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IMPROVED DOT POSITIONING FOR CONTINUOUS INK JET PRINTER

The present invention relates to ink jet printing, and in particular to an improved method

and apparatus for positioning dots produced by a continuous ink jet printer.

Continuous ink jet printers are well known in the field of industrial coding and marking,
and are widely used for printing information, such as expiry dates, on various types of substrate
passing the printer on production lines. As shown in Figure 1, a jet of ink is broken up into a
regular stream of uniform ink drops by an oscillating piezoelectric element. The drops then pass
a charging plate which charges individual drops at a selected voltage. The drops then pass through
a transverse electric field provided across a pair of deflection plates. Each drop is deflected by
an amount which depends on its charge. If the drop is uncharged, it will pass through the
deflection plates without deflection. Uncharged and slightly charged drops are collected in a
catcher and returned to the ink supply for reuse. A drop following a trajectory that misses the
catcher will impinge on the substrate at a point along a line determined by the charge on the drop.
Often, each charged drop is interspersed by a guard drop with substantially no charge to decrease
electrostatic and aerodynamic interaction between charged drops. As the substrate is moving past
the printer, the placement of the drop on the substrate in the direction of motion of the substrate
will have a component determined by the time at which the drop is released. The direction of
motion of the substrate will hereinafter be referred to as the horizontal direction, and the direction
perpendicular to this, in the plane of the substrate will hereinafter be referred to as the vertical
direction. These directions are unrelated to the orientation of the substrate and printer in space.
If the drops are deflected vertically, the placement of a drop in the vertical and horizontal

direction is determined both by the charge on the drop and the position of the substrate.

It is general practice to provide predefined raster patterns, with the matrix for each pattern,
customarily representing a character, of a predetermined size. For example, a 5 high by 5 wide
matrix representing an image, as shown in Figure 2A, can be created which represents a whole
image such as a character or a portion of an image. A technique for printing these characters or
portions of images which has become widely used is disclosed in US Patent 3,298,030 (Lewis et
al). A stroke is defined for each column of the matrix and represents a slice of the image. Each

usable drop is assigned to each pixel (dot position) in the stroke. If the pixel is a blank pixel, then
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the drop is not charged and is captured by the catcher to be sent back to the ink supply. If the pixel
is to be printed, an appropriate charge is put on the drop so that it is deflected to follow a
trajectory that intercepts the substrate at the appropriate position in the column for that stroke.
This cycle repeats for all strokes in a character and then starts again for the next character. If the
drops are deflected transversely to the direction of travel of the substrate, a set of drops forming
a stroke will clearly Lie along a diagonal line, as the substrate will move a certain distance
between each drop in the stroke. The angular deviation of the line from vertical will increase with
the speed of the substrate relative to the drop emission rate. This angular deviation can be
counteracted by angling the deflection platés away from the vertical direction by an amount
dependent on the expected speed of the substrate. If drops in a stroke are not sequentially
allocated to equally spaced positions on the substrate, the points will no longer lie along a straight
line. In order to maintain a simple matrix raster pattern, with straight lines in any direction in the
matrix mapping onto straight lines on the substrate, it is necessary to print drops in a stroke
sequentially with an equal time interval between each stroke. A stroke takes the same time
whether it contains one printed drop or five printed drops. Generally, a varying number of extra
guard drops are used at the end of each stroke to permit variation in the substrate speed on a

stroke by stroke basis.

It is possible to move away from printing characters based on an orthogonal matrix and
instead treat each drop individually, deflecting it using a defined range of charge values. Printing
on an orthogonal grid is still possible by selecting the charges in the same sequence as in the
stroke based method. This is the approach adopted in International Patent Publication WO
97/06009 (Domino Printing Sciences, PLC). However, this technique makes it much more
complicated to generate a font, as it becomes more difficult to determine allowable dot positions.
Furthermore, for such a systemn to be useful, the printhead must be angled at tan™[(I+1)/n] where
I is the number of guard drops and n is the number of dots in a column if a standard orthogonal
matrix is desired. In normal printing, this will always be at least tan(2/n). This leads to
significant distortion if the print substrate accelerates, as, for any particular print speed, the time

between successive drops in any particular column is at least doubled.

