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APPARATUS AND METHOD FOR
CONTROLLING RECORDING AND SHEE'T
CONVEYING BASED ON RECORDING
SCANS AND SHEET POSITION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE

This is an application for reissue of U.S. Pat. No. 7,764,
359, and claims benefit under 35 U.S.C. 120 and 121 as a
divisional of U.S. patent application Ser. No. 13/559,550,
which is also an application for reissue of U.S. Pat. No.

/,764,359.

Notice: More than one reissue application has been filed

for the reissue of U.S. Pat. No. 7,764,389. The reissue appli-
cations arve U.S. patent application Ser. No. 13/559,550 and
the present application, which is a divisional reissue appli-
cation of reissue U.S. patent application Ser. No. 13/559,550.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to recording apparatuses
(e.g., ink-1et recording apparatuses) for recording (e.g., form-
ing 1mages ) using recording heads, and relates to methods for
controlling the apparatuses.

2. Description of the Related Art

Mechanisms such as ink-jet recording apparatuses that
convey sheets usually include line feed (LF) rollers (convey-
ing rollers) and eject rollers. When the mechamisms convey
sheets, the LF rollers are used as main conveying units and the
eject rollers are used as auxiliary conveying units.

The LF rollers are disposed upstream 1n a direction in
which sheets are conveyed (conveying direction), and the
eject rollers are disposed downstream 1n the conveying direc-
tion. Recording heads scan over areas between the LF rollers
and the eject rollers. Therelore, areas corresponding to areas
scanned by the recording heads while the sheets are engaged
by the LF rollers and the eject rollers are referred to as
“recording areas”.

Furthermore, areas corresponding to areas scanned by the
recording heads while the sheets are engaged by only the eject
rollers are also referred to as “recording arecas™. That 1s, a
recording 1s also made 1n areas adjacent to the trailing ends of
the sheets.

In order to make up for a reduction in conveying accuracy
during recording of the trailing ends of the sheets, a technol-
ogy described 1n Japanese Patent Laid-Open No. 2004-
230817 reduces the number of nozzles of a recording head to
be used and the conveying amount of a sheet per scan when a
recording 1s made 1n areas adjacent to the trailing ends of the
sheet.

FIG. 9 1llustrates the positional relationship among a con-
veying roller 136, a pinch roller 137, and the trailing end of a
sheet. In FI1G. 9, the sheet 1s fed from right to left. Each arrow
indicates a conveying operation. The end points of the arrows
indicate the positions of the trailing end of the sheet after the
conveying operations, and the start points of the arrows indi-
cate the positions of the trailing end of the sheet before the
conveying operations. An area between A and B shown 1n
FIG. 9 1s referred to as an “unstable stop area” where the
position of the trailing end of a sheet that has stopped in this
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area 1s not stabilized. FIG. 9 illustrates two types of conveying
sequences. In Sequence (1), the sheet 1s conveyed by a con-

veying amount of P/8 in areas other than the unstable stop
area. Furthermore, 1n Sequence (1), the sheet 1s conveyed by
a conveying amount of 3P/8 such that the trailing end of the
sheet does not stop 1n the unstable stop area. In Sequence (2),
the sheet 1s conveyed by a conveying amount of P/8 1n all
areas. In this case, the trailing end of the sheet stops in the
unstable stop area two times.

In Sequence (1), the conveying amount per conveying
operation 1s small. This leads to increases in the number of
times scanning 1s performed by the recording head and 1n the
number of conveying operations, resulting in a reduction in
throughput 1n recording operations.

In Sequence (2), the trailing end of the sheet stops 1n the
unstable stop area two times. Therefore, the conveying
amount in the unstable stop area becomes different from that
in areas other than the unstable stop area, resulting 1n a reduc-
tion 1in 1mage quality.

SUMMARY OF THE INVENTION

An embodiment of the present mvention 1s directed to a
recording apparatus capable of stopping the trailing end of a
sheet 1n a predetermined range when the trailing end of the
sheet passes through a conveying roller during recording.

According to an aspect of the present invention, an embodi-
ment 1s directed to a recording apparatus for forming images
using a recording head scanning over a predetermined area on
a sheet N times. The recording apparatus includes a feeding
roller configured to convey the sheet disposed on a stacking
unit; a conveying roller configured to turther convey the sheet
fed by the feeding roller; a conveyance control unit config-
ured to control drive of the conveying roller each time scan-
ning 1s performed by the recording head; and a recording
control unit configured to control a first recording 1n which
the scanming 1s performed N times by selecting recording
clements of the recording head until a trailing end of the sheet
reaches a predetermined position defined between the feeding
roller and the conveying roller, and configured to control a
second recording 1n which the scanning 1s performed N times
using a part of the recording elements of the recording head
after the trailing end of the sheet reaches the predetermined
position. The conveyance control unit performs a conveying
operation a number of times based on the value of N after the
trailing end of the sheet reaches the predetermined position
such that the trailing end of the sheet 1s disposed 1n a first
range remote from and upstream of the conveying roller 1n a
direction 1n which the sheet 1s conveyed after the conveying
operations. At least one of the conveying operations per-
formed a number of times based on the value of N is per-
tormed based on a distance from a position of the trailing end
of the sheet to the position of the conveying roller.

