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[5 7] ABSTRACT 
The present invention is directed towards a method 
for extending the range of high contrast electrophoto~ 
graphic imaging processes. This is accomplished by 
providing a compound document screen adapted to be 
used at the exposure station proximate to the image 
face of the document to be copied. The document 
screen consists of a clear transparent base member 
having a mixed dot pattern of substantially light ab 
sorbing dots and substantially light re?ecting dots. The 
frequency of the like dots is such that the lens system 
employed in the electrophotographic process passes 
the fundamental spatial frequencies re?ected from the 
screened original but attenuates the harmonic spatial 
frequencies. The developed image is found to consist 
of a plurality of halftone dots of varying sizes, the dot 
sizes varying in accordance with the screened output 
density re?ected from the original document. 

10 Claims, 4 Drawing Figures 
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COMPOUND SCREEN FOR OBJECT SCREENING 

BACKGROUND OF THE INVENTION 

The present invention relates to electrophotographic 
processes. More speci?cally, the present invention re 
lates to halftone screening techniques for extending the 
range of relatively high contrast electrophotographic 
processes such as xerography. 

In xerography, a special xerographic photoreceptor 
comprising a layer of photoconductive insulating mate 
rial placed upon a conductive backing is used to sup 
port xerographic images. The photoreceptor may be 
formed in any shape. An image is formed by uniformly 
electrostatically charging the photoreceptive surface 
and then exposing it to a radiation pattern in the form 
of the image to be reproduced. This radiation selec 
tively discharges areas of the photoreceptor forming an 
electrostatic charge pattern conforming to the radia 
tion image. This radiation image is generally derived 
from an original document or other object which is illu 
minated and imaged on the photoreceptor through a 
lens. 
The latent image on the photoconductive layer is 

then developed by contacting it with a ?nely divided 
electrostatically attractable material such as a resinous 
colored powder called a toner. The toner is held to the 
image areas by electrostatic charge ?elds on the layer. 
The toner is held proportionately to the charge ?eld so 
that the greatest amount of material is deposited where 
the greatest charge ?eld is located. Where there is a 
minimum charge there is little or no material deposited. 
Therefore, a toner image is produced to conform with 
the latent image previously placed on the photorecep~ 
tor. In reusable xerographic systems the toner is trans 
ferred to a sheet of paper or other support surface and 
suitably ?xed thereto to form a permanent print. This 
?xing may take place by heat or vapor which fuses the 
toner to the support material to which it has been trans 
ferred. 
The xerographic process produces excellent results 

for the reproduction of line copy, e.g., printed charac 
ters such as letters or numerals, but presents inherent 
dif?culties where the copy to be reproduced comprises 
large solid dark areas of high density or a continuous 
tone image of varying density such as a photograph. At 
this‘ point, a clear distinction is to be made between the 
problem of xerographic reproduction of dense solid 
areas of an original and accurate xerographic repro 
duction of density gradients in the highlight and 
shadow regions of continuous tone originals having 
areas of varying densities. 
The former is a development problem associated pri 

marily with an open cascade development system 
which problem has been largely overcome by employ 
ing speci?c development techniques or by altering the 
charge pattern present on large areas of contiguous 
charge on the photoreceptor, as hereinafter discussed. 
The latter is partially ~a development problem and par 
tially a problem inherent in a high contrast and moder 
ate range process such as xerography caused by the in 
ability of a given photoreceptor to sense or appreciate, 
and consequently reproduce, small density gradients in 
the highlight and shadow areas of a continuous tone 
original such as a photograph. It is the solution of this 
latter problem by extending the range and improving 
the tone reproduction response of the xerographic pro— 
cess toward which the present invention is directed. 
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Various techniques have been proposed in the prior 

art to improve solid area cascade development in the 
xerographic process. Brie?y, the problem of solid area 
development is due to electric ?eld conditions in the 
regions of large contiguous areas of charge present on 
the photoreceptor. Xerographic development in these 
areas delineates only their outline, developing only in 
the areas where there is a differential in charge on the 
xerographic surface. Consequently, the centers of these 
areas of uniform high charge, being large solid areas of 
dark input, do not attract and hold xerographic toner, 
and thus appear white or very lightly toned on the 
transfer copy sheet. 
Since the problem of solid area development is pri 

