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Abstract Title: Photoconductive printing with position based scaling of scan intensity

A scanning system, for example a printer, includes an oscillating mirror 406 to reflect a scanned image
beam 404 across a photoconductive surface 408, thereby discharging regions of the surface to form an
electrostatic image. The system operates to scale the intensity of the scanned image beam dynamically as
a function of the position of the image beam on the photoconductive surface. The beam, such as a laser
scan beam, may have its intensity modulated on a first direction only, for example as it scans left to right
across the photoconductor drum. Intensity scaling may be achieved by time modulating a constant power
beam, and the intensity may be scaled as a function of the difference between desired and determined,
actual mirror oscillation frequency; a MEMS mirror may form reflector 406. For a given image dot, the
intensity may be scaled by summing a variable function of pixel data from stored pixel column and row
data.
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SCANNING SYSTEM, SCANNING METHOD AND PRINTER

The present invention relates to a scanning system, to a scanning method
and to a printer; in the preferred embodiments to a system and method for scaling
data to compensate for slanted scanning in a bidirectional scanning laser printer.

FIG. 1 shows a typical laser printer 10 including a movable photoreceptor
12, typically a revolving photosensitive drum or cylinder. This drum 12 is made out
of a highly photoconductive material that is discharged by light photons. Initially,
the photoreceptor drum 12 is given a total positive charge by a charging electrode
14, typically a wire or roller having a current running through it. As the drum 12
revolves, the printer 10 uses a laser unit 16 (such as a laser diode) to shine a laser
beam 18 across the surface of the drum 12 to discharge certain points. In this
manner, the laser beam 18 “draws” the text and images to be printed as a pattern
of electrical discharges (an electrostatic image) on the drum 12. If the laser beam
18 is modulated, resulting variations in charge on the drum 12 will ultimately be
translated to proportionate amounts of toner deposited on a sheet of paper 21.

After the laser beam 18 scans the desired electrostatic pattern on the drum
12, the printer 10 uses a toner roller 20 to coat the drum 12 with positively charged
toner powder. Since the toner has a positive charge, it clings to the negative
discharged areas of the drum 12 that have been scanned by the laser beam, but
the toner does not cling to the positively charged “background” of the drum. With
the toner pattern affixed to the drum 12, the drum rolls over the sheet of paper 21
traveling below it. Before the paper 21 travels under the drum 12, the paper is
given a negative charge that is stronger than the negative charge of the
electrostatic image on the drum 12 so that the paper pulls the toner powder away
from the drum 12. Finally, the printer 10 passes the paper 21 through a fuser 24,
which is typically a pair of heated rollers and as the paper 21 passes through the
fuser 24, the loose toner powder on the paper melts, fusing with the fibers in the
paper and forming a permanent image on the paper. After the toner on the drum
12 is transferred to the paper 21, the drum surface passes a discharge lamp 22
that generates a bright light that exposes the entire width of the photoreceptor
surface of the drum 12, erasing the electrostatic image. The drum surface then
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passes the charging electrode 14, which reapplies a positive charge to the surface
of the drum 12 in anticipation of the laser beam 18 scanning the next image to be

printed onto the drum.

FIG. 2 is a functional top view of the printer 10 of FIG. 1 showing a number
of dark areas 200 on the drum 12 that represent the negatively discharged
regions, which may be aiternately referred to as dots, created by the scanning
laser beam 18. FIG. 3 shows a perspective view of portions of the laser printer 10
In FIG. 1 better showing the scanning of the laser beam 18 in a horizontal direction
across the drum 12 as indicated by an arrow 300. Image processing circuitry (not
shown) controls the laser unit 16 to modulate the laser beam 18 as the beam
scans across the drum 12 in the horizontal direction 300 one line at a time. The
image processing circuitry controls the laser unit 16 to turn ON and emit a pulse of
light for every dot to be formed in a given horizontal line and to turn OFF where no
dots are to be formed in the line. Pixel data stored in the image processing
circuitry stores data for an array of pixel corresponding to the image being printed,
with data for each pixel in the array corresponding to a discharge region or dot to

be formed on the surface of the drum 12.

In scanning the laser beam 18 across the drum 12, the laser unit 16 does
not actually move the laser beam 18 itself but instead bounces the laser beam 18
off of a movable mirror 26, such as a rotating mirror. As the mirror 26 moves, it
reflects the laser beam 18 through a series of lenses (not shown) and onto the
drum 12. These lenses change characteristics of the laser beam 18 to
compensate for image distortion that would otherwise be caused by the varying
distance between the mirror 26 and points along the drum 12. Also note that
although FIGs. 2 and 3 iliustrate the laser beam 18 scanning across the drum 12
in the horizontal directional, the actual scans of the laser beam are angled or
‘slanted” due to the movement of the drum 12 as the beam scans across the
surface of the drum, as will be appreciated by those skilled in the art. For
example, as the beam 18 scans from left-to-right across the surface of the drum
12, the drum is rotating in the direction indicated by an arrow 302 in FIG. 3. As a
result, without any compensation scan lines of the laser beam 18 from left-to-right
would be angled upward from left-to-right since the surface is moving as the beam



10

15

20

25

30

3

18 scans across that surface  The amount of slanting of the scan lines traversed
by the laser beam 18 is quite small, and all scan lines have the same amount of
slant. As a result, conventional printers 10 do not typically compensate for the
slanting of the scan lines traversed by the laser beam 18 since the slant does not

cause significant visually noticeable errors in printed pages.

