US 20090063934A1

a2 Patent Application Publication (o) Pub. No.: US 2009/0063934 A1

a9 United States

JO

(43) Pub. Date: Mar. 5, 2009

(54) MULTI-CHANNEL MEMORY SYSTEM
INCLUDING ERROR CORRECTION
DECODER ARCHITECTURE WITH
EFFICIENT AREA UTILIZATION

(75) Inventor: Namphil JO, Hwaseong-si (KR)
Correspondence Address:

VOLENTINE & WHITT PLLC
ONE FREEDOM SQUARE, 11951 FREEDOM
DRIVE SUITE 1260
RESTON, VA 20190 (US)
(73) Assignee: SAMSUNG ELECTRONICS
CO., LTD., Suwon-si (KR)

(21)  Appl. No.: 12/198,992

Publication Classification

(51) Int.CL
GI1IC 29/04 (2006.01)
GOG6F 11/07 (2006.01)
HO3M 13/05 (2006.01)

(52) US.CL ... 714/764; 714/799; 714/785; 714/E11.023

(57) ABSTRACT

A memory system includes: a memory controller including
an error correction decoder. The error correction decoder
includes: a demultiplexer adapted to receive data and demul-
tiplex the data into a first set of data and a second set of data;
first and second buffer memories for storing the first and
second sets of data, respectively; an error detector; an error
corrector; and a multiplexer adapted to multiplex the first set
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MULTI-CHANNEL MEMORY SYSTEM
INCLUDING ERROR CORRECTION
DECODER ARCHITECTURE WITH

EFFICIENT AREA UTILIZATION

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This claims priority under 35 U.S.C. § 119 from
Korean Patent Application 10-2007-0086515, filed on 28
Aug. 2007 in the name of Namphil Jo, the entirety of which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND AND SUMMARY

[0002] 1. Field

[0003] This invention pertains to the field of memory sys-
tems, and more particularly, to the field of memory systems
employing error correction decoding.

[0004] 2. Description

[0005] In some flash memory systems, a multi-channel
error correction coder (ECC) architecture is employed with
buffer memories for encoding/decoding the data from the
host system to and from the flash memory.

[0006] FIG. 1 shows a block diagram of such a flash
memory system 10. Flash memory system 10 includes a flash
memory controller 100 and a memory block 200. Memory
controller 100 includes a host interface 190, a user data buffer
120, a system data buffer 130, a NAND interface 140, and a
central processing unit 150, all connected together by a sys-
tem bus 160. NAND interface 140 includes a direct memory
access (DMA) controller 144 and an error correction coder
(ECC) block 145. ECC block 145 includes a plurality (N) of
ECC modules, including ECC modules 141, 142 and 143.
Memory block 200 includes a plurality (N) of NAND
memory devices, including memory devices 211, 212 and
213. Connected between each of the ECC modules 141, 142
and 143 and a corresponding one of the memory devices 211,
212 and 213 is a channel 0, 1, N, etc. Another embodiment of
NAND interface 140 may include a plurality (M) of direct
memory access (DMA) controller 144. Here, M is integer
greater than 1. M may be same as N or not.

[0007] FIG. 2 illustrates in greater detail interconnections
between ECC block 145 and memory devices 211, 212 and
213 in flash memory system 10. As seen in FIG. 2, ECC
module 141 includes encoder 161, and decoder block 165,
which further comprises detector 162 and corrector 163.
Likewise, ECC module 142 includes encoder 171, and
decoder block 175, which further comprises detector 172 and
corrector 173; and ECC module 143 includes encoder 181,
and decoder block 185, which further comprises detector 182
and corrector 183.

[0008] Inoperation, data from a host device (e.g., a proces-
sor) destined to be stored in a memory device 211, for
example, is sent by DMA controller 144 to ECC module 141.
In ECC module 141, the data is first encoded by the encoder
161 and then transmitted to memory device 211 via channel 0.
When data is to be read from memory device 211 and pro-
vided to a host device, it is first decoded by decoder 165 and
then the decoded data is supplied to DMA controller 144. In
decoder 165, detector 162 detects whether any errors are
present in the data received from memory device 211, and if
there are any errors, then corrector 163 corrects the errors.
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[0009] There is a trend for flash memory systems to have
more and more memory devices. There s also a trend for flash
memory systems to employ multi-level cell (MLC) NAND
memory devices for increased storage capacity. As a result,
flash memory systems also require more and more ECC mod-
ules. However, adding more ECC modules enlarges the size
of the integrated circuit, and increases the number of ECC IP
core gates, for the flash memory controller. This increases the
complexity and cost of the flash memory system.