marily associated with open cascade development sys 
tems, one solution to the problem has been the adop 
tion of development techniques other than cascade 
such as the well known magnetic brush, powder cloud, 
or liquid development systems, or by the use of devel 
opment electrodes as for example disclosed in U.S. Pat. 
No. 2,777,418 to Gundlach or U.S. Pat. No. 2,952,241 
to Clark et al. 
Another approach towards the solution of the prob 

lem of solid area development has been to break up the 
continuous charge pattern on the photoreceptor using 
mechanical, optical, or electrical techniques. For ex 
ample, Carlson suggests in U.S. Pat. No. 2,599,542 that 
improved solid area coverage is obtained using an elec 
trophotographic plate which has been etched to resem 
ble a waffle-grid design, the depressions on the surface 
of which plate are ?lled with a photoconductive sub 
stance. Weigl in U.S. Pat. No. 3,248,216 teaches selec 
tive discharge of a charged electrostatic plate by con 
tacting the plate with a conductive element such as a 
metallic gravure roller having a dot pattern provided by 
ridges or projections, followed by exposure of the semi 
discharged plate to the image. Optical techniques for 
improving solid area coverage by breaking up the 
charge area on an electrophotographic plate involve 
exposing the plate after charging and prior to or subse 
quent to imaging to a screened light source. The screen 
may take the form of a line or comb screen or a grid or 

dot pattern. The plate is selectively discharged in those 
areas where the light passes through the screen but re 
tains its charge in those areas blocked by the opaque 
areas in the screen. Examples of optical techniques for 
improving solid area coverage may be found in U.S. 
Pat. Nos. 2,598,732, 3,121,010, 3,212,888, 3,335,003, 
and 3,535,036. 
The use of screens consisting of alternating opaque 

and transparent areas positioned between the object to 
be imaged and the photoreceptor has also been sug 
gested in the prior art as a means for breaking up solid 
area images to allow uniform development. For exam 
ple, Pendry in U.S. Pat. No. 3,152,528 teaches a docu 
ment screen adapted to be superimposed over the doc 
ument to be copied between the document and the lens 
system of a xerographic copy machine. The screen 
comprises a transparent base material having printed 
thereon a plurality of opaque dots or lines which serve 
to break up any dark or continuous tone areas present 
on the document to be copied. Typical of such screens, 
which have been in commercial use for the past several 
years, are those consisting of a pattern of re?ecting 
dots on a transparent substrate. These dots cover about 

30 percent of the area of the screen and are arranged 
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in a square array with a frequency of about 60—65 dots 
per inch. 
Because of the improved solid area coverage in xero 

graphic copies achieved by the above techniques in 
shadow and middle tone areas of an original such as a 
continuous tone photograph, the casual observer is im 
pressed that the process has been sensitized to the point 
where it can “see” and consequently reproduce not 
only solid areas but also density gradients in the middle 
tone areas of the original. However, the use of such me 
chanical, electrical or optical discharge techniques, or 
of re?ecting document screens wherein the opaque 
patterns of the screen appear faithfully reproduced on 
the solid areas of output copy, does not serve to extend 
the range of the process; that is, small density gradients 
in the highlight and shadow areas of the original are not 
shown as concomitant changes in density in the copy. 
Furthermore, the density of the toned areas of the copy 
is necessarily less than the maximum density achievable 
in the process because of the intermittent areas of dis 
charge of the xerographic plate evidenced by small in 
termittent white areas in the copy. 
The range of an electrophotographic system is usu 