According to another aspect of the present invention, an
embodiment 1s directed to a method for controlling a record-
ing apparatus for forming images using a recording head
scanning over a predetermined area on a sheet N times. The
recording apparatus includes a feeding roller configured to
convey the sheet disposed on a stacking unit and a conveying
roller configured to further convey the sheet fed by the feed-
ing roller. The method includes controlling drive of the con-
veying roller each time scanning 1s performed by the record-
ing head; and controlling a first recording in which the
scanning 1s performed N times by selecting recording ele-
ments of the recording head until a trailing end of the sheet
reaches a predetermined position defined between the feeding
roller and the conveying roller, and controlling a second
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recording 1n which the scanning 1s performed N times using a
part of the recording elements of the recording head atter the
trailing end of the sheet reaches the predetermined position.
The dnive of the conveying roller 1s controlled so as to perform

a conveying operation a number of times based on the value of

N after the trailing end of the sheet reaches the predetermined
position such that the trailing end of the sheet 1s disposed in a
first range 1including the position of the conveying roller and
upstream of the conveying roller 1n a direction 1n which the
sheet 1s conveyed after the conveying operations. At least one
of the conveying operations performed a number of times
based on the value of N 1s performed based on a distance from
a position of the trailing end of the sheet to the position of the
conveying roller.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view ol a recording apparatus
according to an embodiment of the present invention.

FIG. 2 1s a cross-sectional view of the recording apparatus
according to an embodiment of the present invention.

FIG. 3 1s a cross-sectional view of conveying mechanisms
of the recording apparatus according to an embodiment of the
present invention.

FI1G. 4 1llustrates a sequence of conveyance control accord-
ing to an embodiment of the present invention.

FI1G. 5 15 a control flow of a recording operation according,
to an embodiment of the present invention.

FIG. 6 1s a control flow of a conveying operation according,
to an embodiment of the present invention.

FI1G. 7 1llustrates areas of nozzles of a recording head used
for recording and conveying amounts of a sheet according to
an embodiment of the present invention.

FIG. 8 illustrates the areas ol nozzles of the recording head
used for recording and the conveying amounts of the sheet
according to an embodiment of the present invention.

FI1G. 9 1llustrates sequences of conveyance control accord-
ing to a known technology.

FIG. 10 1s a control block diagram of the recording appa-
ratus according to an embodiment of the present invention.

FIG. 11 1llustrates a state where a conveying operation 1s
stopped according to an embodiment of the present invention.

FIG. 12 1llustrates another sequence of the conveyance
control according to an embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

An exemplary embodiment of the present invention waill
now be described 1n detail with reference to the drawings.

FI1G. 1 1s a perspective view of a recording apparatus (1nk-
jet recording apparatus) for making a recording (e.g., forming,
images) on sheets (recording media) by using a recording
head 71 1n a main scanming direction. The recording head 71
1s installed 1n a carriage 50. A carriage motor 54 drives the
carriage 50 to scan. The recording apparatus also includes
conveying mechanisms for conveying the sheets 1 a sub
scanning direction (described below).

The recording apparatus forms 1mages on sheets by, for
example, repeating conveyance of the sheets by a predeter-
mined conveying amount and scanning performed by the
carriage having the recording head installed therein.

FI1G. 2 1s a cross-sectional view of the recording apparatus.
The recording apparatus includes a conveying roller 36, eject
rollers 40 and 41, and a feeding roller 80. The feeding roller
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80 picks up a sheet from a paper feeding tray disposed 1n a
lower portion of the apparatus. The sheet picked up by the
feeding roller 80 1s conveyed to the conveying roller 36 via a
first intermediate roller 81 and a second intermediate roller
82. The conveying path during these operations 1s U-shaped
when viewed 1n section as shown 1n FIG. 2. The sheet 1s
turther conveyed by the conveying roller 36 and the e¢ject
rollers. An1image 1s formed on the sheet in an area between the
conveying roller 36 and the eject roller 40.

FIG. 3 1s a cross-sectional view of the conveying mecha-
nisms of the recording apparatus. The driving force of a DC
motor 35 1s transmitted to a pulley 361 disposed on the shaft
of the conveying roller 36 via a timing belt 39 so as to drive the
conveying roller 36.

Moreover, a code wheel 362 used for detecting the convey-
ing amount by the conveying roller 36 1s disposed on the shaft
of the conveying roller 36. An encoder sensor 363 for reading
out marks on the code wheel 362 1s disposed on a chassis
adjacent to the code wheel 362. In FIG. 3, the sheet 1s con-
veyed from left to right.

The drive of the conveying roller 36 1s transmitted to the
eject roller 40 via an idler gear 45. A code wheel 402 used for
detecting the conveying amount by the eject roller 40 1s dis-
posed on the shatt of the eject roller 40, and an encoder sensor
403 for reading out marks on the code wheel 402 1s disposed
on the chassis adjacent to the code wheel 402.

