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PROCESS FOR THE PRODUCTION OF A THREE-DIMENSIONAL OBJECT WITH RESOLUTION IMPROVEMENT BY PIXEL-SHIFT



US. Pat. No. 6,180,050 describes a linear scan technique



for layer-wise solidi?cation in the production of three-dimen sional objects. The resolution is enhanced by scanning, in X-direction, an illumination head having an array of optical ?bers, which are displaced in the Y-direction.



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci?ca



DRAWBACKS OF THE PRIOR ART



tion; matter printed in italics indicates the additions made by reissue.



With all of the above described processes, the resolution of the material layer to be hardened is in direct dependency from the resolution of an image forming process. With the projection processes, an intermediary positioned optic additionally determines the scale of the projected or



CROSS-REFERENCE T0 RELATED APPLICATIONS



solidi?able layer.



This application claims the bene?t of US. Provisional Patent Application No. 60/569, 893, ?led on May 10, 2004.



The resolution per area unit in the image/construction



plane thus is dependent on a) the resolution of the image forming unit or the smallest element, called pixel, and their relative mutual distances, called pixel-pitch, and b) the pro



TECHNICAL FIELD The invention related to a process and a device for the



20



solidi?cation of a photohardening material by mask illumi nation by means of a rastered image forming unit having constant resolution, wherein the resolution within the image/



construction plane shall be improved in the sub-pixel range.



jection scale. The surface roughness of the construction part thus is determined by the smallest volume unit of one voxel (volume



production of a three-dimensional object by layer-wise



pixel), the size of which is composed of the projected pixel area in XY and the layer thickness in Z. The resolution of the 25



layer thickness is prescribed by the smallest resolution (step level) of the actuator in Z, in order to move the support



BACKGROUND ART



platform. Resolutions already down to the one-?gure um



For the layer-wise construction of three-dimensional



objects from “light hardening” materials, various processes



30



are mentioned in literature, see in this respect “Automated



Fabrication-Improving Productivity in Manufacturing” of Marshall Burns, 1993 (ISBN 0-13-119462-3). This invention relates to processes wherein the layer to be generated is based on illumination by means of a rastered



(1024x768 image dots), a pixel of 17 um and pixel-pitch of 35



mask, wherein the smallest physical resolution within the mask is provided by the size of a pixel. Known possibilities presently are, inter alia, illumination



resolution in the image/construction plane and thus in the layer to be solidi?ed of approximately 100 dpi, which corre sponds to a pixel size in the projection plane of about 0.254 40 mm>


ILA®, etc.) b) LD-display (re?ective, transmissive) 0) LED-, or laser-diode-line/-matrix (which is moved in XY-plane over the layer) d) Line or matrix (which is moved in XY-plane over the



In order to e.g. double the resolution in the image-/con struction plane, while maintaining the same construction area, it is proposed in the projection processes to half the projection/enhancement factor (which means to quarter the 45



layer) based on MEM-technology (light-valve).



shift either the whole projection unit or the construction space



This process has the signi?cant drawback that relatively high masses have to be moved towards each other very pre 50



cisely in order to ensure an exact abutment and a close con



nection of the partial planes, which means a considerable expenditure of costs and additional need of space in the whole



and Method of use” of Texas Instruments Inc., September 1 993.



US patent US005980813 A “Rapid Prototyping using mul tiple materials” of SRI International, November 1999;



area) and, for the illumination of the four partial planes, to



mutually in parallel.



Some of these methods are described in the following



patents: IPC: B29C67/00 “Rapid Prototyping apparatus and method of Rapid Prototyping” of Dicon AS (DK), (application) US patent US005247180 A “Stereolithographic Apparatus



17.9 mm, one realizes, at a projection to 275 mm>


with an enhancement factor of the projection optic of 15, a



by a) Projection unit (on the basis of DLP®/DMD®, LCD,



range is achievable hereby. If an even lower surface rough ness of the construction part shall be realized, the projection ?eld and concurrently the width of the pixel area must be down-sized. As an example, the projection m.H. of a multi-media pro jector shall be mentioned here; with a resolution of XGA



arrangement for the mechanics required therefore. With the selective direct illumination by scanning m.H. of 55 a LED- or laser-diode-line/-matrix or direct illumination by a



Utility Model DE G 93 19 405.6 “Device for the production of



a three-dimensional object (model) according to the principle



mask, which is formed by a transmissive LCD, the resolution in the construction plane is equivalent to the resolution in the



of photosolidi?cation” of Research Center Informatik at the



image forming unit.