ally de?ned in terms of the input exposures over which 
changes in output density can be observed. Range can 
be shown graphically using a tone reproduction curve 
(TRC) wherein input density expressed in terms of log 
10 (100/R0) is plotted against output density expressed 
in terms of log ,0 (l00/Rc), where R0 is the percent re 
?ectivity of the original and Rc is the percent re?ectiv 
ity of the copy. Thus, where the re?ectivity approaches 
100 percent (white areas), the density approaches 0 
(loglo 100/l00=0); where the re?ectivity decreases, 
(black areas), the density increases. For example, at 10 
percent re?ectivity, the density is 1; at 1 percent re?ec 
tivity, the density is 2. A typical TRC of solid area xe 
rography embodying a selenium photoreceptor plotted 
over a plurality of input densities is shown as the solid 
curve in FIG. 1. For the purposes of the present inven 
tion, the range is de?ned as the density differential on 
the abscissa axis between points where the slope of the 
S-shaped TRC is 0.5. The range of the system shown in 
FIG. 1 is about 0.6. 
The TRC in FIG. 1 illustrates clearly why normal xe 

rographic systems have a limited capability in repro 
ducing pictorial originals. Opaque photographs typi 
cally have a density range in the order of about 1.5 (D 
max = 1.6: D min = 0.1) and simply cannot be accu 

rately reproduced by a system with a range of 0.6. 
Varying the exposure above or below the point where 
the minimum output density occurs for an input density 
of zero serves merely to shift the TRC with no range ex 
tension and at the cost of sacri?cing shadow or high 
light information. In fact, range extension can be 
achieved only by “?attening" the TRC curve to ap 
proach as nearly as possible the dotted straight line of 
FIG. 1 which represents the optimum faithful repro 
duction of all densities. 
Accordingly, it is an object of the present invention 

to provide a simple and economical means for improv— 
ing the range capabilities of high contrast and moderate 
or low range electrophotographic processes. 
A more speci?c object is to extend the range of input 

densities transmitted or re?ected from an original doc~ 
ument over which there is a change of output density 
in a copy made using a high contrast electrophoto 
graphic process such as xerography. 
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SUMMARY OF THE INVENTION 

The foregoing and other objects of the invention are 
realized by providing a half tone compound document 
screen to be used proximate to an original document to 
be copied at the exposure station in an electrophoto 
graphic process. The halftone screen is constructed of 
a clear transparent substrate material having on at least 
one surface thereof a plurality of substantially opaque 
dots of uniform density, and is adapted to be positioned 
proximate to, preferably in contact with, the face of the 
document to be copied between the document face and 
lens system employed in the electrophotographic sys 
tem. The dots present on the screen comprise a mixed 
or compound dot pattern of a plurality of substantially 
light-absorbing dots and a plurality of substantially 
light-re?ecting dots. The frequency and array of these 
dots is such that light re?ected by the screened original 
is modulated by the lens in accordance with the Modu 
lation Transfer Function of the particular lens system 
employed such that the lens passes the fundamental 
spatial frequencies in the pattern and attenuates the 
harmonic spatial frequencies in the pattern. Spatial 
modulation of a continuous tone image on an original 
document by screening according to the present inven 
tion gives rise to an area modulated pattern of halftone 
dots in the copy. The copy image of a continuous tone 
black and white original is found to consist of a plural 
ity of black halftone dots of varying sizes, the sizes of 
these dots varying in accordance with the screened out 
put density in various areas of the original. Accord 
ingly, minute changes in density in all areas of the origi 
nal document, including highlight and shadow areas, 
are accurately recorded as minute changes in halftone 
dot size, thereby conveying the impression of accurate 
electrophotographic reproduction of density gradients 
and effectively extending the range of the electropho 
tographic process, as well as providing for solid area 
coverage. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a tone reproduction curve for a typical xero 
graphic system embodying a selenium photoreceptor. 
FIG. 2 is a tone reproduction curve for a xerographic 

system employing a selenium photoreceptor and em 
bodying a document screen according to the present 
invention. 
FIG. 3 is an enlarged view of a small area of suitable 

compound screen pattern of absorbing and re?ecting 
opaque dots on a transparent substrate arranged in a 
body centered pattern. 

FIG. 4 is an enlarged view of a small area of a com 

pound transparent screen comprising a ?rst screen con 
taining absorbing opaque dots superimposed over a 
second screen containing re?ecting dots arranged at a 
suitable angle to achieve randomization of the dot pat 
tern. 