As shown 1n FIG. 11, the conveying roller 36 and a pinch
roller 37 form a nip line N. A position A 1s located upstream
of the nip line 1n the conveying direction, and 1s separated
from the mip line by a distance L1. A position B 1s located
downstream of the mip line 1n the conveying direction, and
separated from the nip line by a distance 2. The distances L1
and .2 are determined in accordance with the diameters,
materials, and positions of the conveying roller 36 and the
pinch roller 37, the thickness of the sheet, and the like. Herein,
the position A 1s a downstream boundary of an area where the
sheet can stably stop when the trailing end of the sheet stops
in this area. On the other hand, the position B 1s a downstream
boundary of an area where the sheet cannot stably stop.

Next, FIG. 4 illustrates a tlow of a conveying sequence
before and after a sheet passes through the conveying roller.
FIG. 4 illustrates a one-pass recording mode 1n which the
recording head scans over a predetermined area on a sheet
only one time so as to form an 1mage in the predetermined
area.

FIG. 4 shows positions of the trailing end of the sheet on a
conveying path and conveying amounts of the sheet during
conveying operations. As 1n FI1G. 9, each arrow indicates one
conveying operation. Marks I, , F,, and F, indicate conveying
operations by predetermined conveying amounts. In FI1G. 4, a
control unit changes the conveying amount for every convey-
ing operation such that the trailing end of the sheet stops 1n
areas other than the unstable stop area (between the positions
A and B).

In FIG. 4, the conveying operation F, 1s performed 1n a
normal feed area. When the conveying operation F, 1s per-
formed two more times atiter a page end (PE) sensor detects
the trailing end of the sheet, the trailing end of the sheet
reaches a position C. The position C 1s a predetermined posi-
tion on the conveying path. When the trailing end of the sheet
reaches the position C or a position downstream of the posi-
tion C 1n the conveying direction, the control unit performs
the conveying operation I, on the basis of the distance
between the position A and the position of the trailing end of
the sheet.

This conveying operation F  allows the trailing end of the
sheet to reliably stop 1n a predetermined area (predetermined
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range) on the conveying path having a width a located
upstream of the position A 1n the conveying direction after the
subsequent conveying operation F, 1s performed four times
(FI1G. 4).

When the trailing end of the sheet stops 1n this predeter-
mined area (predetermined range), the trailling end of the
sheet can pass through the unstable stop area and can stop 1n
a stable stop area located downstream of the position B by
conveying the sheet by a conveying amount corresponding to
the distance AB+a.

Thus, the conveying operation i1s controlled by, for
example, controlling the distance from the position of the
trailing end of the sheet to the position A using the informa-
tion of the encoder after the PE sensor detects the trailing end
of the sheet.

The conveying sequence 1s not limited to that shown in
FIG. 4. Another conveying sequence will now be described
with reference to FIG. 12. FIG. 12 illustrates a three-pass
recording mode 1n which the recording head scans over a
predetermined area on a sheet three times so as to form an
image 1n the predetermined area. Conveying operations per-
tormed in the three-pass mode are represented asF, ,F, ,and
F__ so as to be distinguishable from those in the one-pass
mode.

When the trailing end of the sheet that has been conveyed
during the conveying operations F,  reaches the position C
(or a position downstream of the position C 1n the conveying
direction (left side)), the conveying operation F, 1s per-
formed three times, and then the conveying operation F_ 1s
performed one time. The number of executions of the con-
veying operation F, corresponds to the number of times
scanning 1s performed by the recording head 1n the recording
mode, 1.e., three herein. Therefore, the number of executions
of the conveying operation 1n this area becomes four 1n a
four-pass recording mode.

The number of nozzles used for a scan (or the number of
times scanning 1s performed over a predetermined area on the
sheet) and the above-described information on the conveying
amount by which the sheet 1s conveyed during one conveying
operation for each recording mode are retained 1n a memory
ol the recording apparatus. A CPU 100 controls the recording
operation and the conveying operation on the basis of the
recording mode. Thus, the trailing end of the sheet can pass
through the unstable stop area regardless of the recording
mode.

FIG. 5 1s a control flow of recording on a sheet 1n the
recording apparatus. A sheet 1s fed in Step S1, and the record-
ing head scans over the sheet 1n Step S2. The sheet 1s con-
veyed 1n Step S3. In Step S4, 1t 1s determined whether or not
a recording of one page 1s finished. For example, 1t 1s deter-
mined whether or not all the data sent from a host 1s recorded.
When 1t 1s determined that the recording of one page 1s fin-
ished, the process proceeds to Step S5. On the other hand,
when 1t 1s determined that the recording i1s not finished, the
process returns to Step S2. The sheet 1s ¢jected 1n Step S5.