University Karlsruhe, Dez. 1993; An application for the generation of micro-technical, three



PCT Application 02 008 019.8 “Device for the production of a three-dimensional object” of Envision Technologies



GmbH, April 2002.



OBJECT OF THE INVENTION



60



dimensional construction parts according to a similar process is described in the Utility Model DE 299 11 122 U1 “Device for the production of a three-dimensional object” DeltaMed et al., June 1999.



It is an object of the invention to provide a process or a device which can enhance the resolution in the construction 65



plane, while maintaining the same large construction area, many times in the sub-pixel range, i.e. to re?ne the rastering of the outer and inner contours in the sectional planes of the



object,
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enhanced resolution in the contour portion corresponding to the pixel shift is obtained by the superimposition of these bitmaps per sectional area; (e) a bitmap is produced which is shifted relative to the



a) without having to carry out an illumination in partial areas to be composed together, and



b) without enhancing the resolution of the rastered image forming unit itself.



sectional area by delta X, which results in a new distribu



tion of active pixels; (f) a bitmap is produced which is shifted by delta Y in the sub-pixel range relatively to the sectional area, which



SOLUTION OF THE OBJECT



The present invention provides a process for the production of a three-dimensional object by layer-wise solidi?cation of a



results in a new distribution of active pixels;



(g) a bitmap is produced which is shifted along the pixel diagonal by delta X and delta Y relatively to the sectional



material solidi?able by the action of electromagnetic irradia tion by means of mask illumination, wherein the mask is



area, which results in a new distribution of active pixels;



produced by an image forming unit having a prescribed reso



(h) the total illumination of an individual layer results from the sum of the partial illuminations of the masks/bitmaps shifted in the sub-pixel range; (i) for each layer of the object, a multitude of masks or bitmaps having different sub-pixel shifts in XY can be generated and can be illuminated serially for each layer to



lution, which mask is formed from a constant number of



image forming elements (pixel) being discrete and spatially arranged in a ?xed manner to each other, characterized in that,



for improving the resolution in the sub-pixel range along the outer and inner contours of the sectional areas of the object to



be generated layer-wise, a multiple illumination is carried out for each layer which consists of a sequence of a multitude of



20



images mutually shifted in the sub-pixel range in the image/ construction plane, wherein a separate mask/bitmap is pro duced for each shifted image. The invention also provides a device for the production of a three-dimensional object by layer-wise solidi?cation of a material which is solidi?able under the application of elec tromagnetic irradiation by means of mask illumination,



be hardened; (j) a simpli?ed process for resolution improvement is achieved in such a manner that only the bitmap of the



starting position and the bitmap of the diagonal-shift by a half pixel-diagonal are produced and are subsequently illu minated for each layer to be hardened; 25



(k) for the shifted imaging of the rastered masks/bitmaps in the construction plane which are produced in a shifted manner in the sub-pixel range for the purpose of selectively



whereby the irradiation necessary for hardening is imaged



hardening the material layer, the image forming unit is



into the image/construction plane, wherein the device com prises a rastered, image forming unit for the selective illumi nation, which is embodied either by line or by matrix, char



tilted for each shifted bitmap such that the desired shift of 30



acterized in that the image forming unit composes the image



construction plane which are produced in a shifted manner



from individual image dots (pixels) and thus forms a rastered mask (bitmap), wherein the pixels are arranged within the plane in a manner mutually ?xed to each other, and that the image forming unit and/ or an imaging optic which is provided



in the sub-pixel range for the purpose of selectively hard



ening the material layer, the image forming unit for each shifted bitmap is shifted by the corresponding sub-pixel range in X and Y, that is parallel in plane to the image/ construction plane; (m) for the shifted imaging of the rastered masks/bitmaps in



between the image forming unit and the image/construction plane is/are designed such that a sequence of a multitude of images, which are mutually shifted in a sub-pixel range, can be created, wherein a separate mask/bitmap can be produced



40



for each shifted image. tion include one or more of the following features: 45



image forming elements (pixel) being discrete and spa tially arranged to each other in a two-dimensional matrix; (b) a sequence of at least 2 images mutually shifted in the sub-pixel range is carried out in the image/construction



plane, corresponding to the resolution of the image form ing unit and under consideration of the corresponding sub



