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(57) Abstract: A method of merging data frames includes: receiving a first data frame having a plurality of sectors; receiving a
second data frame having a plurality of sectors; generating a merged output data frame by merging, using a plurality of data paths in-
cluding a plurality of multiplexers, sectors of the second data frame with sectors of the first data frame; and performing an error
check on at least one check-data frame having sectors corresponding to those in the first data frame or the second data frame, where
at least some of the sectors in the check-data frame are transmitted on a subset of the plurality of data paths that transmits sectors of
the merged output data frame, and where the error check verifies the merged output data frame.
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HIGH PERFORMANCE READ-MODIFY-WRITE SYSTEM PROVIDING LINE-RATE
MERGING OF DATAFRAME SEGMENTS IN HARDWARE

BACKGROUND
1. Technical Field
[0001] This disclosure relates to data storage systems for computer systems.

More particularly, the disclosure relates to ensuring that no undetectable data errors
are introduced during a data modification process.

2. Related Art
[0002] Data storage systems provide storage for data of a host system. As
solid-state storage capacity increases, semiconductor device features shrink. The
smaller devices are more susceptible to “soft” errors caused by, for example, alpha-
particles. While these soft errors do not cause permanent device damage, they
corrupt data stored in devices such as registers and memories. Error checking
codes such as cyclic redundancy codes (CRC) are used to determine whether a data
error has occurred over data for which the CRC was calculated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Aspects and features of the present inventive concept will be more
apparent by describing example embodiments with reference to the accompanying
drawings, in which:

[0004] FIGS. 1A and 1B are block diagrams illustrating a read-modify-write
system according to example embodiments of the present inventive concept;
[0005] FIG. 2 is a schematic illustration showing details of the read-modify-
write system according to an example embodiment of the present inventive concept;
[0006] FIG. 3 is a diagram illustrating a method of merging of a first data
frame and a second data frame using a merge mask according to an example
embodiment of the present inventive concept;

[0007] FIG. 4 is a flowchart illustrating a method of generating a merged
output data frame according to an example embodiment of the present inventive
concept;
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[0008] FIG. 5 is a flowchart illustrating a method of generating a merged
output data frame based on a merge mask according to an example embodiment of
the present inventive concept;

[0009] FIG. 6 is a flow chart illustrating read-modify-write operations according
to an example embodiment of the present inventive concept; and

[0010] FIG. 7 is a flowchart illustrating merge operations according to an
example embodiment of the present inventive concept.

DETAILED DESCRIPTION

[0011] While certain embodiments are described, these embodiments are
presented by way of example only, and are not intended to limit the scope of
protection. The methods and systems described herein may be embodied in a
variety of other forms. Furthermore, various omissions, substitutions, and changes
in the form of the example methods and systems described herein may be made
without departing from the scope of protection.

Overview

[0012] Solid state drives (SSDs) are employed as data storage systems for
computer systems. To modify data stored in a memory location of a data storage
system, a read-modify-write operation may be employed to read a memory location
and write a new value into it. As storage capacity of SSDs increases, features sizes
of the semiconductor devices forming the SSDs decreases. As a result of the
smaller device feature sizes, SSDs are increasingly susceptible to soft errors which
may corrupt data during read-modify-write operations.

System Overview

[0013] Some embodiments of the present inventive concept are directed to a
Read Modify Write system and method which ensure that no undetectable data
errors are introduced during a data modification process.

[0014] In one example embodiment, the Read-Modify-Write system (RMW)
receives L-Page frames (i.e., logical page data frames having a plurality of sectors)
via two channels. The RMW system operates on the received frames based on their
types as determined by a merge mask, applying hardware optimization to what were
formerly software processes. The RMW system can merge data frame sectors on-
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the-fly across frames and performs the appropriate bit-modifications based on the
merge mask. The RMW system may minimize the firmware cycles required to
perform read-modify-write operations.