Oscillating mirrors in the form of micro-electromechanical systems (MEMS)
devices have become increasingly popular in various types of electronic systems.
Such MEMS devices are fabricated using techniques generally used in fabricating
microelectronic devices and are thus small, inexpensive, and can easily be
integrated with associated electronic circuitry. As a result, the use of an oscillating
mirror in place of the rotating mirror 26 in the printer 10 is desirable. A typical
oscillating mirror includes a reflective portion that rotates or oscillates about pivot
arms. Electronic circuitry develops electromagnetic fields that control the
oscillation of the reflective portion. When an oscillating mirror is used in place of
the rotating mirror 26, during a portion of the oscillation period of the mirror the
laser beam 18 1s reflected off the reflective portion to thereby scan the beam
across the surface of the drum 12 either from left-to-right or from right-to-left. The
laser beam 18 is then turned OFF as the oscillating mirror rotates to a maximum
position about the pivot arms and then rotates back to a starting position, at which
point the laser beam is again turned ON and modulated to form the next row of

dots on the surface of the drum 12.

To use an osclllating mirror in the printer 10, the frequency of oscillation of
the mirror about the pivot arms and the speed of rotation of the drum 12 must be
constant for proper operation. This is true because for a given speed of rotation of
the drum 12, the oscillation frequency of the mirror must scan the laser beam 18
from left-to-right across the surface of the drum and then the mirror must rotate
back to an initial position such that the laser beam is ready to scan the next row of
dots. After scanning a given row of dots, the time it takes the mirror to rotate back
to the initial position and be positioned to scan the laser beam 18 to form the next

row of dots is known as the “turnaround time” of the mirror.
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Rather than being constant among mirrors, however, the oscillation
frequency varies slightly from mirror to mirror. When the oscillation frequency is
faster than desired, consecutive scan lines of the laser beam 18 overlap adjacent
rows of dots being formed on the surface of the drum 12. In this situation, the
laser beam 18 begins scanning the next row of dots prior to the drum 12 having
rotated as far as desired and as far as it would have for the desired oscillation
frequency of the mirror. To compensate for such variations in oscillation
frequency, intensity data associated with dots being formed may be scaled to
achieve the desired discharge for each dot. Since the overlap is constant for dots
being formed in a given row, the intensity data of dots in adjacent columns of dots
can be weighted to compensate for the overlapping scan lines. Although not
discussed in detail herein, similar problems result when the oscillation frequency of
the mirror is slower than desired, as will be appreciated by those skilled in the art.
Also, adjusting the speed of rotation of the drum 12 as the oscillation frequency of
the murror varies is possible but is undesirable because this may adversely affect
the operation of other components in the printer 10, such as the fuser 24 which
may not properly fuse toner with the paper 21 if the rotational speed of the drum

increases.

While the use of oscillating mirrors in laser printers 10 has advantages,
such as reduced cost, such mirrors have not been commercially implemented for a
number of reasons. For example, note that the operation of the oscillating mirror
described above is “unidirectional” since the mirror scans the laser beam 18 only
from either left-to-right or nght-to-left across the surface of the drum 12. This
means only half the oscillation period of the mirror is used for scanning the laser
beam 18, while the other half effectively functions as the “turnaround” time of the

mirror

Since the turnaround time is approximately half the oscillation period of an
osciliating mirror, the turnaround time for oscillating mirrors is relatively large when
compared to the rotating mirror 26 As a result, there is less time available for the
laser beam 18 to scan the surface of the drum 12 and form the required dots. This
Is true because for a given speed of the drum 12 there is a set time between the

scan of the beam 18 to form a first row of dots and the scan of the beam to form
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the next row of dots. The time available for the laser beam 18 to scan the surface
and form dots is equal to the set time minus the turnaround time, and the longer
turnaround time for the oscillating mirror makes this available time smaller and
thus necessitates the beam move faster to form the required dots within this
smaller time. The faster scanning of the laser beam 18 means the power of the
laser beam 18 must be increased to sufficiently discharge regions on the surface
of the drum to form the required dots. Higher power lasers for generating such a
laser beam 18 are more expensive and thus undesirably increase the overall cost

of the printer 10.

To alleviate the adverse affects of the increased turnaround time of
oscillating mirrors, the laser beam 18 ideally could be reflected off the mirror 26 to
“bidirectionally” scan the laser beam across the surface of the drum 12 from left-to-
right and from right-to-left. Such bidirectional scanning is not used in printers 10
containing oscillating mirrors, however, because bidirectional scanning does not
allow scaling of intensity data as required to compensate for variations in the
oscillation frequency of the mirror as described above. This is true because
bidirectional scanning of the laser beam 18 results in scan lines across the surface
of the drum 12 that form a “zig-zag” pattern 304 on the surface as depicted in FIG.
3. More specifically, scan lines 306 of the laser beam 18 from left-to-right slant
upward from left-to-right since the surface is moving as the beam 18 scans across
the surface, as previously discussed. Conversely, if the beam 18 is being scanned
bidirectionally then scan lines 308 of the laser beam 18 from right-to-left slant
upward from right-to-left. When combined with variations in the oscillation
frequency of the oscillating mirror, this zZig-zag pattern 304 of the scan lines results
in a vaniable overlap of dots in adjacent rows of dots being formed and thus does
not allow for scaling of intensity data as described above for the constant overlap

that is present in unidirectional scanning systems.
The present invention seeks to provide improved scanning.