50



image in the image/construction plane in the sub-pixel 55



range is achieved; (0) for the shifted imaging of the rastered masks/bitmaps in the construction plane which are produced in a shifted manner in the sub-pixel range for the purpose of selectively



60



order to de?ne the sectional area in the form of a rastered



mask; (d) the mask generation (bitmapping) of each sectional area of a three-dimensional object is carried out in the starting position and in various states displaced (shifted) in the sub-pixel range in XY, and that a total image having an



tively hardening the material layer, the image forming pro jection unit is maintained ?xed in its position, and the imaging optic of the projection unit is shifted for each shifted bitmap in XY such that the desired shift of the



pixel shift;



in a superior-ordered XY-coordinate system, and wherein the active pixels are calculated by a speci?c algorithm in



unit is maintained ?xed in its position, and the imaging optic of the projection unit is tilted for each shifted bitmap such that the desired shift of the image in the image/con struction plane in the sub-pixel range is achieved; (n) for the shifted imaging of the rastered masks/bitmaps in the construction plane which are produced in a shifted mariner in the sub-pixel range for the purpose of selec



(c) the sectional area, i.e. outer and inner contours, are de?ned



by vectorial trails which are superimposed by technical image processing by a rastered area (bitmap), the resolu tion of which exactly corresponds to the resolution of the discrete elements (pixels) in the image forming unit and thus in the image in the construction plane, wherein the superimposition of vectorial trails and bitmap takes place



the construction plane which are produced in a shifted manner in the sub-pixel range for the purpose of selectively



hardening the material layer, the image forming projection



Preferred embodiments of the process of the present inven



(a) said image forming unit is formed of a constant number of



the image in the sub-pixel range in the image/construction



plane is achieved; (1) for the shifted imaging of the rastered masks/bitmaps in the



65



hardening the material layer, the proj ection unit is tilted for each bitmap via actuators such that the projected image in the construction plane is shifted in the corresponding sub pixel range in X and Y; (p) for the shifted imaging of the rastered masks/bitmaps in the construction plane which are produced in a shifted manner in the sub-pixel range for the purpose of selectively hardening of the material layer, a cardanic mounted trans



parent, plane-parallel plate is arranged between the proj ec
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5 tion unit and the image/construction plane, which plate



(9) the image forming projection unit is maintained ?xed in its



shifts, by rotation around two axis C(Y) which are present



position and that the imaging optic can be shifted in XY in a sub-pixel range of the image forming unit via actuators such that the desired shift of the image in the image-/ construction plane in a sub-pixel range is achieved; and



in-plane parallel to the image/ construction plane, the pro jection beam path and thus the image in the image/con struction plane in the sub-pixel range in X and Y; (q) for the shifted imaging of the rastered masks/bitmaps in



5



(10) the image forming projection unit is maintained ?xed in



the construction plane which are produced in a shifted mariner in the sub-pixel range for the purpose of selec



its position and that the imaging optic can be tilted via actuators such that the desired shift of the image in the



tively hardening of the material layer, a transparent plane parallel plate is arranged between the projection unit and the image/construction plane, which plate shifts, by rota



achieved.



image/construction plane in the sub-pixel range is



tion around an axis parallel to a pixel-diagonal, the proj ec



DESCRIPTION OF THE INVENTION AND ITS ADVANTAGES



tion beam path and thus the image in the image/construc



tion plane in the sub-pixel range along the pixel diagonal which is orthogonal thereto; (r) for the shifted imaging of the rastered masks/bitmaps in



By means of the process of the invention or the device of



the invention, the resolution in the image/ construction plane is improved in the sub-pixel range by means of “pixel-shift”. In particular, the present invention deals with the layer wise solidi?cation for the production of three-dimensional



the construction plane which are produced in a shifted manner in the sub-pixel range for the purpose of selectively



hardening of the material layer, the projection unit is main tained ?xed in its position, and the projection beam is de?ected via a mirror into the image/construction plane, wherein the de?ecting mirror is provided with an adjust



20



ment possibility (cardanic support) by which the projection beam for each shifted bitmap can be de?ected such that a



shift of the image in the sub -pixel range is achieved in the



25



image-/ construction plane; and (s) the projected light output for each pixel is varied by “grey scaling” within a projection mask, in order to selectively in?uence the hardening level in a layer thereby and thus to raise the light output of the contour-pixel relative to the light output of the area-pixel, in order to compensate the partial illumination due to partial superimposition of a contour-pixel by the sub-pixel shift of the individual bit map in the contour portion. Preferred embodiments of the device of the present inven



wise solidi?cation through (linear) scan technique. This can be carried out according to the invention very ef?ciently and advantageously by using a two-dimensionally set array as the



image generating element, wherein raster and/or resolution is(are) preset, e.g. by means of a set micro mirror array. Compared to the scan technique, which is called VAROS 30