It is well known that character definition improves with more dot positions in a vertical

stroke and more strokes per character. Figures 2A and 2B réspectively show characters based on
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5x5 and 7x9 matrices. The 7x9 matrix clearly yields better defined characters. However, for a
constant drop rate determined by the limitations of the hardware, in order to be able to print at all
pixel locations in the matrix, the maximum substrate speed will have to be inversely proportional
to the number of pixels per character. Thus, character definition cannot be improved without
reducing the maximum substrate speed. The smaller the matrix, the faster the speed but the
characters become less defined. There is a conflicting need for better defined fonts at higher

speeds, which are still formed from a simple orthogonal matrix.

An approach which has been used tol improve character definition while maintaining the
same stroke rate is described in US Patent 4,631,557 (Fujimoto et al.). While dots are generally
printed along a conventional stroke, each dot can optionally be vertically deflected to a different
location approximately half a stroke height away. At this time, the printhead will have moved
approximately half a stroke width in the direction of travel of the substrate relative to a dot on the
previous stroke at the same vertical position. This therefore gives a way of printing dots along a
"virtual" stroke horizontally between two successive conventional strokes. A significant
disadvantage of this technique is that varying the number of guard drops between strokes will
have a significant effect on the continuity of the dots in an interpolated stroke. A further
disadvantage of this technique is that it is very difficult to establish allowable dot patterns in a
font, as there are two allowable dot positions for any particular drop which are substantially

separated on the grid of allowable dot positions.

According to the present invention there is provided a method of printing using a
continuous ink jet printer, wherein said printer projects drops toward a substrate moving in a first
direction and deflects each drop in a second direction by applying a charge to said drop and
passing said drop through a substantially unjforrﬁ electric field, said method comprising the steps
of: generating a raster pattern comprising columns of N positions each column, and selecting only
n of said N positions as active positions in each column, where n< N; forming a stroke of n drops
corresponding to each columnn; and charging the n drops in each stroke such that the drops follow
a trajectory that intercepts the substrate to mark it at positions corresponding to said selected

active positions in the corresponding column.
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Further according to the present invention there is provided an apparatus arranged to
sequentially print drops on a substrate according to a predefined raster font comprising characters
with a column height of N positions, only n of said N positions being selected as active positions
in each column, where n<N, said apparatus comprising: means for moving said substrate in a first
direction; means for forming strokes of n drops corresponding to each column; and means for
deflecting each drop in a second direction by applying a charge to said drop and passing said drop
through a substantially uniform electric field, the n drops in each stroke being charged such that
the drops are deflected to positions on said substrate corresponding to said selected active

positions in the corresponding column.

In one method or apparatus according to the invention N=n+i(n-1) where i is a positive
integer. In another method or apparatus according to the invention N=i.n where i is an integer
greater than 1. Preferably, in the one method or apparatus i=1. Preferably, in the other method or
apparatus i=2. Preferably, in a method or apparatus according to the invention two consecutive
active positions in each said column are separated by at least one inactive position. In the case of
the preceding sentence, in the one method or apparatus when i=1, preferably, positions 2k and
2k-1 in each column are mapped to drop number k in the corresponding stroke, where 1<k<(N-
1)/2, and N in the column is mapped to drop number n. In the case of the same sentence, in the
other method or apparatus when i=2, preferably, positions 2k and 2k-1 of N positions in each

column are mapped to drop number k in the corresponding stroke, where 1<k<N/2.

The present invention provides a method for printing better defined characters at higher
speeds, by providing an array comprising N positions vertically while only allowing pixels to be
present in n positions in any one column in the array, where n is less than N. A definition
associated with a matrix of height N is therefore provided, while allowing print speeds associated
with a matrix of height n. By suitable selection of the N positions used in each stroke, in many

cases, characters identical to those associated with a column height of N can be produced.

Advantageously, N can be chosen with value n+i(n-1) where i is an integer greater than
or equal to 1, so that a regularly spaced array of n drops can be formed over the whole vertical
range of the matrix. For example, if n=5, N=9 would be an appropriate value for N. Five

equispaced dots can be printed at drop positions 1, 3, 5, 7, 9.