FIG. 6 1s a control tlow of a conveying operation performed
by the recording apparatus. This flow 1s conducted for every
conveying operation. Herein, the conveying operation F, 1s
performed at the beginning. In order to simplily explanation,
the process of scanning performed by the recording head 1s
omitted. The sheet 1s conveyed 1 Step S11. When FIG. 4 1s
taken for instance, the conveying operation performed 1n Step
S11 can be selected from any of F,, F5, and I instead of F, .
In Step S12, 1t 1s determined whether or not the trailing end of
the sheet has passed through the position of the PE sensor
lever. When 1t 1s determined that the trailing end of the sheet
has passed through the position of the PE sensor lever 1n Step

10

15

20

25

30

35

40

45

50

55

60

65

6

S12, the process proceeds to Step S13. The conveying opera-
tion F, 1s performed until 1t 1s determined that the trailing end
of the sheet has passed through the position of the PE sensor
lever 1in Step S12, and the process ends without performing
Step S13 or later. When 1t 1s necessary to acquire the position
of the trailling end of the sheet on the conveying path, the
encoder provided for the conveying roller can be used.

In Step S13, it 1s determined whether or not the trailing end
of the sheet has passed through the position C by the con-
ducted conveying operation as shown 1n FI1G. 4 on the basis of
the information on the position of the trailing end of the sheet.
When 1t 1s determined that the trailing end of the sheet has
passed through the position C, the process proceeds to Step
S14. In Step S14, the conveying amount during the conveying,
operationF 1s acquired. The process in Step S14 1s performed
only one time while a sheet 1s conveyed. After the conveying
operation F | 1s performed one time, the process proceeds to
Step S135 regardless of the position of the trailing end of the
sheet. In Step S13, it can be further determined whether or not
the conveying operation F_ has been performed.

On the other hand, when it 1s determined that the trailing
end of the sheet has not passed through the position C or the
conveying operation I has been performed 1n Step S13, the
process proceeds to Step S15. In Step S15, the conveying
amount 1s acquired on the basis of the information on the
position of the trailing end of the sheet.

In Step S14, the distance from the position of the trailing
end of the sheet to the position A 1s divided by a line feed
amount (), and the conveying amount during the conveying
operation F  1s determined on the basis of the remainder.
Instead of the above-described method 1n which arithmetic
processing 1s performed, a table of information on conveying
amounts can be prepared in advance. Specifically, a table of
conveying amounts during the conveying operation F_ based
on the distances from the positions of the trailing end of the
sheet to the position A and the line feed amount Q 1s retained
in the memory 1n advance. The value of the conveying amount
can be acquired from this table on the basis of the information
on the distance from the position of the trailing end of the
sheet to the position A.

As described above, the CPU 100 controls the conveying
amount and the nozzles of the recording head to be used on
the basis of the information on the position of the trailing end
ol the sheet or on the distance from the position of the trailing
end of the sheet to the position A. In order to realize the
above-described control, atable of conveying amounts during
the conveying operations F, F,, F,, and F  corresponding to
the information on the positions of the trailing end of the sheet
and a table of information on the number and positions of the
nozzles used for recording, for example, can be prepared.

FIG. 7 1s a conceptual diagram 1llustrating the relationship
among the position of the trailing end of the sheet on the
conveying path, the conveying amount during a conveying
operation, which are described with reference to FIGS. 4 and
12, and the number of nozzles of the recording head (nozzle
row) to be used when a multi-pass recording 1s performed.
FIG. 7 1llustrates the relative positional relationship between
the sheet and the recording head. In the actual apparatus, the
sheet 1s moved in the conveying direction, 1.e., the recording
head 1s not moved 1n the conveying direction. However, 1t 1s
assumed that the position of the recording head 1s changed 1n
the conveying direction 1 FIG. 7 for ease of explanation.

InFI1G. 7, the length of the nozzle row of the recording head
(or the number of nozzles 1n the nozzle row) 1s defined as P.
The slender rectangles each indicate a nozzle row. Herein, the
rectangles are sectioned into three or four blocks. The shaded
areas 1ndicate areas in use, and unshaded areas indicate
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unused areas. Lower portions of the rectangles are located
downstream in the conveying direction, and upper portions of
the rectangles are located upstream in the conveying direc-
tion.

In FIG. 7, a three-pass recording 1s performed. At first, all
the nozzles are used for recording. However, the number of
unused nozzles 1s increased to P/8, 3P/16, or P/4 as the record-
ing operation proceeds. This 1s because the positions of the
nozzles to be used are shifted when a recording 1s made on the
trailing end portion of the sheet.

Numbers 71 to 77 each indicate a conveying operation, and
the conveying operations 71 to 77 are performed 1n order.

Moreover, the conveying amounts during the conveying
operations 71 to 73 are setto 6P/16 or 5P/16. That1s, when the

conveying amounts during the three conveying operations 71
to 73 are 6P/16, 5P/16, and 5P/16, respectively, the total
conveying amount becomes equal to the length P of the nozzle
row.

As described above, after the trailing end of the sheet 1s
detected by the PE sensor, the number of nozzles used for
recording 1s reduced in accordance with the progress of the
sheet.

In an exemplary embodiment, the number of nozzles 1n the
nozzle row 1s 512, for example. When the number of nozzles
to be used 1s limited to 34, the number of nozzles to be used
becomes 384.

In the three-pass recording, the conveying amount during,
one conveying operation in an area where the number of
nozzles 1s limited (nozzle limited area) becomes P/4 (=128
nozzles).

