 21A-21F according to another 
aspect of the invention; 

[0046] FIGS. 23A-23D shoW different implementations of 
optical exposing units according to further embodiments of 
the invention; and 

[0047] FIG. 24 shoWs alternate implementations of the 
cross-positioning mechanism for accurately positioning the 
image on one side of the sheet relative to the image on the 
other side of the PCB panel. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0048] As shoWn in FIG. 1, a printed circuit board 1 
generally consists of a board 2 comprising one or more 
printed circuits, one such circuit shoWn as 3. Adouble-sided 
board has a circuit on each side of a dielectric substrate, 
While a multi-layer board has several circuits separated by 
dielectric layers. Feed-throughs, also spelled feed-thrus, and 
also called vias, are plated-through holes used at desired 
locations to provide an electrical connection betWeen a 
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printed circuit trace on one side or layer of the printed circuit 
board and a printed circuit trace on one or more other sides, 
or on other layers. 

[0049] A multi-layer board is shoWn in FIG. 2. Here, 
printed circuit board 1 is composed of a plurality of PCB 
panels (each shoWn having reference numeral 4) that at least 
one, but preferably at both, sides are provided With a printed 
circuit. Each of the different printed circuits of PCB 1 uses 
the same reference numeral 3. Note that the panels are 
usually rigid, so that the rolling over of a PCB panel shoWn 
in FIG. 2 is only for the purpose of illustrating that a PCB 
panel may have a circuit printed on both sides. 

[0050] Prior to the manufacture of the circuit, each of the 
inner PCB panels 4 starts as a sheet as shoWn in FIG. 3, 
comprised of, in the case of a double-sided inner PCB panel, 
a substrate, electrically conductive layers 6 and 7 at the 
respective sides 8 and 9 of PCB panel 4, and light-sensitive 
layers 10 and 11 provided onto the respective conductive 
layers 6 and 7. Depending on the number of layers of the 
?nal board 1, each PCB panel 4 can be relatively thin. A 
typical PCB panel may have a thickness in the order of 0.1 
mm, but may also be considerably thinner or thicker. 

[0051] In order to realiZe each of the electrical circuits 3 
on each double-sided panel 4, light-sensitive layers 10 and 
11 are exposed to light according to the required pattern of 
printed circuit 3 to be realiZed. The light exposure may be 
direct, using for example the device of the present invention, 
or may use the required phototool of the set of phototools as 
a photographic mask. Photographic processing of the 
exposed layers 10 and 11 causes only those parts of the 
layers to remain that correspond to Where conductive paths 
need to be realiZed in the particular printed circuit 3. 
Subsequently, PCB panel 4 is subjected to an etching 
process in Which those parts of the material of conductive 
layers 6 and 7 Which are no longer protected by the corre 
sponding removed parts of light-sensitive layers 10 and 11, 
respectively, are etched aWay. This results in conductive 
material left at the locations necessary for forming the 
required electrical circuits 3 on each side of PCB panel 4. 

[0052] Recalling that typically the outer “panels” are 
metal foils and thus Will form only one layer each, and that 
the inner panels are double-sided, a typical 26-layer PCB 
Would comprise tWo outer panels (layers number 1 and 26) 
and tWelve inner panels (layers number 2 through 25). Each 
of the double-sided inner panels Would be exposed, pro 
cessed, and etched and then the inner PCB panels Would be 
laminated With the outer foils. Then the resulting laminated 
multi-layer panel Would be drilled and the holes plated 
through. Then this panel Would be exposed and processed 
just like a single double-sided inner PCB panel. 

[0053] FIG. 4 shoWs the preferred embodiment of an 
exposing apparatus 12 that is designed for exposing a 
double-sided PCB panel. Modi?cations for other applica 
tions Would be clear, and such modi?cations are Within the 
scope of the present invention. 