[0015] FIG. 1A is a block diagram illustrating a RMW system according to an
example embodiment of the present inventive concept. As illustrated in FIG. 1A, the
read-modify-write system 100 includes circuitry including a storage 110, input logic
120, a plurality of multiplexers 130, a first logic device 140, and a second logic
device 150. The RMW system 100 is synchronized to a system clock 160 and may
be scalable with system clock speed. In one embodiment, FIG. 1A offers a
hardware-based approach that provides significant speed improvement in handling
read-modify-write operations, which helps meet the high throughput requirements in
many data storage devices today. As illustrated in FIG. 1B, the read-modify-write
system according to an example embodiment may further include a processor 170
which controls at least some operations of the RMW system. In one example
embodiment, the firmware executed on the processor 170 would control at least a
portion of the logic checking described herein.

Read-Modify-Write

[0016] In operation, in one example embodiment the storage 110 receives a
first data frame having a plurality of sectors and stores the first data frame in the
storage 110 until a second data frame having a plurality of sectors is received at a
data port 122. The second data frame is passed through the RMW system 100
sector by sector at about the system clock speed and is merged with the first data
frame which is read from the storage 110. The first and second data frames are
processed by the first logic device 140 to determine whether the merged output data
frame is valid.

[0017]FIG. 2 is a schematic illustration showing details of the read-modify-write
system according to an example embodiment of the present inventive concept.
Referring to FIG. 2, the input logic 120 receives the first and second data frames and
verifies CRCs contained in the headers of each data frame. It must be noted that
although CRCs are mentioned in the example embodiments in this disclosure, the
use of other error detection mechanisms for example, but not limited to, checksums

and hash functions, etc., are possible in some embodiments. The first and second
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data frames are transferred sector by sector from the input logic 120 in
synchronization with the system clock 160 to the multiplexers 130 where the sectors
of the first and second data frames are merged at about the same speed as the
system clock speed based on a merge mask.

[0018] FIG. 3 is a diagram illustrating merging of a first data frame and a
second data frame using a merge mask according to an example embodiment of the
present inventive concept. In the example illustration of FIG. 3, the merge mask
indicates a sector to merge into the output data frame with a “1” and a sector to
discard with a “0” with respect to the second data frame, and indicates a sector to
merge into the output data frame with a “0” and a sector to discard with a “1” with
respect to the first data frame. One of ordinary skill in the art will understand that the
designations “1” and “0” are merely exemplary and that other designations are
possible without departing from the scope of the inventive concept.

[0019] Referring to FIG. 3, a merge mask 370 specifies sectors of the second
data frame 340 which will be merged with sectors of the first data frame 310 in place
of sectors of the first data frame 310 which will be discarded (shown as sectors to
discard 320). Sectors of the second data frame 340 which are not specified to
merge into the output data frame by the merge mask 370 are discarded (shown as
sectors to discard 350) while sectors of the second data frame 340 which are
specified to merge into the output data frame by the merge mask 370 (shown as
sectors to merge 360) are merged with the first data frame 310 to generate a merged
output data frame 380. Conversely, sectors of the first data frame 310 which are not
specified to merge into the output data frame by the merge mask 370 are discarded
(shown as sectors to discard 320) while sectors of the first data frame 310 which are
specified to merge into the output data frame (shown as sectors to merge 330) by
the merge mask 370 are merged with the sectors to merge 360 of the second data
frame 340 to generate the merged output data frame 380. In other words, sectors of
the first data frame specified by the merge mask are replaced by corresponding
sectors of the second data frame in order to generate the merged output data frame
and the unused sectors of the first and second data frames are discarded.

[0020] While the above merge operations are described in terms of specified
sectors of the second data frame which may be merged with sectors of the first data
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frame, one of ordinary skill in the art will appreciate that the scope of the present
inventive concept also includes merging specified sectors of the first data frame with
sectors of the second data frame. Also, while illustrated as such in FIG. 3, the
number of sectors in the plurality of sectors of the first data frame and the second
data frame may not be identical.