According to one aspect of the present invention, a scanning system is
adapted to scan an image beam across a photoconductive surface. The scanning
system includes an oscillating mirror and is operable to generate an image beam
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and to reflect the image beam off the oscillating mirror to discharge regions on the
surface. The system is further operable to dynamically scale an intensity of the
image beam as a function of a position of the image beam on the photoconductive
surface.

According to another aspect of the present invention, a method of scanning
an image beam with an oscillating mirror to discharge regions on a
photoconductive surface includes scanning the image beam in a first direction
across the surface to discharge regions on the surface. The image beam is
scanned in a second direction across the surface to discharge regions on the
surface. As the image beam scans in at least one of the first and second
directions, an intensity of the image beam is dynamically scaled as a function of

the position of the image beam.

Embodiments of the present invention are described below, by way of
example only, with reference to the accompanying drawings, in which:

FIG. 1is a cross-sectional view showing the primary components of a
conventional laser printer.

FIG. 2 is a top view of the conventional laser printer of FIG. 1 better

illustrating the operation of the photoreceptor drum, laser beam, toner roller,

paper, and fuser during operation of the laser printer.
FIG. 3 is a perspective view of various components of the conventional

laser printer of FIG. 1 that better illustrates the scanning of the laser beam in a
horizontal direction across the drum during operation of the laser printer.

FIG. 4 is a functional diagram of an oscillating mirror laser scanning system
including an oscillating mirror for bidirectionally scanning the laser beam across a
surface of a photoconductive drum according to one embodiment of the present

invention.
FIG. 5 is an example bidirectional scan line pattern generated by the
scanning system of FIG. 4 when the oscillating mirror has the desired oscillation

frequency.
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FIG. 6 is a_scan line diagram showing only the horizontal left-to-right scan

Iines of FIG. 5.

FIG 7 is a_scan line diagram showing only the slanted right-to-left scan
lines of FIG. 5.

FIG. 8 1s an example bidirectional scan line pattern generated by the
scanning system of FIG 4 when the oscillating mirror has an oscillation frequency
that 1s greater than the desired oscillation frequency.

FIG. 9 is a_scan line diagram showing only the horizontal left-to-right scan
lines of FIG. 8

FIG. 10 is a_scan line diagram showing only the slanted right-to-left scan
lines of FIG. 8.

FIG. 11 is an example bidirectional scan line pattern generated by the
scanning system of FIG. 4 according to another embodiment of the present
invention.

FIG. 12 is a_scan line diagram showing only the slanted left-to-right scan
lines of FIG. 11.

FIG. 13 is a_scan line diagram showing only the slanted right-to-left scan
lines of FIG. 11.

FIG. 4 is a functional diagram of an oscillating mirror laser scanning system
400 that includes a laser assembly 402 for generating a laser beam 404 and an
oscillating mirror 406 for bidirectionally scanning the laser beam across a surface
408 of a photoconductive drum 410 according to one embodiment of the present
invention. In operation, the mirror 406 oscillates to bidirectionally scan the laser
beam 404 across the surface 408 as the surface moves upward 411 along a
vertical dimension V during rotation of the drum 410. During this bidirectional
scanning, the laser assembly 402 scales the intensity of the laser beam 404 to
compensate for variations in the oscillation frequency of the mirror 406 and
dynamically scales the intensity of the beam to compensate for slanted scanning

resulting from the bidirectional scanning of the beam, as will be described in more
detail below. The use of the oscillating mirror 406 lowers the cost of the scanning



10

15

20

25

30

8

system 400 by replacing the more expensive rotating mirror and associated
circuitry utilized in conventional laser printers. Moreover, the bidirectional
scanning enables lower power and thus lower cost laser diodes to be utilized,
eliminating the need for higher power laser diodes in systems using unidirectional

scanning using oscillating mirrors.

The laser beam 404 scans the surface 408 in a horizontal dimension H
across the surface 408 of the drum 410. To scan the laser beam 404 in the
horizontal dimension H, the oscillating mirror 406 rotates back and forth about
pivot arms 412a and 412b. By rotating back and forth about the pivot arms 412a
and 412b, the mirror 406 sweeps the laser beam 404 in the horizontal dimension
H to develop negatively discharged regions or dots designated D4-D,,y, on the
surface 408. The dots D11-Dym are formed in an array of n rows and m columns on
the surface 408, with seven rows designated ROW1-ROW7 depicted on the
surface in FIG. 4. After being reflected off the mirror 406, the laser beam 404
propagates through optics 405 positioned between the mirror and the surface 408,
The function of the optics 405 is to change characteristics of the laser beam 408 to
compensate for image distortion that would otherwise be caused by the varying
distance between the mirror and points along the surface 408.

The scanning system 400 further includes control circuitry 418 that controls
the overall operation of the system, such as controlling the laser assembly 402,
controlling the oscillation of the mirror 406, monitoring or predicting the
instantaneous rotational position of the mirror, and compensating for the variable
velocity of the mirror as it sinusoidally rotates about the pivot arms 412a and 412b.
The control circuitry 418 also includes other components of the system that need
not be described in detail for an understanding of the teachings herein, such as
motor circuitry for controlling the rotation of the drum 410. Also note that the laser
beam 404 is shown as a line in FIG. 4 merely for ease of depiction and actually
has a finite beam width or diameter, as will be appreciated by those skilled in the

art.