DETAILED DESCRIPTION OF THE INVENTION 

As indicated above, the present invention involves 
speci?c halftone screening techniques to extend the 
range of high contrast electrophotographic processes. 
The invention is speci?cally described as applied to the 
xerographic process but it should be understood that it 
is equally applicable to any electrophotographic pro 
ce‘ss involving projection through a lens of an image re 
?ected from a colored or black and white original doc 
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ument onto a photosensitive member, such as the pho 
toelectrophoretic process exempli?ed in US. Pat. No. 
3,384,556, the manifold imaging process exempli?ed in 
US. Pat. No. 3,707,368 and like processes. 
The halftone screen used in the present invention 

comprises clear transparent support material having on 
at least one surface thereof a mixed dot pattern of ap— 
propriate frequency comprising a plurality of substan 
tially opaque dots of uniform density, some of which 
dots are substantially light-absorbing and others of 
which are substantially light-re?ecting. The term 
“dots” as used herein is intended not only to encom 
pass dots in the classical sense such as the circular 
shapes depicted in FIGS. 3 and 4, but also is intended 
to encompass areas of uniform density forming other 
geometrical shapes such as elipses, squares, triangles or 
polygons in general, inasmuch as any of these shapes 
proves operable in the present invention. The opacity 
of the dots should be suf?cient to optically block out 
from the photosensitive member white or denser image 
information, or colored image information, contained 
on those areas of an original over which the dots are su 

perimposed. The substantially light-absorbing dots, 
hereafter referred to as black dots, should be of such 
a density as to absorb more light of all wavelengths than 
is re?ected. Conversely, the substantially light 
re?ecting dots, hereafter referred to as white dots, 
should be of such a density as to re?ect more light of 
all wavelengths than is absorbed. Best results, in terms 
of range extension, are obtained where the black dots 
are at least 80 percent absorbing and the white dots at 
least 80 percent re?ecting, with optimum results 
achieved as both values approach 100 percent. The 
base material supporting the dot patterns may comprise 
any clear transparent material such as glass or plastic. 
Clear ?lms made from plastics, such as polyesters, 
methacrylate polymers or vinyl halide polymers and 
having a thickness of less than about 100 mils, are espe~ 
cially preferred because such screens can be used with 
both ?at and curved platen electrophotographic ma 
chinery. 
The frequency of the screen dot pattern is de?ned for 

the purposes of the present invention in terms of the av 
erage period of like dots present on a given linear or 
area measurement of screen surface. By the term “like 
dots” is meant dots of similar re?ectivity or absor— 
bancy, i.e., white dots or black dots. Frequency is the 
reciprocal of the average period of like dots and can be 
de?ned by the equation: f = l/P, where P equals the av 
erage distance between the geometrical center of one 
like dot and its closest like dot neighbor of the total like 
dot population per linear or area measurement of 
screen surface. Thus, a screen having a like dot inch 
frequency of about 100, or the equivalent like dot milli 
meter frequency of about 4, would be a screen where 
the average distance between like dots present in 1 lin 
ear inch or linear millimeter, or 1 square inch or square 
millimeter where the‘dots are not in rectilinear array, 
would be about 0.01 inch or about 0.25 millimeter re 