10

15

20

25

30

WO 99/65688 PCT/GB99/01807

5

Selecting N=2n-1 is particularly advantageous, as it allows a very simple mapping from
the positions in a column to the drops in the associated stroke. It also gives the minimum matrix

with twice the resolution and height equal to the original character height for an n high matrix.

Alternatively, selecting N =2n can be applied similarly to the 2n - 1 case. The difference
is that all drops in the n drop stroke may be uniformly considered to have two alternative print
positions, an upper and lower position. The resulting font can be identical to the 2n - 1 case for
upper case characters, but also allows added refinement to lower case characters with descenders.
This would include lower case g, j, p and q. The baseline of the descender characters will not be

forced upward as much as before. This adds another enhancement to the font style.

The adding of descenders can be extended another drop position or two to give a more
fully formed look. In this case, one aspect changes over the previous examples. For the case of
a 7 drop character (n = 7) adding a 2-drop descender brings the total double resolution matrix
height N to 17 or 18 depending on whether the 2 positions per drop plan or the minimum matrix
plan is used. In this example, the ratio of N to nis 17:7 or 18:7. This is no longer a 2:1 ratio, yet
the planned resolution increase is exactly 2:1. The result is still improved high speed printing
including upper and lower case characters with no penalty of speed reduction over the
conventional 7 high matrix. The only side effect of extending the matrix beyond n high would
be to potentially cause the raster line for certain strokes to deviate from a straight line. This
would occur if the selected print drops in the stroke spanned further than n positions or are
scanned in a non-uniform sequence. Depending on the appearance desired, this may or may not

be of any consequence.

Furthermore, the uniformity of a refined matrix may be extended to a larger matrix area
of height N which encompasses multi-line text or an image or logo area as well. Here N has the
same meaning but relative to a larger overall print image matrix than just a single font height.
Likewise, an allowed total number of print drops n would be defined for the total stroke. In this
enlarged matrix, any font defined as above can be placed anywhere within this larger grid. Each
line of text (characters) provides the improved appearance discussed. Of course, the overall speed
limit is reduced by increasing the total matrix height. As before, it is determined by the total

number of planned drop times n in the now multi-line stroke.
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An example of this expanded matrix follows. Consider a planned print image area to
consist of twelve drop positions (n = 12), with N = 24. Also include a planned 5 drop high font
with two alternative positions per drop. Then two such lines of text characters can be arranged
one over the other within the overall N high matrix to form a "twin line" printed message with
from 1 to 4 "grid" positions blank between the two lines of text characters. Now consider the
inclusion of a graphical image, perhaps a company logo or other stylized image or even a very
large additional font, up to 12 printed drops tall. This could be arranged along side of the twin
line portion of the printed image, all of this rasten'zed and printed as the substrate moves past the
print head.

In all cases, that is, for any matrix size whether a single font or complex image, the
concept of strokes is retained. The reason for this is to allow simple control of print speed as the
substrate speed varies. The triggering of stroke print events is timed so as to track substrate
speed. The drop sequence within a stroke is the same, though the exact compensated charge
voltage values may vary slightly as drops of one stroke get closer to a preceding or subsequent

stroke as speed increases.

The invention will now be described, by way of example, with reference to the

accompanying drawings, in which:-
FIGURE 1 shows the operation of a typical continuous ink jet printer;

FIGURE 2A illustrates characters from a standard 5x5 font used by known continuous

ink jet printers;

FIGURE 2B illustrates characters from a standard 7x9 font used by known continuous ink

jet printers;

FIGURE 3A shows further examples of characters from a standard 5x5 font used by

known continuous ink jet printers;
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FIGURE 3B shows examples of the same characters shown in Figure 3A in a 5x5 font of

the present invention using 9 virtual vertical positions in each column;

FIGURE 4 is a flow chart showing how fonts according to a specific embodiment of the

present invention are created and stored;

FIGURE 5 is a flow chart showing how printing is performed in accordance with a

specific embodiment of the present invention;

FIGURE 6A is a table showing selected sets of uncompensated valid and invalid dot

positions according to an example of the specific embodiment of the invention;

FIGURE 6B is a table showing the binary equivalent of the voltage table in Figure 6A;

FIGURE 7A shows examples of allowable column pixel arrangements for the strokes of

the example of the specific embodiment;

FIGURE 7B shows examples of column pixel arrangements which are not allowable for

the strokes of the example of the specific embodiment;

FIGURE 8 is a table showing the number of strokes allowable for different sized fonts;

FIGURE 9 is a table showing the dot positions of Figure 6 mapped onto the available
droplets;

FIGURE 10 is a table showing drop charge values of Figure 9 after compensation; and

FIGURE 11 is a table showing a way of storing the compensated charge values for the

strokes of the example of the specific embodiment.