When referring to the dots Dy4-Dam in the following description, the dots will
be referred to simply as D when referring to any single one of the dots or groups of
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dots, such as dots in a given row ROW1-ROW?7, while the subscripts n and m will
be included when referring to a specific dot. The same is true of the rows ROW1-
ROW?7, with the number being omitted when referring to any of the rows and a
number being used only when discussing a specific row. Also for ease of
description, the laser beam 404 may be referred to as scanning across a given
row of dots D even though, as described above, the laser beam actually scans
across a given row on the surface 408 to thereby form the dots D in that row

In operation, the scanning system 400 scans the laser beam 404 across the
surface 408 in the horizontal dimension H as the mirror 406 rotates about the pivot
arms 412a and 412b. The laser beam 404 starts at the dot D44 in row ROW1 (not
shown in FIG. 4) and proceeds from left-to-right, with the control circuitry 418
controlling the laser assembly 402 to sequentially modulate the intensity of the
laser beam 404 as the beam scans across row ROW1 to successively form the
dots Dy1-Dym. In the example of FIG 4, the mirror 406 rotates about the pivot
arms 412a and 412b in a direction 414 to scan the beam 404 from left-to-right.
After formation of the dot Dy, the control circuitry 418 momentarily turns OFF the
laser assembly 402 to turn OFF the laser beam 404 as the mirror 406 reaches its
maximum rotation about the pivot arms 412a and 412b in the direction 414.

Once the mirror 406 reaches its maximum rotation about the pivot arms
412a and 412b in the direction 414, the mirror 406 begins rotating the opposite
way about the pivot arms 412a and 412b In a direction 416. At this point, the
laser assembly 402 modulates the laser beam 404 under control of the control
circuitry 418 to scan the laser beam across the dots D in rows ROW1 and ROW2.
More specifically, the laser beam 404 starts at the dots D1 and Dap, in rows
ROW?1 and ROW?2 and proceeds from right-to-left, with the control circuitry 418
controiling the laser assembly 402 to sequentially modulate the intensity of the
laser beam 404 as the beam scans across the rows ROW1 and ROW?2 to
successively discharge portions of the dots Dym-D11 and D2m-Dy;. In the example
of FIG. 4, the mirror 406 rotates about the pivot arms 412a and 412b in the
direction 416 to scan the beam 404 from right-to-left. Note that the bidirectional
scanning of the laser beam 404 resuits in overlapping scan lines for the dots D in

adjacent rows ROW such that during each scan line of the laser beam 404 only a
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portion of the desired discharge for each dot D is removed, as will be described in
more detail below.

The scanning system 400 continues operating in this way as the mirror 406
osclllates about the pivot arms 412a and 412b and the laser beam 404 scans from
left-to-nght and from right-to-left across the surface 408 of the drum 410 to
sequentially form the dots D in each of the rows ROW1-ROW?7. As the drum 410
rotates upward in the direction 411, additional rows (not shown) of dots D will of
course be formed on the surface 408. FIG. 4 illustrates a left-to-right scan line of
the laser beam 404 for row ROW3 and a right-to-left scan line for row ROWA4.
These scan lines are shown as lines merely to simplify this figure, with each scan
line typically overlapping the dots in adjacent rows, as will be explained in more

detail below

The overall operation of the scanning system 400 will now be described in
more detail with reference to FIG. 5, which is an example bidirectional scan line
pattern generated on the surface 408 of drum 410 by the scanning system of FIG.
4 when the mirror 406 has the desired oscillation frequency. The diagram shows
four rows ROW1-ROW4 of dots D corresponding to the rows of dots ideally formed
by the scanning laser beam 404 Also shown are the actual left-to-right scan lines
S1R-84R of the laser beam 404 and the actual right-to-left scan lines S1L-S5L of
the laser beam. In the example of FIG. 4, the actual left-to-right scan lines S1R-
S4R are defined as being aligned perfectly with the dots D in the rows ROW1-
ROWA4. The actual nght-to-left scan lines S1L-S5L are depicted with dotted lines.
FIG. 5 illustrates a situation where the oscillation frequency of the mirror 406 is
equal to the desired oscillation frequency. The affects of variations in the
oscillation frequency of the mirror 406 will be discussed in more detail below with

reference to FIGS. 8-13.

In operation, the control circuitry 418 stores an array of pixels, each pixel
containing intensity data of a corresponding dot D to be scanned onto the surface
408 of the drum 410. The control circuitry 418 utilizes the intensity data of each
pixel to modulate the intensity of the laser beam 404 as a function of the position
of the laser beam on surface 408, which is determined by the rotational position of
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the oscillating mirror 406, and thus as a function of the dot being formed. Initially,
assume the laser beam 404 scans the scan line S1R from left-to-right across the
row ROW1. The scan line S1R entirely covers the dots D44-D4n, and only these
dots due to the oscillation frequency of the mirror 406 being equal to the desired
oscillation frequency. This is shown more clearly in FIG. 6, which illustrates only
the left-to-right scan lines S1R-S4R and shows that during the scan line S1R the
laser beam 404 traverses only the dots D in row ROW1. As previously mentioned,
the left-to-right scan lines S1R-S4R are defined as being aligned with the dots D in

examples of FIGS 5 and 6.