spectively. 
As pointed out above, the frequency and array of the 

dot pattern present on the screen is determined by the 
frequency response function, speci?cally, the Modula 
tion Transfer Function (MTF), of the particular lens 
system employed in the electrophotographic process. 
The relationship between spatial frequency and optical 
response function is discussed, inter alia, in “Optics: A 
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6 
Short Course for Engineers and Scientists,” Charles S. 
Williams and Orville A. Becklund, John Wiley and 
Sons, New York, N.Y., 1972, at pages 215 through 
228. For a given lens system MTF, the frequency of the 
dot pattern is too low if the dot pattern is accurately im 
aged by a properly focused lens, for in this case the ae 
rial image of the dot pattern would be a square wave 
which according to conventional Fourier analysis com 
prises sine waves at the fundamental dot pattern fre‘ 
quency and many higher harmonics. Such a square 
wave aerial image produces only a single dot size on the 
photosensitive member rather than a variety of dot 
sizes for different input densities. Conversely, the fre‘ 
quency of the dot pattern is too high if the dot pattern 
is completely smeared by the lens, since in this case res 
olution of the dot pattern would be completely lost giv 
ing an unmodulated image and producing no dot pat 
tern whatever on the photosensitive member. Lens sys 
tems common employed in most electrophotographic 
processes and in commercially available xerographic 
equipment begin to exhibit the desired modulation at 
a spatial like dot millimeter frequency of about 2, or a 
like dot inch frequency of about 50, and modulation 
may be lost completely at like dot millimeter frequen— 
cies ranging anywhere from about 6 to about 16, or like 
dot inch frequencies of approximately 150 to 400, de 
pending on the quality of the lens. Thus, for the pur 
poses of the present invention, halftone compound 
screens having a like dot inch frequency within the 
range of about 50 to 400 are generally suitable. Speci? 
cally, the MTF of lens systems commonly used in the 
xerographic process or in xerographic equipment is 
such that compound screens having a uniform like dot 
inch frequency within the range of about 70 to 150 are 
suf?cient for appropriate image modulation such that 
the lens will pass the fundamental spatial frequencies 
and attenuate the harmonic spatial frequencies. 
The fundamental and harmonic frequencies of the 

screen dot pattern mentioned above refer to the fre 
quencies of sine waves required to synthesize the re 
?ectivity patterns of like dots within the screen accord 
ing to conventional Fourier analysis. Within the scope 
of this invention it should be appreciated that like dots 
may be positioned in any regular array or may occupy 
random positions with respect to other like dots. Exam 
ples of the regular array would be square, triangular, or 
hexagonal lattices, with the fundamental screen fre 
quency de?ned by the basic periodicity of the array of 
like dots. The frequency is given by f = l/p where p is 
the average distance between like dots per rectilinear 
measurement of screen surface. In the random case, 
the fundamental frequency is substantially that de?ned 
where p is the average distance between on like dot and 
its closest like dot neighbor in the random array per 
area of screen surface. Although the like dots may oc 
cupy completely random positions in the random array, 
it has been found to be advantageous for like dots not 
to overlap. It should also be pointed out that it is not 
necessary that the frequency of the white dot pattern 
be identical to the frequency of the black dot pattern, 
nor is it necessary for the frequency to be uniform on 
all areas of screen surface, so long as the frequency of 
each like dot pattern is sufficient to achieve appropri 
ate modulation within the modulation or frequency pa~ 
rameters speci?ed above. 
One embodiment of dot array is the body centered 

regular pattern shown in FIG. 3 which consists of a plu 
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rality of square arrays of like dots surrounding a cen 
trally positioned different dot. The square array in FIG. 
3 is depicted in the area encompassed by the dot line 
which shows four black dots in square array with a 
white dot positioned at the intersection of black dot di~ 
agonals. Of course, the array may be equally described 
at another area as four white dots in a square array sur 
rounding a centrally positioned black dot. Assuming 
the like dot inch frequency of the black and white dots 
of the compound screen of FIG. 3 to be 100, this means 
for the purposes of the present invention that there is 
a repetitive two dimensional pattern of 100 black dots 
along each of two mutually perpendicular rectilinearly 
directed imaginary lines one inch long encompassing a 
common end dot and 100 white dots along each of two 
mutually perpendicular different rectilinearly directed 
imaginary lines also 1 inch long and encompassing a 
common end dot. Thus, 1 square inch of compound 
screen surface with a body centered like dot inch fre 
quency of 100 would contain approximately 10,000 
black dots and 10,000 white dots. 
Although the body centered pattern of FIG. 3 is very _ 