(Variable Refraction Optical System) by Canon and “Double CCD” by Epson, the principle of reading and overlapping of images mutually shifted in the sub-pixel range is used in this invention for rastered image forming processes of rapid pro



totyping. 35



tion include one or more of the following features:



(1) said image forming unit for the selective illumination is embodied by a matrix; (2) a series of at least 2 images, which are mutually shifted in a sub-pixel range, can be created in the image/construction



objects or construction elements by means of solidi?cation of



material (speci?cally by means of photo-polymerization) through mask projection, but not with a conventional layer



The resolution or the number of image dots of the rastered, image forming unit itself does not have to be increased in order to realize an improvement in the solution within the



construction plane. For the enhancement of the resolution, the illumination does not occur in correspondingly down-sized, adjacently 40



plane



disposed partial areas, whereby the construction/illumination



(3) said image forming unit is a projection unit;



period for the whole area would be increased by the number of partial areas; rather, the projection/ illumination occurs



(4) said image forming unit is a line, particularly a matrix



over the whole construction area.



having discretely emitting elements for image formation; (5) the device is provided with actuators in order to shift the



By the measure that an overlapping of images that are 45



whole image forming unit per partial image in a plane parallel manner towards the image/construction plane in XY in the sub-pixel range;



insubstantially. The level of resolution improvement within the construc tion plane can be chosen freely.



(6) the device is provided with actuators which can tilt the



image forming unit per shift-generated bitmap such that the individual, shift-generated bitmaps in the image/con
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DESCRIPTION OF THE DRAWINGS AND THE PREFERRED EMBODIMENTS OF THE INVENTION



struction plane are imaged in a manner shifted in the sub



pixel range; (7) between the image forming unit and the image/construc tion plane, a mirror is arranged as an imaging optic and is cardanically mounted and is rotatable via actuators such
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that the beam path is de?ected into the image plane and that



tion of a three-dimensional object 3 by layer-wise hardening 60



(8) between the image forming unit and the image/construc tion plane, a transparent plate having mutual plane-parallel surfaces is arranged as an imaging optic and canbe tilted by means of one or more actuators such that the beam path is



shifted and that the individual, shift-generated bitmaps in the image-/ construction plane are imaged in a manner



shifted in the sub-pixel range;



The present invention will be explained in detail in the following by way of examples and not in a limiting manner by means of drawings. FIG. 1 schematically shows a basic device for the genera



the individual, shift-generated bitmaps in the image-/con struction plane can be imaged in a correspondingly shifted manner in the sub-pixel range;



mutually shifted in the sub-pixel range takes place, the con struction/illumination period of the whole area increases only
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of a photohardening material 4 by means of mask projection 8, wherein the projection unit 1 is present, with an image forming optic 2, above the basin 6 which is ?lled with pho tohardening material 4, and wherein the object 3 solidi?es layer-wise on a support plate 5, which can be moved within the basin 6 in vertical direction. In a process based on photo



hardening by means of mask illumination, the irradiation necessary for hardening is projected into the image/construc
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7 tion plane 7. The illumination is carried out by means of a



shifted bitmap in XY such that the desired shift of the



rastered image forming unit, which is formed in the form of a



image within the image-/construction plane in the sub pixel range is achieved. 5) Particular cases for imaging by image-ward telecentric



matrix. The image thus is composed of single image dots (pixels) and thus forms a rastered mask (bitmap), wherein the pixels are arranged in a specially ?xed manner to each other



irradiation path, by an image-ward approximately telecen



within the plane.



tric irradiation path, and by teleobjectives having long focal length, in order to keep optical errors (angle errors,