As the laser beam 404 traverses the scan line S1R, the control circuitry 418
controls the laser assembly 402 to modulate the intensity of the laser beam 404
based upon the intensity data of the corresponding pixels. The scan line S1R of
the dots D44-D1g partially discharges the ones of these dots to be discharged. The
dots are only partially discharged because, as previously mentioned, the laser
beam 404 is moving faster when scanning the surface 408 with the oscillating
mirror 406. This assumes the laser assembly 402 generates the laser beam 404
having a power that only partially discharges these dots D, which enables the use
of a laser beam having the same power as in conventional laser printers. The
lower power laser beam 404 means the laser assembly 402 only need include a

less expensive laser generation source, such as a lower power laser diode, which
reduces the cost of the system 400.

After the laser beam 404 has traversed scan line S1R, the mirror 406 turns
around and begins moving in the other direction to scan the laser beam through
the scan line S2L. The time it takes the mirror 406 to stop and turn around to
begin moving in the other direction is referred to as the turnaround time. This
turnaround time results in a gap, illustrated in FIG. 5 as TT, between the bottom of
the scan line S1R and the top of the scan line S2L. This turnaround time and the
resulting gap TT occurs each time the mirror 406 “turns around,” meaning when
the mirror stops moving in a given direction and begins moving in the opposite

direction about the pivot arms 412a and 412b.
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As the laser beam 404 traverses the scan line S2L the beam is slanted
downward relative to the dots D, meaning the beam 404 passes over dots in both
rows ROW1 and ROW2. As a result, the control circuitry 418 cannot simply use
the intensity data for pixels in given row but instead must scale the intensity of the
laser beam as a function of the position of the laser beam on the surface 408 and
thus as a function of the dot D being formed. The control circuitry 418 scales the
intensity of the laser beam 404 to partially discharge those dots being discharged
in rows ROW1 and ROW2. FIG. 7 shows only the night-to-left scan lines S1L-S5L
of the scan line pattern of FIG. 5 and more clearly shows that during the scan line
S2L the beam 404 covers a portion of the dots D1g-D14 in row ROW1 and a portion
of the dots Dg-D2¢ In row ROW2 Moreover, because the beam 404 is angled
downward in the scan line S2L the portions of these dots D covered by the beam
404 or “overlap” of the beam varies as the beam scans from right-to-left. For
example, as illustrated on the night of FIG. 7 a right-side overlap OLR of the beam
404 is shown. At this point, the beam 404 overlaps more of the dot D4g than the
dot D2s. By the time the beam 404 has reached the left side of scan line S2L, a
left-side overlap OLL of the beam illustrates that the beam now overlaps more of
the dot D24 in row ROW2 than the dot D14 In row ROW1. The overlap of the dots D
in the rows ROW1 and ROW?2 varies as a function of the dot being scanned due to
the slanting of the beam 404 relative to the dots D during the scan line S2L.

The control circuitry 418 scales the intensity of the laser beam 404 using
the intensity data for the pixels corresponding to the dots D4g-D41 in row ROW1
and the dots D2g-D2; in the row ROW2. In one embodiment, the control circuitry
418 generates an intensity value for the laser beam 404 using a weighted sum of
the intensity data for the pixels corresponding to the parrs of dots D that the beam
traverses during the scan line S2L For example, when the laser beam 404 is at
the far right corresponding to column 8 in the array of pixels, meaning at the dots
D1g and Dag, the control circuitry 418 calculates the intensity of the laser beam as
equal to (.66xID4s + .33xID2g), where D45 and 1D, correspond to the intensity data
for the pixels corresponding to the dots D1g and Dy, respectively. By the time the
laser beam 404 1s at the far left corresponding to column 1 in the array of pixels,
meaning at the dots D11 and D, the control circuitry 418 calculates the intensity of
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the laser beam as equal to (.33xID44 + .66xID,1), where 1D4; and ID,4 correspond
to the intensity data for the pixels corresponding to the dots D¢y and Da1,
respectively. Between columns 1 and 8 of dots D, the overlap of the beam 404
varies for each column and thus the control circuitry 418 dynamically calculates
the intensity of the beam to appropriately weight the intensity data ID of the pixels
corresponding to the dots in the column being scanned. in this way, the control
circuitry 418 dynamically scales the intensity of the laser beam 404 as function of
the position of the laser beam on the surface 408, which may be viewed as being

a function of the dot currently being formed.

After the laser beam 404 has traversed scan line S2L, the mirror 406 once
again turns around and begins moving in the other direction to cause the laser
beam to traverse the scan line S2R. The scanning system 400 now operates as
described for scan line S1R and the control circuitry 418 modulates the intensity of
the beam to partially discharge the required ones of the dots D24-D2g in row ROW2.
Next, the mirror 406 again turns around and begins scanning the laser beam 404
from night-to-left to traverse the scan line S3L and the control circuitry 418 once
again dynamically scales the intensity of the beam using weighted intensity data
ID for the appropriates pairs of dots D in rows ROW2 and ROW3. For each row
ROW of dots D, the dots in that row that are being discharged are fully discharged
after the laser beam 404 traverses those dots during three successive scan lines.
For example, the ones of the dots D54-Dys In the row ROW?2 that are being
discharged are fully discharged after the laser beam 404 traverses these dots in
the scan lines S2L, S2R, and S3L.