[0054] Exposing apparatus 12 comprises a carrier 13 for 
?xing a sheet thereto. The sheet may be a PCB panel 4 for 
PCB production, or any other kind of sheet for other 
applications, for example, a printing plate in the case of 
exposing a printing plate. Reference numeral 4 henceforth 
Will be understood to mean a PCB panel or any other sheet 
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for exposure by apparatus 12. Exposing apparatus 12 also 
includes an exposing system, Which in this embodiment 
includes an optical system 14 for direct imaging by ultra 
violet light, this causing the light-sensitive layers (layers 10 
and 11 of FIG. 3, for example) be exposed to light by means 
of a scanning movement carried out by tWo light beams 
shoWn as 15 and 16, respectively. 

[0055] In the particular embodiment shoWn in FIG. 4, 
optical system 14 is a dual optical system scanning PCB 
panel 4 from both sides. This optical system 14 comprises 
optical scanning units 17 and 18, Which include optical 
heads that direct light beams 15 and 16 toWards the respec 
tive sides 8 and 9 of PCB panel 4. 

[0056] Optical units 17 and 18 are preferably located at the 
opposite sides of carrier 13, thus also at the opposite sides 
of PCB panel 4. Optical units 17 and 18 cause beams 15 and 
16 to move in one plane in such a Way that these beams 15 
and 16 scan PCB panel 4 form a scan line 19 in a scan line 
direction on each side of PCB panel 4. In the preferred 
embodiment, the tWo scan lines 19 on opposite sides of sheet 
4 are located at approximately the same vertical and hori 
Zontal locations at each respective side 8 and 9 of PCB panel 
4 at any time. Beams 15 and 16 are preferably but not 
necessarily laser beams, and in the case of exposing light 
sensitive PCB panels to be photographically processed, 
beams 15 and 16 are ultra-violet (UV) light beams produced 
by one or more ultra-violet lasers, for example, high poWer 
ultra-violet lasers (e.g., argon-ion or any other high poWer 
laser technology), or loW poWer UV lasers for exposing 
sensitized layers of high sensitivity. 

[0057] The detailed description Will be for a system in 
Which each of optical units 17 and 18 produces a single 
beam at a time. HoW to modify for an alternate embodiment 
in Which each of optical unit 17 and 18 produces a plurality 
of parallel beams Would be clear to those in the art. 

[0058] Carrier 13 is con?gured to alloW PCB panel 4 to 
move in a direction D transverse to the scanning direction 
(i.e., perpendicular to the direction of scan line 19), in such 
a manner that by the combined scanning movement of 
beams 15 and 16, and of PCB panel 4 in direction D, the 
complete surface of PCB panel 4 can be scanned in a raster 
manner. The direction transverse to the scanning direction 
(direction D in this embodiment) is referred to also as the 
transverse direction herein, and the scanning direction is 
referred to also as the scan line direction herein. 

[0059] A drive system 5 provides relative motion in the 
transverse direction betWeen any point on any scan line on 
the sheet, and the sheet itself. The drive system is con?gured 
in combination With the optical system such that each light 
beam traces a set of one or more substantially parallel scan 
lines on a side the sheet. All the sets of scan lines for all the 
light beams for a side cover a desired region on the side of 
the sheet. In particular, the drive system is synchroniZed 
With the optical system such that each light beam traces set 
of parallel scan lines on each side of sheet 4. Note that as an 
alternative, the drive system may operate in an open loop 
manner at a speed determined to produce the necessary scan 
lines on each side, With a single start signal indicating the 
location of the panel in the D-direction relative to the scan 
lines. 

[0060] It Would be clear to those in the art that inherent to 
providing such relative motion is the requirement that the 
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drive system be coupled to the optical system or to carrier 13 
or to both the optical system and the carrier. In the preferred 
embodiment, the drive system is connected to a frame and 
includes a drive 22 for moving carrier 13 in the D direction. 
The preferred system uses a linear motor for drive 22 similar 
to that described in US. Pat. No. 4,543,615 to Van Campen 
hout et al. incorporated herein by reference. Different linear 
motor systems, or a motor With a spindle and lead screW 
mechanism, or any other means for moving the carrier in the 
transverse direction relative to the optical beams may be 
used in alternate embodiments. 