The conveying amounts during the conveying operations
71 to 73 each correspond to that during the conveying opera-
tion F, shown in FIG. 12. The conveying amount of P/4
during the conveying operations 74 to 77 corresponds to that
during the conveying operation F, _ shown 1n FIG. 12. In this
manner, the conveying amounts 1n an exemplary embodiment
can be increased as compared with that of P/8 during the
conveying operation in the known technology described
above. In FIG. 7, the conveying amount during the conveying
operation F _ (described below) 1s set to P/4.

FIG. 8 1llustrates the conveying amounts before and after
the trailing end of the sheet passes through the unstable stop
area and the nozzles of the recording head to be used 1n the
one-pass recording mode.

The processes shown 1n FIG. 8 proceed from top to bottom.
The recording operation on the sheet will be described from
the middle of the flow for ease of explanation. Herein, for
example, processes after the trailing end of the sheet reaches
the position C on the conveying path shown in FIG. 4 will be
described. A sequence of the recording operations and the
conveying operations 1s described. This sequence 1s per-
formed from Process R1 1n order.

First, a recording operation using the first to three hundred
eighty-fourth nozzles 1n the nozzle row downstream in the
conveying direction 1s performed (Process R1). A mark P,,
indicates Nth scanning by the recording head over the sheet.
Next, a conveying operation by a conveying amount of Q+q 1s
performed (Process R2). This conveying operation corre-
sponds to the conveying operation F, shown in FIG. 4, and the
conveying amount during this conveying operation corre-
sponds to the length of 416 nozzles. Next, a recording opera-
tion using 384 nozzles from the thirty-third nozzle 1n the
nozzle row downstream in the conveying direction 1s per-
formed (Process R3). The number of nozzles to be used is not
changed. However, the nozzles to be used are changed. A
mark P, , indicates (N+1 )th scanning by the recording head.
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Next, a conveying operation by a conveying amount of Q 1s
performed (Process R4). This conveying operation corre-
sponds to the conveying operation F, shown in FIG. 4, and the
conveying amount during this conveying operation corre-
sponds to the length of 384 nozzles. After this, the recording
operation using the 384 nozzles from the thirty-third nozzle
and the conveying operation by the conveying amount of Q
are repeated. Subsequently, the recording operation using the
384 nozzles from the thirty-third nozzle 1s performed ((N+m)
th scanning; Process RS). Next, a conveying operation by a
conveying amount of R 1s performed (Process R6). This con-
veying operation corresponds to the conveying operation F,
shown 1 FIG. 4. Next, a recording operation using 384
nozzles from the sixty-fifth nozzle in the nozzle row down-
stream 1n the conveying direction 1s performed (Process R7).
Since the conveying amount of R 1s larger than that during the
conveying operation F,, the difference 1s adjusted by chang-
ing the nozzles to be used for recording.

As a postscript, the position of the trailing end of the sheet
1s detected and the information on the distance from the
position of the trailing end of the sheet to the position of the
conveying roller 36 1s acquired every conveying operation.
The subsequent conveying operation 1s performed using the
conveying amount based on the acquired information on the
distance.

In FIG. 8, the one-pass recording mode 1s described, and
the number of nozzles to be used 1s 384. In a three-pass
recording mode, one third o1 384 nozzles, 1.e., 128 nozzles are
used for recording. Moreover, the conveying amount during
the conveying operation F, becomes the length correspond-
ing to 128 nozzles, and the conveying amount during the
conveying operation F,_ becomes the length corresponding to
160 nozzles (=128+32).

In this exemplary embodiment, the conveying amounts are
selected from any of QQ, Q+q, Q+2q, and Q+3q on the basis of
the distance to the conveying roller 36 (or distance to the
position A shown in FIG. 4). As described with reference to
FIG. 6, the distance 1s divided by the line feed amount Q so as
to determine the remainder. The conveying amount during the
conveying operation F  1s determined from this remainder 1n
units of g=Q/4, for example. The conveying amounts can be
determined from a table of conveying amounts corresponding
to the distances from the positions where (the trailing end of)
a recording sheet stops to the position of the conveying roller
36.

The position of the trailing end of the recording sheet when
the conveying operation F, 1s started can be controlled by
adjusting the conveying amount during the conveying opera-
tion F . With this, the trailing end of the recording sheet can be
reliably prevented from stopping 1n the unstable stop area.