In other embodiments of the system 400, the weighting of the intensity data
ID corresponding to adjoining rows ROW of dots D being scanned during the scan
lines S1L-S5L may be scaled in a manner different than that described above. For
example, non-linear interpolation utilizing intensity data 1D of dots D surrounding
pairs of dots actually being traversed may be utilized in calculating the intensity of
the laser beam when scanning the pair of dots a given column. In one
embodiment, the intensity data ID for a current dot D is based on data stored in a
look-up table containing data for a group or area of surrounding dots, such as a
5x5 array of surrounding dots with the center dot being the current dot.
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The effect of variations in the oscillation frequency of the mirror 406 will now
be described in more detail with reference to FIGS. 8-10. Operation of the
scanning system 400 in properly forming the dots D on the surface 408 depends
on the frequency of oscillation of the mirror 406 about the pivot arms 412a and
412b and the speed of rotation of the drum 410. For a given speed of rotation of
the drum 410, the oscillation frequency of the mirror 406 must cause the laser
beam 404 to scan from left-to-right across a given row ROW and then back from
nght-to-left in such a time that the laser beam is properly positioned to scan the

next row from left-to-right as the surface 408 is moving.

Rather than being constant among mirrors 4086, the oscillation frequency
varies slightly from mirror to mirror. FIG. 8 is an example bidirectional scan line
pattern generated by the scanning system 400 of FIG. 4 when the oscillating
mirror 406 has an oscillation frequency that is greater than the desired oscillation
frequency. In this situation, the laser beam 404 scans from left-to-right faster than
is desired, meaning that the surface 408 has rotated upward in the direction 411
(see FIG. 4) less than it ideally should have when the laser beam begins scanning
the next row. This faster than desired scanning of the laser beam 404 results in
some of the scan lines S1R-S6R of the laser beam 404 overlapping adjacent rows
ROW1-ROW4 of dots D, which is clearly shown in FIG. 9 depicting only the left-to-
right scan lines S1R-S6R of FIG. 8. For example, actual scan line S1R of the
laser beam 404 scans the row ROW1 while the next left-to-right scan line S2R of
the laser beam 404 partially overlaps rows ROW1 and ROW2. A similar situation
is seen for the actual scan lines S3R and S4R, namely scan line S3R partially
overlaps rows ROW2 and ROWS3 while scan line S4R scans only row ROW3. At
this point the overlap pattern of adjacent scan lines S1R-S6R has repeated with
the scan line S5R covering only row ROW4 in the same way as scan line S1R

covers only row ROW1.

As a result of the actual scan lines S1R-S6R overlapping some of the rows
ROW1-ROW4 of dots D, the desired dots will not be properly formed in each of the
rows if the control circuitry 418 does not adjust the intensity of the laser beam 404
to compensate for this overlap. This is true because the overlapping scan lines
S1R-S6R may result in the discharge for some of the dots D in a given row ROW
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being different than the desired discharge For example, if the dot D12 is not to be
discharged (laser beam 404 turned OFF when scanning this dot) while the dot D2
just below this dot is to be discharged, then the scan line S2R will undesirably

result in partial discharge of the dot Dy,

To compensate for this undesirable discharge due to overlapping scan lines
S1R-S6R, the scanning system 400 scales the data for each dot D as previously
described above with reference to FIGS. 5-7. The intensity of the laser beam 404
for a given dot D 1s a weighted value of the intensity of the corresponding pixel in a
first row ROW and the corresponding pixel just below that pixel in the next row.
For example, with scan line S1R the intensity of the beam 404 is determined
entirely by the intensity data ID of the pixels corresponding to dots D14-D+g in row
ROW1 while for scan line S2R the intensity of the beam 404 is a scaled value
determined by the intensity data for the pixels corresponding to the dots Dq4- Dys in
row ROW1 plus the intensity data for the pixels corresponding to the dots D2s- Dog
in row ROW2. This scaling of the intensity of the laser beam 404 is the same for
each pair of dots D in rows ROW1 and ROW2 during the scan line S2R due to the
constant overlap of the scan line. This Is true for all scan lines S1R-S6R although
the specific constant weighting factors for a given scan line S1R-S6R varies for
consecutive left-to-nght scan lines. In this example, the scaling repeats every
fourth left-to-right scan line S1R-SER, as Is seen in FIG. 9 by noting that the
overlap for scan line S1R is the same as that for scan line S5R for the associated

rows.

FIG. 10 is a scan line diagram showing only the right-to-left scan lines S1L-
S7L of FIG. 7. The slanting of the actual scan lines S1L-S7L relative to the ideally
formed array of dots D is more clearly seen in FIG 10. Also shown is the varying
overlap between adjacent rows ROW of dots D that results from the slanted right-
to-left scan lines S1L-S7L More specifically, a right-side overlap OLR of the scan
line S2L indicates that on the far right side of this scan line the laser beam 404
traverses only the dots D in the row ROW1 Conversely, by the time the laser
beam 404 has traversed the scan line S2L to the far left side of this scan line the
left-side overlap OLL indicates that the laser beam traverses dots D in both rows
ROW1 and ROW2. As the laser beam 404 progresses from right-to-left this
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overlap is dynamic as previously discussed with reference to FIG. 7. FIGS. 8-10
illustrate the situation where the oscillation frequency of the mirror 406 is faster
than desired, although those skilled in the art will appreciate that similar changes
result to the scan line pattern generated by the bidirectionally scanning laser beam
404 in the system 400 of FIG. 4 when the oscillation frequency is slower than
desired. In the situation where the osciliation frequency is slower than desired,
note that there could be times when the laser beam 404 overlaps more than two

rows ROW of dots D.