[0061] Various Ways of realizing carrier 13 are possible. In 
the preferred embodiment, carrier 13 comprises a pair of 
clamps 20 and 21 for holding PCB panel 4, and a drive 22 
moves pair of clamps 20 and 21 in direction D. Of course, 
other forms of the carrier 13 are possible, including using 
more than tWo clamps, or using a one-sided clamp that 
includes, for example, a vacuum system. 

[0062] The sheet 4 to be scanned is preferably kept in an 
upright position during scanning as shoWn in FIG. 4. In 
particular, PCB panel 4 preferably is ?xed, e.g., clamped, at 
its upper edge 23 and hangs doWn freely. In this manner the 
Weight of PCB panel 4 helps keep the panel ?at. In alternate 
embodiments Wherein the panel is in a horiZontal plane, the 
Weight needs to be supported, e.g., on a table, to maintain the 
sheet ?at to prevent boWing in the middle of the panel. 

[0063] The preferred embodiment can accommodate PCB 
panels of up to 24 inches in height. The maximum dimension 
in the D-direction in the particular embodiment is 36 inches. 

[0064] As schematically indicated in FIG. 4 and shoWn in 
detail in FIG. 5, PCB panel 4 Will preferably be guided at 
the location Where beams 15 and 16 are projected onto PCB 
panel 4. To this end, a guiding mechanism 24 is provided. 
The guiding mechanism is connected to optical system and 
may be of the contact or non-contact type, and When of the 
contact type, may be made of any loW friction material such 
as highly polished stainless steel, or coated With a “non 
stick” material that has a loW coef?cient of sliding friction, 
for example, one or more of a ?uoropolymer (e.g., the 
polytetra?uorethylene TEFLON® from E.I. du Pont de 
Nemours and Company, Wilmington, Del.), silicone, ultra 
high molecular Weight polyethylene (UHMW-PE) (CroWn 
Plastics, Harrison, Ohio), or a polymer such as nylon. Static 
dissipative materials may also be added to the non-stick 
material, for example carbon ?bers or carbon poWder. Alter 
natively, rollers may be used for the guiding mechanism. 
Other implementations of guiding mechanism 24 also are 
possible as Would be clear to one of ordinary skill in the art. 
One example of a loW friction guiding mechanism is shoWn 
in FIG. 5, Which is the cross section marked V-V on FIG. 
4, and Which illustrates hoW in one embodiment, guiding 
mechanism 24 is comprised of loW-friction curved guides 
25, 26, 27, and 28 Which are located at the opposite sides 8 
and 9 and to each side of scan lines 19, and Which have a 
shape designed for easy insertion of PCB panel 4. These 
provide an air bearing to generate the loW friction guidance. 
Guides 25 and 28 are stationary With respect to optical 
scanning unit 17, While guides 26 and 28 are stationary With 
respect to optical scanning unit 18. Note that FIG. 4 only 
shoWs one pair of guides marked 25 and 27 of guiding 
mechanism 24. 

[0065] Apparatus 12 provides for simultaneous scanning 
of the tWo sides of PCB panel 4, so that PCB panel 4 needs 
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to be moved only once in direction D along the projecting 
planes of beams 15 and 16. “Simultaneously” herein means 
that the scanning of side 8 is somehoW overlapped in time 
With the scanning of side 9, Which does not necessarily mean 
that beam 15 is sWitched on or off (“modulated”) during the 
same instant of time as When beam 16 is sWitched on or off. 