[0021] Referring again to FIG. 2, in one example embodiment each sector of
the second data frame is transmitted to a first multiplexer 5 on a sector by sector
basis in synchronization with the system clock. In one example embodiment, the
first multiplexer 5 transmits each sector of the second data frame to a second
multiplexer 6 and a merge multiplexer 8. Simultaneously, the first data frame is
transmitted to a third multiplexer 4. In one example embodiment, the third
multiplexer 4 transmits each sector of the first data frame to a fourth multiplexer 15
and the merge multiplexer 8. The merge multiplexer 8 is controlled by the merge
mask to select a sector from the first or second data frame to be merged into the
output data frame.

[0022] In one example embodiment, the sector from the first or second data
frame selected by the merge mask for merging is output by the merge multiplexer 8
as a sector of the merged output data frame and is also transmitted from the output
of the merge multiplexer 8 to the second logic device 150. The second logic device
150 calculates and accumulates a CRC for the merged output data frame. Each
sector of the merged output data frame is output from the RMW system 100 by an
output multiplexer 17 on a sector by sector basis. Generation of the merged output
data frame is performed at about the same speed as the system clock speed.
[0023] In one example embodiment, the second multiplexer 6 and the fourth
multiplexer 15 select either the sector that is merged into the output data frame or
the sector that is discarded and transmit the selected or discarded sector to the first
logic device 140. For example, if the merge mask causes the merge multiplexer 8 to
select a sector from the first data frame, the corresponding sector from the second
data frame is discarded. The merge multiplexer 8 transmits the selected sector from
the first data frame to the output multiplexer 17 and the output multiplexer 17 outputs
the selected sector from the first data frame as a sector of the merged output data
frame and also transmits the selected sector from the first data frame to the fourth
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multiplexer 15. The fourth multiplexer 15 selects the selected sector from the first
data frame and transmits it to the first logic device 140. Simultaneously, the
discarded sector of the second data frame is transmitted from the second multiplexer
6 to the first logic device 140.

[0024] In one example embodiment, the first logic device 140 reconstructs the
first and second data frames as first and second check-data frames, respectively,
and the CRCs of the check-data frames are calculated and accumulated by the first
logic device 140 on a sector by sector basis. The first check-data frame may include
sectors that are transmitted on a first subset of data paths different from the subset
of data paths that sectors of the first data frame merged into the output data frame
are transmitted on, and the second check-data frame may include sectors that are
transmitted on a second subset of data paths different from the subset of data paths
that sectors of the second data frame merged into the output data frame are
transmitted on.

[0025] After processing the last sector of the first and second data frames, the
CRC of the first data frame is transmitted through the third multiplexer 4 and fourth
multiplexer 15 to the first logic device 140. Simultaneously, the CRC of the second
data frame is transmitted through the first multiplexer 5 and second multiplexer 6 to
the first logic device 140.

[0026] In one example embodiment, the first logic device 140 performs an
error check by comparing the transmitted CRC of the first data frame to the CRC
calculated for the first check-data frame and compares the transmitted CRC of the
second data frame to the CRC calculated for the second check-data frame. If the
received data frame CRCs matches the CRCs of the check-data frames, the merged
output data frame will be valid since sectors of the merged output data frame passed
through the same logic as the sectors of the check-data frames and no errors were
introduced. If the CRCs do not match, a message is generated indicating that the
merged output data frame is invalid. The validity can be verified this way because at
least some of the sectors in the check-data frame are transmitted on a subset of the
plurality of data paths that also transmits sectors of the merged output data frame, so
that the error check of the at least one check-data frame verifies the merged output
data frame. The use of output data from the actual merged data frame as part of the
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calculation of the check-data frame CRC ensures that any error introduced along the
path of the frame merging mechanism is detected.