FIGS. 11-13 show actual scan line patterns generated by the scanning
system 400 of FIG. 4 according to another embodiment of the present invention.
In this embodiment of the system 400, each of the left-to-right scan lines S1R-S7R
and each of the right-to-left scan lines S1L-S6L is defined as having a slant
relative to the dots D. This means that in the embodiment of FIGS. 11-13 the
control circuitry 418 dynamically scales intensity data for both the scan lines S1R-
S7R and S1L-S6L since the overlap of dots D in adjoining rows ROW varies as a
function of the position of the beam 404 on the surface 408 or as a function of the

specific dots being traversed.

FIG. 11 shows the overall scan line pattern generated by the bidirectional
scanning of the laser beam 404. Both the left-to-right scan lines S1R-S7R and the
right-to-left scan lines S1L-S6L are slanted relative to the dots D ideally formed on
the surface 408. FIG. 12 depicts only the left-to-right scan lines S1R-S7R and
shows for the scan line S3R, for example, the variable overlap between the dots in
the rows ROW1 and ROW2 A far-left overlap OLL and far-right overlap OLR are
shown for scan line S3R, with the overlap dynamically varying between these two
values as a function of the dots D being traversed. FIG. 13 depicts only the right-
to-left scan lines S1L-S6L and shows for the scan line S2L, for example, the
variable overlap between the dots in the rows ROW1 and ROW2. A far-right
overlap OLR and far-left overlap OLL are shown for scan line S2L, with the overlap

dynamically varying between these two values as a function of the dots D being

traversed.
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Notice that in the embodiment illustrated by FIGS. 11-13 that the amount of
slant of the left-to-right scan lines relative to the amount of slant of the right-to-left
scan lines has not changed when compared to the prior embodiment discussed
with reference to FIGS. 5-10. Only the definition of these scan lines relative to the
dots D has changed, which results in the control circuitry 418 applying a different
algorithm in scaling the intensity of the laser beam 404 when forming the dots D.

In the previously described embodiment, the control circuitry 418 is
described as scaling the intensity of the laser beam 404 to compensate for the
slanted scan lines caused by the bidirectional scanning and for variations in the
frequency of oscillation of the mirror 406. In general, the control circuitry 418 can
control the intensity of the laser beam 404 in two ways: 1) by adjusting the power
of the laser beam 404; or 2) by adjusting the time the laser beam 404 is ON or
OFF as the beam traverses each of the dots D. Thus, “scaling the intensity” of the
laser beam 404 includes time modulating the laser, namely turning the laser beam
ON and OFF, while utilizing the appropriate intensity data ID to vary the duration of
the time the laser beam 1s ON and OFF. With time modulation when the laser
beam 404 is turned ON the power of the laser beam 404 is constant and does not
vary. Thus, the discharge of dots D by the laser beam 404 is determined by a
varying time for which the laser beam is turned ON and OFF, with this varying time
having a value determined the intensity data ID of the appropriate pixels. For
example, if a given dot D Is to be discharged by only one-half of a fully discharged
dot, the laser beam 404 may be turned ON for only one-half the time that the
beam traverses that dot. The control circuitry 418 can do this in many different
ways, such as turning ON the laser beam 404 for just the left side, right side, or
center of the dot D, or the control circuitry can turn the laser beam ON for % on the
left side and % on rnight side, or just turn laser beam ON and OFF several times as
the beam traverses the dot to more evenly distribute less than a maximum amount
of light across the dot Alternatively, the control circuitry 418 can vary the power
and time of the laser beam 404 utilizing the appropriate intensity data ID. Ina
further embodiment, the control circuitry 418 varies only the power of the laser
beam 404 using the appropriate intensity data ID. In yet another embodiment of
the system 400, the control circuitry 418 occasionally determines the oscillation
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frequency of the mirror 406 and after determining the current oscillation frequency
of the mirror, dynamically scales an intensity of the laser beam 404 as function of
the difference between the determined oscillation frequency and a desired

oscillation frequency of the mirror.

It should be noted that the scan lines and arrays of dots D in the examples
of FIGS. 5-10 assume a perfect linear discharge of the photoconductive drum 410
and a perfectly uniform laser beam 404. The actual discharge pattern formed by
the dots D may be different due to nonlinear discharge of regions on the drum 410
and due to a nonuniform intensity profile for the laser beam 404, which would
typically be a Gaussian intensity distribution. All examples discussed above
assume a perfect discharge and perfectly uniform laser beam to simplify the
examples and allow the concepts of bidirectional scanning, constant intensity data
scaling to account for overlap due to variations in oscillation frequency of the
mirror 406, and dynamic intensity data scaling to compensate for slanted scanning
that results with bidirectional scanning to be more easily described under these

ideal operating conditions.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the scope of
the claims. For example, although the beam being utilized to discharge the
photoconductive drum has been described as a laser beam, other light generating
sources may be used as well if suitable in particular applications. Thus, the term
laser beam is not limited to a beam of light generated by a laser but instead should
be construed broadly as an image beam that is a suitable electromagnetic beam
generated by any suitable means in a given printer application.