[0010] Accordingly, it would be desirable to provide a
memory system that can provide robust error detection and
correction with a more efficient utilization of area and cir-
cuitry in a memory controller. It would also be desirable to
provide a method of processing data in a memory system that
supports a more efficient utilization of area and circuitry in a
memory controller.

[0011] The present invention is directed to a memory sys-
tem, and a method of processing data in a memory system.
[0012] In one aspect of the inventive concept, a memory
system comprises: at least two memory devices; and a
memory controller having at least first and second communi-
cation channels each for communicating data with at least one
of the memory devices. The memory controller comprises: at
least first and second error detectors corresponding to the first
and second communication channels and each adapted to
detect errors in data sets received via the corresponding com-
munication channel from at least one of the memory devices;
and an error corrector adapted to correct errors detected by
each of the at least first and second error detectors.

[0013] In another aspect of the inventive concept, a
memory system comprises: a memory controller having a
first input port for communication with a first memory device
via a first communication channel, a second input port for
communication with a second memory device via a second
communication channel, and an error decoder that is multi-
plexed for decoding data received from both the first and the
second communication channels.

[0014] In yet another aspect of the inventive concept, a
method of processing data received from at least two memory
devices via at least two corresponding communication chan-
nels, comprises: detecting errors in a first data set received via
a first communication channel while detecting errors in a
second data set received via a second communication chan-
nel; and correcting the detected errors in the first data set and
then subsequently correcting errors in the second data set.
[0015] In still another aspect of the inventive concept, an
error decoder comprises: at least first and second error detec-
tors corresponding to first and second communication chan-
nels and each adapted to detect errors in data sets received via
the corresponding communication channel from at least one
of memory devices; and an error corrector adapted to correct
errors detected by each of the at least first and second error
detectors

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows a block diagram of a flash memory
system.

[0017] FIG. 2 illustrates connections between an error cor-
rection coder (ECC) block and memory devices.

[0018] FIG. 3 illustrates a block diagram of one embodi-
ment of a flash memory error correction coder (ECC) block
that can operate in a two channel memory system.
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[0019] FIG. 4 illustrates a block diagram of another
embodiment of a flash memory error correction coder (ECC)
block that can operate in a two channel memory system.
[0020] FIG. 5 illustrates a block diagram of one embodi-
ment of a flash memory error correction decoder that can
operate in a pipelined mode.

[0021] FIG. 6 illustrates a two channel flash memory sys-
tem that can operate in a pipelined mode with a buffer
memory structure.

[0022] FIG. 7 illustrates a timing chart of pipelined decod-
ing operations of a Bose-Chaudhuri-Hocquenghem (BCH)
flash memory error correction decoder.

DETAILED DESCRIPTION

[0023] FIG. 3 illustrates a block diagram of one embodi-
ment of a flash memory error correction coder (ECC) block
300 that can operate in a two channel memory system. ECC
block 300 is a Bose-Chaudhuri-Hocquenghem (BCH) error
correction coder.

[0024] ECC block 300 includes two data encoders 361, one
each for the first and second communication channels. ECC
block 300 also includes two syndrome computation blocks
310a and 3105, again one for each of the first and second
communication channels. ECC block 300 further includes a
multiplexer (or data switch) 315, a key equation solver (KES)
block 320, Chien search and error evaluator blocks 330 and
335, and a decoder controller 340.

[0025] In operation, ECC block 300 communicates data
with memory devices (e.g., flash memory devices) over two
communication channels operating at the same time as each
other in parallel. When data from a host device (e.g., a pro-
cessor) is to be written to the memory devices via the two
communication channels, the data is first encoded (e.g. with a
BCH code) by a corresponding encoder 361 for each com-
munication channel. Then, the encoded data is transmitted in
parallel across the two communication channels to the
memory devices.