[0027] Concurrently with the generation of the merged output data frame, the
second logic device 150 generates a CRC for the merged output data frame on a
sector by sector basis. After the final sector of the merged output data frame is
outputted, the CRC for the merged output data frame generated by the second logic
device 150 is selected and output by the output multiplexer 17.

[0028] FIG. 4 is a flowchart illustrating a method of generating a merged
output data frame according to an example embodiment of the present inventive
concept. Referring to FIG. 4, a first data frame comprising a plurality of sectors is
received by the RMW system (410). The first data frame may be stored in a data
storage such as in volatile or non-volatile memory. A second data frame comprising
a plurality of sectors is received by the RMW system (420). The second data frame
may include, for example, new data from a host system to be written to the data
storage. Sectors of the first and second data frames are merged via a plurality of
data paths and multiplexers to generate a merged output data frame (430). In
addition, a CRC for the merged output data frame is generated by calculating and
accumulating on a sector by sector basis CRC data of the first and second data
frame sectors merged to generate the merged output data frame (440).

[0029] The sectors of least one of the first and second data frames are
reconstructed into a check-data frame as the merged output frame is being
generated (450). Alternatively, both of the first and second data frames may be
reconstructed into check-data frames as the merged output frame as being
generated. A CRC is calculated and accumulated on a sector by sector basis for the
check-data frame, and an error check is performed on the at least one check-data
frame comprising sectors corresponding to those of the first data frame or the
second data frame to verify the corresponding sectors of the merged output data
frame (460). Since at least some of the sectors in the check-data frame are
transmitted on a subset of the plurality of data paths that transmits sectors of the
merged output data frame, the error check of the at least one check-data frame
verifies the sectors from the at least one check-data frame in the merged output data
frame. In one example embodiment, the error check of both check-data frames
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verifies the sectors of the first and second check-data frames in the merged output
data frame.

[0030] FIG. 5 is a flowchart illustrating a method of generating a merged
output data frame based on a merge mask according to an example embodiment of
the present inventive concept. Referring to FIG. 5, a first data frame comprising a
plurality of sectors is received by the RMW system (510). The first data frame may
be stored in a data storage such as in volatile or non-volatile memory. A second
data frame comprising a plurality of sectors is received by the RMW system (520).
[0031] A merge mask which specifies sectors of the first and second data
frames to be merged is received (530). The merge mask specifies which sectors of
the first and second data frames occupy each sector of the output data frame. The
merge mask may be received as part of the first received data frame or as part of the
second received data frame. Alternatively, the merge mask may be received
independently of the received data frames. A merged output data frame is
generated by merging selected sectors from the first and second data frames based
on the merge mask (540).

[0032] FIG. 6 is a flow chart illustrating read-modify-write operations according
to an example embodiment of the present inventive concept. Referring to FIG. 6, a
read-data frame to be modified is input from memory external to the RMW system
and stored in an internal storage (605) until a write-data frame containing sectors for
modifying the read-data frame is received (610). Each of the read-data frame and
the write-data frame has a plurality of sectors. The number of sectors in the plurality
of sectors of the read-data frame and the write-data frame may not be identical.
[0033] A merge mask is received (615) and the sectors of the read-data frame
and the write-data frame to be merged in an output data frame are determined based
on the merge mask (620). If a sector of the write-data frame is selected (625-Y), the
selected write-data frame sector is merged into the output data frame (630).
Alternatively, if the write-data frame sector is not selected (625-N), a corresponding
read-data frame sector is merged into the output data frame (635). CRC data is
calculated and accumulated for the selected sector (640) and concurrently the
selected sector merged into the output data frame is outputted from the RMW
system (645). The unselected data frame sector is discarded.
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[0034] Concurrently with the merge process, the read-data frame and the
write-data frame are reconstructed with their respective sectors (650) and CRC data
is calculated and accumulated for each sector of the reconstructed read-data frame
and the write-data frame (655). If the reconstructed sector is not the last sector to be
processed (660-N), the process at operations 625 through 655 is repeated. If the
reconstructed sector is the last sector to be processed (660-Y), the CRCs of the
reconstructed read-data frame and the write-data frame are compared to the CRCs
of the originally received read-data frame and the write-data frame to verify that no
errors were introduced into the data during the read-modify-write process (665).
[0035] If either of the CRCs for the reconstructed data frames does not match
the CRCs of the originally received data frames (670-N), a message is generated
indicating that the merged output data frame is invalid (675). Since at least some of
the sectors in the reconstructed data frames are transmitted on a subset of the
plurality of data paths that transmits sectors of the merged output data frame, the
error check of the reconstructed frames verify the merged output data frame.
Otherwise, if CRCs for the reconstructed data frames match the CRCs of the
originally received data frames (670-Y), the merged data frame is verified to be
correct.