Next, the above-described control flow will be brietly
described. First, when the trailing end of a sheet that 1s being
conveyed 1s detected by the PE sensor, the number of nozzles
to be used 1s gradually reduced for every recording operation
while the recording operations and the conveying operations
are performed (for example, the number of nozzles to be used
1s gradually reduced to 384). After the number of nozzles 1s
reduced to a desired value, a conveying amount during an
adjustment feed 1s acquired on the basis of the distance from
the position where (the trailing end of) the recording sheet
stops to the position of the conveying roller 36. Subsequently,
the conveying operation F | (adjustment feed by the conveying
amount of Q+q; see Process R2 in FIG. 8) 1s performed on the
basis of the acquired conveying amount (for example, one
time). After this, the conveying operation F, by a conveying
amount corresponding to the number of nozzles to be used
(384; conveying amount of Q; see Process R4 in FIG. 8) 1s
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performed. However, when the conveying operation for pass-
ing through the nmip formed by the conveying roller 36 is
required, the conveying operation F; (conveying amount of R;
see Process R6 1n FI1G. 8) 1s performed. The recording opera-
tion after the conveying operation F 1s performed by chang-
ing the positions of nozzles to be used (see Process R7 1n FIG.
8). After this, the conveying operation F, (conveying amount
of Q; see Process R8 1n FIG. 8) by the conveying amount
corresponding to the number of nozzles to be used (384) and
the recording operation using the nozzles shown 1n Process
R7 in FIG. 8 are performed. In this manner, the control of the
conveying amount and the selection of the nozzles to be used
are performed after the trailing end of the sheet 1s detected by
the PE sensor.

FIG. 10 1s a control block diagram of the recording appa-
ratus according to this exemplary embodiment. The CPU 100
executes control programs stored 1 a ROM 101, and per-
forms the programs in accordance with, for example, the
control flows shown 1n FIGS. 5 and 6. Moreover, the ROM
101 also stores the above-described data of the conveying
amounts. A RAM 102 1s a working memory. A motor driver
104 drives the DC motor 35. A motor driver 105 drives a DC
motor 54. An ASIC 103 processes mformation output from
the encoder sensors 363 and 403. The conveying operations
are performed by controlling the DC motor 35.

According to the above-described structure, 1t 1s not nec-
essary to reduce the conveying amount of a sheet in the nozzle
limited area and the number of nozzles to be used beyond
necessity. Therefore, throughput during the recording opera-
tions can be increased.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
modifications, equivalent structures and functions.

This application claims the priority of Japanese Applica-
tion No. 2006-2267701 filed Aug. 23, 2006, which 1s hereby
incorporated by reference herein 1n 1ts entirety.

What 1s claimed 1s:

[1. A recording apparatus for forming images using a
recording head scanning over a predetermined area on a sheet
N times, the recording apparatus comprising;:

a feeding roller configured to convey the sheet disposed on

a stacking unit;

a conveying roller configured to further convey the sheet
fed by the feeding roller;

a conveyance control unit configured to control drive of the
conveying roller each time scanning 1s performed by the
recording head; and

a recording control unit configured to control a first record-
ing 1n which the scanning 1s performed N times by
selecting recording elements of the recording head until
a trailing end of the sheet reaches a predetermined posi-
tion defined between the feeding roller and the convey-
ing roller, and configured to control a second recording
in which the scanning is performed N times using a part
of the recording elements of the recording head after the
trailing end of the sheet reaches the predetermined posi-
tion,

wherein the conveyance control unit performs a conveying
operation anumber of times based on the value of N after
the trailing end of the sheet reaches the predetermined
position such that the trailing end of the sheet 1s disposed
in a {irst range remote from and upstream of the convey-
ing roller in a direction 1n which the sheet 1s conveyed
aiter the conveying operations, and
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wherein at least one of the conveying operations performed
a number of times based on the value of N 1s performed
based on a distance from a position of the trailing end of
the sheet to the position of the conveying roller.]
[2. The recording apparatus according to claim 1, further
comprising a detection unit disposed between the feeding
roller and the conveying roller on a conveying path and con-
figured to detect the trailing end of the sheet.]
[3. The recording apparatus according to claim 1, wherein
the trailing end of the sheet 1s conveyed to a second range
downstream of the conveying roller 1n the direction 1n which
the sheet 1s conveyed by a conveying operation performed
after the trailing end ofthe sheet is disposed in the first range. }
[4. A method for controlling a recording apparatus for
forming 1mages using a recording head scanning over a pre-
determined area on a sheet N times, the recording apparatus
including a feeding roller configured to convey the sheet
disposed on a stacking unit and a conveying roller configured
to further convey the sheet fed by the feeding roller, the
method comprising:
controlling drive of the conveying roller each time scan-
ning 1s performed by the recording head; and

controlling a first recording 1n which the scanning 1s per-
formed N times by selecting recording elements of the
recording head until a trailing end of the sheet reaches a
predetermined position defined between the feeding
roller and the conveying roller, and controlling a second
recording in which the scanning i1s performed N times
using a part of the recording elements of the recording
head after the trailing end of the sheet reaches the pre-
determined position,

wherein the drive of the conveying roller 1s controlled so as

to perform a conveying operation a number of times
based on the value of N after the trailing end of the sheet
reaches the predetermined position such that the trailing
end of the sheet 1s disposed 1n a first range 1including the
position of the conveying roller and upstream of the
conveying roller in a direction in which the sheet 1s
conveyed alfter the conveying operations, and

wherein at least one of the conveying operations performed

a number of times based on the value of N 1s performed
based on a distance from a position of the trailing end of
the sheet to the position of the conveying roller.]