In the preferred embodiment, one source of light energy is 
used for exposing both sides of sheet 4, and the activation of 
beams 15 and 16 is preferably interlaced—one scan line of 
beam 15 is folloWed by one scan line of beam 16, and so 
forth. Other alternatives are possible. Alternatively, tWo or 
more light energy sources (e.g., lasers) can be used, at least 
one for each side, in Which case no interlacing is used in 
order to achieve high ef?ciency. To enable such scanning of 
the tWo sides, a mutual positioning system 76 is provided. 
Mutual positioning system 76 is connected to the frame and 
provides for accurately positioning of the scan lines on each 
side of the panel 4 relative to each other. Each of optical 
scanning units 17 and 18 is connected to the mutual posi 
tioning mechanism. Note that the mutual positioning system 
is located on both sides of panel 4, and only one side is 
shoWn in FIG. 4. 

[0066] The functioning of exposing apparatus 12, as Well 
as the method applied thereto, can be deduced from the 
draWings. First PCB panel 4 is ?xed in carrier 13. Carrier 13 
is connected to drive system 5 Which is connected to a frame. 
Initially, PCB panel 4 is positioned With its leading edge, 
shoWn as 29 in FIG. 4, at the guiding mechanism 24. 
Subsequently clamps 20 and 21 are moved by drive 22 so as 
to slide PCB panel 4 at a certain speed through guiding 
mechanism 24. PCB panel 4 is preferably displaced at a 
constant speed during the scanning, although in other 
embodiments the motion could be stepWise With small 
intervals, or in any other manner that provides for generating 
adjacent scan lines so that a complete image is generated on 
each side, as Would be clear to one of ordinary skill in the 
art. During this movement along direction D, beams 15 and 
16 are moved by the optical units along scan line 19, and 
during such movements, the beams are modulated (sWitched 
on and off) as required by the imaging data describing the 
pattern of the printed circuit, to expose to light the required 
areas on light-sensitive layers 10 and 11 in order to create 
afterWards printed circuits 3 on one or both sides of PCB 
panel 4. 

[0067] After exposure, PCB panel 4 can be processed as 
described in the introduction or in any manner needed for the 
manufacture of the PCB panel. Note that the processing may 
be carried out While the PCB panel is still in carrier 13, or 
in another carrier separate from exposing apparatus 12. 

[0068] All mechanical movements of device 12 are gov 
erned by a controller 75 comprised of a microprocessor, 
sensors, and special-built electronic hardWare. Controller 75 
is shoWn schematically as a single block in FIG. 4. No 
details such as Wiring connections, sensors, etc., are shoWn. 
It Would be understood by those of ordinary skill in the art 
that the realiZation of controller 75 includes such elements. 
It also is to be understood that more than one processor may 
be included in controller 75. The softWare of the one or more 
processors in controller 75 (called hereinafter machine soft 
Ware) commands and controls the movements and handles 
error messages. Some of the control that deals speci?cally 
With some aspects of the present invention is described 
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herein. Other aspects are not described herein, and hoW to 
incorporate controls into scanning mechanisms is Well 
knoWn in the art. 

[0069] As shoWn schematically in FIG. 6, in the preferred 
embodiment, only one light source 30 is used for generating 
both light beams 15 and 16. In an alternate embodiment, the 
tWo beams 15 and 16 are each generated from a different 
light source. That is, tWo light sources are used, one for each 
of optical systems 17 and 18. 

[0070] Returning to FIG. 6, light source 30 of optical 
system 14 of eXposing apparatus 12 includes a laser 31 (e.g., 
a UV laser) generating a main beam 32 Which alternately is 
directed to optical scanning unit 17 and optical scanning unit 
18, With the alternating sWitching carried out by means of an 
optical sWitch 33 acting as a de?ector and split mirrors 34 
and 35 directed to optical scanning units 17 and 18, respec 
tively. Split mirrors 34 and 35 in the preferred embodiment 
are tWo faces of a re?ecting prism. Optical sWitch 33 in the 
preferred embodiment is a beam de?ector, in particular, an 
acousto-optic de?ector made by AA. Opto-Electronique, St. 
Remy Les Chevreuse, France. 