According to a specific embodiment of the present invention, a continuous ink jet printer

is provided of a type shown in Figure 1. Such printers are well known in the art, and are discussed
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above. The printer comprises a printhead 2 with a drop generator 4 which receives ink from an
ink source 40. The drop generator incorporates a piezoelectric oscillator which creates
perturbations in the ink flow at a nozzle 6. Regular sized and spaced drops are accordingly
emitted from the orifice. The drops pass through a charging tunnel 10, where a different charge
can be applied to each drop. This charge determines the degree of deflection as the drop passes
between a pair of deflection plates 20 between which a substantially constant electric field is
maintained. Uncharged, or very slightly charged drops 22 pass substantially undeflected to a
catcher 30, and are recycled to ink supply 40. Charged drops 24 are projected toward a substrate

50 and are deflected so as to have a trajectory striking the latter which moves past the printhead.

If a character has dimensions m x n, assuming that the horizontal and vertical dot pitches
are the same, and that equivalent drops in subsequent strokes are n printable drops apart, the
following equation defines the horizontal distance between two equivalent printed dots on

successive strokes:

(1) X = vntp

where t, is the time between successive printable drops and v is the velocity of the

substrate. The width of a character is xm, and therefore the number of characters ¢ per unit

distance is:
1
(2) c = e—
Xm
and so
1
(3) C=rr
nmvt,

For a given t,and c, the relationship between m, n and v is therefore as follows:
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Thus, the number of dots per character is limited by the desired speed of the substrate.

The characters "SW X SH MATRIX" printed in a font with n=5 and m=5 (ie 5x5), are

shown in Figure 2A.

With a 7x9 matrix, substantially better characters (or image definition) can be generated
than with a 5x5 matrix, as shown in Figure 2B, but with all other factors constant, the speed of

the substrate has to be decreased by a factor of approximately 25/63, ie a 60% decrease in speed.

According to the present invention, a value of N, where N>n, is selected as the number
of dot positions in each column of the matrix on which a character can be formed. These dot
positions will normally be equispaced along the column, but the invention will work equally well
if the positions are not equispaced. In each column of a font generated according to the invention,

n or less of these positions are used to represent a dot in a font.

Each of the n or less dots used in a column are printed by appropriately charging the n
drops comprising a stroke. Thus, the printer can still operate at a speed associated with a font of
size m x n, as the same number of drops are allocated to each character as would be allocated for
an m x n font, but the printer can print fonts of size m x N. Figures 3A and 3B show examples
of characters of a normal 5x5 font and equivalent characters from a font in which n=5 and N=9
respectively. As can be seen from these figures, such a printing system gives substantially
increased resolution. However, as only n positions in each column can be used, not all N x m

characters can be printed.

A system for generating and printing using such a font according to a specific embodiment
of the invention is represented in Figures 4 and 5 respectively. These are flowcharts showing how

the information needed is created and how printing operates, respectively.
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While the discussion below applies equally to any value N>n, N would normally be

selected from the set of values:
(5) N = n+i(n-1)

where iis a positive integer. With a virtual column size in accordance with this formula, n points
can be equally spaced over the whole range of N positions. This allows a uniform, solid font to

be used over the complete range of printable positions, which would normally be desirable for

printing, for example, vertical lines.

There is a practical limitation on which of the possible positions in a stroke can be used

for printing, in that any two charged drops have an electrostatic force given by the well known

relation:
1 x g2
r2

where ql and g2 are the electrostatic charges on the two drops, r is the distance between the
centers of the two drops and F is the electrostatic force between drops referred to as "drop
interaction". Clearly, the farther apart the drops travel in flight, the less the electrostatic repulsive
force between the drops.However, to form adjacent dots closer together on the substrate, the
drops must also travel in flight closer together. That increases electrostatic interaction. As the
drop interaction increases, it becomes more difficult to control the path of drops and poor print
quality results. Similar undesirable interaction effects are caused by aerodynamic factors which
compound the problem further. This might add a restriction to how close two consecutive dots
in a column can be printed. Proximity of dots might also be limited to prevent undesired drop

interaction on the substrate due to drop overlap.