desirable in terms of dot pattern spatial array, it is 
often a tedious and relatively expensive matter to pre 
pare screens where the body centered pattern can be 
accurately reproduced throughout a large screen area, 
particularly a higher screen frequencies. Improper re 
gistration of the body centered pattern at various areas 
of the screen can give rise to an undesirable moire pat 
tern which adversely affects the modulation of the dot 
pattern. Accordingly, a simpler realization of the com 
pound screen is a random mixed dot pattern which may 
be achieved by orientating a black dot and white dot 
linear array at a suitable angle to achieve randomiza 
tion and minimize moire. This is best accomplished by 
orientating a regular linear array of white dots at a suit 
able angle, such as about 30° or about 60°, with respect 
to a regular linear array of black dots. In this type of ar 
ray, the relative spacing of black and white dots is not 
uniform as in the body centered pattern and, in fact, at 
various areas of screen surface some of the black and 
white dots will overlap. An example of a dot pattern 
formed by superimposing a linear black dot screen over 
a linear white dot screen orientated at an angle of 30° 
is shown in FIG. 4. As in the case of compound screens 
having a body centered pattern, the inch frequency of 
like dots in the orientated array should be within the 
range of about 50 to 400 for best results. 
The mixed dot pattern forming the compound screen 

serves to extend the range of the electrophotographic 
process in both the highlight and shadow areas of a 
continuous tone original document, with the black dots 
modulating in the highlight areas of the original and the 
white dots modulating in the shadow areas of the origi 
nal. Thus, the degree of range extension achieved in the 
highlight or shadow areas is controlled within certain 
limits as a function of the relative surface area of the 
compound screen containing black dots and white dots 
respectively. For example, a half-tone document screen 
of regular array and appropriate frequency, e.g., 100 
dots per inch, consisting solely of black opaque clots 
covering about 30 percent of the screen surface was 
evaluated in the xerographic process using a black and 
white continuous tone photograph as the original docu— 
ment. After adjusting exposure to compensate for addi 
tional light absorption caused by the screen, it was 
found that range extension in the copy has been 
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8 
achieved only in the highlight areas of the original doc~ 
ument, i.e., the low density end of the tone reproduc 
tion curve. Similarly, a half tone document screen con 

sisting solely of white substantially opaque dots with a‘ 
frequency of 100 dots per inch and coverage of about 
30 percent gave range extension in the shadow areas of 
the original, i.e., the high density end of the TRC. It is 
thus evident, that with the mixed black and white dot 
patterns of the present invention, the dots of each gray 
scale color operate independently to achieve range ex 
tension at both ends of the TRC, thereby ?attening the 
curve to more nearly approximate the ideal TRC repre 
sented by the dotted lines in FIGS. 1 and 2. FIG. 2 de 
picts such a ?attened curve. Note that the range has 
been extended to about 1.1 as opposed to the range of 
about 0.6 shown in FIG. 1. 
The relative proportion of the area of the compound 

screen covered by black or white dots may vary as a 
factor of the type of electrophotographic process in 
which the screen is to be used, the nature of the partic 
ular continuous tone document to be copied, and expo 
sure limitations in the electrophotographic process. In 
general, it has been found that desirable results in terms 
of range extension in the xerographic process have 
been achieved using compound screens having from 
about 2 percent up to about 65 percent opaque area 
coverage, 1 to 64 percent of which opaque area cover 
age is provided by either black or white dots. As the 
black dot area increases above 1 percent, additional ex 
posure in the form of increased document illumination 
or longer exposure time of the screened document is 
necessary to compensate for the absorbance of the 
screen. As the white dot area is increased above 1 per 
cent, there is a corresponding lowering of the maxi 
mum output density in solid or dense areas of the copy. 
Thus, the composition of a screen to suit a particular 
process, apparatus or category of document may re‘ 
quire some trial and error work within the parameters 
speci?ed above on the part of the technician to achieve 
optimum results in terms of range extension. 
For pictorial reproduction via the xerographic mode, 

screens having about 40 percent total opaque dot cov 
erage, composed of about 30 percent black dots and 10 
percent white dots have been found to be most satisfac 
tory. Use of such a document screen requires approxi 
mately double the unscreened exposure to achieve ac— 
curate xerographic reproduction of the original. Where 
such a screen is to be used as a document screen with 