[0071] Other alternatives also are possible for optical 
sWitch 33. One such alternative optical sWitch is a rotating 
shutter of transparent sections and highly re?ective mirror 
sections, the shutter mounted at 45 degrees, so that at any 
instant in time, the beam alternately passes through the 
shutter to be re?ected by a mirror to one optical scanning 
unit, and then is re?ected by the shutter to the other optical 
scanning unit. The motor for rotating the shutter Would then 
be synchroniZed to the beam scanning units using controller 
75. Another alternative optical sWitch is a de?ecting mirror 
on a fast de?ector. Other alternative optical sWitches that 
meet the speed requirement may be substituted. 

[0072] Yet another alternative arrangement Would be to 
use a beam splitter instead of optical sWitch 33 to produce 
tWo split beams, resulting in both beams 15 and 16 being 
available at each instant of time. 

[0073] Each of optical scanning units 17 and 18 is noW 
discussed. The scanning units are of such a design that each 
can produce an accurate scan line of length up to at least 
(1.6/>\,)X10 m, Where )L is the Wavelength of the radiation in 
meters. Thus, for UV radiation at 355 nm, the optical 
scanning units can produce accurate scan lines up to at least 
18 inches in length. In particular, the preferred embodiment 
scanning units 17 and 18 are designed to be able to scan the 
24 inch length of a PCB panel in one scan line of UV light 
at 355 nm, i.e, they roduce an accurate scan line of length up 
to at least (2.1/7»)><10_7 m, Where the wavelength A is in m. 

[0074] Scanning systems for producing a scanning laser 
beam have been Well knoWn in the art since laser printers 
and scanners Were ?rst introduced in the 1970’s. Thus, many 
embodiments other than that described herein are possible 
for these optical scanning units. See G. F. Marshall, Editor, 
Optical Scanning, Marcel Dekker, 1991 (ISBN 
0824784731) for a discussion of many options. See also L. 
Beiser and G. F. Marshall, Editors, Beam De?ection and 
Scanning Technologies, Proceedings of SPIE, No. 1454, 
February 1991. 

[0075] For eXample, in accordance With one alternate 
embodiment, the optical scanning units are of a design that 
cannot produce a long enough scan line, and several such 
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optical units are used for exposing each side of panel 4. Each 
produces a scan line, and the optical scanning units are 
mutually synchroniZed such that their respective resulting 
scan lines on any side are stitched together to form a single 
scan line. See co-oWned US. Pat. No. 5,654,817 to De Loor, 
incorporated herein by reference, for an apparatus that can 
so stitch several scan lines, and Which may be modi?ed to 
implement such an alternate embodiment. 

[0076] The preferred embodiment optical scanning units 
17 and 18 are noW discussed in more detail With reference 
to FIG. 6. Each of optical scanning units 17 and 18 includes 
a modulator referenced as 36 and 37, respectively, and an 
optical head referenced as 38 and 39, respectively. The 
optical head scans the beam (i.e., generates the scanning 
motion) in the scan line direction, and preferably is a 
rotationally driven head. Alternate embodiments may use 
mechanical de?ectors, holographic means, or other mecha 
nisms to generate the beam motion, as is knoWn in the art. 
See the above referenced Marshall book for such alterna 
tives. Modulators 36 and 37 are optical sWitches Which 
selectively block or pass beams 15 and 16, respectively, in 
accordance With imaging data describing the printed circuit 
to be eXposed on either side of PCB panel 4. In the preferred 
embodiment, acousto-optic modulators (AOM) are used 
(from A.A. Opto-Electronique, St. Remy Les Chevreuse, 
France). Other modulator technologies such as electro-optic 
modulators and de?ecting mirrors also may be used. These 
modulators 36 and 37 are driven by signals generated from 
a computer system, not shoWn, the signals indicating When 
to pass or block the particular beam of beams 15 and 16 
according to imaging data describing the PCB pattern to be 
eXposed for the printed circuit. 

[0077] An alternate embodiment includes only a single 
modulator betWeen the light source 30 and the optical sWitch 
33. 