Thus, while increasing the number of positions in the vertical direction to N, there must
be provision for maintaining a minimum spacing between dots. This can easily be achieved by

creating a rule that there must be a certain predetermined number of unused points in a column



10

15

20

25

30

WO 99/65688 PCT/GB99/01807

11

between two consecutive used points. This rule is checked when storing a stroke, as shown in

Figure 4.

Furthermore, it is advantageous for the ratio of the temporal and distance spacing along
the length of the stroke to be as close to constant as possible, so that dots in all strokes in a
character appear in parallel straight lines, increasing the legibility of the characters. For example,
if dots are only required at the top and the bottom of a stroke, it is advantageous to leave a
temmporal gap between these dots equivalent to the length of time it would have taken to print dots
in all the available intervening positions, so that the dots lie on a fairly regular array on the

substrate.

Each of the allowable N high strokes generated then need to be mapped to the n high
matrix, as shown in Figure 4. Ideally, the distal spacing between dots in the N high strokes will
be mapped as closely as possible to equivalently temporally spaced drops, so as to keep strokes
lying along a reasonably straight line, as discussed above. For example, if N=2n-1 and two
consecutive locations in the N high matrix cannot be used, locations 2k and 2k-1 in the N high

stroke can be mapped to drop k when these values are in the range 1..N.

For each allowable arrangement of dots in a column, once the used dots to be used have
been mapped onto a stroke of drops, the charges to be applied to the drops to compensate for the
electrostatic and aerodynamic effects discussed above are calculated, as shown in Figure 4.
Mathematical algorithms or empirical means for achieving this compensation are well known and
are not discussed here. The set of compensated drop charges for each allowable stroke is stored
in a table in memory. For every character in a font which is to be printed, a stroke identifier value
is stored in memory representing each stroke in the character, as also shown in Figure 4. Stroke
identifiers for valid strokes could be sequential values, or the identifier could simply be a binary
representation of the N high stroke. However, it is not difficult for someone skilled in the art to
develop special windowing techniques when the matrix gets large or when multi-line fonts and

graphics images are used.

Once the characters and compensated drop values are stored in memory, the printer

operates as shown in the flowchart shown in Figure 5.
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For every character which is to be printed, the stroke identifiers representing the strokes
are read from memory sequentially. For each stroke, a set of compensated drop charges is read
from the memory based on the stroke identifier. These charges are sequentially applied to the

droplet charging plates to appropriately charge the drops in a stroke.

An example of a charging technique for printing at 5 drops per stroke and 5 strokes per
character using a virtual font of size 5 x 9 (ie n=5, N=9) will now be discussed as a specific, non-
limiting example.Consider,for example the first stroke in the character "5" shown in Figures 3A
and 3B.

In a conventional 5x5 continuous ink jet printing implementation, voltages for each
position in the column are first chosen by experiment. In this example, the voltage for the lowest
position is 80V and the voltage for the top position is 152V. Assuming a linear ramp, the five

print positions would require stroke voltages of:

5x5 Uncompensated Positions

Position 1 2 3 4 5

Voltage 80 98 116 134 152

Using these values, a table of values is created which has all possible binary combinations.
In this case, there would be 25-1, or 31 strokes if a blank stroke is not included. For example, the

first stroke for the character "5" would be represented as follows:

5x5 Uncompensated Example Stroke

Position 1 2 3 4 5

Voltage 8 98 8 134 152

In high speed printing, where every drop can be a print drop, there is heavy interaction between
drops as described above, and an analytical solution is extremely difficult, if not impossible, to
calculate. The compensated charge voltages are then experimentally determined and they could

for example consist of the following values:
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5x5 Compensated Example Stroke
Position 1 2 3 4 5
Voltage 8 98 8 135 169

According to the present invention, in the specific example where N=9, the

uncompensated theoretical stroke is as follows:

5x9 Uncompensated Positions

Position 1 2 3 4 5 6 7 8 9

Voltage 80 89 98 107 116 125 |134 |143 |[152

It should be noted that the half steps are separated by 9V when the full strokes were
separated by 18V. If all of the combinations of dot positions were allowed, there would be 511
(2°-1) possible strokes, not including a blank stroke. Some of these theoretical strokes are shown

in Figure 6A, and the dot positions associated with these theoretical strokes are shown in Figure

6B.