By a simple example, FIG. 8-12 show the principle of a



distortion) small:



mask generation (bitmapping) of a sectional area of a three



a) In FIG. 5, the projection unit 1 is tilted for each shifted bitmap via actuators such that the projection image 8 within the image/construction plane 7 is shifted in the corresponding sub-pixel range in X andY. b) In FIG. 6, a cardanically mounted transparent, plane



dimensional object in the starting position (FIG. 8) and in various states of the bitmap which are displaced (shifted) in the sub-pixel range (FIG. 9-11), as well as the overlapping of



all bitmaps (FIG. 12). The sectional area, i.e. the outer and inner contours, are



rastered area (bitmap) 12, the solution of which exactly cor responds to the resolution of the discrete elements (pixels)



parallel plate 9 (glass plate) is disposed between the protection unit 1 and the image/construction plane 7, which plate shifts the protection irradiation path 8 and thus the image within the image/construction plane 7 in



within the projected image 8 which is formed by the image forming matrix. Vectorial trail 11 and bitmap 12 thus exist



the sub-pixel range in X and 7 by means of rotation aron two axis C(Y), which are located parallel in



prescribed by a sectorial trail 11, which is superimposed by a



within a superior-ordered XY-coordinate system 10. FIG. 8 shows the bitmap in its starting position. By means of a



20



speci?c algorithm, the active pixels 13 which describe the sectional area within the bitmap 12 in its starting position are calculated. In FIG. 9, the bitmap 14 is shifted within the sub-pixel



25



plane to the image/ construction plane. c) In FIG. 7, the projection unit 1 is maintained ?xed in its position. The projection beam 8 is de?ected via a mirror 10 into the image/construction plane 7. The de?ecting mirror 10 is provided with an adjustment possibility (cardanic support), by which the protection beam can be



range relative to the sectional area by delta X, whereby a new



de?ected for each shifted bitmap such that a shift of the



distribution of active pixels 15 is produced.



image within the image/ construction plane 7 in the sub pixel range is achieved.



FIG. 10 shows a shift of bitmap 16 relative to the sectional



area by deltaY with active pixels 17. FIG. 11 shows a diagonal shift of bitmap 18 relative to the sectional area by delta X and deltaY with active pixels 19.
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The bitmaps of each individual layer necessary for mask projection are generated from layer data, in which the outer



In FIG. 12, all bitmaps 12, 14, 16 and 18 with their active pixels 13, 15, 17 and 19 are shown superimposed, whereby a resolution improvement in the (outer) contour portion of the sectional area is clearly noticeable.



The embodiments l) to 5) or a) to c) described above can be realized individually or combined with each other.



and inner contours of the respective object section is repre sented in vectorial trails (as e.g. de?ned in the data format 35



CLI).



A simpli?ed process for resolution improvement is achieved by the measure that only bitmap 12 of the started



formation of the vectorial trails into the bitmap format (bit



position (FIG. 8) and bitmap 18 of the diagonal shift (FIG. 11)



mapping).



are superimposed. In this case, the bitmap or the image does only have to be shifted in one direction along the diagonal of



For this, a speci?c SW is used which carries out the trans
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the pixels.



respective shift-offset in XY (in the sub-pixel range), and by



Depending on the resolution improvement desired for each



superposing them over the bitmap-raster, and thus by calcu



object layer, a multiple (at least twice) of masks or bitmaps having different sub-pixel shifts can be generated and super



imposed.



lating a new distribution of active pixels for each shift. 45



By means of a differently shifted and superimposed illu



mination of each object/material layer (here by means of bitmaps 12, 14, 16, 18), a resolution improvement in XY in the portion of outer and inner contours is achieved. In order to



realize respective sub-pixel shifts in the image within the
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construction plane, the following various embodiments are described: 1) In FIG. 2, the image forming unit 1 is tilted for each shifted bitmap such that the desired shift of the image in the sub



pixel range within the image/construction plane is



55



2) In FIG. 3, the image forming unit 1 is shifted for each



shifted bitmap by the corresponding sub-pixel level in X and 7, that is parallel in plane to the image/construction 60



3) In FIG. 4, the image forming projection unit is maintained ?xed in its position, The imaging optic 2 is tilted for each shifted bitmap such that the desired shift of the image within the image-/construction plane in the sub-pixel range is achieved.



4) In FIG. 5, the image forming projection unit is maintained ?xed in its position. The imaging optic 2 is moved for each



The projected light output per pixel can be varied by “grey scaling” within a projection mask, in order to selectively in?uence the hardening level in one layer thereby. This is particularly meaningful in order to raise the light output of the pixels of the contour because only partial superimposition of the respective pixels of the contour are produced here due to the sub -pixel shift over individual bitmaps (in the areas within the contours a complete superimposition of the pixels of each



individual bitmap is ensured). When proj ecting/ superimposing the section images shifted



achieved.



plane, by means of actuators.