[0078] Optical heads 38 and 39 are rotationally driven in 
a synchroniZed manner by means of drive elements 40 and 
41, respectively. In the preferred embodiments, electrical 
motors With appropriate mechanical drive components are 
used for drive elements 40 and 41. SynchroniZation is 
provided by softWare control using controller 75. Each of 
pptical heads 38 and 39 includes a polygonal element having 
re?ecting facets 42, such that the light projected onto these 
facets 42 is re?ected in the form of moving light beams 15 
and 16, resulting in a movement at PCB panel 4 according 
to a scan line 19. Optical heads 38 and 39 thus may 
sometimes be referred to as polygonal mirrors or simply 
polygons hereinunder. The preferred embodiment uses poly 
gons With siX facets per side, and clearly using polygons 
With a different number of facets also is possible. 

[0079] Optical units 17 and 18 further comprise several 
auXiliary elements for guiding the light in the required 
direction, as Well as providing several adjustments. Such 
auXiliary elements include, for optical scanning units 17 and 
18, respectively, beam steering elements 43 and 44, respec 
tively, Which preferably are each a pivoting mirror mounted 
on a pieZo-electric element so that the mirror de?ects 
according to a voltage applied to the device (devices from 
Melles-Griot, Irvine, Calif.). Such devices sometimes also 
are called galvanometers. Alternatively, acousto-optic or 
electro-optic devices may be used. Also included in optical 
scanning units 17 and 18, respectively, are pre-scan optical 
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subsystems Which include magni?cation adjustment ele 
ments 45 and 46, respectively, Which are beam eXpanders 
made from an arrangement of lenses, elliptic mirrors 47 and 
48, respectively, and correction lenses 49 and 50, respec 
tively. Optical scanning units 17 and 18 respectively also 
include post-scan optical subsystems Which comprise 
curved mirrors 51 and 52, respectively, and folding mirrors 
53 and 54, respectively. As is common in scanner systems, 
the pre-scan and post-scan optical subsystems in each opti 
cal scanning unit together implement f-theta scan correction 
and beam focussing, the f-theta correction converting uni 
form angular rotation of the beam to uniform linear trans 
lation of the beam, With the end result being that beams 15 
and 16 each form a ?nely focused spot on the respective 
sides of PCB panel 4. 

[0080] Note that While FIG. 6 shoWs laser 31 positioned 
above the optical scanning units and generating a vertical 
beam 32, other arrangements clearly are possible, including 
a horiZontal arrangement above, underneath, or beside the 
heads 38 and 39. 

[0081] While many variants are possible, the design 
shoWn in FIG. 6 using the beam adjustments and the 
particular re?ective optics described hereinunder provides 
the required scan line of length at least (1.6/7»)><10_6 m, 
Where )L is the Wavelength of the radiation in meters. In 
particular, the preferred embodiment provides for generating 
a scan line of length up to at least (2.1/7»)><10_6 m, such that 
When the energy source is a UV laser at 355 nm Wavelength, 
the scan line can be as long as 24 inches. In addition the use 
of re?ective optics in scanning units 17 and 18 provides for 
using the same optical design for both exposing, and for 
input scanning. 

[0082] Although in FIG. 6, the tWo polygonal mirrors 
(optical heads) 38 and 39 are shoWn in identical positions, 
in practice, for the case of Writing in interleaved mode using 
one light source, they Will preferably be out of phase, such 
that during the period that one head 38 due to its rotational 
movement is not capable of projecting light to its side of 
PCB panel 4, the other head 39 can project the light to its 
corresponding side of PCB panel 4. The functioning of 
optical sWitch (de?ector) 33 is synchroniZed With the rota 
tion of heads 38 and 39 such that light is transmitted 
alternately to unit 17 for one scan line and to unit 18 for a 
scan line, respectively, in such a manner that at the required 
periods, light is available at the corresponding head 38 or 39. 
Like other synchroniZations, this synchroniZation is 
achieved under control of controller 75. 