The disclosures in United States patent application No. 11/118,591, from
which this application claims priority, and in the abstract accompanying this

application are incorporated herein by reference.
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CLAIMS

1. A scanning system for scanning an image beam across a
photoconductive surface, the scanning system including an oscillating mirror and
being operable to generate an image beam and to reflect the image beam off the
oscillating mirror to scan the image beam bidirectionally across the
photoconductive surface and thereby discharge regions on the surface, the system
operable to scale an intensity of the image beam dynamically as a function of a

position of the image beam on the photoconductive surface.

2, A scanning system according to claim 1, wherein the system
includes a laser assembly operable to generate a laser beam that corresponds to

the image beam.

3. A scanning system according to claim 1 or 2, wherein the
scanning system is operable to scan the image bidirectionally in a first direction
and a second direction across the photoconductive surface and wherein the
system is operable to scale the intensity of the image beam as a function of the

position of the image beam in the first or second direction.

4. A scanning system according to claim 3, wherein the first
direction is a direction substantially from left-to-right across the photoconductive
surface and the second direction is a direction substantially from right-to-left

across the photoconductive surface.

5. A scanning system according to claim 3 or 4, wherein the
intensity of the image beam is dynamically adjusted only as the image beam scans

in the first direction.

6. A scanning system according to claim 5, wherein scaling the
intensity of the image beam comprises time modulating the image beam that has a

substantially constant power.
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7. A scanning system according to any preceding claim, wherein
the system is operable to store an array of pixel data, the array including a plurality
of rows and columns of data for pixels to be scanned onto corresponding
discharge regions on the surface, and wherein the system is operable during
scanning of the image beam in the first direction for each dot in a given row of dots
being scanned to scale the intensity of the image beam for that dot by summing a
variable fraction of the intensity data for the corresponding pixel in that given row
and a variable fraction of the intensity data for the pixels in the same column and

at least one adjacent rows.

8. A scanning system according to claim 7, wherein each scan of
the image beam that traverses a given discharge region discharges a portion of

the desired charge from that region.

9. A scanning system according to claim 8, wherein the system
is operable to determine an oscillation frequency of the mirror to dynamically scale
an intensity of the image beam as function of a difference between the determined

oscillation frequency and a desired oscillation frequency.

10. A printer, including:

a photoconductive drum provided with photoconductive surface;

a motor circuit operable to control movement of the photoconductive
drum;

an image beam system operable to generate a laser beam;

an oscillating reflective element positioned to receive the incident
image beam and operable to oscillate to scan the image beam across a surface of
the photoconductive drum: and

a controller coupled to the motor circuit, image beam system, and
the oscillating reflective element, the controller being operable to control the image
beam system to generate the image beam and to control the oscillating reflective
element to scan the image beam bidirectionally across the photoconductive
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surface, the controller being operable to scale dynamically an intensity of the
image beam as a function of a position of the Image beam on the photoconductive

surface.

11. A printer according to claim 10, wherein the image beam
system includes a laser diode operable to generate a laser beam corresponding to

the image beam.

12. A printer according to claim 10 or 11, wherein the controller is
operable to control the oscillating reflective element to scan the image
bidirectionally in a first direction and a second direction across the
photoconductive surface to discharge regions on the surface, and wherein the
controller is operable to control the image beam system to scale an intensity of the
image beam dynamically as a function of the position of the image beam in one of

the first and second directions.

13. A printer according to claim 10, 11 or 12, wherein the

oscillating reflective element comprises a MEMS mirror.

14. A method of scanning an image beam with an oscillating

mirror to discharge regions on a photoconductive surface, the method including

the steps of:
scanning the image beam in a first direction across the surface to

discharge regions on the surface;
scanning the image beam in a second direction across the surface to

discharge regions on the surface; and
as the image beam scans in at least one of the first and second

directions, dynamically scaling an intensity of the image beam as a function of the

position of the image beam.

15. A method according to claim 14, wherein the intensity of the
image beam is dynamically adjusted only as the image beam scans in the first

direction.
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16. A method according to claim 15, wherein the first direction is a
direction substantially from left-to-right across the surface and the second direction

is a direction substantially from right-to-left across the surface.

17. A method according to claim 14, 15 or 16, wherein the image

beam includes a laser beam.

18. A method according to claim 14, 15, 16 or 17, wherein the
image beam scans an array of intensity data onto the surface, the array including
a plurality of rows and columns of pixels to be scanned onto corresponding
discharge regions or dots on the surface, and wherein dynamically scaling the
intensity of the image beam as a function of the position of the image beam

includes:
during scanning of the image beam in the first direction for each dot

in a given row of dots being scanned, scaling the intensity of the image beam for
that dot by summing a variable fraction of the intensity data for the corresponding
pixel in that given row and a variable fraction of the intensity data for the pixel in

the same column and at least the next adjacent row.

19. A method according to claim 18, wherein the variable fractions
utilized in scaling the intensity of the image beam for the dot being formed are
functions of the column containing the pixels whose intensity data is being utilized.
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20. A method according to claim 19, wherein as the image beam

scans in at least one of the first and second directions, dynamically scaling an
intensity of the image beam as a function of the position of the image beam further

comprises scaling the intensity of the image beam by modulating a power of the

image beam.

21. A scanning system substantially as hereinbefore described
with reference to and as illustrated in Figures 4 to 13 of the accompanying

drawings.

22. A method of scanning substantially as hereinbefore described
with reference to and as illustrated in Figures 4 to 13 of the accompanying

drawings.

23. A printer substantially as hereinbefore described with

reference to Figures 4 to 13 of the accompanying drawings.
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