commercially available xerographic equipment, it may 
be necessary in some cases to modify the equipment to 
increase the exposure twofold either by providing addi 
tional exposure lamps, by using exposure lamps of 
higher lumen values, by slowing down the equipment to 
provide a longer exposure time of the document to the 
photosensitive member, or by combinations of these. 
The halftone screen is designed for use proximate the 

original document at the exposure station in an electro 
photographic process. By the term “proximate” is 
meant that the screen is used positioned either in direct 
contact with the image face of the original document 
or at a distance away from the image face within the 
focal capabilities of the lens, usually not greater than 
about one-fourth inch. 
The compound screens of the present invention may 

be fabricated by printing, etching, dye transfer, photo 
graphic processes or other well-known techniques 
which are employed to prepare analogous screens used 
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in the graphic arts. The simplest and most effective pro 
cedure is to print directly onto the clear transparent 
base member by offset printing techniques using 
opaque black or white inks or pigments to provide the 
desired black and white dot patterns. The total percent~ 
age of opaque area coverage at a given frequency for 
a given area of screen may be established by controlling 
the size of the dots printed on the screens, i.e., the 
larger the ?xed frequency dot size, the greater the area 
of (lot coverage. The relative proportion of black and 
white dot area coverage can be controlled in the same 
manner. For example, to print a compound screen hav 
ing a like dot inch frequency of about 100, or a like dot 
millimeter frequency of about 4, with a total opaque 
dot area coverage of 40 percent consisting of 20 per— 
cent black dots and 20 percent white dots, simple cal— 
culations indicate that each of the approximately 16 
black and 16 white dots per square millimeter should 
be printed to occupy an area of about 0.0125 square 
millimeters per dot. To print a similar screen where the 
black dots account for about 30 percent screen opacity 
and the white dots account for about 10 percent screen 
opacity, each of the 16 black dots should be printed to 
occupy an area of about 0.019 square millimeters and 
each of the 16 white dots should be printed to occupy 
an area of about 0.006 square millimeters. 

Compound screens having the body centered dot pat 
tern similar to that shown in FIG. 3 may be printed on 
a clear transparent substrate by ?rst applying dots of 
ink of one color to one side of the substrate, and subse 
quently applying dots of ink of the other color in proper 
spatial array to the same or opposite side of the sub 
strate. alternatively, the body centered compound 
screen pattern may be provided by two separate sheets 
or layers of substrate with white dots printed on one 
sheet and black dots printed on the other sheet such 
that when the two sheets are superimposed and ?xed in 
place, the body centered pattern of FIG. 3 is evident. 
The oriented compound screen pattern of FIG. 4 may 
be printed in a similar fashion by ?rst printing dots of 
one color on one side of the substrate and subsequently 
printing dots of the other color on the same or opposite 
side of the substrate, care being taken to insure that the 
latter dots are printed orientated at suitable linear an 
gles to minimize moire, e.g., angles of 30° or 60°, with 
respect to the former dots. With this technique, no spe— 
ci?c care need be taken with regard to the relative spa 
tial array between black and white dots. Alternatively, 
the black and white dots may be printed on separate 
sheets, and a compound screen formed by superimpos~ 
ing and orientating these sheets at appropriate linear 
dot angles, e.g., 30° or 60°. The laminated sheets may 
then be ?xed in place such that relative movement of 
the sheets is prevented, followed by trimrning to the de 
sired screen dimensions. 