For each sub-pixel shift in XY, a separate bitmap is gener ated by transforming the XY coordinates of the vectors (for the outer and the inner contours) of the layer data by the
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by sub-pixels, an almost homogeneous distribution of the light output or the illumination intensity can be achieved by means of the superimposition of grey scalings, particularly along the contours of the projected area structure, through the sum of the grey scaling masks. The invention claimed is: 1. A process for the production of a three-dimensional



object by layer-wise solidi?cation of a material solidi?able by the action of electromagnetic irradiation by means of mask illumination, comprising: providing a projection unit for pro ducing a mask having an image forming optic directed at a solidi?able material; producing a mask, wherein the mask is produced by an image forming unit having a prescribed reso



US RE43,955 E 9



10



lution, which mask is formed from a constant number of



12. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the



image forming elements (pixel) being discrete and spatially arranged in a ?xed manner to each other, characterized in that,



construction plane which are produced in a shifted manner in



for improving the resolution in the sub-pixel range along the



the sub-pixel range for the purpose of selectively hardening the material layer, the image forming unit is tilted for each shifted bitmap such that the desired shift of the image in the sub-pixel range in the image/ construction plane is achieved. 13. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the



outer and inner contours of the sectional areas of the object to



be generated layer-wise, a multiple illumination is carried out for each layer which consists of a sequence of a multitude of



images mutually shifted in the sub-pixel range in the image/ construction plane, wherein a separate mask/bitmap is pro duced for each shifted image. 2. The process according to claim 1, characterized in that said image forming unit is formed of a constant number of



construction plane which are produced in a shifted manner in



the sub-pixel range for the purpose of selectively hardening the material layer, the image forming unit for each shifted bitmap is shifted by the corresponding sub-pixel range in X andY, that is parallel in plane to the image/ construction plane. 14. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the



image forming elements (pixel) being discrete and spatially arranged to each other in a two-dimensional matrix. 3. The process according to claim 1, characterized in that a



sequence of at least 2 images mutually shifted in the sub-pixel



construction plane which are produced in a shifted manner in



range is carried out in the image/construction plane, corre



the sub-pixel range for the purpose of selectively hardening the material layer, the image forming projection unit is main tained ?xed in its position, and the imaging optic of the projection unit is tilted for each shifted bitmap such that the desired shift of the image in the image/construction plane in the sub-pixel range is achieved. 15. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the



sponding to the resolution of the image forming unit and under consideration of the corresponding sub-pixel shift.



20



4. The process according to claim 1 for the generation of the bitmap from a sectional area of a three-dimensional



object, characterized in that the sectional area, i.e. outer and inner contours, are de?ned by vector paths which are super



imposed by technical image processing by a rastered area (bitmap), the resolution of which exactly corresponds to the resolution of the discrete elements (pixels) in the image form ing unit and thus in the image in the construction plane, wherein the superimposition of vector paths and bitmap takes place in a superior-ordered XY-coordinate system, and wherein the active pixels are calculated by a speci?c algo rithm in order to de?ne the sectional area in the form of a rastered mask. 5. The process according to claim 1, characterized in that the mask generation (bitmapping) of each sectional area of a
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construction plane which are produced in a shifted manner in



30
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three-dimensional object is carried out in the starting position and in various states displaced (shifted) in the sub-pixel range



construction plane which are produced in a shifted manner in



the sub-pixel range for the purpose of selectively hardening the material layer, the projection unit is tilted for each bitmap via actuators such that the projected image in the construction plane is shifted in the corresponding sub-pixel range in X and



in XY, and that a total image having an enhanced resolution in



the contour portion corresponding to the pixel shift is obtained by the superimposition of these bitmaps per sec



the sub-pixel range for the purpose of selectively hardening the material layer, the image forming projection unit is main tained ?xed in its position, and the imaging optic of the projection unit is shifted for each shifted bitmap in XY such that the desired shift of the image in the image/construction plane in the sub-pixel range is achieved. 16. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the



40



Y.



17. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the



tional area.



6. The process according to claim 1, characterized in that a



bitmap is produced which is shifted relative to the sectional



construction plane which are produced in a shifted manner in



area by delta X, which results in a new distribution of active



7. The process according to claim 1, characterized in that a



the sub-pixel range for the purpose of selectively hardening of the material layer, a cardanic mounted transparent, plane parallel plate is arranged between the projection unit and the



bitmap is produced which is shifted by deltaY in the sub-pixel



image/ construction plane, which plate shifts, by rotation



pixels.