[0026] When the encoded data is to be read from the
memory devices via the two communication channels, it is
decoded before being sent to a host device (e.g., a processor).
Accordingly, syndrome computation block 310a computes
the syndrome of a first set of data (e.g., data from an Nth
sector of memory) received via the first communication chan-
nel at the same time that syndrome computation block 31056
computes the syndrome of'a second set of data (e.g., data from
an Mth sector of memory) via the second communication
channel.

[0027] Ifthesyndrome values for a set of data are zero, then
this indicates that the data set does not include errors. Other-
wise, then the data set includes one or more errors and there-
fore, the errors should be located and corrected. That is, the
syndrome computation blocks 3104 and 3105 detect whether
or not a data set includes errors.

[0028] Beneficially, ECC block 300 includes multiplexer
315 so that the two communication channels can share one
key equation solver (KES) block 320, and one Chien search
and error evaluator (blocks 330 and 335), under control of
controller 340. That is, multiplexer 315 multiplexes between
the first and second communication channels for locating
errors that occur in data sets received from the memory
devices via the communication channels. Once the errors are
identified in a data set, then the errors are corrected in a further
error correction block not shown in FIG. 3 (e.g., an exclusive-
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or (XOR) circuit) and the decoded data set may then be sent
to a host device (e.g., a processor).

[0029] FIG. 4 illustrates a block diagram of another
embodiment of a flash memory error correction coder (ECC)
block 400 that can operate in a two-channel memory system.
ECC block 400 is a convolutional error correction coder. In
particular, ECC block 400 includes a Viterbi decoder.
[0030] ECC block 400 includes two data encoders 461, one
each for the first and second communication channels. ECC
block 400 also includes two branch matrix calculators 410a
and 4105, again one for each of the first and second commu-
nication channels. ECC block 400 further includes a multi-
plexer (or data switch) 415, add-compare-select (ACS) block
420, state metrics memory (SMM) 430, and survivor path
memory (SPM) 435.

[0031] In operation, ECC block 400 communicates data
with memory devices (e.g., flash memory devices) over two
communication channels operating at the same time as each
other in parallel. When data from a host device (e.g., a pro-
cessor) is to be written to the memory devices via the two
communication channels, the data is first encoded (e.g., con-
volutionally encoded) by a corresponding encoder 461 for
each communication channel. Then, the encoded data is
transmitted in parallel across the two communication chan-
nels to the memory devices.

[0032] When the encoded data is to be read from the
memory devices via the two communication channels, it is
decoded before being sent to a host device (e.g., a processor).
Accordingly, branch matrix calculator 410a calculates the
branch metrics of each trellis branch for a first set of data (e.g.,
data from an Nth sector of memory) received via the first
communication channel at the same time that branch matrix
calculator 4105 calculates the branch metrics of each trellis
branch for a second set of data (e.g., data from an Mth sector
of memory) via the second communication channel.

[0033] Beneficially, ECC block 400 includes multiplexer
415 so that the two communication channels can share one
add-compare-select (ACS) block 420, one state metrics
memory (SMM) 430, and one survivor path memory (SPM)
435. That is, multiplexer 415 multiplexes between the first
and second communication channels for correcting errors
that occur in data sets received from the memory devices via
the communication channels.

[0034] FIG. 5 illustrates a block diagram of one embodi-
ment of a BCH flash memory error correction decoder 500
that can operate in a pipelined mode. Decoder 500 includes a
syndrome computation block 510, a key equation solver
(KES) block 520, a Chien search and error evaluator (CSEE)
block 530, a decoder controller 540, a demultiplexer (or data
switch) 555, an error corrector 563, a first buffer memory 570,
a second buffer memory 580, and a multiplexer (or data
switch) 590.