However, in this specific example, due to electrostatic and aerodynamic interactions
between drops the minimum spacing between dots is two. Thus, the arrangements shown in
Figure 7A are acceptable, but the arrangements shown in Figure 7B are not permitted because
they have dots in consecutive locations. Such strokes are identified as invalid and cannot be used.
The example then simplifies into 88 allowable strokes, not including a blank stroke. For example,

the theoretical stroke of the first column of the character "5" shown in Figure 3B would be:

5x9 Uncompensated Example Stroke

Position 1 2 3 4 5 6 7 8 9

Voltage 80 8 8 8 116 |8 134 |8 152

For reference, Figure 8 shows the number of different strokes for three different font sizes.

The first column shows the number of strokes for a font in its normal form. The second column
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shows the number of possible strokes of size N=2n-1. The third column shows the actual number
of strokes with virtual stroke size N=2n-1 with the limitation that the number of drops used must
be less than or equal to n and two consecutive virtual dot positions cannot be used. These strokes

need to be mapped onto the n available drops for printing that stroke.

A general method for performing this mapping was discussed above. In the present
example, where N=2n-1 and the virtual stroke is uniformly spaced, the mappings can be
calculated as discussed above. That is to say, odd numbered virtual positions 2i-1 and even
numbered positions 2i, where 1 is a positi\?e integer are mapped onto printable drop i. For
example, virtual dots 3 and 4 are both mapped onto printable drop 2. As both of these virtual dots
can never both be used on a single stroke, there will never be any contention over which virtual
dot uses which drop. It is straightforward to show that this mapping will always produce the

closest approximation to a set of parallel straight lines for each of the columns.
Using this specific mapping, a table of uncompensated strokes can be calculated. The first
6 and the last 5 allowable strokes are shown in Figure 9. In this example, the uncompensated

stroke is as follows:

5x9 Mapped but uncompensated Example Stroke

Position 1 2 3 4 5

Voltage 80 8 116 134 152

Standard compensation trials are then performed to produce a table of compensated
strokes as shown in Figure 10. In the present example, the following compensated stroke might
be obtained:

5x9 Mapped and compensated Example Stroke

Position 1 2 3 4 5

Voltage | 80 8 120 153 172
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Fonts can be stored as sets of values representing entries in the table in Figure 10. In this
case, there are only 88 entries in the table, so a 7-bit value could be used to represent each of the
entries. This is a very space efficient way of storing the fonts. Alternatively, a binary
representation of the virtual stroke can be used as the key to access the associated compensated
stroke. For example, consider stroke number 5 in Figure 6. The 8's are non-print drops or 0's in
the binary sequence and other charge voltages are print drops or 1's in a binary sequence. Thus,
the binary sequence is 000000101, according to the convention that printing is from left to right
and from least significant bit to most significant bit. A table of mappings from the binary value
to the compensated stoke table could be provvided. Alternatively, a table with an entry for each
virtual stroke could be provided, whether or not the stroke is allowable, as shown in Figure 11.
If the software receives binary sequence 000000101 or decimal 5, it picks stroke #5 from the table
in Figure 11. For strokes which are not allowable, an appropriate dummy set of values is entered
into the table. These strokes are indicated in the right hand column of the table in Figure 11. This
way, if for any reason an invalid stroke is selected for printing, rather than an error occurring, an

appropriate stroke can be printed which will be similar to the stroke intended.