5. A recording apparatus comprising:

a recording unit configured to form an image on a sheet;

a pair of rollers, providing a nip portion therebetween,

configured to convey the sheet along a path;

a driving unit configured to drive one of the pair of rollers;

a detection unit configured to detect a trailing end of the

sheet conveyed with the pair of rollers, and

a control unit configured to control the driving unit such

that the sheet is conveved by a plurality of conveying
steps each having a predetermined conveyance distance
and conveyed by one conveying step which causes the
trailing end of the sheet to skip an unstable area, the
unstable area including the nip portion,

wherein the control unit varies the predetermined convey-

ance distance for at least one of the plurality of the
conveying steps based on a detection of the detection
unit, so that the trailing end of the sheet conveyed by a
last conveying step of the plurality of the conveying steps
Just before the one conveying step stops in an upstrveam
portion of the path which lies adjacent to the unstable
area and has a length shorter than the predetermined
conveyance distance in a divection of the path.

6. The recording apparatus accorvding to claim 3, wherein
the control unit varies the predetermined conveyance amount




US RE44,938 E

11

based on a position of an upstream edge of the unstable area
and information about the trailing end of the sheet detected by
the detection unit.

7. The recording apparatus according to claim 5, wherein
the control unit varies the predetermined conveyvance amount 5
based on a distance between the unstable area and a position
of the trailing end of the sheet.

8. The recording apparatus according to claim 5, wherein
a conveyance distance by the one conveying step to skip the
unstable avea is equal to ov movre than a sum of distances of 10
the unstable area and the upstream portion along the path.

9. The recording apparatus according to claim 5, wherein
the control unit varies the predetermined conveyance dis-
tance by selecting from a data table of a plurality of conveying
distances.

10. The recording apparatus accorvding to claim 5, wherein
the unstable area lies both upstream and downstream of the
nip portion along the path.

11. The recording apparatus accorvding to claim 5, wherein
the length of the unstable area is determined based on at least
one of sizes, materials and positions of the pair of vollers, and
thickness of the sheet.

12. The recording apparatus accovding to claim 5, wherein
each of the conveyving steps and vecording of a part of the
image with the recording unit are performed alternatively.

[3. The recording apparatus according to claim 12,
wherein the recording unit forms the part of the image having
a width corresponding to the conveyance distance.

14. The recording apparatus according to claim 12,
wherein the recovding unit comprises a recovding head, and a
carriage mounting the recovding head to veciprocate perpen-
dicular to the dirvection of the path.

135. The recording apparatus according to claim 14,
wherein the recovding head is an inkjet type.

16. A sheet conveying apparatus comprising:

a pair of rollers, providing a nip portion thervebetween,

configured to convey the sheet along a path;

a driving unit configured to drvive one of the pair of vollers;

a detection unit configured to detect a trailing end of the

sheet conveved with the pair of rollers, and

a control unit configured to control the driving unit such

that the sheet is conveyed by a plurality of conveying
steps each having a predetermined conveyance distance
and conveyed by one conveying step which causes the
trailing end of the sheet to skip an unstable avea, the
unstable arvea including the nip portion,

whevrein the control unit varies the predetermined convey-

ance distance for at least one of the plurality of the
conveying steps based on a detection of the detection
unit, so that the trailing end of the sheet conveyed by a
last conveying step of the plurality of the conveying steps
Just before the one conveying step stops in an upstrveam
portion of the path which lies adjacent to the unstable
area and has a length shorter than the predetermined
conveyance distance in a divection of the path.

17. The sheet conveying apparatus according to claim 16,
wherein a conveyance distance by the one conveying step to
skip the unstable avea is equal to or more than a sum of
distances of the unstable area and the upstream portion along
the path.

18. The sheet conveying apparatus according to claim 16,
wherein the contvol unit varies the predetermined conveyance
distance by selecting from a data table of a plurality of con-
veying distances.

19. The sheet conveying apparatus according to claim 16,
wherein the unstable area lies both upstream and downstream
of the nip portion along the path.
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20. The sheet conveying apparatus accorvding to claim 16,
wherein the length of the unstable avea is detevmined based
on at least one of sizes, materials and positions of the pair of
rollers, and thickness of the sheet.

21. The sheet conveying apparatus accorvding to claim 16,
wherein the control unit varies the predetermined conveyance
amount based on a position of an upstream edge of the
unstable arvea and information about the trailing end of the
sheet detected by the detection unit.

22. The sheet conveying apparatus according to claim 16,
whevrein the control unit varies the predetermined conveyance
amount based on a distance between the unstable area and a
position of the trailing end of the sheet.

23. An image forming apparatus configuved to form an
image on a sheet by conveying operations of the sheet and
scanning operations of a vecording head, the image forming
apparatus COmprising:

a conveying roller configured to convey the sheet along a

conveyance path;

a pinch voller comfigured to, with the conveying roller
pinch the sheet at a nip portion;

a driving unit configured to drive the conveying roller so
that the sheet is conveyed toward an area, including the
nip portion, of the conveyance path, by a first conveying
amount per conveying operation of the sheet, wherein a
trailing end of the sheet is conveyed, at one conveying
operation, from a first stop position outside of the area to
a second stop position outside of the area so that the
trailing end of the sheet passes through the area along
the conveyvance path without stopping, and

a detection unit configured to detect the trailing end of the
sheet, wherein the first conveying amount is varied to a
second conveying amount after the detection unit has
detected the trailing end of the sheet, and the sheet is
conveyed by the second conveying amount before the one
conveying operation which causes the trailing end of the
sheet to stop at the second position so that a distance
from the first stop position to an upstream edge of the
area along the conveyance path is shorter than the first
conveying amount.