[0035] 1In operation, a first set of data (e.g., data from Nth
sector) is received via demultiplexer 555 into first buffer
memory 570 and syndrome computation block 510 computes
asyndrome of a first set of data. If the syndrome indicates that
errors have occurred in the first data set, decoder controller
540 controls KES block 520 and Chien search and error
evaluator block 530 to locate the errors in the first set of data
while attempting to minimize latency delays to error correc-
tor 563. Multiplexer 590 sends the first set of data from first
memory buffer 570 to error corrector 563 for error correction.
In parallel with these operations for the first set of data, a
second set of data (e.g., data from an (N+1)th sector) is
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received via demultiplexer 550 into second buffer memory
580 and syndrome computation block 510 computes a syn-
drome of the second set of data. After the first set of data is
output from decoder 500, then the decoder controller 540
controls (KES) block 520 and Chien search and error evalu-
ator block 530 to locate the errors in the second set of data,
wherein multiplexer 590 sends the second set of data from
second memory buffer 580 to error corrector 563 for error
correction. During this time period, a third set of data may be
received via demultiplexer 550 into first buffer memory 570
and syndrome computation block 510 computes a syndrome
of athird set of data. The process continues in like manner for
all subsequent sets of data (e.g., sectors from a memory
device).

[0036] FIG. 6 illustrates a two channel flash memory sys-
tem 60 that can operate in a pipelined mode with a buffer
memory structure. Flash memory system 60 includes a flash
memory controller 600 and NAND memory devices 611 and
612. Flash memory controller 600 communicates data with
memory devices 611 and 612 over two communication chan-
nels operating at the same time as each other in parallel.
[0037] Flash memory controller 600 includes ECC block
645 and host interface 690. ECC block 645 includes two data
encoders 661, one each for the first and second communica-
tion channels. ECC block 645 also includes two syndrome
computation blocks 610a and 6105, again one for each of the
first and second communication channels. ECC block 645
further includes a multiplexer (or data switch) 615, a decoder
block 630, a demultiplexer 675, first and second memory
buffers 670 and 680, third and fourth memory buffers (not
labeled), and an error correction block 663.

[0038] In operation, ECC block 645 communicates data
with memory devices 611 and 612 over two communication
channels operating at the same time as each other in parallel.
When data from a host device (e.g., a processor) is to be
written to the memory devices via the two communication
channels, the data is first encoded (e.g. with a BCH code) by
a corresponding encoder 661 for each communication chan-
nel. Then, the encoded data is transmitted in parallel across
the two communication channels to memory devices 611 and
612.

[0039] When the encoded data is to be read from memory
devices 611 and 612 via the two communication channels, it
is decoded before being sent to a host device (e.g., a proces-
sor). Accordingly, syndrome computation block 610a com-
putes the syndrome of a first set of data (e.g., data from an Nth
sector of memory) received via the first communication chan-
nel at the same time that syndrome computation block 61056
computes the syndrome of a second set of data (e.g., data from
an Mth sector of memory) via the second communication
channel.

[0040] Ifthesyndrome values for a set of data are zero, then
this indicates that the data set does not include errors. Other-
wise, then the data set includes one or more errors and there-
fore, the errors should be located and corrected. That is, the
syndrome computation blocks 6104 and 6105 detect whether
or not a data set includes errors.

[0041] Beneficially, ECC block 645 includes multiplexer
615 so that the two communication channels can share one
key equation solver (error decoder block 630. That is, multi-
plexer 615 multiplexes between the first and second commu-
nication channels for locating errors that occur in data sets
received from the memory devices via the communication
channels. Once the errors are identified in a data set, then the
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errors are corrected in error correction block 663 (e.g., an
exclusive-or (XOR) circuit) and the decoded data set may
then be sent to a host device (e.g., a processor).

[0042] Inmore detail, ECCblock 645 operates in a pipeline
mode as follows. When data sets are read into memory con-
troller 600 from the two memory chips 611 and 612, errors in
the data sets received from the two communication channels
are detected at the same time. At this time, the data sets are
stored in buffer memories 670 and 680, waiting for correction
and transmission to the host.

[0043] Decoder block 630 calculates the error locations for
afirst data set read data from memory device 611, and then the
first set of data stored in buffer memory 670 is corrected and
transmitted to the host. While the first data set stored in buffer
memory 670 is being transmitted to the host, decoder block
630 calculates error locations for a second data set read data
from memory device 612, and then the second set of data
stored in buffer memory 680 is corrected and transmitted to
the host after the data in the buffer memory 670 has finished.
[0044] While the second set of data in the buffer memory
680 is being corrected and the first set of data in buffer
memory 670 is being transmitted to the host, a new (third)
data set from memory device 611 is stored in the third
memory buffer and a new (fourth) data set from memory
device 612 is stored in the fourth memory buffer, and the
process is repeated.