It should be noted that the example of n=5 and N=9 is selected arbitrarily as it is a font
size generally used in the art, but any font with column height N=2n-1, such as a 5x7 font with
a virtual column of height 13 would operate in precisely the same manner with the same
mappings as in the above example. As discussed above, any font of size N>n, such as a 5x5 font

with a virtual colurmn height of 6 could also be used when appropriate.
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CLAIMS:

1. A method of printing using a continuous ink jet printer, wherein said printer projects drops
toward a substrate moving in a first direction and deflects each drop in a second direction by
applying a charge to said drop and passing said drop through a substantially uniform electric field,
said method comprising the steps of: generating a raster pattern comprising columns of N
positions each column, and selecting only n of said N positions as active positions in each
column, where n< N; forming a stroke of n drops corresponding to each column; and charging
the n drops in each stroke such that the drops follow a trajectory that intercepts the substrate to

mark it at positions corresponding to said selected active positions in the corresponding column.

2. A method according to Claim 1 wherein N=n+i(n-1) where i is a positive integer.

3. A method according to Claim 1 wherein N= i.n where i is an integer greater than 1.

4. A method according to Claim 2 wherein i=1.

5. A methbd according to Claim 3 wherein i=2.

6. A method according to any one of the preceding claims wherein two consecutive active

positions in each said column are separated by at least one inactive position.

7. A method according to Claim 6 when dependent on Claim 4 wherein positions 2k and 2k-
1 in each column are mapped to drop number k in the corresponding stroke, where 1<k< (N-1)/2,

and wherein position N in the column is mapped to drop number n.

8. A method according to Claim 6 when dependent on Claim 5 wherein positions 2k and 2k-

1 of N positions in each column are mapped to drop number k in the corresponding stroke, where
1<k<N/2.

9. A method according to any one of the preceding claims wherein said N positions are

substantially equally spaced.
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10. An apparatus arranged to sequentially print drops on a substrate according to a predefined
raster font comprising characters with a column height of N positions, only n of said N positions
being selected as active positions in each column, where n<N, said apparatus comprising: means
for moving said substrate (50) in a first direction; means (2, 4, 6) for forming strokes of n drops
corresponding to each column; and means (10, 20) for deflecting each drop in a second direction
by applying a charge to said drop and passing said drop through a substantially uniform electric
field, the n drops in each stroke being charged such that the drops are deflected to positions on

said substrate corresponding to said selected active positions in the corresponding column.
11. A method according to Claim 10 wherein N=n+i(n-1) where 1 is a positive integer.
12. A method according to Claim 10 wherein N=i.n where 1 is an integer greater than 1.
13. A method according to Claim 11 wherein i=1.

14. A method according to Claim 12 wherein i=2.

15. A method according to any one of Claims 10 to 14 wherein two consecutive active

positions in each said column are separated by at least one inactive position.

16.  Amethod according to Claim 15 when dependent on Claim 13 wherein positions 2k and
2k-1 in each column are mapped to drop number k in the corresponding stroke, where 1<k< (N-

1)/2, and wherein position N in the column is mapped to drop number n.

17. A method according to Claim 15 when dependent on Claim 14 wherein positions 2k and

2k-1 of N positions in each column are mapped to drop number k in the corresponding stroke,

where 1<k<N/2.