24. The image forming apparatus accorvding to claim 23,

further comprising a controller configured to control the con-

veying amount.

25. The image forming apparatus according to claim 23,
wherein the area includes vegions of the conveyance path
upstream and downstream of the nip portion.

26. The image forming apparatus according to claim 23,
wherein the area is detevmined based on the conveying roller
and the pinch roller.

27. The image forming apparatus according to claim 23,
wherein the area is an unstable stop area.

28. The image forming apparatus according to claim 23,
wherein therve are at least three different conveying amounts
after the detection unit has detected the trailing end of the
sheet and before the trailing end of the sheet has passed
through the area.

29. The image forming apparatus accorvding to claim 23,
wherein the second conveying amount is set based on a dis-
tance from a position of the upstream edge of the area to a
position of the trailing end of the sheet.

30. The image forming apparatus according to claim 23,
wherein the second conveying amount is set based on a table
of conveying amounts.

31. The image forming apparatus according to claim 23,
wherein the recording head comprises a plurality of record-
ing elements, and
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wherein a number of the recording elements to be used for
forming the image at the scanning opevation is varied
according to the conveying operation.

32. The image forming apparatus according to claim 23,
wherein the sheet is conveyed by the second conveying
amount and a plurality of the first conveying amounts after the
trailing end of the sheet has reached a position and before the
one conveying operation which causes the trailing end of the
sheet to stop at the second position.

33. The image forming apparatus according to claim 23,
wherein the second conveying amount is smaller than the first
conveying amount.

34. The image forming apparatus according to claim 23,
wherein the vecording head comprises a plurality of vecord-
ing elements, and a number of the recording elements to be
used for forming the image at a scanning operation is varied
after the trailing end of the sheet has been detected by the
detection unit.

35. A recording apparatus for forming images using a
recording head scanning over a predetermined arvea on a
sheet N times, the recording apparatus comprising: a feeding
roller configured to convey the sheet disposed on a stacking
unit; a conveving roller configured to further convey the sheet
fed by the feeding roller; a convevance control unit configured
to control drive of the conveying roller each time scanning is
performed by the vecovding head; and a vecovding control
unit configured to control a first vecovding in which the scan-

ning is performed N times by selecting recovding elements of

the recording head until a trailing end of the sheet reaches a
predetermined position defined between the feeding roller
and the conveying roller, and configured to control a second
recovding in which the scanning is performed N times using a
part of the recording elements of the recovding head after the
trailing end of the sheet reaches the predetermined position,
wherein the conveyance control unit performs a conveying
operation a number of times based on the value of N after the
trailing end of the sheet reaches the predetermined position
such that the trailing end of the sheet is disposed in a first
range remote from and upstream of the conveying roller in a
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tions performed a number of times based on the value of N is
performed based on a distance from a position of the trailing
end of the sheet to the position of the conveying roller.

36. The recording apparatus accovding to claim 35, further
comprising a detection unit disposed between the feeding

roller and the conveyving voller on a conveying path and con-

figured to detect the trailing end of the sheet.

37. The recording apparatus accorvding to claim 35,
wherein the trailing end of the sheet is conveyed to a second
range downstream of the conveying roller in the direction in
which the sheet is conveyed by a conveying operation per-

Jormed after the trailing end of the sheet is disposed in the first

range.
38. A method for controlling a recording apparatus for

|5 Jorming images using a vecording head scanning over a pre-
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direction in which the sheet is conveved after the conveyving Y

operations, and wherein at least one of the conveying opera-

determined area on a sheet N times, the vecovding apparatus
including a feeding roller comnfigured to convey the sheet
disposed on a stacking unit and a conveying roller configured
to further comnvey the sheet fed by the feeding voller, the
method comprising: controlling drive of the conveying roller
each time scanning is performed by the recording head; and
controlling a first vecording in which the scanning is per-

formed N times by selecting recovding elements of the record-

ing head until a trailing end of the sheet reaches a predeter-
mined position defined between the feeding voller and the
conveying roller, and controlling a second recovding in which
the scanning is performed N times using a part of the vecord-
ing elements of the vecording head after the trailing end of the
sheet reaches the predetermined position, wherein the drive
of the conveying roller is controlled so as to perform a con-
veying operation a number of times based on the value of N
after the trailing end of the sheet reaches the predetermined
position such that the trailing end of the sheet is disposed in a

first range including the position of the conveying voller and

upstream of the conveving rvoller in a divection in which the
sheet is conveyed after the conveying operations, and wherein
at least one of the conveying operations performed a number
of times based on the value of N is performed based on a
distance from a position of the trailing end of the sheet to the
position of the conveying rvoller.
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