[0045] This process can be further explained by reference
to FIG. 7, which illustrates a timing chart 700 of pipelined
decoding operations for a BCH flash memory error correction
decoder.

[0046] In the example illustrated in FIG. 7, a syndrome
computation block is connected to each channel and reads
data from first and second buffer memories, and when an error
occurs in two channels at the same time, then correction steps
are undertaken. The ECC is operated in a pipeline mode,
using a syndrome value of a data set received from memory
via the first communication channel and calculating error
locations in the data set and then continuously calculating
error locations in the a data set received from memory via the
second communication channel.

[0047] By employing a buffer memory for reading data to
calculate syndrome values, a buffer memory for storing the
data while calculating error locations and pattern, and a buffer
memory for transmitting the corrected data to the host, an
area-efficient, low-latency, high throughput ECC IP and
memory system can be provided. In the example illustrated in
FIG. 7, a forward Chien search is employed, and search/
correction and data transmission are simultaneously enabled,
so error correction can be operated on the local bus of the
memory controller between the buffer memory and the host
interface. In an arrangement where a backward Chien search
is employed, search/correction is finished before data trans-
mission is enabled, so data correction may be operated in the
buffer memory.

[0048] The top two lines of the timing chart 700 represent
the timing of receiving data sets from first and second com-
munication channels, respectively, and computing the syn-
dromes of the data sets. As illustrated, in a first time period
T0-T1, a first codeword is received via the first communica-
tion channel and stored in the first buffer memory, while a
second codeword is received via the second communication
channel and stored in the second buffer memory. Then, in a
time period T1-T3, a third codeword is received via the first
communication channel and stored in the third buffer
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memory, while a fourth codeword is received via the second
communication channel and stored in the fourth buffer
memory.

[0049] The third and fourth lines from the top of the timing
chart 700 represent the timing of solving the key equations
and performing the Chien search and error evaluation pro-
cesses on the data sets received from first and second com-
munication channels, respectively. Error decoding and cor-
rection are operated in a pipeline mode using a single error
correction and buffer memories. So errors in the first data set
can be location can be located and corrected while syndrome
values are being calculated for the third and fourth data sets in
parallel. InFIG. 7, errors in the first set of data received via the
first communication channel also can be corrected while error
locations are identified for the second set of data received via
the second communication channel.

[0050] The bottom line in FIG. 7 shows the timing of data
being output by the error correction coder (ECC) block. At
time T2, after the errors in the first set of data have been
corrected, then the first set of data is begun to be read out of
the ECC block. The first set of data is read out of the ECC
block by time T3. Subsequently, in the time period from
T3-T4 the second and third sets of data are read out of the
ECC block, while new data sets are read into the ECC block
and the syndrome values of these new data sets are calculated.
This process repeats as new data sets are read into the ECC
block.

[0051] While preferred embodiments are disclosed herein,
many variations are possible which remain within the concept
and scope of the invention. Such variations would become
clear to one of ordinary skill in the art after inspection of the
specification, drawings and claims herein. The invention
therefore is not to be restricted except within the spirit and
scope of the appended claims.

What is claimed is:
1. A memory system, comprising:
at least two memory devices; and
a memory controller having at least first and second com-
munication channels each for communicating data with
at least one of the memory devices, the memory control-
ler comprising,
at least first and second error detectors corresponding to
the first and second communication channels and
each adapted to detect errors in data sets received via
the corresponding communication channel from at
least one of the memory devices; and
an error corrector adapted to correct errors detected by
each of the at least first and second error detectors.
2. The memory system of claim 1, wherein the memory
controller further comprises a multiplexer for multiplexing
error detection information from the first and second error
detectors and passing the multiplexed error detection infor-
mation to the error corrector.
3. The memory system of claim 1, wherein the memory
controller further comprises:
a first buffer adapted to store a first data set received from
the first communication channel;
a second buffer adapted to store a second data set received
from the second communication channel;
amultiplexer for multiplexing first and second error detec-
tion information for the first and second data sets pro-
duced by the first and second error detectors; and
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an error location identifier for determining error locations
within the first and second data sets using the multi-
plexed first and second error detection information.