18. A method according to any one of Claims 10 to 17 wherein said N positions are

substantially equally spaced.
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Fig.6A.
Virtual dot position
Stroke# 1 2 3 4 5 6 7 8 9| Valid?
1]| 80 8 8 8 8 8 8 8/ 8|Yes
2 8| 89 8 8 8 8 8 8/ 8]Yes
3|l 80| 89 8 8 8 8 8 8 8|No
4 8 8| 98 8 8 8 8 8] 8]|Yes
5{f 80 8] 98 8 8 8 8 8 8}Yes
6 8| 89| 98 8 8 8 8 8 8|No
7|l 80| 89| 98 8 8 8 8 8 8|No
8 8 8 8| 107 8 8 8 8/ 8|Yes
9|l 80 8 8| 107 8 8 8 8 8|Yes
10 8| 89 81 107 8 8 8 8! 8lYes
| I I I I I I I | I |
I I I [ I I | I | I |
505| 80 8 8| 107| 116| 125| 134| 143| 152 | No
506 8| 89 8| 107 116] 125| 134| 143| 152 | No
507| 80| 89 8| 107| 116] 125 134| 143]| 152 | No
508 8 8] 98| 107| 116] 125| 134| 143| 152 | No
509( 80 8| 98| 107 116] 125| 134| 143} 152 | No
510 8| 89| 98| 107| 116] 125] 134| 143| 152 | No
511|| 80{ 89| 98| 107| 116| 125 134| 143| 152 | No
Fig.6B.
Virtual dot position
Stroke# 1 2 3 4 5 6 7 8 91| Valid?
1 1 0 0 0 0 0 0 0l OfYes
2 0 1 0 0 0 0 0 0 O]Yes
3 1 1 0 0 0 0 0 0l O|No
4 0 0 1 0 0 0 0 0l O]}Yes
5 1 0 1 0 0 0 0 0] O]Yes
6 0 1 1 0 0 0 0 0] O|No
7 1 1 1 0 0 0 0 0] O]|No
8 0 0 0 1 0 0 0 Ol OfVYes
9 1 0 0 1 0 0 0 0l O0]Yes
10 0 1 0 1 0 0 0 Of OlYes
I I | | | I I | I | |
I I I I I I | I | I |
505 1 0 0 1 1 1 1 1 11 No
506 0 1 0 1 1 1 1 1 1| No
507 1 1 0 1 1 1 1 1 1| No
508 0 0 1 1 1 1 1 1 1| No
509 1 0 1 1 1 1 1 1 1| No
510 0 1 1 1 1 1 1 1 1] No
511 1 1 1 1 1 1 1 1 1| No
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Fig.7A.
Permitted strokes (5x9)
Fig.7B.
Prohibited strokes (5x9)
Fig.8.
Font No. of strokes | No. of strokes with Allowable strokes with
virtual stoke N=2n-1 virtual stroke N=2n-1
5x5SL 31 511 88
5x7SL 127 8191 609
7x9SL 511 131071 4180
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Fig.9.
Drop No.

Stroke# 1 2 3 4 5

1 80 8 8 8 8

2 89 8 8 8 8

4 8 98 8 8 8

5 80 98 8 8 8

8 8 107 8 8 8

9 80 107 8 8 8

10 89 107 8 8 8
| | | | | [ |
[ | [ [ | | |
| [ | [ | I |
| | | | | I |
I I | I I I [
| | I | | I |
330 89 107 8 134 152

336 8 8 116 134 152

337 80 8 116 134 152

338 89 8 116 134 152

340 8 98 116 134 152

341 80 98 116 134 152

Fig.10.
Drop No.

Stroke# 1 2 3 4 5

1 79 8 8 8 8

2 89 8 8 8 8

4 8 98 8 8 8

5 80 109 8 8 8

8 8 107 8 8 8

9 80 118 8 8 8

10 89 120 8 8 8
I I I | | |
| | | I | I l
I I | | | I |
[ | | [ | | |
I | I I I I I
| | | | | | |
330 90 121 8 139 170

336 8 8 118 153 171

337 80 8 120 153 172

338 90 8 121 153 172

340 8 99 132 154 172

341 80 112 134 155 172
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Fig.11
Drop No.
Stroke# 1 2 3 4 5| Dummy?
1 8 8 8 8 8
2 89 8 8 8 8
3 80 8 8 8 8| Dummy
4 8 98 8 8 8
5 80 109 8 8 8
6 90 100 8 8 8| Dummy
7 80 100 8 8 8| Dummy
8 8 107 8 8 8
9 80 118 8 8 8
10 89 120 8 8 8
I I | I | |
I I I I I | |
330 90 121 8 139 170
331 80 110 8 140 160| Dummy
332 8 100 8 140 160| Dummy
333 80 100 8 140 160 Dummy
334 90 100 8 140 160{ Dummy
335 80 100 8 140 160| Dummy
336 8 8 118 153 171
337 80 8 120 153 172
338 90 8 121 153 172
339 80 8 120 140 160| Dummy
340 8 99 132 154 172
341 80 112 134 155 172
| | | | I I | 1
I | I I | | I |
500 8 100 120 140 160| Dummy
501 80 100 120 140 160|{ Dummy
502 90 100 120 140 160| Dummy
503 80 100 120 140 160| Dummy
504 8 110 120 140 160| Dummy
505 80 110 120 140 160| Dummy
506 90 110 120 140 160| Dummy
507 80 110 120 140 160{ Dummy
508 8 100 120 140 160| Dummy
509 80 100 120 140 160| Dummy
510 90 100 120 140 160| Dummy
511 80 100 120 140 160| Dummy
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