As previously indicated, the compound half tone 
screen of the present invention is suitable for use in any 
electrophotographic imaging process, both color and 
black and white, and designed to be positioned proxi 
'mate to, preferably adjacent and in substantial contact 
with, the image face of the original to be copied, and 
between the original and lens system employed in the 
electrophotographic process. The compound screens 
are particularly adapted to the xerographic process as 
half tone document screens used in contact with the 
image face of an opaque, colored or black and white 
original document such as a continuous tone photo 
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10 
graph. Light illuminating the original passes through 
the transparent areas of the screen and is selectively re 
?ected or absorbed by the opaque dot areas of the 
screen. The pattern of light re?ected by the screened 
original is passed through a lens system and focused on 
a charged photoconductive plate. This spatial modula 
tion of a continuous tone image on an original docu 
ment gives rise, after xerographic development of the 
latent image formed on the plate, to an area modulated 
pattern of half-tone dots in the copy, said dots varying 
in size as a function of the screened output density in 
various areas of the original. In a black and white pro 
cess, these dots are black; in a color process, these dots 
would be of appropriate color. 
The dimensions of the compound screen should be 

suf?cient to cover either the entire image area of the 
document or selective pictorial areas of the document. 
Thus, an 8 1/z X 11 inches opaque original photograph 
requires an 8 1/2 inches by 11 inch compound screen. 
Other originals containing both pictorial and line copy 
require screens of dimensions suf?cient to cover the 
pictorial copy only. When used with commercial xero 
graphic equipment, the compound screen is simply po~ 
sitioned at the platen or exposure station and the origi 
nal document placed over it. If desired, the glass platen 
of a xerographic apparatus may itself constitute the 
screen, having the appropriate dot pattern directly af 
?xed thereto. 
While the invention has been described with refer 

ence to the structure disclosed herein, it is not con?ned 
to the speci?c embodiment set forth, and this applica 
tion is intended to cover such operative modi?cations 
or changes as may come within the scope of the follow‘ 
ing claims. 
What is claimed is: 
l. A compound document screen for extending the 

range of electrophotographic imaging processes and 
adapted for use proximate to the image face of an origi— 
nal document to be copied, said compound screen 
comprising: 
a clear transparent substrate material having clear 
areas and bearing opaque areas; 

said opaque areas comprising a repetitive pattern of 
substantially opaque mixed dots comprising sub 
stantially light absorbing like dots and substantially 
light re?ecting like dots; 

said like dots arranged with respect to other like dots 
at an average like dot inch frequency within the 
range of from about 50 to 400 dots. 

2. The compound screen of claim 1 wherein the sub— 
strate material comprises a single sheet of clear trans 
parent material having the substantially light absorbing 
like dots af?xed to one side of said sheet and the sub 
stantially light re?ecting like dots affixed to the same 
or opposite side of said sheet. ' 

3. The compound screen of claim 1 wherein the sub 
strate materialcomprises two superimposed sheets of 
clear transparent material having the substantially light 
absorbing like dots affixed to one of said superimposed 
sheets and the substantially light reflecting like dots af 
?xed to the other of said sheets. 

4. The compound screen of claim 1 wherein each of 
said like dot patterns is of substantially uniform fre 
quency, like dots being arranged along generally recti 
linearly directed lines with respect to other like dots. 

5. The compound screen of claim 4 wherein said 
mixed dots are arranged in a body centered pattern. 
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6. The compound screen of claim 4 wherein the recti 
linear arrays of substantially light absorbing like dots 
are disposed at an angle with respect to the rectilinear 
arrays of substantially light re?ecting like dots, said 
angle being appropriate to minimize moire and provide 
optimum randomization of the mixed dot pattern. 

7. The compound screen of claim 4 wherein the uni 
form like dot inch frequency is within the range of 
about 70 to 150. 

8. The compound screen of claim 1 wherein said re 
petitive pattern of substantially opaque mixed dots oc~ 
cupies from about 2 to about 65 percent of the image 
area of the compound screen, said substantially light 

5 

15 

25 

35 

40 

45 

55 

60 

65 

12 
absorbing like dots constituting from about 1 to about 
64 percent of said image area and said substantially 
light re?ecting like dots correspondingly constituting 
from about 64 to about 1 percent of said image area. 

9. The compound screen of claim 8 wherein the like 
dot inch frequency is within the range of about 70 to 
about 150. 

10. The compound screen of claim 9 wherein the 
substantially light absorbing like dots constitute about 
30 percent of said image area and said substantially 
light re?ecting like dots constitute about 10 percent of 
said image area. 

* * * * * 