4. The memory system of claim 3 wherein the error loca-
tion identifier determines error locations within the first and
second data sets at the same time.

5. The memory system of claim 3, further comprising:

a third buffer adapted to store a third data set received from
the first communication channel subsequent to the first
data set;

a fourth buffer adapted to store a fourth data set received
from the second communication channel subsequent to
the second data set,

wherein the error location identifier determines error loca-
tions within the first and second data sets while the first
and second error detectors detect errors in the third and
fourth data sets, respectively.

6. The memory system of claim 5, further comprising a
demultiplexer for demultiplexing error location identification
information for the first and second data sets from the error
location identifier.

7. The memory system of claim 1, wherein the first error
detector calculates a first syndrome value of a first data set
received via the first communication channel, and wherein
the second error detector calculates a second syndrome value
of a second data set received via the second communication
channel.

8. The memory system of claim 7, further comprising:

a multiplexer for multiplexing the first and second syn-

drome values; and

an error location identifier for determining error locations
within the first and second data sets using the first and
second syndrome values, and providing the error loca-
tion information to the error corrector.

9. The memory system of claim 8, wherein the error loca-

tion identifier comprises:

a key equation solver;

a Chien-search algorithm block; and

an error evaluator.

10. The memory system of claim 8, further comprising at
least first, second, third, and fourth buffers, wherein the error
location identifier identifies and corrects errors in the second
data set in the second buffer while corrected data of the first
data set in the first buffer is transmitted to a host device, and
at a same time, while a third data set received via the first
communication channel is stored in the third buffer and a
fourth data set received via the second communication chan-
nel is stored in the fourth buffer.

11. The memory system of claim 1, wherein the first error
detector calculates first branch metrics of a first data set
received via the first communication channel, and wherein
the second error detector calculates second branch metrics of
a second data set received via the second communication
channel.

12. The memory system of claim 11, further comprising a
multiplexer for multiplexing the first and second branch met-
rics and providing the multiplexed first and second branch
metrics to the error corrector.

13. The memory system of claim 11, wherein the error
corrector comprises:

an add-compare-select block;

a state metrics memory; and

a survivor path memory.
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14. A memory system, comprising:

a memory controller having a first input port for commu-
nication with a first memory device via a first commu-
nication channel, a second input port for communication
with a second memory device via a second communica-
tion channel, and an error decoder that is multiplexed for
decoding data received from both the first and the second
communication channels.

15. The memory system of claim 14, wherein the error

decoder is a block code decoder.

16. The memory system of claim 15, wherein the error
decoder further comprises:

a first syndrome computation block for calculating a first
syndrome value for the data received via the first com-
munication channel;

a second syndrome computation block for calculating a
second syndrome value for the data received via the
second communication channel;

an error location identifier for determining error locations
within the data received via the first and second commu-
nication channels using the first and second syndrome
values; and

a multiplexer having two inputs and an output, one input
being connected to an output of each of the first and
second syndrome computation blocks, and the output
being connected to an input of the error location identi-
fier,

wherein the first syndrome computation block calculates
the first syndrome value for the data received via the first
channel while the second syndrome computation block
calculates the second syndrome value for the data
received via the second channel.

17. The memory system of claim 16, further comprising an
error corrector for correcting errors in the data received via
the first and second communication channels using the error
location information from the error location identifier.

18. The memory system of claim 14, wherein the error
decoder is a convolutional decoder.

19. The memory system of claim 18, wherein the error
decoder further comprises:

a first branch metrics calculator for calculating branch

metrics for the data received via the first channel;

a second branch metrics calculator for calculating branch
metrics for the data received via the second communi-
cation channel;

an error corrector for correcting errors in the data received
via the first and second communication channels; and

a multiplexer having two inputs and an output, one input
being connected to an output of each of the first and
second branch metrics calculator, and the output being
connected to an input of the error corrector,

wherein the first branch metrics calculator calculates the
branch metrics for the data received via the first channel
while the second branch metrics calculator calculates
the branch metrics for the data received via the second
channel.