[0036] Finally, FIG. 7 is a flowchart illustrating merge operations according to
an example embodiment of the present inventive concept. Referring to FIGS. 3 and
7, after initializing a sector counter (710), a sector of the read-data frame and a
corresponding sector of a write-data frame are read (720). The write-data sector
address is compared to a merge mask (730), and if the write-data sector
corresponds to the merge mask (740-Y) the write-data sector is merged into the
address slot of the output data frame (750). Alternatively, if the write-data sector
does not correspond to the merge mask (740-N) the read-data sector is merged into
the address slot of the output data frame (760). The sectors of the read-data frame
and the write-data frame are transmitted to respective CRC test modules to
reconstruct the original read-data frame and the original write-data frame (770). If
the reconstructed sector is not the last sector to be processed (780-N), the process
at operations 720 through 770 is repeated.



WO 2014/186779 PCT/US2014/038510

[0037] While the examples explained with reference to FIG. 6 and FIG. 7 are
described in terms of a read-data frame and a write-data frame, one of ordinary skill
in the art will appreciate that the present inventive concept may be generalized to a
first data frame and a second data frame, either of which may correspond to a read-
data frame and a write-data frame.

[0038] Further, operations of the present inventive concept may be performed
in the order described, in a different order, or operations may be combined. One of
ordinary skill in the art will appreciate that the foregoing process is exemplary and
that other variations are possible without departing from the inventive concepit.
[0039] While certain embodiments have been described, these embodiments
have been presented by way of example only, and are not intended to limit the scope
of the protection. The methods and systems described herein may be embodied in a
variety of other forms. Various omissions, substitutions, and/or changes in the form
of the example methods and systems described herein may be made without
departing from the spirit of the protection.

[0040] The accompanying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope and spirit of the protection.
For example, the example systems and methods disclosed herein can be applied to
solid-state drives, hard disk drives, hybrid hard drives, and the like. In addition, other
forms of storage, for example, but not limited to, DRAM or SRAM, battery backed-up
volatile DRAM or SRAM devices, EPROM, EEPROM memory, etc., may additionally
or alternatively be used. As another example, the various components illustrated in
the figures may be implemented as software and/or firmware on a processor,
ASIC/FPGA, or dedicated hardware. Also, the features and attributes of the specific
example embodiments disclosed above may be combined in different ways to form
additional embodiments, all of which fall within the scope of the present disclosure.
[0041] Although the present disclosure provides certain example
embodiments and applications, other embodiments that are apparent to those of
ordinary skill in the art, including embodiments which do not provide all of the
features and advantages set forth herein, are also within the scope of this disclosure.
Accordingly, the scope of the present disclosure is intended to be defined only by
reference to the appended claims.

10
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WHAT IS CLAIMED IS:

1. A method of merging data frames, the method comprising:

receiving a first data frame comprising a plurality of sectors;

receiving a second data frame comprising a plurality of sectors;

generating a merged output data frame by merging, using a plurality of data
paths comprising a plurality of multiplexers, sectors of the second data frame with
sectors of the first data frame; and

performing an error check on at least one check-data frame that comprises
sectors corresponding to those in the first data frame or the second data frame,

wherein at least some of the sectors in the check-data frame are transmitted
on a subset of the plurality of data paths that transmits sectors of the merged output
data frame, and

wherein the error check verifies the merged output data frame.