[0083] The functioning of the optical scanning units of 
device 12 is noW described With the aid of FIG. 6 Which 
describes the one beam embodiment. Beam 32 is sent to 
optical scanning unit 17 half the time (minus the sWitching 
time), and optical scanning unit 18 the other half of the time 
(minus the sWitching time). In the preferred embodiment, 
one scan line is generated on one side, then a scan line is 
generated on the other side of sheet 4, so that the scan lines 
are interleaved. The imaging data for the modulators in each 
optical scanning unit thus is input for a scan line on one side, 
then input for a scan line on the other side of the sheet. In 
the preferred embodiment, the imaging data for the tWo sides 
of the PCB is pre-interleaved to ease the load on the 
computer system retrieving the imaging data. Clearly, other 
embodiments may do the interleaving on the ?y. Note that 
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such interleaving is necessary for the alternate embodiment 
of using only a single modular betWeen the light source 30 
and the sWitch 33. 

[0084] One side only, the side of optical unit 17, denoted 
side 8, Will be described. During those moments that modu 
lator 36 alloWs the transmittal of light, light beam 15 is 
projected via split mirror 34, beam steering element 43, 
modulator 36, and the pre-scan optical subsystem onto 
facets 42 of the polygonal mirror 38, and from there through 
post-scan optical subsystem onto one side of PCB panel 4 at 
points along scan line 19. As each face 42 of the optical head 
(polygonal mirror) 38 rotates, this light beam 15 during the 
transmittive instants moves from top to bottom so that spots 
created on PCB panel 4 due to light beam 15 reaching the 
PCB panel side move doWnWards along scan line 19. 

[0085] Thus in the preferred embodiment, each beam on 
each side travels from top to bottom. At the moment that the 
light beam 15 Would be projected near the bottom of PCB 
panel 4 on side 8, the direction of beam 32 is sWitched by 
optical sWitch (de?ector) 33 under control of controller 75 
toWards the optical scanning unit 18, resulting in beam 16 
being modulated and folloWing a movement along scan line 
19 of the other side of PCB panel 4, denoted side 9. While 
in the preferred embodiment, the beam on each side travels 
from top to bottom, other arrangements are possible. For 
eXample, one beam, say beam 15 on side 8, may travelling 
from bottom to top, While the other beam, in this case beam 
16 of side 9 Would travel from top to bottom. Alternatively, 
both beams on both sides may move from bottom to top. 
HoW to modify the design to accommodate these alterna 
tives Would be clear to one of ordinary skill in the art. 

[0086] These steps are continuously repeated until the 
required portion of PCB panel 4 is scanned While motion, 
preferably continuous motion, is provided in direction D. 

[0087] Beam Adjustments and SynchroniZations in Detail 

[0088] According to a particular aspect of the invention, 
the scanning movement of light beams 15 and 16 is arranged 
to both accurately position each of the images (e.g., each of 
the set of scan lines covering the desired region) created by 
optical scanning units 17 and 18 on each side, independent 
of the other side, and also to accurately position each of the 
images created by optical scanning units 17 and 18 relative 
to each other. The preferred means of achieving this indi 
vidual positioning and this mutual positioning (i.e., cross 
positioning) is noW described With the aid of FIG. 7. The 
adjustments are made With the help of detection modules 55, 
56, 57, and 58 co-operating With optical scanning units 17 
and 18. Note that in FIG. 7, no details of optical scanning 
units 17 and 18 are shoWn. Rather, these are represented in 
a schematic Way as dotted blocks. It is to be understood, 
hoWever, that in this embodiment, each optical scanning unit 
17 and 18 comprises the different components as described 
above and in FIG. 6. 

[0089] Detection modules 55 and 56 are located at one 
side, say side 8 of PCB panel 4, beloW the loWer, and above 
the upper edges, respectively, of this side 8 of PCB panel 4, 
and are capable of measuring aspects of the beam on this 
side 8. In particular, these detectors are each capable of 
measuring deviations of beam 15 in both the cross-scan 
direction (direction D) and in the in beam direction. Because 
the scan direction is from top to bottom, module 56 is a start 
