20. A method of processing data received from at least two
memory devices via at least two corresponding communica-
tion channels, the method comprising:

detecting errors in a first data set received via a first com-
munication channel while detecting errors in a second
data set received via a second communication channel;
and
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correcting the detected errors in the first data set and then
subsequently correcting errors in the second data set.

21. The method of claim 20, further comprising detecting
errors in a third data set received via the first communication
channel while detecting errors in a fourth data set received via
the second communication channel also while the errors in
the first data set are being corrected.

22. The method of claim 20, wherein detecting the errors in
the first and second data sets comprises detecting syndrome
values for the first and second data sets.

23. The method of claim 22, further comprising identifying
locations of errors in the first data set prior to correcting the
errors in the first data set, and identifying locations of errors
in the second data set prior to correcting the errors in the
second data set.

24. The method of claim 23, wherein identifying the errors
in the first data set comprises:

solving a key equation for the first data set;

executing a Chien-search algorithm for the first data set;
and

evaluating errors in the first data set.

25. The method of claim 20, wherein detecting the errors in
the first and second data sets comprises calculating branch
metrics for the first and second data sets.

26. An error decoder, comprising:

at least first and second error detectors corresponding to
first and second communication channels and each
adapted to detect errors in data sets received via the
corresponding communication channel from at least one
of memory devices; and

an error corrector adapted to correct errors detected by each
of the at least first and second error detectors.

27. The error decoder of claim 26, further comprising a
multiplexer for multiplexing error detection information
from the first and second error detectors and passing the
multiplexed error detection information to the error corrector.

28. The error decoder of claim 26, further comprising:

a first buffer adapted to store a first data set received from
the first communication channel;

a second buffer adapted to store a second data set received
from the second communication channel;

a multiplexer for multiplexing first and second error detec-
tion information for the first and second data sets pro-
duced by the first and second error detectors; and

an error location identifier for determining error locations
within the first and second data sets using the multi-
plexed first and second error detection information.

29. The error decoder of claim 28, wherein the error loca-
tion identifier determines error locations within the first and
second data sets at the same time.

30. The error decoder of claim 28, further comprising:

a third buffer adapted to store a third data set received from
the first communication channel subsequent to the first
data set;

a fourth buffer adapted to store a fourth data set received
from the second communication channel subsequent to
the second data set,

wherein the error location identifier determines error loca-
tions within the first and second data sets while the first
and second error detectors detect errors in the third and
fourth data sets, respectively.
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31. The error decoder of claim 30, further comprising a
demultiplexer for demultiplexing error location identification
information for the first and second data sets from the error
location identifier.

32. The error decoder of claim 26, wherein the first error
detector calculates a first syndrome value of a first data set
received via the first communication channel, and wherein
the second error detector calculates a second syndrome value
of a second data set received via the second communication
channel.

33. The error decoder of claim 32, further comprising:

a multiplexer for multiplexing the first and second syn-

drome values; and

an error location identifier for determining error locations

within the first and second data sets using the first and
second syndrome values, and providing the error loca-
tion information to the error corrector.

34. The error decoder of claim 33, wherein the error loca-
tion identifier comprises:

a key equation solver;

a Chien-search algorithm block; and

an error evaluator.

35. The error decoder of claim 34, further comprising at
least first, second, third, and fourth buffers, wherein the error
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location identifier identifies and corrects errors in the second
data set in the second buffer while corrected data of the first
data set in the first buffer is transmitted to a host device, and
at a same time, while a third data set received via the first
communication channel is stored in the third buffer and a
fourth data set received via the second communication chan-
nel is stored in the fourth buffer.

36. The error decoder of claim 26, wherein the first error
detector calculates first branch metrics of a first data set
received via the first communication channel, and wherein
the second error detector calculates second branch metrics of
a second data set received via the second communication
channel.

37. The error decoder of claim 36, further comprising a
multiplexer for multiplexing the first and second branch met-
rics and providing the multiplexed first and second branch
metrics to the error corrector.

38. The error decoder of claim 36, wherein the error cor-
rector comprises:

an add-compare-select block;

a state metrics memory; and

a survivor path memory.
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