2. The method of claim 1, wherein performing the error check further
comprises:
performing an error check on two check-data frames including:
a first check-data frame including sectors corresponding to those in the
first data frame; and
a second check-data frame including sectors corresponding to those in

the second data frame.

3. The method of claim 2, wherein the first check-data frame and the
second check-data frame are reconstructed with their respective sectors that
correspond to the first and second data frames after the sectors are transmitted
through selected ones of the plurality of multiplexers based on a merge mask that
indicates which sectors of the first and second data frames are to be merged into the

output data frame.

11
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4. The method of claim 2, wherein performing the error check further
comprises:

comparing cyclic redundancy codes (CRCs) of the first data frame and
second data frame with CRCs generated for the first and second check-data frames,
respectively, and

if either CRC comparison does not match, generating a message indicating
the merged output data frame is invalid.

5. The method of claim 4, wherein the CRC of the first check-data frame
is generated by accumulating CRC data of the first check-data frame on a sector-by-
sector basis and the CRC of the second check-data frame is generated by
accumulating CRC data of the second check-data frame on a sector-by-sector basis.

6. The method of claim 2, wherein each sector in the merged output data
frame is in either the first check-data frame or the second check-data frame.

7. The method of claim 2, wherein:

the first check-data frame further comprises sectors that are transmitted on a
first subset of data paths different from the subset of data paths that sectors of the
first data frame merged into the output data frame are transmitted on, and

the second check-data frame further comprises sectors that are transmitted
on a second subset of data paths different from the subset of data paths that sectors
of the second data frame merged into the output data frame are transmitted on.

8. The method of claim 1, wherein the at least one check-data frame
further comprises sectors that are transmitted on a subset of data paths different
from the subset of data paths that sectors of the merged output data frame are

transmitted on.
9. The method of claim 1, wherein the sectors of at least one of the first

and second data frames to be merged into the output data frame are specified by a

merge mask.

12
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10.  The method of claim 9, wherein the merge mask specifies which
sectors of the first and second data frames occupy each sector of the output data

frame.

11.  The method of claim 1, further comprising reconstructing the at least
one check-data frame as the merged output data frame is generated.

12.  The method of claim 1, further comprising generating a cyclic
redundancy code (CRC) for the merged output data frame by accumulating CRC
data of the sectors merged into the output data frame on a sector-by-sector basis.

13.  An apparatus for merging data frames, the apparatus comprising:
one or more devices configured to receive a first data frame comprising a
plurality of sectors and a second data frame comprising a plurality of sectors; and
circuitry comprising a plurality of data paths comprising a plurality of
multiplexers, the circuitry configured to:
generate, using the plurality of data paths, a merged output data frame
by merging sectors of the second data frame with sectors of the first data
frame; and
perform an error check on at least one check-data frame that
comprises sectors corresponding to those in the first data frame or the second
data frame,
wherein at least some of the sectors in the check-data frame are transmitted
on a subset of the plurality of data paths that transmits sectors of the merged output
data frame,
wherein the error check verifies the merged output data frame.

14.  The apparatus of claim 13, wherein the one or more devices further
comprises:

a storage configured to store the first data frame; and

a data port configured to receive the second data frame.

13
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15.  The apparatus of claim, 13 wherein the circuitry is further configured to
perform the error check by at least:
performing an error check on two check-data frames including:
a first check-data frame including sectors corresponding to those in the
first data frame; and
a second check-data frame including sectors corresponding to those in
the second data frame.