45



range relatively to the sectional area, which results in a new



around two axis C(Y) which are present in-plane parallel to



distribution of active pixels.



the image/construction plane, the projection beam path and



8. The process according to claim 1, characterized in that a
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thus the image in the image/construction plane in the sub pixel range in X andY. 18. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the
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the sub-pixel range for the purpose of selectively hardening of the material layer, a transparent plane-parallel plate is arranged between the projection unit and the image/construc tion plane, which plate shifts, by rotation around an axis parallel to a pixel-diagonal, the proj ection beam path and thus the image in the image/construction plane in the sub-pixel range along the pixel diagonal which is orthogonal thereto. 19. The process according to claim 1, characterized in that, for the shifted imaging of the rastered masks/bitmaps in the



bitmap is produced which is shifted along the pixel diagonal by delta X and deltaY relatively to the sectional area, which results in a new distribution of active pixels.



9. The process according to claim 1, characterized in that the total illumination of an individual layer results from the sum of the partial illuminations of the masks/bitmaps shifted



construction plane which are produced in a shifted manner in



in the sub-pixel range. 10. The process according to claim 1, wherein, for each layer of the object, a multitude of masks or bitmaps having different sub-pixel shifts in XY can be generated and can be



illuminated serially for each layer to be hardened. 11. The process according to claim 1, characterized in that a simpli?ed process for resolution improvement is achieved in such a manner that only the bitmap of the starting position and the bitmap of the diagonal-shift by a half pixel-diagonal are produced and are subsequently illuminated for each layer to be hardened.
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construction plane which are produced in a shifted manner in 65



the sub-pixel range for the purpose of selectively hardening of the material layer, the projection unit is maintained ?xed in its position, and the projection beam is de?ected via a mirror into
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the image/ construction plane, wherein the de?ecting mirror is



superimposing the layer image on the bitmap to de?ne a ?rst relative orientation between the layer image and the



provided with an adjustment possibility (cardanic support) by



bitmap;



which the projection beam for each shifted bitmap can be de?ected such that a shift of the image in the sub-pixel range



calculating a ?rst degree of overlap between each grid element and the layer image when the bitmap is in the ?rst relative orientation; shifting the bitmap relative to the layer image to de?ne a second relative orientation between the layer image and



is achieved in the image-/construction plane. 20. The process according to claim 1, characterized in that



the projected light output for each pixel is varied by “grey scaling” within a projection mask, in order to selectively in?uence the hardening level in a layer thereby and thus to raise the light output of the contour-pixel relative to the light output of the area-pixel, in order to compensate the partial illumination due to partial superimposition of a contour-pixel by the sub-pixel shift of the individual bitmap in the contour



the bitmap; calculating a second degree of overlap between each grid element and the layer image when the layer image is in the second relative orientation; and projecting electromagnetic radiation onto the curable resin



portion. 21. The process of claim 1, wherein each image that is mutually shifted in the subpixel range de?nes a degree of



based on the ?rst degree of overlap and the second 15



overlap between the object and each pixel and the multiple



illumination step comprises projecting the electromagnetic radiation onto the solidi?able material based on each degree



of overlap for each pixel and each mutually shifted image.
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22. The process of claim 1, wherein each image in the multitude of images corresponds to a different bitmap loca tion relative to a ?xed coordinate system.



23. The process of claim 1, wherein the image forming unit includes an image forming matrix, and the multiple illumi



nation of each object layer comprises: providing an image of the object layer; de?ning a bitmap, wherein the bitmap has a plurality of grid elements and each grid element corresponds to a



location in the image forming unit;



degree of overlap for each grid element. 24. The process of claim 23, wherein the step of proj ecting electromagnetic radiation onto the curable resin comprises ?rst projecting electromagnetic radiation onto the curable resin such that each location in the image forming unit matrix projects electromagnetic radiation having an intensity that corresponds to the ?rst degree of overlap for the bitmap grid element that corresponds to the image forming unit matrix location and second projecting electromagnetic radiation onto the curable resin such that each location in the image
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forming unit matrix projects electromagnetic radiation hav ing an intensity that corresponds to the second degree of overlap for the bitmap grid element that corresponds to the image forming unit matrix location. *
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