16.  The apparatus of claim 15, wherein the first check-data frame and the
second check-data frame are reconstructed with their respective sectors that
correspond to the first and second data frames by at least one first logic device after
the sectors are transmitted through selected ones of the plurality of multiplexers
based on a merge mask that indicates which sectors of the first and second data
frames are to be merged into the output data frame.

17.  The apparatus of claim 16, wherein the at least one first logic device is
configured to:

compare a cyclic redundancy code (CRC) of the first data frame with a CRC
generated for the first check-data frame;

compare a CRC of the second data frame with a CRC generated for the
second check-data frame; and

if either CRC comparison does not match, generate a message indicating the
merged output data frame is invalid.

18.  The apparatus of claim 17, wherein the at least one first logic device is
further configured to:

generate the CRC of the first check-data frame by accumulating CRC data of
the first check-data frame on a sector-by-sector basis; and

generate the CRC of the second check-data frame by accumulating CRC data
of the second check-data frame on a sector-by-sector basis.
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19.  The apparatus of claim 15, wherein each sector in the merged output
data frame is in either the first check-data frame or the second check-data frame.

20. The apparatus of claim 15, wherein:

the first check-data frame further comprises sectors that are transmitted on a
first subset of data paths different from the subset of data paths that sectors of the
first data frame merged into the output data frame are transmitted on, and

the second check-data frame further comprises sectors that are transmitted
on a second subset of data paths different from the subset of data paths that sectors
of the second data frame merged into the output data frame are transmitted on.

21.  The apparatus of claim 13, wherein the at least one check-data frame
further comprises sectors that are transmitted on from a subset of data paths
different from the subset of data paths that sectors of the merged output data frame

are transmitted on.

22.  The apparatus of claim 13, wherein the sectors of the at least one of
the first and second data frames to be merged into the output data frame are
specified by a merge mask.

23. The apparatus of claim 22, wherein the merge mask specifies which
sectors of the first and second data frames occupy each sector of the output data

frame.

24.  The apparatus of claim 22, wherein the merge mask is incorporated
into one of the first and the second data frames.

25. The apparatus of claim 22, wherein the merge mask is received
separately from the first and second data frames.

26. The apparatus of claim 13, further comprising at least one first logic

device configured to reconstruct the at least one check-data frame as the merged
output data frame is generated.
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27.  The apparatus of claim 13, further comprising a second logic device
configured to generate a cyclic redundancy code (CRC) for the merged output data
frame by accumulating CRC data of the sectors merged into the output data frame
on a sector-by-sector basis.

28. The apparatus of claim 13, wherein the circuitry further comprises a
processor, and wherein generating the merged output data frame and performing the
error check are performed under the control of the processor.

29. A method of merging data frames, the method comprising:

receiving a first data frame comprising a plurality of sectors;

receiving a second data frame comprising a plurality of sectors; and

generating a merged output data frame based on the first data frame and the
second data frame, the generating comprising, for each slot in the merged output
data frame, selecting a sector from either the first data frame or the second data

frame based on a merge mask.

30. The method of claim 29, wherein the merge mask is incorporated into
the one of the first and second data frames.

31.  The method of claim 29, wherein the merge mask is received
separately from the first and second data frames.

32.  An apparatus for merging data frames, the apparatus comprising:

a first circuit configured to receive a first data frame comprising a plurality of
sectors;

a second circuit configured to receive a second data frame comprising a
plurality of sectors; and

a plurality of data paths configured to generate a merged output data frame
based on the first data frame and the second data frame,

16
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wherein the generating comprises, for each slot in the merged output data
frame, selecting a sector from either the first data frame or the second data frame
based on a merge mask.

33. The apparatus of claim 32, wherein the first circuit comprises a storage
configured to store the first data frame; and

the second circuit comprises a data port configured to receive the second
data frame.

34. The apparatus of claim 32, wherein the merge mask is incorporated
into the one of the first and second data frames.

35. The apparatus of claim 32, wherein the merge mask is received
separately from the first and second data frames.
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